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BBenenue

Meroandeckue yka3aHus K NPAKTHYECKUM paboTaM M OpraHU3allMd CaMOCTOSITEIbHOH paboThI
MOCBSICHBI PeaTH3aluu y4eOHO-METOINUECKOI o IepKKe TUCHUIITHH «COBpeMEHHBIE ITPOOIEMBbI
TEOpUn YIPaBICHUS» u «OCHOBBI YIPaBICHUS TEXHUYECKUMU CUCTEMAMM.
JlanHoe mocoOue CONep>KUT 3aJaHusl JJIS BBIOJHEHHS MPAKTHUECKUX U CAMOCTOSATENBHBIX PadoT
H03BOJISIIOIME CPOPMUPOBATH MPAKTUUECKUE U TEOPETUUECKHE HABBIKH 110 IOCTPOEHUIO U paboTe ¢
CHUCTEMAaMM aBTOMAaTHUYECKOI'O yIIPaBJICHHUS.



1. MeTtoauyeckue yKa3aHUA K NpPOBeIeHUI0 NMPaAKTHYECKUX padot
1.1. OOurne MeToanuecKre yKa3zaHus K MPaKTHIECKOMY 3aHSATHIO

[TpakTrdeckoe 3aHATHE — 3Ta (HOpMa CUCTEMATHUYECKUX YUCOHBIX 3aHSATHH, C TTIOMOIIBIO KOTOPBIX
CTYACHTBI H3y4arOT TOT WJIM UHOW pa3ziell ONpeIeTICHHON yaeOHOW TUCIMITIHHBL, BXOISIICH B COCTaB
ydyeOHoro ruiana. Jyis Toro 4ToObl MPaKTUYECKHE 3aHSITHS MPUHOCWIM MAaKCUMAJIbHYIO MOJb3Y,
HEOOXO0IMMO ITPH MOATOTOBKE K MPAKTHYECKUM 3aHITHSIM UCIIOJIH30BATh MaTepUaIl JICKIHH, KOTOPBIH
JOJDKCH 3aKPEIUIAThCS Ha MPAKTUYECKHX 3aHATUAX KaK B pe3ylbTaTe OOCYKICHHS M aHaln3a
JICKIIMOHHOTO MaTepuaia, TaK W C MOMONIBI0 pEIIeHHs MPOOJEMHBIX CUTyalmid W 3amad. llpum
MOJITOTOBKE K TMPAKTUYCCKUM 3aHITHSIM CJIEIYyeT HCIOIb30BaTh OCHOBHYIO JIMTEPATYpy W3
NPEJICTaBJICHHOTO CITUCKA, a TAK)KE PYKOBOJICTBOBATHLCS TAHHBIMH YKA3aHUSIMH U PEKOMEHIAIHSIMH.
PekoMeHayercss ciemyromas cxema IOATOTOBKH K TPAKTUYCCKOMY 3aHSATHIO: - OTKPHIThH
METOJMYECKHE YKa3aHUsl MO MPAKTHUYECKUM padoTaM K JaHHOW JUCHUIUIMHE - O3HAKOMHTBCS C
[0 TMPAKTHYECKOTO 3aHATHS - MPOCMOTPETh HEOOXOJUWMBIM TEOPETHUECKH MaTrepuan u3
METOJAMYECKUX YKa3aHHI - MPOCMOTPETh MaTepHall U3 PEKOMEHIYEMbIX HCTOUHUKOB 110 JJAHHOM TeMe
MMPAKTUYCCKOI'0 3aHATHA - O3HAKOMHUTCA C BapUaHTaMHU 3aIIaHPII>'I AJI1 JaHHOI'O IMMPAKTUYCCKOI'o
3aHSTHSL.

IIpumepHbI€ TEMBI, BBIHOCHUMBIE HA PACCMOTPEHUE HA IIPAKTUYECKHUX 3AHATUAX:

OnrtuManbHOE JIMHEWHOE YIIPABJICHHE.
JluckpeTHbIi BapuaHT ypaBHeHul bemimana.
VYuyer orpaHu4eHuil. Y CII0BUS TPAaHCBEPCAIBHOCTH.
O060061ménHas 3a1a4a ONTUMAJILHOTO YITPABJICHUS.
CtpyKTypHas ajganTtaius.

arONE

HpOeKTHpOBaHI/Ie CUCTEM praBneHHﬂ B COBpCMeHHI)IX YCJIOBI/UIX CTaJIO OYCHB CJIOKHBIM BBUY
CTPEMJICHUSI YIIPABJISATh B IMPOKOM JTHAITA30HE BHEITHUX YCIIOBHM, U3-32 HETMHEUHBIX
XapaKTepI/ICTI/IK, CBOfICTBGHHI)IX O6”I>€KTaM, pa60TaIOHII/IM B TaKHUX yCJIOBI/IﬂX, a TaAKXKEC n3-3a
Ype3BBIYAHO BBICOKUX TPEOOBAaHUI K KAUYECTBY TAKHX CHCTEM.

Teopust onTUMU3ALKY TpeIaraeT CreluaIicTaM Mo CUCTEMaM YIIPaBJIeHUs CIIOCOObI OOPHOBI ¢
YKaSaHHI)IMI/I pr,I[HOCTSIMI/I HpOeKTI/IpOBaHI/Ifl COBpeMeHHBIX CUCTEM U CJ'IY)KI/IT XOpOHH/IM HpI/IMCpOM
UCTIONB30BaHUS IOHATUN JTMHEHHOTO BEKTOPHOTO MpocTpaHcTBa. OO0CHOBaHKE BHIOOpA TOTO WU
HUHOTO KpI/ITepI/ISI OIITUMAJIBHOCTH CBsA3AaHO C KOHKPCTHI)IMI/I TCXHHUKO-DKOHOMHNYCCKUMHAN YCJ'IOBI/H[MI/I
paboThl cucTeMbl aBToMaTudeckoro ynpasieHus (CAY) U B TEOpUU ONTUMAIBHOTO YIIPaBICHUS HE
paCCManI/IBaeTCﬂ. PaSJ'II/I'-II/ISI Me)KI[y KpI/ITepI/ISIMI/I OIITUMAJIBHOCTH JAaOT OCHOBAHUA IJIA
KJIACCHU(PUKAIIUU ONITUMATBHBIX CUCTEM MO ONITUMHU3UPYEMBIM MTOKA3aTENISIM KauecTBa.

DTO CUCTEMBI:

— ONTHMAJILHBIE MO0 OBICTPOICHCTBUIO,

— ONTHMAJILHBIC IO PACXOIY PECYPCOB,

— ONTHUMAJIFHBIE IO MPOU3BOIUTEIHHOCTH,

— C MUHUMAJIbHBIMHU HOTCprMI/I oT ynpaBneHI/m nuT.1d.

Crnenyronuii BapuaHT KJIacCH(PHUKAIIUU ONTUMAIBHBIX CUCTEM — IO XapaKTepy MPOIeCCOB,
HpOTeKaIOHH/IX B CUCTEMaAX. C 3TOI>'I TOYKHN 3peHI/I${ CUCTEMBI OCIIATCA HA CUCTCMBI.

— HeIpepbIBHbIE,

— DUCKPETHO-HEIPEPHIBHEIE,

— TUCKPETHBIE.

Mo>kHO MPOBOIUTH KiIacCU(UKALMIO U 110 TUITY AU PepeHInanbHbIX YpaBHEHHH, OMMCHIBAIOLINX
CUCTEeMY: JIMHEWHbIE, HeTMHEWHBIE, C paclpeaeEHHBIMU TapaMeTpaMu (ypaBHEHUS B YaCTHBIX
MIPOU3BOJHBIX) U T.J1. MOXKHO Kilaccu(UIUPOBATh CUCTEMBI 10 XapaKTepy KpUTepus
OIITUMAaJILHOCTH.

B sTOM citydae moy4aeM CHCTEMBI: — PaBHOMEPHO ONTHMAJIbHBIC (HAWTYYIITHE B KAXKIOM
OTJICIBHOM CJIy4ae, TO €CTh MPHU KaXkJI0M MPOBEAEHHOM dKCIIEPUMEHTE), — CTATUCTHUUYECKU
ONTHUMaJbHblE (HAMITYUIINE B CPEAHEM, TO €CTh PU YCPEAHEHUH MHOTUX SKCIIEPUMEHTOB), —



MHUHHMMAaKCHO ONTUMAaJIbHBIE (CUCTEMBI, JAlOINe HAWTYYIIUM pe3yabTaT B HAUXYALUX YCIOBHUSAX).
I[To cpaBHEHHIO ¢ MEHEE CTPOTUMH METOJJAMU POEKTUPOBaHUS 3aMKHYTHIX CAY ocobeHHOCTH
TEOPHH ONTUMU3ALMH COCTOAT B CIEAYIOIIEM.

1. Ilpouenypa mpoeKTUpOBaHUS ABISIETCS O0iee YETKOM, TaK KaK BKIIOUAET B €JMHOM ITOKa3aTelne
HNPOEKTUPOBAHUS BCE CYILIECTBEHHBIE ACIIEKThI KaueCTBa.

2. O4eBUIHO, YTO MPOCKTUPOBLIMK MOXKET OXKHU/IATh IMOJIYUYEHHs] HAWIYUIIEeTo Pe3yIbTaTa TOJIbKO B
COOTBETCTBUM C BBIOpaHHBIM II0OKa3aTesneM KadecTBa. [loaTomy amst ka0 3a1a4u yKa3bIBaeTcs
00JacTb OrpaHUYEHUN.

3. HacTto MOKHO OOHApYKUTh HECOBMECTUMOCTD psAJia TpeOOBAHUI KauecTBa.

4. ITonmyyaromasicsi B pe3yJibTaTe IPOEKTUPOBAHUS CUCTEMA yIpaBiIeHUs Oy1eT aJalTUBHOM, €Cliu B
nporiecce paboThl MOKa3aTeNb Ka4yeCcTBA MEHSAETCS, U TIOMTYTHO CHOBA BBIUUCIIAIOTCS TapaMeTPhl
peryisTopa.

5. Pabota c HecTaMOHAPHBIMU ONTUMAIBHBIMH IIPOIIECCAMHU HE BHOCUT KaKUX-THO0
JIONOJTHUTEbHBIX TPYIHOCTEH.

6. HermocpeicTBEHHO paccMaTpUBAIOTCS U HEJTMHEHHBIE 00BEKTHI YIIPABJICHUS, IPAB/A, IPH STOM
BO3pPACTAET CJII0KHOCTh BBIYMCICHUH.

OCHOBHBIE 3TaIbl TOCTPOCHUS OTNITUMAIIBHBIX CUCTEM COCTOSIT B CIIEYIOIIECM.

1. IlocTpoeHne MaremaTHYeCKUX MoJieeil pru3nuecKux mpoieccoB, MoUIekKalUX yIIPaBJIECHUIO, a
TaKKe KPUTEPHEB KaueCTBa.

2. BeluuciieHre onTUMAaNIbHBIX YIPABISIIOIINUX BO3IECHCTBUI.

3. CuHTe3 perynsTopa, pealu3yIoiero ONTUMaIIbHOE yrpaBiieHHe. Teopust onTuMHU3auu
IPOJI0JKAET MHTEHCUBHO Pa3BUBATHCS, MBITASACH NPEOJIOJIETh TPYAHOCTH, IPUCYIIME ATON TEOPHUH.
ITepeuncium ux.

1. ®opMupoBaHHE 3HAYMMOTO Ha SI3bIKE MaTEMATUKE KPUTEPUs KauecTBa U3 Pa3IMUHBIX
TpeOOBaHUIl MPOEKTUPOBAHMS — HEMIPOCTAsA 3a7ada. YacTo HA 3TOM ITyTH MPUMEHSETCS METOI IPOo
U OLINOOK.

2. Pe3ynpTHpyOMUil KpUTEPUIl KaueCcTBa CUCTEMBI YacTO SBIISIETCS OUY€Hb UyBCTBUTEIBHBIM K
Pa3IMYHOTO PoJia OMIMOOYHBIM MPEANOIOKEHUAM U (WIN) K U3MEHEHUSIM [1apaMeTpOB
peryiImpyemoro mporecca.

3. CymiecTByoIKe B HACTOSIIEE BPEMsI aJITOPUTMBI YIIPABJIECHUS B Cllyyae HEJIMHEHHBIX CUCTEM
TpeOyeT CIOXKHBIX MPOTPAMM BBIUMCIICHUH H, 9aCTO, OOJIBIIOTO KOJMYECTBA MAIIMHHOTO BPEMEHH.
4. Xopo1o paboTaromue MeTo/1bl IPOEKTUPOBAHUS PETYIISATOPOB, pa3paboTaHHbIE ISl MAJIbIX
obmacreit (ha30BOro MpOCTpaHCTBA (BOJIMU3U TPACKTOPUA, COOTBETCTBYIOIINX HOMHUHATIBHBIM
peKuMam), cpa3y ke 0OKa3bIBalOTCs HEMPUEMIIEMbIMU IIPUMEHUTENBHO K OOJIBIINM 00J1aCcTIM
(a30BOTO MPOCTPAHCTBA B CIyYae HEIMHEHHBIX CHCTEM.

OCHOBHbBIE METO/Ibl, UCTIOIb3yEMbIE€ B TEOPUU ONTUMM3ALINH, 3TO:

— KJIACCHYECKOE BapHAIlMOHHOE HCUYHCIICHHE,

— npuHIUN MakcumyMma IloHTpsruna,

— IMHaMUYeCcKoe IporpamMmupoBanue bemnvana,

— anroput™sl Bunepa-Konmoroposa u Kanmana-bsrocu,

— (hyHKIIMOHAJIbHBIN aHAN3,

— METpUYECKUH aHaJIM3.



1.2. TIpumep npaktukyma: OnTumanbpHoe TuHelHoe ynpasienue. Cuate3 [IU]] perymnstopa
[IpakTHKyM BKJIIOYAET BHIOOpP PErylATOPOB W U3y4YCHHE BIMSHUS HACTPOCUHBIX MapaMeTpOB
perynaTtopa Ha nuHamuyeckue cBoiictBa CAY u meronuky Hactpoiiku CAY va MO u CO.

1. Kpatkue TeopeTuueckue CBEICHHUS

CAY moxer ObITh IpUBEJEHA K MPOCTEUIIEH OTHOKOHTYPHON alrOPUTMHYECKON cxeMe (puc.
12).

Puc. 1. Anroputmudeckasi cxeMa TUIIOBOM OJJHOKOHTYPHOM CHCTEMBI

Ha cxeme Wp(S) — mepenatounast GyHKIus peryiastopa, Wo(s) — mepenarouHas (QyHKIHS
00BEKTa yIpaBJICHHUS.

[Ipocreiinmii TUIIOBOW aJrOPUTM YIPABJICHHUS PEATU3YETCS MPHU MOMOIIM OE3bIHEPIIUOHHOTO
3BEHA C MMepeaTOYHON (PyHKIMeH

1)

OTOT 3aKOH pEeryIupoBaHMsl Ha3bIBaeTCs NponopuuoHaabHbIM (I1).

[TpeumymectBo Il-perynsaropa — npoctoTa M ObICTpOJCIHCTBHE, HEAOCTATOK — OTPAaHUYEHHAs
TOYHOCTb.

3aKOH peryiupoBaHusl, KOTOPOMY COOTBETCTBYET NepeaaTouHast pyHKIMs peryasTopa

)

Ha3bIBaeTcs uHTErpaibHbIM (M1). U-perynarop pearupyet Ha JIMTEIbHbIE OTKJIOHEHHS YIIpaBIIsieMOn
BEJIMYMHBI OT 33JaHHOTO 3HaueHWs. KpaTKOBpeMEHHBIE OTKIOHEHUS CIIQKHWBAIOTCS TaKUM
PEryIsATOPOM.

[TpenmymiecTBa WHTETPATBHOTO 3aKOHA 10 CPAaBHEHHUIO C MPOTOPIHUOHAIBHBIM 3aKOHOM —
Jdy4qiasi TOYHOCTh B YCTAaHOBMBILUXCS pEXKHMMaxX, HEJJOCTATKH - XY/ALIME CBOWCTBA B MEPEXOHBIX
pexuMax (MeHblee ObICTpoAecTBIE U O0JIbIIas KOJIEOaTENTbHOCTD).

HauOonbinee pacrnpocTpaHeHHe MONyYnsI HponopuuoHanbHo-uHTerpanbHbii (IIM) 3akon
peryIpOBaHUS

©)

Hannuue unTerpanpHOi coctaBisromel B [1M-3akoHe oOecreuynBaeT BBHICOKYIO TOYHOCTH B
YCTAaHOBUBIIUXCS PEXKHUMAxX, a MPH OMPEACICHHOM COOTHOIMICHUH KOA(DQPHUIMEHTOB KM H KU
obecrnevynBaeT XOPOIUe MOKa3aTeNu U B MEPEXOIHBIX PEKIMAX.

Hawunyuiee ObIcTpoieiCTBUE TOCTUTAETCS MIPH MponopLuuoHaibHO-IudGepentmansaom (I171)
3aKOHE PEryJIMpPOBaHUs

(4)



[1/1-perynarop pearupyeT He TOJILKO Ha BEJIMYMHY CUTHaja OMIMOKH, HO U Ha CKOPOCTb €ro
u3MeHeHus. biarogaps 3ToMy NpH yrnpaBieHuu gocturaercs 3pdext ynpexnaenus. Hegocrarkom
PONOPLUUOHANEHO-TUG DEePEeHIIMATBHOTO  3aKOHA  PETyJUPOBaHUS  SBJISIETCS.  OrpaHUYEHHAs
TOYHOCTb.

Haubonee yHuBepcalbHBIM SIBISIETCS MPOMOPLHOHAIBHO-UHTETpabHO-TUdepeHINATbHBIHI
(ITU 1) 3axon

()

KOTOPBIN coueTaeT B ce0e mpenMyIecTBa 60see MpoCThIX paHee PACCMOTPEHHBIX 3aKOHOB.
B muteparype npunsito [11/]-3akoH 3anuceiBaTh B popme [2]

(6)

rac

Kp — nepenatounsiii kodddumuent perymnsaropa; Tu — mocTossHHast BpeMEHU HHTETpupoBanust; T —
MOCTOSTHHAs BpeMeHU Au(depeHInpOBaHHUS.

CBs3b MeX Ty K03 durnmenTamMmu ypaBHeHui (5) u (6) oueBHIHA U3 TIOYJICHHOTO CPAaBHEHUS dTUX
YpaBHEHUH.

Ecin nonyctuts, uto CAY wumeer [IHNJI-perynstop, To aaropuTMuyeckas cxema TUIIOBOU
OJIHOKOHTYPHOM CHUCTEMBI IIPEJICTABIIAECTCS B BUJE, [IOKA3aHHOM Ha pHC. 2.

B 3aBucumocTu oT THIIA M TOPsIIKA OOBEKTOB, @ TAKKE COOTHOIIEHUM MEXAY UX MOCTOSHHBIMU
BPEMEHH HACTPOHKa KOHTYpa PEryJupOBaHUS OCYIIECTBISETCS JIMOO MO KPUTEPHUIO MOIYIHHOTO
ontumyma (MQO), 1160 o kputeputo cummerpuanoro ontumyma (CO) (puc. 3).



MU /I-peryasaTop

Puc. 2. Oanokontypsast CAY c [IN/I-perynstopom

W3710kMM CYIIHOCTh METOJa ONTHMH3ALMK  aMIUIMTYJHOW  XapaKTEPUCTHKH Ui pacyera
HACTPOCYHBIX MapaMETPOB THUIIOBBIX PETYJSTOPOB, UCIOJIB3YEMBIX JUIS YIIPABICHUS CIICAYOIHMH
oObekTaMu 0e3 3ama3abIBaHus

WO(s) = kO /s(T01s + 1), 7)
WO(s) = k0 /(TOLs + 1)(TO2s + 1), ®)
WO(s)=k0 /s(TO1s+ 1)(T02's + 1), ©)
WO(s) =k0 /(TO1s + 1)(T02s + 1)(TO3 s + 1), (10)

rae TOl < TO02 < TO3, npuuem B oOIEM Cilydae COMHOMKUTEIb C HaWMEHBIIEH MOCTOSHHOM
Bpemenu TO1 mnpubmmwkeHHO 3aMeHseT co0OW HECKOJIbKO MHEPLMOHHBIX 3BEHBEB C elle Oosee
MaJIbIMU OCTOSTHHBIMU BpeMeHu T0 1 .

Mogensamu (7) - (10) 00bIYHO TTONB3YIOTCA AJI TPUOTUKEHHOTO OMUCAHUA 0O0BEKTOB, BXOJISIINUX B
TUIOBbIE KOHTYpPBHI PEryJIUpOBaHUS CHCTEM YOPaBJICHUS DJICKTPONPUBOJAMH (KOHTYPHI
peryIupoBaHHs HANPSDKEHUSI, TOKA M YaCTOTHI BPAIIICHHUS ).

Tabmumna 1
Ilepenarounasi pyHKumMs Ycaosus Kpure- | Ilapamerpsi
oobexta Wo(p) NpUMeHEeHHs | puii peryasTopa
Kp r, |1,
T, <4T, |MO T, T, |-
Kk, 2k, T,,
(ToP+1)(T;,p+1)




Top 24Ty | €O T ATy |-
T <T
( 01 02 ) 2k0T01
T,<<T, CO 1 4T, |-
k 2|(O-I- 01
0
T p+1)(T p+1
p(Top+1)(T, p+1) e T AT
2|(O-I- 01
T T T
T S 4T MO 03 03 02
03 01 2k0T01
kO
(T01 p +1)(T02 p +1)(T03 p +1)
T.<T, <T
( " v ” ) TO3 Z 4T01 CO TO3 4'-I-Ol TOZ
2k0-|-01
T02 2 4T01 CO T02T03 TOZ 4T03
8k0T0i

B 3aBucumoctu ot tuna u nopsaka (7) - (10), a Takke COOTHOLIEHMH MEXIY MX MOCTOSHHBIMH
BpPEMEHH, HACTPOHKa KOHTypa PeryJMpoBaHUs OCYIIECTBiIsgeTcs nbo no kputeputo MO, nmubo mno
kputeputo CO (tadi. 1).

Hactpoeunsle napameTpsl perynaropos kp, Tu u Tx, obecneunBaromye nojay4yeHue onpeieeHHbIX
nokasaTesiel KauecTBa, OyJleM Ha3bIBaTh rapaHTUPYIOLIUMHU.

Ecnu y o6wekra BTOporo mopsaka (8) T02 < 4TO01, to npeanouturened kputepuit MO. s
BBINOJIHEHHSI TpeOoBaHuM kputepust npumenstor [IHU-perymnsrop

Wp(s)=xp (Tus+1)/Tus (11)

C TIOCTOSIHHOM BpeMEHHU HHTETpUpoBaHus TH, paBHOW HauOOIBIIEH MOCTOSHHOW BpeMEHU 00BEKTa
Tu = TO02. Tem caMbpIM IOCTHTAETCS TIOJHAS KOMIIEHCAIMS DJTOW HaAWOONBIIEH MOCTOSHHON
BPEMEHU.

[Tepenatounass ¢yHKIMS Pa3OMKHYTOTO KOHTYpa MPUHUMAET BH]I

W(s) = Wp(s)WO(s) = kp kO / [Tu s(TO1 s + 1)] (12)

M COBMAJaeT C MEepenaToyHo (YHKIMEH pPa3OMKHYTOrO KOHTypa KoJeOaTeJIbHOW MOJENH, IS
koTopoil kputepuit MO cBomutcs k ycnoButo & = 0.7. Orcioga B COOTBETCTBHM C paHee
NpPUBEJICHHBIMU (opMyTIaMH IS KoJieOaTeIbHOW MOAEIH kTO01 =1/4£2 ; TO1 = T/2¢ naxogum

(13)

y‘{I/ITBIBa}I, 4TO AJId pacCMaTpuBacMoOro KOHTypa € I - peryisitTopomM
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k=Kkpk0/Tu u Tu=TO2, (14)
nostyuum, kpome (13), Bropoe yciioBue HacTpoiiku Ha MO
kp = T02/2x0TO01 . (15)

Ha puc. 14,a noxa3aHsl jorapudMuyeckasl aMIIUTyIHO-4YaCTOTHAsI XapaKTEPUCTHKA PA30MKHYTOTO
KOHTYpa U MEePEX0/IHAs XapaKTEPUCTUKA 3aMKHYTOH cUcTeMBI ¢ 00bekTOoM (10) u [T -perymnsTopom,
HacTpoeHHbIM Ha MO.

Ha puc. 14,6 npuBesnena norapupmMudeckast aMIIMTyIHO-4aCTOTHAsI XapaKTEPUCTUKA U NIEPEXOIHAs
XapaKTePUCTHKA Pa30MKHYTOM CHCTEMbI, HACTPOCHHOI Ha CUMMETpUYHbIA ontumyM. U3 puc. 3,6
BUHO, YTO Jorapu(Muyeckas aMIUIMTYJHO-4aCTOTHAsl XapaKTEPUCTHKAa MMEET CHUMMETPUYHYIO
dbopMy, OATOMY MOJXOA K BbIOOPY HACTpPOEK pPEryisiTopa MOIYYHJI Ha3BaHUE CHUMMETPHUYHOTO
ontumyma. llepexomsslii IpolecC B OJHOKOHTYPHOWM 3aMKHYTOM CHCTEME IIpU  OTOM
XapaKTepu3yeTcs OOJIBIINM MepeperyInpoBaHUEM.

BbIBO/IBI O BIMSIHUM KPUTEPUEB HACTPONKHU U IAPaMETPOB PETYNIATOPA HA MMOKA3aTENH NEPEXOAHOIO
npolecca:

YBenudyeHne neperaToyHoro ko3 uimenTa Kp NpuBOAUT K YMEHBIICHUIO TIePEePETyInPOBAHMUSL.
VYBenuueHue NOCTOSSHHOM MHTErpUpOBaHusA TH MPUBOAUT K YBEJIMUYEHUIO BPEMEHHU MEPEXOAHOIO
Ipolecca U CHUKEHHIO IIepeperyIupoBaHus.

Kputepuit MO mnpeamnodtureseH Npu ONTHUMH3AIMH CHCTEM, OTpadaThIBAIOIIUX B OCHOBHOM
3a/1a10111ee BO3JCHCTBHE.

Kputepuit CO unenecoobpazHo NPUMEHSATh NPU HACTPOHKE CTAOUIM3UPYIOIIUX CHCTEM,
0TpabaThIBAIOLINX B OCHOBHOM BO3MYLIAIOIIEE BO3/ICHCTBUE.

L(w) h(t)

-20  1/2TOm 1/TOMm

1
lgw o =4,3%;
-40 tn ~ 4,5T0Om
0 t
a
L(w) h(t)
-40
1/4TOm  12TOm  1/TOm
1
-20 lgw c =43%
tn~ 3,1TOm
-40 0 t

Puc. 3. YacroTHble M mHepexoHbIe XapaKTEePHUCTHKH OJHOKOHTYPHOW CHCTEMBI PETyJIMPOBAHHS, HACTPOCHHOW IO
KPHUTEPHUSIM MOAYJIBHOTO (a) 1 CHMMETPHYHOTO (0) ONITHMYMOB
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3amanue 71 BBIOJHEHUS PAKTHIECKON paboThI

N3y4uTh OCHOBHBIE 3aKOHBI PETYIUPOBAHUS.

N3y4uuTh CTPYKTYpPHI PEryJISATOPOB, COOTBETCTBYIOLIUX 3aKOHAM PETYJIUPOBAHMUSL.

[TpousBecTu BHIOOP THMA PETYJISATOPA B 3aBUCUMOCTH OT CTPYKTYPbl 00bEKTa YIPABIICHUS U pacueT
HACTPOEYHBIX IaPAMETPOB PETYIISTOPA.

[IpoBectu pacu€t cBoiictB CAY C pa3auyHbIMU TUIIAMU PETYIATOPOB.

4. ITopsiIOK BBITIOJIHEHHSI paOOTHI

Habpatp cTpykTypHy!0 cXeMy OAHOKOHTYpHOU 3amkHyToi CAY c IIM]/I-perymsitopom B cpene
moaenupyronieit mporpammbl CLASSIC-3 (puc. 4). Ilepenatounyro GyHKIHIO 110 BO3MYIIAOIIEMY
BO3JICHCTBUIO YCTAHOBUTH PAaBHOU

Bo3mymaromee BO3JCHCTBHE YCTaHOBUTH paBHBIM HYJIIO, a OOpPaTHYI CBS3b YCTaHOBHTH
CIMHUIHOM.

OTtpenaktupoBaTh nepenaTodHyto (YHKIHI0 OOBEKTa YIpaBJICHUS COMIAcHO (8) MO 3aJaHHOMY
BapHaHTy Talx. 2.

Tabmuma 2
Ne papuanra |1 2 3 4 5 6 7 8
Ko 10 11 15 14 13 12 10 9
To1 0,10 0,12 0,14 0,15 0,11 0,14 0,15 0,12
To2 0,30 0,36 0,42 0,45 0,33 0,36 0,40 0,30

Puc. 4. CtpykrypHast cxema oqHOKOHTypHOU CAY

1. Onpenenuts no Tabx. 1 THI perynsTopa, KpUTEpUil ONTUMYMa U PACCUUTATh HACTPOCUHBIE
napaMmeTpsl perynstopa kp, Tu, Tn. Ecnu nuddepennmanbaas cocTaBisonias B peryisiTtope He
JIOJDKHA MPHCYTCTBOBAaTh, TO €€ MepeaaTroyHast (GYHKIMS B CTPYKTYPHOM cXeMe NpHpaBHUBAETCS
HyJto. J[aHHbIe 3aHecTH B Tabm.3.

2. CHATP TeEpexXOAHBIM Mpolecc B CHCTEME U OINPENEeNUTh €ro JUIMTENIbHOCTh M|
MepeperyimpoBaHie G TpH Bo3Mymaromux BozaeuctBusix Z=0 u Z=1. I'paduk mepexomnoro
npolecca 3aprucoBaTh WM CKOMMMPOBATh MPOTrpaMMHO-aNNapaTHBIMK CPEICTBAMU KOMIIBIOTEPA.

3. Pa3omkHyTh cuctemy (puc. 5).

12



4. Cuatb JorapuPMUIECKYI0 aMILUTUTYIHO-YaCTOTHYIO XapaKTePUCTUKY pa3oMKHyTOi CAY.
5. Ompenenuts 4acTOTHI cpe3a MCP U compsiKeHust wcomnp. [IpoBepUTh COOTBETCTBUE WCP =
1/2T01 , owconp = 1/TO1.

Tadmuna 3
Hacrtpoeunbii Pacuernas Pacuetrnoe Kpurepuii
napaMeTp dopmyaa 3HAYEHHUe OnTHMYMA
Kp
T,
T,

OTpenakTupoBaTh nepeaaTtouHyr GyHKIuio (9) 00beKTa yrpaBiaeHUs COTJIACHO 3aIaHHOMY B Ta0l.
3 BapuaHry.
Brinonuuts 3aanus no nyHkram 3,4 u 5.

Puc. 5. CtpykrypHas cxema pazoMkHyToi CAY

1. Conepxanme oTyera

B oryere npuBecTH MO MpaKTUKE MPUBECTH CTPYKTYPHBIE CXEMBI HCCIIEAYEMBIX CUCTEM, PACUETHI
HAaCTPOEYHBIX IapaMETPOB PETYJIATOPOB, MEPEXOJHbIE XaPAaKTEPUCTUKH, Jorapudpmuyueckue

AMINIMUTYAHO-9aCTOTHBIC XapaKTCPHUCTHUKH, OTBETHI HA BOIIPOCHI.

2. Bomnpocsl

1. Kak Ha3BIBalOTCSI OCHOBHBIC 3aKOHBI pCFYJ'II/IpOBaHI/ISI?

2. KakuM# TO0CTOMHCTBAMH M HEJOCTATKAMU XapaKTEPU3YIOTCS KaKIbIA U3 3aKOHOB
peryiaupoBaHusi?

3. Kakoii kpuTepuii onnTuMaabHOCTH jJ100aBisieTcs ipu repexoje ot [1 u [T perymupoBanuio?

13



2 MeToauyeckue yKa3aHus JJIsl OPraHU3ANMH CAMOCTOATEIbHOH PadoThl

2.1 OOmIme MmoNoKeHHS

LensiMu caMOCTOSTEIHHON paOOTHI SIBIISIFOTCS CUCTEMaTU3alusl, paCUIMPEHUE U 3aKperieHue

TEOPETUYECKUX 3HAHUM.

CamocTosTenbHas paboTa CTyACHTa M0 TUCIUILIMHE BKIIOYACT CIACAYIOUINE BUIbl AKTUBHOCTH:
1. U3yyeHue TeM T€OPETHUUYECKOI YACTH IUCUUIUIMHBI, BBIHECEHHBIX JUISI CAMOCTOSATEIHHON

pOpadOTKH.

[ToaroroBka K MpakTUYECKUM padboTam.

3. BrInonHeHne MHAMBHUYATbHBIX 33JaHUN.

no
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2.2 3y4yeHue TeM TeOPETUIECKON YacTH TUCIUTIINHBI, BRBIHECEHHBIX JIJIS CAMOCTOSITEIIbHON
npopaboTKU

N3yuenne TeM TeopeTHUYeCKON YacTH NUCIMIUIMHBI, BBIHECEHHBIX JJII CAMOCTOSITEIIbHOU
popabOTKH K pazjiesam:

1 CoBpemMeHHOe COCTOsiHME Teopun ynpaBneHus

2 AganTuBHbIE CUCTEMbI yNpaBeHns

3 HTennekTyanbHoe ynpaBneHue

4 HeveTkoe ynpasrieHne

Pexomenayemas nureparypa:

1. CoBpemenHble IpoOsIeMbl Teopuu yrpasieHus: Yuebnoe nocodue / FO. A. llypeirun, A. T
Kaprmos - 2017. 80 ¢. . — Texkcr : anekTpoHHbIH //HaydHo-00pa3oBaTeIbHBINA MOPTAI
TYCVYP. — URL: https://edu.tusur.ru/publications/7487 (nata oopamienus: 26.12.2022)

2. OsepkuH, JI. B. OcHOBBI aBTOMaTHKH M CUCTEMbI aBTOMAaTHYECKOTO YIIPABJICHHUS : yueOHOe
noco6wue / 1. B. Ozepkun. — Mocka : TYCVYP, 2012. — 179 ¢. — TekcT : 31eKTpOHHBIH //
Jlanb : anekTpoHHO-O0MOMMOTeYHast cuctema. — URL:
https://e.lanbook.com/book/1090610906 (nata obpaienus: 26.12.2022)

3. Taiigyk, A. P. Teopus aBTOMaTHYECKOTO YIIPaBJICHUS B IPUMEPaX U 3a/1a4ax ¢ peHICHUSIMHU
B MATLAB : yue6noe nocobue / A. P. T'aiinyk, B. E. bensies, T. A. IIpsiBuenKo. — 5-¢
u31., uctp. u gon. — Cankr-IlerepOypr : Jlans, 2019. — URL:
https://e.lanbook.com/reader/book/12574110906 (nata obparienus: 26.12.2022)
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2.3 BrITloJIHeHHE WHIMBUIYAIBHOTO (TBOpYecKkoro) 3ananus (13)

B pamkax BBITIOJIHEHUSI MHANBUAYAIBHOTO (TBOpUeckoro) 3ananwus (M3) HeoOxo1umMo MOArOTOBUTh
7 MUHYTHBIN JOKJaJ, PACKPHIBAIOIINN OJHY U3 CIEAYIOUIUX TEM:

Bapuant uHIuBHIYyaIbHOTO 3aJIJaHUSL OIIPEIEIISieTCS MPENOo aBaTesieM B MHANBUIYaTbHOM TOPSJIKE,
OCHOBBIBASICh HAa YPOBEHb 3HAHUH U CTYJCHTA.

IIpumeps! Tem:

ABTOMAaTHYECKOE YIIPABJICHHE AaBTOMOOUIIEM.

CoBpeMEeHHBIE CHCTEMbI aBTOMMIOTHPOBAHUS.

ABTOMaTHuYeckue cucTemMbl GporoBuaeodukcanuu Hapymenui TT1J1.
[TpoGyieMbl BHEIPEHHSI aBTOMATUYECKIX CUCTEM YIIPABIICHUS TPEIIPUITHCM.
Hetiponnslie ceTu B 3a1auax o0pabOTKH H300paKeHUH.

VYrpaieHne MaHUITYJISITOPOM C TUIPABIUYECKUM MIPUBOIIOM.
OmnOKu NCKYCCTBEHHOT'O MHTEIIEKTA.

[MudpoBuzarysi OM0 aHHBIX.

CwibHbI# U cabbiit U, TTpumepsr.

10 Kubepueruka u poboToTeXHHKa. BUOBIOXHOBIEHHBIE POOOTHI.

11. KomnexktuBHast pOOOTOTEXHHUKA.

CoNoOA~RWNE
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OcHOBHAasI H IOTIOJTHUTEIbHASI JIUTEPATYpPa

OcHoBHas IuTeparypa:

1. CoBpemMenHbie ipoOIeMBbl TeoOpuH yipaBiaeHus: YueoHoe nmocodue / 10. A. Illypeirun, A. I'.
Kaprnos - 2017. 80 c. . — Tekcr : anekrponnsiit //Hayuno-obpaszoBatenbublii mopran TYCYP. —
URL.: https://edu.tusur.ru/publications/7487 (nata obpamenus: 26.12.2022)

JlononHurenbpHas TuTepaTypa:

1. Ozepkun, /1. B. OCHOBBI aBTOMaTHKH ¥ CHCTEMBI aBTOMATHYECKOTO YIIPABIICHUS : y4eOHOE
nocobue / /1. B. O3epkun. — Mocksa : TYCVYP, 2012. — 179 c. — TekcT : anmeKkTpoHHbIi // JIaHb :
3JIeKTpOHHO-O0nbmoreynas cucrema. — URL.: https://e.lanbook.com/book/10906 (nata
obpamienusi: 26.12.2022).

2. laiinyk, A. P. Teopus aBTOMaTH4eCKOT0 YIIpaBJeHUs B IPUMEpaX M 3a/1a4ax C peUICHUSIMH B
MATLAB : yue6Hoe nocobue / A. P. I'aiinyk, B. E. benses, T. A. IIbsiBueHK0. — 5-€ U3/., UCIIP. U
nom. — Cankr-IlerepOypr : Jlans, 2019. — URL.: https://e.lanbook.com/reader/book/125741 (nata
obOpamienusi: 26.12.2022).

3. Brmacos, K.I1. Teopus aBromaTudeckoro ynpaiieHus. OCHOBHbIE TTOJIOXKeHUs. [Ipumepsl
pacuera: Yue6Hoe nmocobue / K.I1. Bnacos. - Xapekos: ['yman. Lientp, 2013. - 544 c.

4. Bnacos, K.I1. Teopus aBToMatudeckoro yrnpasieHus. OcCHOBHBIE mosioxeHwus .[IporpaMmbl
pacueta / K.I1. Bnacos. - M.: I'ymanurapssiii Lientp, 2013. - 544 c.

5. laiinyxk, A.P. Teopust 1 METObI aHATUTUYECKOTO CHHTE3a CUCTEM aBTOMATHYECKOTO
yrpaBieHus(MOJIMHOMUANBHBIH oaxon) / A.P. Taiinyk. - M.: @m3maraut, 2012. - 360 c.

6. laiinyk, A.P. Teopust aBTOMaTH4eCKOIO yIpaBiIeHHs B MPUMEPAX U 33/1a4axX C PELICHUSIMU B
MATLAB. 2-¢ uzn., ucnp / A.P. I'aiinyk, B.E. bensieB u np.. - CII6.: Jlans, 2011. - 464 c.

7. laiinyk, A.P. Teopust aBTOMaTH4ECKOTO yIPaBICHHsSI B IPUMEPAX U 33/1a4aX C PEUICHUSIMH B
MATLAB: Yue6Hoe nocobue. 3-¢ uzn., crep / A.P. Iaiinyk, B.E. bensies u np.. - CII6.: Jlans,
2016. - 464 c.

8. Epodees, A.A. Teopust aBTOMaTH4IECKOTO yIpaBiieHus: Y4eOHUK 111 By30B / A.A. Epodees. -
CII6.: IToauTexuuka, 2008. - 302 c.

9. Kum, JI.I1. Teopust aBTOMaTH4eCKOTO YIPaBICHHS. YYCOHUK U MPAKTHKYM JJISI aKaIEMUIECKOTO
6axanaspuata / JI.I1. Kum. - JIro6epst: FOpaiit, 2016. - 276 C.

10. Kuwm, /I.I1. Teopus aBToMaTHuyeckoro ynpasiueHus. T. 1. JInHeHHbIE CHCTEMBI. 2-€ U3I., UCTIP.H
mom. / JI.IT. Kum. - M.: ®usmatiut, 2010. - 312 c.

11. Kum, J.I1. Teopus aBTomMatudeckoro ynpasieHus. T. 2. MHOroMepHbIe, HEJIMHENHHBIE,
ONTHUMAaJbHBIC U aIalITUBHBIE CUCTEMBI. 2-€ u3[., uctp.u joi. / J.I1. Kum. - M.: ®uzmarnut, 2007.
- 440 c.

12. Kuwm, /I.I1. Teopus aBToMaTHueckoro ynpasieHus. Tom 1. JIuneitasie cuctemst / J1.I1. Kum. -
M.: ®usmaraur, 2007. - 312 C.

13. Kuwm, /I.I1. Teopust aBTOMaTHUYeCKOTO yrpaBieHus. ToM 2. MHOromepHble, HelIMHEHHbIE,
onTuManbHbIe U anantuBHeie cuctemsl / JI.IT. Kum. - M.: ®usmatiut, 2007. - 440 c.

14. Konosanos, b.1. Teopust aBTomarudeckoro ynpasieHus: YuebHoe nocobue / b.W. Konosanos,
I0.M. Jlebenes.. - CII06.: JIaus, 2010. - 224 c.

15. KonoBanos, b.1. Teopust aBTOMaTu4yeckoro ynpasieHus: yueOHoe nocodue. 3-e u3s., nep. u
momn. / b.W. Konosainos. - CII6.: JIans, 2010. - 224 c.

16. Konosanos, b.1. Teopust aBTomaTtudeckoro ynpasieHus: YueOHoe nocodue. 4-e u3z., crep /
b.1. Konosamnos, KO.M. Jlebenes. - CII0.: Jlans, 2016. - 224 c.

17. Kynunos, FO.U. Teopust aBTomaTH4eckoro ynpasieHus (¢ ucnoiabzoBanueM MATLAB -
SIMULINK): Yue6noe nmocodue / FO.1. Kynunos, @.®. [Tamenko. - CI16.: JIans, 2016. - 256 C.
18. Omenkos, A.}O. CucteMbl aBTOMaTHUECKOTO YIIPABJICHUS: TEOpUsl, IPUMEHEHHE,
moaenupoBanrue B MATLAB: YueOnoe nocobue. 2-e uz., uctp. u gom. / A.}O. Omenxos. - CII6.:
Jlanb, 2013. - 208 c.

19. Tloguykaes, B.A. Teopust aBTOMaTHu4ecKoOro yrpapieHus (aHaTUTHIeCKre MeTobl) / B.A.
[Tomuaykaes. - M.: ®uzmartnut, 2005. - 392 c.

20. CaBuH, M.M. Teopust aBTOMaTHYECKOTO yrpaBieHus: Y4deoHoe nmocodue / M.M. Casum, B.C.
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Encykos, O.H. [Iatuna; [Tox pea. B.W. Jlauun.. - Pu/J1: ®enukc, 2007. - 469 c.
21. FOpeBuu, E.1. Teopust aBToMaTH4eCKOro ynpasieHus. 4-e usl., nep. u jpo. / E.W. KOpesuu. -
CII6.: BHV, 2016. - 560 c.
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