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1. PABOYASA ITPOTPAMMA 11O JUCIIUIIVIMHE
«MATEMATHYECKHE OCHOBbBI TEOPUU CUCTEM>»

1.1. I.[e.m; H 3aJa4i npenoaaBaHus JTUCHUILINHBI

L]env npenooasanusn oucyuniumvl

B coBpeMEHHBIX aBTOMAaTHYECKHWX W aBTOMATU3UPOBAHHBIX CHUCTEMAaX YIIPaB-
JICHHUS] MIHPOKO MPUMEHSAIOTCS BCTPOEHHBIE MHKPOIPOLECCOPHI, CPEACTBA MHUKPO-
ANEKTPOHUKH, BHIYUCIUTEIHHON TEXHUKH, POOOTOTEXHUKHU U JAPYTHE CIOKHBIE TEX-
HUYECKHE yCTPOMCTBAa. BaXkHYIO pOJIb B MCCIIENOBAHUSX, TPOEKTUPOBAHUU U IKCILTY-
aTalMy MOJIOOHBIX CHUCTEM HMIPalOT MAaTeMaTUYECKHE METOJbl OMUCAHUS U UCCIEI0-
BAHUSL.

llenpto mpenogaBaHusi AUCHUIUIMHBI SIBISETCS MPOJOLKEHUE U YriayOJeHue
MaTeMaTU4eCKON MOJIrOTOBKH CTYAEHTOB, (GOPMUPYIONICH cUCTEMY 3HAHUN, HEOOXO-
JTUMBIX B KaduecTBe PyHAaMeHTa NpoUINPYIOMUX JUCUUIUIMH CIEIHUATIbHOCTH, Ta-
KX, Kak «Teopuss aBTOMaTU4ECKOTO YNpaBiAEHUs», «MUKPOIPOLIECCOPHI B CUCTEMAX
yrnpasieHus», «OCHOBBI CUCTEM aBTOMATU3UPOBAHHOTO MPOEKTUPOBaHUS», «ONTH-
MaJlbHbIE U aJalTUBHbIE CUCTEeMb», «MnenTudukanus U IuarHOoCTUKa OOBEKTOB U
CHUCTEM yNIPABIICHUSD.

3aoavu usyuenus OUCYUNIUHbL

[IpenmMeToM M3ydeHUs NUCUUILIMHBI SBIISIIOTCS MATEMATHYECKUE MOJEIN CH-
CTEM M 3JIEMEHTOB CHCTEM U OCHOBBI METOJOB UX HccaeqoBaHus. OCHOBHBIEC 3aJa4n
JTUCUUIUTMHBL «MaTeMaTH4eCKhue OCHOBBI TEOPUH CUCTEM»: MPUOOpETEHUE CTYACH-
TaMU 3HAaHUW MO CHEHUAIbHBIM pa3feilaM COBPEMEHHOW IHUCKPETHOM MAaTEMaTHKHU;
M3y4YEHUE MAaTEeMaTHYECKUX MOJIEJIE U METOJIOB UCCIEAOBAHUS JTUHEUHBIX CUCTEM U
AJIEMEHTOB CHCTEM, OIHUCHIBAEMBIX OOBIKHOBEHHBIMH IU(P(HEpEHINATBHBIMU U KO-
HEYHO-PAa3HOCTHBIMM YPABHECHUSIMU; U3YYEHUE METOJOB KOHEYHOMEPHOW ONTHUMHU3A-
UM, aJTOPUTMOB MaT€MaTHYECKOr0 MPOrpaMMHUPOBAHUS, 3JIEMEHTOB TEOPUM OIITH-
MH3aLUHU yIIPABICHUS.

B pe3ynprare nzydeHuss TUCUMILINHBI «MaTeMaTHyeCKue OCHOBBI TEOPUU CH-
CTEM» CTYJICHT JOJIKEH:

3HAMb:

— OCHOBBI aNreOpbl MHOXKECTB U Teopuu rpados;

— OCHOBBI MATEMATUYECKOM JIOTUKN U TEOPUU KOHEUHBIX aBTOMATOB;

— OCHOBHBIE CBEJICHUS O CUTHAJIAX U UX MAaTEMaTUYECKUX MOJIEIIAX;

— CcHocOObI ONMKUCAHUs JIMHEWUHBIX HEMPEPBIBHBIX CUCTEM U UX 3JIEMEHTOB;
METO/Ibl KOHEYHOMEPHOW ONTUMHU3ALINH;
— TEOPHIO JINHEMHOIO U HEJIMHEMHOr0 MPOrPaMMHUPOBAHUS,
— METOJbl ONTUMU3ALMHU YIIPABICHUS;



ymems:

— (hopMHpOBaTh MAaTEMATHIECKUE MOJICIIM OOBEKTOB M CUCTEM;

— pelaTh 3a/1aud ONTUMHU3AIUUA HA TPAHCIOPTHBIX CETAX, 3aJa4l aHaJIU3a Ce-
teit llerpu;

— OCYUIECTBIIATh CUHTE3 KOMOMHAIIMOHHBIX CXEM U KOHEUHBIX aBTOMATOB;

— pelath 3a7ja4 CIEKTPATIBHOTO U KOPPEIAIIMOHHOTO aHATIU3a CUTHAJIOB;

— aHaJIU3UPOBATh BPEMEHHBIC U YACTOTHBIC XAPAKTEPUCTUKHU JIUHEHHBIX CH-
CTEM M UX DJICMEHTOB;

— permaTh 3aJa4d ONTUMHU3AINH;

umems npeocmaeieHue:

— O TUCKPETHBIX CUCTeMaX M METOJIaX UX OMHCAHUS;

— 0 MHOTOKPUTEpPHAITBHON ONTUMHU3AIINH;

— 0 B3aUMHOM CBSI3M METOJIOB MCCICIOBAHUS CHUCTEM M IEPCIEKTHUBAX HX
pa3BUTHSL.

1.2. MeToanueckue yKazaHus

Hucuunnuna «MaTeMaTH4eCKUe OCHOBBI TEOPHHM CHCTEM» H3Yy4aeTcs B JBYX
ceMecTpax:

—yacth [ (TeMbl 1 — 8) B IsITOM ceMecTpe Ha TPETbEM KYpCE;

—yqacTh II (Tembr 9 — 13) B miecTom cemMecTpe Ha TPETheM Kypce.

Y4yeOHbIM IJIAHOM MPEAYCMOTPEHO BBHITIOJHEHHE KOHTPOJIBHOM PabOTHI B MIsi-
TOM CEMECTPE M KypCOBOH padOTHI B IIECTOM CEMECTpPE, a B KauecTBE (DOPMBI UTOTO-
BOT'0 KOHTPOJIS MPEAYCMOTPEH IK3aMEH.

AyIUTOpHBIC 3aHATHS TPEAIoiaracTcs MPOBOJWTH MO HanbOOJee BaXKHBIM U
CJI0’KHBIM pa3jiesiaM MporpaMMBbl, MPeJACTaBICHHBIM B Ta0. 1.1.

Ha3zBanue TemM npakTUYeCKUX 3aHITHUM, UX COAepKaHUe U 00beM B Hacax Mpei-
CTaBJICHBI B Ta0OJ. 1.2.

B 3amanus nis KOHTPOJIBHOW paOOTHI BKJIOYEHBI 33/Ja4M IO BCEM pasjeiaM
pabodell mporpaMMbl JUCHMIUIMHBI. PellieHue aHaJlorWyYHBIX 3ajad MOAPOOHO pac-
CMOTPEHO B JIGKIIMOHHOM Kypc€, KOTOPBIM B IIOJHOM OOBEME MpEJACTaBICH B
DOVYMKI.

CcChUIKM Ha JIUTEPATypHBbIE MCTOYHHUKH JaHbl B Y4€OHO-METOJAMYECKOM KapTe
TUCHMIUTHHEI (Taba. 1.4).

1.3. Conep:kanue TUCHUTLIHHBI

Ha3zBanue TeMm JEKIIMOHHBIX 3aHATHUM, UX COAEpKaHHE, 00BEeM B ydacax Ipe-
craBjieHbl B Ta0. 1.1.



Tabnuua 1.1

Bcero Bcero Kontpo-
ayJuT. ayJuT. nupyemast
HazBanwue pasacia, qacCoB I10 4qacoB I10 CaMOCTOsA-
TEMBI Conepicaine Teme! THEBHON | 3a04HOMI TenbHas
dhopme dhopme pabota
o0ydeHus1 | oOyueHHs | CTYICHTOB
1 2 3 4 5
Ilamuuii cemecmp
Paznen 1. BBEAEHUE. OCHOBbBI TEOPM MHOXECTB U TEOPUU I'PA®OB
1. Beenenue. O0- OnpezeneHue CUCTEMbI. DJIEMEHThI CH-
L1€ CpEeICTBa Ma- CTEMBI U UX B3auMozencTBue. Marema-
TEMaTUYEeCKOT0 THUUYECKOE ONHCaHUe cucremsl. [IpuH-
OTHCAHMS CUCTEM IIUITBl TIOCTPOCHUSI CHUCTEM. DJIEMEHTHI 1 - 1
TEOPETUKO-MHOKECTBEHHOTO TOXO0/1A.
[Tpenmer, 3agauu 1 cosieprkaHue Kypca
2. OCHOBBI TEOPUU MHOYKECTB
2.1. Oneparuu Han | YnopsaodueHHOe MHOkecTBO. [Ipsmoe
MHOKECTBAMU NpOU3BEACHNE MHOXECTB. Pa3Ouenue
MHO>KECTB. 3aKOHBI U TOXJECTBA aj-
reOpbl MHOKECTB. YpaBHEHUS C MHO- 2 - 2
xectBamu. [loHsiTHE O HEYETKHX
MHOKECTBaX
2.2. CootBerctBusa, | COOTBETCTBUS, B3aHMMHOOIHO3HAYHOE
oToOpaxeHus, oT- coorBercTBUE. OTOOpa’ke€HHs MHO-
HOIIIEHUI MHOKecTB | KE€ECTB U HUX BHUIBI. cDyHKI_II/UI, (byHK- 1 — 1
uoHai, onepatop. OTHOIIEHUS U UX
cBoMcTBa. Bunbl oTHOMIEHUHT
3. DneMeHTHI TeopuH rpadoB U ee MPUIIOKEHUS
3.1. OcHOBHBIE IO- | OpUEHTUPOBAHHBIE M HEOPUCHTUPO-
HSTHUS ¥ omipenienie- | BaHHble rpadbl. CrocoObl 3aJaHust
HUs rpadoB. Tumer rpados. PaccrosHus u
nyTtH B rpadax [lonarue uentpa rpada o) _ o)
u nepudepuitnoil BepmmHbl. Onepa-
muu  Hax TrpadaMu. YHopsaoueHHe
BEPIIMH OPHUEHTUPOBAHHOTO rpada
3.2. Yucnoas CurnanpHble rpadpl M MpaBWIa HX
¢ynkuus Ha rpade | mpeoOpazoBanusi. IlpaBuno M»a3oHa
WIA TPaBWIO HECOMPHKACAIOIMIUXCS
KOHTYpoB. Haxoxnenue mnepenarod- 4 _ 4
HOH (PYHKUIMH MHOTOKOHTYPHOH CH-
cTeMbl. 3ajaya O KpaTyailneMm IyTH
CBSI3HOT'O HEOPHEHTHPOBAHHOTO rpada
3.3. JlepeBbs CumBon nepesa. [lokpbiBaroliiee 1epeBo
CBSI3HOTO rpada. DKCTpeMalibHOe Aepe-
B0. KopHeBeble nepesbst. Kox nepesa 2 _ 2




[Tponomxkenue tadim. 1.1

1

2

4

5

Paszgen 2. CETU

4. TpaHcriopTHbIE
CETH

OCHOBHBIE TOHSTUSL M ONPENEICHUS.
Pazpes ceru. [loroku B cersix. 3agaua o
MAaKCUMAaJIbHOM IIOTOKE MEXIY BXOAOM
u BbIXOJOM cetu. Teopema dopna -
@ankepcona TaOMMYHBIA  ANTOPUTM
®opaa — PasikepcoHa Il HAXOKIACHUS
MaKCUMAaJIBHOIO IOTOKA. TpaHcnoprHas
3agada. HaxoxxneHuwe noToka MHUHH-
MaJbHOM CTOMMOCTH. TpaHcnoprHas
3aja4a 10 KPUTEPUIO BPEMEHU

5. Cetu lletpu

5.1. OcHOBHEBIE
oTpeeTICHUs

AHanmuTHuUeCKui, rpaduyeckuii u
MaTPUYHBIA CcrOCOOBI 3afaHus ceTei
Ilerpu. MapkupoBka cerer llerpu.
[loHATHE pa3peIICHHOrO IEPEexXona.
VYcnoBue cpabaTbiBaHUs IEepexoia.
OyukuuonupoBanue ceren llerpu.
JlepeBo TOCTKUMOCTH

5.2. CBoiicTBa ce-
teu [lerpu

OcHOBHBIE 3ajaud aHajau3a CceTei
Ilerpu: 3amaya IOCTIKUMOCTH U 3a-
Ja4a  COXpaHAEMOCTH. MaTpU4uHbINA
MOAXOJ K peuieHuto dtux 3anad. [lon-
KJIACCHI U paciunpenus cerei [letpu

Pazzen 3. DJIEMEHTHI MATEMATHUYECKOM JIOT KW 1 TEOPUU ABTOMATOB

6. MatemaTrudeckas JIOTHKa ¥ IOHATHE O KOHEYHBIX aBTOMaTax

6.1. OcHOBHBIE
oTIpeicTICHUs a-
reOpbl JTJOTHKU

ByneBbl ¢pyHKIMH U CIOCOOBI MX 3a-
nanus. Ilonarue ¢UKTUBHOTO apry-
meHTa. KonmndectBo (yHKIMH, cyiie-
CTBEHHO 3aBUCSIIUX OT 71 apryMeH-
TOB. DIeMEHTapHble OyneBbl (yHK-
MU. 3aKOHBl U TOXJAECTBA aureOpsl
noruku. IIoHsTHe 0 HeueTKo! JIoruKe

6.2. ITonHota cu-
CTeMBbI OyJEeBbIX
GbyHKIUH, MUHIMH-
3anus QyHKIUH aji-
reOpbl JTOTHKU

basucer U-UJIN-HE, N-HE, WJIN-
HE. JIM3bIOHKTUBHBIE U KOHBIOHK-
TUBHBIE HOpMaibHble (opmbl. Co-
BEpILICHHBIE TU3BIOHKTUBHBIC I KOHbB-
IOHKTUBHBIE =~ HOpMAJIbHBIE  (DOPMBI
(CIH® u CKH®). 3ammucy CIHD u
CKH® no tabmuyHo 3a1aHHOM (yHK-
. MuHuMu3ams QyHKIUM anreo-
psl storuku. Merton kapt KapHo u me-
ton Kaaiina. Cunre3 KOMOHHAI[HOH-
HBIX CXEM B 33JJaHHOM 0a3uce

6.3. [lougarue o xo-
HEUYHBIX aBTOMAaTaxX

CnocoObl 3amanus. ABTOMarel Muim
u Mypa. AOGCTpakTHBIH M CTPYKTYp-
HbIM aBToMaTthl. [loHsATHE dneMeHTap-
Horo aBTomara. OOmas CTpyKTypHas
cxema KOHeyHoro aBToMara. OCHOB-
HBIE ATAIBl CHHTE3a CTPYKTYPHOTO aB-
tomaTa. CXeMHbIE pealin3alun




[Tponomxkenue tadim. 1.1

1] 2 | 3 | 4 | s

Paznen 4. MATEMATHUYECKOE OIIMCAHME CUT'HAJIOB

7. OCHOBHEBIC CBCACHUA O CUT'HaJIaX U UX MaTCMAaTHYCCKUX MO ACIIAX

7.1. MaremaTtuue- BpeMeHHOE npecTaBiIeHue CUTHAIIOB.
CKHE€ MOJIEJIN CUT- Knaccudpukanust ~ curnanos.  Ilpo-
HaJIOB CTCHILNAE HENPEPHIBHBIC  CUTHAIIBL.

IIpeoOpazoBanue Jlammaca. IlpeoGpa-
3oBanue Dypse. PasnoxkeHue mnpous-
BOJIFHOTO CHUTHAJIA 10 3aJaHHOW CH- 4 1 3
creme ¢ynkuuid. [IpeacraBnenue cur-
HaJIOB B Bujae paga KorenbHHKOBA.
JIMCKpeTHbIE MPEICTABICHUS] CHUTHa-
JOB, TNOJIMHOMBI OpmuTa, Jlareppa,
YeObimena

7.2. Koppensumon- | KoppemsimonHast (yHKIWS AeTepMH-

HBIN U CIIEKTpalib- HUPOBaHHOTO  curHana.  OCHOBHbIE
HBIN aHAJIM3bI CBOICTBA AaBTOKOPPEIAIIMOHHBIX (DYHK-
ui. [lonsaTHe CHEeKTpaabHOM IUIOTHO- 2 1 2

ctu. CBs3b MEXKIY aBTOKOPPEISIIMOH-
HOW (PyHKIIMEW U CHEKTPATHHOHN IUIOT-
HOCTBIO CUTHAJIA

7.3. Ciy4aiinble OCHOBHBIE BEpOSATHOCTHBIE XapakTe-
CHUTHAJIBI PHUCTHKH CITy4aliHBIX CUTHaJ0B. Criek-
TpaJbHOE TPENICTABICHUE CTALMOHAp- 2 — 2

HBIX CIly4yaliHBIX MporeccoB. [Ipeol-
pa30BaHUeE CIIydalHBIX IIPOLIECCOB

Pazzen 5. JTMHEWUHBIE HETIPEPBIBHBIE 1 UMITYJIbCHBIE JUHAMWYECKUE CUCTEMBI

8. MaTemaTHuyecKkoe OIMCaHue JIMHEHHBIX CUCTEM U UX DJIEMEHTOB

8.1. Jluneitnas He- | Knaccugukamus »1IeMEHTOB CHCTEM.
IIpEpBIBHAS CUCTEMA | YpAaBHEHHUs] JOUHAMUKM U  CTaTHKU.
u ee npeacrasieHus | GopMbel npexacraBieHus MaremaTHue-
CKUX MoJeneil: muddepeHuraabHoe
ypaBHEHHE, TMepeaaToyHas (QyHKIWS,
ypaBHEeHMs cocTosiHus. [Ipencrasnenue
mozeneit B makete MATLAB, nepexon
OT OJIHOM MOJe/M K JIpyrou. Bpemen-
HbIE XapaKTEPUCTUKU CHCTEM M 3Jle- 6 1 5
MeHTOB cucteM. [lepenarounsie GyHK-
LIUU U CTPYKTYPHBIE CXEMBI PA3TUYHBIX
COCIMHEHUN 3BEHbEB. XapaKIepUCTH-
YECKOE ypaBHEHHE cucTeMbl. Monenu
KoMIUIeKcHOM obnactu. IlonsTue o ya-
CTOTHBIX XapaKTEpUCTUKAX CUCTEM U
JJIEMEHTOB CUCTEM




[Tponomxkenue tadim. 1.1

1 2 3 4 5

8.2. Meton npo- IloHsiTE O TMEPEMEHHBIX COCTOSIHHUA.
CTpaHCTBa cocTosi- | MaTtemaruueckass MOJENb JIEMEHTOB,
HUM ONMCHIBAEMBIX YPABHEHHUSIMU IEPBOTO
nopsjika, cxema Mojenu. Pemienue
JIMHEWHBIX YPAaBHEHUU  COCTOSHUSA
nepBoro mnopsiaka. CBoOogHAS U BHI-
HY)KJECHHAsl COCTaBJISIOLINE PEIICHHUS.
MarpuuHoe IpeACTaBICHUE JIMHEH-
HBIX YpaBHEHMH cocTosiHus. KaHoHu-
yeckas U HopMmanbHas Gopmsbl. Pere-
HUE MaTPUYHBIX YPAaBHEHWH COCTOS-
Hus. Marpuna nepexona U €€ CBOU-
cTBa. Bhruncnenue marpuipl nepexo-
Ja C ToOMOUIpl0 TeopeMbl Koanu—
I'amunbrona. Ilonstue 06 ycToW4H-
BOCTH CUCTEMBI

8.3. Maremaruue- JIMCKpEeTHBIE CUTHAJIBI U BO3JACHCTBUS,
CKO€ OTMcaHue Iu- | pemeryarbie QyHKuH. KBaHTtoBaHue
HEHUHBIX UMILYJIbC- HEIPEPBIBHBIX CUTHANIOB. PasHOCTHBIE
HBIX CUCTEM muddepeHnnanbHbie YpaBHEHUS.
Huckpernoe npeobpasoBanue Jlamna-
ca, Z-npeobpasoBanue. [lonsarue me- 2 — 2
penaToyHol (YHKIMHM CTallMOHAPHOM
UMITYJIbCHOM CHUCTEMBI. Y paBHEHUS
COCTOSIHUSL M MOJEIMPOBAHUE HM-
IYJBCHBIX CUCTEM

Uroro: nAreiid cemecTp 51 10 41

Lllecmorti cemecmp

Pasznen 6. METO/1bI OITUMU3AIINN

9. Obmias xapakte- | OCHOBHBIE TOHSATHA U ONpEACICHUSL.

pUCTUKA MCTOIOB KauecTtBo cucrem u KpUTCPUN Kauc-
OIITUMU3AllUU B CTBa. (DOPMEUII/ISEH_II/ISI 3agadyu OIITUMU-
TCOPUH CUCTEM 3allud CUCTEM. OFpaHHqCHHH " KpUTC-

pun ontumusaiuu. IloctanoBka 3ana-
YM [apaMeTpU4YecKOW ONTHMHU3ALMUA U
onTHUMHU3alMU yrpasineHus. Kiaccu-
¢duKanys MeToI0B pelIeHus 3a1a4 Oll-
tumm3atun. OOmas XapakTepuCcTUKa 2 — 2
3a7a4 MaTEeMaTHYeCKOro MpOrpaMMH-
poBanus. Bumpl skctpemyma QyHKIMN
MHOTHX TepeMeHHbIX. OrnpeneneHue
BBINYKJIOCTH. OCOOCHHOCTH BBITYKIIBIX

byHKIUN




[Tponomxkenue tadum. 1.1

1 \ 2 3 | 4 | 5

10. JIuneliHoe porpaMMHUpOBaHUE

10.1. ITocTanoBka OcHOBHBIE OCOOCHHOCTH 3ajay JIH-

33244 U METObI HEMHOTro mnporpamMmmupoBanus. ['eo-

pellCHNUs 3a/1aY JIi- | METpUYecKas MHTepuperauus. Aj-

HEWHOTr'O IporpaM- rebpanueckuil aHanu3 3agadu. Cum-

MUPOBaHHUS wiekc-meron.  Cumiuiekc-Tabnuua.
OnTumanbHble IUIaHBI U UX OIpele- 4 1 3
neHue. MeToJ; HCKyCCTBEHHOTO 6a3u-
ca. JIBoiicTBeHHas 3ajada JUHEHMHOIro
nporpaMmupoBanus. CBs3b  MeEXay
ONTUMAJIbHBIM PELIEHUEM IPSIMON U
JBOMCTBEHHOH 3aJ1a4

10.2. [lenouncinen- Crnemmduka 3ama4 HEIOYHUCICHHOTO

HOC JIMHEHHOE MpOo- | IPOrpaMMUPOBAaHUS M METOIbl UX

IPaMMUPOBAHUE pemeHua. Meron otceueHus. Anro-
put™M ['oMopH Il ITOJIHOCTBIO LEJI0-
YUCJIEHHBIX U YaCTUYHO LIEIOYUCIIEH- 4 1 3
HBIX 3a7ady. BpluucnurenbHble BO3-
MOKHOCTH METOJI0B OTcedeHus. Me-
TOJI BETBEU U IPaHULL

11. Henunelinble 3a1aun 6e3 OrpaHUYEHUI

11.1. OgHomepHast Mertoapl TOMCKa OE3yCIOBHOTO 3KC-

MUHUMM3AIMS YHU- | TpemyMma (yHkuumil. CokpaliieHue WH-

MOJIIbHBIX (PYHK- TEpBaJIa HEONPENEIEHHOCTU. MeToapl

187071 muxoromur, duOoHauyM, 30JI0TOrO
ceyeHus. MeTozpl ¢ HMCIOJIb30BAHUEM 4
IIPOM3BOJHBIX, METOJ CEKYILUX, METO]
Hetorona — Pagcona. Meronsl momm-
HOMUAJIbHOM alpoOKCUMaLuU

11.2. TTouck 6e3- Meroi NOKOOpAMHATHOW ONTUMM3a-

YCIIOBHOTO 3KCTpe- LIUM, METOJ] TPaIMEHTa, METO HaUCKO-

MyMa yHKUIUH peiiero crycka. Meron HseroroHa —

MHOTHUX I€pEMEH- Padcona s pyHKIMM MHOTHX Tiepe- 2 1 2

HBIX MeHHbIX. Meron dneryepa Pusca. Me-
tox [sBunona — @neruepa - [laysna

12. HenuHuelinble Oco0eHHOCTH HEeMHEHHBIX 3a/1a4. Me-

3aa4y C OTpaHuye- | TOJ HEONPEACIECHHbIX MHOXHUTEIEN

HUSMH Jlarpanxa. Teopema Kyna — Takkepa.
KBagpatnyHoe  mporpaMMHpOBaHUE.
Meron Bynda. Meron momycTuMbix
HanpasjieHuii  3oiTeHaelHa. Merton 10 2

mrpadueix ¢GyHKuui. Meron orceka-
roiux miockocred Kamnmu. Meron nu-
HeHbIX KoMOuHarmi. CemapadenbHoe
IPOrPaMMHUPOBAHUE




OxkonuyaHue Ta6n. 1.1

1 2 3 4 5
13. Meron nunamu- | [IpyHuun ontumansHOcTH bennmana.
4eCcKoro nporpam- | JluckperHoe AUMHAMUYECKOE IpOrpam-
MHUPOBaHHUS U mupoBaHue. HenpepbiBHas dopma
IIPUHIIUI MaKCH- YPaBHEHUH JIMHAMUYECKOTO IIpOrpam-
Myma [lonTpsaruna | mupoBanus. DyHKIMOHAILHOE YpaBHE-
Hue bemmana. OnrtumanbHOE yIIpaB-
JIeHHE JIMHEHHBIM 00BEKTOM I10 KBajpa-
TUYECKOMY KPUTEPUIO KayecTBa. YpaB- 7 ) 5
Henue Pukkaru. [IpuHimn makcumyma
Ilontpsaruna. Ilopsnok ompeneneHus
ONTUMAJIBHOIO YIpAaBJIEHUS C IIOMO-
b0 NpUHLMNA MakcuMyMma. OnTu-
MaJIbHO€ MO OBICTPOAEHCTBHIO YIIPaB-
JICHUE JMHEHHbIMU OOBekTamu. Teope-
Ma 00 n-uHTepBanax. OnpeneneHue
MOMEHTOB NEPEKIIIOUECHHUS
14. 3axitoueHune OOmmii 0630p METOOB UCCIIETOBAHUS
cucreM. B3aumHas CcBSI3b METOJOB, 1 — —
IIEPCIIEKTUBBI PA3BUTHS
Hroro: mecToii cemecTp 34 8 26
Bcero 3a yueOnblIii ron 85 18 67

Ha3panue TeM mnpakTHYECKUX 3aHITUH, UX COJAEpKAHHUE
npeicTaBIeHbl B TabI. 1.2.

n 00beM B dYacax

Tabnuna 1.2
Bcero Bcero Kontpo-
ayJIuT. aymuT. | THpyeMast
YacoB 110 | YacoB [0 |CaMOCTOS-
HazBanue Tembl CoxepxaHue TEMbI JTHEBHOM | 3a0YHOM | TelbHas
dhopme dhopme pabota
00ydeHus: | oOydeHHs |CTyICHTOB
(KCP)
1 2 3 4 5
Ilamuvuii cemecmp
1. OcHOBBI TeOpUM MHO- |3aKOHBI W TOXJECTBAa aireOpbl ) o )
KECTB MHO>KECTB
2. DNIeMEHThI TEOPUU Curnanbable rpadbl, mpaBuiao Mazo- ) 1 1
rpa)oB U ee NpHMIIOKEeHKs |Ha, onepauuy Haj rpadamu. Jlepesbs
3. TpancropTHbie ceTH  |3azadya O MaKCUMAaJIbHOM IIOTOKE
TPAHCIIOPTHOM CETH M IMOTOKE MHU- 2 1 1
HUMaJIbHOW CTOUMOCTH
4. Cetu Iletpu Anamus cerei Ilerpu. 3amaum no- 2 1 1
CTHKUMOCTH M COXPaHIEMOCTH
5. DnemenTsl MaTeMat- |HopManbHble AM3BIOHKTUBHBIE U
YEeCKOH JIOTUKU U TEOPUH |KOHBIOHKTHBHBIE (DOPMBI. 3aKOHBI U 2 1 1
aBTOMAaTOB TOKJIECTBA AJIT€OPBI TIOTUKU
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OxkoHuyaHue Ta6n. 1.2

1 2 3 4 5
6. Marematuueckas 10- |MuHMMH3anus GYHKIUH anreOpsl
TUKa U IIOHSTHE O KO- JIOTUKHA, CHUHTE3 KOMOHHAIIMOHHBIX 2 2 —
HEYHbIX aBTOMaTax CX€M, CUHTE3 KOHEUHBIX aBTOMATOB
7. OcHOBHBIE CBeZIcHUs 0 | MaTemaTueckue MOJEIN CUTHAIOB
CUT'HAQJIaX U UX MaTeMa- 2 1 1
TUYECKUX MOJEISAX
8. Maremaruueckoe @opMBI NIPEACTABICHUS MOJECIEH
ONMCAHUE JIMHEUHBIX CU- |CUCTEM, IIOCTPOEHUE YacCTOTHBIX 3 1 2
CTEM U UX 3JIIEMEHTOB XapaKTEPUCTHUK
Wtoro: naTeii cemectp 17 8 9
Lllecmorti cemecmp
9. Jluneitnoe nporpam- |['paduueckas uHTepnpeTanus 3aaaq
MHPOBAHUE JIMHEWHOT O [IPOrPaMMUPOBAHUSL. 2 — 2

CumMIiexkc-mMeTo
10. JIuneiinoe npo- JIBOMICTBEHHAsl 3ajada JIMHEHHOIO ) 1 1
IrpaMMHpOBAHUE IIPOrpaMMHUPOBAHMUSI
11. JIuneiinoe npo- [lenouncieHHOE JIMHEWHOE IIPO- ) 1 1
IpaMMHpOBAHUE I'paMMHpPOBAHHE
12. Henuneilinble 3a1aun |[lorck 0e3yclioBHOTO 3KCTpeMyMma ) 1 1
6e3 orpaHuyYeHU (GYHKIMH MHOTHX IIEPEMEHHBIX
13. Henunelinple 3anaun | KBagpatnynoe nporpaMMupoBaHuUE.
C OTPAaHUYECHUAMU Teopema Kyna — Takkepa 2 1 1
14. Henuneilinble 3anaun |HenuHelitHoe nporpamMMHupoBaHUE.
C OrpaHUYEHUSIMU Meron 3oiiTtenaerika 2 1 1
15. Henuuelinple 3a1aun |MeToa OTCEKAIOIUX IJIOCKOCTEH.
C OrpaHUYEHUSIMU MerTo1 THHEWHBIX KOMOUHAITNHA 2 1 1
16. Meroap! ontumMusa- |/luHamuueckoe  IporpamMMupoBa-
LIUU yIIpaBJICHUS HUe. npuHIMN Makcumyma IloHTps- 3 — 3
IMHA

Hroro: mecroi cemectp 17 6 11
Bcero 3a yueOHbIif ro1 34 14 20

1.4. KypcoBas pa0ora, ee XapaKTepucTuKa

KypcoBas pabota BkiItouaeT B ceOsi 4eThipe 3a7aHusi, COOTBETCTBYIOIINX U3Y-
JaeMbIM pa3jieiaM JUCIUTUIHHBL 3aJaHusl TMPEeIyCMaTPUBAIOT TOJYyYCHUE aHATUTH-
YECKOr0 pelleHus 3a/1ay, BbIOOp d3(PPEKTUBHBIX METOJIOB MX PEUIECHUS; B TEX ClIyYa-
X, TJI€ 3TO HEOOXO0IUMO, UCTIOJIb3YETCS HECKOIBKO METOIOB PEUICHHUS U JCJIaeTCs UX
CpaBHUTEIbHAS OILICHKA.

3aganue 1. /{11 1MHAMWUYECKOW CHUCTEMBI, ONMCHIBAEMOM 3aJaHHOW Iepena-
TOYHOU (PYHKITMEH ONpeneTuTh BpEMEHHBIC M YaCTOTHBIC XapaKTEPUCTUKH, 3aMHICATh
YpaBHEHUSI COCTOSIHHSI B HOPMaJIbHON M KaHOHWYecKou (opmax. [lomyuuts anamm-
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THYECKOE MPEICTABICHUE MPOLIECCOB B CUCTEME NMPHU YKA3aHHBIX BXOJHBIX BO3JECH-
CTBHSIX.

3aganme 2. Pemnth NpEeIIOKECHHYIO 3aJ1a4y JJUHEMHOIO MPOrpaMMHUPOBAHHS.
CocraButh 3a7ady, JBOWCTBCHHYK) K HCXOJHOW, PEUIUTh €€ W CPABHHUTH PEIICHUS
MPpSAMON ¥ ABOWCTBEHHOM 3a1a4. HaliTu 11e104ncieHHoe peleHHE.

3apnanue 3. VccienoBaTh Ha HKCTPEMYM HEIUMHEUHYIO (DYHKIHUIO METOJaMHU
Xyka — JI>xuBca, METOJIOM HauCKopeiiero cmycka, Mmerogom Herotona — Padcona.
CpaBHUTH PE3YyIbTATHI PEIICHUS.

3ananue 4. MccnenoBath Ha SKCTPEMYM 3aJIaHHYIO KBaJAPATUUYHYIO ()YHKITUIO
LEJIA C YYETOM CHUCTEMBI JIMHEWHBIX OrPAaHUYCHUN HA MEPEMEHHBIE METOAOM JIMHEH-
HbIX KOMOMHAIIMN, METOJOM JOMYCTHUMBIX HampaBlieHUM 30UTeHAEIKa, HUCIOIb3Ys
ycnoBus TeopeMbl Kyna — Takkepa.

1.5. KonTposabHbIe pad0Thl, MX XapaKTEePUCTHUKA

B nsiTom ceMecTpe BBINOJIHSIETCS OJJHA KOHTPOJbHAs paboTa, KOTopas BKIIO-
YaeT 3aJIaHus M0 CJIEAYIOIINM TeMaM, YKa3aHHbIM B Ta0u1. 1.3

Tabnuma 1.3
Tema XapakTepucTrka O6nem B
gacax
1 2 3
1. DnemenTs! TEOpUU rpadoB u ee N3yunth ciocoObl 3a7aHusi OpUECHTUPOBAH-
MPUIIOKCHHS HBIX U HEOPUEHTHPOBAHHBIX TIpadoB, BbI-
MIOJTHEHME OTepanuii HaJ rpadamu, MpaBuIio 4
HaXOXXJCHUs Tepenaun rpada, MOCTpOSHHE
MOKPBIBAIOIIUX JECPEBbEB
2. TpancniopTHBIE cETU N3yunth 3agadyd ONTUMHU3ALMKM HA TpaHC-
MOPTHBIX CETAX: HAXOXKICHHWE MaKCHMaJlb-
HOTO TIOTOKAa M MOTOKAa MHHUMAJIBHOW CTO- 4
UMOCTH
3. Cetu [letpu W3yunth ciocoObl 3amanus cereit [letpu u
METOJIbl peIIeHHs 3a7ay JOCTHKUMOCTU H
COXpaHIEMOCTH 4
4. MateMaTHuecKasi JIOTHKa ¥ KOHeu- | VI3y4uTh 3aKOHBI U TOXKJIECTBA alreOphl Jo-
HbIE aBTOMAThI TMKH, METOJIbl MUHUMHU3AalUUU (QYHKIUN aj-
reOpbI JIOTUKH, BOIPOCHI CHHTE3a KOMOUHA- 8
IIUOHHBIX CXEM U KOHEYHBIX aBTOMATOB
5. KoppensiuoHHbIH U CHIEKTpaib- W3yuuTh BOMPOCHI CIEKTPATIBHOTO MpPEea-
HBIM aHAJIN3 J€TEPMUHUPOBAHHBIX CTaBJICHUS TIEPUOJUYECKUX U HEMEPUOIU-
CUTHAJIOB YECKUX CUTHAJIOB, BBIYMCIICHUS aBTOKOppe- 6
JSAUOHHBIX (PYHKIUH JeTePMUHUPOBAHHBIX
CUTHAJIOB
HWroro: 26
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VYyebHo-MeToIMUeCcKas KapTa AUCIUILIIMHEI IIpeCcTaBlieHa B Taoiu. 1.4

Hus. [IpuHnmn makcumyma [lonTpsiruna

Tabnuma 1.4
[Inan-rpaduk Howmep Ha3Banue Bonpocos, koTopsle uzydatorcs Ha | Ilpaktuyeckue JIutepatypa Harnanusie u ®dopma
y4eOHOro mpo- TEMbI JEKIHSAX (cemunap- (HOMepa) METOIMYECKHE | KOHTPOIIS
recca (mo CKHE) 3aHATHA MOCOOHS 3HaHHUH
Tabm. 1.1) (o Tabm. 1.2) (HOMEpa) CTYICHTOB*

Ilamuuii cemecmp
YcranoBo4Has 3,4 OnemeHTsl Teopuu rpados. TpancrnopTHbie 2,3 [1, 3] [17, 21] TO
ceccust CeTu
JlaboparopHo- 5,6 Cetu IleTpu. DnemMeHTHI areOphl JTOTHKU 4,5 [1, 3, 8] [17,21] TO, KP
AK3aMEHalMOH- 6 Munumuzanus GyHKIHH anreOpsl TOTHKH. 6 [3, 5, 8] [17,21] TO, KP
Has CuHTE3 KOHEYHBIX aBTOMATOB

7 MaremaTuyecKkue MOJIENIM CUTHAIIOB 7 [6, 13] [17,21] TO, KP

8 MaremaTnyeckue MOJIEIN JUHEWHBIX CU- 8 [2,9,10] [17,20] TO, KP

CTEM U UX BJIEMEHTOB
Lllecmoti cemecmp
YcranoBoyHas 10 JluneitHoe mporpammupoBanue. I 'padude- 10, 11 [4,9,10, 12,15, 16] [18, 21] TO
ceccust ckast unTeprperanus. CUMIUIIEKC-METOI
JlaboparopHo- 11 Pemienne HeIUMHEHHBIX 3a7a4 ONTUMH3a- 12 [1,10, 14, 15] [18, 21] TO, KP
AK3aMEHallMOH- 1uu 6e3 OrpaHuYCHUIA
Has 12 Henuueinpie 3a1aun ONITUMUA3AINY C 13, 14, 15 [10, 14, 15, 16] [18, 21] TO, KP
OTpaHUYEHUSIMU
13 Meto TMHAMUYECKOTO ITPOrpaMMHUpPOBa- [4,7,12, 14] [18, 21] TO, KP

* TO — rexymmii onpoc, KP — kouTposnsHas padora
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2. 3AJIAHUS IO BBITIOJTHEHUIO KOHTPOJIBHOM PABOTHI

KontponbHas pabota BkIto4aet 3aganus 1 — 5.
3aganue 1. JjeMeHTHI TEOpUM rpagos

Cesizublii  opueHTUpoBaHHbIA Tpad G(X, ) 3amaH MHOXKECTBOM BEPIIHUH
X ={x1,x2, ..., X,; ¥ oroOpaxkeHueM [x; = {Xy), X}, | = 1, 2,..., n. 30ech
[ — TeKylIUil HOMEp BEPIIUHBI, 7 — KOJIMYECTBO BepilnH rpada. 3HaueHUE UHIEKCOB
n, k m [ B3ITh U3 Taba. 2.1 B COOTBETCTBUU C HOMEPOM BapuaHTa. MHIEKCHI
k wn [ GopMuUpYyIOT 3HAYEHUSI UHJIEKCOB O, 3 , V... MEPEMEHHON X B OTOOpa’KEHUU
Ix; = {xq, Xg, X,...}. Ecllu 3HaU€HUSA MHIEKCOB Q, 3, ¥... IEPEMEHHOM X HE COOTBET-
CTBYIOT HU OJTHOMY M3 HOMEPOB BEPILIUH I'pada, TO 3Ta IEPEMEHHAsI HE YUYUTHIBACTCS
BO MHOXecTBe [ Xx;.
BrInoyiHUTE cienyromue 1eUCcTBUS:
a) ONpeAeIUTh UCXOAHBIN rpad) U aCCOLMUPOBAHHBIN C HUM HEOPUEHTUPOBAH-
HbI Tpad rpaduyeckum, MAaTPUYHBIM U AHATUTHYECKUM COCO0aMU;
0) yCTaHOBUTH LICHTPHI U NiepudepuiiHble BEPIIUHBI TpadoB, HAUTH PaANyChl U
nuaMeTpsol rpados;
B) BBIICJINTH B OPUEHTUPOBAHHOM Tpade nBa noarpada. Haittu o0bequneHue,
repeceyeHre u pa3HocTh noarpados;
I) ONUCaTh CHUCTEMY YpPaBHEHHH, COOTBETCTBYIOIIYIO CHUTHaJbHOMY Tpady,
cuMTasl, 4YTo rnepeaaya Mex1y BEpIIMHAMHU X; U X
i-j upuizj,
Kj=q11 .
—— npu i< j.
s+1
Haiitn nepenauy mexay BepIIMHAMU X; U X,, UCNOJIb3Ys npaBuio Mezona. [lo-
CTPOUTH CTPYKTYPY KUOEPHETUYECKON CUCTEMBI, ONpeIesIieMOM TonoJiorue rpada;
1) ONPENENUTh KOJMYECTBO MOKPHIBAIOIIUX JEPEBHEB, KOTOPHIE MOXKHO IO-
CTPOUTH HA HEOPUECHTUPOBAHHOM Ipade; HAUTH 3TH JIEPEBbS;
€) JUIsl OJTHOTO U3 JIEPEBbEB 3alUCAaTh CUMBOJ JI€pEBa, MPEIACTABUTH JEPEBO B
KOpHEBOU popMe U 3amucath KOJ AepeBa.

Tab6mumna 2.1

BapnN;HTa 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15

N 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6

K 2 3 4 1 1 1 3 5 2 4 2 4

L 1 1 1 2 3 4 2 1 3 3 1 1 1 1 1

Ne 16 17 | 18 [ 19 | 20 | 21 [ 22 | 23 | 24 | 25 |26 | 27 | 28 |29 | 30
BApHAHTA

N 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7

K 1 1 1 1 3 2 5 5 3 3 4 5 6 5 3

L 2 3 4 5 2 13 2 3 4 2 3 2 1 3 5
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3amanue 2. 3aga4a 0 MAKCHMAJILHOM NMOTOKE M MOTOKEe MUHUMAJLHOH
CTOUMOCTH

Ha puc. 2.1 —2.51 npuBeneHbl TPAaHCIOPTHBIE CETH B BUJE OPUECHTUPOBAHHBIX
rpadoB. Ha kaxaom u3 pebep uepe3 uepTy MNPOCTABICHBI 3HAUEHHS IMPOIYCKHOU
criocobnoctu C(v) pebpa v U CTOUMOCTh TPAHCHOPTUPOBKHU €MHUIIBI TOTOKA d(V) O
ATOMY pedpy.

JIns 3aaHHOW CETU ONPEECIUTD:

1) MakCHMManbHBIA TOTOK @, . TPaHCIOPTHPOBKM TIPy3a MEXIy YKa3aHHOW

Mapoy BEPIINH, CYUTAS] OTHY U3 HUX HCTOYHUKOM, a JPYTYIO — CTOKOM;

2) CTOMMOCTbH JIOCTaBKHU Ipy3a MO MyTsM, (GOPMUPYIOLUIUM MAKCUMAJIbHBIN MO-
TOK B CETH;

3) HaWTH NOTOK M3 MCTOYHMKA B CTOK 33JaHHOW BEIMYUHBI Q< @, . , 00Iana-

FOIIMA MUHHUMAJIBHON CTOMMOCTBIO.
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Puc. 2.51

3ananue 3. Anaau3 cereid Ilerpu

Cetpb lletpu 3anmana rpaduuecku (puc. 2.52 —2.59). B 1abn. 2.2 B cooTBeT-
CTBUM C BapHUaHTOM U YyKa3aHHBIM HOMEpPOM pPHUCYHKa MPUBEACHBI Pa3IUYHbIC
HavyaJabHbIE MAPKUPOBKHU CETH.

BrInonHuTh crneayromue 1eicTBus:

1. OnucaTh ceTh AHATUTUYECKUM U MATPUUYHBIM CIIOCOOAMH.

2. IlpoBeputh ycinoBusi cpabaThIBAaHUSI KaXKJOTO U3 MEPEXO0JI0B U HAUTH HOBbBIC
MapKUPOBKH, K KOTOPBIM MNPHUBEJET CpadaThIBAHUE COOTBETCTBYIOLIUX IEPEXOJOB,
MyTEM BBITIOJTHEHUSI MAaTPUUHBIX TPEOOPA30BAHUM.

3. IlocTpouTh IepeBO JOCTHKUMOCTH 33 IaHHOM CETH.

4. IIpoBeputh, ABISETCS JU JOCTHKUMOM OJHA U3 MAapKUPOBOK, MOITYyYAEMBIX
Ha YETBEPTOM IIare MOoCTPOCHHUS IepeBa, COCTABUB U PEUIMB MAaTPUUHbBIC YPABHEHHUS.

Py h P,

15)

» \

@)
Ps

Puc. 2.52
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Puc. 2.54
P

H I3

Iy

»le
1

Puc. 2.55
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A

P, P,
15 P:3 13
P2 PS
Puc. 2.59
Tabnuua 2.2

Ne

papmanta | 1 | 2 |3 |4 | 5|6 |7 8] 9 1011 12]13|14]15
ul 0 1 0 1 1 1 1| 2] 2 1 {3]0 1 1
u2 1 2 121213 1 2 |12 1 3 1 1 210
u3 2 13 1 0 1 1 1 | 3] 2 1 0 | 1 2 1313
p4 3 1 3 4 | 0] 2 1 1 0 1 1| 2 1 1|2
us 1 2 |5 1 21213 (0|3 3 (2103 |2 1

Ne pucynka Puc. 2.52 Puc. 2.56 Puc. 2.57 Puc. 2.58

Ne

papmanta | 16 | 17 | 18 | 19|20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
ul 312 1 0|3 1 0] 2 1 3 1|3 1 31 2
u2 212 (10]3 112 ] 41 2 1 1 1 2|2 1
u3 2 13 |2 1 011 1 |3 | 4 312 |1 31213
p4 0 1 3 2 1|3 312 1 213 (2| -1-1-
uS 1 0 1 1 210 |- —-|-1-1-1-1-1-1-

Ne pucynka Puc. 2.58 Puc. 2.59 Puc. 2.58 Puc. 2.54 Puc. 2.55

3anafme 4. MateMaTuyeckasi JOTuKa " TEOPpHUA AaBTOMATOB

Koneunslii aBTOMAT 3a7aH rpadoM, onpeieIEHHBIM B 3aJJaHUU | KOHTPOJIbHOM
paboTsl. Bepmuubl rpada OTOKECTBISIOTCA C COCTOSHUSIMU aBTOMaTa TakuM oOpa-
30M, 4TO MHOXECTBO cocTosiHui Q = {q1, q2,..., ¢,}. llepexon aBTomara u3 OgHOTO
COCTOSIHUSI B IPYTrO€ OCYILIECTBIISIETCS MO BO3JEHCTBUEM MHOXECTBA BXOJIHBIX CHT-
HanoB X = {xi, X3, X3, X4}. llepexoapl onpenensoTcs 3aKOHOM OTOOpaxkeHust /' Bep-
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muH rpada, npuyeM KaxaoMmy Iepexoqy COOTBETCTBYET TOJIBKO OJHA U3 OYKB MHO-
xectBa X. [Ipu 3aganuu rpada 3Tu OyKBBI PaCCTaBUTh NPOU3BOJILHO.

ABTOMAT MO3BOJISIET BEIpA0ATHIBATh BBIXOJHBIC CUTHAIBI Y = {1, V2, V3}:

Y| — IEPEXO0] U3 COCTOSIHUA ¢; B COCTOSIHUE ¢; (TIeTs);

Y2 — MIEPEXO0Jl U3 COCTOSIHUS ¢; B ¢; PN I < J;

Y3 — MIEPEXOJl U3 COCTOSIHUSA ¢; B ¢ IPU > .

OcymiecTBUTh CTPYKTYPHBIM CHHTE3 KOHEUHOrO aBTOMata. Peanusanuio ocy-

IIECTBUTH HA BJIEMEHTaX, YKa3aHHbIX B Ta0ia. 2.3, B COOTBETCTBUU C HOMEPOM BapH-
anTta. O0s3aTeIbHON SBISETCS MUHUMU3AIUS PEATU3yeMbIX () YHKIIUH.

Tabimna 2.3
Ne papnanTa 1 2 3 4 5 6 7 8 9 10
Ton M | U | Wm| U | U | WM | W] 1 | 1| W
snementos | HE |WIM | HE | WM | HE | HE | HE | WM | HE | HE
HE HE HE
Tun
RS | JK | T |Rs | K | D | RS| T | D RS
TpHITEpaA
Newapmanta | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 20
Ton M | U | U |wm| u | U | 1 || u 7
snementos | HE |WIM| HE | HE | HE |WiM | HE | HE | WM | HE
HE HE HE
Tun D | K| T | DJ|R |R | DJ|IK ]| T D
TpHITEpA
Nesapmanta | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 30
Ton Wi U | U | W] 1 | U _|Wwm| 1 | 1 | Wi
snementos | HE |WIM | HE | HE |WIM | HE | HE | WM | HE | HE
HE HE HE
Tun RS | T | JK | RS | D T | JK | RS | T D
TpHITEpA

PaccmoTpum npuMep nepexojia ot rpada, 3aJaHHOTrO aHATMTHYCCKH, K aHAJIHU-
TUYECKOMY CIOCcoOy 3aaHusi KOHeUHOTO aBToMara. [lycth B 3amaue 1 (KOHTpOJIbHAS
pabota Nel) rpad 3aman cienyromum o0pa3oMm:

X = {x1, X2, X3, X4, X5}, IX1 = {X2, X3, X5}, I X2 = {x1}, I X3 = {x2, X4}, I X4 = {X1, X3, X5},
I'xs = {x1, xs}.

I[Ippy mepexoge K  KOHEYHOMY  aBTOMAaTy  MHOMKECTBO  COCTOSIHHMA
Q =191, 92, 43, 94, g5}. 3aKOH OTOOpPaKEHUSI COCTOSHUM 3aAIHUIICTCSA CJIETYIOMHNM
obpazoM: 1q = {g2(x1/y2), q3(x3/y2), qs(xay2)}, 12 = {q1(x3/y3)} (uuTaercsa: aBTomar
MIEPEXOJUT U3 COCTOSIHUSA ¢, B COCTOSHHE ¢, €CJIM Ha BXOJE JACHCTBYeT OyKBa X3
BXOJHOro ajaBuTa, MPHU STOM HA BBIXOJC MOSBISACTCS OyKBa V3 BBIXOJHOTO aida-

Buta), [qy = {CI2(X1/J’3)> 614(353/)’2)}; I'qy = {CI1(X2/J’3)a q3(x1/y3), C]s(x4/J72)};

Iqs = {CI1(X2/J’3), q5(x3/ )}
OO6o01ieHHast TabauIa MEPEXO0/IOB U BBIXOJIOB COOTBETCTBYIOIIETO KOHEYHOTO
aBTOMara InpejicraBieHa B Taon. 2.4.
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Ta0muna 2.4

X ‘ Q q q q3 qa qs
X /2 — q2/3 q3/3 —
X5 — — — q1/3 Q13
X3 q3/y2 /3 q4/y2 — qsn
X4 qs/ya — — gsly2 —

SaHaHne 5. MaremaTu4ecKue OCHOBbBI TCOPUHA CUTHAJI0OB

HccaexoBanue XAaPaAKTCPUCTHK HCIMCPUOAUYECCKUX CUTHAJIOB

B tabmn. 2.5 npuBeeHbl aHATUTUYECKOE U FpadruecKoe MpeacTaBICHUS pa3HO-
ro poja HemepuoAUUYeCKuX cUruamoB f(¢z)'. s 3agaHHOTO BapuaHTa HEOOXOIHUMO

MOCJIETIOBATENBHO BBIIIOJHUTD CIAEAYIOIIUE TCUCTBHUS:
1. PaccunTaTh ¥ OCTPOUTHh AMIUIUTYAHO-YACTOTHBIN U (pa304aCTOTHBIN CIEK-
TPBI CUTHAJIA B MOJIOCE YacTOT, OrpaHn4uBaromeit Mmoayiab AYX Ha ypoBHE HE MEHEe

10 % oT MakCUMAaJILHOTO 3HAYEHUS.

2. BBIUUCIIUTE aBTOKOPPEIAIIMOHHYIO (PYHKITIO CUTHAIA.
3. IlocTpouTh 3aBUCUMOCTh IIUPHUHBI CIIEKTPa OT JJIUTEILHOCTH UMITYJIbCA.
4. AIpOKCUMUPOBATh CUTHAJI CHUCTEMOW OPTOTOHAJBHBIX ITOJUHOMOB

Jlexanngpa.
Tabnuma 2.5
Ne
AHaINTUYECKOE OIUCAHUE
Bapu- ALt I'paduueckoe mpeacraBieHne
aHTa ¢
1 2 3
AOR
A ! npu ¢t €[0, 7]
VORI o Ao
0 mpu npyrux ¢
T >t
VAORE
t T T R
A—mnpu t el ——,— z
2 f@) =7 = 22, 7 ~
T T i
0 npu npyrux ¢ ) >
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[Tponomxkenue tadm. 2.5

2 3
f(@) »
t
Al l——|opu t €|0,7 |, A
fi6) = ( rj pr ¢ <[0x]
0 mpu npyrux ¢
T g t
G
A—‘t‘ npu ¢ € —1,1 , A
f@ = 22
0 mpu npyrux ¢ > !
4
‘t‘—Annte—ll f(t)r
1) = P 22 | .
0 mpu npyrux ¢ = =
A
AGR)
A
A npu t €[0,1],
f(f)={
0 mpu gpyrux ¢ -
T Tt
T f0t
Anpnte[o,z}, A
f(t)=:-4 Hpnte[—%,o ], - >
0 mpu npyrux ¢ -z -A ]
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ITponomxkenue tadm. 2.5

2

2A£ npu ¢ e[o,i }’
T 2

f=d

f(t) &
f(#) =424 LT [ Ab----
8 . p : #
0 npu npyrux t : - t
A b----
1)A
2A£ npnte[o,l} f()
T 2
? f() =124 Lot} onrelX « Ab---
B > 7)™ ot
0 npu apyrux ¢ : g
2 T
/) E——,
fo1
A
2A(l_£j npu ¢ €[0,1 |,
| /0= 2 1
0 npu apyrux ¢
-A
2A(l_£J£ wpn £ <] 0. o
2 T T 2 A
f(@&) =424 L i wonrel X o« T
11 T p X E ‘
0 npu npyrux ¢ _ .
A k-l
f(t) &
At? an/Ite|:_£’£
2| f0)= =73 E ;
0 mpu npyrux ¢ : oy
I T
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ITponomxkenue Tadm. 2.5

2 3
AGRY
Al1-1¢2 HHI€—£,£ A
L o= (1= [ 22]
0 mpu npyrux ¢ -
Tt
f@4
A \
Ae ™ t €[0
» 1) = e mpu e[ ,r], :
0 mpu npyrux ¢ ' >
T t
o
All—e* ) upu t €[0,7 ], :A
s o= (1-) (0.7 :
0 npu apyrux ¢ : > ¢
T
ot
Al--,
. 2mt
Asin=—— npu ¢ (0,7 |, z
16 | ()= o o refoe] /\ .
0 mpu npyrux ¢ U t
AL T
S
Asin@ npnte[o,l},
17 f(@) = T 2

0 mpu npyrux ¢

v
~

b3l
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OxkoHuyaHue Ta6m. 2.5

1 2 3
f(nt
. 2mt T 3t
Asin—mapu t €| 0,— |, €| —,7T |,
18 o= { 4} {4 }
0 mpu npyrux ¢ - - > 1
AOR
A sin@ npu ¢ E[O,l},
19 f(@) = T 4
0 mpu apyrux ¢ - >
Z T !
fnt
Acos@ npnte[o,i},
20 f@) = T 2 | )
0 mpu apyrux ¢ z ]

HccaexoBanue XAPAKTCPUCTHK NEPUOAHICCKUX CHUTHAJIOB

JIOTIOJTHATH 3a/1aHHBIA HEMIEPUOANYECKUN CUTHAII TAKUMHM K€ CUTHAJIAMH, I1e-
PHUOANYECKHU CIEAYIOMMMH Yepe3 HEKOTOPBIM HHTEPBAI BPEMEHHU 1, IPUHSB:
a)T =1,0)T=2t,8) T=31t,1) T = 4r.
JUst moJTyYuBIIEHCSA TIEPUOJNYECKON IOCIEI0BATEIbHOCTA BBIIIOJIHUTD CJIE-
OYIOIIKE 3aJaHUS:
1. PaccunTtaTh U MOCTPOUTH aMIUIUTYIHO-4aCTOTHBIA U ()a304aCTOTHBINA CIIEK-
TPBI CUTHAJIA.
2. BelUMCINTE paclpeneseHne MOITHOCTH 10 TapMOHMKaM. OmnpenenuTs Mu-
PUHY CIIEKTpa CUTHAJIA.
3. IlocTpouTh 3aBUCHUMOCTH IIMPHUHBI CIIEKTpAa CUTHAlIa OT JJIMTEIBHOCTH
VMITYJIBCA.
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3. BAPUAHTHI 3AJAHUM IO KYPCOBOM PABOTE

KypcoBas paboTa BKiIrOUaeT B ce0sl TpU 3aJIaHUsI, COOTBETCTBYIOIIHE pa3eiiam
«MaTemMaTHIeCcKoe OIMMCAHNEe JTUHCHHBIX CUCTEM» H «METOIbI ONTUMHU3AIINNY, H BbI-
TIOJTHSIETCSL B MIECTOM ceMmecTpe. PemieHne 3aqad JOKHO COMPOBOXKIATHCS MOAPOO-
HBIMH MMOSICHEHUSAMH. TaM T1ie 3T0 HEOOXOAMMO, TOJIXKHA OBITh BHITIOJHEHA Tpaduye-
CKasi MHTEePIIPETAIUs PCIICHUSI.

3anaHne 1. MaTemaTudeckoe onucaHve JUHEHHBIX CUCTEM

Ilepenatounas QyHKIMS CHCTEMBI UMEET BUJT

bys® + bys + b,

ays® + ays® + aps + ag

W(s)=

3HaueHus KOOQQUIUCHTOB ¢, M b, IS PasIMYHBIX BapPHAHTOB IPHBCACHLL B
Tabn. 3.1.

Tabnuna 3.1

Baf). b, b, by |a; | & | a ay BJ:‘;. b, b, bo a | a a; a

1 1260 | 1260 0 1 |19 | 104 | 140 | 25 0 700 0 1 18 | 87 | 70
2 0 1890 | 945 |1 |20 | 121 |210 |26 |36 126 | 108 | 1 8 19 12
3 0 648 [ 1296 |1 | 18 | 99 | 162 | 27 0 840 | 840 | 1 15| 71 | 105
4 0 27 54 |1 | 13] 39 | 27 |28 0 72 108 | 1 14 | 49 | 36
5 0 1400 | 700 |1 |19 | 104 | 140 | 29 0 84 84 1 15 | 68 | 84
6 0 960 [ 1440 |1 |16 | 76 | 96 | 30 0 1440 | 1440 | 1 17 | 92 | 160
7 84 126 42 |1 |14 ] 61 84 |31 [180 | 450 | 270 | 1 18 | 101 | 180
8 0 800 | 800 |1 | 17| 80 | 100 | 32 0 144 | 288 | 1 10 | 27 18
9 0 3528 3528 | 1 |24 | 191 | 504 | 33 |2880| 7200 [ 4320 | 1 | 23 | 166 | 360
10 0 420 | 630 |1 | 18 | 107 | 210 | 34 0 96 48 1 9 26 | 24
11 0 432 0 1 | 19| 114|216 |35 0 | 1440|1440 | 1 17 | 90 | 144
12 360 | 720 | 270 |1 | 15| 59 | 45 |36 0 486 0 1 18 | 99 | 162
13 | 1296 | 3240 | 1944 |1 | 19 | 114 | 216 | 37 0 | 1008 | 1512 | 1 18 | 101 | 168
14 0 3600 | 7200 | 1 |22 | 157 | 360 | 38 0 80 160 | 1 19 | 98 | 80
15 0 54 27 |1 [ 16| 69 | 54 |39 0 126 | 126 | 1 18 | 95 | 126
16 0 540 0 1 | 19| 108 | 180 | 40 0 600 0 1 | 21 | 140 | 300
17 0 168 8 |1 [ 11| 31 | 21 |41 0 | 3456|3456 | 1 | 23 | 174 | 432
18 0 1800 | 1800 | 1 |21 | 128 | 180 | 42 0 | 3840 0 1 | 24 | 188 | 480
19 0 70 35 |1 | 18| 87 | 70 | 43 0 | 1120 0 1 19 | 104 | 140
20 0 540 | 810 |1 | 16| 69 | 54 |44 0 | 2400|2400 | 1 | 21 | 134|240
21 192 | 576 | 432 |1 | 15| 62 | 48 |45 0 72 0 1 7 14 8

22 240 | 360 | 120 |1 | 12| 44 | 48 | 46 0 | 1800 | 1800 | 1 19 | 110 | 200
23 0 540 | 270 |1 | 13| 52 | 60 | 47 0 24 24 1 9 26 | 24
24 378 | 945 | 567 |1 | 16| 81 | 126 |48 0 180 | 270 | 1 I5 | 56 | 60

N
A



OxkoHuyaHue Ta6. 3.1

BJ:; b, b, by |az | @2 | a1 | ao BJ:‘; b, b, by |a3| @2 | a1 | a
49 0 1200 0 1 | 18] 95 | 150 | 70 0 | 31504725 |1 | 24 | 185 | 450
50 864 | 432 0 1 {23 174|432 |71 0 96 144 | 1 13 | 44 | 32
51 0 486 | 486 |1 | 18| 99 | 162 |72 0 360 | 180 | 1 14 | 49 | 36
52 0 3200 0 112215232073 0 224 | 336 | 1 13 | 44 | 32
53 0 672 (1344 |1 [ 15| 68 | 96 | 74 0 | 2880|1440 | 1 | 22 | 157 | 360
54 0 2160 | 1080 | 1 |20 | 124 | 240 | 75 0 43204320 1 | 23 | 174 | 432
55 0 2160 | 4320 | 1 | 23 | 166 | 360 | 76 |2400| 2400 | 600 | 1 19 | 118 | 240
56 0 1344 12016 | 1 | 18 | 104 | 192 | 77 0 50 75 1 8 17 10
57 0 1800 | 1800 | 1 | 18 | 101 | 180 | 78 0 882 | 441 | 1 16 | 81 | 126
58 | 1500|3750 {2250 1 [18] 95 | 150 |79 [960|1920| 960 | 1 | 20 | 116 | 160
59 0 720 [ 1080 | 1 [ 16| 73 | 90 | 80 0 5040 2520 | 1 | 27 |242 | 720
60 | 1008 | 504 0 1211146 | 336 | 81 48 48 12 1 8 19 12
61 630 | 945 0 1|18 | 107 | 210 | 82 0 | 1120|1120 1 17 | 92 | 160
62 | 2430 | 6075 | 3645 | 1 | 22| 147 | 270 | 83 0 |[1800 2700 | 1 | 24 | 185 | 450
63 0 120 | 120 | 1 | 9 | 26 | 24 | 84 0O | 1890|2835 |1 | 22 | 147 | 270
64 | 1296|2592 | 972 | 1 |23 | 174|432 |85 0 224 | 336 | 1 17 | 86 | 112
65 0 8 12 1|7 14 8 | 86 0 324 | 648 | 1 16 | 69 | 54
66 0 600 | 300 | 1 |21 | 140 | 300 | 87 0 216 | 432 | 1 13 | 39 | 27
67 0 1680 | 840 | 1 | 20 | 124 | 240 | 88 0 126 63 1 16 | 81 | 126
68 0 504 | 756 |1 [ 13| 54 | 72 |89 0 210 | 315 | 1 18 | 87 | 70
69 0 420 | 630 | 1 | 12| 47 | 60 |90 |900 | 450 0 1120 [109] 90

BrinoyiHuTh cienyromue 1eUucTBUs:

1. 3anucats qudPepeHnnanbHoe ypaBHeHue cucteMbl. Hailtu xapakrepuctuye-
CKOE€ YpPaBHEHHE U €T0 KOPHHU.

2. Pa3znoxuth nepeaaTouHyl0 (PYyHKIHIO HA CyMMY MPOCTBHIX claraeMbix. BeI-
YUCIUTh UMMYJbCHYIO MEPEXOJAHYI0 XapaKTePUCTHKY W(f) ¢ MOMOIIbI0 0OpaTHOTrO
npeoOpazoBanus Jlamnaca u nepexoAHyI0 XapaKTepUucTuky /(t).

3. B makere Matlab nmoctpouts xapaktepuctuku w(t) u h(t), CpaBHUTH C pac-
YETHBIMU.

4. TlocTpouTh acCMMNTOTUYECKHUE JIOTapU(PMHUUECKUE aMIUIUTYAHO-YACTOTHYIO
(JIAYUX) u dazouactornyio (JIOUX) xapakTepucTuku.

5. IlocTpouTh 4YacTOTHBIE XapaKTepUCTUKH B makere Matlab, cpaBHUTH ux ¢
ACUMIITOTUYECKUMU.

6. 3amucath ypaBHEHHSI COCTOSIHHMSI B HOpMaJIbHOM (popMe, M300pa3uTh cxemy
MOJECIUPOBAHMUS.

7. 3amnucarbh ypaBHEHHUS COCTOSIHUS B KAHOHUYECKOU (popme, U300pa3uTh CXEMY
MOJECIHUPOBAHMUS.

8. Pemnth ypaBHEHUSI COCTOSIHHMSI B HOpPMaJbHOM M KaHOHMYECKOW (popmax.
[lonyynTh aHAIUTUYECKOE BBIpAXKEHHUE ISl MEPEXOAHOro mpoiiecca y(f), eciau Ha
BXoje JeiicTByeT curHan u(f)=ay 1(f), a HavalbHbIE YCJIOBUS HUMEIOT BUJ

¥(0) =0,1ay; »(0)= y(0) = 0.
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9. IlpoBepuTh, OJIMHAKOBO JU 3HauUeHHE KOd(P(UIIMEHTa YCUIEHHUS IO mepena-
TOYHOUM (YHKIIMU, EPEXOTHONU XapaKTEPUCTUKE, MOJEISIM B IIPOCTPAHCTBE COCTOS-
HUM, aHAJTMTUYECKOW 3aMMCU UMITYJILCHOM MEPEXOJHON XapaKTEPUCTUKH.

3aganue 2. JIu"eitHoe MpOrpaMMHUpPOBaHUE

n
Zaﬁxi{z,z,ﬁ}bj, i=1,m,
i=1

>0,i = I,_n} = max(min){F(x) = CTX‘AX{Z,Z,S}B, X 2 ()} 3a1aeTCs Mat-

YcnoBue 3amaum max(min) {F(x) = Z CiX;

X

putieir ko3pduimentoB. KonnuecTBO nmepeMeHHbIX X 7 = 3, KOJIMYECTBO OrpaHuye-
HUAW m = 4.

OOmuit BUJI MaTpulibl TpUBEIEH Ha puc. 3.1.
[lepBas cTpoka onpenensieT Ko3PHUIIMEHTHI ¢;
¢ e * (GyHKIIMU 1enU, 3HaK 3JieMeHTa F| ompenenser Xa-

¢ Iy paktep 3kctpemyma. Ecim £y > 0, To ciienyeT Haxo-

IUTh MaKCUMalbHOE 3HaueHue QpyHKuuu F(x), ecnu
Fy < 0, TO HaxoauTCs MHHUMAJIbHOE 3HAYEHUE
. ¢byukuuu F(x). Bektop B 3amaeT mnpaBble 4acTu
orpannuyeHuil. KoadduuneHntsl BTOPOH CTPOKH CO-
OTBETCTBYIOT PaBEHCTBY (=), KO3 PUIIUEHTHI TPETh-
. el CTPOKM COOTBETCTBYIOT OTpaHMYEHHUIO THUMA >,
KO(PPUIIUEHTHI ABYX TMOCIEIHUX CTPOK COOTBET-
CTBYIOT OrpaHMYEHHUSM TuMa < . 3aJal0TCA TaKKe
OrpaHWYEHUsT HA  3HAK  BCEX  IEPEMEHHBIX
x; 20, i=13.

Huxe npencraBiensl MaTpuiibl KO3 GUIIMEHTOB, KOTOPbIE BHIOUPAIOTCS B CO-
OTBETCTBUM C HOMEPOM BapuaHTa (Tadn. 3.2).

1. CocTaBUTh MATEMATHYECKYIO MOJIEIb 3aaui. HaliTu onTuManibHbIN Tu1ad x*
U SKCTPEMaJIbHOE 3HAYCHHUE (PYHKIIUH.

2. IlocTpouts 3a1a4y, IBOMCTBEHHYIO K UCXOJIHOU, PEINTh €€ U CPAaBHUTH pe-
LICHUS TPSIMOM M IBOMCTBEHHOM 3a/1a4.

3. Ecnu peuienue 3a1auu HE SBJSIETCS I[E€JIOUYUCIEHHBIM, MOTYYUTh LEJI0YUC-
JIEHHOE peIleHUE IMyTeM BBEACHUS JOMOJHUTEIBHBIX OTPAHUYEHUM N0 METOAY
['omopmu.

Puc. 3.1

Tabnuua 3.2
Ne Bap. Martpuua k03¢ HureHToB Ne Bap. Martpuua k03¢ HuIreHToB
-5 -3 3 15 3 1 -2 -3
3 -3 -2 -6 1 0 -1 9
1 1 =2 -4 =27 2 0 0 -1 -12
5 -4 4 30 2 1 0 -6
0 -2 -2 3 -4 4 -1 -18
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[Iponomxenue Tadm. 3.2

Matpurnia k03 punreHTon

-12
-15

24

21

24

27

-21

-12
-15
-15

30

12
15
-12

27
-36

18

-18

12
21
-21

=57

-21

18

-21
=27

12
-18

15

15

18
18
21

-15

15

Ne Bap.

13

14

15

16

17

18

19.

20

21

22

Martpuna ko3 punreHTon

15

=27
-15

-12

-24

15

12
=27

12
21
-24

-15

-12
-18

-24

21

-24

15
-33
-51
-33

30
-12

18
12
12

Ne Bap.

10

11.

12
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[Tponomxenue Tadm. 3.2
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ITponomxkenue Tadm. 3.2

Martpuua k03¢ HuIreHToB
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33
18
27

30
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=21
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18

-15

-12

-12

-39
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-15

39

Ne Bap.
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OxkoHuyaHue Tada. 3.2

Ne Bap. Martpuua k03¢ HUIreHToB Ne Bap. Martpuua ko3¢ HureHToB

0 3 -4 -3 -1 3 -5 9

2 3 2 18 0 3 -2 3

83 4 4 -1 21 87 -4 -2 1 -18
4 2 5 27 -3 0 -2 -15

-1 1 0 9 4 -1 3 33

5 5 -3 -36 -4 0 0 12

0 -1 -5 =27 5 4 -5 3

84 1 4 4 21 88 -4 -2 -1 -24
5 2 -4 18 -2 5 -5 -15

2 5 -5 -6 -2 -3 5 -15

0 0 5 -6 -1 3 5 -30

-2 0 5 18 2 0 -3 -15

85 3 5 -4 0 89 1 1 0 0
2 1 4 9 1 1 0 18

1 -4 3 12 2 -4 5 9

3 -3 0 3 -5 2 -1 12

4 1 0 27 -1 -3 -2 =21

86 -5 5 5 24 90 4 0 4 36
-3 5 -3 3 0 4 -3 3

4 0 1 0 0 3 -3 15

3aganue 3. HeqiuHeliHOe IpOrpaMMHUpOBaHue

[eneBas dyHKIUS 3aAa€TCS BBIPAXKEHUEM
F(x)= klxlz + k2x22 + kyx xy + kyx) + ksx,.
JIunelinble OTpaHUYCHUS] HEPABEHCTBA UMEIOT BU/T
quiX; + q1p% + G190 < 0,
921X + G2Xy + Gr0 < 0,
X g 2 0.

3HavyeHns K03(pPuuueHToB k; M g; I pasNIUYHBIX BAPHAHTOB 3aJaHHUN IPU-
BeJICHBI B Ta0J. 3.3.

Tabmnuna 3.3
Ba;. ki kz ks ky ks qu q12 q10 q2 qx2 q20
1 3 3 -1 8 -9 -3 7 -7 13 -7 -63
2 6 5 -6 -1 2 -7 5 5 5 -1 -19
3 -6 -4 -1 6 5 2 -1 0 -2 3 -12
4 -5 -5 6 -7 9 -8 5 5 5 1 -32
5 -3 -3 -4 0 7 -1 3 -6 1 -1 -2
6 -4 -2 -5 -2 5 -1 2 -8 2 1 -9
7 -2 -2 -2 6 8 1 -1 1 5 1 -31
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BrinoyiHuTh crienyromue q1eUCcTBUS:

1. IlocTpouts 06J1aCTh JOMYCTUMBIX 3HAUEHUN MepeMeHHbIX. BHYyTpH obnactu
BBIOpATh TOUKY X', KOTOpasi B JalbHEHIIEM OyJeT SBISATHCS HAualdbHOH B MPOLECCE
MOKCKA SKCTpEMYMa.

2. Halitu makcumanbHOe 3HaueHue pyHkuuu F'(x) 6e3 yuera orpaHUYEHUN Ha
MepEMEHHbIE, UCTIONB3YS:

a) METOJI HAMCKOPEHIIIEro CIycKa;

0) meton Herotona — Padcona.

OnTUMHU3alMOHHBIN MPOIECC HAUUHATH C BHIOPAHHOM TOUKH 2.

3. Halitu makcumanbHOe 3HaUeHUE QyHKIMH F(X) C y4eTOM CUCTEMBbI Orpa-
HUYCHUH 3a7a4M, UCTIOJIb3YS:

a) METOJ1 IOMYCTUMBIX HampaBiaeHul 30iTeHIelKa;

0) MeTo TUHEWUHBIX KOMOWHAITWH;

B) ycnoBus Teopemsl Kyna — Takkepa.

OnTuMH3alMOHHBIN TpolecC B MYyHKTaX a) U O) HaYMHATHL C BBHIOpAHHOU
TOUKH x°.

4. METOAUYECKHUE YKA3AHUA U ITPUMEPBI BBIITIOJTHEHUSA
3AZTAHUMU 110 KYPCOBOU PABOTE

3anaHne 1. MaTemaTuueckoe onyucaHve JUHEHHBIX CHCTEM

ITycth
Y(S) 1448 + 288
(s)=28)_ 1443 - @)
U(S) S +158°+62S+48

[lepenaTounas ¢pyHkuus cucteMbl W (s) — 3To OTHOIIEHUE U300pakenus no Jlamna-

Cy ChUIrHalia Ha BBIXOAC K H306pa>1<eHmo IIo Hanﬂacy CHUI'HaJIa Ha BXOJC IIPU HYJICBbLIX
Ha4YaJIbHBIX YCJIOBUAX.

Co3ganum cTarmoHapHBIA TMHEWHBINM O0BEKT ¢ UMeHEeM w B makeTe Matlab>>
>>w = tf ([144 288], [1 15 62 48])

Transfer function:
144 s + 288

M3+ 1582 +62s+48

UtoObI mepelTu OT nepenaTouHoil GyHkiuu K AuddepeHmaIbHOMy ypaBHe-
HUIO CHUCTEMBbI, HY>KHO MeperTH u3 obiactu mzoOpaxeHui no Jlamiacy BO BpeMeH-
Hyt0 obnacte. U3 (4.1) cnenyet
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Y(S)-(S® +1552 + 625 + 48) = U(S) - (1445 + 288) =
= S Y(S)+155% - Y(S) + 625 - Y(S)+ 48 Y(S) = 1445 - U(S) + 288 - U(S).

Jlns mepexoja BO BPEMEHHYIO 00JacTh BOCHOJb3yeMCs (POpMaTbHBIMU
MpaBUJIAMU:
2
d”y(t)
>

Y(S) > y(0): S-¥(S) > YD, ¢ y(s) >
dt dt

Torpa muddepennnanbHoe ypaBHEHUE CUCTEMBI UMEET BUJL

3 2
A0 1540 L 6y dil(;) +48y(t) = 144—d2(;) £288u(r).  (4.2)

ar’ dt

XapaKTepUCTUUYECKOE YPAaBHEHUE CHUCTEMBI OIIPENENISCTCS 3HAMEHATEIIEM IIe-
peaaToyHOM PyHKIUU:
D(S)=8>+155*+ 625 + 48 = 0.

OnuH U3 KOpHEW ypaBHEHHSI MOYKHO HaTH mogdopoM, 3To Oyzer A, =1, a 3a-

TEM IMIOHU3UTH MMOPAJOK YPABHCHHA U PCHINTD €CTO!

8241582 +625 +48 (S +1
S*+8? S2 1145 +48

145 +62S
14S% +14S

488 +48
~ 485 +48

0

Urak, S°+155%+625+48=(S+1)(S*+14S+48)=0, Torma A, =—6,

Ay==8, (S+1)(S+6)S+8)=0.
B makere Matlab kopHu MHOroudjieHa MOXHO HAWTH C TOMOIIBIO KOMAaHIBI

pole(w).

Matlab

>> pole(w)

ans =
-8.0000
-6.0000
-1.0000

55



[lepenaTounas pyHKIUs cUcTeMBbI B (OpME HYJIEH U MOTIOCOB UMEET BUJL

(5) = Y(S)  144(S+2)
S UlS) (S+1)(S+6)(S+8)

[lonyuum pasnoxeHue nepeAaTOYHOM (PYHKIMU Ha CyMMYy MOPOCTBIX
CJaraeMplIX:
Y
W(S) = S) 1448 + 288 a b c

= = = + + :
US) S>+1582+625+48 S+1 S+6 S+8

Havinem a, b, ¢ :

a_ . b L ¢ :a(S+6)(S+8)+b(S+1)(S+8)+c(S+1)(S+6):
S+1 §+6 S§+8 (S+D(S+6)(S+3)

1448 + 288
S3+158% + 625 + 48

CrnenoBareinsHo,
a(S+6)(S+8)+b(S+1)(S+8)+c(S+1)(S+6)=
= a($? +145 +48) +b(S* + 95 +8)+c(S? + 75 +6) =
=S*(a+b+c)+S(14a+9b+7c)+(48a+8b +6¢)=144S +288.

[Tonyuum cucteMy ypaBHEHUM:
a+b+c=0,
14a+9b + 7c =144,
48a +8b + 6¢ = 288.

B pesynbraTe penieHus AaHHOW cCUCTeMbl ypaBHeHUUN mnonyuum a = 4,114;

b=57,6; c=-61,714.
4,114+ 57,6 61,714

S+1 S+6 S+8°

W(S) =

NMnynbcHas mepexoiHas XapakTepucTuka w(f) — 3TO MPOILECC U3MEHEHUS
CUTHaJIa Ha BBIXOJE TMpH Mojave Ha BXoJ O-QpyHKunU. Ee MOXHO HailTH B pe3ylbTare
oOpaTHOro npeodpazoBanus Jlamnnaca, IPUMEHEHHOTO K KaKJIOMY ClIaraeMoMy Iepe-

IaTOYHOU (pyHKIUU.
a

B cootBeTcTBHY ¢ TAOIHMIIAMH COOTBETCTBHUS L_l{ } =qge ™, Torma

S+

W(t)=4,114¢" +57,6¢% —61,714¢%.
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Matlab
>> ch=[144 288]
>>zn=[1 15 62 48]

>> [x]=residue(ch,zn)
X =

-61.7143
57.6000
4.1143

IlepexoaHass xapakTepucTHKa /() — 3TO MPOIECC M3MEHEHHS CUTHala Ha BhI-
X0JI€ CHCTEMBI MPHU MoAa4Ye Ha BXOJ €IMHUYHOTO CTyHeH4YaToro Bo3zaeucTBus. [Ipe-

1 1
obpazoBanue 1o Jlammacy 1(¢) ato 3 CIIEI0BATENBHO, H(S)= EW(S).

JI7ist monmydeHusl aHATUTUYECKON (hOPMBI MEPEXOTHON XapaKTePUCTUKHU OO~
HHUM CHUCTEMY UHTETPATOPOM:

Y(S) 144(S + 2) a b c
()2 - -y
Uws) (S+1)(S+6)(S+8)S S+1 S+6 S+8

d
+—.
S

C nomoipio MeTOAa HEOoNpeAeIeHHbIX KO3()DUIIMEHTOB aHAIOTUYHO HaljaeM
a=-4,114; b=-9,6; c="7,714; d = 6.

Matlab
>> ch=[144 288]
>>zn=[1 15 62 48]
>> [c]=residue(ch,[zn,0])
c=

7.7143

-9.6000

-4.1143

6.0000

3anuireM aHAIUTHIECKYIO (POpMY MEPEXO0THOM XapaKTePUCTUKHU:
h(t) = Cleklt + Czekzt + C3€7»3t +C,, h(t)= 7714680 — 9,620 — 4,114 + 6.

[lepexo/iHyI0 XapaKTEPUCTUKY MOKHO TAK)K€ BBIUMCIHUTH CIIEAYIOIIHM OOpa-
t

30M: h(t) = JW(’C)d’C, MOJIYYUM TaKOH K€ pe3yJibTart.
0
BpeMeHHbIe XapaKTEepPUCTHKU CHCTEMBI, TOCTPOSHHBIE B makeTe Matlab, mpu-
BeJIeHBI Ha puc. 4.1 n 4.2.
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['padux A(tr)

-

Puc. 4.1

I'padpux w(?)

>> impulse(w)

N

Puc. 4.2



HHocTpoenue acumnroruyeckux JIAX u ®@UX. Ilpu onpenenenun 4acToT-
HBIX XAPAaKTEPUCTHUK IMOAPA3yMEBAETCs, YTO HA BXOJE M BBIXOAE CHCTEMBI CHTHAJIBI
ABJISIIOTCS TAPMOHUYECKUMU.

Amnaumyono-uvacmomnas xapakmepucmuka (A4X) noka3plBaeT, Kak U3MEHS-
€TCSI OTHOILIEHUE BBIXOJHOI'O CUTHAJIA K BXOAHOMY B 3aBUCUMOCTH OT YaCTOTHI.

@Dazouacmomnasn xapaxmepucmuxka (DPYX) nokazplBaeT U3MEHEHHUE CIIBUTA
(a3 Mex1y BXOJHBIM U BBIXOJIHBIM CUTHAJIAMH B 3aBUCHUMOCTHU OT YaCTOTBHI.

JIAYX ctpoutcsa B JBOMHBIX Jorapudpmuueckux mkanax. [To ognoit norapud-
MHAYECKOM OCH OTKJIaABIBACTCA KpyroBas dYacToTa ©, II0 JAPYrod 3HAYECHHE

L(w) =201g K, BeipaxxenHoe B nmenmOenax. Acummrotrudeckas JIAUX cocrout u3
OTPE3KOB MPAMBIX JUHUN ¢ HaKJIOHAMU KpaTHbiMU 20 1b/nex.
[IpeobOpazyem nepeaaTounyro GyHKIHIO K CIEAYIOMIEMY BUIY:
|
1445+288 144(S+2) PR
S*+1557 +625+48  (S+DS+6)(S+8) (g plsindsin
6 8

w(S)=

Teneps oHa mpeAcTaBisieT co00i Mpou3BeACHUE TPEX AMEPUOIUYECKUX U OJI-
1 1 1

HOTo (hOPCUPYIOIIETo 3B€HA C MOCTOSHHBIM BpeMenu 1, =1; T, = 5; I = g; 4= 3
Kospdpunment ycunennss K=6. Comnpsraioide 4YacTOThl 3BEHHEB PaBHBI
1 1 1 1
o=—=1 0, =—=2; 03=—=6; 04 =—=8.
T T, 15 7,

Jlaniee HEOOXOAMMO MPABUIIBHO Pa3METUTh OCH, U OTMETUTh HA OCH (O COIpS-
raroniue yactotel. JIAUX npuBeneHa Ha puc. 4.3, a.

Tak KaK UHTErpUPYIOIINE 3BE€HbSI OTCYTCTBYIOT, TO MEPBBIM HAKIOH B 00JaCTU
HU3KUX 4acToT Oyner HyieBoil. OH MAET mapauiebHO OCHM 4YacTOT Ha YpPOBHE
20 IgK no mepBo# compsiraronieil 4acToThl (1. JTa YaCTOTa OTHOCHUTCS K anepuoIu-
yeckomy 3BeHy. CiiejoBaTeNbHO, HAKIIOH U3MEHUTCS Ha -1. DTOT HaKJIOH OyAeT UATH
70 COMpSATAIOLIEN 4acTOThl My. Tak Kak 3Ta 4acTOTa OTHOCUTCS K (OpCUpYOIIEMY
3BEHY, TO HAKJIOH U3MEHHUTCS Ha +1 u craner HyJseBbiM, JIAUX napannenbHa ocu 4a-
ctoT. [locne yacToThl M3 HAKIOH W3MEHUTCS Ha (-1) U OyAeT MPOIOIKATHCA 10 (4.
[locne yactoThl 4 OH u3MeHUTCS emi€ Ha (-1) u craneT paBHbIM (-2). YacToTta, pu
KOTOpPOI 4YacTOTHasl XapaKTEPUCTHKA MEPECEYET OCh YaCTOT, HA3bIBAETCS YACTOTOU
cpesa, o, = 12 pag/c.

dazogyacToTHas XapakTepucTuka (puc. 4.3, 6) mocTpoeHa B COOTBETCTBUU
C BBIPAXKEHUEM

1
o(w) = arctggco —arctgm — arctg%co - arctg%co .
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3HaueHMS Ka)XXa0ro u3 cjiaraCMbIX OIPCACIAIOTCA HpI/I6J'II/DKeHHO JIIsL 3HAYCHUN

1 T
®o—>0, ow—>wo, ®;=-—. B >3Tux ToOUKax arctg0=0;arctgoo=5;

arctgo,T; = arctgl = %
B makere Matlab mgns moctpoenust JIAUX u JIOUX ucnonb3yeTcss kKomaHaa

bode(w), a st moctpoenuss AOUYX komanga nyquist(w). COOTBETCTBYIOIINUE XapaK-
TEPUCTUKU NIPUBEAECHBI Ha puc. 4.4 u 4.5.

I(w), nb
A
40 4
20 +
I ! l\\
| | . . . I . I ) _2

Puc. 4.3
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>>margin(w)

ADYX cuctemsr:
>> nyquist(w)

Puc. 4.4

Puc. 4.5
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Kpome BXOAHBIX U BBIXOJHBIX NEPEMEHHBIX MPU OMUCAHUU CUCTEM BBIACISIOT
MIEPEMEHHBIC X, CBS3aHHBIC C BHYTPEHHEW CTPYKTYpPOMl YCTPOWMCTBA, — MEPEMEHHBIE
cocTosiHMs. Toraa cucTeMy MOXKHO OMUCATh C MMOMOIIIBI YPABHEHUN COCTOSIHUS.

Hopwmanbhas gopma ypaBHEHUN COCTOSIHUS UMEET BU/T

{)'c = Ax + Bu
4.3)

y=Cx+ Du

3nech A — KBaJpaTHAsi MaTPHUIIA ONPEACIICHHOTO BUA, Pa3Mep KOTOPOU OIpPeNesseTcCs
nopsaKkoM uddepeHnanbHOro ypaBHEeHUs. DJIEMEHTHhI, CTOSIIUE HaJ| TJIAaBHOM JIMaro-
HAJIBbIO — €TUHUIIBI, JIEMEHThI HIDKHEW CTPOKU — KO3 duimeHTs! JieBoi yactu audde-
PEHIIMATIBHOTO YPABHEHMUSI, B3SIThIE C MMPOTUBOIOJIOKHBIM 3HAKOM. Bce ocTanbHble aiie-
MEHTHI — Hynu. Takasi MmaTpuia Ha3pIBaeTcs MaTpuiied OpodeHunyca.

Cornacho (4.2) nuddepeHnraibHOE YpaBHEHUE CUCTEMbI UMEET BU/L

V(t)+155(¢)+62p(t)+48y(¢) =144 (t)+ 288u(r)

O3 129) oy A B Bos

rae o, u ;— Ko3(pULUHEHTE! ypaBHEHHSL.

0 1 0 0 1 0
A= 0 0 I |=| 0 0 |

DneMeHTsl MaTpull B v D BBIYHUCISIIOTCS TI0 CIEIYIONIUM PEKYPPEHTHBIM CO-
otHomeHnusiM: D = B, = B; =0,

by =B, —,b — o by =144—-15-0—-62-0 =144,

by = By — 0,by, — b — aghy = 288 —15-144—62-0—48-0=—1872,

b, 0
B=|b,|, B=| 144 |, c=[1 0 0]
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[loacTaBUB paccunTaHHBIE MATPUIILI B cuctemy (4.3), noayuum

T, 0 1 0][x 0
X |=| 0 0 I |-|x|+| 144 |-u
X3 —48 62 15| | x; —-1872
X
y:[l 0 0] X, +[O]u,

X3

Xl = Xz,
X3 = _48X1 - 62X2 - 15X3 - 18721/!,

Cxema Mojienu npuBeeHa Ha puc. 4.6.

v '

1872 144

- X x? : % Xy X X
—» —
— -
L 15

62 |

438

Puc. 4.6

3anuiieM ypaBHEHUSI COCTOSIHUSI B KaHOHUYECKOU ¢opme. [[ns 3Toro BBeaem
HOBYIO IIEPEMEHHYIO COCTOSHUSA ¢, KOTOpasl CBSI3aHa ¢ IEPEMEHHOM COCTOSAHUS X ClIe-
oyromuM oopazom: x = M g. M — 310 MofainbpHasi MaTpulia, KOTOpasi UMEeT BUJT
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1 1 1 1 1 1
;L12 7»% ;é 1 36 64
rje A; — XapakTepucTuieckue urciia Matpuiibl podenuyca A.

[Ipu mojcTaHOBKE ¢ BMECTO X B HOpMaJIbHYIO (OPMY YpaBHEHHUM COCTOSHUS
(4.3) nosy4nM ypaBHEHUS COCTOSIHUSI CUCTEMbI B KAHOHUYECKOU opme:

1 =Aqg + Bu,
=25 (4.4)
y =Cq + Dyu.
3neck A — quaroHajabHasi MaTpUIIA:

M 0 0] [-1 0
A=|0 XA, O0|=|0 -6 0|, B=M"'B, C,=CM, D, =D,
0 0 2| |0 0 -8

1 .
rae M — marpuua, o0patHas MOAAIBHOM, onpeensieMas BhIpaxKeHUEM

Y AdiM .
detM

3necy AdjM — matpuua, npucoequHEHHas K M, T. €. TpaHCIIOHUPOBaHHAs MaTpHUIla
anreOpandecKux JOMOJHEHUH.

1,371 0,4 0,029
M'=[-0,8 -0,9 -0, |,
0,429 0,5 0,071

1,371 0,4 0,029 0 4,11
B =M"'B=| -08 -0,9 -0,111 144 |=| 57,6 |,
0,429 0,5 0,071 -1872| |-61,71

111
C=CM=[1 0 0]-1 -6 -8|=[1 1 1],
1 36 64
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Matlab
>>M=[111;-1-6-8; 136 64]
M —

111
1 -6 -8
1 36 64

inv(M)

ans =

1.3714 0.4000 0.0286
-0.8000 -0.9000 -0.1000
0.4286 0.5000 0.0714

B=[0;144;-1872]
B=

0
144
-1872

M'*B
ans =

4.1143
57.6000
-61.7143

[ToncraBuB HaliieHHbIC 3HAUeHUS B (4.4), MOTy4YUM

-1 0 0]/[gq 4,11

0 -6 O0||q|+| 57,6 |-u,
0 0 =8| |q -61,71

g, = —q, —4.11u,
q, = —6q, + 57,6u,
gy = —8qy —61,71u,
Yy=4q *t49 t4s;.

65



Cxema MoOjenu, COOTBETCTBYIOIIAas TOJTYyYEHHOW CHCTeMe, TMPHUBEACHAa Ha
puc. 4.7. Jlns Hee XapakTepHO MapaljieibHOE COCIWHEHHE HHTETPATOPOB, BBIXOJIBI
KOTOPBIX OTIPENCIISIOTCS IEPEMEHHBIMU COCTOSIHUSA ¢1, ¢, (3.

Haiinem pemienue y(f) Ajisi cUCTEMbl ypaBHEHUM B HOpMasibHOU (opme, eciu
HavanbHble ycnosus umeroT Bux y(0) =2, 7(0)=7(0)=0. Curnan u(z)=2-1(2).
[lepexoast kK HAYaNBHBIM YCIOBUSM JJIS X, B COOTBETCTBHH C MPUHATHIMU paHee 000-
3HAYCHUAMH, TTOIy4uM x; (0) =2, x,(0) =0, x3(0) =0.

Pemenune ypaBHeHUsI COCTOAHUA X = Ax + Bu CKIIQABIBAETCS U3 ABYX COCTaB-
msronux x(7) = x(¢) + x,(#) — cBOOOIHON M BBIHYKIECHHOM.

q, 7

4,11 '+Z J‘

A 4

u - 8 "+ y
57,6 > +Z > I > +Z }
N >,
6
Q3 qs3
61,71 o - Z > I

\ 4

Puc. 4.7

CBoOonHas cocTaBismomas x,(f) — 3To obmee pemenne aup HepeHInaNIbHOro

YpaBHEHUsS CHCTEMBI C HYJICBOW MpaBoi JacThio. OHO HE 3aBHCUT OT BHEIIHETO BO3-
JCHCTBHSI M XapaKTePU3yeT ECTECTBEHHOE MTOBEICHUE CHCTEMBI.
BemyxneHHas cocTaBisiomas X,(f) — 3To yactHoe pemeHue auddepeHiu-

aJbHOTO YpaBHEHUSI C HEHYJIEBOUM MpaBol yacThio. OHO 3aBUCHUT OT CUTHANA u(f) U

XapaKTEepU3yeT MOBEACHUE CUCTEMBI IO €r0 BO3JAECHCTBUEM.
Pemenune ypaBHeHUs COCTOSIHUSA X = Ax + Bu UMEET BUL

t
x(t) = erA(Z_ZO) + I B-u(t)- e Vqy,
0

At
rae e© — GyHIaMeHTallbHasi MaTpUlla WM MaTpUlla mepexoa.
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Omna BbluKCHsIETCS IO cheayoien Gpopmyre:

e =yE + 7,4+ 7,47,

TIe Yo, Y1» Y2 — HEM3BECTHBIE KOI(D(DUIIUCHTBI.

BprancnuTe UX MOXKHO, peliasi MATPUYHOE YPABHEHHUE

1 -6 36| |y,|=|e
1 -8 64| |y, P

IlepeMHOKas MaTPUILIBL, IOJTy4a€M CUCTEMY YPABHEHHUM CIETYIOLIETO BUIA

Yo~ Y1+YV2= e,
Yo — 6y +36y, =,

Yo — 8y, + 64y, = e 8t

Pemenne nanHoM cUCTEMBI ypaBHEHUN UMEET BUT
—t -6t —8t
Yo =1371e" —0,8¢ ™ +0,429¢ ™,

v, =0,4¢ —0,9¢% +0,5¢%,
v, =0,029¢™" = 0,1e7 +0,071e™.

0 1 0 0 0 1
A=| 0 0 1 |= 4> =|-48 —62 -—15].
48 -62 -15 720 882 163
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Hrak,

1,371 0 0 0,8 0 0
e"= 0 1371 0 |e'+| 0 -0,8 0 |+
0 0 1371 0 0 -0,8
0,429 0 0 0 0,4 0
+ 0 0,429 0 |e¥+| 0 0 04le’+
0 0 0,429 ~19,2 -24.8 -6
0 -09 0 0 05 0
+ 0 0 —09e%+ 0 0 0,5+
43,2 558 13,5 24 -31 -7,5
0 0 0,029 0 0 0,1
+-1,4 -1,798 -0,44|e"+| 4,8 6,2 L5 |e%+
20,9 25,578 4,727 —72 88,2 -16,3
0 0 0,071 1,371 0,4 0,029

+=3,41 —4,402 -1,06e = -1,392 -0,427 —0,035|e" +
51,12 62,622 11,57 1,68 0,778 0,098
0,8 -0,9 -0, 0,429 0,5 0,071
+ 48 54 0,6 e +]-3,41 -39 -0,57 .
—28,8 -32,4 -3,6 27,12 31,6 4,502
2 2,742 -1,6 0,858
elixy=e? | 0]|=]-2,784 e +| 9,6 |e® +|-6,816 e,
0 3,36 ~57,6 54,24

Tak kak y = X;, To cBOOOHAsA COCTABIISIIOIIAsI BBIXOJHOIO CUTHaIa OyAeT paB-

Ha 2,742¢™ —1,6¢7% +0,858¢™. Onpenenum BBIHYKJICHHYIO COCTABJISIONIYIO TIPU
BXOAHOM curHaie u(t) =2*1(¢). Curnan Ha BbIXOJIe NMPU MOCTYIUIEHUH Ha BXoA 1(?)
y>K€ BBIUUCIICH — 3TO MEPEX0Has XapaKkTepucTuka cucteMsl (4.1). UToObI MOay4YuTh
BBIHYK/ICHHYIO COCTAaBIISIIONIYI0 CUTHajla B HAIlEeM CJIy4ae, YMHOXHUM MEPEXOJIHYIO

XapaKTEPUCTUKY Ha 2.
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Takum 0Opa3oM, CUTHAII HAa BBIXOJ/IE€ CUCTEMBI OYIET CIETYIOUIUM:

y(1)=2.742¢" ~ 1,607 +0,858¢ ™ +2(7,714¢ ™ 9,66 —4,114¢”" +6) =

= —5,478¢™ —20,8¢"% +16,287¢ ¥ +12.
Breimmonaum nposepky:
1(0)=-5,478—-20,8+16,287 +12 = 2 — BepHO;
y(0) =12 — BepHo.



Haiinem pemieHne ypaBHEHUN COCTOSIHMS, MPEICTABICHHBIX B KAHOHUYECKOU
dbopme (4.4). Kaxngoe u3z auddepeHIManbHBIX YpaBHEHUN TMEPBOrO MOPSAKa

4, = X;q; + b;; 3aBUCUT TOIBKO OT OIHOI MEPEMEHHOI1, U €T pelIeHrne B 00IIeM BHUIE
UMeeT BUJL

t
q(t) = g(0)e™ + j Bu(r)e"dr.
0

Omnpenenum HavanbHble yenoBus ¢g(0) aist Bektopa ¢g(?).

Tak kaxk g =M _lx(t) , TO

¢,(0) x1(0) 1,371 0,4 0,0291[2] [2,742
3:(0) |= M7 x,(0) |=| 0,8 0,9 -0,1{0|=| -1,6
q5(0) 5©0)| (0,429 0,5 0,071 0] |0,858

Haiinem Beipaskenus s q,(1), g,(t) u g;(2).

t
1)=2,742¢7" +2-411| e Vg1 =2,742¢7" +8,22(1 —e7' | = —-5,478¢7" +8,22;
q
0

t
g>(1) =166 +2:57,6[ ¢ Vdt = =1,6¢ +19,2(1- &™) =20,8¢ " +19,2;
0

t
g5(1) = 0,858 +2(=61,71) [ ¢ ¥Vt = 0,858¢ ¥ —15,428(1- ¢ *) =
0

=16,286¢ " —15,428.

B pesynbrare nonyyum
y(t) = q,(1) + g, () + g5 () = =5,478¢™" = 20,8¢™% +16,286¢™™ +12.

BreimmonHum nposepky:

y(0) =-5,478 -20,8+16,287 +12 = 2 — BepHO;

y(0) =12 — BepHoO.

Petiennsi HOpMaJIbHBIX U KAHOHUYECKUX YPABHEHUI COCTOSIHUSI COBITA/IAIOT.
[IpoBepuM, OJIMHAKOBO JIM 3HAUYE€HHE KOAIP(UIIMEHTAa YCUIIEHHS: MO Tepeia-

TOYHOUM (YHKIIMU, NMEPEXOTHONU XapaKTEPUCTUKE, MOJAEISIM B IIPOCTPAHCTBE COCTOS-
HUM, aHAJIMTUYECKOW 3aMMUCU UMITYJIbCHOM MEPEXOJHON XapaKTEPUCTUKH.

[IpoBepum 3HaueHUEe KOd(PPuULIeHTa YCUIICHUS IO epeaaTOUYHON (DYHKIUU:
1448 + 288 288

( ) S3 141552 +625 +48 48

= 6.
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ITo nepexoaHOM XapaKTEPUCTHUKE:
h(t—0)=7,714¢"" -9,6¢™ —4,114¢™" + 6 = 6.

[lo MozensiM B IpOCTPAHCTBE COCTOSIHUIA:
57,6 61,71 _

8
HOpMalibHAss ¢opMa (B YCTAaHOBUBIIIEMCSI PEXKHME Ha BXOJIaX HHTETPATOPOB
Hynu): —1872+144.15-48-k=0; k=6;

KaHoOHHUYecKas ¢popma: 4,11+ 6;

M0 AHATUTUYECKON 3aIMCH UMITYJIbCHON NEPEXOAHON XapaKTEPUCTHUKH

W) =4.114¢" +57.6¢ —61,714e™™; nposepsiom: 1 + 576’6 _ 61é71 s

MpbI BUiUM, 4TO 3HaYeHUE KO3 UIIMEHTA YCUICHUS OJUHAKOBO.

3aganue 2. JIu"eitHoe MporpaMMHUpPOBaHUeE

Haiitn MuHMManbHOE 3HaYeHHe QyHKIMH [(x) = 2x; +3Xx, — X3 IpHU CIEAyIO-

MUX OIrpaHUYCHUAX !
2x1 + Xy _3X3 > 6,

X1 — Xy +2X3:4,
X; + Xy +x3 <5,
x 20, xp 20, x3>0.

JIOMHOXUM TepBOE U3 OrpaHUYeHUN Ha (-1) U BBeneM B OrpaHUYEHUS JOIOJI-
HUTEJIbHBIE IIEPEMEHHBIE X4, X5 MW HCKYCCTBEHHYIO IEPEMEHHYIO R CleLyIOIHUM

00pa3oM:
—2x1 — Xy +3X3 +X4 :_6,

X1 — Xy +2.X3 +R:4,

ITycte x,, R M x5 — 0a3uCHBIC IEPEMEHHBIC, & X|, X5, X3 — HeOa3ucHbIE. DyHK-
st wermn F(x) = F(x)+ M -Y R =2x, +3x, —x3 + M - (4= x; + x, —2x3).

B nepBoit cummiekc-tadnune (tadn. 4.1) koapduirenTsl npu HeOA3UCHBIX Te-
pEMEHHBIX B F-CTpoke U M-CTpoKax 3HAKa HE MEHSIIOT, TaK KaK OCYIIECTBIISIETCS
MuHuMu3aus QyHkuuu. CBoOOIHBIN WiieH B M-cTpoke OepeTcsi ¢ MPOTUBOMOIOXK-
HBbIM 3HaKoM. Pelienue, coorBeTcTByIOIIEE Ta0d. 4.1, HE ABISIETCS TOMYCTUMBIM, TaK
KaK €CThb OTPHUIATEIbHbINA CBOOOHBIN YJICH.

BribepeMm Beaymimii cTonb€1 U CTPOKY B COOTBETCTBUU C IIaroM 2 ajaropuTMa
pemenus [18, mogpazn. 3.6]. Ilocne nmepecuera momyuum Tabdi. 4.2. Ontumuzanus
peuieHus (mar 5 aaropuTMa) ocyllecTBisieTca BHavane no M-ctpoke. B pesynbraTe
X3 BBEIEM B 0a3HC, a IEPEMEHHYIO R UCKIIOYHM M3 PACCMOTPEHHUS, COKPATUB KOJIH-
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yecTBO cToNO1OB. [locie nepecuera nomyunm Tadi. 4.3, KOTopasi COOTBETCTBYET OIl-
TUMaJIbHOMY PELIECHUIO 3aJIauu.

Tab6mumna 4.1 Ta6mumna 4.2
BI1 CB00OOIHEIE Heb6asucusie BII | CBoOoxHbIE Heb6asucubie
YJIeHbl MePEMEHHBIC YJIEHBI MePEMEHHBIC
X1 X2 X3 X4 X2 X3
Y -6 @ 1| 3 X 3 a2 | 12 | 32
R 4 1 -1 2 R 1 1/2 -3/2 @
X5 5 1 1 1 X5 2 1/2 1/2 5/2
F 0 2 3 -1 F -6 1 2 2
M -4 -1 1 -2 M -1 -1/2 3/2 =772
Ta6muma 4.3
BI1 CBO60)_'[HBIG HC6aBI/ICHBIC I/ICKOMBIﬁ MI/IHI/IMYM q)yHKHHH F(x)
IR TEPENICHHDIE paBeH CBOOOJHOMY 4IEHY [F-CTpOKHU
S ;;‘7 )16/27 Tabn. 4.3, B39TOMy C OOpAaTHBEIM 3Ha-
1 i i KOM, Tak Kak minF(x)=-max(-F(x));
X3 2/7 1/7 -3/7 24 2 9
Xs 9/7 1/7 11/7 X4 = 02=0; x =T M= X5 =
F -46/7 5/7 20/7 46
M 0 0 0 Finin =7

Penrenue 3agauu B Matlab
F=[23 -1];
A=[-2-13;111;-100;0-10;00 -1];
>> %Kk03(h(GUIIMEHTHI JIEBBIX YaCTeH HEPABCHCTB, MPUBEICHHBIX K 3HAKY <,

>> %C y4eTOM OTpaHUYCHHI HA 3HAK
>>

B=[-6,5;0,0;01;
%TpaBble YaCTH OTPAaHUYCHUN HEPABEHCTB
%1151 OTpaHUYEHUSI PABEHCTBA
Aeq=[1 -1 2];
Beq=[4];
x=linprog(F,A,B,Aeq,Beq);
>> X
X =

3.4286

0.0000

0.2857

>> Q=F*x
Q=
6.5714
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Haiinem yacTUYHO-1I€IOYUCIIEHHOE PEIICHNUE 33/1aud, CUUTAas, YTO IepEMEHHAas
X3 NOJKHA OBITH 1eoi. JloMmoTHUTEeNbHOE OrpaHUYEHUE COCTABUM 10 BTOPOM CTPOKE
ONTUMAJIBLHON CHUMIUIEKC-Ta0IUIbI, KOTOpPasi COOTBETCTBYET Oa3MCHOM IMEepEeMEHHOM
x3. OrpaHUYEHHE 3aMMCHIBAETCS B COOTBETCTBUU C BhIPAXKEHUEM

By}
i§+akiwi B 11621: W 2Bt

rae o, — Kod(QQHUUHUEHTH Npu HEOA3UCHBIX MEPEMEHHBIX W; B PACCMATPHUBAEMOU
CTpoKe, {B;} — ApoOHas 4acTh CBOOOJHOIO HWiIEHA.
Toraa nmosyuynm

2
7 2 1
7)6'4 + g _1(—7))6'2 > 7 WIN
7

+£x >2
A S

BBoauM MOMOMHUTENBHYIO TEPEMEHHYIO X¢ U BHOCHUM OrPAaHUYECHHUE B
cuMIUIeKC-Tabnuiy (cM. 1abdn. 4.3 (M-cTpoKy HCKIIIO4aeM) B Pe3yibTare MOIyYUM
Tabn. 4.4.

B kauectBe Beayuiero BbIOMpaeM 3JIEMEHT B CTPOKE Xg, MOCIE IepepacyeTa
noJiyuuMm 1adai. 4.5.

Tabauma 4.4 Tabnuma 4.5
BI1 CB00OIHBIE Heb6a3ucHbie BI1 CB0o0OOIHBIE Heb6a3ucHbie
YJICHBI TepEMEHHBIC YJICHBI TepEMCHHBIC
X4 X2 X6 X2
X1 24/7 -2/7 -1/7 X1 4 -2 1/5
X3 2/7 1/7 -3/7 X3 0 1 -3/5
Xs 9/7 1/7 11/7 X5 1 1 7/5
X6 -2/7 @ -6/35 X4 2 -7 6/5
F -46/7 5/7 20/7 F -8 5 2

OnTtuManbHOE NEJIOYHCIEHHOE pemeHue x; =4, xs=1; x4=2, x;=x3= x6=0,
Finax = 8.

[lepexon kK ABOMCTBEHHOM 3a/1aue MOJAPOOHO PACCMOTPEH B KOHCIEKTE JICKIIHIA
U 3]IeCh HE IPUBE/ICH.

3aganue 3. HesiuHeliHOe IpOrpaMMHUpOBaHue

3.1. Haiitu »skcTpemanbHOe 3HadeHue GyHKIUUM F(x) = —2x12 +18x; —

—2x1Xy — x% +12x, MeTonOM HaMCKopeWlero cmycka M MeroaoMm HeroToHa —
0
Padcona. HauanbsHas Touka x = [2; 1].
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Bua yHkuuu nenmn MokHO MOCMOTPETH B makete Matlab, ucnonb3yst moamnpo-

rpaMMy:

meshgrid([0:0.1:6]);
F=-2*x1./2+18*x1-2*x1.*¥x2-x2."2+12*x2;

meshc(x1,x2,F);

[x1,x2]

Ha puc. 4.8 npuBenen Bua GyHKIMU F BMECTE ¢ MPOCKIUSIMU JIMHUU YPOBHS:

(bYHKHI/ISI BBIITYKJIast BBEPX 1 UMCCT MAaKCHUMYM.

Puc. 4.8

hero crycka (moabéMa) ouepeaHas TOUYKa MPHU MOUCKE

B merone nauckope

k*VF(xk), rae

+ o
HaIpaBJICHUE JBWKEHUS 3aJa€TCsl BEKTOpoM Irpanuenta VF(x) dynkuuu F(x), BbI-

xk

k+1

MakcuMyMa (QYHKUHMH BBIYUCISETCA MO Qopmyie Xx
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} =[-4x; +18 = 2x,;-2x; — 2x, +12];
VF(x°) =[8; 6].

1

oF oF
ox; Ox,
VF (xO) B HOBYIO TOUKY X :

k
YHUCJICHHOM B TOYKC X , @ BCIMYMHA IIara nepeMeCeuicHus OIpCcaAcC/IsICTCA YKMCIIOBBIM

VF(x) = {

k

napamMeTpoM o .
Ha mepBOM miare ABIKCHHE OCYLIECTBISIETCS M3 TOYKH X BOJTB BEKTOPA



x| x) ol 81 |2+8a
= +a = :
x| X 6| |1+6a’

k
Bennuuna mara o Ha J1000M IIare BbIOMpaeTcsl U3 YCIOBHUS OOECreUeHUs
KcTpeMyMa (DYHKIIMU B paccMaTpUBaeMoOM HarpaBiieHUH. [loficTaBisisi KOOpAUHATHI
I
TOYKU X B PpyHKu0 F(x), noixydyum

F(0®) =-22+8a")* +18(2+8a°) - 2(2 + 8a")(1 + 6a.°) -

—(1+60”)* +12(1+ 60.°) = —260(a”)* + 1000.° + 35;
a—Foz—szo(xO +100=0; o’ =0,192.
ool

B pesynbTaTe mociie nepBOro mara KOOpAUHATHl OUYepPeTHON TOUYKHU MOTYydaroT-
Csl pAaBHBIMH:

x{=2+8a’=2+8-0,192 =3,54;
xy3=1+60"=1+6-0,192=2,15.

Breruncnsercs VF (xl). Ecnun HVF (xl)H < ¢ (& — TOYHOCTH pEUICHUS 3a7aun),

IOMCK IIPEKpaIacTCd M CUHUTACTCSI, YTO x = x'. Eciu HET, MepexXolsaT K mary 2.
VF(x') =[-0,46; 0,62]. ITyctb € < 0,1, Torna

%)

2 2
HVF(xl)H - \/[2{] +[§—F] — J(0,46)> +(0,62)% =4,/0,59 = 0,768.
1

Ha BTOpPOM HIare JABMJKCHHC OCYIICCTBILACTCA B HAIIPABICHHHM BCKTOpa

VF (xl) ¢ BEIMUMHOM mara o':

xp|_|354] 1] -046]_|354-046a |
x| |215 0,62 | |215+0,62a' |’
F(a!')=-0,24(a")? + 0,60 +44,8;

d—F1 =-0,480' +0,6=0; a! =1,25;
do

xi =3,54-0,46-1,25=2,965;
X3 =215+0,62-125=2,92;

VF(x%) =[0,32; 0,24];

HVF(XZ)H =/0,322 +0,24% =,/0,16 = 0,4.
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3agaHHas TOYHOCTh HE oOecrnedeHa, CleAyeT cleliaTh €lle€ OJWH IIar, B pe-
3yJbTaT€ KOTOPOTO TOYKA AKCTpPEMyMa OMPEeNeNUuTCs KoopauHaramu x* = x; = [3; 3],
Finax=45.

PaccmoTpum rpadudeckyro HHTEPIPETALNIO PELISHUS 3aauu.

Ha mnockoctu x1, x2 (puc. 4.9) npuBeneHsl TUHUM YPOBHS (QYHKIUU 1enu F),
nmocTpoeHHbIe B Matlab, B COOTBETCTBHUH € MOAMPOrPaMMOIi:

>> [x1,x2]=meshgrid([0:0.1:6]);

>> F=-2%x1./2+18%*x1-2*x1.*x2-x2."2+12*x2;
>> figure;

>> cl=[15 25 30 35 40 43 45];

>> [c,h]=contour3(x1,x2,F,cl,'t");

>> clabel(c,h);

>> view(0,90);

>>

Puc. 4.9

L{eHTp KOHIICHTPUYECKHUX JTMHUH SIBISETCS TOUKOU dKCTpeMyma x*,
. 0
B mpormecce moncka TpaeKTOPHS JBMIKCHHS JODKHA M3 HAYaJbHOM TOYKHU X
MPUBECTH B KOHEUHYIO TOUKY x* (puc. 4.10).
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X3

X1

Puc. 4.10

Crnenyer oOpaTuTh BHUMaHHE Ha TO, YTO KaXJas OyepelHas TOYKa JIEKHUT Ha
HaIIpaBJICHUM BEKTOPA IPaJUEeHTa, BBIYMCIEHHOTO B 3TOM TOYKE, U KaXKI0€ NOCIIEeNy-
IOIIIEE HAMPABJIECHUE NEPIIEHANKYJISIPHO MPEIBIAYILEMY.

Pemum a3ty xe 3amauy meronoM Herorona — Padcona. Ouepennas Touka mo-
VICKa BBIYMCIISIETCS B COOTBETCTBUHU C BBIPAKEHUEM

=k - g RYWVF (R,

rae H(x) — marpuua I'ecce dyukuuu F(x); H _1(x) — o0paTHasi MO OTHOIICHUIO

K H(x) maTpuna.

VF(x)= {a—Fa—F} =[x, 2x,+ 18; —2x1—2x,+12 ];
axl a.X2
VE(x")=[8; 6];

[ 92F o%F |

8x2 Ox,0x -4 -2 -1 1 ;

H(x) = 1 1920 H(x) = - H7l = - AdjH |

D= g g2p [ {—2 —2} detrt Y

Oxzaxl Oxg |

rae det H — onpenenurtens matpuilbl H ; AdjH — npucoenunenHas k H wmatpuna

(TpaHCTIOHMpPOBaHHAsI MaTpUIla AITeOpandeCcKuX JIOMOJTHEHUN).
Haiinem  anreOpanueckue  JOMOJHEHUS  JJIEMEHTOB  Marpunbl  H :

VﬁZ(—l)i+jmi]-,T0FIla A]l — _2’ V12 :—|—2, VZ] :+2, A22 =4,
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COOTBETCTBEHHO

AdjH =
-

2 4 1705 05
4;detH=4;H = ,

0,5 -1

x| [2] [-0,5 o508 [2] [-4 +3] [2] [-1] [3]
A1 L) Los  —ule] [1] [4 -e] 1] |-2] [3)
VF(x")=[-12+ 18 - 6; -6 - 6 + 12] = [0; 0].

1
CnenoBartenbHO, B Touke X =[3; 3] dbyHkus F(x) qocTUraeT MaKCUMaJIbHOTO
3pavenmsa F . =45.

3.2. Haiitu wmakcumanpbHOoe 3HaueHue GQyHkuuu F(x)= —2x12 +18x; —
—2x,X, — X3 +12x, npu orpaEmueHHSIX 2X, +X, =2, X, +X, <4, x, 20, x, >0
METOJIOM JIOMYCTHUMBIX HAIIPABJICHUN 30UTEHIECHKA.

HauanbHast TouKa X' =[2; 1].

OO0sacTh ONYCTUMBIX 3HAYEHUH Ie- x,
pemennbix (O1311) npusenena Ha puc. 4.11.

Ilocnedosamenvrocme pewienus 3aoaqu:

1. HaxomuTcsi HampaBlIeHHE BEKTOpa
rpaueHTa B TOYKE x?, VF(xO) =[8; 6], To- 3 |

rga KOOpAHHATEL O‘-ICpCI[HOﬁ TOYKH

. VF(x!
xl1 =2+8a; xi =1+ 60’ (cm. OpEeAbIIyIud 2 ] | :
X VF(x
IpUMED). \ VF(x°) S
2. OnpezenseM MHTEPBAI JOIMYyCTUMBIX 1 0 x?
3HaueHH 11 mapamerpa 0., IpH KOTOPOM \
TOuKa X' oyner nmpunajiexats O3 s o 1 ! 3 /R
1

1
3TOT0 KOOPAWHATHI TOYKUA X IIOJCTABIAIOTCSA
B OTpaHUYECHUS 3aaYU Puc. 4.11

22+80)+(1+60%)>2  a’>-0,136
2+8a’ +1+6a’ <4 . a’<0,071;
2+8a°>0 a? <-0,25;
1+60° >0 a’>-0,167.

BriOupaeM Hanbosee cuiibHbIE U3 MOJYYEHHBIX YCIOBUH, TOT 1A

~0,135<a’<0,071.

0
3. Haxonum BenuuuHy 0, KOTOpas ooecneuuT Makcumym QyHkuuu F(x). Tlpo-
1eypa MOJHOCTHIO COBIAAET C MEPBBIM IIArOM PEIICHUs 3aJja4yl METOJIOM HaHuCKO-
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pEHIIIEro CIycKa, MO3TOMY o’ = 0,192. D10 3HaYeHHE 0 He MPUHALICKUT HANICHHO-
My HHTEpBay (1. 2), MO3TOMY NMPUHUMAETCS, YTO o’ = 0,071. IIpu sToM ouepeHas
TOYKA X TOUCKOBOM TPACKTOPUM OKa3bIBACTCS HA rpaHUIE 00JacTH U HAXOAUTCS Ha
IpsIMOM, COOTBETCTBYIOIIEH ypaBHEHHUIO X; + X, = 4. KoopauHatsl Touku x' 1 3Haue-

HUeE rpajgueHTa (yHKIMU B 3TOU Touke VF (xl) ONPEAEIIAIOTCS BRIPAKECHUSIMMU:

xi =2+8a’ =2+0,568=2,568;
xy =1+60° =1+0,425=1,425
VF(x') =[5,12; 4,01].

4. JIsxeHue B HampasieHun VI (xl) BeIBOAMT 3a mpenensl O/311, noatomy

oucpcaHasd TO4YKa IIOMCKa BbIYHCIIACM II0 BBIPAXKCHHIO OLk+1 = xk + OLkSk , IAc

k o o
S" — HOBOE HampaBJICHHE ABWIKCHHS, KOTOPOE COCTABIICT MHUHUMAJIBHBIA OCTPBINA
YTOJ ¢ BEKTOPOM TpaJu€HTa W HampaBJeHO JUOO0 BHYTpb, OO 1o rpanuie OJ3I1.
[Ipu sTOoM ouepennas Touka aoikHa npuHagiaexats O3, a pynkuus uenn npu
nepexo/ie K oUepeHOM TOUKe JOJKHA YBEIUYUBATHCS MAKCUMAIIBHBIM 00Pa30oM.

Hamnpasnenue S k HaxoJHUM, KaK peIICHUEC 3aJa4Hu:
max{VF" (x*)-$*0]al 8% <0, | $* |<1}.

1
Hampasnenue S ouepeqHOro mara onpeessieM U3 yCiaoBUs

1
Tol_ Si|_q 1 _
a;S=[11] | =5 +5,=0,
Si
rae a JT — BEKTOp K03 (UIIMEHTOB MPU IEPEMEHHBIX BO BTOPOM OTpaHUYCHUH, HA KO-

1
TOPOM HAXOJHUTCA TOYKA X .

Orcroma  crmemyer, 49TO S% = —Sll, TOT I HSIH :\/(Sll)2 +(S§)2 =1;

w/Z(Sll)z =1; Sl1 :%:ﬁ:&ﬂ; S% =—0,71. Takum oOpa3zoM, max VFT(xl)-S1

JOCTUTAETCS IIPU Sll =0,71; S % =-0,71.
TIpu JBIKCHHH M3 TOYKH X B TOUKY X° CIGLYeT ABHTaThCS 110 TPAHHYHOMN

. 1
MpsIMOM B HAaMpaBJIeHUU S, KaK Moka3aHo Ha puc. 4.11.
2
5. KoopauHaThl TOUKM X~ ONPENESIOTCS BhIPAXKEHUEM

x> =x + oS!
WIn

xt | [2,568] [ 0,71 2,568 +0,71a'

X5 1,426 —0,71] {1,426 -0, 71a!
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1

2
Haxonum nHTEpBan u3aMeHeHus: o , opu Kotopom x~ mpuHagnexut O3I11:

2(2,568+0,71a') +1,426 - 0,071’ =2, (o' > —6,42,
2,568 +a! >0, =o' >-3,62,
1,426 -0,71a' >0 o' >2,01.

2
Btopoe orpannueHue onyiieHo, Tak Kak TOYKa X~ MPUHAJIEKUT COOTBETCTBY-
o1el emy npsimoit, Torga — 3,62 < a’<2,01,

6. Haxoxum a!, koTopoe obecrmednt MakcuMyM ¢yHKUuM F(x) B Hampasie-
Han S
JI71s1 TOTO KOOPAUHATEI TOYKH x” HOJCTABIISIOTCS B byukuuto F(x), Torna
F(a')=29,58 -1,01(a')? + 1,220 ;
dF
— = —2,02a! +1,22=0, o' = 0,6,
do
3Hauenue o OPHHAIICKUT HHTEPBANY, HAMACHHOMY B II. 5, IOATOMY ISl pac-
YeTa KOOPAMHAT TOUKH x° mpuHEMaetcs ol = 0,6

X =2,568+0,71-0,6=2,994~3;
x5 =1,425-0,71-0,6=0,999 ~ 1.

BBI‘-IHCHHIOTC’I COCTABJIAOIINC BeKTOpa rpa,Z[I/IeHTa B TOUYKEC x2:
VF(xz):[—4.3+18_2.l;_2_3_2.1_{_12]:[4; 4].

1
Hanpasnenne Bektopa VF (xz) MEePIEHIUKYISIPHO HAIMpaBICHUIO S , CIEN0-

. 2
BaTENIbHO, HailieHHass Touka x~ = [3; 1] oOecneunBaeT MakcuMyM (QyHKIHH F(X)
C y4ETOM OTPaHMYEHHMI Ha nepeMennsle: f =41,

3.3. Haittu wmakcumanbHOoe 3HaueHue (QyHkuuu F(x)= —2x12 +18x; —
—2X1X, — x% +12x, mpu orpannuenuax 2x; +x, 22; x; +x, <4; x;, 20, ucnons-
3ys ycioBus Teopembl Kyna — Takkepa.

Ilocnedosamenvhocms pewtenus 3a0a4u.
1. Cocrasnsgem @ynkuuto Jlarpanxa:

Lx,\)=F(x)+A g(x)=F(x)+ Z?»j -gj(x).
j

3nmech g ;(x) — JIeBbIe YaCTH OrpaHUYCHHUM, IPUBEACHHBIX K HYJICBOMN MPABOH 4acTH;

A ; — HeonpezeseHHble MHOKUTeNH Jlarpanika:

g(x)==24+2x+x,20; g,(x)=4—-x,—x, 20.
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Touka s3KCTpeMyMa SBISECTCA CEAJIOBOM TOYKOW C MAKCUMYMOM IO X U MUHH-

MYMOM TI0 A, TI0O3TOMY OrpPaHHYCHHUSI IPUBEICHBI K BUAY g ;(X) 2 0:

L(.x,)&) = —2X12 + 18xl - 2xl.X2 - x% + 12x2 + 7»1(—2 + 2.x1 + .xz) + }L2(4 - .xl - .xz) .

2. Ycnous teopembl Kyna — Takkepa 3anucbiBaeM CIeAYHOIIUM 00pa3oM:

e

L LI
dx, X AT T 87\‘1' *

. 0L « OL

X * * :0, 7\' * *ZO’
T ox, XA ey X
xl-*ZO,z:l,n x?ZO,]zl,n

YacTtHbie npou3BoAHbIe GyHKIMHU JIarpaHika onpeaessitoTcsl BIPpaXKECHUSIMHU:

L o 4 182y + 20—y <0

ox,

ox,
a—L:—2+2x1+x220; a—L=4—x1—x220.
o, Ohy

JIns mpuBEeNEHUs] HEPABEHCTB K BHUJY PABEHCTB BBOJATCS JOIMOJIHUTEIIBHBIC
HeOTpHUIaTeIbHbIE TIepeMeHHble V' u W. OqHOBpEMEHHO CBOOOHBIE YJICHBI TIEPEHO-
CATCS B IPABYIO YaCTh, TOrAA

— X1 =Xy _W2 :_4

Pemienrie 310N cucTeMbl U3 YETHIpEX alredOpandeckux ypaBHEHHM, cojepika-
IUX BOCEMb HEU3BECTHBIX, MOXKHO HAWTH C MOMONIBIO CUMILIEKC — Impouenypsl. Ha
MEpBOM Il1are B 0a3uC BKIIIOUAIOTCS BCE BBEACHHBIE JOTOJHUTEIIbHBIE MEPEMEHHBIE,
TOTJa MepBas CUMIUIEKC-Ta0inIa cooTBeTCTBYeT TaoOiu. 4.6. Ctpoka st QyHKIMH
uenu orcyrcTByeT. llpouenypa peunieHus WIUTIOCTPUPYETCS CHUMIUIEKC — Talmu-
namu (tabmn. 4.6 —4.9).

B kaxnoii u3 Tabnuil BbIJIETIEH BeAylIMd sieMeHT. Pelienue, omnpeaensieMoe
Taba. 4.9, COOTBETCTBYET JOMYCTUMOMY Oa3MCHOMY pelleHHI0 x1=3; x,=1; Wi=5;
Ay=4; Vi=V,= M= W,= 0. Kpome TOro, BEIIONHAETCS YCIOBHE X{V| =X2V) =

= Mo, = A0, =0, no3tomy Xx; =3, x, =1 sBIgETCA ONTUMATIBHBIM PEIICHUEM 3a-

naun Fax = 41.
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Tabnuua 4.6 Tabnuua 4.7
HC633HCHLIC HCpeMeHHLIC HC633HCHLIC HepeMCHHLIC
BII. CB. Ui X, @ 7¥1 7b2 BII. CB. uI. X, Vs 7\1 7»2
Vi -18 4 2 2 | -1 Vi -6 @ -1 1 0
v | -12 2 @] 1 |- X 6 1 Rt
2 2 2
o 2 2 -1 0 0 o 4 -1 111
2 2 2
@ 4 1 1 0 0 @ 2 0 11 71
2 2 2
Tabnuua 4.8 Tabnuua 4.9
HC633HCHLIC HCpeMeHHLIC HC6aBI/ICHLIC HepCMCHHLIC
BII. CB. Ui BII. CB. Ui
Vi @ M Ao Vi V) M| o
1 1 1 1 1 1
X1 3 __ - _ X1 3 __ - __
2 2 2 0 2 2 2 0
e ] 3 | L 1l Tl = | L 111,
2 4 2 2 4 2
1 1 1 1 1
(O] 7 - -1 —_ Q)] 5 - _ I 1
2 0 2 2 2 2
l l A 4 0 1 1
) -2 0 ) ) 2 - - -1

3.4. HaiitTn MakcuManbHOE 3HaYeHHE PyHKIUU ['(x) = —2xl2 +18x — 2xx, —

—x22 + 12X, mpu orpaHudyeHMax 2x;+x, 22, x;+x,<4, x, =20, x, 20 meronom

IMHEHHBIX KoMOMHAMH. HauansHas Touka x° = [2; 1].

O6nacTh JOMYyCTUMBIX 3HAYECHHUU Tepe-
mennbIx (O1311) npusenena Ha puc. 4.12.

CyTb MeTOJa JMHEWHBIX KOMOWHAIIMI
3aKJroyaeTcsl B JIMHeapuzauuu QyHkuuu F(x)
U 3aMeHE ee JIMHeHoW (yHkiuend w(x) B co-
OTBETCTBHHU C BHIPAKEHUEM

w(x) = VF(x)" - x.
TlocneoosamenvrHocms pewienus 3a0a4u:
1. Haxoaum HampaBieHHE BEKTOpa Ipa-
JMEHTa B TOUKE xo; VF(xO) = [8, 6], B COOT-
BETCTBUH C OTUM

w(x") = [8,6]{

X1
= 8)61 + 6X2.
X

Xy A
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2. PemaeM 3ajady JIMHEHHOTO MPOrpPaMMUPOBAHUS w(x?) = 8x; + 6x,(max)
IIPU OTPAHUYEHUAX 2X; +X, = 2, X, +x, <4, x, =2 0.

~0*
X

B pesynbraTe nomyuaem ogny n3 Bepmms O/[311 = [4, 0]. OTO oNnTUMalb-

HOE peIlIeHUE JIMHEeapU30BaHHOM 3a1auu (cM. puc. 4.12).
3. [IpousBeneM KOPPEKTHPOBKY HAWICHHOTO PEMICHUS B COOTBETCTBUU C BHI-

paXxeHUuEM

x=x 4 ao(fco* — xo)

x| 2] o[4-2] |2+2a°
401051 = + =
! 1 0-1 1—of

X2
4. HaxomauM 3HadeHHe o, KOTOpOe MaKCUMU3UpYyeT F (xl). [ToncraBnsis xll u

xé B F'(x), momydum
F(a') = =22 + 2a°)* +18(2 + 2a’) = 2(2 + 2a”)(1 - *) = (1 = a")* +
+12(1 - a%) = -5(a’)* + 100’ + 35.

Tornpa aa—FO =—10a’ + 10 = 0, oTcroga a’=1.
o

1

Koopaunatsl TOUkM X ONpPEESIIOTCS CAeIYIOIUM 00pa3oMm: xl1 =2+20° = 4;

1 0 1 L ~0%
x, =1-0o" =0. B paccMaTprBaeMOM Cily4ae TOYKA X COBIAJIA C TOYKOU 50 , HO B 00-
~ o ~()*

IIEM CITy4ae OHa JI0JKHA MPUHAJIEKATh IPSIMOM, COSUHSIONIEN TOUKU xu i

5. OcymuiecTBisieM JTUHeapu3auio F(x) OTHOCUTENbHO HAWICHHOW TOYKH x'
1
VF(x') = [2,4], Toraa w(xl) = 2x; + 4x,.
6. Pemraem 3amauy JMHEWHOTO MPOrpaMMHUPOBAHUS w(xl) = 2x; + 4x,(max)
[P OTPAHUYEHUAX 2X| + X, = 2, X; +Xx, <4, x5 =2 0.

~1%
OnrtumanbHoOe pelenue nocruraercs B Bepumne O3I1 x° = [0, 4] :
7. Touka x?, COOTBETCTBYIOIIAsl CKOPPEKTUPOBAHHOMY pPEIIEHUIO, OJKHA

1

o . ~1%*
MpUHAJJIeXKaTh IPSIMOM, COSAUHAIONIE x U X (B HallleM ciiy4yae 3TO IpaBas rpa-

uuma OJ1311) x?=x+ ocl(fcl* — xl) UIn

X; {4} X {0 - 4} 4 — 40
2|~ o - 1
2] Lo 4-0] |0+ 40
8. Haxonum 3HadeHne o, KOTOPOE MAaKCHUMU3UPYET F’ (xz). IToncrasnss xl2 u

x% B F'(x), momydum
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F(a') = -2(4 — 40)* +18(4 — 40') — 2(4 — 40')(0 + 4a') — (0 + 40')* +
+12(0 + 4a') = -16(a')* + 8a! + 40.

Torz(aaa—FO =—320' +8=0mnal= 0, 25.
o

KOOpAHHATBI TOUKH x> OYAyT paBHbI xl2 =4-40! =3; x% = 40! =1. D10 U ecTh

TOYKa JKCTPEMYMA, IOJYUCHHBIC OAHHBLIC COBIIAAAOT C PE3YyJIbTATOM, ITIOJTYYCHHBIM
npeaAbLIAYIIUMHU MCTOAAMU.
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