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BBEJAEHHUE

COBpEeMEHHOE  COCTOSIHHE  TEXHOJIOTHYECKUX  MPOLECCOB B  TEHEpUPYIOLIEH
TEIJIOOHEPIreTUKE M XapaKTEPHOE HAIPABICHUE HUX Pa3BUTUS OTIMYAIOTCS JUHAMHUYHBIM
U3MEHEHHEM THUIIOB OCHOBHBIX arperatoB, IpUMeHEeHHeM Oojiee 3(PQPEeKTUBHBIX CIOCOOOB
W3BJICUCHHUS] U HCIOJIb30BAHUSI TEIJIOTHI B OCHOBHOM TEXHOJOTMYECKOM IMKJIE TEIIOBBIX
anektpudeckux cranuuid (TOC). Pa3paboTka aBTOMaTH3HPOBAHHBIX CHCTEM YIpPaBIICHUS
texHosiornueckumu npoueccamu (ACY TII), kak npaBuio, UAET BCaed 32 BHEIPEHUEM HOBBIX
TUIIOB MAapOBBIX KOTJIOB, KOTJIOB-YTHJIM3aTOPOB, TA30BbIX U MAPOBBIX TYPOUH.

Jlns yckopenus nporecca codganust ACY TII crtanu mmpoko NpUMEHSTHCS CPEACTBA
aBTOMATU3UPOBAHHOTO TMpoekTupoBanus. Ho ¢ynkmumonansno takue CAIIP B mepByto
odepelb OPUEHTUPOBAHBI HA KMCIOJb30BAaHUE TUIOBBIX PEIICHHI, UMEIOUIUX OTHOIICHHE K
[OJIECBOMY  YpOBHIO (cucteMaM cbopa u 00paboTku uUH(OpMANUHU, YIOPaBICHUS
AIIEKTPONPUBOJIAMH U DJIEKTPOJBUTATENAMH). TUIIOBBIMU OCTAIOTCA W PEILICHUS, WUMEIOLIUE
OTHOILICHUSI KaK K CTPYKType aBTOMaTtuueckux cuctem perymupoBanus (ACP), tak u
anroputMaM yrpaesisronmx anemMeHToB ACP. U 3T0 $BHO cAepXHUBaeT BO3MOXKHOCTH
W3BJICUCHHS JIOTIOJIHUTENIBHBIX TMPEUMYIIECTB OT BHEAPEHUS HOBOTO TEXHOJOTUYECKOTO
000py10BaHMS.

TexHomormueckoe obOopymoBanwe Ha jeictByrommx TOC  Ttakke TpebOyer
nepuoanueckot moaepuuzauun ACY TII. D10 00yCIOBIEHO HE TOJBKO €CTECTBEHHBIM
MopaibHbIM U pusnyeckuM crapeHrnem ACY TII, HO U CylIIeCTBEHHBIM H3MEHEHUEM PEKUMOB
AKCIUTyaTalldd OCHOBHOTO 00OOpyIOBaHMs, OOYCIOBIEHHBIX Cla0oil MpeacKa3yeMOCThIO
HArpy3Kd U BO3MOXKHOCTBIO COKUTAHUS TOILJIMBA C Pa3HBIX YIOJBHBIX Pa3pe30B, MECT JOOBIUU
raza uiau HedrenepepabaThiBaroMX NpeAnpuaTuid. CBOOOAHBIA PBIHOK 3JEKTPUUYECKON U
TEIUIOBOM »HHEpruu TpeOyeT TMOBBIINICHUSI MaHEBPEHHOCTH OOOPYAOBaHHS, PpaCIIMPECHUS
pPEryJIMPOBOYHBIX JWAINA30HOB. THUIOBBIE pelieHus mnpouuisix mnokoneHut ACY TII
oka3piBatoTCs Manod(pdekTuBHbIMU. Bo3HuKaeT puck QyHkiuoHaapHoro otkaza ACP,
UCTIONIL3YIOMIUX KECTKUE alNTOpPUTMBI, B CBSI3M C TOTEpell HEOOXOAMMOro 3amaca
YCTOWYHUBOCTH.

AKTyaJbHBIMH CTAHOBSITCSI QJITOPUTMBI, O0JaJarOIINEe BO3MOXKHOCTBIO OIEPATHBHOM
HACTPOMKHM KaK Ha CTaJUsAX BBOJA B DKCIUTyaTaIlMIO, TaK U B MPOIIECCE CAMOM JKCIUTyaTaIliH.

Bo3MOXXHOCTH ~ COBpEMEHHBIX HMH(POPMAIMOHHBIX TEXHOJOTHH, IIHPOKOE BHEIPEHHE



MUKPOKOHTPOJIJIEPOB TO3BOJISIIOT CTaBUTh H A(P(EKTHBHO pEIIaTh 3aJa4yd yIpPaBICHUS
CJIOHBIMH TEXHOJIOTUYECKUMU MPOIIECCAMU B OTMEUEHHBIX BBIIIE YCIOBHSIX.

JlanHas pa®oTa MOCBSIIEHA Pa3BUTHIO UJEH OAHOIO M3 KJIACCOB CHUCTEM aJalTUBHOTO
yIpaBIEHUs, OTIMYAIOMIEMYCS HCIOJIb30BAHUEM AampHOpHOM uHMOpManuu o crenuduke
00BbEKTa yIMPABICHUS U B3aUMOCBS3SIX B HEM.

B cBs3um ¢ HanmuuWeMmM B JIMTEpaType pa3HbIX TPAKTOBOK TOHATHIA OOyuYeHHs,
camooOydenusi u amanrtamuu [71, 72] mpuBeném ompeneneHue, pasieisieMoe aBTOPOM
JUCCepTalliid, a HWMEHHO: caMoIllpucrocaliuBaromascs (aJanTUBHasg) cUCTeMa — CHCTeMa
aBTOMATHYECKOTO YIpaBJCHUs, KOTOpas CoOXpaHseT paboTOCOCOOHOCT, B  YCIOBUAX
HETPEBUICHHOTO HM3MEHEHHUS CBOWCTB YINPABISIEMOTO OOBEKTAa, IEIU YIPABICHUS WU
YCIIOBUN OKPYXAIOLIEH Cpebl MOCPEICTBOM CMEHBI aJTOPUTMOB CBOETO (DYHKIIMOHUPOBAHMUS
WIH TIOWCKA ONITUMAJTBHBIX COCTOSTHH [55].

K »tomy ompenenenuto 1006aBUM, 4YTO OCHOBOW CaMOHACTPOMKHU  SIBJISIOTCS
cnenuguyeckue OCOOEHHOCTH NEPEXOJHBIX IPOLECCOB, BbIAEIsEMble (OLIEHUBAEMbIE) B
pPeXHMME pEalIbHOTO BPEMEHU Ha JIEHCTBYIONIEM B YCJIOBHSIX HOPMAJBHOM SKCILTyaTalllH
000pyTI0BaHHH.

[To crocobaMm apanrtanuu camoNpUCIOCAOIMBAIOIIMECS CUCTEMbI MOJAPA3AENAIOTCS Ha
CaMOHACTPaUBAIOIIHECs, CAMOOOYYAONIUECS] K CAMOOPTaHU3YIOIIUECS CHCTEMBI [55].

Cpenu uHTepecyromux aBTopa camoHacTpauBatomuxcs cucteM (CC) BBIIEIAIOT JBa
NPUHIMIHAIEHO Pa3HBIX THMA CUCTEM, OTJIMYAIOUIUXCS CIMOCOOOM BBIBOJA MapaMETpOB Ha
3a/laHHbII (ONTUMAaJIbHBIN) YPOBEHD:

e qnouckoBbie CC, B KOTOPBIX Kaue€CTBO HACTPOUKH XapaKTEepU3yeTCs] HEKOTOPHIM
0000ImIEHHBIM  TIOKA3aTeJeM, KOTOPBIM  M3MEpSETCS  HEMOCPEJACTBEHHO WM
BBIYUCISIETCS. 10 M3MEPEHHBIM 3HAYEHUSAM TMEPBUYHBIX TapameTpoB. [lapamerpam
Hactpoiikn B CC mpuaaroTCs TIOMCKOBBIE WM TPOOHBIC HW3MEHEHHUs. AHaIu3
KojeOaHUN  MoKa3aTels  KauyecTBa  HACTPOMKMU,  BBI3BAHHBIX  IOWCKOBBIMU
BO3JECHCTBUSIMH, MTO3BOJISICT YCTAHOBUTD, SIBJISICTCS JIM HACTPOMKA ONTHUMAJIbHOM, T. €.
COOTBETCTBYIOIIEH AKCTPEMYMY (MakCUMyMy WJIM MUHUMYMY) IOKa3aTessh KauecTBa.
Ecnm umeroT MecTo OTKIOHEHHUs OT IKCTPEMyMa, TO HACTpOWKa M3MEHSIETCS 10 TeX
nop, moka He mpubnusurcs K ontuManbHO#. IlonckoBeie CC moryTt paboTath mpu

N3MCHCHUU BHCIIHUX YCJIOBHP'I B IIMPOKUX IMpCAcCIax,



e OecrouckoBele CC, B KOTOPBIX HCIOJIB3YETCSI HEKOTOPBI KOHTPOJIUPYEMBII
MOKa3aTellb KayecTBa YIPAaBJICHHS. ABTOMAaTUYECKONM HACTPOWKOW MapaMeTpoOB 3TOT
IIOKa3aTeNnb IOAACP/KUBACTCA B 3aJaHHBIX Ipefenax. B 3aBucuMocTd OT BHIA
nokaszatenss paznuyatoT CC ¢ KOHTPOJEM MEPEXOJHBIX IPOLIECCOB, C KOHTPOJIEM
YaCTOTHBIX XapaKTEPUCTHUK, C ITAIOHHOW Mojaenbto u ap. Beé CC atoro tuma umeroT
napamMeTpud4ecKuil KOHTYp, 0OeCreUHBAIONINI CTA0MIN3AINI0 MIPUHATOTO MOKa3aTels
KauecTBa B CJIy4ae €ro BbIX0Ja 3a JOIYCTUMBbIE MPEIEIbI.
3anaya, cBsA3aHHAs ¢ pa3paOOTKON aJaNTUBHBIX CHUCTEM YIPABIEHUS JTUHAMUYECKUMU

00BeKTaMH, ABJIAETCA OJJHOM M3 COBPEMEHHBIX 3aJ]a4 B TEOPUH aBTOMATHUYECKOTO YIIPABJICHHUS,
pelnieHne KOTOpo UMEET SIPKO BBIPAKEHHBIN MTPUKIATHON XapakTep. O4eBUIHO, UTO pEUICHUE
JAaHHOM MPOOJIEMBbI B KJacce JTMHEHHBIX JUHAMUYECKIX 00bEKTOB MPEJCTABISIET COOON BechMa
aKTyaJIbHYIO 3a/layy aJanTHUBHOTO YIpaBJI€HUS JWHAMUYECKUMH OOBEKTaMH, HMEIOIIYIO
BAKHOE NTPAKTUYECKOE 3HAUCHUE.

Mmuorue Qupmbl paboTalOT HaJ BHEIPEHHEM aJaNTUBHBIX cUCTeM. M XoTd yxe B
NEPBBIX CEPUMHBIX MHKPOIPOLIECCOPHBIX CHUCTEMAaX YOPABICHUS TEXHOJOTHUYECKUMHU
poleccaMu, MPUMEPOM KOTOPBIX MOXKET CIYXHUTh cuctema mBeickoil ¢upmer ASEA (Ha
peiHKe mosiBIWiIack B 1981 r.), OBUIM HCMONB30BaHB MOAU(PUIIMPOBAHHBIC ONTHMAJIbHbBIC
allaniTUBHBIE ANTOPUTMBI C LU(POBON MOMAETBI0 OO0BEKTa, B OOJBIIMHCTBE COBPEMEHHBIX
pPETYJSATOPOB MCHOJIB3YETCS JIUIIb aBTOMAaTU4YecKas noactporka [33]. MoXHO mpUBECTH J1Ba
npuMepa MoI0OHBIX METO/OB:

e DKCHEepTHBIC METO bl aBTOMATU3UPOBAHHOW HACTpOUKH [32].

e ABTOMAaTU3MPOBAaHHBIN BapHaHT IMIUPUYECKOIO METOJA HACTPOMKKM 3uriepa-
Huxkonbca [26].

B o0oux Meromax He yJaloch peaqu30BaTh aJalTHBHOE YNpaBlIEHUE, KOTOPOE, IO
caMOMY ONpEJEJICHUI0 JTOr0 TEPMHUHA, JODKHO OOECNeUuTh CJEKEHHUE IapaMeTpoB
HACTPOWKM 32 HEMPEPHIBHO MEHSIOIMIUMHUCS CBOMCTBAMH OOBEKTa. YCICNIHO pPeaTu30BaHa
JUIIb aBTOMAaTU3UPOBAHHAs HACTPOMKA MapamMeTPOB PEryJsITOpa, OCYLIECTBISIEMas TOJIBKO
NP MPaKTHYECKH HEM3MEHHBIX BO BPEMsl HACTPOMKH CBOMCcTBaX 00bekTa [26].

CToUT OTMETUTH, YTO HA PBIHKE PETYyJIATOPOB OoJiee MpocToi u 3(H(PEeKTUBHBIN MOIXO/,
OTJIMYAIOLINICS HCIONb30BAHUEM aNpUOpHON uHpopMmanuu o crenupuke oO0beKTa u
B3aMMOCBSI3X B HEM, MpeJCcTaBieH ciabo. Mexay Tem, Hapsay C aJaliTUBHBIMU CHUCTEMaMH,

PCATN3YIOIMUMHA  AJIT'OPUTMBI O6HI€FO Ha3HA4YCHUA, 3aClIYKUBAIOT HHTCPEC MU CHUCTCMBEI,
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YUUTBHIBAIOLME MPHUKIAJHYI0 OCOOEHHOCTh TEXHOJIOTMYECKUX HpoueccoB. Ilpumep cucreMbl
peryianupoBaHus YUUTBIBAIOIIEH cnenupuKy TEIUIOPHEPTETUIECKUX 00BEKTOB
paccmarpuBaetrcsi B [41], rae mpennoxkeH crnocod aHaau3a OCOOEHHOCTEH MPOIECCOB B
MPOU3BOJILHOM CEUEHUU PACTIPEACIIEHHOTO 10 JUTMHE 00bEKTa YIIPABICHHUS.

W3noxxeHHOE BbIlE 1aéT OCHOBAaHUS NMOCTABUTH 33Jady aHAIW3a MPUPOAbI HEMOJIHOM
MPOTHO3UPYEMOCTH TapaMETPOB JTUHAMUYECKON MOJIETTH OT MHOKECTBA PEKUMHBIX (PaKTOPOB
U Ha OCHOBE CJEJIAaHHOTO aHajiu3a CQOpMYyJIMPOBaTh MPUHLUIIBI MOCTPOEHUS OJIOKOB
apaMeTpUIECcKOro YIpaBJICHUS TEXHOJIOTHYECKUM PErysiTOpOM, CIIOCOOHBIX peliaTh 3aJauu
ajanTanyy, ¢ y4eTOM MpUKIAAHOW crenudukun oObekTa. BritoueHue crenupuyHbIX, A7
TEIJIOPHEPTETUYECKUX 0OBEKTOB OCOOEHHOCTEN, UMEIOLUX MECTO B CUCTEMAX PEryJIUpOBAHUS
MO3BOJISIET MOBBICUTH A((HEKTUBHOCTD a/IallTAllUHU, U B TO e BPEMs YIIPOCTUTH IKCILUTYaTAIUIO
NOJI0OHBIX PETYIATOPOB ISl 00CTYKUBAIOIIETo epcoHana. [IpeacraBienue pacnpenaeaeHHbIX
OOBEKTOB  yNpaBIIEHUS MAaTEMAaTUYECKUMHM  MOJECNISAMH, YYUTHIBAIOIIUMU  TPUCYIINE
TEIJIOPHEPTeTUKE OCOOEHHOCTH, SIBJISIETCS] KIIOYEBBIM OTIMYMEM IPEJIaraéMbIX PEIIeHUN OT
00IINX MOJIOKEHUHN TEOPHH aJalTUBHBIX CUCTEM.

[lenpto maHHOM paboOTHI SABJISETCS pa3padOTKa MPUHIIMIIOB MOCTPOCHUS aTaNTHBHOM
CUCTEMBI, palboTallleld MO ONepaTUBHOMY 3HAYEHHUIO OIIMOKM  YyIpaBieHUS U
OPUEHTUPOBAHHOM Ha TMOBBIIIEHHE O3KCIUTyaTallMOHHOM HAA&XHOCTH M JOJITOBEYHOCTH
TEIIOPHEPTrEeTUYECKOro 000pYI0BaHuUs, a TaK)Ke peaju3alus aJropuTMa JaHHOW CHCTEMbI Ha
0a3e MUKPOIIPOLIECCOPHOTO YCTPOUCTBA.

[TocraBneHHas 1efb JOCTUTaeTcs MNyTEM peUIeHHs psAa B3aHMMOCBSI3aHHBIX 3a7ad
JMICCEPTAlMOHHOM pabOoThI, @ UMEHHO:

1. Anammsa crnenupuyeckux OCOOCHHOCTEH TUHAMMYECKUX CBOWCTB TeEILIO-
HHEPreTUUECKOro 000pyI0BaHUS B IEPEMEHHBIX PEeXUMaX 3KCIUTyaTalluu, OTIUYAOIINXCS
OTPaHUYCHHOHN MPOTHO3UPYEMOCTHIO M HETIOTHOW HAOJII0/1aeMOCTHIO.

2.  Pazpabotku:

a) CIocoOOB OMNMEpaTUBHOM OLEHKH Jpeiida XapaKTEepUCTHK OOBEKTa C
MOMOUIBI0 KOCBEHHBIX IOKa3aTesel, YYUTHIBAIOUIMX M3MEHEHHUS CTAaTUYECKUX U
JTMHAMUYECKUX TapaMeTpOB OOBEKTa;

b) cmocoboB mMpuMEHEHHs KOCBEHHBIX MOKa3aTeledl B 3ajade aJanTHBHOU

KOPPEKLMK IapaMeTpoOB pEryisTopa, TapaHTHpYIOIIEeH CTa0WiIn3aluio 3amnaca



YCTOMYMBOCTH CHCTEMBI  PETYJIHpPOBAaHHS B  HEMPOTHO3HPYEMBIX  YCIOBHUSX

IKCIUTyaTaluy;

C) METOIWKU HACTPONKHU aJalTHBHON CUCTEMBI U TUATHOCTUKH €€ (yHKIHO-

HAJIBHOTO COCTOSIHUSI.

B wurore dopmupyercs KOMIUIEKC aJTOPHTMOB, 00ECIEUMBAIOIINX TapaHTHPOBAHHOE
BBINOJIHEHUE (QYHKIMH peryJupoBaHuss C Y4€TOM 3aJaHHbIX TpeOoBaHMH K 3amacy
YCTOMYMBOCTH CHCTEMBI B YCIOBHUSIX HECTAIMOHAPHOCTH M TIEPEMEHHBIX PEKUMOB PaOOTHI
TEXHOJIOTUYECKOI0 000py10BaHMUSL.

Hayunast HoBU3Ha npejcTaBiIeHa ClAeIyIOIUMU TOJ0KEHUSIMMU:

1. CnocoObl OmepaTHBHOTO W3BJICUCHHUS KOCBEHHBIX IMOKa3aTellel, OTpakarolInux
U3MEHEHHs] TUHAMMYECKUX U CTAaTUYECKHMX CBOMCTB YIPaBISIEMOIO OOBEKTa B YCIOBHSX
NEHCTBHA UIYMOB, €CTECTBEHHBIX IS CJIOXKHOTO OOBEKTa YIPaBICHUS, OTIMYAIONIHECS
NPUMEHEHHEM CIEKTPaIbHBIX METO/I0B aHAJIN3a CUTHAJIA OIIUOKHU YIIPABICHUS.

2. llpuHtmnamMu TPUMEHEHHS KOCBEHHBIX TIOKa3aTeled B CHCTEME aJalTHBHOTO
yIIpaBJIeHUs TEIUIOPHEPIeTUYECKUMHU MPOIIECCaMU B YCIOBUSAX MEPEMEHHBIX PEKUMOB pabOThI
000pyIOBaHMs, OTJIMYAIOIIMMUCS AJITOPUTMHUYECKOM LU(POBON peanuszalueil OIOKOB
NapaMeTPUIECKOTO YIIPABICHUS TEXHOJOTHYECKUM DETyISITOPOM M WX HHTETpanueil B
MHOTOypoBHEBYIO CTpyKTYypy IITK.

3. Meronuka AuarHOCTUPOBAHUS PabOTHl CHCTEMBI, TAPAHTUPYIOMIAs 3alUIIIEHHOCTh
CUCTEMBI OT HEMPEBUACHHBIX BApUAHTOB PAa3BUTHS MPOLECCOB B MapaMETPUUIECKOM KOHTYpe
32 c4€r ocnmabieHWs WM TOJHOTO WCKJIIOUEHHWS BIMSHHE OJTOTO KOHTypa TIpHU
JIMarHOCTUPOBAHUU HEIITATHOM CUTYallMu WM IPU YXYIIIEHUU KadecTBa paboThl perynaropa.

[TpakTHyeckas IEHHOCTh 3aKJII0OYAETCS B TOM, YTO:

1. Pa3paGoranbl u peanu3zoBanbl Ha Oasze IITK anroputmbl amanTuBHOIO
ynpasieHus. VX mpuMeHeHne MO3BOJIsIeT CTa0MIM3UpOBaTh MOKa3aTeNn 3araca
ycroitunBoctn ACP Ha 3amaHHOM YypOBHE B YCIOBUSX HW3MEHSIONIUXCS
XapaKTEepPUCTUK 0O0BEKTa U JEHCTBYIONIMX HA HETO BO3MYIICHUH.

2. PaspabGoTaHbl MPUHIUIIBI U AITOPUTMBI, CBSI3aHHBIE C BKIFOUEHHUEM B aJTOPHTM
(GyHKIMN ONMEepaTUBHOM AMATHOCTUKU PabOOTOCIIOCOOHOCTH MapaMeTpHYECKOTro
KOHTYpPa CHCTEMBI YNpPaBJICHUSA. DTO TapaHTUPYET 3alIUIIEHHOCTh CUCTEMBI OT

HCMPCABUACHHBIX BAapHWaHTOB Pa3BUTHA IIPOHECCOB B IMapaMCTPUUICCKOM



KOHTYpE, H CHOCOOCTBYIOT BO3MOXXHOCTH NPHUMEHEHHsS ajiroputMa B
HEepEMEHHBIX PeKUMax paboThl 000pYyIOBaHMUSL.

3. Ilpemmoxkensl  cnocoObl  MHUNMANH3AIMHM  aJanTHBHOM  cuUcTeMbl. X
UCIIOJIb30BAHUE  CYIIECTBEHHO COKpallaeT BpeMs BBOJA CHUCTEMBI B
AKCIUTYaTalMIO HA TEIUIOPHEPTeTUYECKUX 0ObEKTAX.

Ha 3amuTy BBIHOCATCS CIIEAYIOIINE MTOJIOKECHHUS:

1. Cnoco0 mocTpoeHUsT aAanTHUBHOM CHUCTEMBI YIPaBICHHS, O00ECIEUHBAIOIICH
COXpaHEHME 3araca yCTOMYMBOCTH 3a CUET OIEPaTUBHOM OLICHKM IOKa3aTelew,
OTpaXKaroUIMX OSKCIUIyaTalMOHHBIE W3MEHEHMsI CTaTMYECKOW M JAMHAMHYECKON
XapaKTepUCTUK BBIOPAHHOTO KJlacca 00BbEKTa yIpaBIeHUSI.

2. IlpuHUoMOel M METOAUKA CaMOJMArHOCTHKM pabOThl aJaNTUBHOW CHCTEMBI,
00€ecTeunBaloue OMEPATUBHYIO OIEHKY (YHKIMOHAIBHOW pabOoTOCTOCOOHOCTH
aJanTHUBHOW CHCTEMBI M KOPPEKLMIO aJrOpUTMa B ClIy4ae AMATHOCTUPYEMBIX BHJIOB
OTKa30B.

3. Metoauka HaCTPONKHU MPEUI0KEHHBIX alTOPUTMOB, 110 pa3pabOTaHHON METO/IUKE.

JlanHas nuccepranyoHHas paboTa COCTOMT M3 4YeThIpeX TIJIaB, 3aKIIOYCHHUS U
IIPUIIOKEHHS.

B nepBoii riaBe mpoBeneH aHAJINW3 COCTOSHUS MPOOJIEMBl aJalTUBHOIO YIPABICHUS B
AHEPreTHKE U CAeNlaH 0030p CPEJCTB, peaIU3yIOIMX NPUHLHUIIBI JaTUBHOTO YIPaBIECHUS Ha
COBPEMEHHOM PBIHKE PETYIIATOPOB.

Bropast rnaBa mocBsillleHAa TOMCKY M OOOCHOBaHHUIO TIOKa3zaTeseil, 3aKOHOMEPHO
pearupyrommx Ha U3MEHEHUE JMHAMUYECKHX XapaKTePUCTUK O0ObEKTa YIPaBICHUs, U BBIBOLY
pacueTHbIX (OpMYI, HEOOXOAMMBIX Ul HAaXOXACHUS ATHX IOKa3aTeleil 1Mo onepaTuBHOMY
CUTHAJTy OIIMOKH YIIpaBJIeHUS.

Tpetbsi rnaBa pacKpbhIBaeT OCOOCHHOCTH pealTM3alMU IPEJIOKEHHBIX aJTOpPUTMOB
ajganTuBHOro ympaBieHuss Ha ©O0a3ze coBpemeHHbix [ITK. Pacnpenenénnsiii xapakrep
ctpyktypsl ACY TII nocraBmi emé oJHy 3aaauy, CBA3aHHYIO C BBIJCICHUEM YpPOBHS CETH,
HaubOoJee palMOHAIBHOTO I pealu3aluy ajJropuTMoB ajnantauuud. Kpome anroputma,
OTBEYAIOLIEro0 3a aJalTalMio, TaKKe pPacCMaTpUBAIOTCA  AJITOPUTMBI  MTOACUCTEMBI
ONEPAaTUBHOM JTMATHOCTHUKH pabOTOCIIOCOOHOCTH MapaMeTPUYECKOro KOHTYpa CHCTEMBI

YIIpABJICHHA. Ot AITOPHUTMbBI T'apPaAHTUPYIOT SaHII/IHIéHHOCTB CUCTEMbI OT HCIPECABUACHHBIX



BapMaHTOB Pa3BUTHs MPOLIECCOB B NMApPaMETPUUECKOM KOHTYPE U CHOCOOCTBYIOT PACIIUPEHUIO
JIara3oHa ero MpUMEHNUMOCTH B IEPEMEHHBIX PeKUMax paboThl 000py10BaHHUS.

YerBeprass [I1aBa NOPEJCTaBISET METOJAMKY HWHULMAIM3aUUU  pa3paboTaHHOU
allaiTUBHOW CHCTEMbl M JaeT MOJApPOOHOE ONUCAaHHE Ha3HAYEHHs] BCEX MapaMeTpoOB
NoJIy4uBIIErocs (pyHKIIMOHAIBHOTO OJI0Ka.

B 3akmroueHun COACPIKATCA OCHOBHBIC PC3YJIbTAThI I[HCCGpTaHI/IOHHOﬁ pa6OTBI.
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1. AHAJIN3 TPOBJIEMHOM OBJIACTH UCCJIEJJOBAHUSA U
IHOCTAHOBKA 3ATIAYA

1.1. Oco6enHocTH nmpoueccoB B TEXHOJIOI'HIECCKHUX 00beKTaxX M MOHSATHE

«aganTamus

CoBpeMeHHOE HaIlpaBJICHHE Pa3BUTHs MPOU3BOJCTBA, OOYCIOBICHHOE MEPEXOJOM Ha
HCII0JIb30BAHNE MUKPOKOHTPOJLJIEPOB, OTJINYAETCA KECTKUMU TpeOOBaHUAMH,
MPEABABISIEMBIMA K KaueCTBY BBIYCKAEMOW MPOAYKLHH, CHHXKEHHEM TpyJ03aTpar Ha
AKCIUTyaTallMI0 U PEMOHT, a TaKXe€ YBEJIUYEHHEM pPOJU HAYKOEMKHUX TEXHOJIOTUH B
MPOCKTUPOBAHUU CHCTEM aBTOMATHUYECKOTO yIpaBieHHUsA. TakuM o0pa3oM, MPOMBIIIJIEHHBIE
CUCTEMBI YIIpaBJICHHs JOJKHBI OOECIeurnBaTh HAJEKHOE, OE30TKa3HOE U BBICOKOTOYHOE
(GYHKIIMOHUPOBAHKE BCETO MPOU3BO/ICTBA B IIEJIOM.

XapakTepHOoi ~ OCOOCHHOCTBIO  MPOIIECCOB,  MPOUCXOMSIMUX B OOBEKTaX
TEIJIO3HEPTETUKH, SIBISETCSA:

® HEMNPEpPHIBHBIA XapakTep OCHOBHBIX TEXHOJOTHMUYECKUX TOTOKOB (HOCUTENEH
TEIJIOBOM W DJEKTPUYECKOM  DSHEpPruil) ©  JUCKPETHBIM  XapakTep
BCIIOMOTATEIbHBIX TEXHOJOTHYECKUX TIOTOKOB, OOECIeYMBAIONIUX PadboTy
OCHOBHBIX ITOTOKOB;

® 3HAUWTEIbHBIC EJAMHUYHBIE MOIIHOCTH DJHEPro0JioKa, YTO TPUBOIAUT K
3HAYUTENIbHBIM TOTEPSM MpU MNPOPUIAKTHKE, PEMOHTE, aBapHsiX, a TakKe
YCIIO)KHEHHUIO BCIIOMOTATEIbHOTO TEXHOJIOTHYECKOTO 000PYI0BaAHUS;

® CJI0)KHOCTh TEXHOJOTHYECKOrO MpOLEcca W HEAOCTATOYHAs €ro HW3y4YEeHHOCTb,
YTO HE MO3BOJISIET OTPAHUYUTHCS JIMHEWHBIM YIPABICHUEM IO COCTOSTHUIO;

® BBICOKAas HKOJOTMYECKash OMacHOCTb, HEOOXOIMMOCTb OOECHEUYEHHsI BBICOKOM
MOKapHOM, B3PBIBHOM, 371€KTPOOE30NaCHOCTH.

CtpykTypa OOJBIIMHCTBA TEXHOJOTMYECKUX IMPOIECCOB TaKOBa, YTO TOYHOE
MaTeMaTHYeCKOE OMHUCcaHue OOBEKTOB, BXOIAIIMX B WX COCTaB, TNOJY4YUTh BechbMa
3aTPYJIHHUTENBHO, @ B HEKOTOPBIX CIIy4asgX M HEBO3MOKHO. HemanoBaXHBIM SBIISIETCA U TOT
dakT, yTO Naxke MpPH TAaKON TUIMUYHOW CUTYaIluH, KaK BHEJPEHUE HOBOTO WIJIM PEMOHT CTapOTO

000pyaOBaHMs, BO3HUKAET HEOOXOIUMOCTh KOPPEKTUPOBKUM pabOThl  YIPABISIIOIINX
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AIIEMEHTOB CHCTEMBI. Eciu MOMHUMO 3TOTO MPHUHATH BO BHHMaHHWE HECTAOMIBLHOCTH
apaMeTpoB ChIPhs, TOIUIMBA U HAJIMYKUE HEKOHTPOIHPYEMBIX BO3MYILEHUN, TO OOJIBIIMHCTBO
peanbHBIX OOBEKTOB YIPABICHHUS MOXKHO C YBEPEHHOCTHIO OTHECTHM K KIIACCY AampHOPHO
HeomnpeeleHHbIX. [Ipy 3TOM OCHOBHBIMH METOJAMU CHHTE€3a CHUCTEM IMOAOOHOr0 poja
SBJISIIOTCS METOJIbI aIANITUBHOTO, POOACTHOTO M HEMPO-HEUETKOTOo yrpasieHus [1].

Kak ormeuaercs B [71, 72], u3BecTHO OOJIBIIIOE YKCIO OMPEAEICHUH TOTO, YTO CICAYET
NOHMMATh 1107 00yYEeHUEM, CAMOOOYUEHUEM U aJlaliTaluei.

[TpenmymiecTBEHHOE PACIPOCTPAHEHUE MOJYYHSIM CAaMOHACTPAMBAIOIIUECS CUCTEMbI
(CC), moa KOTOPBIMH TMPUHATO MOHUMATh CHUCTEMbl aBTOMATHYECKOTO YIpPaBIICHUS,
o0naiaromue CcrnocoOHOCThIO MPUCIIOCAOIMBATBECS K CIy4alHO M3MEHSIOIMMCSA CBOMCTBaM
O00OBEKTOB YIPABICHUS M TPOIECCOB B HUX 3a CUET ONEPATUBHOTO KOHTPOJS KauecTBa
NePeXOaHBIX MporeccoB. Cpean STOro KiIacca CHCTEM BBIIEISIIOT 1Ba MMPHHIAITAAIBHO Pa3HbBIX
TUTIA CUCTEM, OTJIMYAIOIIUXCSI CIOCOOOM BBIXOJa MapaMeTpPOB Ha 3a/IaHHBIN (ONTUMABHBII)
YpOBEHb. DTO — OMCKOBBIC U OecrorckoBbiec CC [66].

B OGecnouckoBeix CC wucnonb3yercs HEKOTOPBIM KOHTPOJIUPYEMBI IOKa3aTelb
KayecTBa yMpaBlieHUs. ABTOMAaTHYECKOM HACTPOMKON mapamMeTpoB OTOT IOKa3aTelb
NOJICP)KUBACTCS B 3aIaHHBIX TMpenenax. B 3aBucuMocTr oT Buaa mokaszarens pazimmyaior CC
C KOHTPOJIEM MEPEXOHBIX MPOLECCOB, C KOHTPOJIEM YaCTOTHBIX XapaKTEPUCTHUK, C ITATIOHHON
Mozenbio U ap. Be€ 3to — 3amkHyThle OecnonckoBble CC ¢ KOHTYpOM CaMOHACTPOMKH, B
KOTOPOM TapaMeTpbl HACTPOMKH aBTOMATHMYECKH M3MEHSIIOTCS IpPH BBIXOJAE IOKa3aTens

KaucCTBa 3a 1OIMYCTUMBIC IMPCACIIbI.

1.2. Oco0eHHOCTH METO/I0B aJANITHBHOIO YIIPABJIeHUS

OCHOBHBIM aJITOPUTMOM, UCIIOJIB3YEMBIM B CUCTEMaxX aBTOMaru3anuu, sisisercs [TA]]-
anroput™. [T JI-perynstop 6601 n300petén emé B 1910 roay [2]. Yepes 32 roga, B 1942 roxy,
[urnep um Huxombc paszpaboTasii MeTOAUKY ero HacTpoiiku [26]. Ilocne mosBieHus
mukporporeccopoB B 1980-x  romax pasButue [IM]J[-perynsitopoB  MpOMCXOAMIIO
HapacTamuMu temnaMu. B padote [33] ObUI0 MpoBeIeHO HCCe0BaHUE KOJIUYecTBa padoT
no temaruke [IMJI perynupoBanus. [lanee npuBOIATCS HEKOTOPBIE PE3YJIBTATHI JTAHHOTO
uccnenoBanusi. O6miee konuuectBo nyodnukanuii o IMNU/I-perynstopam 3a 9 ner ¢ 1973 no
1982 ron cocraBuiio 14 mr., ¢ 1983 mo 1992 rox — 111 wr., a 3a nepuoa ¢ 1998 no 2002 rox

(Bcero 3a 4 rToma) — 225 mr [21]. Ha omHom Tombko cemuHape |IFAC
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(InternationalFederationofAutomaticControl) B 2000 romy Obii0 TpenacTaBieHO Okojio 90
nokianoB, nocBsamEHHbIX [IW/[-perynstopam [21]. KonudecTBO MaTEHTOB MO 3TOM TEMe,
cojiepKaluxcsi B MaTeHTHOM Oasze maHHbBIX http://gb.espacenet.com, B stHBape 2006 rona
cocrapmwiio 364 mT. [lpuynHAMH CTONb BBICOKOM TOMYJISPHOCTH SIBISIFOTCS MPOCTOTA
MOCTPOCHHUS U MPOMBIIINICHHOTO UCIIOJb30BaHuUsA, ICHOCTh (DYHKIIMOHUPOBAHUS, TPUTOJHOCTh
JUISL pellieHrss OONBIIMHCTBA MPAKTUUYECKUX 3aJlad W HHU3Kasg cToUMOcTh. B mopsnka 90-95%
PErysiTOPOB, HaXOASAIIMXCS B HACTOsIIee Bpemsi B dKciutyaTauuu, 3assieH [IW/]-anroputm
[33].1Tpy  >TOMBO MHOTMX MHKPOKOHTpOJUIEpax, ucnoib3ytommx [IAJ]  anroputm
muddepeHIanbHas KOMIIOHEHTa BBIKIIOYEHA [MOTOMY, YTO €€ TPYJIHO MPaBUIHHO HACTPOUTD.
Kak ormeuwaercs B [33], mnonp3oBaTend NpeHEOpEraroT MpOLENypoll KaauOpOBKH,
HEJOCTATOYHO TNyOOKHE 3HaHHWS JAWHAMHUKU PETYIUPYEeMOro IMpollecca HE TIO3BOJSIOT
MPaBUIILHO BBIOPATH MapaMeTPhl PETyIsITOpA.

EcrecTtBeHnbie HAIpaBJICHUS pa3BUTHS [T I-anropurmoB YIIPaBJICHUS
TEXHOJIOTUYECKUMH  TPOIECCaMU, HWHUIMUPOBAHHBIE TEPEXOJOM HA  COBPEMEHHYIO
MUKPOTPOIIECCOPHYIO ~ TE€XHHUKY, OTJIMYAIOTCS  TPEXKJIE BCEro TOWUCKOM  pelIeHU,
o0ecreynBaroMX TMOBBIINIEHHE KayecTBa aBTOMATHUYECKOTO VYIPABICHUS, paCUIUPEHUE
obnacti QPyHKIIMOHUPOBAHUS ABTOMATHYECKUX CHUCTEM PETYJIMPOBAHMS, a TaKXKE CHIDKCHHE
Tpyao3aTpar Ha pa3pabOTKy M BHEIPEHHE NPOMBINUICHHBIX Bepcuil cucteM. B cBsizu ¢
TEXHUYECKOW CJIOKHOCTBIO peajn3aliyl aJalTUBHBIX aJITOPUTMOB Ha SJEMEHTHOW Oase,
KOTOpasi CYyIIECTBOBaNA JI0 TMOSBICHUS MUKPOKOHTPOILJIEPOB, MOJOOHBIE aJITOPUTMBI HAYaIIH
HCIIOJIb30BATHCS TOIBKO C cepearHbl 80-X.

[TepBbie MOTOOHBIE CUCTEMBI, TTOSBUBIIIKECS B KOHIE 30-X TOJI0OB MPOIIOTO CTOJETHS,
pemaii 3ajadyy aBTOMATHYECKOM ONTUMH3ALMKM MPOU3BOJUTEIBHOCTH IPOMBIIUICHHBIX
ycTaHOBOK. OCHOBHOE COJAEpX aHUE 3aJaud aBTOMATHYECKOW ONTHUMH3ALMU COCTOSJIO B
MOMCKE U YJIEPXKAHWU CHUCTEMbl HA JKCTPEMYME €€ CTaTUYECKOM XapaKTEepPUCTHUKU. XOTS
aBTOMaTUyeckasi ONTUMH3alUs W HE HMEET MPSMOTO OTHOIIEHUS K aJanTaldud CHUCTEM
yIpaBIEHUsI, OHAa MOXET WCIOJIb30BAThCA Kak Crmoco0 TOBBIIICHUS A((HEKTUBHOCTH
yIpaBJICHUS.

B pabore [67] npoBeneH oOUIMPHBINA 0030p IBOOLNHU U MPOOJIEM aJalTUBHBIX CHCTEM
ynpasienus. Jlanee uaer HeOOMbIION (QparMeHT 3TOT0 0030pa, KAaCAIOUIUICS ONMTHMATbHBIX
cUCTeM. ABTOMATHYECKUM TMOUCK IKCTPEMyMa CTATHUYECKON XapaKTEPUCTUKH OOBEKTa Kak

croco0 aBTOMATUYECKOTO PETYyIMPOBAHUSA 10 MAaKCUMyMYy HJIM MHUHUMYMY TIOKa3aTems
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KadecTBa TexHoJornueckoro mpomecca obut npemioxer B CCCP 0. C. Xnebuesuuem B 1940
r. [49] u Heckompko mo3zke B. B. Kazakesuuem B 1943 1. [50]. IlpoGiembr Teopuu
HKCTPEMAJIBHBIX PETYISATOPOB MPUBIEKIN K ceOe BHMMaHue MHOrux ydeHelx B CCCP u 3a
pyoexom B 50-e roabl [51 — 59] mpouwtoro cronerus. [lepBoe cucreMatnyeckoe M3I0KEHUE
MPUKIATHON TEOPUU SKCTPEMAIBHOTO PETYIHPOBAHMS KaK MPUHIUIIA aBTOMATHYECKOM
ONTUMU3AIMHU CUCTEM cojiepkuTcs B onyoaukoBanHoi B CIIIA B 1951 1. mox penakiueii Y. C.
Hpeitnepa u WU. T. Jlu xuure “IlpuHIMOBI aBTOMAaTHUYECKOW ONTUMU3AIMU’, TAE OBUIU
NpEJICTAaBICHBl  pe3yJabTaThl HCCIEJOBAHHM KOJUIEKTHBA CIHEIUAINCTOB JlabopaTopuu
aBraniioHHOW aBToMaTHKU MIT. OOMmUPHBIN CHHUCOK padOT MO aJaNTHBHBIM CHCTEMaM,
colepkuTrcs B 0030pHON craThe [4]. BoabIIMHCTBO paHHHUX pabOT MO SKCTPEMAIbHBIM
CHUCTEMaM paccMaTpUBAIOT MOJENIU OOBEKTOB B BUJE CTATUYECKUX OTOOPaKEHUH, IMO3Ke
HEKOTOPBIE aBTOPHI PACIIUPSAIOT KJIAcC JOMYCTUMBIX CHCTEM 10 Mojenei Bunepa u
lammepmireitna [25]. AHanu3 yCTOWYMBOCTU SKCTPEMAIbHBIX CHUCTEM  YIPABIICHHS
JIETEPMUHUPOBAHHBIMUA HEIMHEWHBIMU JTUHAMUYECKUMH OOBEKTaMU B 3aMKHYTOM KOHTYpE
OCTaBaJICs OTKPBITOM MpobieMoii Oosiee copoka JeT.

ATnbTEpHATUBOM M€ TMOMCKA JKCTPEMAJbHOTO 3HA4YeHHs (YHKI[MOHAIa KadecTBa
CHUCTEMBI YIIPaBIIEHHUS C MUCIOJIb30BaHUEM MeToa “mpob” u “omubok” cTana “OecrnouckoBas’
ontumuzanus. [IpuMeHUTENbHO K aJanTUBHBIM CHUCTEMaM 3TOT MOAXOJ K peanu3aluu
MEXaHu3Ma aJanTaliuu K HEKOHTPOJHUPYEMBIM (aKTOpaM OCHOBBIBAJICS HA AHAIMTHUYECKUX
BBIYHCIICHUSX, TEM WJIH UHBIM CIIOCOOOM, YCIOBUN dKCTpeMyMma (yHKIIMOHANIAa KadecTBa 0e3
UCIIONIB30BaHMsT MPOOHBIX  Bo3jAecTBUA Ha 00bekT. CormacHo [64] amanTanus,
caMOOpraHu3aius, CaMOperyJupoBaHUE O3HAYAET IOCTENEHHOE H3MEHEHUE YCPEIHEHHBIX
CBOICTB B CTOXaCTHYECKOMU cpenie QYHKIIMOHUPOBAHUS TMHAMUYECKON CHCTEMBI.

B pabore [65] cnocobbl gocTtuxkeHuss TpeOyeMbIX JAUHAMHUYECKHMX CBOWCTB
CaMOHACTPAUBAIOIIUXCSICUCTEM KIACCHPHUITUPYIOTCS MO CTETICHU CIOKHOCTH STUX CUCTEM.

a) Cucremsl ¢ BEICOKUM KOHTYPHBIM KodddunineHTom ycuieHus. [Ipu orcyTcTBUn
uHpopManuu 00 YypOBHE aJJINTUBHBIX BO3MYIICHUN WIH O BEIMYUHE HEBS3KU
MEXJy MaTEeMaTHUYeCKON MOJENbI0 Mpolecca M pPEeaTbHBIMH (HU3UIECCKUMU
nporeccaMu B 00BEKTE, Crocod mpumMmeHsiercs Hawbonee uacto. B Teopum
yIpaBlIeHUs HEIMHEHHBIMU OOBEKTaMU PETYJISTOPHI, TO3BOJISIONINE H3MEHSThH

KOA(PUIIMEHT BIUIOTh J0 OCCKOHEYHO OONBIINX BEJIUYWH B 3aBUCUMOCTH OT
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BEJIMYMHBI OTKJIOHEHUS OT TOJIOKEHHUSI PAaBHOBECHSI, HA3BIBAIOT “PETYIIATOPAMH C
OEeCKOHEYHOM rpaHulie pocTta ko3 duimenTa”.

0) Cucrembl ¢ I3MEHEHUEM MapaMeTpa Mo MporpaMMe COTIACHO 3apaHee 3aJJlaHHbIM
yCIIOBUSIM Pa0bOTBhl cUCTeMbl. [IpuMep aJanTUBHON CHCTEMBI, MOCTPOCHHOMN
TakuM 00pa3oM, NPHUBEJIEH B HEKOTOPBIX padorax [66, 67], rne mapameTpsl
aJalTUBHOTO PETYISITOpPa U3MEHSIOTCSA COTJIacCHO MpOorpaMMe, peann3yeMoil Ha
OCHOBE CXEMBI ¢ THCTepe3ucoM. Kputepuem nepektoueHust siBIseTCs 3HAaUCHHE
dbyHKIIMOHANIa KavecTBa, ACCOIMUPOBAHHOTO C KOHKPETHBIM KOHTPOJLIEPOM.
Breibop cnenyromero KOHTpoiuiepa M3 KOHEYHOTO MHOXKECTBA BO3MOKHBIX
MIPOUCXOIUT MOCIIEI0OBATEILHBIM NIEPEOOPOM U IIUKINUECKUM 00pa3oM.

B) Cucrtembl ¢ U3BMEHEHHEM IapaMEeTPOB B 3aBUCUMOCTH OT TPeOyeMOro KpUTEPHs
KauecTBa cucTteMbl. K cuctemMam, MCTIONB3YIONIUM JTAaHHBINA MPUHIIUI, CIETYET
OTHECTH M BCE TO OrPOMHOE MHOXECTBO pabOT B  COBPEMEHHOM
napaMeTpU4YecKOl MOCTaHOBKE, T/I€ TapaMeTPhl PETYISITOPA OCHOBHOTO KOHTYpa
HACTPaUBAIOTCS COTJIACHO AITOPUTMaM T'PaUEHTHOTO THIIA.

r) Cucrtembl C U3BMEHEHHEM CTPYKTYPBI B 3aBUCUMOCTH OT TpeOyeMoro mokasareis
ee kauecTBa. [laHHbIN c0c00 B KiacCU(PUKAIIMHU BBIICJICHHBIA OTAEIFHO MOXKHO
CUMTATh MOJKIACCOM CHCTEM (B) C TOW JIMIIb OTOBOPKOHM, YTO JUIS peaau3aluu
TaKMX CHUCTEM MOTpeOyeTcs paccMaTpuBaTh IapaMeTPU30BaHHBIC JTHUHEHHBIC
KOMOMHAIIMM  YOPaBISIIOMMX (GYHKIUHA W3  3aJaHHOTO KJacca BMECTO
CIMHCTBCHHOM ()YHKIIUH.

HecMoTpst Ha TO, YTO TpUBENEHHBIE CIMOCOOBI XPOHOJOTUYECKH OTHOCSTCS elie K
Havaiy 60-X roIoB MPOIUIOTO CTOJETHS, UX JIOTUYECKUE TIPUHIIUITBI COXPAHSIOTCS B TOW WK
WHOW Mepe ¥ B COBPEMEHHBIX CXeMaX aJalTHBHBIX CUCTEM YITPABJICHHS.

Kak yka3zano B [66] C MOMeHTa MyOJIMKAIIMK TIEPBBIX paOOT MO aIaNTUBHBIM CUCTEMaM
B TIepBOM mosoBuHEe 20-TO BeKa IO HACTOSAIIETO JHS, MPUCIOCAOTMBAIOIINECS CUCTEMBbI WU
CUCTEMBI C aJanTanueld HBOJIIOIMHOHUPOBAIA OT CPABHUTENBHO MPOCTBIX IKCTPEMAJIbHBIX
CUCTEM YIPABJICHUS JIMHCHHBIMA OOBCKTAMH JI0 AJaNTHUBHBIX PETYJIATOPOB JIMHEHHBIX
00BEKTOB, MOPSIIOK MAaTEMAaTUUYECKON MOJENIH KOTOPBIX CYIIECTBEHHO MPEBOCXOIUT MOPSIAOK
MaTeMaTHYeCKOW Mojenun o0bekTa. B monmaBnstomeM  OONBIIMHCTBE MPAKTHYCCKUX
MPWIOKCHUIA TCOPHS aJalTHBHBIX CUCTEM YIIPABJICHUS M UACHTH(PHUKAIINN, KAK COBOKYITHOCTD

O6H_IeCI/ICTeMHBIX MMOJIOKCHUM M MCTOOOB, UCIIOJIIB3YCTCA Ui PCHICHUSA CTAHJAPTHBIX 3aJa4

15



PEryJIMPOBaHUS XOPOIIO U3yYEHHBIX U UCCIIEJOBAaHHBIX, 3a4aCTy0 YCTOWYUBBIX MO JIAMyHOBY
o0bekToB. [loTeHuManbHasE poJib 3TUX TEOpPUH YK€ Ha 3Tale UX BO3HUKHOBEHUS
Ipe/ICTaBIsIach, KaK 3TO CIEAYET U3 aHaiuu3a paboT ydeHbIX B KoHIE 50-X — Hayama 60-x
roZI0B IPOILJIOro BEKa, 3HAYUTEIBHO LIMpe M riryoke. OIHAKO 3TU NpeABUAECHUS HE ObLIN
HOHSTHI WJIM Ha 3TO HE OBLJIO 0OpalieHO BHUMAHHUE OOJIbIIMHCTBA YYEHBIX, aKTUBHO 3aHSATHIX
3aJladyaMM aJJallTUBHOTO YIPABIEHUSA TOTO BPEMEHHU.

B pabGore [66] oTMeuaercs 4YTO, HE MEHEE AaKTyaJbHBIM OCTA€TCS MOAXOJ K
NPOCKTUPOBAHUIO  AJANTUBHBIX CUCTEM  YOpaBICHHS  (YHKIMOHAJIBHO  CIOKHBIMU
TEXHHUYECKUMH  OOBEKTaMH U TEXHOJOTMYECKMMH  IIpoleccaMM B YCIIOBUSX
HEKOHTPOJIMPYEMBIX HW3MEHEHHUH COOCTBEHHBIX CBOWCTB M CBOMCTB BHEIIHEH CpE.Bbl.
[TpumepoM Takoro moaxoaa MOKET OBITh MPEUIOKEHHBIN B [66] MeTOA CHHTE3a aJalTHBHBIX
PETyJISATOPOB — T. H. METOJ BUPTYAJIbHOIO AJICOPUTMA aJanTauuu. B To e Bpems npuMeHeHue
“KIITaCCMYECKMX~ METOJIOB OKa3bIBAa€TCS B 3HAYMTEIBHOM Mepe 3aTpyJHUTENBHBIM WIN
ManospdextuBabiM  [65, 67, 73]. OcHOBHOE BHUMaHHE aBTOPOBYINOMSHYTBIX palOOT
COCpEOTOYEHO Ha TEOpMM M METOJax aJalNTUBHOTO YIIPAaBICHHsS HEIMHEHHBIMU
JTUHAMUYECKUMH 00bEKTaMU:

a) ¢ NOTEHUHMAJIbHO HEYCTOWYMBON Mo JIAMyHOBY M HEpaBHOBECHOM LI€NEBOM
JMHAMUKOM;

0) Mmpu YCJIOBHM MOTEHIMAIbHON HEBO3MOKHOCTH 3aJaHHs 1I€JIEBbIX MHOXKECTB B
SIBHOM BHU/IE;

B) C HCIOJb30BAaHUEM MHUHHUMAJIBHOM KadecTBEHHOW MHpopManuu o0 oO0bekTe, a
TaKXKe B YCJIOBUSAX HEJIOCTYMHOCTH HMH(GOPMAIMU O TOYHBIX MAaTEeMaTUYECKHX
MOJICIAX 00BEKTA;

I) C HCIOJb30BAaHUEM MOJIETEH HEOIpeneNeHHOCTeH, MaKCUMaJlbHO a/IeKBAaTHBIX
(bu3MUeCcKOl CYITHOCTH MPOIIECCOB U SIBJICHUI B CAMOM OOBEKTE;

) C BO3MOXXHOCTBIO peajH3allid MEXaHU3MOB VYIPABIECHUS B THUIOBBIX U
OJIHOPOAHBIX CTPYKTypax THUIIA MCKYCCTBEHHBIX HEHPOHHBIX CETEH MpPSIMOro
JIEVCTBUS.

HeoOxoMMbIMU KOMIIOHEHTaAMHM TaKOMl TEOpUM aJalNTHUBHOIO YIPABIEHUS, KakK 3TO

CJICAYCT U3 JIOTUKU €€ PA3BUTHA, ABJIAIOTCA:
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e ammapaT aHaJM3a CBONCTB HEJIMHEHHBIX CHUCTEM, KOTOPBIM HE TpeOyeT TOYHOTO
3HaHHUS MaTEeMaTHYECKUX MOJeNield HCCIEeNyeMbIX OOBEKTOB M HE 3aBUCHUT OT
TOT0, YCTOMUYUB JU 00BEKT 1O JISmyHOBY;

® MPUHIUINBI U METOAbl aJaNTallMd K HEKOHTPOJIUPYEMBIM BO3MYIICHUSM U
HEOTPEJICIICHHOCTSIM Cpellbl U MOJENU OOBEKTa, HMCIHOJB3YIOIIUE JIUIIb HX
oO1iecucTeMHubie, PyHIaMEeHTaIbHbIE CBOMCTBA;

® T[IOWUCK, AHAJIW3 WU CHUHTE3 CTPYKTYp pEalu3alHid aJrOpUTMOB HEIMHEHHOTO
yIpaBJeHUs, afanTaluy U UACHTUDUKALINH.

OpnHa W3 xXapaKTepHBIX OCOOEHHOCTENW COBPEMEHHOTO YPOBHSI aBTOMAaTH3allMd BeChMa
pa3zHOOOpa3HBIX TEXHOJIOTMYECKUX MPOLIECCOB 3aKIIOYAETCA B TOM, YTO YIPABJICHHUE TEM WU
UHBIM OOBEKTOM OCYIIECTBIISIETCS B YCIOBUSIX AalpUOPHONW HEOMPENENEHHOCTH: JU0O0
OTCYTCTBYET TOYHOE MAaT€MaTH4YECKOE OMHCAHHE YIpaBIsieMOro oObeKTa, JHUO0 HEU3BECTECH
3aKOH U3MEHEHUS €r0 XapaKTEpUCTHK B Ipolecce paboThl, MO0 TMHAMUYECKHUE CBOWCTBA KaK
00BeKTa YIpaBJICHUS, TaK M YIPaBJISIONINX 3JIEMEHTOB MEHSIOTCS BO BpeMeHu. Kpome Toro,
MPUMEHSIEMbIE TEXHHUYECKHE CPEJICTBA aBTOMATU3AIMH MOTYT CYIIECTBEHHO OTJIMYATHCS OT
uJealbHbIX. B 4YacTHOCTH, HUCIONHUTENIbHBIE MEXAaHU3Mbl CHUCTEM PETYJIUPOBAHUS HMEIOT
HeJIuHEeHHOCTH (MIOPT B  MEXAaHUYECKUX COUJICHEHUSIX, HEITWHEMHOCTh CTaTHYECKOM
XapaKTEPUCTUKH). XOPOIIO U3BECTHO [69], UTO BO3MOKHOCTH YIIPaBICHUS 0OBEKTOM B TaKOU
CHUTyalluM OCHOBAaHAa HAa NPUMEHEHUM IPUHUHWIIA aJalTallH, ITO3BOJISIOIIETO YMEHBIINTH
MEepBOHAYAIBHBIM YPOBEHb HEOMPEACICHHOCTH 3a CYEeT WCIOJb30BaHUud HH(POpPMAIIUH,
U3BJIEKAEMOW U3 HAONIOJICHWIA 3a BBIXOJOM YIPABISIEMOro OOBEKTa B IMPOIECCE €ro
HOPMAaJIBHOTO ()YHKIIMOHUPOBAHUSI.

I[IoMHUMO TpyZHOCTEH, CBSI3aHHBIX C HAJIWYHUEM AaNpPUOPHOM HEONPEACICHHOCTH, B
OOJBITMHCTBE CIIy4ae€B HMEETCS BO3MOXHOCTh H3MEPSTh TOJIBKO BXOJHBIE U BBIXOIHBIC
CUTHAJIbl, HO HE WX NPOU3BOJHBbIC. 3ajaya YIpaBieHUs ele OoJee YCIOXKHSETCs, eclu
pasHUIlA TOPSIKOB YHCIUTENS] W 3HAMEHATENs TepeqaTouyHor (YHKIMU OO0BbeKTa OOJbIIe
€IUHUIIbI, YTO XapaKTepHO I TeEIUIOdHEepreTuku. I[lapaMeTrpbl HACTPOMKH CHCTEM
pEeryJIMpoBaHus, IOJYYEHHbIE B pE3yJbTAaT€ pacuera AaHAJIUTHUYECKUMH METOJaMH IO
W3BECTHON Mojenu o0bekTa [27 - 32], 4acTo HYXIAITCS B KOPPEKIIMH HETOCPEACTBEHHO Ha
JIEUCTBYIOIIMX CUCTEMAX PETYIUPOBAHHUS.

Jns  Toro uyrtoObl onTuManbHO HacTpouTh ACP, HeoOxomumo pacrosararth

JUHAMUYCCKUMHU XapaKTCPUCTUKAMHU CHUCTCEMbI, HO HAJAO0 YYHUTBIBATE M XapPaKTCPUCTUKU
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BO3MyHIeHH. K coxkaneHuro, MHOTHE BO3MYLICHHUS, AEHUCTBYIOLIME B CHUCTEME, SIBIISIOTCS
HEU3MEPUMBIMU, W XapaKTEpPU30BaTh HMX MOXKXHO JIMIIbL HAa OCHOBE aHajau3a IIPOIECCOB
W3MEHEHUs BBIXOJHON BENWYUHBI JeHCTByIolIeld cucteMbl. Kpome Toro, OOJNBIIMHCTBO
MeTOJIUK pacyeta napameTpoB [N /[-perynsTopa HE yUYUTHIBAIOT BO3MYILICHUS, JEHCTBYIOIINE
B oOwekre (meron 3urimepa m Hukombca, meron CHR). Bce 310 aemaer HEoOXOaMMBIM
YTOYHEHUE HACTPOMKH, MOJYYEHHOW aHATMTUYECKUMH METOJAMH.

Hcxonst u3 3TOro, MOXKHO YTBEPXKIaTh, YTO OKOHYATEIbHAs HACTPONKA MOMKET OBITh
MOJy4yeHa TOJIbKO Ha JEMCTBYIOIIEH CHUCTEME, TaK KakK MPAKTUYECKU HEBO3MOXKHO YYECTh B
pacueTe Bce (aKTOphI, BIUAIOIMIME Ha pabOTy CHCTEMBI, KaK BCIEJICTBHE OTCYTCTBUS
JIOCTAaTOYHOM MH(OPMALIUU, TaK U BCICACTBUE OTPAHUYEHHOCTH METOJIOB CUHTE3A.

Takum 00pa3om, 3aiadva, CBA3aHHAs C pa3pabOTKOW aJalTUBHBIX CHCTEM YIIPaBJICHUS
JTUHAMUYECKUMU OOBEKTaMH, SBISETCA OJHOW U3 COBPEMEHHBIX 3aJad B TEOPHUU
ABTOMATHUYECKOTO YIIPABJICHUS, PEUICHHE KOTOPOH HMEET SPKO BBIPAKEHHBIM MPUKIIATHON
xapaktep. PelieHue maHHOW 3agayd B KJIAacce JIMHEHMHBIX JIUHAMHUYECKUX OOBEKTOB
npeacTaBiIseT coO0l BechMa aKTyalbHYIO 33J1auy aJIallTUBHOTO YIPaBICHUS TUHAMHUYESCKUMU
00BbEeKTaMH1, WMEIOIIYI0 BaAXKHOE MPAKTHYECKOE 3HAUCHHE, TaK KakK MO3BOJIIET CYIIECTBEHHO

MOBBICUTH CPOKH 3KCILTyaTallik 000PYy10BaHUS.

1.3. Oco0eHHOCTH PBIHKA AIaNITUBHBIX PEryJIATOPOB

OauH W3 BapMaHTOB KiaccU(MKAalMK AJaNTUBHBIX CHUCTEM IPEACTaBICH Ha PHUCYHKE
1.1. Peanuzanueil pacCMOTPEHHBIX CIIOCOOOB aJlanTalMy 3aHUMaroTcs MHorue Gupmel. [lanee
npuBeaeHBl HarOosee KpynHble GUPMbI IPOU3BOIUTENH, MPEAIATAIONINE TOA00HbBIE PEIICHHUS.

OnHOM M3 MEPBBIX KOMIIAHWMW, NMPEACTABUBIIMX HA PBIHOK aJalTUBHBIC PEryJSATOPHI,
obuta Foxboro [55]. Ilepserit agantuBHbI perynstop Foxboro EXACT TM (760/761),
BBINYIIIEHHBIN B OKTsIOpe 1984 T., ObIT OCHOBAaH HA paclo3HABaHUU OOPA30B; B JaJbHEHUIIIEM
ObUIO ClIeTaHO MHOXECTBO MoOAU(UKAUK B alroputMax ero (QyHKIHOHHUPOBAHHUS. OTU
QITOPUTMBI JIETVIM TAaKXX€ B OCHOBY IIOCTPOCHHMS PACIPEACIICHHOW CHCTEMBI YIIPABICHHUS
Foxboro I/A. Koutpomnep EXACT MV Bximouaer Tpu (yHKUHOHANBbHBIX Onoka: PIDA,
FBTUNE u FFTUNE. PIDA sBnsercs coBpemerHsIM [11/[-konTpomiepom, FBTUNE ciyxut
JUI HACTPOMKHU TETIIEBOIO YCUJIEHHS, IPEABAPUTEIIbHOM HAacTpouku n amantauuu, FFTUNE

BBITIOJIHSIET HACTPOMKY MpPSMOM CBSI3U B peryindarope U TabmuyHoe ympasieHue. KauecTBo
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HACTPOUKHA KOHTPOJIMPYETCS] MO JBYM IMapameTpaM: IepeperyiupoBaHne u KodhduimeHt
3aTyXaHUs.

B xonTpomnepax ABB mnojcTpoiika ocHOBaHa Ha YaCTOTHOHM peNieiHON HIeHTH pUKAIuu
[28]. IlepBbiii anmantuBHBI KOHTposuiep HasbiBalica ECA-40TM. Orta cucrtema Takxke
HCIIOJIb30Balla METOJ TaOJWYHOTO YHpaBJICHUs MapaMeTpaMu peryistopa. BmocnenctBuu
METOJbl ABTOHACTPOUKHU JOIOJHWINCHh HENMPEPHIBHOW MOACTPOUKON, MOJACTPOMKON HE TOIBKO
METJIEBOT0 YCUIICHHS, HO M TapaMeTpPOB MPSIMOM CBSI3U, a TaKKE METOJAaMU JHUArHOCTUKHU.
[Tepeuncnennsie MeToabl ObLTH BoruiomeHbl B Moaenn ECA600 TM, BeimymieHHoi B 1988

roay.

Cucrtemsl

aBTOMaTUYECKOro
ynpasneHun

Ob6bluHble
AZanTMBHbIE CUCTEMDbI
CUCTEMBI
CamoHacTpauBatowmecs CamoopraHusytouwmecs
NMownckosble becnownckosble
Honeywell s

Puc. 1.1. TIpumep knaccuuKauy aganTUBHBIX CUCTEM.

OTH ke NPUHLHKIBI UCOJIb30BaHbl B paclpeaeseHHol cucteMe ympasienus Industrial
IT System 800xA TM, koTtopas HCHOJB3YyEeT €HIE W METOJbl HEUYETKOW JIOTUKU U
npenuktuBHbld 111 (ITIIN) perymstop. B nmocnegnux Bepcusx xoHtposiepoB ABB mocie
UICHTU(UKALMN B PEKUME PEJICHHOT0 peryIMpoBaHUs UCIOJIb3YETCs JOMOJHUTEIbHBINA 3Tall
UICHTU(UKALUY TI0 PEaKM1 00bEKTa Ha BXOJHON CKAaYOK JUISl MJIEHTU(PHUKALUN CTaTHYECKOrO
K02 uImeHTa nepeaym.

B konTposmnepax Emerson metoasl peryiaupoBaHMs, 3aJIO)KEHHBIE  €IIe B
pacripefieieHHOM cucteMe ympaBiaeHus Provox m RS3, BmocnmencTBum ObLIM TEpEeHECEHBI U
pacupensl B cucteme DeltaV. Cuctema ucnomnab3yeT aBTOHACTPONKY, TAOIMYHOE yIpaBiICHHUE
U ajanTanuio. Mimeercs Takke NporpaMMHOE OOecleueHHe Ul HeYETKOTO peryjIupoBaHMs U

CHUCTEM C TPAHCIIOPTHOM 3aJCPIKKOM.
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ABTOMaTHYECKasi HACTpOiika Oa3upyeTcss Ha MeToje pelieiHor maeHTudukanuu [28].
Hcnonb3yloTcst HECKONBKO TEpUOAOB KoyneOaHWW B cucteMe. AMIUIMTYAa KoseOaHU
BBHIOMpACTCS PABHOM HECKOJIBKMM TMPOLEHTAM OT I[OJHOTO JMHAMUYECKOro Jrara3oHa
cucteMsbl. JJIsl OLIEHKU BEJIMYUHBI TPAHCIIOPTHOU 3aJ€PKKHU HUCIIOIb3YETCS pEeaKus Ha CKAaYOK.
[lonyyeHHble TaKUM CHOCOOOM TpU MapaMeTpa JOCTATOUYHBI IJI UJICHTU(PUKALMH MOJEITU
NEPBOro MOPSAJKA C 3aAepKKOi. i1 3TOro MCHOIB3YIOTCS MO BBIOOPY IMOJIB30BATENS METO]
3urnepa-Hukonbca, peryiasiTop ¢ BHYTPEHHEH MoOJeNbl0 WM Jiam0Oaa-TbloHUHT. CHcTema
MMEET TaKKE€ BCTPOCHHYIO IOACUCTEMY MOJEIMPOBAHUS, KOTOpas IO3BOJISIET YBUIETH
rpaduku mpolecca peryaupoBaHus 10 TOro, Kak KO3 (UIUEHTHI peryisTopa OyayT 3anucaHbl
B KOHTPOJLIED.

VYnpaenenne B kouTposmiepe UDC6000 ¢dupmer Honeywell BeimonHsiercs kak ¢
MOMOIIBIO TIPEABAPUTEIHLHON HJICHTU(PUKAIIMU MOJEIHW, TaK MU Ha OCHOBE IIpaBUIL
WnenTtudukanys BBIMOIHIETCS MO OTKIMKY Ha CKadyoK. BennuuHy mnpupamieHusi yCTaBKU
OTHOCHUTEIIBHO pabodeil TOUKM 3aJaeT TO0JIb30BaTedb. OKCIEPUMEHT BBHITIOJHICTCS B
Pa30MKHYTOM KOHType. BennunHa 3amepku omnpenensercss Kak BpeMs OT Hayajia
AKCIIEPUMEHTAa O MOMEHTA, KOrJa BBIXOJHAs MEPEMEHHAs JOCTUTHET HEKOTOPOro Majoro,
Harepe; 3aJJaHHOTO 3HAYCHHUSI.

Kpome mnepeuncieHHbIX KOHTPOJUIEPOB, AJITOPUTMBI aBTOHACTPOWKH MOTYT OBITh
peanu3oBaHbl Ha 0a3e MEPCOHAIBLHOTO KOMIIBIOTEpA, UTPAIOIIETO POJb OMEPATOPCKOW WU
VMHXEHEPHOM cTaHUMU. B naHHOM cityyae TtumnoBas cucrema Juis Hactporku [IW/[-perynstopa
COCTOUT M3 KOMIBIOTEPA C TPOTrPaMMHBIM 00ECIedeHnEeM, KOMIUIEKTa MOJTYJIeH BBOJIa-BbIBOIa
U COCOUHUTENbHBIX Kabeneil. OOBEKT BKIIOYAETCS B KOHTYpP pETyJIMPOBAaHMS, CHUCTEMa
HAaCTpamBaeTCs JKEJIaeMbIM CIIOCOOOM, 3aTeM IOJyYeHHBbIE KOI(POUIIMEHTHI peryasaropa
3anuceiBatoTcs B [IW]/[-kontposiep. brnaronapst yno0HOMY MOJb30BaTEIBCKOMY UHTEpdEHCY,
OOJBIION TPOU3BOAUTEILHOCTA KOMITBIOTEPA M OTCYTCTBUIO OTPAaHUYEHUN Ha aJTrOPUTMBI
UICHTU(DUKAIIMA CUCTEMBI, VyAaeTCs TMOJIYyYUTh TapamMeTpbl peryisTopa, OJIU3KHE K
ONTUMAIbHBIM.

B Hacrosiee BpeMs HMEETCS OKOJO TMOJIYCOTHH KOMMEPUYECKHX MPOAYKTOB JIJIst
HacTpoviku [I1]/[-perynaropoB, Ipu 3TOM CpeIr aHAIUTUYECKUX METOIOB HACTPOMKHU B ITUX
nporpaMMax Hauboyiee pPacIpOCTpaHEHBI JamMOJa-TBIOHMHT WU METOJ peryisitopa ¢
BHyTpeHHel Mojenbio. [lonapinsromiee 60IBITUHCTBO MPOrpaMM HCIOJIB3YET MOJIETh TIEPBOTO

nopsiika C 3aJepKKOM s  ONuCaHus OO0BEKTa pPEeryJupoBaHUS. Cpemn HHX -
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Protunerpupmei Techmation Inc., LabVIEW PID Control Toolset ¢upmsr National
Instruments, Intelligent Tuner (Fisher-Rosemount), Profit PID (Honeywell), KNPACA
(TexoHABTOMATHKA) | Jp.

Pa3Butne omnmceIBaeMbIX CpCACTB HIACT B HAIIPABJIICHUU PACHIUPCHUA OUAIIa30HaA
noanepxkuBaemsix [11M][-perynaropos, IpUMEHEHHUs] METOA0B UCKYCCTBEHHOTO MHTEIIEKTA U
MCTOOOB AWMArHOCTHUKH, PA3BUTHA I1O0JIB30BATCIIBLCKOTO HHTep(l)eﬁca. COBpeMeHHBIe CpCACTBa
HaCTpOﬁKH IMO3BOJIAIOT AaHAJIM3UPOBATH H3HOC KJIAIMAHOB, ACJIATH OICHKY p06aCTHOCTI/I,
ABTOMATHUYCCKH TI'CHCPHUPOBATH OTYUCT C IMapaMCTpaMH KOHTYypa PCryIMpOBaHUA, CTPOUTH
rpa@uKki CHEKTPaIbHON TJIOTHOCTH MOIIMHOCTH W (PYHKIIMHA aBTO M B3aMMHOUN KOPPEIISIUH,

JAC€JaTh OIITUMU3AIIUIO HHBepCHOﬁ MOACIIN 00BEKTa YIpaBJICHUS U T.II.

1.4. BLIBOaBI 110 IJIABE M MOCTAHOBKA 3aa4H

Kak moxa3piBaeT 0030p CHCTEM, CHEIaHHBIM BbIllle, MHOTHE (GUPMBI pabOTarOT Haj
BHEJIPEHUEM aJalTUBHBIX cHcTeM. K HacTosmiemMy BpPEMEHM T'OCHOJCTBYIOIIEE IOJOKEHUE
3aHSUIM IB€ Pa3HOBUAHOCTH MTOIOOHBIX METOIOB.

1. DOkcnepTHble METOAbl aBTOMATU3MPOBAHHOM HacTpoiku (Hampumep, EXACT
JITOPUTM aMmepuKaHckoil ¢upmbl Foxboro n cxomHble alrOpUTMbl KOHTPOJUIEPOB SIMOHCKHUX
dbupm Yokogawa wu Hitachi), yuuThIBaromme peKOMEHIAIMN OIBITHBIX JKCIEPTOB-
HaJaJ4YMKOB, OCYIIECTBISAIOIIMX HACTPOWKY IOJA4Ye€d Ha JICUCTBYIOLIYKD CHCTEMY
aBTOMATHYECKOI'O PETyJUPOBAaHMS CTYNEHYATHIX BO3JEHCTBUN M AHAIU3HUPYIOMIMX 3aTEM
XapakTep NoJIy4aeMOM peakly Ha TaKUE BO3/ICUCTBUS.

2. ABTOMAaTM3UMpOBAHHBIM BapUaHT SMIMPUYECKOTO METOJa HACTPOWKH 3uriepa-
Hukonbca, 0OCHOBaHHBIN Ha BBIBOJE ACUCTBYMOWIEH cucTeMsbl ¢ Il-perymaropom Ha rpaHumy
YCTOMYMBOCTH U pacdeTe Mo KPUTHUECKUM MeprojaM KojiebaHui u ko3P PuIueHTy nepegadu
peryJsiTopa ONTUMAIIbHBIX MapameTpoB HacTpoviku [IW/[-perynstopa ¢ UCIOap30BaHUEM IS
ATOr0 MPOCTHIX HMOUPHUYECKUX (opMmysd. ABToOMaTH3alUsi METO/Ja COCTOMT B 3aMEHE
HACTPauBaeMOIr0 PEryyaTopa ABYXIIO3ULUOHHBIM pEJ€, YTO NPHUBOJUT K BO3HUKHOBEHUIO
YCTAaHOBUBIIMXCS aBTOKOJEOAHUI B KOHTYpe perynupoBanusi. Ha Takom npuniune padborarot
0JIOKM aBTOHACTPOIKHM KOHTposuiepoB Tumna "Pemukont" u "lIpoTtap".

B o0oux Meromax He yJaloch peaqu30BaTh aJalTHUBHOE YIpaBleHHWE, KOTOpOE, IO
caMOMY OIIPEAENIEHUI0 3TOr0 TEPMHUHA, JOJKHO OOECHeYMTh HU3MEpPEHUE MapaMeTpoB

HaCTpOﬁKH 3a COOTBCTCTBCHHO MCHAIOIIMMUCA CBOMCTBAMHM O6T>CKTa; YCIICITHO pCajin3OBaHa
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JMIIb aBTOMAaTU3MPOBAaHHAs HACTPOMKa MapaMETPOB PETYISATOPA, OCYLIECTBIsEMas TOJIbKO
IPU IPAKTUYECKU HEU3MEHHBIX BO BpeMsl HACTPOWKH CBOIMCTBaX 0OBEKTA.

CToUT OTMETUTH, YTO HA PBIHKE PETYJIATOPOB OoJiee MpocToi U 3(h(PEKTUBHBIN NOIXO/,
OTJIMYAIOLIUICS MCIONb30BaHUEM anpUOpHON uHpopMmanuu o crnenupuke oObeKTa U
B3aMMOCBSI3X B HEM, IPEACTaBieH ciabo. Mexay Tem, Hapsay ¢ aJalTUBHBIMH CHCTEMAaMH,
peau3yIOIMMHA  QJITOPUTMBI  OOILEr0 Ha3HAYCHMsI, 3aCIyKMBAIOT HHTEPEC M CHUCTEMBI,
YUUTBIBAIOILIME PUKIIATHYI0 OCOOEHHOCTh TEXHOJIOTMYECKUX MTPOLIECCOB.

Kak otmeuaercs B [43] i TEIUIOPHEPreTHKU XapaKTEPHOW SIBISIETCS 3ajaya,
OPMEHTHUPOBAHHAS HA JOCTHKEHHE MHHMMYyMa IHMCIIEPCHU OINMOKU DEryIHpOBaHUS G2 B
YCIIOBUSIX CYHIECTBEHHBIX (DYHKIMOHAIBHBIX OIPAaHUYEHHM, CBSI3aHHBIX:

e ¢ TpeOOBaHUAMH K 3amacy YCTOWYMBOCTH, BBIPA)KEHHBIMU OOBIYHO 3HAUYEHHEM
HIDKHETO YPOBHS CTENEHM 3aTyXaHUs IEPEX0IHOTO MpoLecca o,

® C MpeAesbHO AONYCTUMBIMU AMHAMUYECKHMMH OTKIOHEHUSIMHU TE€XHOJIOTHYECKHX
napaMeTpoB Amax MOpH JACHCTBUU Ha OOBEKT Hambosee HeOIaronpusTHBIX
JeTEPMUHUPOBAHHBIX BO3MYILECHUI;

® C TPUBHAJHHBIMU OTrPAaHUYEHUSIMH Ha 00JacTb M3MEHEHHsI MapaMeTpoB
3JIEMEHTOB aBTOMAaTUKU De, B 3HAYMTEIBHOW CTENEHU 3aBUCSIIMX OT THUIIA
VCIIOJIHUTEIBHOTO MEXaHU3MA.

[Tpumep cucTembl peryaupoBaHHs, YUUTHIBAIOIIEH CHEHU(PUKY TEIIOOHEPreTHUECKUX
00BEKTOB, paccMaTpuBaeTcs B pabore [41], rae mpennokeH crmocod aHaim3a 0COOSHHOCTEH
MPOLIECCOB B MPOU3BOJBHOM CEUEHUH paACIpeAeNiEHHOro Mo JJInHe o0beKTa ympasieHus. B
KauecTBE IMOKa3aTeJel, BIMSAIONMX HA HAAEXKHOCTh U JIOJITOBEYHOCTh TEPMOHANPSKEHHBIX
MOBEPXHOCTEH SHEPreTHUECKOro 0O0OpyIOBaHUS, PACCMATPUBAIOTCS TUCIEPCUS U CpelHss
4acTOTa CIY4alHOIO IMpoliecca. Y UUThIBAETCS KOPPEIUPOBAHHOCTH JEUCTBYIOLIUMX HAa OOBEKT
BO3MYIIIECHHA. Pe3ynbraTamMu Takoro aHanm3a SBISIIOTCS HEJTMHEWHBIE (DYHKIMH BIUSHUS
CBOMCTB BO3MYIICHHUI Ha JUCHEPCHIO M CPETHIOI YaCTOTYy Ciy4yailHOro mpomecca. ITo
OTKpPBIBAE€T BO3MOYKHOCTb ONTHMH3AIMM IPOLECCOB YIPABIECHUA IO TEXHOJOTHYECKU
000CHOBaHHOMY KPHUTEpPHIO, OPUEHTUPOBAHHOMY Ha TMOBBIIICHWE HKCIUTyaTallMOHHOU
HaIEKHOCTH U JOJITOBEYHOCTH TEIUIOIHEPIeTUYECKOT0 000PYAOBaHUSA. DTO OYCHb aKTyaJbHO,
IIPEK/E BCETO, IS AapoIeperpeBaTeieil COBpEMEHHBIX IHEPreTHYECKUX KOTJIOB.

[lenpto maHHOM pabOTHI SBISETCS pa3pabOTKa aJIropuTMa aJaNTHUBHOW CHUCTEMBI,

npeuiokeHHol B [41], u ero peanuzamus Ha 0aze MHKPOIPOIIECCOPHOTO YCTPOWCTBA,
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crnocoOHoro paborare Ha pasHbiXx ypoBHAX I[ITK. Peanuzaumst nmonoOHOM cuctembl Ha 0ase
aHAJIOTOBOM armapaTypbl BbI3bIBala sl TPYIHOCTEH, MOSIBICHHE XK€ MHUKPOMPOIECCOPHBIX
CHCTEM YIIPABIICHUS OTKPBUIO BO3MOXHOCTH HE TOJNBKO €€ HIMPOKOTO BHEAPEHUS, HO U
COBEPIIECHCTBOBAHUS MPEIJIOKEHHBIX aJIrOpUTMOB. B 9acTHOCTH, MOSBHIIACH BO3MOXHOCTH
pa3pabOTKH YHUBEPCAITBHOTO 0JI0Ka afanTaiuy, IPIMEHUMOTO ISl IEJI0T0 Kacca CUCTEM.
CyIHOCTh TMOAXO/Ja OMHUPAETCS Ha CHEUU(PHUKY TEIUIOIHEPTETHYECKUX OOBEKTOB,
3aKITIOYAIOIIYIOCS B TOM, YTO M3MEHEHHUS MapaMeTpoB MEPeNaTOYHBIX (YHKIHNA WX KaHAJIOB,
MOJ1 BIIUSIHUEM OOIIUX PEKUMHBIX (PAaKTOPOB, MPOUCXOAAT CUHXPOHHO. [IpoBenénnsie B [68]
TEOPETUYECKUE U DKCIEPUMEHTAJIbHBIE UCCIEIOBAaHUS CBOWCTB OOBEKTOB IO3BOJIMIU
BBIICIUTh J[BA XapaKTEPHBIX THUMA W3MEHEHWA JIWHAMHYECKHX CBOWCTB OOBEKTa,
MPOUCXOSIINX KaK MPU CMEHE PEXUMOB, TaK U B Ipoliecce yXyAueHUs (QyHKIHOHAIBHOTO
COCTOSIHHS arperaroB:
e k03 (HIMEHTHI yCUICHH KaHAIOB K 00beKTa M3MEHSIOTCS (MacIITaOupyroTCs
10 YPOBHIO) OTHOCUTEIFHO HE3aBUCUMO JIPYT OT JPYTa;
® T[IOCTOSIHHBIE BpeMeHU T W 3ama3bplBaHHE 7 B MepeAaToyHor (YHKIMU KaHaia
00BEeKTa CBSA3aHBI IUHBIM MACIITAOUPYIOITUM MHOKUTEIEM.
[IpuHMaeTCsT BO BHUMaHWE OCHOBHOE COOTHOIICHHE, XapaKTEPHOE IS ONTHMAIIBHO
HAaCTPOECHHOU CUCTEMBI:

R

K, -k, =
PT

K

(0]

B koTopoM Ko m kp — ko3 duIMeHTHI yCHIICHHS OCHOBHOTO KaHayia OOBEKTa H
peryisaropa COOTBETCTBEHHO, a R — KOHCTaHTa, oOmpelenstonias 3anac yCTOWYMBOCTH
npouecca. TakuMm 00pa3oM, MpU MU3MEHEHUH pekuMa paboThl 00bekTa U (PUKCHPOBAHHBIX
CBOMCTBaX pEryisiTopa MpPekJe BCEro MPOUCXOAUT H3MEHEHHE Kod(h(uImeHTa yCHIeHUs
o0bekTa Ko M, Kak CJICICTBUE, CTENEHHU 3aTyxaHus mporecca . Crabuinsanus MOCIeaHen
TpeOyeT ajekBaTHOro (0OpaTHOro) W3MEHEHUs Kod(QuIMeHTa yCWieHHs peryssropa Ke.
MacmrabupoBaHue Mo BPEMEHH COIPSKEHO C MPONOPLHUOHAIBHBIM U3MEHEHUEM ITOCTOSIHHOM
WHTETPUPOBAHUS T.

N3n05keHHbIE NPEANOCHUIKY TIO3BOJIIOT IOCTABUTh 33Ja4M OIEPATUBHOMN OLIEHKHU:

e K0JIe0aTENPHOCTH MPOIIECCa, BHIPAKAEMOW CTETMCHbBIO 3aTyXaHus |

e CcpeaHeil yacToThl KoJiebaHUM mpolecca o.
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C 1enblo BBISBIEHUS OCHOBHBIX KauyeCTBEHHBIX NpU3HAKOB 3aMkHyTol ACP

TIPEJICTABUM €€ MOJIENb B BUJIE:
w(t)=A4-e " - Cos(w-t+0).
Torma B3auMHas KOPPENANMOHHAS (QYHKIUS MEKIY MPOIECCOM W(t )1/1 ero BTOpOii
N/
POU3BOAHON W (f ) Oyzier UMeTh BU/I:
°

) Sin ((oz_wl_m)_Sln (gp2+qpl+m+arctg(aD

a \/a2+a)2

Ruow (7)= Az(a2+a)2)e‘

HopMupoBaHHble 3HaYeHUS KOPPEIALMOHHON (DYHKIMHM, OTHECEHHBIE K IUCHEPCUU

npouecca, npu T = 0 OyayT HaXOANUTHCS B HHTEpBAJIE:

1) =0 - Aunepuoauueckuii mporecc: Ny-w (0) _D— =+1

2) a = 0— He3atyxatomue KonebaHus: 7, (0) =-1

OT0 n1aéT BO3MOXKHOCTh OJHO3HAYHO CBs3aTh CTENEHb 3aTyXxaHWs Ipolecca ¢
napamMeTpoM HOPMHUPOBAHHOW B3aUMHOW KOPPENIAIMOHHOW (YHKIMKM B HyJe (QyHKIHEH,

Npe/ICTaBJICHHOU Ha pUCyHKe 1.2.

Ho " (0) }

/
/

e

-1.0 / v

0.0 0.2 0.4 0.6 0.8 1.0

Puc.1.2. K oneHke creneHn 3aTyxaHuUs IpoIecca M0 B3aUMHON KOPPEISIIMOHHON () yHKITHH

HNHTepecHO, 4YTO M1 OYEHb PACHPOCTPAHEHHOIO CJydas HACTPOWKM Ha CTENEHb
3aryxanust  =0.9 B3aumHas KoppeisuuoHHas (QyHkuus Onu3ka k Hymo. Kpome Toro,
oOpaTUM BHUMaHUE, YTO HauWOOJbILIAs YYBCTBUTEIBHOCTh ()YHKLUHU COOTBETCTBYET CaMOMY
BaXHOMY ISl MPAKTHUUYECKUX MPUIIOKEHUN MHTEpBaly 3HAa4eHWI creneHu 3atyxaHus 0.75 —
0.9.

B cBsI3U ¢ U31105KEHHBIM OIIPEACIICHBI CIEAYIOIIUE 3a1a4l UCCIEIOBAHNUA:
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1. Ananu3 cnocoOoB ynpaBiieHUs U HAOJIIOJEHUS 32 TEIUIOIHEPreTUYECKUMHU O0BEKTAMU,

UCXO0/14 U3 TpeOOBAHUN K KaUECTBY TEXHOJOTHYECKUX IPOLIECCOB.

2. WccnenoBanue:
a) croco0OoB OlEHKH Apeiiha XapaKTEpUCTHK 00bEKTa;
b) croco6oB GpyHKIMOHATBLHOW JUATHOCTUKU CUCTEMBI;
C) crnoco0OB HACTPOWKH aJaNTHBHOW CHCTEMBI.

TakuMm 00pa3om, MoaydaeTcss KOMIUIEKC METOJ/I0B, 00E€CIIEUNBAIOIINX FapAHTUPOBAHHOE
BBIMOJIHEHUE (QYHKIMHA peryiupoBaHuss C Y4€TOM 3aJaHHbIX TpeOoBaHMH K 3amacy
YCTOMUMBOCTH CHUCTEMBI, B YCIOBHUSIX HECTAI[MOHAPHOCTH U IMEPEMEHHBIX PEXHUMOB PaOOTHI
TEXHOJIOTUYECKOT0 000pYy10BaHUS.

Cuctema HacTpauBaeT KOHTYp ¢ KiaccuueckuM [IM]I-perynaropom oOTBeyarom
MoKazaTeasiM KadecTBa, 3aJaHHBIM 4YeJlOBEKOM-3KcrepToM. [locie dYero ucmonb3yer
npolenypbl aBTOMaTU4YecKol Koppekiuu napamerpoB IIM]/[-perynstopa mo omepaTUBHON
uHpopmanuu 00 ommuOKe ympaBieHus €. B yacTHOCTH, MeTOAbl 0OpabOOTKH ClydallHbIX
IPOLIECCOB TO3BOJIIIOT B PEXHME PEaTbHOIO BpPEMEHH OTCIEKHUBATh HM3MEHEHHUS TaKHX
XapaKTepHBIX CBOMCTB CUTHajla OLUMOKHU YIPaBIICHUS, KaK CPEIHSS 4acTOTa Wcp U Acp CPEAHSISA
aMIUTUTyZa KoieOaHWil, a Takke 3HAueHHEe DSKBHUBAJCHTHON CTENEHH 3aTyXaHUS o,
OLICHMBAIOUIEH 3amac yCTOMYMBOCTU cUCTeMbl. l[IpuHHMMaeTrcs BO BHHUMaHHE, YTO TEMII
U3MEHEHHUS ATHX XapaKTePUCTHK JOCTATOYHO Maj il 3 (PEeKTUBHOTO pazieieHHs MMPOLIECCOB
KOOPJMHATHOIO M IapaMeTpudecKkoro ympasieHuid. COBOKYMHOCTh TakoW HH(OpManuu B
NOJIHOM Mepe oOecneunBaeT BO3MOXKHOCTH OOOCHOBaHHOTO HM3MEHEHHUs IapaMeTpoB
peryssropa.

[Tpu ¢uKCHpPOBaHHBIX CBOWCTBAX PETYJSATOpa MU3MEHEHHE CpeHEN 4acTOThI Ipoliecca
Ocp CBS3aHO C U3MEHEHHEM HWHEPLUUOHHOCTH OOBEKTa, OLEHWBAEMbIM IOKa3aTelIeM,
AQHAJIOTMYHBIM MaclTady BpeMeHH. OTO TMO3BOJIIET NPUMEHUTh JTOT [OKa3aTelb JUIs
a/IeKBaTHOTO M3MEHEHHs TIOCTOSIHHBIX BPEMEHH MHTErpupoBanus Ty U nuddepeHunpoBanus
Ty B [T /-anroputrme perynstopa (Ipu COXpaHEHUH 3HaUYeHUs Kod(PUIeHTa npeBapeHus o
=T/ Tu). 151 KOPPEKTHOI OLIEHKN BEIMYMHBI U3MEHEHUS! MHEPIIMOHHOCTH 00BEKTa CBOMCTBA
peryssTopa He JOJDKHBI BIMSTH Ha ATy OLEHKY. VICKiltoueHue BIIMSHHS CBOMCTB pEryisropa
JOCTUTAETCS CTa0MIN3anrell 3Ha4eHNs] YKBUBAJICHTHOMN CTENEHH 3aTyXaHUs >, OLIEHUBAIOIICH
3armac yCTOWYMBOCTH CHCTEMBL. JTO pealn3yeTcs ¢ MOMOIIBI0 KOppeKUuu KoddduimeHnrta

yeunaeHuss perynaropa  Kp. CpenHss aMIuiMryaa KonebaHuit Acp HeoOXoauma IS
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CHHXPOHM3AIMA TapaMeTpUYecKuX H3MeHeHud perynaropa. CTpykTypa

GyHKIIMOHMPYIOIIAs Ha 3TUX MPUHIMIIAX, IPUBE/IeHa Ha pucyHke 1.3.

Bbnok
NoaCTPONKM A
napameTpoB

) 4

Perynsartop

O6beKT ynpaBneHus

Puc. 1.3. CtpykTypa cuctemsl

CHUCTEMBI,

Paborast Takum o00Opa3oMm, cucTeMa NOJy4aeT BO3MOYKHOCTb COXPAaHATh 3aJaHHbIC

IIOKa3aTCJin KadeCTBa, IIOJACTpauBasA IIapaMCTPbl pPErylsITOpa. HCO6X0,Z[I/IMOCTB TaKoM

MOJICTPOMKM MOXXET BO3HHUKATh B CHUTYalUsAX Iepexofa OObEeKTa Ha JPYryl Harpysky,

HEJIUHEHHOCTH OpraHoOB YIIPABJICHUA, BHYTPCHHHUX U3MCHCHUAX B 00BEKTE.

ITocTaBnenHas OCJIb JOCTHUTACTCA IMYTEM PCHICHUS B3aUMOCBA3aHHBIX 3a1a4, 4 HMCHHO!

1. Amnanuza CHGI_II/I(I)I/I‘-IGCKI/IX 0COOCHHOCTEH JUHAMHUYECKUX CBOMCTB TEIJIO-

SHCPTCTHUICCKOTO 06OPYI[OBaHI/I$I B TICPCMCHHBLIX PCXKUMaAX IKCILTyaTalluu,

OTJINYAOIIHNXCS OTPAaHWYEHHOM  IMPOTHO3UPYEMOCTHIO U

Ha6JHOIIaeMOCTBI-O.

HEIIOJIHOU

2. Pa3paboTku crnocoOOB OMepaTUBHOM OLIEHKHU Apeiida XapaKTepUCTUK O0BEKTA C

IIOMOIIBIO KOCBCHHBIX HOKaSaTeHefI, YUUTBIBAIOIINX U3MCHCHUA CTATUYCCKHX U

JTUHAMUYECKUX MapaMeTPOB 0OBEKTA.
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2. AHAJIN3 ATTIPHOPHBIX IIOKA3ATEJIEM, ONTPEAEJISIIOIIAX
CBOICTBA OFBEKTA, 1 PASPABOTKA METOJIUKH UX OIIEHKU B
PEKUME PEAJIBHOT'O BPEMEHU

2.1. AHaau3 Temopu3ndecKuX 0CO0eHHOCTel MPoIeccoB B 00beKTe YNIPaBJIeHU U

OLICHKA XapaKTepa UX BJIUAHHUSA HaA CBOMCTBA 00bEKTA

B npenpinymieii rnase ObUIO MOKa3aHO, YTO 3aja4ya pa3paboOTKU aJlaliTUBHON CUCTEMBI
yIpaBJeHUsl MO-TIPEeXKHEMY sIBIsieTCa akTyanbHOU. [Ipennmaraemas B paHHOM paboTe cucteMa
UMEET psAJl MPEUMYLIECTB MO CPABHEHUIO C AJalNTUBHBIMM CHUCTEMaMH, PaCCMOTPEHHBIMU B
npeabiayme riaaBe. OJHUM W3 NPEUMYIIECTB CUCTEMBI SIBIISIETCS OTCYTCTBUE TECTOBBIX
Bo3myieHu. Cucrema ompeaenser HeoOXOAUMOCTh T€X WM MHBIX U3MEHEHUMN MapaMeTpoB
peryysiTopa Mo OIIEHKaM, PaCCUUTHIBAEMBIM IO OTIEPATUBHOMY CUTHAIy OIIUOKU YIIPaBJICHUS,
0€3 HUCIOIb30BaHMS TMOUCKOBBIX CHUTHAJIOB. Takke CTOUT OTMETUTh U TO, YTO HU3MEHEHHE
napaMeTpoB PETYJISATOpa MPOUCXOAUT B TeMie ¢ mpoueccoM. Kpome Toro, cucrema
CIIPOCKTHUPOBAHA C YUYETOM CHEIU(DUKU TETUIOPHEPTETUUECKUX OOBEKTOB, 3aKIIOYAIOIICICS B
TOM, YTO U3MEHEHHS MMapaMeTPOB MEePeIaTOUYHBIX (PYHKIIUH MO/ BIAUSHUEM OOIIUX PEKUMHBIX
($haKTOpOB MPOUCXOAT CUHXPOHHO.

XapakTepHBIMU MPOIECCAMH B TEXHOJIOTUUECKOM 000PYI0BAHUH JIJIS1 TEMJIOIHEPTETUKHI
MOKHO CUHUTaTh MPOIIECCH TEIIOMAaccOOOMeHa, (U3UKO-XUMHUYECKUE, TEIIOMEXaHUYeCKHe,
MMHEBMOTUIPABINYECKUAE, DJICKTPOMEXAaHUUECKHE U  DIIEKTPOTeXHUYECKHe. B  ocCHOBe
MPOU3BOJACTBEHHOr0 Hukiaa TOC JeXUT MOocaeqoBaTENbHbIN MPOIECC U3BICUEHUS TEIIOBOMN
SHEPTUU U3 OPTaHUYECKOTO TOIIMBA, TEHEPAIMK C TIOMOIIBIO 3TON PHEPTUU BOJASIHOTO Mapa u
npeoOpa3oBaHUK SHEPTHM IMapa B MEXaHUUYECKYIO, a 3aT€M U B DIIEKTPUUYECKYIO DHEPTHUIO C
COMYTCTBYIOIIUM HCIIOJIb30BaHUEM HHU3KO MOTEHIMAIBHOTO Tapa sl MPOU3BOACTBEHHBIX
OTOMUTENBHBIX HYXJ. TermmoMaccooOOMEHHBIE TPOILECCHl 3aHUMAIOT B TEXHOJOTHYECKOM
nporecce TOC nentpanpaHoe MecTo. OHU MO3BONIAIOT 3(PPEKTUBHO MPeoOpPa3oBaTh IHEPTHUIO
¢dakena B 3HEPTUIO BHICOKOMOTEHIIMAIBHOTO Mapa, ClIOCOOHOI0 OCYIIECTBUTh OCHOBHOM IIUKII
TOC. He packpsiBasi BCeil CyTH TEXHUKO-IKOHOMUYECKOU 11€71eCO00pa3HOCTH, OTMETHM JIUIIIH
MIPUHSTHIE B YHEPTETUKE MTPOIIECCHI aHAN3A!

® HSKOHOMHYHOCTH MPOIECCa;
® HaJS)KHOCTH U JIONTOBEYHOCTH 000PYIOBAHMS;

® CJIIOXKXKHOCTBH CUCTCMBI YIIPABJICHUS.
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PaccmoTpuM mporiecchl  IpoccenupoBaHUs, AKKYMYJSIUU W TeriooOMeHa Ooree
MoApoOHO.

Hccnenyem xapaktep BIUSHHS JUHAMUKM Ha Tpoliecchl B TpyOompoBone. B [43]
MOJIpOOHO paccCMaTPHUBAETCS CYTh MPOLIECCOB, MPOUCXOSAIINX MPHU JABMKEHUH pabovyero Tela
(cpenpl) o 3akpeITOMy KaHany (TpyOompoBojy). PacueTHas cxema BKIIOYaeT ABa mpolecca
JPOCCEIMPOBAHUSl U TIpoIlecC B pacceuke Mexay HUMU. OO0beM aKKyMyssiTopa HPUHSIT
paBHBIM Va. OH MOXeT ObITb 00pa3oBaH €CTECTBEHHBIM 00BEMOM TpyObl, JIMOO
COOTBETCTBOBAThH 00IIEMYy TPYOHOU CHCTEMBI M EMKOCTH, BCTPAUBAEMOI B TEXHOJIIOTMUYECKYIO
CXEeMY JJIs1 aKKyMYJISIUH.

OOpartnM BHHMaHHE, YTO TEPMOJUHAMUYCCKAS XapaKTCPUCTHUKA MTOTOKA HA BBIXOJIC U3
nepBoro npoccensi 03 orimuaercss OoT 3HauYeHHS 0Oa, CBOWCTBEHHOTO aKKyMYJISTOPY, T.K.
dbopMupyeTcs TOIBKO MPOLECCOM aInadaTHOTO paclupeHus. /JaBneHue ke cpepl He 3aBUCUT
OT HAINpPaBJICHHOCTH IOTOKa, MO0 Tepenaércs paBHOMEPHO BO Bce CTOpOHBL [loaromy
NPUHAMAEM €Tr0 OJWHAKOBHIM W paBHBIM p4 Ha BCEM BHYTPEHHEM HWHTEpBAJC
TEXHOJIOTUYECKOTO y4acTKa.

3anuiieM HEOOXOJUMYIO CHUCTEMY YpaBHEHHH, XapaKTepHBIX Jis Halled 3aJaud,
BKJIIOUMB B HEE:

® ypaBHEHHs COXPAHEHHUS MACChl M SHEPTUH ISl 00bEMa:

Vo * aa,DTa =Gy — Gy,
A *W = Gy * h(pg, 03) — Gy * hy;
e Ba  YpaBHEHHMs,  OIKCHIBAIONIME  BXOJHOW  TpolecCc  aauabaTHOTo
JPOCCENNPOBAHUS:
G?
P1—Pa—(1*m= 0,

h, — h(pa; 93) =0;

e Ba  ypaBHECHHS, OMKCHIBAIONIME  BBIXOJHOM  Tpolecc  aauadaTHOTO

JPOCCENMPOBAHUS:
G
Pa — P2~ (2 *m— 0,
hy, —h, = 0.
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I'ne Va — o0vem akkymynstopa, G — pacxon, 0 — TepMonmHamMu4Yeckas XapaKTEpPHCTHKA
Jpoccenis, P — maBieHue cpenbl, T — momaas MpoxoaHOro CeYeHHs, P — IUIOTHOCTh
Cpelibl.

Byaem ucxonuth u3 TOro, yto TpyOOmMpoBOA Heperynupyemsbid. CiegoBarenbHo, 00a
pacxoia He MOTYT ObITh IPHU3HAHBl HE3aBHUCHUMBIMHU NepeMeHHOH. [loaToMy K aprymeHTam
3aJja4yll OTHECEM JIaBJIEHHS Ha BXOJI€ M BBIXOJIE, a TAaK)XKE TEMIIepaTypy Cpelbl Ha BXOJE.
Jlunamuka W3MEHEHUsI pacxoioB OyJeT cienoBaTh 3a W3MEHEHUSMM JIaBJICHUS B
aKKyMYJIATODE.

BceneactBue HenMHEMHOCTH ypaBHEHUH, COOTBETCTBYIOIIMX 3aKOHAM COXPAHEHHS
OPHEPTHH W JIBIKEHHS, a TaKKe HEIMHEHHOCTH TEPMOIUHAMHUYECKUX (PYHKIMH COCTOSHUS
aHallU3 CHCTEeMbl 3aTpyaHuUTeNeH. [loaToMy BoCHONB3yeMCs JIMHEWHBIM TPHOIMKEHHEM,
COXPAaHSIOUIMM BCE OCHOBHBIE CBOWCTBA CUCTEMBI.

Jns sTOoro Hcmoiib3yeMm pasnokeHue (GyHkuuid B psag Teisnopa B OKPECTHOCTH
HEKOTOPOM PEXMMHOW TOYKHU, COOTBETCTBYIOLIEH HM3BECTHOMY CTAI[MOHAPHOMY COCTOSHUIO
nporecca.

YactHple mNpou3BOAHBIE OEpéM B OKPECTHOCTH COOTBETCTBYIOIIETO HAYaJIbHOTO
3HAUEHUsS, OTBEYAIOIIEr0 CTAaTUYECKOMY pPEKHUMY cucTeMbl. [Ipu 3TOoM, eciau mpou3BoAHas
Oepétcs 1Mo maBleHUIO p, TO caenyeT cuutaTh O = Const, a ecau o mapametpy 0, To cnegyer
UCXOUTh U3 ycnoBus p= Const. B pesynbrare nuHeapuzaluyd MOJYYUM MOJENb IEPBOrO
NopsiJIKa Mpoliecca JpOCCeTUPOBAHUS:

Apy — Apg = kip ¥ AGy — kyz % Apy — kyy + AG;.

Otcrofa BeIpa3uM pacxo/] Ha BXOJe B TpyOy:

(1 + ky3) 1 k4
—x A — %

P1— 75— *Apg +
kiz Yokey ¢ kyy

AHaJOTMYHO MOKHO MOJYYUTh MOJIETb BTOPOT0 MpOLecca APOCCETNPOBAHMUS:

AG, = AB, = kg5 *x Apy — kg *x Apg + k17 * AB,

G2 1 (2G G d 0

sou?) = oo 0 o) (o), e (), 20
= kg * AG, — k19 * Ap, — koo * AD,,.

Torna

Apg — Ap, = kyg ¥ AGy — kg ¥ Apg — kyo * AG,.

B oxoHuarensHOM BHUJIC, Pa3pCHICHHOM OTHOCUTCIIBHO Gz, OHa 6y,Z[GT HUMETH BHU/.
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k20
—_— %

1+k 1
G :( 19)* Do —— * Ap, +
kig

2= T a7 A8y = kyy * Apg — kap * Apy — ko3 * A,
18 18
OTO [aeT OCHOBAaHMUS MOJYYUTh CHUCTEMY JIMHEHHBIX YpaBHEHUH, B KOTOpPOMl 3aKOH
COXpaHEHHs MacChl MOKET OBITh IPUBE/IEH K BULLY:

dp do
k1Vy * dTa =G — G _kZVa*d_:-
[ToacTaBuM B HETO BBIPAXKEHUS I PACXO0B:

dpa
dt

ki V, * = (ky5 * Apy — kq * Apg + k7 % AB;)

de,
dt’

[locne mnepeHoca B JIEBYIHO 4YacThb CllaraéMblX C JaBJI€HHUEM B EMKOCTH U

— (kyy * Apg — kyp * Apy — kyz % AB,) — k,V, *

NEPErpyINIUPOBKU MONYYUM AuddepeHInalbHOE YpaBHEHHE OTHOCUTEIBHO MHTEPECYIOIIETO

HaC JaBJICHUS PA:

dp,
dt

[IpuBenem ero k onepatopHoil popme
(Tps + 1) * Da(s) = kyp1(s) + kyp2(s) + k36, (s) — E4(Tp95 + 1)9a(5)-

[TapameTpamMu 3TOro ypaBHEHHUs ABIISIIOTCA JBE TIOCTOSSHHBbIE BPEMEHU [p U Tg, a TakxKe

k1Vy

dé
+ (k16 + kp1)Pq == kisp1 + koop, + ky760; — (kzva * d_[a + k239a).

KO2(DPHUITMEHTHI YCHIICHHS:

ke, KoV,
o et T T
16 21 23
_ k _ ky, - ky - k
k, = 15 R, = 22 Ry = 17 K, = 23
k16 + k21 k16 + k21 k16 + k21 k16 + k21

Hcrnonb3ys SKBUBAICHTHBIN KO HUIIMEHT pacxo/ia

©; = fiN2/G;,
pacKkpoeM IOCTOSHHYIO BpPEMEHH 110 jaBieHuio Tp. CrenaB Bce HEOOXOIMMBIE

MMOACTAHOBKH, IMOJYYUM:

2%V, * Gy * (g—g)ao

T_

P G2 ap !
@1P10 + @3Pa0 + ¥ (%)
ao P a0
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KauecTBeHHBIN aHAJIN3 ATOTO BBIPAKCHUA MMO3BOJISICT CACIATh BBIBOABI O HpﬂMOﬁ CBA3HU
3HAYCHHUSA ¢ 00BEMOM M 06paTHOﬁ CBA3H C pacxXodgoM, T.C. CKOPOCTBIO CPCILI. KpOMe TOI'o Ha

MOCTOAHHYIO BPCMCHHM OKa3bIBAIOT BJIIMAHHUC MHOIMC APYTUC CbaKTOpBI. B ux uunciae M0XHO

OTMETHTh JKBUBAJICHTHBIM KO3(DGHUIMEHT pacxona @; = f;+/2/{;, 3aBUCIIIMA OT IUIOIIAAN
IPOXOJHOrO  ceueHus TpyObl W Kodd¢uuueHnta comnporusieHud. Koapduuuent
CONPOTHUBIICHUSI YYUTBHIBACT UIMHY TpyObl L, BHyTpeHHHI amamerp TpyObl Oph, a Takke
KO PUIMEHT TpeHUs: Arp, 3aBUCSIIMN OT pekuMma TedueHus (uuciia Re) U oT OTHOIIEHUS

TuameTpa TpyObl K pa3Mepy BBICTYIIOB IIEPOXOBATOCTH:

L
{ =Apx—+ E Cuiv
dpy l.

VY oaddexra akKymMyJSIIIUM MacChl HMEETCA TMpsiMasl CBSI3b CO  CXKUMAaeMOCTBIO
teruionocutens (0p/dp). CreneHp BIUSAHUS C)KMMAEMOCTH BO3pPACTaeT MO Mepe YBEIUYCHUS
OTKPBITOCTU cHUCTEMBI. C [OCTATOYHOW [Jisi MPAKTUKU CTENEHbIO TOYHOCTU MOXKHO B3ATh

cpenHee apu(pMEeTHIEeCKOE 3HAYCHUE IIOTHOCTH
L

pL= f p(p(1),6(D)) *dl.

0

(p(p1,61) + p(p2,6,))
. .

['ne 68 — TepMoguHAMUYECKasl XapaKTEPUCTUKA

p(p,0) =

- {t — TeMIepaTypa oaHo¢dpa3HOro NOToKa, °C
~ | x — cTreneHb cyxocTH ABYXpa3HOM CMECH.

N3 cka3zaHHOTO BBINIE€ BUIHO, YTO MOCTOSIHHAS BPEMEHU 3aBUCUT HE TOJIBKO OT pEeKUMa
paboThl, HO M OT MHOTHX JIPYTUX KOHCTPYKTUBHBIX U (PU3UYECKUX (DAKTOPOB,
Tp = f(GO! Va! Pi, paOJ ); (1)
KaXKJIBIH U3 KOTOPBIX HEBO3MOXHO yU€CTh IMPH pa3paboTKe CUCTEMBI yIIpaBIIeHH. ITO HE JaET
OCHOBaHUN PacCCUUTHIBATH Ha BO3MOXXHOCTH KOPPEKIMHU MapaMeTpOB PEryisiTopa TOIbKO IO
OMHOMY BenymieMy (¢aktopy (Hampumep, IO pacxXxoay TEIUIOHOCHTENSl WM  TI0
IPOU3BOJIUTENBHOCTH).
JlpyruM THUIIOM MPOIIECCOB, 3aHMUMAIONINX BaXKHOE MECTO B TEXHOJOTHYECKOM IIMKIIC
TOC, saBnsercs TtemnooOMen. Bocmonmsdyemcss marepuanoMm, mpuBeAcHHbBIM B [43], u
paccMOTPUM TMPOIIECChI, XapaKTepHbIE ISl TEMIOOOMEHHHMKOB, OTHOCSIIUXCS K KaTeropuu

paanalilnOHHBIX. Hpoueccm Ha CTOPOHC TOPAYCIO TCINIOHOCUTCIII  COOTBCTCTBYIOT
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paauanuMoHHOMY Termaoo0MeHy. OOBIYHO 3TH MPOIECCHl B Ta30X0Jax KOTJa CBSI3aHBI C
HArpeBOM pa3JeNdioniel moBepxHocTU (cTeHkH). HarpeB ke XOJIOAHOTO TEIJIOHOCUTENS
MPOUCXOAUT 32 CUET KOHBEKTHUBHOM TEIJIOOTIAayu OT CTEHKH. B TakoMm TEmioOOMEHHHKE B
CTaTHKE ypaBHEHHUE OalaHca YHEPTUU UMEET IO0CTATOYHO OYEBUIHBIN BUJI:
Qn = QK'
B HecranmonapHOM cilydae ypaBHEHHE, OTPaKarolllee CYHUIHOCTh 3aKOHA COXpPaHEHUs
SHEPruM, MPeJICTaBUM B BUJE, YUUTHIBAIOIIEM BCE TPU KOMIIOHEHTA CUCTEMBI — ra30B, CTEHKH

Y HarpeBaeMoii cpeibl. 3a OCHOBY BO3bMEM ypaBHCHHE:!

dty(t)

MMCM * = Qn(T) - QK(T)J (2)

d‘r_

COOTBETCTBYIOIIEE TaK Ha3bIBAEMOW COCPEIOTOYCHHOW MOJENIM U Mpejroiararomiee
pPaBEHCTBO TEMITEpaTyphl BO BCEX TOYKAX CTCHKH. OTO MO3BOJSET OTKA3aThCs OT Y4ETa
pacnpeIeIeHHON TeMIIEPaTypbl CTEHKH TI0 JUTMHE TPYObI TeIII000MEHHUKA.

[Tpu onmcaHNM KOHBEKTUBHOTO TEILUIOOOMEHA CTCHKH CO CPEor HaYHEM C HEKOTOPBIX
YIPOIICHUH, HE MEIAOIINX BBIJICJICHUIO MPUHIUITHATBHBIX ocobeHHocTe!
paccMaTprUBaeMoro TUIa TEII00OMEHHUKA, 2 UMEHHO:

e OyaeM cuuTaTh HArpeBaeMYyIo cpeay oHO(Ga3HON U HEC)KIMAEMOM;
e npeHeOpexEM BIHSIHIEM TeMIIepaTyphl Cpeibl Ha TUIOTHOCTD;
e npeHeOpexEM 3PPeKToM ApOCcCeTUPOBAHMS HATPEBAEMOTO TETLIIOHOCUTETIS.
DTO MO3BOJISIET:
® UCKIIIOYUTH U3 CHUCTEMbl YPaBHEHHH MOJIENbh aKKYMYJISIIIUM MacChl U SHEPTUU B
HarpeBaeMoM TETUIOHOCHTEIIE;
e cuuTaTh, uTo G1 = G2 = G;
® TIIPUHSATH, uTO O =1.

[ToaTomy 1St HATPEBAEMOTO TETLTOHOCUTEIS

Qx = a(G) * Fe x Ae = G * ¢ * (t; — ty). (©)

Y4uT1éM paBHOMEPHOCTH MTPOTPEBa CTCHKHU:

At =t, —t=t,—05%(t, —ty). (4)

[ToncraBum (4) B ypaBHeHue Oananca (3) U pa3pemum ero OTHOCUTEIHHO !

Grxc—05*xa, *E, a, * E,
t, = *t + *
Gxc+05*a,*F, Gxc+05xa,*F

t, .
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O10 Aa€T BO3MOXXHOCTb HAWTU CBSI3b CpPEAHEN TeMIepaTypbl HarpeBaeMoro
TEIJIOHOCUTEIISA C PEKUMHBIMU [TapaMeTpPaMU:

G*c 0.5 * oy * K
*t1+ *
G*xc+05*a,*F, G*xc+05*a,*F,

= A(G) *t; + B(G) * t,, .

t=05x(t; +t,) =

by

[IpyHrMas BO BHHMMAaHHME 3aBUCUMOCTbh KO3((HIMEHTa TEIUIOO0TAaYd OT pacxoja
TEIUIOHOCUTEJIS, PeACTaBUM KOMILIEKCH A u B B Buze pyHKIui:
G*c _
G*c+05*a,(G)*F’
0.5 * a,(G) * F,
G*xc+05x*a.,(G)*F

AG) =

B(G) =

C yu€ToM BBEIEHHBIX OOO3HAUECHHUM BBIPAKEHHE [JII KOHBEKTHBHOIO TEIUIOBOTO
MOTOKA MTPUMET BUJI:

Qx = a(G) * F * (8, — £) = o (G) * Fe x A(G) * (¢, — ty). ()

[lepeiiném k MuHeapu3aIuy ypaBHEHUH JIsl paIiallMOHHOTO U KOHBEKTUBHOI'O ITOTOKOB
TETUIOTHI.

Q, = ki x At + k, x AG,. .

A Temepb, MpUHHUMAs BO BHHUMaHWE 3aBUCHUMOCTH KOMILIEKCOB A W B ot pacxoma
TeruioHocutens G, a Takke MyJIbTUILNTUKATUBHYIO CBSI3b C TEMIIEpaTypaMH, JIMHEAPU3YeM U
BbIpakeHHe (5) 1151 KOHBEKTUBHOIO MOTOKA:

AQ, = k5 * (At,, — At,q) + k,AG,

B KOTOPOM

ks = a,(Gy) * F x A(Gy);

ncGy + 0.5 * a, (Gy) * F

ko = ¢ % Bex e (Go) * (buo = tao) * [ e ge G R

[ToncraBinss pe3ysbTaThl JINHEAPU3aLUU B ypaBHEHHE (2), OTyUYHUM:

d(AtM(T))
== ki * At.(T) + ky * AG.(T) — kg * (At, — At,q) — k4 * AG .

MCM

[Iocne meperpynnupoBKH MPENCTaBUM CIEAYIOIIYI0 UTOTOBYIO OIEPATOPHYIO 3aIUCh

ypaBHEHUS, XapaKTEPHU3YIOIIETO TEIJIOBOM 0agaHC CTCHKH:
(TM *Ss + 1) * tM(S) = El * tr(s) + ]EZ * Gr(s) - tcl(s) - E4_ * AG(S) .

Ero mapaMeTpsl Onpenensorces CIeIyOINUMH BEIPaKEHUSIMU:
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MMCM 1 MMCM aK(GO) * FK

T = = 1405 «————— 6
M2 (G rF AGY)  anGorE T T )c ©)
ke ky -k,
kl—k_3,k2—k_3,k4_—k_3.

[Tpoananu3upyeM mapaMeTphl, OKa3bIBAIOIINE BIIMSHHEC HAa TOCTOSHHYIO BpeMeHU T,
(6). OnHuM u3 (PakTOPOB, OKA3bIBAIOIIUX BIMSHHE HA IOCTOSHHYIO BpPEMEHH, SIBISETCS
KOX((UIIMEHT TEIJIOOTAa9n KOHBEKIMEH o [Ipu pacdere 3HAUCHHS O YUUTHIBAIOTCS MHOTHE
KpUTEpUU TMOAOOUS, TIOJyYeHHBIE TPU TPOBEICHUU MHOTOYMUCICHHBIX (U3HUECKHUX
9KCIIepuMEHTOB. K HHMM OTHOCSATCS KpPUTEpPHil KOHBEKTHBHOTrO TerutooOMena Ilexie (Pe),
BSI3KOCTHO-MHEPIMOHHBIN Kputepuid PeliHonpaca (Re) u kpurepuil NOABEMHOW CHIIBI
I'pacroda (Gr). Ha ux ocHoBe hopmupyetcst kpurepuii pusudeckux cBoicts [Ipanarens (Pr)

u kputepuit Terootnayn Hyccenwsra (NU). Takuro

A
a, = T * Nu = f(Re, Gr, Pe),
0

rme A — Ko3(pQHIMEHT TerIonpPOBOAHOCTH TEIUIOHOCUTENs; lo — XapakTepHbIH
JUHEHHBIN pa3Mep MOBEPXHOCTU TEINIOOOMEHA (JIJ1s1 TPYO 3TO TUaAMETP).

st omHO(A3HBIX TOTOKOB MOYKHO UCIIOIB30BaTh (PYHKIIUIO

a, =~ k*xG",

B KOTOpOi K — mapameTp, 3aBHCHINUI OT TEMIIEPATYypPhl, TABICHUS U FCOMETPHYUCCKUX
ocoOeHHOCTEH KaHajma, a N — OT crmocoba OMBIBaHMA TOTOKOM IOBEpPXHOCTH. YacTo
NPUMEHSIOT MOJIEINb, YYUTHIBAIONIYIO JIUIIE OTHOCUTEIHHOE H3MEHEHHE CKOPOCTH TIOTOKA!

G n
=~ * | —

Ay = Ao < G()) -

Takum 00pa3om, reraeM BBIBOJ, YTO, KaK M B CIIydae MPOIECCOB JIPOCCETUPOBAHUS U
aKKyMYJISIIIMM, IOCTOSIHHAs: BDEMEHU 3aBUCUT OT MHOTHX JPYTUX MapaMeTpOB:

T, = f(My, ¢\, @, Go, F, ... ). (7

O6o0mass  pe3ynbrarel dToro aHaimu3a (7), NOAYEPKHEM, YTO U3MEHEHHE
TEIUIO(U3NIECKUX MapaMeTPOB IMpoIecca M 3aBUCSIINX OT HUX XapaKTEPUCTHK MPOSBISIETCS
CHHXPOHHO BO BCEX DJJIEMEHTAaX TEXHOJOTHYECKOTO y3ia OOBEKTa yNpaBiCHUSA. OJTO JaéT
OCHOBaHMS C(OPMYNIHPOBATH OYEHb BAXHYIO NPEANOCBUIKY, JISKAI[yl0 B OCHOBE
npeUlaraéMbIX HIKE PEIICHH, a MMEHHO: CUYHUTaTh BO3MOXKHBIM pacrlpeienéHHBbIH 00BeKT

MNpCaACTaBJIATbL MOACIIBIO BHA
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n

n
1
—_ —To*p . =
W) = k, e *.1ﬁj*To*p+1’“p“Zf’ 1 ®
]= J]=

B KOTOpOM 001l 3 (PeKT akKyMyIsiuu o pacrpeaesét Mo IEMEHTaM LENH C YYETOM JI0JIH

KQXJIOr0 J-TO JJIEMEHTa, OICHMBAEMOW BECOBBIM IapaMeTpoM [}, 3aBUCHMBIM OT
KOHCTPYKTHUBHBIX [apaMETpOB ydyacTka (00bEMa, Macchl MeTala M1 MacChl HaXOMAILIErocs B

TOM 00BEME TETUIOHOCUTETIS).

1 plot o [[@][=] Pt o (@ ][&=

1? T i 0 /

1
0 / e~ N -
0 5 10 15 2 5 20 S 0 [ 50 5 10 15 2 2 2 35 2 5 5

Puc. 2.1. PacnipenenéHHOCTS 00BEKTA U BIMSIHAE TETUTOPH3NISCKUX U PEKUMHBIX (PAaKTOPOB Ha dPPeKT

aKKyMYISAIUN (MHEPIIUOHHOCTH)

Ha puc. 2.1 comocraBieHbl /1Ba MHOXXECTBA HOPMHUPOBAHHBIX NMEPEXOIHBIX (HYHKUUN
TEIIO0OMEHHHUKOB C Pa3HbIM YHCIIOM BBIJIETIEHHBIX B HUX M TOCJIEIOBATEIHHO COCAMHEHHBIX
AIIEMEHTAPHBIX (COCPEOTOUYEHHBIX) YYacTKOB.  OTIMYMe MHOXKECTB BBIPAKEHO SIBHBIM
ahdexToM MacmTabupoBaHUS MPOILECCOB IO BPEMEHH IO OTHOIIEHHWIO K HEKOTOPOMY
HOMUHAILHOMY COCTOSIHUIO. MOXXHO yTBepxkaatrh, 4Tto ¢ yué€rom (1) u (8) macmTaOHBII
ko3¢ dunreHT M7 3aBUCUT OT MHOXKECTBA PEXXUMHBIX (p) U Teruoduzndeckux (Td) dpakropos
O:

T, (1) =Ty M1 (©5,0,.t) (©)
[TpuarMas BO BHUMaHUE, YTO TEOPETUYECKH JJIMHA ATOW Ienmu N paBHA OECKOHEYHOCTH, a
Takke (aKT MaJo3HAYUTEITPHOCTH TPAHCIOPTHOTO 3ama3fblBaHus TpHa (oHE SBHOU
BBIPQKCHHOCTH EMKOCTHOTO 3ama3fblBaHUSl Te, TAKXKE HACICAYIONIETO MAaCIITa0MPYIOIIHN
apdexT M7, MOKHO TIPHITH K BBIBOAY O TOM, YTO B MPOIIECCE IKCILTyaTallil OTHOCUTEIbHAS

BCJINYHNHA 3a11a3JbIBaHUs ABJIACTCA KOHCTQHTOM:

. T o+T., 7. M, .M pHoM
0=ty e T ¢ ¢ —const, (10)
TO TO TO MT .TO TO
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YUCJIOBOE 3HAYEHUE KOTOPOM OMPENENIEHO TOJbKO MECTOM TEXHOJIOTMYECKOIO ydacTKa B
arperaTe ¥ ero KOHCTPYKTUBHBIMH TTapaMeTpaMHu.

Utorn ananmusa, BblpaxkeHHble cooTHomeHusMu (11) wu  (12), mnO3BONSIOT
BOCITOJT30BaThCSl M3BECTHBIM PE3YJIBTATOM PEIICHMs 3aa4l ONTHMAJIBHOTO YIpaBJICHUS IO
Bunepy, B COOTBETCTBMM C KOTOPhIM JUisi OOBEKTOB paccMaTpuBaeMoro Tuma (c
3ama3gblBaHHEM MW C CAaMOBBIpAaBHUBAHHMEM), paOOTAIOMMUX TMPU  XAPAKTEPHBIX IS
TEIJIOPHEPTEeTUKN HU3KOYACTOTHBIX BO3MYILECHHSX, ONTUMAJIbHBIM SIBIISETCS KIACCUYECKHUI
[I1-perynstop ¢ napameTpamu [27]:

* 1 *
K k=
po ro/TO

O060011ast TO COOTHOIIEHHE HA JIPYTUE PACTIPOCTPAHEHHBIE YCIOBHS ONTUMAIBLHOCTH,
OTJINYAIOIINECS WHBIMUA TPEOOBAaHUSIMHU K 3aracy YCTOWYMBOCTH, BBIPAKECHHOMY 3HAUYCHHUEM
0’KHUJIAEMOM CTENEHHU 3aTyXaHUsI IEPEXOHBIX MPOLECCOB Y/, MOJYYUM COOTHOIICHHE:

o (0 0= 17 )= [t (7). a
z-0 /TO
B KoTopoM R(\y) — mapameTp, oTBeUaroIInii 3a 3armac yCTOWYMBOCTH. Y CJIOBUE ONTUMAIBHOCTH,
BbIpakeHHOe (opmynamu (11), mo3BoiseT SIBHO pa3denuTh 3aJaud HaAONIONEHUSA 32
M3MEHSIOIIMMICS CBOMCTBAMH OOBEKTA YIIpaBJICHUS Ha JIBE 3a/1a4u:
1) Ha 3amayy ONEpaTUBHOW  OIECHKH  (DAaKTUYECKOro  3amaca  YCTOWYHMBOCTH,
npeactaBieHHOro B (11) mapamerpom v;
2) Ha 3a/1a4y OIICHKH TEKYIIIEro 3HAYCHUS MacIITadupyroiero ¢pakropa Mr.

Pemenue nepBoy 3aaun akIEHTUPOBAHO (PAKTUUECKH HA OTCIIEKMBAHUE CTATUYECKUX
CBOMCTB 00BEKTa, BIUSIONINX HA TEKylllee 3HaueHHe Ko —kKoa(puIrenTa yCcuieH!s: OCHOBHOTO
KaHaja 00beKTa.

Bropas 3amada oTiamyaercss CBOEM HAIPABIECHHOCTBIO HA OLEHKY HW3MEHSIOLIEHCS
AKKyMYJIHpYIOUIEH CHOCOOHOCTH YHpaBiIIeMOM 4YacTH OOBEKTa, OICHMBAEMOM TEKYIIUM
3HaYeHueMm Mr.

Kpome oueBUAHBIX JOCTOMHCTB aBTOHOMHOTO PEIICHUsS 3TUX 3aJlay, €CTh U eIll€ OAHO,
OUYEHb BAXKHOE IJIsi MOCIEAYIOIIeld peanu3alii JOCTOMHCTBO — BO3MOXKHOCTb Pa3/esICHUS
KOHTYPOB TapaMeTpuyeckoir koppekuuu Kp u Ti mo ObicTponeiicTBuio. be3 3toro kavectsa

PEeIICHUEC 3adad MOXKCET IPCBPATUTHECA B HTCPAIMOHHOC PCHICHUC CHCTCMBI ypaBHeHHﬁ,
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TpeOyromee TapaHTuil CXOAUMOCTH U CONPSDKEHHOE CO CHIDKEHHEM JIOCTHIKHMOW CKOpPOCTH
pelIeHus.
3aBepiiasi TEXHOJIOTMYECKHIM aHaIu3 W BbIpaXkas €ro pe3yiabTaTsl B (opme

IIOCTABJICHHBIX BBIIIC 3a/1a4, Hepeﬁz[éM K IIOUCKY CIoco0OB UX PCUICHUA.

2.2. Bbi0op noka3areJieid 1J151 OLIEeHKH CBOMCTB 00beKTa yIpaBJeHusl

[Tpuctynas x nmepBoil 3agaue, OTMETUM, YTO U3 cooTHoweHus (11) cienyer oueBuHas
BO3MOKHOCTh OIIEHKH CTaTHYeCKOro Ko3((UIMEHTa YCHJIEHUS OCHOBHOIO KaHalla 0OBeKTa
4yepes ero CBA3b C 3al1aCOM yCTOMYMBOCTH, IOKA €IIE MPEACTaBIsIEMOrO CTEIEHBIO 3aTyXaHUs

JACTEPMHHHUPOBAHHOIO IIEPEXOJHOTO IIpoLecca .

o (1) =)ty (1)].

k; (t)-rO/T0

C npyroil cTOpoHbI, 0OpaTUM BHHMaHUE, YTO B (DYHKLIHMOHUPYIOLIEH CHUCTEME Hac YXKe He
UHTEPECYET COOCTBEHHO KOI(PPUIIMEHT YycuieHHs OO0beKTa, T.K. pelleHue 3ajaydu
napaMeTpu4eckol TMOACTPOMKH peryiiaropa MOXET OBIThb CBEIEHO K IOMCKY TaKOro
KoppekTupyromero 3HadeHus: Mg(t), dYTOOBI COONIONANTOCH YCIOBHE, TapaHTHPYHOIICE
cTabmIM3aImio (HakTHIeCKoro 3amnaca ycronauBocTr y(t) Ha 3aJaHHOM yPOBHE o:

o (1) =My (1) kg™, e My (t) = T [y (1), | (12)

Jlns cucteM aBTOMAaTUYECKOTO PEryJIMpOBaHHUs, HCIOJIb3YEMBIX B TEIJIO3HEPIETHKE,
3arac yCTOM4YMBOCTH IPHMHATO 3aJaBaTh WM OLICHMBATh C IOMOLIBIO CTENEHM 3aTyXaHHUs
NIEPEXOTHOTO MPOLECCa, THUIIMUPYEMOTO B MPOLECCE HACTPOUKU CUCTEMBI ITYTEM MOJA4YM Ha
CHUCTEMY CTymeH4aroro Bo3MyumleHus [26]. UYuciaeHHO 3HayY€HUE Yo OIpeaenseTcs
TEXHOJOTUYECKUM TpeOOoBaHUSMU U JIexkuT B uHTepBatne 0,75 — 0,9.

B ycnoBusix oObuHBIX pexumoB (yHKunoHupoBaHus ACP Ttakoil mpsmoit crnoco®
OLICHKHM \y HE MMEET CMBbICIIA U, CIEeI0BATEIbHO, JOKEH OBITh MPE/I0KEH HEKUH KOCBEHHBII
crnoco0, OCHOBaHHBII Ha HaOMIOACHUSIX peajbHOro ciydaiiHoro mponecca. OauH U3
BO3MOKHBIX BapHaHTOB, TMpeajiaraéMblXx B OTOW paboTe, HCIONB3YeT pe3yibTaT
AHAJINTUYECKOTO HCCIENOBaHUs 3jeMeHTapHbIX mpouneccoB B ACP, BemonHeHHoro A.B.
KonapammubeiM Ha 0IHOM U3 YacTHBIX npumepoB [41]. B kadectBe HabmI02€MOTO MIpoOIiecca
UCTOJb30BaNIaCh OMIMOKa yIpaBieHUs. B COOTBETCTBHM C BBIBOJAMH, IOJYYEHHBIMH B

mponecce 9TOTI'O nuccijaeaoBaHus, OKa3aJI0Ch BO3MOXHBIM BBISIBUTDH HHTCPCCHEIC
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3aKOHOMEPHOCTH B KOPPEISLMOHHOW CBSI3M MEXAYy OIIMOKON yIpaBieHUs M €€ BTOpPOM
IIPOU3BOJHOM, IPEICTABICHHON HA pUC. 2.2, a UMEHHO:
1) ko3(pduIHEHT B3aMMHOW KOPPEISIMHA 3aBUCUT OT 3aJIOKCHHOTO IPH HACTPOHKE
peryisTopa 3anaca yCTOM4YUBOCTH (CTETIEHU 3aTyXaHHUsl);
2) TMpaKTHYECKH BaXKHOMY YpOBHIO 3amaca ycroituuBoctd Yy = 0,9 COOTBETCTBYET
3HaueHue K03 PuUIMeHTa B3aUMHON KOPPESIUH, OJIU3K0oe K HYIIIO;
3) HauOONbIIas YYyBCTBHTEIHFHOCTh (YHKIIMHU COOTBETCTBYET CaMOMY BaXKHOMY JUISI
MPAaKTHYECKUX MPHUIIOKEHUI HHTEPBATy 3HaYCHHUH cTenenn 3aryxanus y>0.7.

[Tpu Bcell mpHUBIEKATENIBHOCTH YIIOMSHYTOT'O BBIIIE CIIOCO0A OLEHKU CTENEHU 3aTyXaHUs
€ro mpsmasi peanu3auus 3aTpyJHHUTENbHA, T.K. MCCIEJAOBaHUS NPOBOJUIUCH Ha HE
3alIyMJIEHHOM OOBEKTE. OJTO Ba)XHO, IOCKOJIbKY HAJIMYME IIYMOB MOKET CYIIECTBEHHO
NOBIUATh «HA KAa4eCTBO» BTOPOW NPOU3BOJHOM H, CIENOBATEIBHO, Ha TOYHOCTh
koddunrenta koppensiuuu. [loatomy B paboTe mpeioxkeHo HHOE pelieHne, Hacueaytolee
BBISIBJICHHBIN 3 ()EKT, HO HE Tpedyrolllee UCII0IBb30BAHNS BTOPOU MTPOU3BOIHOM.

CyTb npeiaraeMoro peliieHus OCHOBaHa Ha MapaMeTpax He B3aUMHON KOPPEJSIIIUOHHOM
(GyHKIMU, a aBTOKOPPEIAUUOHHOW (PyHKIMK OMIMOKM yrpaBieHus. B ycrnoBusix nelcTBus Ha
O0OBEKT  yINpaBieHHUS CIy4yalHBIX MPOIECCOB, OT(GHUIBTPOBAHHBIX YK€ CMEKHBIMU
TEXHOJIOTUYECKHMH  y4acTKaMH, MOXHO MCXOAUTh W3 MOHOTOHHOCTH CIEKTPAJIBbHBIX
IUIOTHOCTEW 3TUX BO3MYILECHHUM, NIPUBEAEHHBIX K BXOAy peryisaropa. Cama e cucrema Io
YCIIOBUSIM €€ HACTPOMKHM 001a/laeT pe30HaHCHOM yacToTol. TakuMm 00pa3oM, HOPMUPOBAHHAS
KOppESIIMOHHAs (PYHKIMS OIIMOKK yrHpaBiieHHus OyleT B MepBOM NPUOIMKEHUH UMETh BH,
YUUTHIBAIOUIMN Kak 3amac yCTOMYMBOCTH (TapamMeTp «, OTBEYAIONIMH 32 HHTEHCUBHOCTH
3aTyXaHHs KOPPEISMOHHON (QYHKIMH), TAK U HATMYUE PE30HAHCHOM YacTOTHI Mp:

p (1) =eM. cos(mp-r)—i-sin(oap-r) . (13)
®
p

B kauectBe Mmomenu (13) mnpuHsATa MOACHb, ecTecTBeHHas s mpouecca &) wu
OTJINYAIOIIASICS HYJIEBBIM 3HAUEHUEM CIIEKTpa Ha HYJIEBOM YacTOTE, YTO COOTBETCTBYET
peanbHBIM MPOLIECCAM B aCTaTUYECKON CUCTEME PEryJIUPOBAHUS.

CymiecTByeT ycTOWYHBAs CBS3b MEXKILy IMapaMeTpaMH KOppeISIUOHHON (HyHKIUH (8, @p)
M BEJIMYMHOW 3araca yCTOMYHUBOCTH ,. [loguepkHEM, 4TO i1 LENEHd NapaMmeTpUueCKOn
KOPpPEKIIMH pPEryisiTopa HET HEOOXOJUMOCTH 3HaTh aOCOJIOTHBIE OLEHKH HCKOMBIX

XapaKTCPUCTUK, a JOCTATOYHO OLICHUTDH JIMIIb 10,4 HU3MCHCHHUC, O6YCJ'IOBHGHHOG
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OPOUCXOASAIIMMU B 00bEKTE U3MEHeHusiMH cBoucTB. KoneOarenbHbll  XapakTep
KOPPEISIIIMOHHOW (PYHKIIUH Pg(T) TTO3BOJISIET MPOBECTH aHAIOTHIO Mexy e€ BuaoM (puc. 2.3)
U cBoiicTBaMU (YHKIIMH Beca KOJeOaTeNIbHOM CHUCTEMBI BTOPOTO mopsiaka. B pesynbrare
TaKOro CpaBHEHHUs MPEIJIOKEHO B KAayeCTBE MEpbI, OLICHUBAIOIICH 3amac yYCTONYMBOCTH,
HCIIOJIb30BATh OTHOILIEHUE

o =42 /A1.

o

Puc. 2.3. K onpenenennio napaMeTpa o, OIEHUBAIOIIETO 3anac ycroitunsoctu ACP

Takum oOpa3om, yclIOBHE CTaOWMIM3allMM 3araca YCTOWYHMBOCTH YMECTHO BMECTO

BapuaHnTa (12) mpeacTaBuTh B BUAE:
k;(t)=Mk(t)-k;°M, rae M, (t) = f[a(t)—ao]. (14)

PaGounii anropuT™M onepaTuBHON OLIEHKH MapaMeTpa OCHOBAH Ha 00pabOTKE MOCTOSHHO
OOHOBIISIONMXCSA MaccuBa 3HaueHWid &(t). JlmuHa 3TOro MaccuBa, a TakKe IapameTphbl
buIbTPOB MpoIECcca, UCIONB3YEeMOT0 Ha CTaJWH MEPBUYHONW 0OpaOOTKHU MAHHBIX, SIBIISIFOTCS
napameTpamMu ON-line anropuTMa HacTpoiikH, peanusyroiero yciaosue (14).

[IpuHATO cUUTaTh, YTO YeM OOJIbIIIEEe 3HaUCHUE UMeeT T, TeM MHEepIMOHHee 00beKT. J{is
pelieHusT BTOPOM  3agauM  — HaONIOACHHWS 3a mapamMeTpoM 71,  YUHTHIBAIOIIUM
AKKYMYJIUPYIOIIYIO CIIOCOOHOCTh OOBEKTa YIPABJICHUS — BOCIOJB3YEMCS TEM, YTO IIPH
(GUKCUPOBaHHBIX MMapaMeTpax pPEryIsiTopa YacTOTHBIE CBOMCTBA CUCTEMBI OYAyT 3aBUCETh
TOJILKO OT HHEPITMOHHOCTH 00BEKTa, IPEICTABIAEMON HIMEHHO TTapaMeTpoMm 7o.

PaccmoTpuMm 3amady m3mepeHus, B KOTOPO JUHAMHUKA MEPBUYHOTO U3MEPUTEIHHOTO

npeoOpazoBatens moxeT (IIMUII) OwbiTh BBIpa’keHa CBOMCTBAMHU alepUOJAMYECKOTO 3BEHA
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nepBoro mnopsnka (A-3BeHa). Cxema g ONpeNENCHUS JUHAMHUYECKOW MOTrPElIHOCTH

U3MEPUTENBHOTO MpUOOpa npuBeieHa Ha pucyHke 2.1.

o O
f

Puc. 2.1. Onpenenenne THHAMIYECKOH MOTPEITHOCTH M3MEPUTEIHHOTO prdopa

He Oynem npuHMMarh BO BHUMaHUE CTAaTUYECKHME CBOWCTBA JaTyUKa, T.€. €ro

CTaTHYECKYIO XapakTepucTuky. [loatomy

Wiun(p) =

1
Tp+1 '

Bnomnne O4YCBHUAHO, YTO JUHAMHUYCCKas ommnoka N3MCPCHHA MOKCT OBITH npeaAcCTaBJICHA

MOJCJBIO:

(@) = [1 = W] * x(p) = W.(p) * x(p) = x(p).

Tp+1 i

B ycnoBusx cmydaiiHoro mpomecca x (1) mucmepcus oOmmuOKH, XapaKTepH3yromias
TUHAMUYECKYIO TOTPEIIHOCTh JaTyhka, OYyJIeT OINpeAeNsTbhCi IMOCTOSHHOW BpemMeHH T wu
YaCTOTHBIMH CBOMCTBamu Tmporecca. Ilycte B kadectBe mpumepa X(f) oTBeuaer mojaeiu

MapKOBCKOI‘O mponecca co CHGKTpaHBHOﬁ IINIOTHOCTBIO:

2a0?
Sy(w) = — 2
a‘+w
Toraa cnexTpanbHyIO MIOTHOCTh OIIMOKU MOKHO BBIPA3UTh B BUJIE:
T?w? 2a
— ; 2 — 2
Se = W, (jw)|? * Sy (w) = 6%

* *
T?w?+1 a?+ w?
DT0 MO3BOJISICT HAWTH BBIPAKEHUE IS JUCIEPCHH, OLCHUBAOIIECEC JUHAMHYCCKYIO
OIINOKY:

@ aT

62 =;J; S.(w) *dw =aT—+1*6’ZC'

OHO JaeT SCHOE TIPeICTaBIeHUE O BIMSHUM IapaMerpa T Ha IMHAMHYECKYIO TOYHOCT.
C 2Toif TOUKM 3peHHUsl TOCTOSHHAsS BpeMeHH T sBJISeTCS XapaKTepUCTUKONW HHEPLUOHHOCTU
ITAIL.

HauGonee pacnpoCTpaHEHHBLIMM OOBEKTAMU  YIPABIEHMS SBJIAIOTCS  CHUCTEMBI,
ONHKCHIBAEMBIE YPABHEHUAMH TEILIOMACCONepeHoca. Peakius Takux 0ObEKTOB, IIPU YCIOBHH,
4TO OHM SABIISIOTCS JIMHEHHBIMHM IO BXOJHOMY BO3JEHCTBMIO, Ha CTYIEHYAaTOE BXOJHOE

BO3JICHCTBUE HUMEET 3aJep>KKy M TOuKy nepernba. TouyHoe pelleHue HTHX YpaBHEHHM

OCYHICCTBIIAICTCA YHUCICHHBIMU MCTOAAMH W B TCOPHU ABTOMATHYCCKOI'O YIIPABJICHUSA HC
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ucnoJib3yercs. Mcnoap3yloT J0CTaTOUHO MPOCTOE BBIPAXKEHHUE, MOJIEIb IIEPBOIO MIIM BTOPOIO
Hopsiika C TPAHCHOPTHBIM 3ala3/bIBaHUEM, aJeKBaTHO OTpa)kalollee KOHIENTYyalbHbIe
CBOICTBAa OOBEKTa YIpaBieHHUs. Ternepb pacCMOTPUM CHUCTEMY YIPABIECHUSA C OOBEKTOM,
IPEJCTABIEHHBIM TUIIOBBIM aNEPUOJANYECKUM 3BEHOM C CAaMOBBIPDABHMBAHMEM B KauyeCTBE

OCHOBHOTO KaHasia. CTpyKTypa TaKOW CUCTEMBI MPEJCTaBICHA HA PUCYHKE 2.2.

A

) 4

Perynsitop

O6bekT ynpaBneHus

Puc. 2.2. CtpykTypa CUCTEMBI.
ko
W, = ————
° T,p+1
IIyctp BO3MyHIEHHME 7Y COOTBETCTBYET MOJEIM MapKOBCKOro Iporecca co

CHCKTpElJIBHOfI IIIIOTHOCTBIO:

202
S0 =
Bossmewm I1-perynsrop. Torna nepenarounas GyHKIMS 3aMKHYTON CUCTEMBI 110 KaHATy
Y—Y OyaeT UMeTh BU/I:
k, 1
Py =1tk Tp¥1
o] p c
CrekTpanbHasi TUNIOTHOCTh CHCTEMBI MOXKET OBITh TIOJyueHa 1o popmyie:
S = |q)vy(i“’)|25v
Hcnonp3yst Moens MapKOBCKOTO Ipolecca sl BO3MYIICHHUS Y, MOIyduM (opMyy
JUISl pacueTa JUCIIEPCUN yIPaBIsSeMOoro rnapaMerpa y:
N aT, k2

OyzaTo+1+kp*(1+kp)2

* oy

Ona B CBOMX OCHOBHBIX YepTax COOTBETCTBYET paHee MOJIy4eHHOH (opmyine s
qUcnepcud quHamudeckoi ommoOku. CieoBaTeNbHO, U B 3TOM Cllydae MOCTOSIHHAsI BPEMEHU
T sBrsieTcst XapakTepUCTHUKONW HHEPLUMOHHOCTH O0OBEKTA.

Ecnu coiicTBa 00beKTa yIpaBiaeHUs JOMOJHEHBI 3aMa3bIBAaHUEM, TaK UTO
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ko _r
VI/O = * e Op’
T,+1

TO ONTHUMAJIbHBIM C MO3MLIMH 3a1a4d QuibTpanuu no BuHepy, npu XapaKTepHBIX AJIs
TEIJIOOHEPTEeTUKN HU3KOUYACTOTHBIX BO3MYILIEHUAX, MOKHO cuuTaTh [IN-perynsarop [77].
MuHumanbHOE 3HAUY€HUE TUCIEPCUM OMIMOKH yIpaBieHUs OYyIeT JOCTUTaThCs IMpU

CJIEIYIOLIIEM COYETAHUH CBOWCTB 0OBEKTA U PETYIISATOpA:

ky*ky =r—;T, =T,

T
°l,
B TO e BpeMs H3BECTHO, YTO TPOU3BENEHUE K, * K, ABISAETCI XapaKTEPUCTUKOM
OBICTPOACHCTBUS CHUCTEMBI. OJTO JA€T OCHOBaHUS NEPBYIO (QOpPMYNy HHTEPIPETHUPOBATH

CIEAYIOMHM 00pa3oM: OBICTPOAEHCTBHE CHCTEMBI K, * K,ABISETCS BEIUYMHOM OOpaTHOM
TO
MHEPLMOHHOCTH O00BEKTa /T' NMeHHO oOTHOIIEHHE, a HE a0COJIOTHOE 3HaueHue T,
o

OTIpe/IeNIIeT MHEPIIMOHHOCTh OOBEKTA.

[logBoast WTOT, MOXHO BBIJCIUTH TIOJIOKEHHE: B CHCTEMaX AaBTOMATHYECKOTO
pEerylupoBaHusi, UMEIOIIHUX B OOBEKTE 3ama3iblBaHHE, MEpPOl HMHEPIMOHHOCTH SBIISAETCS
OTHOIIIEHHE Tol To.

B kadecTBe OIlEHMBAEMOTO CBOMCTBA MOKHO MPEMJIOKHUTH JHOO MPSMOM MOKa3aTelb
WHEPIIMOHHOCTH — 3HAUYCHHUE PE30HAHCHOM YaCTOTHI (), CUCTEMBbI, TUOO KOCBEHHO CBSI3aHHYIO C
HEW CPEJHIOI YacTOTy @y Mpolecca. BroiHe MOHATHO, YTO ONpENesIEHUE 3HAYEHUN 3THUX
YACTOTHBIX XapaKTePUCTHK (puc. 2.3) MOXKET ObITh BBIMOJIHEHO TOJILKO HAa OCHOBE aHajIu3a
cBoiicTB mporiecca &(1).

Bribop mpeamnodTuTENnsHOTO BapuaHTa JIOKEH ObITh  00ycioBlieH TpeOoBaHUEM
MaKCUMAaJbHOM 3aIMIIEHHOCTH TOKA3aTelNs OT CIy4ailHbIX (PaKTOPOB, MCKAXKAIOUIUX OICHKH
XapaKTEPUCTUK CIy4ailHOro mpoliiecca. A 3TO 03HAYaeT, YTO OLICHKA IMOJIOKEHUSI MaKCUMyMa
CIIEKTPAJIbHON TNIOTHOCTH OYy/I€T HAMHOTO KPUTHYHEE K MPOSBICHUIO OTPAaHUYCHHOCTH JJIMHBI
BBIOOPKM CIIy4ailHOTO TMporecca W K BIMSHHUIO AJJIUTUBHBIX IIYMOB, HE SIBJISFOIIMXCS
HOCHUTEJIEM HeoO0XonuMol HaM MHGOpMaIMu O CBoWcTBax oObekTa. Takum oOpa3oM, BHIOOP

(baKTI/I‘I€CKI/I OAHO3HAYCH — CPCAHAA YacTOTa Impouecca.
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o 01 (02 03 04
®p Wep

Puc. 2.3. K onieHKe 4aCTOTHBIX TapaMeTPOB CUCTEMBI U IIpoliecca

K cmocobam oOueHKH @, HaAO NOAXOAUTh C HMHCTPYMEHTAJIBHBIX MO3UIIMM,
YUUTBIBAIOIUX BBIYMCIUTEIbHBIE BO3MOKHOCTH MUKpOIIpolieccopa win paboyeit craninuu. B
paboTe MpelIoKEHO HaXOAWUTh 3HAYCHHUE ()p KaK 3HAYEHHE IMEePBOr0 HAYaJbHOTO MOMEHTa
HOPMHPOBAHHOM CIEKTpabHOM IUIOTHOCTH Tmiporiecca &(1). B muckperHoM BapuaHTe,
YUUTHIBAIOLEM MPECTABICHUE MMPOILIECCa MACCUBOM PAaBHOYAANEHHBIX TOYEK, popMyna is

BBIYMCIICHUA HpH06peTaeT BUA:

wi_1 + w;

n n
wcp sz_l*Sl(w_l) zsl(w_l);rﬂeal= 2
i=1 i=1

I[OHO.HHI/ITCHBHBIM APryMCHTOM B II0JIb3Y HCIIOJIb30BaHUA CHeKTpaHLHOfI IIJIOTHOCTH

(18)

ClIeIyeT CUNTaTh HaJMUKE IMHPOKUX BO3MOXKHOCTEH ON-line criiakuBaHus Kak caMoOil BBIOOPKH

CIIy4alHOTO IpoLEecca, TaK U BBIYMCIEHHBIX 3HAYEHUN CIIEKTPAIIBHOM IIIOTHOCTH.

2.3. AnropurMu3anuda pacuéra nokasareseil CBOMCTB 00beKTa

JUis HaxXOXIEHUS CHEeKTPaIbHOM IJIOTHOCTH BOCIOJIB3YEMCSl OJHUM M3 aJrOpUTMOB
npeoOpazoBanust ypre. [lepen oOpaboTkoil mpoiiecca anroputTMom mpeobdpazoBanusi Oypne
HE00XOAMMO MPOBECTH CIIIA)KMBAHWE MAaCCHUBA €0 MCXOIHBIX JAHHBIX MPU MOMOIIN OKOHHBIX
byHKIU.

Hcnone3ysa [76], npoaHanu3upyeM AJIMHY MacCHUBa UCXOAHBIX JAaHHBIX Iporecca. OHa
onpeseNnseTcs, UCXO0lsd M3 TPaHUI] YacTOTHOTO Auamna3zoHa. KoimudyecTBO TOUYeKk B MaccuBe
CBSI3aHO C MUHUMAJILHOW U MaKCUMAJIbHOW YacTOTON CIIEAYIONTMME COOTHOIICHHSIMHU:

ot T T ,1ae Ao — mar o BpeMeHH.
min Tn NT . Ao max Ao

CnenoBaTenbHO,
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. T .
N, =integer ————— = integer

e A [
(Dmln 0 min

Ha pucynke 2.3 npuBeieH (pparMeHT TECTOBOT'O CUTHAJA JJIs aIaliTUBHOTO aJropuTMa,
COOTBETCTBYIOIIUI 10 CBOMM CBOMCTBAM IMPOIECCaM TEIIOIHEPTETUKH.

WexomHbii curian

'
'
'
'
'

4
|
|
'

I

] —— H—
i

=
o —------
=

Bpems, cex

Puc. 2.3. cxoaHbIl CUTHAIL.

OkoHHBIE (YHKIUU HMEIOT HCKIIOYUTENbHYI0 Ba)XHOCTh B CIEKTPAJIbHOM aHaIu3e
curHamoB. OkHa  XapakTepus3ylTcs CcBoel  ¢GopMoll W  aMIUIUTYAHO-4aCTOTHOM
XapaKkTepUCTUKONU. BBICOKUIT ypOBEHb AaMIUIUTY/bl (HA3bIBAEMBI TJIABHBIM JICTIECTKOM)
XapaKTepU3yeT MOJI0Cy MPOMyCKaHUs, HU3KUN YPOBEHb aMIUIUTY/bI (Ha3bIBa€MbIi OOKOBBHIMU
JIeTIeCTKaMH) XapaKTepU3yeT MOoJIoCy MOAaBICHU. Mexa1y TJIaBHBIM JIETIECTKOM U OOKOBBIMU
JerleCTKaMu CYIIECTBYET IepexoaHas obOsactb. Uem oHa yke, TeM Jydllle MNOJABISIOTCS
HEHYXHbIE YaCTOThI CUTHAJa, HO, BMECTE C TeM, YBEIMUMUBAETCS MOPSIOK QPUIBTPA, KOTOPHIH
TAaK)K€ HAa3bIBAlOT JJIMTENBHOCTBIO HUMITYJIbCHOM XapaktepucTuku. [lopsimok ¢unbtpa
oTpesiessieT KOJIMYECTBO apHU(PMETUYECKUX OMepalfii HajJ OTCYeTaMHd M O00bEeM CUTHAJIbHOMN
namsTu Npu peanuszanuu Quibtpa. Uem 1nHHee OyAeT MMITYJIbCHAsI XapaKTEpUCTUKA, TEM
OouibIiasi Harpy3ka OyJeT JTOXKUTHCS Ha ammapaTHbie pecypcsl [42].

Tun criuaxuBamIIero OKHA BIMSET Ha TPOLEAYpPY MpeABapUTEIbHONU (UIbTpalUu
KXo BBIOOPKHM CIy4alHOTO Mpoliecca, MO3BOJISIIONICH OCIa0UTh BIMSHHE IIYMOB 3a CUET
YCPEIHEHUs] JaHHBIX 3TOW BHIOOPKH HA HMHTEpBaJie, HAa3bIBAEMOM IIMPUHON OKHA. OKHO
nepemeniaercs (CKOJNb3UT) MO BCEM JANMHE pealu3aluM, pe3ynbTaT YCpPeAHEHHS
IIPUIIMCHIBACTCS CPEHEN TOUKE OKHA.

Ha pucynke 2.4. npeactaBieHsl IPSIMOYTOJIBHOE U TPEYTOJIBbHOE OKHA U1l OTHOCUTEIIBHOM
yactotel Q. IlepBoe u3 HuUx Oonee mpoctoe, HO ero AUX MeHee coBepIleHHa, T.K. TOPOXKIAET

OOKOBbIE TAPMOHUKH, CYILIECTBEHHO MCKaKAIOIIHUE CIIEKTP PUIBTPOBAHHOTO MpOILEcca B 00JIaCTH
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CpPeIHMX W BBICOKHX 4YacTOT. YacTOoTHas XapaKTEpUCTUKA TPEYroJbHOrO (HIbTPa MO 3TOU

IMPUYIUHC OoJtee 6J'IaI‘Ol'IpI/IHTHa, HO MMCCT YABOCHHOC 3HAYCHHC I(paTHOﬁ 4aCTOThI 11 TapMOHHK.

1=
(o) R —
08 .\\\\
061 -\'\_ N\ WTei™ /7717 :
Rt R % | ot
0.41 AN \'\. : N
P N -Tgl2 0 Tp/2
021 Y >;—-—« .
N mm——
' "\I e \\._I___LH___ _I\L e __‘_'__.__-H.___
0 2 4 8 8 10 120 14 1B 18 o
2n 4n =

Puc. 2.4. [IpsiMoyronbHOE U TPEYroNbHOE CrilaKMBaromue okHa u ux AUX

[IupuHa okHa onpeaenseTcs TUIIOM OKHA U XkKeJaeMbIM 3(h(HeKToM (PpUIbTpaliy mporecca
Ha YacTOTax, MPEBBIMAINX HEKOTOPbIM npenen. B uvacTtHOcTH, Ha pucyHKe 2.4 mOKa3aHO
peleHne, odecneunBaroiee ocnadieHue CUrHalla He MEHee, YeM B 2 pasa:
® IS IPSIMOYTOJBLHOTO OKHA Q¢ = 3.8 (pan),
® IS TPEYroJbHOTO OKHA Qp = 5.6 (pan).
3anaBasch peaJbHOM YacTOTOM (¢, COOTBETCTBYIOLIEH ikemaemMomy 3ddexry,
OLIGHWBAEM PEKOMEH1yeMYIO IMPUHY (PUIbTpa:
Ty = Q¢ /og
Jns mpumepa 3agaguMcs 4actoTol g = 0,5. lns criaxuBaHusi BXOAHOTO MaccUBa
BbIOMpaeM TpeyronbHbiid unsTp (baptierra).
Tp=Qqlog=5.6/0.5=11,2(c).
Jns mpsimoyrosibHOTO QUIBTpA:
Ty =Q4 log=3.8/0.5=7,6 (c).
JUis HacTpoMKU (QUIBTpa HY)KHO 3HATh €ro IIMPHHY, BBIPAXKEHHYIO YHCIOM TaKTOB
pacuéra nmpouecca Ng:
N, = integer(TqJ/Ao)
OxpyrieHue jenaeM B MOJb3y HEYETHOrO BapHaHTa, T.K. B 3TOM Ciy4ae pe3yJibTar
¢ubTpanuu OyAeT MOCTaBICH B COOTBETCTBUE CTPOIOMY ONPEICIICHUIO CEPEIMHBI HHTEPBAIA.

ITonygaem:

Ng¢ = 11 1y TpeyroabHOro, pUCyHOK 2.5.
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Ng = 7 anst npsMOYTOIBHOTO (PHIBTPOB, PUCYHOK 2.6.

VcxoHbii cHTHaN nocne TpeyronkHoro okka, wipikoii N, = 11

0.3

50 100 150 200 250 300 350 400 450 500
Bpemn, cex

Puc. 2.5. VlcxonHbli cUrHain nocjie TpeyrojJbHOro OKHa

VcXoHelii CiTHaN Nocne NPAMOYTONEHOro 0kKa, WipkHoi N, =7
0.6

50 100 150 200 250 300 350 400 450 500
Bpems, cex

Puc. 2.6. VicxonHbli cUrHa MOCIE IPSMOYTOJIFHOIO OKHA
Hapsny ¢ 3agauell puuibTpaniui CKOJBb3AIIMM OKHOM 3/1€Chb (PaKTUYECKU MMEET MECTO

emé o/IHa 3a/1aya, MPOWLITIOCTPUPOBAHHAS HA PUCYHKE 2.7.
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Puc. 2.7. CynrHocTh 3aa4u CTIIaXKUBAHUS TPAHMII ITPOIIecca

MosHO cunTaTh BXOoaHOW MaccuB mporecca X(t) ¢pparmeHTOM peanbHOro mpoiiecca,
NOJIY4eHHBIM C TIOMOIIbI0 (DUKCHPOBAHHOTO MPAMOYrojdpHOro (uiustpa. HeratuBubie
cBOMcTBa Takoro (uiabTpa oOCyKAanuch paHee. OHU HPOSBISAIOTCS TJIAaBHBIM 00pa3oM B
o0pa3oBaHWM OOKOBBIX TapMOHHK, CYIIECTBEHHO HCKaXXAIOIIUX YaCTOTHBIE CBONCTBA
nporecca. bazoBas dacTtoTra 3TOM TapMOHUKM paBHasA ®o = 27/To, a Takke KpaTHbIE el

YacTOTHl 200 U 40 HaKJIaJAbIBAIOTCA Ha HHTCPCCYIOIIYIO HaC 00J1aCTh HHU3KHX H Cp€aHux
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yacToT. [loaToMy ¢ nenpro ocnadneHus 3Toro 3pQexra npuMeHsieTcs creluanbHas npoieaypa
CTJIQXKUBAHUSI «XBOCTOBY» IIpoliecca, CBsI3aHHAsl C 3aMEHOM MPSIMOYTOJIBHOTO OKHA Ha OKHO C
KOCUHYCOUJAJIbHBIMU BCTaBKaMHU [0 KOHILAM. YBEJIMYEHHE IIMPUHBI 30HBI CIVIAKUBAHUSA, C
OJIHOM CTOpPOHBI, CHUXKAET AP(HEKT TapMOHHK, HO C APYTrol — COKpamaeT 00bEM MOJIE3HOM s
uaeHTugukanuu nHpopmanuu. [Ipumem mupuny pasaoit 20% ot o01uieit JJIMHBI BEIOOPKH (110
10% ¢ ka)xxa0ro KOoHIIa Mporiecca).

Pe3ynpTarom paboTel Ha A3TOM cTaguu SABISETCS OT(QWIBTPOBAHHBI MAacCHUB JAHHBIX

BXOJIHOTO IpoIiecca, MPECTaBICHHBIN Ha pUCYHKE 2.8.

CHrHan co craKeHHbIMN <KOHLAMIT>
06
\ \ \

Mssm\

NN T
NI A T
uanATCA AT

Puc. 2.8. VicxoaHBI# cUTHAJ TOCIIE TIPOLEAYPHI CIUIaXKUBAaHUS KOHIIOB

[Tocne 3TOro MOXKHO MPHUCTYHaTh HEMOCPEACTBEHHO K BBIYMCIEHHUIO CIEKTPaJIbHOU
IJIOTHOCTH.

®dypbe-aHau3 Ha CETOJHSANIHUI JIeHb, 0€3 COMHEHHMs, CaMblil pacrpoCTpaHEHHBIN
MHCTPYMEHT aHaJI3a, KOTOPBIM NIPUMEHSETCS BO BCEX OTPACiHAX HAYKH M TEXHHKH.

PaccMmoTpuM BeIpaxkeHue JUisi AUCKPETHOTO TipeoOpazoBanust Oyphe:

N-1

SU) =) sty = exp ()

n=0

2%

*n*k), k=0..N—-1;

Tak kKak BBIYMCICHHUE CIEKTPAJIbHOU TUIOTHOCTU TpeOyeTcs Ha Ka)XJOoM Iare padoThl
a/IaITUBHON CHCTEMBI B pPEAIbHOM MacIiTade BpeMeHH, a BxoaHou anst BII® maccuB maHHBIX
U3MEHSIETCS Ha OJIHO 3HAa4eHHE, MOXHO ONTHMH3UPOBATH PabOTy, HCIIOJIH30BAB AITOPUTM
peKyppeHTHOTO npeodpazoBanus Dypbe, TaK Kak OH SABIsETCS HanboJiee COOTBETCTBYIOIIUM
BBICOKMM  TpeOOBaHUSAM TIO  OBICTPOJACHCTBUIO TPU  BBIYMCICHHUH  KOMIUJIEKCHBIX
kod(duimenToB Dypbe WM APYTUX CICKTPATHHBIX MapaMETPOB M TMO3BOJBIET MOJIY4YaTh
OIICHKY TEKYIIIETO CIIEKTPa CHTHaJa B pealbHOM MaciuTtade BpemeHu. Kak rmokasaim TecToBbIe
U3MepeHusi JTUcKpeTHoe mnpeolOpa3zoBanue @Dypbe u ObicTpoe npeoOpazoBanue Dypoe,

HanboJiee pacpoCTpaHEHHOE MPU 00pabOTKE CUTHAJIOB, YCTYIAET EMY.
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Pexyppentnoe mnpeoOpazoBanne @Pypre (PIID) sBusercs wmetogoM 1udpoBOTO
JUHAMUYECKOTO CIIEKTPAJIbHOTO aHajdu3a, KOTOPHIM IMO3BOJSET MOIYy4aTh OLEHKY TEKYIIETro
CIIEKTpa CHUTHalla B pealibHOM MaciiTtabe BpemMeHU. OCHOBHBIM jJocToMHCTBOM PII® 1o
CPaBHEHUIO C APYTUMHU METOJIaMU 3TOTO CEMEMCTBa, SIBJISETCS MOBBILIEHHOE OBICTpOecTBHE
OpPU BBIUKUCICHUM KOMIUIEKCHBIX KO3(ppuuueHToB @Pypbe WIN JAPYruX CHEKTPAIbHBIX
napameTpoB. OJHAKO OTCYTCTBHE CBEJEHHM O JIUHAMHUYECKUX IOTPEIIHOCTAX OLEHKU
TEKYIIero CHEeKTpa CUTHaJa CYHIIECTBEHHO OrpPAaHMYMBAET IMPUMEHEHUs METoJa B

HU3MCPUTCIIbHBIX CUCTCMaAX. HOHY‘IGHH&H CIICKTpPaJIbHAaA IINIOTHOCTD, IIPCACTABJICHA HA PUCYHKC

2.10.

CFIEKTPEJ'II:HEH NNOTHOCTE

Yacrora, pan/cek

Puc. 2.10. CnexTpanpHast IJIOTHOCTh BXOJJHOT'O CUTHAJIa

JUis crimakuBaHUs TMOMYYEeHHOM (YHKUIUU CHEKTPaJbHOW IUIOTHOCTU CYIIECTBYIOT
crenuanbHble OKOHHbIE (QYHKIMH. B cucreme Bocmosib3yeMmcss OKHOM XaHHa, SBJISIFOIIMMCS
Pa3HOBUIHOCTBIO TPEYTOJIBHOTO OKHA C KECTKO (PMKCHUPOBAHHOW LIMPUHOM, paBHOU 5.BecoBbie
k02 umentsr punbrpa Xanna passsl 0, 0.25, 0.5, 0.25, 0. @akTruecku ycpeaHeHHe BeAETCS 110
TpéM ToukaM. Pe3ynbTraT mNpUNUCHIBaETCS UEHTPAJbHOM TOYKE CKOJB3SIIETO  OKHA.

OTtdunbTpoBaHHAs CIIEKTPATbHAS INIOTHOCTH BXOJIHOTO CUTHAJA MpUBe/ieHa Ha pucyHke 2.11.

Orunsrpoatei cret; fag, = 0.18576
\ \ |

. ‘
WAV
s TR RTaVA

: \ \ \ | \
0 01 02 03 04 05 06 07
Yactora, paalcex

Puc. 2.11. Or¢unbTpoBaHHAS CHIEKTPaIbHAS IJIOTHOCTH BXOJAHOTO CHTHAJIA

Koma CIICKTpajibHas INNIOTHOCTH IIpOoHEcCa OIpCaAciCHa, H€O6XO)II/IMO BBIYUCIIUTD
cpenHiol0 yactory. JluckperHas Qopmyna uis pacueTa CpeaHEil BBITTISAUT CIETYIOIINM
obpazom:
X1 T X 2iz1 GAS:

2 YTy,
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OnpenenuB 3HaY€HUE CPEIHEN YacTOTHI AJs IPUMEpA, IPUBEACHHOIO HA PUCYHKaxX, B
pe3yabTare moxydaeM 3HaueHue pasHoe 0,19 pan/c.

PaGotas Takum o0pa3om, alrOPUTM BBIUUCIISET 3HAYEHUE CPETHEN YaCTOThI HA KaKIOM
miare. I[lo mojydyeHHBIM 3HAYEHHSIM NPUHUMAETCS pelleHHe 00 W3MEHEHMHM IOCTOSITHHOU
BPEMEHU KOOpAMHATHOTO peryistopa Tu. Tak Kak cpeaHss 4acToTa SBISIETCS BEITUYMHON
0o0paTHOM MO OTHOIICHUIO K MHEPLUHUOHHOCTH, TO MPHU yBEIWYEHUH €€ 3HAUCHHS] HEOOXOAMMO
IPOIMOPLHUOHAIBHO YMEHBIINUTD TOCTOSHHYIO BPEMEHU PETYIIATOPA.

Kak orMeuanocs BbIlIE, [ KOPPEKTHOW OLIEHKA BEIMYMHBI W3MEHEHUS
WHEPIIMOHHOCTH OOBEKTa CBOWCTBAa pETyNATOpa HE JODKHBI BIHMSATH Ha OTY OICHKY.
HcknoyeHue BIMSHUS CBOWCTB pEryisTOpa JOCTHUTAaeTCs cTaOwiu3anuend 3Ha4YeHUs
MOKa3aTessi, OLUEHUBAIOLIEr0 3alac YCTOMYMBOCTU CUCTEMBI. DTO PEaNU3yeTCcss IPHU MOMOIIU
KOPPEKIUHU KO PUIIMEHTA YCHICHUs peryistopa Kp.

Jlyist OLIEHKM 3amaca yCTOMYMBOCTU MOCTPOUM KOPPENSIIIMOHHYIO (PYHKITHIO TpoIiecca.
Kak u B ciiydae ¢ OIIEHKOM HMHEPLUUMOHHOCTU OOBEKTa MEpe] HEMOCPEICTBEHHO PacyeTOM
KOPPEJSIMOHHON (YHKIMM HEOOXOJAMMO BBITIONIHUTH CIVIAXKMBAHHWE BXOJHOTO IIpoliecca
OKOHHBbIMU (pyHKIMsIMU. Koppemsiius (KoppeisiiiMoHHas 3aBUCUMOCTh) - CTaTHCTHYECKas
B3aMMOCBSI3b JBYX WJIM HECKOJBKHMX CIYyYalHBIX BEJIMYUH (JINOO BETUYHH, KOTOPHIE MOYKHO C
HEKOTOPOU TOIyCTUMOM CTENEHbI0 TOYHOCTH CUYUTATh TAKOBBIMH).

Kak ormeuaercs B pabore [67], aHanu3 JaHHBIX O CIIydailHBIX TIpoOLIECCax B
INPOMBIIIJIEHHBIX CHCTEMAaX YIPaBIEHUS IMO3BOJIAET NPEICTaBUTh MOJEIb CIY4aiHOIrO

npolecca B BUJIE CIEAYIOIIEH CTPYKTYPHI:

7(t) = B(t) + 2 C(6) + X(6) + N (D).

3neck B(t) - mocrosiHHAs WM MEIUIEHHO M3MEHSIOMIAsCs Helepuoandeckas (yHKIIUS;
C(t) - rapmonnyeckue ¢pyHKIUU ¢ pukcupoBaHHbIME nepuonamu; X(t) -ciyqaiiHbIi mporecce ¢
HYJIEBBIM MaTeMaTHueckuM oxxuaanuem; N(t) - cmydaiiHas momexa n3MepeHusl.

Komnonent B(t) oOycrnoBieH MeIjIeHHBIMH, MOCTECICHHBIMH H3MEHEHUSMHU YCIOBHIA
paboThI MM XapaKTEPUCTHK TEXHOJIOTMUECKOTO 00OPYAOBAaHUS M CBOWCTB CHIPHS, HAIPUMED,
MEIJICHHBIM W3MEHEHHWEM Harpy3KH arperata IO 3aJaHHOMY TpaduKy, CTapeHHEM
KaTaln3aTopa B XUMHUYECKHX PpEaKTOpax, OTIOKEHHEM COJICHi Ha TOBEPXHOCTAX HarpeBa

TCHJIOO6MCHHI/IKOB, MEAJICHHBIM N3MEHCHUEM 30JIbHOCTHU U BJIAXKHOCTH TOIIJIMBA.
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['apmonnueckre kommnoueHTsl C(t) hopMupyroTcs B pe3yabTaTe caMbIX Pa3HOOOpa3HBIX
NEPUOJUYECKUX SIBIIGHUA U Olepaluii: CyTOYHON MEepUOAUYHOCTH MPOU3BOJACTBEHHOTO
mpoiiecca, MNEPUOJUYECKUX TEXHOJOTMYECKHX LHUKJIOB y TMOTpeOuTeneil mpoIyKIUU
paccMaTpUBaeMOW CUCTEMBI YIIPABICHUS, IEPUOTUIECKUX MTEPEKITIOYEHUI 000pyI0BaHUS.

Cryuaiinbeiii kommoneHT X(t) ¢opmupyercs B pe3yabTare OJHOBPEMEHHOI'O JICHCTBHS
MHO’KECTBAa HE3aBUCHMBIX WJIM CJIa00 CBSI3aHHBIX JAPYT C APYroM (hakKTOpOB, CPABHUMBIX IO
s dexTy cBoero yuactus B oopazoBanuu X(t).

[Tomexa usmepenust N(t) mpencraBisier co00W KOMOMHAIMIO Pa3IMYHBIX CITydaiHBIX
MPOLIECCOB, KOTOpPblE BO3HUKAIOT B UYBCTBUTENBHBIX JJIEMEHTAaX, B KaHallax CBS3U, B
HU3MEPUTEIIBHBIX YCTPONUCTBAX U Mpeodpa3oBaTeisix. B OOMbIIMHCTBE CilydaeB IyM U3MEPEHUS
MOJKHO CYHMTaTh [ayCCOBCKHM CIIy4ailHBIM IIPOILIECCOM, SIBJISIOLIMMCS IO OTHOIICHHUIO K
u3MepsieMoMy mpoieccy OenbiM mymoM. OOBIYHO CTaparoTCs pacwiIeHUTh Mpolecc Ha
YKa3aHHbIE KOMIIOHEHTHI U B OTJEIIBHOCTH U3YYHUTh KXKYIO U3 HUX.

Kommonent B(t) MoxeT OBITH OIMpeaeNieH ¢ MOMOIIbI0 METOA0B (GuibTpanuud. Bua
ATOr0 KOMIIOHEHTa B OOJBIIMHCTBE CIIy4aeB MOXKHO OMNPEIEIUTh MOCPEACTBOM H3yUCHUS
UarpamM, 3alMcaHHbIX B CKAaTOM MaciTabe BpeMEeHHU.

s ompeneneHuss rapMoHudeckux KoMmoHeHT C(f) MOXHO HpPHUMEHUTh OIUH U3
M3BECTHBIX METOJOB BBIJCICHUS CKPBITHIX MEPUOAUYHOCTEH, HAMpPUMEp, MOCPEIACTBOM
KOPPENALUOHHBIX  (YHKIMK, B3aUMHBIX  KOPPEISLIUOHHBIX  (QYHKIUNA, WHBEPCHBIX
KOPPEISIIMOHHBIX (DYHKITHIA.

[Tomexa m3mepenuss N(f) MoxeT OBITH BBIJCICHA OJHHUM W3 HM3BECTHBIX METOJIOB
bunbTpanuu [75].

Kommnonent X(t), ocraromuiics nocie Bbiencaus uz Z(t) cocrabmstonux B(t), C(t),
N(t), mpencraBisier coOO# CTallMOHAPHBIN CIIydalHBIA MPOIECC, XapaKTEPUCTUKHA KOTOPOTO
MOTYT OBITh OIpeIeICHbl METOIAMH CTATUCTUKH CTAIIMOHAPHBIX CIyYalHBIX TIPOIECCOB.

EcrecTBEHHO, HE KaXIpId CIIy4YalHbIA DPOLECC COJEPKUT BCE IEPEUNMCIICHHBIE
KoMroHeHThl. Hampumep, kommoneHt B(t), eciau oH MOCTOSHHBINA, MOXHO CUHTATh PaBHBIM
HYJIIO B BBIXOJIHOM KOOpAMHATE aCTAaTUYECKOW CHCTEMbl aBTOMATHYECKON CTaOWIU3aINK, TaK
KaK PeryjsiTop MOJJEPKUBACT PETYIUPYEMYIO BEIMYMHY B CPEJHEM Ha 3aJaHHOM YpPOBHE.
BOnBIIMHCTBO MPOLECCOB HE COAEPIKUT U MEPUOJUUECKUX KOMIOHEHTOB. [Ipu miianupoBanuu
AKCIIEPUMEHTA T10 OIEHKE CTAaTUCTHUYECKUX XapaKTEPUCTUK CIy4aHOTO Ipoliecca Yyalie BCero

ONPENETSAIONINME SIBJISIOTCS CBOMCTBA KOMIOHEHTa X(t), MO3TOMY 31€Ch B MEPBYIO OYEPEb
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paccMaTpuBaeTCs HWMEHHO JTOT KOMIIOHEHT. AHaiM3 CBOWCTB (u3udeckux (GuibTpos,
dbopMupyOMMX KOMIOHEHT X(t), MHOTOUYHCIIEHHBIE TTPOBEPKU 3aKOHA pacnpeneneHus X(t) Ha
HOPMAJIBHOCTh TMO3BOJISIIOT CYUTATh €ro paclpeliefieHne BO MHOTHX Cily4yasx OJM3KUM K
HOpMaJbHOMY [76].

CymiecTByeT OOJBIIOE YHCIO METOAOB BBIUHMCICHHS KOPPENSLUUOHHBIX (GyHKUM. B
ATON paboTe MCHONB3YIOTCS MPSMbIE METOJbI, MOJTYYHUBIINE HauOOJbIIEE PaclpoCTpaHEHUE
[77,78, 78].

Koppemnsiimonnass  ¢yHkims Rx(t) cTanmoHapHOTO 3proguveckoro  Ciay4aiHOro

nporecca X(t) ¢ HyJIeBbIM MaTEMAaTHUYECKUM OXKUAHUEM BBITJISIIUT CIEAYIOUUM 00pa3oMm:

T
1
R,(1) = %1}){)10?] x(t) * x(t + 1) * dt,
0

rae T - JuiHa peanu3aiuy; T - KOpPEISIUOHHBIN C/IBUT.
AHaJIOTUYHO ONPEeIIeTCs B3auMHas KoppensiuuonHas QyHkius Ryy(T) cTarmoHapHbIxX
U CTallMOHAPHO CBSI3aHHBIX JIPrOJMYECKUX CIydalHbIX mporeccoB X(t) u Y(t) ¢ HyleBbIM

MaTEMATHYCCKUM OXUAAHHUCM:

T
1
Ry (1) = }1_{{)10?] x(t) *y(t+1)*dt.
0

OTU KOppensiMoHHbIe (DYHKIMU TPEACTABIAIOT co00i HecnydaiiHeie QyHkmuu. Ha
NpaKkTUKE JIMHA peanu3aiuud T orpaHuuyeHa, IMOITOMY BBIYHCISCMbBIC KOPPEISIIMOHHBIC
(GYHKIMU SBISIOTCS CIIydalHBIMU (QYHKIHSIMA. OHU Ha3bIBAIOTCS OICHKAMH KOPPEIISIIHOHHBIX
(yHKLMi 1 B 3TOM paboTe umeroT o6o3HadeHue Rx(t, T), R™xy(t, T).

OreHKa KOPPENISAIUOHHON (DYHKIMH, BBIYUCIICHHAS MO IKCIIEPUMEHTAILHBIM JTaHHBIM,
OOBIYHO TIPEJCTABJIACT PSJl JUCKPETHBIX OTCUCTOB B (DMKCHPOBAHHBIX TOYKaX Ti. [Ipw 3TOM
OIICHKAa B3aMMHON KOPPEIAIMOHHON (GYHKIIMM MOXKET OBITh IOJY4YeHAa IO HEMpPEPhIBHO-

IIArOBOMY WJIM BBIOOPOYHO-IIArOBOMY aJIrOPUTMaM, KOTOPBIE UMEIOT BUI:
. T
Ry, (kAT,T) = ?f x(t) * y(t + kAt) * dt;

0
N

1
Ry, (kAt,N) = Nz x(iAt,) * y(iAt, + kAT) .

i=1
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JUis cruaXwBaHUSA TIOJYYEHHOW KOPPEISIMMOHHOW (YHKIMH MOYXHO HCIOJB30BaTh
paHee OINHCAaHHbIE NPSIMOYTOJIbHOE WM TPEYroibHOE OKHA, a TakXKe BOCIOJIb30BAThCS
CHEUAIbHBIMU KOPPEISLMOHHBIMU OKHaMH — OKHOM Thioku miu llap3ena. B ominume ot
paccMaTpUBABIIMXCS pPaHEE CKOJB3SIIMX OKOH BCE KOPPEISIMOHHBbIE OKHA (DUKCHPOBAHBI
(pucynok 2.12, pucynok 2.13, tabnuna 2.1). Ux mmpuna T¢ paBHa BpeMEHH KOPPEISAIUHU Tk,
oneHnBaeMomy 1mo R (7). Onenka Tk MPOM3BOAMTCS B IpoIecce pacdéra KOPPEISIUOHHON
(GYHKIUY 1O NpaBUILYy, XapaKTEPHOMY JUIsl OLIEHKH BPEMEHHU peryiaupoBaHus. B 3Toil cBs3u
IPUCYTCTBUE B MIEPEUHE OKOH MPSMOYTOJILHOTO OKHA MOKHO CUHUTATh (POPMAIBHBIM, T.K. €r0
nprMeHeHHe He u3MeHseT Bua R (7).

JInist criaskvBaHus KOPPENSAIMOHHBIX QYHKINN BbIOMpaeM OKHO ThIOKH, TOCKOJIBKY OHO
00JaaeT He3HAUYNUTEIbHBIM MPOCAYMBAHUEM CHTHajla Ha TapPMOHMKAX U MEHbIIEH (HEXKeIu y
okHa [lap3ena) momocoi mpomyckanus. st TpeyroibHOTO OKHa XapakTepHa OJH30CTh K

CBOMCTBaM OKHa TLIOKI/I, HO IMpOCa4YrBaHUC Ooiee BBIPA’KCHO.

u(x) ThHOKA npAMoOyronbHoe |
0.81 < pAMoay! :
[
0.8 i

0.4 ) S e 'Epeyron bHOE (Ea|‘im'| eTTa)
apseHa - -~ i
0.2 N . . i

e T ) o~ I TJ{TK
—— 1
0 02 04 06 08 1 12

Puc. 2.12. KoppensiquoHHbIE OKHA

A(Q) 1
Map3eHa
08 TbHOKM
064 .
" TPEeyronbHoe

05 < pey

0.4 Y / \/\/ NPAMOYToNbHOS

0.21 LRI Ry

Q

Puc. 2.13. YacToTHBIE XapaKTEPUCTUKU KOPPEISILIUOHHBIX OKOH

Tabnnna 2.1. CpaBHUTETBHBIE XapaKTEPUCTHKH KOPPEISIIHOHHBIX OKOH

Yposens OTtHOcHTenbHas yacToTa {2 =yTk HA YPOBHE ITOIaBICHUSA
TIOaBIICHHA Ipsmoyr. Baptnerra Trroku [Tap3ena
25% 2,55 3,66 4,14 5,22
50 % 3,80 5,60 6,28 8,01
5% 4,95 7,58 8,54 111
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90 % 5,70 9,27 10,4 14,0
95 % 6,61 10,1 11,2 15,7

[To BbIUKCIEHHOW TAKUM 00pa30M KOPPEISILUOHHON (YHKIUU HANHJEM SKBHUBAJIECHTHYIO
CTelieHb 3aTyxaHus Y, = 1 - A3/Al, rue A3-amruutyna Tpetbeil momyBosHbl, a Al - epBoii.
BMmecTo cTeneHu 3aTyxaHus MOXET MCIOJIb30BAThCA U JIPYroil Mmoka3aTeilb — 3KBUBAJIEHTHOE
nepeperyaupoBaHue, BRIYUCIsIeMbIi 1o ¢popmyie — IT = A2/Al * 100%.

Crabuin3anuio nokasaressi, OLHEHUBAIOIIETO 3a1ac YCTOMUNBOCTH CUCTEMBI, pealli3yeM
C TMOMOINIBI0 Koppeknuu koddduimenta ycuieHus peryisitopa Kp.B cuiny HemuHelHOTro
XapakTepa 3aBUCUMOCTH CTPYKTYpa CHCTEMBbI IapaMEeTpUYEeCKON MOACTPOMKU peain30BaHa C
3aMKHYTBIM KOHTYpoM. Korja 3HaueHne 3KBUBaJIEHTHOW CTENEHH 3aTyXaHUs BBIUMCIEHO, OHO
MOCTYNaeT Ha BXOJ MapaMEeTPUYECKOro peryisaropa. Peryiastop, cpaBHUB BBIYHMCICHHOE
3HAYCHUE CTCIICHHW 3aTyXaHWs C 3aJlaHHBIM, U3MCHSET 3HAa4YCHHE mapameTpa Kp OCHOBHOTO
(KOOpAMHATHOT0) peryistopa. B kadecTBe 3akoHa perynupoBaHus Obul BbiOpaH [IM-3akoH,
Kak o0ecreynBarouii HauboJbIiIee ObICTPOACHCTBHE U TOYHOCTh. TakuM 00pa3oM, B cUCTEME
oOpa3zoBajics emé OJIMH KOHTYp — KOHTYp CTa0MJIM3al[Mi 3KBUBAJCHTHOW CTENEHU 3aTyXaHUs

(pucyHok 2.14.)

Yo
Pacuet
9KBMBANeHTHON | ¥ MapameTpunyeckun
CTENEHU perynatop )
3aTyxaHusi
Kp
Yo @ € » KoopavHaTHbIv u y
perynsitop
I OOGBEKT ynpaBneHus

Puc. 2.14. CtpykTypa aganTUBHON CUCTEMBI C yIPaBIEHHEM IapaMETPOM K,perynsaropa

Wcknrouenue BIUSHUSA KOHTYPOB MOJACTPONKU KO3(PPUIIMEHTa YCUTIEHUS U TIOCTOSIHHON
BPEMEHM PEryJIsATOpa JOCTUTAKOTCS 3a CUET pa3JIEIeHMs 10 YacTOTaM pabOThl 3TUX KOHTYPOB.

Emé onna 3agaya, KOTOpyr0 HEOOXOAMMO DPEIIUTh B paMKax pa3pabOTKU aJarTUBHOM
CHCTEMBl yIpaBIIEHHs, CBA3aHA C BKIIOUYEHHEM B aJIrOpUTM (DYHKIMIA OMepaTUBHOM
JUarHOCTUKH PabOTOCIOCOOHOCTH NapaMETPUYECKOTO0 KOHTYpa CUCTEMBI YIPABIEHUS. OTO
rapaHTUpyeT 3alMIIEHHOCTh CUCTEMBI OT HEMPEIBUACHHBIX BapUAaHTOB Pa3BUTHS MPOIIECCOB B
apaMeTPUYECKOM KOHTYpPE U CIIOCOOCTBYET BO3MOXXKHOCTH NPUMEHEHUS ajlropuTtMa B

NEPEMEHHBIX peKUMax padoThl 000PYAOBaHUSI.
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JlaHHBIN aNrOpuUTM JODKEH aHAIM3UPOBATh HEKHE IIOKA3aTeld KadecTBa pPadOTHI
CHUCTEMBI, HE YYacTBYIOIIME B pacyeTe I[apaMeTpOB HACTPOMKH TEXHOJOTHYECKOTO
pEryisaTopa, T.€. He 3aBUCUMBIE OT IapaAMETPUIECKOTO KOHTYypa. Ha ocHOBaHMM 3TOro anaimsa
HEOOXOJIMMO JIeJIaTh BBIBOJBI O TEKYIEM COCTOSHUU aJalTHUBHOM CHUCTEMBI M, B cliydae
pacro3HaBaHus IO PSAAY NMPU3HAKOB AaBAPUMHOW CUTYyalHH, NPEANPUHUMATH JCHUCTBUS IS
NpeloTBpalleHuss e€ MJajmbHeHIero pasBUTHSA. TakuMm o00pa3oM, cUCTeMa TUArHOCTUKH
ABJISIETCS HEKOTOPOU HAJICTPOMKOM HaJl aAalTUBHBIM aJITrOPUTMOM (pUCYHOK 2.15.)

Mo>KHO NpeabsIBUTH CIEIYIONINEe TPEOOBAHUS K AITOPUTMY TUATHOCTUKH:

1. Cnexenue 3a paboTO MapaMeTPUUECKOTO0 KOHTYpa, T.€. OTCJIECKUBAHHE
HEKOTOPOT0 MOKa3aTelsi Ka4eCTBa Mporecca.
2. be3ynapHslii mepexos K HCXOJAHBIM HACTPOHKAM CUCTEMBI.
3. BbrnokupoBanue paboThl TapaMETPUICCKOTO KOHTYpA 110 BHENTHEH KOMaHIE.
Peanuzanus w BBIOOpP KOHKpPETHBIX TOKa3aTeNei, XapaKTepusyrolmmx paboTy

KOMILIEKCA, OyyT paCCMOTPEHBI B TPEThEH IIIaBe.

YcTaBKkM Crctema <
na pa MeTpo B JUArHOCTHUKHU pa6OTI)I 4—‘

- [Tapamerpuueckuit
perynsaTop

A ¢ Y
Yo i € > Koopaunar it [ > OOBeKT .y

perysTop yHpaBIeHUs

Puc. 2.15. CtpykrypHas cxema NoACUCTEMbI TUarHOCTUKU

2.4. Anroputm padoThl aJaNITUBHON CHCTEMbI

Pe3ynpTupyromas cTpyKTypa CUCTEMBI IIPECTaBIeHa pUcyHke 2.16.
Takum 00pa3oM, pe3ylIbTUPYIOIIUI adropuT™M pabOTBl KOHTypa YHpPaBICHUA

napaMeTpaMu peryssTopa aJanTUBHON CUCTEMBI OYET BITIISAETh CIEAYIOIUM 00pazoM.
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BXOI[HBIMI/I nmapaMeTpamu ajiropuTrMa ABJIAIOTCS BbIXO 00BeKTa YHpaBJICHUA U 3aaHUC

TEXHOJIOTUYECKOMY PETYISITOPY.

NaeHTudmKkaTop > Bblucnenune
npouecca > nokasarenen

Y

dunetp

P

[aF*
Y

MapameTpuueckuin MapameTpuyeckuit
perynatop perynatop

T, T~ e — K v

KoopauHaTtHbI K O6beKT V‘

BxogHoit 6ydep

P

-

perynatop ynpasneHus o

Puc. 2.16. CTpykTypa CUCTEMBI aIalITUBHOTO YIIPABJICHUS

1. doGaBnenue touku. Ha mepBoMm miare cBoeil pabGoThl anropuTM 3amnoiiHseT O0ydep

BXOJHBIX JaHHBIX. PaboTass B 3aJaHHOM HAJIQJYMKOM 4YacTOTHOM JIMaIla3oHE, CHCTEMa

no0aBisieT 3HAYCHHsI Mpollecca OMMOKK YIpaBJICHUs B CBOM Oydep NaHHBIX C ONpeaeNIeHHOM

IMMCPUOAUIHOCTBIO. Ota MNECPUOAUIHOCTE OIIPCACIIACT BCPXHIOKO TI'paHHIY YaCTOTHOI'O

Jrarna3oHa U 3aJlaeTcs KpaTHOCThIO J00aBieHusl Touek B Oydep. 3amannsiii pazmep Oydepa

OIpCACILACT HHMXXHIOKO TI'paHHUIy AdWalla30Ha. HapaMeTpaMI/I OTOIro0 Imara SABJIAIOTCA IICPpUOL

LUKJIa paboThl U pa3Mep MacCUBa JaHHBIX.

Takum o00pa3om, TEpBBIA H3Tall TMPEJCTABICH CIEAYIONIEH MOCIeq0BaTeIbHOCTHIO

araros.

a.
b.

2.

Brruncienne BeTMUuHbI OIIUOKH YIIPABICHHUS.

Brraucnenue npoieamero BpeMeHH.

Ecnu 3HaueHWe BpeMEHM KpAaTHO MIary, 3aJaHHOMY IIOJIb30BaTEleM, pa3pellInTh
JanbHEHIIne pacyeThbl, NHA4Y€ 3aBEPIIUThH padoTy.

VYBenuuUTh MacCUB MCXOJHBIX JIaHHBIX, J00aBHMB HOBOE 3HAaYCHUE CHUTHAaJa
paccoriiacoBaHusl.

Ecnu nnmHa maccuBa JOCTHUIVIA JUIMHBI 33JaHHOW IOJIB30BATEIEM, YJIAJUTh CaMOe
CTapoe 3HaYCHHE U Pa3peIInTh IPOJ0IDKEHHE paboThl, HHAYe 3aBEpPIINTh PadoTy.

OunbTpanusa. Ha BTOpoM 3Tame BBIMOJHSETCS MpOIEaypa CIIaKuBaHUA Oydepa.

[lepexon ko BTOPOMY ATamly OCYIIECTBJISETCS TOJIBKO MOCIE 3amojHeHus Oydepa BXOIHBIX
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naHHbIX. s momydyenust HeoOXoauMoil WMH(pOpPMAIMK O CBOWCTBaX OOBEKTAa W3 JTAHHBIX
npolecca JOKHBI ObITh MCKJIIOYEHbI HEHY)KHbIE YacTOThl. JTO JOCTUTaeTcsl MpoLexypon
¢unbTpanuy, KOTOpas BBINOJHAETCA MPU NOMOLIM CKOJNb3ALIIMX OKOH. Ilapamerpom miara
SIBJISI€TCSI YaCTOTa (PUIIBTPALIUU CKOJIB3ALIIM OKHOM.

Takum 00pa3zoM, BTOpPOI1 3Tall IpeICTaBIEH CIEAYIOIIEH TOCIE0BATENBHOCTHIO 1IATOB:

a. Bpruncnenue apudmernyeckoro cpeJHEro MacCuBa UCXOIHBIX TaHHBIX.

b. Bri6op koaddunuenra puibTpa B 3aBUCHMOCTH OT THIIA HCIIOJIB3YeMOTo (priibTpa

(st mpsiMoyTosibHOTO Q¢ = 3.8, 17151 TpeyroapHOro Qg = 5.6.).

C. Pacuer mmpuHbl (uabTpa B COOTBETCTBHUM C YacTOTOM (UIBTpALMH, 3aAaHHOU

nosnb3oBatenem, Tgp = Q¢ /wg.

d. CrinaxuBaHHE CKOJB3SIIAM OKHOM.

3. CranaxxuBanue KoHLOB. [lockonbky cam Oydep sBIsETCS NPAMOYTOJbHBIM OKHOM,
eMy IMpHUCYIIM HEIOCTaTKU 3Toro Tuma ¢uibTpa. s ux ocnalOneHus HCIONb3yeTcs
npoueaypa 'criaxkuBaHus — KOHUOB'. [lapamerpom  sdBiseTcs  3HAYEHHWE  IIUPHUHBI
KOCHHYCOUJJAJIbHBIX BCTaBOK 110 OOKaM OKHa.

Takum oOpa3zoM, TpeTHH dTal MPEICTABJICH CIEAYIONIEH MOCIEI0BATEIbHOCTHIO IIaroB:

a. @opMHUpOBaHHE KOCHHYCOMAAIHHOIO OKHAa B COOTBETCTBMU C IIMPUHON OOKOBBIX
BCTaBOK.

b. [IpuMeHeHHE KOCHHYCOUATFHOTO OKHA.

4. BpluucieHue CreKTpanbHOl miuoTHocTH. Ha OCHOBaHMM OT(HIBTPOBAHHBIX JTAHHBIX
BBIUMCIISIETCS CIEKTpajbHas IUIOTHOCTh. JlJIi HaxoKJIEHUs CIEKTPajIbHOW IIOTHOCTU
UCTOJIb3YETCsl OJUH U3 BapuaHTOB NpeoOpazoBanus Pypre. i paboThl anroputMa Ha 3TOM

ATare yTOYHSIOIIME apaMeTpbl HE TPEOYIOTCS.
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maccus MaccuB
Mpoueaypa < dunbrpaumns BblumcneHve
«CrNAXKMBAHWA KOHLLOB» © 6ydepa ey KOppenaLMoHHOM GyHKL K
&)y €
KoppenaupoHHaa R}
HKUnAa h
| PyHKL, y
BbinonHeHne PunbTpaumna
npeobpasoBaHua dypbe KOppenaLMoHHOM GyHKL K
53 CnekTtpanbHas OdunbTpoBaHHan {R}
e
\ NAOTHOCTb KoppenAuMoHHana GyHKLMA
CrnakusaHue
- BblumcneHne nokasarensa a
CNeKTpanbHOM NNOTHOCTU

53 OTdunbTpOBaHHAA Moka3zaTenb 3anaca
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o

CNEKTPaNbHan NNOTHOCTL ycToitumnsocTu
OueHKa M3MeHeHUA Lo . M3meHeHMe 3Ha4eHuit ||
AMHAMUKK MokasaTesib U3MEHeHWs napameTpoB perynaTopa

ANHaMUKUN 06BbeKTa

Puc. 2.17. brnok-cxema anropurma aJjanTUBHOIO YIPABIEHUS

UYeTBepThlid 3Tall NPEANOIATACT BBIITOTHEHHUE CIEAYIOIIMX IAroB:

WCIIOJIb30BaHWE  KaKoro-mmbo  ajnroputMa mpeoOpasoBanus Dypee  (ObICTpoe
npeoOpa3oBaHue, PEKYPPEHTHBIM alrOpUTM) Ha OT(UIBTPOBAHHOM U CIJIQKEHHOM MAaCCHBE
JAHHBIX JIJIS TIOJTYYCHUS CIIEKTPATHbHOU TIIIOTHOCTH.

5. CrnaxuBaHue CHEKTpajdbHOM IUIOTHOCTU. [lepen HavasioM cleayronMX pacyeToB
CIEKTpaJIbHAasE ~ (PYHKIUS TIOJIBEPracTCs OINEpalMH  CIUIAKUBAHWS I YMCHBIICHUS
K0JIe0aTeIbHOCTH WMTOTOBBIX TMOKaszarened. [[isi criaXuBaHUs WCIOJIB3YETCS CIEIUaTbHOE
OKHO (DMKCUPOBAHHOM IMUPHUHBL. [ JOCTHKCHHS JTyUIIETO pe3yibTaTa CIUIAKUBAHUE MOYKET
OBITh BBITIOJIHEHO HECKOJIbKO pa3. [lapamerpoM mmara 3agaeTcsi KOJUYECTBO «IIPOXOIOB)
bunbTpoMm.

TakuMm 00pa3oM, MATHIN dTAl MPEACTABICH CASAYIONIEH TOCIeA0BATeILHOCTHIO II1aroB:

a. CrimaxxuBaHue CKOJIB3SIIUM OKHOM.

b. [ToBTOpEeHKE NpeabIIYLIErO Iara KOJIMYECTBO pa3, 3aJJaHHOE M0JIb30BATEIEM.
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6. OueHka u3MeHeHUsI TUHAMUKU. V3 cnekTpanbHON IJIIOTHOCTA HAXOAMUTCS CPEaHss
gacToTa mpoiiecca. [1o M3MEeHEeHHI0 3HAYeHHUs ITOTO MOKa3aTels BBIYHCISICTCS HEOO0Xoaumas
BEJIMYMHA U3MEHEHUS MOCTOSHHON BPEMEHU TEXHOJOTHYECKOTO PETYIATOPA.

Takum 00pa3oMm, IIECTOM J3Tam MPEJCTaBICH CICAYIOIIEH IOCIeA0BATEIHHOCTHIO
IIarOB;

i=n
y =1 ciAS;
a. Beraucnenue cpeiaeil 4acTOTHI poriecca Wy, = —Zlii" 25 .,
i=1 i

b. Beluncienne M3MEHEHNs TUHAMUKH OOBEKTa KaK BETUYMHBI 0OPAaTHOM M3MEHEHUIO
CpeIHel 4acTOThl.

7. Bpluucnenue xoppensiMoHHON ¢QyHKuMu. Ha ocHOBaHMM OTQMIBTPOBAHHBIX
JNAHHBIX BBIYUCISIETCSl KoppensuuoHHas ¢yHkuusa. Ilapamerpom »sToro mara sBiseTcs
BEJIMYMHA CJIBUTA ABTOKOPPEISLIMOHHON (DYHKITUH.

CenpMoil 3Tanm  BKJIIOYaeT B ceOs BBIYMCICHHE KOPPESIMOHHOM  (PYHKIUH:
R}, (kAT,N) = %2{&1 x(iAt,) * y(iAt, + kAT).

8. @uubTpanus KOppeIsUUMOHHOM (yHKIuH. @uiapTpauus MOPOBOAUTCA — AJIs
YMEHBIIEHUSI K01e0aTeIbHOCTH UTOTOBOTO MIOKAa3aTesl, OLEHUBAIOILIETO 3aMac YCTOMUNBOCTH.
[Iponienypa BBHINONHSETCA TMPH TOMOIIM CHEHMAJIbHBIX KOPPEJSLHMOHHBIX OKOH. Bcee
KOPpEJSILIMOHHbIE OKHA (PUKCHPOBAHbI, TAK YTO JOMOJHHUTENIbHBIE MMapaMeTpbl HA 3TOM LIare
HE TpeOyroTCs.

BoceMoit aTamn npencraBiieH TakuM 00pazoMm:

CrJIQKMBAaHUE TOJTYYCHHON KOPPEISIMOHHOW (YHKIMM (DUKCUPOBAHHBIM OKHOM
baptnerra.

9. Beoruncnenue mnokazarens o. [ uCKIOYeHMs] BIMSHHUS CBOWMCTB peryisTopa
BBIUMCIIAETCS U CTa0WIM3MPYETCs  3HAYeHHE IIoKas3aTess, OILIEHHBAIOLIEro  3arac
YCTOWYMBOCTH, aibda.

JleBsThIN ATl BKIKOYAET B ce0s1 CIeAyronue JeHCTBUS:

BbIUMCIICHUE TMOKa3aTens ajibda Kak OTHOUIEHUS BTOPOTO SKCTpEMyMma K IMEepBOMY
KOPPEISLMOHHON PYHKINU.

10. MI3MeHeHue mapaMeTpoB peryisiTopa. AHAIU3UPYs. WU3MEHEHHE CpPEAHEW 4acTOThI,
QIrOpUTM OOPATHO MPOMOPIMOHATBFHO HW3MEHSIET 3HAaYeHUE BPEMEHU MHTETPUPOBAHUS

TEXHOJIOTHYEeCKOro perymsaropa. Crabunusanus nokasatens ajgbda peaanu3yercs ¢ MOMOIIBIO
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KOpPpeKIMH KO3(pPUIMEHTa YCUJIEHHUS peryiaaropa. B 3aMKHYTOM KOHType yIpaBieHUs
K03 (ULIMEHTOM peryisiTopa B KauecTBe 3aKOHa ynpasiieHus BoiOpan [1M1-3akoH.

Takum oOpa3oM, JeCATHIM 3Tanm MPEACTABJICH CIEAYIONMEH MOCIeq0BATEILHOCTHIO
I1aroB:

a. I3aMeHeHne BpeMEeHH MHTETPUPOBAaHUS TEXHOJIOTHYECKOTO PETYISTOPA HA BEIMUUHY,
BBIUHCIICHHYIO Ha IIECTOM dTarle.

b. H3MmeHeHne ko3ppuuueHTa YCHUIEHUS TEXHOJOTUYECKOTO PETYISITOpa MyTEM
BO3JICHCTBUSI HAa HEro MapaMeTpPUUYECKUM pEeryiasiTopoM, padOTaloMmMM MO OTKJIOHEHUIO
TEKYIIero 3Ha4eHUs MOKazaTess ajib(a, BHIUUCICHHOMY Ha JEBATOM JTare, OT 3aJaHHOTO
M0JIb30BATEJIEM 3HAUCHHUSI.

[IpencraBuM Moy4eHHBINA aITOPUTM B BUJIE OJIOK-CXeMbl, puc. 2.18.

[lepeuenpb mapamMeTpoB aNropuT™Ma npuBeAcH B Ta0auIe 2.2.

Tabnuma 2.2. [lepedeHp mapaMeTpoB aaropuT™Ma

No O06o3HaueHue HaumenoBanue napamerpa

1 y BbIxo/1 00beKTa yrpaBaeHuUs

2. Yo 3ajiaHie TEXHOJIOTHYECKOMY PETYISATOPY

3. € BenuurHa omuOKy ynpaBieHUs

4. {e} Maccus, copeprkamnii 3HaUCHHs OIIUOKY yTIPaBICHHUS

S. {e}o Maccus, npomeAnui npoueaypy GuibTpanuu

6. {S:} CriekTpajbHast IUIOTHOCTh ONMTHOKK yIIPaBICHHS

7. Q Tun ¢unbrpa

8. To upuna dunbrpa

9. Sk CrexTpajibHas IFIOTHOCTh OIIMOKHN YIPaBIEHHUS, POLLE/IIas
MPOLIEYPY CrIIaKUBaHUs

10. To BennunHa u3MeHEeHUsT IUHAMUKH 00BEKTa YIIPABICHUS

11 {R:} KoppemnsiponHas hyHKIus

12. {Re} Koppensuuonnas GyHKuus, npouiemas Npoueaypy CriiaknBaHus

13. o [Toka3zarens, XapakTepu3yOIIUi 3a1ac yCTOMUUBOCTH
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Y, BelunciieHre BeTHYKHBI () JloGaBIIeH e TOUKH BO
v paccoriiacoBaHUs > BHyTpenHuit 6ydep Groka
e(t) e — {&}
* {e}
Iporepka pasmepa Oy depa,
YAAJEHUE CaMOl CTaApO TOUKH
{e} —e
* {e}
OuIbTpaLUsI HCXOIHBIX JAHHBIX
1) Bei6op xoadurmenTa no tumy Guabtpa Q
2) Pacuer mmpune! oxHa: T,
3) CriiaxxuBaHHE MACCHBA MOJYYCHHBIM OKHOM
{e}o {e}s
Brictpoe npeobpazoBanue Beruncnenune
Oypbe S, KOppessIMoHHOM (hyHKImu R,
y s y &
Cria)xuBaHHE CIIEKTPATbHON OuibTpanust KOppeIsIHOHHON
IJIOTHOCTH GbyHKIHN
{5}
e K mapamerpudeckomy {R:}o
perysaTopy
Beruncnenne usMeHeHus T,

Brruncnenue o

JUHaMHUKN 0o0BeKTa

Puc. 2.18. Anroput™ ajaniTUBHOTO YIPaBJICHUS

2.5. JkcnepuMeHTAJIbHBIE HCCJIeI0BAHNS PA00ThI CHCTEMbI

HccnenoBanus 3aBUCUMOCTH CPEIHEM YacTOTHI OT TOCTOSHHOM BPEMEHU OOBEKTa
IpoBEeM Ha BHUPTYaJbHOM CTEHJIE, HMEIOIIEM BCE HEOOXOAMMbIE WMUTAIMOHHBIC
BO3MOXKHOCTU. YacTh CTPYKTYpHl CTEHJa, CBSi3aHHAs C 3ajjauyeid MOJETUpOBaHUA OOBEKTa

yIpaBJI€HUs ¢ IEPEMEHHON TUHAMUKOM, CXeMaTU4HO MPEeACTaBiIeHa Ha pUCyHKe 2.19.
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Puc. 2.19. CtpykTypa parmeHTa CTeHAa C MOJEIbI0 00bEKTa

TecToBBIM ciydallHBIH cuTHalI (OpMHUPYETCS TeHepaTopoM Oemoro 1mryma (¢
HOpMayM3alMe mporeccoB). HeoOxoaumbie 4YacTOTHBIE CBOMCTBA  00ECIIEYMBAIOTCS
dbopmupyrommm  GunbTpoM. OOBEKT yHOpaBlIeHUS CMOJEIUPYEM HHEPUUOHHBIM 3BEHOM
BTOpPOro mopsiaka. Takoil TuUl Mojenu o01aJaeT BaKHBIM JJisi TPAKTUKH KaueCTBOM —
nudepeHITUPYEeMOCThIO TIEPEX0THOMN () YHKITHH.

MIMUTAIIMOHHBIN SKCIIEPUMEHT OBLT Pa30UT HA TPH MOCJIEI0BATEIbHBIX ITaIIA.

3azaya nepBoro 3rarna — IpoBepka paboTOCIOCOOHOCTHU U MpeIBapUTEIbHAs HACTPOHKa
online-aJiropuTMoB  00pabOTKHM CIIy4alHBIX IPOIECCOB, OOECICUMBAIONINX HEOOXOIUMYIO
(GUABTpAIUIO U OIEHKY CPEIHEH YacTOTHI CIyYaifHOTO MPOIIECcCa W¢p B PA3OMKHYTON CHCTEME,
NIPEICTaBICHHON MOJICJIbIO 00BbeKTa yrpaBiieHuss Wo(S).

3HaueHue TMOCTOSHHOM BpeMeHU oO0beKkTa | B pacyeTe HOCHUIIO OTHOCHTEIbHBIN
XapakTep, COTJIACYIOIIMKCS C YaCTOTHBIMU CBOWCTBAMU BXOJHOTO CIIYYallHOIrO Ipolecca, u
U3MEHSUIOCh TUCKpeTHO ¢ aroM 1. Ha pucynke 2.20 dyakmus e = f(T) npencrasiena kak
TEOPETHUYECKUM (PacUeTHBIM), TAK M SKCIIEPUMEHTAIIbHBIM BapUaHTaAMHU.

CpaBHeHnue rpaduKOB IMO3BOJISIET CIETATh CICTYIOIINE BHIBOIbL:

® HCIIOJIb30BaHHbIE B AKCIIEpUMEHTE online-anropuTMbl 3 (PEeKTUBHBI,
e B oOnactu Manblx 3HaueHud T HaAOIIOJAETCS HEKOTOPOE 3aBBINICHUE 3HAYCHUS
CpelHEl  4YacTOThl, SIBJSIONIEECS €CTECTBEHHBIM  CJIEJICTBUEM  BIUSHUS

00s3aTeIbHON MpOoUCAYPHEI CriIa)kKUBaHWUA HCXOAHOI'O IIpoIecca.
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=== PacyeTHas 3aBUCUMOCTb YaCTOTbl OT NMOCTOSIHHOM BPeEMEHU
=é=IJKCNnepuMeHTaIbHaa 3aBUCUMOCTb YaCTOTbl OT NOCTOSAHHOW BPEMEHM

Puc. 2.20. 3aBUCHUMOCTb 9aCTOTHI OT IOCTOSHHOM BpEeMEHU

Taxum 06pa3oM, NOTyYEHHBIE Ha TIEPBOM 3Talle Pe3yIbTaThl MOATBEPAMIN OKUAAEMBIH
3¢¢deKT U aau OCHOBaHUA JUIsl MEepexojla KO BTOPOMY ATaly — IPOBEPKE BO3MOKHOCTH
IPUMEHEHHS AJITOPUTMOB OLIEHKH (cp B 3aMKHYTOM cucTeMe ympasiieHus. OnpenenaeHHoe
ormaceHue ObUIO CBSI3aHO ¢ HanmuuueM B 3aMKHYToH ACP pe3oHaHCHOW 4YacTOThI,
OKa3bIBAIOIIEH CYIECTBEHHOE BIIMSAHHME HA MpoLecC (UIbTPALUMU CIy4alHbIX MpoueccoB. C
JPYroil CTOPOHBI, MMEHHO JIOCTYI K OLEHKE 3TOM YaCTOThI U SABJSETCS IIaBHON 0COOEHHOCTHIO
IIPEAJIaraéMoro IoAxoJa, TaK KaK peryjsiTop B acTaTUYECKOM CHUCTEME MPAaKTHYECKU
MOJTHOCTBIO TOAABIISET IMPOLECChl Ha HU3KUX YacTOTax, a 0ObEKT — Ha BBICOKUX. B xoxe
MMUTAIMOHHBIX 3KCIEPUMEHTOB ¢ 3aMKHYTOM cuctemoii ¢ [IN-perynstopom Obuia momydeHa
3aBUCUMOCTb M¢p OT T, mpeacTaBieHHas Ha puc. 2.21.

AHanu3 MOJyYeHHOW 3aBUCUMOCTH TOJTBEPKIAET (PaKT OKUJABIICHCS CBS3aHHOCTH
CBOMCTB OHIMOKM YIpaBJIEHHUS CO CBOMCTBaMU 00bekTa. OJHAKO MpPU 3TOM MPOSIBUINCH U
HEKOTOpPbIE 0COOCHHOCTH, CBA3aHHbBIE CO CNEUU(UKOI alIrOPUTMOB OLEHKU 3HAYCHHS Mcp. B
YacTHOCTH, oOpalaeT Ha ceOsi BHUMaHUE HadallbHasg 00JacTh 3TOM (PYHKIIMH, OTIMYAIOIIASICS

HEYCTaHOBUBILIHMCS XapaKTEPOM CBSI3H C IAPAMETPOM MHEPLUUOHHOCTH T.
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Puc. 2.21. 3aBUCUMOCTh YaCTOTHI CUCTEMBI OT TOCTOSTHHOW BPEMEHHU 00BEKTa

3TO MOXHO OOBSICHUTH COM3MEPUMOCTHIO JUTMHBI MHTEPBAJIa, ONPEACIISAIONIET0 MACCUB
3HaYCHHWI O0O0pabaThiBacMOW 4YacTH CHrHajma omuOku ympasienus (i), ¢ mepuoaom,
COOTBETCTBYIOIIMM PE30HAHCHOM YaCTOTE CHUCTEMBI. JTO OOCTOSITENHCTBO TOJDKHO OBITh
OPUHITO BO BHHMaHHE B TMPOIECCE HACTPONUKU CHUCTEMBI, TPeOYIoIeld ecTeCTBEHHOTO
pazJieNeHrs 4acCTOT OCHOBHOTO U MAapaMeTPUUYECKOrO KOHTYPOB.

B xome Tperbero srama 3Ha4Y€HHE MOCTOSHHON BpeMeHU T OBUIO HEMOCTOSHHBIM, a
U3MEHSIIOCH 110 CHHYCOUJJAIBHOMY 3aKOHY:

T(t) =T, + Arsin(wyt).

DTO BBI3BIBAJIO €CTECTBEHHBIE U3BMEHEHUSI B 3HAUECHUU PE30HAHCHOM YaCTOThI CUCTEMBI,
OIICHMBAEMOW Yepe3 CpPENHIO 4YacTOTy CHUTHalia 1o omuOke ympaBieHus. [Ipumep,
WJUTIOCTPUPYIOIMIHUM BO3MOXXHOCTh ONEPATUBHOTO HAOJIOICHUS TIOCTOSSHHONW BpEMEHU 00BEKTa
T(t) mo pe3ynpraTam pacyera cpeHel 4acTOTHI CO M¢p (t) mporecca g(t), mpeacTaBiieH Ha puC.

2.22. lns ynobcTBa aHanu3a o0e GyHKIIUU OBLIN MPUBEIEHBI K OTHOCUTEIIBHOMY BUTY:

T(t) Ar
T =1+ T—Osm(th).

Amnanuz rpaduxoB (puc. 2.22) Moka3bIBaeT, 4YTO MIPU U3MEHEHHUH MOCTOSHHONW BPEMEHU
0o0BeKTa MO0 CUHYCOWJE BEJIMYMHA, OOpaTHas CpelHeW YacToTe, TaKKe MPOIOPIIMOHAILHO
WU3MEHSETCS TI0 CHUHYCOHJE, HO C 3ama3JbIBAHHEM, OOBSICHSIOIMMMCS HEOOXOIUMOCTHIO
npenBapuTeNbHON Oy(depusanuu MaccuBa UCXOIHBIX JTaHHBIX.

VYBenuuenue pasmepa Oydepa, ¢ OTHOM CTOPOHBI, TOBBIIMIAET TOYHOCTH OIICHKU
CpemHeil 4acTOThl (C YBEJIMYECHHEM JOCTOBEPHOCTH BO3PACTAET), a C JPYroil - BBI3BIBACT
3aJIep’)KKy BO BpEMEHH. BO3HHKaeT HEOOXOIUMOCTh KOMIIPOMHCCA MEXIY TOMHOCTHIO U

3amas/biBaHreM pacuera. OgHako crnenudurka TEMI0IHEPTEeTHYECKUX OOBEKTOB TaKOBa, YTO

63



U3MCHCHHUA B CaMOM O6T>€KTC, CBSI3aHHBIE C W3MEHEHHEM €ro ITIOCTOSIHHOM BPCMCHU,

A0CTaTOYHO MHCPIHUOHHBI. DTO MO3BOJISICT CUYUTATH HCCYHICCTBCHHBIM 3(1)(1)CKT CMCHIICHUA BO

BPCMCHHU PaCUYCTHOI'O MMOKA3aTCIIA IMpo1eccca.

Puc. 2.22. 3aBHCUMOCTD CpeTHEH YaCTOTHI U IIOCTOSTHHOM BpeMEHH 00BEKTa OT BpEMEHH

Ha ocHoBaHuuM pe3ynbTaTOB IpPEIBAPUTENBHBIX UCCIEAOBAHUNA ObLI pealin30BaH OJOK
MOJICTPOMKHM IapaMEeTPOB PETYNIATOPA, OTCIEKUBAIOIINN OTKIOHEHUS CPEIHEH 4YacTOThl OT
cBOEro 0a30BOro 3Ha4yeHHs (COOTBETCTBYIOLIEIO HayalbHOMY 3Taly pabOThl CUCTEMBI) U
IPUBOJIALIUI €My B COOTBETCTBHE 3HAUEHUE MTOCTOSIHHON MHTETPUPOBAaHUS Ty perynaropa.

W3BectHo, uTo HapymieHue OamaHca mexay T u Tu MOXeT mpHUBECTH K HM3MEHEHUIO
3amaca yCTOMYMBOCTH cucTeMbl. [losTomy mist omneHkd 3(P(EKTUBHOCTU aJanTaidud ObLIOo
pElIeHO UCMOJb30BaTh TPAJAULIMOHHBINA MTOKa3aTelb — CTENeHb 3aTyxaHus npoueccoB Y. Cre-
U(UKa OLEHKU 3aKI0Yanach B TOM, YTO aHAJIN3Y MOABEPrajiuCh HEe JEeTCPMUHHPOBAHHBIE, a
ciydaiiHble mpouecchl. [1o3ToMy nsi OleHKH y OBLJIO pElIeHO HCIMOIb30BaTh OCOOEHHOCTH
KOPPENSLMOHHON (PYHKINN OMIMOKH YIpaBICHHUS.

B xozxe skcnepuMeHTa M3MEHSAJIACh MOCTOSIHHAs BpeMeHH oObekTa To, Habmoganach
HKBUBAJICHTHAsl CTENEHb 3aTyxaHus . Pe3ynbrarhl 3KCHepHMEHTa MpeICTaBIEHbl Ha PHC.
2.23. Ananu3 rpaduxoB (puc. 2.23) moka3bIBaeT, YTO MPU YBEIHMUEHUH MMOCTOSSHHONW BpPEMEHU
o0BbeKkTa B cuctemMe 0e3 mapaMeTpUuecKoi MOJCTPONKU CTENeHb 3aTyxaHUs mpolecca (3amac
YCTOMYMBOCTH) CYIIECTBEHHO YMEHbIIAeTCsl (IPAKTUYECKHM MPUBOAMT K IIOTEpPE yC-
TOMYMBOCTH), a B CHUCTEME C TMOACTPONKOM, Ojarojgaps mnapaMeTpUYECKOMY KOHTYDY,
TpeOyeMasi CTENeHb 3aTyXaHUs COXPAHAETCA. OTO MOATBEPXKAACT OXHIAaeMbId 3 dexT
IpeUIaraéMoro crnoco0a KOPPEeKIMH M OTKPHIBAET BO3MOXKHOCTH €r0 MPOMBIIUICHHOM

ampoOaruu.
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Puc. 2.23. 3aBUCUMOCTbH CTCIICHH 3aTyXaHUs OT MOCTOSHHON BPEMEHU 00BEKTA.

Crpykrypa cuctemsl B nporpamme MATLAB mpeactaBinena Ha pucynke 2.20. OkHO

HACTpOEK OJIOKa MpeICTaBlIeHO HAa PUCYHKe 2.24.

Kp

.

Parameter

Kp FlContoller Y e Objsct model ¥ p ]

m—. Time Scope
e
Coord_reg Wepr - Tep

Frequency Evaluste Xt

— T

Puc. 2.24. Ctpykrypa cuctems! B mporpamme MATLAB

Ha Bxox Oioka moacTpodiku mojaercs omuoOka ympaBieHus €. B Oinoke moryt

HU3MCHATBHCA CIICAYIOIIHC ITapaMCTPhI:

1.

Step — mar mo BpeMEHM COXpaHEHUs 3HAYCHUN BXOJHOTO CHTHAlla BO
BHYTPEHHEM MAaCCHUBE ISl KX TOCIEAYoIeld 00paboTKH.

Bufferlength — mmHa BHyTpeHHero mMaccuBa. JTH JiBa mapameTpa ONpeAeisIFoT
00JacTh paccMaTpUBaEMBbIX YacTOT.

Filtertype — BbIOOp MPSIMOYTOJIBHOTO UITH TPEYTOIBHOTO CKOJIB3AIIETO OKHA.
Filteredfrequency — ¢unsTpyemas uactota. Mcxoms W3 3Ha4YEeHUS 3TOrO
rapaMeTpa, pacCUYMTHIBACTCS MIMPUHA CKOJIB3SIIECTO OKHA.

Hannwidth — mumpuHa 30HBI CrIaXKUBaHHS KOCHHYCOHAAIbHBIM OKHOM JUISI
H0/1aBJICHHS OOKOBBIX TAPMOHHK.

Usefftfilter — moaximouenue crekrpaabHOro GUIbTpa.

Fftfilterratio — kosm4yecTBO MPOXOJA0B (PHIBTPOM MO CHEKTPATBHOW TIOTHOCTH

I AOCTWIKCHUS JTYHIICTO pe3ylibTaTa.
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8 Function Block Parameters: Subsystem

Subsystem (mask)
Adaptive block
Parameters

Step

Buffer length
256

Filter type [Rectangle

Filtered frequency
0.5
Hann width

20

V] Use fft filter
Fft filter ratio

2

=

]| Caneel | [ hep || aeoly

Puc. 2.25. 3aBHCUMOCTB CTEIIEHH 3aTyXaHHs OT IIOCTOSIHHOM BpeMEeHN 00BbeKTa

Takum 06p330M, ObLTIH ITOJIYYCHBI CJIICAYIOIIHC BBIBOJIbI:

1.

TexHONMOTrMYecK OOOCHOBAaHBI KPUTEPHH, XapaKTCPU3YIOIINE CTATHUYECKHE W
JTMHAMHUYECKHE CBOMCTBA O0OBEKTA.

Halinensl moka3aTed, XapaKTepU3YIOIIME 3TH KPUTCPHHM, U MaTeMaTHYCCKU
000CHOBaHAa UX CBSA3b C HUMH.

BriBenmenbl popmysbl pacueTa HaMJICHHBIX ITOKa3aTeleH I0 OlepaTUBHOMY
CUTHAJTY OIIMOKH YIIpaBJICHUS.

Ha nelicTByromieii MojenM TPOBEACHBI HMCCIACAOBAHHS, IOJTBEPIAMBIIIHE
CIIPABE/NTUBOCTH BBIJIBUTAEMBIX TTOJIOKCHHH.

OCHOBHBIC TIOJIOKEHHUS TJIABBl OTpa)K€HbI B MyOnukanuu [1] B u3manum 1o

cnucky BAK.

Mo>xHO 0003HAYUTH CIEAYIONINE 3aa4H JJIs TaJTbHEUIIEro UCCIICI0BAHMUS:

1.

Boimonaute ananus ctpykrypsl [ITK, nns BeisBrienus Hanbosnee onTuMaabHOTO,
C TOYKH 3PEHUS BHEJIPEHUS aJalITUBHOM CUCTEMBI, YPOBHSI.

[TpennoxxuTh anropuT™M paboThI MOJACUCTEMBI TUATHOCTUKU (YHKITMOHUPOBAHUS
OCHOBHOW CUCTEMBI.

[TporecTupoBarh pabOTy CHCTEMBI Ha TpEHaXepe

pealbHOM  CHCTEMBI

YIPABJICHUS.

66



3. PEAJIMBAIIAS AJATITUBHOM CUCTEMBI HA BA3E IITK

3.1. IlocTanoBKA 3ag1a4u

PaccMoTpuM peanuzanuio NOpeMIOKEHHBIX B NPEABIAYIICH TIJ1aB€ MPUHIIUIIOB
amantaruu Ha Oaze IITK. B cBsa3m ¢ pacnpeneneHHbM XapakTepoM cTpykTypsl ACYTII
peanu3anus MpeyioKEHHOW aJalTUBHOM CHUCTEMBI BO3MOKHA Ha pa3nuuHbIX ypoBHsAx [ITK.
Jlnst BBIOOpa KOHKPETHOTO YpPOBHSI HEOOXOJIMMO paccMOTpeTh TumnoByio cTpyktypy IITK, a
TaKXKE MPOAHATU3ZUPOBATH IUTIOCBI M MHUHYCHl KaXXJIOr0 M3 BO3MOXHBIX BapUaHTOB.
OmnpenenuBmIMCh € YpOBHEM,  MOXKHO  MPEIJIOKHUTh  pEeaM3alUi0  alropuTMa
(GYHKIIMOHMPOBAHUSL CHUCTEMBI, TMPEACTABICHHOTO B MpeablAylieil TiaBe, B paszzaene 2.3, ¢
y4eToM crenuuku cieimaHHoro BbiOOpa. IIpu ATOM CTaHOBHUTCS BO3MOXKHBIM CHAENATh U
BbIOOp KoHKpeTHOTro [ITK, ynoBneTBopsitoiiero anmapaTHbIM B IPOTPaMMHBIM TpeOOBaHUSIM
anroputMa. Kpome anropuTMa, OTBEHarOlIero 3a ajanTaiuio, HEO0OXOAMMO TakKe
CIIPOEKTUPOBATH MOACUCTEMY OIIEpaTUBHOMN JTUArHOCTUKH paboTOCIOCOOHOCTH
MapaMeTPUUYECKOTO KOHTYpa CUCTEMBI YIIPABJICHUS, TPEOOBaHUSA K KOTOPOM ObLIN OMpeeICHBI
BO BTOpoi riaBe. [laHHas moncuctemMa HeoOXoauMa i MNPEAYNPEKICHUS pPa3BUTHUSA
Pa3JIMYHBIX aBaPUIHBIX CUTYAIlMi, CHOCOOHBIX BOSHUKHYTH B Mpoliecce paboThl, 3a CUET psaa
KOHTPMEp, CHEeUU(PUUHBIX I KaXJ0W Takoil cuTyanuu. [logcucTtemMa NMAarHOCTUKH TaKXke
BBIIBUTAET psii TpeOoBaHui K anmapatHoil u nporpammuoit 6aze [ITK. PesynpraTom nanHoi
IJIaBbl SIBIISIETCS MPOTECTUPOBAHHBIA Ha TPEHAXKEPE KOMIUIEKC, CIIOCOOHBIA OCYIIECTBISTH

a/IaITUBHOE yTPABIEHUE TEXHOJIOTHUECKHUM MPOIIECCOM U JIMATHOCTHKY COOCTBEHHOU PabOTHI.

3.2. Anaaus crpykrypsl IITK

[IporpaMMHO-TEXHUYECKHUI KOMIUIEKC MPEIHA3HAYEH I HENPEPBIBHOTO U3MEPEHUS U
KOHTPOJISI MapaMeTpoB (JaBJieHUs, TeMIIepaTyphl, pacXxoaa, YpOBHsS, MapaMeTpoB BUOpaAlIMH,
CWJIBl M HANpPsUKEHHS IIOCTOSSHHOTO U IIEPEMEHHOT0 TOKa M Jp.) IpH YIPaBICHUHU
TEXHOJIOTMYECKUMH IPOLECCAMH.

IITK ucnosb3yeTcss B aBTOMATU3UPOBAHHBIX CUCTEMAX YIPABJICHUSA TEXHOJIOIMYECKUMHU
npoueccamu (ACY TII), B AucneTyepcKkux CUCTEMax, CUCTEMaxX TeJIeMEXaHUKU, CHCTeMax
TEXHUYECKOr0 Yy4€Ta DHEpPropecypcoB M T.[., NPOU3BOIAIIMX H3MEPEHHE, ONEPATUBHBIN
KOHTPOJIb TEXHOJIOTMUECKHX MapaMeTpoB, YMNpPaBIE€HUE TEXHOJOTMYECKUM O0OpYIOBaHHEM,

ABTOMATUYCCKOC YIIPAaBJICHHUEC U PEryJIMPOBAHUC TCXHOJIOTHYCCKHUX ITPOLUCCCOB, BBIITOJIHCHUC
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MPOTUBOABAPUIHBIX 3alIUT U OJOKUPOBOK TEXHOJOTMYECKHUX MPOIECCOB, apXHWBUPOBAHUE
3HAYCHHUM MapaMeTPOB U COOBITHIA.

Crpyxkrypa 6onsimmHcTBa [ITK npencrasiena cienyromyuMu KOMIIOHEHTAMHU:

e Palouue cranuu
e KoHTpOosuiepsl

Pabounie craHnmMM MPEACTaBISAIOT COOOM MEPCOHAIBHBIE KOMIIBIOTEPHI C CUCTEMHBIM
OJIOKOM TPOMBIIINICHHOTO HCIOJHEHUs, UCTOYHUKOM OecnepeboitHoro nutanus (UBII) u
nepudepuiiHbIM 000pyAOBaHUEM JUIsl BBOJIa/BhIBOJIa MH(pOpMaLMK. B 1emomM npeHa3HaueHb
st koHpurypupoBanusi snemMeHToB [ITK, oO0paGoTku u XpaHeHUs: JaHHBIX, OOECIEUYECHUS
uHTepdeiica «4eI0BeK-MaIInHAY.

HaubGonee wuacro wucnomszyembiM koHTposmiepoM B IITK «TEKOH» sBusercs
koHTposmiep M®K1500. KoHTposutep MOXET MCIOJIB30BAaThCA KAK B CHCTEMAaX aBTOHOMHOIO
yIpaBJeHUs, Tak U B cocTase pacnpeneneHubix ACY TII.

AnropuT™M (QYHKIIMOHUPOBAHUS AJANTUBHOW CHUCTEMBI, MPEACTABJICHHBIH BO BTOPOM
IJ1aBe, BBABUTACT psii TpeOOBaHU K ammapaTHOM ruiatgopMe cBoeil peanusanuu. B mepByro
ouepenb 3T TpeOOBaHMS KacaloTcs 00beMa ONepaTUBHOM MaMsITH U CKOPOCTH IIEHTPAIHHOTO
mpoiieccopa, Ho, Kak Obl10 mokaszaHo Beiie, [ITK «Texon» npemoctapiser u 00beM MaMsITH
(32 Mb) u npoueccop (500 MI'), xapakTepUCTUK KOTOPBIX JOCTATOYHO AJIS pealn3aluu
npemaraeMbeix anroputMoB. Kpome camux kontposuiepoB B IITK «Tekon» pacmosmaraer
pa3IMYHBIMU TUIMIAMH pa0OYMX CTaHIUM, YTO YBEIWYUBACT CPEepy BO3MOXKHBIX BAPHUAHTOB
peaii3aly pacCMaTpUBAaeMOW aJalTUBHON CHCTeMbl. TakuMm 00pa3oM, pacCMOTPEHHBIN
BbilIe [ITK «Tekon» moaxoauT sl peain3aiu aIJanTUBHOIO AJITOPUTMA, TaK KaK UMEET Kak
Pa3BUTYIO APXUTEKTYPY, MO3BOJISIONIYIO BHEAPUTH pa3pabaThIBAEMyIO0 CUCTEMY Ha Pa3IUYHBIX
YPOBHSIX, TaK U MOILIHYIO anmnapaTtHyr 0a3y, 4eil MOTeHLMall JOCTaTOYeH Uil oOecredyeHus

paboThI GJI0KA MOACTPOIKH.

3.3. IIporpammusie cpeacrsa IITK u nHpopManmoHHbie NOTOKH

JUis TpUHATHS pEleHHs O LEeNecOO0pa3sHOCTH TOTO WM HWHOrO BbIOOpa MecTa
BHEJpEeHUs aganTuBHOUN cucteMbl B cTpykType IITK HeoOxommmo Ttakke, Kpome camoi
CTPYKTYPBI KOMILJIEKCA, PACCMOTPETh U POTpaMMHOE oOecrieueHne, Ha 6a3ze KoToporo OyayT
BBITIOJIHATHCS pa3palaThiBacMble aITOPUTMbI, B TOM YHCIE U HHPOPMALMOHHBIE MOTOKU

Mexay ero komnoHneHtamu. Tunosas ctpykrypa [ITK «Texon» n3obpaxkeHna Ha pucyHke 3.2.
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Puc. 3.2. TunoBas ctpykrypa IITK «Texon»

3.3.1. CucremHoOe IporpaMMHoe o0ecrnevyeHue

K cucremuomy otnocutrcs IO, ompenenstomee (yHKIMOHAN anmapaTHOW YacTH
ycrpoiictB IITK: onepaunnonHble cucTeMbl, IpaiiBepbl, OMOIMOTEKH U T.N. Pa3zpaboTunkom
CIIO mpenycmaTpuBaeTcs MOJIb30BATENbCKUM MHTEpPQEIC, MO3BOISIOMUNA KOHPUTYPUPOBAThH
€ro JJis KOHKPETHBIX LIEJICH.

Cucremnoe IIO B kommuiekce «TeKOH» MPENCTAaBICHO pa3IMYHBIMA CEPBUCAMHU,
(GYHKIIMOHUPYIOIUME Ha 0a3e oneparuoHHol cuctembl Linux. K atum cepBrcam oTHOCSTCS
CIIeIyIOLINe CIYKObI U MPOTPaMMBbI:

Bupryansnas wmammna ISAGraf — mnporpamma, oTBeuaromas 3a  BBITIOJHEHHE
TEXHOJIOTHYEeCKUX mporpamMm. MMeHHO Ha 0a3e 3TOro cepBuca MOTYT ObITh PEaTM30BaAHbI

AJITOPUTMBbI a)IaHTHBHOﬁ CHUCTEMBI.
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CepBuCHl XpaHUMBIX 1 HHULMATUBHBIX IEPEMEHHBIX, CEPBUC, OTBEUYAIOLIUI 3a ONPOC U
3aIlluCh MOAYJIEH BBOJA/BBIBOJIA, CEpPBUC CBsA3M ¢ BepXxHUM ypoBHeM IITK u T.1. — cucremHsble
CIIy0bl, HeOOX0oaMbI€E I KoppekTHoU padoTsl [1TK.

Crnenyer OTMETUTh, YTO BUPTyaJIbHAsl MAlllMHA HE €IUHCTBEHHbIN BO3MOXKHBIA BapHaHT
BHEJPECHUSI TPOCKTUPYEMBIX aJITrOpPUTMOB. JlaHHBII BapuWaHT NpPENIOJaracT pa3padoTKy
«(pyHKIMOHAIBHOIO OJIOKa» M BKJIIOYEHHE €ro B OMOIMOTEKy KOHTposiepa. B pampHeimem
M0JIb30BATENIb CMOXET J00aBJISATh B TEXHOJOTMYECKYIO MpOrpaMMy OJIOK aJarTHBHOIO
perynsropa, Hapsiiy ¢ IpyTMMHU OJIOKaMH CUCTEMBI YIIPABJICHUSI.

Emé onHumM BapuaHTOM BHEIPEHUS MOXET OBITh pPa3pabOTKa JOMOJIHUTEIBHOTO
ceppuca. B a3TOoM cnydae amanTuBHBIE CBOMCTBAa NPUOOpETAaeT HE TEXHOJOTHYecKas
nporpamma, a Bechb KoHTposuiep. Hactpoiika Takoro cepBuca, T.e. «IpPHUBSI3Ka» €ro K
KOHKPETHBIM MEPEMEHHBIM TEXHOJOTHYECKUX MPOrpamMM, MOXKET OCYIIECTBISATHCS Uepes
COOTBETCTBYIOIIMM 00pa3oM A0paOOTaHHBIM MOJIB30BATENbCKUN MHTEpdeiic KoHTposuiepa (B
ciayuae [ITK «Texon» ato Oyaer Web-untepdeiic, mpeaoCTaBIsiONMNA JOCTYI K HACTpOUKaM

BCEX CEPBUCOB KOHTPOJLIEPA).

3.3.2. [IpuxkiaagHoe nporpaMMHoe odecrnevyeHmne

Bepxnwuii yposens, B [ITK «Tekon» npeacraBieH 4enoBeKO-MalIMHHBIM HHTEphErHcoM
(omepaTopckuM HHTEpdEHcoM), TO3BOJSIOMINM MPOCMATPUBATh TEKYIIY0 WH(OpMaluio o
COCTOSIHUM TEXHOJIOTHYECKOTO TIpoliecca M CUCTEeMbl B LEJIOM, a Takxke (HOpMHUpOBATH
yIpaBIsAOIIMe BO3ACHCTBUSA. YenoBeKO-MallMHHBIA HHTEpPENC — HHCTPYMEHT, KOTOPBII
NPEICTaBIsAET JAHHBIE O XOJE IpOIEcca YEJIOBEKY-OIEpaTopy, YTO IO3BOJSET ONEpPaTopy
KOHTPOJMPOBATh NpoLecc M ynpaBisaTh uUM. OnepaTopckve CTaHUUU MOJKIIOYAIOTCS K
JIOKaJIbHOM CETH.

Takxe K JIOKaJbHOW CETH MOJKIIIOYAETCS CEPBEP AAHHBIX U apXuBHas craHuusd. Cepsep
JAHHBIX BBIMIOJIHAET CBSI3YIOUIYIO POJb MEXKIY KOMIIOHEHTaMU BEPXHEro M HUKHErOo YpOBHS
cucreMbl. OOMEH JaHHBIMH MEXIy OINEpPaTOPCKUM HMHTEp(ercoM U CEepBEpOM C apXHBHOU
cTaHIMell dame Bcero ocymectsisiercss yepes SDK  cepepa —  OubnuoTtexy,
00eCIeYnBaIOLIyI0 TOCTYI K JTAHHBIM.

Jlnst moBbIIIEHUsS] HAZEKHOCTH M obecrnedueHust OecriepedoitHocTr pabotel SCADA-

CUCTEMBI CCPBEP MOXKET OBITH YCTAHOBJICH Ha ABYX CTaHIOUAX, KOTOPBIC O6’I>CJII/IH$IIOTC${ B
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pe3epBHBIA KOMIUIEKC. [Ipy 3TOM y Kakao¥ CTaHIMU, HA KOTOPOW BBIMIOJIHSAETCS KOMIIOHEHT
"[1I1r03", KaKk MpaBUIIO, PE3EPBUPYIOTCS M CETEBbIE MHTEP(EHCHI.

Ha 6a3e cepsepa IITK «TEKOH» Moxer Takke (yHKIMOHHPOBATH T.H. «PacUETHOE
saapo» 1Core, ocymiecTBisroniee BBINMOJHEHHE TexHojoruueckux mnporpamm. |ICORE —
MPOTrPaMMHOE SIAPO BBIMOJHEHUS TEXHOJIOTMUYECKUX MPOTrpaMM. SIpo BBIMOIHSIETCA B COCTABE
cepBepa SCADA cuctembl TEKOH. JlanHbIli KOMIOHEHT Ha «BepxHem» ypoBHe SCADA
CUCTEMBI cOBMellaeT B ceOe (yHKUMU pacueTra U OOMEHa JaHHBIMHU MEXIY Ppa3InYHbIMU
UCTOYHUKaMHU AaHHBIX. [Ipoliecc KOH(GUTYpUPOBaHUS TPOTPAMMHOIO Spa OCYIIECTBISIETCS C
UCIIOJIb30BAHUEM TEX K€ KOMIIOHEHTOB, YTO U KOHPUTypUpOBaHUS KOHTPOILIepoB. OCHOBHBIM
OTJIMYMEM OT KOHTpOJUIEpa SBISIETCS BO3MOXKHOCTh HCIOJIb30BAHUS JIOOBIX NEPEMEHHBIX,
JOCTYITHBIX B CEpBepe, Ha KoTopoM uctnonnsercs 1Core.

W3 BhIlIE CKa3aHHOTO MOXKHO CIENaTh BBIBOJ O TOM, YTO MPOrpaMMHOE OOecredeHne
[ITK «TexoH» mO3BOJSET pa3pabdaThiBaTh JOCTATOYHO THOKHME CXEMbl YIpPaBICHUS
TEXHOJIOTHYECKUM TporieccoM. [Ipu 3Tom pa3Hbie YaCcTH TaKUX CUCTEM MOTYT BBITIOJHSATHCS Ha
pa3HbIX ypOBHSAX KomIuiekca. K mpumepy, OTBETCTBEHHass YacTh CHUCTEMBI MOXKET
BBITIONTHATHCS HA 0a3e CUCTEMHOTO MPOrpaMMHOT0 obecrieueHus (Ha KOHTPOJUIepe), a 4acTh Ha
paboueld CTaHIIMKM CepBepa, MpPEeAOoCTaBisIoONed ©Oojee Oorarble  BBIYMCIHUTEIIHHBIC
BO3MOXXHOCTU. Takum 00pazoMm, mporpamMmHOe oOecredeHHe KOMILJIEKCa HE HaKIaJbIBaeT
CYIIIECTBEHHBIX OTPAaHUYCHUN Ha pealu3aluio aJanTUBHOrO ajroputma. [IIrockl U MUHYCHI

Pa3JIMYHBIX BAPUAHTOB pacCMaTPUBAIOTCS JaJIee B IJ1aBE.

3.4. BapuaHThbl apXUTEKTYpPbl CHCTEMbI

[Tpoananuzuposas ctpykrypy IITK u paccmoTrpeB ero mporpammHoe oOecrieueHue Ha
npumepe komiuiekca «TEKOH», mnepeliieM K pacCMOTpPEHMIO BO3MOXKHBIX BapHAHTOB
pacrpeneiIeHys aJalTUBHON CUCTEMBI Ha CETEBBIX pecypcax.

AJTalITUBHYIO CUCTEMY MO>KHO YCJIOBHO Pa3/IeNIUTh HA CIEAYIOIINE KOMIOHEHTHI:

a. TEXHOJIOTUYECKUH PETYIISTOP;

0. mapaMeTpU4YeCKui perysTop;

B. HJICHTH(HUKATOD;

r. 0ydep, HaKarIMBaKOIKN JaHHBIE AJI1 UACHTU(DUKATOPA;

. cucTeéMa JNarHoCTuKH.
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BrnionHe o04eBMAHO, YTO TEXHOJOTHYECKUN PETYyJIsTOp JOJDKEH BBHITIONHATHCS Ha
KOHTpoOJIepHOM ypoBHE ceTeBoil cTpykTypsl IITK, Tak o TpeOyeT Hanbonbiiel HaJlexKHOCTH
U CKOPOCTH OOMEHa ¢ MOAYJISIMH BBOJAA, W BBIBOJAA KOHTposuiepa. OcTaabHbIE KOMITOHEHTHI
CUCTEMBI MOTYT paboTaTh Ha PAa3JIMYHBIX CETEBBIX pecypcax, B 3aBUCHUMOCTH OT CBOETO
npeIHa3HAYCHUS U TIPEIBSIBIISIEMbIX allllapaTHBIX TPEOOBaHU.

[TapameTpuyeckuii  peryjiasiTop Ha  OCHOBAaHMM  IOKa3aTellield, BBIYMCIIEHHBIX
UACHTH(PUKATOPOM,  YIpaBIsSeT MapaMeTpaMH HACTPOMKH  OCHOBHOTO  PETYJISATOpA.
[TapameTpuyeckuil perynsarop siBisieTcsi HAMMeHee TpeOOBaTEeNbHBIM K allllapaTHBIM pecypcam.
JlaHHBI KOMITOHEHT MOXET OJMHAKOBO XOpOoIIo (YHKIMOHHUPOBATH Ha JIIOOOM CETEBOM
yposse IITK.

WUnentudukarop BHIIOMHSAET 0OpabOTKY BXOJHOTO MAacCHBa JAHHBIX U BBIUUCISET
CHEKTPAIBHYI0O M KOPPEISAIUOHHYIO (YHKIIMH, HA OCHOBAaHWU KOTOPBIX OMPEICISIIOTCS
XapaKTepU3YIOIIUe TeKyIlee COCTOSIHNE 00BEKTa MTOKA3aTeNu, 3 UMEHHO U3MEHEHUE JUHAMUKU
U 3armac yCTOWYMBOCTH. Tak Kak CHUCTEMa yMpaBisIeT ABYMs MapaMeTpaMH KOOPIHMHATHOTO
perynstopa, uaeHTU(GUKATOP BBIYUCISET ABe GyHKIMU. TakuM 00pa3oM, OCHOBHAsI Harpys3ka
npu pabore HACHTHU(PUKATOpAa MPUXOIAUTCS HA MEHTPATbHBIA MPOLIECCOpP, BHIMOIHSAIOMINUN
npeoOpa3oBaHmsl, M ONEPATUBHYIO MaMSTh, XPAHSIIIYI0 BeCh 00BEM MaHHBIX, HAKOIUICHHBIN
oydepoM. bydep, HakammBaromuid JaHHBIC I UACHTH(UKATOpa, pabOTaeT B OCHOBHOM C
OTepaTUBHOM MaMAThI0. Tak Kak 00beM JaHHBIX MOXKET JIOCTHUTaTh 3HAYMTEIBHBIX 00BEMOB,
st addexTuBHON paboTl Oydepa HE0OXOIUM IOCTATOYHO OONBIION O0bEM MaMSTH, YTO
3aTpyJHSAET UCIOJIb30BAHHE TEXHOJOTHYECKOrO0 KOHTpOJUIepa IJis pealn3allid ajJrOpUTMOB
paboOTHI C MAaCCHBaMH.

Takxe cineayeT OTMETUTh, YTO B COOTBETCTBUHU CO CXEMOU AJITOPUTMA, IPEICTABICHHOU
B riaBe 2, uaeHTudukatop u O0ydep oOMEHHUBAIOTCS MEXAY COOOM MaccMBamMHu JaHHBIX. B
CBS3M C OTUM pa3MeniaTh 3TH KOMIIOHEHTHI JKENaTeIhbHO HA OJIHOM CETEBOM alllapaTHOM
pecypce, a 0OOMEH JaHHBIMH MEXKJIY HUMH OCYHISCTBIISTH Yepe3 pas3/ieisaeMyr0 MaMsATh IS
CHW)KCHHS HATPY3KH HA CETh.

[TepBbIM paccMOTpPHM BapuaHT pa3MelicHus Oydepa ¥ HMACHTUPUKATOpPA HA YPOBHE
pabounx craHumii. IlapameTpuueckuii perynarop, Kak OTMEYaJOCh BBIIIE, MOXKET
¢yHKIMOHMpPOBaTh M Ha 0Oa3e KOHTpoyyiepa, U Ha Oaze paboueil cranuuu. Ilpu manHOM
MOJIXOJIe MCIOJb3YyeTCsl JOMOJHUTENIbHOE TMporpaMMHoe olecreyeHue, peausyroliee

Heo0XoauMble (PYHKIIMU aJalTUBHON CUCTEMBI. JlOMOIHUTEIbHOE TPOrpaMMHOE 0OecTiedeHre
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YCTaHABJIMBAETCS HAa OJHY M3 PaOOYMX CTAHLMWA, HAOpUMEp, Ha WHXKXEHEPHYIO CTAHIHMIO.
JIoCTOMHCTBAaMU TaKOTO peIIeHUs SBISETCS OOJbIIas BBIYUCIUTEIbHAS MOIIHOCTD,
npelocTaBisieMasl IePCOHANBHBIM KOMIIBIOTEPOM MO CPaBHEHUIO ¢ KOHTPOJUIEPOM, a TaKXKe
Oonbinre 00beMbl TOCTYMHOM mamsaTu. K HepocTaTkaM MOXHO OTHECTH Majyl HaJeKHOCTh
M3-3a OTCYTCTBHS PE3EPBUPOBAHUS U CIA0YI0 HHTErPALNIO ¢ ocTanbHOM yacThio [1TK.

BTopeiM BapuaHTOM SBIIETCS peanu3alys KOMIIOHEHTOB aJalTUBHOW CUCTEMBI Ha
YPOBHE CTaHIMU CEPBEPOB. B 3TOM cilyyae KOMIOHEHTHI aJalITUBHON CHCTEMA PEAIU3yIOTCS
Ha Oasze pacueTHoro sgapa uumo3a lCore, anajgoruvHoro sapy KouTposuiepa. [Ipum Takom
MOAXO0J€E MPOrpaMMHas peaju3als CUCTEMbI YIPABICHUS C aJallTUBHOM CUCTEMOM Takas XKe,
Kak M a8 saAapa KoHTposuiepa.  IlpeumymiectBom — siBisietcst  Oosiee  BBICOKAs
npousBoauTenbHOCTh [1K Mo cpaBHEHUIO ¢ KOHTpOJUIEpoM U OoJiee BBICOKAsT HAJACKHOCTH IO
CPaBHEHHMIO C peaju3alueld cucTeMbl Ha 0a3e WHXEHEpHOM cTaHuuu, Onaroaaps
pPE3epBUPOBAHUIO CTAHIIMI cepBepa.

HakoHen, BbINOJHEHHE AJTOPUTMOB AJalTHUBHOM CHUCTEMBI MOKET OBITh PEalIM30BaHO
HEIMOCPEACTBEHHO B KOHTpOJUIEPE. DTO BO3MOXKHO B CIIy4a€ JOCTAaTOYHO MPOCTON CHCTEMBI
aBTOMATUYECKOTO0 PETYIUPOBAHUS, €CIU YUCIO0 TEXHOJOTMYECKUX PEryJsTOPOB HEBEIHUKO.
[Tpu TakoM MoaXxoze JOMOJTHUTEIbHbBIE IEPCOHATbHBIE KOMIIBIOTEPHI AJIs1 pa0OTHI CUCTEMBI HE
TpeOyI0TCs, OJTHAKO OHU MO-TIPEKHEMY HY)KHBI JJIs1 paOOUYUX CTAHIMH, SBISIOUIMXCS YaCThIO
[ITK.

[TomMrMO nepedncaeHHbIX TPEUMYIIECTB MEPBBIX JBYX MOAXOJO0B CIEAYET OTMETUTH U
BO3MO>KHOCTb TMOJKIIIOUCHHS aJalTUBHON CHCTEMbI «Ha ropsiayro» kK padoratomeit ACY, 6e3
HEOOXOJMMOCTH MEPEKOMITMIMPOBATh TEXHOJOIMYECKHE MPOrpaMMbl M  Iepe3anycKaTb
KOHTPOJUIEPBI, B CJIy4yae €CJIIM BCE KOMIIOHEHTBHl aJalTUBHON CHCTEMBI DPEANU3YIOTCA Ha
paboymnX WM CEPBEPHBIX CTAHIIHIX.

Taxoke cienyer UMETh B BHJY, YTO JJISI HOPMAJIBHOTO (DYHKIIMOHUPOBAHUS CHCTEMBI
HeoOXo/IMMa JIOCTaTOYHO MOIUIHAs amnmapaTHas 6a3a. B mepByio ouepenb 3TO OTHOCHUTCS K
BBIUMCIIUTEIBHON MOIIHOCTH U 00BEMY HaMSITH, IpeaocTaBIsieMoMy cucteMoil. CoBpeMeHHbIe
NEePCOHANIbHbIE KOMIIBIOTEPHI, KOTOpbIE HCHOJB3YIOTCSA B KauecTBE aBTOMATHU3MPOBAHHBIX
pabounx  MecT omeparopa WJIM  CTaHUMH  [UII03a, OOJAamaloT  HEOOXOIMMOM
POU3BOAUTEIBHOCTRIO U 00BEMOM MaMATH. TakuM oOpa3oM, CTaHLUS IUTI03a SBISETCS
HauOoJee MOAXOASAIIeH A1 peanu3alud NapaMeTpUUYecKoro KOHTypa JaHHOW aJanTUBHOU

cuctembl. Tem He MeHee, MHOrue coBpeMeHHble KoHTposuiepsl ACY TII Ttaxke Moryr
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UCIIOJIb30BAThCSl i1 BBHIMIOJIHEHUSI QJITOPUTMOB CHCTEMBI. B KauecTBe mnpumepa MOXKHO
MPUBECTH TPOMBINIICHHBI MHOTO(QYHKIIMOHANBHBIH KOHTpoJuiep ¢upmbl « TEKOH» M®K
1500.

JI71si OKOHYATeNbHOTO BHIOOpA KOHKPETHOT'O YPOBHS ObLT BBITIOJIHEH BBIYMCIUTEIHHBIN
AKCIIEPUMEHT,  YUHUTHIBAIOUIUNA  KOMMYHHUKAIIMOHHBIE  HArpy3kKd UM  ONEpalMOHHYIO
3arpy’K€HHOCTh MPOLECcCOPOB B ycioBusix ucnonb3oBaHnus M®PK «Texon». Llenbro naHHBIX
UCIIBITAHUN OBUIO BBISICHUTH CTENEHb HArpy3Kd Ha MaMsaTh W LEHTPaJIbHBIN Ipoleccop,
HaJlaraeMbIX MapamMeTpuyecKuM KOHTypoM. Kak ObLIO cKa3aHo BbhIIIE, TPU paboTe aIropuTMOB
OJloKa HAeT WHTEHCUBHas paboTa ¢ MaMAThbIO, CBsi3aHHas ¢ OOpabOTKOM MaccuBOB, U
HEHTPAIbHBIM MPOIECCOPOM, CBSA3aHHAs C BBIJACICHHEM XapaKTEPHBIX OCOOCHHOCTEH U3
HCXOJIHBIX JTAHHBIX.

CmopnenupoBaB paboTy cucteMbl Ha 6a3ze koHTpouiepa « TEKOH» M®K 1500, 6butn

MOJIYYEHBI pe3yJbTaThl, OTpaKeHHbIE B TabmuIe 3.2.

Tabnuma 3.2. Pe3ynapTaThl HArpy309HOTO IKCIIEPHIMEHTA

HaumenoBanue M®K 1500 6e3 Tex. | MOK 1500 c¢ Tex. | Pacuernoe ssopo ICore
napamerpa MPOTPAMMBI MporpaMMon
Bpemss nmkna pabGots 25 mc 84 mc 12 mc

TEX. MpOorpaMMbl

MaxkcuManbHOe — BpeMs 28 mc 89 mc 15 mc
IIUKIIa
HeoOxomuMmerii  pasmep 17 kB — mpu HacTpoiikax BXOAHbIX MaccuBOB 512 u 300 Touek s

maMsaTH A OJloKa | pacyeTra  CNEKTPaJbHOM  IUIOTHOCTHM M KOPPEISIMMOHHON  (pyHKIUH

aZ[aHTI/IBHOI\/'I HaCTpOﬁKPI COOTBETCTBCHHO

TexHomornueckass MmporpaMMma KOHTPOJUIEpA, HCIOIb30BABIIETOCS B JKCIEPUMEHTE,
(ACP xotna x.A, ACP xotna k.b) 4 Gnoka Tpowunkoir TOILl, comepxut 63 perynsTopa
(MMIyJIBCHBIX M QHAJIOTOBBIX). DBIJIOKM WMITyJTBCHOTO pEryisaTopa, KOTOPBIX B IPOEKTE
OOJBIIMHCTBO, TOJAPOOHO OMKCAHBI Jlajiee B ATOU riaBe. B kaxjaoM Turie peryistopa, IOMHUMO
COOCTBEHHO 3aKOHA YIIPaBJICHHUS, PEATM30BaHbl PA3IUYHBIC MEXaHHU3MBbI, ONEPUPYIOIINE KaK
naMsaThlo, Tak U mpoueccopoMm. K 3TuM MexaHu3sMaM MOKHO OTHECTH AMHAMUYECKHE H
cTaTUYeCKne OaJaHCHPOBKH, (POPMUpPOBAHUE PaA3IUYHBIX MPU3HAKOB U CTATyCa, MEXaHU3MBbI
yIpaBIEHUST C WCIOJB30BAaHUEM OMNEPaTopckoro uHTepdeiica u T.a4. Pasmep omHOTrO

UMIIYJIbCHOTO PEryjsiTopa cocTaBisieT 283 OaiiTa. YMHOXKHUB KOJIMYECTBO KOHTPOJUIEPOB Ha
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pasmep KakJIoro, OIpeeInM IPUMEPHBIA pa3Mep TeXHOJIOTHYECKO# mporpammsl: 283 * 63 =
17829 ~ 18 kB.

[Tpu peanu3zanuu anropuTMa ynpasJieHUs TapaMeTPaMU KOOPIUHATHOTO PETYIIATOPA Ha
0a3e CTaHLMU cepBepa TaKXKe BCTAET 3a/aya BpIOOpa IIara Mo BpeMEHU oOMeHa AAHHBIMH C
KOHTPOJJIEPOM, Ha KOTOPOM BBINIOJIHAETCA TEXHOJOrnyeckas mnporpamma. JlaHHele wu3
KOHTpOJUIEpa BBIYUTHIBAIOTCS C ONPEJENIEHHOW Nepuoau4HOCThbiO. L{ukn oOMeHa TaHHBIMU
npecTaBisieT co00il Mocnea0BaTENbHOE BRIUNTHIBAHUE 3HAYEHUI MEPEMEHHBIX KOHTpOJUIEpa
U 3allUCh ATUX 3HAYEHMH B KAII-NAMITh CTAaHLUUHU CEepBEpa, IMOCJIE€ Yero OHU CTaHOBATCS
JOCTYTIHBI JUIsl KJIMEHTOB CEepBepa, B TOM uuCie U s OJOKa ympaBieHUs NapaMeTpamu
perynstopa. Bpems nukina oOMeHa, OrpaHUYEHO CHU3Y BPEMEHEM IMKJIA TEXHOJIOTMYECKOU
nporpammbsl. CBepxy BpeMsi oOMeHa JaHHBIMU OTPAHUYEHO TaiiMayTOM JOCTOBEPHOCTH, IO
UCTEYEHUH KOTOPOTO 3HAYEHHUSIM IMEPEMEHHBIX BBICTABJISIETCS MPU3HAK HEIOCTOBEPHOCTH.
3HayeHHe BbIOPAHHOTO I11ara 1o BpeMEHU UMEET OOJIbIIYI0 BaXKHOCTD JUIsl KOPPEKTHOM pabOThI
aJanTHUBHOW CHCTEMBbI, TaK KaK HajJaraeT OrpaHUYECHMs] HAa YACTOTHBIM Jguamna3oH, B KOTOPOM
paboTaeT anroput™M, M JOJDKHO BBIOMpPATbCsl B COOTBETCTBUU C OTUM JIMANa30HOM.
[IpoBeneHHbIE UCHBITAHUS MMOKAa3aldM, YTO JJI TEXHOJOIHMYECKOil mporpammsl Tpouikoro

HHEProOJI0Ka MUHUMAJIBHOE BpeMsl oripoca cocTaBisieT S0 Mmc.

Tabauna 3.3. Pe3yapTaTsl HArpy304HOI0 SKCTIEPIMEHTA

. Bpemsa
TimeOut Kosn-Bo MakcumasbHoe
nay3sl Kon-Bo
Howmep MOJTyIEeHHUS nepemeHHblx | %CPU BpeMs
omnpoca 00BEKTOB
JIaHHBIX BBIYUTHIBAaHHS
KOHTpoOJLIepa
1| 20000 50 290 3720 37 65
2 | 20000 50 314 4239 40 764
3| 10000 50 1751 10356 45 682
4| 10000 50 329 4124 19 60
5| 10000 50 405 4813 25 682
6 | 10000 50 578 10900 10 138
7| 10000 50 229 4281 5 57,5
8 | 10000 50 749 8567 18 504
9 | 10000 50 639 8420 13 179
10 | 10000 50 245 4585 5 60
11 | 10000 50 456 8292 5 60
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B Tabnune 3.3 npuBeneHbl pe3yabTaThl N3MEPEHUN BPEMEHU BHIYUTHIBAHUS JAaHHBIX U3
Pa3JIMYHBIX KOHTPOJUIEPOB. YacTh KOHTPOJJIEPOB peaM3yeT 3aladyd YIpPaBICHUS, YacTb —
3aJ1a4il TEXHOJOTMYECKUX 3aIIMT, @ OCTABLIMECS MCHOIb3YIOTCA i cOopa naHHbIX. Cronden
«Bpems may3bl onpoca KOHTPOJUIEPa» COJEPXKUT 3HAYEHUS May3bl MEXIY LUKIaMH OOMeHa
JAHHBIMU CTAHLIMU cepBepa U KoHTposuiepa. Ctondern «MakcuManbHOE BPEMsI BBIYUTHIBAHUS
COJIEPXKUT (PaKTHUECKOE 3HAUCHNE BPEMEHH pa0OoThI IIUKJIA MOJTYyYEHUs JaHHbBIX.

Takum o0pa3om, Hanbosee NPEeaNOUYTUTEIbHBIM SIBISIETCSI YPOBEHBCTAHIIMU CEPBEPOB,
TaKk KaK HMMEHHO OH oOecreynBaeT HauOOJBIIYI0 HAJEKHOCTh, MPOU3BOJIUTEIBHOCTD U
rHOKOCTb.

CymiecTByeT ABa MyTH pean3aluy MIPEAJIOKEHHON CUCTEMBI:

* CO3JITaHUE CIIOKHBIX MOJIEJIeH peryasTopoB Ha 6a3e umeronuxcs 6;10koB B ACY
TII. Ota npobiemMa aKTUBHO 0OCYXKIAeTCs B HAYYHBIX U3AaHusX, moceseHHbx ACY TII.

* co3manue TOoTOBBIX FBD-01mokoB. B »3TOoM ciyuae pas3paboT4wK co3maer
NOJINPOTpaMMy PETyJATOpa U BKIOYaeT ee B 6a30BbIil Habop FBD-monyneir ACY TIIL.

[lepBbIii myTh AocTyneH A noisb3oBateneilt SCADA cucrem, ero MOXHO peaiu30BaTh
B paMkax FBD-0ubianorexku. Bropoii myTh gaeT cBoOOIY BBIOOpA SI3bIKA MMPOTPAMMHUPOBAHUS 1
BKJIFOUEHUS JIIOOBIX MOAMNPOTPaMM, HO JOCTYNEH TOJBKO pa3paboT4YMKaM pPErylisTOpOB WU
SCADA-cucrem.

B nanHoMm cnyuyae Obul BBIOpaH BTOPOM MOJXOJ, TaK Kak OH TaKXke 0oOecrneuynBaeT
OOBEKTHBIN MPUHIIUIT TPOSKTUPOBAHUS CUCTEM YIIPABJICHHS.

B urore no pesynpraTam npoBeaeHHbIX uccienoBanuii 001 BeiOpaH IITK «Tekony, Tak
KaK d3TOT KOMIUIEKC COOTBETCTBYET BCEeM TpeOOBaHUSM pa3pabaThIBAEMOr0 aJropuTMa

aJalITUBHON CUCTEMBI.

3.5. HajnexkHOoCTh KOMILIIEKCA

s obecnieuenusi GecniepeOOMHON M KOPPEKTHOM pabOThl aAanTHUBHOTO KOMILIEKCA
UCTIOJB3YIOTCA MEXaHU3MbI PE3ePBUPOBAHUS M 3€pKAIM3alnU. Tak Kak YpOBHEM BHEIPEHUS
OblT1  BBIOpAaH YpPOBEHb CTaHIMU CEPBEpPOB, TO OecmepeboitHas paboTa CHUCTEMBI
oCyILecTBIsIeTcs Oiaroapsi pe3epBUPOBAHUIO CEpBEPa TaHHBIX, @ 3HAYUT, U PACUETHOTO SApa
ICore, pynkumonupyromemy Ha ero 6ase. [Ipu oTka3e 0JHOTO W3 CEpBEPOB PE3EPBHOM MaphI
JTAaHHBIE KOHTPOJUIEPOB OYAYT BBIYUTHIBATHCS BTOPBIM. 3alMCH 00 OTKa3e W TMOCIEIYIOIIeM

MNEPCKIIIOYCHUN aKTUBHOCTH 3aHOCATCA B KYPHaJI apXHBHOﬁ CTaHLIUU. HCHOCTHOCTB JaHHBIX
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OCHOBHOTO W PE3EPBHOTO PACUETHBIX s/Iep OOECredYrBaCTCS MEXaHM3MOM 3epKaiu3anuu. B
paMKax 3TOro MEXaHHM3Ma OCHOBHOE pacUeTHOE SIpO B KOHIE KaXJOro IUKIA pacyeTa
OTIIPABJISICT 3HAYEHUS BCEX CBOMX MEPEMEHHBIX PE3EPBHOMY, UTO UCKITIOYACT TOTEPIO JTAHHBIX
OoJbllle, YeM Ha OJIMH LHMKI MPHU NEPEKIIOUEHUH aKTUBHOCTH. [lepekitoueHne akTUBHOCTHU
CEPBEPOB MOXET IMPOHMCXOJUTh KaK TPHU OTKa3e OJHOIO0 M3 HHUX, TaK M IO TPeOOBaHUIO
MepcoHayia CTaHmuM. TakuM oOpa3om, 3agadya OecrepeOoitHON paboThl oOecreunBaeTCs
MexaHu3zmamu pesepBupoBanus u 3epkanuzanuu [ITK «TEKOH», HO octaércs pemuthb
3aladyy KOHTpOJsi 3a paloTod mapameTpuyeckoro komiiekca. Kpome camoro cepsepa
pe3epBUPYIOTCS U CEeTeBble MHTEpQEichl cTaHIMU, Ha 0a3e KOTOpPOW OHH (PYHKIIMOHUPYIOT.

OTtka3 060UX cepBEPOB PE3EPBHOM Maphl MPUBOIUT K ocTaHOBKE padoThl Bcero [ITK.

3.6. Iloacucrema AHArHOCTHKH PadOThHI AJANITHBHOI0 KOMILJIEKCA

[ToncucremMa AMarHOCTUKKM HeoOXoauMMa JUIsl aHalu3a paboOThl MapaMEeTPUUECKOTo
KOHTypa CHCTEMBbl W TIPEAYNPEKIACHUS Pa3BUTHS BO3MOXHBIX aBapUMHBIX CHUTYyaIlUil.
[Tomo6HBIE CUTyallud MOTYT BO3HUKATh MpPH pabOTe€ CUCTEMBI B IEPEXOIHBIX PEKUMAaX,
CJIeI0BATENIbHO, TPU JUATHOCTUPOBAHUM HEOJIArompUsITHOTO pPEXHMMa aJanTHBHAs CHCTEMa
JIOJDKHA OJOKUPOBAThCS. J(MarHocTupoBaHUE U OJOKHMPOBKA OOECIEUMBAIOTCS TMOICUCTEMOMN
nuarHocTukd. [laHHas mojcucTeMa JIOJDKHA aHAJIUM3MpOBAaTh HEKWE IOKa3aTelu KadecTBa
paboThl CHUCTEMBI, HE YYacTBYIOIIME B pacueTe MapaMeTpPOB HACTPOHUKH TEXHOJOTHYECKOTO
perymusiTopa, T.€. He 3aBUCUMbIE OT MMapaMeTPUUECKOoro Koutypa. Ha ocHoBaHuu 3T0Or0 ananusa
HEOOXOAMMO JieNlaTh BBIBOJBI O TEKYIIEM COCTOSIHUM aJalTHBHOW CHUCTEMBI M B Cly4yae
pacro3HaBaHus IO psAAYy IPU3HAKOB ABAPUMHOW CHUTYyallUW IMPEANPUHUMATH JIEUCTBHS,
HEOOXOAUMBIE JUIsl TpPEeJOTBpAlleHUs €€ JalbHeWIIero pa3BuUTHSA. TakuM o00pa3om,
MOJCUCTEMA JIMAarHOCTUKH JIOJDKHA OBITh CIPOEKTHPOBAaHA HA OCHOBE «OMOJIMOTEKH
1abJIOHOB», B KOTOPOH COAep X aTcs MPU3HAKHU IS KaKJIOTO THUIA BO3MOXKHBIX CUTYallud U
Ha0oOp AEHCTBUM IJIs IPEOTBPAIICHHS BOSHUKHOBEHHUSI, M Pa3BUTHsI KOHKPETHOMN CUTYyaIlUH.

Kak ormeuanocs B paszaene 2.3 BTOpPOW TJaBbl, MOXHO HPEAbSIBUTH CIEAYIOIINE
TpeOOBaHUS K CHCTEME JUATHOCTUKHU:

1. Cnexxenne 3a paboOTON MapamMeTpUYECKOTO KOHTOpa, T.C.
OTCIIeKMBAaHUE HEKOTOPOTO MOKa3aTelsd KauecTBa Mpoliecca.

2. be3ynapHsblii mepexol K UCXOAHBIM HACTPOWKAM CUCTEMBI.
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3. bnokupoBanne paboThl mapaMeTpUIECKOro KOHTypa IO BHENIHEH
KOMaHJE.
Takum 00pa3om, OJOK JUATHOCTUKH PAcHoJaraeT ONpeaeIEHHbIM Ha0OpOM MPU3HAKOB
JUIsL pa3iIM4HBIX THUIIOB cUTyanuil. [mst kaXaoro Tuma CUTyallMH CYIIECTBYET pELICHHE,

MpEeIOTBpaIaoNIee JalbHENIIEE PA3BUTHE JAHHOW aBapUHHOW CUTYAIUU.

Tab6muua 3.4. bubnnoreka maodaoH

IIpusHaku cutyauuu JedicTBus, NpenoTBpallaloiMe CUTYalUI0 Wi €€

z[anLHeﬁmee pa3BUTHC

Beixon AMITTATY B kosiebanmii | OcnabneHne BIMAHUS ITapaMETPUYECKOro KOHTypa Ha
TEXHOJIOTHYECKOTO  TapaMeTpa  3a | KOOPAMHATHBIN

YCTaBKH

Brixon TexHonormueckoro napaMerpa | biaokupoBaHue paboOTBI OCHOBHOTO pErynsTopa B

3a yCTaBKU

COOTBETCTBYIOIIEM HampaBieHuu. OcnadiieHne BIUSHUS

MapaMeTpUIECcKOTO KOHTYpa

[TocTosHHOE TEpEeKTIOYCHHE BBIXOJA | YMCHBIICHHE 3HAYeHHS KOI(QGHUIMEHTA  YCHIICHUS
perymsaropa «bonbie — MeHb1e» TEXHOJIOTHYECKOTO PEryIIsaTOpa
Beixon 3HAYCHUH napamerpoB | CpabaTeiBaHHE CUTHAJIM3ALUH (oneparopcknit

HAacCTPOWKN OCHOBHOTO pEryJysiTopa 3a

HHTEpQEiic) W 3amuch COOBITHS B JKypHal apXUBHOMN

CTaHIIUU

YCTaBKHU

B kadecTBe mnepBOro IokasaTeiass KadecTBa MPOLECCOB B CHCTEME HCIOJIb3YETCS
aMIUTUTY/Ia KOJeOaHW TEXHOJIOTHYECKOro mapameTpa. JlomycTumblii auana3oH KoseOaHun
aMIUTMTYAbl 3aJaeTcsl Tojb3oBareieM. llpu yXydlleHUH KadyecTBa IMPOILECCOB OJIOK
JUATHOCTUKMA YMEHbIIAeT KOod((UIIMEHT YCWICHHS B KaHaje MapaMeTpOB HACTPOUKH
OCHOBHOTO KOHTYpa, T.€. OCJIa0iseT BIUSHUE MMapaMeTpuuecKkoro KoHTypa. [Ipu goctmwxenun
ATUM KOA(DPUIIMEHTOM HYJS MapaMeTpbl HACTPOWKH BO3BPAIAIOTCS K CBOMM HCXOJHBIM
3HaueHusM. CoOBITHE BO3BpaTa K MCXOJHBIM HACTPOWKAM COXPAHSETCS B JKypHAll apXUBHOU
CTaHIIUU.

BTopsiM moxkaszareneMm SBISETCS BBIXOJ TEXHOJOTMYECKOTO IMapamerpa 3a 3aJlaHHbIE
ycTaBkH. [Ipu 3TOM paboTa TEXHOIOTUYECKOTO PETyJIITOpa B COOTBETCTBYIOIIEM HAIPaBICHUN

omokupyercsa. TpeTbuM mOKa3zaTelneM CIYKMT NPHU3HAK NOTEPU YCTONYMBOCTU CHUCTEMOM,

dbopMHUpYIOIIMIICS Ha OCHOBE aHaiu3a paboThl peryisTopa. PemeHueM B TakoW CHUTyalluu
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SBIIICTCS YMEHbIIEHNE KOA((UIMEHTa YCWICHHsI TEXHOJIOTMYECKOro peryistopa. B oboux
CIIyJasix ocJia0isieTcs BIUsHUE MapaMeTpHUuecKoro KOHTypa Ha paboTy OCHOBHOTO.

N3MeHeHne mnapaMeTpoB HACTPOMKM OCHOBHOTO KOHTYpa OCYLIECTBISIETCS B
ONpEeIeIEHHOM Hana3oHe, 3aJaHHOM HaJlaJYuKOM-3KcnepToM. [Ipu BbIXoAe 3HaAYEHMI 3THUX
napaMeTpoB 3a MpeAyNpeluTeNbHYI0 YyCTaBKy B 00bekTHOM okHe SCADA apanTuBHOU
CUCTEMBl BBIBOAMTCS MpeAyINpexaeHue u (HOpMHUPYETCS COOTBETCTBYIOIIEE COOBITHE st
COXpaHEeHHUsl B KypHayie apxuBHOU ctaHumu. Ha ocHOBe 3T0M mH(MOpMaLUU SKCTIEPT-HaTaIIUK
B JJaJIbHEHIIIEM MOKET MpOaHAIM3UPOBaTh PabOTy aJaTUBHON CHUCTEMBI U CKOPPEKTHUPOBATH
€€ mapaMeTpsbl.

Kpome mnepeuncieHHBIX TMOKas3aTeleld OTKa30B MPEIYyCMOTPEHAa BO3MOXKHOCTH
OJOKUpOBaHMs PabOTHI MTAPaAMETPUUYECKOTO KOHTYpa M0 BHEIIHEH KOMaHE, a TaKKe KOMaH[a
nepexoja K MCXOJHBIM HacTpoWkamM. ODTO HEOOXOAMMO ISl OTKIIOYECHHS aJlallTUBHOMN
CHUCTEMBI, HalpUMEp, B MEPeXOAHBIX pexkumax. [lo komMaHae nepexoga K HUCXOJHBIM
HACTPOMKaM OCYIIECTBIISIETCS Oe3yAapHbId BO3BpAT K HACTPOWKAM C 3aJaHHON HaJIaJu4uKOM
CKOPOCTBIO, T.H. «IMHAMHYEcKas OaJaHCUPOBKay.

Ha ocHOBaHuMM mpejCTaBICHHOW TaOJMUIIBI OMPENEIUM MapaMeTpbl HACTPOUKH OJI0Ka

JIMarHOCTHKH:

1. JlnanazoH W3MEHEHUs NapaMeTpoB HACTPOWKH, T.€. IPEAyNpPEAUTEIIbHbIC
YCTaBKH.

2. Jlnana3zoH aMITUTYbI KOJeOaHUN TEXHOJIOTHYECKOTO MapameTpa, MpPU BBIXOJE

3a KOTOpBIM OyiokupyeTcs padoTa mapamMeTpUyecKOro KOHTypa U TMPOMCXOAMUT BO3BpaT K
HCXOJIHBIM HACTPOMKaM.

3. 3HaueHUe yCTaBOK U BBIX0JIa TEXHOJIOIMUYECKOIO PETYISITOPA.

4. Komanzs! 6510kupoBaHusi pabOThl M OTKAaTa K KCXOJAHBIM HaCTPOMKaM.

HaubGonee mnpocteiM metomoMm moxactpoiiku [IW][-perynsitopa K HU3MEHSIOUIMMCS
peXUMHBIM (pakTOpaM O0OBEKTa YIpaBieHHUS SBISETCS BHIOOpP 3apaHee pacCUYUTAHHBIX
KOO(PHUIMEHTOB peryisTopa MO ONpeAeTIeHHOMY NokazaTento. [IpuHIMI TakoW cHUCTEeMBI
OUYEHb MPOCT. 3Has 3apaHee BO3MOXHBbIE U3MEHEHHUS peXuMa pabdOThl CUCTEMBI, BBIMOIHSIIOT
UICHTU(UKAUIO 00BEKTa JIUIsl HECKOJIBKUX Pa3HBIX PEKUMOB M JJISI K&KJOTO U3 HUX HAXOMAT
napaMeTpbl peryniaropa. 3HadeHHs STUX MapaMeTpoB 3alMChIBAlOT B Tabiuiy. B mporecce
(GYHKIIMOHMPOBAHUSL CUCTEMbI U3MEPSIOT BEIMUMHY, KOTOpas XapaKTepus3yeT pekuM padoThl

CUCTCMbI, W B 3aBHCHMOCTH OT e€ 3HaueHHU BBI6I/IpaIOT u3 Ta6J'II/II_H>I 3HA4YCHUA
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kodpunmentoB [IUJ[-perynsitopa. OmnmcaHHyl0 CHUCTEMY MOXXHO pacCMaTpuBaTh Kak
CUCTEMY C JIBYMs KOHTYpaMmM peryiaupoBaHus. OIHAKO KOHTYp, CIyXKalluil A MOACTPONKH
napaMeTpoMm, SIBIsIETCS pa3oMKHYTHIM. [lo 3T0il mpuuMHE Takue CUCTEMbl XapaKTEepPU3YHOTCS
BBICOKUM OBICTPOJIEHCTBUEM U OTCYTCTBHEM JIOKHOI'O CpabaThIBaHUS.

HenocratkoM »TOro Mmertoja SBISAIOTCS OONbIIME 3aTpaThl Ha MPEIBAPUTEIBHYIO
UICHTU(UKALMIO, HEOOXOAMMYIO [UIsl COCTaBieHus Tabmuipbl. OpHako 3Ty mnpoliemy
YaCTMYHO MOXXHO PpEUIUTh IOCPEJCTBOM MPUMEHEHHUS CIELUAJIbHBIX IpOrpamm Uit
aBTOMATUYECKOM MIEHTHU(PUKAIMU OOBEKTa, MOCIE BBIIOIHEHUS KOTOPHIX IOJyYCHHBIE
napaMeTpbl 3aHOCSTCS B Ta0buuiy. Takoi MpUHLKI yIIpaBiieHUs K03 uurenTamu peryasropa
1enecoo0pa3Ho MCMHOJb30BaTh B TEX CIIydasX, KOI/Ia 3apaHee M3BECTHbI BUIbl U BEJIUUMHBI
JeCTa0MIN3UPYIONUX (DAKTOPOB, KOTOPBIE K TOMY K€ MOKHO U3MEPUTD.

s obecnieuenus Haubosee 3PGEKTUBHOTO YIpaBICHUS MPEIOKEHHAs aJanTUBHAs
cUCcTeMa MOKeT paboTaTh COTJIACOBAHHO € BEIOOPOM K03 (PULIMEHTOB peryisTopa no Tabiaule,

paccMOTpPEHHOM BhIIIE. MITOroBast CTpykTypa CUCTEMBI IIPUBEICHA HA PUCYHKE 3.2.

Harpyska

Tabnmuanoe

ynpaBlieHUE
YcTaBKu Cuctema -
na pa MeTpOB JAUarHoCTHKH pa6<m>1 <—

- [Tapamerpuueckuit
perynsTop

A ¢ Y
Yo & € K § . ] Yy
g | KOOPAITHAT HBE > OOBbeKT >

perysitop yIpaBIeHUs

Puc. 3.2.

CTpyKTypa CHCTEMBI
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AnroputM pabOThI MOACUCTEMBI JUATHOCTHKU IPUBEICH HA PUCYHKE 3.3.

A

Havano

AHanus perkmMma paboTbl

|
' |
|
: AHanu3 u3MeHeHus ARanH3 paGoTEI Ananus KoneGauit |
| I Tar T TEXHOJIOTUYECKOTrO perympyemoro |
! > perysisTopa napamerpa :
|
|

Het

MepexoaHbl
pexum

JiE]

Bnoxuposka padoTsl
HapaMeTpuyecKoro
peryasTopa

HPMMCHC HHC HOBBIX
e HAYAaITh HBIX

T11IapaMETPOB CHCTEMbI

\

Amnanns pexnMa i
~ .
paboThl

Pexxum
ycTaHoBUACA

Bo3zo6HoBieHHE
paboThI
apaMeTpHYECKOro
peryiastopa

Puc. 3.3. Biiok-cxema ainroputMa CUCTEMbI THAarHOCTUKH.

AnropuTt™ paboTaeT ciaenyromuM 00pa3oM.

1. AHanu3 pexxuma paboThl. [[aHHBIM mar anropuTMa OObEIMHSAET aHaidu3 paboThl
TEXHOJIOTUYECKOIO PEryJIiTopa, KOJEOAHWH peryaupyemMoro mnapaMerpa M IOKasaTels,
XapakTEepU3yIOLIeTO TeKymuid pexuM padotel. IlepBpie nBa anropurMa paboOTalOT Ha

OCHOBaHMU OMOIMOTEKHM 1IabJOHOB, paccMoTpeHHOW Bbimie. [lociaenHuii Ha OCHOBAHUU
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MoKazaTessl peXuMa padoThl, MCHOJIb3YS KYCOUHO-IMHEHHYI0O WHTEPIOJISIIIUIO0, BBIYUCISET
HOBBIE 3HAUYECHMSI TApPAMETPOB TEXHOJIOTHYECKOTO pErynsaTopa U (GOpMUPYET MpU3HAK
IIepexo/ia Ha HOBYIO HarpysKy.

2. Ilpusnak mnepexomHoro pexuma. Eciam cucrema paboTaeT B yCTaHOBUBILIEMCS
pexuMe, OJIOK JUArHOCTUKM HE MPEANPUHUMAET HUKAKUX JCHCTBUM M BO3BpaIllaeTCi K
nepBoMy mary. B ciydae eciii AMarHOCTHPYETCS MEPEXOAHBIH pexUM pabOThl, alTOPUTM
MEPEXOUT K CIEAYIOLIEMY LIary.

3. brnokupoBka paboOThl MapaMETPUUECKOr0 peryisTopa. YMpaBlieHHE MapamMeTpaMu
TEXHOJIOTHYECKOTO PeryisiTopa OJIOKUpYeTCs 10 Mepexoia B CTAIIMOHAPHBINA PEKUM.

4. IlpumeHeHME HOBBIX HAYAJIBHBIX NapaMeTpoB. B ciyyae mnepexona Ha HOBYIO
Harpy3Ky HadaJbHblE€ MapaMeTpbl TEXHOJOTMYECKOTO  PEryIsiTOpa H3MEHSIOTCA B
COOTBETCTBUHU C 3aBUCUMOCTBIO, OIMCAHHOW B TaOJIHLIE.

5. Ananmus pexuma paboOThl. AJTOPUTM aHAIM3UPYET IMOKA3aTeNH W TEPEeXOIUT K
CIEAYIOIIEMY IIAry MOCJE TOT0, KAK PEKUM YCTaHOBUTCS.

6. Bo3oOHOBIIEHHE paOOTHI MAPAMETPUUECKOTO PETYIISTOPA.
3.7. PeaJnsanus aJanTUBHOH CUCTEMBI

3.7.1. Bb16op si3bIKa NPOrpaMMUPOBAHUSA

BriOop s3plka MpOrpaMMHpPOBAaHMS B TIEPBYIO Ouepelb 3aBHCUT OT I1IE€JIEeBOM
wiatGopMbl, Ha KOTOPOW Oy/eT HCIONHATHCS JaHHAs peanu3alus aJalTHBHONW CHUCTEMBI.
Hamnpumep, ecinu B kauecTBe YpOBHS BHEAPECHUS CUCTEMBI ObLT ObI BHIOpaH HUKHUN YPOBEHBb
(ypoBeHb KOHTpOJIIEpa), TO 3a/a4l BEIOOpA HE CTOSIIO ObI BOBCE, TaK KaK CPEJia BBHITIOJTHCHHUSI
KOHTpoJIiepa (yHKIIMOHUPYET Ha 0a3e omepaioHHON cucTeMbl Linux, 4to yxe (pakThuuecku
OTpaHUYUBACT BHIOOP s3bIKa MporpamMmupoBaHus. KpoMme Toro, B kauecTBe pacyeTHOTO spa
Cpelnbl BBIIOJIHEHUS] HUCIONB3yeTcs BupTyanbHas MamuHa |SaGRAF. bubnuoreka,
MoCTaBsieMasl C JaHHOW BUPTYaJbHOW MAIIMHOW IS HAMMCaHHWs COOCTBEHHBIX OJIOKOB,
TaKOBa, YTO JUIsl PEeaU3aliy aJTOPUTMOB Q/IaITUBHON CHUCTEMBI €IMHCTBEHHBIM JIOCTYITHBIM
S3BIKOM siBJIsieTCS sI3bIK C.

Tak xak ypoBHEM BHeJpeHUs ObLT BBIOpaH ypoBeHb «lllmo3a», TO 3TO CyIECTBEHHO
pacuupsieT BO3MOXKHBIM BBIOOP s3bIKA MPOTPaMMHPOBaHMS. B uTore OB BHIOpAH «POAHOM
s «llmroza» u pacuetnoro sapa «lCore» s3eik C#. Taxoit BeIOOp oOecneumBaer Ooliee

TECHYIO0 MHTETPAIMIO CEPBEPA, PACUETHOTO s/Ipa W BBITIOJTHSIOMIEHCS HA UX 0a3e aJanTHBHOM
82



cuctembl. Beibop C# obecrieunBaet He TOJIBKO 00Jiee TECHYIO MHTETPAIUIO PACUETHOTO sapa U
npeJyIaraeMoi CHCTEMBI, HO W CHI)KAeT BpeMsl pa3pabOTKH, MO3BOJISAS COCPEIOTOYHTHCS

HCMMOCPCACTBCHHO Ha p€ajin3allvi aJITOPUTMOB aJlalliTallnuu.

3.7.2. Peasin3auus ajaropuTMa CUHCTEMbI

Peanu3anuio cuctemsl BHIIOJIHUM B BHJIE (QYHKIMOHAIBHBIX OJIOKOB M BKJIIOYHMM HUX B
0a3oBbrii HAaObop OumbOmmorexkn OmokoB TACSFBL (6ubnmorexa (QyHKIMOHATBHBIX OJOKOB
«TekoHABTOMAaTUKaY). B COOTBETCTBUHU co CTaHJapTOM MexryHapogHOU
anekTpoTexHnueckoil komuccuu [EC 61131-3, ¢pyHKIMOHANBHBIE OJIOKH — 3TO JIOTHUECKHE
Oomoku ¢ "mamATeO" (T.. Y HHMX €CTh CTaTHYeCKue maHHbie). DYyHKIMOHAIBHBIA OJIOK
NO3BOJISIET TepeAaBaTh IapaMeTpbl B IMPOrpaMMe I10JIb30BaTeNs, T.€. OH MPHUIOJEeH Jis
POrpaMMHUPOBAHUS YAaCTO MOBTOPSIIOUINXCS CIOXKHBIX (DYHKUMN, HAPUMED, pEryIupOoBaHUs
[0 3aMKHYTOMY KOHTYpPY WJIM BbIOOpa pexuma paboTsl. Tak kak y QpyHKUIHMOHAIBHOIO 0JIOKa
€CTh MaMsATh (IK3EMIUIAPHBIA OJOK JaHHBIX), TO €CTh BO3MOXXHOCTH OOPaTHUTBCA K €ro
napameTpaM (Hampumep, K BbIXoJaM) B J000e BpeMss U B J00OH TOYKE MpPOrpaMMbl
M0JIb30BATETIS.

B cooTBeTcTBUMM CO cka3zaHHBIM Bbllle (B riaBe 2), 610K OyAeT colep:kaTh BXOJBI,

BBIXO/IbI M JIOKAJIBHBIC ITIEPEMEHHBIC, TIPEICTaBICHHBIC B Tabiuiax 3.4, 3.5, 3.6.

Tabnuna 3.4. BxogHbIe IEpeMEHHBIE OJI0Ka TTOJCTPOUKA

duznyeckas O6o3HaueHNE Tun Onucanue

nepeMeHHas

X Xpac LREAL Ommbka ynpaBieHUs

CycleRatio lar DINT [lar no6asnenust B 0ydep

MaxT Ts TIME BepxHnss ycTaBka BpeMEHU UHTEIPUPOBAHUS
MinT TH TIME Huxnss ycraBka BpeMEHU UHTETPUPOBAHUS
MinKsi Ksi LREAL ABapwuiiHOe 3HaYCHUE CTETICHN 3aTyXaHus
RegStat Crar CraTtyc TeXHOJOTHUECKOTO PerysTopa
RegOut Yp BBIX0 TEXHOIOTHIECKOTO PETYIISITOPA

Tab6muma 3.5. BerxogHbple iepeMeHHbIe 0JI0Ka TIOJICTPOHKH

duznyeckas O6o3HaueHme Tun Omnmucanne

nepeMeHHas

Ti Tn TIME Bpewms unterpupoBanus
Ksi Ksi LREAL CrereHb 3aTyXaHUs
Status Crat INT Cratyc
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Tab6muma 3.6. JIokamsHBIE IEPEMEHHBI OJI0Ka IMMOACTPOMKH

Duznueckas Tun Omnucanne

nepeMeHHas

InitialTi TIME Oranonnoe 3Hauenue Tu

KsiBufferLength | INT JmmHa Oydepa Ui BEIYHCICHAS CTCTICHH 3aTyXaHH

TiBufferLen INT Jmuna Oydepa a1 BEIMUCIIEHHS CPETHEH YacTOThI

FilterKind INT Tun ¢unbrpa (0 - IPSIMOYTOIBHBIN, 1 - TPEYTOJIBHBIN)

FilterFreq LREAL YacroTa (UIbTpaInm

HannWidth DINT [IuprHa 30HBI CTIAKUBAHUA KOCHHYCOHIAIBHBIM OKHOM [UIS TOJABIICHHS
OOKOBBIX TAPMOHHUK

UseFftFilter BOOL Komanna ucrionp3oBanus Gpuibtpa BIIO

FftFilterRatio DINT Kparnocts punprparuu BI1D

Auroput™ paboThl 6JI0Ka OMKMCHIBASTCS CICTYIONICH CXeMoi, n300paeHHOi Ha
pucyske 3.3.

B Havasne paGoThl IpoBepsIeTCsl KPATHOCTh TEKYILETO [IUKIIA 3HAYCHHUIO MTePEeMEHHOI
CycleRatio. Eciu 3HaueHue KpaTHO, TO TEKYIee 3HaUCHUE Xpac T00ABIISCTCS B AMSTh
BHYTpeHHero Oydepa. Ha crenyromieM mare BBITOIHICTCS TPOBEPKa PABEHCTBA TEKYIICH
JUTMHBI BHYTpeHHET0 Oydepa u 3aganHoro B nepemenHoi TiBufferLength smauenus. o Tex
1IOp, TIOKa BHYTPEHHUIA Oy(ep He 3aM0THEeH, BEIYUCICHHS HE TPOU3BOIATCS, a Ha
COOTBETCTBYIOIINX BBIXO/IaX OJIOKA COXPAHSIOTCS 3aJaHHBIC 110 YMOIYAHHIO 3HAUCHUSI.

Ha Bx0j Xpac 0710Ka TI0]a€TCsl CUTHAN PAcCOTIACOBAHUS OCHOBHOTO 33/IaHUS U
TEKYIIETO 3HAYEHUS TEXHOJIOTHYECKOTO TTapaMeTpa, COXPaHSIOLINIICS BO BHyTpeHHEM Oydepe
onoxka, umeroniem JunHy TiBufLen, 3anannyto nons3oBarenem. [lanee no onepaTuBHOMY
CHTHAITY OIIMOKHU YIPaBICHHsI HAXOAATCS TEKYIINE CIICKTPaIbHas MJIOTHOCTh U

KOppEISUOHHAS PYHKIHS.
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Puc. 3.3. AnanTuBHBIN adropuT™M padoTHI 0JIOKA OACTPOUKU
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Kak Obu10 moka3aHo B IpeIbIAyIIe I1aBe, sl HaX0XKI€HUs CIIEKTpaIbHOU
MJIOTHOCTHU MCIIONB3YETCS OJIMH U3 BapuaHTOB IpeoOpa3zoBanus Oypee. [lepen
00paboTkol BHyTpeHHEro Oydepa nmpeodpazoBaHrueM Dypbe MPOU3BOJAUTCS €TI0
CrJIaKMBaHUE OKOHHBIMU (QYHKIUAMU. BEIOOP MPSIMOYTONBHOTO UIIN TPEYTOJIBHOTO
¢unbTpa 3agaercs B nepemeHHol FilterType, ocobenHocTu Toro u gpyroro puiastpa
oOcyxanuce B pazzaene 2.3 BTopoii riaBsl. PacueT mmpuHbl GUIbTpa HA OCHOBAHUH

4acTOTHI 3a1aHHOM B mepemenHoil FilterFreq ocymectsusiercs mo popmyne Ny =

H
. T . w
integer —— = integer —= . Ilocne puapTpanuu mporecca HeoOX0MMO
WminBo Wmin

MIPOBECTHU CTIIAXKUBAHUE €ro OOKOBBIX rapMOHHK. CrilaXXUBaHUE «XBOCTOBY
MPOU3BOIUTCS (PUKCUPOBAHHBIM MPSIMOYTOIBHBIM OKHOM C KOCHHYCOUAATbHBIMH
BCTaBKaMU 1Mo KoHIaM. Kak OblI0 MPUHATO B PEIBIAYIIEH IJ1aBe, ITUPUHA BCTABOK
cocrasisieT 20% (10% c kaxmoro xkoHia). [lonydeHHblit B pe3yabTaTe mporecc
obpabateiBaeTcsa npeodpazoBanuem dypre. Ecnu B nepemennoit UseFftFilter
3anucano 3HaueHue UCTHUHA, nony4yeHHbIl poliecc CeKTpaibHOM IOTHOCTH
CTUIAKUBAETCS CIIEUAIbHBIMU OKOHHBIMU (pyHKIIMAME. B nanHO# cucteme
UCIIOJIb3YeTCsl OKHO XaHHA, SBJISIOIIEECs] Pa3HOBUAHOCTBIO TPEYTrOJIBHOTO OKHA C
KECTKO (PUKCUPOBAHHOM IIMPUHOM, paBHOM 5. [Iporieaypa criaxuBaHusi CIEKTPATbHOM
TUIOTHOCTH MOYKET OBbITh BBITTOJIHEHA HECKOIBKO Pa3 JJIsl TIOCTHXKEHUS JTyUIIIero
pesynbrata. KparHocts punbtparmu 3amaercs nepemernoit FftFilterRatio. TTocne
OTpeJIeNIEHUs CIIEKTPAIbHON MJIOTHOCTH BBIYUCIISIETCS CPEAHSS 4acToTa Mpoliecca.
Omnpenensisi UBMEHEHUE CPETHEN YacTOTHI, AITOPUTM OOPATHO MPOTOPIIUOHATIEHO
U3MEHSIET 3HaU€HHUE BPEMEHU UHTETPUPOBAHUS TEXHOJIOTUYECKOTO PETYIATOPA.

JIist MCKITIOYEeHHS] BIUSIHUSI CBOMCTB PETYNATOpa CTAOMIM3HPYETCs] 3HaYCHUE
AKBUBAJICHTHON CTEMEHM 3aTyXaHus. {7 OIEHKH CTENEHU 3aTyXaHUs BBIUUCISCTCS
KOppesuoHHas (QYHKIMS 10 3HAYEHUSM BHYTpeHHEro Oydepa, MMEIOUIETo UIMHY
KsiBufLength. Kak u B cioydae ¢ OIICHKOW WHEPIIMOHHOCTH OOBEKTa TMepes
HEMOCPEJCTBEHHO PAcUeTOM KOPPEISAIMOHHON (PYHKIIMH BBINOJIHSAETCS CriakKUBaHHE
BXOJIHOTO TIpollecca OKOHHBIMH (QyHKIUsSMU. [l criuakwBaHUS TOJIYYCHHOUN

KOppCJ'ISIIII/IOHHOI‘/JI (bYHKHI/II/I MOKHO HCITIOJIb30BaTh PaHCC OIMMCAHHBIC IMPAMOYT'OJIBHOC

HJIN TPCYTOJIbHOC OKHA, a TAKKC BOCIIOJIB30BATHCA CIICHIUAJIBHBIMU KOPPCIAIINOHHBIMUA

OokHamu - okHOM Tbhtoku min Ilapzena. Kak oTmeuanock Bo BTOpOH IiaBe B pasjeiie
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2.3, B JaHHOM ciydae ObUTIO BBIOpaHO OKHO TBIOKHM, MOCKOJBKY OHO 00JajaeT
HE3HAUYMUTENIbHBIM MPOCAYMBAHUEM CHUTHAJa HA TAPMOHUKAX M MEHbIIEH (HEXelu y
okHa [lapzena) momnocoil mpomyckanusa. [lo moidydeHHOM GYHKIMHU, HCHIONB3YS
bopmyny v, = 1 - As/Ai, BbIUHCISETCA SKBHBAJICHTHAs CTCMCHb 3aTyXaHUs.
Crabwiu3anysi 3HaUYCHUS ODKBUBAJICHTHOM CTEMEHH 3aTyXaHUS >, OICHUBAIOLICH
3arac yCTOWYMBOCTH CUCTEMBI, PEAIU3YETCs C MOMOILIBIO KOPPEKIHUH KOdpPUIMeHTa
ycuiieHus: perymsaropa Kp.B cuiny HenmuHelHOro xapakrepa 3aBUCHMOCTH CTPYKTypa
CHUCTEMBI [TapaMeTPUUYECKON MOJCTPOMKHU peaanu3oBaHa ¢ 3aMKHYThIM KOHTypoM.Koraa
3HAUEHUE HKBUBAJIEHTHON CTENEHM 3aTyXaHHUsS BBIUYMCIEHO, OHO MOCTYIMAET Ha BXOJ
MapaMeTpUYeCcKOro peryiadaropa. Perynstop, CpaBHUB BBIYHCIEHHOE 3HAYCHHE
CTCTICHW 3aTyXaHHWs C 3aJaHHBIM, H3MCHSCT 3HAYCHHE Tapamerpa Kp OCHOBHOTO
(koopaIMHATHOTO) perynaropa. B kauecTBe 3akoHa perynupoBaHus BbiOpaH [1-3akoH,
Kak obecrieunBaronnii HanOosblee ObICTPOACHCTBHE.

Bxoast Ctat u Y, UCHIONB3YIOTCS TTOJACUCTEMOUN TUArHOCTUKU ISl OCTA0JICHUS
BIUSTHUS PaOOTHI MAPAMETPUIECKOTO KOHTYpa Ha KOOPAUHATHBIMH.

brnok mnoacTpoKuM UCHONB3yeTcs B CBSI3KE C OJIOKOM TEXHOJIOTHYECKOTO
perynsitopa. ANTOpUTMUYECKUN OJOK peryistopa NpeaHa3HaueH ISl yNpaBICHUS
PErYIUPYIOLIUM HCIOJHUTEIBHBIM MEXaHHU3MOM IOCTOSIHHOW CKOPOCTH C UENbIO
MOJAJIEPKAHUS PETYIHPYEMOIro MapaMeTpa TEXHOJOTHUYECKOro Ipolecca, Kak B
py4YHOM, TaK M B aBTOMAaTUYECKOM pexxuMme. HazHaueHue mapaMeTpoB THIIOBOTO
perynsTopa onucano B Tabnunax 3.7., 3.8. u 3.9.

PaGora Onoka BBITISAIUT cienyronmM oOpa3zoMm. Perymupyemsbiii mapamerp
nmojaeTcss Ha BXoJd X ajnropuTMuyeckoro Onoka. Bxon Zx mnpemHasHadeH s
MOAKJIIOYEHHUs CUTHala MPU3HAKA HEJOCTOBEPHOCTH PETYIUPYEMOro MapaMeTpa WIH
JIpYTUX MapameTpoB, y4acTBYIOLIUMX B paboTe peryistopa. B Tom ciywae, eciu Ha
ATOT BXOJ moctynaeT enuuuna, do B Crar npuaumaer 3HaueHue 1. Pexum paboThb
peryisTopa mnpy MosiBJACHUH MPU3HAKa HEJIOCTOBEPHOCTH U3MEHSIETCSI B COOTBETCTBUU
C TEXHOJIOTHUECKUMHU TPEOOBAHUSMHU MPHU MTPOCKTUPOBAHUU PETYIATOPA.

Bxong X2 mpeaHazHaueH sl MOAKIIOUEHUS] BHEIIHETO KOPPEKTUPYIOIIETO
curHana (Hampumep, CHUTHaJla OT KOppeKThpyrouiero peryniropa). Bxoxg Xo

MacmTabupyercs ¢ momouibio ko3 dunnenrta macmradupoBanus K.
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Tabauna 3.7. BxogHble NepeMEeHHbIE TEXHOJIOTHYECKOTO PETysaTopa

O6o3HaueHne Dusznyeckas Tun HaumenoBanue
mepemMeHHast
X X1 REAL Perynupyemslii napameTp
ZX X1 ned BOOL He0cTOBEpHOCTH aHAJIOTOBBIX BXOJOB
X2 X2 REAL CUrHan Koppekuuu
KM Kscl REAL MacmitaOHbIi K03 unyeHT
Wo6an  |Whal DINT BapuaHTt GanaHCHPOBKH:
0 — 6e3 GamaHCHPOBKH
1 — craTnyeckas
2 — ITMHAMHYECKas
Vo6an \Vbal REAL CKOpOCTh IMHAMUYECKOW 0aJIaHCUPOBKH
XMUH Xmin REAL OrpaHudeHue 3alaHusi MUHIMYM
XMKC Xmax REAL OrpaHuyeHue 3aiaHusi MAKCUMYM
T Tf TIME Bpems punbTpa
X30H Xzon REAL 30Ha HEUYBCTBUTEIBHOCTH
Kn Kp REAL Kos¢ddunneHT nponopuuoHaaIbHOCTH
Tu Ti TIME Bpemst uHTerprpoBaHus
Kn Kd REAL Koa¢ppuuument ycunenus nuddepenunaropa
Tn Td TIME Bpems nuddepenumpoanus
C3nM Czpm BOOL 3anpet MeHblIe
C3n6 Czpb BOOL  PBamper Gosbiie
XBHII Xvn REAL 3HayYeHHE BBIXO/A IPU BHENTHEM YIIPaBICHUU
CBHIII Cvn BOOL KomaHa BHEIITHETO YIIpaBICHUS
Cast C_auto BOOL [lepeBon perymaropa B peKuM «ABTOMATHICCKHIT» BHEIIHEH
KoMaH 101
Cpyu C_manual BOOL [lepeBon perymsropa B pexxuM «PydHOI BHEITHEH KOMaHIOM
Xum Xim REAL [Tono)keHHe NCIOIHUTENFHOTO MEXaHU3Ma
Zum Xim_ned BOOL HemocToBepHOCTD ToN0)eHuss UM
T Tim TIME Bpems HCIOTHUTENFHOTO MEXaHI3Ma
Corx Co BOOL KoH1eBoit BeIkitouaTes b «KiamnaH oTKpbIT»
Caax Cz BOOL KonieBoit Beikirouatens «KiamaH 3aKpbIT»
Tuvn Timp TIME MunumaibHOe BpeMs umnyisca HINM

Tabmmna 3.8. BeIxoqHbIE TEpeMEHHBIE TEXHOJIOTHYECKOTO PETysiTopa

O6o3HaueHNE Duznyeckas Tun IHanmeHnoBanue
mepeMeHHas
Y suix Y REAL IBBIXOTHO# CHTrHAI
Rp Rb BOOL IBrrxox «boxpmie» BcrpoenHoro anroputMa MM
Rm Rm BOOL IBrrxox «Menbie» BcTpoeHHOTOo anroputMa [ITNMM
Crat Stat DINT CraTyc
Yo Y1 UlokanpHOE 3a1anne
Y o6 Y2 OO1ee 3a1anue
Y pac Y3 IPaccornacosanue

AnropuTMHUYecKHid OJIOK TIO3BOJIAET C OIEPATOPCKOW CTAHIMM 3a/1aBaTh
3HAYEHUE JIOKAIBHOTO 3aJ]aHusi, KOTOPOE TPAHCIUPYETCS HA BBIXOA Y s CHTHAN Ha
Bxojie X2 CYMMHUPYETCS C JIOKaJbHBIM 3aJaHueM Hu (GopMmupyeT oOlee 3aJaHue.
3HavyeHne oOIIeTo 3a1aHus Ha BBIXO/E Y o6m BBIYMCISETCS 1O cleayrouiei hopmyie:

Yoouy = X2 * Ky + Yizan -
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Curnan oOuiero 3afaHusi MOXKET ObITb OTpaHUYEH, AJIsi 4ero HeoOXOAUMO Ha
BX0J1aX Xymn U Xuxe YCTAHOBHUTH, COOTBETCTBEHHO, HUKHIOIO M BEPXHIOIO I'PAHUIIBI
Juana3oHa.

Pazuuma Mexnay curHaiom oOmiero 3agaHus Yoom M PEryJIUPYEMBIM
napamMeTpoM X BBIBOJUTCS Ha BBIXOJIE Y pac — PACCOTIACOBAHUE:

Ypac = Y06Lu - X

Jns obecnieuenust Oe3yJapHOTO TMEPEKIIOYEHUs] MPU U3MEHEHHH PEXUMOB
paboThI peryasiTopa B alTOPUTMUYECKOM OJIOKE MPEyCMOTPEHBI TPU PEXKHUMA PabOThI
OaJTaHCHPOBKHU:

® OTCYTCTBHE OaJlaHCUPOBKU;
e craTuveckas 0amaHCHUPOBKA;
e JUHAMUYEcKas OalaHCHPOBKA.

Bun GanancupoBku 3amaercs Ha BXojl€ Wear B COOTBETCTBUHU C IPAaBUIIAMH,
NPUBEJACHHBIMU B TaONmuIle «BXOAb». B TOM ciydae, eclid MpearoyaraeTcs
WCIIOJIb30BaHUE JMHAMHYECKON OalaHCUPOBKH, Ha BXOAEC Vear CIEAyeT 3a4aTh
eJ.per.nap.

CKOpPOCTb 6aJ'IaHCI/IpOBKI/I B
CeK.

JIns ycTpaHeHusT BBICOKOYACTOTHBIX IyJbCAIMH CHTHAja pPacCOIIaCOBAHMS
npeaHa3HaueH QUIbTp — anepuoIMdYeckoe 3BE€HO MepBoro nopsaka. Bpems dunbstpa
yCTaHaBIMBaeTCs Ha Bxoae Tg.

3BeHO (OPMHUPOBAHUS 30HBI HEUYBCTBUTEIBHOCTH PEryJsTOpa padoTaer Mo
CIIEIYIOLIEN 3aBUCUMOCTH:

X30H —_
5 TO Ypac - O,

Ecau |YpaC(on,u )| <

Ecnu |YpaC(onA )| > XBZ"“, T0Y}0e = (|Ypac(onA )| — X32°“) * (sign(Ypac)),

rjae Xson — BXOJ AITOPUTMHYECKOrO OJIOKA, HA KOTOPOM 3a/acTCs BEIHYHHA
30HbI HEUYBCTBUTEILHOCTH;

PabGoTa3BeHa ONKMCHIBAETCS 3aBHCUMOCTSIMH, IPUBEICHHBIMHI HIKE.

JIJ'IH HWCHOJIHUTECIBHOTO MEXaHM3Ma IIOCTOSIHHOM CKOpOCTH, HMCIOUICTO

nepeaaTovyHyio (GyHKIHIO BUA:

WI/IM(p) =

;
Tum*p

rac Tun — mOTHOE BpCMs XOJa UCITOJTHUTCIIBHOTO MEXaHU3Ma B CCK.
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HHILZ 3B€EHO COBMECTHO C WCIIOJHUTEILHBIM MEXAHU3MOM ITOCTOSHHOU

CKOPOCTH pealin3yeT CIEAYIOUIYIO epeAaTOUHYI0 (PYHKIIUIO:
_Tip
(Tﬂ*p+1)2 ’

VVper(p) = ky * (1 +Tui*p) + kq *

rae

Ky - k03 dunueHT nponopinoHalIbHOCTH;

Tu - BpeMsl HHTEIPUPOBAHMS;

K - koadpuruent quddepermpopanus;

Ty - Bpems nuddpepeHpoBaHus;

Bxoap! Cins 1 Canw ITpeTHA3HAYEHBI [T 3a1peTa padoThl PEryIsiTopa B CTOPOHY
«OOJIbIIEY U «MEHBIIIE» MPU MOSBICHUN BHEIIHUX KOMaH/I.

Bxon Xeum IpelHa3HAuEH AJIs1 TOJKIIIOUEHHUSI BHELIIHETO CUTHajia (4epe3 3BEHO
NEPEeKITIOUeHHs pexknma padbothl perynsitopa) Kk IIMM npu Hanmuum «1» Ha BXoze
Cenm. Ha Bbixome Rp mnm Rm B 3aBHCHMOCTHM OT MOJAPHOCTH CUTHaNAa Ha Xeum
(bOpMHUPYIOTCS UMITYJIBCHI CO CKBXKHOCTBIO, COOTBETCTBYIOIIEH BEJIMYMHE CUTHAJIA HA
XBHI_I_I.

Ha Bxoabl Cow, Csax mogaercs uHpopManus o cpabaTbIBaHUM KOHIIEBBIX
BBIKJIIOYATEJICH OTKPBITOTO M 3aKPBITOrO MOJIOKEHUSI MCIIOJIHUTEIBHOIO MEXaHU3Ma.
[Tpu mnosiBnenun uHPOpMaUu O cpadaThIBAHUM KOHLEBOI'O BBIKIIIOUaTENsl padoTa
aJITOPUTMa B COOTBETCTBYIOIIEM HAIIPABICHUH OJIOKUPYETCS.

CurHanbl TpeOOBaHUS OT TEXHOJIOTMUECKHX 3alUT, OJOKHUPOBOK MM JIPYTUX
UCTOYHHUKOB MOAKIIOYatoTCs Ha BXOA Crow. Ommcanue paboThl anropurMa B
3aBHCUMOCTH OT COCTOSIHUS BX0/1a Crom IPUBEJCHO B TAOIHIIE «BXOIBD.

[TocnenHuM 3BEHOM B  alTOPUTMUYECKOM OJIOKE SIBJISETCS LIMPOTHO-
umnynbcHbll Monynarop (ILIMM), kotopsiit hopMupyeT Ha BBIXOJAE YIPABISIOIIME
MMITYJIbChl COOTBETCTBYIOLIEH JIMTENBHOCTH M CKBAXKHOCTH, KOTOPBIE YEPE3 MOIYJIb
JUCKPETHOIO BBIBOJA YIPABIAKT HCIOJIHUTEIBHBIM MEXaHU3MOM IIOCTOSTHHOM
ckopoctu (Hampumep, MDO). BpixoaHble HUMMOYJIbChl Ha OTKPBITUE M 3aKpbITHE
bopMUPYIOTCS, COOTBETCTBEHHO, Ha BbIXoJax Rp mmm Rm. Ha Bxome Tuwn 3amaercs

MHWHUMaJbHAs JUIUTENBHOCTh uMityJibca [IIMM.
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BeiBog MHpOpMaLKUK 0 COCTOSTHMM aIrOPUTMHUYECKOT0 OJ0Ka OCYIIECTBISAETCS
yepe3 BbixoJ Crar. Bee npusHaku copMUpPOBaHBI B BUJE JUCKPETHBIX CUTHAJIOB U
ynakoBaHbl. PacmmdpoBka Ha3HaueHHs KakJoro OWTa YIaKOBKM IIPHUBEJIEHBI B
TaOJIUIIE «BBIXOJBD».

Tunosas cxema UCHOIB30BaHMS OJIOKA NOJICTPOIKU COBMECTHO C PETYIIATOPOM
IpUBEJEHa Ha pUCyHKe 3.5.

Taxke KOHTpPOIHPOBaTH paboTy Oioka Tuning BO3MOXHO, WCIIONB3YSI
omneparopckuii uatepderic. st 610ka noacTpoiiku ObuM pa3paboTaHbl MHEMOCHUMBOJI

Y OKHO YIIPaBJICHMS, IPEICTABIICHHBIC HA PUCYHKaX 3.6 1 3.7.

Puc.3.6. MHeMocuMBOII 6510Ka MOACTPONKHU

KKS

HaumeHoeauue

Mn .
OCT. EPEMEHH G'TaJ'DH.
999.9 WA 999 9
-

N EpEeMEeHH
:GI_X.EOQuH. uz

CpeOHARA YacToTa 9999
CTenet saTyxauusa 999.9

me [

Puc. 3.7. O6bexkTHOE OKHO 0JI0Ka MOACTPOIKH
OkHO YIIpaBJIICHUA ITO3BOJIACT IIPOCMATPUBATh TCKYIIHNC 3HAYCHUA MMOCTOSIHHOM

BPEMEHH, CTENEHU 3aTyXaHus U cpeaHed 4acToThl. Takke OKHO OIpaBJICHUS
MO3BOJISIET M3MEHATHh 3HAYEHHME HAYaJbHOIO 3HAYEHUS IIOCTOSHHOW BpPEMEHHU H
3a/laBaTh ~HACTPOMKM pacueTa CpeAHEM 4YacTOoThl M CTENEHHM 3aTyXaHUs.
OTtoOpakaemble Tpaduky, BKIOYAIOT B ce0sl rpadKu MacCUBOB UCXOJHBIX JAHHBIX,
UX OT(QUIBTPOBAHHBIC BApUAHTHI, TPa(QUKH CIEKTPATbHOW IUIOTHOCTH M CTENEHU
3aTyxaHusl, a TakKe TpPEeHJl W3MEHEHUsT TOoCTOsSHHOM BpemeHu. Hacrpoiika
0TOOpa)keHUs T€X WU WHBIX TpaUKOB U MapaMeTpbl UX OTOOPaKeHUs MPOU3BOAUTCS
tam xe. [IpucyTcTByeT BO3MOXKHOCTH OJIOKHPOBATh padboTy OJ0ka Tuning, mpu 3ToM B
KYpHaJl apXMBHON CTaHIMM 3aHOCHTCA COOBITHE py4YHOU ONOKMpPOBKU. B Bepxuei

YaCTHU OKHA BBIBOJAUTCA HAMMCHOBAHUC U OIMMCAHUEC SK3EMILIAPA 0J0Ka Tuning.

91



0.0

- —  ADR_4001.0ut )

Co e e
- ADR 4001.5tat X Bwn

20 0.0

10

Z]

5.0

1.0y

Tuning 2500

.......XPED an T&#0ms |

Tw T&0ms 0

0E
——T=r )

T#I0S o Thn el

T=0ms

o e Telms |

— ™= il FALSE]|

|]'5 a7 Hs=i '.:ALE'E

00

35 —

FALSE]|

FALSE |

FALSE |

TEis
. . . . . . . . . . > ! -
calce REGI_4001_F | [14] CDI32V > kanan 0.ValueBOOL;,

— GR_4001 - C1 FooM4
TR | [141 CDI32V > kanan 1.ValueBOOLys|—————&—
FALSE| _|o
. —{C3 Crar
FALSE| ., ~ TE100ms |

2\ vemg FALSE |
24

&

Kw
Whal
Vhal
Xmin

Ximag

REGI_4001
REG_|_v

=t

Rb

Crar

T

FALSE

FALSE

0.0

[15] CDO32V > kanan B.UalueElﬂ-Dlaﬂ

[15] CDO32V > kanan 1.‘l.|’alueED-DI54|

ANY_TO_LREAL
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3.8. IIpoBepka padoThl 0J10Ka MOACTPOHKH

Jis mpoBepku paboTOCIOCOOHOCTH 0OJIOKa aJanTUBHOW HOJCTPONKH ObLIN
npoBesieHbl ucnbiTanud Ha TpeHaxepe ACY TII msaroro suepro6iioka Tpowuikoii

I'POC, momnocTtrio 300 MBT.

3.8.1. Onucanue TpeHaxepa

Tpenaxep BKIOUaeT B ce0s BHUPTYaJIbHBI KOHTPOJUIEp, CEpBEp HAHHBIX,
ApPXUBHYIO CTaHIIUIO, ONIEPATOPCKUN UHTEPPEIC U MOAENIb OObEKTA YIIPABICHHUS.

TexHonorudeckass mporpaMMa BBINIONHSIETCS Ha 0a3e  BUPTYaJIbHOTO
KoHTpoJuiepa npou3BojactBa OO0 «TekoHABTOMaTHKay, MPEACTABIAIOMIETO MOJICIb
peanbHBIX KOHTPOJIEPOB, Npou3BoauMbix 3A0 «IpomkonTpomiep». BupryanbHblil
KOHTPOJIIEP MOJICPKUBACT TOT e HAOOp CEPBUCOB, UTO U PEATbHBIN KOHTPOJLIEP.

Mopnenp mapoBOASHOTO TpakTa KOTJIA, UCIIOJIb3yEMas B BUPTYaJIbHON CUCTEME,
pazpaboTaHa Ha OCHOBE AapXMBHBIX JAHHBIX, IOJYUYEHHBIX B IpOIECCe ITYCKO-
HaJaJ04YHbIX paboT Ha msATOM 3Heprobsoke Tpowurkoit I'POC, mournocTeio 300 MBT,
MIPOBOJIUMBIX B Tiepuoj ¢ aekadps 2011 mo mapt 2012 rona.

Cucrema ympaBiaeHusT NApOBOASHOIO TpakTa KOTJIA, HCIOJIb3yeMas B
BUPTYAJIbHOM CHUCTEME, SIBJISETCS TOYHOW KONMEHW PEaJbHOW CHUCTEMBI YIPABJICHUS.
MeTtonbl HaJTaIKU JAHHOW CUCTEMBI IOJHOCTBI) COOTBETCTBYIOT PEaIbHBIM METOJAM,
HCIOJIb3YEMBIM B MIEPUOJ IYCKO-HAJIaJOUYHbIX paboT.

Omneparopckuit uHTEpdElc, NPEACTABICHHBIA B BUPTYAIbHOW CHUCTEME,
IpeJICTaBIseT cCOO0M KOMUIO peasbHOT0 ONEpaTopcKoro HHTepgerca.

KoMmoHeHThI cepBepa TaHHBIX U apXUBHOUM CTAHIIMU MCHOJB3YIOTCS TaKUE XK€,
KaK M Ha peaJibHbIX 00bEKTaX.

B kauecTBe ammapaTHOM 4YacTH HWCHONB3YETCS OOBIYHBIM IEepPCOHANBHBIHI
KOMIIBIOTED.

CrpykTypa TpeHaxkepa IpeAcTaBiIeHa Ha pUCyHKe 3.7.

B kadectBe cpeipl MOJCIMPOBaHUS HCIONb3yeTcss «MO0deo» - mporpamMMHBIi
npoaykt OOO «TexkoHABTOMAaTHKAY.

Cucrema Modeo mpenocTaBisieT dYelOBEeKYy rpaduveckuii uHTEpdeiic,

HCIIOJIB3YA KOTOpBIfI HCCIICOO0BATCIIb CO3JAaCT MOJCIb M3 BUPTYAJIBHBIX JJICMCHTOB C

93



HEKOTOPOM CTEMEHbI0 YCIOBHOCTH TaK e, KaK €CJIM Obl OH CTPOMII PEAIbHYIO CUCTEMY
U3 HAaCTOALIMX 3JIEMEHTOB. OTO IO3BOJIAET CO3/aBaTh, a 3aT€M HCCIEN0BaTh M
ONTUMM3UPOBATH MOJIENIA CUCTEM IIUPOKOTO TUANa30HA CIOKHOCTH.

HcxoqupiMM  TaHHBIMU IS TIOCTpOeHHsT Mojaenu B Modeo sBisitoTCS
CTPYKTYpHO-(QYHKIIMOHAJIbHASI CXeMa MOJEIMPYEMOM CHUCTEMBI, Mpolecca WIH
o0bekTa W omnuchiBaromme wux auddepeHuanbHO-aIredpanyeckue ypaBHEHHUS.
BmecTto Takux ypaBHEHUM JOJDKHBI OBITH 3aJaHbl ONEpaToOpbl WM (YHKIIHH,
XapaKTepU3YIOLIUE OTAEIbHBIE JJIEMEHTH MOJETUPYEMOl CHCTEMBI, HaNpUMED,
nepeAaTouHble (PYHKIUU N7l TUHEWHBIX 3JIEMEHTOB M CTATUYECKHUE XAPaKTEPUCTUKU

JUISL HeJIMHEHMHBIX 3JIEMEHTOB.

b/l NMpoekTa MNpegacTaBneHune
ot Tt T T T T |
I I
I | |
: I MeHeakep BUPTYyanbHbIX : :
I : KOHTPOANEPOB. KNneHT. o
| v | |
I I
T - I !
I : I I
: | Komnunartop : : SCADA Client
I ! I I
I i I I L
| 1
I I
I I :
I I
: : CepBep AaHHbIX
I I ObmeH
: R Apaiisep VPLC _ .
I I
I I 7
I !
I I
I Ir————v- ——————— r__, | oo L |
I I
M . - . |

| | VIEHEVKED BUPTYanbHBIX I 7| BupTyanbHblii KOHTPONNEP |
: : KoHTponnepos. Cepsep. : [ | HUsKH

________________ | S |
I - ypoBeHb(BbIiNoNHEHNE TeX.
: YnpasneHue, KOHGUrypupoBaHue : Nporpamm, AaHHble)
L BUPTYasIbHbIX KOHTPONINEPOB :

[aHHbie(Mogenu, moaynu 8\s)

Puc. 3.7. CtpykTypa TpeHaxepa
CymecTBeHHBIM — TIpeuMyliecTBOM Mo0Je0 1o cpaBHEHHIO C JPYTHMHU

MOACIIMPYIOIIUMHA  [MAKCTaMU  SABJIICTCA  TCCHAsA  HUHTCrpanuda ¢  OCTaJIbHBIMU

NpoIyKTaMu rpymmbl kommnanuii «Texony. [Ipu ucnonbs3zoBanuu Modeononb3oBaTernto
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HEOOXOMMO JIMIIb HM3MEHUTh THIl MOJYJIeW BBOJAA/BBIBOJA, HCIOJb3yEMbIX B
TEXHOJOTUYECKOM Mporpamme, 3a/aB BUPTYalbHbIH BMECTO PEAJbHOIO B PEAAKTOPE
nporpaMM. HuMKakux JApyruX H3MEHEHHI B TEXHOJIIOTMYECKYIO MPOrpammy,

BBIIIOJIHATOMIYIOCA Ha KOHTPOJIICPC, BHOCHTL HC Tpe6yeTc;1.

3.8.2. Moaejab 00LeKTa

Mogenp MapoBOASHOTO TpakTa KOTJA, UCHOJb3yeMas B TpeHaXepe,
pazpaboTaHa Ha OCHOBE apXMBHBIX JaHHBIX, MOJIYYEHHBIX B TMpoOIlEcCe ITyCKO-
HaJaJ04YHbIX paboT Ha msAToM 3Heprobsioke Tpowurkoit I'POC, mournocTeio 300 MBT,
MIPOBOJIUMBIX B Tiepuo ¢ aekadps 2011 mo mapt 2012 rona.

Monens 00beKTa ymnpaBieHus 3akioyaeT B cebe HuHPOpMauui o
TEXHOJIOTMYECKUX TMapaMeTpax U JUHAMUKE W3MEHEHHUs, HEOOXOIUMBIX MJIf
peanu3anu CUCTEMbI yrpaBiieHus. Takke B MOJEIH YUUTHIBAETCS CBSI3b JUHAMHUKHU
KaHAJIOB ¢ 00bEMOM, CKOPOCTBIO CPEIbl, PeKUMaMU T€UEHUS U APYTUMHU (HaKTOpaMH,
KOTOpBIE€ OBLIIM PACCMOTPEHBI B IIPEIBIAYIICH IiaBe.

CrtpykTypa MoJienH 00bEeKTa yrpaBieHHs NpecTaBlIeHa Ha pUCyHKe 3.8.

\
_F nuTatenbHor BoAbl o | ) | T 3a BPY |
Ha HUTKY A *v /\/ / T3 BNP-1A HUTKa A
— \
___F nutatenbHoit Bop,bl_>/\/ /
Ha BMP-1A \ /\
__F nutatenbHoii Bogp! | _\_ o \ } ) I B T 3a KOTIOM |
Ha BIMP-2A > \ T T3a BMIP-2A HWUTKa A
_F nutaTenbHOM BOAbI R L g > — T 3a BPY
Ha HUTKY b *V \ — 7 T3a BIP-16 HUTKa b I
F nuTaTenbHoM Boabl \/ - 3( / |
waBnp-1s T\ \ V/ | |
_F nutaTenbHOM BOAbI | \ _ i . | T 3a KOT/IOM
waBnP-25 BN A _I/ T3a BP-26 > P e
060poTbi \ / \} I
——nbinenuTaTeneli=—-_ /\ / / \ |
\ —
rpynnbl 1 ~ - - 7§ : T napa3a CPY I
0O60opoTbl ’\L/ — N\~ HWUTKa A
—blNENUTATEN i 1> 1 \ | |
rpynnbl 2 - — - T napa 3a CPY I |
060poTbI - -/ — J - HWUTKa b I
e [ 1€ (A TATE/1 € e 2= ’/7 I I I I
rpynnel 3 / / I I I I
) U v
|| L - - - — — d1 I
S I I
L - - ______

Puc. 3.8. CtpykTypa Mozienu 00beKTa yrnpaBiaeHUs!
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Huxe mnpencraBieHa nodsTamHas MeETOAMKA WACHTHU(PHUKAIMU KpPUBBIX Ha
npuMepe kaHaiia «Pacxon murarenbHOM BOJBI Ha BIPBICK 1 - TeMmepaTypa mapa 3a
MIEPBBIM BIIPHICKOM» (HUTKA A).

Ha mnepBom »sTame HeEOOXOAMMO M3 apXWBa TEXHOJOTMYECKHMX COOBITHHA C
MOMOIIBIO YTUIIUTHI MPOCMOTPA apXHBa BBIICIUTh KPUBYIO (MU CEMENUCTBO KPUBBIX),
Hecylmyiro B cebe Hambornee JOCTOBEpPHYIO HMHPOpPMAIMIO O  JIUHAMHUKE
TEXHOJOTHYECKOro mporecca. KpuBasg pasroHa mo kaHaimy «Pacxon mnuTarebHOU

BOJIbI Ha BIIPBICK 1 - TEMIICpATypa I1apa 3a IICPBBIM BIIPBICKOM)» IIPCACTABJICHA Ha

pPHUCYHKE

1'““_____‘““

8 &

E8RZEEzZEE

A e

S I e o B o e I
3 : i = i i = i i i — i i i o
(i e D e e AR AN S e R 11y W e 1O e ORI 1R SN D e R 1

Puc. 3.9. KpuBast pazrona no kanany «PacxoJ mutaTenbHO# BOJbI Ha BIPHICK | - TeMmepaTypa napa 3a
MEPBBIM BIIPBICKOM»

KpuBas pasrona no kanamy «Pacxon mNUTaTtenbHONM BOABI HAa BOPBICK | -

TEeMIIEpaTypa mapa 3a mepBbIM BIPHICKOM).

1 - TeMIlepaTypa mnapa 3a nepBbIM BIPHICKOM;
2 - IIOJIOKEHHUE PErYJIUPYIOLIEro opraHa KiarnaHa IepBoro BIPBICKa;
3 - pacxoj BOJIbl Ha MEPBBIM BIPHICK.

Ha BTOpOM 3Tane Gpopmupyercs MacCHB HCXOIHBIX JaHHBIX C MOMEHTA MOJauH
BO3MYIICHUS O MOMEHTa YCTaHOBJICHHUS IPOIECCa W OCYIIECTBISIETCS IKCIOPT B
cpeny oOpabOTKH AaHHBIX. B 1aHHOM ciyyae B KauecTBe Cpejbl 00paOOTKH JaHHBIX
ucrob3oBanack cpena Microsoft Excel.

Ha TperbeMm 3Tarne HEOOXOIUMO OCYIIECTBUTH 00PaOOTKY MCXOJHBIX TaHHBIX.
JlaHHBIC W3 apXuBa COOBITUH MMEIOT HE TPUTOIHBINA IS HACHTU(DUKAIIMNA BUI BBUIY

HECOOTBETCTBU q)OpMaTOB JaHHBIX U OTCYTCTBHA paBHOMCPHOTO IIara rmo BpE€MCHU.
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Ha uerBeprom 3Tame HEOOXOIUMO HOCTPOUTH I'paUKH KPUBBIX pa3roHa. B
KayecTBE METOJa alllpOKCUMAIMU HCIIOJIBb3YETCs CIUTAH—aNpoKCcUManus (PUCYHKH

3.10 u 3.11).

O T T T T T T T 1
50 100 150 200 250 300 350 400

-10

-15

—o—h2(t) —8—h3(t6)

Puc. 3.10. KpuBas pasrona no kanany «Pacxon nutateiapHON BOABI HA BOPBICK 1 - TeMmepaTypa napa 3a
MepBBIM BIIPEICKOM» - KpuBas «TeMmepaTypa 3a mepBbIM BIPHICKOMY
14

12

10

O T T T T T 1
10 20 30 40 50 60

-2

=—h2(t) == h3(t6)

Puc. 3.11. KpuBas pasrona «Pacxon nutaTeasHOM BOJBI Ha BOPHICK | - TeMmepaTypa mapa 3a MepBBIM
BIIPBICKOM» - KpHBas «Pacxo/ muTaTelIbHON BOJBI HAa BIPBICK

Ha nsiToMm stane Heo6xoauMo cpopMHpPOBATH MACCUBBI PACUETHBIX TAHHBIX JIJIS

uACHTU(PUKAIMN KPUBBIX pa3roHa. B jaHHOM ciyyae ucnosibs3yeTcst mporpamMma Piton.
Ha mecrom »tame mnpou3BoAMTCS HWIASHTU(UKALMS KPUBBIX pa3roHa C
noMomIpio mporpaMmer  Piton. Pesymerarel upeHTH(UKAMM TIpEACTABICHBI Ha

pucynkax 3.12. u 3.13.
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Puc. 3.13. Pe3ynpTar uaeHTH(QUKAINN KPUBOW pa3roHa Mo KaHairy «Pacxox MUTAaTeIbHOW BOABI HA BIIPHICK
1 - Temneparypa nmapa 3a NepBBIM BIIPEICKOM» - KpuBas «TeMmepaTypa 3a MepBbIM BIPBICKOM

B pe3ynbrare uaeHTHPUKALNUN OJyYeHA NTepeaaTouHast (PyHKIMS:

_ 26.47 —8.629p
W1(P) = e
20.96p° + 243.1p* + 652.2p3 + 305.9p%2 +39.17p + 1

11,280 heepd —4. 242 pd

4. 05%p3+19. 7 4p2+8.093%p+]

12 Rt

/7{5;\*‘? i

E /f
i

L1 {

0 10 20 30 40 al

| bty | — CHOAHIA — Mogesn |

Pucynok 3.13. PesynbraT uaeHtudukanuy KpuBOH pa3roHa mo kaHairy «Pacxox nmurateiabHOW BOIBI Ha
BIIPBICK 1 - TeMIlepaTypa mapa 3a MepBbIM BIPBICKOM» - KpuBas «Pacxoa nmuTaTeabHON BOABI Ha BIPBICK)

B pesynbTare uaeHTuUKaIUU MOTyYeHa nepeaaToyHas (yHKIHs:
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11.28
W, (p) = e 6P,
46.05p3 + 19.74p% + 8.093p + 1

HtoroBass mepenarouHas ¢yHkuus no kaHany «Pacxon nurarenbHOU

BOJIbI Ha BOPBICK | - TeMIiepaTypa mapa 3a NepBbIM BIPHICKOM:

w; (p)
W, (p)
46.05p3 + 19.74p? + 8.093p + 1
20.96p5 + 243.1p* + 652.2p° + 305.9p% + 39.17p + 1

Wep—rs1(p) =

WFB—TBl (p) = _8'6297)-

AHAaJIOTUYHYIO TIOCJIEIOBATENILHOCTD IEUCTBUM (ITYHKTHI 1-6) MOBTOpsieM
JUIL OCTAJIbHBIX KaHalloB Mojenu (Hutka A). B wurore wumeem cuemyromiue
nepeaTouHble PyHKITUH:
Kanan «Pacxon murarenbHOM BOABI Ha BIPBICK | - TeMmmepaTypa mapa 3a
MIEPBBIM BIIPBICKOM»:

46.05p°+19.74p* 4+ 8.093p + 1 _s629p
20.96p>+243.1p*+652.2p3+305.9p% + 39.17p + 1 '

Wes—rs1(p) =

e xanan «Pacxon muTarenbHOM BOABI HAa KOTEN - TEMIEpaTypa Mapa 3a
MIEPBBIM BIIPBICKOM)

449.9p2 4+ 33.35p + 1 _s38p
4992p3 + 590.1p2 + 36.27p + 1 '

WFK—TBl(p) =

e xaHan «Temmeparypa mapa 3a CPY - temmeparypa mapa 3a NEpBbIM
BIIPBICKOM»

6218p? + 140.2p + 1 1733
661200p3 + 13470p2 + 138.6p + 1 ’

WTcpq—TBl (p) =

e kaHan «Temneparypa nmapa 3a nepBbIM BOPBICKOM - TEMIIEpATYypa napa 3a
nepBbiM BPY»

80.57p + 1 2210p
2238p%2 +1189p + 1 ’

WTBl—Tqu (p) =

® KaHall «Pacxon MUTaTSIILHOM BOJBI BTOpOI71 BIIPBICK - TEMIICpATypa mapa
3a BTOPBIM BIIPBICKOM»

32.92p* +11.71p + 1
10553.4p* + 6751.2p3 + 955.7p2 + 49.7p + 1

WFK—TBZ (p) =
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e kaHan «Temneparypa mapa 3a BPY - Temmeparypa mapa 3a BTOpbIM
BIIPBICKOM»

10060p? + 160.6p + 1
167000p3 + 8951p? + 154p + 1’

WTBp‘{—TBZ (p) =

e kanHan «TemnepaTrypa mapa 3a BTOpbIM BIPBICKOM - TEMIIEpATYpa Mapa 3a

KOTJIOM»
30.51p+1
Wrez-rie(p) = > —218p,
6420p* + 136.3p + 1
e kanan «Pacxon Boabpl Ha KoTen - Temmeparypa mapa 3a CPY»

8.981p + 1 os02p
3241p3 +808.9p? +47.37p + 1 ’

WFK—TCpq (p) =

e kaHan «OOopoThl mbuUtenuTarenel rpymm 1,2,3 - Temmeparypa mapa 3a
CPY»

67.64p% + 16.79p + 1

-8.892p
344531p* + 117136p3 + 4663p% + 103.05p + 1 '

WU—Tcp'{ (p) =

3.8.3. Pe3yabTarhl IpOBEPKH

[TpoBepka KOppeKTHOCTH pPabOTHI CUCTEMBI TNPOBOAMIACH HA PETYNATOpax
BIIPBICKA.

Perynstop mneporo Bmpeicka PB-1 (pucynok 3.14) npeaHa3HaueH st
MO//ICPKAHUA 3aJaHHOTO 3HAYEHUSI TEMIIEPATYPHI 32 BEPXHEH paJuallHOHHON 4acThIO,
BO3JICUCTBYIOIIETO HA PETYJIUPYIONIUI KJIallaH IIEPBOro BIPBICKA.

Perynstop nosnyyaer cienyrommue CUrHaIbL:

1. OcHoBHOII curHan — no temneparype napa 3a BPY.
2. Omnepexaroluii CUTHAI - 0 TEMIIEpaType napa 3a NePBBIM BIPHICKOM.

Cxema perynupoBaHHsl ABYXKOHTYpHas: crtabunusupyromuit [TU/-perymnsrop
TEMIIEpaTypbl I1apa 3a IEpPBBIM BIPBICKOM M Koppektupyromwmi [IM][-perynsarop
temrniepatypsl napa 3a BPUY. Koppektupyromuii peryiastop noiay4daeT HaHHbBIE OT
natunka «Temmnepatypa mapa 3a BPU». Crabunusupyrommii peryisarop Hojydaer
JlaHHBbIE OT natuuka « Temmeparypa mapa 3a IEpBBIM BIIPBICKOM» M CUTHAJ C BBIXOAA

KOPPEKTUPYIOIIErO PErysTopa.
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KoppekTop
PB-1

Puc. 3.14. Perynarop nepBoro Bupeicka PB-1
Perynarop Broporo Bmopeicka PB-2 mnpegHasHaueH s MOJIEpKAHHS

MIOCTOSIHHOM TemmepaTyphl napa 3a KOTJIOM, BO3JEUCTBYs HA PEryJUPYIOLIUN KIIalaH
BTOPOTO BIIPBICKA.
Perynsrop nosnyyaer ciaeayromue UMIYJIbChI:
1. OcHoBHOII curHan — o temmneparype octporo napa 3a LIIIIT-I11.
2. OmnepexaroImuii CHTHAJI — 1O TEMIIEpaType OCTPOTO Mapa 3a BTOPBIM
BIIPBICKOM.

Cxema perynupoBaHus JBYXKOHTypHas: crabunusupyromuil [T [—perymnsrop
TeMIIEpaTypbl OCTPOTO Tapa 3a BTOPBIM BIIPBICKOM M Koppektupyrommii [T1-
PerysaTop TEMIEPATyphl OCTPOTO Iapa 3a KOTIIOM.

Koppektupyrommii peryistop mojiydyaeT CUrHail OT Jatuuka «Temmeparypa
octporo mapa 3a I[UIITI-III». Crabunusupyrommii peryiasTop MOJydaeT CUTHAI OT
natunka «Temmeparypa mnapa 3a BTOPBIM BIPBICKOM» M CUTHAJI C BBIXOJAA

KOPPEKTUPYIOLIETO PErysTOpa.

Koppektop
PB-2

Puc. 3.14. Perynsrop BToporo Bupsicka PB-2
biok amanTUBHOrO MCIOJIB30BAICA JISI PETYIMPOBAHUS TEMIEPATYpPHI Mapa 3a

KOTJIOM, HW3MEHAs MapaMeTpbl HACTPOMKM KOPPEKTHPYIOIIETO peryisTopa B

3aBUCUMOCTHU OT U3MEHEHUS TapaMeTPOB 0ObEKTA YIIpaBICHHUS.
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OOBEKTHOE OKHO HACTPOEK PEryJISATOPOB BIPHICKA NPUBEIECHbI HAa PHUCYHKE

3.15.
| | PersoporosmpPB2A [ |

Hactpoiiku aHanoroeore perynAtopa HacTtpoiku MMnynecHore perynAaropa

Koa. macwitab. curiana koppekyin Koag. macwrab. curHana Koppexuum
Tun Banancnposkn (0-Het, 1-cTat, 2-4uH. Tun banancuposkn (0-Het, 1-cTar, 2-auH.)

Ch’.GpGCTb AWHEMKY. EPE.FIEHCHD., en . /cek.

Cll'pﬂHIrNE!HHE! 3aaaHWA MWHWMansHOe

Bpema gmneTpa, cek.

CropocTe AnHamnd. banaHcup., en fce.
OrpaHideHle 3af,aHUA MUHAMANBHOE
OrpaHnueHne 33,aHUA MaKCHMankHoe
Bpewma duneTpa, cek.

30Ha HeYYBCTBUTENEHOCTH NOMHARA 30Ha HeUyBCTBATENEHOCTM NONHAA
Ko3hfuureHT nponopunoHansHoCTH Ko3h@uuueHT nponopuMoHansHoCTH

BpeMa WHTErpupoBaHuA, cex.

Koaddmument gudepeHynpoeaHia
Bpema gnfiiepeHUMpoBaHNA, CeK.

BPE!MH XoOa MCNoNHKAT. MexXaHWama, Cek.

Bpema wmnyneca LWAM muHum., cex.

Hanuune NUT3KWers HanpAxeHWA

BpemA WHTErpupoBaHIA, cex.

Koadpuument anddepedunpoeaqna
Bpema aufidiepeHUMpoBaHNA, CeK.

C’I’pﬂH WYEHWE BbiX04a MUHUManbHOE

Bife e B

CH'pﬂH WYEHWE BbIX043 MaKCHMansHOe

Per. napametp Per. napametp
3ajaHue 3afjaHue

(Tonkko B pyu- (elTEE GRS
HOM PEXHME)

PaccornacoeaHue

Puc. 3.15. O6bekTHOE OKHO HACTPOEK PETYISTOPOB BIPHICKA
HpOBepKa napaMeTpuiICCKux KOHTYPOB, OTBCHAIOIIMX 34 HaCTp01>’IKy

ko3 (ULMEeHTa YCUJIEHUS W TOCTOSHHOM BpEMEHM, OCYLIECTBISUIACh Kak IO

OTACIBHOCTH, TaK 1 COBMCCTHO.

Ha IEPBOM ITAIIC IKCICPHUMCHTA U3MCHAIACh MMOCTOSIHHAA BPpEMCHU 00BeKTa U
Ha6J'IIOI[aJ'IaCB peakuus MmapaMeTpruiCCKOro KOHTypa, OTBETCTBCHHOT'O 3a HOI[CTpOfIKY

BPEMEHHU UHTETPUPOBAHUS PETYIATOPA.

/ X
4 ¥

181012 181012 181012 181012 181012 181012
10:45:00.000 10:50:00.000 10:55:00.000 171:00:00.000 171:05:00.000 11:10:00.000

Puc. 3.16. lI3MeHeHNe TOCTOSTHHOW BpeMEHH OJIOKOM ITOJCTPOIKH
Kak BugHO U3 rpaduka (pucyHok 3.16.), BpeMss HHTETPUPOBAHUS pEryasaTopa

M3MEHUJIOCH MPOIMOPLHMOHATBHO M3MEHEHHUI0 MOCTOSHHOM BpeMeHu o0bekTa (B /Ba
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paza). U3 3Toro Mo>HO ciesaTh BbIBOJ O KOPPEKTHOM paboTe KOHTYypa, CIeAsIIero 3a
JTUHAMHUKOMN 00BEKTa YIpaBICHUS.

Jllanee B SKCIEpUMEHTE H3MEHsIach KOIPPUIMEHT YCUICHHS OObEeKTa H
Ha0II0/1aIach PEeaKIusl MapaMeTpUYecKOro KOHTYpa, OTBETCTBEHHOTO 3a MOJACTPOUKY

ko3 uimenHTa peryasrtopa.

© v I

l:
] ; (R

18.1012 181012 18.1012 181012 181012 18.1012 181012 18.10.12 181012
11:15:00.000 17:20:00.000 11:2%000000 11:30:00.000 11:35:00.000 11:40:00.000 11:45%:00.000 11:50:00.000 171:55:00.000

Puc. 3.17. U3menenune korpuimenTa perynsaropa 0JIOKOM ITOICTPONKH
U3 rpaduka (pucyHok 3.17) BUIHO, YTO KOIPPULIUEHT pEryasTopa U3MEHUIICS

00paTHO MPOMOPIIMOHAIBPHO U3MEHEHUIO KO3 duimeHTa o0beKTa (B AeciITh pasa). 13
ATOTO MOKHO CIIENaTh BHIBOJ O KOPPEKTHOW paboTe KOHTYpA, CIACAAIIETO 33 CTATHKOU
o0BeKTa ympaBlieHHA. BBICOKOYACTOTHBIE COCTABIISIONIME TpoIecca OOBICHSIOTCS

OTCYTCTBUEM (UIIBTPA B KaHAJIE.

rJ
-

S )
O P

. - 4
[ e R L T A R I e S B R = = u ]
el Lo Lo Lo L L Lo L g L 1)

16.11.12 16.11.12 16.11.12 16.11.12 16.11.12 16.11.12
12:00:00.000 12:15:00.000 12:30:00.000 12:45:00.000 13:00:00.000 13:15:00.000

Puc. 3.18. U3menenne koruinenTa peryasaTopa 6JI0KOM IMOICTPOHKH
CoBMeCTHBIE HCIBITAHMS IapaMETPUYECKUX KOHTYPOB IPOBOJMIIUCH B JiBa

9Tara: CHa4dajaa y 00BeKTa YIIpaBJICHUA HU3MCHAIACH NOCTOsSIHHAA BPEMCHHU, a 3aTCM

KO3 (ULIMEHT yCUIICHUS.
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[Ipy m3MeHEeHHH NOCTOSHHOW BpeMeHH OOBbeKTa B JBa pa3za KOdI(PPUIMEHT

perymusiTopa He U3MEHUJICS, KaK 3TO BUAHO U3 rpaduka Ha pucyHke 3.19.

=

7

3=

5

4]

3

2

1 i

o i

=

=

2

_q

181012 181012 121012 181012 121012 181012

12:00:00.000 12:10:00.000 12:20:00.000 12:320:00.000 12:40:00.000 12:50:00.000

Puc. 3.19. U3menenue ko3 dunuenrta perynsaropa 0OJIOKOM MOICTPOIKH
HpI/I 3TOM BPCMCH:A HHTCTPHUPOBAHUA YBCIINYUIIACh B JIBa pasa

IPOMOPLHUOHANBHO BpeMeHU 00bekTa (pucyHok 3.20.)

SN~

v -
] -

181012 181042 181012 181012 181042 181042
12:00:00.000 12:10:00.000 12:20:00.000 12:30:00.000 12:40:00.000 12:50:00.000

Puc. 3.20. MI3MeHeHNe TOCTOSHHON BpeMeHH OJIOKOM MOJCTPOUKHU
[Tpu usmenennn ko3P unuenHTa ycuiaeHus: 00beKTa B JECATh pa3 KO3PPUIIUEHT

peryisiTopa u3MEHWICS, KaK 3TO BUJHO Ha rpaduke Ha pucynke 3.21.

1 7=

131012 131012 13.10.12 131002 131012 131012 131012 131012
121500000 12:20:00.000  12:25:00.000 12:30:00.000 12:3500.000 12:40:00.000 12:45:00.000 12:50:00.000

Puc. 3.21. U3menenne kodpuineHTa peryasaTopa 6J10KOM IMOICTPOHKH
BpeMmst uHTErpUpOBaHUs PETYIIATOPA IIPU ITOM IIOCIIE YBEJIIMYEHUs BEPHYJIOCH K

HavyaJlbHOMY 3HaueHuo (3.22.)
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18.10.12 19.10.12 19.10.12 19.10.12 18.10.12 13.10.12 19.10.12 13.10.12
121500000 122000000 122500000 1230000000 12:3%:00000 124000000 124500000 1250:00.000

Puc. 3.22. I3MeHeHHne MOCTOSIHHON BpeMeHH OJI0KOM ITOACTPOHKHU
Takum 06pa30M, JAcJdacM BbIBO 4YTO, peaHI/ISOBaHHBIfI AJITOPUTM 0€eCIIONCKOBOH

CaMOHACTpauBaIOUIEHCs] CUCTEMBbl 00ECIIeunBaeT CTaOUIN3ALMIO CTETICHU 3aTyXaHUs
Ha 3a/IaHHOM YpPOBHE B YCIOBUAX HW3MEHSIOIIUXCA XapaKTePUCTUK OOBEKTa U
JICUCTBYIOIUX HA HETO BO3MYILICHUU.

B nmanHoil Mopenu 4y ynpaBi€HUs TEMIIEpaTypoil NeperpeToro Imnapa
UCIIOJIB3YETCSl CTPYKTYpa CO CTAOMIN3UPYIONIUM U KOPPEKTUPYIOIIUM PETYISITOPOM.
brox Tunning ympapisieT mapaMmeTpaMmu TJIaBHOTO perynsropa. [Ipu ucnonb3oBaHUH
Omoka ympaBieHus Tunning COBMECTHO C CHCTEMOH C WCYE3aIOlUM CHTHAJIOM U3

MPOMEXKYTOYHOM TOUKH OJIOK ympaBisieT mapameTpamu auddepenunaropa puc. 4.1.
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Puc. 3.23. Cxema ¢ quddepeHnuaTopom
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[Ipy w3MeHeHWH NIWHAMUKH OOBEKTa TMPOMOPIMOHAIBHO HW3MEHSETCS BpeMs
muddepenmupoanus. Koaddumuent muddepeHnupoBanus H3MEHIETCS 0O0paTHO-

IPONOPLIMOHAIIBHO.

| 24000
32000
[ 30000
2 [ 28000
2 ] ." '\/‘-\,..,_/"-’] F 25000

] / | I 24000
/ ] 22000
| | 20000
18000
S|
Pt 14000
F1z000
\ L/ 10000
Feooo
6o

|- 4000
2000

01.0213 01.0213 01.0213 01.0213 01.0213 01.0213 01.0213 0m.0213 01.0213 0m.0213 01.0213 01.02.13 01.0213 0m.0213
141500000  14:30:00000 144500000 150000000 151500000 153000000 154500000 1600:00000 161500000 16:30:00000 164500000 1700:00000 171500000  17:30:00.000

Puc. 3.24. 3menenune BpeMenn auhepeHIInpoBaHNs IPU H3MEHEHUH ITOCTOSTHHOW BPEMEHH 00BEKTa.

\\..
AR
N

[ ——
™l

080213 08.0213 080213 08,0213 080213 080213 08.0213 080213 08.0213 080213
16:20:00.000 16:25.00.000 16:30:00.000 16:35.00.000 16:40:00.000 16:45:00.000 1650:00.000 16:55:00000 17:00:00.000 17:05:00000

(cBeTyIbBIil — M3MEHEHUE Kp; TEMHBIH — M3MEHEHHE alb(bl; TPEH] MONyYeH NPH U3MEHEHHH KO 00beKTa —
HHUKaK HE ITOJYYHUTCSI HACTPOUTh KOHTYpP OTCIIC)KHUBAIOIIMHA Kp —€CTh CHJIBbHBIC KOJeOaHus mapamerpa ajibda Jaxe
NPY HEM3MEHHOM KO)

Puc. 3.25. N3meHeHune koddpdummenTa qTudepeHInpoBaHus Ipu N3MEHEHUH K03 HUIICHTa YCUIICHHS 00bEKTa.

Kak otmeuanoce B paszgene 3.6 5TOM TIJIaBbl, NPEABSABISIIOTCS CIEAYIOIIUE
TpeOOBaHUs K CUCTEME JUarHOCTHKU:
1. Cnexenue 3a paboTol mapaMeTpUUYECKOrO0 KOHTOpPA, T.€. OTCIEKHUBAHUE
HEKOTOPOTo MoKa3arelis KayecTBa Ipoliecca.
2. besymapHblii nepexo K 3TaTOHHBIM HACTPOWKAM CHUCTEMBI.
3. BbrnokupoBanue paboThl MapaMEeTPUUECKOr0 KOHTYpa M0 BHEITHEH KoMaHIe.
Komanna OmokupoBanuss paboOThl Tpekpamiaer Jo0aBiIeHHE 3HAuYeHUl BO

BHYTpeHHUH Oy(dep u 3aMOpakuBaeT 3HaAUEHUSI BEIXOAHBIX MEPEMEHHBIX (pPUCYHOK 3.22)
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1611.12 161112 161112 161112 16.11.12
16:21:45.000 16:22:00.000 16:22:15.000 16:22:30.000 16:22:45.000

Puc. 3.26. Komanna 6mokupoBaHus paboThl 0J10Ka TOACTPOHKH
Komannma cOpoca BBIHYKAaeT OJIOK MOJACTPOHMKH OYMCTHTH BHYTpEeHHUU Oydep u

MPUCBOUTH JIOKAJIBHBIM M BBIXOJIHBIM MEPEMEHHBIM MX HadalibHbIe 3HaueHus. [Ipu sTom
3HAQYCHHUS] BBIXOJHBIX TEPEMEHHBIX M3MEHSIIOTCA HE CTYNEHbKOH, a ¢ 3aJaHHOU
HAJIATYUKOM CKOpPOCThIO (pUCYHOK 3.24.) DTO mpemoTBpamiaeT pe3kue cpadaThIBaHUS

TEXHOJIOTUYECKOT0 PEryisTopa Ipu rnojaade KOMaHbl copoca.

B
.

S
s

—

161112 161112 16.11.12 161112 161112 16.11.12 161112
16:24:30.000 16:25:00.000 16:25:30.000 16:26:00.000 16:26:30.000 16:27:00.000 16:27:30.000

Puc. 3.27. Komanna copoca paboTsI 0J0Ka IOACTPOHKH

Bosnee noapoOHO paboTa 3TOM MOACUCTEMBI PACCMATPUBAETCS B UETBEPTOM IJIaBE.

3.8.4. JxonHomu4eckasi 3PPeKTUBHOCTH

Peanu3oBaHHbIl anropuT™M OECHOMCKOBOM CaMOHACTPaWBAIOIICHCS CHCTEMBbI
o0ecrieunBaeT CTa0WIM3AlMI0 CTENEHH 3aTyXaHHs Ha 3aJaHHOM YPOBHE B YCIOBHSX
U3MEHSIONIMXCSA XapaKTePUCTHUK OO0BbEKTa M JEHCTBYIOIIMX Ha Hero Bo3MylleHuidl. Ha
pucyHKe 3.22 1oKa3aHo, KaK U3MEHSETCSl 3HAaUCHHE CTENEHU 3aTyXaHUs NpU U3MEHEHUU

napaMeTpoB 0ObEKTa yIpaBICHUSI.
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Puc. 3.28. IToacTpolika BpeMeHH UHTETPUPOBAHUS TEXHOJIOTHUECKOTO PEryIsTopa

AHamu3 rpa¢ukoB (puc. 4.22) MOKa3bIBa€T, YTO C YBEIMUYEHUEM IOCTOSIHHON
BpEMEHU OO0BEKTa B KJIACCHUYECKOM CHCTEME CTElEHb 3aTyXaHus Ipolecca (3amac
YCTOWYMBOCTH) CYIIECTBEHHO YMEHbIIaeTcss (MPakTHYeCKH TMPUBOAUT K TOTEpe
YCTOMYMBOCTH), a B aJalNTHUBHOM cucTeme, Onaroaaps HapaMeTpU4YecKOMY KOHTYpY,
3a/laHHas CTENEHb 3aTyXaHUsI COXPAHAETCS.

DTO OTKpBIBA€T BO3MOXKHOCTh ONTHUMHU3ALUU TPOIECCOB YIPABICHUS IO
TEXHOJIOTUYECKH OOOCHOBAaHHOMY KPHUTEpPUIO, OPUEHTUPOBAHHOMY Ha IMOBBIIICHUE
AKCIUTYaTallMOHHOM  HAA&XKHOCTH U JIOJTOBEYHOCTH  TEIUIOAHEPTETHYECKOTO
o0opyaoBaHus. ODTO OYEHb aKTyaJlbHO TMpEeXAEe BCEero Jyisl Mapoleperpeparenei
COBPEMEHHBIX SHEPTETUYECKUX KOTJIOB.

CucreMa peryanpoBaHus TeMIIEpaTyphl EPErPeTOro napa COCTOUT, KaK MPaBUIIO,
U3 HECKOJbKHUX IIOCIEAOBATEIbHO BKJIIOYEHHBIX KAacKaJOB PEryJlUpoBaHUS U
IpelHa3HaueHa JUId MOJAEpkKaHUS ONTHUMAJIBHOTO TEMIEPATYPHOIO pEXHMMa BCETO
naporneperpeBaTesbHOro Tpakra. OcoOyro posib BBINOJHSET MOCIAEAHUNA PErysisTop
TEeMIepaTypbl, KOTOPBI JOJDKEH 00ecreuynTh MOoJAepKaHUe 3aJaHHOIO 3HAYEHUs
TEeMIEepaTypbl IEPETPETOrO Mapa B BBIXOJHOM KOJJIEKTOPE HE3aBUCUMO OT Harpy3KH.

HeoOxoauMocTs perynupoBaHusl TemIepaTypa MEepBUYHOTO Mapa OMpeeliseTcs
caenyrommmu daktopamu [ 124]:

o Yype3MepHOe yBEIMUYEHHUE TeMIIepaTyphbl IEPBUYHOTO Mapa MOXKET MPUBECTU
K  YXYAIIGHUIO TEMOEpaTypHOrO  peXHMa H  CHIDKEHHIO  CpPOKa  CIIYKOBI
naporeperpeBaTens;

. YMEHBIICHUE TEMIlepaTypsl MEpBUYHOro mapa, Hampumep Ha 10°C,

SKBHMBAJIEHTHO Nepepacxoy Tormaa Ha 0,2%.
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Temneparypa meperpeBa mnapa I KOTJIa 3aBUCAT OT TEILNIOBOCIPHUATHUSA
naporneperpesarenss M 1apoBoil Harpy3ku. [Ipm NOCTOSIHHONM 1IapOBOM Harpyske
TEIJIOBOCIIPUATHE ONPENEIAETCS TOIOYHBIM PEKUMOM. M3MeHeHHs mapoBON Harpys3ku
IPUBOJAT K TIEPEpPaCHpENeCHUI0 TEIUIOBOCIPUATUS MEKIYy KOHBEKTUBHOM U
paguanMoOHHOM 4YacTsAMM I1apONEPErpeBaTellss W W3MEHEHHUIO TEMIIepaTypbl Ilapa Ha
BBIXOJIE.

K ACP temnepaTypsl neperpeBa NEpBUYHOIO Mapa MPEABIBISIOTCS CIEIYIOIINE
TpeOOBaHUS:

° MMoAACPIKaAaHUC B CHP BenuuuHBI OTKIIOHCHHS TCMIICPATYPhI IICPBUIHOTO

mapa ATy OT HOMMHAJBHOM TeMmepaTypbl Tho' — He Gonee +1%, Hampumep, s

napameTpoB napa Pre=13Mmna u T}o" =540°C Benmuunna ATn<+5°C (cormacuo I1TD);

. IpU CTYNEHYaTOM M3MeHeHuu Harpy3skn Ha 10% or wucxonHoR
HOMHMHAJIbHOM, MakCcUMaabHOE OTKIIOHEHUE AT < £8°C;

. IIPU CTYIIEHYaTOM MU3MEHEHUU Harpy3ku Ha 10% BennunHa HHTETrpaIbHOTO
KBaJ[paTUYHOTO KPUTEPHS He J0IbKHA npeBbimath 5000(°C)%c.

O0bexT perynupoBanusi B JaHHOM ACP KOHCTpyKTHMBHO mpencTaBisieT coOoi
YYacCTOK PEryJIHpOBaHUs MEPBUYHOTO MaporeperpeBaTesis, KOTOPbIA 00pa3yeTcst 4acThio
IIOBEPXHOCTEH TIeperpeBa OT MeCTa BBOJA OXJIAXIAIOWEH BOABI 1O BBIXOJHOTO
KOJUJIEKTOPA, B KOTOPOM HEOOXOIMMO MOJACPKUBATH 3aJaHHYIO TeMepatyp Tre.

B ycrnoBusx neWicTBusl Cay4allHBIX BO3MYIIEHHUN OOIIEM3BECTHBIE IOKa3aTeln
KauecTBa MEPEXOAHBIX MPOIECCOB HE MPUMEHNUMBI. B Kitacce JIMHEMHBIX CHCTEM MOYKHO
OTPaHUYMTHCS JBYMSI HanboJjee pacnpoCTpaHEHHBIMU XapaKTEPUCTHKAMM IPOIECCOB —
MaTeMaTHYEeCKUM  OXWJAHWEM M Jucrepcuer.  MaremaTudyeckoe — OXUAaHUE
XapaKTEPU3yeT CTallMOHAPHOE COCTOSIHUE IIpoLecca, T.€. CTaTUKY CUCTeMBbl. Jlucnepcus
K€ OTpakaeT JAMHAMMKY IIPOLIECCOB, M IOATOMY SIBJISIETCSI TJIaBHBIM ITOKa3aTeseM
TOYHOCTH YIIPaBJICHUS.

Texuuueckuii a3ppext ACY TII snepro010ka BO MHOTOM CBSA3aH C MOBBIIICHHEM
HaZe)KHOCTH paboThl kotna. bnarogaps ACY TII cHumkaercs ypoBeHb KosieOaHUM
TeMIepaTyp U JaBJICHHI mapa (a cieqoBaTeIbHO, U METaJlIa), a 3TO OJaroTBOPHO BIIHSET

Ha paboTy >KapOMPOYHBIX CTajell MoBepXHOCTel HarpeBa kotia [125].
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HanexxHOCTh TIOBEpXHOCTEW HarpeBa OMPEAeseTCss ABYMSI COCTAaBIISIOMIAMU:
0€30TKa3HOCTBIO U  JIONTOBEYHOCTHIO.  be30TKa3HOCTh MOBEpXHOCTEH  HarpeBa
XapaKTepU3yeTcss CPEJHUM YHUCJIOM OCTAaHOBOB KOTJa B EAWHWILY BPEMCHH,
IPOUCXOAIINX H3-32 TOBPEXKICHUS TOBepXHOCTeW HarpeBa. [lpuumHON Takoro
OCTaHOBAa (BHE3aITHOTO OTKAa3a) SBJIAETCA HAJIM4YME OCIAOJIEHHBIX 3JIEMEHTOB MeTaljia
(u3-3a JedeKkToB MeTaula, KOHCTPYKIMH, HENpaBUJIBHOM SKCIUTyaTall), KOTOpbIE
ucyepnail CBOM pecypc 3HAUMTEIBHO paHblle HOpMallbHOro cpoka. Ilocie Takoro
OCTaHOBAa TOBPEKIEHHBIM YYacCTOK MOBEPXHOCTH HarpeBa (OOBIYHO HEOOJIBIION)
3aMeHseTcs U paboTOCTIOCOOHOCTh BOCCTAHABIMBACTCS.

J10JIrOBEYHOCTh MOBEPXHOCTH HArpeBa XapaKTEPHU3YETCS CPOKOM €€ CIIYXKOBI 0
noJiHOM 3ameHsbl. [IpuynHON Takol 3aMeHBbI SBJISETCS HCUEpIaHUe pecypca CIy>KObl y
OCHOBHOM Macchl MeTajiyla M3-3a HAKOIUICHHUS HEOOPATHUMBIX IMPOIIECCOB Pa3pyIICHUSI.
[Tockonbky 3aMeHa HEKOTOPBIX YYAacCTKOB TIOBEPXHOCTH HarpeBa HOBBIMHU IPU
JUKBHUJIAIMN BHE3AIMHBIX OTKA30B KACaeTCs JIMINb MaJOW JIOJIM BCEro MeTalla To-
BEPXHOCTH HarpeBa, TO OOBIYHO CPOK CIYKObl MeTajsia J0 3aMEHbl HE CBs3aH CO
CPEIHUM YHCIIOM BHE3AIMHBIX OTKA30B. DTO MO3BOJIAET aHAJIU3UPOBATh 0€30TKAa3HOCTh U
JIOJITOBEYHOCTH Pa3/IEIbHO.

be3oTkazHOCTh KOTJIAa 3aBHCHT OT JUCIEPCHH Temmeparyp mnapa. Yucio
OCJIA0JIEHHBIX DJEMEHTOB IMOBEPXHOCTEH HarpeBa OOBIYHO HE CBS3aHO C YPOBHEM
konebanuii TemmepaTtyp mapa. OJHAKO YpOBEHb KoJieOaHUM BIMSET HA CPOK CIIYKObI
OCJIa0JICHHOTO J3JIEMEHTa J0 €ro BHE3alHOro oTka3a. Ecium ypoBeHb KoJieGaHUI
CHW)XXaeTcsl (HarpuMmep, MPU BBEJICHUU aBTOPETYIATOpa), TO T€ K€ OCIa0JICHHbIE
AJIEMEHTHI OYyT BBIXOJUTH U3 CTPOS PEXKE, YHCIO OCTAHOBOB OJIOKA B I'0Jl YMEHBIIIUTCS,
T. €. MosiBUTCS TexHudeckuil ¢ dext.Ins onpenenenus spdexra He0OOXOIUMO HUMETH
3aBUCHUMOCTH MEXJIy 0€30TKa3HOCTHhIO M CTATUCTUYECKUMHU XapaKTEPUCTHKAMU YPOBHS
KoJieO0aHU TeMIIepaTyp mapa — JTUCIIEPCUEH U CPETHUM YPOBHEM TEMIIepaTyp.

Texanueckuii 3pdexT mo O6e30TKA3HOCTH KOTia OT M3MEHEHus aucrepcuu D

BBIPAYKAETCSl U3BMEHEHHUEM CPEJIHETO/I0BOTO YKCIia 0TKa30B KoTiia Aw, 1/rox;
—B  ,—H
Aw = (AnC - Anc) * ke,
—B
IJIe N, — YHACIO OTKA30B CPEAHETO KOTIa, KOTOpoe ObUIO ObI B pacueTHOM TOIY

. —H
npu 6azoBoii qucnepcun DP 1/rox; An, — 4ncio 0TKAa30B CpPeAHEro KOTiia B PacueTHOM
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rogy npu HoBol mucmepcun DM1/rom; k — xosduument, yunmThBarommii pasmudue
—B _,—H

IOTOKOB OTKAa30B JIaHHOT'O KOTJIa M CPEIHEro KOTja. 3HaueHus N, UAn. onpenessiorcs

10 COOTBETCTBYIOIIEMY CEMENCTBY BeyIIUX (PYHKIUN OTOKA OTKA30B rpapUUeCcKH.

Takum 06p330M, MOJXHO BBIACIINTL CIACAYIOIIUC ITPCUMYIICCTBA HCIIOJIb30BAHHA

CHCTEMBI:

. CHIJKEHHE ITOTOKA OTKA30B;

. CHIJKEHHUE KOJIMYECTBA OCTAHOBOB;

° JOCTUTACTCS JIydlllas SKOHOMHUYHOCTh, JOTOJHHUTENbHAS BBIPAOOTKA,
0C30MacHOCTb.

Takum oOpa3oM, ObLITN MOTYUYEHBI CIIEYIONINE BHIBOIBI:

4. TlpoananusupoBaHa ctpykrypa IITK, ompeneneH ypoBeHb BHEIpEHHS
aZanTUBHON CUCTEMBI.

5. Pa3pabortana mnoxacucreMa IWAarHOCTUKM (PYHKIIMOHUPOBAHMSI OCHOBHOM
CUCTEMBI U BBINIOJHEHA €€ peanu3anus ¢ IOMOUIbIo sA3blka CH.

6. B coorBerctBum ¢ ypoBHeM B crpykrype IITK BeiOpan s3Ik
nporpammupoBanus C# U ¢ ero moMoIIsl0 peann30BaHbl pa3padoTaHHbIE
OJIOK-CXEMBI AJITOPUTMOB.

7. IlporectupoBaHa paboTa CHUCTEMBbl Ha TpPEHa)XKepe pEaJbHOM CHUCTEMbI

YIPaBIICHUS.
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4. METOJIUKA HAJIAIKA ATAIITUBHON CUCTEMBI

4.1. IlocTa"HoBKA 3a1a4Yu

Cucrema aBTOMAaTHMYECKOIO PETYIMPOBAHUS TEXHOJIOTMYECKOro IMpolecca
NPEJICTAaBIsIeT COOOW COBOKYIMHOCTh PETyJIMPYeMOro OOBEKTa M aBTOMATUYECKOTO
perynsaTopa, B3aMMOJECHCTBYIOIIMX JpPyr € JPYyroM B IPOLECCE COBMECTHOTO
byHKIIMOHUpOBaHUs.  XapakTep  MPOTEKAIOLEro B PEryaupyeMoM  OOBEKTe
TEXHOJOTUYECKOr0  Mpolecca, KOHCTPYKTHUBHbIE  OCOOEHHOCTH  O0OpYyIOBaHUA,
TpeOOBaHUsI K KaueCTBY IPOU3BOJMMOTO MPOJIYKTAa WJIM JHEPTHUH, a TaKXKe YCIOBUS
AKCIUTyaTalliu MPEAOPEACIIAIOT METOJUKY HaJlaJKH CUCTEMBbl YIpaBieHus. B maHnHom
clyyae B cCHUCTeMy Jno0aBisieTcss emé€ OIUH KOHTYp — NapaMeTpUYECKUNl KOHTYp
HACTPONKU TEXHOJOTUYECKOTO PEryJsiTOpa, YTO YCIOKHSIET OOIYI0 HAIAJKy CUCTEMBI.

Cneunduka aganTUBHOM aBTOMAaTUYECKOW CHUCTEMBI PEryJIUpPOBAHUSI, MOPOKIACT
HEXapaKkTepHBIC IJIs HaNaJKH TAaKUX CHUCTEM IMPOLEIyphl, TpeOyroIIre MOHUMAaHHUSI HX
cytu. IIpexxnme Bcero 9To O0O0yclOBIEHO TeM, uTO ojaHOKoHTypHas ACP,
COOTBETCTBYIOIIAs KJIACCY OJTHOMEPHBIX CUCTEM, (DAKTHUECKH CTAaHOBHUTCSI MHOTOMEPHOMN
(Tpé€xmepHoii). Temepb BEKTOp YHpPaBIISEMBIX MEPEMEHHBIX BKJIIOYACT HE TOJBKO Y —
OCHOBHYIO KOOpDJMHATY CHUCTeMBbI (OOBEKTa yMHpaBiEHHUs), HO M JBa BBIYUCISIEMBIX
napamerpa OINMOKH YIpaBJICHUS Kak ciiydaiiHoro mporecca &(t) — CpeIHIOK YacToTy
wep(t) ¥ XapakTepUCTHKY 3aTyxaHHS KoppeisiuoHHor ¢yHKkimu «a(t), KOCBEHHO
cBi3aHHylO ¢ mapamerpoM y(t), oTBeuaromuMm 3a 3amac yctoidumBoctH ACP.
VYrpaastomumMu BO3SHCTBUSAMU TSI HUX SBIISIOTCS:

® T[OJIO)KEHHUE PETYIHPYIOIIETO OpraHa,
e KO3 (PUIMEHT yCHIICHHS peryisaTopa,;

® [IOCTOSIHHAsi UHTETPUPOBAHUS PETYIISTOPA.

4.2. [lapameTpsl 0/10Ka aJaNITUBHOM NMOACTPONKH CHCTEMbI PEeryJIMPOBAHUS

B 1998 romy MexnyHaponHas siekTpoTexHuueckas komuccuss MOK BBena
CTaHJApT MporpaMMupoBaHus ynpasisitonux cucrem [EC 61131-3, Brimtovaromuii nsth
S3BIKOB: JIBa BEpOATbHBIX, 1BA TPAPUUECKUX U OIMH KOMOMHUPOBAaHHBIN.

Kak Obuto mokazaHo B TpeTheil rinaBe, B yacTu 3.7.2, peaiu3anusi aJropurma

BBIIIOJIHEHA B BHIC (bYHKHI/IOHaJ'IBHOFO 6J'IOKa, HUMCIOIIIECTO BXOJbI, BbBIXOAbI H
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COOCTBEHHYIO MaMATh, B KOTOPOH XPaHATCS PE3yIbTAaThl BBIYUCICHUN MEXIY IHKIAMU
paboThI TEXHOJIOTHYECKON MTPOTPAMMBI.

B Ttperbeit rmaBe, B pasmene 3.7.2, ObU1 TpeAcTaBieH OJIOK aJalnTUBHOU
HOJICTPONKH TEXHOJIOTUYECKOTo peryisaropa. [lepeueHs ero mapameTpoB ObLI MpHUBEICH
B TpeThel miaBe B Tabnunax 3.4, 3.5, 3.6.

Bce mapameTpsl 6510Ka paszieneHsl Ha TpU TPYIIIBI, 2 UMEHHO:

® BXOJHBIC TIEPEMECHHBIC;
® JIOKaJbHBIC IEPEMECHHBIC;
® BBIXOJHBIC IEPEMEHHBIC.

BeixomHble ~ TIepeMEHHBIE  COOTBETCTBYIOT  PAacCCUMTAHHBIM  AITOPUTMOM
MOKa3aTessiM.

Kaxk 6pUT0 IOKa3aHO BO BTOPOH TJIaBe, pacyeTHOE 3HAYCHNE OCTOSHHON BPEeMEHH
BBIUMCIIACTCS TI0 HAaYaJbHOMY 3HAYCHHIO, 3aJJaHHOMY TIOJh30BAaTE]IeM B TEPEMEHHOMN
InitialTi, ¢ ydeToM M3MeHEHUS BENMYMHBI CPEJHEH 4YacTOTHI mporecca. PaccunranHas
TakuM 00pa3oM TOCTOSIHHASI BPEMEHH MOXKET JIMOO MOJKII0YaThCs HETOCPEICTBEHHO K
COOTBETCTBYIOIIEMY BXOIy peryistopa (pucyHok 4.1.), mubo 3aBOAWTCS Ha HETo yepes
onok PER, obecneunBaromuii BO3MOKHOCTh NEPEKITIOYEHUSI MEKIY PACCUUTAHHBIM U
3a/laHHbIM 3HAQYE€HUSMH MOCTOSHHOM BpeMeHH (pucyHok 4.2.). Peanuzauusa 6inoka PER
MO3BOJISIET OCYIIECTBIAThH MEPEKITIOUCHUSI MEXY PA3IMYHBIMU 3HAUEHUSIMU C 33JJaHHON

CKOPOCTBIO U3MEHEHHUSI BRIXOJHOM BEJIMUUHBI, T.H. TUHAMUYECKON OaTaHCUPOBKOIA.

0 | uning
— Reg_vpr_AY3 5 %psc o ANY_TO_TIME .
FELSE | .. T T
. —ap . . TN .
FALEE] Enoi Ksi o ¥n
0.0
—{*non an o TEims
—|C1ar . . . . . . . . . .
0.0 FALSE| .
Dgn— - - - - - . . . T Camw
FALSE|. _
12 — Cznh

Puc. 4.1. IIpumep noACTPONKH NOCTOSIHHON BpEMEHU
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Puc. 4.2. [IpuMep MOACTPONKH MTOCTOSTHHOM BpeMEHH ¢ 6aTaHCHPOBKOI! MPH OTKATE K STAJIOHHBIM HACTPOHKaM

Bo BTOpOoM ciydae B KauecTBE NEPEMEHHOM YIPABISIOIEH IEPEKIIOYCHUSIMHU
Omoka PER MoXeT ncnonp30BaThCsl 3HaYCHHE NEpeMeHHOM, noaaBaemMoe Ha BXoA Ceop
Onoka Tunning. B 3ToM ciydae OTKAaT K ATaJOHHBIM HACTPOWKAaM OYAET MPOTEKaTh C
IUTAaBHBIM W3MEHEHHEM BEJIMYUHBI MOCTOSHHOM BPEMEHU C OJHOBPEMEHHBIM COpOCOM
BHYTPEHHUX TI€PEMEHHBIX OJoka mnoAcTpoilku. B mobom ciywyae paccuMTaHHOE
QITOPUTMOM  3HAYEHUWE BpPEMEHU HUHTETPUPOBAHMS  MoJaercs Ha Bxoa Tu
TEXHOJIOTUYECKOTO PETYIIsATOpa.

VYnopasnenne Ko3(QQUIMEHTOM  yCHUJIEHUS  TEXHOJOTMYECKOTO  perysistopa
OCYILIECTBIISIETCS  JONOJHUTEIbHBIM IapaMeTpU4YecKMM KOHTypoM. B kauecte
pErylIupyeMoro mnapameTpa A3TOMY KOHTYPY BBICTYNAeT pPACCUUTAHHBIA OJIOKOM
[I0Ka3aTesb 3a1aca yCTONYMBOCTH CUCTEMBI.

TunuyHas cxeMa rnapaMeTpuyecKoro KOHTypa MpejcTaBieHa Ha pUCyHKe 4.3.

ANY_TO_LREAL . Tuning . . Pl_Controller

_ Xpac oo ANY_TO_REAL .
: 2| - FALSE|n. e o
" FALSE 0.0° = Eps Ko sob
— Enok Hzif— — Taskix
on . .

—{'fman 0.0

o P —¥p

—{Crar N
Digin l:l ’ —Ti

Puc. 4.3. IIpumep nmoacTpoiku Kod3QPHUINEHTa yCUICHUS

B xadecTBe 3aKkOHa peryjaMpoBaHUs B IAPAMETPUYECKOM KOHTYPE CIEAYyeT
BbiOpaTh [IM unu U-3akoH perynaupoBanusa. «M» cocraBnsiomas HeoOXoauma aiis
YCTPaHEHHSI CTAaTUYECKOW OMMOKM YIpaBieHHUs, KOTOPOM HE JOJDKHO OBbITh Tpu

yIpaBlieHUU KOAP(GULIUEHTOM YCUIICHHUS TEXHOJIOTMUECKOTO PETyIsITOpa.

4.3. MeTonuka HHUIUAIU3ANMH AJANITUBHOM CUCTEMbI OJACTPONKH

I/IHI/IIII/IaJ'II/ISaHI/ISI a}IaHTHBHOI;'I CHCTEMBI BBIIIOJIHACTCS I1I0O3TAIIHO.
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Bo u3bexxanune HajloKeHHs] pE30HAHCHBIX SBJICHUMN, XapaKTEPHBIX JJI 3aMKHYTBIX
cucTeM, TpeOyeTcsl MpeXkJe BCEro NPUHATh KOHIENTYaJlbHOE PEIIEHUE O YaCTOTHOM
pa3MexeBaHMNM KOHTYpoB. Jlg  2TOro ciueayer MNpPHUHATH BO BHHMAaHUE TE
TEXHOJIOTUYECKHE OCOOEHHOCTH, KOTOpbIE SBHJIUCh OOOCHOBAaHMEM BO3MOXKHOCTHU
IPUMEHEHHS 00CYKIaeMOro 3/1€Ch BAPUAHTA aJalITUBHON CUCTEMBI, & UMEHHO:

® CHUHXPOHHOCTh  HM3MEHEHMs  BCEX  CBA3aHHBIX  MEXIy  coOoi
TEIUIOPU3NYECKUX MPOIECCOB MOJ| BJIMSHUEM BHEIIHUX WIM BHYTPEHHHX
(bakTopoB;

® OTHOCHUTEIbHYIO HHEPLUUOHHOCTb TEIUIO(U3NYECKUX IPOIIECCOB;

® [PEIONPEACIIEHHOCTh HEJIMHEMHOIO XapakTepa CTATUYECKUX CBOMCTB
00BEKTa yNpaBlE€HUS HE TOJbKO PEKUMHBIMH, HO M KOHCTPYKTHUBHBIMHU
dakTopamu, Tpexae BCEro  CBS3aHHBIMU C  XapaKTEpUCTUKAMU
PETYIUPYIOIINX OPTaHOB.

A 3TO MO3BOJISIET pacHpeAeInuTh 3aJa4l, PeaIu3yeMble KOHTYPaMH YIIPABIECHUS, 10
CTETIEHU CHIKEHUS OBICTPOIEHCTBUS CIEAYIOLUIUM 00pa3oM:

® KOOpPJIMHATHBIM KOHTYP

Ki1= y—>e—>u-y,
® [apaMeTPUYECKUI KOHTYD

K> = y—>e—>a—kp—opu—y,
® [apaMeTPUYECKUI KOHTYD

Kz =y—>e—>0p—>Ti— Y.

Bce xapakrepnsie 17151 K1 00CTOSITENLCTBA TOCTATOYHO XOPOIIO U3YYEHBI U MOTYT
OBITh TOJUKHBIM 00pa30M HCMOJIB30BaHbI B MpPOIlECCe HA4aJbHOW HACTPOMKH alropuTMa
perynatopa Ri B omgHokoHTypHOWM ACP. Ilpu 3TOM AOMKHBI OBITH YYTEHBI BCE
HE00XO/AMMbIE TEXHOJIOTHYECKHE TpeOoBaHus T, K KadecTBY ymnpasieHus. PesynpraTamu
ontumuzanuu Ki, T.e. mpoekuu | . Ha napamerpsl [IM-anroputma npu GpUKCHPOBaAHHBIX
HadalbHBIX (0a30BBIX) CBOHCTBaX oObekTa ynpaBieHus WO, SBISIOTCS HE TOJBKO

ontuManbHele (0a30Bbie) 3HAUYEHUs NapaMeTpoB Ky, U 7wy, HO M 3HAUEHMs IOKa3areseil
(wep)o 1 0y, OLICHUBAIOIIUX CBOWCTBA OCHOBHOTO Tporiecca &(1):

B, [K© o ©
RO T 507 P Ly 1
1 € TPEO) (Dgg) ( )
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ANTOpUTM yHOpaBICHHs, peaTn3yeMblii B KOHType K>, Tpu3BaH 00eCHeunuTh
CTaOMIIM3AIIMIO 3aJJaHHOTO 3araca yCTOWYMBOCTH, OIIEHUBAEMOT0 3HAYEHUEM KOCBEHHOTO
nokasatens o, Ha yposHe o?). B kauecTBe anropuTMma peryisTopa R, NpuHATO pelieHue
UCIoJNIb30BaTh [I-3aKOH. DTO OOBIACHSIETCS KEeJaHWEM HMETh OTHOCHTEIHHO BBICOKOE
obicTponeiicTBue. XapakTepHBIM JUIsi TAaKOTO aJIrOpUTMa CTaTU3M HE HUMEET
NPUHIMIHAIILHOTO 3HAYEHHs, T.K. MOXXET OBITh HEHUTPATM30BaH CUCTEMOUW TPETHETO
ypoBHs. HeoThemiiemoli yacThio GyHKIUH R2 sBistiroTcst online-orneHrBaHne KOCBEHHOTO
MoKazaress 3armaca YCTOMYMBOCTH « Ha OCHOBE OOpaOOTKM OTpaHMYEHHBIX IO JJIMHE
peanu3anuii CIIy4aiHOTO IIpoIiecca:

E,={g}, Vie[LN,] (2)

[IpyHIIMNIHAIBHOE 3HAYEHWE WMEET W IIar KBAaHTOBaHUS 102, BIWSIOIIHAN Ha
JUIMTETTFHOCTh HAKOIUICHHWSI JaHHBIX B Oydepe mporpammbl. HakormieHHBIH MaccuB
UCXOJHBIX JaHHBIX E2 mpoxomur wuyepe3 ¢uiabTp @2 ¢ 1LENbl0  yAaJICHUs
ManonH(OpMaTUBHOW MH(GOPMAIIMK HA YACTOTaX, HE UMEIOIIUX OTHOIICHUS K PEIICHUIO
3a7a4 B KOHType Ko.

Cnenyer OTMETHTb, uTO sl OoJjiee MOJHOM OIEHKAa BIMSHUS MapaMeTpoB
anroputMoB @2 U A2 Ha TOYHOCThH YIMPABJIEHUS HEOOXOAMMO HMCXOIUTH HE TOJBKO M3

oOurero anroputMa peryinsaropa Rz

D, A, B,
E,()>E, () —>at) >M, (1)
R, 4B, i M () =1+k,-[a)-a®],  (4)
k,(t)= Mkp(t).kéo)

HO ¥ M3 3aBUCHMOCTH 3araca YCTOMYMBOCTH CHUCTEeMbI (B (hopMaTe 3KBHUBAJICHOU
CTETEHHU 3aTyXaHUsl IEPEXOIHBIX MPOIECCOB ) OT KOIP(HUIIMEHTA YCUICHHS PETyIsITopa
Ri1.

[Tapamerpamu Rz aBisroTcs:

e Tunbl GuIbTPOB D2 U A2,
e pazmepsl OydepHbix MaccuBoB N2 1 Ny,
e ko3 uUIHEHT ycuiaeHus Ko.
N3noxkeHHoe 37ech A KOHTypa K2 B MOJHONW Mepe MOXKET ObITh OTHECEHO U K

KOHTYpY K.
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o, A B
Es(t) =B, () > o, () > My, (1)

Ry 1By My, () =k, [[ 0, (@)~ |-dp,  (5)

T, () =M, (1)-TO

CymiecTBeHHBIM OTJIMYMEM KOHTypa K3 sBisieTCs pernieHue, HalpaBleHHOE Ha
VIOMHUHABILIEECS ~ BBIIE  pa3MEXKEBAHHE  PE30HAHCHBIX  YacTOT KOHTYpOB U
3aKirovaroinieecs B BeiOOpe M-anroputma B3, 005anaroiiero MOHUXKEHHON paboueit
YaCTOTOW M aCTaTUYECKUM KauyeCTBOM YIIPaBIICHUS.

[Tapamerpamu perymnstopa RasBisitores:

e Tumbl QuIbTPoB D3 U A3,
e pa3mepsl OydepHbIXx MaccuBOB N3 1 N3,
o KO3 PHUIMEHT yCHUICHUS K3.

MeTtoaukoi HaACTPOMKK aJaNTUBHON CHUCTEMbI IPENYCMATPUBAETCS BBIIOJHEHUE
TpEX MIaroB, 00ECTIEUNBAIOIINX MOCIEIOBATEIbLHYIO ONTUMHU3ALINIO PETyIsiTopoB Ri, Rz u
Rs. Ilpu oOocHOBaHMM 3HAUYEHUH MapamMeTpOB AITOPUTMOB Bi, B2 U B3 UCNONb3YIOTCS
TpaauuoHHsle 171 Teopurt ACP MeTo1bl, OCHOBaHHBIE HA YACTOTHOM aHAJIN3€ CUCTEM.

Ha ocHoBanuu BhIlI€ CKa3aHHOTO ObLIa pa3paboTaHa Mpolieaypa UHUIIHATH3AUN
aJalITUBHON CUCTEMbI TOJACTPOUKH.

1. O6vem paboOTHl TPU HHUIUATU3AINN CUCTEMbI MOACTPOWMKH NETUTCS Ha
YeThIpe ATana:
d. TOJArOTOBKA;
b. wHHMIMAaTM3aIMsI KOHTYpa THHAMHKHY;
C. MHUIMAIU3ALMSA KOHTYpa CTATHKU;
d. ucCHBITAaHHS CHUCTEMBI.
2. Ilpu BBIOJHEHWW TOATOTOBUTEIBHBIX pPAbOT TEpel WHUIHATU3alueH
CIEeayeT:
d. O3HAKOMHTHCSI CO CXEMOW CUCTEMbI PEryJIUpPOBaHNUS;
b. 03HaKOMHUTBCS ¢ OCOOCHHOCTSIMH PabOThI 00OpYyaOBaHUS (YCIOBUAMHU
MyCcKa M OCTaHOBa, TMOBEJAECHHWEM OOOPYIOBaHMUS TPH TEPEMEHHBIX
pexuMax, JeHWCTBHEM  3alllUT, OCHOBHBIMH  BO3MYILECHHUSIMU,

BIUSIOLIMMU Ha paboTy 000pyI0BaHNUA);
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C. O3HAaKOMHUTBHCA C 33JJaHHBIMM U1 OOBEKTOB MapaMeTpaMHu HAaCTPOMKH
TE€XHOJIOTUYECKUX PETYIISATOPOB;
d. ompenenuth xapakrepuctuku PO;
€. HAAQOUTh CUCTEMY W3MEPEHUH NI aBTOMAaTUYECKOM  3alucH
apaMeTpoB;
3. Ilpu mHMIMaIM3alMM KOHTYpa, OTCIEKHUBAIOIIEr0 W3MEHEHUE AMHAMUKU
00BEKTa, HEOOXOINMO:
OIpeNIeIUTh YaCTOTHBIN 1uana3zoH (pyHKIMOHHPOBAHUS AJITOPUTMA
BBIUMCIIEHUSI CpPEJHEW 4YacTOThl HAa OCHOBAaHUU OCOOEHHOCTEH
paboThl 00OpYJOBaHUS U CBOMCTB OOBEKTa YIpaBICHUS, T.C.
Wmin A Wmax -

YacTtoTHbI JUana3oH BbIOMpaeTCs, UCXOAsl U3 CBOICTB OOBEKTa YIpPaBIICHUS U
nepuoja U3MEHEHUN pexuma padoTbl 00OpYAOBAHMS, MPH 3TOM CIEAYET YUYUTHIBATh
CIIEIYIOLIME 3aMEYaHMs:

e [Ipu u3MeHEeHUU NUMHAMUKH OOBEKTa BHIOPAHHOTO YAaCTOTHOIO JMara3oHa
MOKET OKa3aTbCsl HEJOCTATOYHO, CJIEN0BATEIbHO, YAaCTOTHBIM IUana3oH
CJIelyeT BBIOUPATh C HEKOTOPHIM 3aI1aCOM.

e JIng MCKIIOYEHHUs BIUSHUA NApaMETPUUYECKUX KOHTYPOB ApPYr Ha JApyra
OHM JOJDKHBI OBITh pa3Bs3aHbl MO yactoTam. Ilpu 3TOM KOHTYp,
OTBEYAIOIIMKA 3a pacyeT MOCTOSSHHOM BpEMEHM, JOJDKEH ObITh Oolee
UHEpUUOHHBIM. TakuM 00pa3oM, BO3MOXHO, MOTPEOYETCS YBEIUYUTH
pa3Mep MaccuBa MCXOJHBIX JaHHBIX [UJIS pacyeTa CIEKTpajJbHOU
IUIOTHOCTH.

[TpoBens HSKCHEPUMEHT IO HW3YYEHUIO pEaKIUM aJalnTUBHOM CUCTEMBI Ha
FapMOHUYECKUE HM3MEHEHHUs JAMHAMHKU OOBEKTa MOJIYYWIM CJEAYIOLIUE YaCTOTHbHIE
XapaKTepPUCTUKU OJIOKa MIECHTH(HKAINH, B 3aBUCHUMOCTU OT pa3Mmepa Oydepa DaHHBIX

(puc. 4.5 1 4.6).
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AY4X

0 0,0005 0,001 0,0015 0,002 0,0025

Puc. 4.4. AMIuIATY THO-9aCTOTHAS XapaKTEePUCTHKA

®YX

0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008

Puc. 4.5. ®azo-yacToTHAs XapaKTEPUCTHKA

CpaBHEHHE YaCTOTHBIX XapaKTEPUCTHK MO3BOJISIET CAENATH CIAEAYIONINE BbIBOIbI:
e C yBeIM4eHUEM pa3Mmepa Oy¢epa NaHHBIX BO3PACTACT HMHEPLMOHHOCTH
aJanTUBHOW CUCTEMBI;
e 1pu OOJBIIMX 3HAYEHUSAX pa3mepa Oydepa JaHHBIX U BBICOKOYACTOTHBIX
U3MEHEHHSIX CBOMCTB OOBEKTa YIpPaBJICHHs aJalTHBHAs CHUCTEMa MOXKET

oka3aThCsl Hea((HEKTUBHOM U yXyIIIaTh KAYECTBO YIPABICHUS;

250213 17.30.57.239

I il
8

7(-.
|
Bl
~
T~
2
=

%0213 250213 250213 %0213 250213 250213 250213 250213 250213 250213 250213 250213
16:20:00.000 16:30,00.000 16:40.00.000 16:50:00.000 17:00.00.000 17:10:00.000 17.2000,000 17:30:00.000 17:40.00.000 17.50:00,000 19.00,00.000 1870.00.000

Puc. 4.6. Ilpumep pabotbl cuctembl B mpotuBodaze (TpeHmbl W3MEHEHUs: TUHAMUKA OOBEeKTa M pPeaKIuu

aJIalITUBHON CUCTEMBI).
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VY4uuteiBasi, 9T0O M3MEHEHHE CBOMCTB OOBEKTa YIPABIEHUS IODKHO TOBJIEYD 3a
co00i1 Takke M3MEHEHHUS YaCTOTHOTO JUana3oHa, OH BHIOMPAETCS ¢ HEKOTOPHIM 3a1acoM,
T.€. peanusyerca pobacTHoe ympasiienue. JlocioBHO TepMuH 'poOacTHOe yrpaiieHue"
o3Hayaet "rpyboe ynpapieHue'", T.e. YIpaBJIeHHE C ONpPEIEICHHBIM 3allacoM, HalpuMep,
no ycroiunBocTH. [IpakTideckas EHHOCTh 33Ja4d POOACTHOTO YIPABJICHUS CBSA3aHA C
TEM, YTO CHHTE3UPOBAHHAS MO KPUTEPUSIM YCTOWYMBOCTH CUCTEMa YIPABICHUS MOXKET
UMETh Malyl0 9yBCTBUTEIHHOCTh K M3MEHEHHIO MapaMeTpoB WK Oombinyio. B mepBom
Clly4ae TOBOPAT O TPyOOCTH CUCTEMBI WU O €€ poOAaCTHOCTH, BO BTOPOM cllydyae CUCTEMaA
MPAKTUYECKH HEpabOTOCIIOCOOHA, TaK KaK MaJeHIInii yXo/a mapamMeTpoB BeAET K IoTepe
ycroitunBocTr. [locTaHoBKa 3amadn poOacTHOTO YIpaBIIEHUS CBs3aHAa C TpeOOBaHHEM
COXpaHeHHs] PabOTOCIOCOOHOCTH CHCTEMbI TMPH HAJIWYUU HEOINPECIICHHOCTE B ee
OTIMCaHUH.

TakuMm 00pa3oM, HA OCHOBAHHMHU BBIIIE CKA3aHHOTO OBLIN MOTYYEHbl HOMOTPAMMBbI
BbIOOpa pasmepa Oydepa U mara o BpeMEHH MO YacTOTE U3MEHEHHsI CBOMCTB OOBEKTa
yIpaBIICHUSI.

b. BeicTaBuTh pasmep Oydepa manubix TiBufferLength m mar moGaenenus B

oydep CycleRatioB cooTBeTCTBHM BHIOPAaHHOMY YaCTOTHOMY JIMANa30HY.

Hcnonb3ys Matepuan BTOPOU TJIaBbl, MPOAHAIM3UPYEM JIITUHY MacCHBA UCXOIHBIX
JMaHHBIX Tporecca. OHa Ompenensercs, WCXOJs W3 TPaHUI] YaCTOTHOTO JHMara3oHa.
KosuecTBO TOYEK B MAacCHMBE CBSI3aHO C MHUHUMAIBHOM M MAaKCHUMAaJbHOW YaCTOTOU
CJIEYIOIUMH COOTHOIIICHUSIMHU:

T T " T
0n.,, =—=—-:m" ()] = —
min

T, N-A, ™A,

CnenoBaTenbHO,

H

(V)

T
N, =integer ——— = integer
Opin * Ao O min )

Crnenyer y4WThIBaTh, YTO YBEIHUYCHHE pa3Mepa MAacCHBa HMCXOIHBIX JaHHBIX
YBEIIMYMBACT WHEPIMOHHOCTh pacyeTa M 3aJCpKKy Hadajga (QYHKIMOHHPOBAHUS
aNITOPUTMAa, TaK KaK Mepe]] HayajaoM paboThl TOJHKEH 3aI0IHUThCS BXOIHOH Oydep.

Beibop pasmepa Oydepa mamnbeix TiBufferLength m mar moGasnenust B Oydep

CycleRationmporcxouT Mo COOTBETCTBYIOIIUM HOMOTrpammam (puc. 4.6).
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[Ipu ymeHpIIeHHH 1Iara Mo BpeMeHU 100aBiIeHus ToueK B Oydep yBearmunBaeTCs
BEPXHSS I'PaHMIla YACTOTHOI'O JMAaIla30Ha, HO MPHU 3TOM TAKXKE YBEIUYMBAETCS U 00bEM
naMsTH, HeoOXOIUMBIN Juisi paboTsl anroputma. llpu yBennueHuu mara mo BpEeMEHHU

BBICOKHE YaCTOThl HAUMHAIOT PUILTpOBaThCs OyhepoM JaHHBIX.

30000
25000
20000
15000

10000

Pasmep bydepa

5000

480 680 880 1080 1280 1480 1680 1880
A c

MeprMoanYHOCTb U3MEHEHWIA. Yachbl
—_—24 —18 15 —=—12 9 6

Puc. 4.6. Homorpamma BbIOOpa mapamMeTpoB aJalTHBHOIO aJIrOPUTMA IO FAPMOHHYECKAM KOJICOAHHSM CBOWCTB
o0BeKTa

C. TO TOJY4YEHHOM B pe3yjbTaTe pacyeTa CIEKTPAIbHOW TUIOTHOCTH NPUHATH
pelieHue O HeOOXOAMMOCTH KOPPEKTHPOBKM YacTOTHOTO  JIHaria3oHa
(COOTBETCTBEHHO, MapamMeTpoB JuUMHHBI MaccuBa TiBufferLengthu mara
paboteICycleRatio).

Kak BumHO M3 rpaduka CHEKTpalbHON TIOTHOCTU Ha pUCYHKE 4.7, 4acTOTHBIN

JTMATa30H SIBHO CJIEAYeT CMECTUTh B CTOPOHY OONBIIMX YacTOT. JJisl 3TOro yBEeIUYUM

iar Mo BPEMEHU J100aBJICHHUs TaHHBIX B Oydep, Mpu 3TOM YMEHBIIUB pa3Mep CaMoro

oydepa.

0,12
0,08
0,06

0,03

i s s i s B S L S B L B S B S S

0 30 60 20 120 150 1&0 210 240 270

Puc. 4.7. CnexrpansHas miotHocTs. Pasmep Oydepa pasen 512, mar 20 c.
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0,12 4
0,09 4
0,06 -

0,03 4
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0 10 0 30 40 50 ] 70 30 a0 100 110 120

Puc. 4.8. CnexrpansHas mioTHOCTH. Pazmep Oydepa paBen 256, mar 40 c.

0,03

0,02 -
0,01 4 /\
0

Puc. 4.9. CnextpansHas mioTHOCTB. Pazmep Oydepa paBen 128, mar 80 c.

Kak BugHo wu3 pucynkoB 4.8 m 4.9, BepxHsAs TIpaHULA AUANa30Ha 4YacTOT
YMEHBIIAETCA C yBEJIMYEHUEM Iara J00aBiCHUs JaHHBIX, IIPU 3TOM HMKHAS TPAHULIA
OCTaeTCs HEU3MEHHOW 3a CyYeT NPONOPIMOHAILHOTO HW3MEHEHHUs pasMmepa Oydepa.
@DakTUYECKH STUMHU JCUCTBUSMH Mbl YBEIMYMBAEM MACIITA0 HHTEPECYIOLIEro Hac
JMara3oHa.

d. BeIOpaTh THI GUIBTpPA, 33]1aB 3HaUeHHE epemeHHol FilterKind, u onpenenutsb
€ro mapaMeTphbl, T.€. YacTOTy (PUIbTPAINH, YKa3aB €€ 3HaUCHHE B IIEPEMEHHON
FilterTFreq.

[Tpouenypa GuibTpanuu UCXOJIHOTO MacCHBa JAHHBIX 3aHUMAET Ba)KHOE MECTO B
HacTporike. [lapamerpamu HACTPOMKM CIJIQKMBAIOLIETO OKHA SBIAKOTCS €ro THI U
yactota (QuiubTpanuu. @OUIBTp HCXOJHOTO MAaCCUBa, COJAEpPKALIero 3HAYEHUs
OTIEpAaTUBHON OMIMOKK YIpaBJICHUS, JOJKEH OBbITh BBIOPAaH TakKUM O00pa3oM, UYTOOBI
NOJIyUYMBIIMHCSA, B pe3ynbrare mnpeodpazoBanus @Pypbe rpaduk CHEKTpaJbHON
IUIOTHOCTH COJEpP’Kajl TOJBKO MHTEpPECHBIE NI pacuera yacToThl. lIpenmymiectBa u
HEJOCTAaTKU pazNUyHbIX (QUIBTPOB oOcyxknamuch B riaBe 2.3. CBOHCTBA OKOHHBIX
GuIbTPOB, HUCHOJB3YIOIUXCS B OJOKE MOACTPOMKH, NpUBOAMIUCHL TaMm xke. Ilo
MartepuaiaM, IPUBEJICHHBIM B 2 TJIaBe, MOXKHO CJI€NIaTh BBIBOJI, YTO MPSMOYTOJIbHOE OKHO
Oonee mpoctoe, HO ero AUX MeHee COBEpIIeHHA, T.K. MOPOXKIAeT OOKOBbIE TaPMOHMKH,
CYIIECTBEHHO HCKaXKarollfe CHEKTp (HIBTPOBAHHOIO IpoIecca B 00JACTH CPETHHUX H
BBICOKMX 4acTOT. YacTOTHas XapaKTEpUCTHKA TPEYrOJIbHOTO (PUiIbTpa MO STOM MpUYHHE

Oonee OmaronpusTHa, HO MMEET YIABOCHHOE 3HAUEHHE KPaTHOW YacTOTHI il TapMoHUK. Ha
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pucynke 4.10 mokazan rpaduk CreKTpaibHOW IUIOTHOCTU Oe3 dumnbrparuu. s nenei
pacueTra BTOpOW MUK HAa 3TOM rpaduke uHTEepeca He mpenctamisieT. Ha pucynke 4.11

NIOKa3aHa CIEeKTpalbHas INIOTHOCTh OTQPMIBTPOBAHHOTO CUTHANA OIIMOKH YIIPABICHHUS.

0,12 4
0,09
0,06

0,03 4

0 =T et 77 ]

0 30 &l Ell 120 150 180 210 240 270

Puc. 4.10. CriexTpanbHas INIOTHOCTE 0€3 MPUMEHEHHUS CTITaKUBAIOIINX OKOH

0,006 -
0,004 -

0,002 -

] —_ S Y

1] a0 al Ell 120 150 180 210 240

Puc. 4.11. CHGKTpaJ'IBHaFI IJIOTHOCTh € HPUMCHCHHUEM TPCYTOJIBHOT'O CITIAKMBAIOMICTO OKHA UCXOJHOTO MaCcCHUBa

€. ONpEeNeNUTb HEOOXOJMMOCTh TMPOIEAYPbl  CIJIAKUBAHUS  CIEKTPATbHON
IUIOTHOCTH, ycTaHOBUB B mapamerp UseFftFilter smauenne « MICTUHA» nubo
«JIOXKb», u e€ kpaTHOCTB, 3a]1aB 3HaYcHHE B iepeMenHol FftFilterRatio.
I[To monyueHHO# B pe3yibrate npeobdpazoBanus Oypbe CHEKTPAILHON MJIOTHOCTH
Oymer paccuWTaHa cpenHss YactoTa mporecca. [l pacdera cpemHeid YacTOTHI
1esiecoo0pa3Hee HCIOJb30BaTh CIVIAXKCHHBIM TpaduK CHCKTPAIbHOW IUIOTHOCTH. B
COOTBETCTBHM C MaTepUalIOM BTOPOHW TJIaBBI JUIS CTIQKMBAHHS CIEKTpPa HCIOJIb3YeTCs
TPEYroJbHOE CKOJIB3SIIee OKHO (PUKCHPOBAHHOW MIMPHHEL. [Ipw 3TOM IS TOCTHKEHHS
aydmero s¢dexra CriakuBaHHE MOXKET BBIIOMHATHCS HECKoNbKo pa3. Ha pucynke 4.9
noKa3aH rpaduK CruaXeHHOW CHeKTpanbHOH IoTHOCTH. CliemyeT OTMETHTh, 4YTO
JKeJaTeIbHO BBIMIOIHATE MPOIEIYPY CIIIaXUBAHUS CIICKTPAIBHON TJIOTHOCTH XOTs ObI OJTMH

pas.

0,006 -

0,004

0,002 -

1] 20 40 &l ] 100 120 140 160 1560 200 220 240
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Puc. 4.12. I'paduk criaxeHHON CTIEKTPaTbHON TIOTHOCTH

f. mpoBeputh paboTy KOHTYpa ¥ TpH HEOOXOJUMOCTH CKOPPEKTUPOBATH

napaMeTpbl HACTPOUKH

[Tocne Toro kak OJOK NOACTPOMKM NpopadOTaeT Kakoe-TO BpeMms, s
onpeneieHnus JaJbHEHUIIMX AEUCTBUHM ClleAyeT pPYyKOBOJCTBOBATHCA COOOpaKEHUSIMHU,
NpUBEACHHBIMU HUke. Eciu moiydyeHHoe B pe3ynbTare pacyera 3HAaYeHUE BPEMEHU
MHTETPUPOBAHUSL TEXHOJIOTMUECKOIO  PETyJsATOpa H3MEHSETCS CO BPEMEHEM B
HE3HAYUTENIBHBIX IpeJieiaX, HACTPOUKY IEpBOr0 KOHTYpa MOXKHO CUATATh 3aKOHYEHHOM.
Eciu nonydyeHHas MOCTOSHHAs BPEMEHU HM3MEHSAETCS B OONBLIMX Ipenenax, CleayeT
BEPHYTBhCSI K Haudaly MpoOLEeAypbl HACTpOWKM U JMOO BBIOpaTh APYrol YacTOTHBIN
JMana3oH, 1100 CKOPPEKTHUPOBATh MapaMeTphl puiIbTpa.

Ha pucynke 4.13 mnoka3aH TpeHJ IOCTOSHHOM BpPEMEHM IPU HEU3MEHHBIX
cBOlicTBaXx OOBEKTa YyIpaBieHHs. TpeHJ BpEMEHUM HMHTETPUPOBAHUS pEryisTopa MpHU
YBEJIMYEHUU MOCTOSIHHOM BpeMeHU oOBbEeKTa B JIBa pa3a Hoka3aH Ha pucyHke 4.14. Ilpu
yMeHbllleHMH Ha pucyHke 4.15. Ilpu nepuoandeckux HM3MEHEHHUSIX CBOMCTB 0ObEKTa
yIOpaBJICHUsl analnThBHasg Ha puUCyHKe 4.16. B wmrore mpu M3MEHEHWH IOCTOSHHOU
BpEMEHU OOBEKTa YNPABICHHUS AJTOPUTM MOJCTPOMKH MPONOPLUUOHAIBHO H3MEHSET
BpeMsl MHTETPUPOBAHUS pEryisiTopa, Ojarofaps dYeMmMy KayecTBO  yIpaBIECHUS

COXpaHsieTcs.

| | B
-4
-2
-2
-1
-0
16.11.12 16.11.12 15.11.12 151112
10:00:00.000 10:0%: 00,000 10:110:00.000 10:15:00.000

Puc. 4.13. Tpenn BpeMeHN HHTETPUPOBAHKS IIPH HEM3MEHEHHBIX CBOWCTB 00BEKTa YIIPaBICHUS
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10:45:00.000 10:50:00.000 10:55:00.000 11:00:00.000 11:058:00.000 11:10:00.000

Puc. 4.14. Tpenn BpeMeHN HHTETPUPOBAHIS ITPH yBEITMUEHIH MacIITaba BpeMeHH 00BEKTa yIIPaBICHHS

15.11.12 15.11.12 15.11.12 15.11.12 15.11.12 151112 15.11.12 15.11.12
03:55:00.000 100000000 100500000  1010:00.000 101500000 10:20:00.000  10:2%00.000  10:30:00.000

Puc. 4.15. Tpenna BpeMeHH HHTETPUPOBAHUS IPH YMEHBIICHUH MacIiTaba BpeMEeHH 00BbeKTa YIpaBICHUSA

12,0212 10:30:26.802
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120313 120313 120313 120313 12.03.13 120313 120813 120313 120313 120313 120313
09:30:00.000 09:40.00.000 0950:00,000 10:00:00.000 10:10:00.000 10:2000.000 10:302:00.000 10:40:00.000 10:50:00.000 11:00:00.000 11:10:00.000

Puc. 4.16. TpeHa BpeMeHN HHTETPUPOBAHUS TIPU TIEPUOTUMIECKAX H3MEHEHHSIX MaciiTada BpeMeHH 00bhEeKTa

yIpaBIeHUS

4, HpI/I HHUIHAIN3AIMU KOHTYpa, OTCICKHUBAIOIICTO HW3MCHCHHC CTAaTHKHU

00beKTa, CIENYeT:
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a. BeIOpaTh pasmep Oydepa KpBufferLength w cuBur xkoppessiuu
CorrelationOffsetrakum o6pazom, 4T0ObI TOayUeHHAst GYHKIHS UMeIa

SIBHO BBIPQKEHHYIO KOJICOATEILHOCTh
[Ipu BBIOOpE pa3Mepa MacCHBa MCXOIHBIX JAHHBIX CICAYET PYKOBOJICTBOBATHCSI
pPEKOMCHIAIMSIMH TNPHUBEICHHBIMH BbIIIE. Tak Kak MapaMETPUYECKUE KOHTYPBI
aTalITUBHOTO OJIOKA JTOJKHBI OBITH pa3Bsi3aHbl [0 YaCTOTaM, pa3Mep Oydepa JaHHBIX IS
BBIYMCJICHUSI KOPPEISIMOHHON (YHKIIMU [ODKeH OBITh MeEHbIe pa3Mmepa Oydepa
JIAHHBIX, MIPEIHA3HAYCHHOTO JIJISl BBIYUCIICHHUS CIIEKTPATBbHOM TIOTHOCTH. [loacTpoiikoit
BCJIMYMHBI  CIBUTA  TOJIyYUM  KOPPEISAIHMOHHYIO  (QYHKIHIO ¢ TpeOyemoii

KoJjebaTenbHOCThIO (pucyHku 4.17, 4.18 u 4.19).

0,8 -

0,6

— 4 : -0,01 36555 339229732
0,4 o

0,2

T T T T T T T T T T T
i 0,5 1 1,5 z 2,5 3 3,5 4 4,5 5

Puc. 4.17. KoppesiiimonHas GpyHkius, pasmep maccusa paser 100, caBur 5

0,9 +

0,6 o

0,3

0+ — 38 -0,07326993540529949

0,3

Puc. 4.18. Koppensmmonnas ¢pyHKIus, pazmep Maccusa paseH 100, casur 50

1 4
0,5 \

0,6 N

0,4 — 12 : 0,0427 193255084865

0,2 4

0,2 | \-«\\,/

-0,4 -

Puc. 4.19. KoppensmmonHnas ¢pyHKIms, pazmMep maccuBa paseH 100, capur 20
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b. BeIOparh THI (uIbTpa, 3amaB 3HadeHue nepemenHou FilterKind, u
ONpeAeNUTh €ro MapaMeTphl, T.e. YacTOTy (UIbTpallud, yKas3aB e&

3HadeHue B niepemenHoi FilterKFreq
Hcnonb3oBanue QuibTpa HCXOJHOTO MAaCCHUBAa MOXKET YIY4YIIUTh pPe3yJbTaT
npeasiaymero 3Ttana (pucyHok 4.20.). B kadectBe ¢uiabTpa HUCXOJHBIX JTAHHBIX
OPUMEHSIIOTCSL T€ K€ CTIAaXUBAIOLIUE OKHA, YTO U JJIA (PUIBTPAIIUU UCXOIHBIX JAHHBIX
nepBoro KoHtypa. Takum oOpa3om, njsi BbIOOpa mapameTpoB ATOTO (UIbTpa MOXKHO
PYKOBOJICTBOBATHCS COOOpPaXEHUSIMHU, W3JI0)KECHHBIMU BBILIE MPU OMHCAHUM TPOLEAYPHI

HACTPOMKHU MEPBOTO KOHTYpA.

0,6 — 18 1 0,0384771970466606

T T T T T T T T T T T
o 2 4 & g 10 12 14 16 15 20

Puc. 4.20. Koppensmuonnas GyHKIUS, OTPIITBTPOBAHHOTO HCXOIHOTO MacCHBa

C. MpoBepuTh pabOTy airopuTMa pacuera MEPeperyIupoBaHUs WIH
CTEIIEHU 3aTyXaHusi M TpU HEOOXOJUMOCTH CKOPPEKTUPOBAThH

rapaMeTpbl HACTPONKH
[Tocne Toro kak OJOK MOACTPOMKM MpOpadOTaeT Kakoe-TO BpeMms, s
OTpeJIeNICHNs NajJbHEUIINX JEHCTBUN CleyeT PYKOBOJCTBOBATHCS COOOpaKEHUSIMHU,
NIPUBCICHHBIMA HWKE. Ecinm mnonydyeHHoe B pe3yjbTare pacyera 3HA4eHHUE
nepeperyIupoBaHus U3MEHSETCS CO BPEMEHEM B HE3HAUMTEIBHBIX MPEENax, HACTPONKY
pacuera IOKasaTeds KadecTBa MOXHO CUMTAThb 3aKOHYEHHOW. Ecim mnomydeHHoe
3HAYCHHUE M3MEHSETCS B OOJNBIIMX IpeJesiax, CIeayeT BEpHYThCA K Hadalxy MpOLEAYpbI

HaCTPOMKHU.

Ha pucynke 4.21 noka3aH TpeH/ 3HaYEHUs NEPEPETYIUPOBAHNS TP HEU3MEHHBIX

CBOMCTBaxX 00BEKTa yIpaBICHUSI.
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121421531525 050

15.11.12 151112 151112 181112 151112 181112 151112 181112 151112 181112
12:10:00.000 12:20:00.00012:30: 00,000 12:40:00.0001 2:50:00.000 13:00:00.000 7 3:10:00.000 1:3:20:00.0001:3:30: 00,000 13:40:00.000

Puc. 4.21. Tpenn 3HaueHUs nepeperyIMpoOBaHus IPH HEM3MEHHBIX CBOWCTBAaX 00bEKTa yIpaBlIeHUS

Kpome Toro, cieayer npoBecTd MpoLeaAypy CIVIaXHBaHUs NOTYyYEHHON (QYyHKIUH.
Kak ormeuasnocs B riaBe 2.3, /Ui CriaXHUBaHUS KOPPEISLUOHHON (QYHKLIMU MOMKHO
WCIIOJIB30BAaTh CHELUAJIbHBIMUA KOPPEISLUMOHHBIMU OKHAMM - OKHOM TBIOKM WM
[Tap3ena. B oTnuume OT CKOJB3ALIMX OKOH BCE KOPPEISALMOHHBIE OKHA (PMKCHUPOBAHBI.
Nx mwupuHa BblUMcHseTcs OJOKOM TMOACTPOMKM aBTOMaTudecku. B anroputme
UCTOJIb3yeTCsl OKHO ThIOKH, IIOCKOJIBKY OHO O0JIajaeT HE3HAYUTENbHBIM IIPOCAYBAHUEM
CUTHAaJla Ha TapMOHMKaX M MeHbIIeH (Hexxenu y okHa [lap3eHa) mojgocoit mpomyckaHus.
OTKIIr0YeHHs CrIaXXUBaHUA 3TUM OKHOM HE MPELyCMOTPEHO.

Ha pucyHnke 4.22 noka3zaH TpeHJ 3HA4Y€HHUs MEpEPETyINpPOBaHUS IIPU U3MEHEHUN

koa¢durenHTa ycuneHnus oobekra ynpasienus B 10 pas.

100

Mvaw wuﬂ%

" T
181112 151112 181112 181112 151112 181112 181112
12:30:00.000 1300:00.000 133000000 1400:00000 14:30:00000 1500:00.000  15:30:00.000

Puc. 4.22. Tpenn 3HaueHHs IEPEPETYINPOBAHUS MIPU U3MEHEHNH KO3(GHUINEHTa YCUICHHS B IECSTh pa3

d. HamamuTh MapaMeTPUYECKUH PEryjisaTop, HaWasd ero 3HauYCHHs
kodp(duUlMeHTa YCWICHHS Kn M BPEMEHM HWHTETpUPOBAHUS Ty,

UCIIONB3Ys OAHY U3 MeToauK HacTpoiiku 1M -perynaropa
[locne Toro kak mNepBBIM 3Tal HACTPOWKM 3aKOHYEH, MOXHO NPUCTYNaTh K
HaJaJKe IapaMeTpU4ecKOro peryisaTopa. B pesynprare npu HM3MEHEHHHM 3HA4YCHUS
DKBUBAJEHTHON CTENEHU 3aTyXaHUs MMapaMETPUUYECKUl PErysaTop MEHSET 3Ha4YeHMS
KOO QHUIMEeHTa YCUJICHHS TEXHOJOTHYECKOro peryinstopa. B kadecTBe 3akoHa
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perynupoBaHus B TNapaMeTpUYecKOM KOHType cienyer BbiOpare [IM wmm M-3akon
perynupoBanus. «M» cocraBisiomas HeoOXoauma Uil YCTPAHEHUS CTaTHMYECKOU
OIIMOKK YIpaBJIEHUs, KOTOPOW HE JOJKHO OBITh MpPH NOJACTpOWKe Kod(¢uureHTta
YCWJIEHUSI TEXHOJIOTUYECKOTO PETYJIIATOPA.

Tpenn, u3oOpaxeHHbIH Ha pucyHke 4.22, MOKHO BOCIPMHUMATh KaK KpPHUBYIO
pa3roHa 00beKTa ynpaBiIeHHs MapaMeTPUUECKOro KOHTypa Py HAHECEHUU BO3MYIICHHUS.
[Io momydyeHHOM KPUBOM OIPEACIIMM ITapaMeTphbl PETYIATOPA, HMCHOJIB3Ys OIOUH H3
MeTos10B HacTpoiiku [IM-perynstopoB. B pesynbrate pacuera umeeMm — Ky = 0,02, Ty =
80.

€. TpoBepuUTh paboOTy KOHTypa MOJACTPOMKH KOd(hHUIIMEHTA YCUIICHUS

TE€XHOJIOTUYECKOTO perymsTopa U pu HE00X0AMMOCTH
CKOPPEKTHUPOBATh ITapaMeTPbl HACTPOHUKHU

[TpoBepum paboOTy KOHTypa HAaHECEHHEM BO3MYIIEHHUS, U3MEHUB KO3((UIIUECHT

ycuiieHus: 00bekTa ynpasienus B10 pas.

=

165000000 175000000 173000000 1900t 193003000 190000000 19400000

Puc. 4.23. IToxactpotika ko3 dUIeHTa YCUICHHUS TEXHOIOTHYECKOTO PEryisTopa
[Tpu u3menenun kodPduuueHTa ycuieHus oObeKkTa B JIecATh pa3 Ko ULIUEHT
perynsitopa U3MEHWICS, Kak 3TO BUAHO Ha rpaduke (pucyHok 4.23.) Takum oOpaszom,
HECMOTpST Ha U3MEHEHHE CBOWCTB OOBEKTa, KA4eCTBO YIPABICHUS COXpaHSETCH,

Onaromaps afiekBaTHOMY U3MEHEHHUIO KO3(PPUIIMEHTA TEXHOJIOTUYECKOTO PEeryIsaTopa.

5. Ha mocnennem »sTame MNPOBOASTCS HCTBITAHUS CUCTEMBI. McnblTaHuem
CHUCTEMBI aJJalITUBHOM TMOJICTPONKHU 3aBEPIIAIOTCS HHUIUUPYIONHE PaOOTHI.
O0beM paboOTHl MPU UCHBITAHUAX 3aBUCUT OT CJIOKHOCTH CHCTEMBI
peryJupoBaHus M TEXHOJOTMYECKHUX OCOOEHHOCTEH 00O0pyAOBaHUS.

HcneiTanus AOJIKHBI ITPOBOAUTHCS IIPU CICAYIOMIUX YCIIOBUAX:
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a. OOopynoBaHME HAXOAMTCA B PEXKUME, Ha KOTOPBIA PacCCUMUTHIBAJICS
VCIIBITBIBAEMBII TEXHOJIOTHYECKUN PETYIISITOP

b. HcmpiThiBaeMBIil PEryssiTop HaXOMUTCS B pabOTe W TOJJICPIKUBACT
3aJJaHHOE 3HAYEHHUE PETYIMPYEMOU BETNYMHBI

C. Perymupyemslii 1Mana3oH JOCTaTOYEH I YCTPAHEHHsI HAHOCUMBIX BO
BpE€Ms UCIIBITAHUN BO3MYILICHUI

d. KoHTypa aganTHBHOI CHCTEMBI TOJCTPOUKH Pa3BsI3aHbI [0 YaCTOTAM H
HE OKa3bIBaIOT BIUSHUE APYT HA JApyra

Tak npu n3mMeHeHUH Kod(pPUIMEHTa YCHWIEHHUS OOBEKTa JIOJKEH HU3MEHSAeTCs

JTUIb KO3PGUITMEHT TEXHOIOTHYECKOT 0 peryisaropa (pucynku 3.24 u 3.25).

\

. T T
[ = e R e R N~ T == =T v

1611.12 16.11.12 16.11.12 16.11.12 161112 16.11.12
12:00:00.000 12:15:00.000 12:30:00.000 12:45:00.000 13:00:00.000 13:15:00.000

Puc. 4.24. Tlogctpoiika ko3¢ GUIMEeHTa YCUIICHU TEXHOJIOTMYECKOT0 perynsaropa

24
22
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|16
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12
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o

4
2

1E.11.12 161112 16.11.12 161112 161112 16.11.12
12:00:00.000 12:15:00.000 12:30:00.000 12:45:00.000 13:00:00.000 13:15:00.000

Puc. 4.25. IToacTpoiika BpeMeH! HHTETPHUPOBAHIS TEXHOJIOTHYECKOTO PEryisITopa

AHaJOTMYHO TPU W3MEHEHHUH MOCTOSTHHONW BPEeMEHH O0BEKTa M3MEHSETCS JHIIb
BpeMs MHTETPUPOBAHMS TEXHOJIOTHYECKOT0 perynsTopa (pucyHku 3.24 u 3.25). Takum
o0pa3oM, Moiy4yaeTcsi CUCTEMa, 00eCredYrBarolas CTaOUIN3alUI0 CTEIIEHH 3aTyXaHHUs
Ha 3aJJaHHOM YPOBHE B YCIOBUSX H3MEHSIOIIUXCS XapaKTepUCTUK OObEKTa H

JIEMCTBYIOIUX HA HETO BO3MYILIECHUM.
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[Tocne OkOHYaHMS HCIBITAaHUM 00pabaTHIBAIOTCS TPEHIbl apXWBHOM CTAaHLUU B
LeJIX BBISBICHMS HanOoJjee CUIIbHBIX PEAKIMM CUCTEMBbl Ha OT/AEIbHbIE BO3MYIICHUS U
XapaKTepa yCTPAHEHUs ATUX PeaKuil peryisaTopaMH.

Taxum 06pa3zom, OB MOJIYYEHBI CIIETYIOIINE BBIBOIBL:

6. IlpencraBnena 3amaua HacTpoiiku OecrionckoBoii AACP.

7. IlponeMOHCTpUpPOBaHBI METOJbl HACTPOWKM M Haubosee XapaKTepHbIE
cneuuduueckue 0coOeHHOCTH, 0e3 ydé€Tra KOTOpPhIX HACTpPOWKa TaKou
CUCTEMBI MOKET 0Ka3aTbCs MPoOIeMaTHUHOM.

8. OCHOBHBIE IOJIOKEHUS IJ1aBbl OTPAXKEHBI B MyOJUKALUK [2] B U3JaHUU TIO

criucky BAK.
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3AK/IIOYEHUE

B nauccepranvonHoir pabGoTe pa3paboTaH ajroputM aJdanTUBHOW CHCTEMBI,
pa3BUBAMOIIUI WeH, MpeiokeHHbie B [41], u mpemiokeHa ero peanu3anus Ha 0Oase
MUKPOMPOIIECCOPHOTO ycTpoicTBa. Peanuzanus nogo6HoM cucteMbl Ha 6a3e aHAIOTOBOM
ammaparypsl BbI3bIBaNa PSA TPYAHOCTEH, MOSBICHUE K€ MHUKPOIIPOLIECCOPHBIX CHCTEM
VIpPaBIEHUS OTKPBUIO BO3MOXHOCTh HE TOJIBKO €€ MIMPOKOTO BHEApPEHUs, HO U
COBEPIICHCTBOBAHHUS  NPEUIOKEHHBIX  anropuTMmoB.  llosBuimach  BO3MOXKHOCTB
pa3paboTKH YyHHBEpCaJbHOrO OJIOKa aganTalid, NPUMEHHMOTro Jis LEeJoro Kiacca
cucreM. B aToli cBs3n:

1. BebInosiHEeH aHANMKU3 TEKYIIETO COCTOSHUS MPOOJIEMBI aJaITUBHOTO yIPaBICHUS.

2. Jlns sHepreTuyeckux OOBEKTOB CO CIOKHBIM TEXHOJIOTHUYECKHM ITHKJIOM
000CHOBaHa BO3MOXKHOCTh TPUMEHEHUS aIallTUBHON CHCTEMBI, YUUTHIBAIOIIEH
UX TPUKIATHYIO TEIUIO(QU3MYECKYI0 CHelu(pUKy. ITO MO3BOJIUIO Pa3ieiIUTh
3aJa4d aJanTaldyd B YCIOBUSX HM3MEHEHHUS CTAaTHUYECKUX M JUHAMUYECKHX
XapaKTePUCTUK 00BEKTA.

3. IlonTBepKACHBI  MPUHIUIBI  MOCTPOCHUS  OJIOKOB  MapaMeTPUIECKOH
MOJICTPOMKH  TEXHOJIOTHYECKOTO PEeryJisiTopa, CIOCOOHBIE paboTaTh Ha
pasimnuHblix ypoBHsAX IITK wu pemars 3agaum  amantaupv, € y4€TOM
NPUKIAIHON crienn@uKu 00BEKTOB.

4. Pemena 3ajada JWAarHOCTHUPOBAHMS PAaOOTHI CHUCTEMBI, TapaHTUpylomas eé
3alUIIEHHOCTh OT HEMpPEJABUICHHBIX BapHAHTOB pa3BUTHUS MPOIECCOB B
napaMeTpUYecKoM KOHTYpEe IyTeM OCIa0JIeHUs WIM TOJHOTO HCKIIOYEHUS
BIMSIHE JTOTO KOHTypa TpU OOHAPYKEHWH TPU3HAKOB YXY/IIICHUS €Tro
paboTHI.

5. Pazpabortanpl u peanuzoBanbl, Ha Oasze I[ITK, anropurmsl ananTUBHOTO
ynpaBieHus. Vcrnonp3oBaHue pa3paOOTaHHBIX AJITOPUTMOB B  CHUCTEMax
yIpaBJICHUS TMO3BOJIAECT CTAOMIM3UPOBATH MOKA3aTeNIH 3amaca yCTOWYHMBOCTHU
CUCTEMBbl B YCJIOBUSIX HEMPEIBUICHHO H3MEHSIONIMXCS CBOWCTB OOBEKTA
yIpaBICHUS W TEM CaMbIM MOBBICUTH 3()PPEKTUBHOCTH M KauecTBO pPabOTHI
PETYIATOPOB TEXHOJOTHYECKHX TporieccoB. [lpm »sTOoM mpennaraembie

QITOPUTMBI 00JIaZIAI0T THOKOW HACTPOMKON U METOAMKON MX HAJIaJIKU.
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IMPUJIOKEHHUE A.

Aas npeacraBaenns

B IHCCEPTALHOHHBLIH coBeT

AKT O BHEJIPEHU UM
PE3YALTATOB KAHAMAATCKOM AHCCEPTANHOHHOI paboTsi
Kapacesa Buxropa Cepreesuua

Hacrosumm ynocrosepsercs, yto PE3YABTaThI HCCEpTalMONHON paboTh «PaspaGorka
H HMCCICNOBAHHC AJIANTHBHOM CHCTEMBI YNpPaR/ICHUS TEIUIOIHEPreTHYECKUMH 0OBEKTaMH Ha
0ase MWKPOKOHTPOJLIEPOB» NPE/ICTABACHHOH HA COMCKAHME YUCHOH CTeneHu Kamaujara,
HCTIONE30BAHE! B paboTe CHCTEMBI aBTOMATHYECKOIO YIIpaBleH s TeMmInepatypoit neperperoro
napa Groka Nel KOsmoit TOI| dunnana «Hesckuity OAO «TTK-1y r. Cankr-IlerepGypr,
HTO NO3BOIMIAO NMOBBICHTE IYHEKTHBHOCTH U KAYECTBO PaboTHI peryasropa. Ilpencrasnennas
cucTema, obecrnicuMBaeT coXpaneHue 3anaca ycToHYMBOCTH Ha 3a/laHHOM YPOBHE B YC/IOBHAX
H3MCHAIOMMXCA XapaKTePUCTHK 00beKTa 1 AeHCTBYIOIMX Ha Hero BO3MYIIECHHH,

Havansuux L[TAU | A

TOL-22 pummana «Hesckuiiy OAO «TTK-1» A.B. Conuk
Havanbsuk cayx6u ACY TI1 '// // L

TIL1-22 punnana «Hescxmii» OAO «TTK-1» Ve // AM. Kypasnés
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