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BBE/IEHUE

KontponbHast pabota mo muctummHe «OCHOBBI TEOPUH aBTOMATHYECKOTO YIIPABIICHUsD SIBISIETCS OAHOW M3 (opM ydeOHOU
paboThI CTY/IEHTOB 110 N3y4EHUIO OCHOBHBIX IIPHHIIMIIOB CTPYKTYPHOH OpraHu3anyy, QyHKIMOHUPOBaHHS 1 aHAIN3a aBTOMAaTHYECKHUX
CHCTEM YITPaBIICHHsI TEXHUYECKMMH 00BEKTaMU. BhINOTHEHNE KOHTPOIBHOM PabOThI TIO3BOJISIET CTYIEHTAM IJTy0)ke OCBOUTH OCHOBHBIE
TIOJIOKEHHS U METOJIBI TEOPUHU aBTOMATHUECKOT'0 YIIPABIICHHSI, UCTIONB3YIOIIMECS TIPU pa3paboTKe pealbHBIX CHCTEM.

Lens KOHTPOJBHON pabOTHI - 3aKPENUTh Yy CTYJCHTOB TEOPETHYECKUE 3HAHUS U C(OPMHPOBATH MPAKTUUECKUE HABBIKU MO
PELICHHIO 3a/1a4 aHaIu3a CUCTEM aBTOMATHYECKOTO YIPABICHUSL.

KoHTponbHas pabora BKiItouaeT B ce0s 1Ba 3aJaHusl, MOCBSILIEHHBIE CTPYKTYPHBIM MPE0Opa3OBaHMsIM U OLIEHKE YCTOWYNBOCTH
CHCTEM aBTOMaruyeckoro ymnpasieHus. Kaxioe 3zaganue wumeer 30 BapHaHTOB MCXOIHBIX JIAHHBIX, KOTOPBIE 3aJalOTCS
MPEno/iaBaTesIeM.

[lepen BbIMOIHEHWEM KOHTPOJBHOW pabOTHl HEOOXOAMMO MpopadoTaTh COOTBETCTBYIOMIME yueOHBIH Marepuan 1o
PEKOMEHIYEeMO JUTepaType WM [0 WHBIM HCTOYHUKAM, YPOBEHb KOTOPBIX COOTBETCTBYET paboueil mporpaMme JUCHUILTHHBI
«OCHOBBI TEOPHU ABTOMATHYECKOT'O YIIPABIICHUS».

C uenbto Oosee 4eTKOro IIOHUMaHHMs CYITHOCTH PEIIAeMbIX 3aJ1a4d M TOBBIIICHUS Ka4eCTBa BHIMOIHEHUS! KOHTPOJIBHON PaOOThI
BCE 33/IaHMs1 CHA0XKEHBI KPATKMUMH METOJMYECKUMH YKa3aHHUSIMH H IIPUMEPAMU KOHKPETHOT'O PEIlIeHHsI.

[pu BBITIONHEHNH KOHTPOJIBHOI paboThl HEOOXOANMO COOIIIOIATH CIIEMYIOIIUE IPaBuiia 1o e€ opopMIIeHHUIO:

1. Ha mepBoii cTpaHuIle TeTpaau it KOHTPOIBHON paOOThI JOIKHBI OBITH
yKa3aHsbl:

o (pammus, UM, OTYECTBO CTYJICHTA;
e 1m¢p yaeOHOH rpymIIbL;

* HaMMEHOBaHHWE TUCUHILTUHBL,

* HOMeEp 33/IaHHOTO BapUaHTa.

2. BBINOIHEHUIO KaKAOTO KOHTPOJBHOTO 33aHMsl JIOJDKHBI TPEIIECTBOBATh IIOCTAHOBKA 3a7add W HWCXOIHBIC JTaHHEIE,
COOTBETCTBYIOLINE 33]AHHOMY BapHAHTY.

3. Bce 3aganust HEOOXOAMMO BBITIOIHUTE aKKYPAaTHO U 3201arOBpeMEHHO 3aperucTpUpOBaTh KOHTPOJIBHYIO Pa0doTy B JieKaHaTe.

3AJAHME 1

[IpousBecTn mpeoOpa3oBaHWE HCXOMHOW CTPYKTYPHOM CXEMBI JIMHEHHOM CHCTEMBI aBTOMATHYCCKOTO PETYIMPOBAHMA H
3aIUCcaTh MePEAATOUHYIO (QYHKIHIO PA3OMKHYTON M 3aMKHYTOH CHCTEMBI.
Bu ucxomHol CTpYKTYpPHO#M CXeMbI CUCTEMBI” aBTOMAaTHUECKOTO PErYIUPOBAHUS 33/1a€TCsI MPENOIaBaTEIeM.

Memoouueckue YKA3aHus K 6blNOJIHEHUIO 3a0aHus

Jls onpezieneHus IepeaaToYHbIX CBOWCTB CHCTEM aBTOMATHYECKOTO PEryJIHPOBaHHS HX CTPYKTYPHBIE CXEMBI ITPE00pa3yoT
K SKBHBAJIEHTHOMY pacue€THOMY BHIY, IO3BOJISIOIIEMY IIOJydYaTh IepenaTovHble (pYHKIMH PAa3OMKHYTBIX M 3aMKHYTBIX CHCTEM.
[IpeoOpa3oBaHusi CTPYKTYPHBIX CXEM BBINOJHSAIOTCS B COOTBETCTBUM C ONpeeleHHBIMH mpaBwiaMu. OCHOBHBIE IpaBUiia
npeoOpa3oBaHysl CTPYKTYPHBIX CXEM JIMHEHHBIX YacTel CHCTeM IpUBE/ICHBI B Tabnure 1.

B pesynbrate cTpyKTypHBIX NpeoOpa3oBaHU MHOTOKOHTYPHAs Pa3BETBIICHHAs CTPYKTypa Mpeodpasyercsi B OJHOKOHTYPHYIO.
Hanpumep, rcxonHast CTpyKTypHas cxeMa JIMHEHHOW CHCTEMBbl aBTOMATHUECKOTO PErylIupOBaHUsS UMEET BUT:

C ydeToM npaBuiia 2 1yt IpsIMOM LIETH, CTPYKTYypa MPUMET BUJL:
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B utore, a1 MONy4eHHOM CTPYKTYPHOM CXEMBI, epeaaTounblie (yHKINH pa3oMkHyTol Wp (p) 1 3aMkHyTOM Wa (p) crcTeM
OIPENIEIIATCS PABHBIMU:
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Hcnonp3ys npaBuiio 1 st napauielibHO BKIIOUEHHBIX 3BEHBEB BHYTPEHHETO
KOHTYpPa, UCXOIHYIO CTPYKTYPHYIO CXEMY MOXHO MPeo0pa3oBaTh K BUIY:
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[TpuMeHUB MPaBUIIO 5 K BHYTPEHHEMY KOHTYPY, HMEIOIIEMY MOJIOKHUTEIBHYIO
00paTHYIO CBA3b, MOTYIUM:

% » Wilp) | W2p) > Wi(p) T
©) M 1T Wam Wae) + Wse) | 1LV

We () &=

Wi(p)W2(p)W3(p)Ws (p)

Wp (p) = W (p) W (p) = 3
1—W(p)l Wa(p) + Ws(p)]
W (p) Wip)Wa(p)Ws(p)
Wa (p) = — = ‘
1+Wp(p)  1=Wap)[ Wy(p) + Ws(p)] + Wi(p)Wa(p)W(p)Ws(p)
Tabmaua 1
[Tpasuna npeobpasoBannii CIPYKTYPHBIX CXEM
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Ilponomkenne Tabmammr 1
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3AJAHMUE 2

ITo nepenarounoii pyHkumu Wp(p) pa3oMKHYTOH CHCTEMBI aBTOMaTH4YECKOTO
YIIpaBJIEHUS] TOCTPOUTH AMIUIUTYAHO-(Da30BYI0 YACTOTHYIO XapaKTEPUCTUKY H
ONpeNeNnTh, UCMONB3Ys KpuTepuid HalikBucTta, yCTONUMBOCTh 3aMKHYTON CUCTEMBI U
3arac yCTOMYMBOCTH 110 aMILTUTY/IE U (a3se.

Bun 1 mapameTpsl nepeaTouHON (YHKIMH Pa30MKHYTOM CHCTEMBI 3a1at0Tcst
IIpEenoiaBaTeeM.

Memoouueckue ykazanus K 6bINOJIHEHUIO 3A0AHUS

Kputepuii HalikBucra mo3BoisieT OIEHMBAaTh YCTOWYMBOCTH 3aMKHYTOM
CHUCTEMBI I10 aMHJ’IPITyI[HO-(ba3OBOI>i YaCTOTHOM XapaKTCPUCTUKE pa3OMKHy1“OI>II
CHUCTEMBI. I[J'IH CUCTEM HeyCTOfI‘II/IBBIX B Pa3sOMKHYTOM COCTOSHUUN KpI/ITepI/Iﬁ
HaiikBucra umeer Cleayromyr GOpMyITUpOBKY:

ecnu cucmema Heycmoliyugea 8 pa3oMKHYmoM cocmosiHuu u uveem N
KopHelU 8 npasol  rosyrniockocmu, mo  0nsa  ycmouddusocmu
coomeemcmasyroujeli 3aMkHymoUt cucmembl Heobxodumo u AocmamoyHo,
4mobbl amnumy0OHO-gha308asi YacmomHasi Xapakmepucmuka pa3oMKHymou
cucmembi O Yyacmom 0<u)<o0° oxeamhbigasia Ha KOMIMIIEKCHOU riockocmu
N/2 paz mouky ¢ koopOuHamamu (-1, j 0).

I[J'IH Haubojlee 4acro BCTPCHAIOUICTOCA Ha TIIPAKTUKE Ciiy4das, Koriaa
pa3oOMKHYyTasd CUCTEMaAa COCTOUT U3 yCTOfI‘II/IBI:IX 3BCHBCB U HC MMCECT BHYTPCHHUX
o0paTHBIX cBs3el, Kputepuit HalikBrcra umeer hopMynnupoBKy:

ecnu cucmema ycmol4uea 8 pPasoOMKHYmMOM COCMOSHUU, mo 0ns
ycmou4yugocmu coomeemcmeyroujell 3aMKHymoUt cucmembl He0b6Xo0uMo U
docmamoyHo, Ymobbl amumyOHO-gha308asi HacmomHasi Xxapakmepucmuka
Onsi yacmom 0 < w U «* He oxeamblearna Ha KOMIIIIeKCHOU MIIoCKOCMuU MoYKy
¢ koopOuHamamu (-1, j 0).

3amac YCTOfI‘IPIBOCTI/I CUCTCMBI IO aMIUIUTYAC U (1)836 MOXHO OIpEACIUTL IO
YIQJIIEHHOCTH aIUTUTYIHO-(Da30BOM YaCTOTHOW XapaKTEPUCTUKH OT KPUTHYECKOH
TOUKH ¢ KoopauHaTamu (-1J0).

Hampumep, nepenarodnas GyHKIUS pa3OMKHYTOH CHCTEMBI UIMEET BHII:

K
Wp(p) = = = = —.
(TyTyp" + Typ +1) [T3T4p™ + (T3 + Ty)p +1] (Tsp +1)

3Haqenus napaMeTpoB cootseTcrBenHo pasusl: T1=1 cek.; To=0,01 cex.;
T3=0,1 cex.; T4 =0,2 cex.; Ts = 0,5 cex.; K =6.
[Noacrasnsg 3HAYCHHA HAPAMETPOB B MEPEJATOYHYIO (PYHKUMIO H 3aMEHAA p
HA j® HONY4YAM 9aCTOTHYIO (DYHKIMIO CHCTEMBI B YHCJIOBOM BHIE!
6

Wp(jo) = — .
(0.01170" — 0,980 + 1)+ j(0,00010° — 0,1880" + 1.8w)




Janece HeoOXOMHMO MPE/ICTABATH YACTOTHYIO (DYRKITHIO B BHJIE BELICCTRBEHHOM
A MHHMO#H COCTaBJIAIONTAX .

Wp(jo) = Re(w) + j Im(o).

VMHOKAM wm{g}enb H mgmeﬂa'rem YaCTOTHOH (PYHKIMM HA CONPSKCHHBIR
anamenarens (0.01170" — 0,986 + 1) - j(0,0001e° - 0,1880° + 1.80) ¢ nemsio
HCKINOYEHAS MHHMBIX COCTABISONINX W3 3HAMEHATEN W OpoBeas mpeolbpasopanns,
TONTYYHM

6(0,0117a" — 0,980 + 1)
Re(w) = —— ;
(0,01170* —0,98w” + 1)* + (0,00010° - 0,1880° + 1,8w)’

- 6(0,00010° - 0,188 + 1.80)

Im(w) = - .
(0,01170" - 0,980% + 1)” + (0,00010° - 0,1886° + 1,80)

OnpejenmaM uncnieHHbIe 3HaveHnA BeraEH Re(w) 1 Im{o) npr uamenernu
wacToTet @ 0T O no + oo, moMeman pe3yikTars B Tabmmmy 2.

Tabrmna 2
® Re(w) Im(w)
0 6 0
0,25 5.2 -247
0,5 345 -393
1 0,074 -3,72
1,2 - 0,644 -3,13
14 - 1.1 -2,53
2 -1,38 - -1,06
B 25 -1,15 - 0,389
B -0,873 0,044
5 - 0,209 0,184
10 0,0046 0,037
o 0 0

Ha pucynxe 1 uzobpaxkena koMIIIcKCHas IIOCKOCTh, HA KOTOPOH IO HanHBIM
a2 B KOODAMHATAX PEATBHOH W MHHMON COCTABJIMIONMMX ITOCTPOCHA
aMIUTATYIHO-()a30Bas  HaCTOTHAN  XapaKTCPHCTHKA  PA3OMKHYTOM  CHCTEMBI.
[MockoNbKY pPa3soMKHYTad CHOTEMAE YCTOHMHBA H AMIUTMTYAHO-(A30Bas 9YacTOTHAA

XAPaKTCPUCTHKA HE OXBATHIBAET KPHTHICCKYIO TOUKY ¢ KOOPIHHATAMH (-1, jO), To0
3aMKHYTad CHCTSMa TIPH 3aJaHHBIX Hapamerpax ycrofiumsa. Onpenenenwe 3anaca
YCTOHIHBOCTH CHCTEMBI 10 AMIUTHTY/IC H (haze paccMOTpHM Ha pucyHKe 2.
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Puc. 1. AMmmtyano-(a30Bas XapaKTepUCTHKA Pa3OMKHYTOH CHCTEMBE
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Puc. 2. Onpeenenne 3anaca yCTOMYABOCTH CHCTEMBI IO aMrumATy e W (ase




3anac ycToiuMBOCTH 10 (Pa3C PaBEH 3HAUEHHMIO YTIA A JULT YaCTOTH CPesa g,

npu kotopoii | W(we) | = 1. 3amac yCTOWWMBOCTH 10 aMIUIMTY/e PaBeH 3HAUCHHIO
semmanisl oTpeska h ocm abeumce Mexny Toukoit (-1, j 0) B ammwmTyaHO-hazorodi
wactoTHOH  xapakrepHcrukoi. Jlis  paccMaTpuBaeMOro  npHMepa  3anachl
YCTORUHBOCTH COOTBETCTBEHHO cOCTAaBIOT: h= 0,15, L= 10",

Ammmaryano-¢azosas 4acTOTHAs XapaKTCPHCTAKA MOKET ObITh MOCTPOEHA A B
NOJIAPHBIX KOOPAMHATAX, TAK KAK YaCTOTHYIO GyHKiuMio Wp(J®) MOXKHO NPEICTABHTS
B BHIlE:

Wh(jo) = Re(w) + j Im(w) = | Wp(jo) | ¢ ™,

tzie | Wa(io) | = V ReX(w) + Im*(®)
Im{@)
(o) = arctg ”
Re(w)

B 3ToM ciiyuae Ha KOMILIEKCHOH ONIOCKOCTH JUIA ONpPEASNeHHON 9YacToThl ©
MOKHO H300pa3ATL BEKTOp JUTMHOMH IWp(jm)I H YIJIOM HaknoHa ¢(o),
OTCYHTLIBAEMBIM OT BEHICCTBEHHOH IONOKMTENILHOH NONYOCH. AMIUTATYIHO-
(hasoBan 9acrorAan XapakTepHCTHKA OyAeT HpeacTarisTh co00H KPHBYIO, KOTOPYIO
OIHCKIBAET KOHEL ITOI'0 BEKTOPa NIPH W3MEHEHHH 4acToTh @ 0T (0 mo =,
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