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Tporpania

OCHOBHBIC CHOCO0B! MATCMATHUCCKOrQ OMHMCAHHI, YPABHCHHS ABmkcHus, Jluncapmsamua qudpepcHUHANBHbIX
vpasHcHui. [Tprveps! ypasHeHKI 00BCKTOB ¥MpaBNcHHS. CBOOOTHOC, YCTAHOBHBILCSCS H NICPCXOIHOC ABHMKCHHA CHC-
TEMBI.

CTATUUCCKUC W AHHAMWUCCKHC XAPAKTCPUCTHEN, BPCMCHHBIC AWHAMHYCCKHC XAPAKTCPUCTHKH, KPHBAS PA3TOHA 1
BecoBad (yHKIMA THHeHHBIN cucteM, HHTerpa cBepTiu.

[Ipeobpazosanue Jlannaca. Onpegenenue nepeIaToMHON (pYHKUHH. CBA3b NEpeIaTouHol (yHrumn ¢ pudepen-
LHANBHBIM ¥ PABHEHHEM. KPHBOH PA3TOHA H BECOBOH (v HKUHCH.

Mertoamueckne YRaJaHIA

CTyICHT J0KCH MOBHAKOMHTRCS ¢ OCHOBHBIMH CNOCO0AMH MATCMATHUCCKOIO OIMHCAHHS CHCTCM ABTOMATHUCCKO-
r0 yrpaeieHia. OH JOIDKEH MOHATH, YTO YPABHEHHEM JBIJKEHHA CHCTEMBI YIPABNEHHA AB.1ieTcA JuddepeHunarpaoe
VpABHEHHE ¢ MOCTOAHHBIME KO3(hDHIHEHTAMH. OOBMHO NOCTEIHHE ABLAIOTCA HEJIHHEHHBIMH, MO3TOMY HX HEOOXOTH-
MO OBIBACT JTHHEAPH3IOBATS, T.C. 3AMCHUTE HCXOJHEIC HElTHHeHHBIC YPABHEHHS THHSHHBIMI. MPUOTKEHHO OMHCHIBAKD-
IHMH MPOLCCChl B cHeTeMe. OIHAM W3 MCTOIOB JIHHCApH3aUHKA AHPPCPCHUHATLHBIX YPABHCHHH SIBIACTCS Pa3Ioskc-
HHE HETMHEHHBIX (DYHKIHI, BXOIAINMY B YPABHEHHE. B AT Telnopa.

Kax uiBectHo. peineHue IudiepeHIHMATPHOTO VPABHEHHA CKIANBIBACTCA H3 OOINETO pElIeHHA OIHOPOIHOTO
YPABHEHHA H YACTHOTO PEIICHWS HeodHopogHoro. OOmee pelleHHe 0JHOPOIHOTO YPABHEHHMA MOTVUHIO HAZBAHHE —
CBODOHOC ABHKCHHC CHCTCMbI, YACTHOC PCLUCHHC HCOJHOPOTHOIO YPABHCHHS — BLIHY/ICHHOC IBHKCHHMC CHCTCMbI HITH
YCTAHOBHBLICCCS, OOIICT PCIUICHHC HCOAHOPOIHOTO YPABHCHHS — NCPCXOAHOC JBIKCHHC CHCTCMBI,

Jatee cTyaeHTY HeoONOIHMO NMO3HAKOMHTBCA C OCHOBHBIMH CTATHYECKHMH H JHHAMIHYECKHMH XapaKTepHCTHKA-
MH. 1104 CTATHIECKOR XaPAKTSPUCTHROH CIEIYET NOHHMATE 3ABUCHMOCTE BBIXOJIHOH BEIMMIHBL OT BXOJHOH B ¥CTAHO-
BHBLIEMCA peskAMe. CPeH JMHAMIHYSCKHY XAPAKTSPHCTHE PA3THIAKT BPEMEHHBIC XAPAKTEPHCTHEKH {KPHBAS PA3TOHA,
BCCOBAS (DY HKLMM) H YACTOTHBIC B 3ABHCHMOCTH OT ACHCTBY IOLICTO PCrY.HPHONO CHIHAMA, A TAKKC THPPCPCHUNATLHOC
VpAaBHEHHE H NepeaToyHy o ¢yvHkuH0. [TocIeaHme 186 XapaKTEPHCTHRH ABILIOTCA YHCTO TEOPETHUECKHMH. B cBasH ¢
ITHM HeOOXOIHMO H3VUHTH OCHOBHOH MATEMATHYECKHH AMAPAT TEOPHH YIPABICHHA. HCIIONB3YEMBIA AN ONHCAHHA
JHHAMHYECKHX XAPAKTEPHCTHE, KOTOPHM ABIsSeTCA Ipeodpazosanue Jlamnaca. [lpr 3roM HeoOX0IHMO 3HATH TIpeodpa-
30BaHAC Jlannaca oT ICMCHTAPHBLIN by HKLWI, Cro CBOMCTBA, ¥MCTh HAXQOAMTH OPUIHHAT MO APOOHO-PALHGHANBHOMY
H00pAKEHMIO, PEllaTh OHHeiHble TH((pepeHIHATbHEIE VPABHEHH ONEPALHOHHBIM METOI0M. 37ECh JKe HEOOXOIHMO
TMO3HAKOMHATBCA C OCHOBHOI IHHAMHYECKOH XapaKTepHCTHEOL 00BekTd, HAHOOIEE MHPOKD HCMOIb3VeMoil — mepera-
TOMHOH (pyHEUHEH, npeacTassnomeii coboi OTHOMCHHE BBIXOJHOTO CHIHANA 00BEKTA K €r0 BXOIHOMY CHIHATY . Ipe-
o0pazoeaHHbIX Mo JIAMIACy, a TAKKS YMCTh NCPCHTH OT NCPCIATOMHOH (DYHKUMH O0BCKT K APYTHM Cro THHAMMHMC-
CKHM XaPAKTEPHCTHKAM.

Bonpocs 1351 AMONPOBEPKH

Ut Bel NOHMMACTC NOA VPABHCHHCM ABHIKCHHSI?
C xaroi UeIpK0 MPOROIUTCA AHHEAPH3AIHA T (e pPEHIHA THHEIX ¥ PABHCHI
Kakag xapakTepHCTHEA HA3BIBAETCA CTATHUECKOH XapakTepHCTHKOEH?
Kakue quHamudeckne xapakrepuctukd Bayv migectrst? Jaiite ux onpegeneHue.
Uto Taxoe HHTETPaI CBEPTKU?
Uto mpeactasmaeT codoil mpeodpasopanme Jlanaaca 0T HEKOTOpOH (VHKIHE?
Just kakux (pyHEUHIA cy niecTyeT npeodpazosanne Jlanaca?
Kakasi xapakTCPUCTHKA HA3BIBACTCS NCPCAATOUHOH PyHKIMCH dacveHTa?
9 Kax mo w3BecTHOH mepelaTodHOH (DVHKIMH 0OBEKTA VIPABICHHA HAHTH €TI0 KPUBYEO PA3TOHA. BECOBVIO
(v HELHEO?

L N
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Jureparypa: [1, 2].

Tewma 3

YACTOTHBHIE XAPAKTEPUCTHKH JAHEHHBIX CHCTEM ABTOMATHUYECKOT O PETYJIHPOBA-
HHA

Iporpasva

UaACTOTHBIC XAPAKTEPHCTHKH. AMILTHTY JHO-()a30BAS XAPAKTEPHCTHKA, AMILUTHTY THO-YACTOTHAS XAPAKTCPHCTHEA,
(ba30-uaCTOTHAN XAPAKTCPHCTHKA, BCIUCCTBCHHO-YACTOTHAS XAPAKTCPMCTHE], MHHMAS “ACTOTHAS XAPAKTCPHUCTHKA,
Ompegenenue YaCTOTHEIX XAPAKTEPHCTHR, HX B3aMMOCBA3b, OU3Meckii CMBICT YACTOTHBIX XapakTepucThE. [loHaTHe
MHHHMATBHO-(PA30B0i cucteMsl. CpaBHEHHE MAKCHMANIBHO (DA30BOT CHCTEMBI C HEMHHH MAIIBHO-(DA30BOIL.

MeToamteckne YRajaHaA



TlpH W3y UCHHH JAHHOH TCMbI CACIYCT CGOPATHTL BHUMAHHC HA Psi] ONMPCICACHHH aMnAMTY AHO-(pan0Boi NapakTe-
puctarn (ADX), B vaCTHOCTH, onpeacnacane ADX, KAk OTOOPKCHES MHUMOMN OCH KOMILICKCHOH MIOCKOCTH KOPHEH
XAPAKTCPHCTHYCCKOrO YPABHCHHA HA ILIOCKOCTBH AMILIHTY AHO-(Pa30BOi xapakTcpucTHRH. Paccmarpueas nepcaarouy-
HYEO (PYHKUMIO KaK (DyHKUHIO KOMILICKCHOrO MCPCMCHHOIO. MOSKHO HMCCACIOBATh OTOOPAYKCHMC, 3414BACMOC ITO
thyvERIHeH. APX MPEACTABBICT YACTE 3TOTO OTOOPAKCHIA — OTOOPIKCHAC TOIBKO MHIMOMH ACTH. 34TCM HCOOX0THMO
NOHAKOMHTBLCH H HIVUHTL COCTABIAOWNHC AMILTHTY.IHO-(Aa0BOH NAPAKTCPHCTHKH — AMITIHTY IHO-HACTOTHVIO Napak-
TepHeTHRY (AUX). (paso-yacToTHY 0 XapakTepHCTHKY (PUX), BCLUICCTBCHHY KO W MHHMY IO YACTOTHLIC XAPAKTCPHCTHKH
(BUX. MUX). Heodx0auMO THATH (DHIHMHMECKHA CMBICT BCEX YACTOTHBIN XAPAKTCPHCTHE H CBA3h MY COOOI, VYMETh
NCPCXOINTL OT OIHNX NAPAKTCPHCTHK K APYIHM.

B 3a1cTEOUCHUC TCMbI HCOOXOIHMO MOHAKOMUTBLCH C MOHATHCM MMHMMANBHO-(Ja30BOH CHCTCMBbI. BCC HY¥JIH Mcpc-
JATOMHOH (JYHKIEH ROTOPOH JTE/KAT B ICBOH MOAVILIOCKOCTH.

Bonpocur /L 1st camMolporepin

Kaxas XapaKTepHCTHRA HASHBACTCS AMILTHTY THO-(Da0BOI XapAKTCPHCTHROIH?

KakHe cy1uccTBy K0T (JopMbl JaTIHCH AMILTHTY JHO-()at0B0H NapaKkTCpHCTHEN?

[Moucmy roaorpad)y AGX GoNbIUMHCTEA ICMCHTOB HAMHHACTCA N0 MPAMBIM ¥ 1IOM K ICHCTBUTC.IbHOI ocH?
Kax mo m3BeCTHOM MepeIATOMHOH ()WHKIHH HAHTH YACTOTHBIC XAPAKTCPACTHRH?

Kak Bbl noHHMAcTe MUHHMAIBHO-(DA0BY O CHCTCMY 7 TTPHBCINTE NPHMCPEI MHHHMAIbHO-(JA30BbIX CHCTCM.

o b —

Jutcpatypa: |2. 6, 7].

Tewva 4

OCHOBbBI CTPYKTYPHOI'O METOJA HCCJIEAOBAHHA
CUCTEMbI

Mporpavivia

3BCHO HANPABICHHONO ICHCTBHA. THNOBLIC JHHAMUUCCKHC IBCHBS, ¥ CHINTCILHOC 3BCHO. HHTCITPHPY IOLLCC 3BCHO.
HICAILHOC M PcalbHOC AM(CPCHLUHPY IOLIKMC 3BCHBSL. 3BCHO MHCTOrO 34MA3IbIBAHMIL. ANICPHOIMUCCKOC 3BCHO NMCPBOTo
HOPSAKA. ANEPHOIHYCCROE IBSHO BTOPOTO MOPAIKL. KoIeOarebHOE 3BeH0. OCHOBHEIR CHOCOOH COCIHHCHHA BCHBCB
HANPABICHHOrO ICHCTBHA: NAPa.LICILHOC. NOCICIOBATC.ILHOC H COCINHCHHC C 00paTHOil cBAlbio. AIrcdpa nepeiarou-
Hetx dyHkuMil. [TpaBnia npcobpasoBaHus CTPYKTYPHBIX cxeM. TlepeiaTousbic (PyHKLMH BMKHYTOR OJHOKOHTYPHOI
CHCTCMBI ABTOMATHNCCROTO PETY.THPOBIHASL MO Pa3THYHEIM KAHATOM, THIOBBIC WKOHB PETYIHPOBAHAA, MPOTOPIHO-
HaabHblid (I1), wHTCrpaasHbiit (M), nponopunoHaibHo-Iu(ppepecHunanbublii (I1/1), NponopuHOHAILHO-HHTCIPAIBHbII
(TTH). nponopuxoHansHo-HHTCrpaIbHO-IM{PhepcHUMaTbHLLA (TTU ).

Mero1HueckHe yRasanus

HvucHHE TeMBI HEOONOIHMO HAMATE ¢ 3HAKOMCTBY ¢ THIIOBBIMH JHHAMHMCCKHME 3BEHBAMH. PACCMOTPEE JHHA-
MHUCCKHC XAPAKTCPHUCTHKH KAMIOro 3BCHA. NCPCIATOMHY 10 (W HKUMIO, AH((CPCHUMATLHOC YPABHCHHC, KPHBY IO pai-
FOHA, BCCOBYHO (Y HKLHIO. AMILTATY JHO-YACTOTHY 10, (PAT0-1ACTOTHY KO. aMILIHTY JHO-(Da0BYI0 XapakTcpHeTHEH. Heod-
NOJHMMO 3HATH KAMCCTBCHHBIH BH BCCX NCPCTHCICHHBIN XAPAKTCPHCTHE H YMETh BRIBOJHTE HX MO H3BSCTHOH mepeti-
TOUHOH (DY HKLIHH.

C ucnblo HIYUCHHH B JANLHCHIICM CIOKHBIN CNCM CHCTCM ABTOMATH3AUHH TPCOYIOTCH IHAHWA CTPYKTYPHOIO
aHaIM3a. 3IcChb HCOOXOIMMO MPCIKIC BCCrO M3YUHMTL CNOCOOBI COCAMHCHHA 3BCHLCB. MOCACI0BATCABHOC. MAPANCb-
HOC. COCIHHCHHC ¢ 0OpaTHOi CBA3bLI0. 178 KAJKIOr0o W3 HHX MOIHAKOMHTLCH C A1rcOpoil NnepcaaTouHbIX (hy HKUHIA. T.C.
¥METh NOIYYATE NEPETATOMHYE (JVHKIHIO COCTHHCHHSA, €CIH H3BCCTHHI NEPCTATOMHBE (IVHRIHHE OTACTBHBIX 3BCHECE.
Hanpuvep. nepenatouuan owHKUMS MOCICIOBATCILHO COCAMHCHHLIX BBCHLCB PABHA NPOM3BCICHHIO MCPCIATOMHBIN
(¥ HKUHIA OTICIBLHBIN TBCHBCE. 3aTCM HCODXOIHMO H3YUHTL NPABHIA MPCOOPAaIOBAHUA CTPY KTY PHBIX CNCM. TAKHN. KaK
MOEPEHOC Y31A MEPES ViIET MEPEHOC Y371 YEPEs IBCHO MO HAMPABICHHK) PACHPOCTPAHCHAS CHIHIA H IPOTHB, IEPEHOC
C¥MMAaTOPa YCPC3 CYMMATOP M Jp.; KPOMC TOM0, HCOOXOINMO HAyUHTLCH NPOBOAMTL CTPYKTYPHLIC MPpco0pasoBaHus U
N0AY4YaTh NCPCIATOUHLIC (PYHKUMH CIOMHBIN CTPYKTYPHBIN CXCM. 3AKOHUYHTE HIVHCHAC 3TOro pa’icna cIcaycT pac-
CMOTPCHHCM MCPCTATOYHBIX (JYHKIHH OJHOKOHTYPHOH CHCTCMBI ABTOMATHUCCKOTO PCTVIHPOBAHHS TO PASTHIHBIM
KAHATAM.

B npocTeiiwcii CHCTCMC pery TMPOBAHUA — OJHOKOHTYPHOH — B OTPHUATC.IbHOH ODPATHOH CBA3H pacnonaracTes
PCry 18TOp. NO3ITOMY BCTACT HCOOXOINMOCTh 3HAHHS THIOBLIN 3KOHOB PCry.TMPOBAHHA W BLIMYCKACMbIN HA HX OCHOBC
[POMBILLICHHBIX PEryIATOPOB. THNOBLIC 3aKOHBI PCry.IHPOBAHHI H3IVUAKOTCH TAK KC. KAK THNOBBIX AHHAMMUCCKHN
$BCHBCE, ¢ MOSHIMH HX JHHAMHYCCKAX XADAKTEPHCTHE. HeoOX0IMMO $HATE OCODCHHOCTH, A0CTOMHCTE) H HEIOCTATKH,
00.1aCTh MPHMCHCHHS KAXK10T0 M3 THNOBLIX PCTY MTOPOB.

Boupocss /1151 cAMOIPOBEPKH

1 JJaiTc XapakTCPHCTHKY KAMKIOrO W3 THMOBBIN 3BCHBCB. BBIBCIUTC A1 KAXKIOrO 3BCHA BCC Cro JMHAMHMCCKAC
NAPAKTC PHCTHEKH.
2 Ha3oBHTC OCHOBHBIC CMIOCOGHI COCIHHCHHSL 3SBCHLCB.



Kax Bet nonumacte anrcdpy nepeaaroyunsix ¢y HELmii?

IIpoBemiTe CTPYKTYPHBIC IPEOOPATOBAHIA 3 TAHHOH CXeMEL

HAAHTC KPATEY 0 XAPAKTCPHCTHKY KAXKIOTO H3 MPOMBILLICHHBIX PCTYTATOPOB.
Hasosure 001aCTH IPHMEHEHHS KAXI0TO H3 THIOBBIX PEry IATOPOB.

N = W

Juteparypa: [1. 2].
Tema 5

YCTOWYHUBOCTEL IHHEHHBIX CHCTEM

Iporpavmia

TloHsaTHE YCTOWYHBOCTH W €€ OMPETIEICHHE. YCTOHYHBOCTE PEUICHHS OOBIKHOBEHHOTO JTHMPEPCHUHATEHOTO
VPABHCHUA, MPI3HAK YCTOHUHBOCTH (HEOOXOAHMOE H JOCTATOMHOE YCIOBHE VCToiumBOCTH). HeoOxoammoe yoaoBue
YCTOHYUBOCTH, M300pueHne CBOOOIHBIN ABHKEHHH JHHCHHBIX CTAIMOHAPHBIX CUCTEM BTOPOrO NMOPSILa HA (Pa3oBOi
LIOCKOCTH, Anredparuecinii kputepuii veroiumsoct Pavea—T yperia, O0nacTs yCTOHIMBOCTH.

UaCcTOTHBIC METOIBI HCCACAOBAHHS VCTOHUMBOCTH, Kputepuit Muxaiinosa, Kpurepuit Halikeucta, O0macts npn-
McHeHud kpuTepHd Halixsrcta. Metoa J-pasOHCHHA, NOCTPOCHNUE 0OJACTH ¥CTOHMHBOCTH.

Meroanueckse YRasaHus

HsyucHHe JaHHOH TeMbl HEOOXOIMMO HAY4Th C ONPEICICHHA YCTOHUHBOCTH M TBEPAO YACHHUTB. YTO YCTOHIH-
BOCTb JIHHEGHHBIX CHCTEM UBTOMATHUCCKOTO YOPABICHHA, KOTOPBIC ONMHCBIBANOTCH OOBIKHOBEHHBIME JH(H(ePCHIHATS-
HBIMH YPABHEHHAMH C MOCTOSHHBIME KOMD{HIHEHTAMHE, ONPEICIACTCA PACTIO IOAKCHHEM KOPHEH XapUKTEPHECTHUCCKOTO
vpasHeHHA. [TpusHaK ¥CTOHYHBOCTH Ja6T HEOONOAMMOE H JOCTATOUHOE VCIOBHS YCTOHYHBOCTH H ABIACTCA 0asOH, HA
KOTOPOH CTOAT BCE KPHTCPHH YCTOHYMBOCTH:. 3AKTHOYAETCA OH B OTPHIATCIBHOCTH ACHCTBHTEIBHOR 4aCTH KOPHEH Xa-
PAKTCPHCTHYSCKOTO YPABHCHAS, B TPARTAYCCKOM NPHMEHEHHE HCTIQNB0BAHNE MPHSHAKA ¥CTOIMHBOCTH BECEMi OT]-
HHYCHO. B CBA3H C 3THM Pa3paloTaH pAa KPHTCPHEB H, MPEKIE BCETO, HEOOXOIHMOC YCIOBHE — MOIOKHTCIBHOCTD KO-
P PHIESHTOB XAPAKTCPHCTHYSCKOTO YPABHCHIS,

Janee cIeayeT OTMETHTS, YTO NMPH HCCACIOBAHMH VCTOHUHBOCTH IIHPORO HCIOMBIYETCH H300PIHECHHS CRODOM-
HBIX JBIKCHHH CHCTEM B (Pi30BOM MPOCTPAHCTEE. TI0ATOMY CIVACHTY HEOOXOIMMO MOSHAKOMHTBCA ¢ MOEATHAME (ha-
30BOr0 NpocTpaHcTsa, (Ha3osoil Tpackropuu, (Pa3oBoro Noprpera, a TAKKE H300PAXKCHHCM HA (DA30BOH [JIOCKOCTH CBO-
60,[[Hbl.\ ,-Z[Bl’[}}\'CH]/ll‘;[ JIHHCHHbIX CTAUHOHAPHBIX CHCTCM BTOPOrO NOPSLAKd H TONbKO MOC/IC 3TOr0 MOMHO HNPUCTYIIHTDL K
H3¥ UCHHH) KPHTCPHCB YCTOHYHBOCTH.

Bce kpuTcpHH vCTOHYHMBOCTH MOAPA3ACAIOTCS HA ABC [PYIMNBL anrcbpautcckHe 1 4acToTHelc. K neppoii rpynnc
OTHOCHTCL kpuTepHil Payca-['vpBHUa, KOTOpbIH JacT OTBCT 00 YCTOMYMBOCTH CHCTCMBL, HCNXOAA M3 ko3dduumcHTOB
XapaKTepHCTHYECKOTO ¥PaBHEHHA, M3 KOTOPBIX COCTABIACTCA TAK HA3BIBAEMBIH TNaBHBIH ompetenurens ['vpeuia. M3
onpedemuTena ['ypBuLIa COCTABILIIOTCA AMATOHANBHBIC MHHOPEL KOTOPBIE ANA ¥CTOHUHBEIN CHCTEM JO.DKHBI OBITH II0-
J0KUTENBHBL

Ko BTopoii rpynme KpUTEpHEB OTHOCATCA YACTOTHBIE KpHTepHH Muxatinopa u Haitkeucta. Hanboasmee mpakTu-
YecKOoe NPHMEHEHHE NMOIy4UKI KpuTepuil HaiikerucTa. mospomaronuit no ADX pasoMxkHyTOl CHCTEMBI CYAUTH 00 Y-
TOITYHBOCTH JAMKHYTOH CHCTEMBL. JTO €IMHCTBEHHBIH KPHTEPHEH. HCIMOIB3VEMBIH B TEX CIVHAAN, KOITA XapaKTePHCTH-
KH OTACIBHBIX NICMCHTOB M CHCTCM 3378Hbl IKCNICPHMCHTAIBHO, 8 TAKKC AT CHCTCM C 3ama3abIBAHHCM, YacTOTHBIC
KPUTCPHH ABTAHTCH Fpﬂd)OHHaﬂHTH‘ICCKHMH.

K uacTOTHBIM MCTOAAM UCCICAOBAHMS YCTOHUYHBOCTH OTHOCHTCS W MCTOA Jl-pasOucHIS, MO3BOMOIAA Pa30uTh
KOMILICKCHY IO TLIOCKOCTh KOMPHLHCHTOB XapaKTCPHCTHUCCKONO YPABHCHMSL HA O0MACTH C PABHBIM KOIMUCCTBOM JIC-
BBIX M MPABLIX KOPHCH XAPAKTCPHCTHUCCKOTO YPABHCHHSA, BbLICIHB TAKUM 00pazoM 00.1aCTh YCTOHUHBOH padoThL,

Bonupocni 115 cavonponep i

1 Kak pacnolIoKeHsl KOPHH XaPAKTEPHCTHYSCKOIO YPABHEHHS YCTOMUMBONH, HEVCTONYHEBOH CHUCTEM H CHCTE-
MBI, HAXQIAIUEHCA HA IPAHHLE YV CTOHYHBOCTH?
2 B veM 3aKIoUaeTCA HeoOX0 MMOE YCIOBHE VCToIHBOCTH
Uro takoe (a3oBoe MPOCTPAHCTBO?
Kaxue BHABI (pa30BRIX NOPTPETOR UMEIOT THHEIHBIE CTALIHOHAPHEIE CHCTEMEI BTOPOTO MOopAIka”’
Cdopyymapyviite kpaTepHit Payca—I vpBHIIa H HCclIe IviHTe Ha VCTOHUHBOCTD 34 TAHHYIO CHCTEMY.
C raxoil UeBI0 OMpeaeIeTCA 00.1aCTh YCTOHMHBOCTH C HCMOMB30BAHKEM KpHTepHA [ vpruIia?
CdopyymapyiTe kpETepHit MuXalT0Ba B HCCIeIyvHTE HA VCTOHMHBOCTD 3aJAHHYIO CHCTEMY .
Cdopyymapyiire kpaTepmit HalixpHeTa H HecneIyiiTe Ha VCTOMYHBOCTD 34 TAHHYIO CHCTEMY.
Hasosure ocHOBHEIE 007ACTH NpuMeHeHHA kpuTepud HalikeucTa.
0 Onunmre Metoa J-pasonerna. Kak omuceBaeTCa 0014CTh VCTOIMHRBOM padoTH?

e = 2

— D G0 =X N

Jmrepatypa: [1, 2, 6].

Tema 6
OBECTIEYEHHUE YCTOHYUBOCTH



Iporpavima

YCeTOHUHBBIE H HEYCTOHMHMBEIE 3BeHbA. (HHTE?} ¥CTOIMHBBIN CHCTEM. MOCTPOSHHE TPAHHLBI ¥CTOHYHMBOCTH TUIA
cucreM ¢ [TH- u I1J]-pervidropasMu, IpaHuLA yeTOIumMBOCTH 114 cucteM ¢ [1- u H-perviaropayu. OueHka zamaca vc-
TOHYHMBOCTH: KOPHEBBIE METOIBI OLSHKH 3alaca yCTOUHBOCTH. YACTOTHEIE METOIBl. AHAIMI CHCTEM HA 3amac ¥CToH-
YHBOCTH, PACUMPEHHBIC HACTOTHBIC XAPAKTEPUCTHEU. CHHTE: CHCTeM. 001AIA0MHKX 3 IAHHBIM 3A0AC0M VCTOHMHBO-
cru. Cucrembt ¢ [l-pervosrropos. cucreser ¢ M-pervimropon, cucrembr ¢ [TH-pervosropos w cuerewmsr ¢ T10-
PeTYIATOPOM.

MeToamiaccrue YRAZAHHA

OCHOBHOE BHHMAHHE [PH H3Y'ICHHH TCMEI HEODX0IHMO oﬁpam'rb Ha MOKA3ATCTIH OLUCHEH 3a11aca }’CTOf{L[HBOCT H,
KOTOPBIC MOIPA3ACTAIOTCA Ha ABC OCHOBHBIX T'DY MBI KOPHCBBIC — CTCIICHB )'CTOﬁ'-I[/lBOCT[/l H CTENeHb KOIe0ATensHO-
CTH. YACTOTHEIC — 3aImac }"CTOﬁ'-[HBOCTH 0 MOIYJIFD, 3dITacC )'CTOﬁ‘IHBOCTH mo (l.)dje MNOKA34TETh KO.Te0ATe ILHOCTH. HpH
OPOBCICHHH aHATH3d CHCTEM HA 3amac }'CTOﬁ"IHBOCTI’[ CICIVET Oﬁp‘dT[/lTB BHHMAHHE Ha PACIOHPCHHBIC YACTOTHBIC Xa-
PAKTCPHCTHKH, HX OTTHUIHC OT OOBIUHBIX YACTOTHBIX XAPARTCPUCTHK, I[a:[ee He0OX0IMMO H3VIUTE OCHOBHBIC MECTOJBI
CHHTE3A CHCTEM Ha 32 TAHHBIH 3ammac }"CTOﬁ'-[HBOCTH, OCTAHOBHBIIHCE, MNPCAIC BCETO, HA MCTOIC PACIIHPCHHBIX dMITTH-
T}-',‘.'[HO-(I)E]T}OB])IX XAPAKTECPHCTHEK H €TI0 NPHMCHCHHH 114 MapaMETPHUCCRKOTIO CHHTE3d OJHOKOHTY PHBIX CHCTEM ABTOMA-
THYECROT'0 PETY THPOBAHHA C PA3THYHBIMHE THIIOBBIMH 3aKOHAMH PETY JIHPOBAHHA.

BOl'lp()C])l AT CAMONPOBEDKH

Kax Bel noHuMaeTe Bonpoc odecnedeHuA 3anaca yCToiMuBocTH?
Uro Takoe cTencHb konedareIbHOCTH?
Kaxo# (pu3HUCCKHIH CMBICT HMCCT NOKA3aTCIb KO.ICOaTCabHOCTHT
KakoB MCXAaHM3M MOIVUCHHS PACIIHPCHHBIX YACTOTHBIX XAPAKTCPHCTHK?

5 B ucM 3aKIHUACTCH AICOPUTM MAPRAMCTPHYUCCKOIQ CHHTC3A OJAHOKOHTY PHLIN CHCTCM MCTOI0M PACIHHUPCHHLIX
YACTOTHBIN XAPAKTCPHCTHK?

6 Tloycuy CHCTCMbI ABTOMATHUCCKOIQ PCry THPOBAHMS PACCHHTBIBAKITCA HA 3AJAHHBLIA 3anac yCTOHYHBOCTH, a
HC HA 3amac YCTOHYHBOCTH BbILIC3ATIAHHODO?

[ R G T N Ty T

Jlurcparypa: |1. 2]

Tema 7
HCCIEAOBAHHE KAYECTBA NPOUECCA PEIYJIUPOBAHUA

Mporpayisva

Tpeboanus K nCpexoaHOMyY npouceey . [IpsayvbIc noKazarcIn KauccTBa. KOCBCHHBIC MCTO bl HCCICIOBAHMSL KAYC-
CTBA PCrY THPOBAHHUAL.

[MToKA3aTC.IM KAYCCTBA. YACTOTHBIC, KOPHCEBIC, HHTCIPAILHBIC,

HeeneqopaHHe aBTOMATHHECKHY CHCTEM € MOMOIIBEY HACTOTHEIX XAPAKTEPHCTHR. TpaneuHHIATbHEE XAPAKTEPH-
CTHKH, MeToapl MOCTPOCHHA NEPEX0IHBIX OPOLECCOB; METOT TPANEIHH, METO T AKY TbIIHHA.

MeToandeckne YRa3aHus

l_[pC}K,JC BCCIO HCOﬁXO,ZlI/IMO NO3HAKOMHTBCA € KPHTCPUAMHM KA4UCCTBA NMCPCXOAHBIX MPOUCCCOB, KOTOPLIC, KAK H
METOJbl HCCIETOBAHUA. I8.TATCA HA rpynnsl. CpeIH BCETO MHOKSCTBA KPHTEPHEB CIeIVeT BBLICTHTH HPsMbIE MOKA3A-
TSTIH KAUSCTBA, KOTOPBIC MO3BOIAKT QUEHHTh KAMECTBO PErY.IHPOBAHHSA HEMNOCPEICTBCHHO MO KPHBOH OEPEXOIHOLO
npouccea (CraTn4CCKan 0wndKa, AMHAMPYCCKAN OIUMOKA, BPCM PCry IHPOBAHMSL, CTCICHD 3ATYXAHHA H NCPCPCry THPO-
BaHHe). C eIy iOIMHMH MOKAZATE TIMH KAYSCTBA ABIAKTCA KOCBEHHBIE MOKA3ATE.TH — KOPHEBBIE (CTENEHD ¥ CTOHYHBOCTH
H CTEHCHb KOACOATCIBHOCTH), HHTCIPATLHBIC (JTHHCHHBINA, MOIYIBHEIL, KBAIPATHYHLIL H 0000HMCHHBEC), YacTOTHEIE
MOKA3ATC.TH KAUCCTEA NO3BOBIKT OUCHHTbL KAUCCTBO PCryIHPOBAHMA IO UACTOTHBIM XAPAKTCPUCTHKAM, B YACTHOCTH,
IO BEIMECTBEHHO-UACTOTHOH XAPAKTEPHCTHRE CHCTEMBL TAK KAK YCTAHOBICHA B3AHMOCBAID MEHKIY BEIIECTBEHHO-
YACTOTHOH XapakTCPHCTHEKOH H KPHBOH mepexoHoro npouecca. Ha ocHoBe 3ToH B3aHMOCBA3H Pa3padoTaH METoN Mo-
CTPOCHHI KPHBOI NCPCXOIHONO NPOuUCCca — MCTog Tpancumii. B nocicaHue roabl HAHOO.IBIICC NPHMCHCHUC [IOJIV YT
MeT0 AKVIBIIHHA. HCOONB3YIOIIHH AMILTHTY THO-YACTOTHBIE H ()Aa30-4ACTOTHBIE XAPAKTEPHCTHKH 3AMKHYVTOH CHCTe-
MBI

Bonpocs! 115 cAMONHIBCPEN

1 Kakopa CBsI3b CTCIICHH 33TV XaHHS CO CTCIICHLED KOICOATC.IbHOCTH?

2 B ueM cocToaT 0CcOOSHHOCTH HHTETPATHHBIX KPHTEPHEB KauecTsa?

3 CiopuyHpyHTE OCHOBHBIC CBOHCTBY BCIICCTBCHHBIN YACTOTHBEIN XAPAKTCPHCTHE H COOTBETCTBYIOIIHX HM
MCPCXOAHBIX MPOLCCCOB,

4 B yem 3aKMOYACTCA METOI TPANEUHHA NOCTPOCHAA EPEXOIHOTD MPOLECCa.

5 Ha ucM oCHOBAH MCTOA AKY . IbILIHHA MOCTPOCHH KPHBOH NMCPCXOIHOrO npouccea’?



Jurepatvpa: | 1. 2. 6].

Tema 8
CHHTE3 OJHOKOHTYPHLIX ABTOMATHYECKHX CACTEM PEI'YJIHPOBAHM A

IMporpamva

3amaua curTe?a. BRIOOP ONTHMATHHEIX HACTPOSK PETYIATOPOB METOJOM Hesaryxarommx konedawui. I'padioana-
THTHYECKHIH METOI CHHTE3d CHCTEM. ATTOPHTM pacdeTa 00IACTH HACTPOSK THIIOBBIX PRTYILITOPOE MeTodoM PADMX.
Bribop onTHMANBHBIX HACTPOEK THIIOBEIX PETY IATOPOB H3 ¥CIOBHA MHHHMYMA HHTEIPATIBHOTO KBATPATHYHOTO KpHTE-
PHA KaUecTBA pery THPOBAHUA.

MeToaauecKHe YEAIaHNA

Kax m3BecTHO, OCHOBHBIM H MPAKTHYSCKH HAHOONES BAKHBEIM MPHIONKEHHEM Pe3yIBTATOB MOTVMEHHBIN TCOPHH
ABTOMATHYECKOTO YOPABICHHA ABAACTCA CHHTS ABTOMATHUSCKHX CHCTEM, MOJ KOTOPBIM CIGAYET NMOHHMATH BBIOOD
CT‘p_\ KT_thl H COCTABHEIX IICMCHTOB CHCTCMBbI. l_[pﬂ lf{'}_\.’ YCHHH ,ElﬂHHOI‘:l TCMBI CT}’,E[CHT SHAKOMHUTCH TONLKO C BOI'[pOCﬂMI/I
Hapa}lc’TpH‘lCCKOFO CHHTC3d ONTHMAILHBIX 3IKOHOB pCl"_V:[PIpOBﬂHPUI. B 3aBUCHMOCTH OT KpHTCpH}I KAYCCTEA pCl"_V.'IIde-
BAHHA PAIHYAROT PAT METOJAOB MAPAMETPHHMECKOTO CHHTE3a. IIPH HCIMOIB30BAHHH HHTETPATBHOTO KBAIPATHHIHOTO
KPHTCPHSA KAUCCTBA PETVIHPOBAHAS U1 PACUCTA ONMTHMANBLHEIN HACTPOCK PETY.IATOPOR MCTIONBL3YETCA METO PACIH-
PEHHBIX YACTOTHBIX XAPAKTCPUCTHK, JTOT METO HMECT B MOCHASTHEE BPeMS HAHOOBINCS TPHMEHEHAS W3 BCEX TOMHBIX
MCTOA0B l'[ﬂpﬂ.MCTleiCCKOFO CHHTC3A. BTOpOr{ TOMHbIH MCTOd OCHOBAH HA CpaBHCHHH YACTOTHLIX Xﬂpﬂ}(TCpI/ICTHK pC-
ATBHOM CHCTeMBI ¢ HAcAmbHOI. OH MOJYYHI HA3BaHKHE rPalOaHATHTHYSCKOTO METOJA HIH METOIA PAcyeTa OIMTHMA Th-
HBIX HACTPOEK PETYIATOPOR [0 AMIUTHTY IHO-(PA30BO0I XApAKTEPHCTHRE PETY THPYEMOTO OOBEKTA,

Mocae olmero 3HAKOMCTBA ¢ TOMHBIMH METOJAMH HEQOXOJHMO OCBOMTH METOJHKY BRIOODA ONTHMANBHBIX Hi-
CTPOCK THIGBLIN FKOHOE PCry IMPOBAHESL. NPONOPUHOHAILHOIQ, HHTCIPAIBHOIO, NMPONOPLHOHAIBHO-HHTCTPAIIBHOTO,
NPONOPUHOHATEHO-MHTCIPANLHO-THODC PCHUHAIBHOLO.

B saxmoueHne HeoONOIHMO NO3HAKOMHTBCA C MPUOMIDKEHHBIMH METOJAMHE MAPAMETPHUECKOTO CHHTE3A, B YACT-
HOCTH, ¢ METOI0M HE3aTY XAIOMIHY KOIe0aHHI,

BOH]JOCBI AH CAMOIIDOBE KA

Kak Bbl NOHUMACTC CHHTC3 ONTHMAIBHBIX 3AKOHOB PCIY.THPOBAHHA?
B ueM 3aKT0MACTCS (MI3HYECKAS OCYIMECTBHMOCTE ONTHMAIEHBIX AMTOPHTMOB!
Jst qero ucnoasiyercs moHaTue PAGX B pacuere HACTPOSK Pery IsITopos?
Kaxk mcHsctes nepexoamslii npoucce B cucteMe ¢ [NMH-pervasropoM ¢ vBeIHUCHMCM HHTCIPaNbHOH COCTAB-
.'[}l[()l_l.lcﬁ OT HY A 70 HOMUHAILHOIMQ BHH‘-[CHHH?
5 Kakoesl ocobcHuocTu pacucta [T A-pery natopor?

l
2
3
4

Jutepatypa: [1].
Tevma 9

CTATHYECKHE H ACTATHYECKHE CHCTEMBL. CXEMHBIE METOJBI IIOBHIINIEHHS KAYECTBA
NEPEXOJAHBIX ITPOITECCOB

IIporpasya

IloHATHE CTATHYECKUX M ACTATHUICCKHX 00BEKTOB. PEIYIATOPOB H cHCTEM. [lepexonHbe MpoLeccH.

CHCTEMBL pery THPOBAHMS C CHIHAIAMH W3 HPOMERy TouHOH Toukn. Kackagasie ACP. Perv:mmposaniie 00bEKTOB C
B3ANMOCES3AHHEIME KOOPIMHATAMH. ¥ CIOBHA ABTOHOMHOCTH. [IPHHIMI MHBAPHAHTHOCTH. VCIOBHS PEANH3YEMOCTH
HMHBAPHAHTHLIX CHCTCM.

MeToanuecKue YRA3AHAA

Bompoc 0 CTaTHYMECKOM H ACTATHYECKOM PEry.IHPOBAHHH BCELAA BBIZHIBAST TPYAHOCTH. MO3TOMY HEOOXOIIMO
IpeskIe BCETO NIO3HAKOMHTBCA C IOHATHAMH CTATHUCCKHN M ACTATHYSCKHX OOBEKTOB, PEryIATOPOB M CHCTEM PEry-
JHPOBAHHSL,

Jance CacayCerT MO3HAKOMHTBCSH CO CNCMHBIMH MCTOAAMH MOBBILICHMS KAUCCTBA PCCY.IMPOBAHMA TNICPCNOIHBIN
npoucccoB. HanGonee pacnpoCcTPaHCHHbIME SIBSIFOTCS JIBY XKOHTYPHBIC CXCMbl PCIYIHPOBAHHS — 3T Kackadusic ACP,
ACP ¢ BBEe/ICHHEM MPOWIBOTHOH U3 MPOMEKY TOUHOH ToUKH. HeoOX0aAuMO YMETS MPHBOIATE TPHMEPE 3THX NPOMBITII-
Jenusrx ACP, OCBOUTH METOJHKY PacHeTa HACTPOSK PEry ITOPOB ABYXKOHTYPHBIX CXeM. Oco00e BHHMAHHE CIEIVET
OOpaTHTb Hd CAyH:H, KOraa ObICTPOASHCTBHE BHY TPEHHETO KOHTYPA SHAYMTEILHO MPCBOCX0AHT BHEINHHUI, 4 Taioxe HA
IPHBEIEHHE CXEMBI C CHTHATOM H3 IPOMEKYTOYHOH TOUKH K JBY XKOHTY PHOI cxeMe.

IpH H3yUEHHH BONPOCA PeryIHPOBaHUA 00OBEKTOB C BIAHMOCBAAHHBIMH KOOPIMHATAMH O0/ee MOIPODHO CIedy-
€T HIV4HTE OOOCHOBAHHA BHYTPEHHHX CBAZEH IO NMEPeXOIHBIM KAHAIAM. IPHHUHIILI ABTOHOMHOCTH H HHBAPHAHTHO-
CTH. ABTOHOMHOC PCry IMPOBAHHC NMO3BOINCT, BBOAA BHCIUHHC KOMIICHCHPYHOIWMC CBA3ZH MCHIY PCLY.IATOPAMH, J0-



OHTECA PACTLICHCHHUS CNOKHOH CHCTCMBI CO MHOTHMH B3HMOCBS{HHBIMH TAPAMCTPIMHE Hi PAI MPOCTCHIIIX CHCTCM,
001aJAOWHX OJHHM PCTY/IHPYCMBIM MapaMcTpoM kadkiafd. HMHBADHAHTHOC KC Pery/IHPOBaHHC MOIBONACT JOCTHYL
HCIABHCHMOCTH DTy THPYCMOH BLTHMHHBI OT BHCIUHHX BOIMY IIAFOIUHN BO3ICHCTBHH MYTCM HX NO.THOH KOMTICHCALIHH.
Oco00¢ BHAMAHAC CNCIYCT 00PaTHTE HA 0COOCHHOCTH. AOCTOHHCTBA. HCIOCTATKH, A TAKKS MCTObI PAcucTa H YCIIOBHA
PCATHAYCMOCTH CHCTCM ABTOHOMHOIO M HHBAPHAHTHOIO PCrYIHPOBAHUS.

Boupock /.10 camMolposepru

I Kakoc pervaMpoBaHHC HA3bIBACTCH CTATHUCCKMM?

2 B ucem saknroMacTest 0COOCHHOCTL PACHCTA HACTPOCK PCLVIATOPOB ABYXKOHTYpHOH ACP, ccau ux ObicTpoacii-
CTBHsl ONH3KH?

3 Toucmy B CXEMAX C BBCICHHCM CHLHANA M3 NPOMCHYTOMHOM TOUKHM MCNONb3veTcs AMG{ICpCHUHMpPYIOLICE YCT-
poticTBo?

4 TlepcunciuTe YCIOBHS PCATHIYSMOCTH KOMNICHCATOPOB.

5 DBbIBCIHTS YCIAOBHC ABTOHOMHOCTH N BOIMOJKHBIN CNCM KOMIICHCALHH.

6 Kak ompeacaaroTes HACTPOHKH KOHKPCTHBIX THIIOB KOMIICHCATOPOB?

Jurepatypa: |6. 7].

Tevma 10
XAPAKTEPHUCTHKA HEJTHHEHHBIX CUCTEM ABTOMATHYECKOI'O PETYJIHPOBAHUS

Tporpamvia

Tlonarre HeMMHEHHOIH ¢HCTEMBL. OCODEHHOCTH HENMHHSHHEBIX CHCTSM. METOaBl MMHCAPH 3:a MM HETHHEHHEIN CHC-
TEM: JTHHSAPH L B MATIOM, B CPCIHCM: TAPMOHISCENT B CTATHCTHYECKAA THHCOPH LA

Metoa a30B0r0 IPOCTPAHCTBA HCCICIOBAHAS HEMHHCHHBIN CHCTSM. METOOBI MOCTPOSHHA (DA30BEX TOPTPETOB!
METOA W3OKIHH, MCTOAB MPAMACOBLIBAHAS B CIIMBAHMA, [PHHUMITHATEHEE 0COOCHHOCTH (ha30BBIX MOPTPETOB HETH-
HeHHBIX ¢reTeM. CBa3b (JA30BOTO MOPTPETA ¢ MICPEXOIHEMM TPOICCCOM.

ABTOROICOAHHS B HETHHSHHBIX CHCTEMAax. MATKOE W JKECTKOS BO30OVKACHHE 4BTOKOIeOaHmi. MeToas Hee1eao-
BAHUA ABTOKO.IeOAHHIT kpuTepHil BCHIHRCOHA. MCTO TOUCUHOTO MPeoOPA0BIHIL, METON TAPMOHAYCCKOTO DAMTIHCA.

MeToJHeCKHE VRASAHHS

HiyyeHHe TEMEBI CISOYVST HAMATH ¢ MOHATHA HCJIMHCHHOH CHCTOMEL ¢ MOBTOPCHHS NPHHUHANA CYTICPIOHLIAN, ¢
SHAKOMCTBA C NAPAKTCPHBIMH OCOOCHHOCTAMM HCIMHCHHBIX CHCTCM, TAKUMME, KAK 33BUCHMOCTD MACTOTHBIN XAPAKTCPH-
CTHK OT AMILTHTY Abl, MOHATUA ¥CTOHMMBOCTH "B Ma1oM" M "B D01bIuoM" B Ap. 3aTCM CACAYCT NO3HAKOMHTLCH C THIO-
BbIMH CTATHUCCKUMM HCIMHCHHOCTAMH CHUCTCM ABTOMATUMCCKOLO PCLYIHPOBAHMS — 3TO YCUIMTCILHOC 3BCHO C Orpa-
HMUCHHUCM AMIIMTYAbL JBY XNO3HLHOHHOC PCIC H Ap.. PACCMOTPCE HX CTATHUCCKHC XAPAKTCPUCTHKH H NPOXOIKIACHUC
FAPMOHHNCCKOMO CULHANA MCPS3 3TH THNOBLIC HCIHHCHHBIC 3BCHBA,

OCHOBHBLIM MCTO10M HCCNCAOBAHHH HCIMHCHHBIX CHCTCM HBASCTCA MX CBCACHMC K MHHCHHBIM cHcTcMan. TMosTo-
MV CACAVIOLIME BOOPOC. HA KOTOPLLL cncayer o0paTHTL BHHMAHKC, — 3TO MCTOAbl IUHCApusawii. C 0aHMM M3 MCTO-
JOB THHCAPH3ALMM — PA3I0KCHHC B Py Teil1opa — 3HAKOMUNKCE B HAYANC KVPCa: 3ACCh NPCACTOUT MOSHAKOMHTLCI C
APVIUMH MCTOIAMM — FAPMOHHYCCKOH JIMHCAPH3ALMCH, MPUMCHACMOI 113 CYIICCTECHHO HCMHCHHBIN 3aBHCUMOCTCH,
BUOPALMOHHOH THHCAPM3ALMCH, NPUMCHICMOM 111 NHHCAPI3ALMH PCACHHBIN MICMCHTOB, U CTATUCTHMCCKOH THHCApH-
SAUHCH, NPUMCHSICMO# I8 CUCTEM CO CNy HaHBIMK BO3ACHCTBHAML.

CacayrowWiM MCTOIOM HCCICIOBAHHA HCIHHCHHBIX CHCTCM SIBTACTCH VIKC PACCMOTPCHHBIH pance Mcron (pa3zoso-
ro npocTpaHcTea. B CBAZM © 3THM HCOOXOIMMO H3VIHTb MCTOJBI MOCTPOCHHS (PA3OBBIN MOPTPCTOB. MCTOI HIOKTHH.
MCMOIb3YCMbIA 11 KAUCCTBCHHOH OLCHKH x0Ja (pazoBbIXx TPACKTOPHH. MCTOIB! MPHITACOBBLIBAHWA H CLUHBAHHS. HC-
MOJIB3YCMBIC MPH BO3MOKHOCTH KYCOUHO-THHCHHOM ampOKCHMALNH HCAHHCHHOH XapakTcpucTHKH. OcoGoc BHHMA-
HHC CJICAVCT YACIHTb OCODCHHOCTAM (PA30BBIX TIOPTPCTOB HCJIHHCHHBIX CHCTCM. CPCIH KOTOPBIX BBLICIAKOT NMPCICib-
HBIH LHKIT, CCTIAPATPHCHI. NO3HAKOMHTLCH C XaPAKTCPHBIM NPHMCPOM (DA30BOr0 NOPTPCTA HCITHHCHHOH CHCTCMbI.

B 3akIroucHUC TCMbl HCOONOIHMO H3¥VYHTD TAKVIO 0CODCHHOCTD HCITHHCHHBIX CHCTCM. KAK ABICHUC aBTOKONCOa-
HHH. T.C. BOIMOMHOCTb BOBHHKHOBCHHS HC3aTYNAKIINX KOICOAHHWH B HCIHHCHHOH CHCTCMC. O0VCIOBICHHBIX BHYTPCH-
HHUMH OCOOCHHOCTSIMH 3TOH CHCTCMBI. [TapaMcTps! aBTOKOICOAHHH — AMIUTHTY.JA H 4AcTOTA — 3ABHCAT OT HAYANbHBIX VC-
JOBHIT 1 OMPSICHAOTCA CBOMCTBAMH CHCTCMBI, YCIOBHAMH HX BOYHHKHOBCHHA. PaimiuaroT 1Ba peKUMA BO3SHHKHOBCHHS
ABTOKOJICOAHMH: MATKOC H KCCTKOC BO3DY KacHHC. OCHOBHBIMK MCTOIAMH HCCIICIOBAHHS ABTOKONCOAHHH. NO3BOIAKOLLIH-
MH OTBETHTB Hil BONPOC 00 HX BOHHKHOBCHHE, MAPAMETPIX ABTOKQJCOJIHHHA ABIAKTCA KpHTEpHil BeHAMKCOHA, MeTOa
TOUCMHOTO MPSOOPABOBIHEA H MCTOA TAPMOHITMECKOTO DATAHCY.

Boupock! /L8 caMOIPOBEPKH

JaiTe CpUBHUTEIBHYH) XAPAKTCPHCTHRY THHCHHEIX H HETUHCHHBIX CHCTEM.

H:00paeTe peaKMI) THIOBEX HETHHCHHEBIN 3BEHBEB HA BOBICHCTBHE TAPMOHMHMECKOTQ BXOJHOIQ CHTHATA.
A 35 HHOTO HETHECHHOTO 3IEMEHTA OJHHM H3 H3BECTHRIX BaM METOIOB MPOBEINTE THHCAPH AL,
IMocTpoiTe (Pa30BRI OPTPET HEMHHSIHOTO 3ICMEHTA OJHHM H3 H3BECTHBIX METOI0B.

B P R N ]



53 Yro Takoe ABTOKOTeOAHUA!
¢ Hiobparure (azoBbie NOPTPETH HEMMHEIHOH CHCTEMBI, ILTTFOCTPHPVEOIIHE PE/KIMBI MATKOTO H KECTKOTO
B0 30VIKIEHHA ABTOKOTeOAHMH.

Juteparvpa: [L. 3].
Tema 11

YCTOMYHUBOCTL U KAYECTBO HEJIMHEHHEIX CHCTEM

Hporpannia

YCTOHYHBOCTE COCTOAHHA PABHOBECHA H ABTOKONEOAHHIH B HENHHEHHBIX CHCTEMAX. YcToiunBocTs no A M. Jx-
MVHOBY, ACHMOTOTHUYCCKAS YCTOHUHBOCTE, [TepBrIi H BTopoi MeToanl A M. JIamyvuoBa,

AocomotHas veroiuueocth. Meton BII ITonosa. [IpuOmokeHHBIE METOIbI HCCISIOBAHHA YCTOIMMHBOCTH H Ma-
pavcTpoe asTokoncOanuii. MCToa rapMOHHUCCKOro 0AIAHCA.

KauecTBo mepexoIHBIX MPOLECCOB B HETHHEHHEIX CHCTEMAX. YIVUIICHHE IHHAMHHECKHN CBOHCTB CHCTEM IIPH
NMOMOLUN HCIWHCHHBIX CBA3CH.

MC'I‘O,‘IH YECKHE YKAZANIMSI

CI0:KHBIE BOMPOCH! ¥CTOHMHBOCTH MPOLECCOB PEIYIHPOBAHHA HETHHEHHOH CHCTEMBL MOSKHO HATATHO TMPEICTd-
BHTb, HCIONB3YS, KAK H B JIMHCHHBIX CHCTCMAX. NMOHATHC (JA30BOro NPOCTPAHCTBA. 31CCh HCOOXOANMO OOPATHTL BHH-
MAHHE HA Pa3THYHBIE BHIBL VCTOHYHBOCTH H HX TCOMCTPHHYECKYI0O HHTCPHPETALHIO B (Pa30BOM OpocTpaHcTse. B vact-
HOCTH. He0OXOIIMO 3HATh MOHATHA OPOHTAILHOH VCTOHYHBOCTH, VCTOHYHBOCTH HETHHEHHOMH cHcTeMBl "B Ma10M", "B
SoabmoM”, "B neaonM"; yCToHMHBOCTH Mo A M., JIANVHOBY, aCHMOTOTHYCCKOH YCTOIMHBOCTH,

A4 HoCNeI0BAHHA VCTOMYHBOCTH HE THHEHHBIN CHCTEM HCIOTBIVIOTCA IBa MeroJa A M. Jlanvuoea. Ilepseiii m3
HHX N03BOIACT HCCICI0BATE YCTONMHBOCTD CHCTCMBL "B Ma10M", a Bropoil — "B 00bwoM". HeoOxoaumo yyers Qop-
My THpOBATh TeopeMbl JIAIYHOBA. IMPHMEHATh HX K PelIeHHIO 327Ja4, HATH OCHOBHEIC NP0O.IeMBI MPAKTHYECKOTO HC-
(0JIL20BAHKUSL BTOPOIO MCT0Aa — 310 BLIOOP (v HEUMK JIsnmyHoBA. HeoOXOIMMO NOZHAKOMMTBLCI C PCKOMCHIALMK N0
COCTUBICHHIO (DVHKUHH JTAMY HOBA JULL KOHKPETHBIX CHCTEM,

At mecacnoanust abCOTIOTHOR ¥CTORYMBOCTH Henoab3yeres mcroa BUIT. Tonoea, oTHocswmiics K rpynne vac-
TOTHBIX METOIOB. CTYICHTY PEKOMCHIVETCSH MO3HAKOMHTLCA C (yHKIHEH [TonoBa. 3HATh TEOMETPHUCCKY ) HHTCpIpE-
TALIHI0 METOIA.

l/l'j‘_\“lCHPlC _VCTOﬁ‘IHBOCTH HC.IMHCHHBIX CHCTCM CICAYCT 3AKOHYHTDL ﬂpPlﬁ.'IH}KCHHbIMI/I MCTOJAMH HCCICIOBAHHIL
YCTOHYHBOCTH ABTOKO.Ie0AHHH. 33eCh HEOOXOIHMO OTMETHTH HCHOTB30BAHME TAKOTO METOJA, KAK METOJ rapMOHHYCS-
CKOro 0ANAHCA, OCHOBAHHOTO HA NPHMCHCHHH YACTOTHBIN XAPAKTCPHCTHE, MOIVUCHHLIX NPH FAPMOHHYCCKOH THHCAPH-
ATHMA He THHEHHOCTEH.

B 2aKTI0UCHHC TCMBI CTY, ICHT 3HAKOMHTCH ¢ BOMPOCAMH KAUCCTBA NICPCXOAHBIN MPOUCCCOB B HCTHHCHHBIN CHCTC-
Max.

Bonupocsi L 15t CAaMOnpoBepKn

Kax Bb MOHUMACTC VCTOHUHBOCTL COCTONHHS PABHOBCCHS M VCTOHUYHBOCTL ABTOKOICOAHMI?
JlaiTC CPABHUTCIBHY KO XAPAKTCPHCTHKY PA3IHYHBIX BH,IOB YCTOHMHBOCTH.

[IpoKOMMEHTHPY HTE HCHIONBIOBAHKUE TIEPBOTO H BTOPOTO METOIOB YCTOHMHBOCTH A M. JIsiny HOBA.
TMokakire CBA3EL KpUTCpHA a0COTOTHOIH veroiumBocTH [Tonosa ¢ xpurepuenM HaliksHcTa.

Kax onpeaenurs vcTOHYHBOCTE ABTOKOICOAHHIT METOI0M rapMoHHUeckoro dataHca?

) —

h

Jureparvpa: [3. 4. 6].

Tema 12
CJIYYAHMHBIE NPOLECCHI B CHCTEMAX ABTOMATHUYECKOT'O YIIPABJIIEHHA

TMporpana

DICMCHTBI TCOPHH BCPOSITHOCTH, CIVUANHBIC BCIHUHHBI, 3AKOHBI PACAPCACICHHS U BCPOSTHOCTHBIC XAPAKTCPH-
CTHKH Cﬂ}"[aﬁHOﬁ BCIHUYUHLIT MATCMATHUCCKOC QKHIAHHC, JUCTICPCHI, UCHTPUPOBAHHANH C.'Iy‘li]ﬁHﬂH BCnuuKHA, TloHs-
THE 00 OUEHKAX, TPEOOBAHKA K OUCHKAM.

CavuaiiHble CTALHOHAPHBIC MPOLECCEL CBOHCTBO IPTOIHYHOCTH, MAPKOBCKHE TMPOLECCHL. XAPAKTEPHUCTHEH CIV-
YaIHBIX MPOLECCOB. KOPPETALHOHHAA (Y HKIHA, CICKTPATLHAA ILTOTHOCTE.

MpcodpazoeaHuc CIvUARHLIN CHIHAIOB ITMHCHHBIMH CHCTCMAMH, XAPAKTCPUCTHKH BbIXOAHODG curHaia. Ceiasb
MEKIY KOPPCTAUHOHHBIMH (I)_VHK].[I[SIMH, CICKTPATLHBIMH TLIOTHOCTAMH BXOJHOIO H BBIXOJHOIO CHIHATOB.

OCHOBHBIE 34JAMH AHATH3A H CHHTE3a CHCTCM IIPH C.T_\"IﬂﬁHle BO'L"[BI?CTBH?IX. OnrHMansHas LIAPHHA MO.TOCHL
NPOTYCKAHMA HICATPHOTO IOIOCOBOTO (PHIBTPA. AHATH3 H CHHTEC} CHCTEM IO MHHHMYMY CPETHEKBAIPATHYHOH Mo-
rpewHeCTH, O0uad 3a1a4a YIpeKICHH 1 PrasTpanuu, YpasucHuc Buncpa-Xondya # MCTOABI CrQ PCUICHH,

Me'l‘(),‘ll‘l UECHKHE VRAAIIHS



CTyACHTAM 3204HOTG OTACACHHS Tevy "CNyUaiiHbIC NPOICCChl B CHCTEMAX ABTOMATHHCCKOIO YIPABICHHI" PCKO-
MEHAYETCH HAYHHTE 0030PHD. MOHAKOMHBLIMCE C OCHOBHBIME TOHSTHAMH, HCIIOJNB3YEMBIME [IPH OIIMCAHMH CITY -
HBIX BCJIHMUH, CNIYYAHHBIX CTALMOHAPHBIX NPOLCCCOE. HCOONOAMMO HAVHUHTL M VMCTh COCTABITH KOPPCISILIMOHHYED
(PYHEUHID 0 CMCKTPAABLHY IO MIOTHOCTL CNYYAHHOMO MPOLCCCA, MOHATH CYTh PACUCTA CHCTCM ABTOMATHUCCKOTO VITPAB-
JCHHY CO CNYYUARHBIMHA BO3ACHCTRUSMH, 3HATH YpaBHCHAC Buncpa-Xonda.

Bonpocel 1151 CAMONPOBEPRHA

HasoBuTe OCHOBHEIE XAPAKTEPHUCTHRH CIVYAHHOH BE THHMHHBEL.
Kaxkoii ciyuaiiHblit MPoLCCce HAa3hIBACTCH IV UAHHBIM CTALHOHAPHBIM MPOLICCCOM?
Uro Takoe CBOHCTBO 3ProaMaHOCTH?
Kak 3xCIepHMEHTAIBHO ONPEACITHTE KOPPEIMUHOHHYED (v HKIHEK CIVHARHOTO Tipouecca?
B 4eM saxmodaeTcA pacueT CHCTEMBI ABTOMATHUECKOTO VIIPABICHEA CO CAYYANHBIMH BO3ICHCTBIAME?
Kakic MCTo bl OMPCACACHHS CICKTPANLHOH mnoTHocTH Bam m3eceTHeI? Kakoit n3 vux Hanboace 3pPCKTHECH
¢ Bauucii Touxu 3pcuns?
7 Kakue MeTonsl perucHus ypasaeHus Bunepa-Xonda Ber 3Haere?

W L R —

=)

Jurepatvpa: [2. 3, 6].
SATAHHUS

Kontpoasnas padora 1

Jadaua l
Haiiti opuraHams o 3a1aHHEBIM H300paxkcHuSM (Tadn. 1),

Tabnuua 1
Ne -
. Fi(s) Fo(s)
0 e ™b s+6
s+l (s +D(s> + 35+ 2)s” +5+1)
! S 38 35+8
s2 4 ST(p+2)s” +35+5)
5 o s y+6
ds+2 (5 +2)(57 +38)(s° + 45+ 3)
5 3(3725 25+8
' 6s+1 S(s7 +25)s™ +4s+3)
1 2e ¥ 3
JE (s+4)s™ + 65 +8)(s” + 45+ 29)
5 1o ¥ 25+10
3541 55T+ 65 +10)
6 5¢ > 12
s (s+ 1)(52 +9s + l-‘l)(.s3 +s5+1)
- 73_3“’ 2545
(s+3)° §2 (57 +35+13)
. 302 10
12 (5+35)(s° + 65— H(s™ +5+10)
0 o 125 +8
W SHs+D(s" +5+1)
Jaoaua 2

C nmomMomer npeodpasosannd Janmaca penmTs T {epeHIHANEHOS YPABHCHEE C 3ATIHHBIMH HAMATBHBIMH VC-
JoBHAMHE (TalT. 2).
Tadmana 2

No papu- | YpasleHHe Havamime veonus




aira
0 VA + 3 =2e Tcos(n V=0 () =1
1 VA Sy =2sin(n) w0 =0 (=0
2 V=23 + 5y = 2sin(20) MO) =0 () =1
3 Py + 2y = 3e7cos(20) V0)=0; V() =1
I3
4 ey 13y = [e'dr W0)=0: /(0 =1
0
5 V'3 — Sy = 2e”sin(r) PO)=0;(0) =1
6 V2 = v =1 =0
7 Wy = e cos(l) 30y = 0; V(0) = -1 y"(0) = ") = 0
g ym —.V" — eZt y(o) =1 :.}"‘(0) — .V"(O)
9 V- = e wO) =0 (0)=0
Jadara 3

IMo M3BECTHON KPHBOH PA3TOHA W BECOROH (DYHKIHH THHEHHOTO aaeMeHTa (Tadx, 3) Haiitu; 1) peakumio Ha BXO1-
HOMH CHrHAT x () ; 2) BECOBYIO (BYHKIUIO HIH KPUBYIO PARTOHA COOTBETCTBEHHO: 3) MEPEIATOUHYIO (DYHKIIHEO INEMEHTA.

Ne papuanTy h(D o (1) x(1)
] 1-e™ et ”
1 4 & tee t
2 1? +1 1-¢F 1-¢'
3 |— o~ 1072 e
4 —l-e ¥ +¢ tel r* -1
5 1-¢ ' cost 8¢.e 4 -1
6 £l e sin 3
7 21° 2—t-e” 1—e ™ sins
8 2(1-¢7") ree™ 217 +1
9 1—¢ ' sin3: 5¢ t+1

3adana 4

Tabmina 3

IMo w3BecTHOH MepeAaTOUHOH (PYHKUME MeMenTa H(S) HAlITH €T0 KPHUBYIO PASTOHA, BECORYIQ (DYHKIHIQ, AMILTH-
TYIHO-YACTOTHY IO, (J130-4ACTOTHYIO, AMILTUTY AHO-(DA30BYI0 XaPAKTEPHCTHRH, [1O0CTPOUTE rpaHKH, 3anHcaTh Ju(ide-
PCHIHATBHOC YPABHCHHS 3/ICMCHTA, CBABHIBAIOIISE BRINOAHYIO KOOPIMHATY H BXOJHYIO KOOPAMHATY (Ta0um, 4).

Me rapuaiTa Hcpc,uu’rolu.-[}w PYHK- Ne papwarTa Hcpcnu’rollﬁun oY HKLSL
s H(s) F(s)
0 2s+1 _ s+1
e 5 -t
(s+D(s+2) Gs+D2s+1)
) 4s+1 p 2543
2y +D(y+2) Gs+D(ds+3)
5 2543 . 55 +4
(2s + D(s+3) (28 —=3)(4s+3)
. 2545 < 38+2
7 Gs+2)2s +4) (25 + (s +2)
4 3v+2 9 5§42
Gs+H(s+ 1) (2s+D(3s+2)

aouna 5

BbIBCCTY NCPCIATOUHYH (PYHKUHIO 101 32JAHHOH CTPYKTYPHOH CXCMBI (Tada. 3).

Tabanua 4

10



Tadauma 3

No mapu- CTpYKTYpriag cxema
aHTa : :
- Wyix) Y
0 H3(x) Hs(s) (]
1)
() s(s)
Hpodoaxcenue mabr. 3
No wapu- CTPYKTYpIIad cxeMa
dHTAa ' '
o 0
1 | 20s) sl TE(s)
X Iys) N I
ty) » )
> | =
_l- i5(s) l
J..{ Wiis) Wiis) I_.@.I sy
3
x i) s
' (s)
Wi(s) % i)
. ¥
L@i Wils) _.® ) _.@ o W) .
5
Hipodeaycenue matia. 3
Ne Bapu- S
I CoIpyKLY PHES CXCMA
6

11



I

X Wi(s) —’.®— () . (s >

Wals)

1)

‘.§_, Hia(s)

7 SN Hi(s)

Wi

.

8

: -
Helsr |
L T

Sadaua 6

Hceaeaosats HA YCTOMYMBOCTE CHCTEMY ABTOMATHYECROIO PETYIHPOBAHML. CXEMA KOTOPOR NPHBEISHA HA pHC. 1
(Taba. 6):

1) ¢ momonmsro kputepus Payvca-I vpeuta,

2) ¢ noMomelo KpuTepua Muxaiinosa.

W(s) 5| W) Y
Pue. 1
Tabnuua 6
Mo papuartTa Wo(s) Woals)
0 4+3s 35 +1
s 35 +25° +5+1
3
1 1+2s xl o S
257 + 57 +25 +35+4
5 I+s ‘ %
s 357 +s  +s5+1
4
3 3s+2 3 3 7
47 +357+ 257+ 2

12



6 257 +1
4 — - ~
s 357 + 387 +25+3
2 -
5 3 ST+
36T+ 557 45 +1
6 3941 . 35; +5j~l
828+ 25 +8+5
1 s+2
7 - 3’*
25 5T+25 +5+4
4
8 45+1 . 3 —
S 4257 +T757+s546
9 38+2 2543
5 8 +257 +5+10
3aoaua 7

HeeneaoBath Hi YCTOHMHBOCTE ¢ TOMOIIBH) KpUTepuda HaHKBHCTA CHCTEMY 4BTOMATHUECKOTO PEryMTHPOBAHHS,
CXEMdA KOTOPOH mpuBeAcHA Ha puC, 2 (Tadn. 7).

by % v
I/Vp('g) WUG(S ) € >
Puc. 2
Tadamoa 7
Ne papuatiia Irp (s) W.a(s)
0 3oL >
2s 3v+1
1 6+ l 1o
5 25+1
2 4+ l 10
§ s+1
3 7 -‘1-E 6
§ s+1
4 6+— +
5 s5+2
- - 6
5 5+—
28 s+8
6 10+ l 3
5 25+3
2
7 4+—
i3 3s+1
1
8 1+— —
s S5 +1
2 15
9 3+— 15
s 25 +1

Konrpoannas paGora 2

Juoaua 1
YpaBHEHHE CTATHKH O0BESKTA HMEST BHI, NPEICTABICHHBIH B TabL 8. JIMHEAPH20BATh YPABHCHHE B OKPECTHOCTH
TOUKH Xy =1, vy = v{x;) = »(1) . [oCTPOMTH CTATHUYCCKY 0 XAPAKTCPHCTHKY JTHHCAPHU30BAHHOIO 0ObCKTA H CPABHHTD C

HCNOJIHOH.



CraTHveckas XapakTepu-

CraTHveckas XapakTepu-

Ne papuanta - Ne Bapuanta -
CTHKL CTHEA
0 N | 3
Ea Vo=x
Jx
2 v=In(x+1) 3 v=e"
- “
4 y= x* 3 y=x"+1
5 1
6 y=x 7 y=—
x
8 yi=x 9 v=3x"Inx
Suoana 2

Tadmmma 8

Ha Bxoa HCIMHCHHOIO 3ICMCHTA MOJAKOTCH FAPMOHHUCCKHUC Ko.IcOaHuA. HapucoBaTh BbIHYKICHHBIC KOACOAHUS
HA BbINOC HCIMHCHHOIO 31cMCHTA. BbiBccTH (popMy.1y IKBHBAICHTHOI nepcaaTouHO (WHKUMH HCIOMHCHHOro 3ic-
MCHTA C MOMOLLBID MCTOIA FAPMOHHUCCKOH AuHcapHiauuu. CTATHUCCKAA XAPAKTCPHCTHKA HCIMHCHHONO 2ICMCHTA
NpHBCICHA B TaG1. Y.

CraTHveckas XapakTepu-

CraTHuecKast NAPaKTEpH-

Ne napmarra Ne napuarrta
CIHKa CTHK
x x
1 —— ‘I -
0 1 |

-
_l“ B 1 ¥

Ne sapuairta

Crartrucekasl Xapak 1epy-

Ne papualria

Crraruyeckast NapPaKTepPH-

CTHEA CTHKA
X X
] 4 -
2 A5 3
¥
o1
Xt x4
1
- -
4 -1 5 2| l |
1 3 | I 12 ¥
-aa] 1
—1
X1 4
2
6 = A . 7 P
/ 1 v
2

Tabauua 9

Hpoooaxcenue madi. 9

14



] _____
8 > B 9
1 v
2 y .
J. ----- 1 /
-------- -2
3aoaua 3
Hapucoears (EAMECTBEHHO) NEPEXOIHBIE MPOUECCHL. COOTBETCTRYIOMIHE (PAZOBEIM TPACKTOPHAM. YKARAHHBIM B
tab 10.
Tabauua 10
Ne papu- No papu-
- Daszopast TpacKropHst Dasopas TpacKTOpUs
4HTA aHTa
A
0 D \ 1
P
LV
2 3
AV
-I- 5 m\_/‘n"f'u
My X
v it o
6 / ’ 7 \
M, /r X
AV
3 9 >
\ ‘
Medd
adaua 4
Hapucogath (KaUCCTBCHHO) (A30BLIC TRKICKTOPHH, COOTBCTCTBYHMIMC MCPCXOAHBIM OPOUCCCAM, YKAZAHHLIM B
tadx 11,
Tadanua 11
Ne Bapu- Ne Bapu-
‘ P Dusopas rpacKropus an DusoBas TPACKIOPUsL
HHH am1d

15



Tabmuoa 12

0 1
H /
yl\ J
2 \ 3
! r
14 ¥ b
4 /\ TN 3 /—\
N4 r
¥ 14
6 J 7 /\
/ t \/ N
vA v
8 l i 9
T !
3adaua 5
TTocTpours METOIOM HIOKIIAH (PA3OBBIH IIOPTPET 1.1 CHCTEMBI, YPABHSHHE IBHKEHHS KOTOPOIH NPICTABICHO B
Tadm. 12.
Ne gapu- Ne Bapu-
) P Y paBHCHUC ) p Y paUBHCHHC
aH1d aHTA
0 PR, | 1 Mt X 4055 =3
2 sy +x” =1 3 xrxx +x=1
4 O Ex +x=1 5 X +x+xt =2
6 x"—)—x’x:+2x:3 7 ¥ +xx+3x=4
8 X x4055+x% =3 9 x4t x =2
3aoaua 6

Ol'lpC,ElC.'[l'[Tb BO3IMOMHBIC COCTOAHUA PABHOBCCHI CHCTCMbLI H HCCICIA0BATH HN _\_*CTOl‘rl{‘iHBOCTh MCPBLIM MCTOIOM

e

. . oy
JlsnyHOBA, CCTH OHA OMECBLIBACTCS CHCTCMON YPABHCHHIA; m = P(x. V) T =(Xx,v) (tTada. 13).
s

of a
Tadmnuia 13

No Bupu-
aHTa

CHeTeMa ypaBIerit

Ne papu-
aHTa

CucTeMa vpaBIelntit

0

FPlx.v)= ().5_';2 —y+x

Pix,»)=y

16



O(x, ¥y =xv+1 Olx,y)=y— x4 2x
Plx.v)y=y—-x+1 P, yy=x+y
2 , 3 )
Dx,vy=v—x +2x O v¥)=2x"+v-1
Plx.y)=05x+¥ ) Plx,v)=v—x" +2x
4 5 N
O(x.p)=2xy+1 O yy=xy+1
; Pix,w)= 2x° +v+1 ; Pix,v)=2x"v+1
3 ki
Ox ) =y—x +2x Olxy)=x+y
. P(x,v) = 3 x +1 . P(x, ¥y =y —y+2x
Qe ¥)=x+05y O(x,y)=3x" +y

TITPUMEPHBI PEIIIEHHS 3ATAY

KonTpoabHas padorta 1

3adaua 1. Haitru OpuruHansl 00 3a1aHHLM 300PAMCHASM, HCNOAL3Y 8 npcodpaszosanuc Jlannaca:

E ('S’) :46__-?? Ff_:(S) =
(s+3)°

3s+7
s (s +65+13) -
IMo Tabmume npeodpasosanus JTannaca u CBolCTBaM mpeodpasoBanua Jlamaca Hailaem
R0y =41¢—1pe ¥ 1.

e [ — eTuHUYHAA QYHKIES,
Has onpeacncuust npcofpazosanus Jlamaaca ot apodK F5(5) HCOOXOAMMO 3TV NPABHILHYIO PALHOHAJILHY KO

Ipodb MPEICTABHTE B BHIE CYMMBI MPOCTEHINHX Jpodeii. KOTOPHIE ONMPEIeITFOTCA B COOTBETCTBHH ¢ KOPHAMH Xapak-
TEPHCTHHECKOTO ¥PABHEHHA H MO KOTOPBIM IpeodpazoeaHue Jlammaca MOMKHO B3ATh. HCNOIb2VA TaOIHIE Mpeodpaso-
BAH ML, pﬂ.CCM?lTpHBﬂCM{]S[ ,ElpOﬁb HMCCT Tp}'l Hy_‘[CBb[X KO])HH H l'[ﬂpy KO.‘.]I’[HCI\'CHO-COHDH}KCHHbIX I\'OpHCI‘;L l'[OSTO.\l_Y OHA
PaIaracTCa Ha MPOCTEHINNE APO0H CISAYIOMHM 00pA3OM:
35+7 A B C Ds+ F
hyy=—=—+—+—+

ST 6513 5 st 8 (sT46s113)

) 2 5 1 .
AT +05+13D) + Bap(s™ +065 +13)+ (87 + 05 +13) + (Ds + JI’*,)S3
$3 (5% + 65 +13)

B pc3yasTate pasIoCHHS MOMYUCHA CYMMA MPOCTCHIINX APOOCH, KOIMIHLMCHTB! KOTOPBIX ONPCACTSIIOTC MC-
TOAGM HCOMPCICICHHBIX KOMPYHLUMCHTOR, 218 UCTO PACCMATPHBACTCS PABCHCTBO ABYX Apolcii. JIBC NpaBHNBHLIC pa-
ITHOHATHHBIE APOOH PABHBI MEKTY COOOMH. €CIH PABHBI HX YHCIATENH H 3HAMEHATETIH. Tak KAK 3HAMCHATEIH PABHLL. TO.
C1eI0BATENBHO. HeOOXOMHMO IPHPABHATE APYT K APVIV H wicIuTenH. [IpHpapHaB B uncIuTenIx Koa((pHIIHEHTH IPH
OJIHHAKOBBIX CTEICHSX APAMETPA § , MOTYYHM CHCTEMY ANre0paHuSCKHX YPABHEHMH A1 ONPEICIICHHS HEH3BECTHBIX
KOIPPHIHCHTOR;

A+D =0,
64A+B+E=0.
134+68+C =0;
138 +6C =3,

13C =7.
Pemrenne cHCTEMBI JaeT CJIG,I[_\,-’IOH_[}Ie KOpHH:
2197 169 13 2197 2197

Takum 0OPA3OM, HCXO,THAS APOOL 33MUCLIBACTC B BH,IC

71 3 1 73 1 1 73s+477
Fp=—m———- + - .
1357 169 4= 2197 5 2197 ¢ +65 +13
B cooreercreuu ¢ TadauuaMu npeodpazosanuit Jlannaca OpHrHHAI HMEET BH
. 7 5 3 73 73 3 129
Fiy=—"t"——1—-——+ +e T oos2t+
B 26 169 2197 2197 2197
3adaua 2, C nomowso npcodpazosanus Jlannaca peimts AQQCPCHUNANBHOC Y PABHCHUC ¢ A 3HHBIMH HAYA,Th-
HBIMH VCJIOBHSIMH |

3 .
¢ “'sin21.
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Hi H =2t
ooyt e

M =0 v (=0 vy =0,

ITpH pelICHHK ¥PABHCHUA C HCNONIL0BAHHCM npcobpazoeanus Jlannaca neobxoanvo cro npeodpazosars no Jla-
MNACY € YUCTOM HAYATBHBIX ¥ CIIOBHH!

1

J"(A’)S3 —_V(S).s': -
(s +2)

H3 NOCACIHCIO BBIPAXKCHHIL ONPCICTACTCS _V(S) . KOTOPOC H ABICTCA PCLUCHHCM YPABHCHHA, HO OHO 3AITHCAHO B

TepMuHax npeodpazosanng Jlannaca. 14 momyviueHHs pelneHHs Y PABHEHHA BO BPEMEHHOI 00TACTH MOV HEHHAA POk
PA3naracTcs HA NPOCTCHIIKMG APODOH, OT KOTOPBIN B NOCICICTBHH MO TA0IMUAM HCOOXOANMO B3NTL 0OPATHOC npcodpa-
3oBanuc Jlanaaca. B peaviIbTaTe paiIomkCHUs DOy YACM CICIY FOLICC BRIPAKCHHUC!

1 A B C D
ws) = ~ = +—t+—+ =
(s +2)°(s -1 s +2 = 5705 —1
A8 DB 428 —D+C + 2D —D+D(s +2)s°

(s +2)s°( =D

MpupapHuBag KO3(PUIHEHTE IPH OHHAKOBLIX CTENCHAX 5 B YHCIHTEIE, JAMHCHIBACM CHCTEMY aAreOPaHvecKHX
VPABHCHHH 1.1 ONPEICACHHA HCH3BECTHBIN KOM M HIHEHTOB

A+B+D =0,

-4+B+C+2D =0,

2B+ =0;

-2 =1,
PCciucHne cncreMbl:

C:fi: Bzfi; A:—i; D:l,
2 4 12 3
Taxuum o0pa3oM, Ipolh PAIGKEHA HA CIETY IIIHE TPOCTCHINEE TPOOH;
1 1 1 1

M) = m—e—————— ———
12(s +2) 45 257 3(s -1

Baas o6paTHoe npeodpazosanue JIanaca 0T MOCIEIHETO BHPAKEHHA, N0y THM

[N B Y U o)

e ————=i+—¢
12 4 2 3

OvHROMA y(f) ABIgETCA peleHHeM IH (e peHUHATLHOTO VPABHEHHA.

3adaua 3. TTo u3BecTHOI KPHBOIT pa3roHa U BECOBOH (DYHKIMH JIMHEIHHOIO 3IEMEHTA HANTH!
1. peaxipmo Ha BXOIHOI CHTHAT x(f) .
2. BeCOBVKY ()VHKUHK) HTH KPUBYIO PATOHA COOTBETCTBCHHOY,

-

3. NCPCAATOUHY KO (DY HKIHK) 2ICMCHTA,

3a0aH0 KPUBAA PA3TOHA — (1) = 2t Becosas vHKUMA — o(f) =1—fe ' BXOIHOMN CHrHAT — x(1) =1—¢ "sinf

1) Peakuus 31eMEHTA HA BXOJHOH CHTHAT ONPeIeTIAeTC o HHTErpaTy JjoaMens. KOTOPBIH MOKET ObITh 3aMHCAH
Yepes KPHBVIO pasTOHA HITH Yepe3 BECOBVIO iy HKITHEO.

Ec1u M3BecTHA KPHBASA PA3roHA, TO HHTETPAT JraMe s 3anHChBACTCA eIV IOMIHM 00pa3oM:

.r -
HO= OO+ [ e
¥ dt

CICTOBATCILHO,

¢
we)= 20+ IZ([— e Tsin(t)—e Tcos(t))drt =

1 . Ind A .
=5(723 "sint +2¢ ! cos r)rh+2r(e fsinf-e rcosr)‘

Ecan n3sccTHa BecoBad vHKIMA, TO HHTCIPAT Jr0AMCIs HMCCT BHI

14

v = Jtn(t —T)x(t)dr,

ir

M TOFTA BBINOTHOH CHTHAT B TAHHOH 3A044C OV.ICT BAMHCAH KAK

18



i
y(r):j(l—(t—t)e Ey(l—e "sinT)dt= =/—1+e “sint+te " +e

]

i

—te “gint+e *gint,

2) Moesky KPHBOH PA3roHa M BCCOBOH (DYHKUHKCH CYILCCTBYCT B3AHMHAs CBi3b. ECIIM H3BCCTHA KPHUBAS PasroHa,
TO BCCOBAs (DY HKUHS OMPSACISICTCS KAk off) = #'(1), T.C. m(t): (20’ =2.

r
Ecmm e w3pecTHA BeCORAA (DYHKUMA, TO KPHBAA PA3rOHA — A(f) = Im(t)dr’ , CTIeIOBATSNEHO. B HAMEM CIyUAE
9]

i
i?(r):j (I—te™ydr=t+e't+e7 —1.

0

3) Ilepesarounad (WHKIHA. KOTOpad MpelcTABIAET coOoif OTHOMEHHE MpeoOpaloBaHHOTO 0 Jlammacy BBIXOI-
HOTO CHTHANA K MPeodpa3zoBaHHOMY [0 JIAammacy BXOIHOMY CHIHATY [PH HYIEBBIX HAYATHHEIX YCIOBHAN, MOJKET OBITh
OIpedeNIcHA KAk 4epe3 KPHBYIO pa’ToHa. TaK H Yepes BECOBYVIO (JVHKIIHIO!

B{sy=shi(sy. HW(s)=wnls).

Jnsi HA1UCH 3aJa4n:

Wis)=s1(20)= { 2 } _2 :
3 .

A

I'V(.g):L(l—rg—’):l_ 1 - 57 +.S'+ﬁl .
s (s+D° s(s+D)

3aoaua 4, Tlo wiBecTHOH nepenaTouHoll (yvHKIME 31eMeHTa JI'(5) HAHTH €r0 KPHBYI) PA3TOHA, BECOBYH) (JVHK-

LMK, YACTOTHBLIC Xapaktepuctaks — ADGX, GUX, AUX, BUX, nocrpouts rpaduku. 3anucars and@epcHuHAILHOC
YPABHCHHUC JICMCHTA, CBI3bIBAOLICC BBIXOAHYH KOOPINHATY M BXOJIHYK KOOPIMHATY,
3a1aHa cacaAy oA NepeaaToHHasn Py HKLHA

Is+4

Ws)=—— >
=) (25 + A+

o onpeneneHdo nepenaTodnas QyHKIMs npeactasaser coboli W(s)= v(s)/ x(s). JIns momyue-
Hust nubdepeHtnansHoro ypaeuenns zanumem  yvis)/x(s)=(3s +4)/((2s+3)4s +1)). MMonyuenHoe BbI-
paskeHHe npeodpasyeM cleay LM 00pasoM:

y(s)((ls' + 3)(43‘ + I)) = x(s) (’%s + 4)
W
SS'E_L‘(S) + 145}*(5)4— Sy(s) = SSx(s)—i- x(s) ,
HO 3TO €CTb HE UTO HHoe, Kak AuddepeHIHanbHoe ypaBHeHHe, HO 3aMHCaHHOE B TepMHHaxX npeod-
pasoBanus Jlaraca. [ns nonyuenua mudbepeHIHATBHOIO YPABHEHUS B TPUBBIUHONH BPEMCHHOM
{popme 3anucu HeoOXOANMO B3ATE 00paTHOE npeoldpasoBaHie Jlamnaca ¢ y4eTOM HYJIEBLIX HAYa b-
HBIX YCIOBHIL, T.€.
81"+ 14y +3y =3x"+4x .

BpeMeHHBIC XapakTepUCTHKY: KPHBas PasrOHa U BecoBas (DYHKLMUS CBS3aHBI C MEpeaaTOYHOM

($YHKUIHEH COOTHOLICHHSIMHU

h(ry=1L 1[&} atty=L "4 (s).
Y

Tarum 061)2]301\[. KpHBaA pas3sroHa OIIPEACTACTCA BBIDWUUKCHHCM

‘ ‘ 1T 3 _r
h(x)_y[—“” }_i_} S By

(2s+3)ds+Ds| 3 30 10

a BecoBas (WWHKLUHS BRIPAKESHHEM

3¢ 3 L
o) =1" _ wd — | = I e 2r+]3€ 4,
(2s+3)(ds+1) 20 40

Kpoyc TOro, ¢CIm onpeacIcHa KpHBad PAsroHa, TO BCCOBAS Y HKLUS MOSCT OBITh MOIVUCHA MO HCH, TAK KaK OHH

CBA3AHEL MEXKTY coboii opy 10l () = I (f) , T.e. HMeeM ca(r): %e < +Ee 4.



I'padmrn Py Hkumit /(1) u m([) NPCACTABICHBI HA PHC. 3. @ U & COOTBCTCTECHHO.
A4 OTBICKAHHA HACTOTHBIX XAPAKTEPHCTHE B NEPeIATOUHOH (WHKIMH MPOIBOIMICA 3aMEHA — §=/0 . T.€.

Jio+4
(Zio +3)(Ho +1D)

AMILTHTY JHO-(PA30BAA XAPAKTEPHCTHEA ABIFETCA KOMIICKCHOH (DYHKLHMEH, KOTOPVEO 3AITHCHIBAIOT B MOKA3ATE.TEHOH
(opMC ¢ BBLACICHHCM AMILIHTY THO-YACTOTHOH xapaktepuetukn (AUX) u dazo-uactoTHol xapaktepucTukn (OUX)
HIH B amedpanieckoi (popMe ¢ BBIICICHHEM BEIICCTBCHHO-UACTOTHOH xapakrepucturu (BUX) u MHHMO¥ YacTOTHOM
xapakTepucTHEH (MUIX).

MoxazarcabHas Qopma 3anucH ADX uyceT B

)= 11(0)e

W (i) =

] 10 20 0 10 20

L
i

o t 25 0 o
a) 6)

Puc. 3 Bpememninie XapakTepHcTHRH!
& — KpHBag paroria; & — peconast Gy

PaccMaTpHBaeMEIi 31€MEHT ABIACTCA THHEHHBIM H TO3TOMY 118 HETO BBHIOIHAETCA NPHHIMI CYTIEPTO3HIME, B
CBA3H C KOTOPBIM €70 AMILTHTY THO-YACTOTHAA XAPAKTEPHCTHKA OTIPe.TeNAETCA Kak oTHOImenne AUX uncnren k AUX
IHAMCHATCISL, TAK BhpakeHne 115 ADX mpeicTanmiet coboit apode, 1. A (0)= My (o )M 4 (). Yucanrens w

HaMeHaTe s ADX  manucaHbl B AdreOpanucckoH  (popMe. B ITOM  CIVHAC  MOIVIIB  ONPCICIACTCH  KAK

A ((n) = ‘/ Re® (m) +Im* (m) .

Takum o0paszom, sbipaxkenue s AUX 3anuwercs B Bune

V16+90°
V9 +407 L+ 166

cDﬂ?vO"lﬂCTOTHﬂ.ﬂ xapa KTCpMCTHKa OrlpC,JCJsICTCH KAK pa'}HOCTb q]ﬂ 3 YHCIUTCISL H SHAMCHATC 1L -
o) = o (©) -, (). xoToprE. B CBO0 Ouepems. onpenermorcs Kak (o) = arctg (Im(ew )/Re(w)), ecm m3pectHa

AIreOpaHYECKAA 3AMHCE KOMILICKCHOM (v HKITHH,
Tarny 00pasoM, MOV UAEM CISIVIOIIEE BRIpAKEHHE 118 DUX;

M(w) =

3 20
Hw) = arclgT - arclgT —arclg 4o .

AMDIRTY AHO-(JA30Bas NAPAKTCPHCTHEA B MOKA3ATC.ILHOM (DOPMC 3aNNCLIBACTCH B BUC

3m

elty
S arclg—
V16 +9%0~e 4

2

2 :
T arclg= T et des
VO+dm e 3 l+160 ¥

I'padmrn vHruun A () 1 (p(m) NpPCICTAaBICHb! Ha puc. 4, ¢ u 6. Ananuz xapakrcpa AUX u ®UX nokazsiBacr,

Win)y=

oTO
n
w—=>0 p—>0;, ®—wx, ;\[%—5.
1510 ' r ! !
. | |
| |
| |
Ldp — — — — — — — — B Y
- | |
! el
s |
Af(®) Sl B
0 = ' | |
03 - i I I
IR 1 1
A | |
14 s : !
LY ‘ Tl ‘ -
4 3 o T
N | L
i w 10 oo s s 20



m
()

ay f)

Puc. 4 YacrorHbie XapakTe pUCTHKHS
a—AUX;, 6-DPUX

Toporpath ADX W (i) mpencrasneH Ha puC. 5.

JanuieM Tenepsb BeIpakeHue And ADX B aaredpanvucckell popne, 1I4 3TOr0 Haa0 0CBOOOIUTECA 0T MHMMOCTH B
sHaMeHaTeIe. C 3ToH HETbIo ¥ MHOMUM H 3HAMEHATEAb, H HHCIHTETh Hi CONPSUKEHHBIC BRIPASKEHUA OTHOCHTE THHO
KOMILIEKCHBIX COCTABIAIONIMN 3HAMEHATEA.

Ok - - - - . ____

|

—D‘a__\‘_.__ e o : _________
E \ 1 |
o N |
| 1
—0‘57777';“:77‘ 777777777777 AR
[ | [
,D‘s,,,,L,,L;: ,,,,,,,,, ]
| [ B - :
07 : ! 1
0 0.2 0.4 0.6 0.8 1 12 1.4
Re
Puc. 5 Toaorpag AGX
[MpoecacM CICAY KWHC MATCMATHYCCKAC NPCOOPA30BAHHSL
W (i) = Gin+H3-20)1-4He) 0o’ +12-i24e’ —idTo
3 420)(1+ ) (3 —i20)(1 —idm) 9+402)(1+1667%) '
H3 moc1eaHero BEIPAKCHHA SANTHCHIBACM
BUX
106° +12
Ref(w) == 2 _.
O+407)1+16w")
MUYX
. R
Imfo) = 12423 470 _.
(9+40)(1+16m7)
Mpaduk dyukunun Re(m) mpeacTaBncH Ha puc. 6.
> 1.3 T T
1 -
Re(w)
0.5~ -
A214x10 %, g } l
0 2 4 6
0 0] 6

Prc. 6 BemecTRenmo-uacTroTHad XaparTepHCTHRa

Jaoaua 5, TlpeoOpazoBath CTPYKTYPHYHO cxeMy (pHc. 7) W 3anucaTh NepeaTouny QyHKLHIO.
CuuTaercs, YTO H3BECTHEI NIepenaTOUYHbIC (PYHKIUH OTIENBHBIX 3JICMEHTOB U BXOAHOI CHTHAJL
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I 3

Puc. 7 CTpykrvpias cxema

Jns 3amucH nepenaToyHo QYHKIME CIOMKHOR CTPYKTYPHOH cXeMbl €¢ HeoOXoauMo npeodpa-
30BaTh B COOTBETCTBHH C NMpaBHIaMK Npeodpa3oBaHis CTPYKTYPHBIX cXeM. [l Toro 4Todbl pasps-
3aTh [CPEKPCCTHRIC CBA3H B 3aJAHHON CTPYKTYPHOU CXEME, ICPEHECEM y3en / Uepes 3BCHO ¢ nepe-
natounoi gyHkumei §i(s) u 4epes y3en 2 B COOTBETCTBHM C NPaBUnaMu npeodpa3oBaHus CTPyK-
TYPHBIX ¢XeM. B pesynbrate NpoBeACHHBIX MpeoOpa3sOBaHUI NMOMyYaeM CTPYKTYPHYIO CXeMY (pHC.
8), B KOTOPOI YeTKO NMPOCIEKHBAIOTCA OCHOBHBIE THIBL COSUHEHHH: MOCIEI0BATENBHOE COETHHE-
HHE M BIIOKCHHEBIC IPYT B IPYTa COCIMHEHHS ¢ OOPaTHOMH CBS3BIO.

L
b
[
LTy

Wis) | W)

v

1Ts)

Puc. 8 IlpeobpasoBaHAAS CIPYRTYPHAS CXeMA

3anuceiBas OCNEA0BATEIBHO NIepeNaTOYHbIe Py HKLHHE OTAENbHBIX 3JEMCHTOB CXCMBI, IIPHIEM
K BbIPAXKEHMIO NepenaTo4HoN PyHKLUMH BCRH CXeMbl:

1 (5)TT5 ()1, (5)

W (5) = —— SREAA e
1+, (5) W ()4 15 ()5 (5) + W () IV, ()W ()

Jadaua 6. UccnenoBaTh YyCTOHUHUBOCTE CHCTEMbI aBTOMATHUECKOTO PEryIMpoBaHua (puc. 9):
1) ¢ nomMouisro kpuTepus Payca—I'ypsuua,
2) ¢ nomowso KpuTepus Muxaiinosa.

W 13(-9) VVDLS(S)

A J

Puc. 9 C‘l‘pyl‘\'l"\"pﬂﬂﬂ CXEMA CHUTEMbBI ABTOMATHYCCROI'O PErV/IMPpOBAHHS
3a/1aHbl CAEY KLIHE UCXO/HBIE JaHHbIE, NepeaaToUHble GYHKIN 00beKTa U perynsaropa

5 35
H’p (5)=—; s (s)= 2;2 .
28 5T 4+257 +5+3

1) JAna uccaenoBaHWs yCTOMYMBOCTH CUCTEM aBTOMATHUYECKOrO PErylUpPOBAHUS € MOMOLLBID
kpurepusa Payca-I'ypeuna Heobxoaumo 3HaTh Au(QepeHIHaNpHOE HIH XapaKTePHCTHUECKOC
ypaBHEHHE CHCTCMBI. 3HaMCHATENb IiepefaTouHOH (PyHKINHN BCerna npeacTasisieT coboil xapaxkTe-
PHCTUUCCKHI [TOJHHOM, TIOTOMY HEOOXOINMO, MPEXKIE BCETO, 3aMUCaATh NEPENaTOUHYI0 (OYHKIIHIO
3aMKHYTOH OOHOKOHTYPHOH CHCTEMEI (pHC. 9):

 (5) = s e )
I (W e ()

XapaKTepHCTH‘IeCKOB YPaBHCHHC OIPCOCTIACTCA IIYTCM MPHPABHUBAHHA K HYJIIO 3HAMCHATCJIA
nepe,uaTquoﬁ dJYHKI_II/IH SaMKHYTOﬁ CHCTCMEI

a0

W ()T () +1=0,

C YUCTOM KOHKDPCTHBIX SHAUCHUI nepcaaTOuYHbIX dJYHKI_IHﬁ oOBEKTa H peryiATOopa IoJIyHurnmM

22



257 + 457 4257 + 215+ 10 0
25t +45° +257 +6s

-

OTK}’,E[& XapaKTepl/ICTHlIeCKOC ypaBHeHl/Ie 3aNUIICTCA B BHAC
257 4487 1257 4215+ 10 =0

Japauy Oyaem peruarts ¢ HCMONB30BaHUEM (POPMYITHPOBKH KpUTEPHs yCToHUnBocTH 1o [ypeu-
uy. dus sroro HeoOxomumo H3 Kod(PHUHEHTOB XapPaKTEPUCTHYECKOTO YPABHEHHS COCTABHUTD
TJIABHBIE onpenenuTesb ['ypeHIa 1Mo onpeaeneHHOMY TPaBIUTY: BOOJb IABHOH OHATOHAIM 3aIH-
CbIBAOTC KOIPPULHMEHTDI, HAYMHAS C @y _ 1, BbILIE [JIABHOH JHArOHANN 3ANUCHLIBAIOTCA KOdPhHLM-
EHTbI C MHAEKCOM HA €1HMHHULY MEHbLUE, HUKEe [TABHOH AMAroHanyu 3anncbisalores kodgduumuento
¢ UHJEKCOM Ha enunuily Ooneiue, [lopsanok onpenenutensa COOTBETCTBYET MOPSIKY XapaKTEPUCTH-
4yeckoro ypaesHeHus, M3 3Toro onpenenuTtens COCTABIAKTCA THATOHAJBHBIE MHUHOPBI, KOTOPBIX
JIOTKHO ObITh 72 — 1,

CucreMa aBTOMAaTUYECKOrO yIpaBIcHUsT OydeT yCTOWYNBOI TOrda M TOJBKO TOTZA, KOTIa BCE
OHATOHAJIBHBIC MUHOPBI TTIABHOTO ONpeneauTens OyayT NON0KHTEIbHLI.

Ja HaleH 3a1a4u MaBHBIH onpeaeauTene [ yperuna UMeeT BUI

4 21 0O 0
2 2 10 0
0 4 21 0
0 2 2 10

Brraiicoam NOCICAORATCIIEHO JHATOHAJIBHBIC MHHODBL
A=4>0;, A, =8-42=-34<0;
Ay =4.(42-40)-21-42=-874 <0; A, =-874.10=-8740<0 .

Bce anaroHanbHbie MUHOPBI OTPHLUATEIbHBI, CICAOBATEIbHO, cHemema neyemotynea. Cnenyet
OTMETHTD, YTO AJS UCCIEeNOBAHUA YCTOHYHBOCTH HE 00sA3aTeNBHO BBMHUCIATE BCe MUHOPHL Ecmn
NpH BBIMUCIEHAH MHHOPOB TOIYYAIOT, YTO ero 3HadeHHe OTPHLATENbHO, JallbHeHIIHe pPacHeTs
MOKHO NPEKPaTUTDb U CAEIATh BBIBOJ, UTO CUCTEMA HEYCTOMUNUBA.

2) HUccnenyem 3Ty e CHCTEMY aBTOMATHYECKOTO YMPABIEHHA HA YCTOWYHUBOCTb C MCTIONB30-
BaHHEM HACTOTHOIO KPUTEPUA yCTOHYNBOCTY MUXaiiiosa.

B cooTBETCTBUM ¢ 3TUM KPUTEPHEM HEOOXOMUMO NOCTPOUTh rojorpad Muxaiinosa, KOTOpEIi
AN YCTOHYMBBIX CHCTEM MMEET CTPOro onpeneneHHsiil ua. M Torma cucreMa aBTOMaTHUECKOTO
ynpasiaeHHusa OyaeT ycToituuBoil, ecnu roporpad Muxaitnora HaUMHAETCH HA TIOJNIOXKHUTETBHON Be-
LIECTBEHHOH TOIYOCH, OOXOIUT [TOCIeI0BATENLHO, HUIE He O0PaIlasch B HYIIb, # KBAIPAHTOB KO-
OpIUHATHOM IIJIOCKOCTH, VX044 B ODECKOHEUHOCTD B 77 KBaApaHTe, I7e 71 — NOPAZOK XapaKTepHCTH-
YECKOrQ YPaBHEHUS.

JLiist 3aMCH MaTeMaTHYeCKOro BblpaskeHus rogorpada Muxaitnosa HeoDXOAMMO B XapakTepH-
CTHYECKOM YPaBHEHHH MEPEHTH B 4aCTOTHYIO O0JIACTD, T.€. B yPABHEHHH 25" +45° + 257 +21s+10 =0
CHeNaTh 3aMEHY — s =in . B pe3ynbTaTe NoNyuydM KOMIJIEKCHOE BhIpaKeHHe

20" —di® =207 +21im +10=0,
B KOTOPOM BBIIEIIMM BEIIECTBEHHY IO 4aCThL —
P(e)=26" 26" +10=0
H MHHMYH) 94CTb —
W) =do’ +2le=0.

[epBas nasbiBaercs BeliecTBeHHOH (yHkuueidl Muxainosa, a Bropas — MHUMOW (yHKUMHA
Muxaiinosa.

Ilo BemecTeeHHOH U MHUMOIT QyHKIMAIM Muxaiinoea crpourcs ronorpad Muxaiinosa B koop-
JHUHATax ¢(»)—y(m) METOAOM KOHTPOJBHBIX TOUeK. [ 3TOro zamaercs 3HAUYEHHE YaCTOTHL, MU



KOTOPOU onpexendorest 3Hadenust PyHKUME ¢(o). y(o) . Cpaduk rogorpada Muxaiinosa npeacras-

neH Ha puc. 10, ero aHajIH3 MOKa3bIBACT, UTO roxorpad) HAYHHACTCS Ha BEILSCTBEHHOH MOIOXKH-
TENBHOH MOJIYOCH M PACIONaracTcs TOJIbKO B MEPBOM KBaApaHTE, UTO CBUACTEILECTBYET O TOM, YTO
CHCTEMa HEYCTOHYHBA,

y(m)
20 ~

10 4

0 : , , , <P(=m)
10020 30 40 50N 60

-10 4

-20 4

Puc. 10 Tomorpad Muxaiiona

Ha npaxTHke a0 UCCIEAOBAHUA YCTOHYHBOCTH CHCTEM dBTOMATHUECKOTO YIPABICHHA VIO0HO
N0JIbL30BATLCA HE KpuTepuem Muxaiiosa, a cieacTBUeM U3 ITOro kputepust. s ororo neobxoau-
MO 3aMUCcaTh YPaBHCHMS, KOTOPBIC TONYYAI0TCA TIPHPABHUBAHHEM K HYJIIO BELUCCTBCHHON MHHUMOH
(yuxumnit Muxaiinosa, HanTh ux kopuu. CneacTsue riacur, A Toro 4Todbl CUCTEMA ABTOMATHYE-
CKOTO ympaBineHus: Obina ycTOHuMBA, HEOOXOOHMO M IOOCTATOYHO, UTOOBI KOPHH YpaBHEHHIT
W(@)=0, ¢)=0 OblIH AEHCTBHTCNBHBIMHA YEPEOVIOMHEMHUCA MeKIy co0OH M BBITOIHAINCE Y CIIO-
Bus 0}z 0. w(0)<0.

Jlnsi oTBeTa Ha BOMPOC 00 YCTOHYHUBOCTH CHCTEMBI HEOOXOAUMO PEUIMTh CISYIOIMUE YpaBHe-
HHUS:

Ple) =20 =20°+10=0,
y(m) = 4o +210 =0 .

B pesynbrare pemeHds 5THX VPAaBHEHHH MONyYaeM, 4YTO KOPHH YPaBHEHHS y(a)=0 —

‘21 ’I+'\H9 {l—'\fl‘)
oy =0, w,3==+ 7T a ypaBHeHUsA p(@)=0 — o 5=+ ',T , Mgy =1 IT . Kax BuaHO M3 pac-

Y€TOB, KOPHH HE YEPCAVIOTCA 1 HAXKE ABIAIOTCA KOMIINEKCHO-CONPAXKEHHBIMHI, YTO CBHIOCTCIILCTBY -
€T O TOM, UTO CHCHeMd HG_}’C]’]?OT?'—I'HGCI.

3adaya 7. Vccnenosarh HA YCTOHYHBOCTB CHCTEMY ABTOMATHYECKOIO PEryIHPOBAHHS (PHC.
11) ¢ moMotneio Kputepusa Hafikpucra.
HcxonHbBIMH JaHHEIMU ABIAIOTCA MepenaTouHble yHKLMU O0BEKTA U PErynaTopa;

|
W (§)y=T7+—: Wos(s)= .
o ) 5 S 3s+1

T (5) o Ha(s)e™ >

Puc. 11 CtpykrTypniad cxema ACP ¢ zanayinmaimiem

Kpurepnii ycroiiunpocTH HalikeucTta, B OTIHYME OT MNPEABIIYIIHX KPUTCPHEB, IIPHUMEHIETCS
U HUCCIENOBaHUs YCTOHYHBOCTH CHCTEM aBTOMATHUECKOIO VIIPABICHHs C 3ama3iblBaHHEM,
MOITOMY B JAHHOH 3a7a4e paccmarpusaercs oObext ¢ 3anazgeieannem. Kpurepuit Haliksucra naer
orgeT 00 ycTOHYHMBOCTH 3aMKHYTOH cucrembl o AMX pasomknyToil cucrembl. OH uMeeT TpH
(hOpMYIMPOBKH B 3aBUCUMOCTH OT TOTO YCTONHHBA, HEHTPANbHA MJIM HEYCTOWYMBA PA3OMKHYTAs
cuctema. IlosTomy, npexnae Bcero, HeODXOAMMO OTBETHTBH HAa BOMPOC 00 YCTOHYMBOCTH
Pa30MKHYTOH CHCTEMBL,

24



HccnenyeM Ha yCTOHUMBOCTL PasOMKHYTYHO CHCTEMY H3BECTHbIMH MeTodaMH. [lns 3amucu
NePeaaToyHol ()yHKUMH PA3OMKHYTOH CHCTEMBI Pa30PBEM OOPATHYIO CBA3BL B 3aMKHYTOH CHCTEME.
PazoMkHYTasA cHUCTEMA MPEACTaBAACT COOON NOCAENOBATEIBHO COSAHHECHHBIE MY CODOI 00BEKT
H PerynsaTop, ee nepegaTouHas GpyHKUHS 3aNMIIETCA B BUIE

Tx+1 3 2y

—aN

e

Woe =W (M e (v)e ™ =
pe =/ p ()M o5 (¥) § 3s+l
XapakTepucTHyeckoe ypaBHEHHE Pa3oMKHYTOH CHCTEMbl — 3TO 3HAMEHATENb MepeaaTOuHOH
(hYHKLHH, NPUPaBHEHHBIH K HYJIO, OyaeT

s@s+1)=0.

KopHH XapakTepucTHYeCKOro YpaBHEHHA s =0. s, =—1/3. B cooTBeTcTBUH ¢ HEOOXOOMMbBIM H

NOCTaTOMHBIM YC/AOBMEM YCTOHYMBOCTH pa3OMKHyTas cucTema Oyaer HeiitpanbHoil. Kpurepuit
HaitkBucTa B 3TOM CAyuae 3BYUMT. €CJM Pa3OMKHYTas cHUCTeMa HeliTpasibHa, TO A1s TOro 4YTodbl
3aMKHYTasi CUCTeMa Oblla yCTOMYMBOM, HEODXOAMMO M AOCTATOHHO, uToDBl A®X PasoOMKHYTOI
cucTeMbl ¢ 10OaBIeHeM B OECKOHEYHOCTD HE OXBATHIBAMA TOUKY (-1, 70).

Hns orBera Ha Bonpoc 06 yCTOWUHBOCTH 3aMKHYTOI cucTeMbl 1o kpuTepnio HafikBucra npo-
we Bcero noctpouTe APX pazoMKHYTOH CHCTEMBI H [MOCMOTPETh OXBATBIBAET OHA TOUKY (-1, /0)

HJTIH HET, MO3TOMY 3allullieM BbIpakeHUE A3 ADX paSOMKHyTOI:i CHCTEMbL.
15

T arclg —
El

[
25+(35m) e e 1
i

io 3io+1 -
VI+9m= e 2P e
\ﬂ 35m)°
k)

Mo (@) = ==

5+
V19602

Tic pe
HV]HL (j(,)) =L+]Lg =

oTkyaa AUX:

OUX:
Pp. =20 +arctg 7o —arctg 3o —g.
3anaBaAchk 3HAYCHUAMH HAcTOT NOCTpouM rogorpad AP®X pasoMkHyTOH cucTeMsel (puc. 12).

Kax Buano u3 pucynka AD®X pasoMkHyTOH CHCTeMBI OXBaTbiBaeT Touky (—1, /0), 4TO TOBOPHUT O
TOM, YTO 3AMKHYTasi CHCTEMA JICYCIOUYUGA.

-20

Im

-30
40 - - - __

S

=501

-60

Puc. 12 Tonorpady A®X pasoMKHYTOH cHCTeMBbI

KonTponbHan padora 2



3adana 1. Jluneapysosarh ypaBHEHME CTAaTHKH OOBEKTa B OKPECTHOCTH TOYKH X, =1,

vy = ¥(x)=w(1). TIOCTPOMTL CTATHHECKYK) XapPaKTEPUCTHKY JTHHEAPH3OBAHHOTO O0OBEKTa M CpPaB-

HUTL CO CTATHUECKOH XapaKTePUCTUKOH HCXOHON HENMUHCHHON CHCTEMBIL.
3ajaHa CTaTHYeCcKas XapakTepHCTUKA HEJIMHEHHOrO 00beKTa

_v(x): x’Inx,
OnHUM 13 METOZOR JIMHEAPH3allli SBIACTCS pasiokeHue HenvHeliHoil ¢pyHkuuu B pan Tefino-
pa B OKPECTHOCTH 3aJaHHON TOYKH, C MOCICAYIOIIUM OTOPAChIBAHHEM HEIUHEHHBIX 4IeHOB. Pan
Teiinopa BLITTSIAUT CHEOYIOIIHM 0DPazoM:

'(x9)

.V(-‘f) = wxp)+ L M

Ax+ Y (;0) Ax? to,

rae y(x) — CTATHYECKAs XaPAKTEPHCTHKA HEJIMHEHHOIO 3BEHA.

JInHeapH30BaHHAS XaPAKTEPUCTHKA MOJYHAETCS B Pe3yJbTaTe OTOPACHIBAHUA UJIEHOB BTOPOro
nopsaka v Beile, Takum 00pa3oM, CTaTHHYECKAs XapaKTEPHCTHKA JHHEAPH30BAHHOTO 3BeHa Dy er
UMETE B

y(x) = y(xo)+ » (XG )"“’C B
KOTOPYH MOQMKHO 3aIlIHCATE CIICAYOIIHM 06]33.30M:
_vﬂ(x): ax+b,
e a=vi{x) b=ulx)-(x)x, .

Paccuuraem ko3(ppuUHEHTH JIHHEAPHU3OBAHHOTO YPABHEHMUS.
V= (Jr3 Inx)= 3x? In(x) + xz; TOraa

Onpemenum, nOpexnae BCEro,

a=y{xy)=y=1, b=v(xy) - Vixg)=0-1=-1.
JlvneapusoBanHoe ypaBHEHHE CTATHKH HMEET BHI
v, =ax+b=x-1.

I'paduxn MCXOAHONW CTATHHECKOH XAPAKTEPHCTHKH W JIMHEAPH3OBAHHON XapPaKTePHCTUKH
npeacrasiers! Ha puc. 13. JInHeapu3oBaHHaA CTATUHECKAs! XAPAKTEPHCTUKA SBIASTCH KacaTelIbHOH
K UCXOJHOH HENMMHEHHON XapakTepUCTHKE B TOUKE PaslOKeHHA,

I
3007, T T T

¥ix]

ix)

wli-y

Puc, 13 Heyuneiinan n JHHEAPH30BAHHAS CTATHUCCKHE XAPAKTCPHCTHRH

Jadaua 2, Ha BXO1 HEIWHEHHOTO A SJEMEHTA NOAAKTCA
rapMoHuyeckue konebanus. Hapuco- BATH BBIHYK/ICHHBIE
KOJNIeOAHHS HA BBIXOAC HEJIHHCITHOTO 2 3IEMEHTA. BriBectn
SKBHUBAICHTHY 1O aMIUIUTY IHO- 0° _ a3osymo XapaKTePUCTHKY
HeiauneHoro asemenra (puc. 14) ¢ Yy IOMOLLBIO MEeTOAa rap-
MOHHYECKOH JTMHEeapH3aluH. -2

Ha Bxoa HenuHeHHOrQ »J€MEHTa, KOTOPBIM ABNACTCA
YCHUJIUTENBHOE 3BEHO C OrPaHHYCHHEM Puc. 14 Crarnyeckast aMIUTUTY IbL, noJaeTcs

XapaKkTepucTHRa
HC IHHEHHOI0 3 ICMeHTa
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rapMOHMYECKHH CHUTHAN — x(f) = 4 sinof. ITO 3BEHO HA3LIBAETCSH TAKKE HEMHEHHBIM 3BEHOM € 30-

HOH HacwieHus. CTaTHUecKas XapakTEPHCTHKA 3TOro 3BeHa u3olpakena Ha puc. 14 u 3anuceiBa-
€TCA B BUIE

w12/
2sign x. | y|2 Z/ﬁ

OHa CcOCTOUT U3 TPEX YHYACTKOR, JUHEHHOro M JIBYX YYaCTKOR 30HBI HacklleHus. Ha kaxknom
U3 OTUX YUYacTKOB 3BCHO padoTaeT kak NHHeiiHoe. Bes HeMMHEHOCTE CocpenoToUeHa Ha rpaHHIax
3THX YUaCTKOB.

Cursan Ha BBIXOAC OMpENENSETCS CAeIyRmuM o0pasoM: €ClIH Ha BXOAE 3BEHA CHUIHajl MEHb-
¢, YeM 2, T.€. 30Hbl HACBIUICHMA, TO Ha BHIXOAE 3BEHA CUrHai OyneT TakUM ke, Kak M Ha BXOJe,
T.¢. TAPMOHHYECKHM, TaK KaK 3BCHO B 3TOM cilydae padoTacT Kak JHHeHHoe 3BeHO. ECIH aMILmnTy-
7la BXOJHOTO cHrHaja Oyaer Oosblie, 4eM 30HA HAChIUICHUA (> 2), TO NpH AOCTHKEHHMH €€ Ha Bbl-
XOJ€e 3B€HA YCTAHOBHTCS 3HAYEHHE x,, =2, KOTOPOe OyHeT COXPaHAThCA O TeX MOp MOKa x,, 22,

1

Ecnu ke znadenue BXOAHOTO CHIrHala AOCTUTHET 3HAYCHUA —2, TO Hd BBIXOAC YCTAHOBHUTCH 3HaAHE-
HHEC BBIXOAHOIO CUTrHala x,. =-2 U 6yz[eT COXPaHsTBCA TICK4 X, =-2. B PE3VILTATC Ha BBIXOAC

HAICTO HEMWHEHHOTO 3BEHA YCTAHOBATCA NEPHOTHYECKUH BBIXOIHOK CHTHAN 1Mo (opMe HaroMH-
HaOMUI Tpaney, OOKOBBIE CTOPOHBI KOTOPBIX HCKPHBIEHBI MO CHHycoune. BuixonHoil curaan
MO:KET OBITh TAKJKE MOCTPOCH, KaK CTPOSAT B UEPUCHHUH TPEThEO Npoeklnto. IlocTpoeHne npeacras-
JIeHO Ha puc. 15,

Bropoii 4acTeio 3amadM ABISETCS BLIBOH IKBHBAJIEHTHOH amruiuTyaHO-()A30BOM XapakTepi-
CTHKH HeNWHeHHOro 3seHa. [us »Toro HeoOXOAMMO NPOBECTH IAPMOHHYECKYIO JIHHEAPHU3ALHIO,
KOTOPasi KaK pa3 M IPUMEHAETCH I JTHHEAPH3ALHH HEJIHHEHHBIX XAPAKTEPUCTHK, NPENCTABIISAIO-
wux co0Oi KyCOoUHO-IIHHENHbIE (PYHKLIMIM.

["apMonmnueckas nuHeapu3alUMs OCHOBAHA HA TOM, YTO HA BXOI HEJIIMHEHHOI'O 3BEHa NOJAeTcs
rapMOHHMYECKHI CHIHAJI, HAa BbIxoae o0paszyercs NMEepUONHYECKUI CHIHAJ CIOKHOH (OPMBI, KOTO-
potii Moxer ObiTh paznoked B psg Pyproe. B pesyabrare nuneapusauuu u3 psoa Pypee ocraercs
TOJBKO NEPBas TAPMOHHUKA: X, = a, +4a, sino! +b, cosor .

xh xﬂ\

¢

Puc. 15 TIpoxoe#enne rapMoIrIeckoro cHIIANA Yepes
YCHLIMTE IBHOE 3BCHO € 30HOI HACHILICHHS

KoahduumuenTsl rapMOHHHECKOH JIMHeapU3aLmMi ONPeaessitoTes o clenyomumM gopmyiam, B
KOTOPbIX A — 3TO aMILIMTY1a BXOAHOIO CUIHala, KOTOPY 0 HeOOXOANMO YHUTbIBATL, TAK KAK 3KBU-
BAJIEHTHBIE YaCTOTHBIE XapPAKTEPHUCTHKY HETUHEHHOTC 37€MEHTE 3aBHCAT OT aMIUIMTY Abl BXOAHOTO
CHI'Hajid, a4 HE OT YaCTOThI,
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a( 1)—— j}f( 1sine) singekp;

0

bid)= !
nA

rme p=wt, [(v) — CTaTHYECKas XapaKTEPHUCTHKA HEJUHEHHOTO 3BCHA.

B anrebpanueckoii ¢opme sxsusanenruas A®X HEIUMHEHHOIO 3JIEMEHTA HMEET BH
J (A = a( D +ib(A) .

Taxk kak cTaTHUecKast XapaKTePHUCTHKA x = ['(y) CUMMETPHYHA OTHOCHTCNIEHO 7/2, TO (hOPMYJIEI
A8 BeIMUCHeHus KO3 hruuMeHToB rapMOHHYECKOH IMHeapu3aumnK B Haleil 3anave npecdpasyrorces
K BUOY

I nf2
al. l)——J 11g60° sin” ¢ cJ(p+— Jc 12607 sinp ckp:

il
4 4 72
hi: l)——j 11g607 sing cosg cJ(p+— jc 12607 cos dp .

™

. (&
TTpoBoas BbIYMCAEHHS NO NPUBEAEHHBIM GOpMYnaM U NOACTABAAS sing, = C = 2/43 nonyua-

€M Cllesly IoLIHe 3HAUeHN KO3PPULIMEHTOR:

a{d)y= m arcsini + £
- ,

b= 218607 1860 [4_6_1]‘
A T A

JxBuBanenTHas AMX HenUHEHHOTO DIEMENTA 3aNHLIETCS B BHIE!

o= f(mc\mﬁ EIE\* {; ‘fﬁl 1]].

3aoaqua 3. Hapucosars (ka4eCTBEHHO) NEPEXONHBIH MPOLECC, COOTBETCTBYIOWMNA ($Haz0oBoil
Tpaexropun (puc. 16).

JInst pelueHust 3TOM 3anauk HaJ0 MO3HAKOMMTRCS C (pa3OBbIMU MOPTPETAMH THHEHHBIX CHCTEM
BTOPOTO MOpsiAKa. DTH (Daz0BbIe MOPTPeThl KNACCUDULMPYIOTCA MO KOPHSAM XapaKTePHCTHUYECKOTO
ypaBHeHHS. BO3MOMKHEI LISCTE PA3IMYHBIX BapHaHTOB. Mekay (azoBBIM MOPTPETOM H MEpPexon-
HBIM IIPOIIECCOM CHCTEMEI CYIICCTBYET B3aHMHAasI CBsA3b, T.¢. 1o dasopoMy mopTpery (hasosoil Tpa-
EKTOPUH) MOJKHO KauecTBEHHO M300pa3suThL NepexonHoi npouecc u, HAoOOPOT, N0 NEPEXOIHOMY
npoueccy M300pa3nTp KauecTBeHHO X04 HazoBoi TPaeKTOPHH.

b &

T
N

Puc. 16 @asosas 1paekropus: npedeabibiil 1K1
3anaHHON (aszoBoil TpaekTopHell ARNSETCA 3aMKHYTast KpHBas, KOTOpas COOTBETCTBYET CJy-
HaK), KOTAA XapakTePHCTHUECKOe YPABHEHHE UMEET YMCTO MHHMbIE KOPHM, €€ Ha3bIBAOT "LEeHTp".
B 3ToM ciydae crcTeMa HAXOAWTCA HA TpaHHLEC YCTOHYHBOCTH U MEPEXOIHOH MpoLece NpeacTas-
et codol HesaTyxatolnue konedbanms, n3odpaxeHHbIe Ha puc. 17.
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ANVA\
\

Puc. 17 HesaTyxanwmii nepexoIHol nponece

Jaoaqa 4. Hapucosars (kauecTsenno) GasoByio TpAeKTOPHIO, COOTBETCTBY IOLLY IO NMEPEXOLHO-
my nipoueccy (puc. 18).

X

\J’:

Pric. 18 3atyxaomnii KoTedaTeILILIT epexo ol nponecc

+ 3anada sBAAeTCs 0OpaTHOH 3amaue 3. 3atyxaromuii koneda-
TEJIbHBIH TMEPEXOOHOH MPOLECC COOTBETCTBYET CIy4Hard, KOrua
KOPHH  XApPakTepPHCTHHYECKOTO  YPaBHEHMA —  KOMIUIEKCHO-
CONPSKEHHBIE C OTPHLATENBHON BELECTBEHHON 4aCThK), YTO CBH-
JIETENBCTBYET O TOM, YTO CHCTEMA YCTOHYMBA. ITOMY CIYyHAN0 CO-
OTBETCTBYeT (ha3soBasg TPACGKTOPHS, MONy4NBINAsA Ha3BaHUE 'yc-
Toituuenlil pokyc” (puc. 19).

3aoaqa 5. INocrpours MeTomoM M30KIHH (PA30BBIT MOPTPET
11 CHCTEMBI, YPaBHEHHE ABIDKEHHE KOTOPOH HMeeT BHI

Puc. 19 Dazesas rpaekropusi —
"veroivuBbIi oy

X+xrtdx=2.

[Ipu mocTpoeHun ¢ra3oBOro NOPTPETa METOMOM H30KJIMH HCOOXOMUMO 3aaaHHoe nuddepenim-
ANIbHOE yPaBHEHHE BTOPOIO MOPANKA CBECTH K CHCTEME ABYX ypasHeHuil nudepeHumanbHbIX
ypaBHEHUI NepBOro nopsaka. B pesynbprare npopenenus 3TOH MATEMATHYECKOH POLEAYPBI N0 -
HAEM CEAYIOILY IO CHCTEMY JIBYX Au(depeHIInanbHbIX ypaBHEHHI NEPBOTO MOPAIKA!

’
X' =1
{}" =2-yx—dx,

Jna 3amucy ypaBHeHus (Da30BOH TPAeKTOPHM B NONYHEHHOH cucteme auddepeHHanbHbIX
YPaBHEHHI Hano W30aBUTLCA OT BPEMEHH, /IS YETO BTOPOE YPABHEHHE ENHTCS HA NMEPBOE, YTO U
naeT BO3MOXKHOCTE 3anucaTh qudipepeHIHaIbHOE ypaBHeHUe (a3oBoil TpaekTopnun

dyv  2-w—dx
dx v ‘
Meroa u3oknnH nocTpoeHus Ga3oBoro NOPTPETa AAET KAYECTBEHHYH) KapTHHY Xo01a (a30BbIx

TpaexTopuii. Tpexne Bcero Ha (Ga30Boil NAOCKOCTH cTpouTes none u3oknuH. M3oknuna — kpueas
PABHOIO HAKJOHA, €€ YPABHEHHEM SBJIAECTCA yPABHEHHE



dyv 2-w—4x |
—=—————={("=conslL,
dx ¥
rae ¢ —3aaaBaemMas KOHCTaHTA.
Pewnm nonyuennoe anddepeHunanbHoe ypaBHEHHE H3OKJIHHBI OTHOCHTEBHO V M BBIPA3UM
ero 4epes x. B pesynbrare nonyuum
2-4x
V== .
C+x

3anmaeasce 3HaueHHAMH (o1 —10 no 10 ¢ marom ABa, CTPOUM ceMeicTBO H30KIHH (puc, 20),

@azoBas TPAaeKTOPHA MEPECEKAET COOTBETCTBYIOWYIO W3OKNMHY noi yrnom arctg (. Ilpous-
BONIBLHO 33a03€TCA HauyajbHasd TOYWKa s Havana ¢asooii TpaekTropuu. [anee, HaHOCA Ha KaxaoH
H30KJIHHE CTpeNkH noj yraom arctg C, onpeaensemM kauecTBeHHbI Xxon ¢a3oBoii TpaekTOpHH, TakK
Kak CTpellkM ONpefenstOT HanpasieHHe kacaTenbHoil k (pasosoii Tpaexktopuu. Taxum obpasom
CTPOHTCA CEMEHCTRBO (PA3OBBIX TPACKTOPHIA, COCTABIIAKIINX (Ja30BBIH MOPTPeT.

Pric. 200 @a30oBLIT MOPTPET CHCTCMEL, IOCTPOCITITLI MECTONOM HIGKTHIT

3adaua 6. OnpenenuTs BOIMOXKHBIC COCTOSHUS PABHOBECHS CHCTEMBI H UCCICIOBATE MX VC-
TOMYMBOCTE MEPBBIM METOAOM JIANyHOBA, €CIIM OHA OMUCBIBACTCSA CUCTEMOH YPABHEHUI

{ - P(x.¥)=—x+xv.
_ ot

ld—l =O(x.v)=—y+y°.
i

[Mepebiii MeTon JIsinyHoBa vccnenoBaHUS YCTOHYHMBOCTH HENMHEHbIX CHCTEM AAeT OTBET 00
YCTOHUMBOCTH COCTOAHMS PABHOBECHS, KOTOpOe npexkae Bcero W HeoOxoanmo onpeaenuts. B co-
CTOAHUH PABHOBECHUA NMPOU3BOAHLIE paBHbl HYJIIO, NMNO3TOMY, NMPUPpaBHHUBAA HY O MPOHU3BOARBIE, MTO-
AYYHUM CHUCTEMY HEMUHEHHbBIX anre6panqe(:|<nx ypaBHeHl‘IFI AN onpeneneHnus COCTOAAHUIA paBHOBE-
cusA. PeminM 3Ty CUCTEMY YPaBHEHME:

[a’_x =Px.yy=-x+xv=1_
Jdt

la’_v =Q(x.v)=—v+ v =0
ot

Cucrema umeet asa pewenus: x1 = 0, 33 = 0w xp = 0, y» = |. HalineHHBIC KOPHU — 3TO TOUKH
PABHOBECUSA UCXOMHOH CUCTEMBL

Hns npumenenus nepsoro merona JIsmyHoea He0OXOAMMO MCXOOHYIO HENHHEHHYH CHCTEMY
NHHEapH30BaTb METOAOM pa3iioKeHHs B paa Telnopa B OKPECTHOCTH TOMEK COCTOSIHWIl paBHOBE-
cus. B pesynbrare AMHeapu3aLMM NOMYHHM CIERYIOLIYIO JHHEHHYIO cucTemy AuddepeHLHanbHbIX
YpaBHEHHIi:
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dx
— =X+,
ot

& =bx+b,y
dt

apP oP
rue a, =— .y =
dx|n.m T Qdy

g
Aoy L ax

b =

> Y2 ~
8.0 cy

2.0

[TpoeeneM auHEAPU3ALMIO HCXOAHOH cUCTEMBI B OKpecTHOCTH Touku (0, 0), ans 3T0ro paccuu-
TaeM Ko3((pUIUEHTH! THHEAPH30BAHHOIO YPAaBHEHNUS:

aP &P
CX|xL [C " IS
a0 a0
bl =—= =0 .‘ bz =/_—~ 2*1 .
2x | %11 Syl =m

JuneapusoraHHas cucteMa nnbdepenimansubix ypasHenuil B touxe (0, 0) nmeer Bup

dx
[dt

l dv
— =y,
dt

[epBeiii MeTon JIANyHOBA IIACHT. €CJIM JIMHEAPH3OBAHHAS CHCTEMA [EPBOrC NPHOIMIKEHUS
YyCTOHYMBA, TO M HCXOJHAs HENHHEHHAasA CUCTEMa YCTOMUMBA, eCiH IMHeapH30BaHHas cucTeMa nep-
BOrO MpUONMKEHHS HEYCTORYUBA, TO U UCXOAHAA HETMHEHHAS CHCTEMA HEYCTONYNBA, eClIN JIMHEa-
pH30BaHHAs CHCTEMA NEpBOro NpuONMMKEHHA HelTpanbHa, TO OTHOCHTEIBHO HCXOMHOH HENTHMHEMH-
HOIT CHCTEMBI CKa3aTb HHYErO HEb34, HEOOXOIHMO HCCIEN0BaTh CUCTEMY BTOPOTrO MPHONIKEHHSL.

Hcenenyem Ha yCTOWYUBOCTD MOJIYHEHHYIO JTMHEHHYIO CHCTEMY JIFOOBIM U3BECTHBIM METONOM
HCCIEeAOBAHKS YCTOHYHBOCTH JIMHEHHBIX cUcTeM. IIpole BCero B JaHHOM Cllydae PacCHHUTATh KOP-
HU XAPaKTEPUCTHYECKOTO YPABHEHUS W NPUMEHHTh HEOOXOAUMOE M TIOCTATOUHO YCJIOBHE NCCAEA0-
BaAHWUS YCTONUMBOCTH, JIns 3TOrO COCTaBUM AUCKPHMHMHAHT

1+% 0

D{i)= =0.

0 l+2
XapakTepHCTUHECKOe YpaBHEHUE Oy aeT — (. +1)" =0, ero KopHu: %, =%, =—1, KopHu neficTBu-
TENbHBIC OTPHIATENBHBIE, @ 3TO TOBOPUT TOM, YTO CHCTEMa B OKpecTHOCTH Toukd (0, 0) sBiseTcs

YCTOHUHBOH U, KPOME TOTO, COCTOSHHC PABHOBECHA MPEACTARISCT COO0H VCTONUHBLIA y3CI.

Heenenyem sropoe cocroanme pasnosecws. Onpenenum kodbhdHUHEHTE THHEAPHIOBAHHOTO
ypaBHeHus B OKpecTHOCTH To4kH (0, 1).

or . ér )
ay =—— =0,  ay=—t -0,
Cx | v dy| a2
a0 80
b] :—Q‘ :O; bz =— :1.
Gx | xax2 ' Sy|xr

JIluneapusopaHHas cucTeMa B Touke (0, 1) uMeeT Bun

o x
—=A)
et
oy
— =
dt

Heeneayem Ha yCTONYHBOCTB, MOJIYYEHHVIO JTHHEAPU3OBAHHYK) CHCTEMY. 3aluileM ee Iuc-

KpHMI/IHaHT

/
DO =

’ -0,
0 -1

XapakTepHCTHYECKOE YPABHEHHE HMEET BUA — (L —1)A =0, €ro KOpHH %, =0 5, =1.



O4HH U3 KOPHCH NOJIOMHTCIILHBINA. CIICAOBATCIBHO. CHCTCMA B OKPCCTHOCTH TOMKH (0. 1) SBISCTCH HCNCTORUH-

Boii. COCTOsIHHC PABHOBCCHS — HCYCTOHYHBBIA vicI.
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