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NEKUMA No1
OCHOBHbBIE MOHATUA TEOPUN PESAHNA METAJIJ10OB
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[eoMeTpuYecKkme NnapameTpbl PEXKYLLETO
KAMHA MHCTPYMEHTA
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3aHsS IOBEPXHOCTD;
BCIIOMOTaTeIbHas 3aJHSs IOBEPXHOCTh;
IJIABHOE JIE3BUE;
BCIIOMOTaTEJILHOE JIC3BUE;
IIEPEXOAHOE JI€3BUE;

IICPpCXoaHas 3aHAA IIOBCPXHOCTD.



A-A (nosepHyTo)

() - IJIaBHBIM yTOJI B IUIAHE;

2. @, - BCIIOMOrarelbHBIA Yroi B IUIAHE;
3. O/ - IJIaBHBIA 3aJIHUU YTOJL;

4. @, - BCIIOMOTaTelIbHbIN 3aJHUN YIOI;
5. Y - nepeaHuiu yroui;

6. B - YI'0J1 3a0CTPEHHUS;

7. A - yrom HaKkJIOHA INIABHOM PexXyIeil KPOMKH.
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[ToHATHNE O CnUNe pe3aHKA

OCHOBONONOXHUK HAaYKUN O pe3aHNE MmaTepnaaos
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YTO4yHeHHoe BblpaXXeHUe CnJjibl pe3aHnA
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CocTasastowme cunabl pe3aHma (ana To4eHus)




HenanHenHbIn N HECTAUMOHAPHbIM XapaKTep CUbl pe3aHue

HecTtauMoHapPHOCTb CUMbI pe3aHUA BbipaXKaeTca
* MOXeT BapbUpPOBaTbCA Yroa PacnosOKeHUA CUbl pe3aHna P;
* COOTHOLWIEHWA MeXay cocTaBaaownmn Py, P, U P, cunbl pe3aHns P HENOCTOAHHbI.

HennHenHocTb cunbl pesaHusa (npumep ana pasanyHbix ckopocteun V n nepegHux yrnos y):
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NEKLUMNSA Ne 02

Tema:
«Knaccuyeckuim n CoOBpeEMeEHHbIN NOAX0MA B aHannse
OVNHaMNYECKMX CBOWCTB MPOLLECCOB Pe3aHus.
MaTtematnyeckoe MmogennpoBaHne gMHaMUYecKmx npoLeccoB»
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Vitaly Bykador
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Vitaly Bykador

Vitaly Bykador


Knaccuueckunin nogxon B aHanu3e AMHaAMUYECKUX CBOMCTB NPOLLEeCCOB pe3aHuns

B knaccuyeckom nNpeAcTaBAeHN aHaNn3 U CUHTE3 AUHAMUKN TeXHONOrYe-
CKUX NMPOLIECCOB MEXaHNYeckoi 06paboTkn® 2 0OCHOBBLIBAETCA Ha CAeaytoLLNX
6a30BbIX MOJOXKEHNSX:

1. npoueccol, npoTekatolme B TEXHOJIOrMYECKOWN CuCTeMe, paccMaTpun-
BalOTCA KaK CTauMOHapHbI€ NpouecCcChl:

(a) cunbl pesaHus NOCTOsIHHbIE;

(b) npouecc pe3aHusi ABNSETCS HEBO3MYLLEHHbIM (1 Apyrve npouec-

Cbl TOXE);

2. cncTema CTaHoK-npucnocobneHne-nHcTpymenT-getans (CMNNA) sie-

nseTcst abCoONOTHO »KECTKOW;

3. cuctema CIMWA, npouecc pesaHunsi, NPOLECCHI TPEHUSA, MPOLECCHI B
NpYBOAAX UCMONIHUTENbHBIX MEXaHW3MOB CTaHKa U T.M. pacCMaTpuBa-
IOTCS HE3aBMCKMO APYr OT [pyra B COOTBETCTBYHOLMX ANCLUMANHAX.

Knaccuueckuii noaxoa NO3BONAET AOCTATOYHO MNPOCTO aHANN3NPOBATb U
NPOEKTUPOBATL TEXHONIOrMYECKMNE npoueccobl, HO B TaKOM noaxoAe He y4u-
TbIBA€TCA pAAd CyWEeCTBEHHbIX SABNEHWIA 1N CBsA3eN MeXay HUMKU, KOTopble
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CoBpeMeHHbIV (CMHepreTu4ecknil) nogxon B aHanuse
ANHaAMU4YEeCKUX CBOMCTB NMpPOLECCOB pe3aHuns

B ocHoBe cuHepreTnyeckoro noxoga aHanam3a n CUHTE3a JUHAMUKA TexX-
HOJIOFMYECKIMX NPOLECCOB MexaHn4yeckoii 06paboTku nexaT crneayrouime oc-

HOBHbIE MOJIOXKEHUNA:

1. npoueccobl, NpoTeEKarowmne B TEXHOJIOTNYECKON CUCTEME, ABAAIOTCH

NPVHUMNMANBHO BO3MYLLEHHbIMU;
2. cuctema CIM/ He aBnseTca abCoNtoTHO XKECTKOW;

3. cuctema CIMN], npouecc pesaHusi, NPoLECChbl TPEHUs, NPOLECChl B

npmnBogax NCNOAHNTENIbHbIX MEXAaHU3MOB CTaHKa 1 T.M. paCCMaTpunBa-

FOTCS KaK 3aBUCUMbIE, BAUSIOLWME APYr Ha Apyra.
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Puc. 0.1.2: Cxema 3aMKHyTOli AMHAMWNYECKOIA CUCTeMbl CTaHKa (CuHepre-
Tudeckuii noaxoa) [2]: y; (t) - ynpasneHne, BO3MyLLEHUE WIN YNPABAEHNE U
BO3MYLLieHMe, 3aBNCMMOCTI OT Tuna paboyero npouecca n paccmaTpusae-

MOW 3aja4yu



Onpeaenenwme. [lnHamuyeckasi cUCTemMa CTaHKa - 3TO COBOKYMHOCTb yNpy-
roii cmctembl U pabo4vnx NpoLEecCcoB B UX B3aUMOAENCTBUN.

Onpepenenne. Vnpyras cuctema (YC) skntovaet B ceba CrAAI.

Onpepenenmne. Pabo4ne npoLiecchl - 3TO NPOLECChI PE3aHNs, TPEHUS, NPO-

LeCCbl B ABUraTeNAX (3J'IeKTpOMarHVITHbIe, asapo- nnanm rngpognHamMmmn4eckmne
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MaTtemaTtuyeckoe MmogenupoBaHme gUHaAMUYeCKUX NpoLeccoB
TEeXHOIOrM4YEeCKNX CUCTEM 06pPaboOTKN MeTansioB pe3aHnuem
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Vitaly Bykador
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NEKUMA Ne 03

«M@OopMbl NIMHENHDbIX MaTeMaTUYECKNX Moaenen TEXHOIOMrMYEeCKUX CUCTEM.
MeToabl aHanu3a AMHAMUNKW IMHENHbIX TEXHOJIOTMYEeCKUX CUCTEeM»


Vitaly Bykador
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OCHoOBHbIe CIJOprI MaTeMaTu4yecKnx moaenen AUHaAMNKN TEXHOJTIOMNYEeCKUX

cucrtem
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TunoBou NOPSAAOK aHaNU3a JIMHEUHbIX MaTeMaTUu4eCcKnx moaenen
AVHAMMUKMN TEXHOJIOFMYEeCKNX CUCTEM pe3aHus
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3anucb matemaTunyeckom moaenu AMHaAMNKN TEXHOJIOMIMYeCKOM cCUCTeMbl B
Bapvnaumnax oTHOCUT bHO CTaLWIOHapHOI7I TOYKMN .
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Ona 3apga4y aHanu3a gUHaAMNKN TEXHOJTIOMMYECKNX CUCTEM,
WHTepecC NpeacTaBisieT PaCCMOTPEHUS ABMKEHUS CUCTEMbI B
BapnauusaXx OTHOCUTEJIbHO CTaLVUOHAPHON TPaeKToOpPUM.

YT106bI NONYUYMTb ABMKEHUE B BapuaumnsaX OTHOCUTENIbHO CTaLMOHapPHOM
TpaekTopumn, Heo6xoaNMOo
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JIEKLIUS N2 04

HennHenHOCTN B TEXHOJIONMYECKUX CUCTEMAX pe3aHuns


Vitaly Bykador

Vitaly Bykador

Vitaly Bykador

Vitaly Bykador

Vitaly Bykador
04


TUMOBBIE HENTMHENHOCTW, HABJIKOOAEMBIE B TEXHOJTOMMYECKMX
CUCTEMAX PE3AHUNA

1) HenuHenHbin xapakTep cusbl pe3aHuns
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2) Cnna KOHTaKTHOro B3aMMOgeNCTBUS 3agHEN NOBEPXHOCTU NMHCTPYMEHTA U
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3) 3agep>kka N3MEHEHUs CUbl Pe3aHnNs NPU U3MEHEHUN KOOPAMHAT COCTOSIHUS
TEXHOIOMMMYeCKon CUCTEMbI
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NEKUMA Ne 05

MOEHTUPUKALUNA XAPAKTEPUCTUK MPOLLECCA
PESAHWA
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MPUMEPbBI TUMOBBLIX HEMMHEMHbBIE XAPAKTEPUCTUKM MPOLECCA
PESARNA
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MPUMEPBI ®YHKLMN ONUCBIBAKOLMX HENMHEMHOCTb
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OMMUCAHWE HETMHEMHOCTEN MOAVMHOMAMM

[MONMHOM N-OM CTENEHMU BakHas 3agaval

N
y(x) = Z a, - x" [MonCK 3HaUYeHMN KO3IPPULMEHTOB a,,
n=0
Mo/ MHOM 0-0i4 cTeneHu MonnHom 5-o1 cteneHun
y(x) = a, - ONWCbIBAET OAHY TOYKY y(x) = asx® + a,x* + azx3 + a,x* + a;x + qq
MonnHom 1-o1 cTteneHwu
y(x) = a1x + ay - OMUCbIBAET NPAMYIO

[MTOoNMHOM 2-0U CTeneHwu

y(x) = a,x? + a;x + a, -onucbisaeT napabony



METOL HAUMEHBLUNX KBALPATOB

Vi - 9KCNEePUMEHTAIbHAA XapPaKTePUCTUKA
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PacKpbliBaem CKOBKM Noj, 3HaKoM ),
N

Q(a;) = z(ylz — 2a,xty; — 2a,x;y; — 2a0Y; + a3x; + 2a,a,2x3 + 2aga,xf + aix? + 2aqa,x; + a(z))
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AuHamunyeckas ngeHtTucpmnkaumsa napameTpos
MaTemMmaTu4ecKnx moaeneum TeXHOSIOrM4ecKnx CUCTem
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MocTaHoBKa 3apauwn.

PaccMOTpMM NPOCTYO CUCTEMY TOUEHUS.

Y L“/"HchH Py (Y)
on

MM Jupapns  oiomepiore W/WW
ho foﬁw,bmwa Haon Jo

Heupbecsto: p ) ¢ A (YJ
\

3apava. Tpe6yeTcs| onpegennTtb Hen3BeCTHble NapamMeTpbl MaTeMaTu4eCcKom
MOAEeJIN TEXHOJIOMMYEeCKON CUCTEMDI.



1) AnHamun4yeckas ngeHTucgpukaums cunbl pesaHmsa Py
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MN3amepeHne TaHreHumnanbHOM CoCTaBnsItoLLEN CUNMbI
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NPNMEP COBPEMEHHOIO AMNHAMOMETPA

UcTtouHuk: http://www.ooo-technolog.ru/index.php/dynamometers.html
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MapannesnbHO C N3MepPEeHNEM 3HAYEHUS TaHreHLMaNbHOW COCTaBNsAoLWEN cunbl pe3aHns Pz
N3MePSAETCA BEMYMHA NEPEMELLEHNS MOACUCTEMbI PEXYLLErO MHCTPYMEHTa B paavanibHOM

HanpasJ1IeHUN.
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MNprMep TOKOBUXPEBOro Aatymka

UcTtouHunk: http://www.startsensor.com/catalog.php?id=225
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CoBmellaeM pesynbTaTbl USMEPEHUS TAHMEHUMANIbHOW COCTaBASIIOLLME CUMbl PE3aHWS
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BbINnosIHUM NapameTpuyeckyro uaeHTUUKauuo ogHOMepPHOW AUHaMNUYeCcKon
CUCTEMbl perpecCUoHHbIM METOA0M aHanM3a AUCKPETHON MmaTemMmaTUJYecKom
MoAEeNIN CUCTEMbI.
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NEKUWMA Ne 07

NpeHTudMKauma nMHenHbIX mogenen QUHaAMUKM
TEeXHOIOrM4ecKux cCUCTeM Npu NPouU3BOJSIbHOM
neTepMUHUPOBAHOM BXOOAHOM CUrHane


Vitaly Bykador
ДОНСКОЙ ГОСУДАРСТВЕННЫЙ ТЕХНИЧЕСКИЙ УНИВЕРСИТЕТ

Vitaly Bykador
КАФЕДРА «АВТОМАТИЗАЦИЯ ПРОИЗВОДСТВЕННЫХ ПРОЦЕССОВ»

Vitaly Bykador
ЛЕКЦИЯ № 07

Vitaly Bykador
    Идентификация линейных моделей динамики 
      технологических систем при произвольном 
            детерминированом входном сигнале

Vitaly Bykador
Составитель:

Vitaly Bykador
канд. тех. наук Быкадор В.С.

Vitaly Bykador

Vitaly Bykador


PaCCMOTpI/IM BOMpoOcC onpepneneHna I/IMFIyJ'IbCHOIZ nepexo,u,H0|7| beHKLl,I/II/I JIMHENHOro
cTaunoHapHoro yCTOVIl-II/IBOI'O obbekTa npun NPOnN3BOJIbHbIX AETEPMNHNPOBAHHbLIX
CurHanax MeTogom Kesagpartyp.

Cnepyet 06patnTb BHMMaHME Ha ABa MOMEHTA.

1. NoyeMy NMEHHO Ba>XHO HaNTK MMMYbCHYIO NepexonHyto yHkuuo (UMNd)?

Ecnu mbl 6ygem nmeTb B cBoeM pacnopsikeHne UMM, To Mbl MOXXEM NOAyYnTb
(paccuunTaTb) peakumo cucTeMbl Ha Ntoboe BXogHOe BO3OeNCTBME, HanpMep, Ha
eVHNYHOE CTyneH4yaToe BO34eNCTBMe, TO eCTb UCMOb30BaTh paHee PacCMOTPEHHbIE
MeToAbl MAeHTUUKaUNN OUHAMNYECKNX CUCTEM.

2. 1na Toro 4tobbl BbINOMHUTL NOeHTUMOMKaUMO 06bekTa HET HEOBXOOMMOCTH
nogaBsaTb Ha ero BXo4 Kakom-HMbyab N3 CTaHAAPTHbIX BXOOHbIX CUTHAM0B, @ MOXHO
Ncnonb3oBaTh 110601 NPOM3BOJIbHbLIM BXOAHOW CUrHas. 3TO NO3BONSIET BbIMNONHATb
noeHTUdunKaumo obbekTa B ero paboumx ycrnoBusix, He NPoBOAst Hag
NOeHTNPULNPYEMbIM OOBEKTOM CNELManbHOro 3KCNepuMeHTa.

PaccMoTpuM NMHENHbIN CTauMOHAPHbIN OOBHEKT MPU CNEAYHOLLMX YCTOBUSIX:

1) oTcyTcTBYeT Nnomexa n(t), kotopasi B 06LLEM Crydae NCKaXKaeT BbIXOAHOW curHan X(t)
N TakuM 06pasom, ABNSIETCH UCTOYHMKOM OLUNOOK;

2) IMEeIOT MEeCTO HyneBble HavanbHble ycnosus, X0 = 0;

3) OTCYTCTBYIOT OLWNOKN n3MepeHust curHanos Y(t) u x(t).

C y4yeToM Bbllle NPUBEOEHHbIX AONYLLEHWIA BbIXOOHOW CUrHan AMHAMUYEeCKOW CUCTEMBI
OyneT onpenenaTbCs UHTErPasrioM CBEPTKU:

7

X(¢)= k() y(t-T)dz (1)

e flr) - UN®, woTepgio 2peFel7ET

UHtr 7o ¢ et Gt /DO/Z%%,
HE)  — rprglasnus Erodess
cA LA , '

T— fpun (locrornud “oSveera

lo e e
_ e rorcpe oYLt
t //Z % /vﬁew.


Vitaly Bykador
Лекция № 5. «Идентификация линейных устойчивых стационарных объектов при произвольных детерминированных входных сигналах»

Vitaly Bykador


NcTounuk: https://ru.wikipedia.org/wiki/CBépTka_(MaTemaTnyeckum_aHanms)
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