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|. PABOYASA ITPOTPAMMA
BBenenus
[Iporpamma cocrtapiieHa Ha ocHOBe yka3a [1®-4732 ot 12 uronsa 2015 roga

[Ipesunentom PecnyOnukn VY30ekuctan «O Mepax yiIydlII€HUS CHUCTEMBI
NEPETOATOTOBKM M TOBBIIEHUS  KBAIU(UKAIMK  PYKOBOJALIMX U
NEAArorn4ecKuX KaJpoB BHICIINX YYEOHBIX 3aBEJCHUIDY, LIENb KOTOPOH SBIISETCS
yJIydlIEHUE, NEPENOATOTOBKA U CyTh IpOLiecca MOBBINIECHUS KBaJU(pUKALUU HA
OCHOBE COBPEMEHHBIX TpPeOOBaHMI, a TaK € MOCTaBJIECHHAs 3ajjadya PeryJsipHO
NOBBIIIATh MPO(ECCHOHANBHYI0 KOMIIETEHTHOCTh TI€IarOTHYECKUX KaJpoB
BBICIIX YU4E€OHBIX 3aBEICHUM.

PabGouass mporpamma BKIIOYaeT B ce0s M3YyYEHUE TEOPETHUECKUX U
IIPAKTUYECKUX OCHOB TEOPUU YIIPABIECHUS, CPEICTBA, METOIBI, CTPYKTYpY,
OpPTaHU3aLMIO U IPOBEACHUE 3AHATUN IO MOAYJIIO.

Heab u 3a1aun MOAYJIs
Heabro nzyyenus Moayisi « Teoprsi COBpEMEHHOTO YIIPABJIEHUS SBIISIETCA
OBJQJICHUE CHCTEMOW 3HAHWM, MPAKTUYECKUX YMEHUM W  HABBIKOB,
o0ecrieunBarOIINX COBEPILICHCTBOBAHUE u MOATOTOBKY K
BBICOKOTPO(DECCUOHATBHOM ACSATENBHOCTH, a TAKKE COACHCTBUE (POPMUPOBAHUIO
y CIylmiatejaed 3HAaHWW U YMEHUH aHajiv3a U CUHTE3a CHCTEM aBTOMATHYECKOTO
YIIPaBJICHUs B TEPMHUHAX METOJ1a IPOCTPAHCTBA COCTOSTHUM.
3apaum moayins «Teopusi COBpEeMEHHOTO YIPABJICHUSD SABISIIOTCS:

—  U3YYCHHME METOJIOB aHAJIN3a CUCTEM ABTOMATUYECKOTO YIIPABJICHUS,

—  HU3YYEHHE METOJIOB CUHTE3a CHCTEM aBTOMATHUYECKOTO YIIPABJICHUS,

—  H3Yy4YEHHE MPOCTPAHCTBA COCTOSHUN M MPUBOIATCS (POPMBI OMHUCAHUS

JTAHAMUAYECKHUX CUCTEM;

—  U3YYCHHE BEKTOPHO-MATPUYHBIX MOJEJIEH CHUCTEM YIIPABJICHHUS B

HENPEPHIBHOM U IUCKPETHOM BPEMEHHU.

TpeboBanus, npeabsiBjisieMble K 3HAHUSIM, YMEHHUSIM H HABBIKAM 110
MO/YJII0

Cnymatens, B npenenax 3amad  monayns «Teopus COBpeMEHHOTO
aBTOMATHUYECKOTO YIIPaBICHUS» JTOJKEH:

umems npeocmasieHue u 0XapaKmepu3oeamp:

® OCHOBHBIC MPUHIMIBLI U KOHIEMIIUA MOCTPOCHUS CUCTEM aBTOMATHYECKOIO
pEeryaupoBaHus U YIIPaBIEHUS;

® MaTeMaTUYECKHH anmapar TEOpUM aBTOMAaTUYECKOTO yIPABIICHHUS;
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® METOJbl aHAK3a M CHHTE3a CHUCTEM AaBTOMAaTHYECKOTO PEryJIUpOBaHUS U
yIpaBICHHUS;

® OCHOBHBIC TPOOJEMBI W TIEPCTICKTUBHI HANPABJICHHS Pa3BUTUS TEOPUHU
aBTOMATHUYECKOTO PETyJIUPOBAHUS.
3HAMb U YMEMb:

® COCTaBJsATh  MaTEMaTUYECKUE  ONUCAHUS  ABTOMATUYECKUX  CUCTEM
peryJIMpoOBaHUs U yTIPABICHHUS,

® OCYIIECTBISITh aHAJIN3 YCTOMYMBOCTH M KauecTBa aBTOMATHUYECKUX CHCTEM
peryJIMpoBaHUs U yIIPABICHHUS,

e O00OCHOBaHHO  BBIOMpAaTh CTPYKTYpPhl U  CXE€MBbl  aBTOMAaTHYECKOTO
peryaupoBaHus U YIIPaBICHUS;

® OCYIIECTBISATh  MMapaMETPUUECKYI0 ONTUMM3AIUI0  PErYIUPYIOMUX U
YIPaBISAIOIINX YCTPOMCTB;

® CHHTE3UPOBATh 3aKOHBI W aJTOPUTMBI  ONTHUMAJIBHOTO  YIPABICHUS
O0OBEKTaAMH.
611a0embob HABLIKAMUL:

® TIOCTPOEHUS BEKTOPHO-MATPUUHBIX MOJIEJIEH 0OBEKTOB U CUCTEM YIIPABIICHUS
B HEIMIPEPHIBHOM U JUCKPETHOM BPEMEHH;

® UCIIOJIb30BAaHUS MATEMAaTUYECKOTO anmapara MaTpUYHOM aireOpbl s
aHallM3a U CHHTE3a CUCTEM YIPaBJICHHS;

® DpemeHUs TPAKTHUYECKUX 3a7ad TOCTPOCHHS COBPEMEHHBIX CHCTEM
YIpaBJICHHS C HAOTIOATEISIMU COCTOSIHUS,

® TMIPOBEACHHS pPACUETOB U MOJCIUPOBAHUS CHUCTEM aABTOMATHYECKOTO
pEryJIMpOBaHUsl B MaKeTax MaTeMaTuieckux nporpamm (Matlab).

PexoMeHIanuu mo opraHu3anuu M NpoBeIeHust MOAYJIs
[Ipu mpoBeneHUn O0yUEHUS 3alUIAHUPOBAHO MCIOJIb30BAHHE COBPEMEHHBIX

METOJIOB, TIEJJArOTUYECKUX U HH(HOPMAIIMOHHO-KOMMYHUKATUBHBIX TEXHOJOTHIA:

- JIeKIMM  3alUIJaHMpPOBAHO  MPOBOAUTL B  (opMe  Mpe3eHTaluii ¢
MCIOJIb30BAaHUEM COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOJIOTHIA;

- TpU TMPOBEACHUM TMPAKTUUECKUX 3aHITUWA NPEAYCMOTPEHbI NPUMEHEHUE
TEXHUYECKUX CPEACTB, IKCIPECC-3alPOCOB, TECTOB, OIPOCOB, MO3TOBOIO
MITYypMa, TPYIIOBOTO MBIIUICHHs, PaOOThl C HEOOJBIIUMU TPYIIAMH, H
JIPYTUX METOJIOB HMHTEpPAKTUBHOTO oOydeHuws Kak ‘‘/[uarpamma Bennay,
«Knactep» n «Keric-cragn».

B3aumocBsa3b y4eOHOIro0 MOIYJIS € APYTUMH MOAYJISIMH
N3yuyenne monynsa «Teopust COBpEMEHHOTO YyIpaBiIeHHs» Oa3upyercs B
OCHOBHOM Ha y4eOHOM MaTepuaje CIeAyIoLUX AUCHUIINH: « TexHolornueckue
U3MEPEHUS U TPUOOPHI», «ABTOMATU3ALNS TEXHOJIOITMUECKHUX MPOLIECCOBY



Pojib MOyJ151 B cCTEMe BbICIIEr0 00pa30oBaHusl
[Ipoucxonsme KOpeHHbIE W3MEHEHS B CHCTEME OOpa3oBaHs, O0COOEHHO

HAay4YHO-TEXHMYECKOE PA3BUTHE  OIPEAEISIET ponb  Mmonyns  “Teopus
COBPEMEHHOI'0 aBTOMAaTUYECKOT0 YIPaBJIeHUs B CUCTEME BBICIIETO0 00pa30BaHs.

Opranuzanus 3((PEKTUBHOTO M IUIOJOTBOPHOTO OOpa30BaHUS IIyTEM
CO3JIaHMsI HOBBIX HMHHOBAIIMOHHBIX TEXHOJOTUH OOy4YeHHs UCIMILINH
HarnpasiIeHuss MOyJs “TeopHst COBpEMEHHOTO YIpaBiIeHHs W UX NPUMEHEHHUS B
crucTeMe 00pa30BaHMs MOMOTAET CHCTEMHO YBEIMYUTHh KayeCTBO OOpa30BaHMUSL.
OtnenbHOE BHUMaHHE OOOCHOBBIBAETCS (OPMHpPOBAHHEM 3HAHUW, YMEHUH U
HaBHIKOB TPMEHEHHUS COBPEMEHHBIX HWH()OPMAIIMOHHBIX TEXHOJIOTHH W
MEAAroOTHYECKUX MPOTPAMMHBIX CPEICTB, MH(POPMAITMOHHO-KOMMYHHUKAITHOHHBIX
TEXHOJIOTHH B Ipoliecce y4eOHO-BOCIUTATENbHOMN JAEATEIbHOCTH.



PacnpeneneHne aC0B 110 MOAYJII0
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1. | MaTemaTnueckoe OnucaHue cucTemMa 4 2 2
aBTomaTuieckoro ynpasiienus (CAY) u ux
XapaKTEPUCTHUKHU.
2. | AHamM3 KadecTBa JIMHEWHBIX HENPEPBIBHBIX 8 2 2 4
cucteMa apromatudeckoro ynpanienus (CAY)
JIuneiinbie CTallMOHAPHBIE CUCTEMBI 4 2 2
3. | aBTOMaTUYECKOTO YIMPAaBICHUS MPU CIydalHbBIX
BO3JCHUCTBUSIX
16 6 6 4

TEOPETHYECKOE COIEPKAHUE MOAYJIA

1 -tema: MaTtemaTn4eckoe ONMcaHue CUCTEMA ABTOMATHYECKOI0
yupasjeHus (CAY) u UX XapaKkTepUCTHKH
MaremaTnyecke MOJENM CHCTEMA aBTOMATHYECKOIO YIIPABICHUS
(CAY). IlepenaTounbie GyHKIIMHA CHCTEMa aBTOMATHYECKOTO YIIPABJICHUS
(CAY). [duHaMuYecKHe XapaKTEPUCTHUKU CHCTEMa aBTOMATHYECKOTO

ynpasienus (CAY).

2-TeMa. AHAJIM3 Ka4yecTBA JUHEHHBIX HEMPEePbIBHBIX CHCTEMA
aBToMaTuueckoro ynpasjenus (CAY)

[Tokazatenn kadecTBa cucTeMa aBToMaTwueckoro ynpaeienus (CAY).
Metonbl moctpoenust mnepexogHoll QyHkuuu. KoadpduumeHtsl omumook.
WHuTerpanibHbIe OIIEHKN KadyecTBa



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

Cnyuaiinple (QYHKIIMA W WX  XapaKTEPUCTHUKH. CBsizb  MeXIYy
KOPPEJSIIUOHHBIMU (DYHKIUSIMU U CTIEKTPAIbHBIMU IIOTHOCTSIMU Ha BXOJIE€ U
BBIXOJC JIMHEMHONM JIMHAMHWYECKOM CHCTEMBI. AHaIW3 JIUHAMHUYECKOH
TOYHOCTH CcHCTeMa aBToMarthuyeckoro ympasieHus (CAY. dopmupoBaHue
CUTHAJIa C 3aJaHHOW CHEKTPaIbHOW IUIOTHOCTHIO. CHHTE3 ONTUMAJIBHBIX
nepeaaTouHbIX QYHKIUN cucTeMa aBToMatudeckoro ympasienus (CAY) npu
CIIy4aWHBIX BO3JCUCTBUSAX.

COJIEP KAHUE INPAKTUYECKUX 3AHATUHA
1- npakTHYeckoe 3aHATHE:

MaremaTn4yeckoe ONMcaHue CUCTeMa AaBTOMATHYECKOI0
yupasjeHus (CAY) u UX XapaKTepUCTHKH

Marematudeckue MOJENU crcTeMa aBromarudeckoro ynpasieHus (CAY).
[lepenatounsie QyHKIMU cuctema aBTomarudeckoro ympasieHus (CAY).
JluHamMuueckne XapakTepUCTUKHA CHCTEMa aBTOMATHYECKOTO YIPaBJICHUS
(CAY).

2- IpaKTU4YeCcKoe 3aHsATHe:

AHaJIM3 Ka4ecTBa JUHEHHBIX HeNPEePbIBHbIX CHCTEMA
aBToMaTH4yeckoro ynpasienus (CAY)
[Tokazatenn kadecTBa cucTeMa aBToMaTwueckoro ynpaeienus (CAY).

Metonbl moctpoenust mnepexonHo Qgynkiuu. Koadduimentsr omuooxk.
WHuTerpanbHbIe OIIEHKN KadyecTBa
3- IpaKTH4YecKoe 3aHsATHe:

JIMHeHHbIe CTAIMOHAPHBIE CHUCTEMbI ABTOMATHYECKOI0
YIPaBJICHUA NIPU  CJIYYalHBIX BO3JeHCTBUAX
AHaJIN3 JUHAMHYECKONM TOYHOCTH CUCTEMa aBTOMATHUYECKOTO YIPAaBJICHUS

(CAY. ®opmupoBaHre cUrHajia ¢ 3aJJaHHON CIEKTPaIbHOM MIOTHOCTHI0. CUHTE3
ONTUMAJIBHBIX MEePEJATOUYHbIX (PYHKIUN CHCTEMa aBTOMATUYECKOIO YIPaBICHUS
(CAY) npu ciyqaitHbIX BO3J€HCTBUSX.

Brnie3HbIe 3aHATHA



Tema: AmHaaM3 KkayecTBa JIMHEHHBLIX HENPEPBIBHBLIX CcHCTEMa
aBTOMATHUYECKOI0 YIIPaBJIEHMS.

3HAaKOMCTBO cliymiatened ¢ jgaboparopusiMu  (pupMbI 000
“XuMaBTOMaTHKa” B 00JIACTH aBTOMATHU3allMs TEXHOJOTHYECKUX TporeccoB (4-
Jaca)

®opMbl 00yUeHU

®opMa 00yyeHuUs1 OTpakaeT TaKue BHEITHUE CTOPOHBI y4eOHOro Ipoiiecca,
KaKk Ccrmoco0 ero CymecTBOBaHUS: MOPSAOK U PEXKHUM; CIIOCO0 OpraHu3alvu
OoOy4eHHMs: JIeKUUs, CEMHUHAp, CaMOCTOATENbHas pabdoTa u 1Mp; CHIocod
OpraHM3allMd COBMECTHOM JEATEJBHOCTH OOy4YaloIlero M O00yYaroIMXcs:
dbpoHTaNbHASA, KOJUIEKTUBHAS, TPYIIOBas, HHIWBUIyalbHAS.

[Ipu oOydeHus BaxXHBIM SBJISIETCS BBHIOOP (OPMBI OpraHu3aluu  y4yeOHOM
JESTEIIbHOCTH YYaCTHUKOB:

e KoinekTuBHAsT — KOJUIEKTHBHOE, COBMECTHOE BBINOJIHEHHUE OOIIEro
yu4eOHOro 3a/laHusl BCEMHU CTYACHTaMHU. XapakTep IOJIy4eHHOro pe3yJbTaTa:
UTOT KOJIJIEKTUBHOTO TBOPUYECTBA.

e ['pymnmoBasi — COBMECTHOE BBITIOJHEHHE EAMHOTO 3a/laHhs B MaJbIX
rpynmax. — Xapaktep — HOJy4YeHHOTO  pe3ysibTara:  HWTOT  TPYHIOBOTO
COTPYJHHYECTBA HA OCHOBE BKJIa/1a KaXKIOrO.

o llnnuBuyansHas — WHANBUAYAIbHOE BBIMOJHEHHE YY€OHOTO 3aJaHUS.
XapakTep TOIYYEHHOTO pe3yjbTaTa: HWTOT HHIWBUIYaTbHOTO TBOPYECTBA.

OOBIYHO MPEIIECTBYET IPYIIIIOBOM padoTe.



|.  HMHTEPAKTUBHBIE METOJbI OBYUYEHHUS, UCITOJIb3YEMBIE
B MOJYJIE

I/IHTepaKTl/IBHaH JICKIIUA

WNurepakTuBHas ~ JeKIMs ~ TPEACTaBIsSeT  coOoM BBICTYIIJICHUE
MpernojiaBaress nepe ayAuTopuen ¢ IpUMEHEHUEM CIIETYIONUX HHTEPAKTUBHBIX
dbopm o0yuenus: 1.Ympasisemas qucKyccust uiau oecepa.

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

Jduckyceust

Jluckyccus  KaKk  MHTEPAKTUBHBIA ~ MeTOA  OOyYeHHs  O3Hayaer
uccieqoBaHue — WiauM  pa3bop.  YueOHOM  1ucKyccuedl — Has3bIBaeTcs
LIEJICHAIIPABICHHOE, KOJUIEKTUBHOE OOCYXJIEHHE KOHKPETHOM MpOOJIEMBl,
COIPOBOXKAAOIIEecs OOMEHOM HAEAMH, CYKICHUSMH, MHEHUSIMHU B TpYIIIE.
D¢} PeKTUBHOCTD HCMONB30BaHUS yU4E€OHOW IHUCKYCCHUM KaK METojla O0y4YeHUs
OTIpEJIEISIETCS TIENIBIM PSIZIOM (DAKTOPOB: aKTYaJbHOCTh BBIOPAHHOUW MPOOIJIEMBI;
COIIOCTABJICHUE pa3IMyYHBIX MO3UIHH Y4aCTHUKOB TUCKYCCUU;
UH(GOPMHUPOBAHHOCTH, KOMIIETEHTHOCTh M HAyYHAast KOPPEKTHOCTh TMCITyTaHTOB.

IIpumeHeHnust MeTOAa B y4eOHBII mpouece

1. O3HaKOMHUTH CIIYLIATENEHN C MpaBUJIaMU TUCKyccUU. ONpenenuTsb NopsaoK
Y PErJIaMEHT BBICTYIUICHUH, BOIIPOCOB U OTBETOB.

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

3. [Ipu 3aBepiieHUH IUCKYCCHH KOPOTKOE PE3IOME H3JIOKHUTH YCTHO, JIMOO
MOKa3aTh C 3apaHee MOATOTOBJIEHHOrO ciaiaa. O0001maTh ¥ KOMMEHTUPOBATH
noyiydeHHbix ~ wHGopmanuu. OTBe4aTh HA BO3HUKIIKME BOIPOCH, COOOIIAT
HEOOXOMMYIO JOTIOTHUTEIbHYIO HH(POPMALIHIO.

[IpobGnemHubie Bompock st Aucckycuu 1o teme «lloHarue mpoctpancTBa
COCTOSIHUM 1 (DOPMBI OITMCAHUS TUHAMUYCCKHX CHCTEM).

1. Kakne cBONCTBO cHUCTEMBI YIPaBICHHS MOXXHO OINUCATh B MPOCTPAHCTBA
COCTOSITHUM?
2. Kakne mnpeumyniectBa AarlOT ONHCAaHUS JIUHAMUYECKUX CHUCTEM B

MIPOCTPAHCTBA COCTOSIHUI?
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""Mo3roBoi mrypm"

Mo3roBoii mrTypmM (OpeHHCTOPMHHI - MO3r0Basi araKka) — METOA
KOJUIEKTUBHOM T'€HEPALMU WU PELIECHUS HAyYHOW WIIN ITPAKTUYECKOM 3a1a4H.

Bo BpeMs MO3roBoro mITypMa yYaCTHUKH CTPEMSITCS COBMECTHO PEIIUTh
CIIOKHYIO MpOOJieMy: BBICKa3bIBAIOT CBOE€ MHEHHME II0 PEIICHUIO 3aauu
(reHepupyioT), oOTOMparOT Hauboyiee COOTBETCTBYyOIME, J(MPEKTUBHBIE U
ONTUMAJIbHbIE HUJeHu ©0€3 KPUTUKU OCTaJbHBIX BapUaHTOB, OOCYXJAIOT
OTOOpaHHbIE WJIEM W PA3BUBAIOT UX, & TAKKE OIEHUBAIOTCS BO3MOXHOCTH HX
00OCHOBaHUS WM OIPOBEPKEHUSI.

OcHOBHas 1Llelb MO3TOBBIX aTaK — aKTHUBHU3AlMs y4eOHOM IesTeNbHOCTH,
CaMOCTOATENIbHOE H3y4YeHUE MpOOJIEeMbl U Pa3BUTHE MOTHBALMU €r0 pPELICHUS,
KyJbTypa oOuieHus1, GOpMHpOBaHNE KOMMYHUKATUBHBIX HABBIKOB, H30aBICHHUE OT
WHEPLUHUHA MBIIUICHASI W IIPEOJOJICHUE IIPUBBIYHOTO XOAAa MBIIUICHUS IIPU
PEIICHUU TBOPUYECKOM 3a]1a4u.

* IIpaMoil KOMJIEKTHBHBLII MO3roBOM IITYypM — o0OecrieuuBaer cOop
MAaKCUMaJIbHOTO 4YHCJIa MHEHUM HACKOJIBKO JTO BO3MOXHO. Bces rpymma
uccienoBanus (He Oosnee 20 yeaoBeK) 3aHUMAETCSl PELLICHUEM OTHOM MpOOIeMBbI.

* MaccoBblii MO3roBoil IITYPM — Ja€T BO3MOXXHOCTb PE3KO MOBBICHUTH
3¢ (hEeKTUBHOCTh TEHEpaIluu HACH B OOJBIION ayIuTOPHH, pa3leJICHHOW Ha
MUKPOTPYTIIHI.

* B kaxnoi rpymnmne peniaeTcsi OMH U3 acleKTOB MPOOIEMBI.

IIpumeHeHust MeTOa B y4eOHBIH Mpo1ecc

Bonpocs! a5 «Mo3rosoro mirypma

[Ipumep 1 Mogenb cUCTEMBI MOJYYEHO C BBICOKOM aJ€KBAaTHOCTHIO HO
napameTpbl paCCUMTAHHBIE HA OCHOBE MOJYJIS HE MOJIXOIAT PEAIbHOMY OOBEKTY.
Bompoc: Jlaiite cBo€ MHEHHE 10 dToMy TToBoy. [IpuBenute o60cHOBaHUE.

YKaxxute BO3MOXKHBIC BAaPpHAaHTBI BbIXOAa M3 ITOJIOKCHU .

JAunarpamva Benna

['paduueckuit Ooprasamnsepsl - METO/IbI 151 MHCTPYMEHTBI
JEMOHCTPALIMOHHOIO  TpeacTaBieHuss uHpopmanuu. “/{uarpamma Benna”
CO31AacT BO3MOYKHOCTb CHCTEMATU3UPOBAaTh CBEICHMs, ITOJyYCHHBIE B IPOLECCE
CaMOCTOATENILHOTO 4YTEeHHMs M ciymianus Jekiui. [lo3Bomsier ¢opmupoBaTh
CIOCOOHOCTh CBSI3bIBaTh HOBBIE JIaHHBIE C PAHEE MOJIYYEHHBIMH a TaKXKE€ YMETb,
CPaBHHUT U COIOCTABIIAT JAHHBIX.
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IIpuMeHeHnust MeTOAa B y4eOHBIH mpouece

Haiite oO1iee moka3areau COCTOSHUN B AUCKPETHOM BPEMEHU U B
BU/JIC CUTHAJIBHOTO Tpada?

COCTOSHHUA B

COCTOSIHUS B BHIIC
AUCKPETHOM CUTHAJBbHOTO
BpPEMEHU rpada

Keiic-craau

Ketic-craau (aHri. case — HaboOp, KOHKpeTHas curyanus, stadi-oOydenue) — 310
METO/ 00Y4YEeHHUs, OCHOBAHHBIN Ha pEaJIbHOW CHUTYaIlUd M3 KH3HH OpraHU3aliu
WIA JK€ HCKYCCTBEHHO CO3JaHHON CHUTyallid, BOCCO3JAlOIIeH THITUYHbIC
npoOJeMBbl, BO3HHUKAIOIIME B OPraHM3allMOHHOM KM3HM W TpeOyromei or
oOyyJaromuxcs MOUCKa 1eJIeCO00Pa3HOTo PelIeHuUs.

Ipumep 3ausatus mo merony «Keiic-craam»
Jranpl padoThl HA/I CUTyallueil B Ay IMTOPUH

JTansl Coaepxkanue padoTbl
1-3tan UHIMBHUIyaJIbHOE U3yUEHUE TEKCTa CUTYALUU U
IpOaHAIU3UPOBATh CUTYAIIHIO.
2-3Tan pazo0pathCs B CyTH MPOOJIEM, BBIIETSATh BAPUAHTHI
NPABWJIBHBIX U OUTMOOYHBIX PEIICHUH.
3-3Tan paboTa B cocTaBe Majoi rpyIIibl, MPEIIOKUTh

BO3MOXHBIE PEUICHUS U BbIOpATH JIydlliee U3 HUX,
00CyX/1aTh C YWiIEHaMH I'PYyMNIbl BHIOMPATh ONTUMATBHOTO
pelLIeHUs], IPUHUMATh KOJUICKTUBHBIE PEILICHUS.

4-3tan IIPEACTABIICHUE «PELIECHNI KaXKI0W MAJION I'PYIIIIHI,
o011ast JUCKYCCHsl, BONPOCHI, BBICTYIUICHHUE
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npenoaaBareisd, €ro aHajaIn3 CUTyaluu.

Munu keitic: Ilpm dKCruryaranmuu Lexa BOJISHOTO OXJIAXKICHHUs, CUCTEMA
aBTOMATHUKH PETYJIHPOBAaHUE YPOBHsS CHCTEMa BBIIUIA U3 CTAOMIBHON PabOTHI.
OCHOBHBIMH  TNPUYMHAMU  HECTAOWJIBHOCTH  IPHUBOJATCS  HENPABUIBHO
paccuuTaHHbIE ITapaMeTpbl PETYJIATOpA.

3ajganue Keiica
1: Ilpoananu3upyiTe CUCTEMY yIIpaBieHUE
VcxonHble TaHHBIE:

A) skcniepuMeHTaNibHas nepexoaHas pyakmus OVY.

t |O0]05 |1 ]15| 2 |25 3 |35 4 |45| 5 |55]6 |65 7

h(t)|0]001/01]02)03|038|045]05]058|0.63|0.7|0.75]0.8)|0.85]0.85

2: PaccuunTaiiTe mepexoaHyro GyHKIUIO CUCTEMBI.

13




I1I. MATEPUAJIbI TEOPETUYECKUX 3AHSATHIA

1. lekuusa: MATEMATHYECKOE OITMCAHUE CAY U UX
XAPAKTEPUCTUKHN

Inan:

1.1. Marematnueckue moaeau CAY
1.2. Tlepenarounsie pynkuuu CAY
1.3. Junamuueckue xapakrepuctuku CAY

1.1. Marematuyeckue moaeau CAY.
Marematnueckum arraparom VICCIIEIOBAHUS CAY  saBnarorcs

mudepeHnanbHble YPaBHEHUSI, KOTOPbIE OMHMCHIBAIOT JABMU)KEHHE CHUCTEMBI U
ABJISIIOTCSL YPABHEHUAMHU AWHAMUKW. M3 ypaBHEHWMN IWHAMHKH, ITOJOKHB BCE
IIPOU3BOJIHBIE PABHBIMHU HYJIIO, MOXKHO ITOJIyYUTh YPABHEHUS CTATUKH, KOTOPHIE
OIMCBIBAIOT IOBEJACHUE CUCTEMBI B YCTAHOBUBILIEMCS PEKUME.

Huddepenunanbasie ypaBHeHUs] CAY U ee 371€eMEHTOB, COCTaBJICHHBIE B
COOTBETCTBHUH C (DU3NUECKUMHU 3aKOHAMU MX (DYHKIIMOHUPOBAHUA U (haKTOpaMmH,
OT KOTOPBIX 3aBUCAT MEPEMEHHBIE YPABHEHUM, MPAKTUYECKU BCETIA SBISIOTCS
HenuHenHbIMU. J{uddepenimansasie ypaBHeHus CAY, 3anvcaHHble B BHJIE
CUCTEMBbl YpPaBHEHUU WM OJHOrO IU(PPEpeHINaIbHOTO YPaBHEHHUS BBICOKOTO
nopsiika  MPEACTaBISAIOT  CcOOOM  MaTEeMaTUYECKYyI0  MOJENIb  CHUCTEMBI.
MaremaTndeckass MOZEIb SBJISETCA OCHOBOW [UUIl aHAJIW3a CBOMCTB CHUCTEMBI U
CTEIEHH HUX COOTBETCTBUS TOCTaBJICHHbIM TpeboBaHusM. WMrak, wucxonHas
Maremarudeckas wmoaenb CAY  saBusiercs  HeluHEWHOW.  OTCyTCTBUE
OJTHO3HAYHBIX AHATTUTUYECKHUX METOI0B peneHus HEJIMHEHHBIX
nuddepeHnanbHbIX yYpaBHEHUM HE TMO3BOJIAET CO3/[aTh Kakue-Iubo oOIiue
sddexTuBHbIE MeTOABl aHanu3a U cuHTe3a CAY. MMEHHO 3TO M MOCIYXHIIO
IIPUYMHON pa3BUTHs UAEU JIMHEApU3alH, T.. 3aMEHbl UCXOJHON HEJIWHEHHOU
MOJICTN JTUHECHHOM, OJM3KON 10 PEIICHUIO K MCXOIHOW MOJICIIH B ONPEICICHHOM
JMana3oHe W3MEHEHMsI HAuYaJbHBIX YCJIOBUU M mapamerpoB. JInHeapuzanus
IPOBOJUTCS IO METOAY MaJIOr0 OTKJIOHEHHsI, KOTOPbI OCHOBaH Ha Pa3jOKEHUU
HeIMHEeNHbIX GyHKUMA B psan Teinopa.

[Tycts CAY onuceiBaercs auddepeHnnaibHbiM ypaBHeHueM B — 20
MnopsiaKa.
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a,x™ + F(x,x,...x"" ") =F(g, & ...8™)
(1.1)

B stom Beipaxkenuu F u F1 - HekoTopele Henuuelinbie pyHkuuu. [IpeacraBum
MIEpEMEHHbIC, BXOSIIIIME B YPABHEHHUE B CIIEAYIOIIEM BHUJIC:

X=X +AX, X=X +AX,.., x(”)zxé”)+Ax(”).
0=0,+Ag, §=¢,+Ag,..., g™ =g{™ +Ag™.

B 3THX BbIpaKe€HUSIX HIKHUM UHAEKC “0” 03HA4YaeT yCTAHOBUBILEECS 3HAYCHHE
IIEPEMEHHOM, a 3HaK A- OTKJIOHEHHE IIEPEMEHHOMN OT YCTaHOBUBIIETOCS
3HaueHud. Pa3noxum HenuHeitHble PyHKIMU B psia Telsopa B OKPECTHOCTH
YCTAHOBHUBUIETOCS PEKHAMA.

F(x,x,...x" V) = F(x,,X,,...x"" ")+
k1 OF oF oF .
*Ax + AXH. . A, ) AxmD) L R
i=11 ! Ox O (5x(n—1)) ) k

F(g g ...,8™)=F(g,, 8, ---, {,’”’) +

k OF; OF,
> ( (4) Ag + (4) Ag+. . .+( ) Ag™)' + R,
i=1 og og g
HNHpekc “*” 0K0JIO YaCTHBIX MPOM3BOAHBIX O3HAYAET, YTO OHHM BBIUMCIICHBI B

TOYKC YCTAHOBHUBIICTOCA PCKHUMA.

JlormycTrm, 4TO OTKJIOHEHMSI MEPEMEHHBIX OT YCTAaHOBHUBIIEIOCS PEXHUMA
HACTOJBKO MaJibl, YTO OCTATOYHBIMU YIEHAMHU, A TAK K€ YJICHAMHU, COAEPKALIUMU
MPOU3BEJCHUSA OTKJIOHEHUW YW OTKJIOHEHHUS B CTEICHSX BBILIEC IMEPBOW, MOKHO
npeHeOpeyb Kak OECKOHEYHO MAJIBIMU BBICHIUX TOPSIAKOB MAJOCTH 10
CPAaBHEHUIO C WIEHAMH, COJEpKAIIMMH OTKJIOHEHHS B IIEpPBOM CTEIeHU. B
COOTBETCTBHH C ITUM MPEATIOI0KEHUSAM OyaeM moyaraTh, 4To Rk=Rk1=0 wu i=1.

CrenaeM 0003HAUEHUSA

15



oF ,
(ﬁx(”) -
i=n-1,...,0

n—i .

OF,
@g(j)
j=m,...,0.

)*:bm_.

J

(

C y4eToM CIEITaHHBIX MPEANOI0KEHUN u 0003HaueHU’
nuddepeHnnanbable ypaBHEHUS CUCTEMbI TPUMYT BH/T

(n) (n) Y (n—1)
a,x; +a0Ax +F(x0,x0,...,x0 ) +

+a Ax"1 + a,Ax("~2)+. . +a A% +a,Ax =

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

B cocTaB MONMYy4YEHHOTO BBIPAXKEHHS BXOIUT YPABHEHUE YCTAHOBUBILIETOCS
peX’UMa -IIEPBBIM U TPETUH YJIEH B JIEBOM YACTH U NIEPBBIM YJIEH B ITPABOM YACTH.
VYcraHoBuBIIEECS [BM)KEHME HaM 33JaHO M HE TNPEACTABISAET IpPEeaMETa
UCCIIENOBaHUs.  BplureM M3 DOJYyYEHHOIO  ypaBHEHHsS  YpPaBHEHHUE
YCTAHOBMBUIETOCS JBUKECHUS U NOJIyYUM YPAaBHEHUE B OTKJIIOHECHMSX, IIOBEICHUE
KOTOPBIX HAC U MHTEpPECYET. B nanpHeliem, B HEIAX COKPALCHUS 3allUCEH, 3HAK
A 6ynem omyckatsk. [Tonyunm

ax™ + a1x(”‘7)+...+a X+ax-=
n—1 n

0
b,g™ + bgm"+..+b &+ b g. (1.2)

[Tomyyennoe mauddepeHmanb,HOe YpaBHEHHUE SBISIETCS JIMHEWHBIM ypaBHEHUEM
U OMpeaenseT JUHEHMHYI0 MoJiellb cucteMbl. OTMETHM, 4YTO HCIOJIb30BaTh
JMHEMHYI0 MOJIENIb JJI MCCIICIOBAHUSI CHUCTEMBI MOXHO TOJIBKO MPH MajbIX
OTKJIOHEHUAX MEPEMEHHBIX M II03TOMY YacTO TOBOPAT, YTO PE3yIabTAThI
WCCJIEOBAHUM, TIOJYYEHHBIX MPU  HUCIHOJB30BAHUUA  JIMHEWHOWM  MOJEIU
CIIPABEJIMBBI TOJIBKO B MAJIOM.

VYpaBHeHue B oTKIOHEHUAX (1.2) omuchiBaeT BO3MYILIEHHOE IBHKEHHE
CUCTEMBI, SIBJISIOIIECECS PE3YyIbTaTOM JCHCTBUA KAKUX-JIMOO BO3MYILECHUM,
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MNpUBOAAIINX K IIOABJIICHUIO OTKJIOHEHHUH OT YCTAHOBHUBHICTOCA PCKUMA.
ypaBHeHI/Ie YCTAHOBUBHICTOCA PCKMMA OIMUCBIBACT HEBOSMYIICHHOEC NBHKCHUC.

Cnoxuocte pemeHuss aud@epeHIuaIbHbIX  YPaBHEHHM  BBICOKOTO
nopsifka 0e3 MPUMEHEHHS BBIYUCIUTEILHON TEXHUKHM M HEBO3MOXXHOCTH Ha
OCHOBAaHHMH YHCIICHHBIX PEIIEHUN CO3/1aTh OOIIME METOJbl aHAIM3a U CHHTE3a
CUCTEM TMPHUBEIA K [IUPOKOMY HMCIIOJB30BAHUI0 METOJIOB, CBSI3aHHBIX C
PUMEHEHUEM MaTeMaTH4YeCKOoro arapara npeodpazoBanuii Jlammaca u dypse.
OTU METOAbl M COCTaBWIM CYIIHOCTh TaK HAa3bIBA€MOW KJIACCUUYECKOW TEOpHUU
aBTOMATHUYECKOI0 YIPaBIICHHUS.

Heo6xoaumMo OTMETHTB, UTO CYIIECTBYIOT HEIMHEHHbIE (DYHKITUH,
KOTOPBIE HEBO3MOKHO JIMHEAPHU30BATH IO METOIYy MAJIOTO OTKJIOHEHUS U, B 3TUX
CITy4asix, UCMOJIB3YIOT CIIEUAJIbHBIE METO/IbI, pa3paOOTaHHBIC JIJIsl UCCIICTIOBAHUS
HEJIMHEUHBIX CHCTEM.

1.2. llepenaTounnie byaxkuuu CAY.
ITousarue nepeaaToOYHON byHKIIHU CUCTEMBI SIBJISIETCS

OCHOBOTOJIAralOIIMM B KJIACCUYECKOW TEOPUU ABTOMATHUYECKOIO YIPABIICHHS
(TAY), k u3y4eHHI0 OCHOB KOTOPOM MBI U IPUCTYTIAEM.

Onpenenenue mnepenaroyHoll (QyHKIUU CBA3aHO C MpeoOpa3oBaHUE
Jlammaca ¥ MOATOMY BHaualie MPUBEJIEM HEKOTOPHhIE OCHOBHBIEC CBEACHUS W3
sTOrO NMpeodpaszoanus [1,13].

[Ipu ucnonw3oBanuu npeodOpazoBanusi Jlammaca HekoTopol (yHKIUU
Bpemear  X(t) craBuTcs B omHO3HAYHOE cooTBeTcTBHE (yHKIms X(S), rae S-
oneparop Jlamnaca. @ynkiust Bpemern X(t) Ha3bIBaeTCS OPUTHHAIOM, & QYHKIIHS
X(s) ee uzodpaxkenremM. M3o0pakeHHEe U OPUTHHAI CBS3aHBI COOTHOIIICHUEM

X(s) = | x(t)e” "dt
0

[IpuBeneM HekoTOphIE TeOpeMbl TpeoOpa3oBanus Jlammaca , koTtopbie OymyT
MCIIOJIb30BaHbl MPH U3JI0KEHUU Kypca.

1. Teopema JHMHEHHOCTH. Jns  nmroOBIX  JEWCTBHTCIBHBIX — HIIH
KOMIUIEKCHBIX
Af(t) + Bg(t) = AF(s) + BG(s) . (1.3)

3HaK —> O03HA4YaeT COOTBETCTBUE U300PAKECHUS OPUTUHAITY.
2. Teopema 3anazaesiBanus. s mo6oro nocrosiHaoro T > 0

f(t —t) = e S"F(s) .
(1.4)
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3. Teopema muddepeHnupoBaHus OpUTHHAJIA.

Ecm f(t) = F(s) ,To
f(t) = sF(s) — f(0) . (L5)

HpI/IMCHI/IB 9Ty TCOPCMY K IMIPONU3BOJHBIM BBICHINX ITOPAAKOB, IIOJIYYUM

fm(t) = s"F(s) — s"~1f(0) — s"~2£(0)—.. —f=1(0) .(1.
6)
[Ipu HyneBBIX HaYaJIbHBIX yCIOBUAX BbIpaxkeHue (1.6) ympoiaercs
fm = s"F(s) .
(1.7)
4. Teopema unTerpuposanus opurunaia. Ecnu  f(t) = F(s) u

(1) = 21‘ (t)dt, o

F(s
g(t) = g ) . (1.8)
5. Teopema 0 Ha4aTbHOM 3HAYEHUH OPUTHHAIA.
f(0) = lim sF(s) . (1.9)
§—> 0

6. Teopema 0 KOHEYHOM 3HAUYEHUH OPUTHHAJIA.

J(®) = li"% sF(s) . (1.10)

[lepeiinem k omnpeaenenuto nepenarouHor Gyukiuu. [lycts cucrema uimm
Kakoe-m0o 3BEHO €€ OMHChIBalOTCA AU(QepeHlnaIbHbIM yYpaBHEHUEM BHUA
(1.2). Ionarass HauanbHBIE YCIOBUSI HYJICBBIMH, MEPEHIEM B TOM YPAaBHEHHH K
n300pakeHusim no Jlarnacy. B cooTBeTcTBUU ¢ TeOpeMoil 3 morydum

a,s"X(s) + a1sn—7X(s)+. .A4a, _sX(s)+a X(s) =
— bosmG(s) + b1sm—7G(s)+. . .+bm_1sG(s) + me(s).

BblHeceM B MOJYyYE€HHOM BBIPAKEHUU 32 CKOOKM M300paKeHMsI MEPEMEHHOW U
BXOJIHOT'O BO3JIEUCTBHUS U clieJ1aeM 0003HaYeHUs

_ n n—1

A(s) = a,s" +as"'+..4+a s+a,.
_ m m-—1

B(s) = bos + b1s +. . .+bm_1s +b .

C yyeroM »53TuX 0003HaYeHH ucXogHOe AuddepeHnanbHOE ypaBHEHHE B
n300paxeHusx no Jlamnacy moxy4ur Bup
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A(s)X(s) = B(s)G(s) .
(1.12)
Onpenenum  TeNnepb 3aBUCUMOCTb  BBIXOJHOM  BEJIMYMHBI OT  BXOJHOTO
BO3JIEUCTBUS

B(s)
X = -G = W(s)G ;
(s) Als) (s) (s)G(s)

(1.12)

IlepenaTounoii ¢ynknmeii cucrembl (3BeHa) W(S) Ha3bIBaercs
OTHOIIeHWe wm300pakennss mno Jlamiacy BBIXOAHOH BeJIWYMHBI K
n3o00paxeHuro no Jlanjacy BXOAHOI BeJIMYHMHBI MPH HYJIEBBIX HAYaJbHBIX
YCJIOBHSIX.

Tpe6oBaHue HYNEBBIX HAYANIBHBIX YCIOBHI HE BHOCHT IIPHHIUITHAILHEIX
tpynauocteit. B ciayuyae X(0)®# 0, npu nepexose k M300pakeHUSAM HUCIONB3YIOT
teopeMy 3 B popme (1.6), mepeHOCIT WiICHBI, COOTBETCTBYIOIIUE HayaJbHBIM
YCTOBHAM B TPaByl0 YacTh YPAaBHEHHS M CUYHTAIOT HX BO3MYMIAFOIIMMHU
BO3/1eH{CTBHAMH, OTHOCHTEIBHO KOTOPHIX MOTYYafoT TepeaaTouHble (DYHKIUH.

Bbynem momnarate, 4To BCe 3JIeMEHTHI B cxeme 3aMkHyToil CAY (puc.2)
OMKCHIBAIOTCS ypaBHeHUs MU Buja (1.2). HexoTopbM HCKIIOYEHHEM B JTAHHOM

ciiy4yae SBJISeTCS ypaBHEHHE OOBEKTa yMpaBJICHHUS, B MPaBYI YacTh KOTOPOTO
4 (k—i)
HEOOXOIMMO  J1I00aBUTH  OIEpaTop X m, f Y, onpenensromuii
i=0

BO3MYIIIAIONIEE BO3JCHCTBUE. B COOTBETCTBMU C NPUHLHUIIOM CYNEPHO3UU,
CIIPABEJIUBBIM TOJBKO JJIS JIMHEHHBIX CHCTEM, YPAaBHEHHE OOBEKTa YIIPaBICHUS
B M300pakeHusX 1o Jlamacy mpu HyJEeBBIX HAYAJIBHBIX YCIOBHUSX 3alUIIETCS B
BHJIC

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

B stom Beipaxennn M(S) = m sk + m1sk‘7+. . .+mk.

0
Torma Mo>kHO 3anucaTh

_ X(s) _ By(s)
R(s)  Ay(s)

YIOPABJICHUS 0 PETYIUPYIOLIEMY BO3IEHCTBUIO.

W,(s)

— mnepenaroyHas GyHKUUS 00bEeKTa
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X(s) _ M(s)
F(s)  Ay(s)

00BbeKTa YHPaBJICHUS 110 BOSMYIICHULO. AHaNnoruyHo IJI1 APYTrUX 3JICMCHTOB

WOf(S) =

— nepenaTouHas QyHKIHsS

CXEMbI 3allMIIIEM

U(s) _ By(s)

E(s)  A(s)

BBI‘-IPICJIHTGJIBHOﬁ HoACHUCTCMBI,

R(s) _ B,(s)

U(S) Ays)

HCHOHHHTGHBHOﬁ IIOACHUCTEMBI,

_Y(s) B,.(s)
X(s) A,.(s)

oOpaTHoO cBsi3U (MHMOPMAITMOHHO-U3MEPUTEILHOMN MOJICUCTEMBI).

Wi(s) =

— mepenatovyHas GyHKIUS JOTUKO-

W,(s) =

—nepenaroyHas GQyHKIUS

W (s)

oc —nepenaToyHas (PyHKIUS 1IenU

Teneps cxemy 3aMkHYTOM CAY MOXHO M300pa3uTh, TaK Kak MOKa3aHO HA
puc.l.1.

G(s) @E(S) J(s) R(s) Xu(s) @(S)
Wn( Q) > >

(N

Wa(s) ()
1 +
F(s) Xi(S)
Wot(S)
Y(s)
Woc(S)

Puc.1.1. CrpykrypHas cxema CAY.
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Cxema cucTeMbl aBTOMATHY€CKOT0 YIIPABJIeHNsl, H300paskeHHAs B

BU/Ie COCIMHEHHUS MepeIaTOYHbIX (PYHKIHI COCTABJISIOINX €¢ 3BeHbEB,
HA3bIBACTCHA CTPYKTYPHOM CXeMOM.

Ha ocHoBanuu nmosrydeHHoM cxeMbl U BhipakeHui (1.11) u (1.12)
COCTaBHUM CUCTEMY ypaBHEHUH.

X(s)—W,(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

E(s)+W,.(s)X(s)=G(s)

(1.13)

N~
.

J

COCTaBI/IM " PaCKpoOCM XapaKTepI/ICTI/I‘-IGCKI/Iﬁ OIIPCACIINTCIIb CUCTCMBI
(1.13).

D(s) =1+ W (s)W,(s)W (s)W .(s).
(1.14)

Tak kak 3BeHbs ¢ nepematounbiMu GyHKmaMu Wi(s) , W2 (S),Wo(S) BxoasT B
PSIMYFO 1eTb peryJaupoBaHus, TO nepeaaTouHas byHKIHS
W (S)=W1(S)W2(S)Wo(S) HasbiBaeTcs mMepeaaToOvYHON (GYHKIHMEH NpSIMOM Iemnu.
CocTaBUB W PAcCKphIB 3aMENICHHBIA OMPEICIUTEIb [0 OTHOIIEHHIO K
pETYIIUPYEMOU BEIIMUYUHE, OJTYUUM

R (s) = W (s)G(s) + Wof(s)F(s) .

Torna

Wn(S) S) n Wof(s)

X(s) =
T+W (s)W,.(s) T+W (s)W,.(s)

F(s) .(1.15)
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X(s) _ W.(s)
G(s) T1+W, (s)W,.(s)

Ha3bIBACTCHA MepPeIaTOYHON (PYHKIHEH 3aMKHYTOM CHUCTEMbI IO 3aa01leMy
(peryaupyouemMy) Bo3AeiiCTBHIO.

Mepenarounas ¢ynxuns D(s) =

Mepenatounas  dynxmus W (S) =Wn (S)WOC (S) maswiBaercs

nepeaaToYHou PyHKuMen pa30MKHYTOM CUCTEMBbI.

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

nepeaaToOYHOM (PpyHKUMEH 3aMKHYTOM CHCTEMbI 110 BO3MYILIIEHUIO.

Ilepenarounas ¢yHxkuus Cpf (S)= HA3bIBAETCHA

CocTaBUM M pACKpOEM 3aMEIICHHBIA ONPEACIUTENh OTHOCUTEIIBHO
omOku peryiuposanus E(S)

R.(S)=G(s)+W__(S)W ; (S)F(S).

W, (s)WV
torma E(9)= -G+ MO e g
1+W(s) 1+W (s)
Ilepenarounasgs  QyHKIHUA D (s) = E(s) _ 1

€

G(s) 1+W(s)
HA3bIBAETCH MePeNaTOYHOH (PyHKIMel 3aMKHYTOIl CHCTEeMBbI MO OIIHOKEe OT
3aa1011ero BO3AeiCTBHS.

E(s) _ W,e(sIW,£(s)
F(s) 1+W(s)

HA3bIBACTCH NeperaToOYHOl (PYHKIHMEH 3aMKHYTOH CHCTeMbI IO OIIHOKe OT

Tlepenarounast  QyHKIHUS (DS f(s ) =

BO3MYILLAIOLIEr0 BO3ACHCTBUS.

HerpynHo BuaeTh, 4TO TpH EIUHUYHOW OOpaTHOM CBS3U, T.€. TIPH
Woc(S)=1, BBITMIOIHSETCS pABEHCTBO

D (s) = 1T—(s) . (1.17)
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1.3. IunamMmuueckue xapakrepuctuku CAY.
1.3.1. Bpemennslie xapaktepuctuku CAY.
BpemeHHble XapaKTEpUCTUKU MPEACTABISIOT CO0OM  3aBUCUMOCTH

BBIXOJTHOI'O CHUTHAJIA CUCTEMBI OT BPEMEHH IIPU I0JIa4€ Ha €€ BXOJ HEKOTOPOTO
tunoBoro BosaeuctBusa. B TAY wucnons3yroTcs nBa BUJa BPEMEHHBIX
XapaKTEePUCTHUK:

-TIepeX0/THAs XapaKTepUCTHKa (TiepexoaHast GyHKITHA);
-UMITyJIbCHAS MEePEeXO0aHast XapakTepucTuka (QyHKIUs Beca).

IlepexonHoii xapakTtepucTukoii h(t) HaspIBaeTcs  3aBHCHMOCTB
BBIXO/JIHOTO CHTHAja CHCTEMbI OT BPEMEHHU IPH I10J1a4e Ha €€ BXOJ CIUHUIHOTO
crynenuyaroro BozneidcTBus 1(t) (puc.1.2) JlaHHOE€ BXOJHOE BO3JCHCTBHE

OIPEICIIACTCS BhIpAKCHUEM g(t)
0 npu t<0
(t) = P (1.18)
1npu t>0
1 Puc.1.2
0 t

N3o00pa:kenne no Jlanjiacy eIMHUYHOIO CTYNIEHYATOI0 BO3/1eliCTBUS

Oyner

1t) = je dt = —1e‘s’ ‘OO = 1.
0 S 0 s

O0o3HaunM  M300pakeHne nepexoaHoit ¢ynkuum kak  H(S), a
nepeaaTounyo GyHkiuio cucrembl kKak W(S) 1 moayuum

H(s)=W (s)1 . (1.19)
S
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[Tepexoqnas (yHKIHS MOXET OBITH OMpENesieHa MO €€ M300PaKEHUIO
UCTIONIb30BaHuEM (OpMyJIIbl 00paTHOTO IpeodpazoBanus Jlamnaca, B 4aCTHOCTHU C
nomoIbio Tabauil nmpeodpazoBanus Jlammaca.

[Tpu HeemuauaHOM cryneH4aroMm Bo3aeicTBum ¢(t)=N1(t), rme N=const,
B COOTBETCTBUH C IPUHIIUIIOM CYIEPIO3MIMK BBIXOAHAS PEAKIHS CHCTEMBI
Oyner

X(t) = Nh(t). (1.20)

NmnynabcHoit nmepexoanoil xapakrepuctukoii (UI1X) win dpynkuueit
Beca cucteMbl K(t) Ha3pIBaeTCsl 3aBHCUMOCTD BBIXOJHOM BEIUYUHBI OT BPEMECHU
NPy TOjJaye Ha BXOJ[ BO3NEHCTBHSA B BHIE neibra- (GyHKImH Kt-7), KOTOpas
OIIpENEIIAETCs CIENYOINUM 00pa3oM:
0O npu t<=z
O(t—1) =<0 npu t=z (1.21)

>

0 npu t>z

OnpenenvM OCHOBHOE CBOMCTBO JelibTa- (YHKIMHM MU €€ CBA3b C
€AMHUYHBIM CTYNEHYaThIM BO3JeHcTBHEM. [[omycTuM, YTO MMEETCs HEKOTopas

¢byukuus g(t-z) onpenensercs: BBIpaKeHHEM

(0 npu t<z
t

g(t —1) = 1, PH T<t<a (1.22)
1T npu t>a

|\

g(t (t-7)
T S(t-1)

-I

T

Y

Puc.1.3. [lenpra- pyHKIUSA Puc.1.4. ®ynkmus g(t-t)
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Haiinem npousBoaayto ot ¢pynkmmu g(t-1).
[ 0 nmput<t
1
gt—1)={— npu t<t<a (1.23)
a

O npu t>a

\

O4eBuHO, YTO TpadHUUECKH 1Ta MPOU3BOAHAS TMPENCTaBIsAET COOOM
NPSIMOYTOJIbHBIA  uMMylibe  (puc.1.5), aMmiauTyna KOTOpPOro BO3pacTaer ¢
YMEHBIIICHUEM BEIWYUHBI @ ,a JJIUTEIBHOCTh yMeHbInaercs. [lnomans 3toro
MPSIMOYTOJIbHUKA MTOCTOSIHHA U paBHA €NHUIIE.

T a a a t
Puc. 1.5. T'padux Gpyuxuuu g(t — T) .

N3 Beipakennii (1.22), (1.23) u pucynkoB 1.3, 1.4 u 1.5 cneayer, uTo B npenesne
npu  a—0 ¢yskmua  g(t-7) cTpeMHTCI K CAMHHYHOMY CTYIIEHYATOMY
BO3JICHCTBHIO, T.C.

lim g(t — 1) = 1(t — 1),

a—0

a ipestent pynxan @(f — T) paBen GecKOHEUHOCTH

lim g(t — 1) = 0 = [im &(t — 1) .
a—0

t—>7

OTcro1a MOXKHO cJIeNIaTh CIAEIYIONTNE BBIBOIBI:
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8(t—t)=1(t-1)

T 8(t—1)dt=1. (1.24)

B wactHoMm ciiydae, korga 7 =0 uzoOpaxeHue nenbra- GyHKIHUNA PaBHO

L{d(t) } = L{Z 1(t) } =1, 1e &s)=1.

Orcroma ciuenyer, 4YTOo u300pakeHHe GYHKIMU Beca  OIpeaesseTcs
BBIpaKEHHUEM

K(s) = W(s) . (1.25)
CnenoBaTenLHO
k(t) = W(s) . (1.26)

@DyHKIUS BEca CUCTEMBbI MOXKET OBITh OINpPEIENICHA TaK K€, KaK U MepexoiHas
byHkuus, wi nyreM aupdepeHuUMpoBaHUS MEPEXOJHOM  (PYHKUUMU B
COOTBETCTBHH C NepBOM (hopmyioit BeipaxeHuit (1.24).

[Tpumep. Halitu nepexoanyro QpyHKIUIO U (QYHKIHMIO Beca CUCTEMBI, UMEIOILEH
nepeIaTouHy0 (PyHKIIUIO

k
Ts+1

Wi(s) =

N3o0paxkenue nepexoaHou GyHKIMu Oyet

1 k o
H(s)=W(s) =——"=k——,
(s) (s) s s(Ts+1) s(s+ao.)

1

rume 0 = .

Hcnonp3ys Tabnuibl mpeodpazoBanus Jlamnaca, mo mosy4eHHOMY W300paKEHHUIO
HaliieM OpUTHHAJ TIePEeXOJHONU QYHKIUU

26



t

Wt) =k(1l—e“)=k(1—eT).

Jl1st u300paxkeHus: PyHKIMKM BECa MOXKHO 3aIHUCATh

k o
K(s) = =k ¥ 110 Tabnuiam n3o0paxenuii Jlamnaca
Ts+1 s+ao
TOTy4UM
Kk L
k(t) = ; e T. Amnanornunsii pesynbrar noiyduM aud@depeHIupoBaHueM

BBIPpAKCHHA LA HGpGXO,Z[HOfI (I)YHKI_[I/IH

h( (t)
k k
T

Puc. 1.6. Ilepexoanas ¢GpyHKIuSI. Puc.1.7. ®yHkuus Beca.

VIMIIyIbCHYIO MEPEXOIHYI0 XapaKTEPUCTHKY YAOOHO HCIIOJIB30BATh IS
OIpe/ICIICHUs] PeakIMi CUCTEMbI Ha HeKoTopoe BoszeiicTBue f(t) mponsBosibHOTO

BUA

x(t) = | f(u)k(t—1)dr.
0
(1.27)

EctecTBeHHO, YTO CHTHAJl Ha BBIXOZC (PU3NYCCKH PEaTH3yeMOM CHCTEMBI
HE MOJXKET IMOSIBUTHCS PaHbIe BXOAHOTO curHaina, T.e. K(t)=0 mpu t<0. C Touku
3peHus npeodpazoBanus Jlammaca 3T0 COOTBETCTBYET YCIOBHIO

lim W(s) = 0.

§—> 00

(1.28)

Ecim
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bys" +bs" +..+b,

W(S) = ’

n n—1
a,s + as +.. .-Hln
(1.29)

TO ycnoBue (1.28) BBINONHSIETCS TONBKO MpU M< N. DTO U €CTh BBIPAKCHHE
MpUHITUIA GU3UIECKON PEaT3yeMOCTH CUCTEMEI.

1.3.2. YacTtorHbie xapakrepuctuku CAY.
ITycte BXoaHoe Bo3xerictBue ((t) mpeacraBisger co00M rapMOHHYECKYIO

byHKUHIO BUAA
g(t) = G _cosot.
Ucnonb3oBas Gpopmyny Dinepa, MOKHO 3alUCaATh

e](:)t + ejcot

cos®t =

Torma BXOJHOE BO3JIEMCTBUE MOYKHO TMPEACTABUTH B BHUIE CYMMBI JIBYX
BO3JIEUCTBUH

g(t) = g (1) + g,(t) = %’L e/®r + %’L e/,

(1.30)

HudbdepennpansHoe ypaBHEHHE CHCTeMbl B u300pakeHusix 1o Jlammacy
3aMUIIeTCs B BUJIC

A(s)X(s) = B(s)G(s) , (1.31)
rae monmuHoM A(S) mMeeT mopsaok N, a mosmHoM B(S)-mopsimok m .

[Tycte Ha BXxOJ cucTeMbl mojaHo BosaekcTBue Buaa (i(f). YacTHoe pemicHue
muddepeHnnanbHOTO ypaBHEHUS OyIeM UCKATh B BUJIC

G . N
x,(t) =" W( Jjm)e,
2
3nece W(jw) - HEKoTOpast GYHKIUS YaCTOTHI .
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[MoxcraBus Q1(t) u X1(t) B (1.31), cokpaTuB nosrydeHHOE BhIpakeHue Ha Gm/2 u €
Jo rrony4nm

(a,(jo)" + a(jo)" "+.. +a )W(jo) =
= b,(jo)" + b(jo)""+...b .
Orcroma

bo(jo)" +by(j®)" '+..+b, _ B(jo)
a,(jo)" +a,(jo)" "+..+a,  Aljo)

W(jo) =

(1.32)

CpasnauBas (1.32) u (1.29), MoxHO 3aKi049uTh, yTO QyHKIHS W(j @) monyuaercs
u3 mnepenarouHord ¢ynkumu W(S) mpocroit 3amMeHOW S=j@. DTa 3aMeHa C
MaTeMaTUYeCKOM TOUKH 3pPEHHs O3HAYaeT Mepexo 1 oT mpeobpazoBanus Jlamnaca
K ipeoOpazoBanunio Oypee [1,13] .

@Oynkius W(jw) HasbpiBaeTcs YaCTOTHOW TepenaToyHor (DYHKIHCH
cuctembl. Kommnekcuyro ¢pynknuio W(j®) npeacraBum B BHIE

W(jn) = A(®)e/*®,
(1.33)

Torma

x1(t) = % A((,))ej((ntHP((D)).

Ecn B (1.31) moxcrasnts dymkumo g, (7) = I g=JjOt 16 nocne

npeoOpa30BaHNi aHATOTHYHBIX MPEIBIIYIIUM, TOTYyYUM
JG — j(ot +
x, (1) = A(® )e /(@ +o(@))
2 2

B cooTBeTCTBHH € IPUHLIMIIOM CYIIEPIIO3ULIAN
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/(e te(®)) | - jlot+e(0))
x(t) = x,(1) + x,(t) = G, A(®) 5 -

= GmA((o)cos( of + p(w) ) . (1.34)

DTO BbIpaKEHUE TOKA3bIBAET, YTO BBIHYXICHHBIE KOJ€OaHUs, BHI3bIBAEMBIC B
YCTOWYHMBOM JIMHEWHOM JWHAMUYECKOM CHUCTEME TapMOHHYECKHM BXOJHBIM
BO3JICKCTBUEM, TMPEJCTABISIIOT COOOM TrapMOHHWYECKYH0 (YHKIIMIO BpPEMEHHU,
HMMEIOIIYIO Ty K€ 4acTOTY, YTO U BXOJIHOE BO3JICMCTBHUE, HO OTJIMYAIOIIYIOCS OT
MOCJICAHETO 10 aMIUTUTYE U 110 ¢a3e.

3aBUCHMOCTb OTHOIICHHS A(@®) aMIUIUTYIAbl BBIXOJHOTO CHTHajda K
aMIUIMTYA€ BXOAHOIO CHUTHaJla OT 4YacTOThl HAa3blBACTCA AMILIMTYIHOH
YacTOTHOM XapakTepucTUKON (AYX) cucTeMsl.

3aBucuMocTh (ha30BOr0 cABUra @) MEXAy BXOAHBIM M BBIXOJHBIM
CUTHAJaMU OT YacCTOThl Ha3bIBACTCS (PA30BOM YACTOTHON XapaKTepHCTHKOMN
(PYX) cucremsi.

C »2TOH TOYKHM 3peHUs 4YacTOTHYH mnepenatounyro ¢yakmuo W(jw)
HAa3bIBAIOT TAKXKE AMIUIMTYJIHO-(pa30BOii YaCTOTHOH XapaKTEePHUCTUKOMH
(ADYX) cucremsl.

MCTOI[I/IKa ONnpCACICHUA YaCTOTHBIX XapaKTCPUCTUK CUCTCMBI CIICAYIOIIasd.

1).B mepemarounHoit (GyHKIMM CHCTEMBI JCNAIOT 3aMEHy S=|j@ |
nonydeHHyr0o AOUX npeacTaBisitoT B BUAE CYMMbl BEIIECTBEHHOM M MHUMOU
YacTeu.

_ B(jw)

Hhmie = stjo)

=U(n) + jV(®) .

®dynkuno U(w) Ha3pIBalOT BeIeCTBEHHOH YaCTOTHOM XapaKTePHCTHKOIM,
a pynkuuio V(w)- MHUMOH YaCTOTHOMH XapaKTePHCTHKOI.

2). Onpenensitor AUX u OUX.

A) = U (0)+ V(o).
(1.35)
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o(w) = arcth(O)) .

1.36
Ulo) (1.36)

IIpumep.

OmnpenenuTs 4YacTOTHBIE XapaKTEPUCTHKU JUIS 3BEHA C
nepenaTouyHon QyHKIuen

k
| 4 =
() Ts+1.
Jlenaem 3aMeHy S=j@.
W(jo) = k = {m_JTm), =
1+ jTo  (1+ jTw) (1- jTw)
_ k(1- jTo)
1+T°0?

Otcrona

Uw)= % . Vie)=-k 19

1+T°w? 1+T%02
k
A(®) = \/1+T—20)2 ;7 o(o) = —arcigTo.
V(o) o= (o) A(o) o (o)
\ /P k 0 1T [0

U(w) 4 \

45° 145°

—A(w)

., 90°

Q)

Puc. 1.8. YacToTHBIE XapaKTEpUCTHUKH 3BEHA C TIepeAaTOUHON (PYHKITUEH
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k

Wi(s)= .
(s) Ts +1

YacToTHbIE XapaKTEPUCTUKU HIMPOKO HCIOJIB3YIOTCA MPU aHAIU3E U
cunteze CAY U COCTaBIIAIOT OCHOBY pacCMaTpUBaeMOM KIIACCUUECKOW TEOpUU
aBTOMATHYECKOI'0 YIIPABJICHHUS.

1.3.3. Jlorapudmuyeckne 4acToTHbie xapakrepuctuku CAY.
CyIIecTBEHHBIM ~ HEIOCTAaTKOM  PACCMOTPCHHBIX  BBINIC  YaCTOTHBIX

XapAKTEPUCTHUK SBISIETCS TO, YTO TIpapUUYECKd OHHU, OCOOEHHO JUIsl CUCTEM
BBICOKOT'O TIOPSJKA, SIBJISIOTCS KPUBBIMH JIOCTATOYHO CJIOKHOW (DOPMBI, 4YTO
3aTPyAHSIET UX MOCTPOEHUWE M HWCIOJb30BAaHUE MJIs aHaIW3a CUCTeM. B 1memsax
UCKIIFOYEHHSI ATOTO HEJOCTATKa B OOJIBIIMHCTBE CIIy4aeB HAILLIM MPUMEHEHUE
JorapupMuyecKkre 4acTOTHbIE XapakTepucTuku (JIUX).

JlorapupMuyeckod aMIUIMTYAHOH YACTOTHOM XapPAKTEPUCTHKOH
(JIAX) naspiBaeTcs KpuBasi, COOTBETCTBYIOIIAsI BEIPAKECHUIO

L(®) = 20lgA(®) (1.37)
U TIOCTPOEHHAS B JIOrapu(pMUUIECKOM MacIITabe 4acToT.

Jlorapupmuueckoii ¢a3zoBoii yacToTHoii xapaktepuctukoi (JIOX)
Ha3biBaeTCsl (ha3oBask YACTOTHAS XapakTepUCTHKA ¢ (M), TOCTPOCHHAs B
JorapupMUIECKOM MaciTabe 4acToT.

Benmnunna L(@w) wsmepsiercs B genmOenax, a @(@)- B Tpaaycax WM
pamuaHax. EnuHumamMu u3MepeHHs JIOTapu(MUYECKOH OCH YacTOT SIBJISIOTCS
OKTaBbI U JICKA/IbI.

OkTaBoll Ha3bIBAETCS MHTEPBAI YAaCTOT, COOTBETCTBYIOLIUNA HM3MEHEHUIO
yacToThl B jaBa pasa u paBHblid 19g2=0.3010. [lexamoii Ha3bIBae€TCS MHTEPBAJ
94acTOT, COOTBETCTBYIOIINI W3MEHEHHIO YaCTOThI B IECATh pa3 u paBHbIi 1g10=1.
Jlerko moacuuTaTh, YTO OJIHA JeKaga coaepkuT 3.32 okraBbl. Touka,
COOTBETCTBYIOIIAsl 3HAUYCHUIO YacTOThl, PaBHOMY HYJIIO, JIGKHUT CcJieBa B
0eckoHeunoctH, T.K. |g0=-co. [ToaTOMYy OCh OpAWHAT MPOBOAUTCS Yepe3 JHOOYIO
TOYKY OCH YacTOT TakK, YTOOBI CIipaBa pacrosaraiack ta actb JIUX, koropyto
HY>KHO HCCJIEIOBATh.

MOXHO  pEKOMEHIOBATh  CIEAYIOLIYHD  METOAMKY  IOCTPOCHHS
jgorapuMuyueckoil ceTku KoopAuHAT. BHauane och 4acToT pa3duBaercs Ha
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JEKaIbl W OKTaBbl, NpPHYEM KaxkIasih AeKaga pa30MBaeTC HA OKTaBbl
oTAeabHO. /{15 y1o0CcTBa MHKEHEPHOM MPAKTUKU M0J] TOYKAMHU 3TOM OCH MUIILYT
HE 3HaY€HUs JOrapu(pMoB 4acTOT, & CAMH YaCTOTHI.

o(0) t(o)
-270° |
JaeKaga | JaeKaza | JeKaa l
-180° ' ”
L
) o T DO lg
-00° - OKTaBBbI
0

Puc. 1.9. Ocu norapudmudeckoii CUCTEMbI KOOPIUHAT.

PekoMenayeTcss oCh OpAMHAT B OTHONICHWH (ha30BOH XapaKTCPUCTHKU
pacrojarate TakK, 4YTOOBI C TOYKOW Hadaja KOOPIWHAT COBIAJAJI0 3HAUYCHHUE
¢daspl, paBHOE -180°, mONOXUTENbHOE HANpaBJIEHUE IUIO BHH3, a
OTPHIIATENILHOE - BBepX. OOIICIPUHATOE PACIIONIOKEHUE OCH (Dasbl HE SIBIISCTCS
OmMOKOH, HO PEKOMEHJOBAaHHOE 3]IECh PACIOJIOKEHHE BO MHOTHX CITydasx
oOjeryaeT MpUMEHEHHE I aHaJIM3a W CHHTE3a CHCTEM pa3pabOoTaHHBIX
rpadoaHaTUTUYECKUX METOJIOB.

Ecmu uccrmemyemasi Touka 4acTOTHI HE COBIAJAcT HU C OKTaBOM, HH C
JIeKaIoN, TO ee MOJOKCHHUE Ha OCH YaCTOT MO OTHOIICHHIO K HaYaly KOOPIUHAT
WK Havajay Kakoi JIn0o Jekaasl Mpu u30paHHOM Maciitade m [Mm/aex] MoKHO
onpenenuTs o hopmyre

®, = mlg ©x . (1.38)
D,

3/1ech @p-4acToTa, COOTBETCTBYIOIIAs Hadajdy KOOpPAMHAT WIM Hadaly
JEeKapbl.
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OOpatHas 3agaya, T.€. ONpeAeICHUE 3HAYCHHs] YacTOTHI MO MOJOKEHUIO
COOTBETCTBYIOIIEH €l TOYKM HAa OCH YaCTOT, PEIIAETCS HCIOJIb30BaHUEM

bopMyibI
® =o10°/™, (1.39)
x 0
[Tpu moctpoenusx JIUX BpydHYIO y10OHBIM SBJISIETCS MacIITad paBHBIN

mM=50 mm/oex.

Bo wMHoOrux cnydadx mnepesaTouHyl0 (YHKLIHIO CHCTEMBI MOKHO
NPEACTaBUTh B BHJIE MPOU3BEACHHS MEPEAATOYHBIX (PYHKUUN 3JIEMEHTapHBIX
3BEHBEB

W(s) = 11Wi(s).
Tosa  W(jo) = W (jo) = [ A(@)e.

B cooTBeTcTBUMUM C mpaBuiaMu O Jjorapudme NpOU3BEACHHUS U NPOU3BEIACHUU
MOKa3aTeNIbHbIX PYHKIUH TOJTyYUM

™M

1l

L(®) = 201gf17A,.(co) = I L(o). (1.40)

¢(®)

[/

Il
I ™M=

Q;(®) . (1.41)
1
Taxkum oOpazoMm, JorapuMUUECKHe XapaKTEPUCTUKHU CIOKHON CHCTEMBI MOTYT

ObITh NOTy4YeHbl cyMmmupoBaHueM JIYX cocTaBisiomuX €€ IPOCTHIX 3BEHBEB.

[pumep. Omnpenenuts JIUX ana CAY ¢ nepenaTtounoit hyHKInEH

k
Ts+1

Wi(s) =

Hcnonb3ys pe3ybTaThl MPEAbIAYIIETO IPUMEPA, MOTyYHM

L(®) = 20Ig k = 20Igk — 20Ig\1+T?®°.

VI+T0?
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I[Ilpuy ® < ; pemmuuna 122 << 1 u L(®) = ZOng. OT10

YPaBHEHHUE NPSAMOH, IMapajjIeIbHON OCU YaCTOT.
1 202
Ilpy ® > ; pemunmna 104 >> 1 n L(w) = ZOng — ZOIgTO).

DTO ypaBHCHHE NPSMOW UMEIOIIECH HAKJIIOH K OCH 4acToT, paBHbIN -20 nb/mek u
COTIPSATAOIIEHCS C TPEABITYIIEH IpsMoi B Touke an=1/T.

Takum oOpa3zoMm, JIAX 1aHHOW CHCTEMBl MOXET MPUOIMKEHHO
MIOCTPOCHAa B BHUJIE€ JBYX COMNPSTAIOIIMXCS OTpe3KoB mpsimbix. Takas JIAX
HAa3bIBACTCS ACHUMIITOTUYECKOM. Bo3moxHOCTB 3aMEHBI KPUBBIX
acumnrotTuueckumu JIAX siBnsiercs BakHbIM nocTonHCTBOM JIUX. Ommbka npu
Takoll 3ameHe Ji1 OOJBIIMHCTBA TMPOCTHIX CHUCTEM HE BeJIMKa U A
paccMaTpuBaeMOM CHUCTEMBI €€ MAKCHUMaJbHOE 3HAYEHUE B TOYKE @=an HE
npesbimaet 3 1b.

da3oBas XapaKTEPUCTHKA UCCIEAYEMON CUCTEMBI OIIPEIEIICHA BhIIIIE.

Yacrora an=1/T Ha3bIBaeTCs 4acTOTOM compsbkeHus. YactoTa e, MpH
koTopoit JIAX mepecekaeT oCh YacTOT, YTO COOTBETCTBYET 3HauYeHHIO A(@)=1,
Ha3bIBAETCS YaCTOTOM CPe3a CUCTEMBI.

p(0) (o)
P0Igk

0xnb/mex

-180%0 >

wo=1/T lgw
900
_ /

AN

-450 \
JI dX

0
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Puc. 1.10. JJUX cuctemsl ¢ nepeaaToqHoN HyHKIUEH

k

/4 = .
(s) Ts+1

B 3akmroueHwe OoTMETHM, YTO TaK Kak Uil (PU3MYECKH peaii3yeMbIX
CHCTEM N>M, TO

lim W(jw) = 0.

@ —> 0

OTO 03HAYaAET, UTO BCE PEATBHO OCYLIECTBUMBIE CHCTEMBI SIBIISIOTCS (PUIbTpaMU
HUKHUX YaCTOT.

KonTposabHbie Bonpocs! K jgekuun Ne 1.

1. Kakue nepemeHHbI€ TPU MOCTPOCHUHU MATEMATUYECKOIO OITMCAHUS CUCTEMBbI
INPUHATO Ha3bIBATh

a) BXOJHBIMH NTE€PEMEHHBIMU;

b) BBIXOIHBIMU TIEPEMEHHBIMU;

C) IEPEMEHHBIMU COCTOSIHUA?

2. MaremaTtuueckoe OnmMcaHne 0ObEKTa C OJJHUM BXOJIOM M OJTHUM BBIXOJOM
NPEJICTaBICHO CTPYKTYPHOM CXEMOM, coliepKallei q 3JIeMeHTOB, PeACTaBIEHHBIX
nepenaToyHon (GyHKIuen o01iero Buaa

By +hs+. st
E

Hile) =
dy ta s+, Fagps
Kak B 3TOM citydae MOKHO ONPEJENIUTh Pa3MEPHOCTh IPOCTPAHCTBA

COCTOsIHHUA NE JJIs OITMCaHHUA 3TOI'O oOBekTa?

3. MaTtemaruyeckoe onrcanrue 00bEeKTa ¢ IBYMs BXOJaMU (&) %208y onEum
BeIX010M Y(t) mpecTaBieHo CIeayIONMM ypaBHCHUEM B ONIEPAaTOPHO# hopme
1 o 1+ T, 2
1+Ts+TTs 1+ Te+T s
KaxoBa B aTOM ciyudae OyJeT pa3MepHOCTh MMPOCTPAHCTBA COCTOSIHUSA N IS
OMHCaHUs 3TOro 00beKTa?
4. BriOepuTe U3 NPUBEACHHBIX HIKE 3alKCEe BO3MOKHbBIE (POPMBI
MPEACTABICHUS YPABHEHUs COCMOAHUS ISl HETPEPBIBHBIX CUCTEM.
a) %) =F[xit)ui),, &) y=Cx+Du;
c) ¥ =Q[xH).uiz)i] &) y=ClOx+D{tn;
2) x=Ax+Bu, Fix=Alfix+B(fiu, gl Lx=Qx+Ru
5. OOBeKT ynpaBieHus: UMEET I — BXOJ0B, M - BBIXOJIOB, €T0 MATEMAaTHUECKOE
OIHMCaHuE B HETIPEPHIBHOM BpEMEHH COACPKUT N U depeHIIaTbHbIX YpaBHEHUHA
nepBoro nopsaka. Kakosa B 3ToM ciyuae OyJeT pa3sMEpHOCTb Mampuybl
cocmosnus?

Y(s) =

U, (s)
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6. ChopmupyiiTe BEKTOPHO-MATPUIHYIO MOJCIb (GUILTPA, JICKTPHUIECKAS
cXeMa KOTOpOro MpejcTaBlieHa Ha puc. 1.6.

— T
\ R, | B L
o = ==
Cy & iy
L -

Pac. 1.6, Cxema dHmTpa K sapamm &
3/1ech cienyeT y4ecTh, UTO

e 00BEKT uMeeT OJuH BX0/1 - U1 OJIMH BBIXOJ - IH ;BCE MapaMeTphI
anekTpuueckon cxeMsl R, Ry, L, C1, C2, RH u3BeCTHBI U ABISIOTCS

[IOCTOSIHHBIMUY;
e MOTYT OBITh UCIIOJIb30BAHbI CIEAYIOIIUE
L
=R, TT=—; T=5R&
0003HaueHUs £y

7.11pu cocTaBlIeHUH MaTEMAaTUYECKOTO OMUCAHUS JUHAMHYECKUX MPOIIECCOB B
YIPYTOM 3JEKTPOMEXaHUYECKOM 00BEKTE, BIIOYAIOIIEM B Ce0s AJIEKTPOIBUraTeNb
MOCTOSIHHOT'O TOKa He3aBUCUMOro Bo30yxaeHus (d=const) u Mmexanusm, MoJeib
KOTOPOTO MPEACTABIAETCA JBYXMACCOBOM CUCTEMOM (cM. ipumep 1.3), MOTyT OBITH
UCTIOJIb30BaHbI CIIEIYIOIINE IepEMEHHbIE:

e |y - TOK DJICKTPOABHUIATEIIA,

. th CKOPOCTb BpalllEHUs JIECKTPOBUTaTENS,
o M, — ynpyruii MOMEHT MEXaHU3Ma,
Ll

¢ - CKOpOCTh BpallICHUA MCXaHNU3Ma,
@ - YTOJ MOBOPOTA pOTOpPA BJICKTPOABUIATEIIA,
o | — nuHElHOE MepemencHre MeXaHU3Ma.

Kaxkue u3 satux ICPCMCHHBIX, U B Kakou oCJa€A0BATCIbHOCTHU BKIIFOUYCHBI B
T

COCTaB BEKTOPA COCTOSHHUSA © LA TIPUBE/ICHHON HMKE BEKTOPHO-
MaTpUYHON Moaenn?

37



x] [-70 -27.7 0 0 [x] [1048
il [184 0 —222 0 ||x 0

- 17 |+ i
Ao s o -—sollml|| 0
Al o o aez o ||xl | o0
&
y=[0 0 o 1]|™
A3
Ay

2-Jlekuusi: AHAJIN3 KAYECTBA JIMHEMHBIX HEIPEPHIBHBIX
CAY

Ilaaun:

1. Tlokazarenu xkauectBa CAY
2. MeToapl TOCTPOEHUS IEPEXOAHON (DYHKITHH
3. KoaddunmenTs: ommbok
4. VuTerpaibHbIC OLICHKA Ka4yeCcTBa
1. IToka3aTeaun kauectBa CAY

KonuuecTBeHHBIC OICHKN Ka4uC€CTBA4, TaK HA3BIBACMBIC IIPAMBIC ITOKA3aTCIIN

x(t)

tyw b A

@
KadyecTBa, OMPEICIISIOTCS 110 KPUBOM NepexoiHoro nporecca (puc.4.1).

Puc.1. IlepexonHast yHKIUS U TOKA3aTeNN KauyecTBa

HCHOHBBYIOTCH CICAYIOMUE ITPAMBIC ITOKA3aTCIIM Ka4CCTBa:

1) Benu4MHA MEPEPEryIUPOBAHUS O,
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o= Jmax X yem 1990 4.1)

Xycm

KOTOpasd XapaKTCPpHU3yCT MAKCHMAJIBbHOC OTKIIOHCHHUC pCFYHpreMOﬁ BCIINYMHBI
OT €€ YCTAHOBHUBIICTOCA 3HAYCHHUA, KOTOPOC MOKCET OBITH OIIPCACIICHO B
COOTBCTCTBHUHU C TCOpeMOI?I O KOHCYHOM 3HAYCHHUHN OpUTMHAJIA

Xyem = X(c0) =lim sX (s);
s—0

2) BpeMs IMEpexOJHOro mpoliecca WIM BpeMsl peryimpoBaHust tp —
HaWMEHbIIEE 3HAUCHUE BPEMEHH, MOCIIE KOTOPOTO UMEET MECTO HEPABEHCTBO

‘X(’[)—X(oo)‘ <A, 4.2)
rae A - 3aganHas BeIudnHa, 00sraHO Jiexaras B mpenenax 4=0.02-0.05;

3) cratuyeckas ommMOKa &m — BEJIMYMHA OTKJIOHEHHS YCTAaHOBUBIIETOCS
3HAYCHUS PEryIHpPyeMOr BeIHurHbI X(00) 0T TpeOyemoro 3HaueHus N

&, =N—X() (4.3)
WIH € = lim SE(S), rae E(s) — uzobpakenne ommoKy;
s—0

4) Bpemsi yCTaHOBJICHHMSI ty — TMPOMEXKYTOK BpPEMEHH, IO HCTCUECHUU
KOTOpPOIr'0 peryjupyeMas BeJIMYMHA IEPBbIM pa3 JOCTUTaeT YCTAHOBUBIIETOCS
3HAYECHUS.

Jis ompeneneHus KauecTBa CHUCTEMbl MOTYT HCIIOJIb30BAaTbCA U ApyTHe
MOKa3aTelM, COOTBETCTBYIOLIME peIlaeMOil 3ajade, HampuMep, YHUCIO
KOJIE0aHUU pEerylIupyeMoil BETUYHMHBI 32 BpPEMS PETYJIMPOBAHHS, 4acToTa U
nepuoJ KojaebaHnuii u T.1.

Bo Bcex citydasix He00X0IUMO MTOCTPOUTH MEPEXOIHYIO (PYHKIIHIO.

2. MeToabl NOCTPOCHUS NMePexXoTHoN GQYHKIIUY

H3o0parxrcenue nepexoonoit hynkyuu umeem uo

H(s)=ad(s) .
S
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OpuruHal TepexoaHoW (YHKIIUHM MOXET OBITh IOJIYYCH HCIOJb30BaHHEM
TOYHBIX M TPHOJIMKEHHBIX METOJOB. BymeM paccMaTpuBaTh TOJBKO TOYHBIC
METO/IbI, CBSI3aHHBIC C IPUMEHEHHEM 00paTHOTO TIpeoOpa3oBanus Jlariaca.

[Toctpoenne  mepexogHoW  (YHKIMH TNPUH  HCIOJNB30BAHMM  TaOIHUIY
npeoOpazoBanus Jlamiaca HauMHAETCs ¢ MPEACTABICHUS €€ MU300pakeHUsl B
BU/JIE IPOU3BEICHUS IEPEAATOUHBIX (DYHKIIUI TUIIOBBIX 3BEHBEB.

B(s) _n Bi(s)

H(s)= =11 :
sD(s) i=1SD;(s)
3areM 3TO0 BbIpajkeHHe Npeodpa3yeTcs B CyMMY NepeNaTOYHbIX GyHKUMi ¢
HeolpeaeIeHHbIMHU Koa(])(]muneHTaMn
B; | C,s+D
H(s)="— + D ST g K
s =15+ k=18%+bs+e,

(4.4)

B stom BeIpaxenun A, Bi, Ck, Dk — HeompeneneHubie kodpPumuentsr, Ai —
BEIIECTBEHHbIE KOpHM ypaBHeHumss D(S)=0, a Bolpaxenus S>+bis+ck —
COOTBETCTBYIOT KOMIUIEKCHO — CONPSDKEHHBIM KOPHSM XapaKTepUCTUUYECKOTO
ypaBHeHus. Bripaxkenue (4.4) He0OX0IUMO MPUBECTU K OOIIEMY 3HAMEHATEIO U
YUCJIUTENb TOJIYYEHHOTO BBIPAXKEHHS NPHUPABHATH YHUCIHUTENI0 H300pa)KeHus
ucxoaHou mnepexoaHon ¢yHkimu B(S). [IpupaBHUBas dYaeHBI IPH OJUHAKOBBIX
CTEIIEHSX OIpeparopa S B JIEBOM U IIPABOM 4ACTAX, MOJYYUM CUCTEMY YPABHEHUN
OTHOCHUTEJIbHO HEOIpeleIeHHbIX KO3 (UUMEHTOB. BpUMCINB 3HAYEHUS 3THX
kodddummenToB, oOpatumcs K Tabnunam mnpeoOpasoBanus Jlammaca wu
ONpENEINM OpUTHHANBI craaraembix (Gopmyisl (4.4). OTMETHM, YTO OPUTHHAJIBL,
COOTBETCTBYIOILIMUE TME€PBBIM JBYM ujeHaM CcyMmmbl (4.4), onpenenstorcs
HEIMOCPEJICTBEHHO W3 TAaOJMI, OINpeJeTIeHHe OPUTHMHAIIOB ISl TPETHETO 4JieHa
ATOM CYMMBI MOTYT NMOTPEOOBATHCSI HEKOTOPBIE MPEOOPA3OBAHMSL.

OpwurrHan nepexoaHol (YHKIMH MOXET OBITh TIOJYYEH HCITOIh30BaHUEM
dbopmynbl 00patHOro mpeoOpazoBanus Jlamnmaca, Tak Ha3biBaeMON (HOPMYIIbI
paznoxenus. B obmiem citydae opMyiia pa3inoKeHUs] UMEET BUJ

(nj -1
h(t) Z (S—Si)ni B(Si) esit

i —) e 5D(s,) S
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rae Si — kopHHu ypasHeHus SD(S)=0, ni- xpaTtHOCcTs KOpHEH. B ciaydae Tombko
HPOCTBIX KOPHEH, KOTJla CPeId HUX MMIOTCS M BEHICCTBEHHBIX KOpHeH u | map
KOMITICKCHO — COTIPSDKCHHBIX KOPHEH, (hopMyIia pa3ioxKeHus IPUHUMACT BHT

BO) , 0 B 51 e cos(B t+oy). 46)

h()_D(O) |1SD(S) k=1

B stom BBIPAXKCHUU Ok U ﬁ< — BCIICCTBCHHAA WM MHHMAsA 4YaCTH KOMIIJIICKCHO

d

conpsukennpix kopreir, a D(S)= " D(S). Ammmryna daza xonedarensupix

COCTaBJIAIOIMIUX OIIPCACIIAIOTCA CICAYIOIINM 06pa3OM2

B(sy) '
BS) _y 4iv,
s, D(sy) ‘ ‘

A =JUZVE o, :arctgL\J/k
k

[Ipu BeIuKCIEHUSAX MO 3TUM (opMysaMm, B IEPBYIO MOJCTABISAETCA TOJBKO OJUH
U3 Mapbl KOMIUIEKCHO — COMNpsDKEHHbIX KopHel. IIpu Bbeumcnenun a3oBoro

CIBUIa HEOOXOJMMO YIUTBIBATH KBAIPAHT, B KOTOPOM HAaXOAUTHCA BEKTOP Ake%.

[Ipumep. Iloctpouth mnepexonHyl0 (QYHKIMIO 3aMKHYTOM CHCTEMBI
YIIPaBJICHUs YIJIOM TaHIaka U ONPEAEIUTD IMOKa3aTeNId KayeCTBa.

ITepenarounas QpyHKIHS 3aMKHYTOW CUCTEMBI UMEET BHU]I

D(s) = - kocljc(Tls_Z'_l)
d,s”+d,s°+d,s"+d;s+d,

rie  Bce Kod(UIMEHTHl 3aJaHbl WM  BBIUKMCICHBI paHee. KopHu
XapaKTEPUCTUUYECKOTO YPAaBHEHUS PABHBI:

A, =—-0.49; 7., =—4.608
Ly ,=—4538+ j41.37=—a% jB.
1). [Toctpoenue nepexoaHoM (PYHKIIUHU TAOJIUYHBIM METOIOM.
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N300paxeHne nepexoaHoi GyHKIIMU MOKHO MPEJCTABUTH B BUJIE:
kK K. (T;s+1) _
do(SHA(5+HP,|) (s +bs+c)
_AL B B 235+D3 _
s S+ sHA,| s®+bs+c

H(s) = d(s)* =

3neck b=2a, c=c?+f.

[IpuBeneM TMONy4eHHOE BBIpAKEHHE K O0OIIEeMy 3HaMEHATeNl0 |
MPUPABHSIEM YHUCIUTEIb JTOTO BBIPAKEHUS K YHUCIUTEII0 HCXOJHOTO
n300paxkeHuss nepexonHor ¢GyHkuuu. [IpupaBHSB YJIEHBI NMPU OJMHAKOBBIX
CTEIEHSX OIepaTopa S B MPABOM M JIEBOM YACTSIX, MOJYYUM CUCTEMY JIMHEHWHBIX
ypaBHEHUN OTHOCHUTENILHO HEOMpeaesieHHbIX KoddduimeHTo. 13 3Tol cuctemsl
cpazy onpenenserca A=1, mocie 4ero pemaeTca cucrema 4-ro nopsika.

B,+B,+C;=-1
13.684B,+9.566B,+5.098C,+D,;=-14.174
1773.892B,+1736.517B,+2.258C;+5.098D,=—1780.597 (
7981.379B,+848.714B,+2.258D,=-1807.1077.

Pemenne »Toit cCTEMEI TA€ET:
B, =-0.1318; B,=-0.8789;
C,=0.01076; D,=-4.02.
Tpu mepBBIX claraeMbIX HW300pPKEHUSI TEPEXOMHON (GYHKIUHM SIBISIOTCS

TBOMMUHBIMU. HeobxoauMmo mnpeoOpazoBaTh K TaOJIMYHOMY BHUIY YETBEPTOE
ciaraeMoe.

Cys+D; _ Cys+D; _ ~ s+D5 /G
s?2+bs+c  (S+a)’ 4B °(s+o)?+p>
-C, S+;x 2+C3 D3/C23—0c2:
(s+a)”"+P (s+a) +p

* (s+a)+p> B (s+a)*+p°
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[Tomyuennsie cnaraeMple SIBIASIOTCS TaOMuM4HbIMH.  [loACTaBUB 4YHCIIEHHBIE
3HA4YEHUsl IapaMeTpoB M HCHOJb30BaB TalOmMubl IpeoOpa3oBanus Jlammaca,
MOJIYYHM BBIPAKEHUE JUISI NepeXoaHON GyHKIIIH

h(t)=1-0.1318e-94% —(.8789¢ 4698 +.0.01076e 4538 c0s41.37t —
—0.098e~*°38tsin 41.37t.

2). Tloctpoenune mnepexoaHo GYHKIMA C HUCIOJb30BAaHUEM  (POPMYIIbI
pa3NoKeHUsI.

Bnauaine OoIpcACIINM COCTaBJIAOIIHNEC Imponecca, COOTBCTCTBYIOIIIHC
BCHICCTBCHHBIM KOPHSM.

B(S) __1319; BS2) __gg788,
s,D(s;) s,D(s,)

Jlns1 kosiebaTeabHOM COCTABISIOMIEH MOTYYUM

B(s3) _ 00147+ j0.0472

53D(s3)
A, =0.0494.
Tak Kak BEKTOpP 3TOM COCTABJISIOIICH HAXOIUTCA BO BTOPOM KBAJAPAHTE, TO
0.0472
¢,=n—arctg -~ —=1.8725.
0.0147
CnenoBaTenLHO

h(t)=1-01319e-04% —(0.0878e~4608t
+0.0988e4538t cos(41.37t +1.8725).

[lepexoaHbie MPOUECCHI, MOTYYEHHBIE PA3IUYHBIMU CIIOCOOBI COBMANAIOT C
TOYHOCTBIO 710 aprpMeTHYecKux BoluuciaeHuil. Kpupas nepexoaHoit GpyHkuuu
nokazaHa Ha puc.4.2. IlepexomHblid MPOLECC NPAKTHUYECKM MOHOTOHHBIM.
KonebarenbHas coctapinsonias (GakTUUECKH HU Kak ceOsl HE MPOSIBIISIET BBUY
Kpaiine manoi amrmutyasl. IlepeperynupoBanue orcyrctByeT: o =0. Bpems
perynupoBanusi, onpeneneHnoe npu 4=0.05, npubmmkerHo paBHo 2.2 c., 4TO
JUTSL CUCTEMBI aBTOMATUYECKOTO PEryJIMPOBaHUs yrila TaHTaka B OOIbIIMHCTBE
CJIy4YaeB SIBJISICTCS BIIOJTHE IPUEMIIEMBIM.
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.68

Puc.4.2. Ilepexognast GpyHKUIHS CUCTEMBl PETYJIMPOBAHUS yIJla TAHTaXa

4.3. KoadduumeHTs! 01mdoK.

Tounocts CAY B yCTaHOBMBLIEMCSI PEXHUME, MPHU OTHOCHUTEIBHO MEIJIEHHO
U3MEHSIOIUXCSl  BO3JCUCTBUSAX, MOXKET OBITh OLEHEHa C IOMOIIBIO
ko3 unmreHToB ommobok. M300pakeHne ommOKN OnpeIeIIsIeTCsl BRIpaKEeHUEM

E(s) = _(s)G(s)- E(5) =D (s)G(S)

Paznoxum nepenatounyto GyHKIIUIO CUCTEMBI 110 OITMOKE B CTETIEHHOM Psifl B
okpectHocTd Touku S=0. OTmeTnm, yto npu S—0, t—00 U UMEHHO TIOITOMY
MBI TOBOPHM O TOYHOCTH B YCTAHOBHBIIIEMCS PEIKHME.

_ Cooy LG
@8(3)—CO+C13+2!S ..t - St +.... (4.7)
C.
O60o3HauNM: Ki =_|' U TIOJyYUM
Il
D (s)=K,+Ks+K s2+..+Ks'+..,, (4.8)

E(s)=(K,+K;s+K,s2+..+K.s! +..)G(s)

Y4uuThiBasi, 4TO onepaTop S, YMHOKEHHBIN Ha N300pakKeHHE CaMOU BEJTMYHHBI,
SBJISIETCS] CHMBOJIOM A depeHITMpOBaHUS, MOKHO JIJISI OPUTMHAJIOB 3aIHCATh

et)=K, o) +K o)+ K, g@ ) +..+KgO(t)+.... @9
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Breipaxxenune (4.9) ompenenser 3aBUCHMOCTh OINMUOKH PETYJIUPOBAHUS OT
pa3IMYHBIX COCTABJSIIOIIMX BXOJHOTO BO3AEUCTBUA M KO3 ¢uimeHTsl Ki
MOJTyYMIIN Ha3BaHUE KO3(PPHUIIMEHTOB OIINOOK:

- Ko- ko3¢ dutireHT ommbKu 1Mo MmoJ0XKEHHIO;

- Ki- koapunmeHT ommbdKu mo CKOpocTH;

- K2 — koadunmeHT ommoKu 1Mo YCKOPEHHUIO U T.JI.
N3 (4.8) cienyer, 4to

K(s)—{cb (s) z K }

YucrieHHble 3HA4YeHHUS KO3(P(PUUMEHTOB OLIMOOK OIMPEAENAIOTCS H3 3TOr0
BbIpaxxeHus mpu S—0.

K. =lim 1{@ (s) z K } (4.10)
s—>0S
OueBuHo, uyT0 Ko=@;(0).

BXOIIHOC BO3IIGI>'ICTBPIG MOJKHO IIPpCACTAaBUTL B BUJAC CTCIICHHOI'O psAaa

gt) =g, +g1t+922t2 ot Imgm,

m!
rae Jo — MOCTOSHHAs BEJIMYMHA, XapaKTepHU3ylolllas HaudallbHOE 3HAauYCHMUE,
gi1=const — CKOpOCTb HM3MEHEHHS BXOJHOIO BO3JECUCTBUSA, (2 =CONSt —
yCKOpeHue u T.1. Toraa
1 1
G(s)= g0+g1 & +...+gmm+1.
S ¢ 25s° m! s
[TycTh nepenaroyHasi GyHKIMS Pa30MKHYTON CUCTEMbl UMEET BU]]
B(s)
W(S) =y ,
s"A(S)

rie v - MNOpsAoK acratu3ma cucteMbl. [[ns mepematouHoit (yHKUMH
3aMKHYTOM CHCTEMBI IO OMIMOKE MOTy4YuM

D (s)= _ SYA(S) |
1+W(s) sVA(s)+B(s)

N300paskeHne OnmmMOKY 3aluIeTcsl B BUJIC
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E(s)= SSAG) (90,9, 9% 1,  On 1

sYA(S)+B(G)L s s° 2s® T mis™!

OTtcrona ciaeayeT, 4To €CIu TMOPSAJ0K acTaTu3Ma OoJbIIe MOpsAKa CTapIieH
MIPOU3BOJIHON BO3JICUCTBUSA, T.€. V>M, TO OlIMOKAa B YCTAaHOBUBIIIEMCS PEKUME
Oyner paBHa Hymto. Ecim v=m, 1o ycTraHoBuBIIascs ommOKa OyneT paBHA
IIOCTOSIHHOM BEJIWYMHE, HAa3bIBAEMOM cTaTHUecKoi ommoOkoi. M eciim v<m, T0
npu t—>0 u &>, B oTHomeHnn ko3(puUIMEeHTOB OMMOOK MOCIeaHEe
BBIPAKCHUE MO3BOJISIECT CACNATh CICIYIOIIUE BBIBOIBI.

1). Ecnu cucrema craruueckasi, T.e.v=0, TO CYIIECTBYIOT BCE€ COCTABJISIOLINE
OIIUOKH ¥ Bce KOA((OUIMEHTHI OIMOOK HE paBHBI HYIHO, T.K. Ko = @40)#0.

2).Cucrtema c actatu3mMoM 1-ro mopsijika, v =1, He UMeeT OITUOKHU I10
noJioxenunro u Ko=0.

3).Cucrema ¢ acTaTU3MOM 2-TO TIOpSKa, V =2, HE HMMEET OIIMOOK II0
MOJIOXKEHHMIO U 110 ckopocTHu U Ko =0, K1=0.

OTOT CHUCOK MOHO MPOJODKUTH. TakuM 00pa3oM, MOBBIIMICHUE MOPSIKa
acTaTh3Ma IMOBBIIIAET TOYHOCTh CUCTEMBI B yCTaHOBHBLIEMCA pexume. Ho
MOBBIIEHUE TMOpSAJKA acTaTU3Ma CHUKAET 3amachl YCTOMYMBOCTH, T.K.
BBEJICHUE WHTETPUPYIOIINX 3BEHBEB YBEIUYHMBACT (Pa3oBoe 3arma3jbIBaHUE
(cHMXaeT 4acTtoTry @y). [losToMy Ha mIpakTUKE MOPSAIOK acTaTh3Ma BBIIIE
BTOPOTO HE MPUMEHSIOT, a Yallle BCETO OrPaHUYMBAIOTCS aCTaTU3MOM IE€PBOTO
MOPSIJIKA, UCTIONB3YS JJIsI IOBBIIIIEHUSI TOYHOCTH JIPYTHE CITOCOOBI.

4 4. NarerpajibHbBIE OIIEHKN KAYECTBA.

HNHTerpanpHble OLICHKH XapaKTEPHU3YIOT KAa4eCTBO MPOTEKAHUSI MEPEXOIHBIX
npoiieccoB. Haubosnbiliee pacrnpocTpaHeHUE TOTYYUIN JBE HWHTErPaJIbHbBIC
OLICHKH

J, =1 [x®)-x()[ dt=rg2(t)dt, (4.12)
0 0

J =1 [X(t)—x(oo)]2+12(dx)2 dt =
0 dt
(4.12)

=7 2(t)+t dt.
0
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Nurerpan (4.11) onpenenser miomaas Mo KpUBOW KBaJpara NTUHAMUYECKOU
omnOkn. YeM MeEHBIIE ATOT MHTETPaJ, TeM OBICTPEE 3aTyXaeT IMePEXOTHBIN
MpOIECC M, CJIEAOBATEIbHO, MHTErpan Jo CIyKUT Mepod OBICTPOACUCTBUS
cucteMmbl. B psige ciydaeB cucTeMa, yAOBJIETBOPSIONIAS YCIOBUI0O MUHUMYMa
Jo, MMeeT 3HAYMTEIbHYIOKOJE0ATENbHOCTh IEPEXOJHOro Impouecca. /[
YMEHBIIICHUSI KOJEOATEIBbHOCTH MOKHO MONpPoOOBaTh BOCHOJIb30BATHCS
onierkoit Ji. [IpeacraBuM 3TOT UHTErpall B BUJIE

2
3, = e +r %0 | gt —72ee(ty ¥ et =
0 0
2
=7 e+ %5 | gr—re2 ()2
0 dt

[locneqHuit wieH B TOJYYEHHOM BBIPQKCHUHM SIBJSICTCS [MOCTOSIHHOW
BEJIMYMHOW M, €CITU CUHMTaTh, 4TO NpU t—oo ommobOka £1t)—0, To OH paBeH
7&(0). MuHMManbHOE 3HAYeHME MHTErpan Ji OyleT HUMeTh, €CIH
HOJMHTETPAJIbHOE BhIPAKEHHE OyIET PaBHO HYIIIO, T.C.

dga)+-(0 0 (4.13)
dt
Pewmenue storo nuddepeHnnanibHoro ypaBHeHus: 0yaer
g(t)=g(0pt/s (4.14)

[Ipy momaye Ha BXOJ CHCTEMbI CIMHUYHOIO CTYIECHYATOTO BO3ACHCTBHUS
HavanpHOe 3HaueHne ommOku &£0)=1 ¥ MOKHO PEKOMEHIOBATh CIICAYIOIIYIO
METOAMKY BbIOOpa BEITUYNHBI TOCTOSIHHON BPEMEHH 7.

1) BeiOepeM 3 Kakux — JUOO COOOpaKEHUU BpeMsi peryiaupoBaHus tp u

BenmuuMHy A, TO0O ypOBHIO KOTOpOW  BBIOMpAaeTcs O3TO  Bpewms,

Tes(t) etp” A;

1) onpeaenum sorapumM HATYPATBHBIA OT MOJYYCHHOTO BBIPAKCHHUSI

t
—LP=InA.
T
t Y
OTcroa mosryunm T=—""-.
In A
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PaccMoTHM METOIMKY BBIYMCIICHHS] WHTETPATBHBIX OIEHOK MPU CIUHUIHOM
CTYIICHYaTOM BO3JCHCTBMHM Ha BXoJie cHCTeMbl. Ecmu @(5)=B(S)/D(s) —
nepenaToyHas GyHKIIUS 3aMKHYTON CUCTeMBI, TO [8,14,15]

bps™ -+, s M+ b, 4s+h, 1
n n-1 '
dos +d;s" " +..4d, ;S+d, S

X(s)=

Ecnu cucrema ycronunsa, TO

1
3= (BuAn+BrgAp 1+ +BoA—2b b, 4A)  (4.15)
20 2A
B sTOM BBIpakeHuu: Bm = bﬁ] ,
B =h?
Bm—l - bri—l B 2bmbm—2;

B, =h?—2b b +.+2(-1kb b, ;
B, =b2.

Onpenenutens A cocraBiserca U3 KOIPGUIMEHTOB XapaKTEPUCTHUECKOTO
ypaBHEHUS 3aMKHYTOW CHCTEMBI CJICTYIONTUM 00pa3oM

dn _dn—z dn—4 _dn—6 0

0 dn—l _dn—3 dn—5 0
A= 0 _dn dn—2 _dn—4 0
0o 0 -d_ d . 0
0o . . A )

Bce onpenenurenu A« (k=0,1,...m) nonay4arorcs u3 A 3amenon (m+1-k) — ro
cronoua cronouom Buaa (dn-1, dn,0,0,0,0,...0).

I/IHTCFpaJI J1 MOXXHO 3anucaTh B BUJAC CYMMBI IBYX MHTCTPAIOB
J =J,+Jd,
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dx )
rae J01=’52é a dt.

dx
Ecmu yuects, uto — —> SX () =S@(S) =, 10 MOKHO caenaTh BHIBO, 4TO

B HOBOW IMepelaTO4YHON (YHKIMH TOPSIAOK YHCIUTENS] YBEIUYUTHCA Ha
enuHMILy, T.e. M=M+1 u cBoOOAHBIH wieH bm=0. [{ns BerurcIeHNsT HHTErpaia
Jo1 TENEph MOXKHO BOCIIOIB30BATHCA BhIpaXKeHHUEM (4.15).

HenocraTkaMu MHTETPajIbHBIX OLICHOK SIBJISIIOTCS HEBO3MOXKHOCTh MOJYYEHUS
NpsMBIX TOKa3aTeJaell KadyecTBa W BBICOKAS CJIOKHOCTh BBIYMCIUTEIBHBIX
npoueayp. JIOCTOMHCTBO — 3TO BO3MOXHOCTb BBIPa3UTh HWHTETPAIbHBIC
OLICHKM KaKk (YHKIMH MapaMeTpOB CHUCTEMbI M, BOCIOJIb30BaBIINCH
M3BECTHBIMH METOAAMHU IOHUCKA 3KCTPEMyMa, ONPEACIUTh 3HAYEHUS ITHUX
napamMeTpoB, Jalollieé MHUHUMYM H30paHHOW oreHke. VMMEeHHO »3To
MOCITYKWJIO  Pa3BUTUIO  AHAJIUTUYECKUX  METOJOB  CHHTE3a  CHUCTEM
aBTOMATHYECKOT'O YIPABJICHUSI, OCHOBAHHBIX HA MUHUMU3AIUU KBaIPATUYHBIX
WHTETPAIbHBIX OLIEHOK.

KouTpoubHbIe BONPOCHI K JeKkuuu Ne 2.

1. Jlma mocTpoeHUs NMCKPETHOM MOJEIM HENPEepPhIBHOTO O00BEKTa 5-TO
MOPSAJIKA MCIOJIB3YETCSl QJITOPUTM BBIYMCICHUST MATPUYHOM JKCHOHEHTHI C
IOMOIIbIO CTeneHHOTO psfa 25 crenenu (i1=0, 1, ..., 25). Kakyro MakcuMaibHYyIO
crenens (K)Matpuupl A (AX) npu 3ToM HEOOXOAUMO BEIYUCIUTE?

2. VYKaXuTe€ OCHOBHOM HEIOCTATOK alrOpuTMa BBIYMCICHUS MAaTPUUYHOU
DKCITIOHEHTBI C IOMOIIBIO CTEIIEHHOTO PAJA.

3. HazoBute rinaBHOE€ JOCTOMHCTBO CHMBOJIBHO-UMCIEHHOTO aJITOPUTMa
(bopMHpOBaHUS TUCKPETHON BEKTOPHO-MATPUYHON MOJIEINH.

4. [Ipu KaKHX YCIIOBHSIX JUISL BBIUHCIICHUSA MAaTPHUILBI
cocrosiHus @ quckpetHod BMM ¢ nomMompr0  CUMBOJIBHO-YUCIIEHHOTO
QITOPUTMA BBl MCIOJIB3YIOTCS OJMHAKOBBIE MaTpUUYHBbIE KOA(DOUITMECHTHI,

T.C. Fk: Fk+1.
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3-Jleknusi: JUHEWHBIE _CTAIIMOHAPHBIE _CHUCTEMBI
ABTOMATHUYECKOI'O YIIPABJIEHUS IIPU_CJOAYYAUHBIX
BO3JAEUCTBUAX

Iian:
1. Cayyaitable GyHKIIUU U UX XapaKTEPUCTUKH
2. CBs3b MEXIY KOPPETISUUOHHBIMU (PYHKIUSMHU U CHEKTPaTbHBIMU
IJIOTHOCTSIMM HAa BXOAE W BBIXOJIE JIMHEMHOM JHHAMUYECKOU
CUCTEMBI
Ananmu3 quHammnueckor Togynoctu CAY
@opMHUPOBAHUE CUTHAJIA C 33IAHHON CHEKTPAJIbHOMN MJIOTHOCTBIO
Cunre3 onTuMaidbHbBIX nepenaTounbix ¢yHkuud CAY  npu
CIIy4alHBIX BO3JACHUCTBUAX

ok~ w

[Ipy wW3ydyeHHMM OCHOB TEOPUM ABTOMATHUYECKOIO YIIPABICHUS paHEe
IIPEANOIAraJoCh, YTO 3aJA0IINE U BO3MYILAKOIINE BO3JAEUCTBUS MPEICTABISIIOT
co00il u3BecTHbIE (YHKIMH BpeMEHH. BO MHOIMX MNpPaKTUYECKHX CIydasx
HEOOXOAMMO HCCeNnoBaTh KadyecTBO paboTel CAY, Korja yKa3aHHbBIE BBIIIE
BO3JICUCTBHS SIBISIOTCA CIyd4alHbIMA (DYHKIHUSAMHU, T.€. KOrJa TOHATHE O
IIEPEXOTHOM IIPOLIECCE TEPSAET CMBICIL.

Oto nHanpaBieHue TAY OCHOBBIBa€TCS Ha METOJIaX TEOPUU CIIyYaWHBIX

GyHKIMNA 1 MaTEeMaTUYeCKOW CTaTUCTUKH.

1. Cayuaiigble GYHKIIAHA U UX XAPAKTEPUCTHKH.
OyHKIMA, KOTOpas MNOpU KaXJIOM JAaHHOM 3HAYCHUM HE3aBHUCUMOU

IIEPEMEHHON  SBJSETCA  CIy4YallHOW BEJIMYMHOM, HA3bIBACTCSA CIy4alHOU
bynkuuei. Ciyyaiinple (YHKIMH, I8 KOTOPBIX HE3aBUCUMOW IEPEMEHHOMN
ABJISIETCS BPEMS, YaCTO HA3bIBAIOT CTOXACTUYECKMMHU ITPOLECCAMMU.

OcHOBHBIMHM XapakTepucTukamu ciydaitHot ¢yaknun (CD) saBisroTcs
martematnueckoe oxuganne M,mucnepens D u xoppensimonnas  ynkmms

K.

MaremaTuueckoe OXKHUIaHUC OIIPCACIIACTCA BhIPAKCHHUCM
o0
M {x(t)} =my (t)= 1 x(t) f (x,t)dx. (1)
_00

Hucniepcus
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D{x()} = M{[(0)-me(t)]| -

= T [x)-my O  (6t)x. @)

—00

Ou3nvecKuii CMBICT TMOHATHSA KOPPETSIUOHHON (DYHKIMU 3aKJIIOYaeTCs B
OIIpEeJENIEHH: BEPOATHOCTH TOrO, YTO B MOMEHT BpeMeHH L, ciydaiiHas

2
GyHKIUS MPUMET 3HAYCHHUE X2, €CJIM B MOMCHT t1 Stz OHa IIOJIy4yuJia
3HaYeHUE X1.
Ky(tptp)= MI[x(t)-m ) x(L)-mE)]} = @

= ojo Ojo [X('[1)—mx(t1)][X(t2)_mx(t2)]f (X1,X2,t1,t2)dX1dX2,

—o0 —00
rae X, = X(t1), a X, = X(tz).
B npuBeneHHBIX BBIpAXKCHUSX:
f (X,t) — oJHOMepHbIN quddepeHuranbHbli 3aKOH pacipeeIeHus,

f (X1 , X2,t1 ,t2) — IByMEpPHBIH U (epeHInanbHbIi 3aKOH PACTIPE/IEICHUS.

B teopum C® mMareMaTHM4eCcKOE€ OXUJIAHUE HA3bIBAIOT HavyaJbHBIM
MOMEHTOM IE€PBOTO IOPAAKA, AMCIEPCUIO-LIEHTPAIBHBIM MOMEHTOM BTOpPOIO
NOpSIKA, a KOPPESIHUOHHYIO (DYHKIUIO - CMEIIaHHBIM LEHTPAIbHBIM MOMEHTOM
BTOporo nopsaka. Paszgen teopun CP, onepupyromuid TOJIBKO ¢ MOMEHTaMH
MIEPBBIX JBYX MOPSAKOB, HOCUT HAa3BAaHUE KOPPEIALMOHHON TEOPHH CIYy4aHBIX

GyHKUIHHA.
HanbGonee BaxHbiM cBoiicTBOM C®, omnpeaesommuM BO3MOXKHOCTh
MPUMEHEHHUSI OCOOBIX METOAOB HCCIICIOBAHUS, SIBISETCS 3aBUCUMOCTh WJIU

HE3aBUCUMOCThH CBOMCTB €€ OT Hauaja OTCYeTa BpeMeHHU. B COOTBETCTBUM C ATUM
pazinyaro

CTAallMOHApHBIE W  HECTAllMOHAPHBIE ciydaitHpie  QyHkumu. Jus
crauoHapHbix C® Bce MHOroMepHbIE 3aKOHBI pACIpENESIEHHUs 3aBUCAT OT
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B3aMMHOT'O PacCIOJIOKCHUA MOMCHTOB BPEMCHU t1,t2,...,tn, HO HC€ OT CaMHuX

3HAQYEHUN HSTHUX BEIUYMH (CTAlMOHAPHOCTH B Y3KOM cMmbicie). Ecmu stomy
YCJIOBHUIO YJIOBJIETBOPSIIOT TOJIBKO MOMEHTBI MEPBBIX ABYX MNOpsAkoB To CO
HA3bIBACTCS CTAllMOHApHON B MIMPOKOM cMmbicie. [Ipomeccsl mpeobpazoBanus
MMEHHO CTal[MOHApHBIX B MHUPOKOM cMbiciie C®d cucteMaMu aBTOMaTUYECKOTO
yhOpaBiieHHsT Mbl U OyleM paccMmaTpuBarh, HasbiBas B JaibHeiimem >t CD
MPOCTO CTAIMOHAPHBIMHU.

Ilo ompenenenmio cranuoHapHoii Cd ee MaTeMaTHyecKoe OXKHAAHHE M
JCTIEPCHs. HE 3aBMCAT OT BPEMEHH, a KOPPEIALUOHHAs (YHKIHUS SBJIAETCS
(ynkuneit Tonpko mpomexytka Bpemenn T=1,—1,, a ne camnx momenTos

OTCUY€Ta BPEMEHHU.

m, =Const; D, =const;

X

Ky(t)=M {[x(t)—mx][x(t+1:)—mx]} -

=7 T[x(t)_mx][x(m)-mx]f(x1,x2,1:)dx1dx2. (4)

—o0 —00
OCHOBHBIE CBOWCTBA KOPPEISIIIMOHHON (DYHKIIMH:

1. lim K. (t)=K, (0)=0.
1:Ilr>noo y (1) =K, ()

2.K, (0)=D,.
3. KX (0)> ‘KX (‘C)‘ — He Bo3pacTaromast GyHKIIHSL.
4. KX (’E) = KX (—T) — yeTHast PyHKITHA.

BaxHoil xapaktepuctukoil cranioHapHoid CO sBISETCS €€ CHeKTpalibHas

[UIOTHOCTB O, KOTOpasi  CBSi3aHA C  KOPPEJAIMOHHON  (QyHKIIHEH
npeoOpazoBanueM Dypee.

sx(m)=_°;:OKX(¢)e—JMdr. 5)
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1 = |
K,(t)= " [Sy(w)e' " dw. (6)
(= Sx(©)

Y4uThIBast CBOMCTBO 2, MOJIy4YUM

1 «
D, = [Sy(®)do. (7)
X 275_{)0 X( )

CranuoHapHbIl ciydyallHBIA Tporiecc 001aJaeT IProAuYecKuM CBOWCTBOM.
OTO O3HauaeT, 4YTO BCE €ro CTAaTHUCTUYECKUE XapaKTEPUCTHKH MOTYT OBITh
OIIpE/IeJIEHBI 110 OJHOM pealn3aluyu JOCTaTOYHO OOJIBIION JIUTENBHOCTH, JINOO
0 aHCAMOJTI0 OTHOCUTEIBHO KOPOTKUX peau3auil.

B npakTHuecKMX NpUIIOKEHUAX I[MAPOKOE PACIIOCTPAHCHHE IOy
CTAIl[MOHAPHBIN CIIy4ailHbIN MPOLIECC TUTIA “OeNblid IIyM ™, ISl KOTOPOTO

Ky (t)= N&(7), )

rre N =const, &(T)— nenvra-dynxmms.
sx(co)=_of|\|5(r)e-imdr= N. )

BaxxHoe NMpUKIIaHOE 3HAYEHUE TaKOTO CUTHAJIA COCTOUT B TOM, YTO aHAJIN3
CUCTEM OTHOCHUTEJIbHO CITyYalHbIX CUTHAJIOB MPOU3BOJIBLHON (POPMBI C TOMOIIIBIO
crenuaibHbIX  (QOPMHUPYIOUIUX  (PUIBTPOB  MOKHO 3aMEHUTh  AHAJIU30M
OTHOCHUTENIFHO O€JI0ro IIymMa, YTO 3HAUMTENbHO YIIPOIIAET PEIICHNE 3aJauH.

Jlo cux mop Mbl paccMaTpHUBAIM OJHY CIy4aiiHyto QyHKIHI0. PaccMoTpum
TEIEepb B pPaMKax KOPPEJSIHMOHHOM TEOPUM CHUCTEMY JBYX CTAlMOHAPHBIX
CIIy9aHBIX QYHKIIAN X u Y. Tax xak 1epBblii © BTOPO MOMEHTBI KaK/IOit
C® B OTHENBHOCTU MPEACTABISAIOT COOOM YK€ HM3yuyeHHBbIE MaTeMaTUYECKUe
OKUJAHUS W KOPPENALHUOHHBbIE (PYHKIIMHM, TO OCTAETCS PACCMOTPETh BTOPOM
CMELIaHHBIA MOMEHT OpJAuHAT pazauyHblXx CP, B3ATHIX B pa3IM4YHbIE MOMEHTHI
BPEMEHU- TaK Ha3bIBAEMYIO B3aUMHYIO KOPPEISILIMOHHYIO (DYHKITHIO.

Ky tpt) = M{[x(t)-m ] ytz)-m,
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Ecnu B3anmHas koppensaunoHHasi GyHKIIUS 3aBUCUT TOJIBKO OT MMPOMEXKYTKa
BpeMeHU T = t2 —t1, a HE OT CaMHUX MOMEHTOB BPEMEHM, TO T'OBOPAT, UTO

ykazaHHble C@ CTalMOHAPHO CBA3aHbl U KX B3aUMHYIO0 KOPPEISALMOHHYIO
(YHKIIIO MOKHO 3aIMCaTh B CIEIYIOIIEM BUIE

Kyy ()= 1?; [x(@®)-m, Jy(t+5)-m, |f (xy,5)dxdy. (o)

J11st B3aMMHOM KOPPESILUOHHON (PYHKIIMU CIIPaBEIJIMBO PABEHCTBO
ny (v)= Ky)( (-7 (11)

OcTtanbHble CBOICTBA B3aUMHOW KOPPEISUMOHHOW (DYHKUIHMHM aHAJIOTHYHBI
CBOMCTBaM OOBIYHOM, KaK 4acTO FOBOPAT-aBTOKOPPENAUMOHHON QyHKuuu. Ecin
K B3aUMHOH KOPPEISUOHHON (PyHKUIMU NPUMEHUTH IIpeoOpa3oBanue dypobe, TO
IIOJIyYMM B3aMMHYIO CIIEKTPAJIbHYIO IIJIOTHOCTD.

6.2.CBs3b MeKIY KOPPEJANMOHHBIMU QYHKIUSIMH U CHIEKTPaJIbHBIMHA
IUVIOTHOCTSIMM BEeJIMYHMH HA BXO/€ U BbIX0/1€¢ JUHEHHON JTUHAMUYECKOMI
CHCTEMBI.

[Tycts Ha Bxon CAY ¢ nepenatodynoit GyHKIHEH CDl(S) u (QyHKIIMEH Beca
k(t) IIOCTYIIAET CJIYyYalHbIA CTAlMOHAPHBIA CHUTHAJ g(t), MMEIOLIN I

KOPPEISIMOHHYIO (DYHKIIUIO Kg (T) U CIEKTPaJbHYI IIJIOTHOCTH Sg((O)

(pucyHOK 6.1).

?(s)

N4

G(s) —— —> X(s)

Puc. 1. CAY npu cny4aliHOM BO3/I€MCTBUU HA BXOJIE

I/IBBeCTHO, qTo BBIXO)IHOﬁ CHUTHAJI OIIPEACISACTCS BbIPA)KCHUCM
00
X(t)= 1 g(t-6)k(6)dd - (12)
—00

Torz[a MAaTECMATHYCCKOC OXKMAAaHNUC CUT'HAJIa Ha BBIXOAC 6yneT

54



m, = M{x(t)} = 7 M{ g(t-8) }k(8)de=m, 1k(8)de.

Tak kak (yHKIMS Beca SBISETCS OPUTHHAIOM IepeaaTouyHOl (YHKIMH, TO B
COOTBETCTBHUH C TEOPEMOI 0 KOHEYHOM 3HAYEHUH OPUTHHAJIA TTOJIYyYUM

m =m lim s1CI>(s)= mgd)(O). (13)
s—0 S

YMHO)HMM 00€ yacTu BeipaxkeHus (6.12) Ha g(t —’C)

x()g(t-7)= [9(t-7)g(t-B)k(O)de.

[IpyMEHMB K 3TOMY BBIPAKECHHUIO ONEPALUIO MAaTEMaTHYECKOrO OXUAAHUSA,
MTOJTYYUM

Kxg(M= 1 Kglz-6)k(6)d0 (14)

YMHOXUB 00€¢ dactu (6.12) Ha X(t+1:) M TPUMEHUB CHOBA ONEPaALHIO

MaTEMAaTHYCCKOT'O OKHNJAaHUA, MOKHO 3aIIMCaTh

M{x(t+1:)x(t)}:of M{g(t—6)x(t+1)}k(8)d0 nm

o0
Ky(®)= T Kxg(a-+0)k(6)d0 (15)
[TpumenuB k BeipaxeHuto (6.14) npeodbpazoanue Oypwe, MOTydUM

Syq (@)= _‘Z[Kg (fc—G)k(G)dG]e‘j‘“dfc =
=1 [Kg (1:—G)k(G)dG]e‘j"“e‘j“’eej‘”edt =

= T k(@)edo* | Kg(x-8)e ™ e,
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Orcroma
ng (@) =3( j(’))sg (®) (16)

C momompto npeodpaszoBanus Dyphe, MOCIe aHATOTUYHBIX PEeoOpa30BaHUM, U3
BbIpakeHus (6.15) momyuum

Sy (@) =D (= J®)Syq (@) (17)

[ToncraBum (6.16) B (6.17) u Oynem umeTh

Sy (@)= @(jo)f Sq(e) 1)

CriekTpasibHasl IUIOTHOCTh CHTHAaja Ha BBIXOJAE JMHEHHOM JUHAMUYECKOH
CUCTEMBI paBHA CHEKTPAJIbHOM IUIOTHOCTU BXOJHOTO CHUTHAJA, YMHOXXEHHOW Ha
KBaJpaT aMIUIUTYIHO-(a30BOM YACTOTHOM XapaKTEPUCTUKH CHUCTEMBI.

3Has CIEKTPaIbHYIO MNIOTHOCTb, [0 BBIIIE MPUBEIECHHBIM (hOpMYyIaM MOKHO
OIPEAETUTh KOPPEISLUOHHYIO (DYHKIHUIO U AUCTIEPCHUIO BBIXOIHOTO CUTHAJIA.

6.3.Ananu3 nuHamn4yeckoi Tounoctu CAY.
3agaya COCTOMT B OLIEHKE AuHaMuueckoil touHoctn CAY, T1.e. mpum

HEIMPEPHIBHO CIyYallHBIM 00pa3oM HW3MEHSIOMMXCS BO3ACUCTBUSX. Mepoi
JAHAMHAYECKOW TOYHOCTHM IPUHATO CUYWATATh CpPEIHEE  KBAJAPaTHUUYECKOE
OTKJIOHEHHUE, KOTOPOE OIPEIEIISIETC KaK

, =Dx (19)

Kpurepuii MuHumyma cpenHero kBaapatuueckoro otkioHeHus (CKO)
3¢ deKTUBEH IS IMUPOKOTO KJIacca CUCTEM, HO OH HE SIBISIETCS YHUBEPCATBHBIM,
TaKk Kak oOecreurMBaeT Majoe 3HAaYeHHE JMIIb CpeIHEH, a HEe MIHOBEHHOMU
omnOku. IlosTromy B cucremax, rAe HEIOMYCTHUMBI OOJIbLINE, XOTS U
KpPaTKOBPEMEHHbIE OIIMOKHU, >KelaTeabHO 3a7ady O IenecooOpa3HOM BbIOOpE
nepenaTouyHoi (YHKIMKM CHCTEMBI peliatb He TOJIBKO Ha OCHOBE KPHUTEpHS
Muaumyma CKO, a ¢ yueTom ommOo0K B peKUMeE IEPEX0THOTO Mpoliecca.
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[TycTh Ha BXOJ CHCTEMBI C MEpeNaTOYHON (YHKIMEH B Pa30MKHYTOM

cocrosamn W(S) mocrymaer nonesmsiit cnyuaiinsiii curman - g(t) = G(S),

MMEIOUIUI CIIEKTPaTbHYIO IJIOTHOCTh Sg ((0)

G(s) %%% W(s) X(S)

Puc 2. Cucrema co cayyaiiHBIM CHTHAJIOM Ha BXOJIE

[lepenarouynast QyHKIIMS CUCTEMBI IO OITMOKE OT 3a/Iar0IIEro BO3AeHCTBUS Oy IeT

1

®= 4w

CHGKTpaHBHaH IUIOTHOCTH OIITHOKH OIIPCACIINUTCA KaK

S () =0 (j 2Sg (@) (20)

Hanee onpenenstorcs aucnepcyda u CKO.

Cucrema MOXeET HaXOqUThCA OJHOBPCMCHHO IIOJ BOBHGﬁCTBHeM ABYX

ciayuaiimpix  curaanos: momessoro -OU(t) u  Bosmymaromero - N(t),

NPUJIOXKEHHBIX B OJHOM TOUKE, T.€. g(t) = oc(t) + ﬂ(t). OueBuHO, 4TO B 5TOM

ciyyae
X(s)=D(s)o(s)+DP(S)N(s)

B manHOM ciyuae nepenarodHast PyHKIIHMS 3aMKHYTOW CUCTEMBI TT0 BO3MYIIICHHIO
COBMNAJACT C MepenaToyHor (yHKIMEH 1Mo 3ajaroniemMy BozaercTBuio. Ommbka
CUCTEMBbl ONpEACNseTCS KakK pa3HOCTh MEXIY TIOJIE3HBIM  (3a1ar0lIuM)
BO3JICICTBUEM U YIIPABIISIEMOU BEJIMYMHOM.

E(s)=a(s)— X(s)-

Orciona
X(s)=0(s)— E(s)=D(s)a(s) +DP(S)N(s)
E(s)=(1-®(s))ou(s) —@(S)N(s) = E, (s)— Ep ()-

B 511X BBIpaKeHUAX
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Ea (s)=(1—D(s))a(s)= (I)S (S)ou(S) —cocrapnsiomas

OIMMOKH OT 3aal0IIEer0 BO3ICHCTBYS,

En (s)= (I)(S) N(S)—cocrapmsomas  oumbkm,  BhI3BaHHAs

IOMEXOM.

Ecnu momne3HbIi CUTHANM M TIOMeXa HEKOPPEIHMPOBAHHBI, TO CIICKTPaJIbHAS
IJIOTHOCTH OIMMUOKHU OyJIeT

Se (@) =[@¢(jo) Sy (@) +@(j®) S, (@) ()

PaccMoTpum criydail, Korjga 3aJarollee M BO3MYLIAIONIEE BO3ICHCTBHUS
MPUIOKEHBI Pa3IMYHBIX TOUKaxX (puc.6.3).

Wi(s) Wa(s)

a(SHTeW%@% e fX(s)

1

N(s)

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

E(s)=a(s)— X(s)
X () =W, (S, (S)E(s) +W,,(S)N(s)
Onpenenus u3 nepsoro ypasuenus X (S) u moxcrasus Bo BTopoe, Haiizem
(1+ W (S)W, (8)) E(s) = ar(s) ~W, ()N (s)

Otcrona

1

_ _ Wy(s)
1+W(s)

=) 1+W(s)

o(s)

B orom seipaxennn  W(S) =W1 (S)W2 (S) —nepenarounas  dysxrms

Pa30MKHYTON CUCTEMBI;
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1

(I)S (S) = ———— —nepenaroydas ¢yHkuusa 3amkayToii CAY mo ommbke ot
1+W(s)
3aJIal0IIEro BO3/IEHCTBHHI.
W (s
O0o3HaunM uepes (I)n (S) = ﬁ —epeaaTouHyo (QYHKIHIO 3aMKHYTON
11W(s)

CHUCTEMBI 0 noMexe. Ecau Mmone3HbsIld CUrHal U IIoMeXa He KOPpCIUPOBAHLBI, TO
MOJKHO 3aIIuCaTb

Sg (@) =[Pe (j0)f So (@) +{Bn(j0) Sp@) @)

[anee no npexxnemy ciienyet Beranciaenue aucrepenu u CKO.

B IMPAKTHYCCKUX IMPHUIIOKCHHUAX BBIYUCIICHUC HHTCTPAJIa BUIA
1 « .2
D, = [ |®(jo) Sy (@)dw
27—

MO>KET BBI3BATh CYIIECTBEHHBIC TPYIHOCTH. [[7151 o0eruenus peneHus 3aa4u ot
ATOT WHTErpajl MPUBOJIUTCA K CHElUaIbHOMY TabIWyHOMY BUIy. Meroauka
MPUBEICHUS U 3HAYCHUS TAOJTMYHBIX HHTETPAJIOB MPUBOASITCS B MPUIIOKEHUSX.

6.4. @DopmupoBaHue CUTHAJIA € 32IaHHOM CIIEKTPAJIbHOM
IJIOTHOCTBIO.
B psnae ciyyaeB TEOPETHMUECKOTO U DKCIEPUMEHTAIBHOTO HCCIIETOBAHUS

YCTAHOBUBIIIUXCS CIyYalHBIX MPOIECCOB OKAa3bIBACTCS 11€7€CO00pPa3HBIM CBECTU
MPUJIOKEHHBIE K CHCTEME BO3ACHCTBUS K OJHOMY U TOMY K€ THUIIOBOMY
BO3JICHCTBUIO, B KAUECTBE KOTOPOTO BHIOMPACTCS OJIbIN IIyM.

EcrecTBeHHO, YTO TpU ITOM CXEMa WCCIEAOBaHUS JOJDKHA OBIThH
npeoOpa3oBaHa TakuUM 00pa3oM, 4YTOOBI peaNn3yeMblid €10 yCTAHOBUBUIMIICS

CIIy4alHBIM IIpoLECcC X(t) UMeNl Obl TaKMe JK€ 3HAYCHUS XapaKTEPUCTHK

(KOppesIMOHHONW  (PYHKUMU,CTIEKTPATbHON IJIOTHOCTH MU MaTEMaTUYECKOTO
OXKUJaHUSA), KOTOpblE COBHaAaM OBl C HMX pEAIbHbIMU 3HAYCHUSIMHU.
ITpeoOpa3oBanue 3T0 MOXKET OBITh OCYHIECTBJIEHO C IOMOILBIO CTAl[MOHAPHOIO
(dbopMHUpYIOILIEro yCTPOICTBa, MapaMeTpbl KOTOPOIO JOJIKHBI BHIOMPATHCS Tak,
YTOOBl 0Opa3yIOUINIICS Ha BBIXOJAE €ro YCTaHOBUBIIMICS CIydalHBIM Mpoliecc
NoJl BJIMSHHEM MPWIOKEHHOTO KO BXOAQy Oemoro 1myma obOnagan Obl
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XapaKTEPUCTHKAMU PEATHbHOTO BXOJHOTO BO3ACUCTBHUS. CXEMBI, MOSCHSIOIINE
OMMHMCaHHOE TTpeoOpa30BaHNe MMOKAa3aHbl HA PUCYHKAX 4a 1 6.4b.

gt)— o) — x(t) ?W(IJ(S) o) —> X(t)

OenbIi myM

g(t)
Puc. 4a. Cnyuaitusiii curnan Puc.4b. benbiii nrym Ha BXoje

Ha BXOJ€ CUCTEMBI dbopmupyromiero GuasTpa

Tak Kak cekTpajibHas MJIOTHOCTH SIBJISIETCS YETHON JPOOHO-pallMOHATILHON
GbyHKIIMEH YacTOThl, TO OHAa MOXKET OBbITh TMPEACTaBIEHAa B BHJE [BYX
KOMIIJIEKCHO-COIPSKEHHBIX COMHOKHUTEIEH

Sg(@=¥(i¥(-jo)=[¥(io) @

[Torpebyem, 4TOOBI CHEKTpasibHAsl MJIOTHOCTh PEaIbHOrO CIy4yalHOTO CHUTHaja
ObL1a paBHa

Sq(®)= Njaj jco)‘z (22)

N3 (23) u (24) HaxoaAWTCS aMIUIMTYJIHO-(a30Bas 4aCTOTHAs XapaKTEPUCTHKA
dbopmupyromiero puiabTpa

F(Jo)
JN

OTMGTI/IM, 4dTO YCTAHOBHUBIIHCCIA CJ'Iy‘—IElfIHBIG IIPOLCCCHI B peaanoﬁ CHUCTCMC U B

W¢(Jw)= (25)

cucteme ¢ (HOPMHUPYIOIIUM yCTPOMCTBOM 3KBUBAJIEHTHBI APYT APYTY JUIIb 10
CBOMM IIEPBBIM U BTOPBIM MOMEHTAaM M MOIYT 3HAYUTEIBHO PA3aUuyaTbCs I10
MOMEHTaM 0oJjiee BBICOKMX NOpAAKOB. OHAKO, €CIU BO3/JEHUCTBUE B peajbHOU
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CUCTEME€ U TpollecC Ha BbIXOAE (HOPMHUPYIOMIETO YCTPOMCTBA SBISIOTCA
HOPMaJIbHBIMU CITy4YalHBIMU (YHKIUSMH, TO OHHU IOJHOCTHIO COOTBETCTBYIOT

APYT ApYTY.

6.5.CunTe3 onTUMAJBHBIX NepeaaTouHbIX GyHkuuii CAY npu
CJIy4YalHbIX BO31CHCTBHUAX.
Brime OBIO 1OKA3aHO,YTO €CIM HAa BXOJAE CHCTEMBI ITOMHMO

YIOPaBISIONIETO €CTh U BO3MYIIAIOIIEE BO3JCUCTBUE (IOMEXA), TO OLIMOKA TaKOu
CUCTEMBI COCTOUT U3 JIBYX COCTaBJstomuX. YacTo oka3bIBaeTCs, YTO CTPEMIICHUE
YMEHBIIUTH OJIHY COCTABJISIOLIYIO TPUBOAUT K YBEIMUYECHHUIO BTOPOM U HA0OOPOT.
3ajaya CUHTE3a U COCTOUT B TOM, YTOOBI 00ECIIEYUTh MUHUMAIBLHO BO3MOKHYIO
CyMMY 00€HMX COCTaBJISIOIINX.

Bo3MOXHBI HECKOJIBKO CINOCOOOB pelIeHUs 3anayd cuHTe3a. [lepBblil U
HauboJsee MPoCTON NPUMEHUM, €CJIH YXKE U3BECTHA CTPYKTypa cucteMsbl. B aTom
cily4ae HEOOXOJHMMO, HCIIOIb3Ys BBILIE MPUBEICHHBIE BBIPAKEHUS OMNPEIETUTh
CKO kak (QyHKIMIO BapbHUpPYEMBIX MAPAMETPOB CUCTEMBI U OOBIYHBIM METOJOM
ONpENENUTh MX 3HAYEHHMs, NalHe MHUHUMYM owuOku. Eme omuH cnocod
IPUMEHUM KOT/Ia MOJIE3HBI CUTHAI UMEET 00Jiee HU3KOYACTOTHBIA CHEKTP, YEM
nomexa (puc.5).

Alw) Sa(w) Sp(®)

\

121

1
081
061
041

02t

0 +————————t——t—
0 2 4 6 8 10121416 18 20 22 24 26 28 30

®
Puc.5. AUX cucrembl CIEKTpaibHbIE TUIOTHOCTHU MOJIE3HOTO  CHUTHAJIA

H IIOMEXHU
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B stom ciydae mosnoca MpoOIycKaHUS CHUCTEMBbl JTOJKHA ObITh BbIOpaHa
JOCTaTOYHO  IMMPOKOW  JJIsg  oOecrmedeHusT  HEoOXOAUMOW  TOYHOCTH
BOCTIPOM3BEJICHUS TOJIE3HOTO CHTHajia, HO TaKOW HIMPHUHBI, YTOOBI MOJIHOCTHIO
OT(UIBTPOBATH IOMEXH.

B naubonee obmieM ciydae, KOT/ia CIIEKTPhI MOJIE3HOTO0 CUTHANIA U TIOMEXH
HAKJIQIbIBAIOTCS JIPYT Ha JIpyra CHUCTEMY CTpPOST TakK, YTOObI €€ YacTOTHas
XapaKTEepPUCTHKAa MAaKCUMAJIbHO MPHUOINKAIACh K CIEKTPATbHOM XapaKTepUCTHKE
MOJIE3HOTO CUTHAJIA.

PaccmoTpM  METOOMKY ONpPEACIEHUS ONTUMAJIbHOM IMEPENATOYHON
¢yskmun no kputeputo MuHuMyma CKO, korga CTpyKTypa CHCTEMBI
HEU3BECTHA, a U3BECTHA TOJIKO NepeaaTouHasi (yHKIMs HEU3MEHSIEMON YacTu.

[Ipn ompeneneHUH ONTUMAIBHOW YaCTOTHOM XapaKTEPUCTHKUA 3aMKHYTOMN

CAY (I)(jO)) o kpurepuro MuauMymMa CKO MexIy uaeanbHbIM CUTHAIIOM

u.(t) H OIITUMAJIBHBIM CHUI'HAaJIOM X(t) , IPCAIIOJIOXKUM, YTO!:

1) wupaeanbHas 4YaCTOTHAsl XapaKTEPUCTHUKA @u N (S) WIA WlIeaabHas

byHKUHS Beca ku 5 (t) W3BECTHBI;

2) TOJNE3HBIA CUTHAI a(t) u nomexa N(t) seasiorcs cranmonapusvu

OPrOJAMYECKUMHU CIIyYaWHBIMU MPOLIECCAMU C HYJIEBBIM MaTEMAaTHYECKUM
OXKUJIaHUEM M WX KOPPEISAIMOHHBbIE (YHKIIMA M CIEKTPajJbHbIE IJIOTHOCTH
W3BECTHBI;

3) Ha BpeMs MEPEXOHOIO MPOLEcca OrPAHUYCHUSI HE HAKIIA/IBIBAOTCA, T.€.
pEIIeHNE UINETCS B KJIACCE CUCTEM C “ OECKOHEYHOU MaMSThIO .

Cxema MOCTaHOBKHM 3aJjaui IPUBEJICHA HA pUCYHKE ©.

o(t) N B u(t)

g (t)

?(s)

®
!

Lf¥)

02



n(t) —® > O(jo) ——
a(t) X(t)

Puc. 6. Cxema cunresa ontuManbHo CAY

HeoOxoaumoe yciaoBue, KOTOPOMY AODKHA YIOBJIETBOPSITH ONTHUMAaIbHas
UMITyJIbCHAsI TiepexofHas (QyHKIUs k(t) nonyyeHa H.Bunepom B Bue

HHTCTPAJIBHOI'O YPABHCHUA
Kg(e-0)k(0)d0=Ky,q (7 (26)

nmpu T >0.

KoppensinmonHnast (QpyHKIMST CyMMapHOTO CHUTHajla Ha BXOJI€ OIpPEAesieTCs
BBIpaKEHUEM

Kg ()= Ko, (D) + K, (1) + Kan (0)+ Kna(r).

Venopue T >0 orpakaer npunimn ¢pusnyeckoil 0CyIeCTBUMOCTH CHCTEMB.
Ecnu nosie3Hsli cUraan u noMexa HEKOppPEIUpPOBAHbIL, TO

Kon (0= K (0)=0.

VYpaBHenue (26) MOKHO npeoOpa3oBaTh K BULY

K”g(t)—ng(t—G)k(G)d6=q(fc), (27)

rae q(T)—HCKOTOpaH dynkims, pasuas mymo npu  T=>0. Dro ycmosue

NPUBOJUT K TOMY, YTO (PYHKIUS Q(j(x)), CBSI3aHHAs C CI(‘E) npeoOpa3zoBaHUEM

®dypse, He OyneT coaepKaTh IMOJIOCOB B BEPXHEH IMOJYIUIOCKOCTH IJIOCKOCTH
. IlpeoOpazoBanne @Dypbe Oae€T BO3MOXKHOCTh MEPEHUTH K CHEKTPaTbHBIM
IJIOTHOCTSIM.

Spg (@) —@(jo)Sy () = Qlw) (28)

HpeI[HOJ'IO)KI/IM, 4TO CIICKTpaJIbHAA IJIOTHOCTH BXOJHOI'O CUTI'HaJIa UMECT I[pO6HO'
paHHOHaJIBHBIﬁ BUO 1 MOXKECT OBITH NpCaCTaBJICHA B BUAC
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Sg(@)=Y(Jo)¥(-Jo)=¥(Jo)¥*(jo) (29)

3nech T(JO)) MMEET BCE HYJU M MOJIOCHI B BEPXHEH MOJYIUIOCKOCTH, a
*f 1 Y)
¥ (jO)) -B HIDKHEH MOJYIIJIOCKOCTH TIockocTd .  Pazmenum  (28)  Ha

v (O)) U MOJIyYUM

Spg (@
N e iy Q@)
P (jw) PUF() ¥ (jow) 0

Jpo6s B 1eBoit yacTu BeipakeHus (6.30) MOXHO MpeoOpa3oBaTh K BULY CYMMBbI

Sug (@ : : : :
% =B(jo)=B"(jo)+ B (jw), npuuem BT (jw) wumeer
¥ (jo)

BCe HYJIM H TIOMIOCH! TOJIBKO B BepXHeil momyruiockocty, a B~ ( J®)-tonsko B

HUKHEH TOJYTUIOCKOCTU TiockocTh @. C ydetoMm 3Toro BbIpakeHue (6.30)
npeodpa3yem K BUIY

H(i (i V(i) = @)
B B-(jo)-P(jo)¥(jo)=—<""-
(Jo)+ B~ (jo)-2(jo)¥(Jo) ¥ (i)

[TocnenHee BbIpAXKEHUE COPABEMIMBO ISl BCEH IUIOCKOCTH @. OpHako,
MOCKOJIbKY ~ HEO0OXOJIMMO BBIMIOJIHEHUE YCJIOBUS (DU3UYECKOW pealu3yeMOCTH

720, To pemeHue MIETCS TONBKO B BEPXHEH MONYIUIOCKOCTH M yKa3aHHOE

BBIPpAKCHHUC IIPUHUMACT BU
B*(Jo)-®(jo)¥(jw)=0.

OTtcrofa i aMIuIMTyIHO-()a30BOM XapakTepucTUku 3aMKHYTOH CAY monyuum

D(jo)= |‘31’+((JJ;))) (31)

[lepenarouynas ¢ynkius 3aMkHyTOM CAY q)(S) Zq)(j(ﬂ)‘ jo=s" ITo sTomn

nepeaaToyHo (PyHKIMM omnpeaensercs: nepeaaTouHas (QyHKIUS pa3sOMKHYTOU

64



CHCTEMBI, a 3aT€M, C YUETOM M3BECTHOU MepPeAaToOuHOl (QYHKIUN HEN3MEHIEMOM
4acTH, HAXOAUTCA NepeaTouHast (QyHKIUS KOPPEKTUPYIOLIETO yCTPOUCTRA.

IIpumep.

[Tome3HpIii CcUTHAT W TIOMEXa 3aJaHbl CBOUMHU KOPPEISIIUOHHBIMU
GYHKITUAMMU:

Ko, (D)= a2e 1, Kn(1)= h2e o,

[lone3nbli curHaia M momexa HeE KOPPpCIUPOBAHEI. HI[GEUIBH&SI InepcaaTodHasd

GyHKIHA @u a(j()))Zl,T.e. JIOJDKHA OBITh pEIIEHa 3a/]ava ONTHMAaJIbHOM

bunbTpaum.

HpC)KIIG BCCTO OIIPCACIUM CIICKTPAJIbHBIC INIOTHOCTH.

S (@)= ThZee-iondr = ThZ%el® 1 dr 4 ThZe (@ +0)dr =
—00 —00 0

_ b b 2%

a—jo o+jo o’+on?

AHQJIOTUYHO MOJyYUM

Sg (@)=

Jlanee nporiecc pernieHus 3a1aui BuHepa COCTOUT U3 CIEAYIOMINUX ONIePAITHii:

1.Beruuciaum

B2 +,YZO)2
(1+o?*)(0* +o?)

3necs B2 =2a%a2 +20%; Y2 =2a%+2b%.

Sg (0)=S, (@)+ S, (0)=

Paznoxum 3Ty QyHKINIO HA KOMITJIEKCHO-COTPSKEHHBIE MHOKUTETH
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o= 19"IB . yo+p

Sql@= T2~ IP TP
77 (- i)o-ju) (@+j) o+ jo)

Otcronma

Y(in)= 'Y(’)_jl3 ,
Y92 0= o= o
¥*(jo)= Yo+ B ]

@+ )0+ jo)

2. BbIUHCIINM B3aUMHYIO CIIEKTPAIbHYIO IIOTHOCTh

2
S, (@)=, (j)s, (@)= 2, .0

1+

B(joo) = 2a"’_(m+ ja_) _
(@—j)(yo+ jB)

3. Onpenenum (QyHKIHIO B+(jO)).
Bjo)=" + f2
o—] (yo+]B)

[IpuBenss k oOlIEMy 3HAMEHATENI0 W MPUPABHUBAs YHUCIHUTENW OTOTO U
IIPEIBIAYIIETO BBIPAXXECHUH, ITOJIyYUM CUCTEMY YPaBHEHUN, U3 PELIECHUS] KOTOPOU

OyzemM UMeTh

_2a*(1+a) B+ (i 28 (1+a)
A 4B U= o= )

4. BpluncauM 4aCTOTHYIO XapaKTEPUCTUKY ONTUMAJIbHON CHCTEMBI

B*(jo) _2a*(1+a) . (jw)+a

O(jw)= ]
D= glioy ~ +B)  v(ioy+p
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KoHTpoJibHbIe BOPOCHI K Jiekuuu Ne 3.

1. Cucrema npencraniieHa cienyroiieit BMM B nucKkpeTHOM BpeMeHU
S

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

Onpenenute cocTostHUE X(2)?
2. Cucrema npencrasieHa cieayromieiit BMM B 1UCKpeTHOM BpeMEHHU

x(k+1}=[_11 é}x(ﬂc}+[_;5}(&}; x{0}=[§:|; (k) = 0.5k +1.

Onpezern/ITe TAKYIO YIIPABJIAIOUIYIO ITOCJIICAOBATCIIBHOCTD, UTO

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

3. I[J'IH KakKuxX CHUCTCM  IOHATHUA  OOCTHXXMMOCTH W YHPABIACMOCTH

HKBUBAJICHTHBI?
4. Cuctema npejcrasieHa cienytouieii BMM B qucKkpeTHOM BpeMeHH

11 1 2
=)= L 025 [Jm(k) * {— D.S}(k); x0)= H

OHCHI/ITG JOCTHXKUMOCTD, Ha6HIOI[aeMOCTB " YIPaBIIACMOCTb 3TON CUCTEMBI.
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Hpakmuuecm{e 3anamus.

Ilpakmuueckasa paooma Ne 1. MaTemaTn4ecKoe ONMCAHUE CHCTEMA
aBToMaTn4yeckoro ynpasJjenusi (CAY) n UX XapaKTEePUCTHKH.

OO01ree 3aganue.

.HI/IHCapI/ISOBaTB YpPaBHCHUA CTATHUKU HW JHUHAMHKH B OKPCCTHOCTAX
HOMHHAJIbHBIX PCKHUMOB.

Ipumep. JIuneapusanusa HenuueHoro Y.
dx dy
3xy-4x?+15--y=5-—"2> +
Y at” a7

Jannoe JIY sBnseTcsl HEIMHEHMHBIM H3-32 HAIWYMAS IPOU3BEICHUUN
MIEPEMEHHBIX X U Y. JIMHeapu3npyem ero B OKPECTHOCTH TOUKH C KOOPAUHATAMHU

Xo = 1, x;) =0, y'0= 0. Jlisa onpeneneHus HEAOCTAIOMIETO0 HAYAIBHOTO YCIOBUS Yo
MOJICTaBUM JIaHHBIC 3HaYeHus B JIY:
3y0-4+0=0+yo oTKyma yo=2.
Brenem B paccmoTpeHue GyHKIIUIO
F=3xy-4x2+15xy-5y’ -y

H OIIPCACIINM BCC €€ IMMPOU3BOJAHBIC IIPU 3aJdHHBIX HAYAJIbHBIX YCJIOBUAX!

oF

— =3y -8),=3*2-8*1=-2,
ox|, 3y )|o

oF ,

— =(3x+1,5% '1)|o:3*1+1’5*0'1:2’
8y0

oF

—| =(1,5y)|,=1,5*2 =3,

ox, ( Y)|o

* g

oy'|,

Tenepb, HCMOAB3YSd MOJy4YEHHBbIE KOADPHUIIUEHTHI, MOXHO 3amucaTh
OKOHYaTeJIbHOE JTuHEHHoe [V
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BAY’ + 2AY + 3AX - 2Ax = 0.

¢

JIuneapuzanusa Y, 3a1aHHOTO B SIBHOM BHUJE OTHOCHUTENBHO Yy, T.€. Y =
F(X) mpousBoauTcs 1o hopmyiie

y= %Ax + ﬁAx'+£Ax"+...,
OX oxX' ox"'

TO €CTb, B JTAHHOM CJIY4ac HCT H€06XOI[I/IMOCTI/I HCKAaTb IIPOU3BOJIHLIC II0 VY.

BapuaHnTtsl 3a1aHui.
Bapuanm Ne 1

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

Xy=2

2. Jluneapu3oBaTh ypaBHEHUE JUHAMUKH B OKPECTHOCTH HOMUHAIBLHOTO PEXKUMA
Xy = 2 W ONPEJETUTh NepeaTOuHYI0 (YHKITUIO 3BEHA

y(2) +y-y(1) + y3 =2 X2
Bapuanm Ne 2

1. .HI/IHeapI/IBOBaTB YpaBHCHHEC CTaTUKHU B OKPECTHOCTU HOMMHAJIIBHOI'O PEXKHUMaA

Xg=1

X —> —>y

2. Jluneapu3oBaTh ypaBHCHHE TMHAMHUKH B OKPECTHOCTH HOMUHAIILHOTO PEXUMA
Y OTIPEJICIIUTh MEePeaTOUHYI0 (DYHKIIMIO 3BeHA

s y@ +y yO =2y f+f,

f —>

—> Y
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Bapuanm Ne 3

1. .HI/IHeapI/I?)OBaTB YPaBHCHHC CTAaTUKU B OKPCCTHOCTU HOMUHAJIBHOI'O PCKUMA

— 9. 2. 3 112
y y=2-uf+f+2-u

u —>
f —>

u, =05 f,=1

2. JInneapu3oBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEXUMA
U ONIPEICIIUTh EPEAATOUHYIO (PYHKIINIO 3BEHA

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

1. HI/IHeapI/ISOBaTB YPaBHCHHNEC CTaTUKHU B OKPCCTHOCTU HOMMHAJIIBHOI'O PCXKUMaA

=u-f+u?
>y Y

I

u,=1; f,=2.

2. JInneapu3oBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMHUHAJIBHOTO PEXUMA
U OTIPEJICIUTh MEePEeaTOUHYIO (DYHKITUIO 3BEHA

YO +y y® 43 =y® f 4y f+ 02
u. =1, f,=2.
Bapuanm Ne 5
JIuneapu3oBaTh ypaBHEHHE CTATUKU B OKPECTHOCTH HOMHUHAJILHOTO pPEeKUMa
Y 20 Jy-f=0

u, =2; f,=1.

1.
u—>
f—>

2. JInneapuzoBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMHUHAJIBHOTO PEXUMa
Y OTIPEJICIIUThH MEePeaTOUHYI0 (DYHKIIMIO 3BeHA

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

I. .HI/IHeapI/ISOBaTI) YPABHCHHC CTaTUKH B OKPCCTHOCTH HOMHUHAJIBHOI'O PEXKHUMaA Xy
=1

2 ~2_ Dy =
y y y-+yx“-2x=0.

2. HI/IHeapI/I3OBaTB YpPAaBHCHHUEC JUHAMHWKH B OKPECCTHOCTH HOMHWHAJIBLHOTO PCKUMaA

Y ONPEJEHIUTE MIENENATOUHYIO (DYHKIIMIO 3BEHa
U

—> Y
f —> y(1)+y:2-u-f+u(1)’

u. =05 f.=2
Bapuanm Ne 7

1. HI/IHeapI/IBOBaTB YpPaBHCHHEC CTAaTUKHU B OKPECTHOCTHU HOMHUHAJIBHOT'O PEKNMaA

X NGy Xy = 2

y2-2ux-x3-4=0.

2. JInneapu3oBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEXUMA
U OTIPEJICIUTh MEePEaaTOUHYI0 (DYHKIIMIO 3BeHA

y(2)+y-y(1)+y2:2-xl
Bapuanm Ne 8

1. HI/IHeapI/IBOBaTB YPaBHCHHEC CTAaTUKHU B OKPECTHOCTH HOMHUHAJILHOTO PEKHNMaA

X —> —>y Xs=1

2. JInneapuzoBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEKUMa
U OTIPEJICIIUTh MepeaTOUHYI0 (DYHKIIMIO 3BeHA

y(l)-(]_ +y) +y=u -u(1)+f-f(1)’

u % y
f 2 u,=2; f,=1.
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Bapuanm Ne 9

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

X —> —>y Xy = 2

y =2x%+X.

2. .HI/IHeapI/I?)OBaTB YPAaBHCHHUC JUHAMHWKH B OKPECCTHOCTH HOMHWHAJIBHOTO PCKUMaA

W OHPE penaTouHyo (yHKLIHIO 3BEHA
f—>

yh (2 +y) +y =0 u® +f,
us =0,5; fu=1.
Bapuanm Ne 10

1. HI/IHeapI/ISOBaTB YPaBHCHHEC CTATUKHU B OKPCCTHOCTU HOMHUHAJIBHOTO PEKNMaA

X —> —>y X =2

y =2x(1 +x?).

2. JInneapu3oBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAIIBHOTO PEXKHUMA
U OTIPEJICIIUTh MePEeaTOUHYI0 (DYHKIIMIO 3BeHa

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

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

X —> >y Xy =3

y=2x(3+X)

2. JIuneapuzoBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEXKUMA
Y OTIPEJICIIUTh MEePeaTOUHYI0 (DYHKIIMIO 3BeHA

y-y(l) +y= 2'X3+X'X(1).
Bapuanm No 12

1. .HI/IHCapI/IBOBaTI) YpaBHCHHE CTaTUKH B OKPECCTHOCTH HOMHUHAJILHOT'O PEKHNMaA
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u —> u-Jy-2f-y=0
f—> >

2. JInneapu3oBaTh ypaBHEHUE TUHAMHUKHA B OKPECTHOCTH HOMUHAJIBHOTO PEXUMA
Y ONPEICIIUTh NEPEAATOUYHYIO (PYHKIINIO 3BEHA

yO+y+u-u-f+u®=0,
u.=1;, f.=1

Bapuanm Ne 13

1. HI/IHeapI/ISOBaTB YPaBHCHHEC CTATUKHU B OKPCCTHOCTU HOMHUHAJIBHOTO PEKNMaA

Xg=1
X —> —>y

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

2. HI/IHGapI/I3OBaTI> YPaBHCHUC TMHAMUKHN B OKPCCTHOCTH HOMHUHAJIBHOI'O PCIKHUMaA
H OIIPpCACIUTD IICPCAATOUYHYIO (bYHKHI/II-O 3BCHA

y(1)+y-y(1):2-x_8-x3;
Xa =2, Yu=2.
Bapuanm Ne 14

1. HI/IHeapI/IBOBaTB YPaBHCHHEC CTATUKH B OKPECTHOCTH HOMUHAJILHOTO PEKNMaA

2-Jy+u-fy=0

u —>
f—_ > Y

2. JInneapuzoBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEXUMa
U OTIPEJICIIUTh MepeaTOUHYI0 (DYHKIIMIO 3BeHA

yO +yDy2 4y =y u® + f - fO
u. =1, fu=2.
Bapuanm Ne 15

1. HI/IHCapI/IBOBaTI) YpaBHCHHE CTAaTUKHU B OKPECTHOCTH HOMHUHAJILHOT'O PEKHNMaA
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Xy=2

y = 3'X2 + 2'X3_

2. JluHeapu3oBaTh ypaBHEHHE TUHAMUKU B OKPECTHOCTU HOMUHAIILHOTO peXUMa
U OTIPEJICINUTh MEePeaTOUHYIO (DYHKIIUIO 3BEHA

yO (1 +2y)+y=u-u® +f fO,

—>Y

u—
f —>

u, =2; f,=1.

Bapuanm Ne 16

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

Xg=1
X —> —>y

y =5x?+ 3X.

2. JInHeapu30BaTh YPABHCHUE TMHAMHUKHA B OKPECTHOCTA HOMUHAIBHOTO PEXUMA
U OTNIPEICIIUTh MEPEAATOUHYIO0 (PYHKIINIO 3BEHA

“—> yW- (2 +3y) +y=u® uW +2f,
P — >

u. =1, f, =1
Bapuanm Ne 17

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEXKUMA

X, =
X —> —>y w=3

y =2x(1 +x?).

2. JluHeapu3oBaTh YpAaBHEHUE TMHAMUKUA B OKPECTHOCTH HOMUHAIIBHOTO PEKUMa
U ONIPEICIIUTh MEPEAATOUHYIO0 (PYHKIINIO 3BEHA

y@ + 2y yO 4y = x3+ 3x-xO,
Bapuanm Ne 18

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAJIBHOTO PEXKUMa

X —> Sy Xa=1
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y =2x(10 + x).

2. JluHeapu3oBaTh ypaBHEHHE TUHAMUKNA B OKPECTHOCTU HOMUHAIIBHOTO peXUMa
U OTIPEJICUTh MepeaTOuHyI0 (YHKIIMIO 3BeHa

5y -y +y=2-x3+3x x®

Bapuanm Ne 19
1. JIuneapuzoBaTh ypaBHEHHE CTATUKU B OKPECTHOCTH HOMHUHAJILHOTO peXUMa
u—>
—> Y
f —> u-,y-5fy=0

2. JIuHeapu30oBaTh YPABHCHUE IMHAMUKHA B OKPECTHOCTH HOMUHAIIBHOTO PEKUMa
U OTNIPECIIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

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

1. JIuneapu3oBaTh ypaBHEHUE CTATUKH B OKPECTHOCTA HOMUHAIIBHOTO PEXKUMA

Xy=2
X —> —>y

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

2. JInneapu3oBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMHUHAJIBHOTO PEXUMAa
U OTNIPEICIIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

y(1)+y-y(1) = 3-)(_5-)(3;
Xe=2; Yu=1.
Bapuanm Ne 21

1. .HI/IHeapI/IBOBaTB YPaBHCHHEC CTaTUKHU B OKPECCTHOCTHU HOMHUHAJIbBHOTO PEKHNMaA

2 Jy+2ufy=0

—>Y

u—
f—>

2. HI/IHCapI/IBOBaTI) YpaBHCHHUEC JUHAMHWKH B OKPECTHOCTH HOMUHAJILHOI'O PCXKHUMaA

U ONPEJEINUTh MepeaaTOuHyI0 (PYHKIIMIO 3BeHa
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YO +yDy2 4y =y y® + f - fO
us =1; fu=1.
Bapuanm Ne 22

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

4-Jy+u-fy=0

U —>
f—_ > Y

2. JIuHeapu3oBaTh YPABHCHUE IMHAMUKHA B OKPECTHOCTH HOMUHAIIBHOTO PEKUMa
U ONIPEICIIUTh MEPEAATOUHYIO (PYHKIINIO 3BEHA

y(1)+y(1)-y2+ y:u-u(1)+f-f(1)’
u=1; f,=1.

Bapuanm Ne 23

1. HI/IHeapI/IBOBaTB YpPaBHCHHEC CTAaTUKHU B OKPECTHOCTHU HOMHUHAJIBHOT'O PEKNMaA

Xg=1
X —> ——>vy

y = 2'X2 + 2'X3_

2. JInneapu3oBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEXUMAa
U OTIPEJICIUTh MEePeaTOUHYI0 (DYHKIIMIO 3BeHA

y(l) (1+2y)+y=u U@ +f - D

u —> y
f —>

u, =2; f,.=2.

Bapuanm Ne 24

1. JIuneapu3oBaTh ypaBHEHUE CTATUKU B OKPECTHOCTA HOMUHAIBHOTO PEXKUMa

Xy=3
X —> —>y

y = 2:x%2 + 3.
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2. JIuneapuzoBaTh ypaBHEHUE JUHAMHUKUA B OKPECTHOCTH HOMUHAJIBHOTO PEXUMA
Y ONPECIIUTh NEPENATOUHYIO (PYHKIIUIO 3BE€HA

Yy (2 + 3y) +y =u?-u® +2f,

u—>

f—_ > ¥

u,=1; f,=2.

Ilpakmuueckasa padoma Ne 2 AHAIN3 Ka4eCTBA JIMHEHHBIX HENMPEPbIBHBIX
CHCTEeMa AaBTOMAaTHY€CKOIr0 YNPaBJIeHUs

OO01ree 3aganue.

1. Ilo 3amanHbIM quddepeHIrnanbHbIM YPABHEHHUSIM OINPEAEIUTh ONEpPATOPHbIC
YpaBHEHUSl MpPU HYJEBBIX HAYaJlbHBIX YCIOBHSX, MEPENaTOYHbe (PYHKIUH,
CTPYKTYPHBIE CXEMBbI 3BEHBEB, XAPAKTEPUCTUYECKUE YPABHEHUSA U UX KOPHH.
Iloka3ath pacnpeneneHre KOpHEN Ha KOMILIEKCHOM TIOCKOCTH.

OHGHI/ITB YCTOI>'I‘II/IBOCTB Ka>XXJJ0Io N3 3BCHLCB.

2. Ilo 3aganHOi mnepenaToyHod (yHKIMM 3anucarh AUQPHepeHuaNbHOE
YpaBHEHHUE.

IIpuMmep pemienus 3aganus 1

HNano auddepeHmanpHoe ypaBHEHHE, XapaKTEPU3YIOIIee TUHAMUKY
TEXHOJIOTHYECKOTO OOBEKTA,
dx _du

aY L aW ,yox_12% s
dt®  dt dt - dt

6,25

Ecnu o603naunts Y(S), X(S) u U(S) kak m300paXkeHHUs: CUTHAIOB Y, X U U
COOTBETCTBEHHO, TO OIEPAaTOPHOE ypaBHeHHE (MPH HYJICBBIX HaYaIbHBIX
YCIOBHSX) B JAHHOM CIydae MPUMET BHUI:

6,2552Y(s) + 4sY(S) + Y(s) = 9X(s) — 1,2sX(s) - 5sU(s).
JlaHHO€E ypaBHEHHE MOXKHO ITpeoOpa3oBath, BeiHECS Y (S) 1 X(S) 3a CKOOKH:
Y(s) (6,255 + 4s + 1) = X(s) (9 — 1,2s) - 5sU(s).
Otcroz1a nosry4eHo:

9-12s X(s 5s

Y(s) = 2 - 2
6,255° +4s+1 6,255° +4s+1

U(s).
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Ecnu 0003HaunTh nepenaTouHbie PyHKIUN 0O0BEKTa KaK

_ 92—1,23 n W (s) = 255 |
6,255° +4s+1 6,25s8° +4s+1

W, (s)

TO mosy4aercs ypaBHeHHe Y (S) = Wi(S) X(s) + Wy (S) U(s). CtpykrypHas cxema
00BbEeKTa MpUBEJCHA Ha PUCYHKE 1.

N =

X Wx(s) W v

Puc. 1 Puc. 2
[Tonyuennsie nepenaroynbie GyHKIIMU UMEIOT OJIMHAKOBBIC 3HAMEHATEIIH,
HAa3bIBAEMBIE XapAKTEPUCTUUECKUMU BBIPAKCHUSAMMU:

A(S) = 6,25s% + 4s + 1.
2
Ecniu npupaBHAT, JaHHOE BBIPAKEHHE K HYJIIO, TO 00pasyercs

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

s 2 ‘] 1 s 2 j 1
= —— — U = —|—.
1 1
3 "2 3 "2
Pacnipenenenne KopHel Ha KOMILJIEKCHOM IJIOCKOCTH MOKAa3aHO Ha puc. 2.
ITo puCyHKY BHJIHO, YTO KOPHHU JIEKAT B JICBOW TOJYILUIOCKOCTH, CJIEI0BATEIIBHO,
OOBEKT YCTOMYHB. ¢

IIpuMmep pelieHus 3aganus 2
Jlana nepenarounast QyHKITUs BUIA

7s® +55

W(s) = :
(s—0,5)(3s* +2)

Jlist 3amucu nuddepeHmantbHOro YpaBHEHUSI HEOOXO0IMMO y4eCTh, YTO TI0
Y(s)

X(s)

onpeneneuuio W(Ss) = , OTKY/1a TIOJIy4EHO:
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7$°+55  Y(s)

W(s) = = :
(s—0,5)(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 mpeoOpazoBanue Jlamnaca,
MOJIy4aeTcs:

3 2 3
30V W 40y 70X

-y= +95,9X . 4
dt® dt dt® dt®

Bapuantsl 3a1aHui.

Bapuanm Ne 1
dzy dy _ d_U -1 > —n.
1. a) 6dt2+5dt+y_2x+dt, y(0)=1; vy(0)=2;
d’y  dx du, —10- (0 —

0) i +y_a+3x+2f e y(0) =10; y’(0)=6.

2 W (s) 3s+5

T (5-2)(s2+3)

Bapuanm Ne 2

dy db dy . _,du. — 2 v(0)=0:
1. a) dt3+dt2+dt+y_2dt’ y(0)=-2; y’(0)=0;

6) 69 Y sy WM o yO) =1 y0)=2; y’0)=1.

dt> dt dt
25s+1
2. W()=——""-—"—.
®) s +3s-12
Bapuanm Ne 3

dzy dy _d_U_ . — 2. ) —_1-
1 wesYesPioy-Rost; y0)=3 y(©O)=L

6) 2%+y=—4u+2f —0.1%; y0)=2:  y(0)=-18.
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2. w)=—3"10
(s—2)(s +5)
Bapuanm Ne 4

1, a)5dy+3zy +05-y= 22—“+4u+df y(0)=-1; y(0)=2;

6) - 2d¥ &Y ay- 2‘;_’(_x 0:  y(0)=15; y'(0)=-2
4.3
2. W)= ——"——.
©) s?+3.5-1
Bapuanm Ne 5

dy dy ) ﬁ . — Q- s — _
1. a)y+dt+3d2 2u+3dt+f,y(0) 3;  y(0)=-11

622 . for yO=1 yO=2 yO=-1
2. W= (s—3)(ssz++2;(s +05)
Bapuanm M 6
1 Y 0 y0=1 YO -2 yO--1

dt® dt dt

y d d’y  dy _dx — 0 SN — 10 () —
0) 4 dt YT —+2-x-10f; y(0)=0; vy (0)=-10; y’(0)=1.
3+8

2. WE=5

Bapuanm Ne 7

d? d d ,
1. a)4—dt¥+d—¥+y:6d—l:+u; y0)=1; y(0)=7;
d? d df R
6) 16dT2y y+ sdi’ 57— y(0)=-3; y(0)=5.
5
2. WE)=— >
(s) 2s? +3s+16
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Bapuanm No 8

d?’x d?%y dy g d?f

1. a) y—2 e + e + i + e X y(0)=-1; vy’(0)=4;
6) 4z;y+5%+y=4%+u—5f; y(0)=9; y(0)=-4.
2. W(s):%.
Bapuanm Ne 9
1 w1259y 49V gV I o o v =20 v =3 y0)=1;

dt dt? dt dt

d?y dy _,df _ OB W —
6)10y+2dt2 +4dt 3x_4dt+5u, y(0) =0.5; y’(0)=1.
5s?
2. W()=—F——.
®) (s—1)(s® +3)
Bapuanm Ne 10
dy ,d’y d®y _df . N — SO —
1. 44 —2 =3—-2f = =10; =1;
8) 3t s =g 2 X y(0) =y”’(0) = 10;y°(0) = 1;
2
6) 49 Y 1oy 2 Myt y0)=9:  y(0)=-1.
dt dt
2. W)= 3+t
(s=1D)(s+7)
Bapuanm No 11
d’y _d’y _dy d’u. _n. : L
1. =2 =242 y=2 = =-1 =1;
a) dt?, dt2 + dt u dt2 ,y(O) O’ y(O) 1 y (O) >
d? d d? R ys
6)y+9T2/=d—)t(+f—3Fg; y0)=1; y(0)=0; y’(0)=12.
2. W) -4

T (5-)(2+12)

81



Bapuanm No 12

1. )—+y—d—+3-x+2-f—i—l:;y(0)—5 y’(0)=3;
d’y d’y dy _du, _ - SN —
6)F+F+E+y_2dt’ y(0)=-2; y(0)=1.
2. w=-25
(s+2)(s+3)
Bapuanm Ne 13
1. a) 2—+y——4u+2f -0. 1% y(0)=2; vy’(0)=8;
6)50l Y 3 sy a3 vy =2, y(0)=2.
dt dt dt
3s+5

2. W(s):m.

Bapuanm Ne 14
dy d? d ) .
1. a)- 2d3t’ dty 2d—x—x+4y 0;  y0)=7, y(0)=-2
dy ﬁ =5 2 = -
6)y+dt 3dz =2u +3d +f; y(0)=5; y(0)=-1.
3s
2. W)= ————.
©) $*+25+5
Bapuanm Ne 15
d? d df ) ’» .
1. a)Tde_{_HE:o; y0)=1;, y(0)=2; y’(0)=-3;
d? d®y dy dx ) .o
J zTg+_{:E+2x_10f; y(0)=2; y(©0)=-1; y’(0)=1.
s+9

2. W(S):S(Sz+3) :

Bapuanm Ne 16
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d’y  dy — 1 O\ = -
1 )4dt2+a+y_6d_+u' y(0)=1;, vy(0)=2;
d? d df ,
6)16% y+ 8d3t’ 5.-TT-x YO =1 y(0)=4
2. W()=—>
) 3(s—2)s®
Bapuanm Ne 17
d®x d?y dy d2f . _ ,
1' T T ) O ='1, 0 :1;
d | dt? | dt dt? y(©) y(0)
d’y dy o dx o, _ a. SN —
6)4dtz +5dt+y_4dt+u 5f; y(0)=3; y’(0)=-2.
3s’
2. W(E)=—T—.
®) (s—1)(s* +5)
Bapuanm Ne 18
d?y  dy df _ ,
1. 1 2 4—— —4— = :1
a)10y + i T 3x dt+5u y(0)=5; vy(0)=1;
dy d’y d’y df — v =4 () =
6)3dt+4dt2+dt 3dt 2f +x; y(0) =y’ (0)=4; y’(0)=2.
2. WE-—t
®) (s —1)(s® +3s)
Bapuanm Ne 19
2
1. a)a% Yy 2% o, yO) =1  y(0)=-2:
dt dt
6) 3 6y =X _yigf: y(0)=-2; y(0)=4.
dt dt ’
3s+5
2. W@E)=——mM——.
®) (s—2)(s*+3)
Bapuanm Ne 20
d’y _d’y _dy : Y — e a0
. ——2—+2—-Uu= =- =1:
1w 8 Y i lye =0y =2 yO-T;

83



d®y dx d u,

0 99— =—"+f- 0) =1, ’(0)=0; ?(0)=2.
) yo =t y©) =1 y(0)=0; y”’(0)
2. W)=
®) S +25+7
Bapuanm Ne 21
d’y  dx du —c. 2O = 4-
1. a) dt2 +Yy= E'FBX 2f—E, y(O)—S, y(O) 4,
d? d d )
6)6dt2y dy 2y—d_“ 3t; y(0)=3 y(0)=2.
2s+1
2. W(s) = :
) s(s® +3)
Bapuanm Ne 22
d’y dy df . — n. SN — PN — 1 -
1. +2—2—x+—=0; 0)=2; 0)=2; 0)=-1,
8) 2y it y(0) y’(0) y”(0)
0) 4d y+5(;y+y 4%+u 5f; y(0) =5; y’(0)=-2.
23
2. W(s) = :
®) s®+3s” +4s+10
Bapuanm Ne 23
dzy _d dU —_ . s — A
1. a) dt2+y_dt+3x+2f dt’ y(0)=2; vy’ (0)=4;
dy, dy dy . _,du. -1 y(0)=
0) dt3+dt2+dt+y_2dt' y(0)=-1; vy’ (0)=2.
2. W)=+
(s+2)(s+3)
Bapuanm Ne 24

1. a)2—+y_—4u+2f—01% y0)=2, y(0)=4

6)5Ol y+33y+o5y 2z—u+4u+%, y(0)=-3; y(0)=1.
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35+5

2. W(s):m.

Ilpakmuueckaa paooma Ne 3

JIuHeliHble CTAMOHAPHBIE CHCTEMbI ABTOMATHYECKOI0 YIIPABJIECHUSA NPH
CJIyYalHbIX BO31eHCTBUSAX.

OO0wree 3aganue.
[To 3amanHbIM H300pakeHUsAM Y (S) MoyInTh opuruHaisl ().

IIpumep. Ciyuaii oOpatHOro mnpeoOpazoBanus Jlamiaca npu HaIUYUU
KOMIUJIEKCHBIX KOPHEM.

N300paxkeHre BEIXOHOTO curHaa Y (S) IMeeT BUT

5,75

Y(s)= 5 : :
S(1,8s” +5,225° + 4,35 + 6,75)

KopHu 3HaMeHaTens BKIKOYAKOT HYJIEBOW KOPEHB, AEMCTBUTENBHBIN U TIAPY
KOMIUIEKCHBIX KOpHE#: So = 0; S1=-2,54; S3 = - 0,18 +
J*1,20.

Nzo6paxenue Y (S) pasOuBaeTcs Ha CYMMY YEThIpEX JPOOCIH:

Y = Yo(s) + Yi(8) + Ypa(6) = o0 + M +[ Mo, M J

Torna opurunan y(t), cormacHo tada. 1.1 u 1.2, umeeT BUI:
y(t) = Yo(t) + ya(t) + yas(t) = Mo + M, *e>' + 2 e [C - cos(wt) - D - sin(w1)],

I7ie O U ® - ACHCTBUTEIbHAS U MHUMAs YaCTH Mapbl KOMIUIEKCHBIX KOpHEH Sp3, C
u D — nelicTBuTenbHas 1 MHUMAsl 4acTu napbl KoddduimentoB Mo u Ms.

Jlst kopHs Sp = 0:

_ B(0) _ 5,75 | 575
" A0) 185 +5225°+435+675, 6,75

0,85,
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M, 085

Yo (S) :T s

yo(t) = Mo = 0,85;
s xopHs S; = -2,54:

_BGs)| 5,75 |
TA(S) (18" +5,225° +4,35” +6,755)]

S=S1 S=S1

5,75 |

S d =-018,
7,25° +15,665° + 8,65 + 6,75

S=S1

M, 018
~S; S$+254

Y, (s) = s

yl(t) = Ml *eslt — _0’18*8—2,54t ’
B) UL KOpHEit S23 = -0,18 + j*1,20:

_BG)| 5,75 |
2T A(S) (185" +5,225° +4,35” +6,755)]

S=S2 S=S2

~ 5,75 |
7,25° +15,665° + 8,65 + 6,75)

=034+ j*0,24,

S=S2

M, N My _—0,34+j-0,24+—O,34—j-0,24
S, S-S; s+018+j-1,20 s+018-j-1,20

Y,3(8) = S

y23(t) =2 e18[-0,34 c0s(1,20 t) - 0,24 sin(1,20 t)].
B urore nosydaem opuruHa:

y(t) =0,85-0,18 2%t -2 ¢0181[0,34 cos(1,20 t) + 0,24 sin(1,20 t)]. ¢

Bapuantsl 3a1aHuii.
Bapuanm Ne 1

3s+5 _ s?—s+2 |

(s—=2)(s+4)(s-1)’ 0) Y(s)= s(s? —s—6)

a) Y(s)=
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Bapuanm Ne 2

0.16

Y(s)= ;
a) Y(s) s(s® +s+0.16)
Bapuanm Ne 3
5(4s +1)
Y(S) =——F7—
a) Y(s) s(9s® +s+1)
Bapuanm Ne 4
0.5
Y(&)=—F———
a) Y(s) s(s? +s5+0.5)
Bapuanm Ne 5
6s+1
Y — .
a) Y(s) (4s+1)%(4s +s+1)’
Bapuanm Ne 6
a) Y (s) = 5(3s+1)

(s+1)(4s® +s+1)°

Bapuanm Ne 7

5(s+1)
(952 +s+1)(3s+1)

a) Y(s)=

Bapuanm Ne 8

5(3s+1)

a) Y(S)=m,

Bapuanm Ne 9

5(4s+1) |

aYS: ]
)YE) s?+4s+5

Bapuanm Ne 10

2s-1

a) Y(S)Zm;

Bapuanm Ne 11

6) Y (s) = 8(3s+1)s
(s +s+)(s+1)?
6) Y(s) = 6s(s ;Ll) :
(Bs+1(4s” +s+1)
6) Y (s) = (3s +1)°
(5s+1)(s? +s+1)
6) Y (s) = 5(s+1)
(9s? +3s+1)(3s+1) '
6) Y (s) = 5s(s+1)

(65s+1)%(9s2 +s+1)

B 3s :
(B5s+1)(s? +s+1)

0) Y(s)

5(s+1)

0) Y(s):m.

s—4

Y= 2552

10

0) Y(s)= D
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6s+1

a) V()= (s+1)2(4s2 +s+1)

Bapuanm Ne 12

5s(s+1)
(3s2 + 65— 24)(2s +1) '

a) Y(s)=

Bapuanm Ne 13

s?—s+1
Y(§)=—%5——

a) Y(s) s(s®* —s+5)

Bapuanm Ne 14

8(s® —1)
(s? +s-1(s+1)?’

a) Y(s)=

Bapuanm Ne 15

s(s+3)

VYO e

Bapuanm Ne 16

B 4s +1
(55 +1)(s? +1)

a) Y(s)

Bapuanm Ne 17

5s(s+1)

2) Y(9)= (3sZ + 65— 24)(25 +1)

Bapuanm Ne 18

5s(s+1)
(65s+1)%(9s2 +s+1)

a) Y(s)=

Bapuanm Ne 19

3s

a) Y(s)= (45 +1)(Bs% + 85 +1)

Bapuanm Ne 20

7 0)Y(s)=

, 0)Y(s)=

(2s+1s

0) Y(s)= (s+1)2(4s? +25+1)

6s+5
(s—2)(s+5)(s+1)

2s-1

0)v(s)= s(s? +2s+5)

45 -1

0) Y(s)=m.

0) Y(S)Zﬁ;

(2s +1)s
(s+1)2(4s® +25+1)

0) Y(s)=

5(2s+1)
(s+D(s?-s+1)’

5(3s+1)
(4s% +s+1)(s+1)

6) Y(s)=

3s+1

0) YO = Siast ras s

88



2(s+1)

a)Y(s) = s(20s? +12s+1) '

Bapuanm Ne 21

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

a) Y(s)=

Bapuanm Ne 22

4s

a) Y(s)=m;

Bapuanm Ne 23

N
$(9s2 +5+1)

a) Y(s)=

Bapuanm Ne 24

a) Y(s) o

T (s +D)7(4s? +5+0)]

5s(s +1)

0) Y(s)= 9s? +3s+1
YO =
0) ()= g ff)s ?9]22( S+_3ls)+1) |
0) Y(s)= ﬁ |
5) v(s) - 5(3s +1)

(s+D(4s” +s+1)
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V. BAHK KEMNCOB

Keiic Nel: beronnsiit 3aBon ¢upmsl «TEKA» mnpousBogut OeToH
pa3IMYHBIX MapoK. B 3aBUCHMMOCTH OT 3aKa3a, MOKET MPOU3BOAUTH OCTOH IS
JOpor, OETOHHBIX IUIUT, (PYHAAMEHTOB, a TaKXKe MECKO-OETOH JUIs Pa3IMYHbIX
OTIIeNOYHBIX paboT. MmeeT 5 pesepByapa, Ui BOJIBI, MECKa, IIEeMEHTa, IeOHS U
nobaBku. Bech mpolecc MOMHOCTHIO aBTOMATHU3HPOBAH, W  YIpaBISIETCS
KOHTpoJulepoM. Becb  mpomecc  KOHTPOJUpPYETCS  ONepaTopoM  4Yepes
[lepconanbnpiii  Kommbiorep. B mporecce paboTbl BO3HUKIA MpoliieMa.
Boixonut, ommbOka Ha 23KpaHe MOHUTOpa: «Pesepgyap 600v1  nonHublil.
Ocsob6ooums peszepgyapy. Ilomydaercs, yto 1o (axTy pesepByap IMyCTOM, HO
CUTHAJI UJIET YTO OH TOJHBIM, B UTOTE€ aBTOMATHYECKUN PEXKUM HE padoTaer.
[Ipuxomutcs padotath B pydHoM pexkume. Bompoc: Kak Bbl gymaere, kakue
(aKTOpbI MOTJIM TOBJIHATH MOSBICHUE TAKOTO POJIA OIIHMOKHU?

Beronnblii 3aBox pupmel « TEKA»

IToci1iemoBaTEIBLHOCTD peIcHUuA 3a1aUn:

dTansl 3aga4vu 1J11 BHINOJTHEHUS
1. N3yuute BECh TEXHOJIOTUYECKUAN MIPOLIECC
2. [TonpoOHO U3YYHUTH CXEMY BCErO MPOU3BOJICTBA, a TAKXKE BCE
YCTpPOMCTBA
3. [TpoBepbTe paboTOCIIOCOOHOCTH BCEX TATYUKOB BECOB BO/IBI,

a Takxe npuodop, KOTOPbIA COETUHEH C BECAMU BO/IbI

4. [TpoBephTe CBSI3b MEX Y MPUOOPOM BECOB BOJBI U
KOHTPOJIEPOM.
5. Ecnu mpu6Gop BeIlen U3 CTPOsi, 3aMEHUTE €r0 HOBBIM

npruOOpPOM, U TOBTOPUTE BCIO MOCIEAOBATEILHOCTD U
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IIPUMHUTE CAMBIN TOCTYIIHBIN PELICHUS 3a1a4H .

Keiic Ne2: CranenpokaTHbI 3aBOJ IPOWU3BOJMUT CTAJlbHBIE JIUCTBI TPEX
pasnuuHbix pasMepoB: 100 mroitmoB, 80 mrorimMoB u 55 mrorimMoB. [loctymmin
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, YTOOBI MUHUMHU3UPOBATH OTXOJbI? YUTHUTE, YTO
KEJATEeNIbHO TakKXKe IPU PacKpoe HE MOJIy4aTh CIMIIKOM MHOTO JIMIIHHX
JUCTOB C pa3MepaMH, 3aJlaHHBIMUA JaHHBIM 3aka3uukoMm. [IpuBenute
HaWJIyyllee pelleHue I Ciiydasi, KOrja 3aka3aHHble B ATOT pa3 pa3Mepbl
BCTPEUAIOTCS TPHU 3aKa3ax JOBOJBHO YacTO W JJIA cliydasi, KOrja MOJy4EHHBII
3aKa3 COBEPIIEHHO HECTAHAAPTHBIM.

ITocaenoBaTeIbHOCTD pPeICHUA 3a1a9H:

JTanbl 3agaum 1191 BHIINOJTHEHUS
1. N3yunte BECh TEXHOIOTUYECKUI ITPOLIECC
2. [TonpoOHO w3yunuTEe CXEeMy yIIpaBlIeHHE TPOU3BOJICTBA, a

TAaKXK€ BCE €€ YCTPOUCTBA

3. [TpoBepbTe pabOTOCTIOCOOHOCTH BCEX TATUUKOB
4, HaiinuTe pemenue myist pa3pabOTKU CTaHAAPTHOTO 3aKa3a
5. Harvinnre camoe onTuManbHOE pENICHUS 3a1a4H .

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
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lMonyyeHo 150 200 185 670 Bcero
NMCTOB

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
pacCUUTAaHHBIEC MTAPAMETPBI PETYIATOPA.

1: Ilpoananu3upyite cucTeMy yrnpaBlieHHUE

2: PaccuutaiiTe mnepexo/iHy0 (QYHKIIHIO CUCTEMBI.

HcxonHbie TaHHbBIE:
A) skcniepuMeHTalibHas nepexoHas hpynkuus OY.

t (1005|112 |25]| 3 3. | 4 |45|5 |55|6 |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 S | 5] 8 3 | 7] 5]18]| 5 5
Jranbl padoThbl HA/I CUTyalluell B Ay IMTOPUH
Jranel Conepxxkanue padoTbl

1-sTan WHJIUBUAYAJIbHOE U3yUYEHHUE TEKCTA CUTYaIluu U
MPOaHAIU3UPOBATH CUTYAITHIO.

2-3Tamn pazo0paThbesi B CyTH MPOOJIeEM, BBIJEISATh BAPUAHTHI
MPABWJIbHBIX U OMIMOOYHBIX PEIICHUM.

3-3Tan paboTa B coCcTaBe Majoi TPYIIIbI, MPEII0KNUTh
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, BOPOCHI, BHICTYTJICHUE
PernoaBaTessi, €ro aHalIu3 CUTYalluH.
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V1. TJIOCCAPUI

Term / Tepmun

ITosicHeHue HA PyCcCKOM

Description in English

Aaroput™m /
Algorithm

Hab6op
WHCTPYKUMWA WIM HPOLEIYP
JUTSt

(MaTeMaTHYeCKHX)

BBITTOJIHCHU S
KOHerTHOI\/'I 3aJa4yu, TaKHucC

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
IIPUHUMAEMBbIEC cucreMon | system.
aBTOMAaTHU3aluu.

Bapwep / Barrier | Ileperopoaka wi | A partition or separation
paszeinenune , ucrone3yemsiit | ysed for the insulation or
AT H30JLIHNH WA | jsolation of electric circuits
HU30JIOMA BJICKTPUYCCKOI'O

CXCMbl HJIN JJICKTPUYCCKHC
nyriu  (Kak ONpeaesieHO B
NEMA Standard Pub . No.
ICS 2,1988).

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

boa / Baud

Ennnuna CKOpPOCTH
Mepeladyd  CUTHAJIOB PaBHO
JUCITY JTUCKPETHBIX
COCTOSIHUM HWJIM  CHUTHaja
coObITHII B CeKkyHAy . Tawm,
IJIc OJUH OUT KOIUpyeTcs
Ha KaXXJIOM CHUTHAJIA3aLMH
COOBITHS, YHUCJIO oox

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
of baud is the same as the

coBITagacT ¢ yuciaom out / ¢ | number of bit/s. See dibit
. Cm nubur (c1p ) . (page ).
ByaeBa anreopa/ | AnreOpandeckuit meton | An algebraic method of
Boolean algebra MaHUIyJIHPOBAHUS manipulating logic
JIOTHYECKHUX YPABHEHHH . equations.

I'azoanaam3artop /
Analyzer

[Tpubop, mpeaHa3HAUCHHBIN
IS IOy YCHHS
uHboOpMAIlMK O 3HAYCHUU
KOHIICHTPALIUU
U3MEpsIeMOr0  KOMITOHEHTa

I 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 .

AHAUTU3UPYEMOU ra3zoBOu

CMECH.
I'uokasi cucrema | [lepenanaxuBaemas B | Readjusted in a wide range
ynpasJjenus / HIHPOKOM nuanaszone | Of control system , created
Flexible control cucremMa ynpasienus, | on the basis of electron -
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system co3zaBaeMmasi Ha 0aze | computers with a set of
3JIEKTPOHHO- control programs, the
BBIUUCIIUTENIbHBIX Mamud ¢ | address driving mechanisms
KOMILICKTOM nporpamm | of control signals for the
yhnpasjieHus, aapecyrommx | given laws of  motion
CUTHAJIbI yIpaBjeHus | actuators.
IIPUBOJHBIM MEXaHu3MaM
TUIsT 0OCCIICUeHHS 3aTaHHBIX
3aKOHOB JABUKCHUS
HUCIIOJIHUTCIIbHBIX 3BCHLCB.
Hatuuk / Sensor | Cpexactso usMepenus, | Measuring instrument,
npeobpazyromee 1y wm | transforming one or another
HYTO busmaeckyio physical guantity (_eg,
temperature, velocity,
BEJINYUHY (Hanpumep,
pressure,  voltage, and
TeMrepatrypy,  CKOPOCTE, | nthers.) Into a signal for
AABICHHC,  SJICKTPHICCKOC | recording , transmission,

HaNpsHKCHUE U JP.) B CUTHAI
JUTSL pETHCTPAIUH, TIEPEIavH,
00paboTKH, XpaHEHHS 3TOU
uHpopManum.

processing and storage of
this information

JIBouyHblii / Binary

bazoBas - 2 cucrema
HyMepauuu (uctonb3yst
ToNbKO 1Upper O m 1) .

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

JeiicTBUTE ILHASA
IMPOU3BOAUTECIILHOCT
b / Actual
performance

210
JICUCTBYIOIIMX AaBTOMAaTOB W

MPOU3BOJUTEIBHOCTh
aBTOMAaTHYECKHUX JIMHUH.
Peanbublit YPOBEHb
TEXHOJIOTUYECKOM,
IUKJIOBOW M (pakTUuecKou
MPOU3BOAUTEILHOCTH
XapakTepu3yer CTCIICHb
peanu3ainnmn 3aMbICiia
MPOEKTUPOBIIMKOB JIMHUU U
MOXKET 3HAYUTEIHLHO
OTJIMYAThCA OT MPOEKTHBIX
3HAUCHHUM, 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

JAnnamuyeckas
NMOTPELIHOCTD /
Dynamic error

910
HOIPEIIHOCTh

no0aBoYHAas

HN3MCPUTCIIBHOT'O

This extra error transducer
that occurs when measuring
changes over time parameter
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npeoOpazoBaTels,
BO3HHKAIOIIAsI npu
U3MEPEHHE  W3MEHSIIOIIETO

BO BPEMEHH MapaMeTpa

JAnnamMuyeckou
XapaKTePUCTUKH /
Dynamic properties

Takoli anemMeHTa Ha3bIBACTCs
3aBHCUMOCTh M3MCHEHHUS BO
BpEMEHU BBIXOJHOM
BenuuuHbl (X

IIEPEXOTHOM PpEXKUME IIpH

BBIX) B

OIIPpCACIICHHOM HN3MCHCHHUU
BXOJIHOM BEJIUYHMHBI.

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.

Exnanunoe
NMPOU3BOACTBO / A
single production

Heomnpenenennoe

MHOXECTBO HE
HOBTOPSIOIIUXCS  ONepaluii
BBITIOJTHSIEMBIX OJIHUM

ucriojiHuTEeNneM, K30 Gonpie
40.

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

Kectkasi cucrema
ynpasJjenus / Push
rod system

He nepenanaxuBaemas uiau
IepeHajakuBaeMasi B y3KHX
npeaeaax cucreMa
yIOpaBJICHUSA,  CO3/J1aBaecMasi
Ha 0Oa3e KHHEMaTHYECKHX
neneu MAallliH Hu
MEXAaHHU3MOB,
oOecreunBaroNuX 3aJaHHbIE
3aKOHBI TBUKEHUS
HCIIOJHUTEILHBIX 3BEHLEB.

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

OObenuHeHne  1EXOB U
Y4aCTKOB o BHJIaM
COBMECTHO  BBIIIYCKaeMOU

MPOYKIUH.

Combining shops and sites
by type of co- products.

3anacnas 6aTapesn /
Battery backup

Barapes unu Habop GaTapeit,
KOTOpbIE OoynyT
o0ecrnieunBaTh MUTaHUE
MaMATH TOJIBKO TOT/Ia, KOT/ia
OCHOBHOM UCTOYHUK
MTUTAHMS BBIKITIOYEH .

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
Heckonbko kaHanoB MOryT | channels may share a
COBMECTHO  HCHOJB30BATH | common link
OOIIYIO CBS3b.
Komounanuonnas |Jloruka , B kotopoM | Logic in which the state of
JIorukKa / COCTOSIHHE KaXXJAO0I'0 BBIXOJA | each output is controlled
Combinational logic | korTpOIUpYETCS TOIBKO | only by the states of inputs
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coctossHussMHA  Bxoawsl U | and the switching-transition
3a[CPXKKH  MEpEeKmoYeHus | delays encountered in the
IepexoaoB , BO3HHUKAIOIIHC |OgiC path. Compare
B JIOTHMYCCKOM IIyTH sequential |OgiC
CpaBHUTH
HOCHe,Z[OBaTeHBHOﬁ JJOTUKHN
KonkypenTtocnocod | Oto coBokymHocTh | This set of indicators of the
HOCTD / mokasarencii  kadectBa u | quality and value of the
competitiveness CTOUMOCTH ToBapoB, | goods is determined by their
OTIpeIeISrOIIast ux | preference for the consumer
IpCaAInOYTUTCIbHOCTD JJIA
OTPeOUTEIS.
Jlunus / Line Pacnonoxxenue The location of  the

o0opyoBaHHS B TOPSIKE
BBITOJIHEHUS ONEPaLIHi.

equipment in the order of
operations

MapmpyTHoe CokpaiiieHHOe ornmcanue | Short description of all
onucaHue BCEX TEXHOJIOTHYECKUX | Process steps in the route
TeXHOJIOrHYeCKOro | omepaiuii B MapiipyTHoii | map in order of their
npouecca / Route | kapte B | performance without
description of the | mocienoBarenpHOCTH ux | transitions and technological
process BBITMIOJIHEHUsT Oe3 ykasaHus | modes.
Mepexo0B u
TEXHOJIOTUICCKHIX
PEIKHUMOB.
MaccoBoe Onna omneparust | One operation is performed

NPOM3BOACTBO /
Mass production

BBIMIOJIHAETCA OJHUM WA
HECKOJILKUMH
HUCIIOJHUTEIISIMH B TEYECHUHU
BCEr0 OTYETHOTO IMEPHOJIa,
MeHbIIe 1.

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

Meton
peryJiupoBanmusi /
Control method

3aKIro4aeTcsl B JJOCTHKEHHUU
TOYHOCTH 3aMBIKAIOIIETO
3BEHA 3a cUeT
peryJIMpoBaHus OJIHOTO WU
HECKOJIBKUX COCTAaBIISIOIINX
3BEHBEB.

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

Mexanu3auus /
Mechanization

MIPUMEHEHHE SHEpPrun
HEKHUBOU MIPUPOJIbI B
MTPOU3BOACTBEHHBIX
mpoleccax,  yIpaBiIsIEMbIX
JIXOIbMU.

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

MoaudguuupoBanue
/ Modification

[Ipucrnocobienue u3aeaus K
HOBBIM  YCJIOBUSAM PabOTHI
0e3 A3MEHEHUS
KOHCTPYKITHH:

Device products to the new
conditions of work without
changing the design : cold-
resistant materials , anti-
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XJIQJIOCTOWKHE MaTepHalbl, | COrrosion materials ,
AHTUKOPPO3UOHHBIC additional systems and
MaTepHalbl, methods for the preparation
nomonuuTensueie  cuctemsl | Of the working fluid , special
U cmocoObl  MOATOTOBKH | Coatings, seals, etc.
pabouero Tena,

CIICIMaJIbHbBIC IIOKPBITHA,

YIUIOTHCHUS U T.II.

O0BeKTHI OoOwexThl  aBTOMaTW3anuu | Automation objects are the
aBToMaTu3anuu / saBisitoTest  oobektamu  CA CA Process Automation
Automation objects Proceiss Automation, 4TO objects that content

JVBAMHCPBL — UCHOMBYIOT | qogigners  use to  create
KOHTCHT I CO3JaHuAd . .
KOHTCHTA. OGnexrs | cONteNt. Automation objects
ABTOMATH3AIINN BKIIOUYAIOT B include calendar, custom
ceOs KaJIeH/1aph, icon, custom operator,
II0JIb30BATEIBCKAN  3HAYOK, | dataset, interaction request
M10JIL30BaTEIIbLCKUN form’ package’ process,
onepatop, Habop MAHHBIX, | hrocess  watch, — resources,
bopma . sanpoca schedule, and start request
B3aNMMOACUCTBHA, YIIAKOBKA,

MPOLIECC, TMPOLECC  YacChl, form.

pecypcsl, rpaduk, U Hadath

dhopmy 3ampoca.

Ilnara (kapra )/
Board (card)

1) neyaTHas iata. 2 ) Y3en
MEYaTHBIX TIEYATHBIX TUIAT —

B OIIYIIIECHHUE, qT0 (
reyaTHast ) rJiaTa
dbuznvecku OCHOBHBIM
KOMIIOHEHTOM IleuaTtHas

miaTa 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

biok  mpocTtpaHcTBO  HE
o0opynoBaH , YTOOBI
OpUHATH  Oyaymuid 650K
(kak ompeneneno B NEMA
Cranpaptablii Pub

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

Pa3aBoenublii /
Bifurcated

YTo-TO, YTO OTBETBIISIETCS B
2-x  BeTBeH  (Hampumep,
pa3aBOEHHAs TEPMHUHAI).

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

Touyka oCTAHOBKH /
breakpoint

Toukn ocTaHoBa OTIAaAKHA
MHOMOIIIH, KOTOpas
IIPUOCTAHABIINBAET

BBITMIOJIHEHUE  3aMyIIEHHOTO

A breakpoint is a debugging
aid that pauses the execution
of a running process at the
operators that are set with a
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nporecca Ha Omneparopsl ,
KOTOpbI€ YCTaHABIMBAIOTCA
C TOYKH ocTaHoBa . Todek
OCTaHOBa MO3BOJISIET
JI3aliHEpaM KOHTEHTA
OCMOTpPHTE JaHHBIE U CXeMa
MOCIIEI0BATELHOCTH
omepauuii mpouecca  JUIA
MIPOBEPKHU MIPaBUIIBHOTO
MOBEJICHUS JI0 3aBEepIICHUS
WX U3MEHEHMUSI.

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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