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1. Ilepeyenn

KOMIETEHIMIA W

YPOBHHM HX C(POPMHUPOBAHHOCTH IO

TUCHMILIHHAM (MOAYJIsIM), MIPaKTHKaM B npouecce ocsoenuss OIIOII BO

B mporiecce ocBoeHHsi 00pa3oBaTENbHONW MPOrpaMMbI y OOYyYaromerocs B XOe
M3Y4YCHUS] TUCIUIUTMHBI «Teopust ynpaBieHus B MHPOPMAIMOHHBIX CHUCTEMAaX» JOHKHBI
chopmupoBathes kommereHuu: OITK-3.

Kpurepuu onpenenennsi chopMUpOBAHHOCTH KOMIICTSHITUI HAa Pa3IMYHBIX YPOBHSIX

ux GopMUpoBaHUs

Munexc xomereHImn

ConeprkaHre KOMIETEHITUN

OIIK-3

Cnocoben pemaTh CTaHAApPTHBIE 3aJadyd  TPodecCHOHATBHON
NeSITENPHOCTH HAa OCHOBE WH(POPMALMOHHOW W OuOIHOrpaduueckoit
KyJbTYypbl C HPUMEHEHHEM HH(POPMALMOHHO - KOMMYHMKAIIMOHHBIX
TEXHOJIOTUH M C YYEeTOM OCHOBHBIX TpeOoBaHMN HMH(DOPMAITMOHHON
0e30MacHOCTH

KOI[ N HAUMCHOBAHHEC
HHIAWKATOpa JOCTHXKCHUA

Bunrl 3ansatuit
1151 GOPMUPOBAHMS

OneHouHsle cpencTBa
IUISL OLIEHKH YPOBHS

KOMITETEHITHH KOMIIETCHIINH c(hOpMUPOBAHHOCTH
KOMIICTCHIINU
NJ-4 OIIK-3 JIEKIIHH, YCTHBIN OTIIPOC,
3HaeT OCHOBEI TCOpHUUn MMPAKTUYCCKUC 3aHATHA, OTYCT IO MPAKTUYICCKUM
yIpaBiieHus] B HHOOPMAITHOHHBIX camocCTosITeNIbHas paboTa, paboTam,
CHCTEMAaxX U yMEET UX IPUMEHATH KypcoBast paboTa BOIIPOCKHI JJISL IPOBEACHUS
B IPO)eCCUOHATILHOM 9K3aMCHa,

JACATCIIbHOCTH

KypcoBas paboTta

YPpOoBHU OCBOCHUSI KOMIIETEHIINI

ypOBeHB OCBOCHHA
KOMIICTCHII

Kpurepuu onieHnBaHus

[TpoxBHUHYTHIH (OTIAMYHO)

3HaeT: OCHOBHBIE MOHATHS TEOPUH YIPABICHUS B MHPOPMAITHOHHBIX
cucremax

VYMmeer: pemats 3a/1a4u, IPUMEHSSI OCHOBBI TEOPUU YIIPABIICHUS B
MH(POPMALMOHHBIX CUCTEMaX Ha MPOJABHUHYTOM YPOBHE

Bnaneer: HaBbIKaMU IIPUMEHEHHUS o pemenus
npodecCUOHATBHOM I TEIbHOCTH Ha MPOJIBUHYTOM YPOBHE

3a7a4

[loBbIIeHHBIH (XOPOIILIO)

3HaeT: OCHOBHBIE TIOHATHS TECOPUH YIPABJICHUS B MH(POPMAITMOHHBIX
cucreMax

VYMmeer: pemarth 3a1a4u, IPUMEHSSI OCHOBBI TEOPUU YIIPABIICHUS B
MH(QOPMALIMOHHBIX CUCTEMaX Ha MOBBIIIEHHOM YPOBHE

Bnaneer: HaBbIKaMU IIPUMEHEHHUS o peleHus
npo¢eCCUOHATBHOMN 1€ TEIbHOCTH Ha MOBBIIICHHOM YPOBHE

3aJga4




[Toporossrii (6a30BbIi1) | 3HACT: OCHOBHBIC TTOHATHUS TEOPHUH YIIPABJICHUS B HH)OPMAIIMOHHBIX
(Y1OBJIETBOPUTEILHO) CHUCTEMAX.

VYMmeer: pemiath 3a/1a4u, IPUMEHSSI OCHOBBI TEOPUU YIIPABIICHHUS B
nHGOPMAIIMOHHBIX CUCTEMaX Ha Ga30BOM yPOBHE

Brageer: HaBbikamu npuMeneHus 110 pemenns 3agaq
npodhecCHOHALHOM e TENHHOCTH Ha 0a30BOM YPOBHE

2. Meroauyeckue, OIEHOYHBbIE MaTepHAJbl W CPeACTBa, ONpeessiioIue
npoueaypsl  OUEHUBAHUS  C(POPMHUPOBAHHOCTH  KOMIIeTEHIUH  (3JIeMEHTOB
KoMIeTeHunii) B npouecce ocsoenusi OITOII BO

2.1 OueHoYHbIE CPeACTBA ISl TEKYIIEro KOHTPOJIs
Bonpocel 1j151 yCTHOr0 onpoca

Tema 1. BBenenne B Teopuio ymnpapjieHusi. Teopusi aBTOMaTH4YeCKOro ymnpaBJIeHUS:
OCHOBHbIE MOHATHA.

1. laiiTe onpenenieHNe «TeOpHsl YIPABICHU», «TEOPUS aBTOMATUIECKOTO YIPABICHUS

2. Jlaiite onpenenenue «cucrema ynpasieHus (CY)»

3. DJIeMEHThI CUCTEMBI YIIPABICHHUS.

4. OyHKUMOHANbHAS U CTPYKTYpHAas CXeMa CUCTEMBI yIIPaBJICHUS.

5. Knaccudukamust cucrem ympapienus. Knaccudukanusi cucteMm ymnpapieHUS MO CTPYKType:
Pa30MKHYTasi CHCTEMa YIIPABICHUS 110 BO3MYIICHUIO, 3aMKHYTasi CUCTEMa B TIOJIOKHUTEIBHON 1 00paTHOM
CBSI3MHU, KOMOMHUPOBAaHHAsI CUCTEMA YIIPABICHHUS.

Tema 2. /IluHamMuyecKHe 3BeHbSI M HMX MaTeMaTHdeckue mojaeau. CBsI3H MeKAy HUMM.
CTpyKkTypHbIe Ipeodpa3oBaHus.

1. lunamMudeckue 3BeHbs U UX Kiaccudukanus, 1uddepeHnnanbubie ypaBHEHUS

2. IlepenaTounas QyHKIMS TUHAMUYECKOTO 3BEHA.

3. CBsA31 MeXly AMHAMUYECKUMU 3BEHBSIMHU U HaXOKACHUE 00IIel nepe1aTOYHON (yHKIUH

4. CrpykTypHBIE TpeoOpa3oBaHus cxXeM (MEepeHoC y3Jla, CymMMmaTopa, mMapayiebHOEe |
MIOCJIEZIOBATEIILHOE COEIMHEHUE 3BEHBEB).

5. CTpyKTypHBIE IPe0Opa3oBaHMs CXeM (CHUCTEMBI C MOJIOKUTEIBLHON U 00paTHOM CBA3BIO).

Tema 3. TunoBbie curHajabl. BpemeHHble U YACTOTHbIE XaPAKTEPUCTUKH JHMHAMHYECKHX
3BeHbEB

1. Tunosble curHanel (¢pyHKUMs XeBucaiga, .QyHkuus Jlupaka, rapMOHHUYECKHE CHUTHAJBl U
IpyrHe.

2. BpeMeHHbIE XapaKTEPUCTUKH — MIEPEeX0Has U UMITYJIbCHAs TIepeXoHas (PyHKIUY.

3. Kakast cBsI3b MEX1y IEPEXOAHOU U UMITYJILCHOM MEPEeXOHON (DYHKITUSIMHU.

4. YacroTHble xapakrepucTuk — AUX, ®UX, AOYX.

5. Jlorapudmmueckuit macmrad. JIAUX, JIOUX.

Tema 4. YcroitunBocts U KayecTtso CY

1. IlonsiTHe yCTOMYUBOCTH.

2. AnreOpanveckne M 4acTOTHbIE Kputepuu ycroWumBocTH. Kpurepwmii I'ypeuna, HaiikBucra,
Muxainosa.




3. KauecTBeHHblE  TOKazaTeaM  CHUCTEMBl  YIOpaBICHHUS:  BpeMsl  pEryJIMpOBaHMS,
NepeperyiupoBaHysi, 3HaUeHUe U BpeMs MEPBOr0 MaKCHUMyMa (4yBCTBUTENIbHOCTH), KOJ1€0aTeIbHOCTb.
[TosicHuTe HAXOXIEHNUE KaXKI0T0 MOKa3aTesl.

Tema 5. KoppexkTupywoiuue ycrpoiicrsa. [IM]] - peryastop

1. KoppekTupytoiiue ycTpoiicTBa: nocieoBaTelIbHbIe U apajulesibHbIe U UX Ha3HAYCHHE.
2. I[TN1-perynsTop U ero COCTaBISIOIHE.

3. Haznauenwue kaxmaoit cocrassromiei [TH]]-perynsropa.



OT14eT 0 NPAKTHYECKUM padoTram

IIpakTnueckas padora 1. AHaiau3 padoTbl CHCTEMBbI yIpaBJeHHSA
(pyHKIHOHAIBLHOM cXeMe

HH/IUBHJ/IYAJ/IbBHBIE 3AJIAHUS

[lo pannoii npuHuMnuanbHoii cxeme CAY u anropurmy e€ paborsl (pHc.
5-28) BBINOIHHTE CCAYIOIIHE ACHCTBHS:

1. Onpeaenuts OOBLEKT PEryJIMpOBaHUS M BCE BO3ACHCTBUS, JAEHCTBYIO-
IHe Ha OOBEKT peryIupoBaHusl.

2. OnpeienuTh OCHOBHBIE (PyHKUMOHAIBHBIE dJ1eMeHThl CAY.

3. Onpejenurs CUrHabl, MOCTYNAKOLME HA CPAaBHUBAIOLIEE YCTPOIHCTBO,
M CHI'HAJI, BBIXOASLIUIT CO CPAaBHUBAOILErO YCTPOICTBA.

4. CocraButh (pyHKUMOHANBHYIO cxeMy. [lokasars Ha QyHKUMOHANBHOI
CXEME BCE 3JIEMEHTbl (DYHKUHOHAIBHON CXEMbl M CHTHAJIBI B3aUMOAEHCTBUS
MEK/1y HUMH.

5. OObACHUTD, KaK YBEJIHYHTH OBICTPOACHCTBHE CHCTEMBI, KAK MMOBLICUTH
TOYHOCTb PEryJHpOBaHUS U KaK YBEIMYHTh 3HAYEHUE PEryIupyeMoro napamer-
pa. OrBeT Ha AaHHBLIN BOMPOC KENATENBHO JOBOAUTH 0 KOHKPETHBIX HHIKEHEP-
HBIX pELUEHMUIA.

6. OnpenenuTs Lenb ynpasieHus.

7. OnpenenuTs aropuT™ YIpaslieHHs.

8. [IpoBecTu KnaccuuKaLMIO 10 3aKOHY PETYIHPOBAHUS.

9. [IposecTy KnaccupUKaLUIO MO HATHYUIO MECTHBIX 00PaTHBIX CBSA3EIL.

10. IlpoBecT kinaccupukaumuio Mo KOJIUYECTBY PEryaIupyeMslX rnapaMer-
poB.

L HPOBBCTH KﬂaCCH(bHKaUHlO 1o omuodkKe B YCTAHOBHBLIEMCS PCIKHME.

o



12. Tlposecty knaccMpHUKAUMIO 10 MCIOJIB30BAHHIO BCIIOMOraTe/IbHOM
SHEPruM U ee BUIY.

13. [IpoBecTH knaccudukauuio no cTabMIbHOCTH NAPAMETPOB CHCTEMBI.

14. IIpoBecTu KnaccH(UKALMIO 110 BULY CHIHAJIOB YIIPABICHUS.

15. IlpoBecTu knaccupUKaLMIO M0 MATEMATHYECKHM NIPU3HAKAM.
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Puc. 5. lpuaumnuansuas cxema Puc. 6. lipuHuMnuanbHas cxema
peryaiMpoBaHus fasiaeHus (sapuaur 1) peryiupoBaHns JaBlieHus (Bapuaur 2)
Mesfpara
Kranax
L —
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— —
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Puc. 7. [IpuHuunuansnas cxema Puc. 8. Ilpunuunuanstas cxema
peryJMpoBaHus JIaBieHus (BapuaHT 3) PeryJIMpoBaHus 1aBjaeHus (BapuauT 4)
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Puc. 9. [IpunuunuansHas cxema
peryJaupoBanus yucia o60poToB JABUraTeNs
(Bapuaur 5)
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Puc. 11. [IpuHuunuanshas cxema
peryjiIupoBaHus 4ucia o0opoToB JABHraress
(Bapuanr 7)

Covor ka
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Puc. 13. llpuHumnuanshas cxema
peryIMpoBaHus HANPIKEHUS B reHeparope
MOCTOAHHOIO TOKA (BapuaHt 9)

Puc. 10. [IpyHumnuanshas cxema
peryJiIupoBaHus yuciaa o00poToB ABUraTes

(Bapuaur 6)

omsaslLEan -4

[gurar ens

Puc. 12. Ipunuunuansuas cxema
peryimpoBaHus yuciaa 000poOTOB ABUraTENs
(Bapuanr 8)

bvot ka
BO3OYXaeHs

Ue.

a ED

[R Pere

Puc. 14. TlpuHumnuaneHas cxema
PeryIMpOBaHHs HANPIKEHUS B reHepaTope
MOCTOAHHOrO TOKa (Bapuaut 10)
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Puc. 15. TlpuHuunuanshas cxema Puc. 16. [IpuHumunuansHas cxema
peryiMpoBaHus yucia o00poTos peryi1upoOBaHHs HANPSAKEHHS
B ABHrarese (Bapuanr 11) reseparopa (sapuanr 12)

Puc.17. IlpuHunnuanbtas cxema Puc. 18. IlpunuunuansHas cxema
PEryIMpoBaHHs TEMIIEPATYPhI peryJIMpoBaHus noBoOpoTa
B CyunibHOM wikade (Bapuant 13) Oawnu TaHka (Bapuanr 14)
GrexT pOHHLIA Mer BT Hott
YCUIMT eMb YOUMT eb

Ry, i
R '
Kanopuep Venons enshsi
LB ar ens
Wgod mo/ = il
R (]
Knana+ Mep

Puc. 19. -Ilpununnuansuas cxema peryiMpoBanus remneparypsl 8 kanopudepe (Bapuanr 15)
—_—



Vnpasnenue rnas-
HBIM [IPHBOAOM

VpasneHue peryimpye-
MBIM PHBOIOM 110134H

biok koppexk-

Uiy

b o o o o e nmed

Puc. 20. Cucrema tepMOCTAOHAM3ALMH B 30HE Pe3aHUs
npu TokapHoii odbpaborke (Bapuaut 16)

Cy
2 3V Y _.‘—O‘ ny
A =

~ Pi=var

A m—
|
ls

Puc. 21. Cucrema a1anTHBHOIO YIIPABASHUA CHIIOBBIM 3aMblKaHHeM (BapuaHT 17)
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Puc.22. Cucrema peryHpoBaHis YacTOThI BpallleHus ABurare/s (Bapuant 18)
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Puc.23. Cucrema aBToMarnyeckoi Puc. 24. Cucrema yrinoBoro conpoBox-
KOPPEKTHPOBKH Kypca (Bapuanr 19) AeHus pajuoreneckona (sapuant 20).
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Puc. 25. Cucrema peryaupoBaHus Puc. 26. Cucrema yrnpasiieHus ABHIKEHHEM

TOJUIMHBI JIEHThI CTAILHOIO NpoKara MaHMOYIALHOHHLIM poOOTOM (BapuanT 22)
(Bapnanr 21)

H nn P(t)
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Puc. 27. Cucrema akTHBHOIO KOHTPOJIs

Puc. 28. Cucrema onpejeneHue paccTosHus
pazmepa npu uuindosanuu (Bapuanr 23)

OT PAJHONOKALHOHHOMN CTaHIIHUK
J0 NMOABMIKHOM Lenu (Bapuant 24)

*#% K kaxmoi cxeme 1aeTcs ONMMCaHue CUCTEMBI YIIPaBICHUS, HAIPUMED:
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Bapuanm 1. [lpu yBenu4eHHHM pacxoja rasa JaB/IeHHE B BBIXOAHOM Mart-
pyOKe YMEHBLINAETCS M 4epe3 COCAMHHMTEAbHYIO TPYOKY nepeaaercs B MOJOCTb
Haa meMmOpaHoif, koropas noja aeicrsuem rpysa Beirubaercs Bsepx. C nomo-
LBIO TArM, COSAMHEHHON ¢ MeMOpaHOii, NOJAHUMAETCS KiIarnaH, OTKpbIBas Mpo-
xoa rasy. Ilocrynaer HoBas nopuus rasa, ¥ JaBJI€HHE B BBIXOJAHOM narpyOke
BOCCTaHABJIMBACTCS.

Bapuanm 2. llpn yBenMYEHHH pacxoja rasa JaB/IeHHE B BbIXOJHOM [aT-
pyOKe yMeHbIaeTcs, W MOpIIeHb ONYCKaeTes BHU3 1o AeiicTsueM rpysa. Bro-
poii KOHEl pbluara NMOAHUMAETCS BBEPX W JOMOJHUTEIBHO OTKPbIBAET KIIAlaH.
[loctynaer HoBast nmopums rasa, ¥ JaBJICHHE ra3a B BBIXOJAHOM narpyOke BocC-
CTAHABJIMBACTCS.

Bapuanm 3. AproMaruyeckas cucrema padoTaer aHaJOrMYHO BapuaHTy 1,
TONLKO Auadparma Beirubaercs BBepX moj AeiictsueM npyxuubl. [Ipu stom
MOJAHUMACTCS KJlanaH, [oCTYINaeT HOBas NMOPLMs ra3a, U JaBJIeHUE B BBIXOJIHOM
naTpyOKe BOCCTaAHABJIMBACTCH.

Bapuanm 4. ApromatHyeckas cucreMa padoTaeT aHaJIOrMYHO BapHaHTy 1,
TONBKO AuadparmMa BelrHOaeTcss BHU3 MO/ ACHCTBUEM MPYKUHBI, OTKPLIBACTCS
KJ1afaH, MocTynaeT HoBas Mopuus rasa, ¥ JaBlieHHe B BBIXOJAHOM narpyoke BoC-

CTaHaBJINBACTCA.

IIpakTuyeckas padora 2. MoaeupoBaHue JUHEHHBIX CHCTEM ABTOMATHYECKOI' 0
ylpaBJieHUsA

Lean padorbI:
1. O3HaKOMHUTBCS ¢ MaKeToM npukiIaaHbIx nporpamm MATLAB 6.5;
2. OcBOUTH OCHOBHBIE IPUEMBI MOJICIIMPOBAHUS CHCTEM aBTOMAaTHYECKOTO YIIPABICHHUS.

MHOPAAOK BBIITIOJIHEHUSA PABOTbHI

1. CocTaBjieHHE CXeMbl MOICJIMPOBAHMA METOAOM NMOHMKCHHUA MOPHAIKA.

[Ipouecc monenupoBaHusi COCTOUT U3 MAaT€MAaTHUYECKOW MOArOTOBKY 33/1a4d U pealu3aluy MOJAEIH
Ha KOMIIBIOTEPE.
COCTaBI/IM MOACIb CUCTCMBI, OHHCBIBaeMOﬁ I[I/Iq)(l)epeHI_[I/IaJIBHBIM ypaBHeHI/IeM 3-FO nop;mKa.
3) ) O Chu® i\
Yy +a,y e +ay” +a,y=hb,u +bu” +byu ()

11



ITapameTpsl Mmoaen:

MMopsinox
wvoxemmn | 20 | 8| & bo | by | by
3 5 4 | 3125|213

HayanbHble ycj10BUSI MOJE/IH:

Hopsigox
MoJIeIn y(0) y¥ (0) y® (0)
n
3 1 -0,2 0,1

Oneparuro qudepeHIMpoBanus B ypaBHeHNH (4) 3aMeHUM oriepatopom Jlamaca, T.e.  d/dt = p:
3 2 2
p'y+a,p°y+a;py+a,y =b,p"u+b,pu+b,u ®)

JIBa>Kabl IPOMHTETPUPYEM TOJyYECHHOE ypaBHEHHUE. J[J1s1 uero yMHOXXUM 00€ ero 4acTH Ha 1/p3. B
pE3yabTaTe MOITYYHM:

1
p 2 p o p oz it bt ©

Pemm ypaBHEHHE OTHOCHUTENBHO Y-

1 1 1 1
y+—-a,y+—-ay+—-ay=—-bu+—

1 1 1 1 1 1
y:_E'aZy_F'aly__s'ao)""_'bzu"'_z'blu+_3'b0u ()
1 1 1
y:B’(_azy"'bzu+B'|:(_aly+blu)"'g’(_aoy"‘bou)}] (8)

Takum o00pa3oM, BbIXOJHAs INepeMEHHas Y MpeICTaBiIeHa B BUJE CYMMbl CUTHAJIOB MpPSIMBIX U
00paTHBIX CBA3EH, IPOMHTETPUPOBAHHBIX COOTBETCTBYIOILIEE YUCIIO pa3.

Cxema MOJIe/IMpOBaHUs, COCTABICHHAs! HA OCHOBE ypaBHEHMs, IIPUBEICHA Ha puc. 1.

OnpenenyM HayaJlbHBIE YCIOBUS UHTETPAaTOPOB.

Jiig yno6cTBa BHIXOAHBIE CUTHAJIBI HHTETPAaTOPOB 0003HAUNM Yepes Z1, Zp U Z3 (cM. puc.1).

N3 cxembl MOJIEIMPOBAHUS CIENYET

y=2, 9)
HO)ICTaBJ'IHS{ HaYaJIbHBIC yCJ‘IOBI/ISI, HOJ‘IyT{I/IM
y(0) =z,(0) (10)
z,(0)=1 (11)
u £ *~> Y
I \ 4
bg b, b,
lbou lblu b,u
1| & 1| 2 1| &
J— _’ J— J—
o P 2 | P 0 | P
ay
a, [E—e
aily




Puc.1 MaremaTtuueckass MOIEIb CUCTEMEL.
Huddepennupyem ypaBHenue (9) u momyqaem

y=12, (12)
Jlanee U3 CTPYKTYpHOU CXEMbI HMEEM
2, =2,+b,-u-a,-y (13)
IloncraBiss B modydyeHHOE ypaBHEHUE BelpaxeHue (12), monydyaem

Z,=y-b,-u+a,-y=y-3-u+3-y (14)
z,(0)=28 (15)

Huddepennmpyem ypaBuenue (14):
y=2,+b,-0-a,-y (16)

N3 cTpyKTypHOU CXEMBI I10Ty4aeM
z,=2,+b,-u—a,-y+b,-u-a, -y (17)

Beimosiasiem nmoacranoBky (16) B (17):

z,=Y-b,-u+a,-y—-b,-u+a,-y=y-3-0+3-y-2-u+4-y (18)
z,(0)=35 (19)

2. Peanu3anusi MaTeMaTu4eckoi Moaesu cucrembl B cpene MATLAB.

s Hadana pabotel B mporpammuoi cpene MATLAB neoOxomumo 3amyctuth (aiin MATLAB
6.5.exe. OTkpoeTcst okHO mporpaMMbl. UToOBI co31aTh 0J0K-CXEMbl 0OBEKTOB UCCIIEOBaHMS (MOEIN),
HYXXHO, IENKHYB 10 Bkianke @aiin (File) rmaBHoro MeHro, B packpsIBIIEMCsl CiMcke BhIOpath New, a
nanee Model. buGnmoreka Simulink oTkpeIBaeTCsI OMHOKPATHBIM Ha)KaTHEM JIEBON KHOIKHM MBIIIH Ha

£

UKOHKY , PACIIOJIOKEHHYIO Ha TaHEIIU CBEPXY.

Wrak, 1ns co3nanus JaHHOW CXeMbl HaM MOHAI00UTCs 6 ycunuTenel, 3 uurerparopa, 3 cymMaropa,
MYJIbTHUIUIEKCOP, T€HepaTtop U ocuuuiorpad. YtoObl HE BBITATMBATH MHOTOKPATHO Ka)bIH 3JIE€MEHT
OJHOTO TUNa U3 OMOIMOTEKH, JOCTATOYHO, IOMECTHB €ro OJUH pa3 Ha I0Jie, C MOMOIIBIO MBIIU U
3axkaToi kHonku Ctrl co3maTh ero Konwio.

Bce srieMeHTBI 0THOTO THIAa HyMEPYIOTCS, 4TO YIPOILIAeT paboTy ¢ OJI0K-CXeMaMHM, OJJTHAKO 3a/1aBaTh
napaMeTpbl KaX10ro 010Ka PEKOMEH IyeTCs TOJIBKO I10CJIE 3aBEPILEHHS COOPKH MOEIIH.

CoenuHeHHE 3JIEMEHTOB OCYILLIECTBISETCS KaK B IPSAMOM, TaK U B 0OpaTHOM MOpsiAKe (BXOA OJHOTO
0JI0Ka COeUHSETCS C BBIXOAOM JIPYroro ¥ Hao0opor). i 3TOro Hy>KHO IMOJBECTH KypCOp MBI K
BBIXOZY (BXOIy) 3JIeMeHTa (CTpenka NpuoOpeTéT BHJ KpecTa) M, Ha)XKaB JIEBYI0 KHONKY MBIIIH U
ylaepxxuBasi €€, MOJBECTH COECIMHUTENbHYI JIMHMIO KO BXOAy (BbIXoAy) Apyroro Oioka. Ecmm
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COCTUHEHHE OBLIO COBEPIICHO HEMPAaBUIIBLHO, JINOO MO-TMPEKHEMY OTCYTCTBYET, JIMHUS MPUOOPETET BUJ
MYHKTHpPa KpacHOTro 1BeTa. [I[ENKHYB 10 3TOM JTHHUK, MOXHO YAalIUTh €€, WM 3aBEPIIUTH COCIUHEHHE,
Kak ObLIO OMKCAHO BHIIIIE.

YroObl BBIXOJBl CYMMATOPOB OBUIM PACIIOJIOKCHBI MOJ MPSIMBIMU YIJIaMH, HEOOXOIUMO B OKHE
3aJ[aHus apaMeTpoB OJI0Ka yaaiuTh U3 criucka 3HakoB (List of signs) pasnenutens | .

IMocie co3manust CXeMbl MOKHO TIPHCTYIIATH K TTAPaMETPU3AIMU €€ 3JIEMEHTOB.

B okHe HacTpoek reHepaTropa Hy)KHO YCTAHOBHTH BPEMsI HACTYILICHHUS Tepemnasa curnaina (Step time)
paBHbIM 0, a KoHeuHOE 3HaueHue curnajia (Final value) pasueim 1.

JInst ycTaHOBJIEHUS KOI(PQPHUINCHTOB YCHICHHS B OJOKAaX YCHJIHMTENCH JOCTATOYHO BBICTABUTH
HY)KHOE 3HaueHue B mosie Gain.

B HacTpoiikax WHTErpaTOPOB yCTAHABIMBAIOTCS HAYaJIbHBIC 3HAYCHHS BBIXOJHOTO CHTHAsa (IMOJe
Initial condition), naiineHnbie B pe3ynbrate pemreHus 1uddepeHnaaTsHOr0 ypaBHEHHS.

il 4:I_,E]
Step

. A . A
Gain 3 Gaint 2 GainZ 3
1 T 1 ¥ 1
B @ * E @ ™ B

Integrator Integrator Integratorz
Zaing

3

Zaind

g

Zaind
5 }‘

Puc.2 Peanuzanus matematndeckoit mogenu CAY B cpene MATLAB.

3aBepIAOLIMM 3TAalloM B UCCIIEIOBAHUN MOJIEININ SBJISIETCS MOTy4YeHUE €€ BBIXOIHBIX XapaKTEPUCTUK
(B HamieM cilydae 3TO XapaKTEPUCTHUKA TepeIaTOYyHON (YHKIMH W TpaduK BXOJHOTO BO3JIEHCTBHSA),
KOTOpBIE TTO3BOJISIET BBIBECTH HA AKpaH ocimiuiorpad. [ns 3Toro HeoOXoauMo HakaTHeM KHOTKH Start

simulation * 3aMmyCcTUTh PabOTy COOpPaHHOW CXEMbl. 3aBepIlCHHE CUMYISALUN COMPOBOXKIACTCS
XapaKTepHbIM 3BYKOM. Temepp MOXXHO IOCMOTPETh pe3yibTaThl, JABAKIbl IIEIKHYB Ha OJIOKe
ocuusuiorpada (puc.3).
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r Scope E]@W

SB LPLL ARBE B L &

Puc.3 XapakrepucTuku ucciaeayeMon MoIEH.

[lanenb HHCTPYMEHTOB coAEepKUT 11 KHOIOK.

RBOOo~NoGO~LNE

11.

0.

Print — me4aTh coep>KUMMOro okHa ocuuuiorpada.

Parameters — noctymn k OKHY HACTPONKH MMapaMeTpOB.

Z00m — yBeau4eHHe MaciTada mo o0eumM ocsM.

Zoom X-axis — yBeJIn4eHre MaciTada 1o ropu30HTaILHON OCH.

Zoom Y-axis — yBeJanueHHe MaciiTada 1mo BEpTUKaIbHON OCH.

Autoscale — aBromaTuyeckas yCTaHOBKa MaciiTaboB 10 0OEHUM OCSIM.

Save current axes settings — coxpaHeHHe TEKYIIUX HACTPOEK OKHA.

Restore saved axes settings — yctaHoBKa paHee COXpaHEHHBIX HACTPOCK.

Floating scope — nepeBoj ocumiorpada B U3MEHSOIIUICS PEXKKUM.

Lock/Unlock axes selection — 3akpenuth/pa3opBaTh CBsI3b MEXKIY TEKYILEH KOOPIUHATHON
CHUCTEMOW OKHa M OTOOpa)kaeMbIM cHUrHasoM. OIIUS JOCTYITHA, €CIU BKIOYCH PEKUM
Floating scope.

Signal selection — BeiOOp curHamoB s orobpaxenus. OMIMs TOCTYIHA, €CIIM BKJIHOUYCH
pexxum Floating scope.

Hsmenenune macradboB OT06pa)KaeMI>IX Fpa(i)I/IKOB MO’KHO BBIITOJIHSATE HECKOJIILKMMH CIIOCOOaMH:

1.

HasxaTh COOTBETCTBYIOIIYIO KHOMKY (Z00mM, Zoom X-axis, Zoom Y-axis) u mEIKHYTh OJIUH
pa3 JeBOi KHONKOM MBI B HYKHOM MecTe rpaduka. [Iponsoiaér 2,5-kpatHoe yBeianueHue
Maciuraoa.

HaxaTh cOOTBETCTBYIOLIYIO KHOMKY (Z00m, Zoom X-axis, Zoom Y-axiS) u, HaxaB JCBYIO
KHOINIKY MBIIIHY, C TMOMOIIBIO TMHAMHUYECKON paMKH WIHM OTpe3Ka yKa3aTh 0o0JjacTb rpaduka
U1 YBEITMYEHHOTO U300 paXKeHHUsI.

[[{énkHyTh TpaBOM KiIaBUILIEH MBIIM B OKHE TIpauKoB U BbIOpaTh KoMaHAy AXeS
properties... B KOHTEKCTHOM MeHI0. OTKpOETCs OKHO CBOWCTB Tpaduka, B KOTOPOM C
MOMOIIIBIO TTapaMeTpoB Y-MIiN 1 Y-Max MOKHO yKa3aTh Mpe/elibHbIe 3HAYCHUS BEPTHKAIBHOM
ocu (puc.4).
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-

‘Scope’ properties: axis 1 g
“f-rnirr; | 0 mas | 1.2

Title [#<5SignalLabel:' replaced by zignal name]:
| Z<Signall abel>

] | Canicel | Apply |

Puc.4 OkHo cBOHCTB rpaduka.

AHanu3upysi TMOJYYEHHBIC XapaKTEPUCTHKH, Mbl BUAMM, 4TO rpaduk BxomHoro curHama U(t)
SIBJSIETCSL CTYNICHYaThIM W B MOMEHT BpPEMEHH, paBHBIA HYJII0, MMEET 3HaueHwe |, Kak U ObLIO
YCTAaHOBJICHO B HAaCTpoOiikax reHeparopa. Beixomnoit curnan Y(t) (mepemarounas XxapakKTepHCTHKA) — 9TO
peaKIHs UCCIIeyeMOil CHCTEMBI Ha BXOJJHOE BO3JCHCTBUE. 3/1€Ch MOKHO OTCIICAUTh BPEMs IIEPEXOIHOTO
IpoIiecca U BBIYUCIUTh AMIUTUTY/y CUTHAIA.

Yr1o0Obl 337aTh BPEMEHHOW HHTEPBAI CHUMYISIHMH, KOTOPHIH MO yMoidaHuio paBeH 10 cexyHmam,
HY)KHO B MeHio Simulation BeiOpats smement Simulation parameters (wmm cpasy naxarts Ctrl+E).
OTkpoeTcs maHelb ynpaBlieHus mapaMeTpamu cumyisiinn. Ha Brmagke Solver B rpynme Simulation time
(Mnmepsan modenuposanuss) MOKHO 3aaaTh HadaimpHOe (Start time) u xoneunoe (Stop time) 3nauenus
BpeMenu. HauanbHOe BpeMsi, Kak MPaBuUIIo, 3a1aETCs PABHBIM HYJIO.

MHOPAAOK BBIITIOJIHEHUSA PABOTbHI

1. OsnakoMuTbcss ¢ MatematmdeckuM maketom MATLAB, npunoxenuem Simulink  u
KOMITOHEHTaMH €ro OMOIHOTEK.

2. B cooTBeTCTBHU ¢ BapHaHTOM 3a1aHus (CM. Ta0I.1) MOCTPOUTH CXeMy MOACIHPOBAHUS JIMHEHHON
CHCTEMbI aBTOMaTH4YECKOTO yIPaBJICHUs, UCTIONB3Ys ypaBHeHHE (1).

3. OcylecTBUTh MOJICITMPOBAHKUE CUCTEMBI IIPH BXOTHOM BO3JICHCTBUU: u = 1(t). Hayanbuble
ycioBusi HyneBble. Ha Monutop BbIBOAMTH Tpaduku curHaioB Y(t) u u(t). IlpomomxutensHOCTH
MHTEPBAJIOB HAOIIOACHUSI BIOPATh CAMOCTOSITENIBHO.

4. OcyliecTBUTh MOJCIHPOBAaHHE CBOOOTHOTO IBIKCHHS CHCTEMBI C HEHYJCBBIMH HadallbHBIMH
ycaoBusiMu (cM. Ta611.2). CHsTh Xapaktepuctuku U(t) u y(t) cucTeMbl aBTOMATHUECKOTO YIIPABIICHHS.

Tabauna 1
BapunaHTbl napamMeTpoB Mozenei
Bapuant | 1 | 2 | 3| 4 | 5] 6] 7[8]9]10] 11
Hopanok |5 3 1 3| 31 31 2| 22122/ 2
MOJEIH N
ao 9o | 5|8 7|15 7|21 1]|25]23]012
Yl 6 | 4| 6| 5|5 | 3|05/05|] 1 08| 1
a 32210 -1 -1]-1]-1=-/- -
bo 127501211015 | 10| 4 | 2 | 25| 30 | 01
by 2l ol 1] 3056 |2]2]2]:3 2
b, 01| 51015/ 1] 0|00l o] 0| o
TaOmuma 2

BapuraHTbI HAaYaJIBHBIX YCIOBUI MOJEIIEH
| Bapwanr | 1 | 2 | 3| 4 |56 | 7] 8 | 9 ]10]11]
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ITopsmox
MoJIenH N

yoo | 1] 1 | 1] 1 |1]1]1]1]1]1]1

y® (0) 05| -04 [01|-05[05[04| 1 |-05| 0 [05]| O

y® (0) 002 l-01] 0o |o1]| - |- | - | -1-1-

IlpakTuueckass  padora 3. TunoBble JMHAMHYECKHE 3BeHbSI  CHCTEM
AaBTOMATHYECKOI'0 YINIPABJICHUSA

HCHB paGOTBIZ HUCCIICAOBAHUEC TCPCXOAHBIX XAPAKTCPUCTUK U AUHAMHYCCKUX CBOMCTB THIIOBBIX
3BCHBCB CUCTCM aBTOMATHUYCCKOI'O YIIPAaBJICHUA.

HOPAAOK BBIIIOJIHEHUSA PABOTDHI

1. ITocTpouTh CXEMBI MOJICTUPOBAHUS TUHAMHUYECKUX 3BCHBEB!
- UHTETPUPYILIETO;
- UTHTETPUPYIOIIETO C 3ama3/IbIBaHHEM;
- U30JIPOMHOT0;
- peanbHOTO AH(HEPEHITUPYIOIIETO;
- aIIepUOIUYECKOTO MEPBOTO HOPSIIKA;
- aTIepUOIUYECKOTO BTOPOTO MOPSIKA;
- K01€0aTeILHOrO;
- KOHCEPBATHBHOTO.
2. [TapameTpsl 3BeHBEB YCTAHOBUTH B COOTBETCTBUU C BAPHAHTOM 3a1aHus (cM. Tabi.1.)
3. OcyIecTBUTh MOJCIUPOBAHUE U CHAThH MEPEXOJHBIC XapaKTEPUCTUKU THUIIOBBIX JTWHAMHYECKUX
3BEHBEB.
4. Ilns kosebaTenbHOTO 3BEHA ONpEACIUTh 3HaYeHUue KoddduuumeHta 3aryxanus {, Mpu KOTOPOM
BpeMsI [IEPEXOIHOT0 Tporecca OyaeT MUHUMAaJIbHBIM.
5. CnenaTh CpaBHUTEIIbHBINA aHATIN3 PE3yIbTATOB MOJICITUPOBAHHSI.
Tabmuna 1
[TapameTpsl JMHAMUYECKHUX 3BCHHCB

Bapuanter 1 2 3 4 5) 6 7 8 9 10 11
K 5 10 4 1,5 3 10 14 5 4 1 2
T 2 5 1 0,2 3 5 5 1 04 1] 02 | 0,2
T 3 4 2 0,4 6 3 6 2 02| 03 | 0,25
T, 1,3 1 08 ]1045| 1 1,1 141 | 1 031103 ]| 0,3
c 02]104]05|025|02(025] 03 |04]| 06| 05 |0,55

IIpakTHueckas padora 4. [loctpoenne MaTeMaTH4YeCKUX MojeJieil 3JIeMEHTOB
CHCTEM YyIPaBJICHUS

HeJ'H)IO )I&HHOIZ pa6OTLI ABJIACTCA OCBOCHHUEC IPOCTBIX MATEMATUUCCKHUX Moneneﬁ 9JICMCHTOB
CHUCTCM YIIPpABJICHUL.

HHOPAAOK BBIITOJIHEHUSA PABOTBI
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HYCTB JaHa CUCTCMa YIIPABJICHUA

Pp g € ul u2 P X
| Way(p) —> vy » Woy(p) Woy(P) L2 5] wpy(p)

\ 4
A 4
\ 4

Puc. 12. CTpyKTypHaa cxema cMCTeMbI YNpPaBAEHUs C OTPUL,ATENbHOM 06PaTHOM CBA3LIO.

Ha cxeme 0003HaueHO:

W .
m(P)_ nepenaTtouHast (PyHKITUS JaTYNKa TOMEPEUHON CHUITBI Pe3aHus, MPeoOpa3yroIero 3HauYeHIe
MOTIEPEYHOMN CHIIbI pE€3aHUS B BHIXOJAHOW CUTHAJ JIaTYHKA.

W .
Hl( p) - HepeaaTouHasn (bYHKHI/IH JaTdrKa IMOIICPCUYHON CUJIIBI pE3aHus, npeo6pa3y}0mero 3HAa4YCHUC
HOHCpG‘IHOfI CUJIBI PC3aHUSA B BLIXOL[HOﬁ CUT'HAJI JaTyHKa.

Wi2(P) nepeaTovHast GyHKIUS TaTYMKa YCUIIHS Ha IITOKE MIIMHAPA, MPeodpa3yomero JaHHoe
yCUJIME B BBIXOJHOM CUTHAJ 1aT4YHKA.

VYV — ynpasnsitoniee ycTpoicTBO, nepeaaTodHasi yHKIHsS KOTOPOro OyneT BHIOMpAThCs MpU pacueTe
peryssTopa.

W, (p)

W, .
oy( p) - [IepeaaTouHad (bYHKHHH 00BeKTa YIIPpABJICHHUSA, BKIIFOYAOLICTO 3JICKTPOTUAPABINYCCKUU
YCUIIUTEIIb U FI/I)IpaBJ'II/I‘IGCKI/If/'I OUIAHIAP.

- [IepeaaTouHasd (I)YHKI_[I/IH SJICKTPOHHOI'O YCUIIUTCIIA.

1. 3apate 3HaUEHUE UM BO3MOKHBIN 1MaNa30H U3MEHEHHS PETYIUPYEMON BETUYNHBI.

2. ITocTponTh MaTeMaTHYECKYIO MOJIENb JaTYHKA.

- BriOpaTh quana3oH U3MEHEHUs] BXOJHOI'O CUTHANA JaTYMKa, KOTOPBIA J0JKEeH ObITh paBeH WM
IMpPE BO3MOKHOIO IMAINa30Ha U3MEHEHHUS PETYIUPYEMON IEPEMEHHOM.

- BriOparh TN JaTuMKa W Mana3oH W3MEHEHHUs BBIXOJHOW BEIMYMHBI JHaTduKa (A7 JaTyuka ¢

U,=0+5B P, =0,2+1kec! mm®
3IEKTPUYCCKUM BBIXOJOM , JUISL JaTYMKa C THEBMATHYECKUM BBIXOJOM :

- [locTpouTth cTaTHYECKYI0 XapaKTEpUCTUKY JaTUMKa M ONpPeaeiauTh Kod(h(UUIUEHT neperayu
JaT4yuKa.

- [Io ycJ0BHBIM MACHOPTHBIM JaHHBIM JIaTYMKa OINpPEAEIUTh BPEMs BbIXOJAa BBIXOJHOTO CHUTHaja
Ha YCTaHOBHBILICECS 3HAUEHUE U OINPENENUTh MOCTOSHHYIO BPEMEHHU JaTyuKa (IPU YCIOBUU HACTPOHKHU
JATYMKA HA YKCIIOHCHIIMAIILHBIN MEPEeX0qHON MPOIIece),

- [locTpouTts nepenaTouHyro (PyHKIUIO 1aTYHKA.

3. 3amaTeCsd THUIIOM 33JAIOIIETO YCTPOWCTBA (IMMOTEHIIMOMETpP, ITHEBMATHYCCKHHN 3aJaTUYHK,
KOMIIBIOTCD U IIp) C BBIXOAHBIM CHUTHAJIOM, COOTBCTCTBYIOIIIMM BBIXOAHOMY CUTHAJIY JdaTivKa H
AJIEMEHTOM CpaBHEHHs AJI OIpe/eseHUs OIIMOKU perynupoBaHus. IIpu HECOOTBETCTBUHM CHUTHAJIOB
UCIOJIb30BaTh Ipeo0pa3oBaTenb Ui NpeoOpa3oBaHUS BBIXOJAHOTO CHTHAJIA JaT4yuka B CHUTHAI,
COOTBETCTBYIOIIMN 3aJaTYMKy M DJIEMEHTY CpaBHEHMs. 3amucaTh ypaBHEHHUE JJIEMEHTa CPaBHEHUS
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CUCTEMBI.

4. [locTpouTh MOJIENN BCEX APYTUX DJIEMEHTOB CHCTEMBI.

5. 3aaTh 3HAUYEHUS BXOJHBIX M BBIXOJHBIX CUTHAJIOB. 3HAUEHUS BXOAHBIX CUTHAJIOB Ul HUX, KaK
IIPABWJIO, ONPEICIICHbl 3HAYCHHMSMM BBIXOJHBIX CHUTHAJIOB IPEIBIAYIIErO 3JeMeHTa. B mpoTuBHOM
cilyyae HEOOXOJMMO JONOJHHUTENBHO HCIIOJIB30BaTh MPeoOpa3oBaTh AJIs MPeoOpa30BaHUs BBIXOJHOTO
CUTHAJIA MPEABIAYIIETO 2JIEMEHTA B BBIXOJHOW CUTHAJI IIOCIEAYIOIIETO DJIEMEHTA.

- Ilo >TUM JaHHBIM TOCTPOMUTH CTATHMYECKYIO XapaKTEPUCTUKY M ONpPEAeIUTh KOo3(pduuneHT
Iepeiayy dJIEMEHTA.

- 3aaTbCs KPUBOU IIEPEXOAHOTO IIPOLECCA, YCIOBHO MOIYYEHHOTO IIPH M101a4e Ha BXOJ, 2JI€MEHTa
CTYNEHYATOT0 BXOJHOTO CHTHAJIA.

- Ilpu 5SKCIOHEHIMAIBHOM NEPEXOJHOM IIPOLECCE IO IOJNYYEHHOM KpPHUBOW OIPEIEIUTh
MIOCTOSIHHYIO BPEMEHU 00BEKTa M 3alMcaTh MOJEIb OOBEKTa MEPBOIo MOPsAAKa; CIETyeT OTMETUTh, YTO
M0 KPUBOM TMEPEXOJHOr0 MpOoLEecca MOXKHO OINPEASIUTh U KOI(PPUIMEHT mnepenayn M IMOCTOSHHYIO
BPEMEHH DJIEMEHTA.

- Ilpm koneOareabHOM MEPEXOAHOM MPOLECCE MOCTPOUTH MATEMAaTUYECKYIH0 MOJENb IO
M3JI0’KEHHOM BBIIIIE METOJIUKE.

- IIoCTpOHUTH CTPYKTYpHYIO CXE€MY CUCTEMBI YIIPABICHUS C IOJYYCHHBIMM MAaTEeMaTUYECKUMHU
MOJIEIISIMU U TNANla30HaMHU U3MEHEHUSI CUTHAJIOB I10 NIEPEX0/IaM CUCTEMBI.

6. OTtuer o npojenaHHON paboTe NOKEH COJAepKaTh Ha3BaHUE NMPAKTUIECKOH paboThl, 3aJaHue,
CTPYKTYPHYIO CXEMBbl CHCTEMbl YIPABICHHUS C YCIOBHBIMH O0O3HAUYEHUSMHU NEPEAATOUHBIX (YHKLUH,
IIOCTPOECHHUE MATEMAaTUYECKUX MOJEJIECH IEMEHTOB HAa OCHOBAHMM IACIOPTHBIX U HKCIIEPUMEHTAJIBHBIX
JAaHHBIX, CTPYKTYPHYIO CXEMY C MOJY4YE€HHBIMU NEPEJaTOYHbIMU (DYHKIUSAMH, COIJIACHO MPUBEJCHHOMY

IIpUMEDY.

IlpakTuueckass padora 5. MHccienoBaHue YCTOWYMBOCTH JIMHEHHBIX CHCTEM
AaBTOMATHY€eCKOI0 YIPaBJIeHUS

NOPsAIOK BbIITOJIHEHHU S PABOTbI

1. 3anucaTh 3aJaHHOE XapaKTEPUCTHYECKOE YPAaBHEHHE COIVIACHO HOMEpY
BapuaHTa tabn. 4.

2. 3anucars onpejenurens ['ypBuna B 4MCI0BOM BH/IE.

3. Beinucars MuHOph! ['ypBULIa U OnpeAenuTs X 3HAYEHUS M C/eNaTh Bbl-
BoA 00 ycroituuBoct CAY.

4. Onpenenuts 3HauYeHHe Beex koa(puuuenToB Tabauis! Payca.

5. CpaBHUTb noiy4eHHOE 3HauyeHHe Kod(puuueHToB nepsoro crondua Tad-
auuel Payca ¢ oTHOLIEHHEM Mexy MUHOpamu onpeaenurens ['ypeuua.

6. [lonyunTs U3 3aJaHHOrO XapakTEPHCTHYECKOrO YPABHEHUS BbIPaKEHUE
U1 BEKTOPA Ha KOMILIEKCHOM IJIOCKOCTH.

7. BblaenHTh MHUMYKO M BEIIECTBEHHYIO HacTH JIi BEKTOpa Ha KOMILIEKC-
HOI1 TUIOCKOCTH.

8. Iocrpouts rogorpad Muxaiinosa.

9. OnpenennTs KOPHH MHHUMOI M BELIECTBEHHOI 4YacTeil BhIpaKeHHs UIA

BEKTOpa Ha KOMILIEKCHOMH MJIOCKOCTH.
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Tabnmua 4
BapuaHnTs! 3a1aHuit

Bapuant [lapamerpsl

W) T K T: T; d
| K 02 | 15 | 20 - -
2 el 04 | 30 | 16 = =
3 02 | 20 | 20 | 14 o
7 e 01 | 12 | 08 | 25 | -
5 04 | 10 | 25 | 40 .
6 — X 01 | 14 | 22 = 0.8
7 Uit de 02 | 16 | 30 - 0.7
8 K 04 | 19 | 125 i -
9 p-p+l) 0,6 40 | 255 : :
10 K 02 | 20 | 20 | 14 -
11 (Bi-p+1) (L p+]) 0.1 1.2 0.8 2.5 =
2 04 | 10 | 25 | a0 =
13 i 02 | 20 | 20 | 14 N
14 (T,-p+ 1) (T, - p+1)° 0.1 1.2 0.8 2.5 =
5 04 | 10 | 25 | a0 =
16 K 02 | 15 | 20 - N
17 P (T pH1)’ 04 | 30 | 16 . .
I3 X 04 | 19 | 125 : :
19 p (@ -p+1)’ 06 | 40 | 255 - =
30 02 | 20 | 20 - .
20 K 06 | 40 | 255 : -
2 (Tip+ )’ 02 | 20 | 20 . ~

IIpakTnueckas padora 6. Hacrpoiika peryasitopoB mo rpapukaM mnepexoaHbIX

npomnecca
[lenbto paboTHI ABISETCS OCBOCHHE METOAMKU HACTPOMKHU NMPOMBIIUIEHHBIX PEryIsTOPOB MO rpadukam
NEPEXOIHBIX IIPOLECCOB.

IMopsinok BHINOJHEHHUSI PA0OTHI

HcxonHpIMU TaHHBIMU 1JIs1 TIPOBEJCHUS PAa0OTHI SIBISIOTCA CTPYKTYpHAsl cXeMa aHaJIM3UPyeMOi
CUCTEMBI yIPABJICHHSI U MAaTEeMAaTHUYECKHUE MOJENH IJIEMEHTOB CUCTeMbl. [1opsSaoK BBITOIHEHUS PabOThI
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paccMOTpeH Ha IpuMepe BHIOOPA HACTPOEK PETyasTOpa AJIsi CUCTEMBI YIPABJICHUS, CTPYKTYpHast cxema
KOTOpPOM ITPUBEJIEHA Ha PUC. 7.

1. Toaroroute B cucteme Simulink makera MatLab moxens mis MomenupoBaHUsT pabOTBI CHCTEMBI
ynpasieHus (puc. §).

1. Bessats nporpammer MatLab, Simulink.

2. B Simulink coznate HoByt0 mozens (File / New) u 3amucars ee Ha jKeCTKHI AUCK (MM 3a]aTh

AHTJIMACKUM TIpUPTOM).

3. U3 6ubaumorexu Simulink mepeBectu B MOi€Ib HEOOXOAMMBIC SIIEMEHTHI:
e TUHAMHUYECKOE 3BEHO C TNepeAaTouyHod (yHKIHen Continuous / Transfer Fcn (bmoxk
HEMpPEPBIBHBIX 3JIEMEHTOB/ IIepeiaTouHast QyHKIIHS);
e cymmarop Math Operations/Sum (MaTeMaTuyecKue oreparyu / CyMMarop);
e [TU/] perynsrop Simulink Extract/Addilional Linear/PID Comtroller;
® JCTOYHUK CTYIIEHYATOro CUrHana Sources / Step (MCTOYHHUKU/MCTOYHHK CTYIIEHYATOr0 CUIHANA);
e ocmmutockon Sinks / Scope ( u3amMepuTtenbHbIe TPUOOPHI/ OCHUIIIOCKOIT).

2. Ilyrem momy4enus konuit snementoB (Ctrl + neBast KHOIKa MBIIIN) U UX TIEPEHOCA COCTABUTH CXEMY
JUIL MOJIENTUPOBaHUSI cUcTeMbl. COEMHATH AIIEMEHTHl COTJIACHO CXEME ITyTeM NPOTACKHBAaHUS JIEBOU
KHOIIKA MBIIIM OT BBIXOJA MPEABIIYIIEro 3JeMEHTa K BXOAy TNocieayromero. [Ipu mpaBHIbHOM
COCAMHEHHH Ha CXeMe MOsBIsIeTCS YepHas JIuHHA (cTpenka) cBsizu. [losBiIeHne KpacHOW MITPUXOBOM
JMHUM O3HAa4YaeT, 4TO CBs3b HE YycTaHOBJICHAa. HeoOXoaMMoO Hayallo WM KOHEIl JIMHUU JOBECTH
COOTBETCTBEHHO JI0 BBIXOJa MPEIBLAYIIETO WM BXOJa IOCIEAYIOUIETO 3J1eMeHTa. MOXXHO YIaluTh
KPACHYIO JINHHIO U TOBTOPHUTH TIOCTPOCHHE JINHUH CBSI3H.

Pa3BeTBieHHe NMHUM TPOU3BOAMTCS ITyTEM IPOTACKUBAHHS MBIINK HpU HaxaToil kHomke Ctrl.

[ToBOpPOT TMHHUU TPOU3BOIUTCS MYTEM OTIYCKAHWS W TOBTOPHOTO HAXKATHS JICBOW KHOIKU MBIIIH B

MecTe TIOBOPOTA.

3.BBecT mapameTphl DIEMEHTOB IyTEeM HAXKATHS IPABOM KHOIMKH MBIIIM W BHIOOpA CTPOKU TMapamMeTpoB
(parameters) KOHKPETHOT'O JIEMEHTA B IUAJIOTOBOM OKHE:
o koodduuuents! yncaurens (Numerator) u 3namenarenst (Denominator) nepegaTo4Hol GyHKINU
JTUHAMHYECKHX 3JIEMEHTOB (B KBaJpaTHBIX CKOOKax uepes mpoben);
e HacTpoUTh OIOK Moja4u cTyneHdatoro curHana Ot€pl nns obecneuenus cTymeHYaToro

M3MEHEHHUs 3aJaroliero Bo3aeicTBus oT 0 70 1 B MOMEHT BpeMeHHU t=2;

® YCTaHOBHUTH 3 BXOJa JJsl OCIMUIJIOCKONA -  JIBOWHOW IIETYOK HAa OCHUIUIOCKONE/ KHOTKA
MmapaMeTphl/ONIns - KOJWYECTBO ocel 3. BrIBeCTHM Ha OCHIIIJIOCKON 3aJaroliee BO3JCHCTBHE,
BO3MYIIAIOLIEE BO3/ICHCTBUE U BBIXOJHON CUTHAJI CUCTEMBI;

e mis PID perynsTtopa BBecTM HayaidbHbIe 3HA4YeHUS KOY(PQPHUIIMEHTOB MPONMOPIHMOHATBEHOMN

COCTaBJISIIOIIIECH kp =1, MHTETPAJIbHOM  COCTaBIIAIOLIEH ki =0 u  auddepeHnraIbHON

coctasromeit Ky =0.
4. MopenupoBanue pabOThl CHCTEMBI IIPU €AMHUYHOM CTYIEHYATOM 3a/IaI0IIEM BO3ICHCTBHH U MOI00D

K03 pHLIHEeHTa MPONOPIMOHATFHON COCTABIAIONICH perynsaropa kp .

[Ipu BBeneHHBIX KOA(PPHUIMEHTAX PEryiasTopa HakaTh KHOMKY «Start simulationy mns 3amycka
IpoLexypbl MOJEIUPOBAaHUS PabOThl cucTeMbl. [locie OKOHUaHUS IMKJIA MOJEIMPOBAHMS ClHENATh
JBOWHOMW MIETIOK JIEBOW KHOMKH MBIIIM Ha ocimuiockone. s ynoOcTBa mpocMoTpa rpadukoB HaXKaTh
KHONKY aBTOMaciiTabupoBanus Autoscale (ma kHomke u300pakeH OWMHOKIL). Ha puc. 9 mpusenen
NEPEXOHBIN mpolecc Uil HccaenyemMoil cucreMbl. [lepexoaHblil mporecc pacxoisiuicsa. ITo
O3HavaeT, uTo 3HaUeHue KodppuimenTa perysnartopa K, =1 umeer caumkom 607IbIIOE 3HAUEHHE.

VYMenbmaeM Kod(pUIMEHT NpH MPOMOPLUOHAIBHON COCTABIAIONICH pPErynsTopa 10
YCTaHOBJIEHHS. ~ YCTOMYMBOIO  KOJIEOATENBbHOrO  3aTyXaloIero  IEpPexXOAHOro  mpouecca ¢
nepeperyIupoBaHueM 0=20+30% (mpu MamoM 3HAUYEHUH BBIXOAHOTO CHTHAJa, HA0OOPOT,
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HEOO0XO0MMO YBENIUYHMBATh KO GUIMEHT peryastopa). Ha puc. 10 npuBeneH nepexoaHoi npouecc npu

Puc.9. MepexoaHom npouecc cuctembl No 3agatowemy sosaeictemio npu k) =1, k; =0,k; =0

k, =0,001. Crucrema nmeer 3aTyxarommuii IepexoHOH MPOIECC C TOMYCTHMEIM ITEPEPEryTHPOBAHIEM,

HO HE€ BBIXOAMUT HA 3a1aHHOC 3HAYCHUC g = 1 , 3a1aBa€M0O€ HCTOYHHUKOM CTYIICHYATOI'O CUTHAJIa Stepl .

Puc.10. MepexoaHOM NpoLecc cMcTeMbl NO 3a4atoWemMy BO3AeNCTBUIO

npu k, =0.001, k;=0,k, =0
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VYBenunuenue ko3¢ duireHTa K p YBEJIMYUBAET BBIXOJHOM CUTHAJ, HO YBEIMYMBAET U KOJIEOATETLHOCTD,

4TO HCAOITYCTHUMO. VMmenbmeHue kp YMCHBIIACT KOJ'Ie6aTeJ'II>HOCTB, HO YBCIMYUBACT OTKIIOHCHHC

BBIXOJTHOM HepeMeHHOﬁ OT 3aJaHHOr0 3HadeHHus. Takum 06p330M, HallICHO ONTHUMAaIbLHOE

MpeIBapUTENIbHOE 3HAUCHHE k p perynaropa. BeiBoa perynupyemoii mepeMeHHON Ha 3aJaHHOE 3HAYCHHE

MMPONU3BOAUTCA C IOMOLIBIO HHTeraﬂBHOﬁ COCTaBJIAIOINICH.

5. Bri0op 3HaueHus KO3 PUIMEHTa HHTETPATbHON COCTABIISIONICH PerysTopa.
BBonum manoe 3HaueHue Kod(pOUIIMEHTa WHTETPATBLHOM YacTH, YTOOBI MEPEXOIHOW mpolecc ObLT
ycroiuuBeldi. Ha puc. 11 mnpuBeneH mnepexomgHol mpolecc HUCCIEAYEMOH  CHCTEMBI  IIpU

kp =0.001, k; =0.001 . Cucrema crama BHIXOAWTH Ha 3aJaHHOE 3HaueHHE § =1, HO MMeeT GOJIBIIOE

BpCMA IICPEXOAHOI0 Iponecca. IToctenenno yBCJIM4YHMBasA ki , ,Z[O6I/IBaeMC$I MAaKCHUMAJIbHOT'O CHMIXKCHUA

BPEMCHU PErYJIMPOBaHUS TPHU JIOMYCTUMOM 3HAYCHUHM IEPEPEryJUPOBAHHUS CHUCTEMBl W YPOBHS
KOJIe0aTeIbHOCTH (KOJIMYECTBO KOJIeOaHM Ha MPOTSHKEHUU TTEPEX0IHOTO Tpoliecca He bonee 2-3) (puc.
12). OoOpamaem BHUMaHHE, 4YTO KOJeOaHUsS TMPOJOIDKAIOTCS [0 TEKYHIero 3HA4YeHUs BpPEMEHU

{= 7.5cel<, HO BpEMS pPETYIUPOBAHUSA CYHUTAECTCSA IO IOIYYECHUSI 5%  oumGku peryaupoBaHus.
CrnenoBaTebHO, IEPEXOIHBIN MPOIIECC JTUTCS OT t = 2cex - momenra Hauana IIEepPEXOAHOr0 IIpoleccea -

po t=06cex re. t, =4cex.

pez

Puc.11. MepexoaHOM NPOLECC CUCTEMbI MO 334at0LemMy BO3AeNCTBUIO

npu k, =0.001, k; =0.00L,k, =0
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Puc.12. MepexoaHoit Nnpouecc cMCTeEMbI MO 3a4atoWwemy
BO34ENCTBUIO

k, =0.001, k =0.003k, =0

6. Beibop 3HaueHus kodddurmenta quddeperaibHOi COCTaBISIONIeH perynstopa. HaunHas ¢ Maibix

3HaYeHUH, yBelInuuBaeM Kod(pGUIUEHT npu AUQQepeHINaTbHON COCTABIAIOMIENH peryasTopa kd )51

JIOOMBAaEMCsl YMEHBIIICHHS CTETeHH KOJe0aTeIhbHOCTH M BPEMEHH IEPEeXOJHOr0 Tpollecca BhIXOa
CHUCTEMBI Ha 33JaHHOE 3HAUECHHUE.
Ha puc. 13 npuBeneH nepexoaHblid MPOLECC CUCTEMBI O 3a/AI0MIEMy BO3JICHCTBUIO NPU 3HAYECHUSIX

xoo¢dmmenta perymsropa K, =0.001, k; =0.003,k, =0.001. Bpemst nepexoaroro mpouecca octanoch

MPEKHNM, HO CTETIEHb KOJ1e0aTeNbHOCTH U MepePEryIMPOBaHUE CHCTEMbI CHU3HIIHC.

Puc.13. lMepexogHo npouecc cMcTembl Mo 3a4aroLemy

BO34ENCTBUIO
kp =0.001, k, =0.003,k, =0.001
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Ha puc. 14 nmnpuBeneH mnepexoAHbId MPOLECC CHUCTEMBI MO 33Jal0OlEMy BO3ACHCTBUIO TpHU

sHauennsx xodpduumenta perymrropa K, =0.001, k; =0.003,k,; =0.0003. Bpems nepexoanoro

TIpOIIECcca CHU3MIIOCh MPAKTUIECKH 10 pee = 1cex , nepeperymuposanue 6:11u3K0 K HyIIO.

7. Ananus 3¢ dexTUBHOCTH pabOThl CUCTEMBI MPU CTYMEHYATOM BO3MYUIAlOIIeM BozaeicTBuu. s
sroro Ha Onoke  StEP2 HeoGxoauMo 3amaTh CTyNEeHYATOe BO3MEHCTBUE, Hanpumep, ¢ 0 Ha -2 B

MOMEHT BpeMeHH 20 CeK W MPOBECTH MOJEIHpPOBaHUE pabOTHI cUcTeMbl. IIpn HeoOXoaMMOCTH HAIO
YBEJIUYUTh HPOJOJDKUTEIBHOCTh BpPEMEHM MOJACIUPOBaHMUS CUCTEMbl. ['paduku mnepexoJHbIX
IIPOLIECCOB, IPHUBEACHHbIE Ha puc. 15, MOKa3bIBalOT, YTO CHUCTEMAa OTPa0ATHIBAET H3MEHEHUS
3aJ]alo0IlEro ¥ BO3MYILIAIOIETro BO31eHCTBHMA.

Puc.14. MNepexogHoi NpoLecc CHCTEMBI MO 3343H0WEMY BEOZA4SACTEMIO

npu k, =0.001, & =0.003.k, = 0.0003

Puc.15. MepexoaHOM NpoLEce CHCTEMBI MO 3343H0WEMY M BO3MYLLE IO LWLEMY

sozgeitctemam npy &, =0.001. & =0.003.%,=0.0003
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8. Ananu3 3(pPeKTUBHOCTH CUCTEMBI IPU CTOXACTHUYECKOM BO3MYIIAIOIIEM BO3/ICHCTBUU.
9. IoaroToBUTH, pacnevaTaTh OTYCT U OTYUTATHCS 110 TPOICIIAHHOW padoTe.

KYPCOBASA PABOTA
(7 cemecTp)

KypcoBass paGora mo aucuumimHe «Teopus ymnpaBieHUsT B HH(OPMALMOHHBIX
cUCTEMax» TNpelcTaBisgeT (OPMUPOBAHME HABBIKOB aHaIM3a M HACTPOHMKH CHUCTEM
yhnpaBieHUs ¢ OOpaTHOM CBsI3bI0 HAa OCHOBAaHHHM (DYHKIMOHAJIBHOTO U CTPYKTYpPHOTO
aHaiM3a ¢ MOJ0OpPOM MapaMeTpPoB KOPpPEKTHpylolero ycrpoiicrBa, B Buae [IN]] —
perynsitopa, Juisi  oOecredeHusl KAueCTBEHHBIX IOKa3zarened padoThl  CHCTEMBI
(nepeperynmupoBanue = 20-30%, ycTpaHeHHE OCTATOYHOM OIIMMOKH,  YMEHBIICHHE
BPEMEHU PEryIHpPOBaHUSA).

[TocTpoeHne cucTeMbl YIpPABIEHHUS OCYIIECTBISETCS B BUAE MOJEIU CHCTEMBI,
COCTOSILIEN W3 JNMHAMUYECKUX MOJEJEH 3BEHBEB, NIapaAMETPbl KOTOPBIX PACCUMTAHBbI Ha
OCHOBAaHWM MCXOJHBIX JAaHHBIX B uMHUTanmonHoi cpene MATLAB/Simulimk.

[lepen 3ammToli KypcoBOiMl pabOThI HEOOXOAUMO MPOJAEMOHCTPUPOBATH PadOTy
pa3pabOTaHHOIO NPOrPAMMHOrO OOECHEYeHHs] WM BUICOPOJIHK, JAEMOHCTPUPYIOLIUNA
CTPYKTYpPY U paboTy pa3pabOTaHHOTO MPOrPaMMHOI0 00ECTICUEeHHUS.

3amura npeAcTaBiaseT co0ol myOIuyHOe BRICTYIUIEHUE C Ipe3eHTauuen (Bpems 5-7
MUHYT) U BOIIPOCHI 10 TEME KypCOBOW PadOTHI.

3aganme. Jlng 3amaHHON  (DYHKIIMOHAIBRHOM CXEMBI CHUCTEMBI  yIPABICHUS
TEXHOJIOTMYECKUM TMapaMeTpoM (MHAMBUAYaJIbHbIE 33JlaHUs BBIJAIOTCS MPENoaBaTeIeM)
TIPOM3BECTH CIIEAYIOLINE PAGOTHI

1. Onucarp o6mue 3aKOHOMEPHOCTH (YHKIMOHUpOBaHUS Tpouecca. [IpousBectu
(YHKUHMOHAIBHBIA U CTPYKTYPHBIN aHAIN3 CUCTEMBI.

BbIsIBUTH M omMcaTh BCE 3JIEMEHTBHl CUCTEMBI, CUTHAJBI, JEHCTBYIOLIUE B CHCTEME,
cnoco0 mepegavyd YIpaBISIIOLIErO BO3JACHCTBUA Ha OOBEKT yIpaBieHUs. BbISBUTH
BO3MYILAIONIME BO3JICUCTBUSA Ha pEryaupyemblil mapamerp. OnucaTb pabOThl CUCTEMBI
yIpaBJIEHUS NPYU U3MEHEHUH 3aJIal0IIEr0 BO3AEMCTBHS M BO3MYILAIOIIETO BO3AEHCTBHUS

2. IlocTpouTh TMHAMHYECKHE MATEMAaTUYECKUE MOJENIHN BCEX 3JIEMEHTOB CHCTEMBI.
JUIst 3TOrO 1Sl KaKJ0T0 JIEMEHTA CUCTEMBI [IOCTPOUTH CTPYKTYPHYIO CXEMY € YKa3aHUEM
BXOJIHOT'O M BBIXOJIHOI'O CHUTHAJIOB, OMpPEAENIUTh (BHIOpaTh) AUANa30OHbl UX HM3MEHEHUS,
MIOCTPOUTH CTATUYECKYIO XaPAKTEPUCTHKY.

Ha ocHoBanum nacmopTHBIX (JUTEPATYPHBIX) AAHHBIX MOCTPOUTH MEPEXOAHYIO
XapakTepucTuky. OnpenenuTs IUHAMHYECKYIHO MAaTEMaTUYECKyl0 MOJEIb B BHJE
nepenaToyHon pyHKIIH.

Oco0oe BHMMaHUE YAENUTh MOCTPOCHHUIO W ONUCAHUIO MAaTEMaTUYECKOW MOJEIH
o0bekTa ympaBiaeHHs. [loCTpOUTh CTPYKTYpPHYIO CXE€MY CHCTEMbl C IepelaTOUYHBIMU
(GYHKUIHUAMH BCEX 3JIEMEHTOB.

3. IIpoBecTn AMHAMUYECKUN aHAIU3 pabOThl CUCTEMbI METOJIOM MaTEMaTHUYECKOIO
MozaenupoBaHusa. ONucaTh OCHOBHBIE 3aKOHBI PETYIHPOBAHUS UX CTPYKTYPHBIE CXEMBI,
MaTeMaTU4YECKUE MOJENIH cocTaBisommux U nojgHoro [T /-perymsropa. Iloctpours u

! MeToauka npodeccopa buptokosa B.M.
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OnucaTh CTPYKTYPHYIO CXEMY MOCTUPOBAHHS aHATU3UPYEMOW CHUCTEMBI yNpaBIICHUS B
Simulink cuctemsr MatLab. Merogom MaTemMaTH4eCKOr0 MOJAETUPOBAHUS MPOU3BECTU

Hactpouiky [I1/] — perynsropa.

4. OmnpenenuTh KayeCTBEHHBIE IIOKAa3aTeau palbOThI
peryaaropa
yCTpaHEHUe

Haiinennnsie
MepeperyIupoBaHus

napameTpbl

20-  30%,

CUCTEMBI
JOJKHEI 00ecIieunBaTh
OCTAaTOYHOM  OIIMOKH,

YIpaBJICHUS.
MOJTyYEHUE
00eCIeYnTh

YMEHbBIIIEHNE BPEMEHH PETYIUPOBAHMS MyTeM BBOJa nuddepeHITnalIbHON COCTABISIOMEH

peryasropa.
5. CnenaTs BEIBOI.
Howmep
OyYHKIMOHAJIbHASA CXEMa CHUCTEMBI
BBITIOJTHEHUS
COrJIACOBAHMIO C MPENOAABATEIIEM.
[Iprmeps! BapuaHTOB:

Bapoawy | Cucroms yupanncims pacxoans PO il sos peismps

Ha pivc 11T ipuancaens (ryisasnoia st Cus SHCTEMI YIpuinsciies yPosics pe-

AUEHTR B XHMNNCCSNDM B PEINTOPE.

Puc 111 Oyuooeosaiieas Cuesa CHOTEMM YITPARISHNS YPORIes:
PEATEHTR IVICM XOPPCKTUPOBKN PACXOAS Ml HYO3E

(K ToM Vepanngms suercs xsersecxnil npowecy » pexrope. Ha nuop » pe-
ASTON DOCTYIANT 8¢ BOMIMNENTA, COOTRETUTHENNG, ¢ PacX o i sumerrpausedl Gl
Cl ¢ paoxosose w osueseepaunefl G2, C2 TMoaryssessdl 8 pOIyasTarne Xisesecn pe
ol PEUeNT MAUITON 13 peakTopd © pacxoaos G corasesrpaineh C

CromT Suts o ConsIms CncTeny YIPamRmeuis YPOsnes Peareiera o peakiope nyrew

FOPRENTIPORSN POCXOUA Depmoll sOMBOWeH T Ol

gy 3 Cncres Wipaueine yPosie pesrents i peaxtope

Ha puc T3 npoosesens §yasiommatiegs OO Oucreuid YIfuaicses ypomeu pe-

AENTE 0 XHMIHSCROM PERETOPE

[ST5] 4 o

BapHaHTa OIIpCcaAciICTCA HOMCPOM

KOHTPOJIbHOM  paboThI

CTyJ€HTa B CIIMCKE
YIPABJICHUSA TEXHOJIOTMYECKUM IIPOLIECCOM
MOXET OBITh Mpeasio’)keHa CTYACHTOM

Bagrany 2. Cucress yopuaiomms jucaiaom posicinmi il misoar peTopa

Tha poec TR orpaoweaicrsss dry INOMATAMIE CROME CHOTEWM YTITRIMICNIN DR X030M

PCArTNTE H2 BMLOIC XHMHSCCRDID PeaKTopL

wlinex

.

o il o

P 112, @yiaiimriatins Cuems CHETevM YRpunicnes pacooam
POAICHTE RYTEM KOPPCKTRPONEN CROPOCTN BICOCH M) SN 008

OfLeRrnM YOPRLASIIE SReTes Lisareaolll uposece 3 pextope. Ha mvoy n pe-
BETOP BOCTVIRIOT S8¢ KOMOOGENTI, COOTBETCTRENNID, ¢ PACX0sos i xowmsesypauncl Gl
CH oo pacvoaow w sonoesrpaunedl G2, C2, Toayaesudl B pOTyILIaTe XMMBtocERs pe-
Aol PCITNT AMMUMTON 05 PO Tope © pacxoaon G sumornpaonci

Crour 31ens Coumry CRCTCMY YIPRICHITE PRCNOIOM POLICHTE HE BUNOAC Peax-

TOPA TYTEM  KONPSKTIPOMON SKOPOCTM MACOCH 11 SAXOIE PEXTOPa

Bapeuny 4. Cociosa VuPasienies po@oCoos Pt TRimoeenolh 8 10K Oainponise
[ e

Ha ponc, TH npusesens gy imumonsuisms CUOMS CHCTENM VIpanictns ol
NATERZIIE BOJOKILE ITPH 0PI TRUMOMNON NUTREKS ITYTEM KOPPEXTHPONN CXOPOCT
BATMECE M A

o Opwww s st >

'm'

—m_

R g N, T

Puc TIL (Dynissnonm e Cuess CHCTEMM Y HINE YRmiey
PORIEITI Y TOM KOPPERTHPUSIN [MCROSE WA W00

wHree

OOsexrom yrpansems mumercs Xkl mponcce n pocrope. Ha moos n pe
AKTOP BOCTYIRNOT 20¢ KOMIONSITE, COOTRETUTREING, C PECyaiom i somnermpatmel G1
C1 v c pecxopi w sonuerrpauedl G2, C2 Hoayaessall  PeIyintare Seumiecans pe
U PoarOET SUBOUIITCR I PeakTI ¢ pacxndoss G i wosssenrpaiuies C

Cronr was popstorsms cHUTEMy STIPARICHNE YRMIoM sl EHTS § POIKTop

VTOM SUPPCETIRPONEE CRUPOCTH II00GH 5 B ReETIpe

Poc THL @y nkumomaosis Coosn Cocremsd VIPasiomt Cuooll saroxome oo
(P OPUONTRIOMN MO BT RENT IVTEM KOPPEETHPORKN CROPOCTI BATRUIEN 18 BMAOE

DR Tom YTIPSRICHIE TRINSTCE HPOOSTC OPUEITBUMONIIND SUTATIMAILIN 010
nponeirmml rre O s s TR Y ICTON 1O PRI CRopo-
crell mataes wa sxoae B 0 maxoue 52 Couns marmsenis somucpmetos tarsesos J1H ¢
npeciposaresey T, Yupasanomes sOLselioTine sune et CRopocTh UL

aihses HI moropes koppestiupyencs nyres w et

1N TC € POT Y ILRTODN METRETHMS SO SR TNl WuTes
CTomT 1ane papadoTamn CHOTEMY YIPARSCIIE MATSRSIILON HITE B PO od

P TN sl T
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4
2.2 O]_[eHO‘IHbIe cpeacrea AJd MPOMEKYTOYHOT0O KOHTPOJISA

Bomnpocsl k 3x3aMeny
1. J[laiite onpeneleHUue «TEOpUs YIPABIEHUSA», «TEOPHUS aBTOMATHYECKOIO

yTpaBICHUS»

2. Jlaiite onpenenenue «cucrema ynpasienus (CY)»

3. DIEeMEHTHI CUCTEMBbI YIIPABIICHUSI.

4. @yHKIMOHAIbHASL U CTPYKTYpPHAsl CXEMa CUCTEMBbI YIIPaBICHUS.

5. Knmaccudukanus cucteM ynpaBiieHHS.

6. Knaccudukanus cucreMm ynpaBlieHHUS IO CTPYKType: pa3OMKHyTas cHCTeMa
YIOPAaBICHUS MO BO3MYILIECHUIO, 3aMKHYTasi CUCTEMa B TOJOKUTEIbHON U 00paTHOM
CBSI3SIMHM, KOMOMHMPOBaHHAs CUCTEMA YIIPABIICHUS.

/. JluHaMHU4ecKue 3B€Hbs U UX Kiaccupukauus, 1uppepeHuaibHble ypaBHEHMS .,

8. Omepatopublii crmoco®  pemeHuss  auddepeHINaNbHbIX  ypaBHEHUIL.
[IpeobpazoBanue Jlamnana.

9. [lepenatouHast yHKIMSA TUHAMHUYECKOTO 3BEHA.

10. CBs3u MeX1y TMHAMUYECKUMU 3BEHbSIMU U HaXOXKJI€HUE 001el nepeaaTouyHon
byHKIIMN

11. CrpykrypHble 1npeoOpa3oBaHus cxeM (IIEpeHOC  y3/1a, CyMMaropa,
napasuieIbHOE U MOCIe10BAaTEIbHOE COEMHEHNE 3BEHBEB).

12. CrpyktypHble IpeoOpa3oBaHusl CXeM (CHCTEMBI C MOJIOKUTEIBHON B 00paTHOM
CBSI3BIO0).

13. TumoBbie curHanbl (QyHkIus XeBucanga, .GpyHkus upaka, TapMOHHYECKHE
CUTHAJIBI U IpyTHE.

14. BpemeHHblE XapaKTEPUCTHKH — MEPEXOJHas M UMIYJIbCHas MEpexojHas
GyHKIUY.

15. Kakas cBsI3b MEXy MEPEXOTHON U UMITYJIbCHON NEPEXOTHON (DYHKIHSIMHU.

16. Yacrorusie xapaktepuctuku — AUX, OUX, AOUX.

17. Jlorapudmuueckuit macmrad. JIAUX, JIOUX.

18. Ilonatue yCTOMYMBOCTH.

19. Anrebpamdeckrne M 4acTOTHBbIE KpUTepuu ycrtoiumBocTu. Kpurtepwmii ['ypBuia,
HarixkBucra, Muxaiiigona.

20. KayecTBeHHbIE NOKa3aTeld CHUCTEMBbl YIPABICHUS: BpPEMs PEryJIUpOBAHMUS,
nepeperyanpoBaHusi, 3HaAUEHUE U BpEMs IEPBOr0 MAKCUMyMa (4yBCTBUTEIBHOCTB),
K0J1e0aTeIbHOCTb.

21. Koppektupymomiue ycTpoWcTBa: MOCIEAOBATEIbHbIE M TMapajjielbHbIE M HUX
Ha3Ha4YeHHUE.

22. TTN]]-peryasTop 1 ero COCTaBIISAIOIINE.

23. Haznauenue xaxnoii coctasistomeit [1U/]-perynsropa.
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OnennBanne pe3yabTaToB oOydeHHs B (opme ypoBHA CHOPMHUPOBAHHOCTH
AJIEMEHTOB KOMIIETCHIIMM MPOBOAMUTCS IyTE€M KOHTPOJS BO BpEeMs MNPOMEKYTOUHOM
aTTecTallu B popMe 3auera:

a) OIEHKA «OTJIMYHO» — KOMIIETCHIUA(U) WIH ee dYacTb(i) CchHOPMHUPOBAHBI
MOJIHOCTHIO Ha MPOJABUHYTOM YPOBHE;

0) OIEHKa «XOpOIIO» — KOMIIETCHIUS(M) WIH €€ 4YacTh(u) CHOpPMHUPOBAHBI HA
MOBBIIIEHHOM YPOBHE;

B) OIIEHKAa «YJIOBJIETBOPUTEIBLHO» - KOMIICTCHIMsA(M) WIM €€ 4YacTh(H)
chopMHUpPOBAHBI HA TOPOTOBOM YPOBHE;

I) OIEHKAa «HEYIOBJIETBOPUTEIBLHO» - KOMIETEHUUsI(M) WM €€ YacTh(M) He
c(hOpMHUPOBAHBI.

Kpurepuu, Ha 0CHOBE KOTOPBIX BBICTABJISIOTCS OIEHKU MPU MPOBEICHUU TEKYIIETO
KOHTPOJISI U IPOMEXKYTOYHOM aTTecTalluy NpUBEAEHBI B Ta0. 1.

OrneHKa «HEYAOBIETBOPUTEIIBHOY CTABATCS TAKXKE B CIydasix, €CJIIM O0yUYarOIIUACS
HE TMPHUCTYMNad K BBINOJHEHUIO 3aJlaHus, a TakKe MNpU OOHAPYXEHUHU CIETYIOITUX
HapyLIECHUN:

— CIIUCBIBaHUE,;

— TIaruar;

— (anbcuduKaIys JaHHBIX U PE3yJIbTaTOB PAOOTHI.

Tabnuna 1 — Kpurepuu BeICTaBICHUS OIIEHOK MPHU MTPOBEICHUH TEKYIIETO KOHTPOJIS
Y IIPOMEXKYTOYHOU aTTECTAUU

[IIxana OLeHKH Onenka Kpurepuil BEICTaBIEHUS OLICHKH
UYeTsipexOanabHas OTnuaHo OOydJarommiicss OTBETHJI Ha BCE TEOPCTUUCCKUE
nIKansa Bornpockl. [lokazan 3HaHUSA B paMKax ydeOHOro

Marepuana, B ToM uucie u no 3aganusam CPC.
Bemonaun  mpaktudeckue 3amaHus. [lokazan
BBICOKHH YPOBEHb YMEHUS W BIIAJICHHS HAaBBIKAMHU
MIPUMEHEHHS MOJyYEHHbIX 3HAaHUN U yMEHUH Ipu
peleHnr  3amad B PACHIMPEHHBIX — paMKax
y4eOHOro MaTepuania.

XOpOIIO OOyvaromumiics OTBETWJI Ha OOJBIIYIO YacTh
TEOpEeTUYECKUX BompocoB. [lokazam 3HaHUA B
y3KUX paMKax y4eOHOro marepuaina. BuimoaHuia
IIPAKTUYECKME W 3aJaHUd C  JIOIYyCTUMOM
norpemHocTero.  Ilokasan Xopomuil  ypOBEHb
YMEHHMS M BIAJACHHUA HABBIKAMU IIPUMEHEHUS
IIOJIy4EHHBIX 3HAaHUM W YMEHMHM IIPU PELICHUU
3aJia4 B paMKax yueOHOro Marepuasia.

YIIOBJIIETBOPUTEIBHO OOyuaronyecss MpU OTBETE Ha TEOPETHUECKUE
BOIIPOCHI U IIPU BBIIIOJIHEHUM IPAKTHUYECKUX
paboT, NPOJEMOHCTPUPOBAI HHU3KUH ypOBEHb
3HAaHUM U YMEHHUHU NPU PELICHUH 331a4 B paMKax
yuyeOHOro  marepuana. Ilpm  orBetax Ha
JIOTIONIHUTEJIbHBIE  BOIPOCHI  OBUIM  JIOMYIICHBI
HEIPABUIBHBIE OTBETHI

HCYIOBJICTBOPHUTCIILHO O6yqa10umec;1 npnu OTBCTC Ha TCOPCTUUCCKUC
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BOIIPOCBl W TMPU BBIIOJIHEHUU IPAKTHUYECKUX
paboT, NPOAEMOHCTPUPOBANl KpallHE HU3KHMA
YPOBEHb 3HAHUM U YMEHUM MPU PEUICHUH 3a]a4 B
pamkax ydeOHoro marepuana. [Ipu oTBerax Ha
JIOTIOJTHUTEJIbHBIE  BOMPOCHl  OBLIO  JIOMYIIEHO
MHO>KECTBO HETIPAaBUJIbHBIX OTBETOB
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2.3. MWroroBass auarHocTuyeckas padora mno aucuumuinHe «Teopus
ynpaBjieHUs1 B MHPOPMAIIMOHHBIX CHCTEMAX))
SAJJAHUSA J1JIA I[I/IAFHOCTI/I‘IECKOﬁ PABOTBI IO JUCHUITJIMHE
=&
E I E
S| £« =
< 2 Coneprkanre Bompoca o
o = /M g
2] n &
p= S © =
o e Q
T = o
1. | cratmueckoit | ...oeeiiiiinnn.. XapaKTePUCTHUKOW HA3BIBACTCS WI- 4 orxs
3aBHCHUMOCTH BBIXOJHOTO MapameTpa 00beKTa OT BXOIHOTO
HA3bIBACTCS
2. | JATYHK [ eeeeiiieieiea - YCTPOMCTBO I U3MEPEHUS TEKYIIETO UJI- 4 onks
3HAYEHMs PEryIupyeMOi IEPEMEHHON
3. | IMHAMHYECKOE | cuvvvvrrinriernnnnnnnnns - 3TO YCTPOMCTBO JIt000H (HHU3UIECKOI WI- 4 onxs
3BEHO MPUPOIBI K KOHCTPYKTUBHOTO O(OPMIICHUS, OTIMCHIBAEMOE
ornpeenéHHbIM U depeHIInaNbHBIM YPaBHCHHAEM.
4. | yCWINTENBHOTO, [epenarounast PYHKIUS .......oevenennnnn.. 3BCHA paBHa! WI- 4 onks
POTIOPIIMOHATIBLHO -
ro, W(s) =k
OE3BIHEPITMOHHOE
5. | Amepuoaudeckoe, | [lepemaTounast QYHKIHS ..........c.vunnenn... 3BEHA paBHA: WI- 4 onxs
WHEPIUOHHOE k
W(s) =——:.
Ts +1
6. | KonebarenpHOTO [epenaTounast QYHKIHS .......oevnvnnnnnn... 3BCHA paBHA! UI- 4 o3
W(s) =——
T-s” +2TCs +1
7. | maTerpUpyomero | [lepenatounast QyHKIMS UACATBHO. . ...vuveenenennnn.s 3BeHa | MJI- 4 onks
paBHa:
W(s) =—.
)
8. | mudpdepenmmpyrom | [lepenarounas GYHKIHMS UACATBHO .....c.evvenenennnn... 3BeHa | M- 4 onk-s
ero paBHa:
W(s) = ks.
9. | mepeMHOXAIOTCS IIpu nocnenoBaTelbHOM — coequHeHuu  auHamudeckux | M- 4 onks
3BEHBCB X NEPENATOYHbIC PYHKIIHH .........
g1/ y(t)
— W(p) 1 W(p) —
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) 2 & ConepskaHue Bompoca o
a | = R =
o) =
= S © =
Qo o Qo
= | E ~
10. | ckmagpIBaroTCs ITpy napaienbHOM COCIUHEHUH AUHAMMYECKHX 3BeHbeB uXx | M- 4 onks
nepenaTouHbie QyHKIUH .........
x1(p)
— Wi(p)
x2(p) y(p)
— W2(p) >
x3(p)
— W3(p)
11. k VYKaKuTe MpaBUIbHYIO NMEePeIaTOYHYI0 (DYHKIIHIO BCTPEUHO- W- 4 onxs
= l MapasuieIbHOTO COSTUHEHHS C OTPUIATEIILHOM 0OpaTHOM CBA3BIO
1+ kk, | (©OC):
A) ;
A 1
Y
K = ky K= _I"l_
A) b)
12. | B) VYKakuTe MPaBUIbHYIO IMePEaaTOUHy0 (YHKIIHIO BCTPEUHO- WA- 4 onks
k MapasielIbHOTO COEIMHEHHS C OTPUIATENILHOM 0OPATHON CBA3BIO
K=—l_ (00C):
l o kl kz ."
1
Yy
2
K = ky K = _l"l_
A) b)
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=
®
= | z
< 3 =
S8 T ox o
s . Copepxanue Bonpoca L
a | = R =
2] e
= S o =
Qo o Qo
= | = ™
13. | YCTOHYMBOCTE | cverierinninnnnn. - CcImocoOHOCTh cucTeMBbl Bo3Bpamatrbest B | M- 4 omk3
HUCXOAHOC WM APYroc YCTAaHOBUBIICCCSA 3HAUCHHC IIPpU JIFOOBIX
BHCUIHUX BO3HeﬁCTBHHX
14. | mepexommas | eeeenn... HKIMS - 3TO peakuusi cucreMbl Ha emuauunbil | M- 4 onks
p y
CTYIIEHYATHIN CUTHAJI TP HYJICBBIX HAYAIBHBIX YCIOBUSIX
15. | mepexomnas | ......... (YHKIHS - 3TO PEaKIUsi CHCTEMbI HA €IMHUYHBIH - 4 onks
I/IMHyJIBCHaH / HMHyHBCHBIﬁ CUT'HaJI IIPpU HYJICBBIX HAYaJIbHBIX YCIIOBUAX
BECOBas
16. | anreOpanveckum Kpurtepwuii ['ypBHIIa OTHOCUTCSI K ....enveneenannnnnn. UI- 4 onk-s
KpUTEPUSIM YCTOMWUUBOCTHU
17. | vacToTHBIM Kpurepuit HalikBUCTa OTHOCUTCA K «...vvuvvnnnennnens WI- 4 onks
KPUTEpUSIM YCTOMUUBOCTH
18. | yacToTHBIM Kpurepuiit MuxaiioBa OTHOCUTCA K .....vevvenennenn... NI- 4 o
KPUTEPUSM YCTOHIHBOCTH
19. | Bpems | ..l - MOMEHT BpeMeHH, 1ocie kotoporo nepexonnas | U/- 4 onxs
PETyIMPOBaHHS XapaKTePUCTHKA OCTASTCS BHYTPH 30HBI, OTIMYAIOIICHCS OT
CTYMEHYAaTOTO BXOJHOTO BO3/IEHCTBUAXBXHA +0%); 3Ta 30HA
YCTaHOBJICHHSI IIEPEXOTHOTO MPOIIecca MPUHUMAETCS, KakK
IIpaBWIIo, paBHOM (2...5)%;
-V
X
. Yo 2%
~J
| & Do
T
0 t t t t
20. | IEPEPETYTUPOBAHKUE | ...vv'erseerseneennnnnns - OTHOCUTENbHasA BENNYMHA, UI- 4 o3

paccuynTbiBaemas no popmyne

o —Ymax " Xid 07
ot =Y ™ Xt 100

Xag
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2L | A)TI— | [T1]] — perymsiTopa O3BOJISIET NI- 4 o
COCTaBJISIOMIAS YCTaHOBUTh HEOOXOUMBIN YPOBEHD BBIXOTHOTO CHTHAJIA.
A) I1 — cocraBnstomas
b) U — cocrapmsitomas
B) 1 — cocraBusitomas
22. |B) - | e [MN]1 — perynsitopa O3BOJSET WJI- 4 onks
COCTaBJISFOIIAS COKpATHTh CTATUYECKYIO MTUOKY BBIXOJHOTO CHTHAJIA.
A) II — cocraBnstomas
b) U — cocrapsitomas
B) 1 — cocraBusitomas
23. IB)A— | e, [MTN]1 — perynsitopa O3BOJISET WI- 4 orx3
COCTaBJISIOMIAs YMEHBIIIUTH BPeMsl peryIUpOBaHUS BBIXOJIHOTO CUTHANA.
A) II — cocraBnstomas
b) U — cocrapistomas
B) A4 — cocraBastomas
24. | B) U]1 - perynsatop | Kakoro perynastopa He CyIIecTByeT? NI- 4 onks

A) TN — perynstop

b) ITJ1 — perynsTop
B) UJ] - perynsarop
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