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aNTOPHTMOM YNPABJIEHHS, PACCMATPHBAEMBIM KAHATIOM BO3JEHCTBHA M XapaKTepom
[IEPEXOHOro NPOLECCa O yKa3aHHOMY KaHaiy (Tabm.1).

B 3a1aHuu Ha KypcoByio paboTy NpeuiaraeTcs MCIONb30BaTh OHMH M3 IBYX
QITOPUTMOB YNPaB/ICHHA — NPONOPLUHOHANBHO-inTerpansHbii (TTH), onuckisaembiit
nepearoqHoi GyHKuuei

N
W(p)=k,(1+ T”p)

WM POTOPUHOHATBHO-HHTErpaTbHO- I depenmmansrbiit (ITAJT), onmcsiBacMblit
nepenatouHoi QyHKumei
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2. COJEPYKAHHE KYPCOBOM PABOTBI

Kypcosast paboTa cOAEPKUT CIEAYIOMIHE PA3eIbL:
3apauue.

1. MccnemoBanHue yCTOHUMBOCTH OOBEKTA.

2. Cocrasienne uudposoit Monemi 06bexTa.

3. [TonmyueHne MEPEXONHOK XapaKTEPUCTHKM OOBEKTa M0 KAHATY YMpaBICHHS
«y~X» METOZOM LH(PPOBOro MONENHPOBAHAA.

4. ApanuTHYECKas POBEPKa Pe3y/ITAaTOB MOIENAPOBAHHSA O0BEKTa.

5. Unentuduxanns 0OBEKTa MO MEPEXOMHOH XapaKTEPUCTHKE M OPHEHTHPO-
BOYHEBIH pPacdeT HaCTPOEUHBIX MaPaMETPOB PETYJIATOPA.

6. YTOYHEHAE HACTPOEUYHBIX NapaMeTPOB PEryIATOPA M MOTydeHHE MePEXOi-

HBIX XapAKTEPHCTHK M0 KAHAJIAM (Xy—X) U «Z—X».

3aKoueHHE.

CrucOK HCTIONB30BAHHOMN JINTEPATYPBI.

B 3a4auMB NPHBOAATCA COAEPXkaAHKE BADHAHTA 3aJ1aHHA N0 Kypcosol pabote
(Tabn. 1) 1 COOTBETCTBYIOMAA EMY ANTOPHTMHUECKAs CTPYKTYPa YNpPaBIAEMOro 065-
exra (puc.2).

B paszesnie 1 onpenensior yCTOMYMBOCTE 0GBEKTa NPH 3aJaHHBIX NapaMeTpax
BXOJIAILAX B HErO TMHAMHYECKHUX 3BEHBEB.

Tak kax OGBEKT YIpaBleHHs COAEPXKHUT ABA 3aMKHYTBIX KOHTYpa (pHc.2), ero
ycToiumBocTs GyaeT ofecredena TOMBKO MpPH YCIOBHH YCTOMUMBOCTH KaXJIOrO M3
KOHTYPOB.

Ecnu 06BEKT CONEPXKHMT B3aMMOCBA3AHHBIE 3aMKHYTHIE KOHTYpHI (puc.2,6 u
2,r), nHeobxoaumo npeobpa3oBaTh €ro HMCXOMHYIO AITOPHTMHYECKYIO CTPYKTYPY

37,

Taxum 06pa3oM, YTOOE! GbUIH BBIIE/ICHB! BHYTPEHHH M BHELIHUA 3aMKHYTHIE KOHTY-
pol. HanprmMep, nmyTem mepenoca ysna pasBeTBICHHS WM CyMMAaTopa 4epes 3BEHO
Bepex WM HasaX. [Ipu dTOM ciienyer 0BECeunTh COOTBETCTBHE U3MEHEHHOH W
MCXOIHOM CTPYKTYPHBIX CXeM (106aBuTh HEOOX0MMMbIE 3BeHbA). HyXKHO yuuThIBATS,
4TO npeoGpa3soBaHHE ANTOPHTMHUECKOH CTPYKTYphl OOBEKTa MOXET MNPUBECTH K
MOSB/ICHHUIO B BbLICNEHHBIX KOHTYPaX (M3MUECKHM HEPEATM3yeMBbIX 3BEHBEB, 3aTYIl-
HAOLIMX MccenoBanue obbekTa. B 3TOM Criywae cnemyeT paccMOTDETh albTepHa-
THBHBIH BAPHAHT MPeoOPasOBaHKA AITOPHTMHYECKOR CTPYKTYPSBI, HE NPUBOASWIME K
TIOSABJICHUIO HOI!O6HBIX 3BeHbEB. 110C/€ BEIAENEHUS BHELIHETO U BHYTPEHHErO KOHTY-
POBHEOBXOAMMO BBIMOHUTE I.«a» M «6» pasnena 1.

OGBEKTHI, ATOPUTMHMYECKAsS CTPYKTYPa KOTOPBIX H300paXeHa Ha puc.2,a; 2,8,
2,0, 2,6 COAEPIKAT BHYTPCHHWA W BHEIIHHH 3aMKHYTble KOHTYPBI, [I03TOMY CTpYK-
TypHBIX Npeo0pa3oBaHmii He TPeOyeTcs, W HCCIIEOBAHHE YCTOHYMBOCTH IPOBOAMTCA
B CIIEAYIOMIEH TOCIEA0BATETHHOCTH:

a) IPOBEPKA YCTOHYMBOCTH BHYTPEHHETO KOHTYPa 1o kputepuio Hakiksucta.

[TpoBepka YCTOWYMBOCTH MNpEANONAraeT MOCTPOCHHE AMILTHTYAHO-(Pa3oBo#
qacToTHOH XapakTepucTvku (APUX) unu 10rapuMHUIECKHX AMIUTUTYIHOR 4acTOT-
Ho#t M a3oBoit YacTOTHOM xapakrepucThk (JIAUX n JIGUX) pa3oMKHYTOro KOHTYpa.

Ecnu no xputepuio HalikBucTa KOHTYp HEyCTOH4MB, HEOGX0AMMO ofecneuuTs
€ro yCTOMHMBOCTS MyTEM H3MEHEHHMA MapameTpoB (koddduunenTos nepenaun k, no-
CTOSHHBIX BpeMeHH T, 3ana3ablBaHus T) BXOMALUMX B HETO 3BEHbEB. [Ipu 3TOM CTPYK-
Typa AMHAMHYECKOrO 3BEHA H €ro THI He JOMKHEL ObiTh usMenensl. [Tpoussonumas
KOPPEKIMA apaMeTPOB 3BEHBEB JOKHA GbITh, 11O BOIMOXKHOCTH, MUHMMABHOH.

3anachl YCTOHYMBOCTH KOHTYpAa MO AMILTHTYAE W (ase Ompenensiorcs no
A®UYX (ocHoBHas TpakroBka kputepus Haiiksucra) mwm JIAUX u JIOUX
(norapudmudeckuit kpurepuit HalfksucTa) pasoMKHYTOro KOHTYpa. 3amac yctoium-
BOCTH MO amMIuIMTy A€ AA [0/mKeH CocTaBnATh He MeHee 0,4 B KOMMIEKCHBIX KOOPIM-
Harax win He Meree 8 AB B norapuMUUECcKUX KOOpAMHATAX; N0 (ase A — He MeHee
30°. Ecii KOHTYD yCTOMYHMB, HO MMEET HENOCTATOYHYIO BEJMUHHY 3aNacoB yCTOHUM-
BOCTH, yKa3aHHbIE 3aNachl AODKHbI ObiTh OOECMEUeHBl W3MEHEHHEM MapaMeTpoB
3BeHbEB (€3 U3MEHEHHA UX THIIA.

6).[TpoBepka yCTOHUHBOCTH BHEIIHETO KOHTYpa o kputepuio Hadiksucta.

[Ipx aHanM3e yCTOMYMBOCTH BHEIUHErO KOHTYPAa BHYTPEHHMH KOHTYp npen-
CTABSAIOT B BUAE KBUBAICHTHOrO 3BEHA C MApaMETPamy, BbIGDAHHBIMH NPH BHITON-
HEHMK 1.€a». AHQIN3 YCTORYMBOCTH BBINOMHAETCA aHATOMHYHO POBEPKE BHYTPEH-
HEro KOHTypa 00bexTa.

Ecnu BHEIIHNH KOHTYD HEYCTOMUHB, €ro yCTOHUHBOCTL 06€CNeuHBagTCH H3Me-
HEHUEM;MTAPAMETPOB 3BEHHEB, HE BXOAALUIMX B YCTOHUMBBIH BHYTDEHHHH KOHTYD, Oe3
M3MEHEHHA UX THITA. 3anachl ycroﬁ@m}pc_j_u DOMKHBI-OBITH HE XYIKE YKA3AHHBIX B IT.«@».
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PesynsTaTamu BINONHEHHS pasjena ABAMIOTCA: [PadUKH YaCTOTHBIX' XapaKTe-
puctrk AQUX, JIAUX, JIOUX (HeycTOMUMBBIX H YCTOHIMBBIX PA3OMKHYTHIX KOHTY-
POB); 9HC/IEHHbIE 3HAYECHHUA 3aflaCOB YCTOWUMBOCTM 1O aMruiutyne AA u dase AQ;
000CHOBaHHOE [I0KA3ATEIBCTBO YCTOMIMBOCTA BBIAETEHHBIX KOHTYPOB H OGBEKTA B
L1eq0oM ¢ ipHBeicHHEM (OPMYITHPOBOK KPHTEPHS YCTOMYMBOCTH, BRIBOA,

[pumeuanue. Llndposoe Mosemmposanue 0GbEKTa YIPABIESHHA MOXKET OCYIIE-
CTBJIATBCA C MCIIONB30BAHMEM HPOHM3BOJBHBIX NPOrPaMMHBIX cpeactB. OMHHM H3
Haubosiee IPPEKTUBHBIX CPEACTB MONENUPOBAHHMA CMOXKHBIX B3aUMOCBA3AHHBIX
cuctem ssnsercs cucrema MATLAB, paspaGoraHHast M IOAREpXKHMBaeMas (GupMoit
The MathWorks, Inc. (CIIIA). B cocras cuctemst MATLAB BXOAAT Creluanu3upo-
BaHHbIE NPUKIanHble naketst nporpamm Control System Toolbox u Simulink, npes-
Ha3HAYCHHbIE LI MOAEIMPOBAHUA CHUCTEM YTpaBieHHs. [IpH BBINOMHEHMM HAcTOA-
e KypcoBoi paboTl PEKOMEHRYETCs MCenoib3oBaHue cucteMsl MATLAB sepcun
4 u Gonee mosguux (5-# u 6-it). [Mpumenenne MATLAB cymecTsenno obnerdaer
MOCTPOCHHE HU(MPOBBIX MOMENEH, MOBBILAET TOUHOCTH MOJETHPOBAHHUA CHCTEM,
pacuIHpseT BO3MOXHOCTH IS NIPEACTABICHMSA OJLYYEHHBIX PE3YJIbTATOB,

I[Tposepka COOTBETCTBHA H3MEHEHHOH H MCXOJHON CTPYKTYPHBIX CXeM 0OBEKTA
MOXET MPOHU3BOAMTLCA MO UX MEPEXOAHBIM XaPAKTEPHCTHKAM C MOMOIIBIO CHCTEMBI
BHM3YJIbHOT0 MOAeNUpoBanus Simulink,

IlpoBepka YCTOHIMBOCTH BbIAEIEHHBIX KOHTYPOB O0OBEKTA YIPABICHHA MOXET
OCYILIECTBIATECA ¢ IOMOILBIO Komruiekca Control System Toolbox, pacnonaraiomero
3b(EKTHBHBIMH CPEACTBAMH [IPOBEPKH YCTOWYMBOCTH KOHTYPOB MO KDPHTEPHIO
Hatixsucra (dynxuus NYQUIST) u sorancrienus 3anacos ycToduuBocTd (QyHKIMA
MARGIN). IlepexaTounsic QyHKUMH BHYTPCHHErO M BHEIIHEO KOHTYPOB MOTYT
ObITh TOMy4eHB! ¢ noMoWBIo GyHKumi coenuuenus cucrem (SERIES, PARALLEL,
CLOOP, FEEDBACK).

Ipu rcnoms3osanun dyuxunn MARGIN crienyer yauThiBaTh. 3amachl yCTOH-
4nBoCTH 0 amIuTyae AA u dase A 0603Ha4aI0TCA, COOTBETCTBEHHO, ITEPEMEH-
HeiMH Gm u Pm; nepemennas Inf osnauaer OeckoHeuHO GOMBIIOE YHCIO
(mepenonnenwe paspsanHO# cetkd DBM); mepemenwas NaN o3nauaeT HeYHCIOBOE
3HaYeHHe NePeMEHHOH (HAIPUMep, HEeOompeJeleHHOCTH 0+, 0.0, 0/0 u ap.); oTpu-
LaTeNTbHble 3HAUSHH 3a11acOB CBUIAETENBCTBYIOT O HEYCTOWYHMBOCTH KOHTYPA.

OkoHuaTeNbHO YOEOHUTECA B YCTOWYHBOCTH WM HEYCTOHYMBOCTH 3aMKHYTOrO
KOHTYpa MOXHO, OTYYHB €r0 NepeXoaHyo XapakTepucTuKy (pyukums STEP).

B paspene 2 coctaBnsior uMdpoByio MOAeb ynpaisiemMoro obbekra. [{udpo-
Bas MOJENsr NOJDKHA BOCTIPOM3BOAMTL 3aJAHHYIO aNTOPHTMHYECKYIO CTPYKTYPY
obbexTa, T.e. KaXIOe AWHAMHYECKOE 3BEHO OMMCHIBAIOT OTHAENBHO (CTPYKTYDHBIR
croco6 mocTpoeHua uMdpoBod  Momenw). Uncnosbie ko3hdHUHEHTHI MOJETH
JOJKHBl COOTBETCTBOBATh M1apaMeTpaM 3BEHBEB, MMONYYECHHBIM B pasgesie | mpu aHa-
nM3e yCTOKTHBOCTH 00beKTa.
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[{udpoBbie MOENM 3BEHBEB MOTYT ObITh MONY4EHbl MHOO MyTEM PElIEHUs W3-
BecTHBIMH MeTofamu [1] nuddepeHuransHpiX ypaBHEHUH, OMUCHIBAIOIUUX TUHAMHKY
3geHa, JuM00 C KCIONB30BAHUEM CHELMAIUZHPOBAHHBIX [POrPAMMHBIX [1aKETOB
(cucrema MATLAB u ap.). Bo BTopoM cnyuae uudpoBsie MOZIenH 3BeHbeB 00BEKTa
COCTABJSIOTCA B COOTBETCTBHM C ()ODMAMM MaTEMaTHYECKOrO ONMCAHHUs, Npeny-
CMOTPEHHOTO MPYMEHAEMBIMH IIPOrPAMMHBIMM NAaKeTaMH. Pexomernayercs Mcmons-
30BaTh HECKOJILKO MPOrpaMMHEIX npoaykros (Hanmpumep, Control System Toolbox u
Simulink), 4TO6s! UMETH BO3MOXHOCTE CPABHEHMA MOJYUSHHBIX PE3Y/IbTATOB MOZE-
JIUPOBAHHUSL.

PesynpraTaMu BBUIOSHEHUS pasfiena SBMSIOTCA: cxema UudpoBOH Monmenu
ynpasisieMoro 06bekTa ¢ OOIIENnPHHATHMY 0003HAUYCHUAMH THHOBBIX 3BeHbEB [1];
BBIBOA.

B pasgene 3 HeoOXxoAuMO INpPEACTaBUTh MNpPOrpaMMy pacyeTa MepexoaHoOH
XapaKTEPUCTUKH YTIPABIAEMOro 00BEKTa N0 KaHay «y-x» ¥ NONY4YHTh rpadHk 3Toi
TIepeXOAHON XapakTepuCTHKH. [IpH mocTpoeHnu rpaduka nepexomHON XapakTepu-
CTHKHM HYSHO YUYMTHIBATH, YTO OHA SNBJIAETCA Peakuueil 00beKTa HA EAMHWIHOE CTy-
NeH1aTOe BO3ACHCTBHE.

Ecnu undpoBele MOZENH 3BEHBEB MOMYHEHB! fyTeM peiueHus muddeperum-
anbHBIX YpaBHeHd# AHHaMuKH metomamy [1], nporpammy momenm o6wvexra HeoOxo-
OVMO COCTaBMTb Ha OJHOM M3 AATOPUTMHYECKHX SA3bIKOB IPOrPAMMHMPOBAHUA
(Be#cuxk, [Mackans, Cun T.4.).

Ecnu undpoBbie MONENH 3BEHBEB NOIYUYEHBl C MOMOLUBIO MPKKIAOHBIX MPO-
rpammubix naxeros Control System Toolbox u Simulink, To cremyer npencrasuts
JAMCTHHI nporpammsl Mojenu Ha s3sike MATLAB u/nnu pacyernyro cxemy Simulink,
COOTBETCTBEHHO.

Ecnu nonyuenHas rmepexofgHas XapakTepUCTHKA UMeEET KOjeOaTeNbHbIHA Xapak-
Tep, CleAyeT MONLITATECS YCTPaHUT KOeOaTenbHOCTh MyTeM W3MEHEHWs NapaMeT-
POB 3BEHA, HE OXBAUCHHOTrO OODATHBIMM CBA3AMM, HE M3MEHss TUI 3BeHa. ECM 310
HEe yOAeTCs, MOXHO M3MEHUTH MapaMeTpPhl JPYTHX 3BEHbEB OOBEKTA, HE U3MEHAA WX
THIIA ¥ HE YXYIILAs YCTOHYUMBOCTH 00BeKTa.

PesynbTaTaMu BBIOHEHMS Pa3jena ABIMIOTCA: rpaduk nepexoqHo# xapaxre-
PUCTHKA 00beKTa 10 KaHATY YHPAaBIEHHS, MMEIOUMH MOHOTOHHbIA Xapakrep; JIHC-
THMHT TIPOTPaMMBL Ha COOTBETCTBYIOLIEM A3bIKE NMPOrPAMMHPOBaHUA (/WK pacyer-
Has cxeMa mozenu Simulink); BeiBOL.

[IpH BBINOMHEHMM NOCAECAYIOMMX PA3AENOB KYpCOBOM pabOoThl YUMCIIOBbLIE 3HaA-
YEeHHsT MApamMeTpoB 3BEHHEB OOBEKTA JOJKHBI COOTBETCTBOBAThH MOJYYEHHBIM B pas-
nene 3.

B pa3gene 4 NpoBOAAT aHATHTHYECKYIO MPOBEPKY PE3YNLTATOB MOAENHPOBA-
HMA, NOB3YACH TeopeMoit Jlamnaca 0 HaYabHOM U KOHEYHOM 3HAYEHHAX OPDHUTHHANA.
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Zns 5TOTO HEOGXOAMMO BPYYHYIO NOTYHHTH MEPEATOYHYIO (QYHKIUMIO 06BEKTa 1O
KaHATY «y-X» M CeNaTh HEOOXOAUMBIE OLCTAHOBKH.

PesynbTaTamu BbIONHEHHS Pasjiena ABNAIOTCA: aHATMTHUECKHUIE pacuer mepe-
AaroyHoH (yHKUMM 06BEKTA 10 KAaHATY YNPABAECHHA; 0G0CHOBAHHOE NOKA3aTebCTBO
a[IeKBaTHOCTH COCTABJICHHON MOAENH (MozeNel) YIPaBIseMOMY OOBEKTY; BHIBOIBL.

B paspgene S HeoGX0MHMO aMNPOKCHMHPOBATH MOAYYEHHYIO B MPEABLIYIIEM
pasjene nepexonHyto XapakTePUCTHKY o0beKTa TaKuM 06pa3oM, 4To0sl OHa COOTBET-
CTBOBAJIa IEPEXONHON XapaKTEPUCTHKE HHEPLIMOHHOIO WIIH HHTErPHPYIOIETO 3BEHb-
eB 1-ro mopsaka ¢ 3anasfbiBaHueM,

Takaa annpOKCHMANMA MO3BOMAET HCHONB30BATh WHMECHEPHYIO METOMHKY
pacyeTa HaCTPOCUHBIX MapaMETPOB PErySATOPOB MUIA CIOKHBIX OOBEKTOB ypasiie-
HHUA. Hpﬂ 3TOM CJIOXHBIE OOBEKTHI 3aMEHAIOTCA TTPOCTBIMH, oGnanaonmMﬂ CXOXXHMHU
BPEMEHHBIMH XaDAKTEPUCTHKAMH. [IJIs POCTBHIX OOBEKTOB JISPKO MOXHO OPEAEIHTH
ONTHMANTbHBIE HACTPOEUHBIC MAPAMETPBI PEryIsTOPOB, OGECIEUMBAIOIIME TOT HITH
HHOM THII EPEXOIHOr0 MPOLECca 10 MHKEHEPHOM METOJMKE pacdeTa.

ANTIPOKCHMAIMIO [IEPEXOMHOH XapaKTEPHCTHKH 00BEKTA OCYINECTBIIOT Clie-
ayrommM obpasom [2, 3]. [na cratudeckux 06bexToB (pHc.3,a) B Touke HanbOMbLIC-
rO HaKJIOHA TEPEXOAHOH XapaKTEePHCTHKH HPOBOLAT KACATEIBHYIO ¥ [ONAraroT, YTO
nepeaatounas GyHKUHA 066eKTa MOKET GbITh 3aMMCaHa CEAYIOMMM 06pasom:

k
W N D T
(P) Tpil

o

rae ko, 15, To — COOTBETCTBEHHO, MepeaaTouHsll KO3DHUIHMEHT, MOCTOAHHAS
BPDEMEHH M 3afa3lblBaHHE OOBHEKTA. ‘

>

. Ana acratnueckux o6wvexToB (prc.3,6) NPOBOAAT KacarelbHYK B 001aCTH
MOCTOAHHOrO HAK/IOHA MEPEXONHOU XapakTepucTukd. [Ipd 3TOM MOAAraloT, Yro
nepegatoudast QyHKUHA Takoro oObeKTa MMeEET BHI

(=t
pP

HJIH

jeren
W,(p)=——e "F,
0( ) T

0

1 " .
rae k,= T nepenaTouHbI koaddunuent 06beKTa, paBHbIi TaHTEHCY yria

o
HAKIIOHA KacaTesbHO| o, T, - BpeMs 3anmasasiBanus (puc.3,0).
HacTpoeuHsie MapameTpsl PerysiaTopos, 0BECIeUHBAIOLIHE TPEGYEMOe KauecT-
BO MEPEXOQHBIX MPOUECCOB, PACCUMTHIBAIOT [0 IMIUpHYeckuM dopmymam [2, 3],
NPUBOAMMEBIM HHKE B Tabmuuax 2 u 3.
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Pue. 3. Annpoxcumamms nepexomusx XAPAKTEDUCTHK OGBLEKTOB:

& - CTATHUYECKOro;

6 - acTATUYECKOrO.,




image7.jpeg
22

Tabmuua 2
3HaveHus HaCTPOEUHbIX NapaMeTpoB .
PEryNATOPOB 7Sk CTATHYECKUX OOBEKTOB :
3aKoH Twun nepexofHOro nponecca i
perynupoBaHus Aneproauyeckui 20%-Hoe mepeperynu- min | * dt
poBaHHe
06 b 04T 4 2l
M N Lo k7, /T, " kT, T
T.,=0,87,+0,5T, Tu=%+0,3T, T.=7,+0,33T,
095 . g a2 sl
i " R T, "=k, 0T, "k, 1T,
T,=21; T,=1,357,;
Tp=0,4T, Tz=0,5T,
Tabauua 3
3HaYeHns HaCTPOEYHbIX APAMETPOB PErYIATOPOB
UIA aCTAaTHYECKHX 0OBEKTOB
3axoH THI epexoHOro npouecc? .
ANepHOLHYCCKHH 20%-uoe min J x
i 5 nepeperyIHpoBaHue
04 ol _w
m LS TR i » =TT,
T,=67, T,=31, T,=47%
06 . L,
izt b=t b= i
T,=5%; T,=27,; T,=1,67,
Tg=0,27, Tp=0,47, Tp=0,57%
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PaccuuTanHbIe  COMJIACHO  BHILCTPUBCACHHBIM  TAGAMUAM  HACTPOEYHbIE
11APAMETPBI  PETYJIATOPOB  ABJIAIOTCA ONOPHBIMK TP TOCAEAYIOWEM LH(POBOM
MO/IENTMPOBAHNH CHCTEMBI,

PesynbTataMyu BHITOJHEHHA Pas/iena ABIIOTCA: TPAdUK NEPEXOTHON XapaKTe-
pUCTHKH O6BEKTa 10 KAHANY YNDAaBIEHHS, [0 KOTOPOMY rpadio-aHATHTHYECKHM
METOZIOM OTIPE/E/ICHbI NAPAMETPHI aNNPOKCHMHMPYIOWETO 00beKTa k,, T, T,, aHATH-
THYECKHHA PacueT YMCCHHBIX 3HAYEHMH HACTPOGHHBIX NAPAMETPOB DEryIATOpA;
BEIBOJIbI.

B pasnene 6 npou3BOasT NOMCK HACTPOEUHBIX TIapaMeTPOB PeryasTopa, obec-
NEYHBAOLIMX TpeGyemoe Ka4yecTBO MEPEXOAHBIX NpoLECCOB B CHCTEME C PeaIbHBIM
(a He anNMPOKCHMMPOBAHHBIM!) 0GBEKTOM.

[Touck 0CYECTBAMIOT METONOM LH(POBOrO MONETHPOBAHHS ABTOMATUYECKOI
cucremsl ynpasienus. Heobxoaumo npusect nudposyio Monens cucTeMsl U cocta-
BUTh NPOrPaMMy pacyeTa (WHIM PaCYeTHYIO CXeMy) MEPEXOMHBIX MPOLECCOB Ha
O/IHOM H3 AJITOPUTMHUIECKHUX A3BIKOB NPOrPAMMHMPOBAHHMA HIIM C MCIIONL30BAHHEM
cuctemsl Monennposarus MATLAB. PeKoMeHayeTca HCHoNb30BaTh HECKOMBKO MPo-
IPaMMHBIX npoxykToB (wanpumep, Control System Toolbox u Simulink), wTo66t
HMETBH BO3MOXKHOCThH CPaBHEHHMS NOJIyYEHHbBIX DE3YALTATOB MO/JICJIMPOBAHHS.

[pn ncnons3osanun kommnexca Control System Toolbox PEKOMEHAyeTcst
MOJENUPOBATE 3AMKHYTYIO CHCTEMY YTIPAaBNEHUA, NPAMEHAA BEKTOPHO-MATPHUHYIO
thopmy omucanus muHammueckux cucteM ((ymxumm BLKBUILD, CONNECT miu
APPEND, CONNECT — st 4-i wnu 5-6-#f BepcHii crcTemb MATLAB, cootserct-
BEHHO), KOTOPAS COYETAET MOBLILIEHHYIO TOUHOCT PACYETOB M YAOGCTBO MOJENHPO-
BAHMSA TPOLECCOB 110 HECKONbKUM KaHANIaM.

Hauunate nouck ciemyer ¢ noayueHssix B pasaene 4 mactpoek peryisropa.
CoOTBETCTBYIOWIMI IEPEXOAHBIR NPOUECC AOIKEH BbITH NPUBE/IEH HA PHCYHKE.

Tax kax pacyeTHBIE HACTPOEUHBIE MApaMETPHI PeryssTopa OnpenessumMch o
AMMPOKCHMHMPOBAHHOR IIEPEXOHOH XapaKTEPHCTHKE OOBEKTa, COOTBETCTBYIOWEH
CTATHYECKOMY WJTH aCTATHYECKOMY 3BEHBAM MEPBOTO MOPAAKA C 3amasjbiBAHUEM,
NOTYHEHHBIH NEPEXONHBIA NPOLECC MOKET HE COOTBETCTBOBATH TpeGyeMmoMy.

B janbHeiinmem 0CyIecTBAAOT MOMCK ONTHMATBHBIX HaCTPOEUHBIX MapaMmeT-
poB perynsTopa, ofecreunBaroumx TpeGyemblil XapakTep MepexoHOro nporecca
METOAOM UMGPOBOrO MOXENHPOBAHMUS.

B TeKCTe MOACHUTENBHOH 3AMCKH [OMKHBI GHITH YKa3aHbl BBIOpaHHBIE B
PE3yJIbTATe TOHUCKA ONTHMAbHbIE mapaMeTper perym'ropa H MPUBEAEH COOTBETCT-
BYIOUMHA rpaduK NMEpeXOQHOro mpouecca.

C nonysenusiMu B pesynsrate uudpoBoro MOJIC/TMPOBAHUSA ONTHMATbHBIMU
HACTPOCYHBIMH MAPAMETPaMH PETyJIATOPa HEOOXOAUMO:
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— NOJIY4HMTh TEPEXOTHBIH MPOLECC B CHCTEME T10 OCHOBHOMY H JOTNQUIHHTENb-
HOMY KaHajaM YTIDABJCHMA, YKa3aHHOMY B samanuu Oe3 CckoOOK H B ckoOkax,
cootBercTenHo (Tabn.1 cronbeu 5);

— CpaBHMTh KaueCTBO TEPEXOMHBIX MPOUECCOB MO oBouM KaHaIaM YpaB-
feHMs ¥ CHenaTh COOTBETCTBYIOLIME BBIBOJBL.

Pesy/bTaTaMy BHITOJHEHHS Pasfena SBAAIOTCA. AropUTMUYECKas CTPYKTYpa
CHCTEMBI YTPABIEHHS; CXeMa U(POBOH MONEIH CHCTEMBI yrpasnenus coraacko [1];
JIMCTHAT NPOrPaMMBI (W/MiM pacueTHad cxeMma) nuGpOoBOH MOACHH CHCTEMEL, rpadux
TIepEXOHOM XapaKTePUCTAKH 3aMKHYTOW CHCTEMBI IO OCHOBHOMY Kanaity C pacuer-
MBIMH 3HAUCHMAMH HACTPOEHHBIX NapameTpoB PeryiATopa, rpadKi MEePeXOAHBIX
XapaKTEPUCTHK 3aMKHYTOH CHCTEMBI M0 OCHOBHOMY M JOTIONHHUTEIBHOMY KaHalaM ¢
ONTHMATbHBIMK 3HAUEHHMAMN HACTPOCUHBIX [1aPAMETPOB perynsTopa; MOKa3aTenH
KauecTBa MOMYYEHHBIX NPOLECcoB (epeperyIupoBaie o, BPEMs peryIMpoBaHuUA fp,
ko3dduumenT 3aTyXaHUsA ), YMCTEHHbIE 3HATCHHA ONTHMAIBHBIX HaCTPOSUHBIX
[apaMeTPOB PErYIATOPA; BbIBOA.

B KoHue paGoTsl HEOGXOIMMO NPHBECTH PA3BEPHYTOC 32K/HOYEHHE K CITMCOK
HCHOJIB30BAHHON MTHTEPATYDPHI.

B 3aKTIOUEHAN CTYIEHT B CHKATOM (JOpME H3/1aracT LEIH, XOI paboTet, NIOITY-
yeHHBIE Pe3y/bTaThl, KAKHE HABBIKH OH npuoBpeN 1 3aKperil B NpOUecce BHINIOJTHE-
HuA KypcoBo# paboThL. Hpumepusiit 06sem 0,5-1 MAUIYHOMACHEBIH JHCT.

CnucoK MCIOIb30BAHHON JMTEPATYDDI COACPHHT GubnuorpadHieckue faH-
¥ible JTMTEpATYPHBIX UCTOYHHKOB, Ha KOTOPHIC MMEIOTCA CCBUIKH B pafoTe (CCHUTKH
0053aTEBHBL).

HsnokeHHas Bbllile MOCICXOBATEBHOCTD BBHIMIONMHEHUA Da3zenoB KypCOBOH
paboThl WLTIOCTPUPYETCHA ATOPHTMOM, IPEACTABICHHBIM Ha puc.4.

Heo6x0oauMbli_1€peyeHb PUCYHKOB KypcoBo# paboTst

Puc.1. McxoaHas anropdTMHYECKas CTpYKTypa obnekra.

Puc.2. [Ipeobpa3opannas anropuTMpiecKkad cTpykTypa 00BeKTa (TOMbKO WA
ANrOPUTMHYECKUX CTPYKTYD, 1300paKeHHBIX Ha puc.2,6 u 2,1).

Puc.3. A®UX pasOMKHYTOr0 BHYTPEHHETO KOHTypa 00BeKTa.

Prc.4. JIAUX 1 JIOUX pajomxHyTOro BHYTPEHHErO KOHTYp2 obwexra.
Puc.5. AOUX pasoMKHYTOFO BHELIHErO KOHTYpa obnexTa.

Puc.6. JIAUX i JIOUX pa3oMKHYTOTO BHEIIHETO KOHTYpa 06beKTa.
Puc.7. Ludposas Mofens 661>e1<ra.

Puc.8. Pacuernas cxema uMQpoBodl MOACTH ob6bekTa (TONBKO B CNy9ac
KCTIOMP30BAHUA CUCTEMbI BH3YaJILHOTO MOJIENIHPOBAHAA Simulink u T.1.).

Bapuanr
aanAauus
AnropurMuueckas

noBepra
crn~pa O6GBLKTA ! yCcT-T%
(% pye." BHVTD. KOHTYDA

ue 263 2r? Her)

llpeo6pasosanue | WameHenne
anrop. CTp-pH napeMm. 3BEHbEB
o6bexra BHYTD. KOHTYDA&
L | o A
4

PacueT 3anacos
verohuusocTu
BHYTD. KOHTYpA

AameneHye
napaM. 3BEHbEB
BHYTD. KOHTYpDA

T |

[lposepka yer-Tu
BHEMH. KOHTYDA

Her Brem:.

K-p ycroRuup

lla

HameHeHue
apaM, 3BEHbEB
BHEMH, KOHTYpa

 Ao—

Puc.4. BroK-cxeMa anropuTMA BRIOJNHEHMA KypcoBoR padorTu
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napam. per-pa
no TelnuuAM

I
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ycrofluusocTn
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VameneHue
napaM, 3BeHbEB
BHAMH. KOHTYD8

Tudposas
MOLeNb
o6BexTa

[lporp. pacueTa
h(t)o6bexTa no
kanany "v-x'

Pacuer Ha OBM
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Wamenenue
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Mouecx Ha 9BM
OMTUM, HACTD.
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Baxmouenue
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Tpononxeuue puc.4

Puc.9. TTepexo/utis XapaKTepue i OOLEKTA N0 KAaHATY «Y=X).

Puc. 10, ANTPOKCHMAII EPEXOMOH XApAKTEPHCTHKY 00BEKTa.

Prc. 11, AJIFOPHIMHIECKIUE CTPYKTYPA CHCTEMbL YIpaBIeHUA.

Puc. 12, Linponast Mojesib CHCTEMBI yNpaBJIEHHAS.

Puc.13. Pacuernas cxema uscpOBOA MONEIIH CHCTEMD ynpasienus (TONBKO B
CITydae MCTIOJIB30BAHMA CHCTEMBI BU3YTLHOTO MOJIE/THPOBAHMA Simulink 1 T.11.).

Puc.14. Ilepexoanas XapaKTepHCTHKA 3aMKHYTOM CHCTEMBI 110 OCHOBHOMY Ka-
HATY C PACYETHBIMH SHAUCHUAMH HACTPOEUHBIX [1APAMETPOB PEryJATOpa.

Puc.15. [TepexOAHbIE XapAKTEPUCTHKH 3aMKHYTOH CHCTEMBL (10 KAHANaM (X,
M «Z—X» C ONTHMAJIbHBIMU 3HAUCHUAMHI HACTPOGYHBIX N1aPAMETPOB PEryATopa.

Ecnu A8 JOCTIDKEHHA YCTOHYMBOCTH W obecneyenns TpeOyeMpIX 3anacos
BHYTPEHHErO H BHEUIHEro KOHTYpa HEOOXOAMMO H3MEHEHHE TapamerpoB 3BEHHEB
06BeKTa, BCE COOTBETCTBYIOWIME AGYUX, JTAUX u JIOUX Taxke MPUBOASTCA B pas-
nene 1.

Ecnu U1 yCTPaHEHHUs KoNeOaTenbHoCTH [IEPEXOHON XAPAKTEPUCTHKH ofbek-
Ta O KaHaly YNpaB/eHus HEOOXOAUMO UIMEHEHHE apaMeTpOB 3BEHBEB 00BLKTA,
BCE COOTBETCTBYIOMIME rPadHKH MEPEXOHBIX XAPAKTEPUCTHE TaKKe MPUBOAATCH B

paszene 3.

3. O®OPMJIEHUE KYPCOBOW PABOTbI

Kypcosas paGota odopmisiercs B BUAC TIOACHUTENHHON 3AMUCKHA H COACPIKHT
TEKCTOBBIH MaTepHall, PACYHKH U a6uipl. TekcToBBI ¥ rpadHuecKuii MaTepHalsl
DacroNaraloTCs Ha CTAHIAPTHBIX JIMCTAX 6enoii Gymaru dopmara A4 (210x297 Mm),
NPHUEM HCTIONB3YETCA TONBKO OfIHA CTOPOHA KKAOTO JIUCTA.

PexoMeHyeTCs MalHHONMHCHOE odopmieHue paboTst ¢ BBICOTON OYKB HE Me-
fee 2,5 mm (TOCT2.304-81, FTOCT 2.105-95). JomycKaeTcs TaKKe H PyKOMHCHOE
oopmenne paGoTst (IOCT 2.106-68).

Tpe6oBanus K MAILMHONHCHAIM paboram:

3aro0BKH PA3AC/IOB PEKOMEHIYETCS BBUICNATS GOjlee KPYNHbIM WPHETOM,
4eM OCHOBHOM TEKCT 3AMMCKH. BOIMOXKHO HCMONL3OBAHME cTpounsix 6yks K momy-
skupHOrO Haueptauns, Touka B KOHIE 3arosoBka pasjiena He CTaBUTCA.

Kasksiit pasnen paboTbl PEKOMEHIYCTCA HAUMHAT C HOBOW CTPAHHMIIBL.

MaremaTueckue NpeoGpajoBaHs W PacueThl, BHIMOTHACMBIE B KKIOM
paszesne KypcoBoit paGoTEI, HEOGXOAMMO CONMPOBOX/ATL  KPATKHMM TEKCTOBBIMH

NOSCHEHHAMH.

Ocoboe BHUMAHHE CIEYET Y/E/ATh YCTKOMY (OpMY/IMPOBAHHMIO BLIBOJIOB B
KOHILIE KQ)y</IOTO Pasjena.
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Bce pUCYHKH JI0TDKHBI HMETh Ha3BAHHE M HOMED. Hassauue 1 HOMPP PHeypka
DPACTIONAraioT MO PHUCYHKOM CUMMETPUUHO 1O UCHTPY (mpumep: PucyHOK 1-Agpux
Pa30MKHYTOFO BHYTPEHHErO xoHTYpa). [ToACHAIOMHME HAAIHCH K pﬂc)’*“(y NOMey a0t
HHKE €ro Ha3BaHHs.

Haspause ¥ HOMep TabiMuUpl pacmonaraioT Hak Tabmuue cuMMETPHYY, 1o
uentpy (npumep: Tabmmua 1-K nocTpoeHHio A®UX BHYTPEHHETO koHTYP2).

Ha3ssanue pHCYHKOB M TalsuIl BBIMOMHACTCA CO CTpOUHOA 6yxBB. Toya 8
KOHLIE Ha3BaHUsA HE CTABHUTCA.

Pa3fensl, PUCYHKY, TaOIHLIBL ¥ CTPAHUIIbE HyMEpYIOTCA apaﬁcKﬂMH Pﬂ(bpaM“-
Hymepauuio pHCyHKOB, Tabmuu 1 Gopmyst HEOOXOAUMO AenaTh cxBO3HOM Ty peei
pabore. Ha Bce pucyHKH H TaGTHIIbI JOSDKHEI ObITh CCHUTKH B TEKCTE:

B TekcTe MOACHHTE/IBHOI 3aMKCKH 00A3aTENIbHO ASNaloTCH coptH HA Heo -
30BAHHbIE TMTEPaTyPHbIE HCTOUHUKHA, CHHCOK ACTOTB30BAHHON surePATYPH ypypo-
[UTCA HA MOCNEIHEH CTPAHWUE TOSCHMTCNBHON 3amuCKH noci¢  Pa3Beryroro
3AKJIOUEHHS 110 BBINOTHEHHOH paboTe.

Bce MHCTSI TOACHHTENBHOM 3aMUCKA JOMDKHBI OBITh nporyMEP B3l 1 c6po-
uroposansl. Homepa CTaBATCA B CEPEAMHE BEPXHEro (oA chaH“"“"' YMepaums
CTPaHMI] HAUMHAETCSA C urdpsl 3. B cuet cTpaHHl TUTYABHBIA TACT e BIIOqercy,

TpeboBanua i PyKOTHCHBIX pabor:

[pu odopmiIeHHH paboTBl MCIONB3YIOTCA TONBKO CHHAC i 9CPHPIC Yeppya,

Bce crpanuibi paGoThl KpOME THTYJIbHOTO JIMCTA JIOJDKHBL uMETP CTalaprHoe
obpamnienne (eBoe noe 20 MM, OCTATBHBIC — 5 wm). Homep suc™2 YK&3bljgercs B
wramne B MpasoM HmkHeM yray. [ rpadudeckoro marepd 1@ MOMycaercs
CTONB30BAHMAE MALTAMETPOBOK Gymaru opmata Ad.

3arofoBKH Pa3Nenos PEKOMEHAYSTCA BHLACHATE nonqepxma““eM'

Ha 065107KK€ CTaHAAPTHHM IPAGTOM MHIIETCA comepKaHne TATYTIBHOTG pyrcra.

JIMTEPATYPA

1. B.I1.BapaHoBCcKu#, M. .®uanko. MoaeaupoBaHHE 3HCMeHT°B K cucreMm
ynpassenus: YyebHoe rocobue ~Exarepunbypr: Han. YITTA, 1906'_65 %

2. A.IlLKonenosuy., MrokeHepHpie MeTOABI pacteTa npu ppi0OPE BTy arye-
ckux peryastopos.—~M.: '0CyapcTBEHHOS HAYYHO-TEXHMYECKOE H3AATEbC . rirre-
paTyphi [0 YEPHOH H LBeTHOH MeTatypruu, 1960.~190 c.

3. A.E.Tpon, B.3.Koann, E.B.[Tpokodres. AsTomariaeckO® YTPaBllggye Tex-
HONOFMUYECKAMK TIPOLECCaMy 0OOTaTHTENBHBIX dhabpux: Vqe6WHE MM hysop —2-¢
3., mepepad. 1 gon.~M.: Henpa, 1986.-303 c.

HUrops Cepreenntt bobut,

Banepwit Herponut [apanoBeKui,
Mu{mn | purophenu DOranko
3agaHus, METOMUCCKHE YKajaii 110 BHIHOJHEHHIO H HHCTPYKUHA 10 odopmie
KypcoBoit paboThl 110 IMCUHITIIMHE «MOJIeIHPOBAHHE CHCTEM U CTYAEHTO

«ABTOMATH3ALIMS TEXHOTOrHHECKHX IPOLIECCOB
u npoussoacts» (Al )

crenmanboctn 21 0200

7-¢ u3jaHue, JOMOJTHEHHOE

Koppekrypa kadeapsl asTOMaTHKH ¥ KOMITBIOTEPHBIX TEXHOTIOTHH

[Moxnucano K neyarH 30,04,03r.
Bymara nucuas. dopmar Gymarn 60x84 1/16
Oeu.n. 1,8, Yu-usn.n (,64. Tupax 100 ox3. 3akaz Ne 29 .

JlaGopartopusi e1arornky

620144, Exatepunbypr, yl. Kyii6biuresa, 30

Ypannckan rocyaapersenHas FOPHO-TE0I0THHECKas aKaNeMH
JlaGopaTopus MHOKHUTEJILHOH TEXHHKH
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H.C bobun, B.ITBapanoscxuii, 3aaHNA,  METOAMYECKME

YKasaHud 1o BLIMOIHEHUIO ¥ HHCTPYKUMA 00 O(OPMIICHMIO KyPCOBOH paBoTsl 1o
aucoumuHe «MOJeNMpoBaHie CHCTeM» AT CTYISHTOB crenmanpHoctd 210200
«ABTOMATH3aLMA TEXHOJOTHYECKHX MPOLECCOB M NIPOH3BOACTBY — 2-¢ M3[,,
nonossennoe, — Exatepuntypr: Hsn. YITTA, 2003~ 29 ¢.

B ykasaHusx nNpUBENCHBl BapMAHTBI 3aaHKIl O BHIIOIHEHHIO KypcoBoOi
paGoTsl. PaccMaTpHBAIOTCA IIHHEHHBIE HEMPEPHIBHbIE ABTOMATHUECKHE CHCTEMBIL,
coaepkammue OGBEKT YNDABNEHHA CO CAONHON ANrOPUTMHYECKOH CTPYKTYpOH H
YNIPAB/IAOILEe YCTPOHCTBO ¢ THITOBBIM 32KOHOM YTIPABIICHHS,

Yxa3zana o6uias Ioc/ie[IoBaTeNsHOCTh BHINTONHEHHS KYpCOBOH paboTsl, JaHEI
MCTONMHECKHE YKA3aHHA [0 pacyéTy CHUCTEMBI C HCMOMb30BaHMeM OBM u
TIpUBECHBI PEKOMEHAAUHH 110 odopmieHuI0 paborel. BTOpoe M3faHue ROMONHEHO
PEKOMEHAAUMAMK O MCTIOMBb30BAHMIO NPOTPAMMHOrO MaKeTa MOJETHPOBAHHSA
cuctem MATLAB s pewesus noctasennsix 8 paGore 3aaau,

Meroaunyeckne ykasaHus paccMOTpeHsl M 006peHb! HA 3aCeNaHUN Kadepbl
aBTOMATHKH M KOMMBIOTEPHBIX Texnojorudt 18  despans 2003 r. (mpotoxon Ned).

YKa3aHHA HArlUCaHbl MOHATHBIM, rPaMOTHBIM  A3BIKOM H PEKOMEHIOBAHBI A
n3pauus 8 YITTA.

Penensent: B.H.Edpemos, npod., KaH[ TEXH.HAyK

B

© duanxo M., Bapanosckuii B.J1.,
1999

© Ypanbckas rocynapcTeeHHAs
TOPHO-T€0IOrHYecKas
akaaemus, 1999

© Bobun U.C., Bapanosckuit B.IT.,

[ uanko M., 2003

L © Ypansckas rocyaapcTsessasn
TOPHO-TEONOrHYeCcKas
axkagemus, 2003

BBEJEHHE

Yuebupim nnanom creumanbuocti 210200 — «ABTOMaTH3aLMA TEXHOIOTHYE-
CKHX TpOLECCOB M [POM3BOACTBY (B TOPHOW NPOMBILLIEHHOCTH) HanpaBlieHUs
657900 — «ABTOMATH3MPOBAHHLIC TEXHOJIOTHK M MPOU3BOACTBAY M nporpamMmoi
AMCUHMTUTHHBL «MOACNHPOBAHUE CHCTEM) NPELYCMOTPEHO BHITIONHEHHE CTYICHTAMH
KypCOBO# paboThl. BuInonikAs €€, CTyAeHT A0/KEH UCTONb30BaTh 3HAHNA, NOyeH-
HBIE DaHee NMpH H3yueHud aucuunnun «Madopmarikar, «[IporpaMmmuposadme u oc-
HOBBI AITOPHTMH3ALUK» U «TeopHus aBTOMATHUECKOTO YIIPABIEHU», a TaKXKe 3HATH
METOAbI pereHns NHPPEPEHLNATBHBIX YPaBHEHUH, METOAB HX YHCIECHHOTO HHTEr-
PUpOBaHHMA, BJIAACTh COBPEMEHHBIMM NPOrPAMMHBIMH U BBIUHC/IATENBHBIMU CPEACT-
BAMH MOJETIMPOBAHMA CUCTEM YNPABJICHHUA, yMeTh paboTarh ¢ JMTEPATYPOi U KOp-
peKTHO (POPMYITHPOBATh [0KA3ATE/bCTBA U BHIBO/BI, 06/1aaTh HABBIKAMH IPAMOTHO-
rO MALTUHOMUCHOTO HJIM PYKOTHCHOTO O(OPMIIEHHS MOACHUTENbHOM 3aMUCKH.

B xypcosoit pabote ctymenty npeanaraeTcs s 3aAaHHOM 3aMKHYTOM THHENH-
HOH CHCTEMbl YNIPABIIEHHA C OTPHLATENBHOM OOPATHOM CBA3BIO BHIGPATH HACTPOECU-
HBI€ MAPAMETPHI Perysaropa, obecneynBaoinue TpebyeMOoe KadyecTBO IEPEXOIHOTO
MPOLIECCa IO YKa3aHHOMY KaHasly BO3ACHCTBHA. '

DYHKUMOHAIBHAA CTPYKTYPa CHCTEMBI MIOKA3aHa Ha PUCYHKE |.

V4

|

L -

X3

Puc.1. GynKumoHaNbHAS CTPYKTYPA CHCTEMBE YIIPABIEHHS

Cuctema ynpaBneHHs COCTOUT u3 ynpasnsemoro obwekta (YO) u peryastopa
(P).

Beixonnas BenuuuHa o6beKTa (YNpaBnaeMas BETHUYHHA CHCTEMBI) X 3aBHCHT
OT YNPaB/AOLIEro BO3ACHCTBUA y H BO3MYILAIOLIEro Bo3zaelicTBun z. TpeGyemoe
M3MEHCHUE BEJIMUMHBI X ONPEAENACTCSA 3aJAFOLIUM BO3AEHCTBUEM . X,

YupasnseMbiit 06bEKT COCTOUT M3 YETHIPEX THMOBBIX AMHAMMUECKHX 3BEHBEB,
COCIMHEHHBIX MEKIY COO0H B ONpEaEIEHHON NOCIEOBATENLHOCTH ¢ 06pa3oBaHUeM
ZABYX 3aMKHYTBIX KOHTYPOB (PHCYHOK 2).

B 06BeKT MOryT 6biTh BKITIOYEHBE CIEAYIOUIME AMHAMHUECKHE 3BEHbA!

1. MrepunoHHOe cTaTHYeCKOe 3BeHO 1-ro nopsmka.
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—_-‘ 4 % (p/ M{f (ﬂ/ M { '0) Kasiit CTYHeHT BHINONHAET ONHMH K3 60 MPUBEICHHBIX HHXE BapHAHTOB Kyp-
coBoi pa6oTsl (cM.Tab1L.1), OTIHYAIOLIKXCA MEXTY cob0if aIrOPUTMHYECKOH CTPYK-
Typoit ofbeKTa, THIOM H TAPaMETPaMi BXOASALIMX B HEro NMHaMHYECKHX 3BEHbCE,

Puc.2, Arropurmuuecran crpyrrypa ofsexra
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Tpoxomkernue Tabmuupr 1
Anro-
PHTMH-
Homep | weckan 3akon Kanan Bux
BapH- | CTpyk- Tepenarounsie pyuxumn Pery/Npo | Bo3neicTBHA | nepexommoro
aHTa Typa 3BEHBEB 00BeKTa BaHUS nporecca
obsexTa
(puc.)
, Wip) = 1,2/p;
13 2ia Wa(p)=5/(13p+1); m Z-X Anepyoau-
Wi()=(Op+1)/(15p+1); X3-X) Heckuit
Wa(p)=(13p+1)/(Tp+1).
Wi(p)=ep;
14 26 Wap)= (11p+1)/(Sp+1); 3174 XX 20%-Hoe
Wi(p)= (2p+1)/(1 2p+l); (Z-X) nepeperynu-
Wa(p)=8/(17p+1). poBaxue
Wi(p) =3/(15p+1);
15! 2,8 Wa(p)=(4p+1)/(9p+1); nung Z-X i 2
e go PR INe
Wa(p)= 4/(4p™+9p+1).
Wi(p) =0,4/p;
16 2r Wz(p‘);((%—r 1 )/gpﬂ X mia XX 20%-Hoe
3 s Z-X) mepeperymu-
Wa(p)= 13/(Sp+1). poBanue
Wie)= S/(9p*+11p+1);
17 2.n Wa(p) = 1,5/(13p+1); g z-X Anepuozu-
Wip)=(L1p+1)/(Sp+1); X-X) yecKuit
WaP)=(3p+1)/(Tp+1).
Wilp)=6/(16p+1);
18 2e Wa(p)=2/(16p*+15p+1); m XX o [
Wap)=(p+1V(8p+1); L et
L W4(p)=(13p+l)/(5p+l).

"

Ipoaomxenue Tabmuus: |

Anro-
PHUTMH-

Homep | veckas 3akon Kanan Bun
BapH- | CTpyX- Iepenarounsie GpyHKkuun PEry1Hpo | BO3AEHCTBHA | mepexoxHoro
aHTa Typa 3IBEHBEB 06BEKTA BaHHSA nponecca

o6bexTa
(puc.)
Wi(p) = 1,6/p;
19 2,3 Wa(p)=(15p+1)/(9p+1); o ZX min [x? dt
Ws(P)=7/(19f+l); (X5-X)
Wa(p)=e™P.
Wi(p) = Gp+1)/(p+1);
20 2,6 Wap)= 11/p; 817010 z-X Anepuonu-
5 Wi(p)= (2p+1)/(9p+1); (X3-X) YeCKHit
Wa(p)=e ™.
Wi(p) =5/(155p+1);
2| 2 Walp)=e*; i zX min [ di
Ws(p)=(5p+1)/(2p+1); X-X)
Wa(p)= (p+1)/(9p+1).
Wi(p) = (4p+1)/(18p+1);
22 2,0 Wa(p)=6/(18p+1); I XX AnepHouu-
W3(p)=3/(9p™+15p+1); (Z-X) qecKuit
Wa(p)= (Sp+1)/(2p+1).
Wi(p)=8/21p+1);
23 21 Wi(p) = S/(25p™+14p+1); 91501 XX 20%-Hoe
Wi(p)=¢™*; (Z-X) nepeperyi-
Wa(p)=(9p+1)/(6p+1). poBaHHe
Wip)=(15p+1)/(6p+1);
24 2. Wa(p)=4/(21p+1); oI XX Aneprosn-
Wi3(p)=0,8/(d4p*+T7p+1); (2-X) HeCKHiH

Wa)=(p+1)/(17p+1).





