MHUHUCTEPCTBO HAYKH U BBICHIET'O OBPA3BOBAHUSI
POCCHUIICKOH ®EJIEPAIINN

PSI3BAHCKHM T'OCYJIAPCTBEHHbBINA PAJJMOTEXHUYECKUM
YHUBEPCUTET um. B.®. YTKUHA

Kadenpa «ABromaTiku 1 nHOOPMAITMOHHBIX TEXHOJIOTHUH B YIPABICHUM

OIHEHOYHBIE MATEPHUAJIBI AUCHUIIJIMHbI

TEOPUA ABTOMATHYECKOI'O YIIPABJIEHHUA

Hampasnenue 12.05.01

«DNEKTPOHHBIE U ONTHKO-3JIEKTPOHHBIE TPUOOPHI U CUCTEMBI CIIEITUATIBHOTO
Ha3HAYCHUS»

OI1011

«ONTUKO-37IEKTPOHHBIE HH(POPMALIMOHHO-U3MEPUTENbHBIC IPUOOPHI U CUCTEMBI»

KBaJ'II/I(bI/IKaIII/IH BBIITYCKHHKA — CIICHUAIINTCT

dopMbl 00yUeHUS — OYHAS

Psizans 2026 1.



2

OneHoyHble MaTepUalbl — 3TO COBOKYIHOCTh Y4YEOHO-METOJUYECKUX MaTephalioB
(KOHTPOJBHBIX 33aHUMN, ONTUCAHUHN (HOPM U MPOLEAYP), IPEAHAZHAYCHHBIX JUIS OI[CHKH KayecTBa
OCBOEHUSI OOYYAIOIIMMHUCS JAHHOW JUCHUIUIMHBI KaK YacTH OCHOBHOH 00pa3oBaTenbHOM
MIPOTrpamMMBI.

Lenb — OIeHUTHh COOTBETCTBHE 3HAHUN, YMEHHUI U YPOBHS MPUOOPETEHHBIX KOMIIETEHIIUH,
oOyJaromuxcss LeIsIM M TpeOOBaHMSIM OCHOBHOH 00pa3zoBaTelIbHON NpOrpaMMbl B XO[e
MIPOBEJICHUS TEKYIIET0 KOHTPOJISL M MPOMEXKYTOYHON aTTECTALIUU.

OcHoBHas 3aa4a — 00eCTIeYUTh OLIEHKY YPOBHS C(OPMHUPOBAHHOCTH OOLIEKYIbTYPHBIX U
poheCCHOHATBLHBIX KOMIETEHIINH, MPUOOPETAEMBIX 00YUAIOIUMHUCA B COOTBETCTBHH C dTUMHU
TPCOOBAHUSIMHU.

KonTponb 3Hanuii mpoBomuTcs B ¢GopMe TEKYIEero KOHTPOJIS M TPOMEKYTOYHOU
aTTeCTalllu.

Texyiuit KOHTPOJIb YCIIEBAEMOCTH ITPOBOAUTCS C LIEJIBIO ONIPEAETICHUS CTENIEHH YCBOCHUS
y4eOHOro mMarepuana, CBOEBPEMEHHOI'O BBISIBJICHUS U YCTPaHEHUS HEJOCTATKOB B MOATOTOBKE
o0yJarolmmxcs W TMPUHATHS HEOOXOAMMBIX MeEp MO0 COBEPIICHCTBOBAHUIO METOAUKH
Mpeno/iaBaHusl yueOHOM NUCHMIUIMHBI (MOJYJISI), OpraHu3aIuu padoThl 00yJarolmuXxcsi B XOJe
y4eOHBIX 3aHATHI U OKa3aHUS UM UHAMBUAYATIbHON MTOMOIIH.

K koHTposo Tekyiel ycrneBaeMOCTH OTHOCSTCS MPOBEPKA 3HAHUM, YMEHUN M HABBIKOB,
MpUOOPETEHHBIX O0YYAIOIIMMUCS Ha MPAKTUYECKUX 3aHATUSAX M J1abopaTopHBIX paborax. IIpm
BBITIOJTHEHUH JIa0OPATOPHBIX pabOT MPUMEHSETCS] CUCTEMa OLIEHKH «3aUTE€HO — HE 3auTEHOM.
KomuuectBo nmabopaTopHbIX pabOT MO JUCHUIUIMHE OMPEIENeHO TpapuKOM, YTBEP>KICHHBIM
3aBEAYIOIIMM KadeIpoi.

Ha npaktuyecknx 3aHATHAX JOMYCKAETCSl UCIIOJIb30BaHUE OO0 CUCTEMBI «3aUTEHO — HE
3a4TEHOY», TUOO0 PEUTUHIOBOIM CUCTEMBI OLICHKH, IIPU KOTOPOU, HAIIPUMED, MPABUIBLHO PellIeHHas
3a/laya OLIEHWBACTCS OMPEICIICHHBIM KOMWYeCTBOM OamioB. [lpu mo3TamHOM BBIOTHEHUU
yueOHoro miaHa Oamibl cyMMuUpyroTcs. [1oM0XKUTETbHBIM HWTOTOM BBINOJIHEHUS MPOrPaMMBbI
SIBJISIETCS OTIPEACTICHHOE KOJIMYECTBO HAaOpaHHBIX OaIoB.

[IpomexXyTOUHBI KOHTPOJIb MO JUCHUIIMHE OCYIIECTBIISIETCS MPOBEACHHEM 3a4éTa U
sk3ameHa. dopma WX TMPOBEACHUS — YCTHBIM OTBET IO YTBEPXKICHHBIM SK3aMEHAIIMOHHBIM
ouneram, chOpMyJIHPOBAHHBIM C YYETOM COJIEPKaHUs y4eOHOM TUCIUIUIMHEI, 100 WX clayda B
(¢opMe OTBETOB Ha TECTOBbIE 3afaHus. B JK3aMEHAIMOHHBIM OWJIET BKIIOYAETCS JBa
TEOPETHUYECKUX Bolpoca. B mporecce MoAroToBKM K YCTHOMY OTBETY SK3aMEHYEMBIM MOXKET
COCTaBUTh B NMUCHMEHHOM BUJE IJIaH OTBETA, BKIIIOYAIOUINII B ce0s OmMpeneieHus, BBIBOJIBI
(hopMyI1, pUCYHKH U T.II.

HacnopT OLCHOYHbIX MAaTCPHUAJIOB 110 JUCHUILJIUHE

Ne KounTtpoaupyembie pa3iennbl (TeMbl) AU CHUNINHBI Kon Bun, meton,
n/n (pe3yJbTaThl 1O pa3enaam) KOHTpPOJIHMpYye ¢dopma
MOii OILIEHOYHOT'0
KOMIIETeHIH | MEPOIIPUATHS
u (uau eé
YaCTH)
1 2 3 4
Moayas 1
OCHOBHBIE OIpEEICHHS, TPUHUHUIIBI IOCTPOCHUS U OIIK-1.1-3 3auét
KJ1accu(UKaIMs CHCTEM aBTOMAaTHYECKOT O OIIK-1.1-VY
11
YIIpaBJICHUS OIIK-1.1-B




OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

1.2

MareMaTtuuecKkue MOACIH 3JIEMEHTOB U CUCTEM

OIIK-1.1-3
OIIK-1.1-Y
OIIK-1.1-B

OIlK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

3auér

1.3

XapaKTepI/ICTI/IKI/I 3JICMCHTOB N CUCTCEM

OIIK-1.1-3
OIlK-1.1-y
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

3auér
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Onucanne CAY. TumoBble CTPYKTYpbl 3aMKHYTBIX
cucTeM

OIIK-1.1-3
OIIK-1.1-y
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

3auér

1.5

AHanu3 ycTOMYNBOCTH

OIIK-1.1-3
OIIK-1.1-y
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-y
OIIK-1.2-B

3auér

1.6

Anamus xauectBa CAY

OIIK-1.1-3
OIIK-1.1-y
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

3auér

Moayas 2

2.1

OCHOBHBIE TIOHATHS O CHHTE3€ CUCTEM YIpPaBJICHHUA

OIIK-1.1-3
OIIK-1.1-y
OIIK-1.1-B

OIIK-1.2-3
OIlK-1.2-Y
OIIK-1.2-B

DK3aMeH




2.2 | [IN]-perynsTopsl OIIK-1.1-3 DK3aMeH
OIIK-1.1-Y
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

2.3 | Kitaccuueckue MeToasl cuHTe3a JimHennbix CAY OIlK-1.1-3 DK3aMeH
OIIK-1.1-VY
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

2.4 | CuHTe3 cucTeM ¢ 00paTHOM CBSA3BIO IO COCTOSIHUIO OIIK-1.1-3 OK3aMeH
OIlIK-1.1-y
OIIK-1.1-B

OIIK-1.2-3
OIIK-1.2-Y
OIIK-1.2-B

KpnTepml OIlCHUBAHUSA KOMHeTeHHHﬁ (pe3yJILTaTOB)

1) YpoBens ycBoeHUs MaTtepuaia, IpeyCMOTPEHHOTO IIPOrpaMMOH.

2) YMeHue aHaau3upoBaTh MaTeprai, yCTaHaBIMBATh NPUUNHHO-CIIEICTBEHHBIE CBSI3H.

3) KauyecTBo 0TBeTa Ha BOMPOCHI: TOJHOTA, AP YMEHTUPOBAHHOCTh, YOEKIEHHOCTD,
JOTMYHOCTb.

4) ConepxarenpHasi CTOPOHA U KaUECTBO MaTepUAJIOB, IPUBEAECHHBIX B OTYETAX
CTYZEHTa 110 Ja0OpaTOPHBIM pabOTaM, MPAKTUYECKUM 3aHATHSIM.

5) Ucnonp3oBaHue AOMOIHUTENBHON JIUTEPATY Pl IPU MOATOTOBKE OTBETOB.

VYpoBeHb 0cBOeHUsI CHOPMUPOBAHHOCTH 3HAHUM, YMEHUN U HABBIKOB O JUCIUIUINHE
olLleHHBaeTcs B popme OaabHOMN OLEHKU:

«OTIMYHO» 3aCTyKUBAET CTYACHT, OOHAPY>KUBIIMI BCECTOPOHHEE, CUCTEMAaTHYECKOE U
riy0oOKoe 3HaHUe y4eOHO-IPOrpaMMHOI0 MaTepuaia, yMEHHE CBOOOJHO BBINNOJIHATH 3aJlaHuS,
MIPELYCMOTPEHHBIE TPOrPaMMON, HM3YYUMBUIMM OCHOBHYIO, M 3HAaKOMBIA C JOINOJHHUTEIbHON
JUTEpaTypol, PEKOMEHI0OBaHHOM ITporpaMMoi. Kak mpaBuiio, olleHKa «OTJIMYHO» BBICTABIISAETCS
CTyJIEHTaM, YCBOMBIIMM B3aMMOCBSI3b OCHOBHBIX IOHSATHUM IHUCHMIUIMHBI B MX 3HAYCHUWU JUIS
npuoOperaeMoii mpodeccuu, NPOSBUBIINM TBOPUECKHE CITIOCOOHOCTH B TOHUMAaHHUHU, U3JI0XKEHUU
U MCTIONIb30BaHUU y4eOHO-ITPOrpaMMHOI0 MaTepuana.

«Xopomo» 3acinyKuUBaeT CTYAEHT, OOHAapyKMBIIMN TOJIHOE 3HAHME Yy4eOHO-
IIPOrPaMMHOr0 MaTepuaa, YCIEIIHO BBIIOIHSIIOMINI IPEyCMOTPEHHBIE B IIPOrpaMMe 3a1aHus,
YCBOUBILINN OCHOBHYIO JINTEPATYpPY, PEKOMEHAOBAaHHYIO B IIporpaMMme. Kak npaBuio, oLeHKa
«XOpOLIO» BBICTABJISAETCS CTYIAEHTaM, IIOKa3aBIIMM CHCTEMAaTHYECKUN XapaKTep 3HAHWM 110
JUCLUIUIMHE U CIOCOOHBIM K HX CaMOCTOSITEIbHOMY IIONOJHEHUI0 U OOHOBJIEHHIO B XO€
nanbHeie yueOHol paboThl 1 MpoQecCHOHANTBHON AEITeIbHOCTH.

«Y10BJIETBOPHUTEIBHO» 3aCIyKUBAET CTYAEHT, OOHApYXMBIIMH 3HAHHUA OCHOBHOI'O
y4eOHO-TIPOrPaMMHOT0 MaTeprajia B 00beMe, HEO0OXOAMMOM Ui JajdbHEHIel y4eObl u
npeacTosmeil paboThl MO  CHEUATbHOCTH, CIPABISIONIUICS C BBINOJTHEHUEM 3aJaHMid,
MPEYCMOTPEHHBIX IPOrpaMMOM, 3HAKOMBIA C OCHOBHOHM JIMTEPATYpOW, PEKOMEHIOBAaHHOM
nporpammoii. Kak 1mpaBuio, OIEHKa «yJOBIETBOPUTEIBHO» BBICTABISIETCS CTYJEHTaM,



JOITYCTUBIIAM ITOIPEIIHOCTH B OTBETE HA JK3aMEHE M IPU BBIIOJHEHHWH SK3aMEHAllMOHHBIX
3alaHuil, HO 00JaJal0MUM HEOOXOIUMBIMUA 3HAHUSAMH IJII UX YCTPAHEHUS MO PYKOBOJCTBOM
MIPENoAaBaTENs.

«HeynoB1eTBOPUTEIBHO» BBICTABISAETCS CTYIEHTY, OOHapyKUBILIEMY IMpoOeibl B
3HAHUSIX OCHOBHOTO Y4e€OHO-NPOrPaMMHOI0 MaTepHala, IOMYCTHUBIIEMY HpPUHIMIIHAIBHBIC
OIMOKM B BBINIOJIHEHUH TPEAYCMOTPEHHBIX IporpamMmoil 3amanuil. Kak mpaBmio, omeHka
«HEY/IOBJIETBOPUTENILHO» CTAaBUTCS CTYJEHTaM, KOTOpPbI€ HE MOT'YT MPOJOHKUTH O0ydeHHE WU
MPUCTYIUTh K MPOGECCHOHATBHON NIEATENbHOCTH MO0 OKOHYAaHUU By3a 0€3 JOMONHUTEIHHBIX
3aHATHN 110 COOTBETCTBYIOIIEH AUCLUILINHE.

OneHka  «3a4TEHO» BBICTABJISIETCSI  CTYAEHTY,  KOTOpPBI  MPOYHO  YCBOWI
MPEAYCMOTPEHHBIA MPOrPaMMHBIA MaTepHal; NPaBUIbHO, apryMEHTUPOBAHO OTBETHJI HA BCE
BOIPOCHI, C MPUBEACHUEM IIPUMEPOB; ITOKa3aJl INTyOOKHE CUCTEMaTHU3UPOBAHHBIC 3HAHUS, BIIa/IeeT
MIpUEMAaMHU PacCyXACHHS U COIIOCTABIISIET MaTepUall U3 Pa3HbIX HCTOUHUKOB: TEOPUIO CBSI3bIBACT
C MPaKTUKOM, JPYrMMU TeMaMH JaHHOTO Kypca, IPYTHX HU3y4daeMbIX MpeaAMETOB; 0e3 OmHOoK
BBINIOJTHWII ITPAKTUYECKOE 3a7aHHE.

O0s13aTeNIbHBIM YCIOBHEM BBICTaBICHHOM OLIEHKH SIBIISIETCS MTPaBUIJIbHASI pedb B OBICTPOM
WM YMEPEHHOM TeMIIE. JJONOIHUTENBHBIM YCIOBUEM ITOIYYEHNUS OLICHKHU «3a4T€HO» MOT'YT CTaTh
XOpOILIKE YCIEXH MpPU BBITOJHEHHHM CAMOCTOSTENbHOW pabOThl, a TAK)KE YBEpEHHas 3aluTa
1a00paTOPHBIX padoT.

OneHka «He 3a4TeH0» BBICTABJISIETCA CTYACHTY, KOTOPHBIN He cripaBuiicsa ¢ 50% BompocoB
Y 3aJlaHuil OuieTa, B OTBETaX Ha JPyryue BOMPOCH! JOMYCTUI CYIECTBEHHbIE OmMOKU. He MoxeT
OTBETUTh HA JIONOJIHUTENIBHBIE BOIPOCH, IPENJIOKEHHbIE MnpenonaasareneM. LlemocTHoro
npescTaBieHus 00 U3ydaeMoil TUCIUIUIMHE Y cTyieHTa HeT. OlieHUBaeTCs KaueCTBO YCTHOM peun
Y U3JI0KEHUE TUCbMEHHOI0 MaTepHuaia, Kak U IPU BbICTaBICHUU MOJO0KUTEIIbHON OLICHKU.

Tunosbie KOHTPOJIbHBIC 3aJaHUHA UJIH UHbIC MaTE€PHUAJIbl
MOJIYJIb 1

Bomnpocsl Kk 3auéry

1. OcHoBHBbIE 1IenU ¥ NPUHIMIBI yrpaBieHus. OObekTsl ynpasiaeHus. [Ipumeps! cucrem
PYUYHOI'0O ¥ aBTOMATUYECKOT'0 YIIPABJICHUS.

2. 3amaum ciuekeHUsT W perynupoBaHus. DaxkTOpbl, BIUSIOMIAE HA KAa4eCTBO PadOTHI

CIIEIAIIEH CUCTEMBI.

OCHOBHBIE 3aKOHBI YIIPaBJICHUSI B PA30MKHYTBIX U 3aMKHYTBIX CUCTEMAX.

4. Ilpunuun ympasneHus mno ommubOke. Ilpumep cuctembl ynpaBieHHS CKOPOCTBIO
BpaILlCHUs JHCKa.

5. DneMeHThl CUCTEM aBTOMATHYECKOIO yIpaBlieHUs. YpaBHEHHs JUHAMHUKH M CTATHKH.
Omnpenenenre COCTOSIHUS paBHOBECHSL.

6. JluHeapu3auus Ha OCHOBE I'MIIOTE3bI O MaJIbIX OTKJIOHEHUsIX. JIMHeapu3auus ypaBHeHUs
MasiTHUKA.

7. YpaBHenue 3BeHa B  wu3o0paxkenusix. Ilepemarounas  ¢yHKUMS ~ 3BEHA.
XapakTepuCTUUECKUA MHOT OUJIEH.

8. BpemeHHBle XapaKTepUCTUKM 3BeHbeB. BecoBas (QyHKUMS U nepexoaHas
xapakrepuctuka. CriocoObl OnpeieleHNs IEPEXOIHON XapaKTEPUCTHKU.

9. YacToTHBIE XapaKTEpUCTUKH 3BEHBbEB. AMIUIHTYIHO-(Da3oBas XapaKTEpUCTHKA.
Jlorapugmuueckue 4acTOTHbIE XapaKTEPUCTUKH.

10. TumnoBble NHMHEHHBIE IWHAMUYECKHE 3BEHBS. XapaKTEPUCTUKU YCHIIUTEIBHOI'O H
MHTETPUPYIOIIETO 3BEHBEB.

11. Anepuoauueckoe 3BeHO 1-ro MopsiiKa U ero XapaKTepUCTHKH.

12. 3BeHO BTOPOI0 MOPSI/IKA U €T0 XapaKTEPUCTHUKH.

w
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14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,
25.

26.
27.
28.
29.
30.
31.

32.
33.

34.

35.
36.
37.
38.
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. @opMBI TpencTaBlIeHUs MepenaTouHbiX GpyHkiui. HemuanmanbHO-(pa3oBbie 3BEHbS.
[Toctpoenune acumnroruueckoit JIAUX.

CriocoObl mpeicTaBiICHUsT TUHAMUYECKUX cHcTeM. [IoHATHE O CTPYKTYpHOH cxeme.
[IpeoOpa3zoBaHme CTPYKTYPHBIX CXEM.

YyBCTBUTEIBHOCTh CUCTEM YIIPABJICHUS K NU3MEHEHUIO TapaMeTpoB. UyBCTBUTENBHOCTD
Pa30MKHYTOM ¥ 3aMKHYTOU cucTeM. DyHKIUS YyBCTBUTEIBHOCTH.

UyBCTBUTENBHOCTh 3aMKHYTOH CHCTEMbl K M3MEHEHHUIO IHapaMeTpoB OObEKTa
YIOPABJICHUS U JATUUKA.

[lepenarounsle (yHKIMM 3aMKHYTBIX OZHOKOHTYpHBIX CAY. CTpykTypa ¢ OIHOMU
CTETIEHBIO CBOOO/BI.

CtpykTypa 3aMKHYTOW CHCTEMBI C JBYMS CTENEHSMHU CBOOOIBI. DyHKIHH
YYBCTBUTEIBHOCTU M COOTHOILEHUS MEX Y HUMH.

[lonsitTue 00 ycroiuMBOCTH. YcTOWYMBOCTH MO JISmyHOBY. AcCHUMHOTOTHYECKAs
YCTONYUBOCTb.

OnpeneneHue  yCTOMYMBOCTH  JIMHEHHOM  CHCTEMBl 1O  BHUAY  KOpHEH
XapaKTepUCTUYECKOr0 ypaBHEHUs. CBOOOIHOE U BBIHYKJAEHHOE JBU)KEHNUE CUCTEMBI.
Teopembr A.M.JIsmyHOBa 00 yCTOWYMBOCTH HEITMHEWHOW CHCTEMBI 10 YPaBHEHUSIM
nepBoro npubnmxenus. IlonsTre o kopaeBoM rojorpadge.

Kpurepun ycroitunsoctu. Kpurepnii I'ypsuna.

Kputepuit ycroiiunBoctn HalikBucta. Ciydyan yCTOMYMBOM W HEYCTOMYMBOMU
Pa30MKHYTON CUCTEMBI.

Kpurepuii ycroitunsoctu HaikBucra. Pa3oMKkHyTas cucreMa HEUTpalIbHO YCTOMYMBA.
Omnpenenenre OTHOCUTEIbHOM YCTOWYMBOCTHU. 3anachl yCTOMYMBOCTH M MaKCUMaJlbHas
YyBCTBUTEIBHOCTb.

Jlorapudmuyeckuii KpUTEPHA YCTOMYMBOCTH.

Y CTOMYMBOCTH CUCTEM YIIPABJICHUS C 3alla3/IbIBAHUEM.

[TonsTne o KadecTBe cHUCTeMbl ympaBieHus. TodHocte pabotei CAY B
ycraHoBUBIIEMcs pexxume. OmnbKka BOCIPOU3BEACHUS U OIIMOKA MO BO3MYILEHHIO.
Omnpeznenenre yCcTaHOBHUBIIECHCS OMMOKA BOCIIPOU3BEICHHS MPH OTPAOOTKE THUIOBBIX
3aJar0IUX BO3ACUCTBHH.

OmnpezeneHrue yCTaHOBUBIICHCS OMIMOKM 1O BO3MYILEHHIO IPU OTPAOOTKE THUIOBBIX
3ajarolux Bo3aeiicTeuil. ObecrneueHne actaTu3Ma CUCTEMBI 110 BO3MYILEHHUIO.
[Tonstue 06 MHBApUAHTHBIX cUcTeMaX. AOCONIOTHAs MHBAPHUAHTHOCTh K 3aJIal0LIEMy
BO3JICHCTBHUIO.

CenexktuBHas aOCONIOTHAS MHBAPUAHTHOCTD. [ [pUHITNT BHYTPEHHEH MOJACIH.

Ananm3 kadectBa TmepexogHoro mnpounecca CAY mnpu  CcTyneHYaTOM BXOJHOM
BO3JICHCTBUH.

YacTroTHble METOIbl OILEHKM KayecTBa NepexogHoro mnporecca. OleHka KadecTBa
nepexoaHoro npoiecca mo AYX 3aMKHYTOW CHCTEMBI.

OueHnka kadecTBa nepexogaHoro npomecca no JI4YX pasoMKHYTONH CUCTEMBI.

KopHeBble METO/IbI OLIEHKH KaueCcTBa MIEPEXOIHOr0 IpoIiecca.

KauecTBo cuctembl BTOporo nopsjaxa.

Bnusinue Tperbero nomroca U HyJsl Ha XapaKTEPUCTUKU CUCTEMBI BTOPOTO MOPsIJIKA.

TecToBbBIC 321aHUA K 32a4€TY

PazpaboTano HECKOIBKO BapHaHTOB TeCTOB. OJIMH U3 BAPUAHTOB NMPUBEAEH HIKE.

1. Uudopmarus o yeru ynpaenenuss BBOIUTCS B CHCTEMY aBTOMATHUYECKOrO YIIPABICHUS C
OMOILBIO:
a) Bosmymasomtero Boszeiicteus T (t); 6) 3agarontero sosaeiicteus V(1) ;

B) yrpaBnstomero Bosaeiicteus U(t) r) omm6xu ynpasnenns £(t).
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2. Ecnu 3azarouiee Bosaeiictsue V(t) — sadannas Gpynxuus spemenn V(t) =Vv_ (1), To roBopst

3a11

0 3a0aue:
a) CTaOMJIN3alINH; 0) IpOrpaMMHOTO YIIPaBIICHUS;
B) pETyJIUPOBaHHS; ') aBTOMaTHYECKOTO YITPaBJICHUSI.

3. 3akon ynpaenenus B CACIYIOIICH CHCTEME HMEET BHI:

7 l (t)
() y(®)
. > oy >
a) y(t) = F,{u(z), t, <7 <t }; o) u(t) = F,{e(zr), t, < <t };
B) Y(t) = F,{v(z),t, <z <t }; nu(t)=F,{v(r),t, <7<t }.

4. Jluneapusayus 6 paboueti mouke CIpaBeJUIuBa TPU:
a) OOJBIIMX OTKIOHEHHUSAX BXOJA U BBIXO/A PJIEMEHTA OT COCTOSIHUSI PaBHOBECHS,
0) MaJIbIX OTKJIOHEHUSX BXO/Ia M BBIXOJIa JIEMEHTA OT COCTOSIHUSI pAaBHOBECHS,
B) JIIOOBIX OTKJIOHEHMSIX BXOJIa M BBIXOJIa 3JIEMEHTA OT COCTOSIHUS PaBHOBECHUS;
T') UKCUPOBAHHBIX OTKJIOHCHHUSIX BXOJa M BBIXO/Ia DJIEMEHTA OT COCTOSIHUSI PAaBHOBECHSI.

5. Henmneiinoe nuddepeHnnanbHoe ypaBHEHHE UMEET CIETYIOINN BUI:

d 02(t) +2 do() =cos 4(t).
dt d
Onpedeﬂume COCMOsIHUue paeﬂoeecuﬂ.
2) O(t)=0; B) 0(t>=§;
6) O(t)="; ) o) ="
=—, T = —
4 3

6. Ucnione3oBanue npeobpazosanus Jlaniaca nepeBoIuT:
a) HenuHeHoe auddepennnansuoe ypasuenue (1Y) B muneitHoe 1Y
0) HenuHelHOe nuddepeHmaIbHOe YpaBHEHHE B alreOpanveckoe ypaBHEHNUE,

B) JIMHEIHOE M epeHnraibHoe ypaBHEHHE B anreOpandyeckoe ypaBHEHUE,
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r) TuHeHoe auddepeHImaibHoe YpaBHEHHE B Pa3HOCTHOE YpaBHEHUE.

7. Onpenenurte nepegaTouHy0 PyHKINIO Puauiecku He 0Cyuecmeumozo 36eHd.

+1 ‘+p+1
a)Wl(p):pr+1; 6)W2(p):%;

0lp+1 3p’+p+1
W,(p)=—-""—; W,(p)=2F 27
B) 3(p) p(4p+1) r) (p) 1

8. Ilepenatounast GyHKINS UMEET BUJ

W(p) = (2p+1)(01p +1).

p*(p+1)
OnpeneuTe Xapaxmepucmuseckuti MHOZ0UICH.
a) (2p+1)(01p+1); 6) p*(p+1);
B) 2p+1)(O01lp+1)+ p’(p+1); r) p(p+1)°.

9. ®u3NYECKUI CMBICIT 8CO80U (DYHKYUU:

a) peakIus npeaBapuTeIbHO HEBO30YKICHHOTO 3BeHa Ha o -pyHKIHIO;

0) peakius mpeaBapuTENbHO HEBO30YKICHHOT O 3B€HA HA €IMHUYHYIO CTYIEHYaTyI0 (QYHKIIHUIO;
B) peakius MPEIBAPUTEIIEHO HEBO30Y)KICHHOIO 3B€HA Ha TAPMOHUYECKHI CUTHAIT;

T') peaKIus IpeaIBapuTeIbHO HEBO30YKICHHOTO 3BeHA Ha JIMHEWHBIN CUTHAJL.

10. Ilepexoonoui xapakmepucmuxou h(t) Ha3bIBAETCS:

a) peaxIus npeaBapuTeIbHO HEBO30YKICHHOIO 3BeHA Ha JIMHEWHBIN BXOIHOW CUTHAIT,

0) peakius mpeaBapUTEIbHO HEBO30YKICHHOT O 3BeHA Ha EIMHUYHYIO CTYIICHUATYI0 (PYHKIIHIO;
B) peakius MpeIBapUTENbHO HEBO30YKIEHHOTO 3B€HA HA TAPMOHUYECKHI CUTHAIT;

I') peakius IpeaBapuTeIbHO HEBO30YXKACHHOI O 3B€HA Ha o - yHKIHIO.

11. TTo m3BectHoit nepenarounoit pynkimun W (P) nepexoonas xapaxmepucmuxa onpenensercs

0 h) =L W (P o ht) = L{W P )}:
p
5 h(t) = L{VM}; 5 h(t) = L{WZ( ) }
P pe+1

12. Amnnumyono-gaszosoii xapaxkrepuctukoii HassisaroT rogorpadg W ( j®), mocrpoennsiit mpu

HU3MCHCHHUH 4YaCTOTHI B JHAIIa30HEC:
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a) —oo < @ < 00; 0) 0<w<o;
B) 0<w<l; r) —o<w<0.
13. @aszos6asa yacToTHASI XapaKTEPUCTHKA 3BEHA OMPEACIACTCS KakK:
a) () = Re[W (jo)]; 6) (@) =W (jo);
8) p(w) =argW (jw); n ¢(o) = ImW (ja)].
14. Jlocapugpmuueckou amniumyono-41acmomuou XapaKTepUCTUKON HA3bIBAIOT:

a) rpa¢uk 3aBucumoct  R(@), mocTpoenHslii B norapudmuueckom Macmrabe gacror Ig @ ;

6) rpaduk 3apucumoctn L (@) = 2019 R(®@) , moctpoennwiit B muueitHoM MaciiTabe 4acTor @

B) rpaduk 3aBucumoctn L (@) = 2019 R(®) , nocrpoenuslii B norapudmmdeckoM Macuirabe

4acToT Ig a;

r) rpaduk 3aBucumoctn  L(@) = Ig R(@) , moctpoennsiit B morapudmmuyeckom Macirabe uacTor

lgw.
15. Haxnon JIAYX n3mepsIoT B:
a) 1b; 0) pan/c;
B) Tpajycax; r) nb/nexk.

16. Ilepenarounas GyHKIUS anepuoouyeckozo 36ena 1-ro mopsiika UMeeT BUI:

k k
a) W = W =—.
y W(p) Toil ) W(p) -
kp T,p+1
5 W = n W k 1——
)y W(p) Tor1 yW(p)= Tp+l

17. 3BeHO BTOPOIO MOpsIAKA HA3BIBAIOT KolebamenbHbiM, Koraa Ko3PGUIHEeHT aeMIbUpOBaHUS
NU3MCHSCTCA B JUAIIa30HE:

a) 0<&<1; 6) £<0;
B) &>1; r) £=0.

18. Ckonpko «u3moMoB» uMeeT acumnrorudeckas JIAUX, mocrpoeHHass Mo mepeaaTodHOM
byHKUINMA

K(T, p+1)(T, p+1)

(Mp+D)(T,p+1)

W(p)=
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a) OJIUH; 0) nBa; B) TPH; T') YeThIpe.

19. Onpenenure 3Ha4eHUS Hyel TEPeAaTOYHON QyHKIUU

2p+1

w(p)= PP

Ap+1)(05p+1)

a) p,=0, p,=-05; 6) p,=0, p,=2;
B) p=-0,25, p,=-2; r) p=1 p,=05.

20. Ompenemute xodppuyuenm ycurenus K u nopsoox acmamuzma V 71ns 3BEHA C
nepeaaToyHon GpyHKuuen

+8

W(p)=—P">

p°+2p
a) k=2 v=1; 6) k=4, v=2;
B)k=8, v=2; r)k:4, v=1.

21. Tepenatounas yHKIUUS 1n0C1e006amenbHO20 COeOUuHeHus IBYX 3BEHbEB C MepelaTodHbIMH
ynximsamu Wy (p) u W, (p) onpenensiercs xax:

a) W(p) =Wy (p)W,(p); 6) W(p) =Wy (p) +W5(p);
B) W(p) =Wy (p) —W,(p); r) W(p) =W, (p)/W,(p).

22. Onpenenurte QyHKyuio uyecmeumeibHoCmu Ui CIeIYIOIeH CHCTEMBI:

(I Y(p)
EE— Wi (p)
WS(P)

) W, (p) o 1
a) S = - ; S N /
) Su (P = oW (o) % 5 (P = W (oW, (p)

bos W(PW,(P) | o (p) = Ws(P)
B) Swl(p) _1+Wl(p)Ws(p)’ " SWl(p) _1+W1(p)Ws(p)

23. Ilox ycmoiiuueocmoio NUHEHMHBIX CTALIMOHAPHBIX HEMPEPBIBHBIX CUCTEM C IOCTOSHHBIMU
napaMeTpamu MOHUMAIoT:

a) CIIOCOOHOCTE OCTAaBaThCSA B COCTOSHUU PAaBHOBECCHUA IIPU MTPUITIOKCHUU BHCIIHET O BOSﬂeﬁCTBHH;
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0) CIOCOOHOCTh TEPEXOJUTh B HOBOE COCTOSIHUE PABHOBECHS I10J] JCHCTBHEM BHEIIIHETO
BO3JICHCTBUS;

B) CIIOCOOHOCTh OCTaBaThCS B COCTOSTHHH paBHOBECHUSA B OTCYTCTBHUU BHCIIHUX BO3I[€I>1CTBPII>1;

I) CHocOOHOCTh BO3BpAIllaThCi B MCXOJHOE COCTOSIHHE pPaBHOBECHUS IOCTE YCTpaHEHUS
BO3MYILAIOLIETO BO3/ICHCTBUA.

24. Cucrema aBTOMaTH4ECKOI'O PETYJINPOBAHUS YCMOUYUEA, ECIIU:

a) BCC KOPHHU XapaKTCPUCTUYUCCKOI'O YpaBHCHUSA 3aMKHYTOI7I CUCTCMbI UMCIOT ITOJIOKHUTCIBbHYIO
BCIICCTBCHHYIO 4YaCTh,

0) BCce KOPHU XapaKTEpUCTUUYECKOrO0 YPAaBHEHHUS 3aMKHYTOW CHUCTEMBI UMEIOT OTPHULIATEIbHYIO
BEILECTBEHHYIO YaCTh;

B) BCE KOPHM XapaKTEPUCTUUYECKOTO ypaBHEHUS 3aMKHYTOM CHCTEMBbI MMEIOT MOJYJb MEHbIE
€IMHHUIIBI;

T) ABa KOPHS XapaKTCPUCTUICCKOI'O0 YPAaBHCHUSA SaMKHYTOﬁ CHUCTCMBI PACIIOJIOKCHBI HA MHHUMOM
OCH.

25. Kakoll U3 KpuTepueB yCTOMUMBOCTH OTHOCUTCSL K aneeOpaudeckum KpuTepusm?
a) kputepuil Muxaiinosa; 0) xpurepuii HaiikBucra;
B) kputepuit ['ypBuna; r) Jorapu(pMuyeckuii KpUTEpHil.

26. Kpurepuii ycroituuBoct Haiikéucma no3BOISET:

a) ONpeAeNIUTh YCTOMYUBOCTh 3aMKHYTOM CHUCTeMBI 110 BULy ADX 3aMKHYTON CUCTEMBI,

0) onpenenuTh yCTOWYMBOCTb 3aMKHYTOW CUCTEMBI 110 KOPHSIM XapaKTEPUCTUUECKOT0 YpaBHEHMUS;

B) ONPENEINUTh YCTOMYMBOCTh 3aMKHYTOH CHCTEMBI IO PACIOJIOKEHHMIO HYJIEH M IOJIIOCOB
Pa30MKHYTOH CUCTEMBI;

T') ONpPEAENUTh YCTOMUNBOCTh 3aMKHYTON cHUCTEMBI 10 BUy ADX pa3oMKHYTOH CHCTEMBI;

27. AOX ycToHYMBON pa30MKHYTOI CUCTEMbI UMEET BU/

V( @) 5
@=0
-f 0 U(e)
W(je)
Ornpenenure yCTOMUUBOCTb 3AMKHYMOU CUCTEMBI.
a) cUCTeMa yCTONYHBA; 0) cucremMa HeYCTOMYNBA;

B) CUCTEMA HAaXOJUTCS Ha TPAHUILIE YCTOMUNBOCTH;
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') HE IOCTaTOYHO HH(POPMAIIMH O CY>KJIEHUU 00 YCTONYMBOCTH.

28. 3aMmkHyTas cuCTeMa YIpaBJEHHUs, COJEpKailas IBa WHTerparopa (v =2), UMEET H)1e8Vio
VCMAHOBUBULYIOCS OUUUOKY 80CNPOU3BE0EHUS 3A0aAI0Ue20 8030eUCMBU

a) V(t) = Acoswt ; 0) v(t)=t;

B) V(t) =t7; ) V(t) = Asinwt .

29. ,ZZJZ}Z CeNeKMUBHOU UHeapuaHmHocmu cucmemvbl OMHOCUMENbHO 2APMOHUYECKO20 36106”0114620

sozoeticmeusn V(1) = ASIN @, t , nepenarounas GyHKIMS Pa3OMKHYTON CHCTEMBI JIOJDKHA COZIEPIKAT

B 3HAMCHATECJI€ COMHOXKHUTCIIb:

30.

31.

32.

33.

a) p—wy; 0) p2 ;
2 2.
B) P” +ay; r) p+aw,.
ITokazatens konebarenpuoctd M cayxur:
a) 1Sl OIICHKH YyBCTBUTEIBHOCTH; 0) JUTs OLIGHKH OBICTPOJICHCTBHSI;
B) JIJISl OIEHKH TTOMEXOYCTOWYNBOCTH; T') JUTS OIICHKH 3aI1acoB YCTOWYHBOCTH.

Kakoii yaactok JIAUX pa3oMKHYTO# CUCTEMBI ONPENEIISET 3aNachl YCMouyueocmu?
a) HU3KOYaCTOTHBII; 0) cpenHe4YacTOTHBIN;

B) BBICOKOUYACTOTHBIN; ') HUKaKOMH.

Cmenenv ycmouuueocmu 1] CIyXKHT:

a) JUIsl OLIEHKU 4YBCTBUTEIbHOCTH; 0) /17151 OLIEHKH OBICTPOACHCTBHS;

B) /ISl OLIEHKU [TIOMEXOYCTOWYUBOCTH; T') JJI51 OLICHKH 3aI1acoB YCTOMYUBOCTH.

Jl1sl KOMIIIEKCHO-CONPSIKEHHBIX MOMOCOB P, .. =—a, * ][5, cmenens konebamenvrnocmu

i+l

OMpeaACIACTCA KaK:

34.

a)u=m_inﬁ; 6)ﬂ=maxﬁ;
i a; ioa,
B) = max 2% r) u=max 2
i :B| i
Ha pucynke nmokazana:
4] @ =arctg p
/
/ < >
/

N
3
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a) Marpamma HyJieid 1 MOJICOB 3aMKHYTON CHCTEMBI;
0) KopHeBoii rogorpad;
B) JKesiaeMasi 00J1aCTh PaCOI0KECHHUS TIOTFOCOB 3aMKHYTOH CHCTEMBI,

r ) TPACKTOPUA ABUKCHUA CUCTCMBI.

Tunosble 3a1aHKsl AJIA CAMOCTOATEIbHOI PadOTHI

. UcTopust aBTOMAaTH4eCKOro yrpaBJICHUsI.

. IlepcniekTUBBI pa3BUTUS CUCTEM YIPABJICHHUS.

. JIuneapuzanus GU3NUECKUX CUCTEM.

. Ilepenarounsie (yHKIMU JIUHEHHBIX CUCTEM.

. HyBCTBUTENBHOCTD CUCTEM YIIPABIEHUS K U3MEHEHUIO [1apaMETPOB.

. Bo3mymieHnus B cucreMax yrpasiieHUsI ¢ 00paTHOM CBSI3bIO.

. OnpenieneHre XapakKTepUCTHK CUCTEM yrpasiieHus ¢ nmomoisio MATLAB.
. CTpyKTypHBIE CXEMBI.

. Mopenu B BUJie CUTHAIBHBIX rpadoB.

. YcTaHOBUBIIAsICS OMIMOKA CHCTEM YIIPABIICHUS C 0OPATHOU CBSA3BIO.

. KagecTBO cucreMsl BTOporo nopsiaka.

. CBA3b MEXly IEPEXOJHON XapaKTEPUCTUKON U MOJIOKEHUEM KOPHEN Ha S-TIJIOCKOCTH.
. OTHOCHTENbHAS YCTOMYMBOCTH CUCTEM YIIPABJIEHHUS C 0OPATHOM CBA3bIO.

. Kputepuii ycroitunBoctu Payca-I'ypsuna.

. Kpurepuii HaiikBucra.

. YCTOMYMBOCTb CUCTEM YIIPABIICHHUS C 3aIl1a3/IbIBAHUEM.

. Kpurepuu xagectBa BO BpeMEHHON M YaCTOTHOM 001aCTSX.

OO0 I N W~

e e S St Gy g
<N ON DN DW= O

Tunosble 3a1a4M ISl CAMOCTOSITEJIbHOU PadOTHI

Tema «MaTeMaTHYeCKHE MOJEIH U XapPaKTEPUCTUKH IJTEMEHTOB H CUCTEM»
1.1. ypaBHeHI/Ie JABMOXKXCHHUA MaTEMAaTHYCCKOI'O MassTHHNKA UMCCT BU:

LA0O __gin o(r)
g dt?

3nech: L- nnmma crepxkus, @- yron OTKIOHEHHs CTEpKHS OT BEPTHKANM, (- YCKOPEHHE

cBoOoaHOro maneHus. OmpenenuTh COCTOSHUE paBHOBecHs. JIMHeapu3oBaTh YpaBHEHHE
MasiTHUKA.
1.2. MaremaTruecKkasi MOJIENIb MEPEBEPHYTOr0 MAITHUKA, 3aKPEIUIEHHOTO Ha TENEKKE, HMEeT
CIEAYIONTUN BU;

mgl sin A(t) — mI(t) cosA(t) = JO(t).
Omnpenenuts cocTosiHUE paBHOBECHS. JIMHeapu30BaTh ypaBHEHUE NTEPEBEPHYTOIO MAsITHUKA.
1.3. O6bexT yrpasienus coaepxkut teno Macckl M ¢ npyxkunoit u nemngepom. [pyxuna umeer
xectkocth C . Kospduiuent Bsaskoro Tpenus (nemndupopanus) aemndepa obozHaunm H .

Teno nepemeraercs ¢ MOMOLIBIO JBUraTeNs IIOCTOSHHOIO TOKA, KOTOPBIN CO3aET YCUIIUE f(t)
VYpaBHeHue OanaHca CHJI, NPUIOKEHHBIX K Macce, Ja€T CIeIylolyl0 MOJeIb OOBbeKTa
YIIPaBJICHHUS .

d?*x dx

M =f({t)-H—-Cx-:
® ot

tZ
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Omnpepenuts nepenarounyio pyakuuo OV W(p) = X (p)/ F(p).

1.4. Omnpenenuts nepenarounyo ¢ynxuuio muddepenmupyromeii RC —uenn. ITpusats
R=10x0Om, C =1 ux®D .

1.5. Ompenenuts nepematounyo ¢ynkuuioo uarerpupytomeii  RC —nemu.  IMpunsrs
R=20x0Om, C =5 ux®d.

1.6. Onpenenuts nepexoanyro xapakrepuctuky N(t) ans ssena ¢ nepenarounoit Gpynximeii:
5
W(p) = :
Olp+D)(2p+1)
1.7. Onpenenuts BecoByro ¢pynkumo W(t) s 3BeHa ¢ mepemaTounoi GyHKIMEii:

10
W - == .
(P) p(2p+1)

1.8. Onpenenute 3HAYCHHST HYJEH U TIOITIOCOB TIEpeAaTOUHON (DYHKIINN

_ p@p+1)
W(m_(p+D®Ap+D

1.9. Onpenenure ko3pdunuent ycusenns K u nopsaok acratusma vV 1yist 3BeHa ¢ epeIaTOYHOMN
GbyHKLIKEN

p+8

W(p)=———-
p"+2p

1.10. Onpenenuts Bce 4YacTOTHBIE XapakTepuctuku i mudepenuupyromeii RC —nenm.

Hpunsats R =10 k0w, C =1 ux® .

1.11. OnpenenuTs Bce YacTOTHBIE XapakTepucTuku aus uarerpupyromein RC —nenu. punsts

R=20xOm, C=5muxd.
_1004p+))

p2p+1)
R(w) u @(®) . Hocrpours acumnrorHueckyro JIAUX.

1.12. Jlnst 3BeHa ¢ mepenatounoit dynkumei W (p) OMPENEIUTh BBIPAKEHUS IS

1.13. TToctpouts acumnroTrueckyto JIAUX s 3BeHa ¢ mepeaaToyHon pyHKIuen

2p+1
w(p)=— 2P+
p(p+1)(0,4p+1)
1.14. [Ins 3BeHa ¢ nepeaaTouyHon GpyHKIuen \\ (p)= 10((02’1FH_)1) ¢ nmomoripo Matlab ornpenenuts
p(2p+1
xapakrepuctukn N(t) u W(t).
10

1.15. Jlns 3Bena ¢ mepefaTounon Gpynkuueit W (p) = ¢ momornipio Matlab onpenenuts

p(2p+1)
nuarpamMMmy bone u nnarpammy HaiikBucra.

Tema «Onucanue CAY. Tunosbie CTPYKTYPbI 3aMKHYTBIX CHCTEM))

2.1. ]Iy apXUTEKTYpbl CUCTEMBI YIIPABIIEHUS C OJHOM CTENEHbIO CBOOObI, COAEpIKallel TOJIbKO
O00BEKT yNpaBJieHUs U peryisarop, onpenenutb: [1D 3amkuyToi cuctemsl, [1D pa3oMkHyTOMH
cucremsl, 1I® no BxomHoMy Bo3MyumieHuto, [I® 1o BeIXOgHOMY BO3MylieHHIO, 1D 1o
YIIpaBJIEHUIO, (PYHKIMIO UyBCTBUTEIBHOCTH.

2.2. JIns apXUTEKTYphl CUCTEMBI YIIPABJICHHUS C IBYMsI CTEIIEHSIMH CBOOO/IbI, CoJiepxkKalleil 00bEeKT
YIIPaBIICHUS] U PETYIATOP B KOHTYpE OOpaTHOW CBS3M, a TaKXKe MPEIBApUTEIBHBIA (QHIBTD,
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onpenenuts: [P 3amkHyTOM cuctemsl, [Id no BXxogHoMy Bo3mylieHuto, I1® no BeIxOgHOMY
BO3MYILEHUIO, [ID 1o yripaBnenuro.

2.3. Jlnst 3BeHbEB C HepefaTouHbIMU QyHKIMsIME W (p) = L W,(p) = (O 1p +1)
(2p+1) p(2p+1)

sKBUBaJIeHTHbIe [I® 1ns: moOCIeoBaTeNbHOrO COCTUHEHUS JJIEMEHTOB, IapajieIbHOTO

COCIMHEHUS], COSIMHEHUS C 00pPaTHOW CBA3BIO.

2.4, Pemnts 3amauy 2.3, ucnonb3ys Gynkiuu Matlab — series, parallel, feedback.

2.5. Mognenb cucTeMbl yIpaBJIeHUs MTPEACTaBIeHa Ha PHCYHKE.

OIIPENEIUTh

a0
- s 1
o 2 L, v = N[
v 242 o+1
P =) W) i) Scope
M0
ot T ot
iG]
7 (=)
1
=
2414

OnpenenuTh SKBUBAJICHTHYIO MEPEIATOUYHYIO (DYHKIIHIO.

Tema «AHaIHM3 yCTOHYHUBOCTH»
3.1. I1® pa3oMKHYTOH CHCTEMBI UMEET BH/I:
10(01p +1)

Wp)==" "7
p(p+1)
OnpenenuTs yCTOWYMBOCTh 3aMKHYTON CHCTEMBI IO KOPHSAM XapaKTePUCTUUYECKOT0 YpaBHEHHUS.
3.2. I[1® pa3oMKHYTOI CUCTEMbI UMEET BH/I:

10
W(p)=— .
pbp +2p+1)
Onpenenuts ycTOMUYMBOCTh 3aMKHYTONH CUCTEMBI IO KpuTepuio I'ypBuia.
3.3. Ilo nepenaroynoil (GYHKUMU DPasOMKHYTOH cucTeMbl — W(p)= (1) OTIpEIEUTh
pGp+1

seipaskeans R(@w) u @(®), u ma xommmexcHoi mmockocTd mocTponth ADX pa3soMKHYTOI

cucteMbl. OnpenenuTh yCTOMUYNBOCT 3aMKHYTOM CUCTEMBI 110 KpuTeputo HalikBucra.

1
45p°+5,25p* +35p+1

¢ momomrsto Matlab mocrpouts nuarpammy bozpe pazomkHyTO# cuctembl. OnpenenuTh 3anachl
YCTOMYMBOCTU M CHeNaTh BBIBOJ 00 YCTOWYMBOCTH 3aMKHYTOM CHUCTEMBL. Y BEJIUYUTh
KO3 OUIIMEHT yCHUIIEHUS Pa30OMKHYTOM cHUCTeMbl B 2 pa3a, u mo JIUX ompenenuTh 3amachbl
ycroiunBocTH. CrienaTh BBIBOJL O BIMSHUU KO3 (DUIIMEHTA YCHIIEHUS HA YCTOWYHBOCTD.
3.5. T1® pa3oMKHYTOW CHCTEMBI UMEET BU:

1

W= ozp )
pP(p+1)(0.2p+1)
C nomompto Matlab moctpouts KopHeBol roporpad, U onpeaenuTh 3HaueHHe Kodddurenta
YCUJICHUS, TIPH KOTOPOM CHCTEMa HaXOAMUTCS Ha TPAHUIIE YCTOWYMBOCTH.
3.6. I1d pa3oMKHYTON CHCTEMBI UMEET BH/I:
k(Tp+2)
W(p)=—F7—"
P

Hcnonp3ys JIUX pa3oMKHYTOW CHCTEMBI, 10Ka3aTh, YTO 3aMKHYTasi CUCTEMa HEYCTONYMBA NPH
mo6bix 3HaueHnax K u T, Gonpmux Hyms.

3.4. Ilo nepenarouHoi GyHKIUNH PA3OMKHYTOM cucTeMbl W (p) =
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Tema «Ananu3 kadectBa CAY»
4.1. I1® pa3oMKHYTOM cHCTEMBI UMEET BU:

10
W(p)=—
pGp+1)
OnpenenuTh yCTaHOBUBILYIOCS OIIMOKY BOCIIPOM3BEIEHUS CIIEAYIOIIMX 3a/1al01UX BO3AEHCTBHI:
v, (t) =2=1(t) u v,(t) =5t.
4.2. I1® pa3oMKHYTOM CUCTEMBl UMEET BH/I:
10
W(p) =5
op+1
Onpenenuth yCTAaHOBUBIIYIOCS OIIMOKY BOCIIPOM3BEICHUS CIEIYIONINX 3a/1al01UX BO3ACHCTBHIA:
v,(t) =5%1(t) u v, (t) = 3t.
4.3. T1® pa3oMKHYTOH CUCTEMbI UMEET BHUI:
05
W(p)=— "
p(p+)
OnpenenuTh  yCTAaHOBUBUIYIOCS  OIIMOKY  BOCHPOM3BEICHUS  33/JaOLIETO  BO3ICHUCTBUS
V(t) =2 *sin 1t . Kak 106uThCs CeNEKTHBHON MHBAPHAHTHOCTH HA TAPMOHMYECKHH BXOJHOI

CUTHaN?
4.4. B 3amknyToii cucteme [1d oObekTa ynpaBIeHH U PETYIATOPA UMEIOT CISAYIOIIHA BU/I:
0,5
W(p)=—> W,(p)=10.
= oty 2

OmnpenenuTh yCTAHOBUBINYIOCS OMMOKY BOCIPOU3BENEHUS BO3MYINAIOIIETO BO3IAEHCTBHSA
f(t) =0,5+1(t), mpraoxkeHHOro K BXOLY 00BEKTA yIPABICHHUSL.

4.5. [1® pa3oMKHYTOH CUCTEMBI UIMEET BUJIL:
1

W(p)= -
p(p+1)(0.2p+1)
C nomompro Matlab ompenenuTs mepexomHyr0 XapaKTEPUCTHKY 3aMKHYTOH cucTembl. 1o
NIEPEXOIHON XapaKTEPUCTUKE ONPEAEIUTH 10KA3aTeNIN KayeCcTBa.
4.6. [1® pa3oMKHYTOM CHCTEMBI IMEET BUJI:
1

W(p) = -
p(p+1)(05p+1)
C nomompio Matlab ompenenuts JIUYX 3amknytoii cuctemsl. Ilepectpouts rpadux JIAUX B
JMHEMHOM MaciuTade 1o ocu opauHar. OIpenenuTh MoKa3aTeiab KoieOaTeNIbHOCTH U IPAHUILY
IIOJIOCHI IIPOITYCKaHMSL.
4.7. Ins nBYXIOJIIOCHOM cucTeMsl ¢ nepenatounoit Gpynkuueii (& =0,5; o, =1)

1
d(p)=——
(P) p’+p+1
¢ nomorisio Matlab onpenenuts nepexoHyI0 XapaKTEpUCTHKY M BEIMYMHY TICPEPEryTUPOBAHUS.
Paccunrare nepeperynupoBanue 1mo Gopmyie

% = exp(——="_)*100.
N
CpaBHUTP MOITYYCHHOE 3HAYCHUE C PE3YJILTATOM MOJICITHPOBAHUS.
4.8. Jlns nBYXIOIIOCHOM cUCTeMSI ¢ nepenaTounoit Gpynkmueit (& =0,5; o, =1)

1

D(p)=——-
p +p+1
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¢ momompio Matlab ompenenuTe mepexoqHYH0 XapaKTepUCTUKY W BPEMsl pEryJHpOBaHHUSL.

PaccuuTath BpeMs peryiaMpoBaHus o ¢popmyie
3

",
CpaBHHTB IOTYYEHHOE 3HAUYCHHUE C PE3YIHTATOM MOJICITUPOBAHHSL.
4.9. BBecTH B ABYXIONIOCHYIO cucTemy ¢ [1D
1

o(p)=——
(P) p’+p+1

BEIECTBEHHBINH momroc. [Ipubmmkare momoc K Hadaly KOOPAWHAT W OMPEENATh BEIHYUHY
nepeperynupoBanus. Caenars BBIBOJ O BIUSHUH BEIIECTBEHHOTO TOI0CA HA KAYECTBO CUCTEMBI
BTOPOTO MOPSIAKA.
4.10. Bectu B IBYXIONMOCHYIO cucTemy ¢ [1D

1

o(p)=——
(P) p’+p+1

BEIIECTBCHHBIN HYynb. [IpuOmmkaTh Hynmb K Havyaly KOOPAMHAT W ONPEACTATh BEIUYHHY
nepeperynuposanusi. Crennats BBIBOJ O BIMSHUU BEIIECTBEHHOI'O HYJS HAa Ka4€CTBO CHCTEMBI
BTOPOr'O IOpsIIKa.

Ilepeyens J1adopaTopHBIX Pa00OT U BONIPOCOB /1JIs1 KOHTPOJIS

No

paBoTHL Ha3zBanue nabopaTopHoii paboThI ¥ BOIPOCHI JUIsi KOHTPOJIS Iudp

1 HccnenoBanue XxapakTepUCTHK TUHAMUYECKUX 3BeHbeB TUHEHHBIX CAY (4
gac.)
1. ITosicHUTH (U3UYECKUI CMBICT aMILTUTYIHO-()a30BOM XapaKTEPUCTUKH.

2. Ilepenarounas GyHKIUS 3B€HA UMEET BUI: W (s) = 0 .
3s?+4s+1

Omnpenenuth xapakrepuctuky h(t).

3. Tloctpouts acumnroruueckyro JIAUX nist 3BeHbEB € TIEpeIaTOYHBIMH

GbyHKIUSIMU 5761

a) _ 10(0.1s +1) | 0) 3 10s .
W.(8) = 0015 1) W) = 0 s 1 (s 2 0)

Omnpenenuth xapakrepuctuku R(o) u ¢o(w).

4. OObSICHUTH CcHOCO0 SKCIEPUMEHTAILHOTO OMNpEJEIeHNUs MapaMeTpoB
anepuoJUYEeCcKOro 3BeHa 1-ro nopsjaka rno nepexoqHon XapakTepUCTHKE.

5. Ha Bxox 3BeHa ¢ nepenarounoi pyukmueit W(s)=10s/(0,1s+1) momaercs
BxomHoi curaan V(t)=0,1sin(10t+20°). OnpemenuTs BBIXOIHOW CHTHAI
3BEHA.

2 HccnenoBanue ycTOWYMBOCTH CUCTEM aBTOMATUYECKOro yrpasieHus (4
gac.)

1. Kak monmy4arot ypaBaenne X = F(X(t)) mpuBeIeHHON CUCTEMBI?

2. Kakum o00pa3oM HCXOAHOE YpaBHEHHE MPHBEICHHOH CHUCTEMBI 5761
JMHEapHU3yeTcs?

3. B Kkakux ciy4yasx MO KOpPHSM XapaKTEpUCTHUECKOrO YypaBHEHHS
JMHEAPU30BaHHOM  CUCTEMBl MOXXHO  OIpPEACIUTb  YCTOMYMBOCTH
TPUBHAIBHOTO PEIICHHS TPUBEICHHOW CUCTEMBI, @ B KAKMX HEIb3s?
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4. Tlo kputepuro ['ypBuma chopMymHpyiTe YCIOBHS, NMPU KOTOPBIX
XapaKkTepUCTUYECKOe YpaBHEHUE UMEET: a) JIEBble KOpHU; 0) MpaBbIe;
B) KOPHU Ha MHUMOM1 OCH.
5. Copmynupyiite yCIOBHS YCTOMYUBOCTH, HEYCTOHYMBOCTH, TPAHHUIIBI
yCTOMUMBOCTH, UcTIONb3ysd ADX pa3sOMKHYTOU CUCTEMBI.
6. Mcnonb3ys ananoruto mexay AP@X pazomkHyTol cuctemsl u ee JIUX,
chopMynuUpyHTE YCIOBUS YCTOWYMBOCTH, HEYCTOWYHMBOCTH, HCIIOIB3YS
JIYX pa3oMKHYTON CUCTEMBI.
7. TlosicHUTE TEPMUH KPUTUYECKUN KOI(P(DUIIMEHT YCUICHUS U YKAXKHUTE
METOAMKY €ro ornpezenenus no kpurepusam ['ypeuna u HalikBucra.
8. Ompenenute TEpMHH 3amachl YCTOMYMBOCTH IO aMIUIMTyne U (ase.
VYKa)xute METOOUKH UX ONpeJesIeHHs 1o Kpureputo Haiiksucra.
9. IlepenaTouHast pyHKIMS pa3OMKHYTON CUCTEMbI UMEET BH/I:

W (S) - ZL .
s°(s+1)
Onpenenuth yCTOWYMBOCTH 3aMKHYTOM CHUCTEMBI TIO0 KPUTEPHUIO
HaiixBucra.

10. IlepenaTounas ¢GpyHKIMS Pa3OMKHYTOM CUCTEMbI UMEET BU/I:

10
WE)=— .
(s) §*+25°+3s+1

OnpenenuTs YCTOWYMBOCTh 3aMKHYTOM cUCTEMbI IO KpuTepHio I'ypBula.

AHanu3 TOYHOCTH CUCTEM aBTOMATUYECKOT0 yIpaBieHus (4 Jac.)
1. OmpeneneHue CTaTHYECKOH, CKOPOCTHOM OMMOOK ¥ OIIMOKH TIO
YCKOPEHHIO, TOHATHE CTATUYECKON M aCTaTUYECKON CUCTEMBI.

2. Kak Bmuser K03(Q(OUIMEHT yCUIEHUS CHCTEMBl Ha OLIMOKU
BOCITPOU3BEJICHUS CTENEHHBIX 3a/IAIOIIUX BO3JICHUCTBHII?

3. OnpenenuTh 3HaYCHUE YCTAHOBUBIIEHCS OIMMMOKNA 3aMKHYTOW CHCTEMBI
¢ IID o(s)=4,8/(s+5) IpH 3a1ar0L1EM BO3ACHCTBUN BHJIA!

a) V(h=5-1(t), t=0;  6) v(t)=2sint, t=0.

5761

4. OnpenenuTh KOIPPUIMEHT YCHICHUS U MOPSAIOK acTaTU3Ma CUCTEMBI
2
ynpasienus, eciu [1D ommbOku @, (s) = ﬁ
2s°+s5+10

5. Kak MOXHO yCTpaHUTh YCTAaHOBUBIIYIOCSI OIIMOKY OT MOCTOSHHOTO
BO3MYIIAIOIIET0 BO3ICUCTBUS?
6. UeMm mocTWraeTcsi acTtaTU3M CHCTEMBI YIPABICHUS OTHOCHUTEIHHO
BO3MYIIICHUSA?
7. JlaTh OHSATHE CENTEKTUBHON MHBAPHUAHTHOCTH CUCTEMBI IO OTHOLIEHHUIO
K TapMOHUYECKOMY BO3JICUCTBUIO.
Hccnenosanue kadecrBa JHMHEHHOM  CHCTEMBI  aBTOMATHYECKOI'O
yrnpayieHus (4 Jac.)

5761

1. Kak onpenensroTcst mpsiMble OKa3aTeNN KaueCTBAa CUCTEMBI YIIPaBJICHUS
B IIEPEXOJTHOM pexume?
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2. Kak HaiiTu 3amac yCTOWYMBOCTH 1O MOJYJIO U 3aMac yCTOMYMBOCTH T10
¢aze Ha ADX u JIYX pa3oMKHYTOH CUCTEMBI?

3. Kak Bnwmsier juinHa cpegHedacToTHoro ydactka JIAUX pa3zomMkHyTOR
CUCTEMBbI Ha BEJTMYMHY 3aaca YCTOWYMBOCTHU MO (pa3e U Kak 3TO CBSI3aHO C
nokazareneM konebarensHocTr M Ha AUX 3aMKHYTOH CUCTEMBI?

4. JlaTh NOHSATHE JOMUHHUPYIOLIUX MOJIOCOB.
5. Kak HaliTH OLIeHKY BpEMEHU peryanpoBaHus tp , ecnu:

a) JOMUHUPYIOLIUM SIBJISI€TCS BELIECTBEHHBIN MOJIIOC 3aMKHYTOW CHCTEMBI;
6) JAOMUHHUPYIOIIUM ABJIACTCA ITapa KOMIUICKCHO-COMPAKECHHBIX IMOJIFOCOB
3aMKHYTOW CUCTEMBI.

6. Uemy paBHO niepeperyaupoBaHue 6,% B CHCTEME, €CIIH:

a) BCE MOJIOCHI CHCTEMBbI BEIIECTBEHHBIE OTpUIlATENIbHBIC; 0) €CTh Iapa
JTOMUHUPYIOIIUX KOMIUIEKCHO-COMPSIKEHHBIX JIEBBIX MOJIFOCOB (OCTAIbHBIE
BEIIIECTBEHHBIC).

MOJAY.Jb 2

Bomnpocsl k 3xk3aMeny

1. ITonsarue o cunteze CAY. TpeGoBaHUs K MPOSKTUPYEMON CHCTEME.

2. OcHoBHbIE 3Tanbl cuHTe3a CAY.

3. O030p KIaCCHYECKHUX U COBPEMEHHBIX METOIOB CHUHTE3a TMHEHHBIX CAY.

4. TlapameTpuyecKHil CHHTE3 IOCIEI0BATENbHOTO KOPPEKTUPYIOLIETO YCTPONCTBA IO

METOJy Jorapu(pMUUECKUX YaCTOTHBIX XapaKTEPUCTHK.

5. Hacrpoiika II-perynaropa no Metoay JorapupMUYECKUX YACTOTHBIX XapaKTEPUCTHUK.

6. TIU[-perynsitopbl. YpaBHeHHe u TniepenarouHas (ynkuusi wuneansHoro [T]I-
perynasTopa.

7. Tlepenarounas ¢ynkuust peanbHoro [IW/[-perynstopa. [lonstue nactpoitku ITH/I-
peryiaropa.

8. Bimsinue nponopuronansHoi coctapisrome [T ][-perynsaropa Ha Ka4eCTBO CUCTEMBI.

9. Bnustnue unTerpanbHoil cocrasistonieit [IM-perynsaropa Ha Ka4eCTBO CUCTEMBI.

10. Bmmsaue muddepenuanbioi cocrapistonieid [T ][-perynsropa Ha Ka4ecTBO
CUCTEMBI.

11. OG30p COBpEeMEHHBIX METOAOB AaBTOMATHYECKON HacTpoiku mapameTrpoB I[IM/JI-
PerynaTopoB, peaJn30BaHHBIX B cucteMe Matlab.

12. Anroputm Hactpoiiku mnapamerpoB I[IM/[-perymsatopa mo MeTony NepexoqHOU
XapaKTepUCTUKH pa3oMKHYTOHN cucteMsl Llurnepa-Huxkonca.

13. Hacrpoiika napamerpoB [11][-perynsropa mo merony CHR.

14. Anroputm HacTpoviku mnapamerpoB IIM/[-perymsaropa mo MeTOAY 4YacCTOTHBIX
xapakrepuctuk [{urnepa-Hukomnca.

15. Anaroputm pyuHoit HacTpoliku napametrpos [T /[-perynstopa.

16. XapakTepuCTHKH U pean3alusi KOPPEKTUPYIOLIEr0 YCTPONUCTBA C ONEPEKEHUEM I10
dbaze.

17. Anroput™ cuHTE3a KOPPEKTUPYIOIIETO YCTPOHUCTBA C ONEPEKEHUEM T10 (ase.

18. JlocTOMHCTBA M HEAOCTAaTKU KOPPEKIMH CUCTEMBI C IOMOIIbIO YCTPOWCTBA C
orepekeHueM 1o ¢ase.

19. XapakTepuCTHKU U peau3alus KOPPEKTUPYIOIIET0 YCTPOWCTBA ¢ OTCTABAaHUEM IIO
dbaze.
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20. AITOpUTM CHHTE3a KOPPEKTUPYIOIIETO YCTPOMCTBA C OTCTaBaHUEM I10 (haze.

21. CunHTe3 peryasaropa ¢ OTCTaBaHHEM MO (a3e ¢ HEeAWHUYHBIM KOI(D(DUIIHEHTOM
YCHUJICHHS.

22. JIOCTOMHCTBA W HEIOCTATKH KOPPEKLIHMH CUCTEMbI C IOMOUIBIO YCTPOWMCTBA C
OTCTaBaHHUEM 110 ¢aze

23. Ucnonp3oBanue cpenctsa Sisotoo/MATLAB mns cuntesza CAV.

24. Tlepexom OT mepenaTouHoOd (PYHKIIMHM K YPAaBHCHUSM COCTOSHHSI.

25. YipaBnsieMoCTh ¥ HaOII01aeMOCTb.

26. [locTanoBKa 3aa4M MOJIAJILHOTO YIIPaBJIECHUSI.

27. Meton pa3MelieHus O0COB.

28. ®opmyna AKkepMaHa.

29. CunTe3 HaOMOIaTeIsl IOTHOTO MOPSIIKa.

TecToBBIE 3aJaHuiA K OK3aMCHY
Pa3zpaborano HecKoIbKO BapuaHTOB TecTOB. OIMH U3 BApUAHTOB MPUBEICH HIDKE.

1) ITokaszarens konedarensroctn M onpenensercs no:
a) AUX 3aMKHYTON CHCTEMBI; 0) mepexoAHON XapaKTepUCTUKE 3aMKHYTOIH CUCTEMBI;
B) ADX pa3oOMKHYTOH CHCTEMBI;, T) ITOJFOCAM 3aMKHYTOW CHCTEMBI.
2) Ilokasarens konebarensnoctn M ucnonbsyercs ms:
a) OIEHKH OBICTPOICHCTBHS; 0) OIleHKH 3amaca yCTOWYUBOCTH;
B) OLIEHKH TOYHOCTU CHUCTEMBI; T') OLIEHKH [IOMEX0YCTONYHUBOCTH.
3) Uemy paBHo 3HaueHue JIAUX pa3oMKHYTOlH CHUCTEMBI Ha yacmome cpe3a?

a) L(w,)=005; 6) L(w,)=105h;
B) L(w,)=2005; 1) L(w,)=4005.

4) Mo u3BecTHOMY 3amacy 10 (paze y° MOKHO IPUOIMKEHHO OMPEIETHTH:
a) BpeMsl peryJIMpoBaHus; 0) mepeperyImpoBaHuce;
B) YCTAaHOBUBIIYIOCS OIIUOKY; ) K03 (DUIIUEHT yCUITCHHUS.

5) 1o u3BecTHOH YacTOTE Cpe3a (O, MOKHO NPUOIMKEHHO ONPENETUTh:
a) BpeMsl peryJIMpOBaHUs, 0) mepeperyIMpoBaHue;
B) YCTaHOBUBUIYIOCS OIINOKY; ) KOO (OULIUEHT YCUIICHHUS.

6) JIAUX pasomkuytoii cucremsl L(®) mns cnywas yemoimusoii samxmymoii_cucmemb

MepeceKaeT, Kak MPaBUjI0, OCh YaCTOT C HAKIOHOM:
a) -10 nb/nex; 0) -20 nb/nex;
B) -40 nb/nex; r) -60 n1b/nex.

7) Cmenenv ycmotiuugocmu 1| ONPEAENISTCs M0:

a) A®X pa3oMKHYTOH CUCTEMBI; 0) JIAUX pa3oMKHYTOH CUCTEMBI;
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B) JMarpaMMe IMOJII0COB 3aMKHYTOH CHCTEMBI;
I') NEepexXoJHON XapaKTePUCTUKE 3aMKHYTON CUCTEMBI.
8) Cmenens ycmouuusocmu 1] CILyXHUT:
a) JUIsl OLIEHKU 4YBCTBUTEIBHOCTH; 0) AJ1s OLIEHKH OBICTPOJICHCTBUS;

B) /ISl OLIEHKU TOMEXOYCTOWYUBOCTH; T) JUISl OLIEHKH 3a11aCOB YCTOMYMBOCTH.

9) Cmenenv konebamenvHocmu | ONIpeneseTCS KaK:

. O . .
a) L=min —; 6)p:m|n&;
B, by
_ Q; . _ Bi
B) L= Max —; r) 4 =max -,
i i i Qa;
rae P, =— T ][ - KOMILIEKCHO-CONPSIKEHHBIC KOPHH XAapPAKTEPUCTHYECKOrO yPABHEHHS.
10) Yem 6onbuste BenuumuHa L, TEM:
a) MEHbIIIE BpeMs peryIupOBaHus; 0) Oosblie BpeMsi peryIupoBaHus;
B) MEHbIIIE IIepeperyaupOBaHuE; r) Oobllie HepeperyIupoBaHue.

11) CtpyKTypHas cxema POeKTUPYEMOii CHCTEMBI TpeJicTaBieHa Ha pucyrke, rie W, (p) - TId

00bEKTa yIpaBiIeHMUs, Wy P) - TI® koppeKTUpYIOIIEro yeTpoiCcTBRa.

V(p) &(p) U(p) Y(p)

—(X) W, (p) Wi (p)
JTIAUX pa3oMKHYTOI cKOppeKmuposaHHol CACTEMbI OIPEACIISIETCS KakK:

a) L(o)=L, (o)L, (); 6) L(w)=L,(0)-L(w);

B) L(w)=L, (0)+L (w); n Lw)=L,(0)/L ().
12) Koppektupyroliee yCTpOMCTBO ¢ IepeaTouHoi GyHKITHEeH
K(p+z
w (= Ke+2)
P+ P

o0namaeT onepediceHuem no ¢asze, eciu
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¥ [z|<[pli 0 [z]>[pl;

B) [z]=[p.]; N [z]#[p,.

13) Makcumanvnoe 3Ha4enne Gha3oBOro CIBUra yCTPOMCTBA C onepedicenuem 1O (ha3e uMeer
MECTO Ha 4acToTe:

a) ®, =~/Z,+ P, ; 0) Oy =+/Z,P;;
B) ®, =+/Z,/P;; r) ®, =+2,— P,

14) YcrpoiicTBO ¢ onepesicenuem 1o Gpase 0OBITHO PUMEHSICTCS IS
a) TIOBBIIICHHS TOYHOCTH; 0) yBeJIMYCHHUS 3a11aCOB YCTOWYHBOCTH,
B) YMCHBIICHUS YYBCTBUTEIBHOCTH;  T) MOBBIIICHHUS TOMEX0YCTOWYMBOCTH.
15) YcrpoitcTBO ¢ onepesicenuem 1o Gase He npumeHsemcs, Korja:
a) 3amac 1o (aze HECKOPPEKTUPOBAHHON CUCTEMBI UMEET Majoe 3HAUCHHE;

0) da3oBas xapaKTepUCTHUKA HECKOPPEKTUPOBAHHON CHCTEMbI U3MEHSETCS HE3HAYUTEIHHO B
OKPECTHOCTH YacTOThI O, ;

B) (hazoBasi XapaKTEPHCTUKA HECKOPPEKTUPOBAHHON CHUCTEMBI PE3KO IMaJaeT B OKPECTHOCTH

9acToTel M, ;

I') TOYHOCTh paOOTHl CHCTEMBI B YCTaHOBHBIIEMCS PEXHME YIOBIETBOPSIET 3aJaHHBIM
TpeOOBaHUM.

16) Koppekrtupytoiee ycTpoilcTBO ¢ nepeaaTouHoi (pyHKuuei

W (s) = %
obITaziacT omemasanues no gaze, ecn
a) \w0\<‘mp‘; 6) \ooo\>‘(op‘;
B) [ =[o, ; D) g # o,

17) B xakoii u3 obnacreit ADX neckoppekmuposanHoti cucmemvl NEAECOOOPa3HO pa3MECTUTh
HYJIb U TIOJIOC PETYJISATOPa C OTCTaBaHUEM 110 (aze?
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j :
W (jo)
-1 C w=0 +1
| —
@W=a0
B A

a) A; 0) B;
B) C; I') Ha PUCYHKE HE MOKa3aHa.

18) Perynsitop ¢ omcmaganuem 1o haze mpuMeHSIETCS IS

a) TIOBBIIICHHSI TOYHOCTH CUCTEMBI TIPH COXPAHCHUH WJIH YBEJIIMYECHHUH 3amaca
YCTOMYMBOCTH MO (asze;

0) NOBBIIIEHUSI OBICTPOJACHCTBHS;
B) obecrieueHusi poOaCTHOCTH;
I') HOJY4YEHHUs alepruoJUUECKON peakLnu.

19) C nomoripto TaHHOH IIENMH MOKHO PEaIn30BaTh:

a) YCTPOMCTBO C OnepekeHneM o ase; 0) yCTpOICTBO ¢ OTCTaBaHUEM 110 (a3e;
B) HHTETPUPYIOLIEE YCTPOICTBO; I') YCHIIUTEIBHOE YCTPOHCTBO.

20) Onpenenute nepenaTounyro GyHKIU0O udeanvroco [IAJl-perymnsropa:

s+1 s +s%+s+1
a) nwz( ) S(5S+l) ) Img( ) S
s’+s+1 s®+3s+1
B) W, (8) = ) Wiy (5) = ot

s(s+1) ’
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21) Veenuuenue xodpdurmenrta ycuneHus [1-peryisropa moBbIIIaeT:
a) TOYHOCTb CUCTEMBI; 0) 3amacel yCTONYMBOCTH;
B) NOMEXOYCTOWYUBOCTE; ') MOPSIAOK acTaTh3Ma.

22) Veenuuenue nocTosAHHOM nHTErpHpoBanus |; [TN-perynsTopa:

a) yBEIMYHMBACT KOJIECOATEIBHOCTH;
0) yMeHbIIaeT KoeOaTeIbHOCTh;

B) IIOBBIIIAET TOYHOCTh BOCIIPOM3BEIEHUS IIOCTOSHHOIO 3aJaI0IIET0 BO3IEHCTBUS;
I') YXyALIaeT TOYHOCTh BOCIIPOU3BEIECHUS TOCTOSSHHOIO 3a/1al01LET0 BO3ACHCTBHUSL.

23) Augpepenyuanvras cocrapnsromas [11]/]-perynsatopa ucnoab3yercs ¢ HENbIo:
a) TIOBBICUTh TOYHOCTh CHCTEMBI;  0) TMOBBICHUTH IOMEXOYCTOHUYNBOCTE;
B) TOBBICHTbH OBICTPO/ICHCTBHCE; ') YMCHBIINUTH YIPABIISAIOIIEE BO3ICHCTBHE.

24) Kaxkoit u3 MeTonoB asmomamuuecxkoti HacTpoku [N -perynsTopoB mo3BoOSIET JOOUTHCS

B HMHTEPAKTUBHOM peXHME TpeOyeMoro 3HaYeHUS MepeperyaInupoBaHusl M BPEMCHH
peryiupoBaHus?

a) Ziegler-Nichols step response; 6) Chien-Hrones-Reswick;

B) Approximate MIGO frequency response; r) Robust response time.

25) Kakas u3 xapaxmepucmux obvexma ynpaeierus WCHOIb3YETCS I a8mMOoMAmuiecKou
nacrpoiiku [T ]J[-perynsropos mo metony Ziegler-Nichols step response?

a) BecoBas PyHKIIMS; 0) mepexoHasi XapaKTepUCTHKA;
B) aMIUTMTYIHO-(a30Bast XapaKTePUCTHKA;
r) Jorapu(pMuIecKre 4acTOTHBIC XapaKTEPUCTUKU.

26) Hacrtpoiika mapamerpoB IIM/[-perynaropa no memooy uacmommuvix Xapaxmepucmux
Luenepa-Huxonca npumennMma;

a) 1Sl JIIOOBIX OOBEKTOB, KaK YCTOMYUBBIX, TAK M HEYCTOWYHMBBHIX;

0) TOJIbKO /7151 YCTOHYMBBIX OOBEKTOB M U 00BEKTOB C HHTETPaTOpaMH;
B) TOJIBKO JUIsl OOBEKTOB C 3ama3bIBAHHEM;

T) 11 00BEKTOB HE BBIIIIE BTOPOTO MOPSIIKA.

27. Bce KOpHM XapaKTEPUCTHUYECKOTO YpPaBHEHHUS MOXHO Pa3MECTUTh 6 3A0AHHbIX MOYKAX
NJIOCKOCMU KOpHell TOIBKO B TOM CIIy4ae, KOr/la CUCTEMA SIBJIETCSA:

a) YCTOWYHBOIA;

0) pobacTHOI;

B) UHBapHAHTHOM;

I') yrnpasisieMol U HabJII0JaeMOH.

28. Pemenue 3a1a41 M00AIbHOCO YNPAGIeHUs OCYIECTBIISIETCS C TIOMOIIBIO YIIPABICHUS BUA:
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NGRSO 5 U = -y ().
JUD=VO-YO.  u®=-x)

29. Habmooamenv cocmosinus IpeAHA3HAYCH JIIS:
a) peaqn3aliy 3aKOHa YIIpaBJICHHUS;
0) onpeaeneHus KO3PPUITMESHTOB 0OPATHOM CBSI3U MO COCTOSHUIO;
B) OIICHKH MTEPEMEHHBIX COCTOSIHUS;

r) popMupoBaHUs BBIXOJHOT'O CUTHATIA.
Tunosble 3a1aHUS JJI51 CAMOCTOATEIbHON PadoThI

Moayasb 2

. HacrorHsie xapakrepuctuku [11/[-perymnsaropos.

. Ananutnyecknit meroz cunresa [I1J[-perymnsaropa.

. Peanuzanus [T I-perynsitopa.

. OCHOBBI MeTO/Ia KOPHEBOTO rojiorpada.

. I[TocTpoenune xopHEeBOro rogorpada.

. Be1Oop mapameTpoB ¢ moMoIIbi0 KOPHEBOTO Togorpada.

. HyBCTBUTENBHOCTH CUCTEMBI M KOPHEBOM rogorpad.

. Meron norapuMu4eckux 4aCTOTHBIX XapakTepUCTUK. CXEeMBI MOcTIe10BaTeIbHON
KOPPEKLHUH.

9. Koppekuus ¢ onepexxeHueM 1o ¢ase.

10. CuHTE3 cHucTeM C MPUMEHEHHEM WHTETPUPYIOITUX YCTPOUCTB.
11. Cucremsl ¢ npeBapUTEIbHBIM QUIBTPOM.

12. CuHTE3 CUCTEM C anepuoANIECKON peaKkue.

13. YopansiemocTs U HaOIIOJAEMOCTb.

14. CuHte3 nyTéM pa3zmMenieHusl MOJI0COB.

15. ®opmyna AkkepMaHa.

16. HabGnronareny mOHMKEHHOTO TTOPSIKA.

17. Cuctemsl IpU HATMYUH BXOAHBIX BO3ICHCTBUA.

0N 01k~ Wi~

IL1aH npakTHYeCKUX 3aHATUHI
1. Metoauka pemenus 3agad no reme «I[11J[-perymarops».
2. Meronuka peuieHus 3a1au 1o teme «Kinaccuueckre MeTobl cuHTe3a JUHEUHBIX CAY ».
3. Metonuka peuieHus 3aja4 no teme «CHHTE3 CUCTEM C 0OOpaTHON CBSA3bIO IO COCTOSTHUIOY.
3. KoHTponbHOE 3aHsITHE.

Tunosble 3aga4uu AJ1s NMPAKTHYCCKHUX 3aHATHI M CAMOCTOSITEILHOM paﬁoTbl

Tema «IIU1-peryasaTopbn»
1. OcymectButh HacTpoiiky IIMJ[-perynsitopa mo MeETOLy NEPEXOAHON XapaKTEPUCTHKU

pa3oMkHyTOM cucteMsl Llurnepa-Hukonca.
1.1. 3amycrute cuctemy MATLAB 7.11.0 (R2010b). Beeaure B koMaHIHOE OKHO
MATLARB B tf-popme nepenarounyro GpyHKIHIO 00bEKTa YIpaBICHUS
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K
(Tis+1)(Tos +1) ’

kak wll=tf(k,[T1*T> Ti+T> 1]). UucneHnHnsie 3HAYCHHs MMapaMETPOB MEPEIATOUHOM

W, (s) =

¢byHKIMY BeIOEpUTE U3 Ta0N. 1 B COOTBETCTBUH CO CBOUM BapHUAHTOM.

1.2. C nomouibto koMaHibl [y,t]=step(w11) cHUMHTE TEpeX0HYI0 XapaKTEepUCTUKY
Pa30MKHYTOH CHCTEMBbl. B KOMaHJHOM OKHE Bbl YBUUTE 3JIEMEHTHI BEKTOpA Y U t.

1.3. YcranoBute rpaHullsl 11 BpeMeHu Hapactanus (5-70% oT ycTaHOBUBIIETOCS
3HAuYEHUs HePEeXOAHOM XapaKTEPUCTUKH), UCIIONIB3YA KOMaHy
s=stepinfo(y,t,’RiseTimeLimits’,[0.05 0.7]).

1.4. IlpoBenute wuaeHtudukanuio oObEKTa YyOpaBIEHUS il TOro, 4YTOOBI
onpenenuth napamerpbl [IW]I-perymdaropa mo MeTogaM HACTPOWKH, HW3JI0KEHHBIM B
pasnene 2.7. B cucreme MATLAB mnpouenypy uaeHTH()HUKAIIUNT MOKHO BBIIOIHUTB C
IIOMOILIBIO CIEAYIOLIUX KOMaH/!

e T=s.RiseTime - mapamerp T omnpenensieM Kak BpeMsl HapacTaHUs IEPEXOTHOMN
XapaKTEPUCTUKH PA30MKHYTOW CUCTEMBI;

e k=y(end);

¢ [junk,ind]=max(diff(y)) - BO3Bpamiaer 3Ha4eHHE MaKCUMaJIbHOW Pa3HOCTH MEXIY
2JIEMEHTAaMU BEKTOpa Y U €€ MOPsAIKOBBI HOMED;

e slope=(y(ind+1)-y(ind))/(t(ind+1)-t(ind)) - ompenensieM TaHreHC MaKCUMAILHOTO YTJIa
HaKJIOHA KacaTeJIbHOM;

e asslope*t(ind+1)-y(ind+1)

e L=a/slope

K ’Ti u Td
1 3allMIImnTe €ro

P,1uD

1.5. Beruucnute mapamerpsl [IH]I-perymsitopa

nepenaToyHyro (PyHKIHIO € TTOTy4YEeHHBIMHU 3HAYEHUSMH ITapaMeTpOB

2. OnpenenuTh NepexoIHyI0 XapaKTepPUCTUKY 3aMKHYTOW CUCTEMBI C TIOMOIIbIO MOZIEITMPOBAHUS
B nakere Simulink.

2.1. 3anycrute maker Simulink. Cobepure cxemy MOAETUPOBAHHUSA,

IIpEeICTaBIECHHYIO Ha puc. 1.1.

3
+_ PO — - — I [
5+
Step PID Contraller Transfer Fcn SCope
Puc. 1.1

2.2. Beenure B 6110k Transfer Fen nepenarounyto ¢pyHKuuio o0beKTa yrnpaBieHHs,

a B 6iok PID Controller - paccuntanHble 3Ha4eHUs TapaMETPOB NepenaTouHoN (GyHKIUU

P,1uD

I[N /I-perynsTopa B mnone Filter coefficient( N) BBEUTE 3HAUCHUE

N =1/T =1/(01T,) . B 6noke Step ycranoBute mapamerp  Step time=0. 3amyctute
MpoIlecC MOJEIUPOBAHUS U HAONIOJalTe MEePEeXOJHYI0 XapaKTepUCTUKY B Oioke Scope.

COXpaHI/ITe PE3YIbTAaThl MOACIUPOBAHUS.
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3. OcymectButh HacTpoiky [11/I-perynaropa no merony CHR.
3.1. Paccunraiite mapamerpsl nepenatounor Gyakmuu [IU]I-perymsitopa.
3.2. IIpoBenuTe MOIETUPOBAHUE 3AMKHYTOM CUCTEMbI aHAJIOTMYHO 1I. 2.
4. OcymiectButh HacTpoiky [IU]-perynstopa no metony AMIGO step response.
4.1. Paccuuraiite mnapamerpsl mnepematounoi Qyakmuu [N ]I-perynstopa

P,1uD

4.2. IlpoBenuTe MOAENMPOBAHNE 3aMKHYTON CUCTEMbI aHAJIOTUYHO II. 2.
5. Bemonauts Hactporky IIM/[-perymsaropa 1mo MeTrony 4acTOTHBIX Xapakrepuctuk llurmepa-
Huxornca.
5.1. B kadecTtBe Momenu OOBbEKTAa YIPABICHHUS HCIHOIB3YHTE CIEAYIONIYIO
nepenaTouHyr GyHKIUIO:

k

W (s) =
(Tis+ (T8 +1)(Tas +1)

YucneHHble 3HAYCHHS [TapaMEeTPOB MepeaaTouyHon (GYHKIIUH IPUBEICHBI B Ta0M. 2.
5.2. Beeaure B komannHoe okHO MATLAB nepeparounyio (QyHKIHIO 0ObeKTa
ynpasnenus B tf-popme kax
w12=tf(k,[T1*T2*T3 Ti*To+T1*T3+To*T; T1+To+T3 1]).

. Ky
5.3. Onpenenure KpUTHUECKUH KOA(DUIIMEHT YCUIICHUS PETYIATopa Y [IEPUOJL

T y y
konebanuit Y. JI7st 3TOro Bocmons3yirech cCXeMoil MoaenupoBanus Ha puc. 1.1. Beenute

nepenarounyro ¢yHknuio B O0mok Transfer Fecn u ycranoBute B 6moke PID Controller

P=11=D=0,N =100

3anmycTuTe MpOLEecC MOJACIUPOBAHUS. YBEIUUHUBAKUTE

KO3(QQUIIMEHT YCHIIEHUS MPONOPLUUOHAIBHON COCTaBISAIOIIEH P u nabmonaiite 3a
peaknueil cucteMel B OJ0Ke Scope [0 TeX IOp, NMOKa HE BO3HHKHYT HE3aTyXaloIlue

N K,=P
konebanud. Ilocme storo 3adukcupyiite 3Hauenue Y U OMPEICIUTE TEePUO.

KorneOaHui TU.

5.4. Paccuuraiite napamerpsl [IN]/[-perynstopa 1 3anuimmTe €ro nepeaaTouHyro
(byHKLMIO.

5.5. Onpenenure MEPEXONHYIO XapaKTEPUCTUKY 3aMKHYTOU CUCTEMBI IT0 METOTUKE,
U3JI0KEHHOMH B 1. 2. COXpaHUTE pe3yabTaThl MOJIEIUPOBAHMUS.

6. Bemonnure Hactpoiiky [IMI-perynsropa no merony AMIGO frequency response.

6.1. C momorpio komaH k! sisotool 3amycrute cpeactso SISO Design Tool.

6.2. B orkpeiBmiemcs okHe Control and Estimation Tools Manager Ha BkIaake
Architecture ménkaute Ha KHomke System Data... u ummoptupyiite Mojenb oO0beKTa
yrnpasieHuss ¢ uMeHeM W12 B 0ok G CTpYKTypHOH cXeMbl cucTeMbl ympaBieHus. C
nomonipio Bkiagku Analysis Plots oroOpasute B okne mpocmorpmmka LTI Viewer for
SISO Design Task  morapupmMuueckue 4YacTOTHBIE XapaKTEPUCTUKH Pa3OMKHYTON

cuctemsl (Bode). Bxirrounte ceTky.

() p(w,)=-180"

o () .
6.3. Ilo rpadpuxy HalJUTE 4acToTy 7 MPH KOTOpPOH
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L(w L(w,)=20lg R(w y
3aTeM MO rpaduky (@) OIpeenTe (@) g R(w, ), J16. Paccuutaiite
R(w,)
y r=R k
6.4. Onpenenutre OTHOCHTEIbHBIH KOAPPHUIMEHT (@) , Tae k.
T, =27lw
k03 puIMeHT ycuneHusi oObEKTa yIpaBleHMs, M Nepuoj KoiaebaHui .
T y y y
CpaBHMTE pacCUMTaHHOE 3HaueHUe Y C ero 3KCIepUMEHTAIbHON OLIEHKOH, Oy4eHHON
IIPU BBIIIOJHEHUU 1I. 5.3.

6.5. Paccumraiite mapamerpsl mnepematounoir Qynkmmm [T ]I-perymsropa

P,1uD

6.6. IlpoBeaute MomenMpoBaHUE 3aMKHYTOM CHCTEMbl aHAJOTHYHO TI. 2.
Coxpanute pe3yabTaThl MOACIHPOBAHUS.

7. OcymiecTBUTh aBTOMarnyeckyro HacTpoiky [T /I-perynaropos.

7.1. Umnoprupyiite Monens oObekTa ympaBieHus ¢ umeHeM wll B 6mok G
CTPYKTYPHOH CXEMBI CUCTEMBI yIIPABICHHUS.

7.2. Ha Bknanke Analysis Plots oxna Control and Estimation Tools Manager
YCTaHOBUTE HACTPOUKH JJIsi 0ToOpakeHust B okHe mpocMoTpimuka LTI Viewer for SISO
Design Task nepexomnoii xapaktepuctuku 3amkHyToi cuctemsl (Closed Loop 1 to y).

7.3. Otkpoiite Bkiaaky Automated Tuning B okae Control and Estimation Tools
Manager. B Bemagaromem cnucke Design method Beibepute PID Tuning. B mone
Compensator cripaBa OT CHMBOJIa «PaBHO» CTOUT KOA(PQPHUIMEHT YCUJIICHUS PEryasTopa
(3mech 0TOOpA3UTCS TOIYYEHHOE B XOJE AaBTOMATUYECKOM HACTPOMKH BBIPAKECHUE
nepegarouHor GpyHkuu peryisatopa). B mone Specifications BeiOepute B crmcke Tuning
method — Classical design formulas, a B mone Design options tun perynstopa Controller
Type - PID with derivative filter. B Brimamatomem cnucke Formula BeiOepute Meton
HacTpouku - Ziegler-Nichols step response. 3arem Haxxmute kHonky Update Compensator.
B pesynwrare npounsoiiner oonosneHue B okae LTI Viewer for SISO Design Task u B mone
Compensator. 3aduKCUpPYUTE W COXpAaHHUTE JUIsI OTYETA TMONYYECHHYIO MEPEIaTOYHYIO
¢yukuuto [T /I-perymnstopa.

[Ipumeuanue. [lepenarounas QyHKIus peryisTopa C(S) oTroOpaxaeTcsi B ToJe

Compensator B zpk - (hopme. YToObI Tpeodpa3oBaTh ATy NEPEAATOUHYIO (DYHKIIUIO K BUAY
(1.3), coorBercTBytomemy  mapamwienbHol (opme [TU/]-perymsitopa HE0OX0MUMO
nponenars cienytomiee. B menio File okna Control and Estimation Tools Manager
BBINONHUTE KOMaHAy Export..., mocie 4ero >KCOpTHPYHTE MepeaaTouHyro (YHKIUIO
perynsitopa B padouyto oonacte MATLAB, Beinenus ctpoky Compensator C u ménkays
kHorKy Export to Workspace. 3atem B komaniHoM okHe MATLAB BbInmonHuTE KOMaHIy
pid(C).

7.4. OueHuTh pe3yiabTaThl MPOCKTUPOBAHMUS IO METOAY  IEPEXOAHOU
xapakrepuctuku lLlurnepa-Hukonca MoOXHO, aHanu3upys KauecTBO IEPEXOIHOr0
nporiecca 3amkHyToi cucteMbl B okHe LTI Viewer for SISO Design Task. J{ist Toro uto06s!

OIpENENUTh MOKA3aTeNM KayecTBa ILEIKHUTE MpaBOM KHOMKON MbIIM B moie rpaduka
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NEPEXOTHOM XapaKTepUCTUKU U MOCTaBbTE rajOuKH HAIPOTUB BCEX IYHKTOB B IOJMEHIO
Characteristics. Ha rpaduke nosiBsitcss Mapkepbl ()KUpHbIE TOYKH) M IIETKHUTE HA HUX
MbIlIBIO. B pe3ynprare OTOOpa)karoOTCS OCHOBHBIE I10KA3aTENIM KayecTBA CHUCTEMBI
yrpaBieHus. 3HAUEHUs MOKa3aresel KauyecTBa M rpaduk MepexoqHON XapaKTepUCTUKU
COXpaHUTE [ OTYETA.

7.5. llocnenoBarensHo BeiOUpas B ciiucke Formula metonst CHR (Chien-Hrones-
Reswick) u Approximate MIGO step response, u ménkas o kHornke Update Compensator,
noiny4yuTe nepenarouHbie QyHkuuu coorBercTByrommx [IM/[-perynaropoB. Ouenute
Ka4eCTBO CHUCTEMBI YIPABJIEHUS aHAJIOTUYHO 1. 7.4.

7.6. UmmnopTupyiiTe Moaenb oobekTa ynpasinenus wl2 B 6ok G moaenupyemon
APXUTEKTYPhI CUCTEMBI ympaBieHus. OCylecTBUTE aBTOMaTH4YeCKyr0 HacTpoiiky TN /I-
perymstopoB o meromam Ziegler-Nichols frequency response m Approximate MIGO
frequency response. CoxpaHuTe pe3yabTaThl MOACITHPOBAHUSI.

7.77. IlpousBegure aBromMaruudeckyro HacTpouky I[IMJI-perymsaropa mo merony
pobactHoii peakiuu. C 3ToH 1enbpio BeIOepUTe Ha BKIanke Tuning method amroputm
Robust response time, u Tun peryastopa — PID. YcranoBure ranouky B okomike Design
with first order derivative filter. BriGepute pexxum HacTpoiiku Design mode —
Automatic(balanced performance and robustness). IllénkauTe mo knHomke Update
Compensator. CoxpaHuTe pe3yabTaTbl MOJICIUPOBAHHS.

7.8. OcymecTBuTe HHTEPAKTUBHYIO HacTporKy 11 JI-perymstopa, BEIOpaB pexum
Hactporiku Design mode — Interactive (adjustable performance and robustness). U3mensis
nonocy mpomyckanus (Bandwidth) m 3amacer mo ¢ase (Phase margin) ¢ momoribio
COOTBETCTBYIOIIMX IMONM3YHKOB, U mnkas mo kHonke Update Compensator, HaOmonaiiTe
32 TEpeXOAHOM XapaKTepUCTUKOM 3aMKHYTOM cHcTeMbl. [lombiTaliTech OOBSCHHUTDH
IIOJTyYEHHBIE PE3YJIbTATHI.

8. BrimonHuTh aBTOMaTHuYeCcKyto HacTpoiiky [1M/]-perynstopa B makere Simulink.

8.1. Cobepute cxemy MOJENUPOBaHUs, MpeACTaBIeHHYI0 Ha puc. 1.1. Beaute B
omok Transfer Fcn nmepegarounyro GyHKmuo oO0beKTa ynpaBlieHHUs. YCTaHOBUTE B OJIOKE
PID Controller cneayromire 4rciieHHbIE 3HAUEHUS TTapaMeTpoB peryisitopa: P=1, [=D=0.
OcrasibHblEe HACTPOMKHA OCTaBBTE MO YMOJIYAHHUIO.

8.2. llénkuute cHayana no kHonke Apply, 3atem o kHonke Tune. B pe3ynbrare
nosiBiisiercsi okHo PID Tuner, B KOTOpOM MO yMOJTYaHHUIO OTOOPAKAIOTCS MEPEXOIHBIC
XapakTepUCTUKMA 3aMKHYTOM CHCTEMBI JUIsi HMCXOAHOro M HactpoeHHoro [IM/I-
perynsitopoB. B aToM okHe mEnNkHUTE MO KHOMKe Show parameters, 9To0bI HAOMIOAATH
pe3ynbrarsl HacTpoiiku. COXpaHUTE Pe3ysIbTaThl MOAEINPOBAHUS.

8.3. OcymecTBuTe HMHTEpakTUBHYIO HacTpouky IIMJI-perymsaropa. [Inst aroro
nepeMeliaiite nmoi3yHokK B none Interactive tuning u goGeiitech Gonee ObICTPOI peakiuu
CHUCTEMBI, 4Ye€M TOJy4YeHHas TMpu BbIMOMHEHMH 1. &.2. CoxpaHUTE pPE3YJAbTaThl

MOJCINPOBAHUS.

Bapuantsl 3a1anuii
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k k
(Tis+1)(T,s+1) (Tis+D(Tos +1)(T3s +1)
Ta0muma 2
NQ k Tl T2 T3
Tao0muma 1
1 2 4 4 3
o T T
Ne K : ? 2 1 4 16 32
1 2 ! 4 3 4 6 10 4
2 S 4 S 4 2 11 2 5
3 3 1 3 5 1 2 3 4
4 1 J 2 6 3 6 8 5
S 2 4 8 7 3 4 13 3
6 4 6 6 8 1 5 7 12
! 6 8 d 9 2 3 13 2
8 1 3 S 10 2 34 22 12
9 3 7 4
10 4 3 3

Tema «Kiaccnueckue MeToabI CUHTE3A JUHEHHBIX CAY»
1. Ilepenarounas GyHKIMA 00BEKTa yIPABICHHS UMEET CIICTYIOIIUN BUI:

K

Wi(s) = 5(0,25s+1)

TpeboBaHus K cucTeMe yIpaBJIeHUS:

<20 %:

e [IlepeperynupoBanue G, , <
e Jlns nmuneiinoro Bxoxuoro curnana X(t) = Vi, ycranosusimascs ommoka nomkHa

Ob1Th paBHa N % OT BeIMUMHBI CKOPOCTH ATOr0 cUrHaia, rjae N — Homep BapuaHTa.

OcCy1ecTBUTh KOPPEKLHUIO CHUCTEMBl MPHU IOMOIIM PETYIATOpA C onepedicenuem no ¢aze ¢

moMoIsio cpezctaa Sisotool Matlab.

1.1. Onpepenuts KOXPPHUIMEHT YCHICHHUS PA3OMKHYTOW CHUCTEMBI MCXOAS W3 3aJaHHOU
yCTAHOBUBIIEHCS OIIMOKK BOCIIPOU3BECHUSI TMHEHHOIO BXOHOIO CUTHAA.
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1.2. BBectu mojens oObeKTa ympaBiieHHs ¢ TpeOyembIM Koddduumentom ycunenus K B
COOTBETCTBYIOIIHMI 070K cpeacTBa SiSOtool (ucmonb30BaTh CTPYKTYpy C ABYMS CTCIEHSIMH
cBo0obl). OcraButh B okHe SISO Design for SISO Design Task Toibko OKHO JUIsi TOCTPOCHHSI
JIYX pazomknyToii cuctembl. Ha rpadukax JIUX nokaszats cerky. OmnpenenuTs 3amac 1o dase
7151 HECKOPPEKTUPOBAHHOM CUCTEMBI Y, . YBEIMYUTh BEPXHIOI IPaHUILy OTOOPakaeMbIX YaCTOT

Ha rpadukax JJUX mo 10° pax /c.

1.3. C momomsto mpocmorpmuka LTI Viewer for SISO Design Task oTo0pa3uth nepexoHyro
XapakTepUCTHKY 3aMKHYTOH cucTeMbl. Ompenenuts nepepezymuposanue G, % wu epems

%.

s 0
pezynuposanus 1 pn- CPABHUTE HaiiICHHOE 3HAYCHHE O, Wceo,,

1.4, Onpenennuts NONONHUTENBHBIA (a30BbIid cABUT @ . s 3TOro HEOOXOIUMO ONPENETUTh

TpeOyeMblii 3anac no Qase I CKOppPeKmupoéanHoli CUCTEMbl 7Y ., HUCIONb3Ys CBA3b MEXKIY

nepeperyaupoBaHUEM U 3aIacoM Mo ¢ase:
c,,%~70-y,,30° <y <70°

Boruncnute  JOnOMHUTENbHBIA  (Da30BBIM  CIBUI, BHOCHUMBIH  KOPPEKTUPYIOLIUM
YCTPOWCTBOM

Op =Y = Vu-

[Tocne BBeneHMs1 KOPPEKIUH 4aCTOTA, ITpU KOTOpor JIAUX CKOppeKTUPOBaHHON CMCTEMBI
nepeced€t ypoBeHb (0 nb, Oyner Gombine, yem B ricxonHoM cucteMe. COOTBETCTBEHHO, OyieT
Oonbllle M OTCTaBaHHWE MO (aze B HECKOpPPEKTHUpoBaHHOM cucrteMe. [loaToMy HeoOxomumo

yBenuunth Benmunny @, na 10-+20%.

1.5. Beruuciauts napamerp OL:

o— . .
= =sing,
a+l

[Mpumeuanune. [Tpu Beramcnennu ¢yskuu Sin B MATLAB Heo0XoauMo apryMeHT (QyHKIUU
MIPENICTABIIATh B paJHaHaAX.

1.6. Beraucouts  Bemuuuny 10 Ig O ¥ HalWTH 4YacToTy O,,, npu koropor JIAUX

HecKoppeKTupoBaHHoii cuctems! nmeet 3navenne — 1010 o, 1b. [Tockonbky 10 rpadukam B okHe

SISO Design for SISO Design Task re yaaércst TOUHO ONpeAeTUTh KOOPAHHATHI TOUKH Ha JIAUX,
nenecoodpazno noctpouth JIAUX pazomknyToii cucteMsl B mpocmotpituke LTI Viewer for SISO
Design Task.

1.7. BbruuciuTh 3Ha9eHHs Tomoca P = /Ol unyns Z = P/ ol. BeecTy uncieHHbIe 3HAUCHHS
p u Z (co 3HaKOM MHUHYC) B peryisaTop Ha Bkiaake Compensator Editor B oxue Control and
Estimation Tools Manager.

1.8. OmpenenuTh MONy4eHHOE 3HAYEHHE 3amaca mo (ase B CKOPpEeKTHpPOBaHHOW cucteme. Ilo
TIEPEXOJIHON XapPaKTEPUCTUKE 3aMKHYTON CHCTEMbI ONPENETUTH Mepeperyauposanne G, %0 u
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0 0
Bpemsi perynupoBanust { pc- CPaBHATH G Y ¢ 6,,%, ut pe © t pu- ECIH BETHYMHA

IepeperyInpoBaHusi B CKOPPEKTHPOBAHHOH CHCTeME G > G, , TO HEOOXOXMMO HEMHOIrO

YBEIMYUTh IMIUPUHY cpenHedacTorHoro ywactka JIAUX, mnepemectuB 1o JIAUX
COOTBETCTBYIOIINE HYJb U MOJIIOC C TOMOIIBIO MBIIIIH.

1.9. C nmomompto komanael Draw Simulink Diagram mento Tools okuna SISO Design for SISO
Design Task monyuuts Mozens uccieayemon cucteMsl B makere Simulink. TToakirounTs Ha BXOJT
MOJIEJIM BMECTO HCIOJIb3yEMOI0 FeHEepaTopa CHTHAJIOB TeHepaTrop JMHEHHOro curxaia Ramp,

OIPEETUTh YCTAHOBUBIIYIOCS OLIUOKY € Y CPaBHUTH €€ C 3a/JaHHBIM 3HAYEHUEM.

yem?

1.10. ITo nmomy4eHHOU TepeaaTOYHON (PYHKIUHU PETYIATOPA, PACCUNTATh HOMHHAJBI 3JIEMEHTOB
naccuBHou anektpuueckord RC-menu, obecrneunBaromieit omnepexkenne 1o ¢daze. EmkocTs
xonzencaropa C BoiOpats B guanasone 1+10 mxd.

2. TpeOyercs CHpPOCKTHPOBATH IOCIEAOBATEILHOE KOPPEKTUPYIOUIEE YCTPOHCTBO C
nepenarounon pynkuuendn W, (S) st cieayromen CuCTEMBI yIIPaBJICHHUSL.

V(s) £(s) U(s) Y(s)
_qX) W, (s) Wi(s)

|

Ne MNepenatoyHasa GyHKUMA TpeboBaHUsA K cucteme
oy
! W, (s) = > v(t)=at; ¢,,=005; ¢ =& s k=kk; o<25%.
! s(01s+1)(s+1) b Tyem R Tyem g AT
2 20 a,
W,()=——— v(t) = a,1(t); =0,02a,; =—2=k=kk,; <20 %.
1( ) (O,ls +1)(S +1) ( ) a0 ( ) gycm aO gycm 1+ k yl o
3 W,(s) = 2 vit)=at; ¢,,=004a; ¢ & s k=kk; o<25%.
! 5(0,2s +1)(s +1) Lo Tyem TN Tyem g i
4 50 a,
W, (s) = v(t) = a,1(t); =0,01a,; =—2 =k=kk,; <20 %.
1( ) (0,1S+1)(25+1) ( ) a‘0 ( ) gycm 1a0 gycm 1+ k = y 1 o ¢
5 0,5 aQ
W, (s) = ’ v(t) =at; .=0,03a; =—==k=kKk,; <20%.
1( ) S(O,]_S+l)(4s+l) () al gycm ai gycm k = vyl o 0
6 014 a1
W, (s) = v(t) =at; =0,02a; =—+=k=kk; <20 %.
l( ) S(O,ZS+1)(58+1) () al gycm al gycm k = y 1 o 0

3nech K- kod(pduUMEHT ycUIEHHS Pa3OMKHYTOH cHCTeMbl; K, - Ko3(QUIMEHT ycuieHus

peryisTopa; K, - koo duirent ycunenus o0beKTa yIpaBieHus.

Ocy1ecTBUTh KOPPEKIMIO CUCTEMBI TTPHU MTOMOIIH PETYIIATOpA C omcmasanuem 1o Qase.
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3amycture cuctemy Matlab R2010b u cpeacrso Sisotool. B orkpsiBiiemMcs rpadguueckoM OKHE
SISO Design for SISO Design Task octaBsTe TOJNIBKO OKHO yis mocTpoeHus JIUX pazoMkHyTOM
cuctembl. Ha rpadgukax JIYX mokaxuTe cCeTKy.

2.1. Onpenenute K03(HHUITUEHT YCUIICHUS PA3OMKHYTOW CUCTEMBI K 1 KO DUIIHEHT yCHUIICHUS

peryastopa K , MCXOIs W3 3aJlaHHOW YCTAaHOBUBLIECWCS OUIMOKHM BOCIIPOW3BEACHHS BXOJHOIO

y!

curnana V(t).

2.2. Beemure Mozenb oobekta ympasienus W, (S) B 610k G cpencra Sisotool (ucmosnb3oBatsh

CTPYKTYPY C JABYMSI CTETICHSIMH CBOOOIbI), & OCTAIbHBIC TTAPAMETPHI OJIOKOB CTPYKTYPHOM CXEMBI
OCTaBbTE MX 3HAYEHHSIM 110 yMoyanuto. Onpeenure 3anac mo ¢ase st HECKOPPEKTUPOBAHHON
cuctembl pu K, =1.

2.3 C nomomsto mpocmotpmuka LTI Viewer for SISO Design Task oroOpa3ute mepexoHyro
XapakTepUCTHKY 3aMKHYTOH cucreMbl. Onpenenure nepepezymuposanue G, % u epems

pezyauposanus t . CpaBHUTE Haii/leHHOE 3HAYEHHE O, %co,,%.

2.4. Beemure B 6510k C CTPYKTYPHOM CXEMBI CHCTEMBI YIIPABIIEHUS PACCUMTAHHOE 3HaueHue K, .

Kak n3aMeHunacy yCTOM4MBOCTh 3aMKHYTOM cucTeMbI? COXpaHUTE PE3YIbTAThl MOJACIUPOBAHUS.

2.5. Onpenennte TpeOyeMblil 3anac 1o (ase 111 CKOppeKmuposaHHOU CUCTEMBI Y ., HCIIONb3Ys

CBSI3b MEXAY MepeperyInpoBaHUEM U 3aMacoM Mo ¢ase:
c,,,%~70-y,,30° <y<70°

C nomorrsio Matlab onpenenute 4acToTy cpe3a CKOPpPEKTUPOBAHHOM CUCTEMBI @, ., , IPU

CK

KOTOpOH
argk W, (jo) =—180° +y, +5°.

Jlns Oomee TOYHOrO OMpeAeseHUs 3HA4YeHHs @, . IernecoodpasHo orodpazuth JIUX

CK

pa3oMkHyTOI cuctemsl B okHe mpocmoTpuika LTI Viewer for SISO Design Task, u, ménkayB Ha
rpaduke (pa3oBoil XapaKTEPUCTHKH, OMPEIEITUTh HICKOMYIO YacTOTY.

2.6. Boraucnnts 3HadeHne Hyns peryistopa ®, =01, .

2.7. V13 BeIpakeHUs

w 1

P -
@y kywl( jo‘)c.ac)

OIIPEACIIUTb 3HAUYCHHUC ITOJIF0CA PETYIIATOpA

Olow, .,
Oy =r—"—"""—"—]
’ ‘kle(J(’Oc.cx)

MOYKHO ompenenuTh o rpadpuxy JIAUX B okHe

[Tpumeuanue. YncneHHoe 3HAYCHHE ‘kywl( jo..)

npocmotpmuka LTI Viewer for SISO Design Task, mpensaputensHO o0TOOpasuB 3Ty
XapaKTEPUCTUKY B a0COIIOTHBIX 3HaYeHUsX R(®).
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2.8. Beemute 3nHaueHus @, u o, B 6ok C cpencrsa Sisotool. B pesynbrare nepenarounas

(GyHKLUS peryisTopa NpUuHUMAET BUJ

k,A+s/o,)

W (s) =
) 1+slo,

2.9. Omnpenenute MoNydeHHOE 3HAYeHHUE 3amaca mo (asze B cKoppeKkTHpoBaHHOU cucteMe. [lo
IIEPEXO/IHOI XapaKTEePUCTHKE 3aMKHYTON CHCTEMBI OIpelelnTe Iepeperyianposadue G, % u

0 0
Bpemst perymposanus t . Cpasunre 6, % ¢ o,,%, u t ¢ t . Bciu senuuuna

MepeperyIMpoBaHusl B CKOPPEKTUPOBAHHOH CHCTEME G > G TO HEOOXOJUMO HEMHOIO

3an’

NEPpEMECTUTDH C MIOMOIIBIO MBIIINW HYJIb U IMOJIFOC PCTYJIATOpPA.

2.10. OmpenenuTe yCTaHOBUBIIYIOCS OLIMOKY € U CPAaBHUTE IIOJyYCHHOE 3HAYECHUE C

yem?

3a1aHHBIM:

a) eciu OOBEKT YNPAaBJICHUS He coOepcum MHTETPATOPHI, TO UCHIONB3YHTE TIEPEXOAHYIO
XapaKTepUCTUKY 3aMKHYTOH cuctembl. OTOOpa3uTe Ha MEpeXOJHON XapaKTepUCTUKE Mapkep,
nokaseiBatonuii  ycraHoBuBiieecs: 3HadeHue I[IX (Steady State). 3arem ompenenute
ycranoBuBiieecs 3HaueHue [1X (Final value) u ycranoBuBmyrocs ommokys;

0) ecii OOBEKT YIpaBJICHUSI codepoicum WHTETPATOPhI, TO C MOMOIIBIO KoMaHAsl Draw
Simulink Diagram mento Tools okna SISO Design for SISO Design Task mony4ute mMozens
ucciaenyemoit cucrembl B makere Simulink. Tlogkmiounte Ha BXOJ MOIEIH, BMECTO
HCIIOJIb3yeMOr0 TeHepaTopa CUTHAJIOB, TeHepaTop JMHEWHOro curHaiga Ramp, m  ompenenute

YCTAaHOBUBIIIYIOCA OIJ_II/IGKy 8ycm .

2.11. Ilo mony4yeHHO# niepenaTouHoON PYHKIIUN PETYyIIsATOpa, PACCUMTANTE HOMUHAIIBI DJIEMEHTOB
naccuBHOM anektpuueckod RC-menm, obOecreunBaromeii orcraBanme 1o ¢asze. EMkoctb

xonjencaropa C Boi6epute B muanazone 1-+10 mx®d.
Tema «CuHTe3 cHCTeM ¢ 00PATHOM CBA3BIO IO COCTOSTHUIO»
Ilepenarounas GpyHKIUSA 0OBEKTa YIPaBICHUS

0,5 5

W, (s) =
5(0,255° +03s+1) . 1(8) s(2s +1)(s+1)

Wl(s) =
a)

o% 1

YucneHHbIe 3HAaUSHUS IT0Ka3aTelled KaueCTBa CUCTEMBI u ’ , 4 TAKKC BUJ] CTAHAApTHOI'O

IIoJIMHOMA, BI)I6I/Ipa€MOFO B KaQ4Y€CTBEC XKCJIaCMOro, IpuBCICHLI B Ta6J'II/IH€.

Ne Bapuanra o, % t,, ¢ A..,(s)
1 0 3 Hon(9)
2 9 2,5 Hoen(8)
3 2 4 A (S)
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4 0 2,35 o (S)
5 0 4 Aa,...(8)
6 7 5 A,.,.(S)
7 18 2 Hsen(S)
8 0 3 o (8)

. (8)=(s+®,)’ =5 +3w,5" +3w’s+w;,
S)=(+w )" +ws+a&’)=5*+2wS" +2w’'S+ &,
2cm 0 0 0 0 0 0
I, (5)=5"+190,5° + 2,20 s + &),
S)=(S+ @, )(S* +2Ew,S+ @) =S° +2,5w.5° + 2,50°S + .
dem 0 0 0 0 0 0

BapuanTsr 1-4 BBIONHSIOTCS ¢ TIepenaToOuHON (yHKIHEH a), BapuaHTHl 5-8 — C mepenaTodHon
¢ynkuueii 0).

1. TlocTpouth cxemy MOAENIMPOBAHUS OOBEKTa YNPABICHHS B KaHOHMUYECKOMH ¢bopme

YIPaBISIEMOCTH, TPEABAPUTENBHO OMNPEIEIUB MPUBEAEHHBIM XapaKTEePUCTUUECKUM

MHOro4jeH oobekTa. ITo HOJ'Iy‘ICHHOﬁ CXCMEC 3allUCaATh YPABHCHUS 00BEKTA B IEPEMCHHBIX
COCTOsSHHA.

2. TlpoBepuTs, ABNSETCA JIU OOBEKT YIPABISIEMBIM.

a
3. Berumcauts mapameTp  ° TO 3aaHHOMY 3HAYEHHIO P W onpeaenuTh K03 UIHESHTHI
CTaHJIapPTHOI'O IOJIMHOMA.

o o . $,,S,,S
4. Cuwuras 3alaHHBIA CTaHAAPTHBINA [TOJIMHOM KEJIa€MbIM, HAUTU €ro KOpHU 1’72773,

5. Paccuutats k03 Punrientsr OC 10 COCTOSHUIO PBrr B s

6. IIpoBepuTs, SIBISICTCS JTM OOBEKT HAOIOTaEMbIM.

d, i=13

7. Paccumtath K03(pPULHEHTHI
HaOIrogaTens

XapaKTCPUCTHUYCCKOIO  MHOI'OYJICHA

3
H,08)=]](s-s/)=5s+d,s* +d,s+d,
i=1
JJIA IIBYX BapI/IaHTOB BCIIICCTBCHHBIX KOpHefI 9TOI'O MHOI'OYJICHA.
2) Re(s’)=2Re(s;), Im(s/)=Im(5;), i

5 Re(s))=6Re(s), Im(s')=Im(s), i

.,
&l

L
&l



0 _ R U
8. PaccumnTarh BekTOp K03 (PUIIMEHTOB HAOIIOJATEIS COCTOSHHS B=1s LB, B 3]

U3 PaBCHCTBA JKCIACMOI0 XapaKTCPUCTUUCCKOI'0 IIOJIMHOMA Ha6JIIO,HaT€JISI
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(2.19) u

IIPOEKTUPYEMOro  Habmroaarens A, (s) =det[sE — A+ fC] UL ABYX  BAapHaHTOB,
OIPEJENEHHBIX B II. 7.

IlepeyeHs J1a6opaTOpPHBLIX PA0OT U BOIIPOCOB /1JIs1 KOHTPOJIS

(MoayJan 2)

Ne
paboThI

HazBanue naboparopHoii paboThl U BOIPOCHI AJIs1 KOHTPOJIS

[udp

1

ABTomaruueckas Hactpoiika [T1/]-perynstopo ¢ momomipio Siso Design
Tool/Matlab (4 gac.)

1. Yro takoe [IU/I-perynsarop? IIpuBeaure ypaBuenue naeanbHoro 114 /1-
perynaropa.

2. [IpuBeaute nepeaarounble PyHKUIUU uaeanbHoro u peaapHoro ITH/JI-
perynaropa. [Touemy HEOOX0OAUMO OTrpaHUYUBATH YCUIICHUE PETYISITOPa B
00J1acTH BEpXHUX 4acTOT?

3. IosicHuTe BIMSIHME MPONOPIMOHATIBLHONW COCTABISIOLIEH Ha KauecTBO
CUCTEMBI YIIPaBJICHUS.

4. C xaKoi LIeIbI0 B PETYIATOP BBOAUTCSA MHTETpAJIbHASL COCTABIIAOLIAs ?
5. Yro nonumarot noxa Hacrpoiikoit IIU]-perynsropa?

6. Kakue meroapl Hactporiku [T /[-perynaropoB Bam n3BecTHbI? KakoBbl
IIPEUMYILECTBA ITUX METOJOB?

7. Kakum 06pa3oM npon3BOAAT UACHTU(UKAIIUIO 00BbEKTa YIPABICHUS IS
HAaCTpPOMKHM pEryjisTopa II0 METOAY MEPEXOJHONM XapaKTEePUCTUKH
urnepa-Hukosnca?

5789

2,3

[IpoekTrpoBaHWE CHUCTEMbI yIpaBieHUs ¢ momolbio Siso  Design
Tool/Matlab (8 gac)

1. Kak 1o pacrnonoeHuto MoI0CcoB 3aMKHYTOW CUCTEMbI OLICHUTh
Ka4eCTBO NEPEXOIHOro npouecca?
2. Yro Takoe KopHeBou rogorpad? I'ie HaYMHAIOTCS U 3aKaHYUBAIOTCS
BETBHM KOpHEBOTo rojgorpada?
3. Kak oLleHUTh KayecTBO MEPEXO0THOr0 Mpoliecca Mo JorapupMHUECKUM
YaCTOTHBIM XaPAKTEPUCTUKAM PA30OMKHYTON CUCTEMBI?
4. ITosicHUTE BAUSHUE HA TOYHOCTh U YCTOMYUBOCTH KOA(PUIIEHTA
YCHJICHHSI Pa30MKHYTON CUCTEMBI.

5. Kak BiausieT Ha yCTOMYMBOCTB 3aMKHYTOI'O KOHTYpa BBEJICHUE B
pEryssaTop uHTErparopa?

6. Kax onennts mno JIAUX pa3oMKHYTOH CHCTEMBl TOYHOCTh
BOCIIPOM3BEICHMS 3a/1a01LEr0 BO3AECHCTBYS B yCTAHOBUBIIEMCS pEXXUME?
7. KakuM nyTéM MOXHO OOMTbCS CEJIEKTUBHON WHBAPUAHTHOCTH Ha
CTYIIEHYaTOe BO3MYUIAIOLIEE BO3JEHUCTBHE, IPUIOKEHHOE K BXOIY
00beKTa yrpaBiieHus?

8. [ToueMy cTpykTypa cucTteMbl Ha puc. 1.1 Ha3bIBAE€TCS CUCTEMOM C IBYMS
CTENEHAMHU CBOOOIBI?

9. MoXHO 1M C TIOMOIIBID TMPEABAPUTEIHHOTO (HIBTPA YMEHBIIUTH
BJIMSIHUE HA YIIPABJISIEMYIO BEIUYHMHY IIyMa U3MEPEHUs?

5762

YrpasneHnue ¢ o00paTHON CBSI3bIO IO COCTOSIHUIO (4 Yac.)

5762
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1. Jns cruemyromux TMepeAaTouHbIX (YHKUUNA TOCTPOUTH CXEMY
MOJISTUPOBAHUS B KaHOHMYECKON (opme YIpaBlIeMOCTH U 3alucarh
YpaBHEHUS B IEPEMEHHBIX COCTOSIHUS:

S+2 4s
WE)=——, o)W (8)=———
W) 28 +6s+3 W) 2s*

+1

2. IlosicHuTb 3a1a4y MOJAIBLHOI'O YIIPABJICHUS.

3. Uto Takoe oOpaTHas CBS3b MO COCTOSIHUIO?

4. Kakoil 3aKOH ymOpaBJ€HUs TMO3BOJISIET PAa3MECTUTh BCE IMOIIOCHI
3aMKHYTOM CHCTEMBI B TIOOBIX 33/IaHHBIX TOYKAX IMIIOCKOCTH KOPHEH?

5. JlaTh onpeneneHne CBOWCTBAM YnpaesisaemMocmu U Habiioo0aemocmu.

6. [TosicHUTH OpraHu3aIuio BEIYUCICHUH 110 (popmysie AKKepMaHa.

7. Yrto Takoe HaOII0JaTeh COCTOSHUS ?

8. M3 xakux cooOpakeHHIl BHIOMpAETCs PACIHONIOKEHUE TIOIIOCOB
HabOmonarens?

9. C xako# 1eJbI0 UCTIONb3YeTCs BhIpakeHue (2.18)?

10. Kak Bnuser BBeJCHUE B CUCTEMYy HaOIIOAATENs COCTOSHUS Ha
PacronokKeHHUE MOIIOCOB 3aMKHYTOM CHCTEMBI?

JIOKYMEHT MOZMUCAH SMEKTPOHHOM MOAMUCHIO

COr/IACOBAHO ®reoy BO "PrPTY", PIPTY, babasH Masen BapTaHoBuY, 26.10.26 13:08 (MSK)
3aBenytowmii kadeaport AUTY

Onepatop 30 000 "KomnaHus "TeHzop" —

MpocTas nognucb




