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Tema 1. OcHOBHBIE CBOMCTBA CHCTEM YIIPABJICHUS.

Onpenesnenue u 00IMe XaPAKTEPUCTHUKH cucTeMbl. OJTHON U3 TJIaBHBIX
O0COOEHHOCTEM COBPEMEHHOW HAay4YHOW U TEXHUYECKON ACSATEIbHOCTHU SIBISIETCS
MOAXO0J K 00bEKTaM HCCJIEOBaHUS U MPOCKTUPOBAHUS KaK K cucTeMaM. B 3aBu-
CUMOCTH OT XapakTepa JESTeIbHOCTH B TEPMHUH «CHUCTEMa» BKJIAJBIBAIOTCS pa3-
JIMYHBIC TOHSATHUSA, HO BO BCEX CIIy4asX CUCTEMa €CTh MOJAMHOKECTBO B3aMMOCBSI-
3aHHBIX 3JIEMEHTOB, BBIJICJICHHOE U3 MHOXKECTBA AJIEMEHTOB JIF000H MPUPOJIBI B CO-
OTBETCTBUU C TPEOOBAaHUSMH PEIIAEMON 3a/1a4u.

Takum 00pa3zoMm, IpU ONPEACICHUU HEKOTOPOTO OOBEKTa KaK CHUCTEMBbI
npeamnoyiaraercsl Hamuuue: 1) oObekTa (CUCTEMBbI), COCTOAIIETO W3 MHOXKECTBA
AJIEMEHTOB M MX CBOMCTB, KOTOPBIE MOTYT pacCMaTpPUBATHCS KaK €IMHOE IIEJI0e
Oylarogapsi CBA3M MEXAY HUMHU U UX CBONCTBAMU;

2)  ucchnenoBatelisd, BBIMOJHSIONIETO JIIOOYIO IeJICHANpPaBICHHYIO Jes-
TEJIBHOCTH (MCCIEN0BATENbCKYI0, MPOEKTHYIO, OPTaHU3AIIMOHHYIO U Jp.);

3) 3amaym, ¢ TOUYKHU 3PEHUS PEIICHUs] KOTOPOH UCCIE0BaTENb ONPECseT
HEKOTOPbI OOBEKT Kak cucteMmy; 4) si3pika, Ha KOTOPOM HCCIIEIOBATEIh MOXKET
onucaTh 0OHEKT, CBOMCTBA €r0 AIEMEHTOB U CBSA3HU.

Paccmotpum moapoOHee BXonsIMe B OMNpPEETICHUE CHUCTEMblI TEPMHUHBI
«AIIEMEHTBD?, «CBA3W», KCBOMCTBA.

Anemenmysl — 3TO YACTU WM KOMIIOHEHTBI CUCTEMbI, YCIOBHO MPHUHSITHIC
HEJICTUMBIMH.

Ceoticmea — KayeCTBa, MO3BOJISIOIIME ONKUCHIBATH CUCTEMY U BBIJIEJISITh €€
cpeau apyrux cucteM. CBOMCTBA XapaKTEePU3YIOTCS COBOKYITHOCTBIO MTapaMeTpPOB,
OJIHU U3 KOTOPBIX MOTYT HUMETh KOJUYECTBEHHYIO MEpY, JAPYrHe€ BbIPAXKaIOTCS
JIUIITH Ka4€CTBEHHO.

Cés3u — 3TO TO, YTO COCAMHSIET PJIEMEHTHI M UX CBOMCTBa. [Ipeamnonaraer-
Csl, YTO KaXAbI U3 AIIEMEHTOB CUCTEMBbI COCIMHEH MPSIMO HIIH

KOCBEHHO C JIIOOBIM JIPYTUM 3JIEMEHTOM. BecbMa Ba)KHBIMU JIJIsl ONUCAHUS
CUCTEMBI SIBJISIFOTCS TAK)KE MOHATHS COCTOSIHUSL U CTPYKTYPbI CUCTEMBI.

Cocmosnue cucmemsl B TaHHBII MOMEHT BPEMEHHM XapaKTEpU3yeTCsl 3Ha-
YEHUSMH CYHIECTBEHHBIX C TOYKH 3PEHHS PEIIAeMON 3aJaud MapaMeTPOB CHUCTE-
MBI.

Cmpykmypa cucmembl — 3TO MIUPOKOE MOHATHE, XapaKTEPU3YIOIEE CIO-
co0 opraHuzaluy 3JEMEHTOB B CHUCTEMY C OMNpPEACICHHBIMU CBOMCTBAMH ITyTEM
YCTAHOBJICHUs] MEXJY HUMH B3auMocBs3ed. CTpyKTypa M CBOMCTBa 3JIEMEHTOB
OTIPENICIIIOT UHINBUAYAJIbHBIC XapaKTePUCTUKU

CHUCTEMBI U MO3BOJISIIOT PaCCMaTPUBATh €€ Kak 11eJIOCTHOE 00pa30oBaHuUE.

Llenocmnocms cucmemsl IPOSIBISCTCS B TOM, UTO €€ CBOMCTBA MOTYT Ka-
YECTBEHHO OTJIMYAThCS OT CBOMCTB COCTABJISIONIMX 3JeMEHTOB. Hampumep, pa-
JUOMPUEMHHK MOKHO MPEJICTABUTh KaK CUCTEMY, JJIEMEHTAMH KOTOPOU SIBIISIOTCA
paguoaeTany (TPaH3UCTOPbI, KOHAEHCATOPBI, PE3UCTOPHI U T. II.), DIEKTPUUECKU
CBsI3aHHBIC OMpeEEIeHHBIM 00pa3oM. Kaxmyro merash MOXKHO OmHcaTh HEKOTOPHI-
MU CBOWMCTBaMH, OJTHAKO HH OJIHA U3 HUX HE 00JIaJ]aeT CBONCTBOM PaJHONIPUEMHH-
Ka — BOCTIPUHHUMATHh U MPE0OpPa30BBIBATH AIEKTPOMATHUTHBIE KOJEOAHUS B 3BY-
KOBBIE.



Takum 00pa3zoMm, cucTema — 3TO HE CyMMa COCTaBIISIIOLIUX €€ YacTew, a
1[EJI0CTHOE 00pa30BaHUE C HOBBIMU CBOMCTBAMHU, KOTOPHIMU HE 00J1a/1at0T €€ dJie-
MEHTBL.

VY no0Ho# (hopmoit onrcaHusi CUCTEMBI SIBIISIETCA 2pag, B KOTOPOM DIIEMEH-
Thl MPEICTABJIEHBI BEPIIMHAMU, a CBSI3M MEXAY HUMH — ayramu. HarpasiieHue
JyTH COOTBETCTBYET HANPAaBJICHUIO BO3ACHCTBHS OJHOTO BJEMEHTA Ha JIPyrou
(puc. 1.1). B 3aBucumMocTH OT HampaBJICHHs] PA3IUYAIOT BXOJHBIE U BBIXOJIHbBIE
BO3JICHCTBHSI, KOTOPBIE MPUHATO HA3bIBATh BXOJOM M BBIXOJOM 3J€MeHTa. BbIxo-
Jbl SIBJSIIOTCA PEAKIME 3JIEMEHTa Ha BXOAHbIE Bo3AeicTBUA. (CiieoBaTENbHO,
CBOICTBA 3JIEMEHTA MOKHO XapaKTE€pU30BaTh, OMKUCAB BHIOJIHIEMOE UM Ipeodpa-
30BaHHWE BXOJHBIX BO3JICUCTBHA B BBIXOAHBIC. Tomosorus Tpada oOTpakaer
cmpykmypy cucmemsl. VI3 TaKOro onpeneneHus CUCTEMBI HE CIIEIYET, YTO BCE €€
AJIIEMEHTBI JOJDKHBI ObITh (M3HUECKUMU OO0BbekTaMu. lIprmepoM cuctemsbl, He
uMeroniel (uU3NYecKol MNpUpoabl, MOXKET CIYXUTh MaTeMaTHuecKas cHCTeMa
YPaBHEHUN — 3JIEMEHTaMU TaKOM CUCTEMBI SIBISIOTCA IepeMeHHble. CBsA3H 3aaa-
IOTCS. COOTBETCTBYIOUIMMH ypaBHEHUSAMHU. CHUCTEMBI MOJAOOHOTO THUIIA HAa3bIBAIOT
abcmpakmHvimu.

Cucrema u ee cpena. Kak cienyer u3 onpeneneHusi, NOHATHE «CUCTEMa»
OrpaHUYMBAET HEKOTOPOE MHOXKECTBO 3JIEMEHTOB. [Ipy 3TOM Ipeanonaraercs, 4ro
MOXKET CYLIECTBOBAaTh MHOXKECTBO 3JIEMEHTOB 3a IPEACIIAMHA CUCTEMBI, C KOTOPBI-

N3obpaxkenne cuctemsl B hopme rpada

DTO MHOXECTBO MPUHATO HA3bIBATh GHeutHel cpedoti. DIIEMEHThI, HE B3au-
MOCBSI3aHHBIE C CUCTEMOM, HE SIBJIIOTCS YaCTSIMH €€ CPEJIbI.

Cucrema, HEe MMEIONIAs BHEIIHEH CpEJbl, HA3bIBACTCA U30aUpo8anHou. B
pealbHOM MHpE HE CYIIECTBYET H30JMPOBAHHBIX CHUCTEM, MOATOMY KOHIICTIIIHS
W30JIMPOBAHHOCTH B PEIICHUH KOHKPETHBIX MPOOJIEM HCIIONIB3YETCs PEKO.

Cucremy, y KOTOpO#l €CTh BHEIIHSISI Cpeia, Ha3bIBalOT omkpwuimot. Ecnu
OOBEKT OIpesesieH KaK OTKPbITasi CUCTEMA, TO BOSHUKAET BOIMPOC: KaKHE IJIEMEH-
Thl BKJIFOUYUTH B CUCTEMY, a KaKle — OTHECTH K BHEIIHEH cpene. Y HUBEepCalIbHbIX
IpaBWJI JUIsl PELICHUsS] 3TOrO BOIMPOCA HE CYIIECTBYET, TaK KAK XOTS KOHKPETHBIE
CUCTEMBI TI0 CBOEMY XapaKTepy OOBEKTHBHBI, HA HUX B TO K€ BPEMs HAJIOXKEH
CyOBEKTUBHBIN OTIIEYATOK, MOCKOJBKY 00pa3yromast uX KOH(PUTYpaIus SJI€MEHTOB
oOycioBieHa TpeOOBaHUSAMU 3ajaud, (POPMYIUPOBKY M pEIIEHHUE KOTOPOU OCY-
HIECTBIISIET UCCIIEIOBATENbD.

JIeiCTBUTENBHO, OJJUH U TOT XK€ OOBEKT, HAMpUMEp MPOU3BOICTBEHHBIN
1EeX, PA3JIMYHBIMU HCCIIEIOBATEISIMU MOXKET OBITh MPECTABIEH B BUJIE PA3TUYHBIX



cucteM. JlJi1 5JKOHOMHCTAa CUCTEMY «LIE€X» COCTABIISIIOT TAKHE 3JIEMEHTHI, KaK CTaH-
KM, MIPEAMETHI TPYJIa, ChIPbE, CBSI3aHHBIE MEXITYy COO0M MaTepualbHBIMU, SHEPTe-
TUYECKUMH U (PUHAHCOBBIMHU MOTOKaAMHU. DJIEMEHTAMU BHEIIHEU Cpeibl SBISIIOTCS
CMEXKHBIE 1IEXH, 3aBOJCKOM aJMUHUCTPATHUBHBIN almapar, CKIaabl MATEPHAIOB U
rOTOBOM MPOAYKIIMU U JIpyrue 0ObeKThl, HYHKIMOHUPOBAHUE KOTOPBIX CYIECT-
BEHHO BIIMAET Ha HKOHOMHYECKHE TMOKa3zaTreld paboThl 1exa. [Ipu sTom s3KoHO-
MHUCT, €CTECTBEHHO, HE€ YUYUTBHIBAET OIPOMHOE KOJIMYECTBO CBS3EH APYroro THUIIA
BCJIEICTBHE MX CJIa0OTO BIUSHUS HA SKOHOMHUKY Iexa. C TOUKH 3peHus mpodiiem,
pelaeMbIX, HalmpuMep, MCUXO0JIOTOM, LeX MPEACTaBIsAET COOOM COBEPIIEHHO JIPY-
Y0 CHCTEMY. DJIEMEHTAMH €€ SIBJISIOTCA OTIEJbHBIE JIOAU U MX KOJUIEKTHBBI,
OOBEIMHEHHBIE CBS3SIMHU TCUXOJOrHYeckoro tumna. Ilcuxomora MoryT WHTEpeco-
BaTh BOMNPOCHI BIUSHUS HA U3y4aeMbIi UM KOJJIEKTUB APYTHX LIEXOBBIX KOJJIEKTH-
BOB, KOTOpPbIE 00Pa3ylOT BHELIHIOK CPENy CUCTEMBI.

CrnenoBaTelbHO, pa3ieeHue MHOKECTBA B3aUMOCBSI3aHHBIX 3JIEMEHTOB Ha
CUCTEMY M BHEIIHIOK CPEAY OCHOBAHO HA TOYKE 3PEHMS UCCIIEN0BATEINS, KOTOPYIO
(bopMHUpPYIOT XapakTep peliaeMoN MpoOJIeMbl, CYLIECTBEHHOCTbh B3aMMOCBS3EN
MEXIY MHOKECTBOM PAacCCMATPUBAEMBIX 3JIEMEHTOB, a TAK)KE MHAUBUIYAIBHOCTH
MBILUIEHUsT UccienoBarens. Onpenensisi 00beKT Kak CHUCTEMY, HCCIIENOBATEb C
YKa3aHHBIX MTO3ULNN BBIAEISET CUCTEMY M3 BHEIIHEH cpeibl (04epUMBaAET I'PaHU-
bl CUCTEMBI), YKA3bIBAE€T BXOAHBIC U BBHIXOJHBIC CBSI3M, YCTAaHABIMBACT (DAKTOPHI,
KOTOPBIMU JOJKHBI OITUCHIBATHCS COCTOSIHUS CUCTEMBI.

Hepapxusi cucteM. OTHOCUTENBHOCTh TOUYKH 3PEHUSI HA CUCTEMY IPOSIB-
JSI€TCS U B TOM, YTO OJIHY M TY K€ COBOKYITHOCTb 3JI€EMEHTOB JOMYCTUMO paccMmar-
puBatTh MO0 KaKk CUCTEMY, MO0 KaK YacCTh HEKOTOPOM, O0Jiee KPYITHON CHCTEMBI,
T. €. MHOKECTBO 3JIEMEHTOB CHCTEMbl MOXXHO Pa3JeiIUTh Ha PAJl MOJMHOKECTB.
Yactb cucteMbl, 00pa30BaHHAsI U3 AJIEMEHTOB MOJMHOXECTBA, HA3bIBAIOT HOOCU-
cmemoul.

[Tycth cuctema S oOpa3zoBana u3 snemenToB 1-12 {x1 Xz , ..., X12}, CBfI-
3aHHBIX MEXAy co00i HEKOTOPbIM 00pa3oM. OJIMH U3 BO3MOKHBIX BAPUAHTOB pa3-
Oouenus cuctembl S Ha Tpu mojacuctembl A, B u C mokazan Ha puc. O4eBHUIHO,
TIOJIMHOKECTBO AJIEMEHTOB {X1,X2, X3, X4}, O0pa3ymOIIUX MOJACUCTEMY A, MOXKHO
paccMmaTpuBaTh Kak cucreMy, Toraa B u C OyayT jeMeHTaMu BHEIIHEH Cpelibl.
[Ipeanonaoxum, 4TO UCCIEI0BATENS HE HUHTEPECYIOT CBOMCTBA AIEMEHTOB M CTPYK-
Typa noacucteM A, B u C, Tak Kak pemraeMas 3ajada JOMyCKaeT paCCMOTPEHUE
CBOMCTB U cBsA3el cucteM A, B u C. B 3TOM cinydae cucrema yrnpoCcTUTCA, KaK I0-
Ka3aHO Ha pucC., T. €. noacuctemsl 4, B u C OyayT paccMaTpUBaThCS KaK JIEMEHTHI
CUCTEMBI S.

Takum oOpa3zoMm, Kaxzaas CHCTEMa MOXET pacCcMaTpuBaThCs JMOO Kak
MOJICUCTEMA UJIU 3JIEMEHT HEKOTOpOM, 0oJiee KPyMHOM CUCTEMBI, TUOO KaK COBO-
KYITHOCTb 3JIEMEHTOB, KaXX/IbIil U3 KOTOPBIX OMYCTUMO OINPEAEIUTh KaK CUCTEMY.
CylecTByeT uepapxusi CHCTEM, B KOTOPOI 3JICMEHTAMH CHCTEMBI I1-TO YPOBHSI 5IB-
astroTest cuctemsl (I + 1)-ro ypoHst (puc.). Hampumep, mpOMBIIIUIEHHOE TPEIpPHs-
THE MOXHO MPEACTABUTh KaK CUCTEMY, JJIEMEHTAMHU KOTOPOM SBIIAIOTCS LexH. Llex
MO3KET OBITh IPEJICTABJICH KaK COBOKYITHOCTh MPON3BOACTBEHHBIX YYaCTKOB U T. JI.
OueBHIHO, BHIOpaB B KaYeCTBE MCXOJHOTO YPOBHS PACCMOTPEHHS MPEANPUITHE,



HCCIIEIOBATENIb MOXKET PACIIUPATH MPEACTABICHUS O CUCTEME HE TOJBKO «BHU3Y,
KaK TOKa3aHO, HO U «BBEPX», T. €. MEepeonpeiessisi BbIICICHHYIO0 CUCTEMY (B JaH-
HOM CJIy4ae MPeaNpusiTie) Kak MOJICUCTEMY WIM 3JIEMEHT 0oJiee KPYIMHOU CHUCTE-
MBI (HarpuMmep, 00bEAMHEHUS WIIH OTPACIU MTPOMBIIIIIIEHHOCTH).

G T 9)

Pa3ﬂeneHHe CHUCTCMBI Ha IIOACHCTCMBI

AHaJIN3 U MOJeJMPOBaHUE cucTeM. Moodenvblo Ha3bIBAIOT OTOOpaKEHUE
OIPEJETICHHBIX XapaKTEPUCTUK OOBEKTa C LEIbI0 ero uzyuenus. Jirodas uccueno-
BaTEJbCKAsl M MPOEKTHAs ACATENbHOCTh TaK WJIM MHAYE CBSI3aHA C MOCTPOECHUEM
Mozesned. [IpoekT MamuHbl, 3aB0/a, YEPTEXK JIETaad, MAKET HOBOTO 3JIaHMS WIIU
camoJieTa — BCE€ ATO MOJIeNIM OyQyIIMX peajbHbIX 00beKTOB. M3yueHue siBIeHuM,
IMPOUCXOMSIINUX B IPUPOJE, B chepe NeATeNbHOCTH oA (3KOHOMHYECKOM, MO-
JUTUYECKOM, OOIIECTBEHHOM) TaKkKe CBS3aHO C WX MOJEIupoBaHueM. Mojelnb
MO3BOJISIET BBIJIEIUTh U3 BCETO MHOr000Opa3us MPOSBICHUA U3y4aeMOro OObEeKTa
JUIIb T€, KOTOPble HEOOXOIUMBI C TOYKU 3PEHHUS perraeMoi nmpoOieMsbl, T. €. MO-
JIeTb — HE TOYHAsl KOMHs 00BEKTa, a OTPAKEHHE JIUIIIH ONPEACIICHHON YacTU €ro
cBoicTB. [loaTOMY TIEeHTpaIbHON TPOOIEMON MOJIETUPOBAHUS SIBJISIETCS pa3yMHOE
YIOPOIIEHUE MOJIETH, T. €. BEIOOP CTENEeHH MO00Us MOJIEH U 0OBEKTA.

B at10i1 cBs3M paccMoTpuM noHsITHS n3oMopdu3Ma u romomopdusma. Eciu
AJIEMEHTHI, CBSI3U M MIPeoOpa30BaHUs CUCTEMBI 4 U CUCTEMBI B HaxoIsiTCsl BO B3a-
MMHO OJTHO3HaYHOM COOTBETCTBHH, TO 3TU CUCTEMBI U30MOPGHDBI.

Ecnu mMexay nByMs OOBEKTaMU YCTAHOBJIEH U30MOP(PHU3M OTHOCHUTEIHHO
BBIJICJICHHON COBOKYITHOCTH 3JIEMEHTOB, CBSI3€M M TPE0oOpa30BaHUM, TO KaXKIbIM U3
TUX 00BEKTOB MOXKET CIYKUTh MOJENbI0 Apyroro. CienoBaTeNnbHO, C TOUKH 3pe-
HUS PEe3y/bTaTOB MCCIIEIOBAHUSA, HE MMEET 3HAUCHMS, KaKOW M3 ITHUX OOBEKTOB
Oyznet u3yyaTbcs. BeiOOp 0IHOTO M3 HUX B Ka4eCTBE MOJEINU OINpeAesieTcs: ya00-
CTBaMU MCCJIEOBAHMUSL.

Cucrema B Ha3bIBaeTCs 20MOMOP@HOU OTHOCUTEITHLHO CUCTEMBI A, eciu
KaXXIO0W CBSI3U, SJIEMEHTY U NMPEoOpa30BaHUIO CUCTEMBI A COOTBETCTBYIOT OINpe/ie-
JICHHBIA 3JIEMEHT, CBS3b M MpeoOpa3oBaHue B cucreme B. B ornmume ot nzomop-
dbu3ma npu romomMop(du3Me COOTBETCTBHE MEKYy CHCTEMaMH HAIPaBJICHO B OJIHY
CTOPOHY, T. €. HECKOJBKUM DJIEMEHTaM, CBS3SIM U MPEoOpa3oBaHUSIM CUCTEMBI A
MOTYT COOTBETCTBOBATh OJIMH DJIEMEHT, OJIHA CBSA3b U OJTHO TIPeoOpa30BaHUE B CHU-
cteMe B. CnenoBarenbHo, roMOMOPGHBINA 00pa3 B 00IIeM ciydae SBISETCS yIpo-
HIEHHOW MOJEJIbI0, YACTHBIM ONMUCAaHUEM OTOOpakaemMou cuctembl. OOBIYHO MO-
JIeJIb KOHCTPYUPYETCsl Kak rToMOMOp(¢HBIN 00pa3 00beKkTa U Kak W30MOp(HBIN 00-



pa3 n3y4aeMbIX CBOMCTB U XapaKTEPUCTHUK. TakuM 00pa3om, MOJIENTh €CTh CHCTEMA,
CBOMCTBa KOTOPOH JIOCTATOYHO OJIM3KU K CBOMCTBAM M3y4aeMOM CUCTEMBI.

Hepapxus noacucteM

Mopenu Moryt ObITh peann3oBaHbl Kak (DU3NYECKUMHU, TaK U aOCTPaKT-
HbIMU cucTeMaMu. COOTBETCTBEHHO Pa3IMyaroT (pU3HUECKrue U aOCTpaKTHBIE MO-
nenu. usuueckumu mMooensamu SIBISIOTCS, HAPUMEP MaKeThl TpUOOpPOB, COOPY-
*eHui MamuH. K pU3nyeckuM OTHOCATCS TaKKe JIEKTPUUYECKUE MOJEIH O0BEK-
TOB U SIBIICHUM.

B abcmpaxkmuvix modensx onurcanue 0ObEKTOB WJIM SBJICHUHN JeiaeTcs Ha
KaKOM-JIN0O si3bIke. B KauecTBe SI3bIKOB MOJEIMPOBAHUS MOTYT MCIOJIb30BaThCH,
HanpuMep, €CTECTBEHHBIN SI3BIK, SI3bIK YEPTEIKEH, CXE€M, MATEMATUYECKUUN SI3bIK.
Onucanue oObEKTa WM SABJICHHS, CACIAHHOE HA MAaTEeMaTHYECKOM SA3BIKE, Ha3bl-
BAIOT MAMeMamuieckou MOOebio.

[Tpumepom MaTeMaTUYECKON MOJEIN MOXKET CIYKUTh AU(depeHIInaIbHOe
ypasHenue Buga md?y (t)/dt? = -yy (t) ,ommuceiBaromee Ipouece CBOOOAHBIX KOJIE-
OaHMii MPY>)KUHHOTO MasiTHUKA. 37IeCh m — Macca rpy3a; y (t) — OTKIIOHeHHE 1ICH-
Tpa Macc rpy3a OT IOJOKEHHs PaBHOBECHS B MOMEHT BPEMEHM 1; y — JKECTKOCTH
TIPY>KUHBI.

I'paduix cBOOOMHBIX KOJIEOAHUN TPYKUHHOTO MAsSTHHUKA TAKXKE SIBISICTCS
ero abCTpakTHOM MOJIENbIO0, B KOTOPOM HCIOIB30BaH TpadUuecKuil A3bIK Onuca-
Husa. Kak u3BecTHO, OHUM U TeM ke AuddepeHuaibHbIM YPaBHEHHEM YacTO
MO>XHO OIKCaTh SIBJICHUS, WMEIOIIME pPa3InuuHylo (U3HYecKyro mnpupoay. Tak,
MPUBEIAEHHOE BhIIIIE YPABHEHUE OMUCHIBAET TaKKe CBOOOIHBIE KOJIEOAHUS B AJICK-
TpudeckoM KoHType LC. DTo 3HauuT, 4TO CBOMCTBA KOJI€OaHUN B MIPY>KUHHOM Ma-
ATHUKE U B KOHTYpe LC oIMHaKOBBI M MOCHEIHUIA MOXKET paccMaTpUBAaThCS Kak
AIEKTpUYECKasi MOJENb NPYKUHHOTO MasTHHKA.

[IpencraBienune peaabHOr0 OOBEKTAa KaK CHUCTEMBI, HMCIOJIb30BAHHE CH-
CTEMHBIX MOHATHA IPHU €ro MOJAEIUPOBAHUM MOCIYKWJIA METOJI0JIOTMYECKON OC-
HOBOUW JUIsl psifia MPUHIUIIOB HCCIEAOBAaHUSA, OOBEAMHEHHBIX OOIIMM Ha3BaHHUEM
cucmemubvll ananus. PaccMOTpUM HEKOTOPBIE U3 ATUX MPHUHIIMIIOB, BaXKHBIE C TOY-



KU 3peHHU NajbHeimero n3noxenus. Kaxayio cuctemy B HepapXuu CUCTEM MOXK-
HO MCCIIEIOBATh B JIBYX acleKTaX — KakK 3JIEMEHT 00Jjiee IMINUPOKON CUCTEMBI U KaK
COBOKYITHOCTh B3aMMOCBSI3aHHBIX AJIEMEHTOB. J/[Ba acriekra 0OyCIOBIMBAIOT JBa
NPUHLMIIMAIBHO PA3IUYHBIX MOJAXOJa K aHaJIM3y CUCTEM: MHUKpOaHaINU3 (MHUKpPO-
MOAXO0/T) ¥ MaKpOoaHan3 (MaKpOIOIXO/T).

Mukpoananus cUCTEMBbl BENETCS B HANpPaBICHUM H3YYEHUS U MoOJie-
JUPOBAHUS €€ CTPYKTYpbl U CBOMCTB 3sieMeHTOB. Ilpu 3ToM, ecrecTBeHHO, npen-
MOJIAaraeTCs, YTO AJIEMEHTHI U CBSI3U JIOCTYIHBI A HaOmroAeHus. Yacto MUKpo-
aHaJln3 CBOJUTCS K MCCIEA0BAaHUIO (YHKIMI IEMEHTOB U mporiecca GyHKIIMOHH-
POBaHUS CUCTEMBI.

Maxpoananus KOHUEHTPUPYET BHUMAHUE UCCIEIOBATENs Ha CUCTEME B 11€-
JIOM, €€ CBOMCTBAX, MOBEJAEHUN, B3aNMOICUCTBUY C OKPYXKaIOIIe cpenou. Jinms ¢
ATOW TOYKU 3PEHUS MCCIEAOBATENsI MHTEPECYIOT CBOMCTBA AJIIEMEHTOB CHCTEMBI U
ee BHYTPEHHSs CTpyKTypa. Pe3ynbraToM MakpoaHain3a SBJISETCS MaKpOCKOIHYE-
CKO€ OmnMcaHue (MakpoMOJEeb) cUCTeMbl. HacTo JJii MOCTPOEHUS MaKpOMOJAEIU
CHUCTEMa paccMaTpUBAETCS B BUJE «UYEPHOTO SLIMKa». DTO 00pa3HOE IOHSATHE
03HAuaeT, YTO BHYTPEHHEE YCTPOMCTBO CUCTEMBI BCIIECACTBUE KAKUX-TUOO MPUUUH
CKPBITO OT uccienoBatens. HabmronaeMpl Wb CBA3M CUCTEMBI C BHELIHEH Cpe-
noi. M3ydast u”3MeHEeHHEe BBIXOJJOB CUCTEMbI B 3aBUCHUMOCTH OT BapHalluX BXOJIHBIX
BO3/ICIICTBUI, HCCIIEI0BATENb MTOJIyYaeT MPEICTABICHUE O CBOMCTBaX CUCTEMBI, a B
TeX CIIydasx, KOTJia 3TO TpeOyeTcs, CTPOUT TUIIOTE3bI O €€ BHYTPEHHEM CTPOCHHUHU.
Takoil MeTon WCCIeNOBaHUS W MOJCITMPOBAHHS HA3BIBAIOT MEMOOOM YEPHO20
AUUKA.

Tema 2. O0beKTbI YIpaBJIeHUS U ABTOMATU3AIUN U UX OCHOBHbIE Xa-
PAKTEPUCTUKH.

JIro6o0ii 1eneHanpaBiICHHBIA TPOIECC, MPOUCXOSANIUN B MAIlIUHE, YKUBOM
OpraHU3M€ WJIM BBITIOJIHAEMbBINA YEJIOBEKOM, MPEICTABIISAET COO0N OpraHn30BaHHYIO
COBOKYITHOCTH OTIEpAIlfii, KOTOPBIC YCIOBHO MOXHO pa30UTh Ha JBE TPYMIbL: pa-
Ooume omepanuu U ONepaluu ynpasieHusa. Pabouue onepayuu — 3T0 ACUCTBUS,
HEOOXOIMMbIE HETOCPEACTBEHHO IS BBIMOJHEHUS MPOIECCa B COOTBETCTBUU C
MPUPOION U 3aKOHAMHU, OTIPEIEISIIONTUMU X0/ Tiporiecca. Hampumep, mporecc 06-
paboTKH JeTanu

Ha TOKapHOM CTaHKE COCTOUT M3 TaKMX pabOuyux Olepaiuii, Kak 3aKper-
JIEHWE JIeTallv, I0a4a pe3la, CHATUE CTPYKKH U JIp.

JUIst TOCTHKEHMsI LeTM Tmpolecca pabouue omepalu JOJDKHBI Opra-
HU30BBIBATHCS U HAIIPABJIATHCS JEUCTBUSAMHU APYrOro poaa — onepayusimu ynpae-
nenus. Tak, B polecce TOKapHOH 00paOOTKU E€Talli COBEPIIAIOTCS TaKue ornepa-
UM YIIPABJICHUS, KAK CBOEBPEMEHHOE BKIIIOUCHUE U BBIKJIIOUYEHUE CTaHKa, MOM-
JIep’)KaHue 3aIaHHOTO YHMCJIa 000POTOB 3arOTOBKH, IICJICHANPABIEHHOE U3MEHEHNE
CKOPOCTH, HalpaBJICHUS IBH>KEHUA pe3la U T. . COBOKYITHOCTb ONepaluil ynpas-
JeHUs 00pa3yIoT npoyecc ynpasieHus.

CucrteMa, B KOTOPOIl OCYLIECTBIISIETCSI MPOLIECC YNPABICHUS, HA3BIBACTCS
cucmemotl ynpagnenus. B CTpyKTypHOM acrekte o0yl CHCTEMY YIPaBIICHUS



MOKHO TIPEJICTaBUTh B3aMMOCBS3aHHOW COBOKYMHOCTBIO OOBEKTa YIpPaBIICHUS
(YynpaBiisieMo# MOJCUCTEMBI) U YIIPaBJISIIONIETO opraHa (ympaBJsIoNIei MmoacucTe-
MbI) (puc. 1.4). O6beKTOM yNpaBlieHUs MOTYT ObITh OT/AEJIbHBINA MEXaHU3M, Malllk-
Ha, CTaHOK, arperar, Opuraga pabouyuxX WU OTHACIBHBIA paboumii, 1eX WIN BCE
IpEINpHUsITHE, TPONU3BOJACTBEHHOE OOBEIUHEHNE WM OTPACIhb HAPOIHOTO XO3sTii-
cTBa. B kauecTBe ympaBIsIONMIEro opraHa MOXHO pacCMaTpUBAaTh YCTPOWCTBO HITH
4eJIOBEKa, YIPaBISIIOIMINX CTAHKOM, arperaroM, MEXaHU3MOM. YIIPaBJISIOLIUM Op-
TaHOM SIBIISIIOTCSA TakXKe OpUragup, OCYIIECTBISIOMIMNA PYKOBOJACTBO OpHUranoi,
YIPABJICHUYECKUI MEepCcoHaN LieXa, 3aBoJa WM MHUHHUCTepcTBa. JIr0Ooi mpouecc
yIpaBICHUS JOJKEH OBITh LIeJICHANPABICHHBIM. JTO 3HAYHT, YTO yNPABISAIOUIEMY
OpraHy J0JDKHA ObITh M3BECTHA 1€JIb YIPABICHUS, T. €. HHGOpMAIUs, UCTIOIb3Ys
KOTOPYIO MOKHO OMPEJIEINTD JKETaeMO€ COCTOSIHUE O0BEKTa yrIpaBieHUs. Y IpaB-
JISIFOIIMI. OpraH BO3JICHCTBYET HAa OOBEKT YMPaBIEHUS TaK, YTOOBI €r0 COCTOSIHHE

COOTBCTCTBOBAJIO JKCIIACMOMY.
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OO6o01IeHHasi CTPYKTypa CHUCTEMbI YIIPABJICHUS

OOBEKT ymnpaBiieHUs MPEACTABISIET COOOW OTKPBITYIO CUCTEMY, a 3HAUUT
HAXOJUTCS b JUHAMHYECKOM B3aMMOJICMCTBUM C BHEIIHEW cpenor. BiusHue
BHEIITHEN cpeibl Ha OOBEKT YIPABJICHHUS, KaK MPABUIIO, HOCUT HEKOHTPOIUPYEMBbIi
XapakTep U BBIPAKAETCS B CIy4ailHOM HU3MEHEHUU €ro COCTOsiHUs. BozneiicTBue
OKpYXarollel cpenbl Ha OOBEKT YNPABIEHHUS HA3BIBAIOT GO3MYUAIOWUM 6030€ll-
cmeuem.

[ToBenenue 000N cUCTEMBbI YIIPABICHUS ONpPEAEINSIEeTCS LEIbI0 YIpaBiie-
HUS, XapaKTEpOM BO3MYILIAIOLIMX BO3JEUCTBHM, a TaKXe CBOMCTBaMHU OOBEKTa
yOpAaBJICHUS W yOpaBisitouiero oprana. [[ns ¢opmanbHOro omnucanus 3agadu
yIIpaBJICHUs BBEAEM Pl omnpenesieHuid. [Ipeanonoxum, 4Tto BCS AOCTyNHAs HH-
dbopmarys 0 TOBEACHUH OOBEKTA YIIPABICHUS COACPKUTCS B 1 (DYHKIHSIX BpeMe-
au xi (t), iI=1, 2, ..., n. Bynem paccMarpuBaTh MEPEMEHHBIC Xi KAK KOMITOHCHTBI
MHOTOMEPHO#1 BeKTOpHOU QyHKIMH X (t), Ha3bIBAEMOW 8eKMOPOM COCMOsIHUS 00~
ekma ynpaenexus. B cucTeMe yIpaBJIeHHs IIEPEMEHHBIE Xj SBIIIIOTCS KOHTPO-
JUPYEMBIMU BBIXOJHBIMH TIEPEMEHHBIMU OOBEKTA YMPABICHUS U OJHOBPEMEHHO
BXOJHBIMU NIEPEMEHHBIMH YIIPABIISIIOIIETO OpraHa (puc).

CocrosiHue 00beKTa yIpaBJICHUS U3MEHSETCS MO/ JCHCTBUEM JIBYX OCHOB-
HbIX (akTopoB. IlepBbiii GakTop — BIMSHUE BO3MYIIAIOMIMX BO3AEHCTBUMA. DTH
BO3JICUCTBUSI, KaK MPaBUII0, POPMHUPYIOTCS BO BHEIITHEHN MO OTHOILICHHUIO K CUCTEME
YIOPABJICHUS CPElie U OKA3bIBAIOT HEKOHTPOIUPYEMOE BIUSHUE HA OOBEKT yNpaB-
JeHUs. YCIOBUMCS XapaKTEpU30BaTh BO3MYILAKOLIME BO3ACHUCTBUS BEKTOP-
dbynkrueit f(1)={fi(t),...,f(t)}, Has3pIBacMoOl 6exmopom 6ozmywenus. Bropoit dak-



TOp, M3MEHSIONINI BeKTop coctosiHus X (1), mpezacraBisser coOol IeieHanpaB-
JICHHOE BJIMSTHHUE YIPABIIAIONIECTO OpraHa Ha OOBEKT YIpaBlIEHHUs, KOTOpoe Oynaem
onuckiBaTh BekTop-hyHkimei u(t)= {ui(t), ..., un(t)} u HassIBaTh 6eKMOPOM YNpas-
nerusi VIJIA ynpaeisiowum eosoeticmsuem. B cucTeme ympaBlIeHUs TEPEMEHHBIC
uj(t), j= 1, 2, ..., m SBIAIOTCS BXOJIHBIMH IEPEMEHHBIMH OOBEKTa YIpPaBJICHUS
(YnpaBISIOMKAMH TIEPEMEHHBIMH) W OJHOBPEMEHHO BBIXOJHBIMH TEPEMEHHBIMU
YIPaBIISIONIETO OPTraHa.

B mo6oit MOMeHT BpeMeHH t cocTosiHIe 00beKTa yrpaBieHus X (t) sBiseT-
cs pyHkmuer BekTopos U(t), f(t), a Takke HagamsHOTO cocTosiHuUs X (1p), T. €.

x(t) = X{u(t), (1) x(to)}. (1)

VYpaBHenue (1) ectb MaTeMaTuyeckass MOJeidb OObEKTa YIPABICHUS, OIU-
CBhIBAIOIIAsA 3aKOH ero (pyHKIMOHUpOBaHUS. EQMHCTBEHHBIN (PakTOp, KOTOPHIHA
MOJKHO IIEJICHANIPaBICHHO W3MEHSTh B MPOIECCE YIPaBJICHUSA, — O3TO BEKTOP
ynpasienus U(t). JKemaemoe coctossHue oObeKTa yIpaBJICHHS HE BCEria ObIBACT
U3BECTHO 3apaHee. [losTomy 3ajmaua ymnpaBiaeHUs (OpMYIUPYETCS CIETYIOIIUM
o0pa3oM: Haumu maxue 6eKMOp YNPAGIeHUs U BeKMOpP COCMOSAHUS, KOMOpbvle
obecneuusarom 0ocmudicenue yeau YnpasieHusl.

[lenp ympaBieHUS MOXET UMETh Pa3MYHyI0 (OPMYITUPOBKY, OJHAKO B
OOJBIIMHCTBE clTyyaeB (GOpMaIbHO €€ MOKHO ONPEEIUTh 3HaYeHUEM J* HEKOTO-
poro ¢yHKIFOHaNa J, KOTOPBII HAa3bIBAIOT HOKA3amenem yeiu YnpasieHus WiH
Kpumepuem YnpaeieHus:

J = J{x(1), f(), u(t)}. )

B peanbHBIX 00bEKTaxX yIpaBlieHUs H3MEHEHHE BEKTOpPa COCTOSHUS U BEK-
TOpa YIpaBJIEHUSI MOXKET MPOUCXOIUTH JIUIIb B OTPECIIEHHON KOHEUHOU 001acTu
3HAYEHUH, YTO (HOPMAJIBHO MPEACTABISIETCS CUCTEMOM CIEAYIOIINUX OTPAaHUYECHUINA:

u(t)=A(t), x(t)=B() ®3)

3mecy A (t) u B (t) — 3aMKHYTBIC 00JIACTH COOTBETCTBEHHO BEKTOPHOTO
MPOCTPAHCTBA YIPABICHU U BEKTOPHOTO TPOCTPAHCTBA COCTOSTHHM.

Pemenne 3amauun yrpaBieHHs COCTOUT B TOM, YTOObI HAWTH Takue 3HaYe-
HUSI BEKTOPOB cocTosiHus x*(t) u ympamienus U*(t), mpu KOTOPBIX BBIMOJHSICTCS
yeaosue J {x*(t), f(t), u*(t), x°(t)} = J* u oHOBpPEMEHHO YIOBIETBOPAIOTCS OIpa-
HuueHus (3).

Ha mpakTuke nocTmkeHHe TOYHOTO 3HAYCHUS IEIH YIpPaBJICHHS oOecIie-
YUTHh TPYAHO, @ 4acTo W He Tpedyercs. JloctaTouyHo, 4TOOBI MOAYNb Pa3HOCTH
MESKy JOCTUTHYTBIM 3HAYE€HHEM TI0Ka3aTels ey ynpasienus J¥ u 3Hauenuem J*
HE IPEeBbIIIaJ HEKOTOPO 3apaHee 3aJaHHOM BEJIMUMHEI O, T. €.

|J%- I = |AJ| <6.

3ameTuM, 4TO 3HaYeHuEe AJ MOXKET OTpakaTh KayecTBO yrnpaBiieHus. B 3a-
BUCUMOCTH OT THIAa CHUCTEMBI YIPAaBICHUS BEKTOp cocTosiHus Xx* (1) HasbpIBaroOT
IUTAHOM WJTH TIPOTPaMMOi yIIpaBJICHHs, @ BEKTOp ympasieHus U*(t) — ympasiisio-
UM BO3JICHCTBUEM WM pElIeHHeM. B Heckonbko MHOM dopme 3ajady ympaBiie-
HUS MOKHO C(POPMYJIMPOBATH CIEIYIONTUM 00pa3oM: HAUTH U peaan3oBaTh (QyHK-
ITUOHATILHYIO 3aBUCUMOCTD

u'(t) = U{x(t), f(t)} (4)

o0ecreunBaroIlyl0 Haujydylllee NPUOIMKEHHE K 33aJaHHOMY 3HaYEHUIO



KpUTEPUS yIIPABIICHHUSI.

Bripaxkenue (4) Ha3bIBAIOT A120pUmmoM YNpaeieHusl.

3amaya ynpaplieHUs YNPOUIAETCs, €CIU Iedb YIpaBiIeHUS 3aJaeTcsl Kak
BEKTOp XkejaeMoro cocrostaus x* (t), T. e. cuMTaeTcs, 4YTO IUIAH W IporpamMma
YIPABJICHUS U3BECTHBI U MOTYT OBITh COOOIIIEHBI CUCTEME 3apaHee. Torma kpure-
puil yrpaBlIeHUs] MOXHO MPEJACTABUTh (PYHKIIMOHAIOM

J=J{et)} (5)

ot ommbku &(t) = x"(t)- x (t), roe x(t) — BEKTOp TEKyIEro COCTOSHHUS
00BEKTa YIPABICHUS.

OTOT YacTHBIA chydall 3ajaddl YIpaBJICHUS HA3bIBAIOT 3aodaueli pecy-
nuposanus. CTpOro 3aiaya peryaupoBaHus (QOpPMYIHpPYeTCs CIETYIOmUM 00pa-
30M: moJiarast 3aJlaHHbIM X* (1), HaliTH TaKoW 3aKOH PEryJIMPOBaHUS KOTOPBIN

u'(t) = U{e ()} (6)

oOecrieunBaet skcTpeMym Kputepus (1.5).

Takum 00pa3zoM, 3a7auy peryJIupoBaHUsi MOKHO pacCMaTpUBaTh Kak 4acT-
HBIW citydail 3ajaun ynpasieHus. [Ipoiecc ynpaBieHHs MOXKHO YCIOBHO pa3OUTh
Ha COBOKYNHOCTh CIEAYIOIIMX (YHKIUI: MJIaHUPOBAHUE WJIM ONpEIENICHUE IMpo-
rpaMMbl YTPABICHUS, KOHTPOJIb, (OPMUPOBAHUE YIMPABIAIONIETO BO3JCHCTBUSA
WM MIPUHATHE PEIICHUS; pealn3alisl yIpaBIIsioIero BO3CHCTBUS UITH PEILICHUS.

Omnpenenenre MporpaMmbl yrpaBieHHUs (IUIAHUPOBAHUE) 3aKIIOYaeTCS B
BBIPAOOTKE TPACKTOPUU JIBUKCHUSI CUCTEMBI X *(t) B IpOCTpaHCTBE MapamMeTpoB e
COCTOSIHHSI.

KoHTposb cOCTOUT B M3MEPEHUH 3HAYCHHUI KOMIIOHEHTOB BEKTOPa COCTOSI-
Hus x(t) u onpenencHus BekTopa omuoku &(t).

@opMUpOBaHUE YIPABJISIOIETO BO3ACUCTBUS (MPUHATHUE PEIICHUN) 3a-
KIIIOYAaeTCsl B OMPENEICHUN 3HAYEHUH YIPaBIIEMbIX MEPEMEHHBIX, TPUBOISIINX
OOBEKT YIPaBJICHUS B KEJIaeMOE COCTOSIHUE.

Peanuzanus ympaBistoniero Bo3AeHCTBUS — 3TO HEMOCPEICTBEHHOE (-
3UYECKOE BO3/ICUCTBUE HA OOBEKT yIPaBICHUS.

Ha puc. npencraBien BapuaHT (PYHKITMOHAIBHON CXEMbI CUCTEMbI YIIPaB-
aenus. OHa WMeEET MNPOTrpaMMaTop, OMPEACISIIONINI MporpaMMy WM  IJIaH;
YCTPOMCTBO
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(DYHKL[I/IOHEUIBHEIH CXeMa CUCTCMbI YIIPABJICHUA.

CpaBHEHUS, OCYIIECTBIISIIOUIEE OINEPaIMi0 KOHTPOJIS; YCTPOHUCTBO (PopMu-
pOBaHUs YIPABIAIOLIETO BO3JECUCTBUSA; HWCIOJHUTEIBHBIN OpraH, peau3yroIIui
YIOPABJISIIOIIEE BO3/IEUCTBHE; OOBEKT YNPABICHUS; JaTYMK WM MEPBUYHbBIN MPE00-
pa3oBaTelib, KOTOPbIN MEPEBOAUT UH(DOPMALIMIO O BEKTOPE COCTOSIHUS Ha (u3nye-
CKMM HOCUTEIb.
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QO yHKIMOHAIbHAS CXEMA CUCTEMBI PETYJINPOBAHUS

OyHKITMOHAIbHASI CXeMa CHCTEMBI PEryJIUPOBaHHS (pUC.) OTIWYACTCS OT
CXEMBI CHCTEMBI YIIPaBJICHUS OTCYTCTBHEM IIporpamMmaTopa. JKemaemMoe COCTOSIHHE
00BEKTa 33/1aCTCS U3BHE 1 HA3BIBACTCS OOBIYHO 3a0ai0UUM 8030€LICHBUECM.

Tema 3. AHaJIN3 U CMHTE3 CHCTEM ABTOMATHYECKOI0 yIIPABJICHHSI.

CucrteMbl ynpaBjieHUsT BECbMa pa3HOOOpa3Hbl, U MX II€JIECOO0pPa3HO pas-
OUTh Ha Kiacchl. PaccMoTpuM Kiaccu(UKAIUMIO CUCTEM YIPABJICHHS IO TPEM Clie-
OYIOIIMM TpPHU3HAKAM: CTENEHb aBTOMATH3alUuu (YHKLIHMA yIpaBJieHUs; CTEHEHb
CJIOKHOCTH U CTENEHb ONPEIECIEHHOCTH.

B 3aBUCHMMOCTH OT CTeNE€HU aBTOMATH3aUUU GYHKIHMA YIpaBICHUS pa3iiv-
YaloT py4yHOE, aBTOMAaTU3MPOBAHHOE U aBTOMAaTUYeCKoe ynpasienue. [lpu pyanom
VIOPABJICHUH BCE (PYHKIUU MPOLECCA BBINOJHAIOTCS YEJIOBEKOM — ONEPATOPOM.
Aemomamuzupo8arHHbiM HA3LIBAIOM NPOYecc YNPAGIeHUus, 6 KOMOPOM YdCmb
@yHKyut

8bINOIHAEMCSA YENI08EKOM, Opy2ds 4acmb — AGMOMAMUYECKUMU YCMPOTi-
cmeamu. IIpy aBTOMaTHYECKOM yIpaBiIeHUHU BCe (DYHKIIMH BBITIOJIHSIOTCS aBTOMa-
TUYECKUMHU ycTpoiicTBaMHU. COOTBETCTBEHHO MPHUHATO pa3inyaTh aBTOMaTU3UPO-
BAHHBIE 1 ABTOMATUYECKUE CUCTEMbI YIIPABJICHUS.

[lo creneHu CIOKHOCTH CUCTEMBI YIPAaBICHUS JETAT HA MPOCTHIE U CIOXK-
Hble. CTpOroro omnpeesneHusi, NO3BOJISIIOIIEr0 YeTKO Pa3AesIuTh 3TU CUCTEMBI, HE
cymectByeT. [IoHsATHE «CIIOKHAs CUCTEMAy» BO3HHMKIIO KakK OTpaxkeHue (akra cy-
IIECTBOBAHUSI B PEAIbBHOM MHPE TAKUX OOBEKTOB, IOCTATOYHO IMOJIHOE ONMUCAHUE
KOTOPBIX JMOO 3aTpyJHUTEIBHO, JUOO COBCEM HEBO3MOKHO. MIHTyWTHBHO mipen-
CTaBJIEHUE O CJIOKHOM CHUCTEME MOXKHO MOJIYYHTh, PACCMOTPEB CBOICTBA CUCTEM,
COCTOSIIIIMX U3 OOJIBILIOTO YUCIIA HIIEMEHTOB.

IlycTh cucTeMa COCTOMT M3 1 3JIEMEHTOB. MakCUMajabHOE YMCIIO HaIlpaB-
JICHHBIX CBSI3€M MEXKIY 3JIEMEHTaMH, OUYE€BHJIHO, paBHO 7 (1 - 1). Uucno kombuHa-
Ui cBsI3el (IO TUITY «CBA3b €CThY», «CBSI3b OTCYTCTBYET») ONPEIAEISAETCS 3HAUCHU-
eM

2"™1D, 310 3HAYMUT, YTO CHCTEMA U3 TPEX DIEMEHTOB MOXKET MMETh YHCIIO
KOMOUWHaIui cBsizel 64, cucrema u3 yeThipex ieMeHToB — 4096, a cuctema u3
necaTtu >neMeHToB — 1,24 - 10?7, Ecan cumTaTh (yIPOILEHHO), YTO COCTOSHHE CH-
CTEMBI ONPEEIAETCS HATMYUEM WM OTCYTCTBMEM Te€X WJIM UHBIX CBSI3€M B cCUCTe-
Me, TO JIETKO MPEJCTaBUTh, KaK OBICTPO PACTET YMCIIO BO3MOXKHBIX COCTOSIHUM CH-
CTEMBI MPU CPABHUTEIBHO HEOOJBIIOM YBEJIWYEHUU KOJIMYECTBA COCTABJISIOIIMX
ee aneMeHTOB. CJ0KHON MPUHATO Ha3bIBaTh TaKyl0 CUCTEMY, KOTOPYIO TPYIHO



WJIM HEBO3MOXKHO M3Yy4aTh MyTEM HCCIIEIOBAHUS €€ BCEX BO3ZMOXKHBIX COCTOSTHUM.

EcTecTBeHHO, Takyl0 XapaKTEpPUCTHKY CIOKHOCTH HYKHO paccMaTpHUBaTh
JUIIb KaK €€ WLTIocTpanuio. Ha nmpakTuke NpuxoauTcs YYUTHIBATh KAUECTBEHHBIC
OCOOEHHOCTH CBSI3eH, UX CYIIECTBEHHOCTh U sl APYTUX (HaKTOPOB, KOTOPHIE MO-
I'YT YIIPOCTUTH WK €1lie 00JIee YCI0KHUTh UCCIIEIOBAHUE CUCTEMBI.

PaccMmoTpuM Tenepb MOHSTHE CI0KHOM cucTeMbl yripaBieHus. Kak ciemy-
€T U3 BbIpaxeHus (4), yrpasisiioliee BO3IeHCTBHE €CTh (QYHKIUS COCTOSIHUS 00b-
eKTa YIPAaBJICHUS, T. €. KAXKJIOMY COCTOSHHIO OOBEKTa YIPaBICHUS JTOJKHO COOT-
BETCTBOBATh ONPEJEICHHOE COCTOSHUE YIPABIIOIIET0 OpraHa. JTO 3HAYUT, 4YTO
YIPaBISIONUIUI OpraH JODKEH 00J1aJaTh HE MEHBIINM YHCIIOM BO3MOXKHBIX COCTO-
SHAM, 4eM O0O0BeKT ympaBiieHus. CienoBaTeabHO, YIPABISIONIUNA OpraH st 3¢-
(EKTUBHOTO YIpPABJICHHS JOJKEH OBITh TaKOW JK€ CII0O)KHOCTH, KaK M OOBEKT
ynpasienus. Kornga oObeKTOM ynpaBieHHUs SIBIISIETCS CIIOKHAsl CUCTEMa, YIpaB-
JSIOIIMA OpraH TOXE MPEACTaBISIET cO00M clokHYI0 cuctemy. COBOKYIMHOCTb
CJIOKHOTO YTPABIIAIONIETO OpraHa M CJIOKHOTO OOBEKTa YIPABJICHHS HA3BIBAIOT
CIIOJHCHOU CUCMEMOU YNPABIEeHUSL.

Cno>xHble CUCTEMBI YIpaBJICHUS HMEIOT CJEAYIOIIUE Ba)KHBIE OCOOCH-
HOCTH:

1. Ywucno mapameTpoB, KOTOPHIMHU OIMKCHIBAETCS CJIOXHAsI CUCTEMA, BECh-
Ma BeJIMKO. MHOTHE U3 3TUX MapaMeTPOB HE MOJAAIOTCA KOJUYECTBEHHOMY OIH-
CaHUIO U U3MEPEHHUIO.

2. llenu ympaBneHust He noaaar0Tcss (HopMaaIbHOMY OMUCaHUIO 0€3 cyiile-
CTBEHHBIX ymporieHuil. llenu sBiasoTcs QYHKIUAMH BpPEMEHH.

Cucrema MOXET COCTOSITh M3 MOJCUCTEM, KaxAas U3 KOTOPhIX UMEET CO0-
CTBEHHYIO 1IeJIb yrpaBiieHus. B npouecce ynpaBieHus: COOCTBEHHbIE (JIOKAJIbHBIE)
1eJIM TTOJACUCTEM HYXHO COTJIAaCOBBIBAThH C OO0IIEeH (TJI00aMbHOM) IEIbI0 CUCTEMBI,
YTO, KaK MPaBUJIO, ABJISCTCS CI0KHOU 3a1a4eH.

3. TpyaHo wiv gake HEBO3MOXKHO JaTh CTporoe (GopMalibHOE OMHUCAHUE
CJI0°KHOM cuCcTeMbl ynpasiieHus. Kak npaBuio, OCHOBHOM 3aJjayel TPy MOJIEJIUPO-
BaHUU TaKUX CUCTEM SIBJISIETCS MOUCK Pa3yMHOTO YIIPOIIECHUS UX OMHUCAHMUS.

[To cTenenu ompenereHHOCTH CUCTEMbl YIPaBJICHUS OOBIYHO pPa3OMBAIOT
Ha JCTEPMUHUPOBAHHBIE U BEPOATHOCTHBIC (CTOXaCTUUECKHE).

Jlemepmunuposannoti cucmemoli Ha3bIBAIOT CUCTEMY, B KOTOpPOM MO €e
MPEAbILIYIIIEMY COCTOSIHUIO M HEKOTOPOW JTOMOJHUTEIbHON MHGOPMALIMK MOXKHO
0e301MO00YHO (T. €. BIIOJHE OMPEACTICHHO) MPeIcKa3aTh €€ MOCIeAYIOIIee COCTOS-
HUE.

B eeposmnocmmuoil cucmeme Ha OCHOBE MPEABIAYIIETO COCTOSHUA U JI0-
MOJTHUTEIBLHON MH(POpPMAIIUKU MOXKHO MPEJICKa3aTh JUIIL MHOKECTBO BO3MOXKHBIX
OyIyIINX COCTOSIHUM U OMPENEIUTh BEPOSITHOCTh KaXKJIOT0 U3 HUX.

Pazbuenue cuctem Ha MPOCTHIC U CIIOXKHBIC, IETEPMUHUPOBAHHBIC U BEPO-
ATHOCTHBIEC B OIpeJEIeHHON Mepe yciioBHO. [Io Mepe pa3BuUTHS CpEACTB MOJEIH-
pPOBaHUS U MCCICAOBAHUS KOHKpPETHAs peajbHasi CUCTEMa MOXET TEPEUTH U3 O1-
HOTO KJIacca B JIpyroil. B pe3ynbpTaTe UCMOab30BaHUS JBYX MOCIETHUX Kiaccudu-
KAIIMOHHBIX MPU3HAKOB BCE CHCTEMBI yMPABICHUS MOXHO Pa3[eiIuTh HA YETHIPE
KaTErOpUU: MPOCThIE JETEPMUHUPOBAHHBIC; CJIOKHbBIE JETEPMUHUPOBAHHBIC; TIPO-



CThI€ BEPOSITHOCTHBIE; CIIOKHBIE BEPOSTHOCTHBIE.

K uucny npocmuix oemepmunuposanHvix cucmem OTHOCUTCS, HaAIPUMED,
aBTonwioT. [IpuMepom crooxcHou demepmMunupo8anHol cucmemuvl CIykuT IBM.
OTOT BeCbMa CIOXKHBIN MPUOOP, BKIIOYAIOIINNA 00JIBIIOE KOJTUYECTBO DJIEMEHTOB U
UMEIOIINIA OTPOMHOE YHCIIO0 BO3MOKHBIX COCTOSIHUH, SIBIIIETCS BCE JK€ TOJIHOCTHIO
JeTEpPMUHUPOBAHHBIM ycTpoiicTBoM. [loBenenne OBM onpenensiercs COBOKYMHO-
CTBIO MPOTPAMM, KOTOPbI€ OHA BBIMONHsIET. OTKIOHEHHE OT MOBEJICHUS, MPEIIU-
CaHHOT'O MPOrpaMMaMHU, O3HAYAET HEUCIIPABHOCTb.

Illpocmou 6eposmuocmuou cucmemou MOXKHO Ha3BaTh CUCTEMY CTa-
TUCTUYECKOTO KOHTPOJISI Ka4eCTBA MPOAYKIIMHM TPEANPHUATHS 110 OJHOMY WU He-
CKOJIbKMM TapaMeTpaM, KOTopas MpeayCMaTpUBAeT BHIOOPOYHYIO MPOBEPKY 3a-
JAHHBIX MapaMETPOB C ONPEIEIECHHON MEPUOIUIHOCTBI0. CIOXMCHOU 8eposmHOCH-
HOU cucmemoll SIBJISIIOTCS TMPOU3BOJICTBEHHOE MPEANPUSATUE, KPYITHAsT CTPOUTEIb-
Hasl OpraHu3aIlys, OTPACb MPOMBIIIJIEHHOCTH U MOJA00HBIE UM OOBEKTHI.

Yuciio 351eMEeHTOB, pazHooOpa3ue CBsI3e, BEPOATHOCTHAS MPHUPOJA 3aKO-
HOB (DYHKIIMOHUPOBAHUS JIEJACT 3TH CUCTEMbI HACTOJIBKO CIOKHBIMHU, YTO UX TMOJI-
HOe (opmanbHOE OMHCaHWE HE MPENCTaBIseTCS BO3MOXKHBIM. [loTpeOHOCTH B
YIPABJICHUH CIOKHBIMUA CHCTEMaMH MPHUBETIA K CO3/JaHUIO CTICIIMAIBHBIX METOJIOB.

B nocneanue roapl B OOJIBIIMHCTBE PaOOT, MOCBSIICHHBIX MCCIIEIOBAHUIO
OOIIUX MPUHIIMIIOB YIIPABJIEHUS, UCTIONB3YETCS Memo00.102Us CUCHEMHO20 AHAIU-
3a. CUCTEMHBIN aHaAIU3 MO3BOJISIET MCCIEA0BATH PA3JIMYHBIE MO CBOCH NPUPOAE
OOBEKTHI C €MHON TOYKU 3peHHusi. B OCHOBY METOJI0JIOTUH CUCTEMHOIO aHalu3a
MOJIO’KEHBI TAKWE TOHSTHUS, KaK «CUCTEMay, «CJIOXKHAsI CHUCTEMay, «UepapXusi CH-
CTEM», «MOJENbY, «1eJib» U Jap. OnpenencHue dTUX MOHATUN, a TAKKEe HEKOTOPhIE
MPUHIUAINBI CUCTEMHOI'0 aHalli3a U3JI0KEHBI B 00BbEeME, HEOOXOIUMOM JIJIsl TIOHHU-
MaHHs Toclienyroilero marepuaina. OaHaKo JJisi COBPEMEHHOIO CIEeIUaINCTa Tpe-
Oyetcs 6oJiee rTy00KOe 3HAaHHE METOI0JIOTHH CHCTEMHOTO aHaJIn3a.

YpaBHeHus JUHAMUKH U CTaTUKU. JIuHeapusanus.

B Teopuum aBTOMATHMYECKOro YIPABICHUS paccMaTpUBAKOT MaTeMa-
TUYECKYIO MOJIEIb CUCTEMBI aBToMaTnueckoro ympasienus (CAY), T. e. Mozeb,
KOTOpas NoJlydaeTcs B pe3yjpTaTe Maremarndeckoro onucanus CAY. Maremaru-
YEeCKOE OMUCAHNE MOXKET ObITh AHAIIMTUYECKHUM (C MOMOUIBIO YpaBHEHMI ), Tpadu-
YeCKUM (C MOMOUIbIO0 rpadUKOB, CTPYKTYPHBIX CXeM U rpad)oB) U TaOIMYHBIM (C
noMoIIpio Tabdmnui). st nonydenus matemarudeckoro omnucanuss CAY oObI4HO
COCTAaBJISIETCS] ONKMCAHUE €€ OTHAEIbHBIX JEeMEHTOB. B yacTHOCTH, AJis MOIy4eHUS
ypaBHeHUN CAY cOCTaBiSIOTCS ypaBHEHMS ISl KaKJIOTO BXOJSILETO B HEE diie-
MeHTa. COBOKYITHOCTb MOJYyYEHHBIX YPABHEHUHN U 1a€T aHAJIUTHUYECKOE OMUCAHUE
CAY.

MatemaTnueckoe ONMUCaHHE MOXKHO IOJIYYUTh Ha OCHOBE (PU3UUYECKUX
(XMMHYECKHUX M IPYTHUX) 3aKOHOB, KOTOPBIM MOJIYMHSIOTCS IPOLIECCHI B AIIEMEHTAX
CAY, nnu skcriepuMeHTanbHo. [Ipy momy4eHun MaTeMaTUYeCKOTrO OMMCAHUs UC-
XOJSIT U3 MPOTUBOPEUUBBIX TpeOoBaHuil. C 0JTHOM CTOPOHBI, MaTeMaTHYECKas MO-
JieNb JOJDKHA KaK MOYKHO IOJIHEE OTpakaThb CBOMCTBA OpUTHHAJA, a C IPYroil CTo-



POHBI, OBITH O BO3MOKHOCTH MPOCTOH, YTOOBI HE YCIOXKHAThH UccaenoBanue. Ya-
CTO TMOJIE3HO Ha MEPBOM ATAIe UCCIEAOBAHUS IPUHUMATh 00JIEe TPOCTYIO MO/IENb,
a 3aTeM IPU HEOOXOJUMOCTH YCIIOXKHSTh €€.

O6byHO0 CAY omnuchIBalOTCS HEMTMHEHHBIMU ypaBHeHUsMH. Ho yacTo ux
MO>KHO JIMHEapu30BaTh, T. €. IEPEHUTH OT UCXOAHOW HEIMHEHHON MoJenu K Oolee
MPOCTOM JIMHEWMHON (JIMHEApU30BaHHBIM YPABHEHUSIM).

JIuneapuzanuu ObIBalOT OOBIYHBIEC, TAPMOHUYECKUE, CTATUCTUYECKUE U JIP.
Obviynvimu OyAeM Ha3bIBaTh JIMHEAPHU3AIMH, OCHOBAHHBIC Ha Pa3JI0XKCHUH HEIH-
HeltHoW ¢yHKIuK B psin Teiopa B OKPECTHOCTH HEKOTOPOM TOYKU M OTOpachiBa-
HUW HEJIMHEWHBIX ciaraemMbix. Hanmpumep, ecinu 3agana HeIMHENHHAsT 3aBUCUMOCTD
F (%, x, u) = 0,, TO ocJyie 0OBIYHOW JTUHEAPU3ALNU B OKPECTHOCTH 33JaHHOU TOUKU
(£°, x° «°) momyuum

aoA)Z' + ale -}~ bOALL = O, e

Ab=i—%, Ax=x—x Au—u—ud

Ao ==(AF/0X)" ay = (0F/0x)® by = (0F/0u)°

Nupekcesl 0 03HA4arOT, 4TO IPOU3BOAHBIC BEIYMCIISIFOTCS B 3aJaHHOU TOYKE,
KOTOPOM COOTBETCTBYET ONpPENEIICHHbII HOMUHAJIbHBINA (33JJlaHHbIN, MpPEICTaBIIs-
IOIMIA MHTEpeC) mpouecc. B mocnenHeM ypaBHEHUM YYTEHO, YTOF (£°, x°, u®) = 0.
[lony4deHHOE IMHEWHOE YPaBHEHHUE 11O

OTHOILLIEHUIO K MCXOJHOMY Ha3bIBAECTCS JUHEAPUIOBAHHLIM YDAGHEHUEM, A
IIPOIIECC MEPEX0Aa OT UCXOJTHOTO YPABHEHHUS K JIMHEAPU30BAHHOMY — JIUHeapu3a-
yueri. OObIYHAS JTUHEApHU3alUs BO3MOXHA, €Clii (YHKLHS, OMUCHIBAOIIAs HEJIH-
HEIHYI0 3aBUCUMOCTb, sIBisieTcs rinaakoi. Eciau oOblyHas nuHeapu3alus HEBO3-
MOXHAa, TO B OIPEAEICHHBIX CIy4asX Ui YIPOILIEHHUS MCCIIEN0BAHUS MOXKHO BOC-
N0JIb30BaThCS APYTUMHU CIOCOOAMHU JIMHEAPU3aLUU.

IlycTh B IpUBEAEHHOM YPaBHEHUU X — BBIXOJIHAs BEJIMYMHA, & U — BXOJ-
HOe Bo3zueWcTBue. IlpumeM, dYTO T1IpU NOCTOSSHHOM BXOJHOM  BO3JEH-
CTBUUu = u’TIPUBBIXOJIHASA { — co BEJIMYMHA YCTAHABIMBACTCSA U MPUHUMAET ITOCTO-
AHHOE 3HaueHue x°. Toraa B yctaHOBUBIIEMCS pexkume X = 0 U ypaBHEHUE MPUMET
BUIF (0, x°, u°) = 0. DTO ypaBHEHUE HA3bIBACTCS ypPABHEHUEM CMAMUKU B OTIHMYHE
OT UCXOAHOT0, KOTOPOE HAa3bIBACTCS ypasHeHuem OuHamMuky (WU OUHAMUYECKUM
VpasHeHuem).

PaccMmoTpuM pasznuyHbie CIOCOOBbl MAaTEMaTUYECKOTO OMUCAHUS CHMAyuUo-
Hapuovlx auHeunvix Henpepvignvlx CAY, T. e. CAY, KOTOpbIE ONKUCHIBAIOTCS JTUHEH-
HbIMH U PepeHIINaAIbHBIMUA YPABHEHUSMU C MOCTOSTHHBIMU KO3 dULIMEHTaMU, U
cmayuoHapHulx aunetinvlx umnynvcHolx CAY, 1. e. CAY, xoTopbie MOTYT OBITH
OIKCaHBI JINHEHHBIMUA PA3HOCTHBIMU YPABHEHUSIMH C IOCTOSTHHBIMU K03 (puiineH-
TaMH.

YpaBHeHus U nepeJaTOYHbIe (PDYHKIIUN HENPEPbIBHBIX CHCTEM.

MaremaTrndeckast Mojenb ar00o0i yactu CAY HaspIBaeTcs 36enom. B yact-
HOCTH,

3BEHOM MOJKET OBITH MaTeMaTHYECKasi MOJCIb BCEH CUCTEMBI MU JIFOOOTO
ee ayeMeHTa. JIroboe cralmoHapHOE JTUHEMHOE HEMPEePhIBHOE 3BEHO C JIBYMSI BXO-



JaMHu (puUcC.) ONUCHIBAETCSl YpaBHEHUEM BU/JIA
e e
== bou!™ - byt - L bt - oof D o fED L gf,
(7)

rae 419, 49, f¥ — i-e ppou3BOIHEIE 1O BPEMEHHL.

JUis TUHEHHBIX CUCTEM (3BEHBEB) CIIPABEAJIUB MPUHIMII CYNEPHO3UIINU:
peakuusi CUCTEMBI HA HECKOJIBKO OJIHOBPEMEHHO IIPUJIOKEHHBIX BO3JEHCTBUI paB-
Ha CyMME PEaKIMil CUCTEMBI Ha KaX/10€ BO3ACUCTBHE

B OTJEJIBHOCTH. DTOT MPHUHLMII CIEIYET U3 CBOMCTBA PEIICHUN JIMHEHHBIX
nudepeHManbHbIX ypaBHeHUH, B wactHoCcTH, 11t cuctemsl (4.1) mpuHIUNO Cy-
NEPIIO3ULIUN O3HAYaET cienymomee. Eciauy. () — peakuus

CUCTEMBI (M3MEHEHUE BBIXOJHOW BEJIMYUHBI) IPU u = u, (U [ = 0,

y; () — peaKnust CUCTEMBI IIPU | = [, (U u = 0, TO IpHAU = Y, (¥)

U [ = [, (!) (mpy OAHUX U TEX K€ HAYAIBHBIX YCIOBUAX) €€ PEaKITHSI

y (&) = ya (&) + y; ().

brarozaps npUHIMITY CYTIEPIIO3UIIMHA UCCIETOBAHUE CUCTEM C HECKOJIBKH-
MU BXOJIaMH BCETJa MOKHO CBECTH K HCCIEIOBAHUIO CUCTEM C OJHUM BXOJOM.
Cucrema (3B€HO) € OZIHUM BXOJIOM OIIMCBIBACTCSl ypaBHEHHEM BH/IA

Aoy 4+ ayy ™V .o @y = bou™ 4 byutmt b (4.2)
(8)

CumBonnueckas gopma 3anucu. g onepaunu quddepeHupoBaHus BBe-
neM o003HadYeHHE p (€ro Ha3bIBaIOT oreparopoM auddepentiupoBanus). I1o omnpe-
JEJICHHUIO,

py =dy/dt, ply=dy/di.

Hcnions3ys p, ypaBHeHUE (8) MOKHO NPEJICTABUTH B BUJE

app™y - "y 4. . A apy = bop™u +bp™u 4. . . bpu.

[Ipu 3anucu u npeoOpazoBaHuu TupPepeHInaTbHBIX YPABHEHUN OnIepaTop
P MOKHO paccMaTpHBaTh KakK aJireOpanyecKuii COMHOKUTENb, & BBIPAXKEHUE py —
KaK Ipou3BelieHue, He 00J1a/1aroliee CBOMCTBOM KOMMYTAaTUBHOCTH: HENb3sl BMe-
CTO py THUCaThbyp (py + yp). YUUTHIBAs 3TO, IPEeoOpa3yeM MociaeaHee ypaBHEHHE,

lf

Cxema 3BeHa ¢ AByMsI BXOAaMHU

BBIHECS ¥ U U 32 CKOOKHU:
(@op" +ap" . a) y =
= (bop™ +yp™ . b)) U )
Brenmem 0603HauCHHS Q (p) = agp” + ap™ + ... + as R (p) =
= byp™ + byp™ ! + ... + b, ¥ TIpeAcTaBUM YypaBHeHHE (9) B Oosiee KOMIAKT-



HOU (popme:
QP y=R(pu

Huddepenunansabiii onepatop Q (p) MpH BEIXOAHON BETUYUHE HA3bIBAIOT
cobcmeenHvim onepamopom, a nuddepeHIanbHbIN onepaTop R (p) npu BXoaHOU
BEIIUYMHE — 0nepamopom 8o3oelicmeaus. Bece ypaBHEHUs, 3alTUCAHHBIE C UCIIOJIb-
30BaHHEM OIEpaTopa p, SIBISIOTCS CUMBOJIMYECKOW (OpMON 3amuCH ypaBHEHUS
(8). Takas 3amuch y100Ha IIPH OMPEACIICHUHN IIePEeAaTOYHBIX (PYHKIIHA.

[lepenatounsie pynkuuu. ns onucanuss CAY uCHoONb3yIOTCS JIBE pas-
JUYHbIE TIepelaTovyHble (PYHKIIMH — B ONEpaTOpHON (opMe U B M300paKEHUSIX
Jlanumaca. Ilepeoamounoti ¢hynkyueti 6 onepamopnoi popme W (p) Ha3pIBaeTCs
OTHOIIIEHHE OIepaTopa BO3ACHCTBUSI K COOCTBEHHOMY onepaTtopy. [lepedamounoii
@yukyue 6 uzoopadxcenusix Jlannaca \W (S) Ha3bpIBaeTCS OTHOIICHUE N300paKEHHIA
Jlarutaca BBIXOAHOW BEIIMYHUHBI

K BXOJHOW MpPH HYJEBHIX HAYaJIbHBIX YCIOBHUSX. 3/1€Ch S — IMEpPEeMEHHAS
npeoOpa3zoBanus Jlamnaca.

CormacHo onpezeNieHnIo, nepenaroyHas (PyHKIUs B oneparopHoil ¢opme
3BeHa (8) i (9)

_R®) _ bopmbypmi by
VP =20 = s tart.ta,

Hcnons3ys W (p), monydunM ypaBHEHHE y=Wip)u, KOTOPOE SIBIIAETCS

OJIHO¥ M3 Pa3HOBHHOCTEH CHMBOJIMYECKON (POPMBI 3arucu ypaBHeHus (8).

UtoOsl ompeaenuTh nepeaaTounyro GyHKIHIO B u3oOpaxkeHusx Jlammaca
3BeHa (8), mpousBeaem npeobpazoBanue Jlamnaca mpu HyJEBBIX HAYaIbHBIX YCJIO-
BUSIX:

Li{agy™ 4 ayy™V + ...+ auy) = L {bou'™ + biut™V 4=, 4 bul.
3necb L — cumBon npeoOpazoBanus (oneparop) Jlamnaca. ITpu HyneBbIx
HAYAIBHBIX YCIOBUAX L WO O =Lipy Ot =Y hrae v (9 = L {y (t))

Ncnonb3yst 3T0 CBOMCTBO U CBOMCTBO JIMHEHHOCTH MpeoOpazoBanus Jlami-

cal {ox, () + Br (0} = ol {x, ()} + BL {x, ()}, mOJTy4acm
(s - ay I - L4 a,) Y (8) = (bos™ F byis™ L .. .- b,,) U (). (10)

OueBunno, uytoOsI niepeittu oT (8) k (10), Hyx)HO mpenctaBuTh (8) B cUM-
Bosnueckoit popme (9) u mojactaBuTh B (9) BMECTO p MEPEMEHHYIO S, a BMeCTO ) (1)
U u (t) — ux u300paKeHH.

[To onpenenenuto, uz (10) mist mepenarouHor PyHKIIUU B U300paKEHUX

Jlanumaca 3BeHa (8) monyyaem
X S \~Iﬂ SN—1 ___._'
W (8) = = o s e o (11)

[TosTomMy ypaBHeHHE B n3o0pakeHusix Jlamnaca (mpu HyJE€BbIX HaYadbHBIX
yCJIOBUSIX) 3BeHa (8) mpuobpeTaeT BUI

X(s)=W(s)U (s)

OueBuaHo, nepenarounas Gyukuus W (s) momyqaercs uz W (p) hbopmaib-
HOM MOJICTAHOBKOW p — S: W (s) = W (p)/,.,. Takas CBA3b

MeXAy AByMs (opMamMu TNepenaTovyHbIX (YHKUUNA CIpaBeIMBa TOJBKO
JUTSL CTAIlIMOHAPHBIX CUCTEM.




Ecnu cucrema (3BeHO) mMeeT (] BXOJOB U I BBIXOJIOB, TO JIJISA €€ OMHCAHMUS
TpedyeTcs (r mepeaarouHbix GyHkiui. B yacTHOCTH, 3BeHO (7) C IBYMsI BXOJIaMH

N OJHUM BBIXOAOM OITMCBIBACTCA ABYMS IICPCAATOUYHBIMU q)YHKHI/IHMI/II

_ bgpm-bypm14 L4 Pt Fopti4- Fe
e T

Hcnone3ys 3TH nepeaatouynble GyHKIUU, ypaBHEHHE (/) B CUMBOJINYECKOM
(dopMe nosyyaeT BUJ

HeTtpyaHo Taxke COCTaBUThH JJIsl 3TOTO 3BEHA IEpelaTouHble (YHKIUU U
ypaBHEHUs B n3o0paxkenusx Jlamnaca. Ilepenatounast pyHKIMs cUCTEMBI HapsAY C
¢ depeHINaTbHBIMA YPAaBHEHUSIMU ILIUPOKO UCHOJb3yeTcs i onucanus CAY.
Ho mpu HeHyJIeBBIX HayaJbHBIX YCJIOBHUSAX OHA HE BCETHA SABJIIETCS €€ MCUEPIIbI-
BaloIIe xapaktepuctukoil. Eciu coOCTBEHHBIN omepaTtop W onepaTop BO3JEH-
CTBUSI CUCTEMbBI UMEIOT OOIIME MHOXKHUTENU (HYyJM), TO MPU BBIYMCICHUH Mepe/a-
TOYHOM (PYHKIIMU OHM COKpalaroTcs. Y B 3TOM cilydae mo nepeaaTouyHol (pyHK-
uun CAY Henb3sd BOCCTAaHOBUTH €€ MU PepeHnaTbHOE YpaBHEHUE U MOITYYUTh
ONKCAaHME MPOIECCOB B HEM MPU MPOU3BOIbHBIX HAYAJIBHBIX YCIOBHSIX.

PaccmoTpum i1 mpumepa CHUCTEMBI, KOTOpBIE ONUCHIBAIOTCA YpaBHE-

HuAMu * ¥ =€—& SH¥=& |y cooTBercTByeT  mepenaTouHas  (pyHKIHS
W (p) = 1/(p + 1).

VX penieHusaMu Ipy § = t ABIAIOTCS COOTBETCTBEHHO (YHKIIUH:

x()=Cet +-Coef -1 —1, x()=Cet -t —1.

DTH pelieHnss COBIANAOT TONbKO Ipu  ycimoBuu % (0) =0, x(0) =0
(T. e.IpH HYJIEBBIX HAYAJIbHBIX YCIOBUAX). [IpH IPYrUX HauadbHBIX YCIOBHMSAX OHU
HE COBIAJAIOT M TepenaTounas Gpynxmus W (p) = 1/(p + 1) He MoXkeT cyuTh
OIMCAHUEM CUCTEMBI, ONPEAECIAEMON MEPBLIM M3 IPUBEAECHHBIX Au(depeHIrab-
HBIX YPaBHEHUM.

YacroTHbIC U BpEMEHHbIC XaPAKTEPUCTUKHU HENPEPBIBHBIX CUCTEM.

YacToTHbIE XapaKTepUCTUKU. PaccMOTpUM 3BEHO C mepenaTodyHor (yHK-
uueit (4.5). OyHKIMA W (jo), KOTOpas MOJydaeTcs U3 mepeaa-

TOYHOH (PYHKIIMU IIPH MTOJCTAHOBKE B HEE S = JW:

W (jo)=(bo (jo)"+ b1 (jo)" ... - bw)/ (@ (jo)*+a1 (JO)* +.. . 4 an),

HA3BIBACTCS uacmMomHuou nepedamounou @yukyuer. Ee MOXHO mpencrta-
BUTH B BUJIEC:

W (jo)=U (0)+ iV (0) = 4 () /7@,

r1e A (0) =V U2 (0) + Vo), p(o) = arg W(jo).

Ha KOMIIJIEKCHOM IUIOCKOCTH 4YacTOTHAs neperaroudas ¢yukius W (jo)
onpenenser sekrop OC, mmmHa (Moxyns) KoTtoporo pasHa A (®), a yrom, o6pa-
30BaHHBIM ATUM BEKTOPOM C JIEHMCTBUTEIBHOW IOJOKUTEIBHOM ITOJIYOChIO, pa-
BEH ¢ (0). KpuBas, KOTOpYIO0 OMMCHIBAET KOHEI] 3TOr0 BEKTOpa MPU U3MEHEHUU Ya-
CTOTHI OT HyJa H0 OeckoHeuHoctw,rogorpad Bekropa W (j®), mHaswBaeTcs am-
nAUmMyoHo-ghazosotl wacmomuou xapakmepucmuxou (AD®YX). Unorna paccmatpu-



BaroT ADPUYX mnpu u3MeHeHHH © OT —oo 10 oo, Ecnusasasercs W (s) apoOHO-
panuoHanbHOK (yHKIMEH (OTHOLIEHMEM IIONMHOMOB), TO, KaK HETPYIHO IIOKa-
3aTh, U (0) apnsercs yeTHoit, a V (®) — HeueTHOM (QyHKIMEH O.

[Toatomy ADUX 11py OTpUIIATENIBHBIX 3HAYEHUSIX CO TOIYYAETCS 3€pKallb-
HBIM OTOOpaXEHHUEM OTHOCHUTENIBHO jAeiicTBUTENbHOM ocu ADUX mpu 1monoxu-
TEJbHBIX .

HenictBurensuyro 4vacth U (©) = Re W (jo) 1 mMHuMyIo wacthb

V(o) = Im W (jo) Ha3bIBalOT COOTBETCTBEHHO BeU4ECMBEHHOU W MHUMOL
yacmomuvimu ynxyusamu. I'paduk BEIMIECTBEHHOW YaCTOTHOW (yHKIMH (KpHUBas
sapucumoctd U = U (0) mpu u3MeHEHUH © ot 0 1o oo) Ha3bIBAIOT 6eyeCmEeHHoll
YACMOMHOU XapaKxmepucmukot, a rpauK MHUMON YaCTOTHOW (YHKIUH — MHU-
motl yacmommuotl xapakmepucmukoil. Monyns A (0) = | W (jo) |— amniumyo-
Has yacmomuas yukyus, a ee rpapux — amniumyoHas 4acmomuas XxapaKxmepu-
cmuxa. ApryMeHnT ¢ (@) arg W (jo) Ha3swIBAIOT (haz060t yacmommuou (pynxyuel, a
ee rpaduk — hazo60i HacmMomHoU XapaKkmepucmukou.

Korpa | arg W (jo) | << w/2, dhazoBas JacTOTHAs byHKIUSA
¢ (0) = arctg 1V (0)/U (0)! B 001mem cilydJae:

@ (o) = arctg [V (0)/U ()] &=,
k=0, &1, =2, ...,

rie K onpenensieTcss U3 KaKUX-JIMOO JOTMOJHUTEIBHBIX JaHHBIX.
N

AMmnuTynHO (a3oBasi HaCTOTHAS XapaKTepUCTUKA

VYcTaHOBUM, KaKOU ke (PU3NYECKUI CMBICIT UMEIOT YaCTOTHBIE XapaKTepu-
cTuku. Eciii Ha BXOA yCTOMYMBOM JIMHEMHOM CTAllMOHAPHOW CHUCTEMBI MOJAETCS
TapMOHHMYCECKHUN CHUTHAJI ¢ == a SiN ®f, TO Ha ee BBIXOJIC IOCIIC OKOHYAHUS Tepe-
XOJTHOTO TIPOIIecca YCTaHABIMBACTCS TAPMOHHYSCKUN MPOIIECC ¢ aMILTUTY 10 b u
¢ha3oii, CIBUHYTON OTHOCHUTENIBHO (ha3bl BXOAHOTO CHTHANIa Ha yroi ¢u (puc. 4.3).
AmiuiuTyaa b u casur ¢asel ‘Gu’ 3aBHCAT OT YaCTOTHI BXOAHOIO CHTHAIA M CBO¥-
ctBa cucteMbl. KpoMe Toro, amruintyaa b 3aBUCHT €llle OT aMIUIMTYIbl BXOHOTO
curHasia. Ho oTHomieHue b/a HE 3aBUCUT OT aMmIUMATYAsl a. (Oka3bIBaerc,
qro bla = A (0) u ¢ = ¢ (0),T. €. amnIumyonas Yacmomuas. QyHKYus pasHa om-
HOWEHUIO AMAIUMYObl BbIXOOH020 CUSHANA K AMNAUMYOe 8XOO0H020 2apMOHUYe-
CKO20 CUCHANA (8 YCMAHOBUBUEMCSL pedicume), a (hazoeasn 4acmomHas QyHKyus —
cosuzy ¢hazvl 8b1X00H020 CUSHAA.

U=asinwt y=bsin(wt+p
— W) Saiide

CxemMa misg (GU3HYECKOW MHTEPIPETAIIMM YACTOTHBIX XapaKTEPUCTHK.

Kpome mepeunciieHHbIX YaCcTOTHBIX XapaKTEPUCTUK HCITOJIB3YIOTCS JIOTa-
pudmuyeckre yactorHele xapaktepuctuku (JIUX) — noecapupmuueckue amniu-
myounsle yacmomuvle xapaxmepucmuku (JIJIYX) n noecapugpmuueckue gaszoswvie



yacmommule xapakmepucmuku (JIOUX). _ _ ]

JIAUX — sto rpaduk 3aBucumoctu L (0) = 20 1g 4 (©) or norapudpma
gactotsl g ©.IIpu moctpoennu JIAUX mo ocu abCIUCC OTKIAABIBAIOT YaCTOTY B
J0rapu(pMUUECKOM MaciITade (Ha OTMETKE, COOTBETCTBYIOIIEH 3HAYECHHUIO Ig o, yKa-
3pIBAIOT 3HAYEHUE CO), a 10 ocu opauHar — L (). JIOUX — 310 rpaduk 3aBHCH-

MocTH (a30Boi 9acTOTHON PyHKIUK ¢ (®) OT jJorapudMa 4acTOTHI lg .

ITpu ero nmocrpoeHuu 1o ocu adbcuuce, kak u npu nocrpoennn JIAUYX, Ha
OTMETKE, COOTBETCTBYIONIEH 3HaueHWIO |§ ©,yKa3pIBalOT 3HAYEHHE ‘OMera’, Io
OCH OpJIMHAT OTKJIAJBIBAIOT ¢ (®)B Tpajycax WU paJraHax.

Enunauneit L (o) sBnusercs neruben (ab), a enuHuiiel gorapudma 4acTOTHI
B JIUX — nekana (aex). Jlekamol Ha3bIBalOT MHTEPBAJ, HA KOTOPOM 4YacTOTa U3-
MEHSIETCS B AecATh pa3. Ock opauHat npu nocrpoeHnu JIYX npoBoadT yepes npo-
U3BOJIbHYIO, YAOOHYIO JIJIi pacCMaTpUBaeMOM 3aJaud TOYKY, @ HE 4Yepe3 TOUKY
o = 0,Tak KaKk 4acToTe ® = ( COOTBETCTBYET OECKOHEYHO YJaJeHHAs TOYKA:
lg ®—> — 00 Ipu m—> O

Bpemennbie xapaktepuctuku. IlepexonHoe W UMMYJbCHBIE MEPEXOIHBIC
XapaKTEPUCTUKN HA3BIBAIOTCS BPEMEHHBIMU. OHHM HCHOJIB3YIOTCS MPU OMHCAHUU
JIMHEWHBIX CUCTEM, KaK CTAllMOHAPHBIX, TAK U HECTALIMOHAPHBIX.

llepexoonou gynxyueu 36eHa Ha3bIBaeTCS (QYHKIMS 4 ({), KOTOpAsi OMUCHI-
BaeT €ro PEaKirio (MI3MEHEHNUE BHIXOIHOW BEJIMUMHBI) HA €AMHUYHOE CTYIIEHYATOE
BO3JICMCTBHE | (/) IPHU HYJIEBBIX HaYalIbHBIX yCI0BUsAX. [1o onpenenenuto,

I(t)—{ l npu {=0;
| 0 npu f<<0.

I'padux nepexoaHoi ¢pyHkiun — Kpubas 3aBucumocts h (f) ot Bpemenn t
— Ha3bIBACTCS NEPeXOOHOU UNU PA32OHHOU XAPAKMEPUCUKOLI.

Hmnynvcrou nepexoownoii unu 6ecosou ¢hynkyuell Ha3bIBaeTCss QyHKIIUS W
(t), koTOpast oMKChIBACT PEAKIMIO 3BEHA HA CIMHUYHOE UMITYJIbCHOE BO3ICHCTBHUC
MIPU HYJIEBBIX HAYaJbHBIX YCIOBUsIX. ['paduk UMIynbCHON mepexoHoN (QyHKIUU
Ha3BbIBACTCS UMNYIAbCHOU NEPEeXOOHOU XAPAKMEPUCTNUKOU.

[Tpu ompenenennn BecoBor GyHkmuu W (t) HCIIOJIB30BAaHO MOHSATHE €TH-
HUYHOTO UMIYJibca. EAMHUYHBIN UMIYJIbC — UMIMYJbC C €AUHUYHOMN IIOMIAJbIO
OeckoHeuHO Mayoi mmTenbHOCTH. OH ommchiBaeTcs aenbra-pynkmuen S (t), xo-
Topas siBsieTcst 00001eHHoN GyHKIMelH. Ee MOXKHO onpeAeuTh CAeayouuM 00-
paszom:

[o] e [es] e

{ s(yat= (8a=1; § 8(hed= {81 o) dt=e(0),

-— O -_—F _—0 —8
rac € — IMPOMU3BOJIBHOC TIIOJOXHUTCIBHOC 4YHCIIO; ¢ (i‘)— IMPOU3BOJIb-
Hasi, HeTIPEPhIBHASI B OKPECTHOCTH HYJIST GUHUTHAS (T. €. OTJIMYHAS OT HYJIS
Ha KOHEYHOM MHTEpBaje) PyHKITHUS.
[Tpou3BogHast IO BpEeMEHH OT JAeNbTa-(QOYHKIINH ONPEACIIICTCS TaK:
[e+] €
[ dowdi= § 8@ ) d=—q ()

—0 —8
[=e] e

{ sm@ye@)ydi= [ 8™() ¢ @) dt (—1)"¢'™ (0).

—_— —8

3necby (t)— oObruHast puHUTHAS PYHKIMS, 0OIaaaroas M-i mpo-



u3BOHOM; 8™ (¢)— m-2 npou3BOAHAS 110 BPEMEHU OT JeIbTa-()YHKIHH.
[poussens npeobpasosanue Jlamiaca oT aenbra-QyHKIUHA U €€ IPOU3BO/I-
HBIX, TI0JIy4aeM
LISWi=1, LIB®}=s, ..., L5 (£)} =sm.
VCTaHOBUM CBS3b MEXIY (DYHKUUAMU w (), h () u W (s).IIpuBeneM ypaBHe-
HK€ 3BeHa B n300paxenusx Jlamaca

Y (s)=W (5) U (5). (12)

B cooTBeTcTBMM C OIpeacicHHeM BECOBOM (DYHKIUHU © () mpum u =38 (1)
BbIXOAHAs BenuuuHa ¥ () = w(f). Tak kak L{5 ()} =1, TO ypaBHeHue (12)
npu 4 = 8 (1) MIPUHAMAET BU]

L{w ()} = W (s) , OTKyJa

W(s)={ w(t)yedt,

(1]
T. €. mepenarouHas (QyHKIus W (s) ecThb n3oOpaxkenue Jlamiaca BeCOBOM

(GyHKUIHU.

ITo ompenenenuro nepexoqHod (GYHKIUHMA ()TIPUA u = 1 (f) BBIXOHAS BEIIU-
ypHa y = h (f) (puc. 4.4). Tak kak L {1 (} = 1/s, TO ypaBHeHHE (4.6) TIpU u = 1 (1)
NpUHUMAET BHUAL{h ()} = W (s)/sumu  sL {h ()} — W (s). Tak Kak HpH HYJIEBBIX
HAYaJIbHBIX YCJIOBUAX YMHOXKEHHIO M300paK€HUsI Ha S COOTBETCTBYET nuddepen-
LUPOBAHUE OPUTHMHAJA, TO, IIEPEXOJs K OpPUTHMHAIAM, U3 IOCIEIHErO0 yPaBHEHUS
noJrydaeM w (¢) = dh (i)/di.

BecoBas u nepexoanast pyHKIMM, KaK U TiepenatoyHas PyHKITUS, SBISIFOT-
Csl HCUEPTBIBAIOIIMMH XapAKTEPUCTUKAMU 3BE€HA TOJBKO MPHU HYJIEBBIX HAYaJIbHBIX
ycioBusix. [0 HUM MOKHO OJIHO3HAYHO OMNPENECIUTh BBIXOAHYIO BEJIUYUHY IpU
IIPOU3BOJIBHOM BXOJHOM BO3JEHCTBUM. [[eCTBUTENBHO, NPU NEPEXOJE K OPUTH-
HajiaM B ypaBHeHUH (4.6), UCTIONB3Ys TEOPEMY O CBEPTKE (CBOMCTBO MpeodpazoBa-

Hus Jlamnaca), monyyaem
[4 [

yty=\wt—7nu@di={w@ut—r)d.

0 0

Ota Qopmyna clpaBeaiviBa TOJBKO MPU HYJEBBIX HAYaJIbHBIX YCIOBHSX.

Ee Taxxxe MOXKHO NpcaACTaBUThL B BUIC
o ®

yO)=\ wt—v)u@@dr=\ w@yu—r)dr, (13)

0 0
TAKKaKw (t —1) =0un u(t —1) =0 npu <<

DJieMeHTApPHbIE 3BEHbS U UX XapAKTePUCTHKH.

Kaxk u3BecTHO U3 Kypca anreOpsl, MOJMHOM MTPOU3BOJBHOTO TTOPSIAKA MOXK-
HO Pa3I0XKUTh Ha  DJIEMEHTapHbIE (mpocTeie) MHOKUTEIN BU-
nak, s, (s+ dp), (&* + dus + do). TlooTOMy MH00YI0  APOGHO-PALMOHANBHYIO IIEpPE-
JATOYHYIO (DYHKITHIO BCETZIa MOKHO MPECTaBUTh B BUAC MPOU3BEACHUS DJICMEH-
TapHBIX MHOXKHUTEJICH U 3IIeMEHTapHbIX JIpobeil Buaa MS,



V(s - dy), 1/(s* + dys + dy).
u=J(t) y=w(t)
=i YO o
\
Cxema nJ11 BBIBOJIa BECOBOM M IMEpeXOAHOM (yHKIIHI

3BeHbs, NepeNaTouHble (YHKIUUA KOTOPHIX HMMEIOT BHJ AJIEMEHTApHBIX
MHOKHUTEJIEH WIM AJIEMEHTapHBIX ApOoOei, HA3BIBAIOT 21eMEHMAPHLIMU. DIEMEH-
TapHbIe MHOKHUTEINH, TIPEICTABIIAIONINE COOON MOJMHOMBI TIEPBOTO U BTOPOIO MO-
psIKa, MOXKHO ITpeoOpa3oBaTh K MPUHATOMY B TEOPUH aBTOMATHYECKOTO yIIpaBiie-
HUS CTAaHAAPTHOMY BUY:

[Ipu sTOM K (k> 0) Ha3BIBAIOT NEpPedamouHbIM KO3 duyuenmonm,
T(T > 0) — nocmosnHoU épemenu (AMEET eIUHUILy U3MEPEHHUS BpeMe-
HU), E— K03 puyuenmom demnpuposanusi.
HaroMHuM npaBuIio BBIYKCICHUS MOJYJIA U apryMEHTa JApOoOH U MpOU3Be-
JIEHUST KOMIUIEKCHBIX YHCEJI, TaK KaK OHO YacTO HMCIOJb3YeTCS MPH BBIYHCICHUN
aMIUTATYTHOM U (Pa30BON YaCTOTHBIX QYHKIHHA. M00yib npoussedenuss KOMNIeKc-
HbIX YUCel paseH NPOoU3Be0eHU0 MoOyell, a apeyMeHm — CyMMe apeyMeHmos e2o
comuodcumernei. Mooyns 0poou pasen omHOWEHUIO MOOYJIS YUCIUMENL K MOOYTIO
3HaMeHames, a apeymMeHm — PA3HOCMU APeYMEeHMO8 YUCTUMENs U 3HAMEHAmeJ.
PaccMoTpuM OCHOBHBIE THIIBI 3JIEMEHTAPHBIX 3BCHBECB.
IIponopyuonanvroe 36eH0 — 3BEHO C MEPENATOUHON (QYHKIIMEH W (s) = k.
Ero wacToTHbIe ¥ BpeMeHHbIE (DYHKITUH:
W (jo)=k, U(w)=Fk, V(0)=0, A(0)=Fk; ¢ (0)=0,
L(0)=201gk, h(t)="FL (1), w(t)=kS (f).
Huggepenyupyrowee  36eno — 3BEHO C TEPEAATOUYHON  (yHKIUEH
W (s) = ks. Ero yacToTHbIC U BpeMeHHbIE (PYHKITUU:
W (jo)=jko, U(w)=0, V(o)=Fo, 4 (0)=Ffo, ¢(o)=mn/2,
L{(0)=201gk+201g 0, H(E)=k5 (1), w(t)="kE (1)

Humezpupyrowee 36eno — 3BeHO ¢ nepeaarounoit pyukmueir W (S) = = r/s.
Ero 4acToTHbIE U BpeMEHHBIE QYHKIHU:
w (](0):_ jklo, U(ﬁ)):O, |4 (0) =—Fl0, A ((0)=k/0),
e{0)=—mn/2, L{0)=201gk—201g o, h(t)=Fkt, w(t)="k.
Dopcupyrowee 36eH0 nepeoco NOpsOKa — 3BEHO € TIEPeIaTOYHON (PYHKIIH-
el W (s) = k (Ts -+ 1). Ero yacToTHBIE ¥ BpeMEHHBIC (DYHKITUU:
W (jo)=Ek(Tjo+41), U(0)=F, V(0)=~ET (0), 4 (0)=
=kV Toy+1, ¢(o)=arctg(To),
L(0)=201gk+201gV (To)l+1, k({t)=k[T8§(O)+1 1),
w(t) =k [T (t)+8 1)),
Anepuoouueckoe 36eno — 3BeHO ¢ mepenatouHor ¢yskmumeirr W (S) =
kI(Ts+ 1). Ero yactoTHbIC ¥ BpeMEHHbIC (DYHKIINU:

. k k kT
W(jo)=rmry V@) =eprr V((D)=('ma%:



R
VTop+1’
L(0)=201gk—201gV (ToR+1, h(l)=Fk(l—e?T),
w ({) = (k/T) e T,
Dopcupyrouee 36eH0 8MOPO20 NOPAOKA — 3BEHO C MEpPenaToOuHON (PyHK-
HUen W (s) = k& (T2 - 28Ts + 1), 0 << & << 1. Ero wacrtorusie
(GyHKIIH:
W (jo)=Fk[1 —(Tw)*+ j2tTo], U (o) =k[1 —(Tw)*],
V(0) =2kETw, A=k 1 —(To)+ 2T,
arctg {28Tw/[1 — (Tw)?]} npu o << /T,
¢ (@) :{ n+arctg {28Tw/{1 — (Tw)?}} mpu o> /T,
L(0)=201gk+201g V1 —(To) P+ (2tTo).
Konebamenvnoe 36eno — 3BeHO ¢ nepeaatounoit pyukiue W (S) =
= k/(T?® + 2ETs + 1), 0 <& <<1. Ero 4YacToTHbIE U BpeMEHHbIC (QyHKIINH:

A(w) = @ (0) = ~—arctg (wT),

() _{ _ arctg {2&7’&)/[1 — (T(,))Z]}‘ npu o << T,
® Tl —a— arctg {28To/[l — (Tw)*}} npn o> l/T,
QkET(.O k

- L A(0) = ,
VO = gepprarer * O T Vi Gorrr @ron
_ k  kll—(Top
W (jo) = T—mrerir e U @) =1i=merp +@rer

L{o)=201gk—201g VI —(To) + (2Tw),
hi=~F [l — &%iﬁ—z e~ sin (Pt - cpo)], w (f) = [k (a® -+ B%)/B] e~* sin ¢,

IIpu & = 03TO 3BEHO TAK)KE HA3BIBAIOT KOHCEPBANUBHBIM.

DJleMEHTapHbI€ 3BE€HbS OTHOCATCSA K THHOBBIM. [I03TOMY MX Takke Ha3bl-
BAIOT munosvimu. IIpuMepoM TUMOBOTO 3BEHA, HE SIBJISIIOLIETOCS 3JIEMEHTAPHbBIM,
ABJISIETCS 3BE€HO YMCTOTO 3ala3/IbIBAHMUSI.

36eH0 yucmoeo 3anazoviéaHusi — 3BEHO C TMepenaTouHol (yHKIuen
W (s) = ke . ET0 4aCTOTHbIE U BpEeMEHHbIE (DYHKIIMH:

W (jo) = ke’ ™ =k (cos 1o — j sinTw), U (0)=*~kcos 1w,

V(w)=—*Fksinte, 4(0)=Fk, ¢(0)=—10, L (0)=201gk,

W)=kl {{—7), w()=~kS({—n).

B Ta6n1. npuBeneHbl 4aCTOTHBIE XapaKTePUCTUKN U BPEMEHHBIC XapaKTepH-
CTUKH HEKOTOPBIX AJIEMEHTAPHBIX 3BEHBbEB. JlorapudmMuueckrue aMIuiMTyIHbIC Ya-
cToTHbIE XapakTepucTtuku (JIAUX) nponopunoHanbHoro, nudpepeHunpyomniero u
WHTETPUPYIOIIETO 3BEHBEB SIBJISIIOTCS MPSAMBIMU, U UX JIETKO nocTpouTk. [locTpoe-
HUE JIPYTUX DJIEMEHTAPHBIX M HEAJIEMEHTAPHBIX 3BEHBEB TPEOYET TPYTOEMKHUX BhI-
yucieruil. [loaToMy Ha MpakTUKE YaCTO OTPAHUYMBAIOTCS IOCTPOCHUEM MPUOITH-
JKEHHBIX, TaK Ha3bIBaeMbIX acumnmomuveckux JIAYX (B Tabn. 4.1 CIUIONIHBIC JI0-
MaHbI€ JIMHUH ).



3BEHO W ee yacTOTHAas
nepenaToutag GyHKIHS

Avnauryiaso-dasoras
qacTOTHAH XapaKTepH-
CTHKA

Jorapudi 1eckue
aMILINTYAHBIE o ha3oBhie
YacCTOTHRIE XapaKTCPHCTHKH

. v s
[TponopuuonasbHoe  3BeHO, . 20igk L (@)
WV (jo)=Fk KU | o
@
" 8
Hduddepennapyiomee 3BeHO, J %
V (jo)=*Fkjw w 0
| U
\20
%
Jv 2019k s,
Vinterpupyiomee spewo, @W=eo L S—s
W (jo)=— jk/o e il L)
B ¢()

@opcupyioniee 3BEHO,
W (jo)=Fk (Tio4-1)

Anepuoandeckoe 3BEHO.

Vo) =T

Kone6atennHoe 3Beno,
W (jo) =

(1 —=T%0%) + 2T

W=eo @={
K U

w=1/1

20Lgk | L(w) Lo
~




HmnynabcHaa nepexofHan

3seno [Mepexonnasn xXapakTepHCTHKA $apaKTepHCTHKA

Rig), o)

K-_n,__—i

[iponopuuronanbHoe

] t t
w
h(t) (2‘
Hurerpupyrouee arctgk
v %
w(t)
k[T
Anepuogusueckoe
—
w(t) M., k (Wz +1322 B-W‘b
\\( ﬁ
Kosebateanuoe n\‘* -
A
£ v
~
h(t) _ ur(t)
R T———m————— ~ K/T ““"“ﬂ—'
Kouncepsatuphoe
t
-k/T ___._u____L
t

IIpn moctpoennn acumnrornyeckont JIAUX anepuoandeckoro 38eHa B BbI-
paxeHUH
L{@)=201gk—201gV (To)R+1

MPH © << 1/TTI0JT KOPHEM TIPEHEOPETraroT MEHBIITUM CJIaraeMbIM (T'w)?,
a Ipu © > 1/T— eIUHULEH, T. €. IPUHUMAIOT

co)%{ 201gk npu o << 1/T;

20lgk—201g(Tw) npu o> /T.
IIpu nmoctpoenun acumnrotudeckoil JIAUX kosebaTenbHOro 3B€HA B BbI-
paxkeHnun

L(0)=201gk—201g V[l = (TolP+ (2tTe)?
IIpUA o << 1/T 10 KOPHEM OCTaBJIAIOT TOJIBKO €IWHUIY, a Ipu ®>1/T —

4 <
TOJIBKO CJ1aracmMoc (T(O) ,  coacpKamee COMHOXHTCIIL ©® B HanOOJIBIIICH CTe-
IICHH, T. €. IPUHUMAIOT



201g % npr o << I/T,
201gk—401g(Tw) npu o> 1/T.

AHaJOTUYHO BBHIMOJHSIOT MpU MOCTpoeHnu acumnroruyeckux JIAUX ¢op-
CUPYIOIIMX U IPYTUX 3BE€HbEB. HacTOTHI, MpU KOTOPBIX acumnrorndeckas JIAUX
MMEET U3JI0M, Ha3bIBAKOTCS CONPAAIOUUMU.

[TpaBuno noctpoenus JIUX. ns noctpoenus acumnrotuyeckon JIAUX u
norapudmuyeckoit pazoBoi yactoTHOM xapakrepuctuku (JIOUX) 3BeHa ¢ nmpous-
BOJIBHOHM JpOOHO-palioHaIbHOM nepenaTouHon Gyukmueir W (S) Hy)KHO ee 4uc-
JIUTENh U 3HAMEHATEIb Pa3JI0KUTh HAa PJIEMEHTAPHBIE MHOKUTEIN U IIPUBECTH TIE-
penaTounyro GyHKIHIO K BULY

W (s) = W (s),

rae W° (ss— OTHOLLIECHHUE MPOU3BEACHUN U3 MHOXKUTEEH BUIA

H(Tis* &= 286Ts = 1), 0 <E < 1.

(Tis & 1)

L(m)m{

[TpaBuno nmoctpoenus: acumnroruyeckon JIAUX. Hyxuo Bbrauciuts 20 1g
Kk ¥ compsirarorue 4acToThl o; = 1/T; (i = 1, 2), KOTOPbIE YCIIOBHO IMPOHYMEPOBAHBI
B IOPSIAKE BO3PACTaHUS YaCTOTHI: o, << w, < ... 1locTpoenne JIAUX HaumHawT C
HIKHEUACTOTHOM (repBoii) acumMnToThl. Ha ocu abciuce oTMeUaroT conpsraroiime
4acTOThl, @ Ha KOOPJAWHATHOW IUIOCKOCTM — TOYKY C KOOpPJIMHATAMH o = 1 U
L (w)= =20 Ig k. Yepe3 3Ty TOUKY MPOBOJSAT MEPBYI0 aCUMNTOTY IO HAKIIOHOM —
v-20 nb/nek 1o mepBoi compsraronieil 4acToTel. Bropyto acUMITOTY MPOBOAST OT
KOHIIa IEPBOM aCUMIITOTHI 10 COMPATAIOIICH YaCTOTHI ®,. E€ HAKJIOH U3MEHSIIOT (110
CPaBHEHHUIO € MEPBOM ACUMIITOTOM) Ha =20 uiu =40 nb/AeK B 3aBUCUMOCTH OT TOTO,
apigercst M1 T, (o, = 1/T;) TOCTOSHHOW BPEMEHH 3JIEMEHTAPHOTO MHOXKUTEIS Hep-
BOT'O UJIM BTOPOTO MOPSAKA COOTBETCTBEHHO. 3HAK OEPETCs MOJOKUTEIBHBIH, €Clin
ATOT MHOYKUTEJIb HAXOJAUTCS B YHCIIUTENE, U OTPULIATEIBHBIN, €CJIA OH HAXOAUTCA
B 3HaMeHaresne. TpeTpr0 aCUMITOTY IMPOBOJAT OT KOHIIA BTOPOM aCHUMIITOTHI 10
CJICIYIOIIECH CONPATAIOMIEH YacCTOThl ®3. E€ HAKIOH M3MEHSIOT MO CPABHEHUIO C
MPEAbIAYIIEH BTOPOM aCUMITOTON TaK, KaK 3TO YKAa3aHO BBIIIE, B 3aBUCUMOCTH OT
TOTO, KaKUM DJJIEMEHTapHBIM 3BEHOM OOYCIIOBJIEHA COMpAraromas 4YacTo-
Ta 0, = 1{T5. AHaJIOTUYHO CTPOST BCE MOCIEAYIOIINE ACUMIITOTHI.

AcHUMIITOTa  MMEET  HAKJIOH +v-20 WU — v-20 1B/1ek 3TO 3HAYUT, YTO
€€ OpAuHAaTa yBEIMYMBAETCS WIN yMmeHbliaercss Ha V20 b COOTBETCTBEHHO MNpHU

YBEJIMYEHUH ® Ha OJHY JIEKajy, T. €. B IeCATh pa3 cM (puc).
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.HOI‘apI/I(I)MI/I‘-ICCKaSI ACUMIITOTHYCCKAaA YaCTOTHasA XapaKTCPUCTHKA

Acumnrorunyeckas JIAUX nanboliee CUIIBHO OTJIMYAETCS OT TOYHOM B TOU-
Kax u3JioMa (TIpu compsiraronmx yactorax). [Ipudyem B Toukax m3iioma, Tlie HaKJIOH
n3mensercs Ha 20 nb/nek, oTkioHeHue acumnrorudeckot JIAUX ot TouHo# npu-
MepHO paBHO 3 b (1pu yclIOBUH, YTO COCETHUE TOYKU M3JI0Ma PACIOIararoTcs He
OoueHb 0Jn3K0). B Toukax m3noma, riae HakiaoH usMmensiercs Ha 40 nb/nek, T. e. mpu
COMPSTAIONIMX YACTOTaX, COOTBETCTBYIOIIMX KOJI€OATEILHOMY 3BEHY WM (popcu-
pyIOIIEMYy 3BEHY BTOPOTrO TMOPsAKA, YKa3aHHOE OTKJIOHEHUE 3aBHCUT OT Ko3(du-
LIMEHTA AeMI(pUPOBaHU & U IIPU MalbIX §. IpHHMMAET GoblIoe 3HaueHue. I1o-
ATOMY IIPU HAIMYUU B acuMnrtoTudeckoit JIAUX uznoma, 00ycioBIEHHOTO 3B€HOM
(MHOYHTENIEM) BTOPOIO HOPSIKA C MaJbiM &. HEOOXOAUMO BHECTH COOTBETCTBY-
IOIIIME TTONpaBKu. B KpUTHYECKUX Cilydasix, KOrja HeOOJblas MOTPEIIHOCTh B MMO-
ctpoernu JIAUX MokeT MOBIMSATH HA BBIBOJIbI, BOBHUKAET HEOOXOJAUMOCThH BHE-
CEHHS TMOIMPABKU U B OKPECTHOCTHU JPYTUX TOUEK U3JIoMa. J[JIsi BHECEHHS ITONPABOK
MOKHO BOCIIOJIB30BAaTbCsl KPUBBIMHU IMONPABOK, KOTOPBIE MMEIOTCSA B KHUTrax IIO
TEOPUH aBTOMATUYECKOTO YIIPABJICHUS.

[IpaBuno noctpoenus JIOUX. Ilycts uncnurens M 3HAMEHATENb Iepena-
TOYHOW (DYHKIIMM 3BEHA PA3JI0KEHBbI HAa dJIEMEHTApHbIC MHOXKHUTEIH, T. €. Tiepena-
TOYHAsi (PYHKIMS TPEACTABICHA B BUJC MPOU3BEACHHS MEPEIATOUHBIX (PYHKITUI
AJIEMEHTApHBIX 3BEeHbEB. Torma (azoBas yacToTHas GyHKIHUA ¢ (©) 3BeHA Oyner
paBHa cymMe (ha30BBIX YaCTOTHBIX (PYHKITUH ¢; (o) yKa3aHHBIX JIEMEHTAPHBIX 3BeE-
HbeB. [loatomy nma moctpoenus JIOUX 3Bena gocrarouHo noctpoutsh JIOUX
YKA3aHHBIX JIEMEHTaPHBIX 3BEHBEB U CIIOXKUThH HX.

JIOYX mponopiuoHanbHoro, AU depeHuupyomero 1 HHTErpupyroIero
3BEHBEB CTPOSTCS JIETKO, TaK KaK OHM MPEACTABIIAIOT o000 mpsimble. s moctpo-
enust JIOUX anepuogmueckoro v (Gopcupyromero 3B€HbEB MOXKHO BOCIOJIb30-
BaThCs mabiaoHoM. Bug JIOUX 3Tux 3BEeHhEB HE 3aBUCUT OT 3HAUCHHM MapamMmeT-
POB 3BEHBEB, X IOJO0KEHUE BJIOJb OCH YaCTOT ONPEAENAETCS MOCTOSIHHOW BpeMe-
HU T: Ipu o = 1/T 1as GopcUpyrouiero 3seHa Gu=nu/2 u AJid anepuouyecKoro
sgena P = —m/2. JIOUX anepuomuueckoro 3sena nonydaercs uz JIOUX dop-
CUPYIOIIETro 3BeHa (MPU OJIMHAKOBBIX 3HAUCHUSIX MOCTOSHHBIX BPEMEHH) 3€PKaJIb-
HBIM O0TOOpa)KEHUEM OTHOCUTEIIBHO OCH 4acToT (puc. 4.7, a).

Jist moctpoenust JIOUX konedarenbHOro U (OpCUPYIOUIETO 3BEHBEB BTO-
pOro MmopsiaKa Takke MOKHO BOCMOJIb30BaThes madsoHoM. Bua JIOUX stux 3Be-
HBEB 3aBUCUT OT 3HaueHUs napamerpat (0 < E << 1), M HOPTOMY HYKHO MMETh
HaOop IIAGIOHOB, COOTBETCTBYIOMIMX PAa3IMYHBIM 3HAYEHHsM &. VX mosoxeHue
BJIOJIb OCH YaCTOT 3aBHCHUT OT MOCTOSIHHOM BpeMeHUu T mpu o == 1/Tajst popcupy-



IONEr0  3BEHa BTOPOrO0  TOpSANKA¢ = m/2M  JUIsI  KOJeOAaTeTbHOTO  3Be-
Ha¢ — —an/2. JIOUX konebarenpHOro 3BeHa noiydaercs uz JIOUX dopcupyroriero
3B€Ha BTOPOro Mopsijika (IpU OJHUX U TE€X KE 3HAYEHUSAX & u T JJIsl 000MX 3BEHHEB)
3epKajJbHbIM OTOOPaKEHUEM OTHOCUTEIIBHO OCH 4acToT (puc.'4.7, 6).
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CTpyKTypHBIE CXeMbl W NPABUJIA UX IPEOOPA30OBAHUS.

CmpykmypHoti cxemoil Ha3bIBaeTCs Tpaduueckoe MpeAcTaBiIeHHe MaTeMa-
TUYECKON MOJIEIM CUCTEMBI B BUJIE COCMHEHHM 3BEHBEB, YCIOBHO 0003HAYaEMBbIX
B BHUJIC MPSMOYTOJIbHUKA C YKa3aHUEM BXOJIHBIX M BBIXOJHBIX BEJIMYWH, a TaKKe
nepeaaToyHoi GyHKIMK WM YpaBHEHHUS 3TOro 3BeHa. llepenaTtounyio GpyHKIIHIO
(YpaBHEHHE) MOXKHO 3aMKCaTh BHYTPU WM BHE MPSIMOYTOJIBLHUKA.

CyMmmupyromnme 3BeHbsl M300pakaloTcsi B BUJIE Kpyra, pa3/IeJICHHOTO Ha
cekTopsl (puc. 4.8, a, 6, 8). CexTop, Ha KOTOPbIH MOJAECTCS BEIUYMHA ¢ OOPATHBIM
(oTpHULIaTENIBHBIM) 3HAKOM, 3aTeMHSIOT (puc. 4.8, a) Uiy nepej COOTBETCTBYIOITUM
BXOJIOM CTaBST 3HAaK MUHYC (puc. 4.8, 0).

[Ipy MareMaTnyecKOM OINHUCAHMHM CUCTEMY OOBIYHO HM300pakaroT B BUIE
(GYHKIITMOHATBHOM CXEMBI U JJIsl KaXJA0ro OJIoKa (2JIEeMEHTa) COCTAaBIISIOT ypaBHE-
HUS, KOTOPBIMHU OIKCHIBAIOTCS MPOLIECCHI, MPOUCXo e B HeM. CTPYKTYPHYIO
CXEMY MOXHO COCTaBUTh Ha OCHOBE 3TOM (PYHKITMOHAIBHON CXEMBI M TIOJTYyYEHHBIX
ypaBHEHUHN WIIU TOJIbKO HAa OCHOBaHWU mnociennux. [IpeobpazoBanus, He0OX01H-
MbI€ JIJISl TIOMyYEHUS ypaBHEHUN W TepeAaTOYHBIX (YHKIUNA CHUCTEMBI, MPOIIE U
HarJISIHEEe TPOU3BOJIUTH MO CTPYKTYPHOM cXeme. 3BEHO CTPYKTYPHOU CXEMBbI HE
00s13aTeIbHO M300pakaeT MOJEIb Kakoro-moo sjaeMenta. OHO MOXeT OBITh MO-
JIEBbI0 DJIEMEHTa, COSUHEHUS DJIEMEHTOB WJIM BOOOIIE JIF0OOH YacTH CHCTEMBI.
PaccMOTprM OCHOBHBIC THITBI COSIUHEHUN M MpaBHWia CTPYKTYPHBIX Mpeodpaso-

BaHWU.
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Hapannem,Hoe COCIMHCHUC

Ilocneoosamenvhoe coeournenue — 3T0 COETUHEHHUE, IPU KOTOPOM BBIXOJI-
Has BEJIMYMHA IIPEAIIECTBYIOIIEIO 3BEHA SBIIIETCS BXOJIHBIM BO3JIEHCTBHEM IIO-
cienytouiero 3seHa (puc. 4.9, a). IIpu npeoOGpa3zoBaHUU CTPYKTYPHBIX CXEM Iie-
MOYKY W3 MOCIEIOBATEIBHO COEAMHEHHBIX 3BEHHEB MOKHO 3aMEHUThH OJIHUM 3BE-
HOM C MepeaaTouyHoi (yHKIHMEN, paBHOW MPOU3BENCHHIO NTEPEAATOYHBIX (PYHKIIUI
OT/ICJIbHBIX 3BEHbEB (puc. 4.9, 6).

llapannenvroe coedunenue — 3T0 COEIUHEHHE, TP KOTOPOM Ha BXOJI BCEX
3BEHBEB MOJIAETCA OJIHO U TO € BO3ACHCTBUE, a BHIXOAHBIC BEIUYUHBI CKJIaAbIBa-
forcs (puc. 4.10, a). Lens u3 mapanienbHO COSAMHEHHBIX 3BEHHEB MOYKHO 3aMe-
HUTH OJIHAM 3BEHOM C NEPEeNaTOYHOW (YHKIHMEH, paBHON cyMMe IepeaaTOYHBIX
GyHKIUH BXOAAIINX B HEE 3BCHBCB (puc).
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O6paTHOE coeIMHEHNE

Obpamnoe coedunenue — 3TO COEAUHEHUE, IPU KOTOPOM 3BEHO OXBAUY€HO
oOpaTHOM CBSI3bI0: BBIXOJHOW CHUTHAJl OJHOTO 3BEHA Yepe3 Kakoe-Tubo apyroe
3BEHO MMOJIaeTCs Ha BXOJ mepBoro (puc). Takoe coequHEHNE Tak)Ke Ha3bIBAIOT CO-
eIMHEHUEM 0OpaTHOM CBSI3U. YUACTOK IIETH OT TOYKHU MPHIOKEHHUS BXOJTHOTO BO3-
JNEUCTBUS ( A0 TOYKHU ChEMa BBIXOJIHOIO CHTHAJIa X (B HAIpaBJIECHUU PaCIpOCTpa-
HEHUsl CUTHAja) Ha3bIBAETCS NMpAMOU yenvlo. YYacTOK IeNu OT TOYKUA ChEeMa BBbI-
XOJIHOTO

[lepenoc cymmaropa



CUTHaja J0 cyMMaTopa HasbIBaeTcsi obpamuoul céasvio. Ecnu curnan o6-
paTHOM CBSI3U X1 BBIYMTAETCS U3 BXOJHOTO BO3JEHUCTBUSI (e = g — x,), TO OOpaTHas
CBSI3b HA3BIBACTCSI ompuyamenvHol;, B MPOTUBHOM Cilyyae (e = g+ x,) oOpaTHas
CBSI3b Ha3bIBaeTCs nonoxcumenvrou. Eciu nepenarounas GyHKuus W,. = 1, To 00-
paTHasi CBSI3b Ha3bIBACTCS €OUHUYHOU U CTPYKTYPHYIO CXEMY U300paKaroT TakK, Kak
MOKa3aHo Ha pHC.

3BEHO, OXBAUEHHOE OOpATHOM CBS3bIO, MOKHO 3aMEHUThH OJTHUM 3BEHOM C
nepenarounoii Gpynkumen W = Wo/(1.2,W, W), rne mmoc B 3Hamenarene npasoit
4acTu OepeTcs MPpHU OTPHUIATSIIBHON 00paTHOW CBS3M, MUHYC — TIPH MOJOKUTEIh-
HOU (puc). [Ipu pasMbIKaHUM 3aMKHYTOM LIEMU Cpa3y Moclie CyMMaTopa Mmoay4yaeT-
cs 1enb W3 JBYX MOCJEAOBATEIbHO COCIMHEHHBIX 3BEHBEB. Ee mnepemarouyHas
byHKIHS, paBHAS W, = W, W, HA3bIBACTCS nepedamoyHoll pyHKyueu pazomMKHymou
yenu (cucmembt).

a) g) -
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[Tepenoc y3na

[Tepenoc cymmaropa. [Ipu mepeHoce cymmaTopa Mo XOoAy CHTHaia 100aB-
JISIeTCSl 3BEHO C MepeaTouHoi QyHKIMel, paBHOM Niepe1aToOuHON (PYyHKIIMU 3BEHA,
gepe3 KoTopoe nepeHocutcs cymmarop (puc. 4.12, a). Ilpu nepeHoce cymmaropa
MIPOTHUB XOJa CUTHaja J00aBIsSeTCsS 3BEHO C IepeIaTOYHON (yHKIMEeH, paBHOU 00-
paTHOM TepenaToyHoN (PYHKIIMU 3BEHA, Yepe3 KOTOpOe MEPEHOCUTCS CyMMaTOop
(puc). IIpu nepeHoce cymmaTopa BOSHUKAIOT HEIKBHUBAJICHTHBIC YUaCTKH IIe-
Ny (3alITPUXOBAHHBIE YYaCTKU Ha puc). [loaTomy npu

a) _'Ix,. : o tx,

IlepecTaHoBKa y3/10B 1 CyMMaTOpPOB

npeo0pa3oBaHUU CTPYKTYPHBIX CXEM HEJb3sl IEPEHOCUTh CyMMAaTop 4epes
TOUYKY ChEMa CHUTHAJIA.

Ilepenoc y3na. IIpu nepeHoce y3ia o Xoay cursaia 100aBisieTCsl 3BEHO C
nepeiaToyHo (QyHKUMEW, paBHOM OOpaTHOW mepenaTouyHoON (PYHKIIMM 3BEHa,

YEPE3 KOTOPOC NEPEHOCUTCHA Yy3€Il.
a)
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Puc. 4.15. Cxema a1 BBIYUCTICHUS TEPEAATOUYHON (PYHKIIMUA OJHOKOHTYP-




HOU CUCTEMBI

CxeMa [71s1 BBIYUCIICHUS TIEPEAaTOYHOM (QYHKIUUA OJHOKOHTYPHOU cHCTe-
MBI.

[Ipu mepenoce y3i1a NPOTHB XO0Jla CUTHANIA J100aBISETCS 3BEHO C Mepena-
TOYHON (DyHKIIMEH, paBHOU MepeaaTouyHON (PyHKIMU 3BEHA, Yepe3 KOTOpoe Imepe-
HOCHUTCS y3ei (puc).

IlepecTaHOBKa Y3JI0B 1 CyMMaTOPOB. ¥Y3JIbl MOKHO II€PECTABISATh MECTAMHU
(puc). CymMarTopbl Takke MOKHO TepecTaBlsaTh Mectamu (puc. 4.14, 0), HO Tipu
3TOM YYaCTKU MEXIY CyMMaTOPaMH HE SBIISIFOTCS SKBUBAJIECHTHBIMH.

Brruncnenue nepenatouyHoi GyHKIIUU OAHOKOHTYPHOU CHCTEMBI. 3aMKHY-
Tas CUCTEMA Ha3bIBAETCSI OOHOKOHMYPHOU, €CIIU TIPU €€ Pa3MbIKa-

MHOTOKOHTYPHYIO CUCTEMY B OJHOKOHTYpHYIO. [IpaBuiio BblUMCIEHUS TiE-
penaTouHol (GYHKIIMN OAHOKOHTYPHOU CUCTEMBI C(HOPMYIUPOBAHO BHIILIE.

[Tpumep: Boruncium nepenatouHble QyHKUUU W, u W, CACTEMBI, MNpEa-
cTaBjieHHOM Ha puc. OcBOOOIUMCS OT MepekpenmBaromumxcs casei. [lepenecem
cyMmaTop 3 uepe3 3BeHO ¢ nepenatoyHoi GyHkiuei w, u cymmarop 2. To xe ca-
MO€ BBINOJIHUM C CyMMaTropoM 4, Juisi TOro 4ToObl MOKHO OBbLIO IpeoOpa3oBaTh
oOpaTHOE COETUHEHHE 3BEHBEB C MEPENATOUYHBIMU (QYHKIUAMU W, u W, Torga mo-
ayuuM cxemy (puc. 4.17, 6). [locne mpeoOpa3zoBanus mnapalieIbHOTO U 0OpaTHO-
ro  COCIMHEHHA  TOJYYMM  OJHOKOHTYPHYIO  CXe€My, [UIsi  KOTOpOWM
W=W, + W/ W, W= W,/(1+ W,W,).

K npumepy.

Hcnonb3yst mpaBUiio BBIUMCIEHUS MEPEAaTOYHON (YHKIMH OJHOKOHTYP-

HOU CUCTEMBI, ITOJIyYUM
Wie=W'W"/(1+-W'W",
Wep=W"IWq (1 +W'W")].

Huddepennmanbubie ypaBHenus. MiMest nepenatounbie QYHKIIUA CUCTEMBI,
HETPYJHO cocTaBuTh ee Auddepenunanvubie ypaBHeHus. Ecnu cuctema nmeer
OJIHY YTPAaBIAEMYIO0 BEJIMYHMHY, TO JIJIsl €€ MOJHOTO OMHCAHUS JOCTAaTOYHO UMETh
oJiHO nuddepeHInanbHOe YpaBHEHUE, BbIpaXKarollee 3aBUCUMOCTh MEK/Y BBIXO/I-

HOM U BXOJHBIMU BCIIMYMHAMU.
X= W/x;;ng 4- foi-



Oto nmuddepeHnmanbHOe ypaBHEHUE B CHMBOJIUYECKON (opMe, CBS3BIBA-
IOLIEE BEJIIMYMHY X C BXOJHBIMHM BEJIMYMHAMM. AHAJIOIMYHO MOXHO COCTaBUTH
TuddepeHINaTBbHOE YPABHEHHE OTHOCUTENBHO JPYTOM BBIXOAHON BEITUYMHBI. BbI-
YUCIIUB NEPENATOYHbIE PYHKIMU W n W,;, HETPYIHO IEPEUTH OT CHMBOJIMYE-
CKOM (popMBI K OOBIUHOM (popme 3amucu AU QepeHInaIbHOr0 YPaBHEHUS CHUCTE-
MBI

CrpyktypHble mnpeoOpa3zoBaHusi (k npumepy 4.3)Hum (cpa3y mnocie cyM-
MaTopa) MOJY4YaeTcs LENOoYKa U3 MOCIEAOBATENbHO COECIUHEHHBIX 3BEHBEB WIIU
1IeNb, HE COJIEpIKaIlIas MapauieIbHbIX COSAMHEHUI U 00paTHBIX cBsA3eil (puc. 4.15,
a, 0). Mcnons3ys mpaBuiia mpeodpa3oBaHusi MpH MOCIEAOBATEIHLHOM U 00paTHOM
COEIMHEHUSAX, JIETKO MOJyYUTh CIEYIOIIEe IPABUIIO: nepedamounas YyHKYuaw .,
O0OHOKOHMYPHOU CUCMEMbl OMHOCUMENbHO 3A0AHHbIX 6X00a § U 8blx00d 2 paeHa
nepeoamoyHou yHKyuu npamou yenu W,, 0eleHHou Ha | + W, npu ompuyameib-
HOU U Ha | — W, npu NOJIONCUMENbHOU 00PAMHOTL

CBA3U:

Woe=W./(12=W,). (4.8)

B (4.8) W, — nepenatounast GyHKIUS PA30MKHYTOM CUCTEMBI.

Boluucnenne nepeaatoyHol (YHKIMH MHOTOKOHTYPHOM CHCTEMBI.

3aMKHyTasi CCTEMa Ha3bIBAECTCSI MHO2OKOHMYPHOU, €CIIU TIPU €€ pa3MbIKa-
HUU MOJY4YaeTcs 1eMb, CoAepKalias napauieabHble I 00paTHbIE CBSI3U; UM 3a-
MKHYTas CUCTEMa Ha3bIBA€TCS MHOTOKOHTYPHOM, €CJIM OHA KPOME IJIaBHOM o0part-
HOU CBSI3U COJIEP>KHUT NapalielbHble WIM MECTHblE 0OpaTHble cBsi3u (puc. 4.16).
MHOTroKOHTYpHasl cUCTEMa HE MMEET MEPEKPEIIMBAIOIINXCS CBSA3EH, eclu Jo0bIe
JIBa KOHTYpa, 00pa30BaHHbIEC MapaJljieIbHBIMU WM OOpaTHBIMU CBSI3SIMH, HE UMe-
10T 001TUX y4acTkoB (puc. 4.16, a)

a)

CxeMa i BBIYMCIICHMS MEPEAATOYHON (PYHKIMU MHOTOKOHTYPHOH CH-
CTEMBI

MHOTOKOHTYpHAsI CUCTEMA UMEET HepeKpeujusaroujuecs ces3u, €CIu Ka-
KHe-Tu00 JIBa KOHTYpa, 00pa30BaHHbIE MAPATIJICIPHBIMUA WM OOPATHBIMU CBSI3SIMH,
UMEIOT OOIUIl y4acTOK, MPUYEM HU OJMH W3 HUX HE BJIOXKEH BHYTPH JIPYIroro
(puc. 4.16, g). Ilpu BbIYHCICHUN TIEPENaTOYHONW (YHKIIUU HY>KHO TMPEKIE BCETO
OCBOOOJMTHCS OT MEPEKPEIINBAIOIINXCS CBI3EH MyTeM NEPEHOCa U MEePEeCTaHOBKH
CyMMAaTOpPOB U Y3JI0B. 3aTe€M, MCIOJbB3Ys MpaBWIa MPeoOpa3oBaHusl  Mapajuieb-



HOTO U OOpaTHOTO COEOUHEHHI, NpPeoOpa3oBaTh.

IHonsitue 00 ycroitunBocTu. OnpeaesieHue yctoiauBocTu no Js-
NYHOBY.

Y CTOWYMBOCTD SIBISICTCS OJHUM M3 OCHOBHBIX TPEOOBaHUU, MpEIbsBIIsC-
MbIX K cucTteMaM aBToMatuueckoro ypaBHeHus (CAY). Heycroituusbie CAY He-
paboTtocrnocoOHsbl. [103TOMYy BaKHO yMETh ONpENEsITh (MCCIEN0BaTh) U COOTBET-
CTBYIOILIUM BBIOOPOM CTPYKTYpPBI U IAPAMETPOB CUCTEMBI OOECIIEUNBATh €€ YCTOM-
YUBOCTh. B cucTtemMe aBTOMaTHUECKOIO yIpaBlIeHUsl TpEOyeTCs MOAIEPKUBATH He-
KOTOPOE 33/1aHHOE JABM)KEHUE, KOTOPOE HA3bIBACTCS HEGO3MYUJCHHBIM OBUNCEHUEM.
BcenenctBue pa3inyHbIX BO3MYIIAIOLIIUX BO3AEHCTBUM (PAKTUYECKOE JBHIKEHUE
OTIIMYAETCsl OT TPEOYEMOI0 HEBO3MYILIEHHOTO JBUKEHUA. B HOpManbHO QyHKIHU-
OHUPYIOIIEH CUCTEME 3TO OTIUYUE, T. €. OTKIOHEHUE (PaKTUUECKOTO JBUKECHUS OT
HEBO3MYILIEHHOTO, JIOJDKHO OBITh HEOONBIIMM. A 3TO BO3MOXHO TOJBKO B yCTOM-
YUBOU CHCTEME.

CymecTByIOT pa3inu4Hble MMOHATHS YCTOMYMBOCTH. PaccmoTpum onpenene-
HUS ycToMunBOCTH, naHHble A. M. JIsnyHoBbIM. [lycte CAY onuckiBaercs aud-

(dbepeHuanbHbIM YPaBHEHUEM B HOPMaJIbHON bopme
§i = Vi (U1 <o Yn, O, i = 1, n, WIK B BEKTOPHOMU 3aIHCH:

y=Y(, b, (14)

ey = (¥, ., Yo" B Y = (Y, ..., V)" BEKTOP-CTOJIOIBI (MHIEKC «T»

O3HAYaeT Onepaluio TPAHCIOHUPOBAHUA).

O003HauuM y* () HEBO3MYLIIEHHOE JBUKEeHHE. OHO SBISIETCS pelIeHUEM
ypaBHeHus (5.1) mpu onpenesieHHBIX HAYalbHBIX YCJIOBUSX. PelieHne ypaBHEeHUS
(5.1) mpu nOOBIX APYrUX HAaYaJbHBIX YCIOBHUSAX HA3BIBACTCS BO3IMYUEHHBIM OBU-
JHCEHUEM.

[IpencraBum ypaBHeHue (14) B OTKIOHEHUSAXx; = y; — yi (i = 1, n):
t=X(x, 1). (15)
B ypaBHenuu (5.2)
X=(X1y oony %) X=(Xyq, ..., X)),
Xi(x, )=Yi(x-+y%, O)+4, i=T, n.

B HOBBIX TepeMEHHBIX HEBO3MYIIEHHBIM JIBUKCHUEM SIBIIICTCS peIlie-
HUex () = 0 ypaBHeHUs (5.2) mMpy HYJIEBBIX HAYalbHBIX yciaoBusix. JIroboe mpyroe
peueHue x [x (¢,), ¢], T. . peumieHue (5.2) nMpu TPOU3BOJILHOM HAYaJbHOM 3HAYEHUU
X (t,) # 0, ompenensieT BO3MYIIIeHHOe JABKeHne. HauanbHoe 3HaueHuex (4,), OTJInY-
HOE OT HYJISl, HA3b186AEMCs 603MYUWEeHUEM WA HAYATbHbIM 803MYUEHUEM.

[TepemeHnHbIC x; (4;), i = 1, n HA3BIBAKOTCA  DHA308bIMU KOOPOUHAMAMU, & X
(y) — @azoevim sexkmopom. 1IpocTpaHCTBO N-MEPHBIX BEKTOPOB X (y) Ha3bIBACTCS
G azo8vimM npoCmMpancmeoMm.

YcronunBocth 10 JIsmyHoBY. HEBO3MyIIEHHOE NBUKEHUE x (f) == 0 HAa3bl-
Ba€TCS yCMOUyuUbiM no JIanynogy, eciiv, KakoBo Obl HU ObuLIO &> 0, Haiaercs
TaKoe 8 = 8 (e, ) > 0,YTO MPHU JHOOBIX f == ¢,



Ix[x (), {]1<e, (16)
KaK TOJIBKO

| x (o) | <. (17)
3nechll x |[— aynuMHa BekTopa (€BKIMI0BAa HOPMA): | x| —/ 3w \,1/2

Vi=1
Nuaye: HEBO3MYIICHHOE IBUXEHHEX (f) = 0 HA3bIBAECTCSA yCToﬁqHBHM, ec-
71, KakoBa OBl HU ObLIa cdepasS. pagrmycoM e, MOXKHO yKa3aTh Takyio chepy Ss pa-
JINYCOM 8, 9TO €CITU JIBIKEHUE x [x (f,,) {) HAUMHACTCS BHYTPHU C(PephI Sy, TO B ajhb-
HeleM (Mpu JI0bIX ¢ = {,) OHO MPOUCXOJIUT BHYTPU CHEPHI S, .
AcuMNTOTHYECKAsT yCTOWYMBOCTh. HEBO3MYyIIIEHHOE JBIIKEHHUE X (f) =0
HA3BIBACTCS ACUMNIMOMUYECKU YCMOUYUBLIM AT ACUMNIMOMUYECKU YCIMOUYUBHIM
no JIanyHogy, eciau OHO YCTOWYMBO 10 JIAMyHOBY U, KpOME TOTO, CYIIECTBYET Ta-
Koe uHcio h>0, uyrto mpu X () I <<h
lim x [x (4y), £]=0. (18)

f—>co

CrnenoBaTeNnbHO, I ACUMOTOTHYECKOW YCTOWYMBOCTH KPOME BBITIOTHE-
HUS YCIIOBUS YCTOMYMBOCTH 10 JIAmyHOBY TpeOyeTrcs CyliecTBOBaHHE Takoi cde-
PBI S, PAIUYCOM /, YTO €CJIM BO3MYILEHHOE JBUKEHUE HAUMHACTCS BHYTPHU Chephl
Sk, TO OHO CO BpEeMEHEM MPUOINKACTCS K HEBO3MYIICHHOMY JBIKEHUIO (B TIpe-
Jiee TIPH ¢ — co COBMAAACTC HUM).

MHO0XeCTBO HayalbHBIX TOYEKX (f,), JJII KOTOPBIX BBIIIOJIHSIETCS YCIOBUE
(5.5), Ha3bIBaETCS 001ACMBIO NPUMANCEHUS HEBOIMYWEHHO20 OBUMNCEHUS (HaUald
koopouram). IHOTJa UHTEpEeC MOKET MPEACTABIATH YCTOMUMBOCTh HE TOJIBKO 3a-
JTAHHOTO JBYDKCHHS, KOTOPOE HEOOXOIWMO MOJACPKaTh, HO W TaKWUX JIBH)KCHUMA,
KOTOpbIE HY)KHO TOaBJIATh. [[03TOMY B ONpeAeIeHnH YCTOMYUBOCTH IO HEBO3-
MYIIICHHBIM JBIKEHHUEM CIIeAyeT MMOHUMATh JH000E paccMaTpUBacMoOe JIBIKCHHUE.
[IpuBeneHHBIC OMpENEIeHUS B paBHOW MEPE OTHOCATCS M K MMITYJIbCHBIM CHCTE-
MaM.

OmnpenesieHue u ycja0BHe YCTOHYUBOCTH JTMHEHBIX HENMPEPbIBHBIX
CHUCTEM.

YcroitunBocth nuHeHbIXx CAY. Ecnu kakoe-nmubo perieHue JTMHEHHOTO
nudpepeHnanTbHOTO YpaBHEHUS C TTOCTOSHHBIMU KO3(PPUIIMEHTaM aCHMITOTH-
YEeCKU YCTOMYHMBO, TO aCUMITOTHYECKH YCTOHUMBO Jt000€e ero pemieHue. [loaromy
B CJIydae HETPEPHIBHBIX JTMHEWHBIX CTAI[MOHAPHBIX CHCTEM, T. €. CUCTEM, OIMHUCHI-
BaeMbIX JIMHCHHBIMU TU(GepeHITMATbHBIMA YPABHEHUSIMH C TTIOCTOSTHHBIMU KO3 (-
dbumeHTaMmu, MOXXHO pacCMaTpPUBAaTh UX YCTONYMBOCTh, HE YKa3bIBasi KOHKPETHO-
TO JIBIKEHUS.

X,

~

0 gl X¢

CxeMa 1u1s onpesiesieHdst  yCTOWYMBOCTH 1O JIAmyHOBY



Henpepuvisnas nuneunas cmayuonapuas CAY nazvieaemcs ycmouiuugot,
eciu acuMnmomudecKu yCmouduso Kaxkoe-iubo ee HeBo3MyujeHHoe (3a0anHoe)
o8udiceHue.

Ecnu 3amanbl BHENIHHME BO3ACHCTBUS, TO ypaBHEHHE JIMHEHHBIX CTallUO-
HapHBIX CAY MOXHO NMPEJCTaBUTh B BUJIE

(@p"+a1p" ..o an) x =@ (0). (19)

B ypaBuenun (19) a;, i =0, 1, ..., n— 3aJaHHBIE IOCTOSHHEIE KOIPPHIH-
€HTBI, ¢ ({)— 3aJaHHast QYHKINS BPEMEHH.

Oo6mee permenne ypaBaenus (19), kak M3BeCTHO, UMEET BU]T

x (1) = x5 () 4 x. (@), (20)
rne x, (0 — dYacTtHOe pemieHHe HEOAHOPOJHOTO ypaBHEHUS (5.0),.x. ()—

oO11ee peleHrne 0THOPOITHOTO YPaBHEHUS
(@op™+ap™ ... an) x=0. (21)

YacTHOE peIIeHUC x, ({) OTMPEACISICT  BbIHYHCOCHHOEe OBUdICEHUe, PEeIe-
HUE x, ({)— €c80000HO€E O8udCeHUe, T. €. IBUKEHUE, KOTOPOE HE 3aBUCHUT OT BHEIII-
HUX BO3JCHCTBUI U ONPEACISICTCS TOJIBKO HAYAIBHBIMU YCIIOBUSIMHU.

HeBo3mymieHHOE IBIWKEHUE 33a€TCSl BHEITHUM 33/IafOIIAM BO3JICHCTBHEM
U TIPH OTCYTCTBHHM BHEITHWX BO3MYIIAIONINX BO3ACHCTBUN COBHAAACT C BBIHYXK-
JICHHBIM JIBIKEeHUEM X, (t). ITlosTomy

g ® S+1 X
S§9+35%+1

Cxema 3aMKHYTOM CUCTEMBI
JIMHENHAsl CUCTEMa YCTOMYMBA, KOTJa:
lim x, (£) =0. (22)

{ — 00

DTO COOTHOILIEHHE MOXHO IMPUHSATH 32 OINPEIEICHUE YCTONYMBOCTH JIH-
HEWHBIX HEMIPEPBIBHBIX CHUCTEM.

XapakTepUCTUUECKOE YpPABHEHHUE. YCTOMYMBOCTh JIMHEWHOU CHUCTEMBI
(5.6), 1. e. BBIOHEHUE ycioBHUA (5.9), 3aBUCHUT OT €€ XaApakmepucmuuecko2o
ypasHeHus

AN +a Mt ..+ a, =0. (23)

JleBasi 4yacTh XapaKTEPUCTUUYECKOTO YpPAaBHEHHUSI HA3BIBACTCSA XapaKmepu-
CMu4ecKuUM NOAUHOMOM. XAPAKTEPUCTUUCCKUM MOJTMHOM CHUCTEMBI (C TOYHOCTHIO
JI0 TIOCTOSSHHOTO MHOJKHUTENIS M 0003HAaYCHUIH TEpPEMEHHOM) COBIAJaeT ¢ ee coo-
CTBEHHBIM OIEpPaTOPOM M 3HAMEHATENIeM €€ MepeaaTouHoN (PyHKIMN. XapakTepu-
CTUYECKUI TIOJIMHOM 3aMKHYTOW CHCTEMBI TaKXe paBeH (MpU OTPUIIATETHLHON 00-
pPaTHOM CBSI3U) CYMMEP (s) -+ Q (s) HOJIMHOMOB YHCJIHTENSI U 3HAMEHATelsl nepenaa-
TOYHON PYHKIMU W (s) = P (s) /Q (s) PA3OMKHYTOI CHUCTEMBI.

Heobxoammoe 1 10CTaTOYHOE YCIOBHE YCTOMYMBOCTH. Ecim A,,¢ = 1, g, —
KOPHM XapakTepuctuiyeckoro ypaBuenus (5.10) kpaTHocTu

ki Uy + Fy + oo kg =), TO oOl1ee pelleHre OHOPOIHOTO YpaBHEHUS

xe (t) = Z, Q@ e, (24)
=



) ) () Ry 1 1
rae Qi (t)=C{"+ CPt+ ... +CyjtT c, ..., C;f; — TIOCTOSTHHBIC WH-
TEerpupoOBaHus.
B uacTHOM ciydae, KOTJla Bce KOPHH A, { = T, n, IPOCTHIE, PEIIEHHE TaKO-

n
=1
CBoboanoe aBmxkenue (5.11) mpu t— oo cTpeMHUTCST K HYJIIO MPU MPOU3-

BOJIBHBIX IMOCTOSIHHBIX MHTEITPUPOBAHUS B TOM CIIydae, KOrJla BCE KOPHU XapaKTe-
PUCTHYECKOTO YPABHEHHS UMEIOT OTPULIATEIbHBIE BEIIECTBEHHBIE YACTH.

Takum oOpazoM, 0151 mo2o umooOwvl TUHelHAs. HenpepvléHas cucmema Ovlia
ycmouyuea, Heooxo0uMo u 00CmMamoyHo, Ymoowvl ce KOPHU ee Xapakmepucmude-
CK020 ypagHenus umenu ompuyamesnvHvle geujecmeenHbvle ua-
cmu:Red <0, i=1,q.

KopHu xapakTepuCTHYECKOTO YpaBHEHMS, KaK M BCSKHE KOMILIEKCHBIC
Yyyciaa, MOXHO H300pa3uTh B BUJE TOYEK HA KOMIUIEKCHOM IUIOCKO-
CTH A.OTKJIAJbIBasi IO OCHU aOCIIUCCRe A, @ IO OCHU OPJMHAT Im A (MHUMYIO 4YacTh).
[Ipu 3TOM BCE KOPHU C OTPHULIATEILHOW BEIIECTBEHHON YaCThIO PACIIOJIONKATCS B
JIEBOM MOTYIIOCKOCTU. [103TOMY yClI0BHE YCTOMYMBOCTH MOKHO e1iie chopMyIiu-
pOBaTh TaK: 051 MO20 YMOoObl TUHEUHAs] HeNnpepbl8Has cucmema Ovlia YCmonuduea,
HeobXx00uMo U 00CMAamouHo, YmooOvl 6ce KOPHU ee XApaKmepucmuiecko2o ypaes-
HeHUsl ObLIU JIeBbIMU, M. e. PACNOIA2ANUCH 8 JIeOL NOJIYNIOCKOCU.

[Tpumep. Cucrtema mepBOro nopsijika UMEET XapaKTEPUCTUUECKOE YpaBHE-
HUE )+ a=0. Ero KOpeHb: = —a/a, OUEBUAHO, OH OYJIET OTPUIIATECIIBHBIM U CH-
cTeMa YCTOMYHMBOM B TOM ciiydae, Korja o0a Ko3hdUIMeHTa UMer0T OJUHAKOBBIN
3HAK: WK 00a KO3 GUIIMEHTA TTOJOKUTEIBHBI (6 >0, o, >0), WIH 00a Kodpduim-
€HTa OTPUIATEIBHBI (2, < 0, a; < 0)

[Tpumep. Cuctema BTOPOro MOpPsAKa UMEET XapaKTEPUCTUUYECKOE ypaBHE-
HUE M + ar + e = 0. Ero kopHU

M,o=(—a; + V'a¥ —4aya;)/(2a).

Ecnua, > 0,70 00a KOpHS JIeBbIe B TOM clly4ae, KOT/lda, >0HU g, > 0. AHAJO-
TUYHO, €ClIM g, < 0,TO 00a KOPHS JIEBbIE B TOM CIy4yae, KOTJds, < 0Ha, < 0.

N3 paccMOTpEHHBIX IPUMEPOB CIEAYET, UTO O/ YCMOUUUBOCHU TUHEUHBIX
HEenpepvl8HbIX CUCEM NEPBO2O U 8MOPO20 NOPSAOKOE He0DX00UMO U OOCMAMOYHO,
umoowsl 8ce KOIPDUYUESHMbL XAPAKMEPUCTNULECKO20 YPABHEeHUS ObLIU 00HO20 3HA-
Ka (unu ece Oonvue HYs, Ul 6ce Menblle HyJis). ITO 0OCTOATENBCTBO, OUEBUTHO,
MO3BOJISIET CYAUTh 00 YCTOMYMBOCTH YKa3aHHBIX CUCTEM 0€3 BBIUMCICHUN KOpHEU
UX XapaKTEPUCTUUYECKUX YPABHEHUH.

Kax uzBecTHO U3 anreOpsl, 11 ypaBHEHUN TPEThEH U YETBEPTOU CTETICHEH
uMeroTcsl oomme GopMynbl JUIsl HAXOXKIEHUS KOpHEH, a A ypaBHEHHMH MSTON
CTETNIeHU W BbIIe Takux (opmyn HeT. Ho u B cinydae ypaBHEHUN TPEThEH M YET-
BEPTOM CTEMEHEW HCcClieIOBaHUE YCTOMYMBOCTU MyTEM OIpeJeNieHus] KOpHEeW He-
yA00HO, TaK Kak 3TO TpeOyeT rpoMO3JKUX BbluuciaeHuU. [loaToMy mjsi cucteM
BBIIIIE BTOPOTO TMOPsAKa OCOOCHHO Ba)KHBI YCJIOBHS, KOTOPhIC MO3BOJISIIN OBl CY-
JTUTh 00 UX YCTOMYMBOCTHU, HE BBIUUCISASA KOPHEW XapakTEpUCTHUECKOTO ypaBHE-
Hus. Takue yCioBUS Ha3bIBAIOTCS KpUMepUusMuy yYCmoudugoCcmu.



AJiredpanyecKue KPpUTEPHH YCTOMYHBOCTH HENPEPbIBHBIX CHCTEM.

Aneebpauveckumu Kpumepusmuy Ha3bIBAIOTCS KPUTEPHH, KOTOPhIE OCHOBA-
HBI Ha MIPOBEPKE OMPEIEICHHBIX COOTHOIIEHUH, COCTABICHHBIX > U3 KO3 PHUIHCH-
TOB XapaKTEPUCTUYECKOro ypaBHeHHUs. [losTomy mpu MCHOIB30BaHUM anreOpau-
YECKUX KPUTEPHUEB HY’KHO UMEThH TOJIBKO XapakTepucTuueckoe ypaBHeHue (5.10).
Ecnu uccnepoBaHue yCTOMYMBOCTH TPOBOJUTCS C IMOMOINBIO alreOpanyecKux
KPUTEPHUEB, HYKHO MPEXK]E BCEro MPOBEPUTH BBIMOJHEHUE HEOOXOIUMOTO YCIIO-
BUSI YCTOMYMBOCTHU, TaK KaK €ro MpoBepKa He TpeOyeT HUKAKUX BHIYUCICHUMN U TTPU
HEBBITIOJIHEHUH 3TOTO YCIOBUS JAIbHEUIIINX UCCIIEI0BAHUN MPOBOIUTH HE HYXKHO.

Heo6xonumoe ycinoBue yCTOMYMBOCTH. [ moeo umobwvl cucmema ObvlLia
yemouuuea, Heooxooumo, umodvl Kodpduyuenmovl ee XapakxmepucmuyeckKoco
YpasHeHus ObLiu 00HO20 3HAKA:

>0, &,>0, ..., a,>0 wm a<<0, a; <0, ..., a,<0. (24)

Ecnu Heob6xonuMoe ycnoBue HE BBITIOMHSETCS, TO CHUCTEMa HEYCTONYMBA.
Ecnu sxe Heo0X0IMMOE YCIIOBHE BBIMOJHAETCSA, TO CUCTEMA NPU n == 3 (n — TOPSI-
JIOK CHUCTEMBI) MOXET ObITh YCTOMYMBOW M HEYCTOMYMBOW W JUIsl YCTAHOBJICHUS
YCTOMYMBOCTU HY>KHO BOCIIOJIB30BAThCSI KaKUM-THOO KPUTEPUEM YCTOMUMBOCTH.
Kak ye ycTaHOBJI€HO, B clyyae CUCTEM IEPBOIrO U BTOPOIO MOPSAIKOB HEOOXO01U-
Moe yciioBue (5.12) siBisieTcss U 10CTaTOYHbBIM.

[lepeiinem k popmynupoke kputepus ['ypeuna. CoctaBuM u3 K03Pppuiiu-
€HTOB  XapaKTEPUCTHUUECKOIO  ypaBHEHUSA  ONpPEENHUTENb N-ro  MOPS-
Ka

@ a a ... 0

a a a4 ... 0
Av=|0 @ a3 ... 0],

0O 0 O a,

Ha TJIABHOW JMAaroHaJd KOTOPOTO pacrlojiaratoTcs Ko3(PQPUUUEHTHI B IMO-
psZIKEe BO3pacTaHus UX MHAEKCOB, HAUMHAS C d1 U KOHYas a,. B xaxaom cronolue
IpU JBJKEHUU OT BJIEMEHTA, HAXOMSIIErocss Ha IJIaBHOM JHWaroHalld, BBEpX HH-
JeKChl K03 (OUITUEHTOB BO3PACTAIOT, BHU3 —

yObIBatoT. [Ipr 7TOM Ha MECTO 3JIEMEHTOB C MHAECKCAaMH, IPEBBIIIAIOIINMU
n (Opu IBUKEHUU BBEPX), U OTPULATEIbHBIMUA UHICKCAMHU (TIPU JIBUX)KEHUU BHU3)
MPOCTABIISIFOTCS HYJIH.

[IpuBenem riiaBHbIe MUHOPBI onipeaenuTens n:

a ag ag
a Gy
Ar=ay, A= , ANs=la, a a4, ...
Ay ay
0 & a

HazoBem »9Tu MHHOpBI, BKIIOYAsS OMPEIACTUTEIND A,, Onpedeiumenimu
I'ypeuya. Tlpumem n7si ONPEACICHHOCTH a, > 0. DTO JOMYIICHUE HE HapyIa-
€T OOITHOCTH, TaK KaK €CIH a, << 0, TO 00€ YaCTH XapaKTePUCTUUECKOTO YPaBHEHUS
MO>KHO YMHOUTh Ha —1.

Kputepnit ['ypBuna. /s moeo umobwl cucmema dvina ycmouuuea, Heoo-
X00UMO U 0ocmamoyro, 4umobsl éce onpedeaumenu Ilypsuya, cocmasieHHvle U3



KO3Ghhuyuenmos ee xapaxmepucmuueckoeo ypasHenus, ovliu ooavue Hyas (pu
a > 0): A>0, i=1, n.

N3 atoro kputepus cienyer, uto npu # = 3 HE0OXOAUMOE U JIOCTATOYHOE
YCJIOBHE YCTOMYMBOCTH UMEET BU/

>0, A=a;>0, Ap=a1a,—aea5 >0, Az=0a;A;>0.

CrnenoBarenbHO, YK€ IMPHU n = 3 HEOOXOJUMOE YCJIOBUE YCTOWYHMBOCTH
(5.12) He aBnsieTcst U AOCTAaTOUYHBIM. {151 yCTOMYMBOCTH CUCTEM TPETHETO MOPSIIKA
KpoMe HeoOxoaumoro ycioBusi (5.12) MOMKHO BBITOJHITHCS HEPABEHCTBO

A, = @10, — apa; >0 (T. €. PA3HOCTh MEXAY MPOU3BEIACHUEM CPEeIHUX KOod(puIu-
€HTOB M MPOU3BEACHHEM KpaWHUX KO3(P(HUIMEHTOB JOJKHA OBITH MOJIOKUTEb-
HOM).

[Tpumep. Uccnenyem ycTOMYMBOCTH CUCTEMBI (pUC.) B Pa3OMKHYTOM H
3AMKHYTOM  COCTOSIHUSIX.  XapaKTEPUCTUYECKOE YpaBHEHHE  PAa30OMKHYTOU
CUCTEMBI A+ 32+ 1=0. HeoOxonuMoe ycioBHe HE BBINOJHAETCA: TpurKodh U-
LAEHT a = 0. [l03TOMY pa3oOMKHyTasi CUCTEMA HEYCTOMYMBA. XapaKTEPUCTUUECKOE
YpaBHEHUE 3aMKHYTON CUCTEMBI A% + 3A2 + A + 2 = 0.

Heobxonumoe ycnoBrue ycTOMUMBOCTH BbINONHsETCA. [loaToMy moctaTou-
HO TIPOBEPUTH yclIoBHE (5.13): 4= 3.1 —1.2=1> 0. 3aMKHYyTas CUCTEMa YCTONYMBA.

Kputepuit JIbenapa—Illunapa. Ilpu vinonnennuu Heoboxooumozo yciosust
(5.12) onsa ycmotiuueocmu cucmemvl He0OX00UMO U OOCMAMOUYHO, YmMooObl OblLIU
nONI0dCUMenvHbl UNU 6ce onpedeaumenu 1’ ypeuya ¢ uemHviMu UHOEKCaMu, Ui 6ce
onpedenumenu I ypsuya c HeuemHviMU UHOEKCAMU.

CrnenoBartesbHO, JIJIE TOIO YTOOBI CMCTeMa Oblja yCTOWMYHMBA, HEOOXOIUMO
1 JIOCTATOYHO, YTOOBI

ao>0, a1>0, cony a,,>0; A2>0, A4>0, A‘, ces
nJin
>0, a.>0, ..., a,>0; A;>0, A>0, A,>0,

Takum oOpazom, A MCClEeIOBaHUS YCTOMYMBOCTH HET HEOOXOIUMOCTH
BBIYUCIIATH BCe onpenenurenu ['ypsuna.
[Ipumep. XapakTEPUCTUUECKOE YPABHEHUE CUCTEMBI A* + 2A° + 3A% + 4A +

+ 5= 0.
HeoOxonumoe yCIIOBHE YCTONYUBOCTHU BBITTOJTHAETCS
@=1, 08=2, 0,=3, =4, qu=05) . CormacHo kpurepuro JIbenapa—Illunapa,

JUIsL YyCTOMYMBOCTH HEOOXOIUMO M JOCTATOYHO, YTOOBI BBINOJIHSINCH YCIOBUS:
WIN A, >0 0w A, >0 WIH 4 >0. [[poBepuM BhINOJHEHUE 00Jie€ MPOCTOrO BTOPOTO
YCIIOBUSL:
a; ag O 2 4 0
Ag=|ay as a|=|1 3 5|=2B-4—2-8)—4-4=—12<C0,
0 a a 0 2 4
CucremMa HeyCTOMYMBA.



YacroTHbIC KPUTEPUHU YCTONYUBOCTH.

HYacmomuvimu Kpumepusamu Ha3bIBAIOTCS KPUTEPUH YCTOWYMBOCTH, OCHO-
BAaHHbBIC Ha MOCTPOCHHHM YACTOTHBIX XapAKTEPUCTHUK U TAK HA3bIBAEMOW KPUBOU
MuxainoBa. Huxke pacCMOTpEHBI CIEAYIOIIME YAaCTOTHBIE KPUTEPUU: KPUTEPUU
MuxaiinoBa, Halik-Bucrta u torapupMu4ecKil YaCTOTHBIM KPUTEPHIA.

IIycTh XapaKTepUCTUYECKUN ITOJTMHOM

GAN=aM+ V14 ... 4-a,.

IloacraBum B HETroO A = jo:

Kpusyto, kotopyto

G(jo) = ay(jo)* + a(jo)y* 1+ ... + a,.

o n=f

S

Cxema st popMyHpoOBKH KpuTepus Muxaiiosa.

Kputepuit Muxaitnosa. /s moco umobwl cucmema Owvinia ycmoudusa,
He0OX00UMO U 00Cmamo4Ho, umoobwl kpusas Muxainiosa, HAUUHASACL NPU ao >0 C
0elcmeumenbHoU NOJOACUMENbHOU NOLYOCU, NPU 803PACMAHUL® om 0 do oo NOC/Ie-
008amenbHO 00X00UNA N K8AOPAHMOG 8 NOJIONCUMENbHOM HANPABIeHUU, He Nona-
oas 6 Haualo Koopounam (puc. 5.3).

[Tpumep. Xapakrepuctuueckuil moauHoMm G (A) = A+ A 4 r + 2. Tloxacra-
BHB B Hero (b = j),mory4nm

G (jo)y=X (@)Y (®), X(®)=2—0% Y (0)=0(l—o0f.

CocraBuM Ta0IUILY:

® 0 |0<o<l |l |l<o<VT| 2 |o>VE| -
X (w) 2 >0 i >0 0 <@ ——CO
Y (@) 0 >0 0 <0 —1,4 <0 ———

ITocTtpouMm KkpuByro MuxaiinoBa. CucremMa ycTOW4YMBA.

B npenenax xBagpaHTa, BUA KpuBOM MuxaiiioBa Ha yCTOMYMBOCTH HE
BIIUSICT, M OHA CTPOUTCS BeChMa MpUOIn3uTeNnbHo. CucTteMa HEyCTOWYHMBA.

[Ipu dhopmynupoBKe anredOpandecKkux KpUTEpUeB M KpuTepus MuxanaoBa
HE UMEET 3HAUYCHUS, KAKOW CUCTEMBI (Pa30MKHYTOW WJIM 3aMKHYTOW) UCCIIEyETCs
YCTOMYHUBOCTD, T. €. PACCMOTPEHHBIE KPUTEPUU B PABHOW MEpPE NMPUMEHHUMBI IS
MCCIIEOBAHNSI YCTOMUYMBOCTH PA30MKHYTOM M 3aMKHYTOU cucteM. Kpurepuit Haii-
KBUCTa MPEIHA3HAYEH ISl UCCIECAO0BAHUS TOJIBKO 3aMKHYThIX cucTeM. OH MO3BO-
JSeT MO BUJY AMIUIUTYAHO-(Da30BOM 4YAaCTOTHOW XapaKTEPUCTUKU PAa30MKHYTOU



CUCTEMBI CYJUTh 00 YCTOMYMBOCTH 3aMKHYTOM CUCTeMBbI. Jlasbiie mpu

® 0 lo<o<V05[V03 |Vif<o<l| | | 0>1 -0
X (w) 0,5 > 0 <0 —051 <0 —>—C0
Y | 0 >0 0,35 >0 0 | <0 -—co
JY
SN
205 | 05 J1 2 X
2
-]._
1 “h4
_Z_:

Kpussie Muxaiinosa.

(GbOpMyIHPOBKE YACTOTHBIX KPHUTEPUEB MPUHUMAETCS, YTO oOpaTHas CBS3b
cucTeMmbl oTpumarenbHa. Kpome Toro, ecnmu oOpaTHas CBS3b MOJOXKHUTENbHA, TO,
YMHOXKHB TIEPEAATOYHYIO (DYHKIIMIO pa30MKHYTONW CHCTEMBI HA —1, MOXHO ce-
JaTh €€ OTPUIATEIHHOM.

Kpurepuit Haitksucta. Ilycme | KopHEl XapakTepUCTUYCCKOTO YPaBHCHHUS
Pa30MKHYTON CHUCTEMbI HaXOJATCS B MPABOW MOIYIIJIOCKOCTH, & OCTaJIbHbIE  — I
KOpHEN — B JIEBOU MOIYIJIOCKOCTH. Toraa, 0 moeo ymoowvl 3aMKHYymas cucme-
Ma OvLia ycmouuusda, Heooxo00uMo U 00CMamo4Ho, Ymoobsl amMnIumyoOHo-pazoeas
YACMOMHAs XAPAKMEPUCMUKA ee PA3OMKHYMOU CUCmeMbl C POCIMOM 4aCmombl
om 0 0o co oxeamvisara mouxy (—1, j0) 6 noroscumenvrom nanpasienuu, m. e.
npomue 08udicenus yacogou cmpeaku, /2 pas.

B uwactHoCTH, eciu pazomkHymas cucmema ycmouyuga (M, c1e008amebHo,
| = 0), mo, o1 moeo umobwsl 3amxHymas cucmema 6vilia YCMOUHULA, HEOOXOOUMO
U 0oCcmamoyuHo, 4mobwl amMNIUMYOHO-(haA308as 4aACMOMHAs XAPAKMEPUCMUKA ee
pazsomkHymotu cucmemul He oxeamsieana mouxy (—1, j0).

[Tpumep. PaccMoTpuM 3aMKHYTYIO cucTeMy (puc. 5.5, a). YactoTHas nepe-
naTouHas PyHKIUS €€ pa30OMKHYTOU cucteMbl W (jw) = U (w) +

+JV (o)

U (w) = —2/(0®+ 1), V(0) =—20/(e? - 1),
CocraBuM Ta0IUILY:
IIpumep  5.7.  XapakTEpUCTUYECKUU  TIOJIMHOM G (A) = A3 - A2 + A + 0,6.

Jlotst , L GUo) HFMEEMG (o) = X (@) + jY (@), X (@) =05~ V(0=
o (1 — w?).

CocrtaBuM Ta0IUILY:

AMIUIMTYTHO-()a30Bass 4aCTOTHAsI XapaKTEPUCTUKA PA30OMKHYTON CHUCTEMBI
OXBaTbIBa€T TOYKY (—I1, jO) B IMOJIOXKUTEIHHOM HaIIPaBJICHUU o pas.

XapakTEPUCTUUECKOE YPABHEHUE PA30MKHYTOM CHUCTEMbI MMEET OJWH
IIPaBbIi KOPEHbB, T. €. [ = 1. [l03TOMY 3aMKHyTast CUCTEMa yCTOMYMBA.
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Puc. 5.5. CtpykTypHas cxema U aMIUIUTyIHO-(a30Basi dYacTOTHas ' Xxa-
paKkTepHUCTHKA.
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Puc. 5.6. Cxema nnst hpopmynupoBku kputepus HalikBucra

Ecnu  xapakrepucThyeckoe ypaBHEHHE Ppa30OMKHYTOW CHUCTEMBbl HMEET
v (v = 1) HysneBBIX KOpHEW WM, YTO TO K€, IepeaaTouHas GYHKIMs pa3oMKHY-
TON CUCTEMBI UMEET BUJ]

W (s) = kW, (s)/s",

rme Wo 0) = 1, 10 cucrema HaswBaercs acmamuueckoii ¢ acmamus-
mom V=20 nopsoxa. Ilpum wucclenoBaHWNM YCTOWYHMBOCTH AaCTaTHYECKUX CHUCTEM
no Kpureputo HallkBucTa aMIuinTyAHO-(pa30ByI0 YAaCTOTHYIO XapaKTEPUCTHKY €€
Pa30MKHYTON CHCTEMBI JOTOJHSIOT AYTol —vn/2 OECKOHEUHO OOJIBIIOTO pajuyca
R (puc.) u V KopHel, pacroI0KeHHbIX HA MHUMOW OCH, OTHOCST K JIEBBIM KOPHSIM.

Kak cnenyer u3 xpurepus HaitkBucra, Ha yCTOMYMBOCTh 3aMKHYTOM CH-
CTEMBI BJIMSIET HE KOHKPETHBIA BHJI aMILTUTYIHO-(a30BOM YACTOTHOW XapaKTepH-
CTUKH €€ PA30MKHYTON CHCTEMBI, a TOJIBKO TO, CKOJIBKO Pa3 OHA OXBAaThIBAET TOY-
Ky (—1, j0). Ho mocnenHee MOXXHO YCTaHOBHUTBH IO YHCIY TMEPEXO0]0oB (mepecede-
HUN) aMIUTUTYIHO-(a30BOM YaCTOTHOM XapaKTEPUCTUKH OTPE3Ka (— oo, —I1)A€H-
CTBUTEJIBHOUN ocu [neBee Touku (—I1, jO)l. HazoBem nonoorcumenvrvim nepexooom
(Ipu BO3pacTaHWM YaCTOTHI) MEPEXO]I CBEPXY BHU3 [apTYMEHT ¢ (») BO3pacTaeTr| u
ompuyamenvbHblM — TIEPEX0]] CHU3Y BBEPX [apryMEHT ¢(®) yObiBaeT]. To, CKOJIBKO
pa3 aMnnHTyz[Ho-(bae.OBas{ 4acTOTHas XapaKTepUCTHUKA OXBaTbIBA€T TOYKY (—I, jO)B
MOJIOKUTEIIEHOM

@ 0 o>0 -0
U(w) —2 <0 -0
V (@) 0 <0 -0

HaIpaBJICHUH, PAaBHO PAa3HOCTU MEXKIY YHUCJIAMU TMOJIOKUTEIBbHBIX U OTPH-
LATEJIBHBIX IIEPEXOJ0B Ha OTpe3Ke (— oo, —1). IlosTomy kpurepuii HalikBucra
MOXHO C(POPMYJTUPOBATh TAKXKE CIEAYIOUIUM 00pa3oM: 0Jist mo2o umoodwvl 3aMKH)-



mas cucmema Ovl1a YCMOU4U8Aa, HE0OX00UMO U 0OCMAMOYHO, YMOoObl PA3HOCMb
MeHCOY HYUCTAMU NOTOHCUMETbHBIX U OMPUYAMETbHBIX Nepex0008 aMNIUMYOHO-
Gaszosoti wacmomuou . XaApakmepucmuku pa3oMKHYMOU CUCmeMbl OMpe3Kd
(— oo, —1) ObLIa pasHa /2 (I— 4YUCIO TMPABbIX KOPHEH XapaKTEPUCTHUUYECKOTO
ypaBHEHUS PA30MKHYTOM CUCTEMBI).

Hcnonb3ys cBsi3b MEXIY aMIUTUTYTHO-(a30BOM YaCTOTHOW XapaKTepUCTH-
KOH U JorapupMUYECKMMH YaCTOTHBIMH XapaKTepUCTUKaMHU,Ha OCHOBE KpH-
tepust HailikBucrta HETpyaHO CGHOPMYIHUPOBATh JOTApU(PMUUECKUN YaCTOTHBIN
KPUTEPUNA YCTONYUBOCTH.

[Ipu mepecedyeHnn aMIUUTYAHO-(A30BOIM YaCTOTHOM XapaKTEPUCTUKH
OTpe3Ka

(—oo, —1) A(0)>1 um L (0)=

20IlgA(w)>0 1 ¢ (0) =— (2{ 4+

+Dxn, i=0,1, ... [IpyyeM MOJOKUTENBHOMY IIEPEXOY COOTBETCTBYET
nepeceyeHue Jiorapupmuiecko (pa3zoBol YaCTOTHOM  XapaKTEpPUCTUKH  Mps-
MOM @ = =-— (2 + 1) » CHU3Y BBEpX, OTPULIATEILHOMY — CBEpXY BHM3 (puc. 5.7,
0, B). JlorapugmMudeckuil YaCTOTHBIA KPUTEPUI. /{151 mo2o umoodvl 3aMKHYmMAas cu-
cmema Ovlia YCmouuusd, Heobxooumo u 00CMAamoyHo, Ymoovl PA3ZHOCHbL MeHCOY
YUCIAMU NOJIOHCUMENbHBIX U OMPUYAMETbHBIX Nepexo008 Jlo2apupmuieckoi ¢a-

3060l 4ACMOMHOU XAPAKMEPUCIMUKU  PA3OMKHYMOU  CUCEMbL NpAMbIX
@ (0) = — (2{ -}
a) J V()

{'\%/\ w=0
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Cxema 1151 GOpMYIUPOBKH JIOTAPUPMUUIECKOTO YACTOTHOTO KPUTEPHSL.

+NDn (=0, 1,..) npu uwacmomax, npu xomopwix L («)>0 (10-
eapugmuieckas amnaumyoHas Yacmomuas Xapakmepucmura NOJONCUMENbHA),
Obl1a paBHa /2 (I— 4yucio

NpaBbIX KOPHEH XapaKTePUCTHUECKOTO YPaBHEHHS Pa30MKHYTOW CHCTe-
MBI).

YcTOlUMBOCTh CUCTEM C 3ama3abiBaHHEeM. Eciu cuctema cofepkuT 3BEHO
YUCTOTO 3ama3bIBaHUs, BKIIOYEHHOTO MOCIEI0BATENBHO C €€ OCTAJbHOM YacThlo,
TO mepenaTroyHas GyHKIUS pa30MKHYTOM CHUCTEMbI UMEET BUI:



W (s) =Wy (s) et =P (s)eT/Q ().

Hanmnume 3anma3npiBaromiero 3B€HA HE BIMSET HA XapaKTEPUCTUUECKOE
ypaBHEHHUE Q (A) = 0M COOTBETCTBEHHO HAa YCTOMYHMBOCTHh PA30MKHYTOW CHCTEMBL.
XapaKTepUCTUUYECKOE YPaBHEHUE 3aMKHYTOM CHCTEMBIQ (M) + P (A) e» = 0CTaHO-
BUTCS TPAHCILICHJICHTHBIM U K HEMY HEMOCPEJICTBEHHO HEJb3sl MPUMEHUTH ajireo-
panueckue Kputepuu U kputepuit MuxaitnoBa. Kputepuit HalikBucra (BKirouas
JorapuMUYECKUM YaCTOTHBIA KPUTEPHil) OCTAETCs CHpPaBEIJIMBBIM 0€3 M3MEHe-
HUU JIJIS1 CUCTEM C 3aIa3bIBAHUEM.

YactotHas mnepenaroyHass (yHKUIHUS CHUCTEMBI C YHUCTHIM 3ama3/IbIBaHU-
eM W (jo)=|W, (jo) | &/19@ % oTIHYaeTcsd OT YaCTOTHOM MepenaTouHoN GyHKIUU CH-
CTEMBI 0€3 YMCTOTO 3ama3/IbIBaHUsS W, (jo) = =| W, (jo) | e/ TOIBKO JOTIOJIHUTEIIb-
HBIM CJIBUTOM (pa3bl 6 (o) = = —ot. 3ana3ablBaHUE MOXET CJIeJIaTh YCTOMUYUBYIO 0€3
3amna3/IbIBAIOIIETO 3BEHA CUCTEMY HEYCTOWYHMBOM.

CpaBHUTENBHAS XapaKTEPUCTUKA AIreOpandecKUX U YaCTOTHBIX KPUTEPUEB
ycToitunBocTU. [locTpoeHre 4acTOTHBIX XapaKTEPUCTUK SBIISIETCS O0JIee TPYy10eM-
KUM, Y€M BBIYUCJICHUE OMpEACIUTENeH, HEOOXOAUMBIX JJI1 YCTAaHOBJICHUS! YCTOM-
yuBocTH. [loaTOMY ecinu mapameTpsl cucTeMbl (GUKCUPOBAHBI U HY>KHO MTPOBEPUTH
TOJIBKO €€ yCTOMYUBOCTH, TO, KOTJ]a 3TO BO3MOXKHO, JIyUIIIE MOJIb30BATHCS alreo-
pandyeckuMu KpurepusMu. Eciin cuctema 3aaercst TOJIbKO YaCTOTHBIMU XapaKTe-
PUCTUKAMHU, CHATBIMU DKCIIEPUMEHTAIBHO, UM OHA COJEPKUT 3BEHO YHMCTOTO 3a-
Ma3bIBAHUS, TO CJIEAYET BOCIIOIB30BAThCS YACTOTHBIMU KPUTEPUSIMH, TAK KaK B
ATOM cllydae ajareOpandecKkue KpUuTepruu HETPUTOTHBI.

Kak noka3zaHo B 1J1. 6, 4aCTOTHBIE XapAKTEPUCTUKU MMO3BOJISIOT CYIUTh U O
Ka4eCcTBE CUCTEMBL. M TOATOMY €Clu KpoMe IPOBEPKU YCTOMYMBOCTH HYKHO OLie-
HUTh Ka4€CTBO CHUCTEMBI, TO U B 3TOM Cilydyae IeJeco0o0pa3HO UCIOIb30BaTh ya-
CTOTHBIE KPUTEPHUH.

MeTtoab! BbiejIeHUA 00J1aCTH YCTOHYHBOCTH.

Kpurepun ycTOMYMBOCTH NO3BOJISIOT XapaKTEPU30BaTh YCTOMYMBOCTD CH-
CTEMBI, €CJIM BCe ee mapameTpbl pukcupoBaHbl. Ho yacto npuxoauTes pemars 3a-
Javy, KOrja 4acTh MapaMeTpOB CUCTEMbI HE (PMKCUPOBAHA U UX (BapbUpyEMbIE Ia-
paMeTpbl) HY>KHO BBIOpaTh Tak, YTOOBI cMCTeMa Obljla YCTOWYMBA U BBINMOJIHSUIUCH
Kakue-nu0o JOIMOJIHUTENbHbIE TpeOoBaHUsS K Hel. B 3Tux ciaydasx BO3HHUKaeT
HEO0OXOAMMOCTb ONPEEICHHUs] MHOXKECTBA BCEX TEX 3HAUYCHWU BapbUPYEMbIX Ia-
pameTpoB, MPH KOTOPHIX CHUCTEMa YCTOWYHMBA. DTO MHOXECTBO HA3BIBAIOT 00.1a-
CMbio ycmoudugocmu B MPOCTPAHCTBE NapaMETPOB, T. €. BO MHOKECTBE pa3iany-
HBIX 3HAYEHUI BapbUPYEMbIX [1apaMETPOB.

3amavy BbIIEICHUS 00JIaCTH YCTOMYMBOCTH B MPOCTEUIIUX CIyYasiX MOMXKHO
pELINTh, WCIONb3YS] KPUTEPUH YCTOWYMBOCTH.

I'pannna ycromunBocTu. Eciii 4acTh KOpHEN XapaKTEPUCTHUUECKOTO ypaB-
HEHUsI HaxOJIWUTCA Ha MHUMOW OCH, a OCTaJIbHbIE€ KOPHU — B JIEBOW IMOJIYILIIOCKO-
CTH, TO CUMTAIOT, YTO CHCTEMA HAXOAUTCS HA TPAHULIE YCTOMYMBOCTU. JHAUYCHUS
MapaMeTpoB, IPU KOTOPBIX CHUCTEMA HAXOJAUTCA HA TPAHMIIE YCTOMYMBOCTH, HA3bI-



BAIOTCS 2PAHUUHBIMU.

YroObl HAWTH TPAaHUYHbIE 3HAYEHUSI, MO)KHO BOCIIOJIB30BaThCS JHOOBIM U3
PacCMOTPEHHBIX KPUTEPUEB YCTOMUMBOCTH. 1Ipy ucnonap3oBaHuM anredpanyeckux
KPUTEPUEB HYKHO HCXOIUTH M3 YCIIOBHs, YTO CHCTEMa HAXOAUTCS Ha TpaHULE
YCTOMYMBOCTH, €CJIM YaCTh KOAPPUIIMEHTOB U onpeaenuresneit I'ypsuna paBHa Hy-
J10, OCTaJIbHAsA 4acTb — Oounble Hyis. [loaToMy Uit onpeneneHns TpaHUYHbIX
3HaYCHUM BapbUPYEMBIX MapaMETPOB HYKHO IPUPABHUBAThH HYJIIO Haubojee Kpu-
TUYHBIE KO3PPUIIMEHTHI U onpeaenutenu. O0pdHO cpean Ko3(h(UIMEHTOB TaKo-
BBIMMU SIBIISIFOTCSL @, U @, @ CPEJIU ONpeaeauTene(npen— A,_,

nocieaHui onpenenurens ['ypBuia). [1o3ToMy MOXKHO COCTaBUTH CIlEIy-
IOLME TPU YCJIOBUS HAXOXJICHHS CUCTEMbl Ha T'PAHUIIE YCTOMYUBOCTH: 1) a, = 0;
2) a, = 0; 3)A,, = 0. [Tociie HAXOKACHUS BApPbUPYEMBIX MAPAMETPOB U3 ITHX YpaB-
HEHUU HYXHO IPOBEPUTH OCTaJbHbIE HEPABEHCTBA, BXOASIIME B YCIOBHE yCTOM-
yuBocTU. HyXHO, 4TOOBI Bce OHM ObLIM OOJIBIIE HYJS WIA PaBHbI HYIIO NPU
HalJICHHBIX 3HAYCHUSAX BapbUPYEMBIX IapaMeTpoB. TOJIBKO TOrJIa HalJcHHBIC
3Ha4YeHUs OyAyT rPAaHUYHBIMU.

IIpumep 5.9. IlycTh XapaKTEpUCTUYECKOE YPABHEHUE CHCTEMBI HMEET
BUNIA + + 302 3k + k=0

B sToMm ciyyae o, = £ JIpyrue ko3(pPUIHMEeHTHI He 3aBUCST OT BAPbUPYEMOTO

napameTpa. i HaXOXICHHUS TPaHUYHBIX 3HAYCHHH K BOCHONB3yeMcs
YCIIOBUSIMU  a,= 01 A, =0. V3 YCIIOBHUS o5 = 0 TOTy4YaeM = o.Ilpu 3ToM 3HaueHHH
OCTaJIbHbIE HEPABEHCTBA(a, > 0, a; > 0, a, > 0 1 A, > 0), BXOJAILIME B YCIOBUE YCTONYH-
BOCTH, BBINOJHAIOTCS. W3 ypaBHEHHS A,="9 — k= 0 [TOJIy4daeM = 9. O4eBUIHO, U
ATO 3HAUYEHHME SIBISIETCS TPaHUYHBIM. O0JaCTh YCTOMYMBOCTHO < % < 9.

Ha ocnoBe kputepust HalikBucra u norapupyMuuecKoro 4aCTOTHOTO KpUTe-
pust A4 ciydas, KOra XapakTepUCTUYECKOE YPaBHEHUE PA30MKHYTON CUCTEMBI HE
UMEET MPaBbIX KOPHEH, MOKHO C(OPMYIUPOBATH YCIOBUS HaXOXKJEHUS CUCTEMbI
Ha TPaHULE YCTOMYMBOCTH. 3aMKHYTasl CUCTEMA HAXOAMUTCS HA IPAHMIIE YCTOWUYH-
BOCTH, €CJIV BBIIIOJIHSETCS OJJTHO U3 CJIEIYIOIIUX 3KBUBAJICHTHBIX YCIOBHA:

1) ammauTyaHO-ha30Basi 4acTOTHAs XapaKTEPUCTHUKA PA3OMKHYTOW CH-
CTEMBI MPOXOAUT YEPE3 TOUKY (—I1, jO) U HE NMEPECEKAET OTPE3OK

(~— o0, —1);

2) gnorapudmuueckas (azoBasi 4aCTOTHAs XapaKTEPUCTUKA IEpeceKaeT
IPSIMYIO ¢ (0) = — (2i + 1) (i =0, 1, ...) IIPH YacToTe cpe3a W, IPH KOTOPOH JI0-
rapumuueckas amIuIMTy[Has YaCTOTHAsl XapaKTepUCTHUKa IepecekaeTr och abdc-
uce [L (o) = 0]; MPU 9acTOTax, MPHU KOTOPBIX JorapudMuueckas aMITUTy/THas da-
CTOTHas XapaKTE€PHUCTHKA IIOJIOKUTENIBbHA [L (®) > 0], pa3sHOCTb MEXIY YHUCIIaMH
MOJIOKUTENbHBIX U OTPUIIATENIbHBIX MEPEeXoA0B Jorapudpmuueckor (azoBoil ya-
CTOTHOM XapaKTEPUCTUKH MPSIMOU ¢ () = — (2i + 1) n (i = =0, 1, ...) paBHA HYJIIO.

D-paszouenue. CtpykTypHas ycToWduBOCTh. Kod(duimeHTs xapakrepu-
CTHUYECKOT'O YPAaBHEHUSI CUCTEMBI 3aBUCST OT ee nmapameTpoB. Ecnu 3adukcupoBaTh
napaMmeTpsl (BappUpyeMBbIE), T. €. BbIOpaTh B MPOCTPAHCTBE MapaMeTpOB OMpee-
JICHHYIO TOYKY, TO KO3((PHUIIMEHTHI U, CIIE0BATEIbHO, KOPHU XapaKTePUCTUYECKO-
ro YpaBHEHHsI NPHUMYT OIpEACIICHHbIE 3HaueHHs. lHade: Kaxa0il TOYke mpo-
CTPaHCTBa MapaMETPOB COOTBETCTBYET OIPEACIICHHOE PACIHOJOKEHHE KOPHEW Xa-



PaKTEPUCTHUYECKOTO ypaBHEHUS Ha KOMIUIEKCHOW Tutockoctu. O6o3Haumm D (K)
MHO’KECTBO BCEX TOUEK MPOCTPAHCTBA MapaMETPOB, KOTOPHIM COOTBETCTBYET Ta-
KOE€ PacTojOKEHHE KOPHEH XapaKTEpPHCTUYECKOTO ypaBHEHHWS Ha KOMIUICKCHOMN
IUTOCKOCTH, TIPU KOTOPOM K KOpHEW HaXOMASTCs B JIEBOHM MOJYIUIOCKOCTH U COOT-
BETCTBEHHO OCTaJIbHBIC 71 — K-KOpHEH — B MPaBoOii MOJIYIIOCKOCTH.

Pasz0Ouenue mpoctpanctsa mapameTpoB Ha obmactu D (K) (k =0, 1, ..., n)
HazbiBaeTcsa D-pazouenuenm.

B obmiem ciydae mpocTpaHCTBO MapaMeTpoB pa3duBaetcs Ha n + 1 oOna-
creit D (k) : D (0), D (1), ..., D (n). OyeBuaHO, 00JIaCTH YCTONYUBOCTH COOTBET-
cTByeT oOyiacth D (1). B KOHKpETHBIX cliydasx HekoTopsle u3 obiacteir D (K) mo-
T'yT OTCYTCTBOBaTh. B 4aCTHOCTH, MOKET OTCYTCTBOBATh 00J1aCTh ycTOWUMBOCTH D
(n),; 3TO O3HAYAET, YTO MIPH 33JaHHOI CTPYKTYpE U BBIOPAHHBIX 3HAYEHUSAX (PUKCH-
POBaAHHBIX MTAPaMETPOB CHCTEMa HEYCTOWYIMBA MTPH JTFOOBIX BO3MOXHBIX 3HAUCHHSIX
BapbUPYEMbIX MapaMeTpoB. B Takux ciydasx CUMTAIOT, YTO CUCTEMa CTPYKTYPHO
HEYCTOWYMBA WJIM CHUCTEMa CTPYKTYPHO HEYCTOWYMBA OTHOCUTEJIBHO paccMaTpu-
BaEeMbIX BapbUPYEMBbIX [TapaMETPOB.

WNHuaue: cucteMa Ha3bIBACTCS CMPYKMYPHO HEYCMOUYUBOU UNU CIPYKIMYD-
HO HeyCMOUYUBOU OMHOCUMENbHO PACCMAMPUBAEMBIX 8APLUPYEMBIX NAPAMEMPO8,
eciu npu 3a0aHHOU CMPYKmMype U 8blOPAHHBIX 3HAYEHUSX (DUKCUPOBAHHBIX NaApa-
Mempo8 OHA HEYCMOUYUBA NPU JH0ObIX B03MONCHLIX 3HAUCHUIX 8APLUPYEMbIX Nd-
pamempoa.

YtoObl AOOUTHCA YCTOMYMBOCTH CTPYKTYPHO HEYCTOWYMBOM CHCTEMBI,
HY)KHO M3MEHHUTH CTPYKTYPY CHCTEMBI WJIM TOA00paTh Ipyrue 3Ha4eHUS (PUKCH-
pPOBaHHBIX MapaMeTpoB. ECM B MpOCTpaHCTBE MapaMeTpPOB CYIIIECTBYET 00JIacTh
YCTOHYMBOCTH, TO CUCTEMA HA3BIBACTCS CMPYKMYPHO YCMOUYUBOLL.

Meron D-ppazduenusi. Memooom D-pazbuenus na3piBaeTCs METOM BbIje-
JieHus1 00JaCTH YCTOMYMBOCTH, OCHOBAaHHBIN Ha D-pazoueHuun. DTOT METOJ BKIIIO-
YaeT CISAYIONINE TPU OTEPaIIUU:

1. TIpousBoautcst D-pa3buenne npocTpaHcTBa mapaMeTpoB.

2. Cpenu odnacreit D (k) onpenensercs 001acTh, UMEOIAass HAMOOIBIIIHIA
uHaeKc K. DTa 001acTh HA3BIBACTCSA 00/ACMbIO-NPEMEHOCHMOM, TaK KaK TOJBKO
9Ta 00JaCTh MOXKET OBITH 00JIACTHIO YCTOMYHBOCTH.

3. TlpoBepsiercs, sBAsETCSA U 001aCTh-TIPETEHICHT 00JACTHIO YCTOWYH-
BOCTH.

[Topsimox D-pa3OueHust U BbIACICHUS 00JACTU-TIPETCHACHTA 3aBUCUT OT
quCiIa BapbHPYEMBIX MapaMeTpoB. [IpoBepka, sBisETCS M 00JIaCTh-TIPETCHICHT
00J1aCThI0 YCTOMYMBOCTH, HE3aBUCUMO OT YHCJIa BApPbUPYEMBIX MapaMETPOB MPO-
W3BOAUTCS CieAyroImM obOpa3zom. BreiOupaetcs kakas-mu0o Touka u3 o0JjacTu-
MPETCHACHTa W TIPU 3HAYCHHUSAX BapbUPYEMBIX IapaMeTPOB, COOTBETCTBYOIIMX
BBHIOPAHHOW TOYKE, MPOBEPSETCS YCTOWYUBOCTH CUCTEMBI. OOIacTh-TIPETCHICHT
SBJIIETCS] 00JIACThIO YCTOMYMBOCTH B TOM CIIy4ae, €CJIM CHCTeMa IIPH dTOM yCTOM-
yuBa. Ecim cuctema CTpyKTYpHO yCTOWYHMBA, TO 00JaCTh-TIPETCHICHT BCETIa SIB-
JsieTCst 00JIaCThI0 YCTOMYHUBOCTH.

Brinenenne o01acTi yCTOWYMBOCTH Ha IUIOCKOCTH OJTHOTO mapametpa. [1a-
pamMeTphl CHCTEMBI MOTYT MPUHUMATh TOJBKO JIEHCTBUTEIbHBIC 3HAYCHUS, U TIPO-



CTPAaHCTBO MAPaMETPOB B CIydae OJHOTO BaApPbUPYEMOTO MapamMeTpa MpeacTaBiseT
co0oi1 psiMy10, a 00J1aCTh YCTOMYMBOCTH — WMHTEpBai. [Ipu BelieIeHUN HHTEpBA-
Ja yCcTOMuMBOCTU MeTosioM D-pa3Ouenusi cHauana HaxoIaT o0JacTh YCTOMYMBO-
CTH Ha KOMIUIEKCHOM IIOCKOCTH, CUUTAsA, YTO MapaMeTp MOXKET NPUHUMATh KOM-
IJIeKCHbIE 3HaueHus. OnpenenuB 00J1acTh YCTOMYMBOCTH Ha KOMIUIEKCHOM IJIOC-
KOCTH, HETPYAHO BBIJICIUTh HHTEPBAJl yCTOWYHUBOCTH.

[Tycts BapbupyeMblii mapamerp I BXOOMT JIMHEHHO B XapaKTepPUCTHYE-
CKO€ ypaBHEHHE Q (A) =+ pR (3) = 0.

31echQ (A) u R (A)— HOJIMHOMBI OTHOCHUTEIIHLHO A.

PemuM 310 ypaBHEHHE | clieNaeM MOJICTaHOBKY

A= jo: _

b= —Q(jo)R (jo)=u (o) + jv (o). (25)

B ypasaenuu (25) B —xommekcHOe 9ncino. DTO ypaBHEHHE HA3BIBACTCS
ypaenenuem Kpueou D-pazduenus. 3amaBasich 3HaYEHUEM CO OT —oo Lo oo, TIO
ypaBHEHUIO (25) CTpOUTCS KpUBas, KOTopas

npousBoauT D-pasduenue. B (25) u sBnsercs 4eTHOM, a v (®) — HEYeTHOU
dbynkuueit. [ToaToMy 10CTaTOYHO MOCTPOUTH YacTh KpuBOMl D-pazbuenusi, coot-
BETCTBYIOIIYIO IMOJOXXUTEIBHBIM 3HAYEHUSIM CO, a 3aTEM 3€pKaJIbHO OTOOpa3UTh
OTHOCHUTEIBHO JIEHCTBUTEIHHOM OCH.

Jlns BeieneHust o0JacTU-TIPETeHIEHTa KpUuBYyl0 D-pa3OueHus mTpuxyror:
P ABMYKCHUH TI0 3TON KPUBOW B HAIIPABJICHUH BO3PACTaHUS CO IITPUX HAHOCST C
JIEBOM CTOPOHBI (pHUC). 3aTeM MOJIararT, 4TO

Puc. D-pa3z6ucnue

Kakas-mibo o0yacTh, Hampumep o0JacTh, UMeeT uHAeKc . MHaekch
OCTaJIbHBIX 00JIacTel ONpPEeNesIoTCA OJHO3HAYHO MO CIEAYIOIIEMY IpaBUily: MpU
nepexoAe U3 OAHOW 00JaCTH B APYTYIO MHJIEKC YBEIMYHMBAETCS HA €IUHUILY, €CIH
rpaHuIla MEepPeceKaeTcs Mo HampaBJICHUIO MITPUXOBKU (mepexoa u3 obnactu 1 B
00JIacTh 2), ¥ YMEHBIIIACTCS HA CAMHUILY, €CJIM T'PaHUIA TIEPECCKACTCsS MPOTUB
HITPUXOBKY (miepexo u3 odnactu 1 B obnacts 3).

IIpumep 5.10. Ilyctp  XapakTepHCTHYECKOE YpPaBHEHHE  UMeEET
Buy M+ 2A% 4 A k= 0.

PemB €ro OTHOCHTENHLHO £ M CHeNaB MOJICTAHOBKY A = j@, moy4um
% = jo° + 20% — jo, u(w) = 202 v(0) = 0 (0®—1).

CocraBuM TabNIMUILY:

o} 0 I<o<l 1 o>1 - 00
u (0) 0 >0 2 >0 - O
v () 0 <0 0 >0 -0

[Toctpoum kpuByto D-pa3duenus, HaHeceM IITPUXOBKY U MPOU3BEAEM HH-



nekcamnuio obmacreit (puc. 5.8). OOmacThiO-MPETEHAESHTOM sBisieTcsl obmacte D
(r+1). Kak nerko nmpoBepuTh, 3Ta 00JaCTh ABISCTCS 00JaCThI0 yCTOWYMBOCTH. [1o-
TOMY UHTEPBAJIOM YCTOWYMBOCTH siBsieTcss uaTepnai (0, 2).

Tunosnie Bo3aeiicTBud. Iloka3aTesn kayecTna.

YcToHunuBOCTh SBISIETCS HEOOXOIUMBIM, HO HEIOCTATOYHBIM YCJIOBHEM
paboTOCTIOCOOHOCTH CHCTEM aBTOMATHYECKOro ympamieHus. K HUM mpeabsBiis-
I0OTCSl OMpeJieNiecHHbIe TpeOoBaHUsA KadecTBa. HawmOosee mosHOMN

XapaKTePUCTUKON KadyecTBa CHCTEM aBTOMATHYECKOI'O YIIPABIICHMS SIBIIS-
€TCs TEKYyIIasi OMHOKa ¢’ (f) = x (f) — x° (f) WiIn

e(t)=x"(t) —x (), (26)
r7e «* (/— 3aJaHHoe (HEBO3MYIIIEHHOE) JIBIDKCHUE; x (f)— (DaKTUUECKOe
(BO3MYIIIEHHOE) JIBUKCHHUE.

lf
T

Puc. Cxema 3aMKHYTOH CHCTEMBI C IBYMS BHEIITHUMHU BO3JICHCTBUSIMU

OmuoKy ¢ (f) u e () OTIIMYAIOTCS TOJIBKO 3HAKOM. Vcmonb3oBaHue oOIIMO-
KHde (f), OIpenesnseMoe COOTHoIIeHueM (26), cBsi3aHO € TeM, 4YTO Npu x° (f) =
=g®) g __ 3aJlal0llee BO3JCHCTBHE]| OHA COBMAAAeT C BEIMYMHOM Ha BBIXOJE
CPaBHUBAIOIIIETO YCTPOUCTBA, €CIIU K HEMY HE MPUIIOKEHO BO3MYIIICHUE.

IlycTh Ha cucTemy AEMCTBYIOT ABa BHEIIHUX BO3JEHCTBUS: 3aJAK0IIEE BO3-
neiictue g(t) w Bosmymienme f(t) (puc), mpuuem *° ()=g(?). Tak xak
(@)= Wi (p)g &) + Wi (p) f (9),

TO

e)=gO—xO=W_ (g®)—W () (27)

I'ne Wee (p) =1 — W (p)

HanmomuumMm, 4to W,., (p), Wy (p), We, (p) — nepeaaToyHbIC (1)YHKI_[I/II/I CUCTE-
MbI (B omepatopHoil (opme), MpUYeM MEPBbI MHAEKC CHU3Y YKa3bIBaeT Ha BbI-
XOJIHYI0, @ BTOPOM MHAEKC — Ha BXOJHYIO BEIMYUHBI, OTHOCUTEIIBHO KOTOPBIX
OTPENICAIOTCS ITU MEepPeIaTOUHbIC (PYHKIIUH.

[IpencraBum oOImIMOKY B BHUAEC CYMMBI € () = e, (f) + ¢ (1), TOE €y () —
omuOKa, 00yCIIOBJIEHHAs] BXOJHBIM 3a/IalOlIUM BO3JEUCTBUEM g (/) (ommOKa oT
3a/IAIOIIET0 BO3JICUCTBUSA); ¢; ()— OIIMOKA, OOYCJIOBJICHHAs BXOJHBIM BO3MYIIIE-
HUeM/ (1) (ommbka ot Bo3MytieHus ). OmMUOKN OT 3aar0IIero BO3IECUCTBUS U BO3-
MYIIEHHUS OMNpPEISSIOTCS HE3aBUCHUMO JAPYT OT Jpyra: TMpHU OMNPEACTICHUH eg (F)
MOYHO HPHUHSATS f (f) = 0, a IPU ONPEICIICHUH ¢; (f)— BO3JACHCTBUE

N3 (27) cnenyer, uto

g(t=0.

eg (1) =W (p)g (t): (28)



er (1) =— Wy (p)F (D). (29)

Ecnu Bo3MytiieHre / NpuiaokeHo He B TOYKE MPHIIOKEHUSI 3a/1af0IIEro BO3-
JEHUCTBHUS, TO OIMTUOKY OT BO3MYIIIEHUS MOXKHO TaK)Ke ONPENeITUTh 10 popmyiie

er () =We; (p) F (B). (30)

Ecnu BO3MyIIeHHE TIPUIIOKEHO B OJHOM TOYKE C 3aJIal0LIMM BO3ACHCTBU-

eM, To o opmysie (6.5) onpenensercs He omMOKa OT BO3MYIIECHHS, @ pPa3HOCTb:
FO =W (p)f @) =[1—W. (D] @).

Tunosblie Bo3aeiicrBus. OmuoKa e (t) 3aBUCUT Kak OT CBOMCTBA CHCTEMBI,
TaK ¥ OT BH/IA BXOJIHBIX BO3JACUCTBUH . JlJIs1 OTHOM M TOM K€ CUCTEMBI OHA PA3JINY-
Ha B 3aBUCHUMOCTHU OT BXOJHBIX BO3ACHCTBUU. [I0ATOMY mpH omnpenesieHur Kade-
CTBa CHCTEMBI HCIIOJB3YIOT TaK Ha3bIBAEMbIC MUN0OBblEe 8030€liCMBUsl, B KAa4eCTBE
KOTOPBIX OOBIYHO MPUHUMAIOT CTYNEHYATOE BO3ACUCTBUE Aq,1(f), TMHEWHO U3Me-
HsroIIeecs Bo3aeiicTBue A1 f, rapMOHHYECKO€e BO3IeiCcTBHE A sin of u ip.

KauecTBO cucrtembl B mEepexXOqHOM M YCTAaHOBUBIIEMCS pexuMmax. Pazmu-
YarOT Ka4€CTBO CUCTEMBI B IEPEXOJHOM M yCTaHOBUBIIEMCA pexxumax. [lox kaue-
CTBOM CHCTEMBI B HepexOOHOM pedicuMe TIOHUMAIOT CBONCTBO CHCTEMBI Ha
HayaJbHOM OTPE3KE BPEMEHH ity, #] ({,— MOMEHT MPHUJIOKEHUS HAa CUCTEMY BO3JICH-
CTBHUSI); MOJI KQaU€CTBOM CHUCTEMBI 8 YCMAHOBUBUIEMCS pedcuMe — CBOWCTBO CH-
CTE€MbI B ACUMIITOTUKE TIPHU ¢ — oo.

JI714 OLIEHKH KadecTBa B MEPEXOJHOM PEKUME MCIIOJB3YIOT CTYNIEHYaTOE
BO3JICUCTBUE 4ol (f). Bu KpUBOM MEPEXOJHOrO MPOIECCAa HE 3aBUCUT OT BEJIMYH-
HBI 4; 0OBIYHO TIPHUHUMAIOT A, = 1. [Ipu 3TOM

eg()=1()—h (1), &) =—h; (1),

rachg (f) u hy (f) — NEPEXOTHBIE (byHKuHH [he () = x (HTIpUgE (f) =

=1 af@)=0 h @ upuf@E=1(@ n g() =0l

N3 npuBeeHHBIX COOTHOIIEHW BUAHO, YTO O KAYE€CTBE CUCTEMBI B Iepe-
XOJIHOM PEXHME MOXKHO CYIUTh MO TNEPEXOIHBIM (QYHKIUSAM h, (f) u h; () WIH
MEPEXOHBIM XaPAKTCPUCTUKAM.

[Tokazarenmu kadectBa. OIEHMBATH Kaye€CTBO CUCTEM M CPABHUBATH HX
MEXAy cO00i MO TEeKyHIMM OIIMOKaM U MepexoJHbIM (QyHKIusM HeyaoOHo. Ilo-
ATOMY JJISl OLIEHKH Ka4eCTBA CUCTEM MCIOJIb3YIOT YMCIIOBBIE MOKA3ATEIN, KOTOPHIC
HA3bIBAIOT NOKaA3amensiMu Kayecmea W KOTOPbIE TaK WA WHAYE ONMPEICIISIIOT Xa-
pPaKTEpHBIC CBOMCTBA OITMOOK M IIEPEXOIHBIX XapaKTECPHUCTHK.

[TokazaTenu kadyecTBa B MEPEXOJHOM PEXUME JNEIATCS HA MPSIMbIE U KOC-
BEHHBbIEC. [IpsAmbivu HA3BIBAKOTCS IMOKA3aTEIM KA4e€CTBA, KOTOPBIE OINPEHAECISIOT
HETMOCPEJICTBEHHO IO MEPEXOJHOM XapaKTEpHUCTHUKE. Bce ocTalibHbIC MOKa3aTeau
KaueCcTBa Ha3bIBAIOT KOCECHHBIMIU.

N3noxeHHbIe 3/1eCh TOHATUS U ONPEICIICHUS 111 HEMTPEPHIBHON CUCTEMBI B
PaBHOM CTENIEHU OTHOCSTCA U K UMITYJIbCHBIM CUCTEMAM.



IHoka3zaTresu KayecTBa B MEPEXOHOM pPe:KMMe U UX BbIUHMCJ/IEHHE B
cjydyae HelnmpepbIBHBIX CHCTEM.

[IpsimMble mokazaTenu kadecTBa. M3 mpsAMbIX OKa3zarenel KayecTBa Haubo-
Jiee YacTO UCIONB3YIOTCS BpeMsl PEryJIUpPOBaHUS U IEPEPETyTUPOBaHUE.

Bpemenem pecynuposanus t, Ha3pIBa€TCI MUHUMAIBFHOE BPEMS, [0 UCTEUE-
HUHU KOTOPOTro (C MOMEHTA IT0/1aYl CTYNEHYATOr0 BO3/IEUCTBUSA) OTKJIOHEHUE BBI-
XOJHOW BEJIMYMHBI OT YCTAHOBUBILIETOCS 3HAUYEHUS

HE MPEBbIIIAET HEKOTOPOM 3aJaHHOM BeMMYMHBI A. OOBIYHO NpPUHUMA-
1oT A = = (0,05+-0,1) h(e), rae h(e)— ycTaHOBHBIICECS 3HAYCHHE TEPEXOTHON
XapakTepuUCTUKH. [ onpesielieHnss BpEMEHH PETYJIUPOBaHUs £, HY>KHO IIPOBECTH
1o 00€ CTOPOHBI OT MPAMOM 4 (f) = A (c0) HA OJMHAKOBOM DPACCTOSHUH A TMPSIMBIE,
napajuiensHbie ocu adcuucce (puc. 6.2, a). Bpems peryinpoBaHus—3TO BpeMsl, KO-
I/1a TIepexoHasl XapaKTepUCTUKa B MOCIEIHUN pa3 mepecekaeT o0y U3 mpoBe-
JICHHBIX MPSMBIX.

llepepecynuposanue 0003HAYAIOT O U ONPEICISIIOT CIEAYIOIIKUM 00pa-
30M:

a)

b ,,‘“L-,__

e Daad

ey promfomt Y e

5} tm tp &
“h(t).
hm T
-
o™
bl tndany ok, Wadr_ ‘i 2
T —-7..—&;-‘.——-1-_5

[TepexoaHble XapaKTEPUCTUKH.

0 = {[hm — A (c0)]/h (c0)} 100 % 1€ s — MAKCUMAILHOE 3HAYECHHE TIEPEXOTHOM
byakuun (puc. 6.2, a). Ecniu  KpuBas MEpeXOJHOTO TMPOIecca, BBI3BAHHOTO
CTYII€HYaTbhIM * BO3MYILAIOIINUM BO3JICUCTBHUEM f (f) = 4ol (f), UMEET BHJ, MOKA3aH-
HbI Ha puc. 6.2, 6k (c0) = 0], TO MepeperyIupoOBaHUEe MOXHO OIPEICIUTh Kak
MaKCHUMAaJIbHOE OTKJIIOHCHHE h,,, BRIPAXKCHHOE B IIPOIICHTAX OT Ao:

0 = (! A)100%,.

[TocTostHHYIO A, KOTOpasi BXOJUT B OTPE/IEICHIUE BPEMEHHU PEryJIMPOBaHUS,
B OTOM Clly4a€ MOKHO BBIYHCIIMTBH, MCIIONB3YS Ao A=(0,05 -+ 0,1) A Jlopsaok mo-
CTPOEHUS MEePEXOTHON XapaKTEPUCTUKN HE 3aBHCHUT OT MECTa MPUIIOKCHHS BXOI-
HOTO Bo3nelcTBHs. [109TOMYy JMOCTAaTOYHO paccMaTpHBaTh, KaK CTPOUTCS Tepe-
XOJHAs XapaKTePUCTHUKA TIPH JCUCTBUHM  KaKOTO-THOO OJIHOTO BO3JICHCTBHUSA,
HaIrpuMep 3a4al0IIero.

Ecnu nano nuddepennmanbHoe ypaBHEHHUE CUCTEMBI

(@op" +arp™ 1+ oo+ an) x = (bop™ +b1p™ 4 ... - ba) g, m<in,

TO, TI0 OTPEIEICHUIO, TIEPEeXOaHAsT (PYHKITUS — 3TO PEIICHHUE dTOTO YpPaB-



HEHUS TIPU ¢ = 1 () M HYJIEBBIX HAYAJIbHBIX YCIOBHSIX:

x(0)=x(0)= ... =x"1(0)=0.

Pemenne yno6HO HaxoauTh ¢ momolnbio mpeobOpazoanus Jlammaca. Ilo
nuddepeHInaTbHOMY YPaBHEHHUIO WJIM CTPYKTYPHOH CXeMe HETPYJHO IOJIYYUTh
ypaBHEHHE CUCTEMBI B H300pakeHusX Jlarmaca:

X($S)=Wiz(s)G(s).

Tak kak Tpu g () = 1 () N300pakeHUE G (s) = 1/sUX (s) =

=H @) (H@E) =L{h@®)}), TO H(s) = Wy (s) /s. [lycTb H (s)=

= A (s) /B() — JApOOHO-palMoHaNbHAs (QYyHKLUS. Ecim  momrockls;,

i = 1, n, 9TOU PYHKIHUH NPOCTHIE, TO, IO U3BECTHOU TEOpEME PasIoKeHHUS,
h)= 3 e (31)

i=

TAC B’ (s;) =[dB (s)/ds] |s=s,.
Ecnu montockl s;, @ =1, ¢, Gyukiuu S (S) ABIAIOTCS KPaTHBIMHU

Y UMEIOT KPATHOCTBE; (ky + ky + ... + kg = n), TO
R, —1

q
1 . dl oA
h(t)= ~21 i 1)!sl_l’m = [(s-— Si)k;xF%e“]. (32)

Si

KocBennnsie mokazarenu kadectBa. [locTpoeHue mepexoaHOW XapaKTepu-
CTUKHU SIBJISIETCS TPYIOEMKHM TpoiieccoM. Kpome Toro, mo Heit B o0miem ciydae
TPYJHO BBISIBUTH BJIMSIHUE 3HAYEHUHN OTIETHHBIX MapaMeTPOB CUCTEMBI Ha €€ IO-
KazaTenu KadecTBa. [103TOMy HMCHONIB30BaHME MPSIMBIX MOKa3aTeNed MJisi OLICHKU
KadecTBa He Bcerja yaoOHo. [Ipsmbie mokazaTenn ocOOCHHO HEYNO0HBI, Korja na-
paMeTphl CHUCTeMBI He (PMKCUPOBAHBI U UX HY)KHO BBIOPATh TaK, 9YTOOBI YAOBIIETBO-
pPUTH 3aJlaHHBIM TPeOOBaHUSAM K €€ KadecTBy. B mociemneM ciaydae ymoOHBI KOC-
BCHHBIE TTOKA3aTeNId Ka4eCTBa, KOTOPBIC JIEIATCS Ha KOPHEBBIC, YAaCTOTHBIC U UHTE-
rpajbHBIC.

KopneBbie mokasarenu kadecTBa. KadecTBO CHCTEMBI MOYKHO pacCMaTpH-
BaTh, KOTJIa CHUCTEMa YCTOWYMBA, T. €. KOTJa BCE KOPHU XapaKTEPUCTUUYECKOTO
YpaBHEHUSI CUCTEMBI SIBJISIOTCS JICBBIMH.

K xopHEeBbIM moOKa3zaTensiM KadyecTBa OTHOCSTCS CTEMEHb YCTOMYMBOCTHU U
K0J1€0aTeTbHOCTb.

CmeneHnvio ycmouyugocmu Ha3bIBAETCS PACCTOSHUE OT MHHUMOW OCHU /O

Ima
X
i
]

k i.i..
% %

{ Re A

X I
1
i

X
K onpenenenunro creneHn yCTOUUYUBOCTH.

Oymkaitiero kopHs (puc. 6.3):
E=min |ReAy|,

rae A — KOPHHU XapaKTepUCTUYECKOrO YPaBHEHUS.



Ona xapakrtepusyer ObICTpOAEHCTBUE CHCTEMBI. [IpM mpouyux paBHBIX
YCIIOBUSIX 4eM OOJIbIle &, TeM ObICTpee 3aTyXaeT MepexXOAHbIH mpouecc. Y cTaHo-
BUTh, 00JIAIACT JIU CUCTEMA 3aJlaHHOMN CTENEHBIO YCTONYMBOCTH & o, HE BBIUUCISS
KOpHEN XapaKTepUCTUYECKOTO YpaBHEHUS, MOXKHO CJIeAyomuM obpaszom. B wuc-

XO0OHOC XapaKTCPUCTUUICCKOC YPABHCHHC
G(A)=aM+a M4 ... +a, =0

MOJICTABIISAIOT A = ¢ — & (3TO MpeoOpa3oBaHUE COOTBETCTBYET IepeMelie-
HHIO MHMMOM OCH BJIEBO Ha § o, ) ¥ MOJyYaIOT CMeweHHOe XapaKmepucmuideckoe
ypaeneHue

G(@)=G(g—E)=Aw"+ Ay + ... + 4, =0. (33)

Ecnu Bce kopHu ypaBHeHus (6.8) HaXOASATCA B JIEBOU MOIYILJIOCKOCTH (BBI-
MIOJTHSICTCSI JIJIS1 TOTO YPABHEHHUSI YCIOBUE YCTOWYUBOCTH), TO CTEMEHb YCTOMYNBO-
CTH OOJIBIIIE &; €CIIM MMEIOTCS MPaBble KOPHU, CTCTICHh YCTOMYUBOCTH MEHBIIIE Ey; B
TPAHUYHOM CITydae CTETICHb YCTOMYMBOCTH PaBHA &.

Konebamenvnocme [ onpenensercs cieayrommum oopa3om:

p=max|Ima,/Rel, |.

v

3HaueHue Y sABIsAETCS MEPOU CKIIOHHOCTH CUCTEMBI K KOJICOAHUSIM.

YacToTHhIE TOKa3aTeau KadecTBa. M3 4acTOTHBIX MoKa3zaTeneil O0OBIYHO
MCIIOJB3YIOTCSL 3amachl YCTOMYMBOCTH MO aMIUIUTYyAe U ¢aze. DTU MOKa3zaTenu
ONPENENAIOTCA M0 aMIUTUTYAHO-(a30BbIM U JIOTAPUPMUUYECKUM YaCTOTHBIM Xa-
paktepuctukaMm. [lo norapuMu4ecKuM 4YacTOTHBIM XapaKTEPUCTHUKAM 3arac
YCMOUYU8oCmu no amMnaumyoe U 3anac yCmouyugocmu no ¢hase ONpeNenstoTcs
CHEAYIOINMHU COOTHOLICHUSIMU:

AL=[201g A(0q)], v=n+¢ (o),

I7I€ 0og— YacToTa, MPU KOTOPOH CHBUT (asbl @ (g = —x%; o, —4aCTOTa
cpesa.

JIyist ompeneneHus 3armacoB YCTOWYUBOCTH IO aMIUTMTYJIHO-(a30BON Ua-
CTOTHOM XapAaKTEPUCTUKE HYKHO IPOBECTH OKPYKHOCTh €IUHUYHBIM PAIUyCOM
(puc. 6.5). 3anacel yCTOWYMBOCTH IO aMILTUTY/IE U (a3e OKA3bIBAIOT CKIIOHHOCTh
CUCTEMBI K KOJEOAHMSIM: YeM MEHBIIE 3TH MOKa3aTeIu, TeM MEIJIEHHEE 3aTyXaeT
MIEPEXOAHBINA ITPOLECC, KOTOPBIA NPU MAaJbIX 3aracax yCTOMYHUBOCTA UMEET SIBHO

BBIPAKEHHBIN KOJeOaTeIbHbIN XapaKkTep.
L)

P

Cxema i omnpesiesieHrs 3amacoB YCTOWYMBOCTHU MO JIOrapu(MUYECKOM
YaCTOTHOU XapaKTEPUCTUKE



Viw)
A4

Ny

Cxema a1 onpe/ieleHnst 3a11acoB YCTOMUMBOCTH IO aMILIUTYTHO-(Pa30BoH
YaCTOM XapaKTEPUCTUKE

WNurerpanbHble noka3arenu kadecTBa. OmmOKy CUCTEMbI MOXKHO MpeJCcTa-

BUTH B BUJIE CYMMBI:
e(t) =ey (t) + e,

I/I€en— YCTAHOBUBILASCA OINHUOKA; e, ()— TEPEXOJIHAS COCTABJISIONIAS
omuOKu. [pug ) =1 (&) If (9 = 01

oo == tlirie(t)= lim[1 () —h@®)]=1 () —h(0);

ex (t) =€ (1) — € =h (00) — I (2).

Ecnu nepexoaHas xapakTepuUCTUKA SIBISETCS MOHOTOHHOM, TO B Ka4eCTBE
YUCJIOBON XapaKTEPUCTUKHU MEPEXOTHON COCTABISAIONIEH OMMOKU MOKHO MCHOJIb-
30BaTh 3HAYEHUE 3allITPUXOBaHHOW miomaau (puc. 6.6, a),T. €. UHTe-

o

rpan/y =\ e;()dt. OueBHTHO, YEM MEHBIIE J,, TEM BHIIIE KAYECTBO CHCTEMBI.
0

[TokazaTens J, HE MOXKET CIIY’)KUTh MEPOU Ka4ue€CTBA CUCTEMBI, €CJIU €€ MEPEXOTHBIN
IPOLECC SABJIAETCS KoJieOaTeNbHbIM, TaK KakK IUIOIIAIU, PACIOJIOXKEHHbIE MO pas-
HBIE€ CTOPOHBI OT IPSMOM 7 (¢) = h (o), BEIUUTAIOTCA (pUC. 6.6, 6). IloaTOMY 00BIYHO
UCHIOJNIB3YIOTCSL K8AOpamuuHble UHmMezpaibHble nokazamenu (Keaopamuunvie UH-
mezpanvhbie OYeHKU)

G)) 5)
hit
Wby h(t)
: b=y
& R

Cxema ML OIIPCACIICHUA HMHTCIPAJIBbHBIX OLICHOK

o

Jo={ e (t) dt; (34)
0

©w

Joo=1 [eh (6) 4% (1)) dt

0
Brruucnenue KBaAPaTUYHBIX HHTCI'PAJIbBHBIX OILICHOK. Ecnux 8 —

n3o0pakenue o Jlammacy ot GyHKIHH £ () 1 BCE 0COOBIC TOUKU X (s) PACIIOJIOKCHBI
cJIeBa OT MHUMOM OCH, TO CIIPABEIJINBO PABEHCTBO
o« [
t ;
sz(t)dt,-:Q—n S]X(]m)|2doa (35)
{ —co
MIPH YCJIOBHH, YTO CJIEBa MHTErpail cxoauTtes (cymectByet). [lelicTBUTEND-
HO,

36,}8

K () dt = 5 X2 (1) €5t dlf |,mpn
Q



Hcnonb3ys popmyiy oopaTHoro npeodpaszosanus Jlamnaca

e+ oo
O =55 | X@eray,
c—joo
IMoJy4acMm
o0 e oo o0
{ewerdtlm=gg | {X @ |z e dt}dq o=
0 ¢—Teo
o g .
5‘;,_5 X“”X(s_")d""“’:%i,_s X () X (— q)da.

Ecnu Bce ocoObie Touku ¢pyHkmu X (() pacriosiokeHbl JICBEEC MHUMOW OCH,
TO, TIOJIOXKHB € = 0 U ¢ = jo, ' momyunm Gopmyiny (6.11). Mcnonb3ys cooTHOIICHHE

(6.11), nnst kKBagpPaTUYHOW MHTErPAILHOM OLIEHKH (6.9) nMeem

JO=%_§-|En(fm)12dm, (36)

rie E, (s) — n3o0paxxenue no Jlanmacy ot onmmoKH e, (f).

Ecnn E. () sBiiseTcs 1poOHO-palnoHaIbHOM (QyHKIMEN BUA
E(8)=(bos" - bis" 24 ... 4 ban)/(@0s® +ays* 1+ ... +ay),
TO OIIPEIECIICHUE TTOKA3ATENS Jo CBOAUTCS K BBIUMCIIEHUIO MHTETpAJIA

[ L 5 by (jO)"1 by (jO)* 2+ ... +byy
T on ay (j@)* +a; (jo)y* 1+ ... H-a,

do, (37)

HJIsL KOTOPOro MMCCTCA BBIPAKCHHUC, HCIIOCPCACTBCHHO CBA3BIBAIOIICC I, ¢ KO-

dppULMEeHTaM M a;, i = 0, 1, ..., n v by, k =0, 1, ..., n — 1. 1IpUBeaAEM 3TU BBIPAKEHUS
mn—1,2,3:
aas ne=1
I1=b§/(2a0a1);
Jast n=2 '
Io=(bban +blan)/(2a0m0); - { (38)
s n=23 |

I3 =[biasas + (b7 — 2bobs) apas + biasa; J[2a.a, (al.dz — 0ya3)). |
Jlns kBagpaTuyHOM MHTErpaibHOM orieHkH (6.10) ¢ moMoIbO COOTHOIIIE-
HUs (6.11) MOXKHO MOJYYUTH BBIpAXKEHUE

In=g5 {1E(o)Pdot 3 §1joE, (o) = e(@)rdo. (39)

[Toatomy eciu E(S) sBiiseTcst 1poOHO-paiMOHAIBHON (QYHKITUCH, TO U IS
BBIUMCIICHUS MTOKa3aTelist Jo1 MOXKHO MCITOJIb30BaTh popmyisl (38).



OuneHka Ka4ecTBAa HeNMPEPbIBHBIX CHCTEM B YCTAHOBUBILIEMCS PeKMMe.
Kos¢ppunuenTnl omudok.

Hawnbonee nonHo#t xapakTepuCTUKON KaueCcTBa CUCTEMbI B YCTAHOBUBILIEM-
Csl PEKUME SIBIIACTCS OITHOKA
e = lime(t)=e(f) — e, ().
{—00

Ecnm x cucteMe mpuiioKeHO J1Ba BO3JACUCTBHUS W OoJiee, TO MPHU BHIYHCIIC-
HUM OMIMOKHA YJOOHO HWCIOJB30BaTh MPHUHIUM CYMEPHO3UINH, T. €. BBIUYUCIATH
YCTaHOBUBIITUECS OIMUOKU OT KaKJIOTO BO3JCUCTBUS OTACIHHO, & 3aT€M HX CKJa-
TIBIBATh.

Koadduimentsl ommbok. YUCIOBEIME XapaKTEPUCTHKAMU KadecTBa CH-
CTEMBbI B YCTAaHOBUBIIIEMCSI PEKUME ABJISIOTCS KOddduiments! omubok. Koaddu-
[IMEHTHI OMMOOK MO 33/Ial0IIEMy BO3JICHCTBUIO ONPENEISIOTCS CIASAYIOMUM 00pa-
30M. [IpencTaBuM yCTaHOBHUBIIYIOCS ONTHOKY OT 3aalOIIEr0 BO3JACUCTBHUS B BUIE
psna

Cogrdg (t) | Cer &2 (1)
e () =Coog () + 52280 02 TE0 4 . (40)

Koaddumments ¢, i =0, 1, 2, ..., BBIYUCISIEMBIE 110 (hOpMYyTam
Coo=Weg (0), Cor=[dW g ()/ds)] 50 (41)

Ha3bIBAIOT K03 Guyuenmamu ouudox Wil Kodppuyuenmamu omudOoK no
3a0aroujemy 8030elicmsauro. AHAJIOTUIHO OINPEACNAIOTCS KOdDPUIIMEHTHI OTHO0K
10 APYTUM BO3ACHCTBUSM.

Haubosniee yacto MCmosb3yrOT MEPBLIX TpU KOIPPUIIMEHTA, U OHU UMEIOT
CIIEUUANbHbIE  HAa3BaHWA: Cg, — KOIPDuyuenm  nO3UYUOHHOU OWUOKU, Cg —
Koaghpuyuenm cxkopocmmuoi ouinuoxu, Ce— KOIDDUYyUEeHm owmudKu no yckope-
HUO.

®opMyJibl BEIBOASAT TakKUM 00pa3oMm. M3 coOTHOIICHUS
lime(f)= lirré sEg (s)

f—> 0O s

CEAYyeT, UTO YCTAHOBUBIIEHCS OIINOKEE e (f) COOTBETCTBYET M300paKECHUE
E, (s)B OKPECTHOCTH TOYKH [109TOMY s = 0.  [IPU BBIYMCIICHUH ¢; o (¢) IO U300paxke-
HUIO

Eg (s) = Weg (5) G (S)

nepesaTouHyr GyHKIUIO W,, (s) MOKHO pas3jioKuTh B psia Teitnopa
B OKPECTHOCTH HyJi. Toraa

Eg(s)=(cgo+fﬁls+9§lis2+ e )G 6,
OTKy/a, TIepexo/isl K OpUruHaiam, rnoiaydaeMm pasyoxenue (6.16), 9ro u qoka3bpiBa-
eT CIpaBeUIMBOCTb (hopmyi (41).

Cratudeckue W actaTudeckue cucteMbl. CHcCTeMa Ha3bIBAC€TCA CTaTH4e-
CKOM WM CTaTHYECKOM IO BO3ACHCTBHIO (, eciuCe 7 0.CHcTeMa Ha3bIBacTCS
aCTaTUYECKOM, €CIUCy, = 0.IIpM NMOCTOAHHOM BHEIIHEM BO3ACHCTBHMU g = g, YCTa-
HOBHBIIIasiCs omrrOKa 1o (40)

egw (1) = Ceoo, (42)
U B CTATHUYCCKHUX CUCTEMAX OHA OTJIMYHA OT HYJ'IH, a4 B aCTaTHUYECCKUX CHU-



CTeMax paBHA HYJO. Y CTAHOBUBIIASCS OIIMOKA MPHU MOCTOSIHHBIX BHENTHUX BO3-
JEHCTBUSAX Ha3bIBaeTCs cTaTHdeckol. [1oaToMy cTaTMdeckuwe u acTaTUYeCKUE CH-
CTEeMBl OOBIYHO OMNPEICISIIOTCS CICAYIONMM 00pa3oM: cucmema HA3bIBAECMCs
CMAmMu4ecKoll, eciu CmamuyecKas OuuoOKa OmiudHa om Hyas, U acmamuieckoll,
ecu cmamuieckas OwmuoKa pasHa Hyuo.

[To ompenenennto acTaTHueckass CUCTeMa 00JaIaeT acmamusmom F-2o no-
PpAoOKa, eciu nepBbie ' K03 (UIIMEHTOB OIIMOOK paBHBI HYIIHO, a (I + 1)-ii ko3¢ du-
IIUEHT OTJINYCH OT HYJIS:

Cg0=cgl= e =Cgr—1="0’ Cgrrzéo- (43)
Ecnu Cg, = 0, TO, MO ONPENENICHUIO TPOU3BOJHOM,
Coy = lim Vee O =Wog O _ 1y Ves ©)
€ s 0 s—0 s 0 s
Ecin Cgy = Coy = ... = Cgry = 0, TO MOXKHO IIOKA3aTh, UTO

Cu=1im e @ 51 9 . 1 (44)

§—0

OOBIYHO OBIBAa€T JOCTATOYHO BBIYMCIHTH TOJIBKO MEPBBIM OTIUYHBIA OT
HyJId K03pduureHT omubok. B 3TuX ciiydasx cieayer moiab30BaThCsl COOTHOIIIE-
HusMu (6.20), Tak kak OHU HamMHOTO npoiie Gopmy (6.17) (He TpeOyeTcst BbIUUC-
JSITh TPOU3BOAHBIX ).

IIpumep 6.5. [Tyctb nepenatounas (yHKUHUS PA30MKHYTOM CHCTEMBI
W () = k/s(s+ 1). [lepematounas (GpyHKIUS 3aMKHYTOH CHCTEMBI

Weg ()=1/[1+W ()] =5 (s+ 1)/[s (s 1) + &}

KoagdpuimeHT Mmo3uIuoHHON OIMOKHU ¢, = Weg (0) =0, KoadduimeHt cko-
POCTHOM OIIMOKH.
Weg ()

S

Cgl = lim

s—0

B acratnyeckol cucreMe, UMEOIIEH acTaTU3M [-TO TOPSAAKA, IIEPBBIA OT-
JUYHBIA OT Hyns Ko3h@uimeHT omuboK C,, = rl/k. Ecnm 3anaroimiee Bo3aeil-
CTBHE g, = A;t, TO ommbka [0 (6.16)Je, () = = Ceodil + Cpdi B CTATMYECKOM CH-
cTeMe OecKOoHEeuHO Bo3pacrtaer. [loaTomy crathueckass CUCTEMa HENpUroaHa JJist
BOCHPOU3BEACHUS JIMHEMHO HM3MEHSIOUIErocs 3aJaroiiero Bo3aeicTus. Kak He-
TPYAHO MOKa3aTh, €CJIU 33JAI0IIEC BO3ICUCTBUE SIBISAECTCS MOJUHOMOM, TO YCTaHO-
BUBIIASICS OIIMOKA KOHEYHA, €CJIM MOPSJOK acTaTh3Ma CHUCTEMbl PaBEH MOPSIKY
MOJIMHOMA, ¥ paBHA HYJIIO, €CJIM MOPSIIOK acTaTh3Ma OOJIbIIE MOPsIKa MOJIMHOMA.

Crpyktypa actaThyeckol cuctembl. Tak Kkak mepenatoyHas (GyHKIUS
OLIUOKH OT 3aJar0IIEro BO3ACHCTBUSL W,, () = 1/[1 + W (s)],

TO KOO(Q(QUIMEHT MNOZMIMOHHOM OMMUOKH Cgy = W, (0) = 0, €CIIH

W (0) = oo, T. €. mepemaTtouHas (YHKIHS Pa30MKHYTOW CHCTEMbI UMe-

€T BU/JI

=|/k.

W (s) = (k/s*) W, (s), (45)

raevz=1, W, 0) = 1.
HNnaue: cucrema sBISIETCS aCTaTUYECKOM 10 3aJal0LIEMY BO3JICUCTBUIO B
TOM clTydae, €CJIM OHa COJACPKUT UHTEerpupytoiiee 38eHo. Cucrema o0JagaeT acra-
TU3MOM [-TO MOPSJIKA, TOJHKO B TOM Cilydae, Korjaa rnepeaaroyHast GyHKIUsS pa3o-
MKHYTOH cucTeMbl uMeeT BUJ (6.21) uv = r.J[pyrumu ciioBamu, cuctema o01aaaet
aCTaTU3MOM r-ro MIOPSAZIKA, €CIIM OHA COJEPIKUT r TTOCIECIOBATEILHO COCIUHEHHBIX



UHTETPUPYIOIIUX 3BEHBEB.

IIpumeuanue. Bpllle NOPUHUMAIOCh, YTO W, () = lA1+ W (9]. DTO cmpa-
BEJJIMBO, €CJIM 3aJalolllee BO3CHCTBUE IMOJACTCS TOJBKO Ha CpPaBHHUBAIOIIECE
ycTpoicTBo. Ecnu 3aparoniee Bo3eicTBUE MOAACTCS U HA APYrod dJIeMeHT (puc.

6.7), To yka3zaHHasi (hopMyJia HEBEpHa:

_ (W W)Wy 1 —W,W,
Wogm | — W=l =m0t = 0

PaccmoTtpum, Korjga cuctema SIBJISIETCSl aCTaTUYECKOM MO BO3MYIIAIOIIEMY
Bo3jaeiicTBuiO. [lepenarounas QyHKIMS OMIMOKHA OT BO3MYIICHHUS 3aMKHYTON CH-
cTeMsl (puc. 6.8)

W =Wa/(14 W, Wo) = 1/[(1/ W)+ W]
Kosddumment mnozummonHoit ommoku C;, = Wi (0) =0, ecnu
W, (0) = oo. [locnennee BO3MOXKHO, €CIM  IIepeAaTOYHAS (byHKuI/I;I
MMECT BHJI

W\ (8) = (k/s") W10 (s),
rpev =1, W, 0©0) =1

[TepBbie m K03(PGUIMEHTOB OIMIMOOK OT BO3MYIICHHUS PaBHBI HYJIO B TOM
CJIy4dae, €CJIU B MOCJIEAHEM BBIPAKECHUUV = .

Takum oOpaszoM, cucmema sensemcs acmamuyeckou no 803MYUWEHUIO U
obnadaem acmamuzmom r-20 NOPsOKa 8 MOM Clyyae, eciu r NOC1e008aAMmenNbHO CO-
€OUHEHHBIX UHMEeSPUPYIOUUX 36EHbES BKIIIOUEHbL MeHCOY CDABHUBAIOWUM 36EHOM U
MOYKOU NPUTIOHCEHUSL BOZMYUCHUSL.

[Ipumep 6.6. Haiinem ycTaHOBHBIIYIOCS OLIMOKY cuUcTeMBI (puc. 6.8) mpu
CIIEAYIOIMX UCXOIHBIX JaHHBIX: W, = 10, Wy, = ls(s + 1), g=at, f= b,

[lepenatounbie PyHKIIUU OLINOOK:
Weg(8)=g-ss—_(ﬁi;~l_l%—1? Wef(5)=—fo(s)=7(;:1l)—_HU-
KoaddurmenTs! ommbok:

W == W1W2.

Cocrapistonme YCTaHOBUBIICHCS OMTUOKHM:
egoo=Coattl + Cora=0/10, ege=—(1/10) .

VYcranoBuBIIasgCcsa ommmoOKa

ew=egm+e,m=(a—-b) 100

Wy

g e W, X W, X

Cxema mj1s onipeiesieHus iepeaTOYHON (PYHKIIMKM OTITMOKH 110 3aal0IIeMy
BO31CHCTBHIO.

g f
-—»(?)—»e Wy b Wy kg2

CprKTypHaﬁ cxema (k npumepy 6.7)




OuneHka Ka4ecTBa HellPepPbIBHbIX CHCTEM NPH CJOYyYaAMHBIX
BO3/1€MiCTBUAX.

VYcaoBumces ciydailHble MPOIECCHl (Cay4yalHble (PyHKIMU BpeMEHH) 000-
3HAYaTh MPOMUCHBIMU OYKBaMHM, a UX Pealu3alid — COOTBETCTBYIOIIMMHU CTPOY-
HeIMU OykBamu. Eclii BHEIIHHE BO3JACHCTBUS SABJSIOTCS CIyYalHBIMU IPOIIECCa-
MH, TO OIIMOKA E (f) = X° (1) — X (2), ONpeJienseMast Kak pa3sHOCTh MEKLy 3a/IaHHBIM
(HEBO3MYIIICHHBIM) X° (/) U (PAKTHUYECKUM (BO3MYILICHHBIM) JIBHIKCHUSIMH, SBIISCTCS
TaKXe CIyYalHbIM IMpoleccoM. [103ToMy /Ui OLIGHKH KayecTBa (TOYHOCTH) CH-
CTEMBbI IIPH CIIyYaHHBIX BO3JCHCTBUSAX HUCIOJIB3YIOTCS CIICAYIONINE XapaKTEePUCTH-
KH ciydaiHoro nporecca E (t):

me~ME, o,—=V'D,, (46)
rne M — omnepanus MaTeMaTHYeCKOTO OXKHIAHUS; D, — JHUCIICPCHSL.

Cpennee 3HaueHHE (MaTeMaTHYECKOE OXKUIAHUE) m, HA3bIBACTCS CHUCTE-
MaTHYECKOW OIIMMOKOM, CpeIHEKBAAPATHUCCKOE OTKIOHCHHE g,— CPEIHCKBaIpa-
TUYECKOU OIIUOKOM.

Ecnu x cucteme NMpuIOKEHO HECKOJBKO BO3JCHCTBHM, TO CHCTEMaTHYe-
CKasi OIIMOKa BCErJa paBHA CyMME OIIMOOK OT Ka)KJI0TO BO3JEHCTBHS OTACIBHO, a
JUCIIEPCHs OIMOOK (He CpeaHEeKBaApaTHUCCKas OIIMOKa) paBHA CYMME JTUCIICPCHI
OIIMOOK OT Ka)JIOTO BO3CHCTBUS OTICIBHO, C€CIIM BO3JICHCTBUSA HE3aBUCUMBI HITH
HE KOPPEITMPOBAHHBI MEXTy COOOM.

PaccMoTpuM, Kak ONpEeeIstoTCsl CUCTEeMAaTHYeCKast OIMOKa U JAUCIIECPCHs
omuOKu (CpeaHeKBagpaTUUYECKasi OMMOKa) OT KaKOTO-TM0O0 OJTHOTO BO3JICUCTBUS,
Hanpumep 3aaaromero Bosaeiicteus G (t).

OmnpenencHre OMMUOOK B MEPEXOIHOM pEKMMe. ECIM Ha BXOM CHCTEMBI

nojaetcs peaiausamus g (t), To ommobka
!

e(t)={w,(t— ) g(r)dr.

0
Tak kak ciry4allHBIN MPOLECC MOKHO NPEACTABUTHh KAK COBOKYITHOCTh pea-
JM3aIUi, To, MOACTaBUB B 3T0 BeIpakeHue G (t) BMecro ¢ (t), moayunm

4

E (%) _—_§ Wee (t — ) G (1) dv. (47)

Hcnonb3yst 3TO COOTHOUIEHHE, JJIsl CUCTEMaTHYECKOW OIIMOKH, KOppems-
UOHHOW (PYHKIIMU U TUCTIEPCUU TIOJTyUaeM:

m, (t) = S Wee (t —1) me (T) dr; (47)
0

+

Ret, t)={{we (t —D) wee (' —=T) R, (v, v) dvdr’; (48)
0

t
{
. ot t
D, (t)=R.(t, )=({wee (t —v) W, (t —T) R, (v, v)drdv, (49)
90

Tlemg (t) u Rg (v, T) — MATEMATUYECKOE OXKHMIAHUE U KOPPEIALMOH-

Hast QYHKIMS BXOJHOTO BO3JEHCTBUS.

N3 (6.26) cnemyet, 4TO A ONpPEACNICHUS ITUCIIEPCUU OIIMOKH HEeJ0CTa-
TOYHO 3HAHHUA JAUCIIEPCUH BXOJHOTO CUTHAJA, HEOOXOJUMO 3HATh €T0 KOPpEsIiu-
oHHYIO (pyHKIHIO. ECM BXOHOM CUTHAJ CTaIlMOHAPHBIN, TO



Ry(t, U')=Ry(v—1).
[Ipumep 6.7. PaccmoTpum cucremy, NpeACTaBICHHYIO Ha puc. 6.8.
HYCTI) W,= 2, W, = 0,5/s, ms= my (my= const), Ry=ee™ITl.
TpeOyeTcss ompenenuTh CHCTEMAaTHYECKYI0 M  CPEIHEKBAIPAaTHUYCCKYIO
OIIMOKH OT BO3MYIIICHHMS.
[lepenaTounas GyHKIUSA OMIHOKH OT BO3MYILCHHS W, = —Wy/(1 + W,W,) =
=-0,5/(1 + s), oTKyna 11 BecoBoi PpyHKIUM 10 (6.6) momydaeM Wes (t) = —0,5¢™,

CucremMarTuueckas ommoKa
{
My = _S 0,5~y dt =— mq (1 —e~),
- 0
Hucnepcns
it
D,= S § 0,250t =Dt =TV=1T—T"| gor g,
0

Pa3o0beM BHYTpEeHHMII UHTErpal Ha ABa MHTErpajia: MPOU3BEAEM UHTETPU-
POBaHHUE M0+ OTACIBHO HA HHTEPBANAX [0, 7l « [r, 7. Ha mepBoM nHTEpBaANe v < v n
1T Vl=¢"—%) | Ha BTOPOM MHTEPBANET =1u T~ =~ [lo3TOMY

Tt !
D,==0,26¢% g [S FHVe T =T gy 4 S FHTe T —T) dr’:I X
010 T

X dt=0,25 (0,5 —te-* —0,5¢%), o,=V 0,25 (0,5 te-2 —0,5e-21).

Kak ciemyer u3 paccMOTpEHHOTO IpUMepa, P NO1a4e HAa BXOJI JUHEUHOU
CTAIlMOHAPHOMN CHUCTEMBI CTAIMOHAPHOTO CIYy4YaifHOTO MpoIiecca Mpoiecc Ha BBIXO-
7ie B MEPEXOJHOM pEeXHME He SIBJIETCsS CTalloHapHbIM. [IpencraBum BXoJHOE
Bo3JIeHicTBUE B BUIE CyMMBI G (t) = mg (t) + G (0> "JI° cityuaiiHas cocTaBiIsOIas

G(t)=G(t)y—my(f), MG (#)=0. (6.27) Kak cienyer u3 cootHoreHus (6.24),
Ha CUCTEMATUYECKYIO OIIHOKY
cIydaiiHas COCTABISIOMAs G (f) HE BIMSAET U TIPH €€ BEIYHCICHUH
MOXHO CUHTATh, YTO HA CHCTEMY JEHCTBYET TOJIBKO JETCPMUHUPOBAHHOEC
BO3JCUCTBUE m, (1).
Ipumep 6.8. Ilycte nepenarouHass (yHKUHMS PA30MKHYTOH CHCTEMBI
W (s)=k/s u maTemaTnueckoe OKHIAAHHE 3aJAIOIIETO BO3ACHCTBUS m, = m, = const,
TpeOyeTcst onpenenuTh CHCTEMAaTHIYECKYIO OINOKY.
[Tepenatounas GyHKIMS OUTMOKY OT 33AI0IIETO BO3/ICHCTBHS
Weg (9= 1/[1+W ()] =s/(s+4).

N300pakeHne cCHCTEeMAaTHYEeCKOM OIITMOKHU
L{m,}=W,g (s) L {mg}=mo/(s+&).

ITo Teopeme paznoxenus (6.6),
Tg == mge~ kL,

Omnpenenenue omubOK B ycTaHOBUBIIEMCs pexume. Kormga paccmartpuBa-
€TCsl YCTAaHOBUBIIUICS MPOIIECC, MOKHO MPUHATH, YTO BXOJHOE BO3CHCTBUE MPHU-
KJIabIBACTC B MOMEHT ¢ = —oo. [I03TOMY cooTHOIIeHHE (6.23) B 3TOM ciaydae
UMeEeT BU]T

!

E@)= S Weg (t —7) G (1) dr,

-0

HNJIN I10CJIC 3aMCHBI HepeMeHHOfI E=t—1
E(t) ={ w., ()Gt —E) dt. (50)

0



[Ipu BRIYMCIEHUH CUCTEMAaTUYECKON OLUIMOKU B YCTAHOBUBILIEMCS PEXHUME,

KaK U B ICTEPMUHUPOBAHHOM CITydae, MOKHO BOCIIONB30BAThCS Pa3/IOKCHHEM
m, () = Y f Loe @,
=0

r7ie C g — KOIPPUIIMEHTHI OLITHOOK.

PaccMoTpuM, Kak BBIYUCIISETCS CpEeHEKBaApaTHYecKas omnudKka B yCTaHO-
BUBIIEMCS PEXKUME, KOTJa BXOJHOE BO3/JCHUCTBUE SBISETCS CTAIlMOHAPHBIM CIIy-
qalHBIM TporieccoM. [lokaxkem mpesk/ie BCEro, 4To B 3TOM Cliydyae MpoIecc Ha BbI-
XOJI€ ABIISICTCS CTAI[HIOHAPHBIM, T. €. €CIIM XapaKTEePUCTHKH BXOIHOTO BO3JCHCTBUSA

mg = constUR, (£, t +1) = = R, (1) , TO B  YCTaHOBUBIIEMCS  PCKH-
R, (7).

Mem, = constu R, (¢, t + 1) =
CucremMatnueckass ommuOKa (MaTeMaTHYECKOE OXKUJIAHHE OIITHOKH)
m, (t) = Cgymg = const,
ITo onpenenenuto, KOppensaMmoHHas GyHKIHS OMHUOKH
Re(t, t4+7) =M[E@®), E¢t+v)], (51)
rae no (6.27) u (6.28) nonyyaem

Et)=E(t)—m, ()= weg &) G(t —F) . (52)
0

[ToncraBus (6.30) B (6.29) 1 MOMEHSIB MECTaMU OIEepallii MaTEMaTUYECKO-
r'0 OKUJIAHUSI 1 THTETPUPOBAHUS, TIOJTYUUM

Rety 140 =1 | w0 &) weg @) M{G ¢ ~E) Gt 7o)} bty =

0
= § § Wog (§1) Weg (B2) R, (T &1 — &) dEy dEy = R, ().

Takum o0pa3om, IEHCTBUTEIILHO ONTHOKA B YCTAHOBUBIIIEMCS Pi-)KUME TIPU
CTAallMOHAPHOM CJIYYallHOM BO3JECHCTBUM SABJSETCS CTAllMOHAPHBIM CIyYailHBIM
npoueccom. [loaTomy Kak OHY U3 €€ XapAKTEPUCTUK MOKHO MCMOJIb30BaTh CIEK-
TPaAJIbHYIO TJIOTHOCTb. CnekmpanbHOU NI0OMHOCMbIO S, (©) CTALIMOHAPHOTO ClTydai-
Horo mporecca E (t) HaspiBaeTcst IByCTOpOHHee mpeodpa3zoBanue Dypbe OT ero
KOPPEISLUOHHON (PYHKITUU:

Se(0) = §° R, (v)e*" dr. 7 (53)

—00

Koppensimonnas QpyHKIUsI CTallMOHAPHOTO CIYYalHOTO IMpoIiecca Mo ero
CIEKTPATHHON TUIOTHOCTH OTMPEIEISETCS C TTIOMOIIBI0 00paTHOTO MPpeoOpa3oBaHUS
Dypse:

R, (1) =5 S’ose (@) &% do. (54)
IToxncrasus B (6.31) -
Rg (v 45 —B) = o §Sg (©) el T +8—) dg
Y IOMEHSB HOp}II[Z)O;SOI/IHTerI/Ip?OBaHI/IH, HOJIyYHM

Re (T) = ?lﬂ.‘t S‘ Sg ((‘)) e/t [§ weg (gl) ei&)%t d§1 S weg (gz) e 0% dgﬁl do.
—0 . 0 ;

Tak xak ~
[s0]

=23

S Weg (El) elo% dEl - Weg (_' jw), S weg (52) e 1% d§2 = Weg (j(’))o
0

!



TO

oo

Re@ =gz | 1Wegljo) P S, (@) ¢ do. (55)

—c0

N3 (6.34) nns qucriepcun ONTMOKH MOJTydaeM

De=R.(Q) =55 | 1Wee (j0) Sy () do. (56)

o

CpaBHUBas NOABIHTETPAJIBLHBIE BBIPAXKEHUS B IMPABBIX YACTAX COOTHOIIIE-
Hui (6.33) u(6.34), monydaem

Se (@) =| W g (j0) ! Sg (@), (57)

TIEW,, (jo)— YaCTOTHAS NEPEAATOYHAS QYHKIHUS CUCTEMBI.

Ota QopMyna BBIpaKACT CBSI3b MEXKAY CIEKTPAIBHBIMU IIOTHOCTSIMH
BXOJIHOW U BBIXOJIHOW BEJIWYMH JIMHEMHON CHUCTEMBI. ECIM MOABIHTErpaIbHOE BhI-
paxenue B (6.35), T. e. cHOEKTpajdbHas IUIOTHOCTh, SBJISIETCA APOOHO-
panuoHaIbHOM (DYHKLIMEW, TO, MPEACTABUB €€ B BUJIE

Se (@)= A (jo)/B (jo) #,
rae A (S) u B (S) — TOJUHOMBI, PU BBIYUCIICHUH JUCTICPCHU MOYKHO HCITOJIB30-
BaTh cooTHOIIeHUE (6.14).

CHCKTpaHBHaH IUIOTHOCTB OIIHUOKH OT 3aJaromero BOSHCﬁCTBHH
Set ©=| T a3 | (ora ™
T (jo)?+je :
T (joP+(aT +1) (jo)2+(k+-a) jo+ka
HI/ICHCpCI/ISI OIIMOKU OT 3aJaroIIero BOSIIGﬁCTBHSI
Deog =20l 3 =20 [b3azas - (b} = 2boby) ayaz - b3aod [/[2a0@s (@38 — aoas)],

200¢

X

THCay, =T, ay=aT+ 1, ap=k-+a, ag=ka, by=T, by =1, by = 0.

ITociie MOACTAaHOBKM OTUX 3HAYCHUH TIOJIYYAEMD,, = [T (k- a) + 1)/(e2T +
+o+ k).

CpenHexkBajpaTuueckas OIIMOKa

o=V Dor+ Deg =V NE/Z+a [T EFe) + 1T T + a4 A

eciu nepeaaTouHast GyHKIUS Pa30MKHYTOM CUCTEMBI UMEET BUJ

W* (2) =[k/(z— 1)1 W5 (2),

raev=1, Wi() = 1.

Tak kak Z;{1/s} = z/(z — 1), TO nepeaarouHasi PyHKIMS Pa3OMKHYTOU CHUCTe-
MBI UMEET yKa3aHHBIH BUJI, €CJIU HEMpPEPhIBHAS YaCTh COACPKUT UHTETPUPYIOILINE
3BeHbs. [Ipu 3TOM eciu cucTemMa COCTOUT TOJIBKO U3 UMITYJIbCHOTO DJIEMEHTA U He-
MPEPHIBHON YacTH, TO €€ MOPAJIOK acTaTU3Ma COBMAJAET C YHUCIOM HUHTETPUPYIO-
IIMX 3BEHbEB B HEMpepbIBHOW yacTu. Korma cucrteMa coaepKuT TakKe JTHCKPET-
HBIN (QUIBTP, TO, OYEBUIHO, €€ MOPSI0K acTaTU3Ma IOBBIIIASTCS, €CIIH z = 1 SBIIS-
€TCs TIOJIFOCOM KPAaTHOCTH p TIEPEIaTOYHON (DYHKIIUH TUCKPETHOTO QUIBTpA.

MeToabl CHHTE3a HEIIPEPBIBHBIX CUCTEM.

Cucrema aBTOMaTUYECKOTO YNPaBJICHUS, KaK U3BECTHO, COCTOUT U3 00BEK-
Ta ynpasieHus OV U ynpaBisiomero yCTpoicTBa, KOTOPOE BKIIOYAET PETyIIATOp
P (puc. 6.11). 3amaya cuHTE3a CUCTEMBI aBTOMATUYECKOIO YINPABIEHUSA,  WIH



YIPaBIIAIOLIEr0 YCTPOUCTBA (PErysTopa), CTABUTCS CIEAYIOLUIMM 00pa3oM.

—»?—»g‘ i uay-f

Cxema 11 TOCTAaHOBKM 3aJa4d CHHTE3a CHUCTEMbl aBTOMATHYECKOTO
yIpaBJICHUS

[Ipu 3agaHHOM 00BEKTE yIpaBieHUSI TPeOyeTCsl CUHTE3UPOBaTh (ITOCTPO-
UTh) TAKOE YIPaBJISIONIEEe YCTPONCTBO, IPU KOTOPOM CHCTEMA yJIOBIETBOPSET 3a-
JTAHHBIM TPeOOBaHUSIM K €€ KayecTBY. TpeOoBaHUS K KAa4eCTBY CHCTEMbI MOTYT
YTOUYHSATHCS B MPOIECCE CUHTE3A.

Bo03MOXHBI /1B€ pa3iiMyHble MMOCTAHOBKU 3aJa4yd CHHTE3a: 1) CTpyKTypa
YIPABIISIIOLIETO YCTPOMCTBA (PErysiTOpa) U, CIEAOBATENbHO, CTPYKTYpa CUCTEMBI
3aJlaHbl; HEOOXOAMMO, UCXOI U3 3aJaHHBIX TPEOOBaHUW K CUCTEME, ONPEIEIUTh
napameTpbl YIPABISIIONIETO YCTPOMCTBA WIIM IMapaMeTpbl U KOPPEKTHPYIOIEe
YCTPOMCTBO; 2) CTPYKTypa CUCTEMBI HE 3a7jaHa U HAJ0 CUHTE3UPOBATh YIPaBJISAIO-
iee yCTPOMCTBO (€T0 CTPYKTYPY M MapaMeTpbl), 0OeCrieunBarolee 3ajlanHble Tpe-
OoBaHMs K KauecTBY cucTeMbl. Hibke paccmaTpuBaeTcsi 3ajladya CUHTE3a TOJIBKO B
IIEPBOI OCTAHOBKE.

3aKoHBI YIIpaBICHUS. 3aKoHOM ynpasieHus Ha3bIBaeTCs (PyHKIMOHAIbHAS
3aBUCUMOCTH BBIXOJIHOM BEJIMYMHBI YIPABIISIIONIETO YCTPOMCTBA (perymisTopa) oT
€ro BXOJHOW BEJIUYMHBI, COCTaBJIEHHAsl 0€3 yueTa JMHAMHYECKHUX 3ara3/IblBaHUM
AJIEMEHTOB YIPABIISIIOLIEr0 yCTpolcTBa. MHaUe: 3aKOHOM yIpaBJeHUs Ha3bIBACTCS
GbyHKIIMOHATBHAS 3aBUCUMOCTbh, KOTOPYIO MOKHO PEajii30BaTh C MOMOIIBIO HIE-
aJIbHBIX 3JIEMEHTOB MJIM KOTOpas COCTaBlieHa 0€3 yueTa pealibHbIX XapaKTepUCTUK
AJIIEMEHTOB YIPABJISIOLIErO YCTPONCTBA.

B npoMBIIINIEHHBIX PETYISATOPAX MCHOJB3YIOTCS CIENYIOLUIUME TUIIOBBIE 3a-
KOHBI yIIPaBJICHUS.

[IponopuMOHAIBHBIN 3aKOH: u = ke. 311€Chb u — BBIXOJHAs BEJIWYMHA,
e —BXOJ[HAas BEJIMUMHA PETYJIsiTOpa (puUc).

Perynarop ¢ TakuM 3aKOHOM YIIPABJIEHUS HA3BIBAETCS NPONOPYUOHATILHBIM
peeynsimopom Wnu I1l-pezynsamoponm.

[IponoprmonanbHo-Aub HEepEeHITNATBHBIN 3aK0H: 4 = (ky + kiple. Perymnstop
C TaKuM 3aKOHOM yIpaBJICHUS Ha3bIBAETCS NPONOPYUOHATLHO-
oughghepenyuanvuvivm pezynramopom unu I1/{-pezynsimopom.

[IponopuroHaNbHO-UHTETPAIBHBIN 3aKOH: « = (ks + ky/ple. Perymnsarop ¢ ta-
KHM 3aKOHOM YIPaBJIEHUS Ha3bIBACTCS MPONOPYUOHANbHO-UHMESPATbHLIM pel)-
aamopom unu IIH-pezynsa-mopom.

[IponoprmonanbHO-uHTErpoANQ HepeHIn-anbHBINA 3aKOH:
u = (ko + kyp + ky/p)le. PETyIATOp C TAKUM 3aKOHOM YIPABJIEHHS HA3BIBAECTCS NpoO-
HOPYUOHANTbHO-UHMEe2POOUppepenyuanrbHbim pez2ynsimopom unu zne

peayaamopom. 3aKOH YIPABJICHUS WIM THI PEryJATOpa BBIOMPAETCS C y4ETOM
BO3MOYKHOCTH OOECIEYEeHHs] YCTOMUMBOCTUA W 3aJaHHBIX TPEOOBaHMI K KauyeCTBY
CUCTEMBI.

Cunre3 mapameTpoB cuctembl. Eciiu Tun perynaropa BeIOpaH, TO 3ajada



CUHTE3a YIPABJISIOIIEr0 YCTPOMCTBA CBOJUTCSA K ONPENEIECHUIO €r0 MapaMeTpoB.
OObIyHO 3a1al0TCsl TPEOOBAHUS K KAYECTBY CHUCTEMBbI OT/IEIBHO B MEPEXOJHOM H
yCTaHOBHUBLIEMCS pexuMax. [[03ToMy 4acTe mapameTpoB MOYKHO OIPEIETUTh U3
yclioBUsI 00ecTieueHus 3aJJaHHON TOYHOCTU B YCTAHOBHUBIIEMCSI PEXUME, OCTaNIb-
HbIE MapaMeTpbl — U3 YCJIOBHs 00ECreyeHus ONTUMYMa HEKOTOPOro MoKa3aTens
KAaueCTBa B IIEPEXOJHOM PEKHUME.

CBOMCTBO CUCTEMBI OTHOCUTEIIBHO YIIPABISIFOLIETO BO3JICHCTBUSA B YCTAHO-
BUBILIEMCSI PEKHME OJIHO3HAYHO OMPEIENSETCS MOPSAKOM acTaTU3Ma M Iepena-
TOYHBIM KOA(P(UIIMEHTOM Pa30MKHYTOW CHCTEMBI, 3TO XK€ OTHOCHUTEIHLHO BO3MY-
IICHUST — TOPSJIKOM acTaTh3Ma M MepeaTOYHbIM KOd((OUIIMEHTOM 3BEHA, BKITIO-
YEHHOI'0 MEXK/Iy CPAaBHUBAIOIIUM 3BEHOM U CyMMAaTOpPOM, K KOTOPOMY MPHUIIOKEHO
BO3MYyLIeHUE. B KauecTBe mokazarens, ONpeAeIIOIero CBOMCTBO CUCTEMBI B IIe-
PEXOJIHOM PEXUME, YacCTO MCIOJIb3YIOT KBaJpaTUYHYIO WHTETPaJIbHYIO OIICHKY.
[TapameTpbl ONpeAeNsitoT U3 YyCIOBUS MUHUMYyMa 3TOro mnokaszatens. [lpu stom,
TaK KaK yKa3aHHBIA MOKA3aTelb JIETKO BBHIYHMCIIAECTCS U BBIPAXKAETCA B BHUJIE OOBIU-
HOM (DYHKIIMM OT MapaMeTpPOB PETYIATOPa, 3a/1aya CUHTE3a CBOJUTCS K 3ajlaye Ma-
TEMaTUYECKOr0 MPOrpaMMHUPOBaHUS (3a7au€ Ha YCJIOBHBIA AKCTPEMYM (YHKIIUU
HECKOJIbKUX MTEPEMEHHBIX ).

[Tpumep. Ilyctes nepenaroynast GyHKIHUS Pa30MKHYTON CUCTEMBI W (s =

/(S + 2Es + 1).

Haiinem mapamerp & U3 yCcnoBHs MUHAMYMa KBaJpPaTUYHOW MHTErPAIBHOU
OLICHKH J, TIEPEXOIHON COCTaBJISIIOIIEH OIMMOKHU OT 3aAaroiiero Bo3aeicTaus. Kak
nokazano (cM. mpumep 6.4), roKazarensb J, = (1 + §/(168. Halimem MuHm-
MYM J,TIO & IPUE = 0:

dJo/dt =282 —1/(1682) =0, =V2.

[Ipumep 6.14. Ilyctb mnepepatouHas (QyHKUMS OOBEKTa  yIpaBlie-
HUAW, () = = I/s(s + ) 1 BBIOpaH [I-perymstop:(cM. W, (s = & puc. 6.11). Ilapametp

MO>XHO M3MEHSThH B CIEIYIONINX MPEeax:d < k < 100. Tpedyercs BoIOpaTh
TaKoe 3HAYCHUE MapaMmeTpa lyg, MPU KOTOPOM YCTAHOBHUBIIASCS OIIMOKA €4, MPHU
3anarorieM Bo3aeicTBuu g= St menslIie 0,1 (¢, < 0,)) 1 KBalpaTUYHAS UHTETPaIbHAS
OIICHKaJ, MPUHUMAET MUHUMAJILHOE 3HAaYCHUE.

Ilepenatounass GYHKIUS OIIMOKH W, () = s (s -+ /s (s -+ 1) + &). Koadduu-
CHTBI OIMHUOOK Cgo=0, Cgy= 1/ky. OIINOKAey, = Cpidg/dt = 5/k, < 0,1, CCITUk, == 50.

Tak KaK Cpo=0, 10 e5 (H=-e(f. [loO3TOMY En () = E (8) = W,e (5)/s =

(s + 1)/(s® + s+ k). I3 cootHOmCHUM (6.14) 45 = 1, = (5 + 1)/(2ky) =

1, - 1/(2hy).

OdyeBugHO, peleHneM 3a7ayu OyleT MaKCMMalbHO BO3MOXHOE 3Ha-
YEHUE T. €.k = 100. kor

Korga Ha cucremy OEHCTBYIOT CilyyalHbIE BO3AEMCTBHs, TO 4acTO Iapa-
METpPBI PETYISATOPA BHIOMPAIOTCS U3 YCIOBHS MUHUMYyMa CPEJIHE-KBaApaTUIeCKON
OIMMOKKA B yCTaHOBUBIIEMCS pexume. [Ipu 3ToM, Tak Kak CpelHEeKBagpaThudecKast
OIMOKa JIETKO BBIYUCIISIETCS U BBIPAXKACTCS B BUJE OOBIUYHON (DYHKIIMH OT Tapa-
METPOB PETyJIATOPA, 3a/1a4a

CUHTE3a U B 3TOM CJIy4yae CBOJAUTCSA K 3a/lady€ MaTeMaTHYECKOro Iporpam-
MHUPOBAHMUS.



Ipumep 6.15. Ilycte mepenatouHass (yHKIUS Pa3OMKHYTOM CHCTEMBI
(eM. puc. 6.9)w =

= k/s (s + 1), 3amaromee BO3NENCTBUE ()= 5,BO3MYIIAIONIEE — CTALMO-
HapHbll MF (f) = 0, Rt (t) = N§ f‘c) OCIBIN MIyM:

Tpebyercs onpenenuTh Takoe 3HAUYEHUE MEPENAaTOUYHOro KOdPPUIUEHTa,
IpU KOTOPOM B YCTAHOBHUBIIEMCS PEXHME CHCTEMaTHYeCKas OLIMOKa m,<0,1 1
CpeIHEKBaJpaTHyecKas OMMOKa, WU JAUCIIepcusi, OMMUOKH MUHUMabHA. Kak 1mo-
Ka3aHo B nmpumepe 6.9, m, =

= B/k, D, = Nk/2.

YcaoBuem, <0,10yIeT BBITIOJIHEHO, €CIH k=50. Jl[ucnepcus OmmmoOKd ¢ Po-
crom Kk Bospacraer. ITosTomy pemenuem 3anaun ssisercs £ == 50.

a)

Wage Wy
8) f 2
WMI WMZ B
Woa|
8) f 2
Wm WMZ
| Woo

CXxeMBbl BKIIFOUECHHSI KOPPEKTUPYIOLIUX 3BEHHEB

CuHTe3 KOppeKTUpYIOUUX 3BeHbeB. [Ipu QukcupoBaHHON CTPYKType CH-
CTEMBI (TUIl PETyJATOpa BbIOpaH) HE BCErla yAaeTcsi 00eCIeunTh 3aJaHHbIe Tpe-
OOBaHUS K €€ KauyecTBY TOJIbKO BHIOOPOM MapaMeTpoB peryisiropa. B takux ciy-
YasiX BO3HUKAET HEOOXOAMMOCTb M3MEHEHMsI CTPYKTYpbl CHCTEMBbI IyTEM BBeEje-
HUS B HEE KOPPEKTUpYHoLIero 38eHa. [Ipu 3TomM BCTaeT 3aj1aya CHHTE3a KOPPEKTHU-
PYIOIIEr0 3BE€HA IO 3aJlaHHBIM IOKa3aTessiM KadecTBa. KoppekTupyromiee 3BEeHO
MOHO BKJIFOUHUTH B CUCTEMY TocienoBaTenbHo (puc. 6.12, a), nmapamienbHo (puc.
6.12, 6) u B Buge obpaTHoro coenunenus (puc. 6.12, ¢). B nepBoM cinyyae Koppek-
TUPYIOIIee 3BEHO HAa3bIBACTCS MOCIEAOBATENbHBIM, BO BTOPOM — MapalieIbHbIM
U B TPETHEM — BCTPEUHO-TIApAIIEIBHBIM UM OOpPATHBIM.

CBOMCTBO 3aMKHYTOM CHUCTEMBI MOJHOCTBIO ONPENEIIAETCS NEPEAATOUHON
(GbyHKUIHEW M COOTBETCTBEHHO YAaCTOTHBIMHU XapaKTEPUCTUKAMHU PA3OMKHYTOU CH-
ctembl. Eciu pa3oMkHyTasi cucTema sBJIsIeTCS MUHUMAaJIbHO-()a30BOM, T. €. €€ Ie-
penatouHas QyHKIUsI HE UMEET HyJied U MOJIICOB B MPABOM MOJTYIIOCKOCTH, TO
MEXy aMIUTUTYIHBIMUA U ()a30BbIMH YACTOTHBIMHU XapaKTEPUCTHKAMU CYIIECTBY-
€T B3aMMHO OJHO3HA4YHas 3aBUCUMOCTh. I mO3TOMY B 3TOM Ciy4ae sl ONHUCAHMS



CHUCTEMBI MOYKHO MCIIOJIb30BATh TOJIBKO aMIUIUTY/IHbIE YACTOTHBIE XapaKTEPUCTH-
ku. Jl7s 9To# 1enu ocoGeHHO y/OOHBI JIOTapu(MHUUECKUE aMIUTUTYIHbIE YacTOT-
Hble XapakTepuctuku (JIAUX).

MeTtoa cuHTE3a MOCIEA0BATEIHLHOIO0 KOPPEKTUpYIOIero 3seHa mo JIAUX.
[TycTh W, — niepeaatouHast GyHKIMS pa30MKHYTOM CUCTEMBI, 00anatomas Tpedy-
€MBIMH TMOKa3aTeasiMU KadecTBa. Torlia, OUeBHJIHO, MepefaTouHast PyHKIUs UC-
KOMOT'O KOPPEKTHPYIOLIEro 3BeHa MOJDKHA YJIOBJIETBOPATH COOTHOIICHUIO (pHC.
6.12, a)

Wa=WpW, WIN

Lpoe= Lx— Ly,
rae W, — jkemaeMas repefaTodHas (QpyHKIus; W, — mepenaroyHas QyHKIIAS WC-
XOJTHOM (3aJaHHOM) CUCTEMBI; W, — MepeJaTouHast PyHKIUs MOCIIeI0BATEIbHO-
r0 KOPPEKTUPYIOIIETO 3B€HA; Ly, L, u Ly.— cOOTBETCTBYIOMmME JIAUX.

Cxema 1i1g cuHTe3a cucteMsbl 1o JIAUX

N3 nocnegHero COOTHOLIECHHS BBITEKAET CIEAYIOLIUN MOPSAIOK OIpeeie-
Hus JIAUX koppekTupyromiero 38eHa. CTposATcsl HCXOQHAS U JKeJlaeMasi aCUMITO-
tuueckue JIAUX. [Ipuuem BHauane crpoutcs ucxomHas JIAUX, tak kak oHa HcC-
MOJIb3YETC MPU MOCTPOCHHUM Kenmaemou. Beruurtas ncxognyr JIAUX u3 xenae-
Moii, momyudaroT JIAUX koppektupyromiero 3BeHa (puc. 6.13), mo KoTopoit Haxo-
JIST NMEepelaTOYHYI0 (DYHKITUIO U CXEMY KOPPEKTHUPYIOIIETO 3BEHA.

[Toctpoenue xxenaemoit JIAUX. HuzkouactoTHas (repBasi) aCUMITOTA JKe-
naemoit JIAUX coBnagaet ¢ nepBoit acuMntoroi ncxoaHot JIAUX. 31o oObsicHs-
€TCs TE€M, YTO HU3KOYACTOTHAs aCMMIITOTAa XapaKTepU3yeT CBOMCTBO CHUCTEMBI B
YCTAHOBMBIIIEMCS PEKUME, a CTPYKTypa M MapameTphbl UCXOJHON CHCTEMbI BHIOU-
parOTCs ¢ y4eTOM TPpeOOBaHMI K KaUeCTBY CUCTEMbI B YCTAHOBUBIIIEMCSI PEKHUME.

CpenHeuacToTHass acCHMITOTa OOBIYHO MPOBOJUTCS Ioj HakiaoHoM —20
nb/nex yepes yacTtoTy cpesa o, (puc. 6.13), KoTopas onpeaenseTrcs o HoMorpaMmMme
puc. 6.14, a Mo JaHHBIM IEPEPETyIMPOBAHUSA @ U BPEMEHM DPETYJIHPOBaHHUS tp.
['paHn4HBIE YACTOTHI 0, Hw; CPETHEUACTOTHOM ~ ACUMIITOTHI  ONPENENAIOTC U3
COOTHOIICHUN My = aym, U W3 = Qg®; , TAc 9 = 27‘ -4 u a, HaxogUTCA MO
HOMOTpaMme puc. BoicokouacToTHast (IOCHEAHSA) aCUMIITOTa HA Ka4e€CTBO CUCTE-
MBI IOYTH HE BausieT. M mosToMy 11l IPOCTOThI KOPPEKTUPYIOIIETO 3BEHA €€ BbI-
OMpalOT COBMANAIONIEH WM MapalieIbHONM BBICOKOYACTOTHOM (TOCiieHEN)
acumnTore ucxonHo JIAUX. ACUMNTOTBI, KOTOPBIE COEAUHSIIOT CPEIHEYACTOT-
HYIO0 ACUMIITOTY C HU3KOYAaCTOTHOM M BBICOKOYACTOTHOW ACUMITTOTAMH, IIPOBOJST-




cs o HakimoHoM —(40—60) nb/nek. Bee pazpaboranHbie (B TOM YHCiIE M pac-
CMOTPEHHBIE) METO/IBI TOCTpOeHUS sxkenaemMoi JIAUX SBISIFOTCS MPUOIMKEHHBIMH.
W npu HEOOXOAMMOCTH (HANpUMeEp, IS YIPOIICHUS KOPPEKTHPYIOIIETO 3BEHA)
MOKHO OpaTh 3HAYEHUS o, ®, H 0, OTJIMUHBIC OT pacueTHBIX. [locne ompenenenus
KOPPEKTHUPYIOIIETO 3BEHA HY)KHO 00s3aTebHO MPOBEPUTH KAYECTBO CHHTE3HPO-
BaHHOW CHCTEMBI TIO0 €€ TIEPEeXO0THON XapakTepucTuke. Ecinm okaxkeTcs, 4To MoKa-
3aTeIM KayecTBa XyXKe 3aJaHHBIX, TO HYXXHO YTOUHHUTH kenaemyro JIAUX — u3z-
MEHHUTbh YacCTOThl @, , 1 o, [IpH 3TOM "creayer pyKoBOJCTBOBATHCS TEM OOCTOSI-
TEJIbCTBOM, YTO BPEMs PETYJIUPOBAHHS f, OOPATHO MPOMOPIIMOHAIBHO YaCTOTE
cpesa o, (T. €. Ui YMEHbBIICHHUS ¢, HY’)KHO YBEIMYUBATh o.) U MEPEepPeryIupoBaHue
TEM MEHBIIIE, YeM JAIIBIIE OTCTOST OT YACTOTHI CPE3a &, TACTOTHI w, U w,

CuHTe3 mapajiebHOTO U 0OpPaTHOTO KOPPEKTHPYIOMIMX 3BeHBEB. [lycTh
nepeaaTovHast QYHKIHUS W g, TOCIEIOBATEILHOIO KOPPEKTHPYIOMIETO 3BEHA OTpe-
JiefieHa U3JI0KEHHBIM BbIIIe criocoboM. Torna mepenatodHbie (YHKIWU Mapa-
JETBHOTO M 0OpaTHOTO
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Homorpammer miis  moctpoenust xenaemon JIAUX

KOPPEKTUPYIOIIUX 3BEHbEB OMpPENEIATCS ClieytonM oopa3om. Jlomyctum, 4TO
UCXOJIHAsl Pa30OMKHYTas CUCTEMa C MepelaroyHod  (yHKUUer W, COCTOUT U3
JIBYX 3BEHBEB C MEPEIATOYHBIMUA QYHKIHUSIMH W, ¥ W,, U KOPPEKTUPYIOIIEE 3BCHO
BKJIIOYAETCSl MapaJlie]IbHO TEpBOMY 3BeHY (cM. puc. 6.12, 6). Ilepenmarounas
GyHKUMST Pa30MKHYTOM CHCTEMbl C MapajuieIbHBIM KOPPEKTUPYIOUIUM 3BEHOM
UMeEeT BUJ

W= W+ W) W

W3 ycnoBus paBeHCTBA 3TOW MepeAaTOYHOM (PYHKIIMHM >KEeTaeMoi mepe-



JTATOYHON (QYHKIIUU W, = W, W, IJIs TIepe1aTOuHON (DYHKIIUU
IMapaJuICIIbBHOI'O KOPPCKTUPYIOMICT'O 3BCHA IMOJIYy4acM
Wnnp = W/ul (Wnoc - 1)

Ecnu koppektupyoliee 3B€HO BKIIOYEHO B OOpATHYIO CBSA3b MEPBOTO 3BE-
Ha (cM. pwuc.), TO mepematouHas ~ (QYHKIMS ~ Pa3OMKHYTOH  CHCTe-

MBI
W =W.uWu/(l+W.uWo).

N3 paBeHCcTBa 3TOM MepenaTtouyHoi (PyHKIIMU jKeJTaeMoU 1)1l iepeaTOuHON
GbyHKIMHU 00paTHOTO KOPPEKTUPYIOIIETO 3BEHA MOTyYaeM
Vo= (1— Wnoc)/(WHIWH2)-

Tema 4. ABTOMAaTH3HPOBAaHHBbIEC CHCTEMBbI YIIPABJICHHUS TEXHOJIOTHYe-
CKMMH IIPOLeCCaAMU.

B tunosoii apxurexktype ACYTII HI'K siBHO mpocMmaTpuBarOTCs 1Ba ypOB-
HA:

- YPOBEHb KOHTPOJUIEPOB, B3aUMOJICUCTBYIOIIHNX ¢ OOBEKTOM YIPABICHUS
IIOCPEACTBOM JATYMKOB U UCIIOJHUTEIIBHBIX YCTPOUCTB;

- YPOBEHb OIIEPATUBHOIO YIIPABIICHHS TEXHOJOTHYECKHUM IPOLECCOM, OC-
HOBHBIMU KOMIIOHEHTaMH KOTOPOTO SIBJISIIOTCS CEpBEPHI, paboune CTaHIIUU Orepa-
TOpoB/nucneryepoB, APM cnenuanucros.

Kaxnprii u3 3Tux ypoBHEH (YHKIMOHUPYET MO YINPABIECHUEM CIIEUAIIU-
3upoBaHHOTO Tiporpammuoro obecrneuenus (I10). Pazpabortka storo 1O wmm ero
BBIOOp M3 MpeJjiaraéMbIX B HACTOSIIEE BpeMs Ha PbIHKE MPOTrPaMMHBIX CPEJICTB
3aBHUCUT OT MHOTUX (DaKTOPOB, MPEXJE BCETO OT pEHIaeMbIX Ha KOHKPETHOM

ypoBHE 3amad. Pasznnuaror 6a3oBO€ M MPUKIAIHOE MPOrpPaMMHOE OOECTeueHUe

(puc.3.1.).
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Puc.3.1. Knaccudukanust mporpaMMHBIX CPEJICTB CUCTEMBI YIIPaBICHUS

bazosoe 1O BkitouaeT B ce0s pa3auvHble KOMIIOHEHThI, HO OCHOBHBIM W3
HUX sBJsieTcst onepanuoHHas cucteMa (OC) mporpaMMHO-TEXHHUYECKUX CPEICTB
ACVYTIIL. Kaxnsiii ypoBenb ACYTII mnpencraBieH «CBOMMH» MPOTPAMMHO-
TEXHUUYECKUMHU CPEJICTBAMU: Ha HUXKHEM YPOBHE pe€ub HJAET O KOHTpoJIIepax, To-
r71a KaKk OCHOBHBIM T€XHUUYECKUM CPEJICTBOM BEPXHETO YPOBHS SIBISIETCS KOMITbIO-
Tep. B COOTBETCTBHM C 3TUM B Kpyry CHELUAIMCTOB MOSIBUJIACh U TakKasl KJacCH-
(duKalus: BCTpauBaeMo€ U HACTOJIbHOE MPOrpaMMHOE 00ecTieueHue.

OueBuHO, TpeOOBaHMS, PEABIBISIEMbIE K BCTPAUBAEMOMY M HACTOJLHO-
my I10O, paznuunsl. KoHtposnep B cucteme yrpaBieHUss Hapsay ¢ GYyHKIHSIMHU
coopa uHbopMalUK pelIaeT 3aJa4l aBTOMATHYECKOT0 HEMPEPHIBHOTO WM JIOTH-
YECKOTO yMpaBlieHUus. B CBsI3U ¢ 3TUM K HEMY TPEIbSBISIIOTCS KECTKHE TpeOoBa-
HUS TI0 BPEMEHHU PEAKIUU Ha COCTOSHHE OOBEKTAa W BBIJAUU YIPABIAIONIUX BO3-
JICVCTBUM HA UCIIOJIHUTEIIbHBIE yCTporcTBA. KOHTpOIIIEp NOJKEH rapaHTUpPOBaH-
HO OTKJIMKAThCSl HA U3MEHEHHMSI COCTOSTHUSI 00bEKTa 3a 3aJJaHHOE BPEMSI.

Jlns perenus nol00HBIX 3a7a4 pekoMenayercs npumenenre OC peanbHO-
ro Bpemenu (OCPB). Takue omnepallmOHHbIE CUCTEMbl MHOT/IA HA3bIBAIOT JAETEP-
MUHHUPOBAHHBIMH, MMOJIpa3yMeBasi MO ATUM TapaHTHUPOBAHHBIM OTKIIMK 3a 3aJaH-

HBI MPOMEXKYTOK BPEMEHU. BONBIIMHCTBO MHKPOIPOILIECCOPHBIX YCTPOMCTB (B



TOM YHCJIE KOHTPOJUIEPH M KOMIIBIOTEPHI) MCHOJIB3YIOT MEXAHU3M IpEpbIBaHUI
pabotel iporteccopa. B OC peansHoro Bpemenw, B otiimuue oT OC o61miero HazHa-
yeHusi (HE TapaHTUPYIOIIMX BPEMEHH HCIOJHEHHUs), MPEpPbIBAHUSIM MPUCBOCHBI
IPUOPUTETHI, & CAMH MPEPHIBaHUs 00padaTHIBAIOTCS 3a TAPAHTUPOBAHHOE BPEMs.

Bo16op OC 3aBUCHUT OT KE€CTKOCTH TpeOOBaHUI peaibHOrO BpeMeHu. [
3aJlay, KPUTHUYHBIX K PEaKIIMU CUCTEMbI yIPaBIICHUS, B HACTOSIIEE BpeMsl MpUMe-
HSIOTCSA TaKUe OMEpAlMOHHBIE CHUCTEMBI peanbHOro BpemeHu, kak OS-9, QNX,
VxWorks. B cucrtemax ¢ MeHee KEeCTKUMHU TpeOOBaHUSIMU K PEabHOMY BPEMEHU
BO3MOXxHO npuMeneHue Bepeuit Windows NT/CE, Tounee nx pacimpeHuil peaib-
HOT'O BPEMEHU.

OS-9 otHocurcs k kiaccy Unix-1mogo0HBIX OMEpPAMOHHBIX CUCTEM peajlb-
HOTO BPEMEHHM W MpejuiaraeT MHOTME IMPUBBIYHBIE 3JIeMEHTHI cpeabsl Unix. Bcee
(GyHKIMOHaIbHbIE KOMIOHEHTHI OS-9, BKiIOYas spo, uepapxuueckue (hanaoBbie
MEHEIKEphl, CUCTEMY BBOJ1a/BBIBOJIA U CPEJICTBA Pa3pabOTKH, pEaIn30BaHbI B BUJIE
HE3aBUCUMBIX MopayJsieid. KoMOuHupys 3T MoIynH, pa3pabOTUYMK MOKET co3la-
BaTh CUCTEMBI C CaMO# pa3HOW KOH(UTrypanue - OT MUHUATIOPHBIX aBTOHOMHBIX
sanep, opueHTUpoBaHHBIX Ha [13Y KOHTpoOJIEpPOB, 0 MOTHOMACIITAOHBIX MHOTO-
M0JIb30BATEIbCKUX CUCTEM Pa3pabOTKH.

OS-9 oOecrneunBaeT BHITIOJIHEHHE BCEX OCHOBHBIX (YHKIHN OTeparuoH-
HBIX CHUCTEM PEAJbHOIO0 BPEMEHU: YIIPABJICHUE MPEPHIBAHUIMU, MEXK3aIauHbIi 00-
MeH MH(pOpMaIel 1 CHHXPOHU3AIM 3a1a4.

Omnepanmonnast cucreMa QNX paspabotku kanaackoit ¢upmsel QNX
Software Systems Ltd. siByisseTcst oiHO# M3 HanboJiee MIMPOKO UCTIOIB3YEMBIX CH-
cTeM peasibHOro BpeMeHu. QNX rapaHTUpyeT BpeMs peaklUuu B MPEAeNax OT He-
CKOJIBKUX JECSITKOB MUKPOCEKYH] O HECKOJIbKUX MWJIJIUCEKYH] (B 3aBUCUMOCTH
ot OwicTponeticteus [I9BM u Bepcun QNX). Kpome toro, Beicokas 3¢h(exTuB-
HocTh QNX B 3a71auax ynpaBjeHHs B pealbHOM BPEMEHU 00eCTIeYnBACTCS] TAKUMU
CBOMCTBaMHU, KaKk MHOT033JJa4HOCTh (710 250 3a1a4 Ha OJTHOM y3Ji€), BCTPOCHHBIE B
PO CHUCTEMBI CETEBbIE BO3MOXHOCTH, TMOKOE YIpaBJIEHHWE MPEPHIBAHUSAMU U

NpHUOpUTETAMH, BO3MOXHOCTD BBIIIOJIHCHHUA 3a1da4 B 3allIMIIICHHOM H (I)OHOBOM pe-



KUMaX.

Onepanmonnas cuctema QNX Hanuia NpUuMeHEHHE Kak Ha HUKHEM YPOBHE
ACVYTII (OC nyist KOHTpOJUIEPOB), Tak U Ha BepxHeM ypoBHe (OC nist mporpaMm-
Horo ooecrieucHuss SCADA).

OneparnuonHas cucrtema peanbHoro BpemeHun VXWOrks npennasHaveHa
11t pa3zpabotku [1O BCTPOCHHBIX KOMIIBIOTEPOB, PaOOTAIOIIMX B CUCTEMAX <GKECT-
Koro» peanpHoro BpemeHu. K omepammonHnoii cucreme VxWorks npunaraercs u
uHcTpyMeHTanbHasa cpena Tornado ¢upmel Wind River Systems co cpencrBamu
pa3pabOTKKU MPUKIIATHOTO MporpaMmmMHoro odecneuenus. Ero paspaborka Benercs
Ha MHCTPYMEHTAIBHOM KOMIIbIOTEpE B cpeAe Tornado aiis mociaeayromero ucnoi-
HEHUS Ha LIeJIEBOM KOMIIbIOTEpE (KOHTpoJuiepe) o ynpasieHuem VxWorks.

OC VxWorks nogaep>kuBaet Leiblil psii KOMIOBIOTEPHBIX MIaTPOpM, B
tom ugmcie Intel 386/486/Pentium, PowerPC, DEC Alpha. K miatdopmam, moa-
JIepKUBaeMbIM UHCTpYMeHTaIbHOU cpemoit Tornado, otHocsarcs Sun (Solaris), HP
9000/400,700, DEC Alpha, PC (Windows 95 u NT) u npyrue.

OmnepanunonHas cuctema Windows 3HakoMa BCEM KakK HACTOJbHASl CHUCTE-
Ma. Ho »sTo, npexae Bcero, otTHocuTcs K miargpopmam Windows 3.xx/95, B koTo-
PBIX JEHCTBUTEIBHO OTCYTCTBYET NOAJEPKKA peaslbHOro BpemeHu. Curtyanus pes-
Ko u3meHmnach ¢ nospienrneM Windows NT. Cama no cebe Windows NT He sBisi-
€TCsl OTIepPallUOHHON CUCTEMOM peaIbHOTO BPEMEHH B CHITY psifia €€ 0COOCHHOCTEH.
CucreMa NojAIepKUBAET anmnapaTHble (2 HE MPOrpPaMMHBIE) MPEPHIBAHUS, OTCYT-
CTBYET MPHUOPUTETHAsT 00paboTKa OTIIOkKEHHBIX Mpouenyp u Ap. Ho B koHne XX
BeKa psia QpUpM MpeanpHUHsUIM cepbe3Hble MOonbITKU npeBpatuth Windows NT B
OC >xecTKOro peanbHOro BpeMeHu. M 3T MONBITKH YBEHUAIUCh ycrexoMm. Kowm-
nanusa VenturCom pa3zpabotana moayis Real Time Extension (RTX) - moacucre-
My peanbHoro Bpemenu (PB) mms Windows NT. Drta moacucremMa mMeeT coO-
CTBEHHBIN TUIAHUPOBIIMK cO 128 mpuopuTeTamMu NpepbiBaHUMN, KOTOPHIA HE 3aBU-
cut ot NT. MakcumanbHO€e BpeMsl peakiiuu Ha npepbiBanue coctaisieT 20-80 mkc
BHE 3aBHMCUMOCTH OT 3arpy3ku mpoueccopa. Teneps Npyu KakI0M MpPepbIBAHUU OT

TaﬁMepa IMPHUOPHUTET MEPEAACTCA KPUTHYHBIM 110 BPCMCHH 3aJadaM. A B ocraBiie-



ecsi OT WX paboThl BpEeMsI MOTYT BBIMOJTHATHCS «MEJICHHBIC» MPOIIECCHI:
BBO/I/BBIBOJI, pab0Ta C JUCKOM, CEThIO, TpapuaeckuM UHTEpPEHCOM | T. TI.

32-paspsanas Windows CE Obia co3mana kommanueit Microsoft mis ma-
JIBIX KOMIBIOTEPOB (KaJbKYJIATOPOB), HO B CHJIy psifia JOCTOMHCTB CTajla MPETeH-
noBaTh Ha poib ctangapTHo OC peanbHOro BpeMeHH. K uncity 3TuX JOCTOMHCTB
OTHOCATCS:

- OTKPBITOCTh M TPOCTOTA CTHIKOBKU ¢ apyrumu OC cemetictBa Win-
dows;

- Bpems peakuunu nopsaka 500 mkc;

- 3HAYUTENIFHO MeHbIue 1o cpaBHeHMo ¢ npyrumu OC Windows Tpe-
OOBaHMS K pecypcaM NaMsTH U BO3MOXXHOCTb MIOCTPOCHUSI 0€3IMCKOBBIX CUCTEM.

A B 1999 rony xommanueii Direct by Koyo OC Windows CE 6sLia Briep-
BbI€ yCTaHOBJIEHA Ha Tuiatrgopmy mukpoPLC.

Bribop ormepanmoHHOM CHUCTEMBI POrPAMMHO-TEXHUYECKUX CPEACTB
BepxHero ypoBHs ACVYTII omnpenensiercs mnpukiagHoit 3amadeit (OC oOuiero
nonb3oBanus win OCPB). Ho Hanbonbinyro monyJIsipHOCTh M PaclpoCTpaHEHUE
nonyuywiu pasnuunbie Bapuantel OC Windows (Windows NT/2000). Mmu ocHa-
HIEHbI MPOrPAMMHO-TEXHUYECKHE cpenicTBa BepxHero ypoBHs ACYTII, npencras-
JeHHbIe nepcoHanbHbIMU KoMmbioTepamu (1K) pasHoit MomHocTH U KOH(pUTypa-
MU - paboure CTAHIIMU OTIEPATOPOB/AUCIETYEPOB U CIEIUATIMCTOB, CEpBEPHI 0a3
nauubix (BJ1) u 1. 1.

Takass cuTyanmsi BOSHHKJIA B pe3yibTaTe IEJOT0 psijaa MPUYMH W TCHACH-
IIUH Pa3BUTHSA COBPEMEHHBIX HHPOPMAITMOHHBIX U MUKPOIIPOIIECCOPHBIX TEXHOJIO-
TUU.

BoT HECKOJIbKO OCHOBHBIX apryMeHTOB B M0Jib3y Windows:

- Windows uMeeT 04eHb HIMPOKOE PACIpPOCTpaHEHHWE B MHUPE, B TOM
yucie u B Poccun, B CBSI3M ¢ 4eM JIETKO HAWTH CHICIIMAINCTa, KOTOPBI MOT OBI CO-
MPOBOXKIATH CUCTEMBI Ha 6aze 31oit OC;

- 9sta OC uMeeT MHOKECTBO MPUIOKECHHM, 00€CTIEUNBAIOIINX PEIICHUE

pa3IMYHBIX 33]1a4 00pabOTKU U MpeACTaBIeHUS UHHOPMALIHH;



- OC Windows 1 Windows-mpijio>keHHsI IPOCTHI B OCBOEHUU U 00J1a-
JAI0T TUIIOBBIM MHTYUTHUBHO MOHSATHBIM HHTEpP(dENcOM;

- NpWIOXKEeHHus, padoTtarmue noj ynpasienuem Windows, noaaepxu-
BalOT OOIIEOCTYITHbIE CTaHAApThl 0OMEHA JaHHBIMU;

- cucremsl Ha 6aze OC Windows mpocThl B 9KCIUTyaTallid U Pa3BUTHH,
YTO JIeJaeT UX SKOHOMUYHBIMHU KaK C TOUYKH 3pEHUS MOAJNEPKKU, TaK U MPU TO-
3TaHOM POCTE;

- Microsoft pasuBaer undopmanuonasie TexHomorun (MT) nmms
Windows BBICOKMMHU TeMIamH, YTO MO3BOJISIET KOMITAHUSM, HUCIOIb3YIOLUM 3TY
1aTpOPMy «HJITU B HOTY CO BPEMEHEM.

Takxke ciieqyer yduThIBaThb M TO, YTO HEOTHEMJIEMOM YacTbIO BEPXHETO
ypoBHst ACY TII siBnsieTcsa 4enoBeK, BpeMsl peakuu KOTOPOro Ha COOBITUS HeJle-
TEPMHHHUPOBAHO U 3a4acCTYIO JOCTATOYHO BeiMko. [la u cama npoOiema peanbHOro
BPEMEHHU Ha BEPXHEM YPOBHE HE CTOJIb aKTyaJIbHA.

B 90-x rogax mmpokoe pacnpoctpaHenue noiyuuna OC pearbHOTO Bpe-
Mean QNX. Mmeercst MHOKeCTBO mpuMepoB ucnoiibzoBanus QNX Ha Bcex ypoB-
Hs1 uepapxuueckoid cTpykTypbl ACYTII (0T KOHTpOJUIEpOB 10 CEPBEPOB U pado-
yux craHiuii). Ho B mociennue rogasl akTHBHOCTh KoMITaHuu Ha peiHke SCADA-
CUCTEM 3HAYMUTEJIBHO CHU3WIACH, YTO MPUBEJIO U K CHUIKEHUIO YHCIIA MPOJAXK 3TO-
ro NporpaMMHOro npoaykra. O0bsicHsAeTCsa 3TO TeM, uTo eue B 1995 roqy kommna-
Husg QNX Software Systems Ltd. 00bsiBUia 00 «yx0/1€» BO BCTPOCHHBIE CUCTEMBI.

C Touku 3peHus pa3pabOTKH CUCTEMBI YIPABIEHUS MPEANOYTUTENbHA Ta-
Kas MpOrpaMMHasi apXUTEKTypa, B KoTopol 1O Bcex ypoBHEN ynpaBieHUs peain-
30BaHO B €JJMHOM ONEPALMOHHON CHUCTEME. B 3TOM Cilydae «aBTOMaTHU4E€CKW» CHU-
MalOTCsl BCE BOMPOCHI, CBA3aHHBIE C BEPTUKAJIBHBIM B3aUMOICHCTBUEM Pa3IMYHBIX
IIPOrPAMMHBIX KOMIIOHEHT CUCTEMBI ynpasieHus. Ho Ha MpakTHKe 3TO 1ajeko He
Tak. JJocTaTouHO 4acTo B pa3pabaTbiBaeMbIX CHCTEMax KOHTPOJSI M YIpPaBJICHUS
HIWKHUN U BEpXHUM ypoBHU peanusytorcs B pazHbix OC. 1 Haubonee xapakTepHa
CUTYallMsl, KOr/la Ha YpoBHE KOHTposuiepa ucnoaszyercss OC pealbHOro BpEMEHH,

a Ha ypoBHe onepaTtopa/aucneryepa SCADA-cucrema GpyHkiuonupyet moa Win-



dows NT. Be3 cienmanu3upoBaHHBIX PEIICHUN 110 OPraHU3aINHA B3aUMOICHCTBHSI
MEXIy MOACUCTEMaMH 371eCh HE 00ONTHCH.

JIist yHKIIMOHUPOBAHUSI CUCTEMbl YNPABICHUS HEOOXOIUM U €Ile OJUH
tun [10 - npuxnagnoe nporpammuoe obecneuenue (I1110).

W3BecTHBI ABa MyTH pa3paOOTKU MPUKIATHOTO MPOTPAMMHOI0 olecreye-
HUSI CUCTEM YTIPABIICHUS:

- co3maHue coOcTBeHHoro mnpukiagHoro IIO ¢ wucnonb3oBaHUEM
CpEJICTB

TPaAUIIMOHHOTO MTPOTPAMMHUPOBAHUS (CTAHIAPTHBIC SI3BIKA
MPOTPaMMUPOBAHUs, CPEJCTBA OTIAATKH U T.11.);

- HCTOJb30BaHME IS pa3padoTku mpukiagHoro [10 cymecTBytomumx
(TOTOBBIX) HHCTPYMEHTAIBHBIX CPEJICTB.

[lepBbIit BapuaHT siBIIsieTCS Hauboliee TpyAoeMKuM. [IpruMeHeHne BhICOKO-
YPOBHEBBIX SI3BIKOB TPEOYEeT COOTBETCTBYIOIIEH KBadu(UKAIMU pa3pabOTYMKOB B
TEOPUU M TEXHOJOTUM MPOTPAMMHUPOBAHUS, 3HAHUS OCOOCHHOCTEH KOHKPETHOM
OTICPAITMOHHON CHUCTEMBI, TOHKOCTEH ammapaTHoro odecrieueHus (KOHTPOJUIIEPOB).
C TOYKHM 3peHHS OCHOBHBIX KPUTEPUEB - CTOUMOCTH U BPEMEHH pa3pabOTKH - 3TOT
BapUAHT HEMPHUEMJIEM B OOJIBIIIUHCTBE CITy4aeB.

Bropoii BapuanT siBnsiercs Oosee npenmnodrurenbHbiM. [louemy? A morto-
My, 4YTO Ha CETOAHSIIHUMN JIEHh B MUPE YK€ CO3/IJaHO HECKOJIBKO JECATKOB UHCTPY-
MEHTAJBHBIX CHUCTEM, XOPOIIO TMOJJACPKUBACMBIX, PA3BUBAEMbIX W HAIICAIINX
MPUMEHEHUE TPU CO3JTaHUM JECATKOB U COTEH THICAY MPOCKTOB aBTOMATH3AIINU.
OTHU NPOBEPEHHBIE BPEMEHEM MPOrpaMMHBIE CPEICTBA YIPOIIAOT (pa3padoTYrKU
uHTEP(EHCOB - HE BHICOKOKIJIACCHBIE TPOTPAMMHUCTBI, a CHEIUATUCTBI 0 aBTOMa-
TU3AIMN), YCKOPSIOT U 3HAYUTEIBHO YCIICBIISIOT MPOIecC pa3paboTKH.

C Touku 3peHus 00JacTH MPUMEHEHHUS TOTOBbIE NMHCTPYMEHTAILHBIE CPE/I-
CTBa MO>KHO Pa3JIeINTh HA JIBa KJIacca:

- CpeAcTBa, OPUEHTUPOBAHHBIE HAa pa3pabOTKy MpPOrpamMM YIpaBJICHUS
BHEITHUMHU yCTporcTBamu, KoHTposuiepamu - CASE-cuctemsr (Computer Aided

Software Engineering);



- CpencTBa, OpUCHTHPOBAHHBIE HA o0OecrieueHne nHTepdeiica oneparo-
pa/ mucnietaepa ¢ cuctemont ynpasieHus — SCADA-cucremsr (Supervisory Control
And Data Acquisition - gucrneryepckoe yrpaBjieHHe U cOOp JaHHBIX).

KoHntpomnepy tpebyercst mporpamMmma, B COOTBETCTBUU C KOTOPOW OH B3au-
MOJICHCTBYET C OOBEKTOM. B OIHUX CiTydasiX pedb HAET TOJBKO O cOOpe JaHHBIX C
00BEKTa, B APYTUX - O JJOTUISCKOM YIIPaBJICHUU (HAIIPUMEP, BHIMIOJTHEHUN OJIOKH-
poBOK). HakoHer, 0THO W3 OCHOBHBIX MPUMEHEHHH KOHTPOJUIEpA - peaTu3alius
(GYHKIMI HETPEPBIBHOTO YIPABICHUS OTIACIBHBIMU TMapaMeTpaMU WM TEXHOJO-
TUYECKUM anmapaToM (TIPOLeCCOM) B IIEJIOM.

®upMbI, MPOU3BOIAIINE 000PYIOBAHHUE I TIOCTPOSHUS CHCTEM aBTOMa-
TU3AIlMHU, BCETJla CTPEMIUIMCHh COIMPOBOXKIATh CBOIO MPOIYKIIMIO HAOOPOM Mpo-
TPAaMMHBIX HHCTPYMEHTOB, C TIOMOIIHI0 KOTOPBIX TIOJIB30BATENb 110 OTIPEICICHHBIM
IpaBUJIaM U COTJIANICHUSM MOT OBl ONHKCHIBATh JIOTUKY pabOThl KOHTposuiepa. Ha
paHHEM J3Tare Pa3BUTHUSI ATUX MPOTrPAMMHBIX CPEJCTB HAOOP MOAAECPKUBAEMBIX
uMHU QYHKITUH 0OecTieunBaCs HECTAaHAAPTHBIMU si3bIkaMu. Co BpeMEeHEM TpaBuiia
U COTJIAIIEHUs COBEPIIEHCTBOBAJIMCH M HA OIPEACIICHHOM 3Tarne ObUI 0hopM-
JICHBI B BUJIE CIICIUAIBHBIX S3BIKOB TIPOTpaMMHUpPOBaHUs, 00pa3oBaB TO, YTO CEM-
yac Ha3biBaeTca CASE-uHCTpyMeHTapueMm.

B 1992 rogy Mexnynaponnas OnektporexHudeckas Komuccus (MOK,
IEC - International Electrotechnical Commission,) B3sijia 07 KOHTPOJIb ITPOIECCHI,
CBSI3aHHBIC C pa3BUTHEM ATOT0 THUMa npukiagHoro [10. beu BeIABUHYTHI TPeOO-
BaHUS OTKPBITOCTH CHUCTEMBI, BBIMIOJHEHUE KOTOPHIX MO3BOJIMIO OBl YHHU(PHUITUPO-
BaTh MMPOTPAMMHBIE CPEJICTBA U YIIPOCTUTH Pa3pabOTKYy:

- BO3MOXXHOCTb pPa3pa0OOTKH ApaliBEpOB I KOHTPOJIJIEPOB CAMHUMHU
MOJIB30BATEISIMH, T.€. COMPOBOXKJICHHUE MPOTPAMMHBIX MPOITYKTOB IO MPOTPAMMH-
POBAaHHIO KOHTPOJUIEPOB CIICIIUATBPHBIMH HHCTPYMEHTAIBHBIMHU CPEICTBAMU,

- HaIW4YUe KOMMYHHUKAIIMOHHBIX CpencTB (MHTEpGErCcoB) aJisi B3aUMO-
JEHUCTBUS C IPYTUMHU KOMITIOHEHTAMHU CUCTEMBI YIIPaBJICHUS;

- BO3MOXXHOCTb TMOPTAIlMM sIipa CHUCTEMbI Ha P MPOTrPaMMHO-

anmnapaTHbIX miaTdopm.



Ha priake mosBHIIOCH 0OJIBIIIOE KOJTMYECTBO MAKETOB, yIOBIECTBOPSIONINX
BBIIICONICAHHBIM TpeOoBaHMsIM. [IpakThyecku BO BcexX 3THUX MakeTax cpeia pas-
pabotku peanuzoBana B Windows-unrtepdeiice, UMEIOTCSI CpEJICTBA 3arpy3Ku pas-
paboTaHHOTO MPUIIOKEHHUS B UCTIOTHUTEILHYIO CUCTEMY.

Ha3BaHus HEKOTOPBIX U3 ITUX MAKETOB MPUBEJICHBI HIDKE:

- RSLogix 500, RS Logix 5, RSLogix 5000 ¢upmber Rockwell Software
JUTSL IPOTPAaMMHPOBAHUST KOHTPOJUIEPOB pa3indHbIX cemeiictB Allen-Bradley;

- DirectSOFT nmns xouTposiepoB cemeiictBa Direct Logic ¢pupmbr Ko-
Yo,

- maketsl PL7 u Concept - [1O ans nmporpaMMupoOBaHusI KOHTPOJIJIEPOB
pasauYHbIX cemeicTB kommanuu Schneider Electric;

- maketsl STEP 5, STEP 7 Micro, STEP 7 nns mporpaMMupoBaHuUs
KOHTPOJUIEPOB cemercTB S5 u S7 ¢pupmer Siemens;

- maketr ToolboX mis KOH(GUTYpHPOBaHUS KOHTPOJUIEPOB CEMEHCTBA
Moscad,

- maket TelePACE nnst mporpaMmMupoBaHusi KOHTPOJUIEPOB Cepuid

TeleSAFE Micro 16 u SCADAPack ¢pupmer Control Microsystems.

Crangaprom MOK 1131-3 onpeneneHsl mATh SI36IKOB MTPOTPAMMUPOBAHUS
koHTpoJuiepoB: Tpu rpaduueckux (LD, FBD, SFC) u nBa tekctoBsix (ST, IL).

LD (Ladder Diagram) - rpadgudeckuii sI3pIK JHAarpaMM PEICHHOMN JIOTHKH.
S3pik LD npuMmeHsiercss Ui ONUCAHUS JIOTUYECKUX BBIPAXKCHUM PA3JIUYHOIO
YPOBHSI CIIO)KHOCTH.

FBD (Function Block Diagram) - rpadudeckuii s3bIK (yHKIIMOHAIBHBIX
6mokoBbIx auarpamm. S3eik FBD mpumensieTcst it mocTpoeHHsT KOMILIEKCHBIX
MPOLIETYpP, COCTOSLIUX U3 PA3IUYHbIX (DYHKIIMOHAIBHBIX OMOJIMOTEYHBIX OJIOKOB -
apu(PMETHIECKUX, TPUTOHOMETPUYECKUX, PETYISATOPOB U T.1.).

SFC (Sequential Function Chart) - rpadudeckuii s3Ik OCIEI0BATEIBHBIX
dbyHkmoHanpHBIX cxeM. fA3pik SFC mpemHasHaueH AJi1 WCIIOJL30BAaHUS Ha dTare
npoektupoBanust [10 1 m0O3BOJSET ONMUCATh «CKENET)» MPOTrPaMMBI - JIOTUKY €€ pa-

0OTEI Ha YPOBHEC IMOCICAOBATCIIbHBIX IAIrOB U YCJIOBHBIX IIEPEXOJ0B.



ST (Structured Text) - s3bIK CTPYKTYPHUPOBAHHOTO TEKCTA. JTO S3BIK BBICO-
KOTO ypOBHS, IO MHEMOHHWKE MOX0X Ha Pascal m mpumensercs mis pa3paboTKu
nporeayp o0pabOoTKH TaHHBIX.

IL (Instruction List) - s3pIk HHCTPYKIHIA. DTO SI3bIK HU3KOT'O YPOBHS Kjlacca
accemOiiepa ¥ MPUMEHSIETCS JIA MporpaMMUpoBaHus 3P(HEKTUBHBIX, OMTHUMHU3U-
POBaHHBIX MPOLIEAYD.

B konue 90-x ro/ioB MOSBUINCH OTKPBITHIE MPOTPAMMHBIE MPOIYKTHI
ISaGRAF, InControl (Wonderware), Paradym (Intellution), npeanasnaueHnbie s
pa3pabOTKH, OTIAIKU U UCHOJHEHHS MPOrpaMM YIIpaBICHUSI KaK JUCKPETHBIMH,
TaK U HEMPEPBHIBHBIMU MPOIIECCAMH.

Ceifuac y»e MOXHO CKa3aTbh, UYTO MOAABJIAIONIEE OOJNBIIMHCTBO KOHTPOJI-
JIEPOB U CUCTEM YIIPABJICHUSI OOCTYKMBAETCSI MMPOTPAMMHBIMHU MPOAYKTAMHU, pea-
mu3ytonuMu ctangapt MOK 1131-3.

[IIupokoe npumenenne B Poccun nHamen maker ISaGRAF dpaniry3ckoi
xommannu CJ International.

OcHOBHbBIE BO3MOHOCTH NAKeTa:

-  Tlonnepxka Bcex msatu s3bIkOB crangapta MOK 1131-3 mmroc peanu-
3arus s3bika Flow Chart kak cpeacTBa onmucaHus quarpaMM coctossHui. [Ipu atom
[SaGRAF no3Bonsier cMemmBarh NporpaMMbl U IPOLIEAYPhI, HAIMCAHHBIE HA pPa3-
HBIX S3bIKaX, a TAKXKE BCTABJISITh KOJOBBIE MOCIEI0BATEILHOCTUA U3 OJHOTO SI3bIKA
B KOJIbl, HAIIUCAHHBIE HA IPYTOM SI3bIKE.

- Hanuuume MHOTO(PYHKIIMOHAJILHOTO OTJIaA4MKa, TO3BOJISIONIETO BO
BpeMsi pabOThl MPUKIAIHONW 3a7a4d MPOCMATPUBATH COCTOSIHUE MPOTPAMMHOTO
KOJ1a, IEPEMEHHBIX, TPOTPaMM U MHOTOE APYToe€.

- Tloanmeprkka pa3auYHBIX MPOTOKOJIOB MPOMBIIIJIEHHBIX CETEH.

- Peanmzanus ommmii, 06€CTIEUNBAIOIINX OTKPBHITOCTh CHCTEMBI JJIS JI0-
CTyIla K BHYyTPEHHUM CTPYKTypaM JaHHbIX npukiaagHoi ISaGRAF-3agaun, a Tak-
K€ BO3MOXXHOCTh pa3pabOTKH ApailBEpOB JJii MOJYJIeH BBOJA/BbIBOJIA, pa3pado-
TaHHBIX CAMUM MOJIb30BaTeNEM, U BO3MOKHOCTh nepenoca [ISaGRAF-sapa Ha inro-

Oy10 anmapaTHO-NPOrpaMMHYIO IIaThopMy.



- Habop apaiiBepoB nnst paboThl ¢ KOHTPOJIEPAMU Pa3IHMYHbIX (PUpM-
npousBoauteneii: PEP Modular Computers, Motorola Computer Group u zip.

- Hanuuume nomosHUTENBHBIX MHTEPAKTUBHBIX PEJAKTOPOB JJIS OMKCAa-
HUS TIEPEMEHHBIX, KOHCTAHT ¥ KOH(QUTYpaIuii BBOJ1a/BHIBOIA.

- BcrpoenHble cpeicTBa KOHTPOJIA 32 BHECEHHEM H3MEHEHUU B MpO-
rpamMubId Ko [SaGRAF-nipuiioxkeHuss © mevyatd OTYETOB MO pa3pabOTaHHOMY
MPOEKTY C OOJIBIION CTENEHbIO AeTATU3alluH, BKIIOYas Me4aTh TaOJIHIl IepeKpecT-
HBIX CCBUIOK JIJIsl IPOTPaMM U OT/IEJIbHBIX IEPEMEHHBIX.

- IlomHoe MOKyMEHTHPOBAHHE ITAOB Pa3pabOTKH.

[Iporpammusie cpenctBa BepxHero ypoBHS ACYTII (SCADA-makeTs)
MpeHa3HAYCHBI JJI1 CO3JaHUs MPUKIIATHOTO MPOrPaMMHOIO 00ECTICUCHHUSI ITYJIb-
TOB KOHTPOJIS W yIPABIICHUS, PCATU3yEeMbIX Ha PA3IMYHBIX KOMITBIOTEPHBIX TUIAT-
dbopmax u crienranu3upoBaHHbIX padbouux crannuax. SCADA - makeTbl mo3BOJIS-
0T MPU MUHUMAJIBHOM J0Jie MPOTpaMMHUPOBAHUSI HA TMPOCTHIX SI3BIKOBBIX CPEII-
CTBax pa3pabaTbiBaTh MHOTO(YHKIHMOHAJIBHBIN HHTEpPEic, obecrnednBaromui
oreparopa/nucreryepa HE TOJIBKO TOJHOW HMHQpOpMalMed O TEXHOJIOTHYECKOM
MPOIIECCE, HO M BO3MOXHOCTBIO UM YTIPABIISTh.

B cBoem pazButun SCADA - makeThl MpOLLIH TOT K€ MyTh, YTO U MPO-
rpaMMHOE oOecrieueHure JJig MporpaMMHUpOBaHUsl KOHTpoJuiepoB. Ha HavaibHOM
stane (80-e roasl) pupMbI-pazpabOTUMKK alIapaTHBIX CPEACTB CO3JaBajd COO-
ctBeHHBbIE (3aKpbIThie) SCADA-CHCTEMBI, CIIOCOOHBIC B3aUMOJICHCTBOBATH TOJIBKO
co «cBoen» amnmaparypoil. Haumnas ¢ 90-xX romoB, MOSIBUJIMCh YHUBEPCAIbHBIC
(otkperThie) SCADA - mporpaMmsl.

[TonsiTie OTKPBHITOCTU SIBISIETCS (PyHIAMEHTAIBHBIM, KOT/Ia pedb HJIET O
MIPOTrPaMMHO-AIIIAPATHRIX CPEACTBAX IS MOCTPOCHUS MHOTOYPOBHEBBIX CHCTEM
aBTomaTtu3anuu. bosjee moapoOHO 06 3TOM OyIeT CKa3aHO HIKE.

Ceifuac Ha pOCCUICKOM PBIHKE MPUCYTCTBYET HECKOJIBKO JCCATKOB OTKPHI-
Teix SCADA-nakeToB, 00JIaJalOIIMX MTPAKTUUECKH OJMHAKOBBIMU (DYHKIIMOHAIb-
HBIMU BO3MOKHOCTAMU. HO 3TO cOBceM He 03HauaeT, 4To JH000N U3 HUX MOXKHO C

OJIMHAKOBBIMU YCHJIUSIMU (BPEMEHHBIMU U (DUHAHCOBBIMHU) YCIEUIHO aJanTUpPO-



BaTh K TOW WJIM MHOW CHUCTEME YIpPAaBJICHUS, OCOOCHHO, €CIIU Peub UJIET O €€ MO-
nepumzammu. Kaxaeiik SCADA-makeT sBisieTcsl MO-CBOEMY YHHMKAJIBHBIM, H €T0
BBIOOp NIJIi KOHKPETHOM CHCTEMbl aBTOMAaTH3alMK, 00CYKIaeMblid HA CTPaHUIIAX
CHEeUaIbHONW NMEPUOIUYECKON MPECCHI MOYTH HAa MPOTSIKEHUU MOCIECIHUX JIECATH
JIET, TO-TIPEKHEMY OCTAETCS aKTYaJIbHBIM.

Hwxke npuBenen mnepedenr Haumbosee monyisipHeix B Poccun SCADA-
MIAKETOB.

- Trace Mode/Tpetic Moyn (AdAstrA) - Poccus;

- InTouch (Wonderware) - CIIIA,;

- FIX (Intellution ) - CILIA;

- Genesis (Iconics Co) - CIIIA;

- Factory Link (United States Data Co) - CIIIA;

- RealFlex (BJ Software Systems) - CIIIA,;

- Sitex (Jade Software) - BenukoOputanus;

- Citect (CI Technology) - ABctpanus;

- WIinCC (Siemens) - I'epmanus;

- RTWin (SWD Real Time Systems) - Poccus;

- CAPI'OH (HBT - ABromaruka) - Poccus;

- MIK$Sys (MU®HN) - Poccus;

- Cimplicity (GE Fanuc) - CIIIA;

- RSView (Rockwell Automation) - CIIIA u MHOTHE ApyTHE.

[TocnenoBaTenbHOCTh MPEACTABICHHS TAKETOB B MPUBEICHHOM BBIIIE T1€-
peyHe B I0CTATOYHOM cTeneHu cinydyaiiHna. Koncrarupyercs aumib cam (paxT cyiie-
CTBOBaHHMSI TOW WIM MHOW cucteMbl. [Ipemmaraercss UCXOAWTh U3 NMPEANOCHUIKH,
yro SCADA-nakeT CymiecTBYET, €ClIM ¢ TOMOIIBIO HEro y>K€ peam30BaHO XOTS
OBl HECKOJIBKO JIECSITKOB MPOEKTOB. BTOpas mpeanocbuika - HEeT adCOJIFOTHO JIyd-
meit SCADA-cuctems! aist Beex citydaeB npumerenus. SCADA - 370 Bcero Juiib
yIOOHBIM UHCTPYMEHT B pyKax pa3paldoTuvKa, U €€ aJanTaius K KOHKPETHOH cH-
CTEME aBTOMATH3aIIUU - BOMPOC KBATU(PUKAIIUN U OTIBITA.

Jlo HepgaBHEro BpEeMEHHU 3ajadya pEerucTpanuud UHQOpMaluyd B pealbHOM



BpEMEHH MorJia ObITh pelieHa MO0 Ha YpOBHE MPOTrPaMMHOI0 0OecreueHus: KOH-
1eHTpaTopa (KOHTpoJuiepa BepxHero ypoBHs), 1160 Ha ypoBHe SCADA-cucTeMBL.
[Ipu 5TOM peub uaeT o OOJBIIUX MOTOKAX JAHHBIX O MpOollecce, MOCTYNAOIUX OT
OOJBIIOr0 KOJIMYECTBA TaTYUKOB (HECKOJBKHX COT WJIM ThICSY) B pEaIbHOM Mac-
mTabe BPEMEHU U C BBICOKOM 4acTOTOM (NEpHObl ONpoca — MOpsSAKa CEKyHI U
naxe poneit cekynn). Ha yposue ACYTII sta undopmanus Hy»)Ha Jisl OTiepaTuB-
HOT'O YIPABJIEHUS TEXHOJOTMYECKUM IPOLIECCOM.

JlaHHBIE TEXHOJIOTMYECKHUX MpolieccoB crnenupuynbl. OHU, KaK MpaBUIIo,
MOT'YT OBITh MPEJICTABJICHBI B BUJIE BPEMEHHBIX PSAJOB «3HAUCHUE — Bpemsi». Jliis
ux cOopa u xpaHeHus npakrudecku Jr060i SCADA-makeT UMeeT B CBOEM COCTaBe
MOJICUCTEMY PETUCTPAIIMN UCTOPUUECKUX JaHHBIX (apXHB) C BO3MOXHOCTHIO I10-
cleyrouel BbIOOPKHA TpeOyeMbIX IJisl aHajdu3a JAaHHBIX M WX NPEJCTaBICHUS B
BH/JIC TPEHJIOB.

Ho takue apxuBbI HE MpeaHA3HAYEHBI JUISl JUIMTEIBHOTO XpaHEHUs OOJb-
mux 00beMoB uHpopmarmu. K tomy ke, peds 371ech UIET O TaK Ha3bIBAEMBIX JIO-
kanbHbIX apxuBax. ApxuB SCADA-makeTa XpaHut HHGOPMAIMIO O TTEPEMEHHBIX
JIMIIb OJTHOIO KOHKPETHOTO TEXHOJIOTMYECKOTo mpoiecca. Ho npennpusitue umeer
B CBOEM COCTAaBE ILIEJIBIM Psii TEXHOJOTHUYECKHUX IPOLIECCOB, CUCTEMBI YIIPABICHUS
KOTOPBIMHM BBINIOJIHEHBI, KaK MPAaBWIO, HA PA3IUYHON MNpOrpaMMHO-anmnapaTHOU
atpopmMme.

B monydyeHun omepaTHBHBIX M OOBEKTUBHBIX TEXHOJOTUYECKHUX JTaHHBIX
CErof[Hsl 3aMHTEPECOBAaHbl MPAKTUYECKU BCE CIIyKObl mpeanpuatus. OnHako xa-
pakTep HeoOXoaUMON MH(OpPMAIUU pa3IMYEH IS pa3IMYHbIX YPOBHEH ympasie-
Hus. Ha Bepxnem ypoBHe (ACVYII) HyxHa TOJBKO MHTETpUpOBaHHAs (IIpeaBapH-
TEJLHO TOATOTOBJIEHHAs) UH(pOpMAIUs O TEXHOJOTHUYECKUX Tpolieccax (JIaHHbIC
TUIA «HAPACTAIOIIUM HTOTOM», CPEHUX 3HAYEHUN 32 OMpPEICIICHHbIE TPOMEXKYT-
KU BpEMEHH, 00111ee KOJIMYECTBO TPOU3BEICHHBIX IPOAYKTOB U T.11.).

Jlist XpaHeHusi Takol MH(OpMAIMK XOPOILO aAanTUPOBAHbI 0a3bl TaHHbBIX
pemsiimmonnoro tuna (PBJI). Jlanapie B 3THX 0a3ax CTaTWYHBI, CBSA3aHBI MHOTUMU

OTHOIICHUAMM, OOJI2KHBI OBITH JICTKO BI>I6I/IpaCMBI IO PAa3JIMYHBbIM CJIOKHBIM KpH-



tepusim. Ognako PBJ] He mpucnocob6ieHsl 1jisi XpaHEHUsT OTPOMHOTO KOJIMYECTBa
3HaUYCHUU TapameTpoB, monydaeMbix oT SCADA-cucTteM W HaKalIMBaeMbIX 3a
JIOCTATOYHO JUIUTENIbHOE BpeMs (10 Tpex u OoJiee JieT).

B pesynbprare, mHpopManusa, MMEIOMIASCS W YCHEIIHO HCMOJb3yeMas B
ACYTII, HenocTynHa 11 BEpXHETO YPOBHS.

Takum oOpa3om, Ha3pena HEOOXOAUMOCTh CO3JaHUS U BHEAPEHHUS B IMPO-
1[ECC YMPABJICHUSI TaK HA3bIBAEMBIX MCTOPUUECKUX aPXUBOB IMPOU3BOJICTBEHHBIX
JAHHBIX WK 0a3 naHHbIX peaidbHoro Bpemenu (bJIPB) macmitaba npeanpusitus.

Bo - mepBbIX, Takue CUCTEMBI JOJAKHBI 00€CleunTh cOOp JaHHBIX C pas-
JUYHBIX HWCTOYHUKOB MPOU3BOJCTBEHHONW HWH(OOpPMaMM Ha OPEANPUSTUU
(SCADA-cucrem, DCS-cuctem, maboparopubsix cucteM - LIMS, paznmnunbix
CYB/l u T. 11.) 1 UX AOATOBPEMEHHOE XpaHEeHUE B eAuHOM (hopmate. Bo-BTOPBIX -
o0ecreyuTh A0CTYyN K HHMQOpPMAIMU CHEIUATNCTaM U PYKOBOJMUTEISM BCEX YpPOB-
Hel U Ciyk0 MO CTaHAAPTHBIM MPOTOKOJIAM C MOMOIIBIO CHEIHATU3UPOBAHHBIX
KJIIMEHTCKUX MPUIIOKECHUH.

Takue cucTeMbl OT pa3aTUYHBIX MTPOU3BOAUTENCH (B TOM YKCIIE U OT MIPOU3-
Boauteneir SCADA-cucTeM) yKe MOSBIIIACH B POCCHM M ¢ KQXKIBIM THEM HaXOJIST
Bce Oosee mmpokoe npuMenenue. Cpeau nux IndustrialSQL Server — koMImoHeHT
uHTerpupoBanHoro nakera FactorySuite (Wonderware), iHistorian - xkommoHeHT
cemetictra Intellution Dynamics u npyrue.

CymiecTByeT Lebli psij 3a7a4 YIpaBJICHUS, HE IEPEKPHIBAEMBIX HH KJac-
coM ACVII, uu knaccom ACYTII. YacTuuHo 3TH 3a[1a4i HE IEPEKPHIBAIOTCS U3-3a
OTCYTCTBHUSI BO3MOXKHOCTEH MPOrpaMMHOI0 00€CTEUEeHUSI 3TUX YPOBHEU CHUCTEMBI
ynpasieHus. Cper HUX HaXOISATCA U 3aJauyM, PEICHUE KOTOPhIX MOXET OKa3aTh
pemaroniee BausHue Ha 3QPPEKTUBHOCT MPEANPUATHS B LIEJIOM: TUCTICTYCPU3ALIUS
MPOU3BOJICTBA, ONEPATUBHOE IJIAHUPOBAHUE, YNPABICHUE KAYE€CTBOM MPOAYKIUU
Y MHOTHE JpyTHeE.

Hanuuune 6a3bl JaHHBIX peaibHOTO BPEMEHM MaciiTada MpernpusThs — 3TO
TOJIBKO JIMIIIh TPEANOCHUIKA JJISI UX pelieHus (Heo0X0oauMoe, HO HEA0CTaTOYHOE

ycioBue). Psg pa3paboTyMKOB MHCTPYMEHTAJIbHBIX CUCTEM MPEAJIaraloT MUCHOJIb-



30BaTh C 3TOW LEJBIO CHELHUAIbHBIA THUII IPOTPAMMHBIX MPOAYKTOB. DTO MOTYT
OBITh HEOOIBIIINE CUCTEMBI, TTPEeIHA3HAYCHHBIC [T PEIICHHUS OTACIBHBIX TUIIOBBIX
3aJlay, HapUMEp, CUCTEMbl pacyeTa U COTJIACOBAHMSI MaTEPHAIbHBIX OaJlaHCOB.
[TostBuIICS psii MHTETPUPOBAHHBIX CUCTEM, MOIICPKUBAIOIINX, HAPALY C QPYHKIH-
MU XpaHEHUS U MpeACTaBIeHUS HH(GOPMAIUH, PEIICHUE 3a/1a4 pacuyeTa TEeIIOBbIX
U MaTepHUalIbHbIX 0alaHCoOB, IJIAHUPOBAHMS, onTUMU3auu u T.1n. K Hanbonee us-
BECTHBIM IPOTPAMMHBIM MPOyKTaM 3Toro kiacca [10 ornocstes InfoPlus komma-
aun Aspen Tech, «Kampkynsatop kauectBay ¢upmbl [IETPOKOM, Pl System
(Plant Information System) xomnanuu OSIsoft.

CoBpeMeHHoe pa3BuTHe HHPOpMaMOHHBIX TexHosnoruil (MUT) cosmano
IPEANIOCHUIKY ISl YCIICITHOM MHTErpaliy BCEX YPOBHEN YIIPABJIECHUS MHOTOYpPOB-
HEBOM CHUCTEMBI U CO3JaHUs UHTETPUPOBAHHON MHGOPMAIIMOHHON CUCTEMBI MPEe-

IIPpUATHA.



