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JlanHblil  y4eOHO-METOJUYECKU KOMIUIEKC pa3paboTaH Ha OCHOBAaHUU

y4eOHOro IIaHa ¥ MPOTPaMMbl YTBEPKACHHOTO MPUKA30M MHUHHCTEPCTBA BBICIIETO
U CPEIHEro ChemuaibHOro oOpasoBanus PecrmyOmmku Y36ekucran Ne 1023 ot 2

HOs10ps 2019 roxa.

Paszpat6oranu: CuggukoB U.X. — n.1.H., npod. kadeapsr «CrucreMbl 00pabOTKH

uHbopmaruu u yrpasieHus» TTTY
N3maitnosa P.H. — ct.np. kadeaprsr «Cuctembl 00pabOTKu

uHbopmaruu u yrpasieHus» TTTY

PeneH3eHT: KOcyd6exor A.H.-a.1.H., mpodeccop

JlaHHBIN y4eOHO-METOTYECKUI KOMILJIEKC peKOMEHI0BaH K u3anuio CoBeTOM
TamKeHTCKOro rocyJapcTBEHHOTO TEXHUUYECKOro yHuBepcutera (mpotokoi Nel ot 24

centsops 2019 rona).
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|.PABOYAS ITIPOTPAMMA
BBenenus

IIporpamma coctaBiieHa Ha ocHOBE yka3a [1d-4732 ot 12 urons 2015 roaa
[Ipesunentom PecryOnuku VY3b0exkuctan «O Mepax yIydIIEHUS CHUCTEMBI
NEpPeroJroTOBKM W TOBBIIIEHUS  KBaJU(UKAIMM  PYKOBOIAIIUX U
NeJaroru4eckux KaJapoB BBICHIMX YUEOHBIX 3aBEJICHHI, 11€TIb KOTOPOU SIBISIETCS
yIIydilieHHE, TIEPENoAroOTOBKa U CyTh Ipoliecca MOBBIMICHUs KBaTU(UKAUN Ha
OCHOBE COBPEMEHHBIX TpeOOBaHUM, a TaK K€ MOCTABJICHHAs 3ajadya PEryJsipHO
NOBBIIIATh MPO(ECCHOHANBHYI0 KOMIIETEHTHOCTh TI€IarOTHYECKHX KaJpoB

BBICIIUX YU4E€OHBIX 3aBEICHUM.

Pabouass mporpamma BKJIIOYaeT B ce0s HM3Y4YEHHE TEOPETUYECKUX H
IPaKTUYECKUX OCHOB TEOPUM YIPABICHUS, CPEACTBA, METOIBI, CTPYKTYpY,

OpraHu3anuio U IIPOBCACHHUC 3aHATHUHN O MOAYIIIO.

eab u 3a1a4u MOaYJIs
Heabro n3yyenus Moayisi « Teoprsi COBpEMEHHOTO YIIPABJIEHUS SBIISIETCA
OBJQJICHUE CHCTEMOW  3HAHMWM, MPAKTUYECKUX YMEHUHM U  HABBIKOB,
00ecCIeynBaroIINX COBEPIICHCTBOBAHUE u ITOATOTOBKY K
BBICOKOTNPO(ECCUOHAIBHOM JEATEIbHOCTH, a TAKXKE COJIUCTBUE (POPMUPOBAHUIO
y CIylmiatejaed 3HAaHWW U YMEHUH aHajivu3a U CUHTE3a CHCTEM aBTOMATHYECKOTO
YIIPaBJICHUs B TEPMHUHAX METOJ1a IPOCTPAHCTBA COCTOSTHUM.
3agaum Mmoayns «Teopus COBpEMEHHOTO YIIPABJICHUS» SIBJISIIOTCS:

—  U3YYEHHE METOJIOB aHaJM3a CUCTEM aBTOMAaTHUYECKOTO YIIPABIICHUS,

—  U3YYEHME METOJIOB CUHTE3a CUCTEM aBTOMATUYECKOTO YIIPABIICHUS,

—  H3Yy4YCHHE MPOCTPAHCTBA COCTOSHUM M MPUBOIATCS (POPMBI OMHUCAHUS

JTUHAMHAYECKHUX CUCTEM;

—  U3YYCHHE BEKTOPHO-MATPUYHBIX MOJEIEH CHUCTEM YIIPABJIECHHUS B

HENPEPBIBHOM U JTUCKPETHOM BPEMEHHU.



TpGﬁOBaHI/IH, NpeaAbABIACMbIC K 3SHAHUAM, YMCHUAM H HaBbIKaM I10

MO/1YJII0

CJ'IYHIaTCJ'IB, B Ipcacilax 3aaad MOIAYIIA « T€OpI/I$I COBPCMCHHOTI'O

YIIPaBJICHUA» OJOJIKCH:

umemaos npe()cmaeﬂeuue u oxapakmepuzoeambsv.

OCHOBHBIE NPUHIUIIBI U KOHUEIIUU MOCTPOCHUSI CUCTEM AaBTOMATHYECKOIO
PEryJIMpOBaHUS U YIIPABICHUS;

MaTEMaTUYECKHUN aImapaT TEOPUU aBTOMaTHYECKOTO YIIPABIICHUS;

METOAbl aHAJIM3a U CUHTE3a CUCTEM AaBTOMATUYECKOIO PEryJMPOBAHUA U
yIpaBJIEHUS;

OCHOBHBIE TIPOOJIEMBI W MEPCIEKTUBbI HAMPABICHUS PAa3BUTHS TEOPHUH
aBTOMAaTUYECKOI'O PETYIUPOBAHUS.

3HAMb U YMEmb:

COCTaBIISAITb ~ MAaTEMATHYECKHE  ONHMCAHUSA  ABTOMATUYECKHUX  CUCTEM
pEeryaupoBaHus U YIIPaBICHUS;

OCYILECTBJIATh AHAJIU3 YCTOMYMBOCTU M KAayeCTBA aBTOMATHUYECKUX CHUCTEM
PEryJIMPOBAHUS U YIIPABICHUS;

OOOCHOBaHHO  BBIOMPATh  CTPYKTYpPbl U CXEMbl  aBTOMAaTHYECKOI'O
PETrYIMPOBAHUS U YIIPABJICHUS;

OCYILLECTBJISITh ~ MAPAMETPUYECKYI0  ONTHMHU3ALMIO  PETYIHPYIOIIMX H
YIPaBISIOMIUX YCTPOMCTB;

CUHTE3UPOBAaTh 3aKOHbl W  AJITOPUTMBlI  ONTUMAJIBHOIO  YIIPAaBJIECHUS
O00BEKTaMH.

61a0embob HABLIKAMIUL:

OCTPOEHHUS BEKTOPHO-MaTPUYHBIX MO/Jiesield 00BEKTOB M CUCTEM YTIIPaBJICHHUS

B HEMIPEPHIBHOM U JUCKPETHOM BPEMEHH;



® UCMHOJb30BAaHUS MATEMaTHYECKOTO amnmapaTta MAaTpUYHOM anredpbl Juis
aHaJKM3a U CUHTE3a CUCTEM YNPABIICHHUS,

® DpElIeHUS NPAKTHUYECKUX 3a7ad TOCTPOCHHS COBPEMEHHBIX CHCTEM
yIpaBICHUS C HAOMIOAATEIIMI COCTOSIHUS;

® IMPOBEACHHUS PACUECTOB U MOJCIUPOBAHUS CHUCTEM aBTOMATHUYECKOIO
peryJMpoBaHMs B MMaKeTax MaTeMaTH4eckux mporpamm (Matlab).

PexomMeHaanum mo OpraHM3aluy 1 MPOBeIeHUsI MOAYJIA
[Ipu npoBeneHnn oOy4YeHHs 3alJIAHUPOBAHO HCIIOJIB30BAHUE COBPEMEHHBIX

METOJIOB, NEJarOrMYECKUX U NH()OPMALIMOHHO-KOMMYHUKATUBHBIX TEXHOJIOTUI:

- JIGKIIMM  3alJTAaHUPOBAHO  MPOBOAUTH B  (opme  Mpe3eHTaluid ¢
UCIIOJIb30BaHUEM COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOJIOTHIA;

- TIpH MPOBEICHUU MPAKTUUECKUX 3aHATHI MPETyCMOTPEHBI TPUMEHEHNE
TEXHUUYECKUX CPEACTB, IKCIIPECC-3aPOCOB, TECTOB, OIPOCOB, MO3TOBOTO
HITYpMa, TPYNIIOBOTO MBILUIEHHUS, pa0OThI C HEOOJIBUIMMU IPyIIIaMH, U
JIPYTUX METOJ0B HHTEPAKTUBHOTO oOydeHusl kak ““/[marpamma Bennay,

«Kmactrep» n «Kenc-cragm».

B3aumocBsA3b y4eOHOTr0 MOIYJISl ¢ APYTUMH MOIYJISIMH
N3yuenune monyns «Teopusi COBpEMEHHOIO YINpaBlieHUs» Oa3upyercs B
OCHOBHOM Ha Y4eOHOM MaTepHaie CIAeAYIIUX AUCUMIUIMH: « TexHonornueckue
U3MEPEHUSI U IPUOOPBI», U «ABTOMATH3AIMS TEXHOJIOTUUECKHUX MTPOIIECCOBY,
Posab MoayJifl B cUcTeMe BbICIIEr0 00pa3oBaHus
[Ipoucxoasmue KOpeHHbIE W3MEHEHS B CHUCTEME O0pa3oBaHs, OCOOCHHO
HAay4YHO-TEXHMUYECKOE PpA3BUTHE  OIPEAEISIET ponb  Monyns “Teopus
COBPEMEHHOT0 YIIPABJICHUSI B CUCTEME BBICILIETO OOpa30BaHsI.
Opranmzaruss 3(QQPEKTUBHOTO ¥ IJIOJIOTBOPHOTO O0pa3oBaHUs IyTEM
CO3/IJaHUSI HOBBIX HMHHOBAIIMOHHBIX TEXHOJOTUM OOyYeHHS JIUCIUIUIMH
HarpaBJIeHUs] MOJYJIsl “Teopusi COBpEMEHHOIO yNpaBiI€HUsI” U UX NPUMEHEHUS B

CHCTCMC O6pa3OBaHI/IH rnmoMoract CUCTCMHO YBCIIMYUTH Ka4CCTBO 06pa3OBaHI/I$I.
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OtnenbHOE BHUMaHHE OOOCHOBBIBAETCS (OPMHpPOBAHHEM 3HAHUN, YMEHHH U
HABBIKOB TPMEHEHHS COBPEMEHHBIX HH(GOPMAIIMOHHBIX TEXHOJIOTUH |
MEeAarorn4ecKuxX MporpaMMHBIX CPEICTB, MH(POPMAIIMOHHO-KOMMYHHKAITHOHHBIX

TEXHOJIOTUH B Imponecce y‘{e6HO-BOCHHTaTCHLHOﬁ ACATCIBHOCTH.

PacnpenesieHne 4acoB M0 MOIYJTIO

v
= | =
ARAE
& L
© S| 2|28
No Tembl = =E| E|8 S
= S| % |3 s
(=3 [~ oA
= o =2
-5}
= | =
1. | MaTeMaTu4eckoe OnMcaHue cCucTeMa 4 2 2
aBromaTudeckoro ynpasienus (CAY) u ux
XapaKTePUCTHUKHU.
2. | AHanu3 KadecTBa JMHEHHBIX HEMPEPBIBHBIX 8 2 2 4
cuctema apromatuueckoro yrnpanieHus (CAY).
JIuneiinbie CTal[MOHAPHBIE CUCTEMBI 4 2 2
3. | aBTOMAaTUYECKOTO YIPABJICHUS MPU  CIIyYalHBIX
BO3/ICUCTBHUSIX.
Hroro: 16 6 6 4

TEOPETUYECKOE COAEP KAHUE MOJAYJA

1 -Trema: MaTeMaTH4ecKoOe ONIUCAHNE CHCTEMAa ABTOMATHY€CKOT0
yupasjeHus (CAY) u UX XapakTepUCTHKH
MaremaTnyeckue MOIEIM CUCTEMA aBTOMATHYECKOIO YIIPABIICHUS

(CAY). [lepenarounbie QyHKIMH CUCTEMa aBTOMATHYECKOTO yIIPaBICHUS
(CAY). lnHaMru4ecKHre XapaKTePUCTHKH CHCTEMa aBTOMAaTHYECKOTO
ynpasienus (CAY).

2-TeMa: AHAJIM3 Ka4yecTBA JUHEHHbIX HEeNMPEePbIBHBIX CHCTEMA
aBTOMaTH4eCcKOoro ynpasJjeHnus (CAY)
[Tokazatenu kadecTBa cHcTeMa aBToMaTHueckoro ynpasiaeHus (CAY).

Metonbl moctpoenust mnepexonHo QgyHkiuu. Koadduimentsr ommooK.

HHTeraJ'IBHBIC OLICHKH KaucCTBa



3 -Ttema: JIuneiinbie CTagMoHapHbI€ CHCTEMbI aABTOMAaTH4Y€CKOI0
yYunpasJi€eHMA NIPHU cnyqailele BO31eMCTBHUSIX

Cnyuaiinple (QYHKIIMA W WX  XapaKTEPUCTHUKH. CBsizb  MEXIY
KOPPENSALUUOHHBIMU (DYHKIUSAMHU U CHEKTPAIbHBIMU MJIOTHOCTSMU Ha BXOJE U
BBIXOJ€ JIMHEMHONM JIMHAMHWYECKOM CHCTEMBI. AHaIW3 JIUHAMHUYECKOHU
TOYHOCTH CcHCTeMa aBToMarthuyeckoro ympasieHus (CAY. ®opmupoBaHue
CUTHaja C 3aJlaHHOM CHEKTPAJIbHOW IUIOTHOCTHEO. CHHTE3 ONTHUMAaJIbHBIX
nepeaTOYHbIX (YHKIUH cUcTeMa aBToMaTudeckoro ynpasieHus (CAY) npu

CIIy4aWHBIX BO3JCUCTBUAX.

COJIEP KAHUE INPAKTUYECKUX 3AHATUHA
1- npakTHYeckoe 3aHATHE:

MaremaTn4eckoe ONMCAHNe CHCTEMAa ABTOMATHYECKOI0
ynpasjeHusi (CAY) u uxX XapakTepUCTHKH
MareMaTHueckre MOICIU cUcTeMa aBToMatndeckoro ympasieHus (CAY).

[lepenarounsie (GyHKIMKM cHcTeMa aBToMatudeckoro ympasicaus (CAY).

JlnHaMHUYeCKHe XapaKTePUCTHKU CHCTeMa aBToMaTndeckoro ynpasienus (CAY).

2- IpaKTU4YeCcKoe 3aHsATHe:

AHaJIM3 Ka4eCcTBA JUHEHHBIX HeNPEePbIBHbIX CHCTEMA
aBToMaTH4yeckoro ynpasjenusi (CAY)
[Tokazatenn kadecTBa cucTeMa aBToMaTwueckoro ynpaeienus (CAY).

Metonbl moctpoenusi mnepexonHoit gyHkiuu. Koadduimentsr omuboxk.
WuTerpanbHble OIIEHKH KadyecTBa
3- IpaKTUH4YeCcKoe 3aHsTHe:

JIMHeHHbIe CTAIMOHAPHBIE CHCTEMbI ABTOMATHYECKOI0
YIPaBJICHUA NIPU  CIYYAHHBIX BO3JeiCTBUAX
AHaJIN3 JUHAMHYECKONM TOYHOCTH CUCTEMa aBTOMATHYECKOTO YIPABJICHUS

(CAY. ®opmupoBaHre cUrHajia ¢ 3aJJaHHON CIEKTPaIbHOM MIIOTHOCTHI0. CUHTE3
ONTUMAJIBHBIX MEePEJATOUYHbIX (PYHKIUN CHCTEMa aBTOMATUYECKOIO YIPaBICHUS

(CAY) npu ciyqailHbIX BO3J€HCTBUSX.



Brie3anble 3aHATHSA
Tema: AHaau3 KauyecTBa JIMHEHHBIX HeNpPepPbIBHBIX CHCTEMA

aBTOMATHYECKOI0 YIIPaBJIEHMUS.

3HaKOMCTBO cliymiatened ¢ jaboparopusiMu  (pupMbI 000
“XuMaBTOMaTHKA” B 00JIACTH aBTOMATHU3allMs TEXHOJOTHYECKUX TporeccoB (4-
yaca)

DopMBbI 00yYeHUA

®opMa 00yyeHUs1 OTpakaeT TaKue BHEITHUE CTOPOHBI y4eOHOro Ipoiiecca,
KaKk Ccrmoco0 ero CymecTBOBaHUS: MOPSAOK U PEXHUM; CIIOCO0 OpTraHW3aluu
OoOy4eHHMs: JIeKUHUs, CEMHUHAp, CaMOCTOATENbHas pabdoTa u IMp; CHIocod
OpraHM3allMid COBMECTHOM JEATEJBHOCTH OOy4Yalollero M 00yYaroIMXcs:
¢dbpoHTaNbHASA, KOJUIEKTUBHAS, TPYIIOBas, HHIWBUIyalIbHAS.

[Ipu oOydeHus BaxXHBIM SBJISIETCS BBIOOp (OpPMBI OpraHuzanuu  y4eOHOM
JESTEIbHOCTH YYaCTHUKOB:

e KoinekTuBHAsT — KOJUIEKTUBHOE, COBMECTHOE BBINOJIHEHHUE OOIIEro
y4eOHOTO 3a/laHusl BCEMH CTYJEHTaMHU. XapakTep IOJIy4€HHOI'O pe3ysbTara:
UTOT KOJIJIEKTUBHOTO TBOPUYECTBA.

e ['pymnmoBasi — COBMECTHOE BBITIOJHEHHE EAMHOTO 3aJaHUs B MAaJbIX
rpynmax.  Xapakrep — IOJYyYE€HHOrO0  pe3ylibTara:  HUTOr  TPYHIOBOTO
COTPYJHHYECTBA HA OCHOBE BKJIa/1a KaXKIOrO.

o llnnuBuyansHas — WHAMBUAYAIBHOE BBIMOJHEHHWE y4eOHOTO 3a/JaHuA.
XapakTep TOIYYEHHOTO pe3yjbTaTa: HWTOT HHIWBUIYaTbHOTO TBOPYECTBA.

OOBIYHO MPEIIECTBYET IPYIIIOBOM padoTe.



| AHTEPAKTHUBHBIE METOIbI OBYYEHUSA, UCIIOJIb3YEMBIE
B MOJIYJIE

I/IHTepaKTl/IBHaH JICKIIUA

WNurepakTuBHass ~ JeKIMs — TPEACTaBiIsSeT  coOoi BBICTYIIJICHUE
MpernojiaBaresis nepe ayAuTopuen ¢ IpUMEHEHUEM CIIEIYIONUX HHTEPAKTUBHBIX
dbopm o0yueHus: 1.Ympaisiemas qucKyccusi uiu oecena.

2. JleMOHCTpalus ClIai10B WK y4eOHBIX (PHUIEMOB.
3. Mo3roBo# mrypm.
4. MoTuBallMOHHAS PEYb U JIp.

Jduckyceust

Jluckyccus  KaKk  MHTEPAKTUBHBIA ~ MeTOA  OOyYeHHs  O3Hayaer
UCCIIEJOBaHUE WO  pas30op. Y4yeOHOIl ~ nucKyccuell — Ha3bIBaeTcs
LIEJICHAIIPABIIEHHOE, KOJUIEKTUBHOE OOCYXJIE€HUE KOHKPETHOH MpOOJIEMBI,
COIPOBOXKAAOIIEecs OOMEHOM HAEAMH, CYKICHUSMH, MHEHUSIMHU B TpYIIIE.
D¢} PeKTUBHOCTD HCNONB30BaHUS y4e€OHOW IHUCKYCCHUM KaK MeTo/la OO0y4YeHUs
OIIpENENseTCsl LENbIM PSAOM (AaKTOPOB: aKTyaJIbHOCTh BBIOPAHHOM MPOOJIEMBI;
COIIOCTABJICHUE pa3JIMYHBIX ITO3ULIUI Y4aCTHUKOB JIVCKYCCHUU;
MH()OPMUPOBAHHOCTh, KOMIIETEHTHOCTh U HAyYHasi KOPPEKTHOCTh JIUCITYyTAHTOB.

IIpumeHeHust MeTOa B y4eOHBIN MPoLeCC

1. O3HaKOMHUTH CIIYIIATENEHN C MpaBUJIaMU TUCKyccUU. ONpeaenuTs mopsaoK
Y PErJIaMEHT BBICTYIUICHUH, BOIIPOCOB U OTBETOB.

2. Opranu3oBaTh JI€ATEILHOCTh O0YYaIOIIUXCS, MOCTaBUTh Pa3HOOOpPA3HBIE
npoOJIeMHBIE CUTYallM W BOMPOCHI 1O Teme, (OPMHUPOBATh U MOAAEPKUBATH
MH(OPMAIMOHHOE TOJIE.

3. IIpu 3aBepiIeHHM JUCKYCCHH KOPOTKOE PE3IOME H3JI0KHUTHh YCTHO, JHOO
MOKa3aTh C 3apaHee MOATOTOBJIEHHOro ciaiga. O0001maTh ¥ KOMMEHTUPOBATH
MOoyYeHHBIX ~ WH(popmarmuu. OTBedaTh Ha BO3HHUKIIKE BOIPOCHL, COOOIIAT
HEOOXOMMYIO JOTIOTHUTEIbHYIO HH(POPMALIHIO.

[IpobGnemHubie Bompock st Aucckycuu 1o teme «lloHarue mpoctpancTBa
COCTOSIHUN U (DOPMBI OTTUCAHUS JUHAMUYECKUX CHCTEM.

1. Kakne cBOICTBO cHCTEMBI YIPaBICHHUS MOXXHO OINUCATh B MPOCTPAHCTBA
COCTOSTHUM?
2. Kakne mnpeumyniecTBa Aal0T ONHCAaHUS JIWHAMUYECKUX CHUCTEM B

MIPOCTPAHCTBA COCTOSIHUM?
"Mo3srosou mrypm"



Mo3roBoii mrTypmM (OpeHMHCTOPMHHI - MO3r0Basi araKka) — METOA
KOJUIEKTUBHOM T'€HEPALMU WU PELICHUS HAyYHOW WII TPAKTUYECKOM 3a1a4H.

Bo BpeMs MO3roBoro mrypMa y4aCTHUKH CTPEMSTCS COBMECTHO DPEIIUTH
CIIOKHYIO IpOOJIEeMy: BBICKa3bIBAlOT CBOE€ MHEHHE II0 PELIECHUIO0 3aJa4u
(reHepupyroT), OTOMparOT HauboJiee COOTBETCTBYyHOIIUE, A(PPEKTUBHBIE U
ONTUMAJIbHbIE HUJeH ©0€3 KPUTUKU OCTaJbHBIX BapUaHTOB, OOCYXAAIOT
OTOOpaHHbIE W€ U PA3BUBAIOT UX, a TAKXKE OIEHUBAIOTCS BO3MOXKHOCTH HX
000CHOBaHUS UM OIPOBEPKEHUS.

OcHOBHasi 1IeJb MO3TOBBIX aTak — aKTUBH3alMsi Y4eOHOH JEsITeNbHOCTH,
CaMOCTOATENIbHOE H3y4YeHHUE MpOoOJIeMbl M Pa3BUTHE MOTHUBAIIMM €r0 pEIICHUS,
KyJIbTypa oOLIeH s, POPMUPOBAHHE KOMMYHUKAaTUBHBIX HABBIKOB, N30aBICHUE OT
WHEPIMU MBIIUICHUS W NPEOAOJECHUE NPHUBBIYHOIO XOJa MBIIUICHUS MpU
PEIICHUU TBOPUYECKOM 3a]1a4Mu.

* IIpaMoil KOMJIEKTHBHBII MO3roBOM IITYypM — oOecrieuuBaer cOop
MAaKCUMaJIbHOTO 4YHCJIa MHEHWM HACKOJBKO JTO BO3MOXHO. Bcs rpynma
uccienoBanus (He 06osee 20 4em0BEK) 3aHUMAETCs PEIIEHUEM OIHOM POOJIEMBI.

* MaccoBblii MO3roBOii IITYPM — Ja€T BO3MOXKHOCTb PE3KO IOBBICHUTH
3(pPEKTUBHOCTh TIeHepaluu Haed B OONBIIONW aygUTOPUM, Pa3delICHHON Ha
MUKPOTPYMIIBL.

* B ka0l rpyrmnre pemaeTcsi OAUH U3 aclleKTOB MPOOIEMBbI.

IIpuMmeHneHnust MeTOAA B y4eOHBII npouece

Bonpocs! 151 «Mo3rosoro mirypma

[Ipumep 1 Mogenb CUCTEMBI MOJYYEHO C BBICOKOM aJEKBAaTHOCTBIO HO
napaMeTphl pacCCUMTaHHBIE HA OCHOBE MOAYJISI HE MOJIXOISIT PeaIbHOMY OOBEKTY.
Bompoc: Jlaiite cBoé MHEeHHE TI0 3TOMY TToBOAY. IIpuBenauTe o6ocHOBaHME.

YKaxxute BO3MOKHBIC BapHAaHTBI BbIXOA4 U3 ITOJIOKCHU .

Jduarpamva Benna

I'paduueckuit OpraHansepsl - METOZbI u MHCTPYMEHTBI
JEMOHCTPALIMOHHOTO  NpefacTaBieHuss uHpopmanuu. “/luarpamma Benna”
CO31AacT BO3MOYKHOCTb CHCTEMATU3UPOBATh CBEICHHUS, IOJIyYCHHBIE B IPOLECCE
CaMOCTOATENILHOTO 4YTeHHS M ciylianus Jekuuid. Ilo3Bossier ¢dopmupoBath
CIIOCOOHOCTH CBSI3bIBATH HOBBIE JaHHBIE C PaHEE MOJYYEHHBIMHU a TaKKe YMETh,
CPaBHHUT U COIOCTABIIAT JaHHBIX.
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IIpumeHnennst MeToaa B y4eOHbIN mpouece

Haiite oO1iee moka3arenu COCTOSHUN B AUCKPETHOM BPEMEHU U B
BU/JIC CUTHAJIBHOTO Tpada?

COCTOSHHA B

COCTOSIHHS B BHJIC
AUCKPETHOM CUTHAJIBHOTO
BpPEMEHU rpada

Keiic-cTtaau

Ketic-craau (aHri. case — Habop, KOHKpeTHas curyanus, stadi-oOydenue) — 310
MeTO/1 00y4eHHs, OCHOBAHHBI Ha PEabHON CUTYyalluu U3 >KU3HU OpTraHU3aIiu
WIM JK€ MCKYCCTBEHHO CO3JaHHOW CHUTYyallud, BOCCO3JAIONIEH TUITUYHBIC
mpoOJeMbl, BO3HHMKAIONIME B OPraHU3AIMOHHOW KU3HU W TpeOyromen ot
oOyyJaromuxcs MOUCKa 1eJIeCO00Pa3HOTo PelIeHUs.

Ipumep 3austus mo meroay «Keiic-craam»
Jranpl padoThbl HA/L CUTyallMell B Ay IMTOPUH

JTansl Coaepxanue padoTsbl
1-3tan UHIMBHIyaJIbHOE U3yUEHUE TEKCTAa CUTYaLlUU U
IPOaHAIU3UPOBATh CUTYAIIHIO.
2-3Tan pazo0patbCs B CyTH MPOOJIEM, BBIIEISATh BAPUAHTHI
IPABWJIBHBIX U OUTMOOYHBIX PEIICHUH.
3-3Tan paboTa B cocTaBe Majoi rpyIIibl, MPEIIOKUTh

BO3MOYHBIE pEUICHUS U BbIOpATH JIydlllee U3 HUX,
00CyX/1aTh C YWiIEHAMH I'PYyMNIbl BHIOMPATh ONTUMAIBHOTO
pEeLIEHHUs], IPUHUMATh KOJUIEKTUBHBIE PEIICHUSI.

4-3tan IIPEIACTABJICHUE «PELICHUI KAXI0N MAJIOW IPYIIIHI,
oO11ast TMCKYCCHsI, BOIIPOCHI, BHICTYIUICHHE
[IperoiaBaTeiis, €ro aHaJIu3 CUTYaluH.
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Munu keiic: Ilpm dSKCrulyaranmuu nexa BOISIHOTO OXJIAXKIACHHUs, CUCTEMA
aBTOMATHUKHU PETYJIMpPOBAHUE YPOBHsS CHCTEMa BBIIUIA W3 CTAOMIBHON PabOTHI.
OCHOBHBIMM  NpPUYMHAMU  HECTAOWJIIBHOCTH  NPHUBOJAATCS  HENPAaBHIIBHO
pPaCcCUMTaHHBIE [TAPAMETPBI PETYIATOPA.

3ananue Keiica
1: Ilpoananu3upyiTe CUCTEMY yIIpaBieHUE
VcxonHble TaHHBIE:

A) skcniepuMeHTalIbHas nepexoaHas pyHkius OY.

t |10]05] 1|15 2 | 25| 3 |35 4 [ 45| 5 |55 ] 6 |65 7

ht)|0]001/01]02)03|038,045]05]058|0.63|[0.7]0.75]0.8/0.85]0.85

2: PaccuunTaiiTe nepexoaHyro GyHKIUIO CUCTEMBI.
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I1I. MATEPUAJIbI TEOPETUYECKUX 3AHSATHIA

1. Jlekumsi
MATEMATHYECKOE OITUCAHUE CAY U UX

XAPAKTEPUCTUKU
[1nam:

1.1. Marematnueckue monaenu CAY
1.2. Tlepenarounsie pyakmmu CAY
1.3. Junamuueckue xapakrepuctuku CAY

1.1. Maremaruyeckue mojenn CAY.
Marematnueckum  anmaparoM — uccinenoanus  CAY  gBmsrores

mudepeHnanbHble YPaBHEHUSI, KOTOPbIE OMHUCHIBAIOT JABM)KEHHE CUCTEMBI U
ABJIIIOTCS YPAaBHEHUAMHU AUHAMUKU. M3 ypaBHEHUN IMHAMHUKH, II0JIOKUB BCE
IIPOU3BOJIHBIE PABHBIMU HYJIIO, MOXKHO IIOJIyYUTh YPAaBHEHUS CTATUKU, KOTOPHIE
OIMCBIBAIOT OBEJACHUE CUCTEMBI B YCTAHOBUBILIEMCS PEKUME.

Huddepenunansupie ypaBHeHuss CAY u ee 31€MEHTOB, COCTABJICHHBIE B
COOTBETCTBHUM C (PU3NYECKUMH 3aKOHAMHU MX (DYHKIIMOHHPOBAHMS U (PAKTOpaMH,
OT KOTOPBIX 3aBUCAT NEPEMEHHBIE YPABHEHHM, MPAKTUYECKU BCETIA SBISIOTCS
HenuHenHbIMU. Jluddepennuansabie ypaBHeHuss CAY, 3anucaHHble B BHJIE
CUCTEMbl YpaBHEHHMI WM OAHOTO AUQPQPEpEeHLNaTbHOIO yYpaBHEHUS BBICOKOTO
HNopsika  MPEACTaBISAIOT  COOOW  MareMaTH4YecKyld  MOJENIb  CHCTEMBI.
MaremaTnyeckass MOZEINb SBJISETCA OCHOBOW [l aHAJIW3a CBOMCTB CHUCTEMBI U
CTENIEHM HX COOTBETCTBUSI IOCTABJICHHBIM TpeOoBaHusAM. Mrtak, ucxogHas
maremarndeckas  moaenb CAY  saBnsercs  HenuHEWHOW.  OTCyTCTBHE
OJTHO3HAYHBIX AHATTUTUYECKHUX METOJ0B pereHns HEJIMHENHBIX
muddepeHInanbHbIX YpaBHEHUM HE TMO3BOJIAET CO3/[aTh Kakue-Iubo oOIiue
s ¢ekTuBHBIE MeTOAbl aHanu3a U cuHTe3a CAY. MIMeHHO 3TO M HOCTYyXUiIo
IIPUYAHON PA3BUTHs UAEU JIMHEApU3alUH, T.C. 3aMEHbl UCXOJHOM HEJIMHEHMHOU
MOJICITN JTUHEWHOM, OJIM3KOU 110 PEIICHUIO K UCXOIHOW MOJCIH B ONPEICICHHOM
JMana3oHe M3MEHEHMsI HAudaJbHBIX YCJIOBUU M mapamerpoB. JIuHeapuzanus
IIPOBOAMUTCS IO METOJLY MAJIOTO OTKJIOHEHMS, KOTOPbI OCHOBAH Ha Pa3jl0KECHUU
HeIMHEeNHbIX GyHKUMMA B psan Teinopa.

[Tycts CAY onuceiBaetcs AuddepeHuuaibHbIM YpaBHEHUEM B — 20
nopsiJiKa.
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aox(”) + F(x, x,...x(""1) = F(g, g ...8")

(1.1)

B stom Beipaxkenuu F u F1 - HekoTopele Henuuelinbie pyHkuuu. [IpeacraBum
MIEpPEMEHHbIE, BXO/ISIIME B YPABHEHUE B CIEAYIONIEM BUJE:

X=X +AX, X=X +A%.., xM=x"+ax®
g=9,+Ag, §=9g,+Ag,.., g™= g(m’+Ag(”"

B 3Tux BeIpake€HUAX HIKHUI HHAEKC “0” 03HaYaeT yCTaHOBUBILIEECS 3HAUCHHUE
IIEPEMEHHOM, a 3HaK A- OTKIIOHEHUE IIEPEMEHHON OT YCTaHOBUBILIETOCS
3HaueHus. Pa3noxum HenuHelHble GyHKIMY B psia Telnopa B OKpeCTHOCTH
YCTAaHOBMBUIETOCS PEKUMA.

F(x, x,...x(""1) = F(x,, xo,...x(()”‘”) +
1 OF oF , . oF P
+ Z 7( (— )" Ax +(—) Ax+...+(ﬁ) Ax(n=-1)t 4 Rk.
i=1 i! ox ox ox

3 (m)y — ; (m)
F(g, & ...,8")=F(8, 8, ---,8,)") +

x 1 OF,

+ 3z T (( )Ag+( )Ag+ A ) Ag) T+ R
I (m)
=117 0g g og

NHpexc “*” 0k0JIO YaCTHBIX MPOU3BOAHBIX O3HAYAET, YTO OHU BHIUUCIICHBI B

TOYKC YCTAHOBHUBIICTOCA PCKHUMA.

JlomycTuM, 9TO OTKJIOHEHHSI IEPEMEHHBIX OT YCTaHOBHUBIIETOCS PEXUMA
HACTOJIBKO MaJIbl, YTO OCTATOUYHBIMH WICHAMH, a TaK )K€ YJICHaMH, COACPIKAIUMU
MIPOM3BENICHUS OTKIIOHEHUH U OTKJIOHEHHS B CTETICHSX BBIIIE TIEPBOI1, MOKHO
npeHedpeysb Kak 0ECKOHEUHO MaJIbIMH BBICIIUX MOPSIAKOB MaJOCTH TIO
CPaBHEHHUIO C WIEHAMU, COAEepKAIIUMU OTKJIOHEHUS B MIEpBOii creneHu. B
COOTBETCTBUU C 3TUM MPEIIOI0KEHHUSIM OyieM mosiarath, 4to Rk=Rk1=0 u i=1.

CnemaeM 0003HaYEHHUSA
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OF
el B A
(8g(j)) =b, _;
j=m,...,0.
C y4eToM CHENaHHBIX  MPE/IOI0KEHHI " 0003HAYECHUH

nuddepeHnranbable ypaBHEHUS CUCTEMbI TPUMYT BH/T

yoee, xnm1) g

a x(" 4+ aoAx(”’ + F(x,, x £

0 0 0

+ a1Ax(”‘1) + azAx(”‘2)+. . .+a Ax + a Ax =

(n—1)
=F(g, &, ---,8)) +b Ag™ + bAg™ "Vt . +b Ag.

B cocTaB MONMYy4YEHHOTO BBIPAXKEHHS BXOIUT YPABHEHUE YCTAHOBUBILIETOCS
peXUMa -IIEPBBIM U TPETUN YJICH B JIEBOM YAaCTH U NEPBBIM YJIEH B IIPABOM YACTH.
VYcraHoBuBIIEECS [BM)KEHME HaM 33JaHO M HE NPEACTABIACT IpPEeaMETa
ucciIeNoBaHus.  BplureM M3 IOJYYEHHOIO  YpPaBHEHMS  YpaBHEHUE
YCTAHOBMBUIETOCS JBUKECHUS U NOJIyYUM YPAaBHEHUE B OTKJIIOHECHMSX, IIOBEICHUE
KOTOPBIX HAC U MHTEpPECYET. B nanpHeliem, B HEIAX COKPALIECHUs 3alUCen, 3HAK
A 6ynem omyckatsk. [Tonyunm

a x™ +ax" Vs . 4+a xXxX+ax =
0 1 n—1 n

b,g™ +bg"™ V+..4+b g+b g (1.2)
[Tonyuennoe nuddepeHmaiIbHOe YpaBHCHUE SBISICTCS JIMHCHHBIM YpaBHECHUEM
W ompeacisieT JUHEWHYI0 MOJAeIb CUCTeMbl. OTMETUM, YTO MCIOJIb30BaTh
JMHEMHYI0 MOJIENIb JJI MCCIICIOBAHUSI CHUCTEMBI MOXHO TOJIBKO MPH MajbIX
OTKJIOHEHUSAX MEPEMEHHBIX M II03TOMY YacTO TOBOPAT, YTO PE3yIabTAThI
WCCJIEOBAHUM, TIOJYYEHHBIX MPU  HUCIHOJB30BAHUUA  JIMHEWHOWM  MOJEIU
CIIPABEJIMBBI TOJIBKO B MAJIOM.

VYpaBHeHue B OoTKJIOHEHUsAX (1.2) onmuchIBaeT BO3MYIIEHHOE ABHUKEHUE
CUCTEMBbI, SIBIIAIONIEECS pPEe3yJbTaTOM JEWCTBUS KaKUX-TUOO BO3MYIICHUH,
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MNpUBOAAIINX K IIOABJIICHUIO OTKJIOHEHHUH OT YCTAHOBHUBHICTOCA PCKUMA.
ypaBHeHI/Ie YCTAHOBUBHICTOCA PCKMMA OIMUCBIBACT HEBOSMYIICHHOEC NBHKCHUC.

CnoxHocTh pemieHus auddepeHIuanbHbIX YpPaBHEHUNW  BBICOKOTO
nopsifka 0e3 MPUMEHEHHS BBIYUCIUTEILHON TEXHUKHM M HEBO3MOXXHOCTH Ha
OCHOBAHHMH YHCIICHHBIX PEIIEHUN CO3/1aTh OOIIME METOJbl aHAIM3a U CHHTE3a
CUCTEM TMpPHUBEIU K IIMPOKOMY MCIOJB30BAHUIO METO/AOB, CBA3AHHBIX C
MpUMEHEHUEM MaTeMaTUYecKOro ammapara npeoOpa3zoBanuid Jlamnaca u dypse.
OTHU METOJIbl U COCTABWIM CYIIHOCTh TaK HA3bIBAEMOM KJIACCMUECKOW TeOopuu
aBTOMATUYECKOTO yIpPaBIICHUS.

Heo6xoaumMo OTMETHTB, UTO CYIIECTBYIOT HEIMHEHHbIE (DYHKITUH,
KOTOPBIE HEBO3MOKHO JIMHEAPU30BATh 110 METOJIY MaJIOTO OTKJIOHEHHS U, B 3TUX
CITy4asix, UCIIOJIB3YIOT CIIeIIUAIbHBIC METO/IbI, pa3pabOTaHHBIC JIJIsl UCCIICTIOBAHMS
HEJIMHEUHBIX CHCTEM.

1.2. Ilepenarounsie byukimu CAY.
[Tonsarue nepegaTouyHol QYHKIIUNA CUCTEMBI SIBISETCS

OCHOBOITOJIATAOIIMM B KJIIACCHYECKOW TEOPUH aBTOMATUYECKOIO YIIPABICHUS
(TAY), k U3y4eHHUI0 OCHOB KOTOPOM MBI U IPUCTYTIAEM.

Ornpenenenue nepeaaTouHoN GyHKIMHU CBA3aHO C IPeoOpa3oBaHue
Jlanmaca ¥ MOATOMY BHauaje MPUBEAEM HEKOTOPhIE OCHOBHBIE CBEICHUS U3
sTOrO NpeodpazoBanus [1,13].

[Tpu ucnonw3oBanuu npeodbpazoBanus Jlammaca HEKOTOPOU PyHKIIUU
BpemeHn X(t) ctaBuTcs B 0JHO3HaYHOE cooTBeTcTBUE QyHKIMA X(S), rie S-
orepatop Jlamnaca. ®yukuus Bpemenu X(t) Ha3pIBaeTCsS OPUTHHAIIOM, a (QYHKITUS
X(s) ee uzodpakenreM. M3o0pakeHHe U OPUTHHAI CBS3aHBI COOTHOIIICHUEM

X(s) = Ofx(t)e‘s’dt
0

[IpuBenemM HEKOTOpBIE TEOpEMBI MpeoOpazoBanus Jlamnaca , KOTopbie OyayT
MCIIOJIb30BaHbl MPH U3JI0KEHUU Kypca.

1. Teopema nuHeriHOCTH. IS TFOOBIX JEHCTBUTEIBHBIX HIIN
KOMIUIEKCHBIX

Af(t) + Bg(t) = AF(s) + BG(s) . (1.3)
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3HaK => 03HA4YaeT COOTBETCTBUE I/I306pa}K€HI/ISI OpUrHHally.

2. Teopema 3ana3apiBanus. Jlis mo0oro nmocrossaaoro t > 0
f(t —t) = e “F(s).
(1.4)

3. Teopema nuddepeHnpoBaHms OpUrMHaia.
Ecm f(t) = F(s) , 710

f(t) = sF(s) — f(0) . (1.5)

[IprMeHUB 3Ty TEOpEMY K POU3BOAHBIM BBICIIUX MOPSAIKOB, OJIYIUM

Fm(t) = s"F(s)— s" 1f(0) — s" 2f£(0)—...— f"=1(0) .(1
6)

[Tpu HyJIeBBIX HAYAJIBHBIX YCIOBUSAX BhIpakeHue (1.6) ympomaercs
[ = s"F(s) . (1.7)
4. Teopema unterpupoBanus opurunana. Ecmu  f(t) = F(s) nu

g(t) = }f(t)dt, TO
0

o(t) = T80 (1.8)
S

5. Teopema 0 Ha4aJIbHOM 3HAYEHWUU OpUTHHAJIA.

f(0) = lim sF(s) . (1.9

§ —> ©

6. Teopema 0 KOHEYHOM 3HAUYECHUU OPUTHHAJIA.

f(o) = lim sF(s) . (1.10)

s—> 0

[Tepeiinem k onpeaesieHuto nepeaaTouHon ¢pynkuuu. [ycts cuctema wim
KaKoe-JIM0o 3BE€HO €€ OMUCHIBaIOTCA U PepeHnanbHbIM YpaBHEHHEM BUAA
(1.2). Ilonaras HayanbHBIE YCIOBUS HYJIEBBIMH, IEPEHJIEM B 3TOM YPaBHEHHUH K
n300paxenusim 1o Jlarnacy. B cooTBeTcTBHM ¢ TeopeMoii 3 monyuum

a,s"X(s) + a1s"‘1X(s)+...+an_1sX(s) +a X(s) =
18



= b,s"G(s) + bs™" 'G(s)+...+b _sG(s)+ b G(s).

Brinecem B IMOJTYYCHHOM BBIPpAKCHHH 34 CKOOKH I/1306pa}K€HI/ISI HGpGMGHHOﬁ u
BXOAHOI'O BOB,ZIGI?ICTBI/I?I H CcacjiacMm 0003HaYCHHUS

— n n—-1
A(s) = a,s" + as +...ta S +oa.

B(s) = bos'” + b1s”"7+...+bm_1s + bm.

C yueTom 3THX 0003HaYeHHI HCX0HOE T (HEepeHIINaTFHOE YpaBHEHUE B
n300paxeHusx no Jlamnacy mony4ur Buj

A(s)X(s) = B(s)G(s) . (1.11)
OHpeIICJII/IM Tenepb 3aBUCUMOCTBH BBIXOI[HOﬁ BCJIMYHUHBI OT BXOAHOI'O
BO3AEHCTBUS

B(s)
X(s) = ——G(s) = W(s)G(s) . (1.12)
A(S)

IlepenaTounoii ¢ynkumeii cucrembl (3BeHa) W(S) Ha3bIBaercs
OTHOLIeHHe wu300paxkenuss mno Jlamiacy BBIXOAHOW BeJIMYUHbI K
n300paxxkenn1o mo Jlamiacy BXOJHOW BeJMYMHBI NPH HYJEBbIX HAYAJIbHBIX
YCJIOBHAX.

TpeGoBanue HyJIEBBIX HAYAILHBIX YCIOBUM HE BHOCUT MIPUHIUIHAILHBIX
tpynauocteit. B ciayudae X(0)®s 0, mpu nepexose k M300pakeHUSIM UCIONB3YIOT
teopemy 3 B popme (1.6), mepeHOCAT WICHBI, COOTBETCTBYIOIIUE Ha4YaJIbHBIM
YCIOBHSAM B TIPaByl0 YacTh YpPaBHEHUS M CUUTAIOT HUX BO3MYILAMOIMMHU
BO3JEHCTBUAMH, OTHOCUTEIBHO KOTOPBIX IOJIYyYarOT IIEPEAATOYHbIE (PYHKIIHU.

bynem momaratk, 4To BCe aneMeHTHI B cxeMe 3amMkHyTor CAY (puc.2)
onuchiBarOTCs ypaBHeHUsMU Buaa (1.2). HekoTopbIM MCKIIOUEHHEM B JaHHOM

CJIydac sABJBICTCA YPaBHCHHC 00BEKTa YHOpaBJICHUSA, B IPABYIO HaCTb KOTOPOTO

k ,
HEeoOXOIUMO  J0OaBUTH  OIMEpaTop > m, f*°9,  onpenensrommit
i=0

BO3MYIIIAIONIECE BO3JCHMCTBUE. B COOTBETCTBMU C NPUHUMUIIOM CYIIEPIO3HH,
CIIPaBEIJIUBBIM TOJILKO JIJISI TUHEUHBIX CHUCTEM, YpaBHEHUE OOBEKTa YIPABICHUS
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B I/I306pa)KeHI/I$1X I10 JIarmacy IIpXU HYJICBBIX HAYAJIbHBIX YCJIOBUAX 3alIMIICTCS B
BUAC

AO(S)X(S) = BO(S)R(S) + M(s)F(s) .

B stom BeIpaxkenuu M (s) = mosk + m1sk"1+...+mk.

Torma MoHO 3amUcaTh
X(s) B,(s)
R(s) Ay(s)

YIPABJICHUS MO PETYIUPYIOLIEMY BO3AEHCTBUIO.

=
\
%]
N
|
[

— nepenaroyHas QyHKIUS 00BbeKTa

X(s) M(s)
F(s) Ay(s)

00BeKTa YHpaBJICHUS 110 BOSMYIICHUIO. AHaJIOTUYHO I APYTUX 3JICMCHTOB

Wof(S) =

— mepenaTouHast GyHKIUs

CXEMBbI 3allMIIEM

U(s) By(s)
w 1( s) = = — mepenaTouHast QyHKIUS JTOTHKO-
E(s)  A/(s)
BBIYHCIUTEILHOM MTOJICUCTEMBI;
R(s B, (s
W,(s) = (s) = =2 (s) — nepenaToyHas QyHKITHSI

U(S) Ay(s)

I/ICHOJ’IHI/ITCJ’IBHOﬁ HOI[CI/ICTCMBI;
Y(s) B B,.(s)
X(s) A,.(s)

oOpaTHO# cBsi3u (MH(DOPMAITMOHHO-U3MEPUTEITLHOMN TOJICUCTEMBI).

Woc(s) -

— niepeaaTouHas GyHKITUS HETH

Teneps cxemy 3aMkHyTON CAY MOXHO M300pa3uTh, TaK Kak MOKa3aHO HA
puc.1.1.
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(N

G(s) @E(S) J(S) R(5) Xa(s) ®<(S)
\/\/n( Q) > >

Wals) ()
_ +
F(s) X1(S)
Wot(S)
Y(s)
Woc(S)

Puc.1.1. Crpykrypnas cxema CAY.

Cxema cucreMbl aBTOMAaTHYECKOI0 yYHnpaBJicHUSA, n306pameHHaﬂ B

BU/Ie COCAMHECHHUSA MepeIaTOYHbIX (PYHKIUI COCTABJISIOLINX e¢ 3BeHbEB,
HA3bIBACTCH CTPYKTYPHOM CXeMOM.

Ha ocHoBanuu nosmyueHHol cxembl U Beipaskenuid (1.11) u (1.12)
COCTaBUM CHCTEMY YPaBHEHUHU.

X(s)-Wy(s)R(s)= Wof(s)F(s)]
R(s)-W,(s)U(s)=0 |
U(s)-W. (s)E(s)=0
Y(s)-W,.(s)X(s)=0

. (1.13)
I
E(s)+W,.(s)X(s)=G(s) J

CocTaBuM U pacKpoeM XapaKTepUCTUUYECKUM ONPEAETUTENb CUCTEMBI
(1.13).
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D(s) =1 + W1(s)W2(s)W0(s)Woc(s).
(1.14)

Tak kak 3BeHbs ¢ nepenatounbiMu GyHKIuaMA Wi(S) , W2 (S),Wo(S) BxoasT B
PSIMYFO (53013 peryJIupoBaHus, TO repeaToyHast (byHKIHS
W..(S)=W1(S)W2(S)Wo(S) HasbiBacTCs mepeaaTOYHOW (QYHKIMEH MpSIMOM ICIH.
CocTaBUB M PAcCKpbIB 3aMEMICHHBIA OIMPEACIUTEIb 10 OTHOIICHHIO K
PETYyIUPYEMOM BEJIMUUHE, ITOTYIUM

Rx(s) = Wn(s)G(s) + Wof(s)F(s) .

Tornpa
W, (
X(s) = Wals) G(s) + 0s(*) F(s) .(1.15)
T+W (s)W,.(s) T+W (s)W,.(s)
X(s) B W .(s)

Ilepenarounass ¢yukuua @D(s) = =
G(s) T+W (s)W,.(s)

Ha3bIBAETCHA MepeAaToyHoi pyHKIHed 3aMKHYTON CHCTEMbI 110 321aK011eMy
(perysupyoumemMy) Bo31eiiCTBHIO.

Ilepenarounass  ¢yuxkmus W (S) =W (s)W oc (S) mwasbiBaercs

nepeaaToyYHoOu PyHKuMen pa30MKHYTOM CUCTEMBbI.

X (s) _ Woq (s)
F(s) 1+W(s)

nepeaaToOYHOM (PpyHKUMEe 3aMKHYTOM CUCTEMbI 110 BO3MYIIEHUIO.

Iepenarounas pynkumsn @ (s)= HA3BIBAETCS

CocTaBUM W pAacKpoeM 3aMeIICHHBIH ONpeNeNuTeNlb OTHOCHTEIBHO
omrOku perysupoBanus E(S)

R8 (s) =G (s) +W (s)Wof (s)F (s).
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Torma E (S) — #G (S) +WOC (S)WOf (S) =
1+W (s) 1+W (s)

(s). (1.16)

E(s) 1
G(s) 1T+W(s)

HA3bIBAETCHA NepeaaTouyHol QyHKIHMeH 3aMKHYTON CHCTEMBbI IO OMHUOKE OT
3a/Jal1011ero Bo3aeicTrBus.

IlepenaTtounass  yHKuus D (s) =

E(s) W, (sIW,,(s)
F(s) 1T+W(s)

HA3bIBAETCH NMepeNaTO4YHOl (PyHKIMel 3aMKHYTON CHCTEeMbI IO OIIMOKE OT
BO3MYLIAKOLIET0 BO31CHCTBHS.

Iepenarounass ¢yHxkuus (DS f( s) =

HeTrpynHo BuaeTh, 4TO NpPH CIWHUYHOW OOpAaTHOW CBSI3M, T.C. MpPH
Woc(S)=1, BBITIOTHSETCS pABEHCTBO

@ (s) =1-a(s) . (1.17)

1.3. Jlunamuueckue xapakrepuctuku CAY.
1.3.1. Bpemennsie xapaktepuctuku CAY.
BpeMeHHble  XapaKTEpUCTUKH MPEACTABISIOT COOOM  3aBUCUMOCTH

BBIXOJIHOTO CHUTHajJa CUCTEMBI OT BPEMEHM IPU MOJayYe Ha €€ BXOJ HEKOTOPOro
tunoBoro BozjaeictBusas. B TAY wucnonb3yloTcs [aBa BHJA BPEMEHHBIX
XapaKTEPUCTHK:

-TIepeXo/IHas XapaKTEePUCTHKA (TIepexoaHast PYHKITHUS);
-AMITYJILCHAS TIepeXoIHas XapakTeprucTruka (pyHKIus Beca).

IMepexonHoii xapakrtepucTukoii h(t) HaswpIBaeTcs  3aBHCHMOCTB
BBIXOIHOTO CHTHAJIa CHCTEMBI OT BPEMEHHU IIPHU MOAaye Ha €€ BXOJ CIUHHUYHOTO
crynenuaroro BozaeicTBus 1(t) (puc.1.2) JlamHoe BXOAHOE BO3ACHCTBHE

OIpEIeNSIeTCS] BBIPAKEHUEM g(t)
(0 npu t<0
1(t) = (1.18)
Ll npu 1>0
1 Puc.1.2
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N3o00paxenue mo Jlamiacy eIMHUYHOTO CTYNEHYATOIr0 BO3AECTBHS

Oyner

© 1 w 1
1t) = Je tdtz—*e‘s" = =
0

S 0 S

O003Ha4YMM H300paKeHHEe IepexoaHoi GyHkiuu kak H(s), a
nepeaarounyo GyHkiuio cucrembl kak W(S) 1 moayuum

H(s)=W (s)l. (1.19)
S

[lepexonnass GyHKIMS MOXET OBITH ONpelefieHa M0 €€ H300pPaKEHHIO
UCIOJIb30BaHuEM (popmyIibl oOpaTHOTO TipeodOpazoBanus Jlamiaca, B 4aCTHOCTH €
MOMOIIIbIO TabuI IpeodpazoBanus Jlarmaca.

[Tpu HeenmuuuuHOM cTyneH4yaroMm BosaeictBuu g(t)=N1(t), rme N=const,
B COOTBETCTBUH C TPUHIIMIIOM CYMEPIO3MINN BBIXOTHAS PEAKIMS CUCTEMBI
Oyner

x(t) = Nh (t). (1.20)

NmnyabcHoii nepexoanoii xapakrepuctukoii (UI1X) win dpynkuueit
Beca cuctembl K(t) Ha3pIBaeTCs 3aBUCHMOCTH BBIXOJIHOM BEJIMYMHBI OT BPEMEHHU
Ipy Mojaye Ha BXOJ BO3JACHCTBHS B BHE aeibra- (GyHKImH Kt-7), KOTOpas
OIPEICIIACTCS CICAYIONUM 00pPa3oM:

(0 npu t<=n
o(t — 1) = Joo npu t=*7 (1.21)
{0 npu t>1
OnpenenyM OCHOBHOE CBOMCTBO JeibTa- (YHKIMHM U €€ CBS3b C

CAWHNYHBIM CTYIICHYATbBIM BOBI[efICTBHCM. I[OHYCTI/IM, Y4TO HMMCCTCA HCKOTOpaA

¢dynkuus g(t-z) onpenensercs: BBIpaKEHHEM
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(0 npu t<nt
| t
g(t—'c):{a npu 7tT<t<a (1.22)
|L1 npu t>a
g(t (t-1)

T i’/S(t-T)

st T

Puc.1.3. lenpra- pyHKIMSA Puc.1.4. ®yukmus ¢(t-1)

Haiinem npousBoanyto ot ¢pynkimu g(t-1).

[ 0 mpu t<t
1
g(t—-t)=4— mnpu t<t<a (1.23)
a
|L 0npu t>a

OdyeBuHO, YTO Tpauyuecku 3Ta MPOU3BOAHAS MPEACTABISET COOOM
OpsMOYTOJIbHBIM  uMnysibe  (puc.l.5), aMmiauTyna KOTOpOro BO3pacTaer ¢
YMEHBUIEHUEM BEJIIMYMHBI @ ,a JUIMTEIBHOCTh yMeHbliaercs. [lmomans 3Toro
IPSIMOYTOJIBHUKA NIOCTOSIHHA U PaBHA €UHULE.
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T a a a t
Puc. 1.5. I'paduk dynkuuu g(t — t) .

N3 Boipaxkennii (1.22), (1.23) u pucynkoB 1.3, 1.4 u 1.5 cienyert, uTo B npeaesne
npu a—>0 o¢yskmus g(t-7) crTpeMuTCs K CAMHUYHOMY CTYICHYATOMY
BO3JICHCTBHIO, T.C.

lim g(t — ) =1t - 1),

a— 0

a penen GyHKIMH g(f — T) paBeH OECKOHEYHOCTH

limog(t—‘c)=00= lim 8(t — 1) .

t—> 7

OTCI’OI[a MOJKHO CACJIaTh CJICAYIOIINC BBIBOIbI:

8(t—‘c)=‘f(t—‘t)1

* (1.24)

B gactaoM ciydae, korna 7 =0 uzobpaxenue nenpra- GyHKIIUH PABHO

L{d(t) } = L{:;1(t)} =1, re &s)=1.
t

Orcrona cienyer, 4To n300pakeHre GyHKIIMU Beca ONPEALSIAeTCs BRIPaKCHHEM
K(s) = W(s) . (1.25)
CnenoBarenbHO
k(t) = W(s) . (1.26)

@DyHKIMSA Beca CHCTEMBI MOXKET OBITh OINpECIICHa TaK jKe, KaKk W IepexoaHas
byakuus, wim nyreM auddepeHIMpoBaHds  MEPEeXOqHONW  (YHKIMU B
COOTBETCTBHH C MepBOi (hopmyroit BeipaxeHuit (1.24).
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[Tpumep. Haiitn nepexonnyio ¢GyHKIUIO U (YHKIMIO BECa CUCTEMbI, HMEIOIIeH
NEPENATOYHYIO (PYHKIHIO

k
Wi(s) = —.
Ts +1

N3o0pakenne nepexoHoi GyHKIUU Oy et

1 k o
H(s) =W(s) = ———"=k ——,
S s(Ts +1) s(s+a)
1
reo = .
T

Hcnonb3ys Tabnuubl npeodpazoBanus Jlamaca, no nmoixy4eHHOMY H300paKEHHUIO
HaliieM OpUTHHAJ ePEeXOJHON QYHKIUU

t

ht) = k(1 —e %) = k(1 —e T) .

st M300paKeHUS byHKIUN BEca MOYHO 3amucarh
a ~
K(s) = =k u no Tabmuiam wuzoOpaxkenuit Jlammaca
Ts+1 s+ a
MOJTYIHM
r
k(t) = — e T. AHajOruuHblii pe3yynbTaT MOJIYYUM TUPPEPEHIIMPOBAHUEM

BBIPKEHUS JIJISl IEPEXOAHON (DYHKITHH.

h( (t)
k T kt

2
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Puc. 1.6. [lepexonnas ¢yHKIus. Puc.1.7. ®ynkuns Beca.

MMy ibCHYIO MEPEXOJHYI0 XapaKTEPUCTUKY YIO0OHO HCIOJIB30BaTh IS
OIpE/ICIICHUs] PeaKIMi CUCTEMbl Ha HeKoTopoe BoszeiicTBue f(t) mponsBosibHOTO
BUJIA

x(t) = ;f('c)k(t—'c)d'c.
0
(1.27)

EcTecTBeHHO, YTO CUTHAJ Ha BBIXOJIe (DU3HUYCCKU PEaTHU3yeMON CHCTEMBI
HE MOXET IMOSBUTHLCS paHbIle BXOJHOTO curHaia, T.e. K(t)=0 npu t<0. C touku
3peHus nmpeodpaszoBanus Jlammaca 3To COOTBETCTBYET YCIIOBHIO

lim W(s) = 0.

§ —> ©
(1.28)
Ecmu

W(s) bys" +b,s" 4. .4b
s) = ,
aos" +a1s"_ +...ta,

(1.29)

TO ycnoBue (1.28) BbIMONHSETCS TONBKO MpU M< N. DTO U €CTh BBIPAKEHUE
npuHIUNa GU3NYECKON Peann3yeMOCTH CUCTEMBI.

1.3.2. YacToTHbIe XapakTepucTuku CAY.
[Tycte BXoaHoe Bo3xericTtBue ((t) mpeacraBisger coO0W rapMOHHYECKYIO

byHKIIHIO BUAA

g(t) = Gmcoscot.

Hcnonbs3oBas popmyiny Ditiepa, MOKHO 3aHcaTh
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jot
e’ e

2

jot

cosmt =

Torga BXOJHOE BO3JACHCTBUE MOXXHO TIPEJACTABUTh B BHUJE CYMMBI JIBYX
BO3JIEUCTBUH

gllL jot gzL jot
g(t) = g(t) + g,(t) = 5 e’/ + , e’

(1.30)

HuddepennnanbHoe ypaBHEHHE CHCTeMbl B u300pakeHusx mno Jlammacy
3aIUIIETCs B BUJIE

A(s)X(s) = B(s)G(s), (1.31)
e moimHoM A(S) uMeeT mopsiok N, a momHOM B(S)-mopsimok m .

[Tycte Ha BXOJ cUCTeMBbl mojaHo BosaekcTBue Buma (i(f). YacTHoe pemieHue
U pepeHInanbHOTO ypaBHEHUS OyeM UCKATh B BUJIE

QHL . [0Y4
x1(t) = 5 W(jon)e’®".

3necs W(jw) - HEKOTOpasi GYHKIIUS YaCTOTHI @).

[Moacrasus g1(t) u X1(t) B (1.31), cokpaTuB nony4eHHOE BhipakeHne Ha Gm/2 u €

Jol nomyunm

(ay(jo)" + a(jo)" "+ . +a )W(jo) =

= by(jo)" + b(jo)" T+ ..b

Otcrona
. m . m—1 .
. b,(jo) +b,(jo) +...+b, B(jo)
W('](D) - ’ . n : . n-1 - J :
a,(jo) +a,jo) +...ta, A( jo )
(1.32)

CpasuuBas (1.32) u (1.29), MoxHO 3akt049nTh, 4T0 QyHKIMA W(j@) momydaeTcs
u3 mnepenarouHor ¢ynkumu W(S) mpocroit 3aMeHOW S=j@. DTa 3aMeHa C
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MaTeMaTH4YeCKOM TOUKH 3pEHHs O3HAYaeT Mepexo oT mpeodpaszoBanus Jlammaca
K ipeoOpazoBanuio Oypee [1,13] .

Oynknus W(jw) Ha3piBaeTCs 4YacTOTHOW TNepeqaTOYHOW (PYHKIMEH
cuctembl. Kommnekcuyro ¢pynknuio W(j @) npeacraBum B BHIE

W(jon) = A(®)el®®,

(1.33)
Torna
X (t) — GimA(m)ej((ot+(p(co))
; .
2
Ecm B (1.31) moncrasuts Qymkmmo g,(f) = —M e~ JO! 10 mocie

Hpeo6pa30BaHI/II71 AHAJIOTHYHBIX IIPCAbIAYIIIUM, ITOJIYUUM
X (t) — QIZLA((D)e—j((Dt+(p((D))
2 2 :

B cooTBeTcTBHU C IMPUHOUIIOM CYIICPIIO3UITHNHN

(ot +o(w®)) +e—j(cot+(p(o3))
x(t) = x, (1) + x,(t) = G _A(o) =

= GmA(m)cos(mt + o(w) ) . (1.34)

DTO BBIpaXKCHUE ITOKA3bIBACT, YTO BBIHYXICHHBIC KOJcOaHUsS, BBI3BIBACMBbIC B
YCTOWYMBOM JIMHEWHOM JWHAMUYECKOM CHUCTEME TapMOHHYECKHM BXOIHBIM
BO3JIECTBHEM, MPEACTABISIOT COOOH TapMOHMYECKYIO0 (YHKIHMIO BpPEMEHH,
HMMEIOIIYIO Ty € YacTOTY, YTO M BXOJIHO€ BO3JICMCTBHUE, HO OTJIMYAONIYIOCS OT
MOCJIEAHETO M0 aMIUTUTYE U 10 ¢ase.

3aBHCUMOCTh OTHOLICHUS A(®) AaMIUIUTYAbl BBIXOJHOTO CHTHajga K
aMIUIMTYI€ BXOJHOTO CHTHajda OT YacTOThl HA3bIBAETCA AMILIMTYIHOM
4acTOTHOM xapakTepucTukoi (AUYX) cucteMsl.
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3aBucHMMOCTh (ha30BOTO cABHra (@) MEXIy BXOIHBIM U BBIXOIHBIM
CUTHAJaMU OT YacCTOThl Ha3bIBAECTCS (PA30BOM YACTOTHON XapaKTepHCTHKOMN
(PYX) cucremsl.

C orToif TOYKHM 3peHHs YaCTOTHYIO mepenarounyto ¢yaknuio W(j@)
HAa3bIBAIOT TAKXE AMIUIMTYJIHO-(pa30BOil YaCTOTHOH XapaKTEePHUCTUKOMH
(ADYX) cucremsl.

MCTOI[I/IKa ONpCACICHUA YaCTOTHBIX XapaKTCPUCTUK CUCTCMBI CJICAYIOIIasd.

1).B nepemnarounoit (yHKIMM CHUCTEMBI JEJIalOT 3aMEHy S=j@ W
nonydeHHyr0 AOUX npeacTaBisitlOT B BUAE CYMMbl BEIIECTBEHHOM M MHUMOU
YacCTeu.

W(s) _BUS) ey v jvie) .

T Al je)

®Oynkuio U(@) Ha3bIBaOT BellleCTBEHHOH YaCTOTHOI XapaKTepHCTHKOI,
a pynkuio V(w)- MHUMOM YaCTOTHO# XapaKTepPUCTHKOIA.

2). Onpenemsitor AUX 1 OYX.

A(®) = \/UZ((D)+ Viw).

(1.35)
V(o)
o(®w) = arctg — . (1.36)
U(w)
[Mpumep.  OmpenenuTh YacTOTHBIC XapaKTEPUCTHKH JUIsl 3BEHA C
nepeaaToyHon PpyHKImen
k
Wi(s) =
Ts +1.
Jlenaem 3aMeHy S=j@.
k k(1-jTw)

W(jo) = = =
1+ jTo (1+ jTe) (1- jTo)
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k(1- jTw)

1+T2oa2
Otcronma
Ulo) g Vi) = -k 2
W)= w)=-k — " ;
1+T°w? 1+T°0°

k
Ao ) = m; o(®w) = —arctgTo.
V(o) o= () A(w) b(®)

U(w) 4 \

45° 1450

o

—A0)
. 90°

®
Puc. 1.8. YacToTHBIE XapaKTEPUCTHKHU 3BEHA C MEPEIATOUHON yHKIIUEH
Wi(s) = .
Ts+1

YacToTHbIE XapaKTEPUCTUKH IIMPOKO HCIONB3YIOTCA MpPU aHAIU3E M
cunte3e CAY M COCTaBISIIOT OCHOBY PacCMAaTPUBAEMOM KJIACCUYECKOW TEOPUHU
aBTOMATUYECKOTO yIPABIICHHUS.

1.3.3. JlorapudMudeckue 4acToTHBIE XapakTepuctuku CAY.
CyliecTBEHHBIM ~ HEJOCTaTKOM  PAacCMOTPEHHBIX — BBINIE  YaCTOTHBIX

XapaKTePUCTUK SIBISETCS TO, YTO Tpapuuecku OHHU, OCOOEHHO [JIsi CHUCTEM
BBICOKOT'O TOPSAKA, SBISIOTCS KPUBBIMH JOCTATOYHO CJOXHOW (DOPMBI, YTO
3aTPyIHSIET UX IOCTPOEHUWE M HWCIIOJIb30BAaHUE I aHaJIW3a CUCTEM. B memsax
UCKJIFOUEHHSI ATOTO HENOCTAaTKa B OOJIBIIMHCTBE CIIy4aeB HAILIM MPUMEHEHUE
jorapudpMUyYecKre YacTOTHbIEe XapakTepucTuku (JIUX).
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Jlorapupmuyecko aMIUIMTYAHOH YACTOTHOM XapPaKTePUCTHKOH
(JTAX) Ha3bIBaeTCsl KpUBasi, COOTBETCTBYIOIIAS BHIPAKEHUIO

L(®w) = 20IgA(®) (1.37)
Y IOCTPOEHHAs B JIOrapu(pMUUYECKOM MaclITabe 4yacToT.

Jlorapupmuueckoii ¢a3zoBoil yacToTHOUH xapaktepucTukoii (JIOX)
HasbiBaeTCsl (a3oBas dYACTOTHAS XapaKTepUCTHKA @ (®), TOCTPOCHHAs B
JorapuMuuecKoM mMacutabe 4acToT.

Bennunna L(@w) w3mepsercs B nmerubenax, a @(w)- B rpagycax WM
pamuaHax. EnuHumaMu u3MepeHHs JIOrapu(MMUYECKOW OCH YacTOT SIBISIOTCS
OKTaBbI U JIEKaIbI.

OKTaBoM Ha3bIBAETCS MHTEPBAJI YACTOT, COOTBETCTBYIOIIUN M3MEHEHHIO
qacToThl B jaBa pa3a W paBHbii 19g2=0.3010. [lexamoii Ha3bIBaeTCS MHTEPBAI
Y4aCTOT, COOTBETCTBYIONIMI U3MEHEHUIO YaCTOTHI B IeCATh pa3 u paBHbIil 1g10=1.
Jlerko mnojcuyuTaTh, 4YTO OJHA JeKaaa colepkur 3.32 okraBbl. Touka,
COOTBETCTBYIOIIAas 3HAYEHWIO YacTOThl, PABHOMY HYJIO, JIEKHUT CJE€Ba B
OeckoHeuHoctH, T.K. |g0=-co. [ToaTOMYy OCh OpIUHAT MTPOBOAUTCS Yepe3 JIOOYIO
TOYKY OCH YacTOT TaK, YTOObI cIpaBa pacrnonaraigack Ta yactb JIUX, koTopyro
HY’KHO MCCJIEI0BATh.

MOXHO  pEKOMEHIOBaTh  CIEAYIOUIYI0O  METOAWKY  IOCTPOEHUS
jgorapu(MUYECKOl CETKM KoopJauHaT. BhHawase ock yacToT pa3OuBaeTcsi Ha
JICKaabl W OKTaBbl, MPHUYEM KaKIasA JAeKajJa Ppa30duBaercd HA OKTaBbI
oTAeabHO. /[ ynoOcTBa MHKEHEPHOM MPAKTUKHU MO TOUKAMHU 3TOW OCH MUIITYT
HE 3HaYeHUus Jorapu(pmMoB 4acTOT, a CAMH YaCTOTHI.

¢(0) tH(w)

-270° |
JEeKama | JeKama | JE€Kaza l

-180° " n i -
L
T T lg ®

-90° - OKTABBI
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0

Puc. 1.9. Ocu norapupmMuyeckoit CUCTEMbI KOOPAUHAT.

PexomenmyeTcs och OpAMHAT B OTHOMICHWU (Ha30BOM XapaKTEPHUCTUKHU
pacmojarate TakK, YTOOBI C TOYKOW Hadaja KOOPAWHAT COBIAJANI0 3HAUYCHHUE
daspl, paBHOE -180°, monOXUTENLHOE HampaBjleHHWE IUI0 BHH3, a
oTpulaTeIbHOE - BBepX. OOIIENpUHATOE pacioiokKeHre ocH (a3bl HE SIBISETCS
OIIMOKOM, HO PEKOMEHIOBAaHHOE 37ECh PACIOIIOKEHHE BO MHOTHX CIydasx
oOjeryaer mNpuMEHEHHE MJs aHalIM3a M CHHTE3a CHCTEM pa3pabOoTaHHBIX
rpadOoaHATUTHIECKUX METOJIOB.

Ecim mccnemyemas Todka 4acTOTHI HE COBIAJAET HU C OKTaBOW, HH C
JCKAJION, TO €€ MOJIOKEHUE HA OCH YaCTOT 10 OTHOIICHUIO K HaYally KOOPMHAT
WM Hadary Kakou Ju0o JeKaabl py n30paHHOM MaciiuTtade M [Mm/nek] MoskHO
OTIPEETUTH IO (hopMyJIIe

®
® = mlg —*. (1.38)
@,
31ech @an-4acToTa, COOTBETCTBYIOUIAS HAdyally KOOPAMHAT WM Hadally
JICKaJIbI.

OOGpaTHas 3amaya, T.e. ONpEJEICHNE 3HAUYCHUS] YACTOThI MO TMOJOKEHUIO
COOTBETCTBYIOIIEH €l TOYKM Ha OCH YacTOT, PEIIaeTCs HCIOIb30BaHUEM

bopmybl

® =o,10°"". (1.39)

[Tpu noctpoenusix JIYX BpydHyt0 yAO0OHBIM SIBIISIETCA MACIITA0 paBHBIN
mM=50 mm/oex.

Bo wMHoOrux cnydadx mnepenaTouHyl0 (YHKLUHIO CHCTEMBI MOKHO
NPEACTaBUTh B BHJIE MPOU3BEACHMS MEPEAATOYHBIX (PYHKUIUN DJIEMEHTapHBIX
3BEHBEB

W(s) = 1 Ws).
i=1
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n .
MmA(w)e’®i.

Torma  W(jo) = NW,(jo) =
i=1 i=1

B cooTBeTcTBMUM C mpaBujaMu O Jorapu@me NpOU3BEACHHS U NPOU3BEACHUU
MOKa3aTeNbHBIX (PYHKIIMNA MOTy4YUM

L(w) = 20lg 1 A(o) = 3 L(o). (1.40)
i=1 i=1

o(®) = I 90). (1.41)

Takum oOpazoM, jJorapudpMUUECKHe XapaKTEPUCTUKHU CIOKHOM CHCTEMBI MOTYT
OBITh TOJTy4eHbI cymmupoBanueM JIUX cocTaBiSiONMX €€ MPOCThIX 3BEHHEB.
[Ipumep. Omnpenenuts JIUX mis CAY ¢ nepenatounoit GpyHkiuei
k
Wi(s) = —.
Ts+1

Hcnonb3ys pe3ylbTaThl MPEIbIAYIIEr0 IPUMEpPA, MOTyIHM

= 20Igk — 20Ig\N1+T @’

L(w) = 20Ig

k
\/1+T2m2

1
Ilppy ® < — Bemmumna T?w? << 1 u  L(®w) =~ 20Igk. Dro
T

ypaBHEHHE MPSIMOH, MapaJIeIbHON OCH YacTOT.

1
Ipy ® > — semmumna T?w? >> 1 nu L(®w) =~ 20Igk — 20IgTw.
T

DTO0 ypaBHEHHE TPSIMOM MMEIOIIeH HAKIIOH K OCH 4acToT, paBHbIi -20 nb/mek u
COMpSITAIOIIEHCs C MPEAbIYIICH MpsIMOi B Touke ao=1/T.

Takum oOpazom, JIAX 1aHHOW CHCTEMBI MOXET MPHUOIMKEHHO
MOCTPOEHA B BHJE JABYX CONPSATalOIIMXCA OTpPe3KOoB TMpsAMbIX. Takas JIAX
Ha3bIBACTCS ACUMIITOTUYECKOM. Bo3Mo)HOCTB 3aMEHBI KPUBBIX
acumnroruueckumu JIAX siBnsiercs BakHbIM nocToMHcTBOM JIYX. Omubka npu
TakoW 3amMeHe Juisi OOJBIIMHCTBA TMPOCTHIX CHCTEM HE BeIWKa © A
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paccMaTpuBaeMOM CHUCTEMBbI €€ MaKCHMAaJbHOE 3HAY€HUE B TOYKE @—an HE
npesbimaet 3 nb.

da3oBas XapaKTEPUCTHKA UCCIEAYEMON CUCTEMBI OIIPEIEIICHA BBIIIIE.

Yacrora an=1/T Ha3wpiBaeTCs 4acTOTO# compspkeHUs. YactoTa e, MpH

koTopoii JIAX mepecekaeT oCh YacTOT, YTO COOTBETCTBYET 3Ha4YcHHIO A(@)=1,
Ha3bIBAETCS YACTOTOU CpPE3a CUCTEMBI.

¢(0) (o)
P0Igk

Onb/nex

-180°0 >

wo=1/T lgw
900
_ /

AN

-450 N
JI DX

0

Puc. 1.10. JIUX cucremsl ¢ nepenaTrouHon pyHKIHeH
Wi(s) = ——.
Ts+1

B zakmroueHwe OTMETHM, YTO TaK Kak Uil (PU3MUECKH peaii3yeMbIX
CHCTEM N>M, TO

lim W(jo) = 0.

W —> ©

DTO 03HAYAET, UTO BCE PEATbHO OCYHIECTBUMbBIE CUCTEMBI SIBIISIOTCS (PUIbTpaMU
HUKHUX YacTOT.
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KonTpoabHbie Bonpocs! K jgekuuu Ne 1.

1. Kakue nepemeHHbIe TPU OCTPOSHUH MAaTEMAaTHYECKOTO OMMMCAHUS CHCTEMBbI
MPUHATO HA3bIBATh

a) BXOJHBIMH ITEPEMEHHBIMU;

b) BBIXOIHBIMU IEPEMEHHBIMU;

C) IEPEMEHHBIMU COCTOSIHUSA?

2. Marematnueckoe onucanue 00beKTa ¢ OJHHUM BXOJIOM U OJHUM BBEIXOIO0M
MPECTABICHO CTPYKTYPHOU CXEMOM, COIepIKaIeh ( 2JIEMEHTOB, MPEICTABICHHBIX
nepenaToyHor (GyHKIMeH 001ero Buaa

by +ds+. st
E

Hi(s)=
dy TaE o g &
Kak B 3TOM citydae MOKHO ONPEIENINTh Pa3MEPHOCTh IIPOCTPAHCTBA

COCTOsIHHUA NE JJIA OIIMCaHMA 3TOI'O oOBekTa?

3. MaremaTuyeckoe onucanue o0beKTa ¢ IByMsl BXOJIaMHU 1 (€), %308y oM
BbIX010M Y(t) mpeacTaBieHo CieayIOMM ypaBHEHHUEM B ONIEPaTOpHOi Gopme
1 () + 1+%s :
1+7s+TTs 1+ 7 s+1 s
KaxkoBa B 3TOM citydae OyzeT pa3aMepHOCTb MPOCTPAHCTBA COCTOSHUS N TS
OTUCAHUS 3TOT0 00bEKTA?
4. BeibepuTe n3 MPUBEICHABIX HUKE 3aITMCEH BO3MOXKHBIC (DOPMBI
MIPEACTABIICHUS YPABHEHUS. COCMOSAHUSA ISl HETPEPHIBHBIX CUCTEM.
a) x(£) =F[xi),us), g], &) ¥y =Cx+Du,
o) ¥ =Q[xiD)ui)t]l &) y=ClH)x+D(Hn;
g ¥=Ax+Bu; Frix=Alfix+Bifu, g1 Li=0Qx+HRu
5. OOBEKT ynpaByieHUsI UMEET I' — BXOJI0B, M - BBIXOJIOB, €0 MAaTEMaTHYECKOE
OTIMCaHNE B HEPEPHIBHOM BPEMEHHU COACPKUT n AuddepeHIInaibHbIX YPaBHEHUM
nepBoro nopsiaka. Kakosa B 3ToM ciryuyae OyJIeT pa3sMEpHOCTh Mampuybl
COCMOSIHUA?
6. ChopMupyiTe BEKTOPHO-MATPUIHYIO MOJACIH (PUIBTPA, JICKTPHUICCKAS
CXeMa KOTOpPOro IpeJcTaBieHa Ha puc. 1.6.

Y(s) =

U (s

e
\ R, | B L
n = ==
o3 & | .
L »

Prc. 1 6. Crema dromTpa ¥ sapamnmn &
31€ech CleNyeT y4ecTh, UTO
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o 00BEKT MMeeT 0/1uH BX0J - U1 OJIMH BBIXOJT - IH ;BCE MapaMeTphI
anekTpuueckoi cxemsl R, Rz, L, C1, C2, RH U3BECTHBI U SIBISIFOTCS

IMOCTOSIHHBIMU;
e MOTYT OBITh UCITOJIb30BaHbI CICAYIOITUE
L
=&, T=—; T=5%&C
0003HAYCHUS e

7.11pu cocTaBlI€HUH MaTEMAaTUYECKOTO OMUCAHUS JUHAMUYECKUX MPOIIECCOB B
YIPYTOM 3JIEKTPOMEXaHUYECKOM 00BEKTE, BIIOYAIOIIEM B ceOs AIEKTPOIBUraTENhb
MOCTOSTHHOT'O TOKa HE3aBUCUMOT0 Bo30yxaeHus (d=const) u mexanusm, MozeIb
KOTOPOTO MPEACTABIACTCSA JBYXMACCOBOM CUCTEMOM (cM. mipumep 1.3), MOTyT OBITH
UCIOJIb30BaHbI CIIEYIOIINE IEPEMEHHBIE:

e |y - TOK DJICKTpOABHUTATEIIA,
£l

1 - CKOPOCTb BpALICHUs AIEKTPOABUTATEN,
M, — ynpyruii MOMEHT MEXaHHU3Ma,
Ll

2 - CKOPOCTh BpalllCHUA MCXaHU3MaA,
@ - YTOJI HOBOPOTA POTOPA DJICKTPOABUIATEIIA,
| — nuHEeliHOE TIepeMeleHre MeXaHU3Ma.

Kaxkue u3 satux NEPEMCHHBIX, U B KaKou MNOCJICAO0BATCIbHOCTHU BK/IIFOYCHEI B
T

COCTaB BEKTOpPa COCTOSIHUS = [xl I x4] MPUBEJAECHHON HUXKE BEKTOPHO-
MaTpUYHON Mojaenn?
b =70 =277 0 0 x 10438

Ty 184 0 —22,2 0 X 0
= : + i

i 0 B0 0 —80| | x 0
i 0 0 562 0 Xy 0

!
y=[0o 0o o 1]|™

A3

Ay
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2-JleKiusi. _
AHAJIN3 KAYECTBA JJUHEUHBIX HEIIPEPBIBHBIX CAY

[ L1an:

1. Iloka3arenu kauectBa CAY

2. MeToipl TOCTPOCHUS TIEPEXOTHON (PYHKITUM
3. Koaddunmentsr ommbdox

4. VHTerpanbHbIC OIICHKA Ka4yeCcTBa

1. I[Tokazarenu kauectBa CAY

KonngecTBeHHBIE OLICHKU Ka4CCTBA, TaK HA3bIBACMBIC IIPAMBIC I10KA3aTCIN Ka4CCTBaA,

x(t)

Fuf

8
OTIPENIETISIIOTCSI IO KPUBOM MEepeXoIHOTO Tpotiecca (puc.4.1).

Puc.1. IlepexonHast pyHKIMS U TOKa3aTeIN KayecTBa

HCHOJ’IBBYIOTCSI CICAYIOMUE ITPAMBIC ITOKA3aTCIIM Ka4CCTBa:

1) BemuuMHA MEPEPEryIUPOBAHUS O,

X —X
o= " YT100 %, (4.1)

X ycm
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KOTOpasi XapakTepU3yeT MAaKCUMAJIBHOE OTKIOHEHHE PETYyJINPYyEMON BEJIMYHHBI
OT €€ YCTAaHOBUBLIEIOCA 3HAYEHUS, KOTOPOE MOXKET OBITh OIPEIECICHO B
COOTBETCTBHUM C TEOPEMON O KOHEUHOM 3HAYEHUN OpUTHHAIIA

X om = X(®) =1im sX (s);
s—>0

2) BpeMs TEPEeXOJHOTO TpoIlecca WIIM BpeMsl peryiupoBaHus tp —
HAaNMEHbIIEE 3HAYEHUE BPEMEHHU, MTOCIIE KOTOPOTrO UMEET MECTO HEPABEHCTBO

‘X(t)—x(oo)‘s A, (4.2)
rie A - 3a7aHHas BeJIM4YrHa, 00bIYHO Jekarnas B npeaenax A4=0.02-0.05;

3) cratnueckas omMOKa &m — BEJIMYMHA OTKJIOHEHUS YCTaHOBUBILIETOCS

3HAYCHUS PEryIHUPyeMOi BearuuHbl X(e0) oT TpedyeMoro 3HaucHus N

€. = N — X(0) (4.3)
WIN €. = lim sE (s), rze E(S) — n3o0pakeHre omuoOKy;
s—>0

4) BpeMsl yCTaHOBJIEHHS ty — MPOMEKYTOK BPEMEHH, [10 UCTEUEHUH
KOTOPOT'O peryiaupyemasi BEJINUYMHA IEPBBIA pa3 JOCTUTaeT YCTAHOBUBUIETOCS
3HAYECHUSI.

Jlnst ompeneneHus KayecTBa CHUCTEMBI MOTYT HCIIOJIB30BAaThCS W JIPYrUe
MOKa3aTeMn, COOTBETCTBYIOIIME peIIaeMOi 3agade, HampuMep, YHCIO
KOJICOAHHMI PETYIMPYyEeMOil BEIIMUMHBI 32 BpeMs PETYJIMPOBAHUS, YacTOTa M
nepuoJ Kojaebanuii u T.1.

Bo Bcex cirydasx He0O0X0IUMO IMTOCTPOUTH MEPEXOTHYIO (PYHKITHIO.

2 MeTtoabl IOCTPOSHUS NEPEXOTHON (HYHKIINUA

H3zo0parrcenue nepexoonoil (hynKyuu umeem euo

H(s)=<I>(s)1.
S

OpurrHan mnepexoaHor QYHKIUM MOXET OBITh IOJY4YeH HCIOJIb30BaHUEM
TOYHBIX W TPHOJMKCHHBIX METOJOB. bymem paccmaTpuBaTh TOJIBKO TOYHBIC
METO/IbI, CBSI3aHHBIE C IPUMEHEHHEM o0paTHOro npeodpazoBanus Jlamnaca.
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[Toctpoenue  mepexogHoiW  (YHKIUMU TPU  HCIOJIH30BAaHUU  TaOJIHIL
npeobpazoBanus Jlamnaca HauMHAETCS C MPEACTABICHUS € M300pakeHUs B
BU/JIE€ TPOU3BEAEHUS EPENATOUHBIX (PYHKIIUN TUITOBBIX 3BEHBEB.

B(s) _r B;(s)

H(s)= :
sD(s) i=1SD(s)
3areM 3T0 BhIpaxeHHe Mpeodpa3yeTcs B CyMMY NepeJaTOYHbIX (PYHKIHUIA ¢
Heolpe/JeJJeHHbIMU KO3 puuueHTammn
A B. | C,s+D,
H(s)=—+ z —1
S =1 s+‘k ‘ k 15°+b s+ck

(4.4)

B stom Beipaxenuu A, Bi, Ck, Dk — Heomnpenenennbie Ko3pdUIMEHTHI, Ai —
BEIIECTBEHHBIE KOpHM ypaBHeHums D(S)=0, a Bopaxenus S>+bis+ck —
COOTBETCTBYIOT KOMIUIEKCHO — CONPSDKEHHBIM KOPHSM XapaKTepUCTUYECKOTO
ypaBHeHus. Boipaxkenue (4.4) HeoOX0AMMO MPUBECTU K OOLIEMY 3HAMEHATENIO U
YUCIUTENb TOJYYEHHOTO BBIPAXEHUS NPUPABHATH YHMCIUTEN0 H300pakeHUs
ucxonHou nepexoanoit Gynkiuu B(S). [IpupaBHUBas YICHBI NMPH OJWHAKOBBIX
CTEIEHSX OIPEpaTopa S B JIEBOM M MPABOU YACTSX, OJYYUM CUCTEMY YPAaBHEHUU
OTHOCUTEJIBHO HEONPEEICHHBIX KO3(P(UIHUEHTOB. BhUMCINB 3HaY€HUs 3THX
ko3 durmentoB, oOpatumcs K Tabimuuam mnpeoOpa3oBanust Jlammaca wu
OTIPEJICTUM OpUTHHANBI craraemMbix Gopmynsl (4.4). OTMETHUM, YTO OPHUTHUHAIIBI,
COOTBETCTBYIOIIME TIEPBBIM JBYM ujeHaM CcyMmmbl (4.4), omnpenenstorcs
HENOCPEACTBEHHO U3 TaOJHl], OMNpEJCICHNE OPUTHHAJIOB JJISl TPEThEro WieHa
ATOM CyMMBI MOTYT NMOTPEOOBATHCS HEKOTOPBIE MPEOOPA3OBAHMSL.

OpuruHan nepexoJHoN pyHKIIMH MOKET ObITh MOJTY4Y€EH UCIOIb30BaHUEM (HPOPMYJIbI
oOpatHoro npeobpaszoBanus Jlamnaca, Tak Ha3biBaeMol (popmysisl paznoxeHus. B obmem
ciydae GpopmyIia pa3noKeHUst UMeeT BUJ

h(t) = | -s) ' ——¢ : :
()= El (n,— )lsl—r;ns L(S ) SiD(Si)e “9

rae Si — kopau ypaBHeHust SD(S)=0, ni- kpaTHOCTh KOpHEH. B ciydae ToibKO
IPOCTBIX KOPHEH, KOTr/la CPed HUX UMIOTCS M BEHICCTBEHHBIX KOpHEH u | map
KOMIUIEKCHO — COTIPSDKCHHBIX KOPHEH, (hopMyIia pa3ioKeHus] IPUHUMACT BH/T

hy= 20, 1 BE) L, s A e’ cos(B,t+o,). (4.6)

D(0) i= 1S D(S) k=1

4]



B stom BbIPAXKCHUU Ok U ﬁ< — BCIICCTBCHHAs1 M MHHMas 4YaCTH KOMIIJICKCHO

conpspkeHHbIx kopHed, a D (S) = — D (S). Ammintyna ¢asza koneGarelbHbIX
ds

COCTaBJIAIOIMIUX OIIPCACIIAIOTCA CICAYIOIINUM 06p3.30M:

B(Sk) :Uk+jvk,
s, D(s,)

\Y
A = JUZ+V/2 ¢, =arctg —*.
U k

[Ipu BeIUKCIEHUSAX MO 3TUM (hOpMyJaM, B IEPBYIO MOJCTABIAECTCS TOJBKO OJUH
U3 Mapbl KOMIUIEKCHO — COMNpPsDKEHHbIX KopHel. Ilpu Bbeumcnenuu ¢a3oBoro
CIIBUIa HEOOXOJMMO YIUTBIBATH KBAJPAHT, B KOTOPOM HAaXOAUTHCS BEKTOP Akel%.

[Ipumep. Iloctpouth mnepexo/Hyl0 (QYHKIMIO 3aMKHYTOM CHCTEMBbI
YIPABJICHUS YIJIOM TaHTaXXa U ONPEIeTUTh TOKa3aTelld KauecTBa.

[epenarouHast GyHKIMS 3aMKHYTON CHCTEMbI IMEET BH/
k K. (T;s+1)

4 3 2
dos +d;s"+d,s"+d;s+d,

D(s) =

rae Bce KO3 QHUUMEHTHl 3aJaHbl WM BhIYMCICHbI paHee. KOpHHM XapaKTepHUCTHYECKOIO ypaBHEHUS
PaBHBIL:

A, =-0.49; A =-4.608;
L, =—4.538 + j41.37 = —a £ jp.

4

1). [locTpoenue nepexoaHON (DYHKIUH TAOJIUUHBIM METOIOM.

N3o00paxenne nepexoHoit (yHKIUK MOXKHO NPEICTABUTH B BHJIE:

H(s) = (s)® = oke(Tio+D) _
s do(s+ s+ (s +bs +c)
_A_ B _ B +c235+D3.

S s+‘x1‘ s+‘x2‘ s"+bs+c

3neck b=2¢, c=c?+ .
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[IpuBeneM TmoONy4eHHOE BBIpAXKEHUE K OOIIEMYy 3HAMEHATENI0 U
IPUPABHAEM YHUCIHTENb OTOrO BBIPAXKECHUS K YHCIUTEII0 HCXOIHOTO
n300pakeHnss mepexonHor GyHkuuu. [IpupaBHSB YIEHBI MPU OJMHAKOBBIX
CTEIIEHSX OIeparopa S B MPABOM U JIEBOM YaCTSX, MOJYYUM CUCTEMY JIMHECUHBIX
ypaBHEHUN OTHOCHUTENILHO HEOIpeaesieHHbIX KoadduirenToB. 13 310l crctembl
cpa3zy onpeneinsercsi A=I, moclie 4ero pemaercst CucteMa 4-ro nopsaka.

B,+B,+C,=-1 ]
13.684 B,+9.566 B, +5.098 C,+D ,=—14.174
1773 .892 B, +1736 517 B, +2.258 C,+5.098 D,=—1780 597 |
7981 .379 B, +848 .714 B, +2.258 D,=-1807 .1077 . J
Pemnienue sTol CHCTEMBI 1A€T:
B,=-0.1318; B, =-0.8789 ;
C,=0.01076 ; D,=-4.02.

Tpu nepBBIX cllaraeMbIX H300paXXeHHsI epeX0JHOW (HYHKITHHN SABISIOTCS TBOMIMIHBIMU. Heobxoanmo
npeoOpa30BaTh K TAOMMYHOMY BHIY YETBEPTOE CIIaracMoe.

C,s+D,  Cys+D, s+D,/C,
s®+bs+c  (s+o)’+p° 3(s+oc)2+B2
_C S+a C D,/C,-a _

3(s+a)2+[32 3(s+oc)2+[32
S+a +C3(D3/C3—oc) B
S(s+o) 2 +B> B (s+a)”+B°

[NomydeHHbIe craraeMble SBISIOTCS TAOMMYHBIMU. [logcTaBUB YNCIIEHHBIE 3HAYECHUS [TAPAaMETPOB 1 HCIIOJIb30BaB
Tabnuis! mpeodpazoBanust Jlaruiaca, MoJryduM BBIpRXKEHHUE ISl IEPEXOJHON QYHKITNH

h(t) =1-0.1318 e 049t —0.8789 e~*%t 1+ 0,01076 ¢ 45! cos 41.37t -
—0.098 e—4538tgin 41 .37t.

2). I[loctpoenue nepexoHON QYHKIINN C UCTIONB30BaHUEM (DOPMYITBI pa3IOKEHHUS.

=C

BHauase onpenenrM coCTaBISIIOIIME TPOLECCA, COOTBETCTBYIOIIUE BEIIECTBEHHBIM
KODHSIM.

B _ _g1310: BG2) _ g g7es
s,D(s;) s,D(s,)

Jlns koneGaTenbHON COCTaBISAIOUIEH MOTYyYUM
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B(Ss) _ _0.0147 + jo.0472 ,

s;D(s3)
A, = 0.0494 .
Tak Kak BEKTOP 3TOM COCTABJISIOIIECH HAXOJAUTCS BO BTOPOM KBaJpaHTE, TO
0.0472
¢, =m—arctg —=1.8725.
0.0147

Cie1oBarTeIbHO

h(t)=1-01319 e 94t _0.0878 =468t 4
+0.0988 e~45%tcos(41.37t+1.8725).

[lepexonHble mpolecchl, MOIYYEHHBIE Pa3IMYHBIMH CIIOCOOBI COBNAJAIOT C
TOYHOCTBIO 710 apumMeTnyeckux BblunciaeHuid. Kpupas nepexonHoit GpyHKIuu
nokazaHa Ha puc.4.2. Ilepexoanblii mnpoluecc NPaKTUYECKH MOHOTOHHBIM.
KonebaTenbHas cocTaBisomas pakTUUeCKH HU Kak ceOs HE MPOSIBIISIET BBUAY
KpaitHe Manoi ammuTyasl. [lepeperynupoBanue orcyrctByeT: o =0. Bpems
perynupoBanusi, onpeneneHHoe npu 4=0.05, npubmmkerHo paBHO 2.2 ¢., 9TO
JUISL CUCTEMBI aBTOMaTHUECKOIO PETYJIMPOBAHUS YyIJla TaHra)a B OOJIBIINHCTBE
CIIy4aeB SIBIISIETCS BIIOJIHE IPUEMIIEMBIM.

.68

Puc.4.2. Ilepexonnast GyHKIUSA CUCTEMBl PETYIUPOBAHMS yIila TaHTaXa

4.3, KoadhduumeHTs! o1mbdoxK.
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Tounocte CAY B yCTaHOBHUBIIEMCSI PEXHME, IMPU OTHOCHTEIHLHO MEIJICHHO
U3MCHSIOIINXCS  BO3JACHCTBHSAX, MOXET OBITh OIlEHEHAa C  ITOMOIIBIO
kod(dpummenToB ommobok. M300pakeHne ommOKu ONPenesseTCs BhIpaKeHHEM

E(s) = D, (s)G(s). E(s) = cDg(s)G (s).

Paznoxum nepenaroynyro GyHKIIUIO CUCTEMBI IO OITMOKE B CTEIIEHHOU Psijl B
okpectHocTd TOUkH S=0. OT™meTuM, yto mpu S—0, t—00 1 UMEHHO MOATOMY
MbI TOBOPUM O TOYHOCTH B YCTAHOBMBIIIEMCS PEKUME.

® (s)=C,+C s+932+...+&si + .. @.7)
¥ L2 il
C.
O603HaUKM: Ki = — unomy4nm
i!
D (s)=K +Ks+K s?+..+Ks'+.., (4.8)

E(s)=(K,+Ks+K s +..+Ks'+.)G(s)

Y‘-IHTBIBaH, 4TO OIIEpaTop S, YMHO)KGHHBIfI Ha I/I306pa)KGHI/I€ camoiu BCIINYHNHEI,
ABJIACTCsA CHMBOJIOM III/I(i)(l)epeHI_II/IpOBaHI/I}I, MOJKHO OJIsI OpUT'MHAJIOB 3aIllMCaThb

(1) =K g(t)+K g(t)+K,g @) +...+ K.g D) +.... (4.9)

Bripaxxenue (4.9) omnpenenser 3aBUCUMOCTb OIIMOKU PETYJIUPOBAHUS OT
PaA3JIMUHBIX COCTABJISIONIMX BXOJHOTO BO3JEUCTBUA W Kod(pduuueHtol K
MOJIYYHJIA Ha3BaHUE KOA(DPUIIMEHTOB OIIMOOK:

- Ko - k03¢ ¢urrienT ommoKy 1o MOJI0KEHHUIO;

- Ki- ko3¢ dunmeHT ommobKu Mo CKOpocCTH;

- K2 — ko3 puuneHT ommoKy Mo yCKOPEHHIO U T.JI.
U3 (4.8) cnenyer, uro

1 i—1
Ki(s) = _{@S(S)— ) Km}.
SI m=0

UucneHnHble 3HaUYeHUS KO3(PPUIIMEHTOB OIIMOOK ONPEIEISIFOTCS U3 3TOr0 BBIPAXKEHUS ITPU
s—0.

1 i1

K. = lim i{qbg(s)— > Km}. (4.10)
s—>08S m=0

OueBuHO, uT0 Ko=@¢(0).

Bxonanoe Bo3aeicTBHE MOXKHO OpeACTaBUTh B BUAC CTCIICHHOI'O pAda
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g(t):go+glt+gzt2+...+gmtm,
2 m!

rae Jo — IOCTOSIHHAS BEJIMYMHA, XapaKTEPU3YIOIas HayaabHOE 3HaYeHue, §1=Cconst —
CKOPOCTb U3MEHEHHS BXOAHOIO BO3AEHCTBUS, §2 =CONSt — yckopenue u T.4. Toraa

1 1 1
G(s)=20+ glz+g3+...+gm1.
S s° 2s m! s™*
[Tycth nepenaTounas GyHKIUS pa3OMKHYTOW CUCTEMBI UMECT BH/T
B(s
W (s) = (s) |
s"A(s)

IZie V- MOPSJIOK acTaTu3Ma cucTeMsl. [l nepeqaTouHoil pyHKIMKM 3aMKHYTOH CHCTEMBI 110
OIIMOKE OTyYNM

1 s”A(s)
14W (s) s'A(s)+B(s)

cbg(s) =

N3o00pakeHne OmmOKY 3aMuIIeTCs B BUIE

SVA(S) (90+91+921+ +gim 1 W
m+1 |’

E(s)= 2 3
s'A(s)+B(s) s s 2's mts™™ )

OTtcrofa cnegyer, 4yToO €CIM MOPAIOK acTaTh3Ma OoJibllle MOpPsAKa CTapIiei
MIPOU3BOJHON BO3ACHCTBUS, T.€. V>M, TO OIIMOKA B YCTAHOBUBIIIEMCS PEXXKUME
Oyner paBHa Hymto. Eciu v=m, To ycTaHoBuBIIascs ommMOKa OyJIeT paBHa
ITOCTOSTHHOHM BEJIMYMHE, Ha3bIBaeMOM cTtatmueckon ommbOkou. M ecam v<m, To
npu t—0 u &30 B oTHOomeHun k03¢hPUIIMEHTOB OMIMOOK MOCJEIHEE
BBIPAKEHUE MO3BOJISIET CAENATh CIEAYIOIINE BHIBOIBI.

1). Eciim cucrema cratuueckasi, T.e.v=0, TO CyIIECTBYIOT BCE COCTABJISAIOIINE
OIIUOKH M Bce KO (OUIIMEHTHI OIIMOOK HEe paBHBI HYIHO, T.K. Ko = @40)#0.

2).Cuctema c acratuzMoM 1-ro nopsiaka, v =1, He uMeeT OMMOKH 110
nosnoxxenuto u Ko=0.

3).Cucrema ¢ acrtatusmMoM 2-TO TOpsIKa, V =2, HE HMEET OLIMOOK IO
MoJIOKEeHUIo U 1o ckopocTH u Ko =0, K1=0.

OTOT CHUCOK MOXHO MPOJODKHTH. TakuM 00pa3oM, TMOBBIIICHUE TOPSIKA
acTaTh3Ma MOBBIIIAET TOYHOCTh CUCTEMBI B ycTaHOBHUBIIEMcCs pexume. Ho
MOBBIIIEHUE TMOpSAJKA acTaTU3Ma CHUKAET 3amachl YCTOMYMBOCTH, T.K.
BBEJICHHE WHTETPUPYIONINX 3BEHHECB YBEIUYHMBACT (Pa3oBOe 3armma3jbIBaHUE
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(CHIKAET 4YacToTy @y). [loaTOMy Ha NpakTUKE MOPSOOK acTaTh3Ma BBIIIE
BTOPOTO HE MPUMEHSIIOT, a Yallle BCEr0 OrpPaHUYMBAIOTCS aCTaTU3MOM IIEPBOTO
HOPSJKA, UCIIOIb3YsI ISl IOBBIIIEHUS TOUHOCTU APYTHUE CIOCOOBI.

4 4. NaterpajibHLIE OIIEHKN KAYECTBA.

HHTerpaibHble OIICHKH XapaKTePHU3YIOT KadeCTBO IPOTEKAHUsI MEPEXOIHBIX
nporieccoB. Haumbompliiee pacnpocTpaHeHHE IOMYUYWIN JIBE HHTETpabHBIC
OLIEHKH

3, =1 @ =x(@)dt=Te (0, (.11)
0 0

3= T -xo) e (X2 bt -
0 dt

(4.12)

°O|— 2 o de(t) ’ |
=ile )+ |dt.

0 L dt J
Nuterpan (4.11) onpenenser miomaas Moj KpUBOM KBajpaTa JUHAMHYECKON
omuOKku. YeM MEHbIIE ATOT MHTErpaj, TeM OBICTPEE 3aTyXaeT MEePEeXOaHbBIN
MpOIECC M, CIEAOBATEIbHO, MHTErpan Jo CIYyKUT Mepod OBICTPOACUCTBUS
cucTeMbl. B psze ciydaeB cucrema, yAOBIECTBOPSIONIAS YCIOBUIO MUHUMYyMa
Jo, MMeeT 3HAYMTENHHYIOKOJEOATEIBbHOCTh MEPEXOIHOTO Tporecca. Jis

YMEHBIIIEHUSI  KOJIEOATEIPHOCTH MOHO MOINPOOOBaTh BOCIOJIb30BATHCS
orterkoit Ji. [IpeacraBuM 3TOT UHTETpaJ B BUJIE

2
), = ?{S(t)+rd8(t)} at — % 2e (1) 0Pt =
0

0 dt

2
- o})[a(t)+td8(t)} dt — e 2 (t)

0

(e 0]
0 .

[locienHuit WieH B TMOJYYEHHOM BBIPAKEHUU SBJISAETCS MOCTOSTHHOU
BEJIMYMHON M, €CIIM CUMTaTh, YTO MpHU t—oo ommobka &t)—=0, To oH paBeH
7£(0). MuHMManbHOE 3HaYeHME MHTErpal Ji  OyleT HUMETh, €CIH
MOJIMHTErPaIbHOE BBIpaXKEHHE OyIeT paBHO HYIIIO, T.C.

de(t)
dt

Pemenue storo nuddepeHnanbHOro ypaBHeHUsT OyaeT

T +¢&(t)=0 (4.13)
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ge(t)=¢(0)e /" (4.14)

[Ipy momadye Ha BXOJ CHUCTEMbl EIWHUYHOTO CTYNEHYATOrO BO3JEHCTBUS
HavaibHOE 3HaueHue omrOku £0)=1 U MOXHO PEKOMEHJIOBAThH CJICIYIOILYIO
METOJUKY BbIOOpA BEIUYMHBI IOCTOSHHOW BPEMEHU T.

1) BBIOEpEM M3 KaKUX — JIHOO0 COOOpaKEHUI BpeMsl peryaIupoBanus tp 1 Beuuuny 4, mo

-t It
YPOBHIO KOTOPOil BeIGHpaeTcst 310 Bpewms, T.¢. E( T p) =e P =A;

1) onpenenum norapudm HaTypanbHbI OT HOJTYYEHHOTO BHIPAKEHHUS

t
— P —InA

T

0 __ b
TCIOJ1a ITOJIYYUM T=

InA'

PaccMOTUM METOIMKY BBIYMCICHHS MWHTEIPAIBHBIX OLEHOK MPHU SAUHUYHOM
CTyIICHYaTOM BO3JCHCTBHMM Ha BXojae cucteMbl. Ecmu @(S)=B(s)/D(S) —
nepenaroyHas GyHKIUS 3aMKHYTOU cuctembl, To [8,14,15]

m m-1
bys +b;s™ “+..+b__ S+b_ L

X(S): n n-1
dos +d;s “+..+d _,;s+d_ S

Ecnu cucrema ycroitunBa, To

1
J, = 2dzA(BmAm + Bm_lAm_l+...+BOAO—mebm_lA) (4.15)

n

B oToM BEIpakeHun: B . bnz1 ,

B, =b2-2b b +..+2(-1)*b b_;

k-1 k+1

Onpenenutens A cocraBiusercs U3 KOIPGUIIMEHTOB XapaKTEPUCTHUECKOTO
YpaBHEHUS 3aMKHYTOW CHCTEMBI CJICTYIONTUM 00pa3oM
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dn _dn—Z dn—4 _dn—6 0
0 dn—1 _dn—3 dn—5 0
A = 0 _dn dn—2 _dn 4 O.
0 0 _dn—l dn—3 0
o . . S,

Bce onpenenurenu A« (k=0,1,...m) nonyyarorcs u3 A 3amenoit (M+1-k) — ro cronbuma
cronbiom Buza (dn-1, dn,0,0,0,0,...0).

I/IHTeraJ'I J1 MOKHO 3amucaTh B BUJC CYMMEBI IBYX UHTCI'PAJIOB

‘]1 = ‘]o + ‘]01’
2
o dX
e JOlzt [ — | dt.
o\ dt
dx
Eciu yuecTh, uto —— —> SX (S) = S@(S) —, TO MOYKHO CJI€JIaTh BBIBOJ, YTO B HOBOM
dt S

nepeaTouYHoON (PYHKIIMK TOPSAOK YHUCIIUTEIS YBEIUYUTHCS HAa CIUHHUILY, T.C.
m=m+1 u cBoOoaubli wieH bm=0. [[ns BeuMcIeHHs wHTErpaja Joi TEIephb
MOYKHO BOCIIOJIb30BaThCs BhIpaxkeHueMm (4.15).

HenocratkaMyu MHTErpajgbHBIX OLEHOK SIBJISIOTCS HEBO3MOXKHOCTD IMOJYYEHHUS
MPSAMBIX TOKAa3aTeJIed KadeCTBa M BBICOKAS CIIOKHOCTh BBIYMCIUTEIIBHBIX
npouenyp. JIOCTOMHCTBO — 3TO BO3MOXHOCTH BBIPA3UTh WHTETPAIIbHBIC
OIICHKM KaKk (PYHKIUM TapaMeTpoB CHUCTEMBbI U, BOCIOJIb30BaBIIUCH
M3BECTHBIMU METOJIaMU TMOMCKA SKCTPEMyMa, OIPEICIIUTh 3HAYCHUS ITUX
napaMeTpoB, JaIMe MHHUMYM H30paHHON oreHke. HIMeHHO 3To W
MOCIYKUJIO  Pa3BUTUI0O  AHAIMTUYECKUX  METOJOB  CHHTE3a  CHCTEM
ABTOMATHUYECKOIr'0 YIIPABICHUSI, OCHOBAHHBIX HA MUHUMU3ALNU KBAIPATUYHBIX
VHTETPAIBHBIX OLICHOK.

KoHTpoJsbHBIE BONPOCHI K JeKIHH Ne 2,

1. Ins mocTpoeHus: AUCKPETHOU MOJENN HEMPEPHIBHOTO OOBEKTA 5-TO MOpsiaKa
UCIOJIB3YETCSl aJITOPUTM BBIYMCICEHUS MATPUYHOM DSKCIHOHEHTHI C MOMOIIBIO
crenieHHoro psga 25 crenenu (i=0, 1, ..., 25). Kakyo MakcuMaibHYIO CTCIICHb
(K)maTpuer A (AX) mpu 3ToM HE06X0MMO BEIYHCITHTE?
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2. VYKaxXdaTe€ OCHOBHOM HEJOCTAaTOK airOpuTMa BBIYMCIEHUS MAaTPUYHOMN
DKCIIOHEHTHI € IOMOLIBIO CTEIIEHHOTO Psifa.

3. Ha3zoBuTe rnaBHOE JOCTOMHCTBO CHUMBOJIBHO-YMCJIEHHOIO aJropurma
dbopMHpOBaHUs JUCKPETHOM BEKTOPHO-MATPUYHON MOJIEIH.

4. Ilpn Kakux yCJIOBUSAX ISl BBIYMCIIEHHS] MATpPULbl COCTOSAHUS D AUCKPETHOU
BMM c¢ noMmoumpr0 CHUMBOJBHO-UYUCIEHHOIO AJITOPUTMA JABAXIbl MCIIOIB3YHOTCS
OJINHAKOBBIE MaTpUUHbIC KO PUIIMEHTHI, T.€. Fk= Fk+1.

CIIMCOK JINTEPATYPbI
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2. Ad Damen Modern Control Theory Prentice Hall 2002 460 c.
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2004.
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3-Jleknus.

JIUHEVWHBIE CTAIIMOHAPHBIE CHUCTEMBI
ABTOMATHYECKOI'O YIPABJEHUS IPU CJIYYAUHbBIX
BO3JAENCTBUSX

[Inan:

1. Cnyudaiinble QyHKIMH U UX XapaKTEPUCTUKH

2. CBsI3b MEXIY KOPPEIAIUOHHBIMHU (QYHKITUSIMH U CTICKTPATbHBIMHU
IUIOTHOCTSIMH Ha BXOJI€ U BBIXOJEC JUHEHMHON TUHAMHYECKON
CHUCTEMBI

3. Ananuz nuHamuudeckoit TouHoctu CAY
4. ®@opMHUpOBaHUE CUTHAJA C 33JITAaHHOW CTIEKTPAIbHOMN MJIOTHOCTHIO

5. CunTe3 onTUMaIbHBIX Niepenatoynbix pyakiud CAY npu
CIIy4alHBIX BO3JAEHUCTBUAX

[Ipy wu3y4yeHHMHM OCHOB TEOPHUM ABTOMATHYECKOIO YNPABICHUS pPaHEe
MIPEIOIIAarajoch, YTO 3aJAOIIME U BO3MYILIAIOIINE BO3AECHCTBUS MPEICTABISIOT
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co0oif u3BecTHbIE (PYHKIMH BpeMeHH. BO MHOrMX NpPaKTHUECKHX CIIydasx
HEOOXOMMMO HCCcaenoBaTh KadecTBO paboTel CAY, KOrma ykasammbie Bbiule
BO3JICHCTBUS SIBIISIIOTCSL  CydyaWHbIMM (DYHKUMAMH, T.€. KOTJA TIOHATHE O
NEPEXOAHOM IPOLIECCE TEPSET CMBICIL.

Orto HampaBiaeHue TAY OCHOBBIBa€TCS Ha METOJAX TEOPHH CIIy4YailHBIX

(yHKUMNA 1 MaTEMaTUYECKOM CTaTUCTUKH.

6.1. Cavyaiinbie QVHKIIMM M UX XaPAKTEPUCTHKH.
OyHKIMA, KOTOpass MNOpU KaXJIOM JAaHHOM 3HAYCHUM HE3aBHUCUMOU

MEPEMEHHOW  SIBJISICTCS  CIIyYaMHOW BEJIMYMHOW, HA3bIBACTCA  CIy4alHOU
bynkuueit. Cayyaiinple (YHKIMH, I8 KOTOPBIX HE3aBUCUMOW IEPEMEHHOMN
ABJISIETCS BPEMSI, YAaCTO HA3bIBAIOT CTOXACTHUYECKUMH MPOLIECCAMMU.

OCHOBHBIMHM XapakTepucTukamu ciydaitHot ¢yHkuuu (CD) saBisroTcs
MaTeMmarudeckoe oxuaanue M, mucniepcus D u xoppensiponHas QyHKIHS

K.

MaremaTtudeckoe OKUITaHUC OIIPCACIIACTCA BhIPAKCHHUCM

M (x(t)} = m, (t) = T x(t) f (x,t)dx. (6.1)

—00

Hucnepcus

D{x(t)} = M {[X(t)—mx(t)]z} _

=[x -my (O] f (x,t)dx. (6.2)

Ou3NYeCKUii CMBICI TMOHATUS KOPPETSIMOHHOW (YHKIIMU 3aKIII0YaeTCs B
OTPENICICHUH BEPOSITHOCTH TOrO, YTO B MOMEHT BpeMeHu | ) Cly4JaiiHas

byHKIMUS TpUMET 3HAaYeHue X o> €CTM B MOMEHT t 1 < '[2 OHa TMOJy4yuja

3HaAaUYeHUue X 1"

K, (t,t,)=M {[x(t1)—mx(t1)][x(t2)—mx(t2)]} = (6.3)

=

[t =m, (] x(E) =M (1)] F (Xyp X byt )dxydlx,,

—00
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rae X, = x(t1), a X, = x(tz).
B NpuBeIEHHBIX BBIPAKEHUSIX:
f (X,t)— omHOMepHBIH MU depeHIMATBHBIN 3aKOH pacipeeIeHus,

f(x1,x

) 1 1 1 ) ) — nByMepHbIii 1uddepeHInaTbHbINA 3aKOH PACTIPEICIICHHS.

B tTeopunm CO® wmareMaTHuecKkoe OXHJAHHE HAa3bIBAIOT HadaJIbHBIM
MOMEHTOM TEpPBOTO TOPSIKA, AUCIEPCHIO-IIEHTPAILHBIM MOMEHTOM BTOPOTO
HIOPSIIKA, @ KOPPEISIIMOHHYIO (DYHKITUIO - CMEIIAHHBIM [IEHTPAIbHBIM MOMEHTOM
BTOpOoro mopsinaka. Paszgen teopun C®D, omepupyromuii TOJIBKO ¢ MOMEHTaMH
NEPBBIX JBYX MOPSIKOB, HOCUT Ha3BaHHE KOPPEISIMOHHON TEOPUU CITyIalHBIX

(YHKLIHM.

HanbGonee BaxubiM cBoiicTBOM C®, omnpeaensommuM BO3MOXHOCTh
MPUMEHEHHUSI OCOOBIX METOJOB HCCJIEIOBaHUs, SIBISETCS 3aBUCHUMOCTh WIIU
HE3aBUCHUMOCTbH CBOMCTB €€ OT Hayaja OTCUeTa BpEMEHU. B COOTBETCTBUU C 3TUM

pasnuJaro

CTaIlMOHApHBIE W  HECTallMOHAPHBIC cinydaiiaeie  QyHKIuU.  Js
crarmoHapubix C® Bce MHOTOMEpHBIC 3aKOHBI PaCIpeleNieHUs 3aBUCAT OT
B3aMMHOT'O PAaCIOJI0KEHUS MOMEHTOB BpeMeHHu { 1,t 2,...,tn, HO HE OT CaMHX

3HaYEHUM 5THUX BEIMYMH (CTAllMOHAPHOCTh B Y3KOM cMbIcie). Eciu atomy
YCIIOBHIO YJIOBJIETBOPSIFOT TOJBKO MOMEHTBHI IEPBBIX JABYX HOpsiakoB To CD
Ha3bIBACTCs CTAllMOHApHON B MIMpOKOM cMbicie. Ilporeccsl mpeoOpasoBaHus
MMEHHO CTAal[MOHAPHBIX B IIMPOKOM cMbiciie CP cuctemMamMu aBTOMaTUYECKOTO
yIOpaBJIeHUsT Mbl U OylneM paccMmaTpuBarh, Ha3biBas B JanbHeiimem »tu CO
IIPOCTO CTALITMOHAPHBIMH.

[To ompenenennto cranmoHapHod CO ee MaTeMaTUYECKOE OXHUIAHUE U
JTUCTICPCUS HE 3aBUCAT OT BPEMCHH, a KOPPEIAIMOHHAS (YHKIUSA SBISCTCS
GyHKIMEH TOJIBKO MPOMEXKYTKa BpeMeHH T =t . t 4» @ HE CaMHX MOMCHTOB

O0TCUCTa BpCMCHHU.

m = const; Dx = const;

Ky(t)=M {[x(t)—mx][x(t+r)— mx]} -
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i _Of [X(O)-m, ] x(t+m)-m, ] f (%, Ddxdx,. (64

OCHOBHBIE CBOWCTBA KOPPEISAIMOHHON (PYHKIINU:

L im Ky () =K, (x)=0.
T—>

2.K,(0)=D,.
3.Ky (0) > ‘K X (‘c)‘ — He Bo3pacTaromas QpyHKIIHs.

4. K (t) = K (—71) — vernas pynxums.

BaxxHol XxapakTepuCTUKOW cranroHapHOU C@ SBIAETCS €€ CHEeKTpaJIbHas
INIOTHOCTh S,  KOTOpas  CBsi3aHA C  KOPPEISIHOHHOW  (YHKIHEH
npeodpazoBanueM Dypobe.

S, (@)= (Ky(r)e dr. (6.5)
1 = jot

Kx(r)=ijX(m)e do. (6.6)
2T -

YuuTeIBast CBOMCTBO 2, MOJIyYUM

1 =
D, = 1Sy (@)dw. (6.7)
27 -«

CranuoHapHbIi CIIy4ailHBIA TIpoliecCe 00JaaeT AProAUUYECKHUM CBOWCTBOM.
DTO O3HayaeT, YTO BCE €ro CTATHUCTUYECKHE XapaKTEePUCTUKU MOTYT ObITh
OTpEJIENICHBI 110 OJHOM peaNn3aluu JOCTATOYHO OOJNBIION IUTENLHOCTH, JIUOO
10 aHCAMOJII0 OTHOCUTENIbHO KOPOTKUX pean3alui.

B npakTHueckMX MNpUIIOKEHUSAX I[IUPOKOE PACIOCTPAHCHHE ITOYYHUI
CTAIl[MOHAPHBIN CIIy4alHbIN Mpoliecc TUMa “Oenblil IyM”,jIsl KOTOPOTO
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K, (t) = N&(1), (6.8)

rie N =const, J(t)— nensra-QpyHKuHSL.
S, (@)= [N&(1)e **dr = N. (6.9)

BaxHOe npuKIIagHOEe 3HAYEHHUE TAKOI'O CUTHAJIa COCTOUT B TOM, YTO aHAJIU3
CHCTEM OTHOCHUTEIHHO CIy4YalHBIX CUTHAJIOB MPOU3BOJIBHOM (POPMBI C TOMOIIBIO
CHCHHMANBHBIX  (QOPMHUPYIOMIMX  (QWIBTPOB MOKHO 3aMEHHUTb  aHAIU30M
OTHOCHUTEJILHO O€JIoro 1IymMa, YTO 3HaYUTENIbHO YIPOIAET PelICHUE 3aJauu.

Jlo cux mop Mbl paccCMaTpUBajId OJIHY Cily4ailHyro (yHKIHIO. PaccMoTpum
TEIEph B pPaMKax KOPPEJSIHUMOHHOM TEOPUM CHCTEMY JBYX CTallMOHAPHBIX
cnyuyaitHpix ¢yHkimii X u Y. Tak Kak mepBblii ¥ BTOPOM MOMEHTBI KaXKIOH
C® B OTHENBHOCTU MPEACTABIAIOT COOOM YK€ H3yuyeHHblE MaTeMaTHUECKHE
OKUJAHUS W KOPPEIALUOHHBbIE (YHKIMHM, TO OCTAETCS PACCMOTPETh BTOPOM
CMEUIaHHBI MOMEHT OpJuHAT pa3anyHblX CP, B3ATHIX B pa3jIu4YHbIE MOMEHTHI
BPEMEHH- TaK HAa3bIBAEMYIO B3aUMHYIO KOPPEIALUOHHYIO (PYHKIIHIO.

Kyy (tpt,)= M {[x(t1)—mx][y(t2)—my]}

Ecnu B3aumHas koppensiuoHHas (PyHKIUS 3aBUCUT TOJIBKO OT MTPOMEKYTKa

BpEMEHU T = t2 —1,, a HE OT caMHX MOMEHTOB BPEMEHH, TO TOBOPST, UTO

1,
ykazanaple C@ CTalMOHApHO CBA3aHBl U HMX B3aUMHYIO KOPPEIALUOHHYIO

(YHKLIHIO MOKHO 3aIlMCaTh B CIEAYIOIIEM BUIE

Ky (=1 OIO[x(t)—mx][y(t+r)—my]f(x,y,r)dxdy. (6.10)

o —

JI1st B3aMMHOM KOPPEMSLUOHHON (PYHKIIMU CIIPaBEJIMBO PABEHCTBO
ny('c)= ny (—7) (6.11)

OcTtanbHble CBOIMCTBA B3aUMHOW KOPPEISIMOHHOW (YHKUIHMHM aHAJTOTHYHbI
CBOMCTBaM OOBIYHOM, KaK 4acTO TOBOPSAT-aBTOKOPPENAUMOHHON QyHKIMu. Eciu
K B3aMMHOM KOPPENSIIMOHHON (PYHKITMU MPUMEHUTH TIpeoOpa3zoBanue Dypwe, TO
[IOJIy4YUM B3aUMHYIO CIIEKTPaJIbHYIO IIJIOTHOCTD.
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6.2.CBSA3b MEKIY KOPPEJAANNOHHLIMY QYVHKIUAMH U CHIEKTPAJILHBLIMH
IJOTHOCTAMHY BeJWYHMH HA BXOJA€ U BLIX0/1€ JUHEHHON THHAMHUYECKON
CUCTEMBI.

ITycts Ha Bxog CAY ¢ nepeparounoit Gpynkuueii @ |( S) u QyHkMel Beca
k (t) mocrymaer ciyuaiiusrit cramuonapusiii curaan g (t), umerommit

KoppesauonHyto GyHkimo K g (T) u cmexrpanbHyIO WIOTHOCTH S g (o)

(pucyHoOK 6.1).

P(s)

= \77

G(s) — —> X ()

Puc.6.1. CAY npu ciaydailHOM BO3/IEVCTBUM HA BXOJIE

I/I3B€CTHO, qTo BBIXOI[HOﬁ CHUTHAJI OIIPEACIIACTCA BBIPAKCHUCM

x(t)= [g(t—0)k(0)do - (6.12)

Torz[a MaTEMaTHYCCKOC OXKNAaHHNC CUTHAJIa Ha BBIXOAC 6y,HeT

m = M{x(t)} = | M{ g(t-8) }k(6)do=m, k(6)d6.

o0

Tak kak (pyHKIMS Beca SIBISETCS OPUTMHAJIOM MEpeJaTOUYHON (yHKUINHU, TO B
COOTBETCTBHMHM C TEOPEMOU O KOHEUHOM 3HAYEHUN OPUTHHANIA MOJTyYUM

m =m_|im s1d)(s)=m ®(0). (6.13)
X g g
s—>0 S

VMHO)HM 00€ yacT Boipaxenus (6.12) na g(t — 1)

X(1)g(t—t)= jg(t—)g(t—0)k(6)de.
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[IprMEHMUB K 3TOMY BBIPAXKEHUIO ONEPALIMIO0 MATEMATUIECKOTO OKUIaHHUS,
MIOJTyYUM

Kxg (r):_? Kg(r-0)k(8)de (6.14)

YMmHOX)HB 06¢ dactr (6.12) Ha X(t + T) ¥ IPUMEHHB CHOBA OTIEPAIHIO

MaTECMAaTH4YCCKOI'O OKHNJaHMA, MOKHO 3aIIMCaTh

M {X(t+T)X(t)} = I M {g(t—0)x(t+1)}k(6)de mm

HpI/IMeHI/IB K BBIPAKCHHIO (614) Hp606pa30BaHI/Ie (Dypbe, IMOJIy4YHUM

Syg (@)= | [Kg (r—e)k(e)de]e“'“dr =
= 1 [Kg(e-0)k(0)do]e e o0 Io0gr =

= T k(®)e °d0x | Kg(x-0)e " Vdr.

— 00

Otcrona

S (@)= @(i0)S 4 (@) (6.16)

C momorpo peodpazoBanust Pypbe, MOCIIe aHATOTUYHBIX TPe0Opa3oBaHUM, U3
BbIpakeHus (6.15) nonyuum

Sy(@)=0(- jco)SXg (o) (6.17)

[ToncraBum (6.16) B (6.17) u Oynem umeTh
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S (@) = [ ( jm)‘zsg (@) (6.18)

CnekrpajbHasi  IUIOTHOCTh  CHTHAJa Ha  BBIXOAEe  JIMHEHHOH
AUHAMHUYECKON CHCTeMbl PaBHA CIHEKTPAJbHOH IUVIOTHOCTH BXOIHOIO
CUIHAJIA, YMHOKCHHOH Ha KBaJApaT AaMIUIMTYAHO-(a30BOM YaCTOTHOM
XapaKTePHUCTHKH CHCTEMBI.

3Has CIIEKTPaNbHYIO TUIOTHOCTD, TIO BHIIIE MPUBEACHHBIM (POPMYJIaM MOXKHO
OIIPENETUTh KOPPEISILIMOHHYIO (DYHKIIMIO U AUCIIEPCHUIO BBIXOIHOTO CUTHAJIA.

6.3.Agaau3 nruHamudeckon tounoctu CAY.
3ajaya COCTOMT B OIIEHKE JIuHamuueckod touHoctu CAY, T.e. mpu

HCIIPCPBIBHO CquaﬁHBIM 06p330M HN3MCHAIOIINXCA BOSI[GﬁCTBHSIX. Mepoﬁ
,Z[HH&MHHGCKOI?I TOYHOCTH IIPUHATO CUHTaThb CpPCOaHCC KBaApPaTHYCCKOC
OTKJIOHCHHEC, KOTOPOC OIPCACIIACTCA KaK

o =+/Dy (6.19)

Kpurepuii MuHuMyma cpeaHero kBaapartuueckoro otkioHeHus (CKO)
3¢ (eKTUBEH IS IHUPOKOTO KJIacca CUCTEM, HO OH HE SIBIISIETCS YHUBEPCAIBHBIM,
TaKk Kak oOecreurMBaeT Majoe 3HAYeHHE JMIIb CPEIHEH, a HE MIHOBEHHOU
omnOku. Ilosromy B cuctemax, rzAe HEIONMYCTHUMBbI OOJIbLIME, XOTS U
KPaTKOBPEMEHHBIC OIIMOKHU, >KEeNaTeJbHO 3a7adyy O IeJIecCOOOpa3HOM BBIOOpE
nepenaToyHo (YHKIMK CHCTEMBI peliarh HE TOJBKO Ha OCHOBE KpUTEpHs
Muaumyma CKO, a ¢ yueTom omuOoK B peKUMeE IEPEX0THOTO Mpoliecca.

[lycTh Ha BXOJ CHCTEMBI C MEPEJATOUYHOM (YHKUHEW B Pa30OMKHYTOM

cocrosiuun - W (S) mocrymaer monesnbiii  ciaydaiusiii curnan g (t) = G(s),

MMEIOIINI CIIEKTPAIBHYIO IJIOTHOCTh S g (o).

G(S)H%% W (s) ‘FX(S)

Puc 6.2. Cucrema co ciry4ailHbIM CUTHAJIOM Ha BXOJE
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[lepenatounast GyHKIHSI CHCTEMBI IO OITHOKE OT 3aAr0IIETO BO3ACHCTBUS OyIeT

q,s(s):1
1+ W (s)

CrnexTpanbHas MIIOTHOCTh OIIMOKUA OMPEACIIUTCS KaK
Y
S, (0)= ‘(Dg(j(o)‘ S 4 (@) (6.20)

Hanee onpenesnstorcst gucnepcus u CKO.

Cucrema MOXKeET HaXOJUTBCA OJHOBPCMCHHO IIOA BO3I[GﬁCTBI/ICM ABYX

ClayyallHbIX ~ curHanmoB: monesnoro -o(t) w Bosmymaromero - n(t),

MPUIOKEHHBIX B 0f1HOM Touke, T.e. {(t) = a(t)+ n(t). OueBuano, uro B 3TOM

clly4dae
X(s)=D(s)a(s)+D(S)N(s)

B nanHom ciyuae nepenatoyHasi PyHKIMS 3aMKHYTON CUCTEMBI 110 BO3MYIIICHUIO
COBIAJIaeT ¢ mepeaaTouyHor (pyHKIMEH Mo 3anaronieMy Bo3aercTBuio. OmmnoOka
CUCTEMBbl ONpEACNSeTCS KakK pa3sHOCTh MEXKIY TOJIE3HBIM  (3aJar0lIuM)
BO3JCHCTBUEM U YIIPABIISIEMOW BETUYNHOM.

E(s)=a(s)— X(s).
Orcrona
X(s)=a(s)—E(s)=®(s)a(s)+DP(s)N(s)
E(s)=(1-@(s))a(s)-DP(s)N(s)=E (s)-E(s).
B 5THX BBIPaXeHHSX

Eq (s)=(1-@(s))a(s) = @ (s)a(s)— cocrapusromas

OIITMOKH OT 3a/Ja0IIETO BO3/IEHCTBU,

E . (s)=®@(s)N (s) - cocrapusiomass  owmbku,  BbI3BaHHas

TOMEXOM.
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Ecnau monesHsli CUTHAJI M IIOMEXa HEKOPPEIUPOBAHHBI, TO CHEKTPAJIbHAS
IUIOTHOCTD OIIMOKHU OyAeT

54 (@) =@ ¢ (i) Sy (@ +[@(j) S (@) 621

PaccmoTrpum citywaii, korja 3ajaroliee M BO3MYIIAIONIEEe BO3ACHCTBHS
MIPUJIOKEHBI PA3IMUHBIX TOUKax (puc.6.3).

Wi(s) W2(s)

on(s)%?% o7 HQ’?H v “%X(s)

N(s)

Puc. 6.3. Cucmema c 6030eiicmeuamu 6 pasHvlx mouKkax
YpaBHEHUS 3JIEMEHTOB CHCTEMBI B COOTBETCTBUH CO CXEMOH OyIyT

E(s) = a(s)~ X (5)
X (5) =W, (W, (S)E (s) + W, (S)N (s)
Onpenemus u3 mepsoro ypasrenns X (S) # MOJCTABHB BO BTOpOE, HaiieM
(14 W, (SW,,(S)) E () = a(5) - W, (S)N (s)

Otcrona

1+W (s) 1+W (s)
B orom Beipaxenunn W (S)=W ] (s)w ) (S) — nepemarounas  dyHxiHs

PAa30MKHYTOW CUCTEMBI;

1

® _(S)= —— —nepenarounas Qyukuus 3amxayroii CAY mo ommoOke or

& 1+ W (s)

3aJ1ar0IIET0 BO3AEUCTBUSL.
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W, (s)
1+W (s)

CHUCTEMBI 0 noMexe. Eciau mone3Hsld CUrHai U IoMexa He KOpPpCIIMPOBAHLBI, TO

OGosnawnm uepes @ (s) = — MEePEAaTOYHyI0 (PYHKIUIO 3aMKHYTOM

MOKHO 3aI1ucaTtb
. 2 . 2
S¢ (@) = B¢ (jo)| S, (@) +|@n (jo)| S, (@) (6.22)

Hanee o npexxHemy cienyet Boluucienue nucnepeun u CKO.

B IMPAKTHUYCCKHUX ITPUIIOKCHUAX BBIYUCICHUC NMHTCTPAJIa BUAA

1 Y
D, =1 ‘d)(jm)‘ Sg(m)dm
2T —

MOJKCT BBI3BATh CYHMICCTBCHHBIC TPYAHOCTH. I[J'Iﬁ o0JerueHus PCIICHUSA 3aaa491 OT
9TOT HMHTCTpaJ IPHUBOAUTCA K CICHOUAIIBHOMY Ta6J'II/I‘-IHOMy BHUOY. MGTOI[I/IKa
IPUBCACHHUA U 3HAYCHU TaOTMIHBIX HHTCTPAJIOB IIPUBOIAATCA B IIPHUIIOKCHUAX.

60.4. DopMHpPOBaHNME CUTHAJIA C 32JAHHOH CHEKTPAJbLHON NJI0THOCTLIO.
B psme ciydaeB TEOPETHUECKOTO WU KCIEPUMEHTAIBLHOTO HCCIIEIOBAHUS

YCTAaHOBUBIIUXCS CIIYIalHBIX TPOIIECCOB OKA3bIBACTCS IIEIECOO0OpPa3HBIM CBECTH
MPWIOKEHHBIE K CHUCTEME BO3JEHCTBUS K OJIHOMY H TOMY JK€ THUIIOBOMY
BO3JICHCTBHIO, B KAYECTBE KOTOPOTO BHIOMPAETCS OCTIBIN LIyM.

EcTecTBeHHO, YTO TmpWU ITOM CXeMa MCCIENOBaHUS JIOJDKHA OBIThH
npeoOpa3oBaHa TakKUM 00pa3oM, 4YTOOBI peaM3yeMblii €10 yCTAHOBHUBIIUICS

ciayyaitaeiii | iporiecd  X(t) wmen Gbr |rakue xd 3HaueHus] xapakTepuCTHK

(v

(KOppensIMOHEHQL __(PYHKIIUU,CTIEKTPATIbH OCT aTEMaTHYECKOTO

OXKUJAHUS), KOTOpble COBHaZadlM Obl C UX pEAIbHBIMU 3HAUYCHUSMHU.
[TpeoOpa3oBanue 3T0 MOXKET ObITh OCYHIECTBJIEHO C IMOMOILBIO CTAI[MIOHAPHOTO
(GbopMUpYIOILIEr0 YCTPOMCTBa, MapaMeTpbl KOTOPOrO JOJKHBI BHIOMpAThCS Tak,
YTOOBl OOpa3yIOUIUIiCS Ha BBIXOJAE €ro YCTaHOBUBUIMICS CIIy4alHBINH MpoILEece
Moji BJUSHHEM TPWIOKEHHOTO KO BXOAy Oemoro miyma oOnagan Obl
XapaKTEPUCTUKAMU PEATbHOTO BXOJIHOIO BO3AEUCTBUS. CXEMbl, MOSCHSIOIINE
ONMKMCAHHOE MpeoOpa3oBaHue MOKa3aHbl Ha pUCyHKax 6.4a u 6.4b.
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g(t)— @) — x(t) —> W, () d(s) —> x(t)

¢

OenbIi IyM
g(t)
Puc.6.4a. CiryqaitHblil cursan Puc.4b. benvblit mrym Ha BXoJie
Ha BXOJI€ CUCTEMBbI dbopmupyromiero GuasTpa

Tak Kak cekTpajibHas IJIOTHOCTH SIBISIETCS YETHOM JPOOHO-pallMOHATIbHON
dbyHKIMEH YacTOThl, TO OHA MOXET OBbITh MpEeJCTaBlIeHA B BHJE JABYX
KOMILJIEKCHO-COITPSIKEHHBIX COMHOXKUTENEH

. i .2
S 4 (©)=¥(jo)¥ (- j0)=|¥(jo) (6.23)
[ToTpeOyem, 4TOOBI CHEKTpasibHAsI IJIOTHOCTh PEAIBHOIO CIy4allHOrO CHUrHaja

ObL1a paBHA

2

Sy (@)= N M(jm) (6.24)

N3 (6.23) u (6.24) HaxoauTcsl aMIUTUTYHO-(a30Basi YaCTOTHASI XapaKTePUCTUKA
dbopmupyromiero GpuiabTpa

¥(jo)

JIN

OTMeTHM, YTO YCTAHOBUBIIKECS CIy4alHbIEC MPOLECCHl B PEATbHON CUCTEME U B

W¢(j0)) = (6.25)

cucteMe ¢ (GOPMHUPYIOLIUM YCTPOMCTBOM SKBUBAJIEHTHBI APYT APYTY JIMILIb IO
CBOMM MEpPBbIM M BTOPHIM MOMEHTAM U MOTYT 3HAYUTEJIbHO Pa3IM4aThCs IO
MOMEHTaM 0oJjiee BBICOKMX MOpAAKOB. OHAKO, €CIU BO3JEWCTBUE B peajbHOU
CUCTEeME€ U TIpollecC Ha BbIXOAE (HOPMUPYIOIIETO YCTPOWCTBA SBISIOTCS
HOpMaJIbHBIMU CITy4YalHBIMH (YHKIUSAMH, TO OHHU IOJHOCTHIO COOTBETCTBYIOT

JPYT JPYTY.
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6.5.CMHTe3 ONTHUMAJBLHBIX _ nepenatouHblx  Qynkmuii  CAY mnpu  cayyaiHbIX
BO3/1eHCTBUSIX.
Brime OBIO 1OKA3aHO,YTO €CIM HAa BXOJAE CHCTEMBI ITOMHMO

YIPABJISIFOIIETO €CTh M BO3MYIIAIOIIEe BO3ACHCTBIE (ITOMeXa), TO OIMTMOKA TaKOH
CHCTEMBI COCTOHUT M3 ABYX COCTaBIISIOMNX. YacTO OKa3bIBACTCS, UTO CTPEMIICHUE
YMEHBIIIUTH OJIHY COCTABJISAIONIYIO MPUBOANT K YBEITMUYCHUIO BTOPOU U HA00OPOT.
3ajaya CUHTE3a U COCTOUT B TOM, YTOOBI 00ECIIEYUTh MUHUMAIBHO BO3MOKHYIO
CYMMY 00€HMX COCTaBIISIOIINX.

B03MO0HBI HECKOJIBKO CIIOCOOOB pelleHus 3aaun cuHTe3a. [lepBeliil u
HauboJee MPOCTOM MPUMEHUM, €CIIH YK€ U3BECTHA CTPYKTypa CUCTEMBI. B 3TOM
cliydae HeoOX0JMMO, UCTIOJIB3Ysl BBIIIE MPUBEICHHBIC BEIPAKCHHS OMPEICIUTD
CKO kak QpyHKIHIO BApbUPYEMBIX MTAPAMETPOB CUCTEMBI U OOBIYHBIM METOOM
ONPEIENNUTh UX 3HAUEHHUS, JAI0IMe MUHUMYM olnOku. Ene ogun cnocod
MPUMEHUM KOT'/Ia MTOJIE3HBII CUTHAI UMeeT 00Je€ HU3KOYAaCTOTHBIN CIIEKTp, YEM

A(w) Sa7 Sp (@)

1 4

nomexa (puc.5).

081
061
041

0,2 1

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Puc.6.5. AUX cucteMbl CIEKTpaJibHbIE INIOTHOCTHU MOJIE3HOTO CHUTHAJIA

H IIOMCXHU

B »sTomM cnydae mosjoca MpOMyCKaHHs CUCTEMBI JOJDKHA OBITH BBIOpaHa
JOCTATOYHO  IMHPOKOM Uil oOecleueHHs  HEOOXOOUMOM  TOYHOCTH
BOCITPOU3BEJICHUS TIOJIE3HOTO CUTHAJIA, HO TaKOW IIMPHUHBI, YTOOBI TOJHOCTHIO
OTQMIBTPOBATH TOMEXH.
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B nanbonee obmiem ciydae, KOrja CIEKTPHI MOJIE3HOTO CUTHAJIA U TTIOMEXH
HAKJIQIBIBAIOTCSA JAPYr Ha Jpyra CHCTEMY CTpPOSAT TaK, YTOOBI €€ YacTOTHas
XapaKTePUCTHKA MaKCUMAJIbHO MPUOIMKAIACH K CIIEKTPATbHON XapaKTEPUCTHUKE
TIOJIE3HOTO CHTHAJIA.

PaccMoTpuM  METOAMKY  ONpENeNIeHUs ONTUMAaIbHOW  IEPEIATOYHOU
¢ynkuun no kKpureputo MuHUMyma CKO, xorma crpykTypa CHCTEMBI
HEU3BECTHA, a U3BECTHA TOJIBKO NepeaTouHasi yHKIMs HEU3MEHSIEMOM YacTu.

[Ipn ompeneneHnH ONTUMAIBHOW YaCTOTHOW XapaKTEPUCTUKU 3aMKHYTOM

CAY @( jw) no kpureputo muanmyma CKO Mexay HIcaIbHBIM CHTHAIOM
w(t) u ontumansHbM curaanom X (t) , mpeamonoxum, 4To:
1) wmpeanmpHas dYacTOTHas XapaKTEPUCTUKA cDu 5 (S) wmmm wuneanbHas

GyHKIHMS Beca km) (t) usBecTHBI;

2) monesnsiit curaan o(t) u momexa N(t) sBasroTCs CcrarMOHAPHBIME

OProgn4CcCKNMU Cﬂy‘laﬁHLIMH nmpooecccaMnu C€ HYJICBBIM MATCMATHYCCKUM
OXKHUIAaHUEM H HX KOPPCIIIOHNOHHBIC (bYHKIII/II/I U CIICKTPAJIbHBIC IIJIOTHOCTH
HN3BCCTHEI,

3) Ha BpeMs MEPEXOJHOIO MPOIECCa OTPAHUYCHHS HE HAKIIAJbIBAIOTCS, T.€.
pEIIeHNE UIIETCA B KJIACCE CUCTEM C “ OECKOHEYHOU MaMAThiO”.

(Cxema MoCcTaHOBKH 3a/ia4yu IIPUBEJICHA Ha pUCYHKE 6. 6.

o (t)

¢u8($) n (t)

e (t)

®(s)
n (t) ® L/¥)

g(t) x(t)

®
!
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Puc.6.6. Cxema cunresa ontumaipbHo CAY

HeoOxomumoe yciaoBue, KOTOPOMY JOJDKHA YIOBJIETBOPSITH ONTUMAaIbHAs
UMIyJabcHas nepexonaHas ¢yukius — K(t) monyuena H.Bunepom B BuIe

HHTCTPAJIBHOI'O YPABHCHUA

TKg(1—-0)k(0)d8 =K (1) (6.26)
0

ng

npu T >0,

Koppensuuonnass ¢GyHKIIMS CyMMapHOTO CHUTHAlla Ha BXOJAE ONpPEIeIsSeTCs
BBIpaKEHUEM

Kg(‘c)z Ko () + K (0)+ K, (D+ K, (0).

Ycinoue T =0 oTpaxkaeT mpuHIUN (GU3MYSCKOW OCYIIECTBUMOCTH CHCTEMBI.
Ecnu none3Hblil curHai U moMexa HEKOPPEJIUPOBAHBI, TO

Kgn(®) =K, (1)=0.

VYpaBHenue (26) MOKHO peoOpa3zoBaTh K BUIY

Kug(r)—ng(t—G)k(O)d0=q(r), (6.27)

rie  Q(t)— Hexoropast dyHkums, paBHas Hymo npu T > 0. Do yciosue

npuBoauT K Tomy, uro ¢yskums — Q(Jj®), cBs3aHHas c q(t)

npeobpazoBanuem  Dypbe, He OyAeT coaep>KaTh TMOJIOCOB B BEpXHEH
MOJYTIOCKOCTU TUIOCKOCTH  ®. I[IpeoOpazoBanne Dypbe HaeT BO3MOXKHOCTH
MEePEHTH K CIEKTPATBHBIM TIJIOTHOCTSIM.

Spg (@)~ @(Jo)S 4 (@)= Q(w) (6.28)

HpeI[HOJ'IO)KI/IM, 4TO CIICKTpaJIbHasA INIOTHOCTh BXOAHOI'O CUI'HaJIa UMCCT I[pO6HO-
paHHOHaHBHBIfI BUO 1 MOXKECT OBITH npcacraBjicHa B BUJC

Sgl@)=F(jo)¥(-Jo)=TF(Jo)¥ " (jo) (6.29)
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3rece  W( jo®) uMeer Bce HyiM M IOJIOCHI B BEPXHEH MOJIYIIIOCKOCTH, a
Y *( j®) -B HIDKHEN NOMYIUIOCKOCTH INIOCKOCTH ®.  Pasgenum  (6.28) Ha
¥ *(®) u nomyunm

S
19 g oy (joy= 2

: (6.30)
¥ (jo) ¥ (jo)

Jlpo6b B 1eBoi yacTy BhIpakeHus (6.30) MOXKHO MPeoOpPa3oBaTh K BUAY CyMMBbI
Sug (@)
¥ (jo)

BCE HYJIM U MOJIIOCHI TOJIBKO B BEPXHEW MOJYIUIOCKOCTH, @ B~ ( J®) -TosbKo B

=B(jo)=B*(jo)+ B (jo), mpuuem B*(j®) wumeer

HUKHEH TOJYTUIOCKOCTU TiockocTh @. C ydetoMm 3Toro BeIpakeHue (6.30)
npeoOpasyeM K BUY

B+ (jo)+ B (j0)- O(jm)¥ (jo)= )
¥ (jo)

[TocnenHee BbIpaXXEHUE COPaBEMJIMBO JJIsi Bced IUIockocTH @. OpjHako,
MOCKOJIbKY ~ HEO0OXOJIMMO BBIMOJIHEHUE YCJIOBUSL (PU3UYECKOW peaiu3yeMOCTH

T >0, TO perieHHe WIIETCS TOJBKO B BEPXHEH MOJIYIUIOCKOCTH M yKa3aHHOE

BBIPAKEHUE IIPUHUMAET BUJT
B"(jo)-?(jo)¥(jo)=0.
OTcrona 11 aMIITy 1HO-(ha30BOM XapakTepuCTUKU 3aMKHYTO CAY nosydnm

B (jo)
¥ (jo)

®(jo)= (6.31)
Tepenarounas ¢ynkuus samxnyroit CAY @ (s)= D (jo)|;, - ITo sroif

nepeaaToyHor (PyHKIMKM omnpeaensercs rnepefaToyHas (DyHKIUS pa3sOMKHYTOU
CUCTEMBI, a 3aT€M, C YU€TOM M3BECTHOM MepeaTOuHON (PYHKITMN HEU3MEHsIEMOM
YaCTH, HAXOJAUTCS TMepeaaTouHas PyHKIUS KOPPEKTUPYIOIIETO YCTPOUCTBA.
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IIpumep.

[Tome3HpIii CcUTHAT W TIOMEXa 3aJaHbl CBOWMH KOPPESIIUOHHBIMU
GYHKITUAMMU:

_ a2e 17l _ p2eol
Ka(r)—ae ; Kn(r)—be .

[lone3npli curHaia M momexa HeE KOPpCIUPOBAHEI. I/Iz[eaanaﬂ nmepcaaTodHad

byukmus @ a(jO)) =1,r.e. mo/UKHAa OBITH pEIICHA 3agada ONTHMAbHOM
u

(buIbTpaIuH.

Hpemﬂe BCCI'O OIIPCACIIUM CIICKTPAJIbHBIC IINIOTHOCTH.

0 . 0 o—io)t o0 o+ io)t
S, (@)= jb2e e iordr = b2e!* I gy 4 TpZe (@t o)y =
— 00 — 00 0

b2 b2 2b%a
= + = .
a-jo o+jo o’+o°

AHQJIOTUYHO MOJyYUM

2a2

Sa(m)= ~

1+o
Hanee mpoiiecc pemieHus 3a1auu BuHepa coCTOUT U3 CAEAYIOUIUX ONEpaIui:
1.Berauciaum
Bz+yzm2

(1+w2)(a2+a)2).

Sg(m)z Sy (@) + S, (o) =

3necs B? =2a%a? +2b%a; y?2=2a?+2b%a.

Paznoxum 3Ty QyHKIHIO HA KOMIIJIEKCHO-COTPSHKEHHBIE MHOKUTETH

S o (@)= vrfa—jB. * v<_0+jB_
(0 - ) o-jo) (0+ )+ ja)
Otcrona
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¥(jw)= 12" IB
(0 - j)(o-ja)

¥ (joy= 12* J'B. _
(o + ])(0+ jo)

2. BpIUHCIINM B3aUMHYIO CIIEKTPAIBHYIO IUIOTHOCTh

2a’

Sug(m)zéua(jm)sa(w)z 2.cD

1+ o

2a2(m+ ja)

(@ - j)yo + jB)

B(Jo) =

3. Onpenenum pyrxuio B (jo).

AL A,
o-j (yo+]jp)

B(jo)=

[IpuBens k oOlIEMy 3HAMEHATENI0 W MPUPABHUBAS YHUCIHUTENIW OTOTO U
MPEABIIYLIETO BBIPAKEHUH, ITOJYYUM CUCTEMY YPAaBHEHUH, U3 PELIEHUS KOTOPOU
OyJ1eM UMETh

2
A :Za (1+oc).
(v +B)
2
B (jo)= 2a"(1+a) _
(v +B)(o—])

4. BeIYnCIMM 4YaCTOTHYIO XapaKTEPUCTHUKY ONTUMAIbHON CUCTEMBI
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B'(jo) _2a*(1+a), (jo)+a
Y(jo) (y+B) v(jo)+P

KoHTpoJibHbIe BOPOCHI K Jiekuuu Ne 3.

?(jo)=

1. Cucrema npencrasiiena cienyromein BMM B THCKpeTHOM BpeMEHH
S

AC
Q,=[cT ATCT (ATYRCT L @ahet) g, =| Ak

Onpenenute coctostHUE X(2)?
2. Cucrema npejcrasieHa cienytouieii BMM B qucKpeTHOM BpeMeHU

x(ﬂ:+1)z[_11 ;}x(ﬁcj+[_éﬂ}(@; x(D):E:|; () = 0.5k +1,

OnpenenuTe TaKkylo yIpaBISIONIyIO MOCIEI0BATEILHOCTD, YTO

1 1 1 2
m(k+1)={_n_25 U}a(fc){_m}«(@; ”@:M

3. Jns KakuX CHCTeM TIOHSTHS JOCTHKUMOCTH M  YIPaBISIEMOCTH
HKBUBAJICHTHBI?
4. Cucrema npenacrasieHa cieayromneiit BMM B 1HCKpETHOM BpeMEHHU

1 1 1 2
m(k+1)={_0_25 D}x(fc){_uj}(k); “‘”:H

OHCHI/ITG JOCTHXKUMOCTD, Ha6HIOI[aeMOCTB " YIIPaBIIICMOCTb ATON CUCTEMBI.
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IV. MATEPUAJIBI IPAKTUYECKUX 3AHATHIA

Ilpakmuueckasa paooma Ne 1

MarteMaTH4ecKoe ONIUCAHNE CHCTEMAa ABTOMAaTHYECKOI0
ynpasiieHusi (CAY) 1 HX XapaKTepHUCTHKH

OO011ee 3a1anmue.

HHHGapI/ISOBaTI) YpaBHCHHUA CTATHKUM HW JHHAMHKH B OKPCCTHOCTAX
HOMHHAJIBHBIX PCKHUMOB.

Hpumep. JIuneapuzanus Henunersoro Y.
d d
3xy - 4x2+ 155 y=5 +y
dt dt

Hannoe JIY sBIgeTCS HEIMHEWMHBIM W3-3a HAJIWYUs IPOU3BEICHUN
MEPEMEHHBIX X U y. JINHeapu3upyem €ro B OKPECTHOCTH TOYKH C KOOPAWHATAMH

xo=1, x,=0, y,=0. lns onpeneneHnss HEAOCTAIOLIETO HAYAJILHOTO YCIOBHS Yo

M10/ICTaBUM JIaHHBIC 3HaYeHUs B J1Y:
3y0-4+0=0+yo otkyma yo=2.
BBenem B paccMoTpeHue GyHKITHIO
F=3xy-4x*+15xy-5y’ -y

H OIIpCACINM BCC €C IIPOU3BOAHBIC ITPH 3a/ldHHBIX HAYaJIbHBIX YCIOBUAX!

Fl — Gy -8x)| =3*2-8*1 = -2,

ox |, 0

oF

T =(x+15¢-1),=31+15%0-1=2,
Ylo
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oF
—1 =(1,5 =15*%2=3,
ox. (L5y)],

Fl -5

ay’|,

Tenepb, HCMOAB3YSd MOJy4YeHHBIE KOADPHUIIUCHTHI, MOXHO 3amucaTh
OKOHYaTeJIbHOE JInHEKWHOoE [[Y:

5AY’ + 2AY + 3AX - 2Ax = 0.

Jluneapuzanus 1Y, 3a7aHHOTO B SIBHOM BHUJE OTHOCHTENBHO Y, T.€. Y =
F(X) npousBoautcs mo popmyiie

oF oF oF
y=—AX + —AX'+—AX"+...,
OX ox' ox"

TO €CTb, B JAHHOM CJIy4dac HCT HCO6XOI[I/IMOCTI/I HCKATb IIPOU3BOJHELIC I10 Y.

BapuanTsl 3axanuii.
Bapuanm Ne 1
1. JIuneapr3oBaTh ypaBHEHUE CTATUKH B OKPECTHOCTH HOMHUHAJIBHOTO PEKUMa

Xy =2

X —> Sy y=2'X+X3

2. JIuneapu3oBaTh ypaBHEHHE TUHAMUKH B OKPECTHOCTH HOMHHAJIBHOTO PEXUMa
Xy = 2 ¥ OTPEJEIUTH MePeATOUHYIO (DYHKIIHIO 3BeHA
y(z) +y-y(1) + y3 =2 X2.
Bapuanm Ne 2
1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTH HOMUHAJIBHOTO PEKHMa

Xg=1

X —> —>vy
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2. Jluneapu3oBaTh ypaBHEHUE TUHAMHUKU B OKPECTHOCTH HOMUHAJIBLHOTO PEKUMA
Y OTIPEJICIUTh NMepeaaTOuHyI0 (YHKIIMIO 3BeHa

. s yO+y yO=2-u f+f,

F—> >

u, =T, =0, Yu = 2.

Bapuanm Ne 3

l. .HI/IHeapI/IBOBaTB YPaBHCHHUC CTAaTUKH B OKPCCTHOCTH HOMHUHAJIbHOI'O PCIXKHMaA

-2 .92. 3 112
y y=2-u-f+f+2-u

u —>
f—_—>

u, =05 f,=1

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U OTNPECIIUTh NEPENATOUHYIO (PYHKIIUIO 3BE€HA

u, =1, f,=2.
Bapuanm Ne 4

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTH HOMHUHAJIBHOTO PEKHMaA

=u-f+u?
>y Y

I

2. JInneapu3oBaTh ypaBHEHUE TMHAMUKA B OKPECTHOCTH HOMUHAJIBHOTO PEXHUMA
U OTNIPEICNIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

y(2)+y-y(1)+y3: u(l)-f+u 'f+U2,
u, =1, f,=2.
Bapuanm Ne 5

.HI/IHeapI/IBOBaTB YpPaBHCHHE CTaTUKHU B OKPECTHOCTH HOMMHAJIIBHOI'O pCXKXHUMa

—>Y

1.
u
f

—>
—>
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2:u 4fy-f=0
u,=2; f,=1.

2. Jluneapu3oBaTh ypaBHEHUE TUHAMHUKU B OKPECTHOCTH HOMUHAJIBLHOTO PEKUMA
U OTIPEJICIUTh NMepeaTOuHyI0 (DYHKIIMIO 3BeHa

yO+y+yu-2-u-f+u®=0,
us, =05, f,=1.
Bapuanm Ne 6

1. HI/IHeapI/ISOBaTB YPaBHCHHEC CTAaTUKH B OKPECTHOCTH HOMHMHAJILHOI'O PECKUMA Xy
=1

2 ~2_ Dy =
y y y-+yx°-2x=0.

2. HI/IHeapI/ISOBaTB YpPaBHCHNEC ITMHAMUKHU B OKPCCTHOCTU HOMHUHAJIBHOT'O PEKNMaA

HL?HpeIIe HUTb IIC eI[an;IHYI'O (bYHKI_II/II'O 3BCHA
f —> y(1)+y:2-u-f+u(l)’

us =05, f,=2.
Bapuanum Ne 7

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEKUMaA

x s NGy Xy=2

y2-2ux-x3-4=0.

2. JInneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U OTNPEICIIUTh NIEPEAATOUHYIO (PYHKIIMIO 3BEHA

y@+y yW+y?=2-x.
Bapuanm Ne 8

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEKUMa

X —> —>y Xu=1
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2. Jluneapu3oBaTh ypaBHEHUE TUHAMHUKU B OKPECTHOCTH HOMUHAJILHOTO PEKUMA
U OTIPEJICIUTh MEePeaTOUHYI0 (DYHKIIMIO 3BeHa

(1) — -1 . ()

. y? L+y)+y=u-uP+f o
—>y

f > u,=2; f,=1.

Bapuanm Ne 9

1. .HI/IHeapI/I?)OBaTB YPAaBHCHHC CTAaTUKHU B OKPCCTHOCTU HOMHUHAJIBHOTO PEKNMA

y = 2x%+X.

2. HI/IHeapI/ISOBaTB YpPaBHCHNC ITMHAMHUKHN B OKPECTHOCTH HOMUHAJIBHOI'O PCKUMaA

1 OHPEX PeIaTOUHYIO (PyHKIMIO 3BEHA
f—_ y

yh (2 +y) +y =0 u® +f,
u, =05 fu=1.
Bapuanm Ne 10

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEXKUMA

X — Gy Xy =2

y =2x(1+ x?).

2. JInneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U OTNIPEICIIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

y(z) +y-y(1) + y= 2 X3 + X 'X(l),
Bapuanm Ne 11

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEXKUMaA

X —> —>y Xa=3

y=2x(3+X)

73



2. Jluneapu3oBaTh ypaBHEHUE JUHAMUKU B OKPECTHOCTH HOMUHAIBHOTO PEXKUMA
U ONPEICIIUTh MEPEAATOUYHYIO (PYHKIINIO 3BE€HA

y-y(1)+y:2-x3+x-x(1).

Bapuanm Ne 12

I. HI/IHGapI/IBOBaTB YPaBHCHHUC CTAaTUKH B OKPECCTHOCTH HOMHUHAJIbHOT'O PCXKHUMaA

u —> u-Jy-2fy=0
f—> >

2. JIuneapu3oBaTh ypaBHECHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U ONPEACIIUTh EPEAATOUHYIO (PYHKIIMIO 3BEHA

yO+y+u-u-f+u=0,
u, =1; f,=1.
Bapuanm Ne 13

1. HI/IHeapI/ISOBaTB YPaBHCHHEC CTATUKHU B OKPCCTHOCTU HOMHUHAJIBHOT'O PEKNMaA

Xg=1
X —> —>y

y2-y-x2-2-x=0.

2. Jluneapu3oBaTh ypaBHEHUE JUHAMUKU B OKPECTHOCTH HOMUHAIBHOTO PEXKUMA
U OTNIPEICIIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

y(1)+y-y(1) = 2-)(_8-)(3;
Xa =2, Yu=2.
Bapuanm Ne 14

1. HI/IHeapI/IBOBaTB YPaBHCHHEC CTAaTUKHU B OKPECCTHOCTU HOMHUHAJIBHOTO PEKNMaA

2-Jy+u-fy=0

U —>
f—_ > Y

2. Jluneapu3oBaTh ypaBHEHUE JUHAMUKU B OKPECTHOCTH HOMUHAIBHOTO PEXUMA
U OTIPEJICIIUTh MePeaTOUHYI0 (DYHKIIMIO 3BeHA
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yO 4+ y®y2 4y =y u® + O
u. =1, fu=2.
Bapuanm Ne 15

1. .HI/IHeapI/I?)OBaTB YPaBHCHHC CTATUKU B OKPCCTHOCTU HOMHUHAJIBHOTO PEKNMA

Xy=2
X —> —>y

y = 3'X2 + 2'X3_

2. JIuneapu3oBaTh ypaBHEHUE JUHAMHUKN B OKPECTHOCTH HOMUHAJIBHOIO PEXKUMA
U ONPEICIIUTh NEPEAATOUYHYIO (PYHKIINIO 3BE€HA

y(l) (1+2y)+y=u UD +f - fO
—> Y

u —>
f —>

u,=2; f,=1.

Bapuanm Ne 16

1. HI/IHeapI/ISOBaTB YPaBHCHHC CTATUKHU B OKPECCTHOCTHU HOMHUHAJIBHOT'O PCKUMaA

Xg=1
X —> —>y

y =5x2+ 3X.

2. JInneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U OTIPEJICIIUTh MEePeaTOUHYI0 (DYHKIIMIO 3BeHa

yW- (2 + 3y) +y =u?-u® +2f,

u—>
f—_ >V

us=1; f, =1
Bapuanm Ne 17

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTH HOMUHAJIBHOTO PEXKUMaA

Xy =
x —> —>y 3

y =2x(1+x%).

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
Y ONIPEICIIUTh MEPEAATOUHYIO (PYHKIIMIO 3BEHA
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y@ + 2y yO +y = x3+ 3x-xO,
Bapuanm Ne 18

1. .HI/IHGapI/IBOBaTL YPaBHCHUC CTAaTUKHU B OKPECCTHOCTH HOMHUHAJIbHOT'O PCKHNMaA

X —> —> vy Xu=1
y =2x(10 + x).

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U ONPEICIIUTh NEPEAATOUYHYIO (PYHKIINIO 3BE€HA

5y yO+y=2 x3+3x x¥,

Bapuanm Ne 19
1. JluneapuzoBaTh ypaBHEHHE CTATUKH B OKPECTHOCTH HOMHHAJIBHOTO pPeXXUMa
u —> y
f —> u-Jy-5fy=0
u. =1, f,=2

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
Y OTPEICIIUTh MEPENATOUHYIO (PYHKIIUIO 3BEHA

yO+y+u-2u-f +u®=0,
u, =0.5; f,=1.
Bapuanm Ne 20

1. HI/IHeapI/IBOBaTB YPaBHCHHEC CTATUKHU B OKPECCTHOCTU HOMHUHAJIBHOTO PEKNMaA

Xy=2
X —> —>y

y2-4y-x?-x=0.

2. Jluneapu3oBaTh ypaBHEHUE JUHAMUKHU B OKPECTHOCTH HOMUHAIBHOTO pEKUMa
U ONIPEICIIUTh MEPEAATOUHYIO0 (PYHKIINIO 3BEHA

y(1)+y-y(1):3-x_5-x3;
Xe=2; Yu=1.

Bapuanm Ne 21
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1. .HI/IHeapI/ISOBaTB YPAaBHCHHUC CTATUKU B OKPCCTHOCTU HOMHUHAJIBHOT'O PEKNMA

2-Jy+2u-f-y=0

—>Y

I

2. Jluneapu3oBaTh ypaBHEHUE TUHAMHUKU B OKPECTHOCTH HOMUHAJIBLHOTO PEKUMA
U OTIPEJICUTh NMepeaTOuHyI0 (DYHKIIMIO 3BeHa

yO +yD 2 4y =y u® +f fO
us=1; fy=1.
Bapuanm Ne 22

l. .HI/IHeapI/IBOBaTB YPaBHCHHUC CTAaTUKH B OKPCCTHOCTH HOMHUHAJIBHOT'O PCIKNUMaA

4-Jy+u-fy=0

—> Y

I

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U ONPEACIIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

y(1)+y(1)-y2+ y=u- u(1)+f-f(1) ’
u,=1; f,=1.
Bapuanm Ne 23

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEXKUMA

Xg=1

X —> —>y

y= 2x2 + 2'X3_

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKN B OKPECTHOCTH HOMHHAJIBHOTO PEXUMA
U OTPEICIIUTh MEPENATOUHYIO0 (PYHKIINIO 3BEHA

y(l) (1+2y)+y=u u® +f - D
—> Y

u —>
f —>

u, =2; f,.=2.

77



Bapuanm Ne 24

I. HI/IHGapI/IBOBaTB YPaBHCHUC CTAaTUKH B OKPECCTHOCTH HOMHUHAJIbHOT'O PCKHNMA

Xy =3
X —> —>y

y = 2x%+ 3X.

2. JIuneapu3oBaTh ypaBHEHUE TUHAMUKA B OKPECTHOCTA HOMUHAIIBHOTO PEXHAMA
U ONPEICIIUTh NEPEAATOUYHYIO (PYHKIINIO 3BE€HA

! yW- (2 + 3y) +y =u?-u® +2f,

f—_ > ¥

u, =1; f,=2.
Ilpaxkmuueckaa paboma Ne 2

AHaJIM3 Ka4eCcTBA JMHEIHbIX HeNPEePbIBHbIX CHCTEMA
aBToMaTn4yeckoro ynpasienusi (CAY)

OO01mee 3aganue.

1. Tlo 3amanHbIM nuddepeHIMATBHBIM YPAaBHEHUSIM OMNPEACIIUTh ONEPATOPHBIE
ypaBHEHUSI MPU HYJEBBIX HAYaJIbHBIX YCJIOBHSX, MEpelaTOYHbIe (PYHKIUH,
CTPYKTYPHBIE CXEMbI 3BEHBEB, XapaKTEPUCTUUECKUE YPABHEHUS U UX KOPHH.
IToka3aTe pacnpeneneHue KOpHEH Ha KOMILUIEKCHOM IIJIOCKOCTH.

OHeHI/ITB YCTOfIqHBOCTI) Ka>XXJ0ro n3 3BCHLCB.

2. lTlo 3amanHO#l mepenaToyHo ¢GyHKIMU 3anucath AuddepeHImaiILHoe
YpaBHEHHE.

IIpumep pemrenus 3aganus 1

HNano auddepeHmansHoe ypaBHEHHE, XapaKTEPU3YIOIIee TUHAMUKY
TEXHOJIOTHYECKOTO OOBEKTA,

d? d dx du
Y +4—y+y=9x—1,2——5—.

6,25
d t? dt dt dt

Ecnu o603naunts Y(S), X(S) u U(S) kak m300paXkeHHss CUTHAIOB Y, X U U
COOTBETCTBEHHO, TO OIEPAaTOPHOE ypaBHEHWE (MPU HYJICBBIX HaYaIbHBIX
YCJIOBHSX) B TAHHOM CJIydae MPUMET BHUI:
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6,2552Y(S) + 4sY(s) + Y(s) = 9X(s) — 1,2sX(s) - 5sU(s).
JlaHHOE ypaBHEHHE MOXHO ITPeoOpa3oBath, BeiHecs Y (S) u X(S) 3a CKOOKH:
Y(s) (6,25s% + 4s + 1) = X(s) (9 — 1,2s) - 5sU(s).

Ortcroaa noJiy4eHo:

9-1,2s 5s
> X(s) - > U(s).
6,25s" +4s+1 6,255s" +4s+1

Y (s) =

Ecnu 0003HaunTh nepenaTouHbie (PyHKIUN 00BEKTa KaK

9-1,2s 5s
5 n WU(S): B )
6,255s° +4s+1 6,255 +4s +1

W, (s) =

To mosy4yaetcs ypaBHeHue  Y(S) = Wx(S) X(s) + Wy(s) U(s). CtpykTypHas cxema

00BbEKTa NMpUBEJIEHA HA PUCYHKE 1.

X Wi(s) — ,
jﬁ 1 2 0 Re
u Wa(s) 2 .
S2

Puc. 1 Puc. 2

[Tony4yeHHble nepegaToyHble (PYHKIUU UMEIOT OJMHAKOBBIE 3HAMEHATEH,
Ha3bIBACMBIC XapPaKTCPUCTUUICCKUMU BbIPAKCHUAMMU:
A(s) = 6,255 + 4s + 1.

2
Ecnu npupaBHATE JaHHOE BBIPAXKEHHE K  HYJIO,

XapaKTEPUCTHYECKOE ypaBHEHHE 6,255% + 45 + 1 = (), KOpHH KOTOPOTO

TO oOpasyercs

2 1 2 1
S, =——+j—HUS, =———j—.
3 2 3



Pacnpenenenre kopHel Ha KOMIUIEKCHOM IUIOCKOCTH MOKa3aHO Ha pHC. 2.
[Io pucyHKY BUIHO, 4TO KOPHH JIEKAT B JIEBOM MOJYIUIOCKOCTH, CJIEIOBATENIBHO,
OOBEKT YCTOMYHB. ¢

IIpuMmep perieHus 3aganus 2
Hana nepenarouHast GyHKIUS BUAA

7s° +5,5
(s — 0,5)(3s% + 2)

W (s) =

Jns 3anucu nud@epeHnanbHOro ypaBHEHN HEOOX0IUMO YUYECTbh, YTO 10

Y
onpeneneHuro W (s) = XES; , OTKyJZla IIOJIY4YE€HO:
S
75’ +5,5 Y (s)
W (s) = =

(s-05)(3s>+2) X(s)
Y(s) (s —0,5)(3s% + 2) = X(s) (7s* + 5,5),
Y(s) (3s® +2s — 1,652 — 1) = X(s) (7s +5,5),
3s3Y(s) +2s Y(s) — 1,55 Y(s) — Y(s) = 7s X(s) + 5,5 X(s).

Tenepp, ecnu npuMeHUTH oOpaTHoe TmpeoOpazoBanue Jlamaca,

MOJTy4aeTCs:
d’ d d’ ’X
3 2/+2—y—1,5 2/—y=7 3+5,5X.0
dt dt dt dt
BapuaHTsl 3a1aHuid.
Bapuanm Ne 1
d’y dy du . 1. )
1. a) 6 5+ y=2X+—, 0)=1; 0)=2;
yortusDuy zxs S YO =1  y(©

d’y _d_X _d_u' = : > =
0) dt2+y_dt+3x+2f ot y(O) 10; y’(0)=6.

3s+5
2. W(s)=———"—F—-
(s=2)(s" +3)
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Bapuanm Ne 2

dy dy &y du. — 2 V() =0:
1. a) dt3+dt2+dt+y_2dt’ y(O) 2; y(O) 0;
d? d ) »
6)5dt2y+3% = YO =1 y(0)=2 vy (0)=1.
2. W(s)=225—+1.
S° +3s5s-12
Bapuanm Ne 3
dzy d_y _d_U_ . -1 s —1.
1. a)6dt2+3t+2y_dt 3f; y0)=3; y(0)=1;
6)22%+y:_4u+2f_o.13%; y(0)=2; y’(0)=-18.
2. w)-—>"1°
(s—2)(s +5)
Bapuanm Ne 4
d’y d_y B d_U _f - _1- > —n.
1. a)5dt2+3dt+o,5.y_2dt+4u+dt,y(O) 1, y(0)=2;
6)—22—3:+ Yiay 2% xo0;  y(0)=15 y(0)=-2.
2. W(s)=34—'s.
s"+3-s-1
Bapuanm Ne 5
1 a)y+%+32t3=2.u+3%+f;y(0)23; y’(0) = -11;
d’y dy df —1- > —n. ’9 -
0) 2 X =0 y0)=1; y(0)=2; y’0)=-1
2. W) s +1

T (s—3)(s +2)(s+05)

Bapuanm Ne 6
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d’y _dy
a 2—-x+—=0, 0)=1;
) dt3 dt dt y()
d’y _d% dy dx
0) 4 + 2 +—=—+2.x-10f, 0)=0:;
) dt ? dt®  dt  dt y(0)
3s5+8
2. W)=
s°+5
Bapuanm Ne 7
d’y dy du
1- a) 4 + — 4+ :6—+u’ O :1;
) dtz dt dt y()
d? d df
6)16—2/+y+8—y=5——7f—x,
dt dt dt
5
2. W(S)Zz—.
2s° +3s+16
Bapuanm Ne 8
d’x d?y dy d2f
1. a)y-2 + + —=3x+ X 0)=-1;
) dt 2 dt 2 dt {2 y()
d? d d
0) 4 2y+5—y+y:4—x+u—5f;
dt dt dt
3s—4
2. W(5)=ZS—.
(s +1)(s-2)
Bapuanm Ne 9
1 a)1as® Y 4, s ¥, 9 s g y0)=-2:
dt? dt 2 dt dt ’ )
d? d df
0) 10)/+2—y+4—y—3x=4—+5u;
dt ? dt dt
5 2
2. W(s):+_
(s=1)(s" +3)
Bapuanm Ne 10
d d’y d° df
1. 3)3_y+4 2y+ 3y=3——2f+x;
dt dt dt dt

y(0) = -3;

y(0) =9;

y'(0)=2; y”’(0)=-1;

y’(0) =-10; y>’(0) = 1.

y'(0) =1

y’(0) =5.
y(0) =4
y’(0) = -4.

y(0)=3; y’0)=1;

y(0)=0.5; y(0)=1.

y(0) =y’ (0) = 10; y’(0) = 1



6) 4 y+12y—22—)t(+x=f; y(0)=9; y(0)=-1.

d2
dt®
2 W)= >3+t

(s—11)(s+7)

Bapuanm Ne 11
d’y d’y _dy  du, — 0 SN — 1. PN — 1.
1. a) e -2 oy +2 u_zOltz y(0)=0; y(@0)=-1;, y’0)=1;

6) yroSt- it st YO =1 y(©=0 y(0)=12
2. w()e——2
(s=1)(s" +12)
Bapuanm Ne 12
Y O O =B y(0) =3
1. a) dt2+y_dt+3 X+2-f dt,y(O) 5; y’(0) =3;
d’y d’y dy  du, — o N —
0) dt3+dt2+dt+y_2dt’ y(O) 2, y’(0)=1.
2 W (s) 2-s+1

T s+ 2)(s+3)

Bapuanm Ne 13
1. a) 23—¥+y=—4u+2f—0.13—:; y0)=2,  y(0)=8;

Y e S VO m 2 v0) =
6)5dt2+3dt+0.5y—2dt+4u+dt, y(0)=-2; vy (0)=2.

3s+5
2 W(s):—z.
(s=2)(s" +3)

Bapuanm No 14

d_y dzy_ d_X_ _ . -7 s .
1. a)_zdt+dt2 2dt x+4y=0;y(0)=7;, y(0)=-2;

d_y dzy_ i : =5: > = -
6)y+dt+3dt2—2u+3dt+f, y(0)=5; y’(0)=-1.
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3s

WE) =
S"+2s+5

2.

Bapuanm Ne 15
y(0)=1; y(0)=2

dy+d_yzz—)t(+2x—10f; y0)=2;, vy

dt®

s+9

W (s) =—; .
s(s” +3)

2.

Bapuanm Ne 16

a’y y(0) =1,

dt’

1. a) 4

y(0) =-1,

W (s) =

2. .z
3(s-2)s

Bapuanm Ne 17
d*x

0) =-1;
— y(0)

1. a) y-2

y(©) =3;

3s’

= e
(s—=1)(s" +5)

2. W (

Bapuanm Ne 18

2

dy

dy df .
a)10y+2 it +4—-3x=4—+5u,
t

dt dt

1.

df .
=3—-2f +x,;

dt

d’y

d’y
Tt
dt

dt ®

s+1
W (s) = 2 !
(s—1)(s" +3s)
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y’'(0) =

¥ (0)=-3

0)=-1; y’(0)=1.

2;
y'(0)=4.
y’'(0)=1;
y'(0)=-2.
y(0)=5; y(0)=1;

y(0) =y’ (0)=4; y(0)=2.



Bapuanm Ne 19

2

y0)=1;, y(0)=-2;
y(0)=-2; y’(0)=4.
y©0)=0; y(0)=-2; y’(0)=1;
y©0)=1, y(0)=0; y’0)=2.
y(0)=5; y(0)=4;
y0)=3; y(0)=2.
y0 =2, y(©0)=2; y”’(0)=-1;

dy dx
1. a) 4 +12y-2—+x=f,
) t? dt
d
6) 3L 6y = _x+8f;
dt
3s+5
2. W)= ——r2 .
(s—=2)(s" +3)
Bapuanm Ne 20
dy _d°y _dy d’u .
1. a -2 22 _y-= ;
)dt3 dt ? dt dt 2
d’y dx d2u
0) y+9—2=—+ f —3——;
) t°  dt dt
5
2- W(S):ZS;.
S"+2s+7
Bapuanm Ne 21
d?y dx du
1. a +y=—+3x+2f -—}
)dtz dt
d? d d
0) 6 2y+3—y+2y:—u—3f;
dt dt dt
2s+1
2. wW(s)=—"—.
s(s” +3)
Bapuanm Ne 22
d? d df
1. a) 3y+2—y—x+—:0;
dt dt dt
d? d
6)4 2y+5—y+ =4—+u-5f,
dt dt t
2
2. W(s) = 3 zs '
S°+3s” +4s+10
Bapuanm Ne 23
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2

1. a)dy+y=(:—)t(+3x+2f—2—t:; y(0)=2; vy’ (0)=4;

dt’
dy d'y dy  du, — 1 WO =
6) dt3+dt2+dt+y_2dt’ y(O) 1, y(O) 2.
2 W (s) = 2s+1

(st 2)(s+3)

Bapuanm Ne 24

1, a)gz—)t/+y:—4u+2f—0.lz—)t(; y(0)=2; y(0)=4;

dzy d_y _ d_U i - _2- H —
6)5dt2+3dt+o.5y_2dt+4u+dt, y(0)=-3; y(0)=1.
2 W (s) = 3s+5

S (s-2)(s?+3)
Ilpaxmuueckasa paooma Ne 3

JIuHeiiHble CTAMOHAPHBIE CHCTEMbI ABTOMATHYECKOI0
yIpaBJIeHUS IPH  CJYYailHBIX BO3/1eiiCTBUSIX

Oo0mree 3axanue.

ITo 3agaHHBIM H300pakeHusAM Y (S) moayuuts opuruHaisl Y(t).

IMpumep. Ciyuait obpatHoro mnpeoOpazoBanusi Jlamnaca npu HaTu4UH
KOMILUIEKCHBIX KOPHEU.

N300paxkeHre BEIXOHOTO curHaa Y (S) MMeeT BU

5,75

Y (s) = 5 5 .
s(1,8s" +5,22s" + 4,35 + 6,75)

KopHu 3HaMeHaTens BKIKOYAKOT HYJIEBOW KOPEHB, AEMCTBUTENBHBIN U TPy

KOMILUICKCHBIX KOpHEH: So = 0; S1 = -2,54; S23 = - 0,18 +
J*1,20.

N3o6paxenue Y (S) pa3OuBaeTcs Ha CYMMY YeThIpEX JPOOCH:
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My M, M, M
Y(s)=Yy(s)+ Y (s)+Y,5(s)= + + + :
’ S S-S, S—S, S-S,

Torma opurunan y(t), cormacuo tadi. 1.1 u 1.2, umeer Bua:
y(1) = yo(t) + ya(t) + y23(t) = Mo + M, *e>' +2 e*[C - cos(awt) - D - sin(wt)],

I7Ie 0L ¥ ® - IEHCTBUTENbHAS M MHMMAs YacTH Mapbl KOMIJIEKCHBIX KOpHEH Sy 3, C
u D — neficTBuTeNnbHAS 1 MHUMAs 9acTH Tapbl KodddurmentoB M, u Ms.

Jns xopHs S = O:

~ B(0) 5,75 | 575

M, - S 2 =22 085,
A, (0) 185 +522s°+43s+675, 675
0,85
Yo(s) = —2=—"—,
S S

yo(t) = Mo = 0,85;

Jns xopHs S; = -2,54:

v _ B 5,75 |

"UA)] . @8s' +5,225° + 4,35 + 6,755)

S=S1 S=81

B 5.75 |
7,25’ +15,66s° + 8,65 + 6,75

=-0,18,

S§=S1

M, -018

s—s; s+254

-2,54t

yit) = M, *e™ =-0,18 *e **;
B) U151 KOpHel Sy 3 = -0,18 + j*1,20:

B(s) 5,75 |

M, = ' = 4 3 2 '
A (s) (1,8s +5,22s" +4,3s" + 6,755)

2

S$=S2 §=S2

B 5,75 |
7,25" +15,665° + 8,65 + 6,75

= -0,34 + j*0,24,

$=S2
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M, M, -0,34 +j-0,24 -0,34 —j-0,24
Y23(S)= + - A + i f
‘ s-s, Ss-s; s+018+j-1,20 s+0,18 -j-1,20

y2.3(t) =2 e18[-0,34 cos(1,20 t) - 0,24 sin(1,20 t)].
B utore IMoJdy4acM OpHUI'MHAJI:

y(t) = 0,85 0,18 254t 2 0181034 cos(L,20 t) + 0,24 sin(L,20 1)]. ¢

BapuaHTtsl 3a1aHui.

Bapuanm Ne 1
V()= G v (),
(s —2)(s+4)(s-1) s(s” —s—16)
Bapuanm Ne 2
a) Y (s) = : 0.16 : 6) Y (s) = : 8(3s +1)s _
s(s” +s+0.16) (s" +s+1)(s+1)
Bapuanm Ne 3
a) v(s)=—srd 6) v(s)- — D .
S(9s” +s+1) (3s+1)(4s” +s+1)
Bapuanm Ne 4
a)v(sy-—— 5 - 6)v(s)- — =D
s(s’> + s+ 0.5) (55 +1)(s® + s +1)
Bapuanm Ne 5
a) ¥ (s) = o2 L B V() =——FD)
(4s+1)°(4s” +s+1) (9s° +3s+1)(3s+1)
Bapuanm No 6
a) Y (s) = 5(352+ 1) ; 6) Y (s) = Sj(s +21) .
(s+1)(4s” +s+1) (6s+1)°(9s" +s+1)

Bapuanm Ne 7
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5(s+1)
(9s? + s +1)(3s +1)

a) Y(s)=

Bapuanm Ne 8

5(3s + 1)

a)Y(s)=————,
(s” +s+1)s

Bapuanm Ne 9

Bapuanm Ne 10

2s -1

a)Y(s)=——————]
(s -1)(s - 2)

Bapuanm No 11

6s+1

a) Y (s)= — ;
(s+1)"(4s” +s+1)

Bapuanm Ne 12

5s5(s +1)
(352 + 65 — 24)(2s +1)

a) Y(s)=

Bapuanm Ne 13

s? —s+1
a)Y(s)=—5——;
s(s” —s+5)
Bapuanm Ne 14

8(s? —1)
(s2+s-1)(s+1)?’

a) Y(s)=

Bapuanm Ne 15

s(s+3)

2) Y (5) - —ord
(2s+1)(s+1)

Bapuanm Ne 16

6) Y (s) - = ;
(5s+1)(s" +s+1)

5(s+1)

s(9s® +s+1)

0) Y(s) =

s—4

s(s?+2s+2)

0) Y(s)=

0) Y (s) = 10 -

s(s-1)
6) Y (s) = 525 +21)s :

(s+1)"(4s” + 2s+1)

6s+5

0) Y(s) = :
) () (s =2)(s+5)(s+1)
6) v(s)=—t

s(s” +2s+5)
6)Y(s)=243—_1.

s(s” —3s+2)
6)Y(5)=2L;

s(s”" —s-16)
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4s + 1
(55 + 1)(s% +1)

a) Y(s) =

Bapuanm Ne 17

5s(s +1)

a) Y (s)=

Bapuanm Ne 18

5s(s +1)

(3s + 65— 24)(2s +1)

a) Y(s)=

Bapuanm Ne 19

a) Y (s) = 3

(65 +1)°(9s° +s+1)

Bapuanm Ne 20

2(s+1)

a)Y(S): 2 ’
s(20s° +12s +1)

Bapuanm Ne 21

4
(s+1)(4s% +s+1)

a) Y(s)=

Bapuanm Ne 22

4s

a) Y(s)=————;
(s+2)(s-1)

Bapuanm Ne 23

5(4s +1)

a)Y(s)=—————,
s(9s” +s+1)

Bapuanm No 24

6s +1

(45 +1)(85% +8s +1)

a) Y(s) =

(4s +1)2(4s> +s5+1)

(2s +1)s

0) Y(s)= —— :
(s+1)"(4s” + 25 +1)

5(2s +1)

6)Y(S)= 2 y
(s+1)(s” —-s+1)

6) Y (s) = : 5(3s +1) .
(4s” +s+1)(s+1)
6) Y (s) = 3s+1

5(165% + 45 + 1)s |

5s(s +1)

9s2 +3s+1

0) Y(s)=

6) v(s)=— 2t
(s—4)(s-2)

(10s+1)(s-1)

0) Y (s) = ——— :
(5s+1)°(9s” +3s+1)

6) Y(9)=
s(s” +s+0.5)
6) Y (s) = 5(3s +1)

(s +1)(4s° + s +1)
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V. BAHK KEMCOB

Keiic Nel: beronnsiit 3aBon ¢upmsl «TEKA» mnpousBogut OeToH
pa3IMYHBIX MapoK. B 3aBUCMMOCTH OT 3aKa3a, MOKET MPOU3BOAUTH OCTOH IJIs
opor, OCTOHHBIX IUIUT, (PYHAAMEHTOB, a TaKXKe IMECKO-O0CTOH IS Pa3IMYHbIX
OTIIeNOYHBIX paboT. MmeeT 5 pesepByapa, uig BOJBI, MECKa, IIEeMEHTa, IeOHS U
no0aBku. Bech mporecc MNOJHOCTBIO ABTOMAaTU3MPOBAH, W YIPABISAETCA
KOHTpoJulepoM. Becb  mpoliecc  KOHTPOJUPYETCS  ONEpaTopoM  4epes
[lepconanbubiii  Kommbiorep. B mporecce paboTbl BO3HUKIA MpodiieMa.
Boixonut, ommbOka Ha 23KpaHe MoOHUTOpa: «Pesepgyap 600v1  nonHublil.
Ocsobooums peszepgyapy. Ilomydaercsi, yTo 1Mo (Qakty pe3epByap MyCTOH, HO
CUTHAJI UJIET YTO OH MOJHBIM, B UTOT€ ABTOMATHYECKHI pEXUM HEe paboTaer.
[Ipuxogutcs pabotath B pydHOM pexume. Bompoc: Kak Bbl gymaere, kKakue
(aKTOpbI MOTJIM TOBJIHATH MOSABICHUE TAKOTO POJIA OIIMOKHU?

beronnslii 3aBoa pupmel « TEKA»

ITociienoBaTEILHOCTD PEICHUSA 3a/1a9n:

JTanbl 3ajaum 1151 BHINOJHEHHUS
1. N3yuute BECh TEXHOJIOTUYECKUAN MIPOLIECC
2. [ToapoOHO U3YyYUTh CXEMY BCETO MPOU3BOJICTBA, 4 TAKIKE BCE
YCTpPOMCTBA
3. [TpoBepbTe pabOTOCTIOCOOHOCTH BCEX TATYNKOB BECOB BOJIBI,

a Takxe npuoop, KOTOPbI COETUHEH C BECAMU BO/IbI

4, [TpoBepbTe CBSA3L MEXKIY MPUOOPOM BECOB BOJIBI U
KOHTPOJIIEPOM.
5. Ecnu pu6op BeIlen U3 CTposi, 3aMEHUTE €r0 HOBBIM

MpUOOPOM, U MOBTOPUTE BCIO MOCIIEOBATENBHOCTD U
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IIPUMHUTE CAMBIN TOCTYIIHBIN PELICHUS 3a1a4H .

Keiic Ne2: CranenpokaTHbI 3aBOJ IPOWU3BOJMUT CTAJlbHBIE JIUCTBI TPEX
pasnuuHbix pasmepoB: 100 mroitmoB, 80 mroiimMoB u 55 nroumMoB. lloctymumn
3aKa3 Ha CTalibHbIC JUCTHI pazmepoM 45, 30 u 18 mroiimoB B konuuecTtBe 150,
200 m 185 mTyk cooTBeTcTBeHHO. Kakum o00pa3oM KOMITaHHS JOJKHA
paspe3aTh CTalbHbIE JIUCTHI, YTOOBl MUHUMHU3UPOBATH OTXOJbI? YUTUTE, UTO
KEJIAaTeNIbHO TakKXKe IPU PAcKpoe HE TMOJIy4aTh CIMIIKOM MHOTO JIMIIHUX
JUCTOB C pa3MepaMH, 3aJlaHHBIMUA JaHHBIM 3aka3uukoMm. [IpuBenute
HaWJIyyllee pelleHue I Ciiydasi, KOrja 3aka3aHHble B ATOT pa3 pa3Mepbl
BCTPEYAIOTCS MPH 3aKa3ax JIOBOJIBHO YaCTO U JUIS CIIydasi, KOTJa MOJTy4eHHBIN
3aKa3 COBEPUICHHO HECTAHAAPTHBIM.

ITocaenoBaTeIbHOCTD peIcHud 3aj1a'un:

JTanbl 3agaum 1191 BHIINOJTHEHUS
1. N3yunte BECh TEXHOIOTUYECKUI ITPOLIECC
2. [TogpoObHO W3yuyuTE CXEMy YIpaBlI€HHWE IPOU3BOJICTBA, a
TAaK>K€ BCE €€ YCTPOUCTBA
3. [IpoBepbTe pabOTOCIOCOOHOCTH BCEX JATUUKOB
4, HaiinuTe pemienue ist pa3pabOTKH CTaHAAPTHOTO 3aKa3a
5. Harinnre camoe onTuManbHOE pENICHUS 3a]1a4H .

CranenpokaTHblii 3aB0J

CranenpokaTHbIN 3aBOA

Pasmep nucra, AoMMoB
BapuaHT packpos Jluct npokata 45 30 18 OcrtaTtok | Yucno nuctos
1 100 2 0 0 10 0
2 100 1 1 1 7 0
3 100 1 0 3 1 44
4 100 0 3 0 10 0
5 100 0 2 2 4 0
6 100 0 1 3 16 0
7 100 0 0 5 10 0
8 80 1 1 0 5 106
9 80 1 0 1 17 0
10 80 0 2 1 2 47
11 80 0 1 2 14 0
12 80 0 0 4 8 0
13 55 1 0 0 10 0
14 55 0 1 1 7 0
15 55 0 0 3 1 2

92




[MonyyeHo 150 200 185 670 Bcero
NCTOB

3aka3 | 150 200 185

Keiic Ne3:

3ajganue Keiica

[Ipy sKmIyaranuu 1exa BOJEHOIO OXJIAKIEHUS, CHUCTEMaA
aBTOMATHUKH PETYJIHPOBAaHUE YPOBHS CHCTEMa BBIIUIA U3 CTAOMIBHOM PabOTHI.
OCHOBHBIMM ~ NpPUYMHAMU  HECTAOWJIIBHOCTH  IPHUBOJAATCS  HENPAaBHIIBHO
pacCUUTAHHBIE MTAPAMETPBI PETYIATOPA.

1: Ilpoananu3upyiTe cucTeMy yrpaBJIeHHUE

2: PaccuutaiiTe mnepexo/iHy0 (QYHKIIHIO CUCTEMBI.

HcxonHble naHHbIE:
A) skcriepuMeHTanbHas nepexoaHas Gyakmnus OV,

t 1005|112 |25] 3 3. |4 |[45|5 556 |65 7
3 5
h(t/0/00(0. (0./0.,03[/04|0.|05/06(0./070.|08]|0.8
) 1 11,23 8 5 | 5] 8 3 | 7] 5|18 5 5
Jranbl padoThbl HA/I CUTyalluell B ayIMTOPUH
Jranel Conepxxkanue padoTbl

1-sTan WHJIUBUAYAJIbHOE U3yUYEHHUE TEKCTA CUTYaIluu U
MIPOaHAIU3UPOBATH CUTYAITHIO.

2-3Tamn pazo0paThbesi B CyTH MPOOJIEM, BBIJCIATh BAPUAHTHI
MPABWJIbHBIX U ONTMOOYHBIX PEIICHMUIA.

3-3Tan paboTa B cocTaBe Majoi IPYIIIIbI, MPEIOKUTh
BO3MOYKHBIE PEIICHUS U BBIOpATH JIydIllee U3 HUX,
00CyX/1aTh ¢ WICHAMH TPYMIbl BHIOMPATh ONTUMAIBHOTO
pelIeHUs], IPUHUMATh KOJUIEKTUBHBIE PEIICHUSI.

4-3tan MPEACTABICHUE «PEUICHUI» KAXKIOM MAJION TPYIIIIbI,
00111ast AUCKYCCHSI, BOMPOCHI, BHICTYTUJICHUE
MPENo/IaBaTeis, €ro aHajau3 CUTyaluu.
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VI. TJIOCCAPUI

Term / Tepmun

ITosicHeHue HA PyCcCKOM

Description in English

Aaroput™m /
Algorithm

Hab6op
WHCTPYKUMWA WIM HPOLEIYP
JUTST

(MaTeMaTHYeCKHX)

BBIIIOJIHEHUS
KOHKPETHOW 3aJa4yu, TaKhe

A set of (mathematical)
instructions or proce-dures
for carrying out a specific
task such as defining the

Kak ompeneieHue Mepsl, | Steps taken by an automation
IIPpUHUMaAEMbIE CHCTEMOM | System.
aBTOMAaTHU3aluu.

Bapwep / Barrier | Ileperopoaka wi | A partition or separation
paszesnenune , ucmonb3yemslii | ysed for the insulation or
AT H30JHA WIH | jsolation of electric circuits
N30JIOUHU  DJICKTPHUYCCKOI'O

CXCMbI HJIHN BHCKTpI/I‘—IGCKI/Ie
nyrid  (Kak ONpeaesieHO B
NEMA Standard Pub . No.
ICS 2,1988).

or electric arcs (as defined in
NEMA Standard Pub. No.
ICS 2, 1988).

box / Baud

Enunnna CKOpPOCTHU
nepenayd CUTHAJIOB PaBHO
JUCITY JTUCKPETHBIX
COCTOSSHUM WM  CHTHAJIA
coObITHII B CeKkyHAy . Tawm,
rie OOuH OUT KOJIupyercs
Ha KaXKJIOM CHTHAJIU3alUN

A unit of signaling speed
equal to the number of
discrete conditions or signal
events per second. Where
one bit is encoded on each
signaling event, the number

coOBITHS, YUCIIO 6ox | of baud is the same as the
coBmajaeT ¢ yuciiom out / ¢ | number of bit/s. See dibit
. Cm qubur (ctp ) . (page ).
ByaeBa anreopa/ | AnreOpanveckuid meton | An algebraic method of
Boolean algebra MaHUIyJIHPOBAHUS manipulating logic

JIOTUYECKUX YPABHEHUM .

equations.

I'azoananm3arop /
Analyzer

[Ipubop, npeaHazHaYEHHBIN
IS HOJTYYCHUS
UHPOpMAIMA O 3HAYCHUH
KOHIICHTPALIUU
U3MEpSIeMOr0  KOMITOHEHTa

NN CyMMBI KOMIIOHCHTOB B

An instrument designed to
obtain information about the
value of the concentration of
the measured component or
the amount of components in
the test gas mixture .

aHaJIU3UPYyEMON ra3oBou

CMCCH.
I'uokan cucrema | [lepeHanaxnBaemas B | Readjusted in a wide range
ynpasJienus / IIMPOKOM nuanasose | of control system , created
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Flexible control
system

cucrema YIpaBJICHUS,
co3aBaeMas Ha Oaze
3JIEKTPOHHO-

BBIYUCIIUTCIBHBIX MAaIlIMH C

on the basis of electron -
computers with a set of
control programs, the
address driving mechanisms

KOMILIEKTOM nporpamm | of control signals for the
yhpaBjieHus, anapecyrommx | given laws of  motion
CUTHAJIBI yIpaBiieHus | actuators.

IIPpUBOIHBIM MEXaHU3MaM

TUIsT 0OCCIICUeHHS 3aTaHHBIX

3aKOHOB JABUKCHU S

HUCIIOJIHUTECIIbHBIX 3BC€HLECB.

Hatunk / Sensor | CpexncTso usMepenus, | Measuring instrument,
npeobpazyromee 1y i | transforming one or another
HHYIO busmueckyio physical guantity (_eg,

temperature, velocity,
BEJIMYUHY (Hampumep,

pressure,  voltage, and
TeMrepatrypy, — CKOPOCTE, | nthers.) Into a signal for
AABICHHC,  SJICKTPUICCKOC | recording , transmission,

HaIpspKeHHUE U JIp.) B CUTHAT
JUIs perUCTpaliy, Iepeaayy,
00paboOTKH, XpaHEHUs 3TOU
uHpopManum.

processing and storage of
this information

JIBonyHbIii / Binary

bazoBas - 2 cucrema
HyMepauuu (ucnonb3ys
ToJIbKO Upper O 1 1) .

A base-2 numbering system
(using only the digits 0 and
1).

JlelicTBUTEIbHASA
IMPOU3BOAUTECIILHOCT
b / Actual
performance

9T0
JNEUCTBYIOIIUX aBTOMAaTOB W

MPOX3BOAUTEIBHOCTD
ABTOMATUYECKUX JIMHUM.
Peanbublit YPOBEHb
TEXHOJOTHYECKOM,
IUKIOBOW #  (aKTUYECKOM
MPOU3BOAUTEIBHOCTH
XapakTepu3yer CTENECHb
peanuzanuun 3aMbIciia
MPOEKTUPOBUIUKOB JTUHUHU U
MOKET 3HAYUTEIBHO
OTJIMYATBCA OT MPOEKTHBIX
3HAYCHUM, a TaKke OBITh
IIEPEMEHHBIM BO BPEMEHU

OKCILTyaTalluu.

This is the performance of
existing  machines  and
automatic lines. The actual
level of the process, the
cycle and the actual
performance  characterizes
the degree of realization of
the designers design the line
and may significantly differ
from the design values, as
well as to be variable in the
time of operation

JAnnamuueckas
NOrpPemHOCTh /
Dynamic error

910
MOTPEIIHOCTh

no0aBoYHAs

This extra error transducer
that occurs when measuring
changes over time parameter
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HU3MCPUTCIILHOTO

npeobpaszoBarerns,
BO3HUKAIOIIAs npu
W3MEPEHUE  M3MEHSIOIIETO

BO BPEMEHHU IapameTpa

JAnHamudyeckou
XapPaKTePUCTHKH /
Dynamic properties

Taxkoii anemMeHTa Ha3bIBaCTCs
3aBUCHUMOCTh HM3MEHEHHS BO
BpEMEHU BBIXOJIHOM
X

IEPEXOAHOM PCKUME IIPpU

BCIINYHUHBI BBIX) B

ONPEACICHHOM WM3MEHEHUHU
BXOJHOI BEJINYNHEL.

This element is called the
dependence of the change in
the output value of time (X
out) in transition mode for a
certain change in the input
variable.

Eaunun4dHoe
NMPOM3BOJACTBO / A
single production

Heonpenenennoe

MHO>KECTBO HE
MOBTOPSAIOIIUXCA  ONEpalnil
BBITIOJTHSIEMBIX OJIHUM

ucnonaureneM, Kzo Oosnpie
40.

Undefined set of non-
recurring transactions
carried out by a contractor ,
for more than 40 QSOs .

KecTtkas cucrtema
ynpasiaenusi / Push
rod system

He mepenanaxuBaemast WM
NepeHalIa)KMBaeMasi B y3KHX
mpeaenax cucTeMa
yIOpaBJiICHUSA,  CO3JaBacMas
Ha Oase KHHEMAaTHYECKUX
neneun MAallliH Hu
MEXaHH3MOB,
o0ecreunBaronX 3aJaHHbIE
3aKOHBI JBYKEHUS
HUCIIOJIHUTENILHBIX 3BEHbLEB.

Not readjusted or readjusted
in a narrow range
management system, created
on the basis of the
machinery of the kinematic
chain, providing a
predetermined laws of
motion actuators.

3asox / Factory

OOveauHEeHHE  1IEXOB U
y4acTKOB 1o BUJIaM
COBMECTHO  BBIIYCKAaeMOU

MTPOYKIIUH.

Combining shops and sites
by type of co- products.

3anacuas 6arapes /
Battery backup

barapes unu nabop GaTapeid,
KOTOpbIE OynyT
obecreunBaTh MUTaHKE
MaMsTH TOJIBKO TOTJa, KOT/a
OCHOBHOM MCTOYHUK
ITUTAHUS BBIKJIFOYCH .

A battery or set of batteries
that will provide power to
memory only when the main
power source is off.

Kanan/ Channel | Ilyts VTS curHana. | A path for a signal. Several
Heckombko KaHaoB MOTyT | channels may share a
COBMECTHO  HCIOJB30BATh | cammon link
OOIIYIO CBSI3b.
Komounanuonnan |Jlormka , B kotopom | Logic in which the state of
JIOTHUKA / COCTOSIHUC KaXXJOr'o BBIXOIA | each output is controlled
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Combinational logic | koaTpONMMpYETCS tonbko | only by the states of inputs
COCTOSHMAMK  BXOABI M | and the switching-transition
3aNICPIKKH - NCPCKIIOMCHIA | delays encountered in the
IepexoaoB , BO3HHUKAIOIIHC |OgiC path. Compare
B JIOTUYCCKOM nyTHu . .

CpaBHuTS sequential logic
HOCHeHOBaTeHBHOﬁLHOFHKH
KonkypenTocnocod | 3to coBokymHocTh | This set of indicators of the
HOCTD / mokasarencii  kadectBa u | quality and value of the
competitiveness CTOUMOCTH TOBapoB, | goods is determined by their
OIpeeIISIoIIast ux | preference for the consumer
npCAnOYTUTCIIBHOCTD IS
OTpeOUTEIIS.
Jlunus / Line Pacnonoxxenue The location of the

o0opyloBaHHUsI B TOPSIKE
BBITOJIHEHUS OTNEpaLIHi.

equipment in the order of
operations

MapmpyTHoe CokpaiiieHHOe ornucanue | Short description of all
onucaHue BCEX TEXHOJOTHYECKUX | Process steps in the route
TeXHOJIOrHYeCKOro | omepaiuii B MapiipyTHoii | map in order of their
npouecca / Route | xapte B | performance without
description of the | mocnenoBarenpHOCTH ux | transitions and technological
process BBITMIOJIHEHUsT Oe3 ykasanus | modes.
Mepexoa0B u
TEXHOJIOTNYECCKUX
PEKUMOB.
MaccoBoe Onna orepanus | One operation is performed

NPOU3BOACTBO /
Mass production

BBIMIOJHAETCA OJHUM HWIIHA
HECKOJILKUMH
HUCIIOJIHUTEISAMA B TEUECHUU
BCETO OTYETHOIO TIEPHOJIA,
MeHbIIe 1.

by one or more performers
during the reporting period ,
the is less than 1.

Meton
peryJiupoBanmusi /
Control method

3aKIrovaeTcs B JOCTHKECHUH
TOYHOCTH 3aMBIKAIOIIETO
3BCHa 3a cUueT
peryJIMpoBaHus OJIHOTO WU
HECKOJIBKUX COCTAaBJISIOIINX
3BEHBCB.

It is to achieve the accuracy
of the closing level by
adjusting one or more of the
constituent units .

Mexanu3auus /
Mechanization

MIPUMEHEHHE SHEpPrun
HEKUBOM TIPUPOIBI B
IIPOU3BOJCTBEHHBIX
rnpoueccax,  ymnpaBlISIEMBIX
JXOIbMU.

The use of inanimate nature
of energy in the production
process , controlled by
people.

MoaupunupoBanue
/ Modification

[TpucriocobieHue u3aeaus K
HOBBIM YCJIOBHSIM PaOOThI
oe3 W3MEHEHUS

Device products to the new
conditions of work without
changing the design : cold-
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KOHCTPYKIIHH: resistant materials , anti-
XJIQJAOCTOMKHE MaTrepuajbl, | Corrosion materials ,
AHTHKOPPO3UOHHEIE additional systems and
MaTepHalbl, methods for the preparation
nononuuTensHble  cuctemsl | Of the working fluid , special
U CcrmocoObl  IOArOTOBKH | Coatings , seals , etc.
pabouero Tena,

CHCIHAIbHBIE  TOKPBITHUSA,

VIUTOTHEHUS U T.I1.

O0BbeKTHI OObekThl  aBTOMatm3anuu | Automation objects are the
apromarmsanum / | sBisores oobektamu CA | CA Process Automation
Automation objects Proceiss Automation, dYTo objects that content

JUBAMACPRL — MCHOIBSYIOT | gagigners use to  create
KOHTCHT  JJIA  CO3JaHUs . .
KOHTCHTA. O6BEKTE content. Automation ObjeCtS
apToMaTmsarmu Bkmouator B | include calendar,  custom
ceos KaJIEH1aph, icon, custom operator,
II0JIb30BAaTEIBCKUN  3HAYOK, | dataset, interaction request
M0JIL30BaTEIbCKHAN form, package’ process,
omeparop, HabOp MAHHBIX, | hrocess  watch, resources,
bopma . Janpoca schedule, and start request
B3aMMOJICHCTBUS, YIAKOBKA,

MmpoIecc, MPOIECC  Yachl, form.

pecypcbl, rpaduk, U Ha4yaTh
dhopmy 3ampoca.

Ilnara (kapra ) /
Board (card)

1) neyatHas mata. 2 ) Y3en
MEYaTHBIX TI€YaTHBIX TUIAT —

B OLIYIICHUE, qTO0 (
rneyvarHas ) rJara
dbuznvecku OCHOBHBIM
KOMIIOHCHTOM ITeyaTHas

maaTa B coope .

1) A printed-circuit board. 2)

A printed-circuit-board
assembly — in the sense
that the (printed-circuit)

board is physically the main
component of a printed-
circuit-board assembly.

Ilycroii 010k
npocrpancrsa /
Blank unit space

bnok  mpoctpaHcTBO  HeE
obopyoBaH , YTOOBI
OpUHATH  Oynymuii  OJI0K
(kak ompeneneHo B NEMA
Cranpaptablii Pub

Unit space not equipped to
accept a future unit (as
defined in NEMA Standard
Pub. No. ICS 2, 1988).

PasaBoeHHblIii /
Bifurcated

YTo-TO, YTO OTBETBIISIETCS B
2-x  BeTBed  (Hampumep,
pa3IBOCHHAs TEPMUHAN).

Something that branches off
into 2 branches (e.g., a
bifurcated terminal).

Touyka OCTAHOBKM /
breakpoint

Toukn ocTaHoOBa OTJIAJKH
TTOMOIIIH, KOTOpast
MPUOCTAHABIUBACT

A Dbreakpoint is a debugging
aid that pauses the execution
of a running process at the
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BBITIOJTHEHUE  3aITyIICHHOTO
nporecca Ha Omneparopsl ,
KOTOpBIE YCTAHABIIUBAIOTCS
C TOYKH ocTaHoBa . Todek
OCTaHOBA MO3BOJISIET
nu3aiiHepam KOHTEHTa
OCMOTpPHTE JaHHBIE U CXeMa
MOCJIEOBATENIBHOCTH
omepauuii mpouecca s
IPOBEPKHU IPAaBUJIBHOTO
MOBEJICHUS JI0 3aBEepIICHUS
WX U3MCHEHMUSI.

operators that are set with a
breakpoint. A breakpoint lets
content designers inspect the
data and flow of a process to
validate the correct behavior
before  finalizing  their
changes.
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