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CUCTEMbl ABTOMATMUHECKOI'0 YNPABJTEHUA
HA OCHOBE NPOrPAMMWPYEMbIX JI0T YSECKMX
KOHTPOJIJIEPOB

BeepneHne

ABTOMAaTUHECKUE PEryATOPbI UM MPOrpaMmMmupyembie s1orm4eckmne koHTposnnepsi (MJ1K) — pery-
JIMPYIOLLINE M JIOTNYECKNE — ABJISIFOTCS LUMPOKO PacrpoCcTpaHeHHbIMUY cpeacTBamMm aBToMatmnsaymm B
cocTaBe J/I0KaJlbHbIX W pacrpenesneHHbIX CUCTEM KOHTPOIIS v perynvposanus [1, 2, 3].

Brenpenune TIK B nipouyecchl yrnpasrieHns [aeT BO3MOXHOCTb KOHTPOJIMPOBATb U3MEHEHue
napameTpoB 6e3 rpepbiBaHNsI TEXHOJIOMMYECKOro rnpoyecca U MUCrosib30Barb TeKyLYne 3Ha4YeHUs
napameTpoB (MMbo nx OLEHKM) 471 (hOPMUPOBAaHUS yrpassioLymx Bo3aencTemi. Ecnn napametpsi
U3MEHSIIOTCS BO BPEMEHU [OCTaTOYHO MELJIEHHO, TO Takme MeToAbl yrpasB/ieHus MOryT okasaTbCcs
BecbMa 3QpDEeKTUBHBIMU, MOCKOJIbKY HE CBSI3aHbl C MpepbiBaHNeM TEXHOIOrMYECKoro npoyecca ais
TECTUPOBAaHWSA yrpassisieMoro rpoLecca.

OnucaHne BOMpocoB (METOANKU, arrOpuTMOB U MPOrpamMMHOro 06ecrieyeHus), CBsi3aHHbIX C
opraHnsaumvedi npouyenyp ynpassieHns B 3aMKHYTOM cUCTEME YrpaBJIeHNs TEXHOTTOMMYECKUMU po-
yeccamu, aHo B rocrnenyroLmx rnasax.

B nepBovi riiaBe paccMoTpeHbl BOMPOChl, CBA3aHHbIE C (hOPMUPOBAHNEM 3aKOHOB perysinpoBa-
HUS1 1IPY UCMOMTb30BaHuM NpombiLLieHHbIX [1K, faHbl HEKOTOPbIE CBEAEHWS U3 TeOPUN 1 NPaKTUKU
aBTOMaTU4ECKOro perynmpoBaHnsi, B HaCTHOCTU, BOMPOChH! KOPPEKLMU ANHAMUNYECKMUX CUCTEM.

OaHmm 13 nyyLumx B Mupe sBasetTcsi KoHTposinep Quantum komnaHum Schneider Electric. Naket
Unity Pro gns nporpammupoBaHusi KOHTposiiepoB Quantum, Premium v Atrium Ha Bcex nsty i3bikax
mexgyHapoaHoro craHgapta MOK 61131-3 umeet o6LUMPHYO 6UBITMOTEKY arropuTMoB 4151 opra-
HU3aumu rnpoLeccoB PerynupoBaHus, BKIIOYas U aBTOMAaTUYECKY HACTPOUKY PErynsaTopoB.

Bo BTOpO#I rrnaBe KpaTko pacCMOTPeEHbI LUTaTHbIE (hyHKLMOHASIbHbIE 6510ku naketa Unity Pro, B
KOTOPbIX peann30oBaHbl pas/indHble anropuTMbl, UCMOSIb3YEeMble 4715 PeLUeHus] 3a[a4 HerpepbiBHO-
ro yrpasJ/ieHUs.

TpeTbs rnasa rocssLyeHa aBToMaTn3npoBaHHOM HaCTPovike cuctem perynuposaHus B Unity Pro.
PaccmoTpeHb! peLLerusi crieqyroLymx npobsiem: MogenmposaHne oO6beKTa yrpasrieHus u BO3MYLLe-
HWV; nporpamMmupoBaHve, otnagka v yrnpasnerHue [NV-perynaropom; agantayms u asTomatmyec-
kasi HacTtpovika [N /-perynaropa.
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[TTABA 1.
[MPOBJIEMbl ®OPMWUPOBAHWUSA 3AKOHOB YTNPABJIEHIA

TepmuHom TNJIK 0603Ha4aloT yCTPONCTBA, OCYyLLeCTBASAWME npeobpa3oBaHue, obpa-
60TKY, XpaHeHe UHopMauun 1 BbIpaboTKy KOMaHL ynpasneHus nunn ynpasnstowmx/pe-
rynupyowmx BO3OENCTBUA, peanun3oBaHHble Ha 6a3e MUKPOMPOLECCOPHOM TEXHUKU W
ABNAIOLMECA NO CYTU Cneunann3mpoBaHHbIMAU YyNPaBASoLMMA BbIHUCIUTESNbHBIMU KOM-
nnekcamu ana paboTbl B SIOKaNbHbIX U pacnpefesnieHHbIX cuctemMax ynpasnieHus B pearsb-
HOM MacLuTabe BpemeHu (puc.1.1).

OBM OBM e OBM

I I Cers DBM I

Agnantepsl CBSI3U

[
Cers IIJIK
JIC-1 F JIC-2 o JIC-n
L oVy-1 J L oy-2 J o L OY-n J

Puc.1.1. 06was yHKUMOHANbHAA CXeMa PacnpenesieHHO (CeTeBON apXMTEKTYpbl) MepapXuveckom CUCTEMbI YIPaBNEHMS:
MJIK - nporpaMmmMupyemblin 1OrMYECKIA KOHTPONEP;
0Y-n - 00bEKT ynpaBneHus (aBBTOHOMHbIA WK YaCTb pacnpefeneHHoro 06bLekTa);
JIC-n - nokanbHas cuctema ynpaseHus

OcHoBHasa dyHKuma MNJIK — 310 hopmupoBaHmMe curHana paccornacoBaHua Mexay
perynupyemMon BeNMYMHOM N ee 3afaHHbIM 3Ha4EHNEM, a TakxXe OuHaMmnyeckoe npeoodpa-
30BaHVe CuUrHana paccornacoBaHus no TUMOBbIM anropuTMaM (3akoHam) perynmpoBaHus.

OQHMMK 13 OCHOBHBIX 3KCMNyaTauMOHHbIX TPe6oBaHWA, KOTOPbIM AOMKHbI YAOBETBO-
psatb MK, asnsioTca:

1. bBesygapHocTe:

- Npw nepexofe ¢ 0QHOI0 U3 PEXMMOB YyrpaBieHNss Ha Opyron (Hanpumep, ¢ pexuma
py4HOro ynpasneHus Ha aBTOMaTUYECKUA U 06paTHO) OHa obecnevmBaeTCs, B YHaCTHOCTH,
HanMynem MHTErpupyroLLLero yCTpomcTea, COCTOSLLIEro U3 ABYX MHTErpaTtopoB: Hanpumep,
BTOPOW MHTErpaTop, UCMosb3yeMbI NPy Py4HOM ynpasfeHuu, OTCReXuBaeT BbIXoq y3na
(vHTerpartopa), obecneuymBaroLLEero AMHaMM4eckoe npeobpasoBaHne; Npy NepexkItoHeHnn
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B PEXMM PY4HOrO yrpasfeHns BbIXOOHOW CUrHAN MHTErpuUpyoLLero yctponctea oopmupy-
€TCA BTOPbIM MHTErpaTtopoM, a NepBbli MHTErpaTop OTK0YaeTcs OT BXoda U NepeBoauT-
Csl OQHOBPEMEHHO B PEXMM CIEXEHUS 32 BbIXOAHbIM CUrHANOM;

- Npu nepexoge ¢ OQHOro U3 UCTOYHMKOB 3aaHus Ha ApYron B peXxmnme aBToMaTtmnyecko-
ro ynpasfeHus Takxe OO/MKEH OCYLLECTBNATLCA 6€e3yaapHo, HarnpumMmep, ¢ BHELLIHErO NCTOY-
HMKa 3a4aHusa Ha BHYTPEHHUI (py4HOe 3afaHune, Ha NPorpamMMHOe M3MEHeHWe 3afaHuns);

2. OrpaHu4eHue BbixogHoro curHana MNMJ1K no BepxHemy n HUXXHEMY YPOBHSIM U CUrHa-
nmzaumns o npefesibHbIX 3HAYEeHUAX 3TUX YPOBHEW; NPU AOCTUXEHUM COOTBETCTBYIOLLErO
YPOBHSI OrpaHNYeHNst UHTErpupytoLLee YCTPOUCTBO OTKIIOYAETCA OT UCTOYHUKA BXOAHOIO
curHana, 6narogaps 3Tomy perynartop pabortaeT Bcerga B 30He JIMHENHOCTH.

BbinonHeHne TpeboBaHnin 1 1 2 ocyLecTBNAETCS NOCPEACTBOM ynpasfieHus onepaums-
MW MHTErpMpoBaHus, BXOOALUMMU B COOTBETCTBYHOLUME anropuTMbl (PYHKUMOHASbHbIE
610KM): @) NPU NMEePEKIIIYEHNAX C OAHOIO U3 PEXMMOB Ha OPYron yrnpasneHne CBOAMTCA K
OTKJITIOHYEHUIO MHTEerpaTopa 1 hOpMUPOBAHMIO OIS HErO APYrnx HavasnbHbIX YCIIOBUIN, COOT-
BETCTBYIOLLMX HOBOMY PEXMMY (MHOrAa 9TW npouedypbl Ha3blBaKT «06paTHbIM CHETOM»),
WMEHHO 3TO obecne4mBaeT 6e3ygapHOCTb; 6) NPW BbIXOA4E 3HAYEHUIN CUrHana 3a npeaerb-
Hble (Hanpumep, YMIN nnn yMAX), ynpasneHne cBOAUTCA K 3anpeTy onepauuv UHTerpupo-
BaHVA 1 ee 3arycKy rnocre BO3BpallleHus 3Ha4eHu curHana B paboymnmn amanasoH.

3. TlanbBaHM4eckoe pasfeneHne BXOOHbIX U BbIXOAHbIX Lenen (3Ta 3agada pewlaetca
Ha ypOBHE COOTBETCTBYIOLLUNX YCTPOUCTB conpsikeHus ¢ o6bekToM (YCO));

4. CBss3b C yNpaBnaoLLMMM KOMMIEKCAMN BEPXHUX YPOBHEN MepapXuu;

5. ABTONOACTPOMKa M HacTpoMKa (aaanTMBHOCTb) AMHAMUYECKMX NapameTpoB pery-
naTopa (aganTuBHbIE PErynaTopbl).

Bcsakuin npouecc perynupoBaHus (ynpasneHus) npegnonaraeT Hanuvyue AByX MOACM-
cTeM (puc.1.2): ynpaBnsemMon CUCTEMbI, T.€. OOHOrO UM HECKOMNbKNX OOBbEKTOB yrnpasie-
HUA 1 YNPaBsAloLWeENn NNn perynupytoLLen cuctemsl (perynstopa), KOTopble B COBOKYMHO-
CTV 06pasyloT cucTeMy aBToMaTudeckoro perynuposanus (CAP).

Perynsrop TexHuueckuii 0OBEKT
(TJIK) (TexHOMOrMYECKUH MPOIIECC)
3ITH ey BbIX
o € 3akoH ‘E OObexT .
perymuposanus ||i] '|E > IM yIIpaBICHUS A g
AIII
h
BX

Puc.1.2. 0606LieHHas CXeMa MHOrOKOHTYPHOW CUCTEMbl aBTOMATUYeCKOro perynuposanus (CAP):

3[H - 3apatowee Bo3aencTsne; BX - Bxof perynsaropa (perynupyemas BeniMyuHa, BbIXo4 cuctemsl); BbIX - BbIX0A perynsatopa
(perynupytoLLiee Bo3fieiicTBue); e- paccornacosaHue (owwmoka);, M - ncnonxutenbHble Mexaunamsl; 14 - narquku; AL -
aHanoro-uudposele npeobpasosatenu; LIAM - umucpoaHanorosble npeobpa3oBarenu.

O6bekT ynpasneHusa (QVY). Jliob6on TexHundeckmii 06beKT (TO) nnm TEXHONOrMYECKUI
npouecc (TT): cTaHoK, neyb Ana TepMoobpaboTKu, ABMUraTenb, TEXHONOrMYECKUI arperaT
n 1.0., ona obecnevyeHus HOpMaJibHOIro d)yHKLl,I/IOHVIpOBaHVIFI KOTOPOro CTpouTCa CcuUCTe-
Ma aBToOMaTU4eCKOIro (VIJ'II/I aBTOMaTI/I3I/IpOBaHHOI'O) ynpaBJieHnda, HOCUT Ha3BaHWE ob6bekK-
Ta ynpaeneHuna nnun ynpasigaemMoro obbekTa. ,D,pyFVIMM cj/ioBamMu, 06beKT ynpasnieHua - 3To

ocHoBHoW anemeHT CAP, Tpebyemblin peXnM KOTOPOro AOSMKEH NOAOEpPXMBATLCA peryns-
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Topamun (0QHUM NN HeckonbkMK). O6GBLEKT yrpaBieHUs BbIMOSHAET OnpefesieHHble Tex-
HU4YecKue onepaunn Hag matepuanbHbIMU U/KUIU MHPOPMALMOHHBIMU KOMMOHEHTaMM.

UcnonHuutenbHbivi MexaHnam (VIM) - 3T0 yCTPOMCTBO, C NomMoLLbto koToporo B CAP Hero-
CPeACTBEHHO OCYLLECTBNSAETCA U3MEHEHMEe pexuma Oo6bekTa yrnpaBfieHusi; OObl4HO 3TO
4YacTb OObEKTA yrpaBfieHUs1 - BEHTUIN NapOCUIOBbIX YCTAHOBOK, OOMOTKM BO36YXAEHUA
SMEKTPUYECKNX MALLUWUH, pynu camoneTa u T.4.

Bcakuni 06beKT ynpasneHus, 06nagaoLmin Maccom (B ANEKTPOTEXHNKE N INIEKTPOHUKE
- 9TO HaNU4Me EeMKOCTEN U UHOYKTUBHOCTEWN), SABMAETCH QUHAMUYECKUM, MOCKOSbKY Nog
OENCTBUEM BHELLIHMX CU/T U MOMEHTOB (KOHEYHOW BENWYUHBI) CO CTOPOHbLI O6bEKTa ynpa-
BIEHUS1 BO3HMKaeT COOTBETCTBYIOLLAA peakuus U ero nofioxXeHne (Mnv cOCTOsiHME) He
MOXET ObITb NBMEHEHO MIHOBEHHO.

OcHoBHasa gyHkumsa MK (perynatopa) - BolpabatbiBaTb ynpasnsowme (perynupyo-
LLine) BO3OENCTBUS, KOTOPble 06eCNeYnBaloT BbINONIHEHNE 0ObEKTOM TPeOYEeMbIX (PYHKLMNA.

Onsa noctpoeHna CAP Heo6x0OMMO 3HaTb MarteMaTtuyeckoe onucaHve (Matemartuye-
CKYI0 MOfienb) O6beKTa yrnpaBfieHus, T.e. 3aBUCUMOCTb, CBA3bIBAIOLLYIO MeX Oy COO60M ero
napameTpbl.

Ha puc.1.3 npuBefeHa CTpyKTypHasa cxema ofHOKOHTypHou CAP, ucnonbdyemasi npwm
pac4yeTax.

Bo3smymiatomee
BO3J/IeHCTBHE
Pecyramop F(s) | /1) Obverxm
3axonpezynuposanus Ui ( S ) Y (S‘ ) K X (S‘)
_ 0 ST _
s)-| K, 14— DS ) W’(S)_T0~S+le )
s)- : - u t ;| x(t
4 Ty-s T,-s+l1 . @ i ®
L ,~'. PerymupyeMmblii
OmmGra Perynmu)yloulee napameTp
3anaromee BO37€icTBIE
o (paccoracoBaHmue)
BO3JCiiCTBHE x(t') Tarunk
(ycraBka)

(M3MepuTenb)

Puc.1.3. CTpykTypHas cxema

Ddusnyeckyto BenuymHy x(t), nognexatuyo perynmpoBaHuio, Ha3biBalOT peryinpyemon
WNN BbIXO[HOW BENNHNHOMN.

BosgerictBue g(t), koTopoe xapakTepusyeT Tpebyemoe (Kenaemoe) 3Ha4eHne perynu-
pyeMOl BENWYUHbI, Ha3bIBalOT 3af4aroLMM BO3[EUCTBUEM (B HEKOTOPLIX 3afayax ero
Ha3bIBAKOT YCTaBKOW).

PasHocTb €(t) mexay 3apaHHbiM g(t) n dakTnyeckum x(t) 3Ha4eHMem perynupyemMomn
BENINYMHbI HA3bIBAKOT OLUMOKOU VNN paccoriacoBaHUueMm.

Boagencteue u(t), BblpabatbiBaemMoe perynstopoM A OCYLLEeCTBIIEeHUs Tpebye-
MOrO 3aKOHa M3MEHEHUS pPerynupyemMon BeNMYuHbl, Ha3blBAKOT PerysnpyroLwmum Bo34eu-
cTBUEM.

Boapgenctaue f(t), cTpemsiLLeecs HapyLwmnTb Tpebyemyo (OYHKLUNOHANBbHYIO CBA3b MEXAY
3a[aloLLnM BO3OENCTBUEM U PETYNIMPYEMOM BENMYNHOW, HA3bIBAIOT BO3MYLLalOLLUM BO3-
AeAcTevem.

Takmm 06pa3oM, MOXHO CKasaTb, YTO B MPOLIECCE aBTOMATMHECKOrO PErynMpoBaHus
OCyLLIeCTBNSAETCA Npeobpa3oBaHme 3afaloLLero BO3AENCTBUA B PErYNIUPYEMYIO BENIUHUHY.
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B o6Liem cnyyae kak 3agarollee BO3OENCTBUE, TaK N perynupyemas BenmdmHa MoryT
COCTOATb U3 COBOKYMHOCTM Pa3nn4YHbIX (PU3NYECKUX CUrHASIOB, T.€. UMETb BEKTOPHbIN
xapakTtep. B aTom cny4ae cuctema ABnseTcs MHOrOMEPHOM 1 [OSMKHA ONUCHIBATLCS B Tep-
MUHax NPOCTPaHCTBa COCTOSAHUN.

O6paTtHas cBs3b, 3aMbikaroLlas cucTemy, nepenaeT pesynsraT U3MEPEHUS BbIXOAHON
BENMYMHbI HA BXO CUCTEMBI.

3agaya cuctembl COCTOUT B TOM, HYTOObI BO3MOXHO TOYHEE BOCMNPOU3BOAUTL Ha BbIXOAE
X(t) 3apaBaemMbii (Ha BxOAe) 3aKOH U3MeHeHusa g(t) u BO3MOXHO MofHee MoAaBnATb
BNMsiHWe Bo3myLlatoulero sosgencteusa f(t), a Takke Opyrnx BHELUHUX U BHYTPEHHUX
MoMex, ECIN OHM UMetoTCs. BbixogHas BenuumnHa x(t) cpaBHMBAETCS C BXOAHOWEORAUMEbIA
g(t). Ana aTux uenemn Ncnonb3yeTcs COOTBETCTBYIOLLMA AaTUYNK (M3MepUTESb)

Ha Bbixoge cpaBHMBatOLLEr0 YCTPOMCTBa (hOpMMPYETCHA paccornacoBaHme (oLnobka)

e(0)=g(O)-x)=g)-k-x()

PaccornacosaHue ¢ CNY>XXUT UCTOYHUKOM BO3OEeNCTBUA Ha cuctemy, npuydyemMm cuctema
pa60TaeT Ha YHUYTOXeHune nnm ceegeHne K nonyctmmMmomy masjioMmy 3Ha4eHUo BENTUMHUHBI
9TOro paccoriacosaHus.

1.1. KINNACCNDUKALNK - CAP

Mo Buay 3aparoLiero BO3AenUCTBUS.

B obLiem cnydae 3apatoLLlee BO3LOENCTBNE MOXET UBMEHATLCA NPON3BONLHO. o BUAY
3apatowlero sosgericteusa CAP knaccuumumpytoT cnegyrowmm o6pa3om:

1) npn g(t) = const CAP HasbiBalOT COGCTBEHHO CUCTEMaMM aBTOMaTU4eCcKoro pery-
NMPOBaHUA - OHW paboTalT Ha nogaepXaHue MOCTOAHHONO 3HAYEHUs PerynmpyemMon
BENNYMHbLI (HANPUMeEp, YPOBHSA XUOKOCTU B 6ake/KoTne, CKOpOCTU BpaLleHUs Bana gsura-
Tens, TemnepaTypbl B HEKOTOPOM 3aMKHYTOM O6bemMe WU T.M.). ITO TUMUYHbIE CUCTEMBI
perynupoBaHns no 3afaHHOM HaCcTPOWKe/ycTaBke perynaropa.

Takne cucTemMbl Ha3bIBaKOT TakKXe cucTtemMamu ctabunudaumm (Hanpumep, ctabunmsa-
UMK HanNpshXeHUst Ha Knemmax reHeparopa, KpeHa camosneta u T.0.).

2) npu g(t), 3apaHee 3apaHHOM BO BpEMEHMU, T.€. KOoraa 3afaHa nporpammMa (3akoH)
N3MEHeHUs 3TOro BO3AENCTBUSA, FOBOPAT O NPOrpaMMHOM aBTOMaTUYECKOM perynupoBa-
HUN U O cUCTEMAx NPOrpaMMHOro perynmpoBaHus.

[Mpwn 3TOM BbIXOAHAS/perynupyemMas BenvynHa OomkHa cnefoBaTbh 3a4aHHOW nporpam-
Me/3aKOHY M3MEHEHUS BO BPEMEHM.

3) npu g(t), nsmeHsoLWeNCa cny4anHbIM/NMPON3BOSIbHbIM 06pa3om, CAP HasbiBaloT
cnepsiLlen cucTemMon.

3akoHb! perynuposanus, peanuadyemsle MNJ1K, MoryT 6bITb NOMy4YeHbl HA OCHOBE U3BECT-
HbIX B TEOPUN aBTOMATUYECKOrO perynmpoBaHns MeTOOOB KOPPEeKLMU, Korga xenaemole
OVHaMUYeCKUe XapakKTepUCTUKM CUCTEMbI OCTUIralTCa C NOMOLLbIO NOCeA0BaTENbHbIX U
napansesnbHbIX KOPPEKTUPYIOLLMX YCTPOUCTB U 06paTHbIX cBA3en. B coBpemeHHbix J1K
3TO peannayeTcs NporpaMmMHoO. B HEKOTOPbLIX 3agadvax UCMONHUTESIbHbIE MEXaHMU3MbI TakXe
y4acTBYIOT B (hOPMUPOBAHMM 3aKOHA PErynnpoBaHusa (Hanpumep, B UMMYSbCHbIX peryns-
Topax).
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Mo Buay perynupyemoro napameTpa aBTOMatU4YecKue perynatopbl noppaspens-
IOTCA Ha perynaTopbl TeMnepaTypbl, AaBMEHUSA, BNaXHOCTU, paspsiKeHus, pacxoda, cocTa-
BaUT. M.

Mo xapakTepy U3MeHeHUs1 perynupyroLiero BO3gencTBUs aBToOMaTN4eCcKue peryns-
TOpPbI NOAPA3AEeNATCA HA PErynaTopbl C JIMHENHBIMU N HEJTMHENHBIMW 3aKOHaAMU perynu-
poBaHus.

MpuMepom perynsTopoB C HENIMHENHbIM 3aKOHOM PErynupoBaHUsa MOTyT CIy>XUTb ABYX-
NO3ULMOHHbIE PErynsaTopbl TeMnepaTypbl B XONOAUIbHbBIX MallnHax. B Tpexno3numoHHbIX
OVCKPETHbBIX CUCTEMAX BbIXOOHOW CUrHaN MOXET MpUHUMAaTh Tpu 3Hadvenus: —1, 0, +1, T.e.
““MeHbLue”, “Hopma”, 6onblue”. KayectBo paboTbl Takmx CAP Bbile, XOTS UX HaAEXHOCTb
HUXe.

Perynatopbl ¢ NWHENHBIM 3aKOHOM perynMpoBaHusa N0 MaTemMaTMyeckon 3aBUCUMOCTH
MexXAy BXOOHbIMWU U BbIXOAHBIMW CUIHANamm nogpasgensiorcs Ha cnegyolme OCHOBHbIE
BUObI:

— nponopumnoHanbHblie (M-perynaTopsl);

— nponopuuoHanbHo-uHTerpaneHole (MA-perynatopsl);

— nponopuunoHansHo-guddepeHunansHsle (MO-perynaropsb);

— NPONOpPLNOHaNbHO-UHTErpansHo-anddepeHumansHele (MAO-perynatopsl).

[na nogaeneHua nomex u nynscauui cymma - n [I-coctaBnaroLmx 4yacto gemndpupy-
eTca PUNLTPOM C perynmpyemMon NoCTOAHHOW BPEMEHN.

Mpu nmnynscHOM perynuposBaHun dgopmuposaHue [A-3akoHa perynuposaHus OCy-
LLLeCTBMAETCA COBMECTHO C MHTErpUPYIOLLMM UCTONHUTENbHLIM MEXaHNU3MOM MOCTOSIHHOM
CKOpOCTH.

B 3aBucuMmocTu OT BMAA UCMOJIb3YEMOUW 3HEPruu perynaTtopbl NogpasnenstorTcs Ha
SMEeKTpPUYECKne (INEeKTpOMEXaHNYECKNe, SNEKTPOHHbIE), MHEBMAaTMYeckue, rugpasnuye-
CKNEe N KOMOUHUPOBAHHbIE.

Haunbonee 4acTo ncnonb3yemMbiMy B PasfnyHbIX OTPACAX NPOMbILLIIEHHOCTU ABMAOTCA
SneKTpu4eckne perynatopsl. NHeBMaTUyeckne 1 rugpaBnnyeckne perynatopbl, Kak npa-
BUJI0, MPUMEHSIOTCH BO B3PbIBO- M NOXapOOnacHbIX 30HaX.

B 3aBucumoOCTM OT 3aparoLlero BO34eNCTBMA U NapaMeTpoB O6beKTa perynmpoBaHus
nonéuparoT perynatop ¢ onpeperneHHon xapakrepuctukon Wp . Iamernenne Wy apeksart-
HO BeeT K M3MEHEHUIO KO3ahpmumeHToB AnddepeHUManbHOro ypaBHeHUs obLlero nepe-
[aTOYHOro 3BeHa (perynaTop-o6bEeKT) U TEM caMblM JOCTUraeTcs HeOOXOAMMOE KadyeCcTBO
perynupoBaHusi. B NpOMbILLIEHHbIX perynaropax 3Ty BeNIMYMHbl Ha3blBaKOTCA NapameTpa-
MU HacTponku. [MapameTpamMn HACTPOMKWU SABAAIOTCA: KOIMPMULMEHT YCUNEHUs, 30Ha
HEeYyBCTBUTENbHOCTU, NOCTOSAHHAA BPEMEHU MHTErPUPOBAHUS, NOCTOSAHHAA BPEMEHU And-
depeHumpoBaHua 1 T. A. [Ina naMmeHeHnss napameTpoB HACTPONKM B perynaropax MMeroT-
Csl OpraHbl HACTPOVKK (ynpasneHus).

Kpome opraHoB HacTPOWMKW OCHOBHbIX NapamMeTpoB, PerynaTopbl UMEKOT TakXe opraHbl
HaCTPOWKMN, KOCBEHHO BIIMAIOLLME HA 3TU KOIPDULNEHTBI NN PEXUMBI €ro paboThl, Hanpu-
Mep, OpraHbl HACTPOWKN, N3MEHSOLLNE HYYBCTBUTENBHOCTbL perynaropa, AeMnpupoBaHue
BXOOHOIro curHana v gp.

Vicxoosa n3 xapakTtepa nNpoTekaHusa npolecca ynpasneHus TpeboBaHus K cucteme ¢oop-
MUPYIOTCS MO CreayLwmnM nokasaTensm:
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1.2. KOPPEKUMA OUHAMWHECKMX CUCTEM 11 3AKOHbI PETYSIIPOBAHIA

— TOYHOCTb;

— YCTONYNBOCTH;

— Ka4ecTBO NepexofHoro npowecca.

To4yHOCTb CUCTEMbl 3apaeTcsa W onpefenseTcad B YCTAHOBMBLLUMXCA peXumax.
VetoriymBocTe rapaHTUpyeT 3aTyxaHne nepexonHoro rnpolecca, nocne 4ero obecrevnsa-
eTcs Xenaemoe Ka4ecTsBo 3aTyxaloLLero nepexofgHoro npotecca.

B Tex cnyyasx, korga CAP okasbiBaeTcsi HeyCTOMYMBOW NN KOrAa KavecTBo ee paboThl
He y[OOBeTBOPSAET NOCTaB/IeHHbIM TPeO0oBaHUAM, yry4lleHne ee AMHaMU4eCKUX CBOUCTB U
MOBbILLEHNE YCTONYMBOCTU B psfe CliydaeB MOXET ObITb JOCTUTHYTO NMyTeM BBeOEHUS B
cucTemMy nocnenoBartesibHO CO 3BEHbSAMU MPAMOK Lieny  JOMNOSTHUTENbHbIX (PYHKUMOHASb-
HbIX 6JTOKOB UK Xe MEeCTHbIX (JlIokasnbHbIX) o6paTtHbIx ceaser (OC), koTopble obecrneyvBa-
nv 6bl NonyyeHve ynpasnsioLWero curHana B Buge CyMMbl CUrHana paccorfiacoBaHusi ¢
OOMOSNTHUTENBbHBIMU CUTHaNamMu, XapakTepusylowwmnMmn ero npou3BOAHYI, WHTerpan wunm
MHYO YHKUMIO. Takue yHKUMOHaNbHbIe ONI0OKU Ha3biBalOT KOPPEKTUPYIOLLNMU
yctpovicteamu. Cnepyet OTMETUTb, YTO Hapsady ¢ POPMMPOBaHMEM YNPaBNSIOLEro CUrHa-
na no oLM6Ke MOXET UCMNOMb30BaTbCA U BHELLHEE BO3AENCTBUE (TOXE C UCNOMb30BaHNEM
COOTBETCTBYIOLUUX UHTErpPanosB 1 NPOU3BOAHbIX).

MoxHoO ykasaTb cnegyoLime oblime nytM obecrneveHns 3afaHHoro Kadecrtsa pabdoThbl
CAP B nepexogHOM 1 yCTaHOBMBLLEMCS peXumax:

— BBefeHne B MpsMYyo Ljerb YCUNMUTENA C TakuM KO3P(PpULIMEHTOM YCUIEHUS, KOTO-
PbI paunoHanbHO BAMAN Obl HA KA4YeCTBO Kak B NMepexofHOM, Tak U B yCTaHOBMBLUEMCS
pexumax;

— BBefeHne B MpsMYyo Liefllb UHTerpaTopoB Onsd obecrneyeHns 3agaHHOM TOYHOCTU
pa6oTbl CAP B yCTaHOBMBLLEMCSH PEXMME:

— BBeJjeHUe B MpsiMyr0 U 0bpatHyto Lyenu cuctemol audchepeHumpylowmx 3BeHbEB
Ans obecrnevyeHns 3agaHHoOro Kkadecrtsa paboTbl B MepexoHOM pexume.

Mpwn ncnons3osaHum MNMJIK Yale Bcero npegnonaraeTcs, HYTo AN KOPPEKUMU MPUMEHS-
OTCSl TONBbKO T€ Npeobpas3oBaHns, KOTOPbIE 3asiOXKeHbl B TUNOBbIE PErynATopbl («6Mbnno-
Te4YHble» anropuTMbl, (PYHKUMOHANbHbIE BFTIOKM).

Ecnn 6nbnuoteyHble anropytMbl He MO3BONSIOT OCYLLECTBUTb Te WU MHble 3aKOHbI
perynupoBaHuns (Buabl KOPPEKLMM), TO HY>KHO MCMNOMb30BaTh JOMNONHUTENbHbIE NPEo6paso-
BaHuA. Peyb nget o BBegeHUM OOMONHUTENBbHBIX PYHKLMOHANbLHBLIX Npeobpasosarenem 1
BKJIIOYEHUM X MO0 nocrnefoBaTesibHO C OCHOBHbIMW 3BEHbAMW KOHTYpa perynmpoBaHus,
nm60 napasnnenibHO HEKOTOPbLIM U3 HUX, TIM6O KOMOVMHUPOBAHUN 3TUX CNOCO60B. [NprBeneH-
Hble HUXe CBefieHUs N3 TeopM aBTOMaTUYECKOro perynmpoBaHns NO3BONSIOT UCMOMb30-
BaTb [/ KOPPEKUMM CUCTEMbI NMpeobpasoBaHus, He BXoAsLiMe B COCTaB CTaHOAPTHbIX
perynaTopos.

N3meHeHne obLuero koaddpuumeHTa nepenadn/ycunenms (K,;) pa3oMKHYTOM CUCTEMDI .

YBenu4yeHune K, — 310 cnoco6 noBbILLIEHUA TOYHOCTN CUCTEMbI, MPU ITOM YMEHbLLAKOTCA
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1.3. BKITIOYEHWE ®YHKLIVOHATBbHBIX MPEOBPA30BATESIEN
B NPAMYHO LIEMb

BCE BUAbl YCTAHOBMBLUNXCA OLUMOOK CUCTEMBI.

OpQHaKo HY>XXHO MOMHUTB, YTO yBeNnu4eHne Kn segeTt K yXyALEHWIO YCIOBUSA YCTOMYNBO-
CTW, a 3Ha4M T, 1 Ka4ecTBa nepexofHoro npotecca. Npn HekoTopom K, > KKID (KpuTHn4eckoe
3Ha4YeHMe) cMcTemMa CTaHOBUTCA HEYCTOMYMBOW.

MNMoaTtomy yBenuyerue K, uenecoobpasHo aenaTtb 0AHOBPEMEHHO C BBEAEHNEM MPOU3-
BoaHon (puc.1.4).

BeepeHve npon3BogHOM OT OWKOKM (KakK B YMCTOM BMAeE, TaK U C UHEPLMOHHOCTBLIO)
npegcTasnsgeT cobom NPOCTENLLNIA CNOCO6 yNyyLLEeHUss Ka4yecTBa NepexogHoro npowecca .

Heusmensiemas
4acTb

K
g0 o) N | X

/@ Wils)
KyS +

Wiy(s)

Perynsitop

v

1

+

Puc.1.4. BBefeHue Npon3BOLHOM OT OLIMOKM

WN3-3a Hann4uma guddpepeHumpytowlero 3seHa (cM. puc.1,4) perynatop oopmMupyeT cur-
Han ynpasneHus u(t) ¢ nporHo3om: ecnu amnnutyga &(t) ysennumeaeTcs, nponssogHas
€/(t) nonoxuTensHa 1 3HadeHne curHana u(t) ysennumeaetcsa. C MOMEHTa YMEHbLLUEHUS CUT-
Hana e(t) curHan €(t) n curHan u(t) MHTEeHCMBHO yMeHbLLaeTcs (puc.1.5).

8(t) A

g(t)

v

v

3HaueHNe YIPaBISIOLIEro 3HaueHNEe YIPaBISIOLIEro
curnana u(t) ysemuuugaemcs curnana u(t) ymeuvuaemes

Puc.1.5. [narpamma nameHexus Bo spemenu (t) n €(t)
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Yauwle Bcero npomnssogHasi BBOAUTCS HE B YACTOM BUAE, @ C MHEPLMOHHOCTbIO, Hanpu-
Mep, B BUAe 3BeHa C nepegatoqHon doyHKumm W(s)= rae S — CUMBOJT KOMIMJIEKCHOM
nepemMeHHou npeobpasosaHus Jlannaca.

Mpw BBEOEHUM BO3OENCTBUA MO NPOU3BOAHON OCYLLECTBAETCA NONOXUTESNbHbIA COABUTM
no gpase, yBenmymeas TemM caMbIM 3arnac YyCTONYMBOCTU U yny4llas Ka4eCcTBO NepexofHo-
ro npouecca.

Ona nopaeBneHns nomex wM nynbcaumn cymma - n [-coctaBnsomnx MOXeT OblTb
3agemndupoBaHa UILTPOM C perynnmpyemMor NoCTOSIHHON BpeMEHU Top.

B cnyyae HempeanbHoro anddepeHunpoBaHns (C MHEPLUNOHHOCTBIO) 3TOT 3(PAEKT HEC-
KOSIbKO YMEHbLLAETCA KONIMYECTBEHHO, HO KAYECTBEHHO COXPaHSAETCS.

[MycTb nMeeTcAa actaTnyeckas cMctemMa C MHTErpupyoLwLnM 1 anepuoamyecknm 3BeHbS -
MU, NpuYeM TpebyeTcsl YMEHbLUUTbL OUHAMMYECKNE OLUMOKM 3TON CUCTEMbI M NOBLICUTL €€
6bicTpogencTeme. Ecnu npocTo yBeNnnUUTb YCUNEHNE CUCTEMbI, TO 3TO MOXET NPUBECTU K
YMEHbLLUEHWNIO 3anaca yCTOMYMBOCTU NN NOSIHOM NOoTepe YCTONYNBOCTU CUCTEMBI.

VHoW pe3ynbTat 6yaeT AOCTUIHYT NpY AONOAHUTENIBHOM BO3OENCTBMM MO NPOU3BOOHON
CUrHana paccormnacoBaHus, OCYLLeCTBMMOM MOCPEACTBOM MOC/enoBaTeflbHOro BKIOYe-
HWUS1 B KOHTYP perynnmpoBaHusa auddepeHumpyoLwero 3seHa.

MocTpomB aMnANTYOHO-0A30BbIE XapaKTEPUCTUKN UCXOAHOM CUCTEMBbI U TOWM Xe acTa-
TUYECKOM CUCTEMbl C MNOCRefoBaTefibHO BKKOYEHHbIM OUA(EPEHLMPYIOLNM 3BEHOM,
MOXXHO YCTaHOBUTb, YTO Jo6aBneHne Npon3BOAHON CUrHana paccornacoBaHusa NpuBoOauT K
MOBbILLEHNIO 3arnaca yCTOMYMBOCTM CUCTEMbI MO ¢ha3e Npu OOQHOBPEMEHHOM CHUXEHUMU
WHEPLMOHHOCTN ee 3BEHLEB. JTO NO3BOMSET 3HAYUTESNBHO YBENNUYNTE KOIMULNEHT YCH-
NEeHUs, COXPaHMB MPEXHUIA 3anac YyCTONYMBOCTU, UNN 06paTUTb HEYCTOMUYUBYHO CUCTEMY B
ycTonumByto. Kpome TOro, AMHammyeckme OLMOKN CUCTEMbl YMEHbLUATCS, a ee ObICTPOo-
JencTBme Bo3pacTerT.

B ctatndecknx CAP BBegeHME OOMNOMHNTENBHOIO BO3AENCTBMA NO NPOM3BOOHOM CUTHA-
fla paccorfacoBaHusa Takxe ynyyllaeT Ka4ecTBO paboTbl CUCTEMBI, T.K. €e UHEPLMOHHOCTb
YMEHbLUAEeTCH.

=
T-s+1°

BeBepeHue MHTerpana ot OoWMOKK NpeacTaBnseT cobo MeTOA NOBbILEHUSA nopsaka
actatMama CUCTEMbI, a 3HA4YUT, N yBENNYEHUSA ee TOYHOCTU. OgHAKo Npu 3TOM OCYLLECT-
BNsieTCA OTCcTaBaHwe (oTpuuatenbHbli caBur) no ¢ase Ha —90°, 4YTO yxyALlaeT ycrnoBus
YCTOMHYMBOCTU N KQ4eCTBO NepexogHoro npowecca.

Ecnn perynuposaHue ¢ BO3OeNCTBMEM MO NPOU3BOOHOW CUrHasna paccorfiacoBaHus
CHMXaeT AMHaAMUYeCKMe OLUMOKN CUCTEMbI, TO BBEAEHWE OOMOSHUTENbHOrO BO3AENCTBUSA
Nno MHTErpany curHasna paccorfiacoBaHms NpUBOOUT K YMEHbLUEHUIO CTaTUYECKUX OLLUMOOK
cuctem. [1na ocyLLecTBeHNs KOPPEKLNN NOCefoBaTENIbHO CO 3BEHbAMU CUCTEMBI BKJIHO-
4alT UHTEerpaTopbl.

MocTtpounB norapudpmmnyeckne AOYHX NCXoLHOM CUCTEMBI M TOW XXE CUCTEMbI C NOCNeno-
BaTeSIbHO BKIIIOYEHHbIM MHTErPUPYIOLLUM 3BEHOM, MOXHO Y6eanTbCA, YTO perynmposaHmue
C BO3OENCTBMEM MO MHTEerpasny curHana paccorfiacoBaHus yBenuymBaeT KO3(PUUMEHT
YCUNEHNSA CUCTEMbI, OCOBEHHO Ha HU3KMX HYacTOoTax Npyv OOHOBPEMEHHOM CHUXKEHUU CTaTU-
YeCKnx owmboK. OgHaKo Npu 9TOM yYMeHbLUaeTCcs 6bICTPOAENCTBUE CUCTEMBI U ee 3anac
YyCTONYMBOCTU. [nA yCcTpaHeHUs 3TOro HegocTaTtka MPUMEHSIIOT KOMOUHUPOBAHHYIO KOp-
peKLMo C BO3OENCTBMEM MO MHTErpany v no npoM3BOLHONM CUrHana paccoriacoBaHus.
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BeepeHne nsonpoMHOM KOppeKuun Bupa | ww 1+Tl-s) - o6beuHsieT B cebe
BBeAeHVe uHTerpana n npomssogHon. OHO NO3BONAET U3bexaTb HeJOCTaTKOB Npeablay-
LLen KOppeKUnn 1 rnonyyarte HeO6XOAMMbIN MOPALOK actTaTn3ma CUCTEMbI, COXPaHsia YCTOW-
YMBOCTb W Ka4eCTBO CUCTEMbI B nepexogHoM pexume. CregoBaTenbHO, eCnn B criyyae
NPOCTOro BBEAEHUS UHTerpana perynMposaHue B CUCTEME NPOU3BOANUTCS He MO BENUYNHE
OLUMOKM, a TONbKO MO MHTerpasny OT Hee, TO NMpu U304POMHOM YCTPONCTBE Mbl Mosydaem
perynupoBaHue rno oLmnbKe 1 Nno uHTerpany (aHanorMyHo TOMy, Kak 3TO Oblsio NokKasaHo
npv perynuposaHnmn rno oLmnébke 1 no ee npon3sBoaHON).

1.4. BKITHOYEHWE ®YHKLIVOHATbHBIX MPEOBPA30BATESTEN
MAPAJIIESIBHO HEKOTOPBIM 3BEHBAM KOHTYPA PEIYJIMPOBAHNA — MECTHBIE
OBPATHBIE CBA3N (OC)

OcHoBHble Buabl OC:

- xectkaa OC  (mencTByeT Ha CUCTEMY KakK B NEPexXodHOM, Tak M yCTaHOBUBLLEMCS
pexumax) 7,.(S)=K, K

- MHepumoHHas xectkast OC W“(S):Tg“ ;

- rm6kas OC (meiicTBYeT ToNbKO B nepexoaHbix pexumax) Ve (S)=k, s

- UHepuMoHHas rmékas OC w7, (S)= Tkisil

MecTHble xecTkne OC (XKOC) npuMeHsaOT Ons NoBbILLEHUS1 YCTOMYMBOCTU CUCTEMBI .
XKOC pencrtByeT Ha cUCTEMY Kak B NEPEXOOHOM, TaK U YCTaHOBMBLLEMCS pexumMax: uenb
XKOC cogepXuT Tonbko 6e3bIHEPLIMOHHBbIE 31eMEHTbI (0603Ha4YnM KoadduumeHT OC Kak
Koc), Onarogaps KOTOpbIM BbIXOLHOM CUrHas 3Ton uenu (3BeHa 4 Ha puc.1.6) B Nto6oMm
pexume paboTbl CUCTEMbI BCerga npsaMo MpornopuUmoHaneH BbIXOLHOMY CUrHany 3BeHa,
OXBA4Y€HHOIro 3TOM CBA3bIO (3BEHO 2).

G(s) 1 2 3 X(s)
(OXBZ\TBIB&CMDC
3BEHO)

»
»

A\ 4

4

(KOC wm FOC)

Pnc.1.6. Cxema CAP c BHyTpeHHeli Lienbto 06paTHOI CBA3M

PaccmoTtpum aBa cnyyvas sBeegeHus XKOC: W (jo )= ko
1) >KOC oxBaTblBaeT MHTErPUPYHOLLEE 3BEHO Jjo . B aTom cny4ae yactoT-
Has XxapaKTepucTuka 3eeHa, oxsadeHHoro XKOC ( 7,,(jo) ), umeeT BuA:
K
i) =L
1+—-K, K. 1+‘L~KOC -k
J® J®

Ortctoga cnefyeT, 4TO UHTerpupyoLlee 3BeHo, oxeadeHHoe XKOC, npuobpeTaeT CBOM-
cTBa anepmlo,qmquKoro 3B€EHa C NOCTOAHHOW BpeMeHn T'= 1 KO3 puumeHToM nepe-
faqu k’:KTC .

[aHHoe 06CTOATENLCTBO MCMONb3YETCA O NOAABEHUS aBTOKOSIe6aHUA, BO3HWUKA-
IOLLMX B CUCTEMAX, cofepxXalumnx asa nHterpatopa. lNMpumeHenne XXOC npespawtaeT ogHoO

1
K,k

oc
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M3 HMUX B anepuogmyeckoe, B pe3ynibrate 4ero CbaSOBbIVI caBur B cucteMe Ha HUIKUX
HacTtoTax yMeHbLlaeTca N cuctemMa U3 CTPyKTypHO HeyCTOI;IHMBOVI CTaHOBUTCA yCTOI7ILWIBOI7I.

k
2) XKOC oxBaTblBaeT anepmoamnyeckoe 3BeHO W(;'co):1+ —
Jo
k
W, (].0J ): 1 +kj(,\)T _ k . 1
1+ .Ku(' 1+Koc.k 1+j0)7
1+ joT 1+K, -k

Otcroga cnegyet, 4to XKOC yMeHbLUaeT MNOCTOAHHYIO BPEMEHW anepuoan4eckoro
3BEHa, CHMXasa TeM CamMblM MHEPLIMOHHOCTb BCEW CUCTEMbI B LIENIOM.

PaccmoTpeHHble npMMepbl NOKasbiBatoT, YTO BBeAeHME BHYTpeHHUX XKOC conpoBoxaa-
€TCA COOTBETCTBYIOLLMM MOHMXEHNEM KO3(PdMLUMEHTa nepedadn CUCTEMbI, YTO Hebnaro-
NPUSTHO CKa3bIBAETCHA Ha ee CTaTUYECKOM TOHYHOCTU. DTO 06bACHAETCH TeMm, 4To XKOC pen-
CTBYIOT HE TONTbKO B MNEPEXOAHOM, HO U B YCTAHOBUBLLEMCSH pexume paboTbl CUCTEMBI.

B cnyyae, korga anepvoamMyeckoe 3BeHO oxBaTtbiBaeTcs nonoxurensHon XKOC, ocy-
LecTBnsaeTca ysenmyeHne Kn; ogHako, O4HOBPEMEHHO C 3TUM YBENNYMBAETCA U MOCTOSH-
Hasi BpEMEHU, T.€. MHEPLIMOHHOCTb 3BeHa (0XBaTblBAEMOIr0), OHO MOXET CTaTb HEYCTONYU-
BbIM.

B otnunume ot XKOC pencteme rmbknx OC (FOC) nposiBnsieTcs TONMbKO B NEPEXOAHOM
pexume paboTbl cuctembl. BoixogHon curHan FOC (3BeHO 4 Ha puc. 1.6) 3aBUCUT He OT
BEJIMYNHbBI BbIXOLHOIO CUrHana oxBaTblBAEMOIro 3BeHa (2), a OT CKOPOCTU ero U3MEHEHUS.
Mo3TOMY K MOMEHTY AOCTUXEHMA CUCTEMOM HOBOIO YCTAHOBMBLLIErOCS 3Ha4YeHMA OecTBme
uenn NOC npekpawiaetcs. MoXHO nokasaTtb, YTO NOCTOSAHHAA BPEMEHN anepnognyeckoro
N 3aTyxaHue KonebaTenbHOro 3BEHbLEB BO3PaCTYT, ecnun nx oxeatutb FOC.

OT0 06CTOATENBLCTBO MCNOSL3YIOT A8 MOBbLILLEHUSA 3anaca YyCTONYMBOCTU CTaTUHECKMUX
CUCTEM U OJ151 NOJAaBNEHUSA KOnebaHui.

B actatndeckux cuctemax rmokor OC oxBaTbiBalOT y4acToK, codepXawmmi UHTerpu-
pyloLLEee 1 anepuogmyeckoe 3BeHbs, YeM OOCTUraeTcs CyLEeCTBEHHOE YMEHbLUEHNE UHEep-
LIMOHHOCTW 3TOr0 yyacTKka, a cnefoBaTesibHO, U BCEV CUCTEMbI B LIESIOM.

1.5. BKITOYEHWE OYHKLUWOHAJIBHBIX BJ10KOB, ]
OCYLLECTBNAOLLMX NMPEOBPASOBAHWE BHELLHEO BO3AEMCTBIA

Ecnu Hapagy ¢ hopmmpoBaHMeEM ynpaBnsoLWEro curHana no owmnbke BBOAUTCA eLue
KOPPEKUUS MO BHELLHEMY BO3AEWCTBUIO, TO MOSlyHaeTCs KOMOGUHUpPOBaHHOE perynu-
poBaHue — No OLMOKE N NO BHELLUHEMY BO3AENCTBUIO (TOXE C UCMONb30BaHNEM COOTBET-
CTBYIOLLNX MHTErpanoB 1 NPOU3BOAHbIX).

O6bI4HO paccmaTpuBaloT Aga Tuna Koppekumn: 1) no 3agaroLlemy BO34ENCTBUIO; 2) MO
BO3MyLLAOLLIEMY BO3OENCTBUIO.

HanomHum, 4TO 3apatoLime BO3OENCTBUSA cMCTeMA OOS/MHKHA BOCNPOM3BOAUTL, a BO3MY-
LaroLime — HemTpann3osarb.

[MoaToMy BO BTOPOM Cllydae BO3HUKAIOT CyLLECTBEHHbIE TPYAHOCTU, 3aKHatoLmnecs B
TOM, YTO BO3MYyLLaKOLLME BO3LENCTBUSA, B OTNIMHME OT 3afatoLLmX, Aaneko He Bcerga MoXXHO
N3MEPUTb N NOLAaTb Ha BXOA KOPPEKTUPYIOLLIErO YCTPOMUCTBA.
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1.6. MPOMOPLUWOHAJIbHBIE PETYIIATOPHI

CtpykTtypHas cxema CAP npegcrtasneHa Ha puc.1.7.

I i 'l;"'f.l'_,l- E 1 :.:
Zir)! 1 ' N W) = Waip) F——r—a
“ru{_lr-r:' - “r..,{.{ﬂ‘::l —:h-'
| ? T
Wip) L
e a) 6)

Puc. 1.7. CTpykTypHas cxema CAP: a - pa30MKHYTOI CUCTEMbI MO KaHany 3afatoLLiero BO3AEeNCTBNA; 6 - 3aMKHYTOMN CUCTEMbI

[Ona cuctembl perynuposaHus, nokasaHHowW Ha pwuc.1.7a, amnnuTygHo-gpasosas
YyacToTHas xapaktepuctmka (ADYX) onpepensetcs BbipaxeHnem W(jo) = Wp(jo)) “Woe(io),
rae Wy(jm) — AOYX perynsTopa, Wg(jo) — AGHX o6bekTa perynmposaHus.

Ecnn komnnekcHaa YacTtoTHas xapakTepucTuka perynaropa 6yget

W, (i) = ks,

TOo ADYX Bcel cnuctembl 3anuLleTcsd B BUae

W (jo) = kp Wob(jm).

CnepoartesnbHO, NPY NOAKNIOYEHUN K OOBEKTY NponopumoHanbHoro perynatopa AOYX
CUCTeMbl Ha Kaxk[on YactoTe yBenminsaeTcs B K, pas.

[MponopuyoHanbHble perynaTtopbl U UMEKT OAMH NapamMeTp HAaCTPOMKN — KOSPAULIMEHT
nepega4u k.

MepexogHble npoueccol B [1-perynsatope OnUCbIBAKOTCA BblpaXXEHUEM

u=kp *e.

30ecb € — BXOAHOE BO3OEWCTBME Ha PErynatop, paBHOE OTKIIOHEHWIO perynvpyemon
BEJ/IMYUHBI OT 3a[laHHOro 3Ha4YeHus; U — BO3ENCTBUNE perynsaropa Ha OO6bLeKT, HarnpasreH-
HOE Ha NNKBUAALMIO OTKIIOHEHUA PerynnmpyemMon BefiMyYnHbl OT 3a[1aHHOMO 3HAYEeHuUs.

Ha puc.1.8. npBeneH npumep KOHTypa perynnmposaHua Temnepartypbl NPUTOYHOIO BO3-
fyxa B KaHallbHOM KOHOMLIMOHepe.

L, lycl—{ P
A

T

@

Puc. 1.8. KOHTYp perynuposaHisi TeMNepaTypbl NPUTOMHOTO BO3AyXa B KaHane LEHTPanbHoro KOHAULMoHepa

k,

TemnepaTypa Bo3gyxa nogaepXXnuBaeTcsa BOAAHbIM Kanopmndepom, 4epes KOTOpbI Npo-
nyckaetca TennoHocuTenb. Bo3ayx, npoxonsa depes Kanopudep, Harpesaetcs. Temnepa-
Typa BO3ayxa nocrne BoAsHOro kanopudepa namepsercsa gatyumkom (T), ganee ata Benu-
YnHa nocTynaeT Ha yCcTponcTBo cpaBHeHus (YC) MaMepeHHOro 3HaveHus Temneparypbl
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(Tyam) ¥ 3a8aHHoro (Ts,,). B 3aBMCMMOCTU OT Pa3HOCTV MeXAy TeMNepaTypoii yCTaBKM 1
N3MEPEHHbIM 3HadyeHneM Temnepartypbl perynsatop (P) BbipabatbiBaeT curHasn, Bo3gewn-
CTBYIOLLMI HA UCMNONMHUTENbHBLIN MexaHnaM (M — anekTponpMBog TPEXXOAOBOro KnarnaHa).
OnekTponpuBog OTKPbIBAET MMM 3akpblBaeT TPEXXOO4OBOW KranaH [0 MOSIOXEHUs, npwu
KOTOPOM OLLUMbKa
€ =Ty — Tyew OYOET CTPEMUTLCSA K HYJIO.

BbIXxogHbIM CcUrHaNoOM perynaropa MOXeT ObITb HanpsiXeHve B ornpeaesieHHoM amanaso-
He (Hanpumep, NOCTOsIHHOE HanpsxeHue B gnana3oHe ot 0 go 10 B, Tok 0—20MA n T1. f).

[dnanasoH M3MeHeHUs BbLIXOOHOrO CuUrHasna HasblBaeTCs AuManas3oHOM perynvpoBaHus

(pnc.1.9). U,B A

10

Pnc.1.9. Mpadhuk nponopumoHanbHOro perynmpoBaHms

JlHanason peryAnposanma
&
1

0 I 1:0 m

Mpanopimaransisi geansaon :

[nana3oH M3aMeHeHUs curHana oLMbKM HasbiBatoT MPOMNOPLMOHaNbHBIM Anana3oHOM.
B lM-perynatopax MeeTcs BO3MOXHOCTb M3MEHATb AManasoH perynvpoBaHus 1 npo-
NOpLMOHanbHbIA OnanasoH.

3 rpadmka Ha puc.1.9. BUOHO, YTO YEM MEHbLLE MPONOpLMOHanbHbIA AnanasoH, TemM
Kpy4e xapaktepuctuka perynupoBanus. Kpueas (1) cooTBeTCTBYEeT Anana3oHy N3MEHEeHUs
Temnepatypbl 0—-10 °C, a kpuas (2) — auanasoHy 0-4°C.

BennuuHa k = - &cmb KoatpdmumMeHT perynuposaHus. B nepsom cnyyvae k, = 1, a
BO BTOpPOM k; = 2,5.

Mpyn GonbLUMX 3Ha4YeHUsIX K, B KOHType perynupoBaHnsi MOTyT BO3HWUKHYTb KonebaHus
(pnc.1.10).

T,
M A .- cTatnueckas

OnInoKa

T 34 [~y \" AT

»
»

1, t, t

Z

~

Puc.1.10. MepexoaHbli npoLecc npy NPonopLUOHaNsHOM PerynnpoBaHumn

Tak, ecnv BO Bpems BKJIIOHEHWA CUCTEMbI Temneparypa Bo3ayxa T, HWXe 3afaHHON
Temnepatypbl Tza,, YCTPOWCTBO ynpaBnieHUst BbiAAET OOSbLUOW CUrHaN Ha OTKpbITUe
TPeEXXoOoBOro KnanaHa. TemnepaTypa BOASHOro kKanopudepa v NpuTOYHOrO BO3ayXa
Ha4YHeT MOBbILATLCA.
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Korga TemnepaTypa MpuUTO4HOrO BO3AdyXa Mocfie BOASHOro Kanopudepa pgocturaer
Ty, YCTPOWCTBO ynpaBfieHsi BblAaeT KOMaHy Ha 3aKpbiTe TPEeXXOAOoBOro Kranasa
(Touyka ty Ha puc. 1.10).

OpHako n3-3a Toro, 4To Kanopudgep pasorpeT, Temneparypa npuTo4HOro Bo3gyxa ao
MOMeHTa t, elle 6ydeT pacTu, a 3areM Ha4dyHeT CHmXaTbCA. DTOT Npouecc MMeeT BUf
3aryxatwoLux KonebaHui, n HYepes ornpeaeneHHoe Bpems (t3) npoLiecc cTabunmnanpyeTcs.

Mocne cTabunusaumm n3-3a MHEPLMOHHOCTM CUCTEMbI BCcerfa 6yaeT cyLlecTBoBaTth CTa-
Tndeckas owmoKka Ay = Toan — Tyay

CwurHan Ha Bbixofe perynsatopa 6ygeTr UMeTb BUg
u(t) = Ug + kp " &,

roe Uy — curHan Ha Bbixofe ycTpoucTsa yrnpasneHus npu € = 0.

Yem 60nblWIMM BbliGpaH NPONOpUMOHanbHbIA OuanasoH perynumpoBaHus, TemMm 605bLuen
OyOeT Benm4YmMHa CTaTUYecKom oLnoKK. Mpyn Manon Benn4mHe nponopunoHasnbHOro guana-
30Ha yBEeSIMYMBAETCH BPeEMS MepexofHbIX NpoLeccoB, U NP HEKOTOPbIX YCITOBUAX MOXET
BO3HWKHYTb aBTOKofiebaTeNbHbIN (He3aTyxatLnin) NpoLecc B KOHTYPE perynmpoBaHus.

[MyTem Bbi6Opa NapamMeTpoB perynmpoBaHus lN-perynaropa MOXHO CYLLEeCTBEHHO yMe-
HbLUWTL YCTAaHOBMBLLYIOCS OLUMOKY perynmpoBaHus, OLHAaKO ee MOJiHoe YCTpaHeHWe He
npeacTaBnsaeTca BO3MOXHbIM Aaxe TeOPETUHECKN.

N3 puc.1.8 BuOHoO, 4TO B LENOYKe perynmpoBaHus B peasibHOM perynaTope ycTaHoBre-
HO eLLle OOHO 3BEHO — UCMONHUTENbHLIA MexaHn3m (M). B gaHHOM criyyae — 3TO 3M1eKTpo-
Asurartesnb npuBoga TPEXXOLOBOro KranaHa. QNeKTpuyeckmi Npueoa ABNSETCA MHTerpupy-
OLLM 3BEHOM U €ro BfNsIHME NO BO3MOXHOCTM YMEHbLUAKOT, UCMONb3ys 06paTHbIE CBA3W.
OTO CBfI3aHO C TEM, YTO AMHAMUYECKME CBOMCTBA y4yacTka, OXBa4eHHOro ob6paTtHOn CBS-
3bl0, HE 3aBUCAT OT ANHAMUYECKMX CBOMCTB NPSMOro yyacTka, a onpefensoTcs B OCHOB-
HOM AMHaMW4YEeCKMMM CBOMCTBaAMM 3BeHa 06paTHOM CBA3U. ITa OCOBEHHOCTb LLUMPOKO
NCronb3yeTcsa Ha NpakTUKe npu pas3paboTKe aBTOMaTUYECKUX PErynaTopos.

Ncxoas na atoro, ana ycTpaHeHust BIMAHUSA UCMOSTHUTENbHOMO MexaHn3mMa ero Heo6xo-
OMMO OXBaTUTb OTpULATENBHOWM 06paTHOM CBA3bI0. [N NoBbILeHUa KoddduumneHTa nepe-
Jayun NpSAMOro KaHana otTpuuartesisHOM 06paTHOM CBA3bI0 HYXXHO OXBaTUTb U YCUNUTENIbHOE
3BeHO perynaTtopa. Takue l-perynsaropsl, Ha3bliBaeMble NO3MUMOHEPaMU, MOXHO npeacTa-
BUTb B BUAE MocnefoBartesibHOro coegnHeHus COB6CTBEHHO [1-perynaTopa v HEKOTOPOro
6annacTHoro 3seHa ¢ NoCTOAHHOW BpemeHu Tg.

Ha puc.1.11 npegctaeneHa cTpykTypHas cxema [l-perynsatopa, a Ha puc.1.12 — peanu-
3yeMblil et0 3aKOH perynmpoBaHus.

1.11. CtpykTypHas cxema [1-perynatopa Punc.1.12. 3akoH M-perynuposaxus
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[MapameTpoM HaCTPOMKM perynaTopa SBMAETCA KO3(PMUUMEHT nepenayn yctpomctea
obpartHon cBa3un K. KoadhdurumeHT nepepayv perynatopa k, Tem 6onbLue, 4eM MeHbLue
Koc- OOHako cnegyeT uMeTb B BUAY, YTO YeMm 6ornbLue K,, TeM 60sbLue NOCTOsAHHAs BpemMe-
HW 6annacTHOro 3seHa 1 Tem 6orbLUE UCKaXKaeTCca naeanbHbIn 3akoH -perynuposaHus.

1.7. TIPOMOPLVOHATTBHO-VHTE PASIbHBIE PEMYIIATOPHI

CtaTnyeckyto OLIMOKY, BO3HMKAKLLY MPpU NPOMOpUNOHANbHOM peryanpoBaHun,
MOXHO UCKITIOUNTb, ECIIM KPOME MPONOPLMOHANbHONO BBECTU ELLE N UHTErpasnibHOe 3BEHO.
lMocnegHee obpasyeTcsa nyTem MOCTOAHHOIO CyMMMUPOBaHUS € 3a ornpefeneHHbIi npome-
XXYTOK BPEMEHU 1 (hOPMUPOBAHUS CUrHaNa ynpasieHns, NPonopunoHanibHOro nofy4eHHoN
BeJiM4mHe.

MaTemaTtnyeckm aTOT NpoLecC MOXET ObITb ONMUCaH crnenyoLen 3aBUCUMOCTbIO:

u= kl,jsdt ,

roe k,=1/T, — KO3(pPMLUMEHT MPONOPLMOHANBHOCTM MHTErpasibHOM cocTaBfsoLwen, a
T, - MOCTOAHHAA BPEeMEeHN UHTErpupoBaHna, napameTp HaCTPONKN perynaropa.

Ecnn k, * 0, To gaxe npun He3aHa4YUTENbHbLIX OTKIIOHEHUAX PErynnpyemMon BeIMYMHbI CUr-
Hasn co BpEMEHEM MOXET AOCTUYb NI0O6OMN BENNYMHBI, YTO NPUBEAET K NepeMeLLEeHNo pery-
NVpYyoLLIEero opraHa o MOMEHTa, Moka € He cTaHeT pasHbIM 0.

PaccmoTpum (pmanyecknii CMbICIT MOCTOAHHOW BpeMeHU MHTerpuposaHus. Npegnorno-
XWM, 4YTO Ha BXO[ perynartopa nocTynun CUrHan € = g, a NponopLmoHanbHas cocTaBsio-
waa orcytcteyeT (kp = 0). Mpn 9TOM BbIXOAHOW CUrHAN 6YAET MEHATLCA MO 3aKOHY

u=gq - t/Ty,.

Mo ncteveHun Bpemenn t = T, 3Ha4YeHWe BbIXOQHOrO curHana OGyoeT paBHO U = g
(puc.1.13a).

Taknm 06pa3om, NOCTOAHHAA BPEMEHU MHTErpupoBaHus B U-perynatope paBHa Bpeme-
HW, B TE4YEHME KOTOPOro C MOMEHTA NOCTYMNSIEHNS HA BXOL perynstopa noCTOAHHOIrO CUrHa-
na curHasn Ha BbIXofe perynaropa AOCTUrHET 3HAYEeHUSA, PaBHOIMO 3HAYEHMIO BXOAHOIO CUr-
Hana.

MepexogHon npouecc B U-perynatope nokasaH Ha puc.1.136. YcTpaHaa ctaTnydeckyto
OLUMOKY MHTEerpasbHbI perynsartop, OgHako, yxygwaeT Ka4ecTBO NepexofHoro npolecca.
MoaTomy Ha NpakTuke NPUMEHAT KOMOMHUPOBaHHbIe [MN-perynaTopbl.

T 4

A (- cTatnueckas
ommoka

1.13. 3aKoH perynupoBaHns (a) 1 nepexoAHor npouecc (6) npu uHTerpansHom (M) perynuposaHnm
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Mpn 9TOM MCNONL3YETCSH Kak napasnnefnibHoe coeanHeHne NPOMNoOpLMOHanbHOMO N UHTe-
rpanbHoro 3eeHa (puc.1.14a), Tak 1 nocnegoBartenibHoe coeguHeHne (puc.1.146).

Wan (22) Wa(p)

Puc.1.14. CtpykTypHas cxema ugeansHolx MA-perynatopos

MN-perynaTop okasblBaeT BO3LENCTBUE HA PErYNMPYIOLLMA opraH NponopuuoHanbHO
OTKJTIOHEHUIO N UHTEerpasny OT OTKIOHEHUS PerynpyeMon BeNn4YmHbI
1 t
u==k,e +Fj‘sdt :

u o

Ona cxembl Ha puc.1.14a 4yacTtoTHana xapakrtepucTtuka N-perynaropa nmveet sug
Wi (j(‘))z kp + T 1.
nJO

MNpy cka4yko06Pa3HOM M3MEHEHUWN PerynnmpyemMon Benn4nHbl Ha 3HaveHue g [NA-pery-
NATOP CO CKOPOCTbIO, onpefensemMon 66ICTPoOAeNCTBUMEM NpMBoAA, NepemMeLlaeT UCMOoSHU-
TeNbHbIA MeXaH13M Ha BenuumnHy (K, - €g), NOCNe Yero UCMOMNHUTESbHbIA MexaH13M LOomnos-
HUTENbHO NepemeLLaeTcs B Ty Xe CTOPOHY CO CKOPOCTbLIO £y/T ,, MPONOPLIMOHASIBHON OTKIO-
HeHuIo perynupyemon BenuyuHel. CneposartensHo, B [M-perynatope npu OTKNIOHEHWUU
perynvpyemMon BenuyunHbl OT 3afaHHOro 3Ha4eHuUs MrHOBEHHO cpabatbiBaeT npornopLmo-
HanbHasa (CTaTtnyeckasl) cocTaBnaloLlas perynaropa, a 3aTemM nocTeneHHo yBenMyneaeTcs
WHTerpansHas (actaTmyeckas) coctaBnsowasa perynsaropa.

MepexogHasa xapaktepuctuka [MU-perynaTopa [na napannienbHOro CoefuHeHus Ha
puc.1.14a nokasaHa Ha puc.1.15(npsamas 1).

L

~y

Puc.1.15. 3akoH MA-perynuposanus perynatopos: 1 - ans cxembl Ha puc.1.14a, 2 - ans cxembl Ha puc.1.146

[MapameTpamMn HacCTOWKM ABMAKOTCA He3aBuUCALLME OpYr OT Apyra Ko3PULMEHTbI yCu-
NeHnst K, 1 NOCTOsIHHAs BPEMEHW MHTerpupoBaHus T,,.
Cxema Ha puc.1.156 peannayeT 3aKoH perynmpoBaHus

1 t
u=k |e+— I edt |,
r T
u o
roe Tus — NoCTOsAHHas BpeMeHU n3ogpoma.
YacTtoTHas xapakTtepuctuka NM-perynatopa no cxeme puc.1.156 nmeet Bua:

. T, jo+1
Wi (](x))z kp 1;?—
] ®
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Takum o6pasom, MNU-perynsatop co CTPYKTYpHOW CXemoWn, npueegeHHon Ha puc.1.156,
NMeeT B3aMMOCBSI3aHHbIE NapamMeTpbl HACTPONKN CTAaTUHECKON N acTaTU4eckon Yacten no
Ko3(hprLMeHTY K. Tak, Npn HacTporike koapmumneHTa yeunenus k, 6yneT N3MeHsTbCs U
NMOCTOSAHHAA BPEMEHN NHTErPUPOBaHUA:

r_Tw
“k

PaccmoTpum tranyecknii cMbICi NOCTOSIHHOW BpeMeHu nsogpoma T ,,. MNpeanonoxmm,
4TO Ha BXO[, perynsaTopa nocTynui NOCTOSAHHbIN CUrHan gq. Torga

u = Kg go(1+/T).

MNpy nocTynneHMn Ha BXO[ perynatopa curHana €; B HadaslbHbli MOMEHT cpaboTaeT
NpornopLyoHanbHas COCTaBNSIoOLLAs U Ha BbIXOAE PErynsTopa nosiBUTCA curHan uy=kqeq. B
JanbHenweM fMHENHO HadyvHaeT HapacTaTb BbIXOOHOW CUrHan OT MHTerpanbHOW cocTa-
BRsioLen 1 npu t= T, HOCTUrHET 3HAYEHUs Up=2KEq. T3 — 3TO BpeMsi, B TeHEHNE KOTOpo-
ro OT Hayana [encTBus MHTErpanbHOM (acTaTM4ecKoM) COCTaBNAOLLEN perynstopa npo-
nopumoHanbHasa (ctaTndeckasn) coctaensiowas yasaveaetcs. [NepexogHon npouecc npu
MAN-perynupoBaHun nokasaH Ha puc.1.16.

4

Pwuc.1.16. MNMepexoaHoil npoLecc npy nNponopLuyuoHaibHO-UHTErpasbHOM PerynmpoBaHni
MA-perynaTop obecnednmBaeT HyneBYO OLLUMOKY B YCTAHOBUBLUEMCSH COCTOSHUM.
BapuaHTbl CTPYKTYpPHbIX CXeM npoMbIlweHHbIX [-perynatopoB npuBefeHbl Ha

puc.1.17.

£
£ - I Ak %
e
Lo

E - n £ |
_»®+ ks > Twap ™ o ky .of | ol -ﬁ-u_ﬂ =

Puc.1.17. CTpyKTypHble CxeMbl NPOMBbILLNEHHbIX MA-perynsTopoB

Bbi6Mpas Ty nnm nHyto cxemy, MOXHO nofobpatb Hanbonee NOAXOAALLYI0 CTPYKTYpPY A5
Bawuen 3agauw.
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1.8. NPOMOPLMOHATTBHO-MHTET PAJTIBHO-ANOOEPEHLINATIBHBIE
(MAL) PEFYNATOPHI

MponopunoHanbHblie 1 NPONOPLMOHANIbHO-UHTErpasnbHble PerynaTopbl He MOryT yrnpex-
AaTb OXnagaemoe OTKIIOHEHUE PErynvpyemMon BeNNYnHbI, pearnpys TONbKO Ha yXe UMeto-
Leecs OTKINIOHeHVe. Bo3HrKaeT Heo6XoaMMOCTb B PErynaTope, KOTopbIv BeipabaTtbisas Obl
[OOMONHUTENbHOE PerynupytoLLiee Bo3gencTane, nponopumoHansHoe CKOPOCTU OTKITOHEHWS
perynmpyemMon BeNnYnHbl OT 3a0aHHOro 3Ha4YeHus U, =T,>di;

Takoe perynupytoLlee BO3LeNCTBUE UCMONb3YeTCs B anddepeHunansHbeix n MNMALO-pery-
natopax.

MAAO-perynsatopbl BO3OENCTBYIOT HA OOBEKT MPONOPLMOHANIbHO OTKIIOHEHUIO € Perynu-
pyeMOW BENMUYUHBI, UHTErpasny OT 3TOr0 OTK/IOHEHUA U CKOPOCTU U3MEHEHUS perynupye-
MOW BeNn4MHbI: u=k, +ijsdt+Tad—s

Tyt dt

Mo csoum BoamoxHocTam lMO-perynatopbl sBNAOTCA Hanbonee yHuBepcasbHbIMUN.
Ncnonb3ys mx, MOXHO MOy4YuUTb NIOO60M 3akoH perynupoBaHus. CTPyKTypHas cxema U
3aKOH perynupoBaHus ngeansHoro unu napannensHoro MNMNQ-perynaropa npueedeHbl Ha
puc.1.18.

Wi ()

=Y

i a) i 6)

Puc.1.18. CtpyktypHas cxema MO-perynsropa (a) n 3akoH MA-perynupoaxus (6)

Mpu cka4koobpas3HOM U3MeHeHUn perynupyemon senuyuHel NUO-perynatop B Ha4yanb-
HbI MOMEHT BPEMEHU OKa3blBaeT MrHOBEHHOE G6eCKOHeYHO 60sblLUoe BO3[enCTBME Ha
0OBLEKT perynupoBaHunsi, 3aTemM BeNvynmHa BO3AENCTBUSA Pe3KO nagaeT [0 3Ha4eHus, onpe-
[ensemMoro nporopLmnoHansHoON CoCTaBMALLEN, MOCIE Yero NoCTeneHHo Ha4YMHaeT oKasbl-
BaTb BNINAHME MHTErpasnbHas coctasnsaowian perynsaropa. [lepexogHon npouecc npu 3ToMm
(pnc.1.19) meeT MUHUMATbHbIE OTKITOHEHUA NO aMnNAUTYAe U MO BPEMEHM.

P

i
Puc.1.19 MepexoaHon npouecc npu M- perynuposaxnm

Mapametpamn HacTtponku [MNO-perynatopoB sBRAKTCA KO3IPPUUMEHT MPOnopLmo-
HanbHOCTU perynsTopa Ky, NOCTosiHHAs BpEMEeHW UHTerpmpoBaHus T, 1 NoCTosiHHas Bpeme-
HU andbcpepeHumpoBanms T .

20
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1.9. ABTOMATU3ALINS HACTPOVKI M- N M- PETYNATOPOB

[ns coBpeMeHHOro NpoM3BOACTBa XapaKTepPHbl YCIIOXKHEHNE TEXHONOMMYECKUX npouec-
COB U1 Y>XeCcTo4eHne OoMyCTUMbIX OTKIIOHEHWIA yNpaBfseMoro npowecca oT npegnmcaHHbIX
3HavyeHun.

CoBepLueHCTBOBaHWE METOLOB YNpaBfieHns B 3TUX YCIOBUAX npegnonaraet pa3padoT-
Ky 60fiee CrNOoXHbIX MaTemMatuyeckux Mogenen npoueccos, NO3BOMSAOLLMX ONTUMU3UPO-
BaTb yrpaslieHne, a UCMob30BaHe YCNOXHEHHbIX MOZeren nopoxagaet npobnemy 3aga-
HMA 3HAYEHUIN XapaKTepUCTUK U NapaMeTpoB MOAENU, HYXHbIX 15 hopMmpoBaHusa Tpeoby-
emoro ynpasrneHus. OgHako B 60SbLUMHCTBE CIlyYaes MPUHATLIE B SKCMNyaTaLuio CUCTEMBI
yrnpaBfieHns 0Ka3blBaKTCA HACTPOEHHbIMU OANIEKO HE ONTUMasbHbIM 06Pa30M, YTO BrieYeT
3a CO60M 3KOHOMMUYECKNE MOTEPMU.

MposepeHHble ompmont Honeywell nccneposanus kadectsa pa6oTbl 100 ThIC. KOHTYPOB
perynupoBaHns, HaXodAaLWMXCA B SKCryaTaumm He MeHee nNatu net Ha 350 npegnpuaTusx
B Pas/IMyHbIX OTPaCAX NPOMbILLNIEHHOrO NPOU3BOACTBA, BbISBUIN HU3KOE Ka4eCcTBO pabo-
Tbl CUCTEM PErynnpoBaHunst. BbIACHMNOCH, YTO HA Pas3nMYHbIX NPeanpuaATuaAx ot 49 o 63 %
KOHTYpPOB paboTaroT CO «CnabbiMn» (MPUBIMXKEHHBIMU K Pa3MbIKaHUIO KOHTYpa) HacTpon-
Kamu. B aTy rpynny BKOYEHbI Kak KOHTYPbl, HACTPOMKN KOTOPbIX «OcnabreHbl» ansa obec-
neyeHus paboTbl KOHTYpa NPU N3MEHeHUN pexunma paboTbl 06bekTa (Hanpumep, Harpys-
KW), TaK 1 KOHTYpPbl C HEO6OCHOBAHHO YPE3MEPHO «OCNabneHHbIMU» HACTpOoKamu (T. €. no
CYLLIeCTBY pPerynaTopbl OTK/OYEHbl, KOHTYP MOYTU Pa3oMKHYT). B cpegHem npumMepHo
TPeTb KOHTYpPOB paboTaeT C HOpMallbHbIMW HAcTpoMKamMu, TPeTb — C «OCNabrieHHbIMN»,
TPeTb — MPaKTU4eCKU Pas3oMKHYTbl «crnabbiMn» HacTpovkamu. K rpyrnne ¢ HamepeHHOo
«0CnabneHHbIMU» HacCTPOMKaMu OTHECEHbI U KOHTYpPbI C MIOXUMU PerynupyroLmnMm opra-
Hamu (NodT, Bblber, rmctepesunc u 1. n.). Npn o6cnegoBaHnm 66110 BbIABNEHO 16 % Takux
KOHTYpPOB. HecMOTpsi Ha 60MbLUOE YMCIO MIOXO paboTaloLmMX KOHTYPOB, 3a npegbiayLune
[Ba roga Hactpausanucb ToNbKO 4,4 % perynartopos.

MHeHue cneumanucToB MNo Hanagke cCUCTeM PerynmpoBaHua o NpUYMHaXxX HU3KOro Kade-
CTBa UX aKcnayaTauym MOXHO chopMynnpoBaThb CreayoLmnmMm o6pasom:

— nopasnsioLiee O60MbLUMHCTBO KOHTYPOB (PYHKUMOHUPYET B CIOXHbIX CTPYKTypax
CUCTEM PerynupoBaHns ¢ NePeKPecTHbIMMN CBA3AMU B OObEKTE, Yeped KOTOPble 3TU KOHTY-
pbl B3aUMOOENCTBYIOT (TaKMUX KOHTYPOB MOXET 6biTb 10, a B 60MbLUMHCTBE cnyyaes 2-3).
HacTponkmn KaXxoro KoHTypa CyLeCTBEHHO 3aBUCAT OT XapakTepUCTUK APYrnX KOHTYPOB,
B TOM YMUCNe OT NapameTpoB HACTPONKU PErynaTopoB B 3TUX KOHTypax. [osToMy HacTpon-
Ka Takux CUCTEM — OYEHb CMNOXHasa 3a4a4va;

— €eCn1 B MHOrOMEpPHOW CUCTEME HenpaBWuiibHO HAaCTPOEH OfMH KOHTYp, Yalle BCero
STO OTpaxaeTcs B MOABMEHUN NepuoaMyecKux KonebaHui OOHOM 4acToTbl C pa3HbIMU
aMnnuTygammn n dasamm Bo BCEX B3aUMOOENCTBYIOLLMX KOHTYpax. Onpenenntb KOHTYp C
perynsiTopomM — BUHOBHUKOM MJI0XOM paboTbl CUCTEMbI (KOPHEBOW KOHTYP) — BECbMa TPYA-
Hasa 3apadya.
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B coctaBe aBTOMarM3vpoBaHHOW CUCTEMbI YNPaBieHNss TEXHONOMMYECKUM NPOLIECCOM
(ACY TI) ogunH nHXeHep, 3aHMMaIOLLMNCA HACTPONKOW PEerynstopoB, HECET OTBETCTBEH-
HOCTb 3a paboTy 6onee Yem 400 KOHTYpPOB. B aTuX ycnoBusx NMKBUOMPOBATbL BO3HUKA-
toLLMe B cMCTEME NpefdaBapuiiHblie CUTYyaLMM MOXHO TOSIbKO Hanbornee nNpocTbIMK NpuemMa-
MU, 3aKMoYarLWMMNCa B «ocnabneHmm» HacTpPoOWKK perynaTopos. [pu aTom 6yaeT CHu-
XaTbCs Ka4eCTBO paboTbl CUCTEMBI, T. €. NPUOLISb, HO (PYHKLNOHNPOBAHME CUCTEMbI B 3TUX
YCNOBUAX BO3MOXHO.

Bpsg nu ctatnctuka akcnayataumm cucteMm asTomatudeckoro perynuposanus (CAP) B
Poccun nydwe npuBedeHHbIX AaHHbIX. Hanpumep, Ha POCCUMIACKUX TEMMOBbIX CTaHUMSX
nHXeHep oTteevaeT 3a 40-50 KOHTYpOB, OOHAKO POCCUMUCKUM MPEeAnpuUATUSAM NPUXOONTCA
paboTtaTtb C MeHee CTabusibHbIMU XapakTePUCTUKaMKU Cbipbs U Matepuanos, C XyAllemn
opraHusaumen Tpyga.

ABTOMaTM3aums npouecca HacTPOMKM BO BpPeMs MOCTOAHHOM 3KCryatauum oobekTta
yrnpasieHusi, BO-NepBbIX, MO3BOSAET COXPaHUTb ONTUMASTbHYIO HACTPONKY CUCTEMbI B TeYe-
HMe BCero BpeMeHu paboTbl 06bEKTa, HECMOTPS Ha CYLLIECTBYIOLLee BCerga HenpensuaeH-
HOE N3MEeHeHne ero CBOMCTB, a BO-BTOPbIX, CNOCOGCTBYET MNOUCKY NyTEN COBEPLUEHCTBOBA-
HUS 3aJI0KEHHbBIX B NPOEKT PeLUeHNn, MOAEPHMU3aLNN CUCTEMBI YIpaBIEHUS.

Kak n3BecTHO, OCHOBHasi KOHLENUMsa NPOEKTUPOBaHUA CUCTEM aBTOMaTUYECKOro ynpa-
BNIEHUS TEXHUYECKUMU N TEXHONOMMHYECKMMU 06bEKTaMM COCTOUT B crneaytolem. 3afaHsbl
MaTemMaTtmyeckas Mofesib 06beKTa yrpaBeHNs U KpUTEPUI ONTUMASTbHOIO PYHKLIMOHMPO-
BaHUSA CUCTEMbI YNPaBNeHUS 3TUM OO6BbEKTOM CO BCEMWU OrpaHU4eHnsaMU; TpedyeTcs onpe-
AENUTb anroputM OYHKUMOHMPOBAHUSA YyNpaBsoLEero yCTpoucTea U OCYLLEeCTBUTb €ro
TEXHUYECKYIO peann3aumio Tak, YToObl YOOBNETBOPASINCL BCE NOCTaBSIEHHbIE TPEOOBaHMS.

[ns cuctem ynpaeneHns CNoXHbIMU TEXHONOMMYECKMMU O6beKTaMu TpebyeTcs onpeae-
NUTb eLLe N MHPOPMAaLMOHHYIO CTPYKTYPY CUCTEMBI, T. €. YACIIO U MECTOMONOXEHME O0MNOS-
HUTENbHbIX KaHaNoB CBA3M 06bEKTA C yNpaBfsoLmMM YCTPONCTBOM, MOCKOSIbKY MOAOOHbIE
CUCTEeMbl OObIHHO CTPOSTCA Kak MHOMOKOHTYPHbIE WU C KOMMeHcaLuumen Bo3myLleHuin. Ecte-
CTBEHHO, BbI6GOP WMH(POPMALMOHHOM CTPYKTYPbl CUCTEMbI BAIMAET U HA MaTeMaTU4eCKYHo
Mopesib o6beKTa.

CyuwecTByeT pag OrpaHU4eHUn Ha BO3MOXHOCTb MOMYYEHWUs OOCTAaTOYHO XOPOLLEN
Mogenn o6bekTa ynpasneHus nepeq BbiNOHEHNEM TEXHNYECKOro NpoeKTa cCucTeMsl yrnpa-
BNeHUs. DTN orpaHnYeHnsa 06yCoOBEHbI KaK OpraHn3auOHHbIMU, Tak U MPUHLMNVANbHbI-
MU NpUYMHaMK.

OfHMM 13 BaXKHENLUMX OrpaHnUYeHui i opraHM3auuMoHHOro nopsaka cregyet cuntarb
CYLLECTBYIOLLYIO NPaKTUKy BBOAA B AENCTBME CUCTEMbI YrpaBieHNss O4HOBPEMEHHO C BBO-
[OM B OENCTBME OCHOBHOMO TEXHONOMMYECKOro 060pyaoBaHuns. ITo TpebyeT Bbigaqm npo-
€KTHOM JOKYMEHTaLUUn Ha N3roToBIEHNE CUCTEMbI yNpaBfieHNs NPaKTU4ECKN OQHOBPEMEH-
HO C NMPOEKTOM Ha TexHosiormyeckoe obopygosaHue. K Hadany npoekTMpoBaHUsi CUCTEMbI
yrnpasieHns pearibHbI 06bEKT eLle OTCYTCTBYET U, CriefoBaTeflbHO, OTCYTCTBYET BO3MOX-
HOCTb MONyYEeHUss ero MaTeMaTuyeckom Moaenn akcnepuMeHTanbHbIM nyTem. NonyyeHune
MOZernen pacyeTHbIM NyTEM COMPSXXEHO C BBOAOM 6O0MbLLOIo YMcna yrnpoLarLwwmx npegno-
NOXEHW, [oMYyCTUMOCTb KOTOPbIX HEBO3MOXHO MPOBEPUTL U3-3a OTCYTCTBUA 3TasfioHa asns
CpaBHEHUS.

K opraH1saumoHHOM NpUYmMHE HEMOMHOTLI Ha4YabHOW MHopMaLmMn 0 Mogenn oobekTa
MOXET ObITb OTHECEHO TaKXe CpaBHUTESIbHO 60sbLLOE BPeEMS, HEOOXOAMMOE AN NMPOEKTU-

22

Schneider Electric Bbinyck Ne 16



poBaHWs, pasMeLLeHNs 3aka3oB Ha 06opygoBaHWe, ero nofy4eHne nm MoHTax. 3a 3To
BpeMsi AMHaMn4eckme CBOMCTBA OObEKTA YCNEBAKT U3MEHUTBCS HACTONbKO CUSIbHO, YTO
nepBoHavanbHasa Moenb 0OKa3blBaeTCA B 3HAYMUTENbHOM CTENEHM YCTapeBLLEN.

MpuHUMNManbHblie orpaHNYeHUs Ha TOYHOCTb MOLENEeNn OO6bEKTOB ynpaBfieHus, nony-
YaeMbIxX nepen crtaguver NPOEKTUPOBaHMUSA, CBA3aHbl C CUCTEMHbBIM XapakKTepoM 3afayqu
cOo34aHusA MaTtemMaTU4eckon Mogen o6beKTa U BO3HMKAKOLLMMW BCeACcTBUE 3TOro napa-
OOKCaMM CUCTEMHOIO MbILLMEHMSA TUNa napagokcoB NEPapXM4HOCTU U LIENOCTHOCTU. Pedb
naeT o Bblbope CTPYKTYPbl MOAENU U KPUTEPUS ee MPUBTIMKEHUSA K peaslbHOMY OOBLEKTY.
OTOT BbI6OP HE TONBLKO ONpPeaenseTcs CBOMCTBAMM 06bEKTa, HO 3aBUCUT TaKXe U OT Bbl6O-
pa KpuTepus ONTUManbHOrO PYHKLMOHUPOBAHUSA CUCTEMbI YNPaBiEHUS B LIENIOM, a cnepo-
BaTefibHO, W OT anroputMa (PYHKLUMOHMPOBaAHWUS ee ynpasnsiowen 4actn. BosHukaet
CUCTEMHbIN MapafoKc: ANns nofay4eHus mogenn obbekTa HeoO6XOAMMO 3HaTb anropuTm
PYHKLMOHMPOBAHUSA YNPaBAoLLEro YCTPOMUCTBA, A8 OTbICKaHWA KOTOPOro, CO6CTBEHHO, U
HY>XHa Mofersb 06bekTa.

Hey4eT 3TOro napagokca MoXeT NpMBECTM K TOMY, YTO CMPOEKTUPOBaHHAsA No Moaenm
o6beKTa onTuManbHas cucTema ynpasfieHusi Nocne peanniaunmn ee Ha peanbHOM 06beEKTe
MOXET 0Ka3aTbCH HE TONIbKO HEONTUMASTbHOW, HO Aa)Ke HEYCTONYNBOW. B 9TOM OTHOLLEHMN,
KaK rMokasblBaeT aHanmna, OCOOGEHHO OnacHbIMM MOryT oOKasaTbCs MoAenn OOBLEKTOB,
NMOCTPOEHHbIE MO KPUTEPUAM MUHMMYMa CpefHEeKBaApaTUYECKOro NN MHTErpasnbHOro Kea-
OpaTUyecKoro NpUGIVXeEHWn, T. €. Mo KPUTepUsM, NoslyYnBLLMM NMPenMyLLeCTBEHHOE Npu-
MEHeHue.

Bbixog 13 9TOro napagokca, Kak M U3 BCAKOro napagokca CUCTEMHOMO MbILUSIEHMS,
COCTOUT B MCMNOSMb30BaHUN MeToda nocrefoBaTenbHbIX MPUONMXEHUA (MTepaumi), KOoTo-
pblil MO3BONSET, OCHOBbLIBAsACb Ha NepBOHAYaribHON 3aBeOMO HEMOSIHOW MHdopMaLmm o
MOZENN 06bEKTA, MOCTEMEHHO MOMOSIHATL €€ OLHOBPEMEHHO C ONTUMMU3ALMEN anropuTMma
ynpasneHus. OpraHn3auma Takon UtepaumoHHOM npouenypb! «MaeHTU(pUKauMm—onTuMm-
3aumn» OOoSMKHA BKOYaTb U CTaamio BBOAA CUCTEMbI yNpaBfieHus B AeNCTBME.

Heob6xognmo pasymHOe nepepacnpeneneHne 3agad, pelsaemMblx npu paspaboTke
CUCTEM ynpaBneHUs TEXHONOrMYECKMMN npoueccammn, Mexay oTAesNbHbIMU CTaansIMN.

1. Ha ctaguv dhopmMynvpoBKM TEXHNHECKOTO 3afiaHus, TEXHUHYECKOro 1 paboyero npoek-
TUPOBAHUA HaMe4arTCsi BO3MOXHblE BapuaHTbl MHOPMALMOHHBLIX CTPYKTYP CUCTEMbI
ynpasfeHns u onpegenserca MHPoOpMaUnMoHHOE U TeEXHUYECKoe obecrnedyeHne, nocTaTou-
HOe ON1s peanua3aunmn Kaxxaoro BapuaHTta. 3geck gonyckaercs hopMynmpoBKa anroputmos
ynpaBneHus B O6LLEM BUAE; YACTEHHbIE 3HAYEHUSA NapaMeTPOB HACTPOMKN MOTYT OLEHU-
BaTbCs C JOCTATOYHO 6OMbLLUOM CTENEHBIO MPUGTIVXKEHUS.

B npoekT, nOMMMO ynpasBnsaioLwmx anroputMOB 1 peannayoLmnx 3TM anropuTtMbl TEXHU-
YeCKMX CPEeACTB, OO/MKHbI ObiTb 3aNOXEHbl KaK HEOTbEMSIEMas YacTb NPOeKTa CpeacTsa
aBTOMaTU3aLMK npouecca «UaeHTUPUKaUMM—onTUMMn3auumn», BbIMONIHAEMOro Ha cTaguu
BBOJA CUCTEMbI B IENCTBME, a TakXe Npu rnocneayoLlen akcrnyaraumm oobekTa B Lensx
COBEPLUEHCTBOBaHMA CUCTEMBDI.

2. Ha ctaguv BBOOa (BHeOpeHWs) CUCTEMbl B AEWUCTBME C MOMOLLbIO TEXHUYECKUX
CpefcTB M nporpaMmm, UMEKLLMXCA B COCTaBe CUCTEMbI, OCYLLECTBIIAETCS ONTuMu3aums
NPUHATBIX BAPUAHTOB PELLUEHUI U BbIOGOP U3 HUX HAUSYy4LLEro.

3. Ha ctagnn aHanusa oyHKLUMOHNPOBAHUSA CUCTEMbI NPOBOAUTCS BCECTOPOHHEE U3Yy4e-
HWe CUCTEMbI C LieNbio:

Buinyck Ne 16 Schneider Electric

23



a) KOHKpPEeTM3NpoBaTb METOAOSNOrM0 aBTOMaTU3MPOBAHHOW OMTUMMU3AUUN HACTPOWKU
NPUMEHUTENBHO K AAaHHOMY OOBLEKTY M BblOaydn peKoMeHOauum sKcnnyaTauynoHHOMY nep-
coHany no ee peanuaauuu;

6) BbIIBUTb MYTN BO3MOXHOIO COBEPLLUEHCTBOBAHUS CUCTEMbI;

B) nononHutb 6aHK gaHHbix CAIMNP CAY ona maremaTuyecKux MOAEerien OObLEKTOB U
ONTUMAarbHbIX PELLEHUI NO BbIGOPY CUCTEM yNpaBfeHns O NCNOSIb30BaHUA 3TUX AAHHbIX
B GyayLuem.

CdopmynupoBaHHasa KOHUEMNUUS NPOEKTUPOBAHWUS B MOSIHOM O6bEME MOXET ObITb
MCcnosib30BaHa B cUCTEMax yrnpaBfieHus, MOCTPOEHHbIX Ha 6asze MNMJIK, NoCKOMbKY B TakmMx
cucTeMax MMeeTcs BO3MOXHOCTb:

a) 6e360/1e3HEHHOrO U MPaKTUYEeCKN IOO60r0 U3MEHEHUS anrOpUTMOB U CTPYKTYpPbI
yrnpaBfeHnsa HENOCPEACTBEHHO B NpOLIeCcCe NyCcKa CUCTEMbI HA AEMCTBYIOLLEM OOBLEKTE;

6) BK/IIOYEHUNSI B MX COCTaB CneumanbHOro MaTteMaTn4eckoro o6ecneyeHunst NporpamMmmb
MaeHTUOMKaLMM U ONTUMMN3aLUMN C OpraHM3auner ouanoroBoro pexuma ¢ HanagodHbim
nepcoHarsiom.
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[TTABA 2.
BUBJINOTEKA AJITOPUTMOB PETYJIMPOBAHWA B NAKETE
UNITY PRO

Bubnuoteka anroputmoB perynuposaHua B nakete Unity Pro HacuuTbiBaeT cebiwe 80
6nokoB FFB [4]. OHK pa36uTbl HA HECKOSLKO rpymnm.

B rpynne 6azoBon 6ubnnotekn Base Lib B pasgene CLC_INT HaxogdaTcs Tpy OyHKUUN,
NO3BONSAIOLLME OCYLLECTBATL pPerynMpoBaHue ¢ LenbiMu Ynucnamu.

B rpynne Obsolete Lib B aByx pasgenax (CLC n CLC_PRO) cogepxutcsa 35 anropur-
MOB.

B rpynne CONT_CTL gns ynpasneHns HenpepbIBHbIMU NpoLeccaMu HacuuTbiBaeTcs 45
anroputmoB B LecTu pasgenax: Conditioning — gns 06paboTKm AaHHbIX UBMEPEHUA 1 OpY-
rMx LmMdpoBbIx curHanos; Controller — onsa perynupoBaHusa n aBToHacTporku, Mathematics
— cneumanu3vpoBaHHble apuMeTU4eckne PyHKLUN, OPUEHTUPOBAHHbIE HA NMPUMEHEHME B
KOHTYpe perynuposaHus; Measurement — gna nameperuin; Output processing — ons ynpa-
BNEHWUS pasnmMyHbIMU TUMamMu UCNONMHUTENBHBLIX MexaHn3mMoB; Setpoint management — gns
(POPMUPOBAHUS CUrHANOB 3afaHus.

21. YNIPABIEHWE BBOZOM/BbIBOZOM AHANOTOBbIX CUTHAMOB
(I0 MANAGEMENT)
Bubnunoteka ynpaBJieHnA aHanoroBbIM BBO,ElOM/BbIBO,ELOM npuv ncnonb30BaHNM KOHTPOJ1-

nepa Quantum cogepxuT pasgernsl Analog I/O Configuration, Analog I/O Scaling, Immedia-
te 1/0 n Quantum 1/O Configuration (puc.2.1).

FED-Editor ¢ FFB Selection

| =] Helstis Tyag
Functinn Blocks Funchonand Funchon Block bpes |
Yl Mams F ¥ EF ¥ EFE & OFB
Libraries/Familise IHI Marme | Twpe | Commant |
O <Applications = B READ_PA . | <EFy | Baad adjusiment .
B- &5 slibsat> =B BEAD _STS |<EF> Fizad status parm.
14 (1 Base Lib & B READ_TO..  <EFy | Fisturn an Arrey,
=0 Communication =@ PESTORE.. |<EF» Fasiore adjustme..,
500 CONT_GTL =B SAVE_PA. |(EFr | Save adjustment .
1 Custom Lib B TRF_RECL. <EF» Transfer recaipd
= Diagnostics =B WRITE_LC. | <EF Update comman
17 £3 {0 Managemert ] B WRITE_F. | (EFr Upndate adjustme ..
-8 Aaslog D Configuration
o immediste D
3 Cuantum 140 Configurabc
-3 Mation
# (3 Obzoletelib
®-00 Syetem
4] i
Ok I OTHEHA

Puc.2.1. bubnuoteka I/0 Management
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Bubnunoteka Explicit Exchange npumeHseTcs ana KOHOUrypmposaHus aHanoroBbIX CUr-
HanoBs BBOAA/BbIBOAA MPU UCMONb30BaHUM KOHTponepa Premium.

Brubnuoteka yHKUMOHaNbHBLIX 6110K0B U hyHKuMA I/O Management cogepXut 6510Ku
FFB, koTopble B cBOeM OGOSbLUMHCTBE SABNAOTCA MOAYSIbHO-HE3aBUCUMbIMU. VI3MeHeHns
NPAMbIX aPecoB BXOOHbIX/BbIXOAHbLIX NapaMeTpoB aBTOMaTU4EeCKN 06HOBNAOTCA 6/10KaMu
aHanoroBoro BeoAa/BbiBoa.

HacTtponka aHanoroebix Moaysfien BBoAa/BbiBoga NpoOBOAUTCA C UCNOSIb30BaHNEM 6110-
koB FFB, Bxogsawmx B pasgen Quantum I/O Configuration 6uénuotekn I/O Management
(puc. 2.2).

FRD-Editor : FFB Selection

acizn = | delp Cin Ty'pg
Function Blacks Function and Function Block typae |
T | Mama 1‘ W EF v EFB & DFB
Libraries/Families | MHame Type | Comrmemn |
-3 <application> =3 ACI0I0 <EFE> Configuring the ..
= 1 clibzety 41 Ok Acindn {EFEF Configuring the 0.
=0 Baselib -3 ACOIED <EFE> Configuring the 0., |
=0 Communication = ACON30 {EFE> | Configuring the 0.
+ 0 COMT_CTL a1k Al330 <EFE> Configuring tha 0.
=0 CuystomLib =0 AII3010 AEFE» | Configuring the C1
+ O Diagnostics 4l Al0330 <EFE* | Configuning the 0.
=3 V] Managament =0 AhM080 <EFE> Configuring tha G
[ Analog 0 Corfiquretion || 410 ARI0I0 {EFEF | Configuring the 0.
~0 Analog V0 Scaling =03 ATI030 <EFB> Configuting the 0. |
} (5] Explicit Exchance £l .} A1030 <EFEY | Configuring the G
O I 40 AVO020 | <EFE> Configunng the 0., |
-0 -0 DROP 4EFE» | Configuring & 1.
+ O Motion 1 F ERT _B54 .. |<EFE> Diada ransfer EFE
=00 Ohsclete Lib #-CE QUANTUM | EFB: Configuring & mai . |
43 System |-k wBE {EFEF | Configuring & ma. .
=3 *DROF <EFB> Configuting anaxt..
Ll L
Ok I OrmeHa

Puc. 2.2. Pazaen Quantum 1/0 Configuration

[ns ocyLlecTBNeHa HaCTPOMKM CO3JaeTCA CEKLUMS, B KOTOPYIO NOMELLAeTCA HacTpoey-
HbI 6510k EFB Quantum.

Ecnn ucnonb3yetca ypnaneHnHsin Beog/BbiBog (RIO), pacnpeneneHHbii BBOA/BbIBOL
(DIO) nnu cetb (NOM), TO HY>XHO 3afencTBOBaTb Ana HAcTpovku 6nok EFB Drop. 9toT
610K NMPUMEHMM KO BCEM TpeM Tunam ctaHumin. Ecnn mncnonbdyetcsa RIO i NOM, 10
Hy>XHO nogknto4mTtb EFB Drop k cnoty RIO-agantepa (CRP) nnu k mogynto NOM. Ecnu xe
ncnonbgdyetcsa DIO, To nogkntoyaeTca EFB Drop k cnoTy npoueccopa. Kaxgas craHuus
BBOAA/BblBOJA MMEET CBOW COOCTBEHHbIN HOMEpP, KOTOPbIM U cnefdyeT ykasaTb Ha BXxoAe
NUMBER y 6noka EFB Drop.

Y Kaxkgoro aHanoroBoro Mogyns eCTb CBOM COOGCTBEHHbIN 610K aHanoroBoro BBOAa/Bbl-
BoAa. BbibpaHHbIN 610K HY)KHO NOAKIOYUTE K COOTBETCTBYOLWEMY cnoTy: EFB Quantum
nnu EFB Drop.

Ha Bbixoge 650k o6ecneunt gaHHble B oopmate ANL_IN wnn ANL_OUT. B pganbHen-
LIeM 3TN AaHHble MOryT 6bITb 06paboTaHbl Yepeld 6e3afpecHble NnepemMeHHble C UCMosb30-
BaHMeM MacLuTabupyroLmx 6J10KOB.
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Ha puc. 2.3 npuBeneH npumep cekumm Hactpoek CfgAnalo [2].

HOT_BOOL
Zfghnalolone fw=— —‘
\_ MOVE
EN ENO—
TRUE [»— = CfghnalaDone
QUANTUK AVIO30
EN EHRQ EN ENO—
SLOT1j— —SLOT
SLOT2 —I— CHANNELL—
SLOT3 |- CHANNELZ2l—
SLOT4|— CHANNELZ—
SLOTS |— CHANNEL4—
SLOTH CHANNELS|—
SLOT? CHANNELEl—
CHANNEL?|—
CHANNELS|—
|T AVOO020
EN ENO—
5LOT
3 [»—{NUHEER CHANNELL —
SLOT1— CHANNELZ [—
SLOT2|— CHANNELZ —
SLOT3 CHAWNNEL4 |—
SLOT4—
SLOTSl—
SLOTEl—
SLOT?—

Puc. 2.3. KoHthurypmpoBaHue aHanorosbix 6510K0B

Be3agpecHas nepemeHHas ¢ umeHem CfgAnaloDone ucnonb3dyetcs ana ynpasieHus
HacTponkon. He pekoMeHayeTCs UCMonNb30BaTh NUTEPasibHble 3HAYEeHUS (KOHCTaHTbI) ONns
BXOAHbIX CMOTOB 6/10KOB KOH(purypaummn. BxogHble cnoTbl OOSMKHbI ObIiTb MOOKOYEHbI K
BbIXOLHbIM CnoTam.

MacLutabupoBaHue aHanoroBbIX 3HAYEHUIN OCYLLECTBASETCH C NOMOLLUbIO 6r10koB FFB,
Bxoaswmx B pasgen Analog I/O Scaling 10 Management 6uénuoteku (puc. 2.4).

FRO-Editor : FFB Selection x|
| MR - -iEIE Ok Tmﬂ
Funclion Biocks Function end Function Block tpes I
T | Hams * W EF W EFE [ DFE

Libraries/Families Cornrnent

03 <applicationy [

E-E3 {Libzet : | Sendardized ane
&0 Baza Lib [ <EFz Prysical analog ... |
w0 Communication 83 | PHYS... |+EFB» Fhyvsicalanalogi..
-0 CONT_CTL BB | RAW |4EF> Fiaw walua analo...
&0 CustomLib B | SCALE <EF> Scaled analogin...
1+ O Diagnosiics BT | SCALE .. | <EFB> Scalec analogin...
F-£9 140 Maneqement BB O _MORM | <EF> Stenderdized ana.
.3 Analog V0 Configuration | || BTk O_NORK_.. | <EFE> Standardizad ana .

i 0 Anslog YO Sealing B 0 PHYS <EF> Fhysicalanalog ..
H [ Ewplicit Exchange B0k 0 FHYE . |<EFEr Fhysical analog
L -0 Immediate /0 EREE O_RBAW | <EF2 Piaw valug analo..
: 0 Cuantum 4 Configurabe| [ 6 B O SCALE | <EF: Scaled analog ou ..
B 03 Metian Bk 0 SCALE | <EFBr Sraled analog au
23 Ohsalste Lib
s Syetem
. 3l
Ok | DrrEHE
4

Puc. 2.4. MacwwtabupytoLine 610Ku
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Bnoku aHanorosoro BBOAa/BbiBOAA PaboTalOT C annapaTtHO-HE3aBMCUMbIMWU TUMaMm
ANL_IN n ANL_OUT. JocTynHbl cnegyrowime macutabupytoime 610Ku:

I_RAW, O_RAW — Heo6paboTaHHble 3Ha4YeHMs, MacLuTabupoBaHue OTCYTCTBYET;

|_RAWSIM — Heo6paboTaHHbIE 3HAYEHUS, CUMYNALNS;

I_NORM, I_NORM_WARN, O_NORM - Hopmanu3auus, NnpeactaBfeHme 3Ha4eHns
B guanasoHe ot 0,0 go 1,0;

I_PHYS, I_PHYS_WARN - dm3unyecknin gnanason;

I_SCALE, I_SCALE_WARN, O_SCALE — macwTabupoBaHHble 3Ha4eHUs, NpeacTa-
BJIEHHbIE B Nofib3oBaTenbckom ananasoHe oT MN go MX.

Tunbl gaHHbix ANL_IN n ANL_OUT o6pa6aTtbiBatotcs npu nomowm 6nokos FFB
I_FILTER, I_SET v O_FILTER, O_SET, Bxogsawux B pasgen Analog /0O Configuration
oubnunotekn IO Management (puc. 2.5).

FBD-Edlitor : FFE Selection i]

| FILTER = | el On T

FunctionBlocks Funchion and Funchan Black ipes |

B a—

¥ EF ¥ EFE & DFE

Libranigs/Familizs |l Mame | Tupe | Comment {
(2 <Applications =B | FILTER.  <EP» Lineatization for ...
= €5 <Libset B3 | SET | <EFBd | Setinformation fro..
1 [ Base Lk B O FLTER | <ER | Lingenzabontore
#  Communication a-0F 0 SET <EFB> Selinfornaton fro...
800 CONT_CTL
-0 Cugtam Lik
-0 Disgnostcs
I

-8 0 b enage men
[

-0 analog Y0 Scaling
-3 Explicit Exchenge
-0 Immediate 1O

O Clusanturn B0 Carfig
1# Motion

=00 Otbsollelib

B Systom

1] [ ]

ak I DTManE

Puc. 2.5. Pazaen Analog I/0 Configuration

O6bI4HO OTNagoYHble 6510KM He TPebyTCHA, HO MHOrgAa HEOOXOAMMO, HanpuMmep, NPocC-
MOTPETb 3Ha4YEHMA B orepaTuBHON NamsaTn coctosHus (State RAM), kak nokasaHo Ha puc. 2.6.

AVIOIO0
SLOT
CHAMHEL 1
CHANNEL Z2—
CHANNEL 3—
CHANNEL 4—
CHANNEL 5—
CHANNELE&—
CHANNEL7—
CHANNEL B—
Input values — Cutput values
T e [AVID30 18V)  (ILPHYS)
L _PHYS »
0y 0.0
CH_IN JCWET_ Y= 15V 50
g T
TRUE p—{s0RT I s L
—{0FFS_ADJT
—{RRGE_ADT
OFFS_ADJ and RNGE_ADU Input values  Cutput values
are not used [AVID3D 10Y)  (LPHYS)
(Oby default) I_FHYS ) B
> oy 00
CHANNEL ¥ 25V 25
5V 6.0
fov 00

Pnc.2.6. NMpocmoTp 3HaveHus B State RAM
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Ons 6onee TOYHOro HaGMOOEHUS 3@ BbIXOAHBIMW 3HAYEHUAMU PEKOMeHOyeTcsa
OCYLEeCTBNATb MacLuTabupoBaHve npu nomowim Asyx 6n0kKoB. lMepBbin 670K MacLuTa-
O6MpYyeT aHanoroBoe 3HayeHue, a BTOPOM KOHTPONMpyeT, 4ToObl OTMacLiTabupoBaHHOE
3Ha4yeHMe He BbIXOOUNO 3a Npederbl, YCTaHOBMEHHbIE AN AAaHHOro npouecca.

Mpumep Ha puc. 2.7 NOKa3bIBaET, KAK MOXXHO UCMONb30BaTb 3TN GIOKMN.

I_SCALE
TRUE [»—{EHN EHO
Boiler [»—CHANHEL
Boilerdn [—{HH ¥
BoilerMs [»—{HX

LIMIT_IND
EN EHO = WaterLewvelOK
LowWat=z [MN  MN_IHD j=f» LowWaterFault
IN OUT (= LinWaterlewvel
HighWater [»—ME ME THD = HighWaterFault

Pnc.2.7. MacwtabupoBaHue ¢ NoOMOLLb ABYX 6/10K0B

MimeeTcs napoBor KoTenn BMecTUMOCTbio 350 1. BxogHoe HanpsXXeHue U3MeHseTcs oT
0,08 ans 0 n go 10,0 B ans 1000 n. NMN-koHTposnnep obecneymBaeT HaNoSIHEHHOCTb B Mpe-
penax ot 200 go 300 n. OrpaHnynTENbHbIA 60K OnNpenenseT HapyLleHne rpaHuL 3Toro
AnanasoHa 1 orpaHMyYnMBaeT BbIXOp,.

3Ha4yeHune nepemeHHon BoilerMn pasHo 0, BoilerMx — 1000, LowWater — 199, HighWa-
ter — 301, 3pgeck Boiler — 6e3agpecHas nepemeHHas Tvna ANL_IN, nopcoeguHeHHas
kK 6nokam FFB AVIO30. VY Bac ecTb BbI6Op MCMNONb3oBaTb UCXOOHOE 3HA4YeHUE C BbIxoda
Y mMacwrtabupyowen OyHKUUM nnmn orpaHn4eHHoe 3HadeHue ¢ Bbixoga OUT orpaHnyu-
TenbHOro 6s10Ka.

Ncnonb3osanne mogynen IMIO_IN n IMIO_OUT, Bxogawmx B pasgen 6mbnmnotekm
Immediate I/O 10 Management (puc. 2.8), n0o3BoONSET NONYYNTb MHAPOPMALMIO O COCTOAHUU
COOTBETCTBYHOLLEr0 MOAYNA BXOOOB/BbIXOOOB HEMOCPEACTBEHHO B KOHLIE KaXOoro umkna
BbIMOSIHEHUS MPOrpaMmbl.

FRO-Editor : FFE Selection x|
¥ =1 [ielp O Typd
Funcfion Blacks  Function and Funcion Block tes |
T | MName F W EF W EFE W OFB
Librariea/Families | Marme |Txpe | Cammert |
O «<Applicaton [ I _IN | «EFBx Irnmzdiate [0 mo.
Ef E <libests -0k IMIO_OUT  |[<EFB> Immediate W mo.
#-0 Base Lib
=-(3 Communication
-3 CONT_CTL
#-03 Custom Lib
403 Dingnastics
I8 {0 Manogement

|| 3 Analog 0 Configurafion
i3 Analog O Scaling
-0 Explict Exchanga
-3 Immedists VO
03 Quentum D Carfiguratic
403 Mation
# OheolsteLib
#-03 Syztem

l |

(58 OrrieHa

Puc. 2.8. Mogynu Immediate 1/0
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2.2. BUBJIOTEKA CONT_CTL. HEMPEPBIBHBIE CUCTEMbI YTPABJTEHNA

Bubnmnotreka CONT_CTL (Continuous Control — «HenpepbiBHble cuCTeMbl ynpa-
BfIEHUS») COCTOUT M3 6 pasfenioB AMeEMEHTaPHbIX (PYHKUMOHANbHbLIX 6J1I0KOB U PYHKLMI
(FFB), npeacTtaBneHHbIx Ha puc. 2.9.

FBD-Editor : FFB Selection E - =24
[5aH 1 Halp On Typd
Function Blacks  Function and Funciion Block toes ]
| Mame F FEF FEFE [ OFB
Libravies/Familiog I Hama Typa ] Comimant I -
-0 <Applications FCk AUTOTU.. | <EFB> L ADrmatic ner §.

5 3 <libsefr Ok AVGMY | <EFE> Moving average -
=0 Boselib e O AYGMY K | <EFB> | Moving average
=0 Communcation ____|li= 0 DTWE | eFs» | Delay
=-E5 ol L E-TF HYET Dl. | <EFB» Indlicator signal fo...

-2 Condifianing ELk HYST INT | <EFE> Indicator signalfo...

3 Controller w0k HYST _RE.. |<EFB> | Indicator signalfo...

01 Mathematics [ Tk HYET_LID,. | <EFED | Indicatar signalto.
=0 Measurement B-CE HYST_ UL, | <EFE» Incicatar signalfo.
-3 Output Processing =3 IMC <EFE> Intzrnal modsl co...

-2 Setpoint banagament || =-Ck INCUM_OL... | <EFE> Indicator signalfo..
#-0 Cuztom Lik F-Ck INDUM_INT | <EFE> | Inclicator signal fo...
# [ Diagnostics 0 INOUM_R. | <EFB> | Indicator signal fo...
& 3 10 Manogement & CE IMOUM_L. | <EFB> Indicator signal fo..
=-01 Matan E-F INDUM_UL... | <EFB> | Inglicatar signalfo...
=-(Q ObsaleteLib E-CE INTEGRA.. | <EFB> Irtagrator with limit
=0 Sestem Tk LAG_FILT.. |<EFE> | Time lag davice. ..
w Lk LOLG <EFB> | FD device with ..

=3 [FAD <EFE> | Difterentiatoryeth . o |
ak | OTrHeHE |

4

Puc. 2.9. buénnoteka CONT_CTL

Conditioning — ycTporctBa 06paboTKn OaHHbIX (06paboTka AaHHbIX N3MEPEHUN U
APYTUX UMAPPOBbLIX CUrHAmNOB).

Controller — perynaTtop (6110K1 perynsaTopoB 1 aBTOHACTPOWKK).

Mathematics — apudmeTnyeckme onepauum (cneunanm3mpoBaHHble apudme-
TMYeckne (PyHKLMU, OPUEHTUPOBAHHbIE HA NMPUMEHEHNE B KOHTYPE perynmpoBaHus).

Measurement — namepeHus.

Output processing — yctporcTtea conpsxxeHus ¢ 06bekTom YCO (6510KM yripasneHus
pPasfMyHbIMU TUNaMK UCMONHUTENbHBIX MEXaHU3MOB).

Setpoint management — copmupoBaHue curHanoB 3apaHusa (reHepupoBaHue
3ajarLLero BO34enNCcTBMA U NPOrpaMMHOro 3agaHus).
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2.2.1. YCTPOMCTBA OBPABOTKM [JAHHBIX (CONDITIONING)

B aToT pasgen Bkno4deHbl 61oku FFB, npegHa3HavyeHHble 019 BbINOMHEHUS npoueayp,
CBA3aHHbIX C OCHOBHbBIMW (DYHKLMSIMWU PerynsaTopoB, a UMeHHo (puc. 2.10):
N3MepeHne perynmpyemon nepemMeHHon;
N3MepeHre BO3MYLLIAKOLLIEro BO3OENCTBUA MO0 No6oW Opyron umMcposon nepe-
MEHHOW.

FBL-Editor : FFB Selection E x|
ISAH - | Help DnTypi
Function Blocks . Function ond Funciion Block iepes 1
Y| meme [T EF [ EFE I” OFE
Ubrenes/Familizs | MNames Twpe Cammert
D <Applicationz -0k DTIME <EFB> Defay
=45 <Libzaty =43 INTEGRA. |<EFE> Integrator with limit
4 [ Bose Lib S LAGFILT.. |<EFB> Time lag chevice: ...
2] 5] Communication Ft LOLG <EFE» FD device with =

=-E3 can = LEAD <EFE> Difforantiatar with ...

20 MELOWY <EFE> tdaza flow block

i [3 Contoller 7 QDTIME <EFE> Deadlime dewvce
i 03 Methamatics F4F SCALING | <EFE> Sealing

L B0 Measursment 243 TOTALIZER | <EFB> Integratar

| 3 OuiputProcessing A3 WEL LIM <EFE» Welocity limitsr
[0 sewpoint Managsment

#-[3 Custom Lib

& [ Diagnoshcs

=03 0 Management

#-[ Mation

21 [ Obsolete Lib

-0 System

ak I CrmeHa

Puc.2.10. Pasfen 06paboTku n3amepeHui

30ecb npeacTaBneHbl anropuTMbl UHAMUYECKMX MNpeobpasoBaHuini: unstp 1-ro
nopsigka, Bbl4UCIIUTENb MPOU3BOLAHOM CO CrnaXuBaHUeEM, 0a30Bbl KOPPEKTOP HA OCHOBE
dhopcupytoLero U anepnoan4eckux 3BEHbEB, MHTErpaTop, a Takxe ABa 3BeHa 4YMCTOro
3anasfbliBaHus N HeKoTopble apyrue anroputmel FFB. K HUM MOXHO OTHeCTu cnegyowive:

DTIME (Dead Time) — 3agep>xka. OTOT 610K peannayeT (PyHKLUMIO YMCTOro 3anasabiBa-
HWUS B BUAE NVUHUIA 3a0€eP>XKKU, AOMyCKarLLy napameTpu4eckoe BBeAeHne 3anasibiBaHns
09 BXOOHOro curHana ¢ uenbto obecnedeHns s BbICOKOTOHHOW peanusaumm nnméo pea-
nM3aumm AMHaMMUyecKu M3MeHSeMOro 3anasgblBaHus;

INTEGRATOR (Integrator with Output Limit) — nHTerpatop;

LAG_FILTER (Lag Element, 1 st Order) — anepuognyeckoe 3BeHo, punbTp 1-ro nopaaka;

LDLG (Lead/Lag Function with Smoothing) — auddepeHunpoBaHme co crnaxmnBaHuemM,
(ha3oBas KOppeKUUsa Ha OCHOBe hopcupyroLlero (auddepeHumnpytoLero 3seHa nepeoro
nopsgka) U anepnoanyeckmx 3BEHLEB;

LEAD (Differentiator with Delay) — gudpcepeHumpoBaHue ¢ 3a0epXKoW, BblYMCIIEHNE
NPOVN3BOAHOM CO CrNaXmnBaHUEM;

MFLOW (Mass Flow Controller) — o6paboTka faHHbIX U3MepeHusi, 06paboTKa OaHHbIX
namepeHusa guddepeHumanbHoro gaBneHuns, nosly4aemMbix OT BaKyyMHOIO 3f1IEMEHTa;

QDTIME (Dead Time (Simple)) — 3agepxka (6bicTpas), ddyHKUUSA YNCTOro 3anasgbiBa-
HWUA B BUAE NMHUIA 3a0epXXKK, OonycKaoLlas napameTpmyeckoe BBefeHve 3anasfbiBaHns
ANsi BXOQHOIO curHana c uenbto obecneveHuns 6oictpon, T. e. (Q=Quick) peanusauuu;

SCALING (Scaling) — macwitabupoBaHune, MacLUTabUpoBaHNE AUCKPETHON NEPEMEHHOMN
no6oro TMna;
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TOTALIZER (Totalling Unit) — cymmatop (Hakonutens), CymmupytoLlas dyHKUus, npea-
Ha3Ha4YeHHas ONns NpefacTaBfieHUs MHTerpanbHOW BblIOOPKU B BUAEe hparMeHTOB U Onisl
BbINOSIHEHNS aHanM3a B NosIHOM 06beme. B pesynsrate npuMMeHeHUs 3TON (PYHKLUK MOXHO
WHTErpMpoBaTb OYeHb crabble CUrHanbl Ha (POHe BecbMa CYLLUECTBEHHbIX 3Ha4YeHui
BbIOOPKM B UenoM. [aHHas (PyHKUMA XapakTepuadyeT CBOWMCTBA KaXAoro OTAESNIbHOro
hparMeHTa, He BAUAKOLLEro Ha MWHAOpPMaUMo, MNPeACcTaBfiEHHYD B MOSIHOM O6beme
(MHTEerpaTop ¢ NamsATbio);

VEL_LIM (Velocity Limiter) — orpaHu4eHne CKOpPOCTW, OrpaHvyeHue rpagueHta no
nobomMy BXOAYy MNPOMEXYTOYHOM MEPEMEHHON (OrpaHUYeHne CKOPOCTU U3MEHEHUS
BbIXOOHOrO curHana).

2.2.2. PETYNIATOPBI (CONTROLLER)

C nomouwpo 6nokoB FFB, Bxogawmx B pasgen «Controller», MOryT ocyLLecTBAATLCS
crnegytoLme anropmuTMbl PerynmpoBaHns 1 aBTOHACTPOMKK (puc. 2.11).

FBL-Editor : FFE Selection 3 ﬁl
| s [ e |
Fundlion Blacks  Function and Functon Block types I
P neame ¥ EF [+ EFB F OFB
Likiraries{Farmilias | MNarme IType | Carmment
0 <tpplicatian: =43 AUTOTU. |[<EFE> Automaticunars..
=5 cLiheat» =403 IMc <EFB2 Intemal mode| co...

f [ Beselib 7Lk BB | <EFB> | Simple Pl controller

5 O3 Comrnonicatian 55 PDFF <EFEy [ Camplets PID ca-

-8 CONT_CTL - SAMPLETM | <EFE> Sarmple Time
Q Conditoning =4 STEPZ <EFE> Two paint controll.
-3 e =4} STEF3 <EFE3 Three point cantr.
‘8 mMathematics
I'(3 Measurement

i3 Oulput Processing
~-(2 Setpan Management

[ Custorn Lin

#-[Q Diagnostics

B OO 0 Management

4 0 Mofian
&[0 DbsaleteLib
#-[ Systam
K, | OTHeHa

Puc. 2.11. Pazaen kKoHTponnepsl

AUTOTUNE (Automatic Controller Tuning) — aBTOHacTpomka perynstopos, 670K aBTO-
MaTM4eCKOM HaCTPOMKKN (aBTOHACTPOMKN) PErynsaTopa; OH CyLLeCTBEHHO yrnpoLliaeT dasy
HacTponkn napameTpos perynatopoB PIDFF n PI_B. O9ToT 650K HETPYAHO NOAKIOYNUTE CO
CTOPOHbI BXOAOB 6510Ka perynaropa, Npuyem npouecc aBTOHACTPONKM MOXET ObITb peanu-
30BaH B 10601 MOMEHT 6€e3 BCromoraTesbHbIX MPorpamMMHbIX CpeacTs.

IMC (Internal Model Controller) — BHyTpeHHsI1 MOgenb perynsaropa.

PI_B (Basic PI Controller) — 6a3oBbiv [TN-perynsatop; aToT 610K peKoMeHayeTcs NCNosb-
30BaTtb B cfy4ae rpybor HacTpOrKK perynaropa, korga fonycTuMo NpUMeEHEHe 06bI4HO-
ro NMN-anropntma; oH o6nagaetT BCEMU KNacCU4eCKUMU (PYHKLNOHANBHBIMY NMPU3HaKamu,
AIBNASCH B TO Xe BpeMs 605iee NpoCTbIM U JOCTYMHbLIM MPU HACTPONKE.

PIDFF (Complete PID Controller) — nonHbin NMUO-perynatop; aToT 6510K peKomeHayeTcs
ncnonb3oBaTh Toraa, Korga Tpebyetcs 06ecneynTb OYeHb BbICOKYHO TOYHOCTb perynupoBsa-
HUS (HACTPOWKM), OH o6nagaeT caMmbiMU MOSTHbIMU BO3MOXHOCTAMMU B KadecTse NMNIO-pery-
nsaTopa ¢ yHMBepcasbHbIM HABOPOM KOHUrypaLmin, B TOM YUCIE NO3BOSISET:
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BblOpaTb CMELUaHHYIO Uy napannesnbHy CTPYKTYpPY;

ncnono3oBaTtb Bxofd Feed Forward ¢ uenbio KoMneHcaumn BO3MyLLAKOLWEro
BO30ENCTBUS;

peannu3oBatb MexaHu3Mbl pereHepauuun (NpensaTCTBYOLME MEepernosiHEHNIO UHTe-
rpatopa).

SAMPLETM (Sample time) — wia6noH BpemeHn; 3TOT 6510K Ucnonb3yeTcsa s ynpasne-
HWUs 6y1I0KaMm Mocne XONMOAHOro cTapTa C Lenbio CHUXeHusa TpebosaHnin kK CPU B Havane
LUMKIIa CKaHMpOBaHWS NMporpaMmbl.

STEP2 (2-Position On/Off Controller) — oByX NO3WLMOHHBIN PerynsaTop, ABYXMNO3ULMOH-
HOe pene C NeTnen rucrtepesunca; 3TOT Perynatop npegHasHaveH Ana opMupoBaHUS
peasnbHbIX CUrHASIOB YNpaBeHUs B cliyyae eAMHCTBEHHOIO NCMOSTHUTESbHOIO YCTPOMUCTBA.
Mpn HeO6X0OUMOCTM 0b6ecneHnTb 6o5ee TOHHOE pefienHoe ynpasiieHne MOXHO BOCMOSb30-
BaTbCH TPAOULMOHHBIM PErynaTOpOM B COYETaHUUN C 6IOKOM LUMPOTHO-UMIMYSIbCHOM MoZy-
naumm — LM (PWM1).

STEP3 (3-Position On/Off Controller) — Tpex NO3NUNOHHBIA perynaTop, TPEXNO3ULMOH-
HOe pene C 30HOW He4YyBCTBUTENbHOCTM W MNETNEen rmcrepesnca; OH npegHasHadeH gons
hopMMpPOBaHUA peasibHbIX CUrHaNOB yNpaBieHns, ecnv Hago ynpaenaTe ABYMS UCMOMHU-
TenbHbIMKU YyCcTponcTBaMu. [pyn HEoBXOOMMOCTM ob6ecrneynTb 6onee TOYHOE penenHoe
yrnpaBfieHMe MOXHO BOCMOMb30BaTbCA TPAAULMOHHBIM PErynsaTopoM B co4eTaHuu C 6J10-
kom UMM (PWM1).

CnepnyeT OTMETUTB, YTO anNropuTM (POPMUPOBaHUSA YNPaBAOLLIEro BO3OENCTBUA Y pery-
natopos PIDFF v Pl_B peanu3oBaH B MHKpeMEHTHOM popme, OPUEHTUPOBAHHOW Ha ynpa-
BfIEHME UCMNOMHUTENBHLIMW OpraHamMmu npu nomolwy 6noka SERVO.

®daza HaCTPOWNKM NapamMeTpoB ITUX ABYX 65IOKOB MOXET CTaTb CYLLECTBEHHO 6onee npo-
CTOM 3a cYeT npumMeHeHus 6noka aBToHacTponkun (AUTOTUNE). OToT 6510k HETPYAHO NOA-
KITHIOYNTb CO CTOPOHBbI BXOAOB 6f10Ka perynsaropa, npuyemM npoLecc aBTOHACTPOMKN MOXET
6bITb peanM3oBaH B MO60N MOMEHT 6€3 BCNOMOraTesibHbIX NPorpamMMHbIX CPeacTB.
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2.2.3. APUOMETUHECKME OMEPALII (MATHEMATICS)

Mpouecc perynupoBaHns CBA3aH C UCMOMb30BaHNEM apUPMETUHECKUX PYHKLMIA, OpU-
EeHTMPOBaHHbIX Ha MPUMEHEHVE B KOHTYpe perynupoBaHus. JToT pasgen Mathematics
6uénmotekn CONT_CTL BkntodaeT B cebs cnegywoume 6e3biHepUMOHHble 6noku FFB

(puc. 2.12).

FBO-Editor : FFE Selection x|
I -—I daipr I','Ei
Funcfion Blacks Funclion and Function Ellnckjypes I
f| Mame  [f ¥ EF W EFE W DOFB
Libraries/Families | Mame Tupe Camrment
0 thophcaions =@ COMP.CB | <EF>  Comperiaon
=8 ¢Lihsat> | =B K SORT <EF> Square toot
& (3 Boselib | @ MULOM W | <EF> tMultiplicafion/Divi.
=0 Communication =B SUM W <EF> Summer
=8y CONT_CTL
3 Caonditioning

-8 Cartraller

filathsmatice

=[3 Weasurement
8 Output Processing

- Sstpoint tanagemant
=[2 Custom Lib

= (3 Diognostics

=0 0 Managerment

#[3 Moton

% (3 Ohsolete Lib

=0 System

DK I OTHEHS

Puc. 2.12. Pazgen apudomeTnyeckux onepauunii
COMP_DB (Comparator) — komnapatop ¢ 30HOW HEYYBCTBUTENIBHOCTU U TMCTEPE3UCOM.
K_SQRT (Square Root) — KopeHb KBagpaTHbIl C YyCEYEHMEM U BECOBbIM KO3 MU-

LUMEHTOM.
MULDIV_W (Multiplier/Divider) — ymHOXeHWe/neneHne ¢ BeCOBbIM KO3(PPULNEHTOM.

SUM_W (Summing Element) — cymmnpoBaHue ¢ BeCoBbIMU KO3 (prLIMEHTAMM.
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2.2.4. USMEPEHWE (MEASUREMENT)

C nomowpto 6nokoB FFB, Bxogswmx B pasgen Measurement, MOryT BbINOMHATLCA
cnegyowme onepauun (puc. 2.13):

FBO-Editor : FFE Selection x|

 Slwpeine

Funclion Blacks Funcfion and Function Block hypes I

T Hame F ¥ EF ¥ EFE W DFE
Libraries/Farnilies | Eme Tupe Comment
0 thophcaions =@ COMP.CB | <EF> Campenson
=£9 ¢(Lihzetr =B K_SOAT (EF> | Sequare oot
& (3 Boselib | @ MULOM W | <EF> tMultiplicafion/Divi.
=0 Communication =B SUM W <EF> Summer
= £ CONT_CTL
3 Caonditioning
-8 Cartraller
RSB at=matice
=[3 Weasurement

.0 Output Processing
[ Setpoint Managemant
Custom Lib
Diagnostics
O Management
Mation
Ohsolete Lio

=0 System

£ 10

H

e

+

OoCCoo

[ B

DK I OTHEHS

Puc. 2.13.Pazgen usmepeHui

AVGMV (Moving average with fixed window size) — ckonb3siLLiee cpefHee 3Ha4YeHune C
yCTaHOBNEHHbIM pa3mepom 6ydepa (Makcnmym 50 3Ha4eHUn); B pesynstaTe onepaumm Ha
BbIxoZle 6510Ka BbIYMCNAETCA cpefHee apnumeTnyeckoe, 610K MOXET paboTaTb B py4HOM
N aBTOMaTU4ECKOM pexXunme.

AVGMV_K (Moving average with frozen correction factor) — ckonb3siLiee cpepgHee
3Ha4YeHne C 3aMOPOXEHHbIM KO3(PMUUMEHTOM KOppeKuuu; B pesynbrate onepauum Ha
BXxoae 6s10Ka Bbl4MCNAETCA cpeaHee apudmeTmnydeckoe go 10 000 3HadeHnin Bxoaa;

DEAD_ZONE (Dead zone) — 30Ha HEYYBCTBUTENBLHOCTU;

DEAD_ZONE_REAL (Dead zone) — 30Ha He4yBCTBUTENbHOCTU; 3TW onepauun npume-
HAIOTCSA, Y4TOObI crieynasnbHbIM 06pa3oM y4eCTb 30HY HEHYBCTBUTESNBHOCTU B 3aBUCUMOCTU
OT KoathhmLMEHTA YCUTTEHUS;

HYST_*** (Indicator signal for maximum value delimiters with hysteresis) — curHan
nHOMKaTopa Onsa MakcuMMarbHbIX 3HaYeHW pasfenutenen ¢ rucTepesncoMm; npouegypa
KOHTPONMPYET NEPEMEHHYIO BXOAa, YTOObI 06HAPYXUTb, MPEBbILLEH M BEPXHUA Npenen;

INDLIM_*** (Indicator signal for delimiters with hysteresis) — curHan wHgukatopa ons
pasfgenurenen ¢ rmctepe3ncoMm; ata npouegypa fnpuMeHsieTcs, ecnimi Heo6XoaNMMO KOH-
TPOMPOBATbL MNEPEMEHHYIO BXOAA, YTOObI OGHAPYXUTb, NPEBLILLEH N1 BEPXHUI Npeaen unm
3Ha4YeHVe MeHbLLIE HUXHEro npegena;

LOOKUP_TABLE1 (Polygon with interpolation of the 1 st order) — MHOroyronsHuK ¢
WHTepnonsaumen 1-ro nopsagka; ata npoueaypa NMHeapuayeT KPUBYHO XapakTepUCTUKY C
MOMOLLIbIO MHTEPNONATOPA;

SAH (Detecting and holding a rising edge) — obHapyXeHue W yaep)aHwe rpaHuubl
curHana.
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2.2.5. YCTPOWCTBA COMPSHKEHIS C OBbEKTOM (OUTPUT PROCESSING )

C nomotupbto 6nokos FFB, Bxogsawmx B gaHHbIA pasgen, MOryT OCYLLECTBAATLCA (PYHK-
LMW1 Py4HOro yrnpasfieHus 1 ynpasneHusa pasnnyHbIMn TUNaMu UCMONHUTENbHBIX MeXaHN3-
MOB (puc. 2.14).

FBD-Editor | FFB Selection |
I =] ela On _'.r'.Ji
Functian Blocks Functian and Function Blodk tyoas |
rl Mame B ¥ EF ¥ EFE W CFE
LibrariesFamilies | Mamea Type I Camment I
-3 <Applications =03 M3 <EFE> | Manual contral of
Bl <Libsetr £k M5 DB <EFE> Wanunl control of ..
-0 Baselin -0 P <EFEs | Pulsg width bModu...
#-0 Communication =0k SERVO <EFE> Cantalforelectic.
B8 CONT_CTL 0 SPLRG <EFE= Controlling 2 achs.
O Conditoning
L3 Controllar
= (3 Messuremen
- S_eip_oint_Ma_n_a amant
F-02 Custom Lib
# (O Diagnosiics
-0 0 Menegement
#-C3 Motion
=3 Obsolete Lib
-3 System
oK I OrMeEHD.
s

Puc. 2.14. Pasgen ynpasneHus BoIxogamu

3ayacTylo HEBO3MOXHO 6blBaeT HEMNOCPEeACTBEHHO WMCMOMb30BaTb BbIXOOHOW CUrHas
perynsaropa Ansa ynpasfieHns UCMOSTHUTENbHBIM OpraHoM (npueogoMm). [ns 3Toro npumeHs-
toTCs (PYHKLMOHAsbHbIE 6110KM py4HOro ynpasnenus: MS n MS_DB.

MS (Manual Output Control) — cneumanM3anpoBaHHbIN MOLYIb ANS PYHHOro ynpasreHus.
HecmoTpsi Ha TO, 4TO MOZYNN PErynsaTopoB paccHMTaHbl HA BO3MOXHOCTb paboThbl B PEXMU-
Me Py4HOro yrpasreHusi, UCrosib30BaHue cneumnanuavposaHHoro mogyns MS gns aTux
uenen 3a4acTyto He UMEET anbTepHaTMBbI.

Huxe nepeyncneHsl cnyyaun, B KOTOPbIX TOSIbKO NWLLb 6510k MS MOXeT KOppekTHO pabo-
TaTb B PeXMUME PYHHOro ynpasreHns:

€CINN PEerynupyroT BPpY4YHYIO 3Ha4eHne nepeMeHHOn, OTCYTCTBYIOLLEN Cpeau BbIXOA-
HbIX CUIHAsIOB KOHTPONNepa;

€CIN Ha BbIXOAHOW CUrHAaN He BIIUAET KOHTYP perynvpoBaHus;

npv 60MbLLIOM BPEMEHM LKA B KOHTYpe perynmpoBaHus (1¢ unum 6onbLue).

MS_DB — mogynb Ans py4yHOro ynpasfieHUs C 30HON HEYYBCTBUTESNbHOCTU. ITOT (DYHK-
LMOHAIbHbIA 610K CIY>XUT AN KOHTPOMSA YMCna BbIXOAOB, KOTOPbIE MOMYT ObITh BbIKIO4Ye-
Hbl Yepe3 hyHKUNOHanbHbIN 6110k PWM1 (ynpaBnsembii aHanoroBbIn BbIXod, CEPBOMOTOP
NN anemMeHT ynpasneHus). KOHTPONb MOXET OCYLLEeCTBAATbCA Yepel3 O6CMNyXMBaeMbI
amanor unm HenoCcpeacTBEHHO Yeped nporpammHoe obecnevenme MJK.

YnpaBneHne NCNONMHUTENbHLIMU MexaHn3amamu peanuaytotcea 6nokammn: PWM1, SERVO
n SPLRG.

PWM1 (Pulse Width Modulation) — 6nok LUAM. B npoctenwumx cnyyasx penerHble
WCNOMHUTENbHbIE MEXaHU3Mbl pearvpyroT HEnocpeaCTBEHHO Ha AUCKPETHbIE CUrHasbl
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ynpaeneHus 6nokoB Tuna STEP2 n STEP3. OpgHako ecnu TpebyeTtca obecneynTb npeun-
31OHHOE ynpaBsneHue, TO NPUMEHSAIOT knaccudeckui perynsatop (PIDFF vnn Pl_B) coBme-
CTHO ¢ 6nokom WM (PWM?1).

SERVO (Electric-Servomotor Handler) — 610K, ncnonb3yemblii, Hanpumep, B Krnaccuye-
CKOM Crly4ae NpUMEeHeHUs aneKTpoaBuraTens B KOHTYpe perynupoBaHuns ans npeobpaso-
BaHUS CUrHASIOB perynatopa B CUrHasbl ynpaBfeHns anekTpoaBuratenem.

SPLRG (Controlling 2 actuators) — 650K, UCnonb3yemsbil, B criy4ae, eCnm nMelTcsa gea
npuBoda, CBA3aHHbIX C OAHMM U TEM Xe BbIXOLHbIM CUrHaNIOM KOHTponnepa. IToT 650K
paccyuTaH Ha paboTy NMbo B pexnme pe3epBUpoBaHUs (FOPSHEro UM XONOLHOr0), NMbo
B peXWMe CornacoBaHHon paboTbl (COCTaBHOW NpMBOL).

2.2.6. DOPMUPOBAHWE CUTHAJIOB SALAHNA (SETPOINT MANAGEMENT)

C nomouybto criegyrowmx 65okos FFB (puc. 2.15) MoxeT ocyLecTBnsaTbCA hopMmmuposa-
HWe CuUrHanoB 3afaHus (reHepupoBaHWe 3afaloLlero BO3OENCTBUMSA U MPOrpamMMHOro
3ajaHus):

FED-Editor ; FFB Selection i x|
IME OB "] Jelp n T&'F‘ﬂ
Funchion Blocks  Functon and Functan Black types |
r | MName |“ ¥ EF |# EFE W OFE
Libraries/Families | hlame Typa Camment
. 3 sApplicationz it RAMP <EFE> Hamp generator
=8 <Libzats H-TE RATIO <{EFE> Fatio controller
& [ BaseLib i SP.SEL <EFE> Setpoint switch
#-00 Communication
2 8 CONT CTL

. ~[3 Canditioning
.3 Cantraller

- [ Mathematics
. # 3 Measuremant

#-[2 Custom Lib
=3 Disgrastics
#-[3 |0 Management
=0 Mofian

#[3 Obsalete Lib
=3 Syatem

Ok I OrHeHa

Puc. 2.15.0opmMupoBaHne cUrHanos 3afaHus

RAMP (Ramp Generator) — reHepaTop NMnoo6pasHbiX OYHKLMN,
RATIO (Ratio Controller) — BbluMCneHne curHana ycTaBkM,
SP_SEL (Setpoint Selector) — cenekTop Tvna ycTaBku.
MogobHoe pasbueHre Ha MoAynu Cnoco6CTBYET GOSMbLLUOMY BbIPaBHUBAHUIO U YIPO-
LLIEHMIO M B TO XX€ BpeMs npepnonaraet pas3paboTKy Taknx PyHKLWUA Kak, Hanpumep:
BbIMOSIHEHME N3MEPEHUI NMpU paboTe B peXUME PYyHHOro ynpasrieHus;
nnaeBHbIN (6e3yaapHoe MepeksitoyeHne) Nepexoq npu NepeknioyeHnn Tuna BHY-
TPEHHEro/BHELLHEro 3afaHus;
6e3y0apHOCTb NEPEKIYEHNS C BHELLHEro Ha BHyTPEHHee 3aJaHune (nporpaMmmMHoe
3apaHue).
Knaccuyeckas yHKUMs Bblbopa curHana 3afgaHus (BHYTPEHHEro WM BHELLHEro) He
peanu3oBaHa B CaMUX perynatropax, OgHako MNpefycMoTpeHa B creunanvavpoBaHHOM
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moayne SP_SEL.

Bo3MOXHOCTb reHepupoBaHWSA curHana 3ajaHva Ana perynstopa obecne4vvsaroT
6J10KN:

RATIO, (ecnv ofHa perynupyemMas nepemMeHHas sBnseTcsa (PyHKUMen gpyron nepe-
MEHHOWN (OTHOCUTENBbHOE yrpasfieHne);

RAMP, npegHasHa4yeHHbIM ONF reHepupoBaHUsa curHana 3agaHvs B Buae nuiooob-
pasHon PyHKLUMN.

Bo MHOrMx tpyHKUMOHanNbHbIX 6510Kax NpegycMoTpeHa BO3MOXHOCTb U3MEHEHUS Pexu-
Ma paboTbl. IMeeTcs pexuMm cnexeHus (0Tnagku), a Takxke pexxMMbl pyYHOro 1 aBTomatu-
4YeCKOoro ynpasJrieHus.

AnropuTMbI yripaBneHus NpeacTaBnsoT COO0M LMKINYECKM NOBTOPSIOLLMECS onepaunn,
Ans KOTOpbIX crnefyeT 3HaTb MHTepBasn BpeMeHW, pasgensowmin gsa rnocrnegosaTesibHO
BbINOMHAEMbIX UuKra (neprof noBTopeHust). B doyHKLMOHaNbHbIX 6110Kax nepuog nosrope-
HWUS BblYMCNSieTCH aBTOMaTU4ecku. [1oaToMy MX MOXHO pacnonaraTb B /ll060M MecTe B
npegenax ogHOM CeKUnn Nn CoBepLUIEHHO He 3a60TUTLCS O BbIGOpe Nepuoaa NoBTOPEHUS.

Tem He MeHee, B HEKOTOPbLIX Cryvyaax 6biBaeT HEOOXOANMO BbIMNOSMHATL (OYHKLUMN ynpa-
BNeHUs1 B OUKCMPOBaHHbIE MOMEHTbI BPEMEHW, Hanpumep:

npy onTumMusaumm nepuoga noetopeHus nporpammbl MJ1K, pacnpepeneHHon Ha
HECKOJIbKO LMKITOB YrpaBieHus;

NPV NOBbLILLEHNN Ka4eCcTBa NepexofHbIX NPOLIECCOB 3a CHET UCKITIOHYEHUSA CMELLLeHUS
BbIOOPOK B KOHTYpe perynmpoBaHus;

npyv MUHUMU3aUUKN YMcna BKKOYEHW npueoda (v ap.).

B nopgo6HbIX criyqasx MMeeTcst BO3MOXHOCTb, B HACTHOCTW, BOCMNOSb30BaTbCH (PYHKLMO-
HanbHbIM 6nokom SAMPLETM, koTopbin Heo6xoanmo coeamHntb ¢ BxogoM EN cooteeT-
CTBYIOLLNX (PYHKLMOHASIBHBIX BJTOKOB C KOHTPONMPYeMbIM NEePUOLAOM NMOBTOPEHUS.

Ecnu xe nepvop noBTOpeHWs KOHTypa npesbilLaeT Bpems, paBHoe 1 ¢, TO Heo6Xxoanmo
NPUMEHUTb PYHKLMOHanNbHbIN 6510k MS, nogkniovaembin Bcnef 3a 6nokamu (PIDFF, PI_B)
C TeMm, 4YTOObl MMETb BO3MOXHOCTb PY4HOrO YrpaBlieHUss TEMU KOHTypamu, B KOTOPbIX
OTCYTCTBYET CUHXPOHM3aLMA.

[ns 60nblWIMHCTBA (PYHKLMOHANBHBIX 6710KOB hopMupyeTcs cnoBo coctosHma STATUS.
B 3Tux 6nokax npuMeHATCA MexaHn3Mbl OGHaPY>XXeHUSA OLUNMOOK U X YCTPaHEHWUs.

Kaxgpin 6ut napameTtpa STATUS aBnsetcsa cnarom nnméo owmbkun, Nnéo npegynpex-
AeHus, nMéo nHdopmaumm. HasHaveHne nepebix 8 6UT CrioBa COCTOAHUS 3TUX BCEX BSTOKOB
O[OHO 1 TO Xe. HazHavyeHne nocneayowmx 6utos (¢ 8 no 15) onpegenseTca nHaMsuayanb-
HO ONa Kaxaoro 6noka.

B npepncrtaBneHHoM Hmxe Tabn. 2.1 paclumdpoBaHbl 3Ha4eHUA GUTOB NepBOro GamTa
cnoea STATUS, coBnagatoLume ana scex 6710koB. [JanbHenwee yTo4HEHNE MOXHO HalUTU B
OnMcaHMM Kaxxoro KOHKpeTHoro 6s1okKa.

Tabnmya 2.1

but 3Ha4deHne Twun coobLueHns

0 1 OLumbka. TMpu BbINONHEHWUM OMepaumn € NnaeBatoLLen 3andaTor (Hanpumep, npu
BbIYMCNEHNN KOPHS KBAAPaTHOrO M3 OTpULIATENIbHOro Y1cna)

Ouwmbka. Tpy HeQONYCTUMOM 3HA4YEHUM NEePEMEHHOMN, OGHAPYXXEHHOM Ha OfHOM 13
BXOfI0B A1 YMCEN C NnasBatoLLieil 3anaTou:

1 1 - NGO YMCNO He COOTBETCTBYET hopmarTy C NnasaloLLelt 3ansaTon,

- IM60 3HaYeHNe Yncna 6eCKOHEYHO BOSbLLIOE NONYYEHHOE, HanpuMep, Ha NpeablayLLeM
Lare BbIYUCIEHUI
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lNpogomkeHne Tabnmubi 2.1

) 1 Owmbka
Mpw geneHnu Ha HysMb B hopmare 4mncna ¢ nnasatoLLen 3anaTomn

3 1 Owmbka
Mpw nepenonHeHnn BO BPEMS BbINOMHEHWS onepaummn ¢ nnasatoLLen 3anaTon
MpepynpexaeHve nnun nHgopmaums’

4 1 Ecnv BxogHoOW napamMeTp BbILLEN 3a rPaHuLbl ONYyCTUMOro AvanasoHa vucen. B 6noke
MCMNONb3YeTCsA YCEeYEeHHOe BHYTPEHHEe 3Ha4YeHre Ynucna

5 12 MHdopmaums
Ecnv BOCTUIrHYT HWXKHWUIA Npefen Ha OCHOBHOM BbIXOAe 6r10Ka

6 12 MHbopmaumsa
Ecnv pocTturHyTa BepxHas rpaHuLa Ha OCHOBHOM BbIXOfAe 610Ka

7 1 Owmbka

Ecnun HWXHASA n BEepPXHAA rpaHuLbl mMacLiTaba BXOOHOrO napamMeTpa NaeHTU4YHbI

" Korga BenmymHa noctynaet u3 obs1acTu XpaHeHusi napameTpa rnosib30BaTeslbCKoro Tvna AaHHbIX (06bIYHO 9TO rnapameTp
Turna PARA), 3TO Bbi3biBAET NMOSABIIEHUE MPERYNPEXA[AEHNS, 1 6UT 4 npuMmeT 3HadyeHne 1. B npoTuBoOnonoxHom cry4ae, korga
BesIMYMHA Ha BXOAE UMEET MPOCTOU Tur, He OY[ET HUKAKOro curHana npeaynpexaeHus, 1 TobKo 6UT 4 npuMmeT 3HaqyeHve 1.

2 B cnyqae, Korga rnapameTpbl HVDKHEN W BEPXHEW rpaHul BbIXOAHOIO cUrHasaa WHBEPTUPOBAaHbI (Harpumep, out_min
out_max), BbIXOGHOU curHasn 6710ka npuMeT camoe Masioe 3Ha4yeHne, COOTBETCTBYIOLLEE 3Ha4YeHmo out_max.

B cny4ae, korga norndeckuii (6ynes) napameTp nNpUMeHSeTca Ans Toro, 4Tobbl pasnu-
4NTb OBa pexunma paboTbl NN ABa COCTOAHUA 6510Ka, YaCcTO UCMNOSMb3YTCA 0603HA4YEHUS
Buaga mode1 unn mode2 (Hanpumep, MANU_AUTO, SP_RSP). Mo ymonyaHuto 0 cooTBeT-
CcTBYyeT 0603Ha4eHMo model, a 1 — 0603Ha4YeHno mode2.

2.3. CUCTEMbI C OBPATHOW CBSI3bI0 (CLC_INT)

B rpynne CLC_INT 6a3oBor 6u6nmotekm Base Lib HaxogaTca Tpy oyHKUMKM, NO3BONSIHO-
LLine OCyLLEeCTBNATb onepaumm ¢ LenbiMn Yncnamm (puc. 2.16).

FBD-Editor : FFE Selection ; [ |

FGE

= | delp i Txgé

Function Blacks  Function and Funciion Block types |

_r] Mame

————

W EF W EFE ¥ DFE

Libranes/Families IA-| Hame: I Type

Comment I

1 & BaseLin = B FD_NT  [+EF»

=B PWM_INT | <EF>

Mixed F0 contraller
“alicdth madulationof

200 An
-0 =l SERVO L. [<EF FI0 outaut procassin...

4 (3 Date & Time
80 Logic

-0 Mathemstics

{3 Starigtical

-3 Srings
41 03 Timers & Counters
4 O Typetobpe

5[0 Communicetion

f-00 CONT £TL

# [0 Custom Lib
4 O Diagnostcs
40 |10 Management

#-0 Mation

=-&3 Obsoleta Lib
bee
03 CLC.FRO —

«

#-00 Extensions/Competb
A-F Suctam | FJ
4

Ok I
Puc. 2.16. Paagen CLC_INT

OreHn

®OyHkuma PID_INT sbinonHsaeT MNMUO-perynmpoBaHue nepeMeHHbIX Ha BXO4axX U BbIxogax
¢ Tunom paHHbix INTEGER. Tekyllee namepeHve u ycTaBka ABMASIOTCH aHanoroBbIMU

Buinyck Ne 16

Schneider Electric

39



BenuynHamn B guanasoHe 0...10000 n aHanoroBast KOMaHOa BblpabaTbiBAETCA B TOM Xe
caMOM amanasoHe yucern.

OyHkumsa PWM_INT ocyuecTBnsieT perynmpoeaHve LWMPUHbI UMMYrbca Ha AUCKPETHOM
Boixoge lNWO-perynatopa. WwupunHa vmnyneca 3asucut oT Bbixoga [NMW[-perynatopa u
nepuopa Moaynsaumu.

®OyHkuma SERVO_INT BbINOMHAET perynupoBaHne AByX CepBONPUBOLOB C OUCKPETHbIM
BbIXOOOM (BBEPX U BHU3).

MepeydncneHHble PyHKLMM MOryT NPUMEHATbCA B nepuogndeckux 3apgadax MAST wn
FAST.

2.4. YNPABJIEHME C OBPATHOW CBA3bIO (CLC)

C nomowpbto 6nokoB FFB, Bxogawmx B pasgen CLC 6ubnuotekm Obsolete Lib
(pvic. 2.17), MOryT OCYLLECTBAATLCA pasfinyHble (PYHKUUM perynmpoBaHus 1 ynpasrieHus.
K aTum 6510Kam OTHOCATCS:

FBD-Editor | FEB Selection E il
FGEN =] Help On Typd
Function Blocks  Funchion and Function Biock pes ]
| Nema ¥ EF W EFB [ DFE
Libranies/Families |A| Mama Tvpe Commant |
=3 Baze Lib E-F DELAY <EFE> Daadtime devica
=0 Arrays -k INTEGRA.. | €EFB> Integretar with limif
B CLCINT FoE AT <EFB> Delay slement 1sfar.
= [ Cornparisoh &k |EAD_LAG] | <EFBY PO device with smoo,.
=02 Date & Time BT LMY <EFE» ‘elacity limiter 1.5t or..
=0 Logic E-C Pi <EFE> Preonirallar
O Meothematics m-Tk PID1 <EFB» PIC-controller
3 Statisten) & PIDP <EFE» PIC conirollerwith pa..
-0 Strings &-ZF SMODTH_... | <EFB» Differertistor with sm...
=02 Timers & Counters - THREE 5. | <EFB» Thrae stap contraller
=03 Typaio type -Gk THREEPG... | <EFH> Thrae point corrallar
# O Cammunication Tk TWOPOIN . | <EFB> Two point controller
B3 COMNT_CTL
=03 Custom Lk
=10 Diagnostics
0 {0 Menagemert
2 0 Matian
=& Dhsolete Lib
O
3 CLC PRO —
[+ [ ExdensionsCaompatb
# M1 Sustem 4,:‘
FEs———————] =
(a]4 I CITMEHS
#

Puc. 2.17. bnoku pasgena CLC

DELAY (Delay) — 3agepxka;

INTEGRATOR1 (Integrator with Output Limiting) — wHTerpatop c orpaHuyeHuem
BbIXOQHOr0 CUrHana;

LAG1(1st Order Lag) — cpunbTp nepeoro nopsgka (anepmoamyeckoe 3BeHO);

LEAD_LAG1 (PD Element with Time Lag) — N[ 3anemMeHT ¢ MNOCTOAHHON BPEMEHMU
(co crnaxuBaHneMm);

LIMV (Velocity Limiter | st Order) — OrpaHnyunTens CKOPOCTU NepBOro NopsaKa;

PI1 (Pl Controller) — nponopumoHanbHO-UHTerpanbHbi perynatop, MN-perynartop;

PID1 (PID Controller) — NMAO-perynsatop;

PIDP1 (Pl Controller with parallel Structure) — TMWO-perynsatop ¢ napannenbHOn
CTPYKTYpOW;

SMOOTH_RATE (Differentiator with Delay) — guddepeHumatop ¢ 3agepxkon (co
CcrnaxunBaHuem);
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THREE_STEP_CONT1 (Three Point Controller) — Tpex NO31LMOHHBIN perynsatop ¢ ABymMs
o6paTHbIMK cBAssamu (OC);

THREEPOINT_CON1 (Three Point Step Action Controller) — Tpex NO3WLMOHHbLIN
perynatop ¢ ogHon OC;

TWOPOINT_CON1 (Two-position Controller) — gByx NO3VULMOHHbBIA PErynaTop ¢ ABYMS
OC.

Mog OBYXNO3ULMOHHBIM PErynsaTOPOM MOHNMAETCH 3aKOH perynMpoBaHus, Npu KOTOPOM
yrnpasnsioLlee BO30eNCTBME MOXET MPUHUMATL TOMbKO ABa 3HA4YeHUs B 3aBUCUMOCTU OT
3Ha4YeHNs1 BO3LOENCTBUS OTKIIOHEHUS. AHANOrMMYHO ONpefensioTCa TEPMUHbI «TPEXMO3u-
LIMOHHbIV 3aKOH yrnpaBeHUs» N «MHOMOMO3ULMOHHbIA 3aKOH YrpaBieHUs».

[MpMeHUTENBLHO K cucTeMaM ynpasneHus, Ofsi KOTOPbIX BbIAENIEHO HyNeBoe 3Ha4YeHue,
a Takxe K 0611acTu NONOXUTENbHBIX M OTpULATENbHBIX 3HAYEHWUIA, pasnuyaroT, Hanpumep:

OOHOMONSAPHbIV 3aKOH yNpaBfeHUs:;
[ABYXMO3VLIMOHHBIN 3aKOH YyrpaBreHus;

ABYMONAPHBIN ABYXMO3ULMOHHBIN 32KOH YNpaBfeHus;
ABYMONAPHbIA TPEXMO3ULMOHHBIN 3aKOH YrpaBneHus;
ABYNONAPHBLIA MHOMOMO3ULIMOHHBIN 32KOH YNpaBieHns;
penerHbIN ABYXNO3VULMOHHbIA 3aKOH YrpaBiieHus.

2.5. YNPABJIEHE C OBPATHOM CBA3bH0 — CLC_PRO (19 MPO®ECCMOHAIIOB)

C nomoupbto 6nokos FFB, Bxogawmx B pasgen CLC_PRO 6uénnotekn Obsolete Lib
(pnc. 2.18), MOryT BbINOMHATLCA Pa3NMYHble PYHKLMM PErYNIMPOBAHNS 1 yripaBeHus.

FBD-Edilor : FFB Selection E i]
m Help On Typé
Function Blacks Functionand Function Block tpes ]
| Heme F ¥ EF [ EFE [ DFE
Librarigs/Farmilias |4| Pame TypE o ment |
=<3 Hasalib Ak ALIM <EFB> Acceleratian limitar. ...
20 Arows 4k COMP.PID | <EFB» Complex P{O-contrall .
0 CLC INT sk DEADTIME |<EFE» Draadtime davica
'8 Comparisan 1L OERN | <EFE> Biferertialol il =i,
203 Dets & Time 64k FIGEN <EFg> Funciion generator
. =03 Logie #0k INTES <EFB> Intagrator with limit
4 O Mathematics 4R LAG <EFB¥ Delay element 1siar..
=0 Statizticsl 1k LAGE <EFE> Dialay elament 2ng a.
0 Stings Ok LEAD LAG | <EFB> FD devics with smoo....
410 Timers & Caurters S POON2 <EFH¥ Two point contraller
=3 Twnetotpe #-F POON3 <EFB> Thrae point contrallsr
=3 Communication i1} D POLOR.F | <EFB> Siucture cheangeows.
200 COMT_CTL 4k POM <EFE?> Fulse durafian modul..
=3 Custam Lib -k Pl <EFH> Flcortroller
41 0 Diagnostics S PID <EFB> PID cartroller
=3 YO kanagamant #ik PIDF <EFH* FID controller with pa..,
3 Mation A4k PP <EFB» FIF Cascade-cantal .
=3 Dbsolste Lib 54k PR <EFE> PP cascade cortroll.
= e A P <EFE> Fulze widt modula. .
O EINEEI ||| 5k 0P <EF B3 Pulsewichh mociulat .
=3 Exensions/Competb #4k SCON3 <EFE> Thraa step cantroller
ﬂ F T Swstem 5 T A LI <EFB» Welooty limiter 151 ar..
[
(83 | CiTHEHE
#

Puc. 2.18. Paspen CLC_PRO

K aTuM 6510KaM OTHOCATCSA:

ALIM (2nd Degree Slew Rate Limiter) — orpaHn4uTens CKOpPOCTM BTOPOro nopsgKka;

COMP_PID (Complex PID Controller) — KOMNAEKCHbIN (CNOXHbIA, KOMOVHUPOBAHHbIN)
ML perynartop;
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DEADTIME (Dead Time Element) — anemMeHT BpeMeHHOW 3a0epXKu;
DERIV (Differentiator with Time Lag) — amddepeHumaTtop ¢ NOCTOAHHOM BPEMEHU (CO
crnaxunBaHuem);
FGEN (Function Generator) — reHepaTop (PyHKUWIA;
INTEG (Integrator with Output Limiting) — wHTerpaTop ¢ orpaHuv4eHMEM BbIXOOHOIO
curHana;
LAG (1 st Degree Time Limiter) — counsTp nepBoro nopsigka (anepMognyeckoe 3BeHO);
LAG2 (2nd Degree Time Lag Limiter) — counsTp BTOpOro nopsigka (konebatenbHoe
3BEHO);
LEAD_LAG (PD Element with Time Lag) — lN-3neMeHT ¢ NOCTOSAHHOW BpeMEH!;
PCON2 (Two-Position Controller) — oByx NO3WUUNOHHBIV PerynaTop ¢ AByMs o6paTHbIMU
CBA3SAMM;
PCONS3 (Three-Step Controller) — Tpex NO3WUNOHHBIA PerynsaTtop ¢ AByMsi 06paTHbIMU
CBA3AMM;
PD_or_PI (Algoritm-Adaptive PD/PI Controller) — agantueHbin MNA- nnn MNMA-perynatop;
PDM (Pulse Duration Modulation) — BpeMAnMnynbCHbIA MOZYNATOP;
PI (PI Controller) — MNMA-perynaTop;
PID (PID Controller) — NMO-perynsatop;
PID_P (PID Controller with Parallel Structure) — MMWO-perynatop ¢ napannenbHon
CTPYKTYpOW;
PIP (PIP Cascade Controller) — NW/M-kackagHbii perynsatop (MA-perynstop ¢ BegoMbiM
-perynsatopom);
PPI (PPl Cascade Controller) — IN/MN-kackagHbin perynsatop (IM-perynatop ¢ BegoMbIM
MN-perynatopom);
PWM (Pulse Width Modulation) — 6nok LLUVM;
QPWM (Pulse Width Modulation (quick)) — 6nok LUMM (6bICcTpbIn);
SCONS3 (Three-Step Step-Action Controller) — Tpex NO3WLMOHHBIA PErynaTop ¢ OOHOW
06paTHON CBA3bIO;
VLIM (1 st Degree Slew Rate Limiter) — orpaHn4uTenbL CKOPOCTU NEPBOro Nopsiaka.
PaccmoTtpum ocob6eHHocTu peanusauuu NMUA-perynatopa FFB PID.
CurHan owmnbku perynupoBaHusi CUCTEMbl ONpedenseTcs Kak pasHOCTb Mexay
yctaBkon SP 1 ynpasnsemon nepemeHHoun PV.
®OyHKUMOHaNbHLIM 6n0K peanuadyet anroputm MAO-perynartopa ¢ dopmaTtoMm npen-
CTaB/ieHns AaHHbIX TMna real, npy4yem BbIOGOP 3HAYEHUA KO3 MUMeHTa ycuneHms gain v
NOCTOSIHHbLIX BpemMeHu ti 1 td ocylwlectensaeTca nonb3oBatenem. OyHKLMOHANbHbLIN 610K
MAO-perynatop uMeeT cnegyroLme 0CO6EHHOCTU:
pexumbl paboTbl — PyYHOM, aBTOMATUHECKUIN U PEXUM OCTaHOBa;
6e3yfapHoe NnepeksitoyeHne N3 py4Horo pexmma paboTbl B aBTOMaTUHECKUNA;
OrpaHnYeHne BeNN4YMHbI PerynmpyoLLero BO34eNCTBUS;
nHaMBMAyansHoe nogknoyeHne komnoHeHt M(P), U(l) n 4(D);
pecTtapT npu 3aBucaHuu;
3aluTy OT 3aBUCaHUs No pesysbTatamMm M3MEPEHNN OOHOM TONbKO KOMMOHEHTHI U,
Perynupyemas noctosiHHas BpemeHu auddepeHumposanusa (), npoussopHas (O)
MOryT OnpefensiTtbcs M60 No BbIXOLHOW nepemeHHon PV, nn6o no curHany owmnbku pery-
nmnposanusa cuctembl ERR.

2
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CurHansl EN n ENO MoXHO ncnonb3oBaTb Kak AOMNOMHUTENbHbIE NapaMeTpbl.
Bup dyHKumoHanbHoro 6noka PID Ha CTpyKTypHOW cxeme npuBegeH Ha puc. 2.19.

FID
REAL — 5P
REAL —]pv
Mode PID—] uopF v |—REAL
Para_PlD —1PARA FERR — RE AL
REAL —| FEED _FWD STATUS [—Stai_M AXMIN
REAL —| YMAN

Puc.2.19. bnok N-perynstopa
MepepaTto4Hasn yHkuma NUO-perynatopa nmeeT cnegyowmnn BUA:

W(s)=U(s)=K I+ ! + Ty -
G (s) Ti-s I+Ta-s

Len_d= 1

en_1= 1

en_p= 1

roe K — KoadpuumneHT ycuneHus, onpeaensembli napameTpom gain; T; — nocToaHHas Bpe-
MEHWN MHTerpupytoLLero 3eeHa, paeHas ti; Ty — nocTosiHHas BpemeHu andepeHumpyoLLe-
ro 3BeHa, pasHas td; T, — NoCToOsHHasA BpeMeHu, onpepensemas napameTpom anepuoau-
Yyeckoro 3eeHa td_lag .
Perynupytowiee sosgencteme U = Y onpegenserca CyMMOW pasinyHbIX COCTaBASAOLLNX,
KOTOpble 3aBUCAT OT pexunma paboTsl NMNO-perynaTtopa:
Y=YP+YI+YD+FEED FWD.

I Bosmymaromiee Bo3neiicTerie

Huddepenunansras (D) coctaisromas

Hnterpampraas (1) cocTaBstomas

IIponoprmonanbHas (P) cocTaBnstomas

OrpaHu4yeHue ynpasnsloLLEen MNepeMeHHONn MPOUCXOAUT Mnocne CYyMMUPOBaHUA
COCTaBAOLLNX ANEMEHTOB, T. €. Yin { Y{ Ymax-

[anee gemMoHCTpUpyeTCs MeToAMKa pacyeTa COCTaBNAOLMNX 3MEMEHTOB B 3aBUCUMO-
CTW OT UHMLUManNM3aLum Npy NOMOLLM BXOLHbIX NepeMeHHbIX en_p, en_i 1 en_d.

B py4yHOM pexume, pexume ocTaHoBa M aBTOMATUHECKOM pexnme

en_p ="1”; YP = gainERR;
en_p ="0"; YP = 0.
WHTerpanbHas coctaenawowan Yl B aBTOMarn4eckom pexume BbIMUCIAETCA MO

opmynam v v _dt ERR(,,)+ ERR )
N= + gain—
(new) (nld ) & ti 2

YI=0pnaen_i=1;
MHTerpanbHasa cocTtansowas | onpegensetcs no dopmysne Tpaneumu.
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NuTerpanbHas coctasnsawowas Yl B py4HOM pexvme U pexume oCcTaHoBa pacCyHuThl-

BaETCs N0 POPMYNaM:  ¥1 =¥ . YP - FEED FAD
| Boxmrrgarpe soonsicTeE

Tponopupasiaeeaa (D ocransare

TerIEe THAHEE S PEUHEIVILE 0 BONFCIERT

. . (B pessme octEI0es) m YIVIAN (Bpirmnn pesame)
ons en_i ="17;

Yl =0 onga en_i ="0".
OundbdepeHumansHas coctasnaowas YD B aBTOMaTUYECKOM PeXUME BbIYUCAAETCA MO

dopmynam
_ YDy,yd _lag +dgain(ERR,,,~ ERR )

YD(new) -
dt+td lag

ona en_d ="1" n d_on_pv="0";
. YD, yd _lag +tdgain(PV,,,) ~ PV,,.,)
() dt+td _lag

ong en_d="1"n d_on_pv ="1";

YD =0 gna en_d="0".

B dopmynax ana nHterpanbHbix coctasnaowmx Yl n YD npuHaTel cnegyowime o603Ha-
YyeHus:

ERR - owwub6ka perynuposaHusa (SP-PV);

ERR(new) — 3Ha4yeHne onbKM perynmpoBaHns Ha TEKYLLEM Liare;

ERR(old) — 3Ha4eHune owm6KM perynmpoBaHma Ha npegbiayLlem Lare;

PV(new) — 3HayeHMe BbIXOOHOW NepeMeHHOM Ha TeKyLLeM Luare;

PV(old) — 3Ha4eHne BbIXO4HOW NepeMeHHON Ha npefplayLem wware;

dt — TekyLLee BpeMsa CKaHMpOBaHUA (Luar AUCKpeTU3auum no BpeMeHn).

Onucanne napameTtpos 6noka PID npueegeHo B 1abn. 2.2.

Tabnnya 2.2
MapameTp Tvn paHHbIX 3Ha4veHne
SP REAL 3aparoLlee BO3OeNCTBUE (yCTaBKa)
PV REAL BbixogHas (perynvpyemas) nepeMeHHas
MODE Mode_PID Pexumbl paboThbl
PARA Para_PID MapameTpsbl NMW[-3akoHa perynuposaHus
FEED_FWD REAL BoamyLuatoliee Bo3genicreme
ERR REAL Owmwmbka perynmposaHus CAP
Y REAL Perynupytowee sBosgenctaue (U)
STATUS Stat. MAXMIN CocTosiHMe perynupyroLlero BoO3gencTems
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Onucanne napametpos Mode_PID npueeneHo B Tabn. 2.3.

Tabnmya 2.3
MapameTp Tvn gaHHbIX 3HadeHne
man BOOL 1 - py4HOW pexmm
halt BOOL 1 - pexxum octaHoBa
1 - MHMUManNM3aumsa NponopLMOHabHON
en_p BOOL cocTtasnsoien (P)
. 1 - "HMUWanNu3aums NHTerpanbHon
en BOOL cocTtasnsoren (1)
1 - HMuranuaauuns guddepeHumnansHom
en_d BOOL cocTtasnstoLlen (D)
1 - npounssogHas (D) 6epeTcs OT BbIXOGHON
nepemeHHon PV;
d_on_pv BOOL 0 - nponsBogHas (D) 6epeTcst OT OLINOKK
perynupoBaHusa cuctembl ERR
Onucanne napameTtpos Para_PID npusegeHo B Ta6n. 2.4.
Tabnmya 2.4
MapameTp Twvn gaHHbIX 3HayeHne
gain REAL KoadhdmumeHT nponopLmoHanbHOCTU (YCUneHus)
i TIME MocTosiHHasA MHTErpMpoBaHUS
(nepvofd HakonneHms)
td TIME [MocTosHHasn BpeMeHn anddepeHumnpyoLero
3BeHa 1-ro nopsgka (CKOpoCTb HapacTaHus)
td la TIME MocTosiHHaa BpemeHu unsTpa
—'ag (anepuoamyeckoro 3seHa)
Y REAL MakcrmanbHoe 3Ha4eHne PerynmpyoLLero
max BO3[ECTBUS
Y. REAL MuvHUMarnbHOe 3Ha4YeHne perynupyroLLero
min BO3AENCTBIS

Onucanne napametpos Stat_ MAXMIN npveegeHo B 1abn. 2.5.

Tabnmya 2.5
onemeHT Twun gaHHbIX 3Ha4deHne
gmax BOOL 1mpnY > Yoy
gmin BOOL 1npn Y=< Yo,
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Ha puc. 2.20 nokasaHa ctpyktypa NVN-perynaTtopa.

¥ EEE
J/D

|
I
I
| @ Mepezarpyska NpW 2AEUCAHMA
i
|
. o
=F : |v Chraxe
' 1] Y1 R TYM Brifop | ¥
+ il s - _'<+H+>—" _/I PENHME
; . Vo pafbioTel
—¥ere| ([0 T— | W e e G,
i 0 =
12 gain 1 | = @
PV -
_,Ig' | ﬁ" FEED_FWD
EfL_p m_i d_on pw en d
FEED_FWD
FRAN

Puc. 2.20. Ctpyktypa MA4-perynsatopa PID

MapameTpusaumsa yHKLMOHANBLHOro 6510Ka UMEET MECTO, NPeXAe BCEro Ans UCXOLHbIX
napametpoB [MN[O-perynsaropa, K KOTOPbIM OTHOCATCA KO3(PMUUMEHT ycuneHus gain,
NOCTOSIHHaA BPeMeHN uHTerpaTtopa ti 1 NocTosiHHan BpeMeHn amddepeHumposaHms ty.

OundbdepeHumansHas coctasnstoLLas Mmeeth,u,er no dhase B COOTBETCTBUWN C MOCTOSAH-
HOW BpeMeHUn unbtpa ty 4. OTHOLLEHME o onpegenseT AMHaMmn4eckum Koad-
PULUMEHT ycuneHna guddepeHumpyowero 3seHa U 06bl4HO BbiOMpaeTca B AuanasoHe
3Ha4veHur ot 3 go 10. AudbdhepeHumanbHasa cocTaBnsatoLwan onpenenseTcs Moo OLLMOKON
perynuposaHus ERR (d_on_pv = 0), nn60 BbixogHon nepemeHHon PV (d_on_pv = 1).

Ecnu anddepeHumanbHas coctasnaowlan 6ygeTr onpenenaTsCs Nno BbIXOOAHOW nepe-
MeHHOM PV, TO B TakoMm cnyvae gunddepeHumnanbHag cocTaBnaoLllan He CMOXET AaBaTtb
CKayku B OTBET Ha U3MEHeHUs 3afaroLlero Bo3gencTema (yctaskm) SP.

B npuHuune pguddepeHumansHasa cocTaBnsiollas KOMMEHCUPYET TOMbKO BO3MyLLa-
toLLMe BO3OENCTBUS U BapuaLmm BbIXOQHOIMO CUrHana.

Mepenato4Hyto PyHKLMIO perynsaropa MOXHO Npeobpas3oBaTb MNyTeM M3MEHEHUS 3Haka
koathbpuumeHTa ycunenuns. NMpy NosIoXKUTENbHOM 3HaKe BO3MYLLEHUS MONOXUTENbHbIN
(oTpuuatenbHbI) KOIMMULMEHT YCUNEHUS MPUBOOUT K YBENUYEHUIO (YMEHBLLEHWUIO)
BbIXOAHOW NepeMeHHOoN.

Mpenenbl Ymax Y Ymin YAEPXUBAIOT 3HaYEHNE perynmpyowero Bo3feicTena B 3adaH-
HOM JuanasoHe, a UMeHHO: Yin < Y < Ymax-

BbixogHble BENNHUHBI Qo U Omin CUTHANU3UPYIOT O JOCTUMXKEHUU PErySIPYIOLLMM BO3-
[encTB/eM npefesibHbIX 3HAYEHUA: Qmax = 1, €CIM Y > Yo Amin =1, ecnm Y < yin.

BepxHuii npefen Y, ax, OrpaHnyYnBaioLLImMi perynmpytoLlee Bo3aencTame, JOMKeH Bbiou-
paTbCsi 6OMNbLUMM, YeM HVKHWUA Npefen Yo, B NPOTUBHOM Ciy4ae Ha BbixoAe (yHKLMO-
HanbHOro 6510ka NoaBnseTca coobLieHre 06 ownbke, BO3HMKAET OTKa3 B (hopMmnpoBaHum

YHKLMN.
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Mpy BO3HMKHOBEHUM OrpaHVYEHUs Ofs Perynupyroliero BO3OENCTBUSA pereHepauus
cuctembl (NpyU 3aBuUCaHUM) Heobxoguma Onis Toro, 4Tobbl y6eauTbCs B OOCTOBEPHOCTU
WHTerpasibHoOM coctaBnstowlen. ABapuiiHas cuctema npegycMoTpeHa ToSIbKO Ansa Hab -
OeHnsa 3a OelCTBMEM UWHTerpasnibHOM cocTaBnsaiowen. ABapuidHble npenenbl UOEHTUYHBbI
npegenam, CyLLeCcTBYIOLLMM O perynupyroLLero Bo3gencteuns. B npouecce pereHepaumm
He yuYuTbIBalOTCA 3HavYeHus audpdepeHumanbHON COCTaBnaoLLEen, YToObl n3bexarb foX-
HbIX cpabaTbiBaHM OT MOABNAIOLLMXCA MMKOB AndepeHumnansHoM CoOCTaBNALLEN.

ABapuinHasa KOppeKUMsa MHTErpasibHOM COCTaBMAOLLEN BbIMOSHAETCA TakMM 06pa3om,
YTOObI HE HapyLLanoCb COOTHOLLEHME:

Ymin - YP-FEED_FWD <Y1<vy., -YP-FEED_FWD

Mpn nomowm napameTpoB en_p, en_i, en_d MOXHO Bbl6paTb HECKOSIbKO TUMOB pery-
NATOPOB B COOTBETCTBMM C Tabs. 2.6.

Tabnmya 2.6
Tvn perynaTtopa en_p en_i en_d
M-perynarop 1 0 0
MN-perynaTtop 1 1 0
MA-perynstop 1 0 1

MHTerpanbHyto COCTaBASIOLLYHO MOXHO TakXe UCKITHYNTb, NoNoxus t; = 0.
Mpw nomowm napameTpoB man u halt MOXHO BblIGpaTb OAMH U3 TPEX PEXUMOB pPaboThbI
MO-perynatopa B COOTBETCTBUM C Tabn. 2.7.

Tabnmya 2.7
Pexxnmbl pa6oThl man halt
ABTOMaTU4ECKNN 0 0
Py4dHon 1 0w 1
OctaHoB 0 1

B aBTOMaTUYECKOM peXUMe perynupytoiee Bo3gencteme Y npuHMMaeT 3Ha4YeHus B
cooTBeTCcTBUM C NM[-3aKOHOM perynmpoBaHns ¢ 06paTHOW CBA3bID, HA OCHOBE KOTOPOro
dopmupyeTcs Bbixod Y Kak pyHkuma curHanos PV u SP. Perynupyiowlee Bo3gencreune
orpaHM4yeHo Mo MakCUMyMy BENUYUHOWN Yy W MO MUHUMYMY BESIMHYUHON Y pin. [penensi
N3MEHEHUs BbIXOOHOIO CUrHasa KOHTposiepa cryXaT Takke B Ka4eCTBe YPOBHEN pereHe-
paunm cUCTeMbI NPU 3aBUCaHUN.

MepekrntoveHne pexnma paboTbl U3 aBTOMATMYECKOrO B PYYHOM MPOUCXOOUT B HOP-
ManbHOM cnyyae 6e3 yaapa, Tak Kak BbiIXod Y MOXET MNpUHUMaTh Jobble 3HaYeHUs B
nHTepBase OT Ymax 8O Ymin- 1€M HE MeHee, OH BCe Xe NpupaBHUBAETCS HENMOCPEACTBEHHO
YMAN ripu nepeknoveHnn pexuma paboTsl.

Ecnn nepeknioyeHne pexuma n3 aBToMaTUyecKoro B py4HOM OOMMKHO 6bITb 6e3ynmap-
HbIM, HECMOTPS Ha BCE 3TN NPO6SIEMBI, TO CYLLIECTBYIOT BE BO3MOXHOCTMU.
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MoxHo ncnonb3oBaTb PyHKUMO MOVE gns HenocpencTBEHHOM NepechbIIKM BENNYMHDI
curHana Y B permuctp YMAN B cooTBeTCTBUM C puc. 2.21.

P exrma
Fesoma PID PyEEOH MOVE
— WMCDE —EN
Permupyrongee
B eHCTEHE VLA T s
|
1

Puc.2.21.6e3ynapHoe nepeksioyeHne pexuma paboTsl ¢ ucnonb3oBaHem 6noka MOVE

OyHKkumsa MOVE BbINOMHAETCHA MCKITOUYUTESNIBHO TOMbKO B aBTOMATUHYECKOM pexume
paboTbl KOHTpoONNepa unu B pexume octaHosa (Mode.man = 0). Jllo6oe nocnegytoLlee
nepekntoyYeHne N3 aBToMaTUYECKOro pexmnma B py4HOM ocyLlecTBnsaeTca 6e3 yaapa, korga
3Ha4eHuns nepemeHHblx YMAN mn Y B npegenax O0OHOMO M TOrO XE LMKa CKaHMpoBaHUs
naeHTunYHbl. Oanee 3HadeHne nepemeHHor YMAN MOXHO MeOSfleHHO U3MEHATb B PYYHOM
pexvimve pabdoThbl.

Ecnu HeT HeobxogmmocTu perynmposaTb Bxod YMAN B CBA3U C TEM, YTO 3TO KOHCTaH-
Ta, MOXHO NMPUMEHUTb GIOK OrpaHMYeHnst CKOPOCTU OBMXKEHUS ((PYHKLUMOHANbHbIA 610K
VLIM), kak nokasaHo Ha puc. 2.22.

MIPID man MOVE |MYLIM.man
NSO .

MYLIM VLIM VP PID
— | MODE MODE
laty wal
R X Y TMAN
Para  IpaRA b
T |YMAN ;

Puc. 2.22. besygapHoe nepeksiloyeHne pexnma paboTtsl ¢ ucrons3osarnem 6noka VLIM

B aBTomMaTnyeckom pexumme pa6otbl (MPID.man = 0) 610K orpaHyyeHns CKOpoCcTu OBu-
XEHUs1 yOep>XMBaETCA B PYYHOM pexmme paboTbl (Mpy NOMOLLM OYHKLMOHANBbHOIO 6510Ka
MOVE). Takum cnoco6om npv py4HOM yrnpaBfieHUn perynupyioLlee Bo3aencTBMe Ha BbIXO-
ne NO-perynatopa (napametp YMAN 6510oka PID) MOXeT 6bITb 3aMEHEHO HEMOCPEACTBEH-
HO COGCTBEHHbIM BO3[eNCTBMEM Bbixoda Y, MUHys ucnonb3osaHue Bxoga YMAN 6noka
VLIM. Jlio6oe nocnegyouiee n3aMeHeHne pexmnma padoTbl, (aBTOMaTUY4ECKOro Ha pyyHoe)
OoKasblBaeTcsa 6e3ynapHbIM, Tak Kak BenndmnHel YMAN u Y 6noka PID oguHakoBbl B npefe-
nax ogHoro 1 TOro Xe LUuKra CKaHMpoBaHus.

BenuuuHa curHana YMAN TMNO-perynaropa, pa6oTaloLlero ¢ napaMmetTpamm HacTpou-
KW, yKa3aHHbIMU B BeEKTOpe Para.rate, NosBUTCS Ha BbIXOAe € onpefeneHHbIM BPY4YHYHO 3Ha-
yeHueM (Ha 6noke VLIM), HaumHas co cnegyroLero Takta CKaHMpOBaHUS.

B py4HOM pexume yHKLMOHMPOBAHUA 3afaHHOE 3HAYeHME PErynmpytowero Bo3nen-
ctBua YMAN HenocpefOcTBeHHO onpegenser perynvpyowee sosgenctene Y. OgHako
perynupytoLlee BO30ENCTBUE ELLE N OrpaHNYMBaETCA ouanas3oHoOM A0MYCTUMbIX 3HAYEHUI
ymax cBepxy 1 ymin cHM3y. BHyTpeHHMe nepemeHHbIe npu 3ToM 6yayT N3MEHATHCS TaKUM
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o6paszomMm, YTobbl 06ecneHnTb 6e3ydapHbIi Nepexon U3 aBToMaTn4eckoro pexuma pabdoTbl
B PY4HOM (C y4eTOM OENCTBUS UHTerpanbHou cocTtasnstowen). OrpaHmyeHne curHana Ha
BbIXOZle KOHTpOJIepa CryXuT Takxe B KadecTBe nopora cpabartbiBaHUsi CXeMbl pereHepa-
UMK cucTembl Npu 3asBucaHun. B pgaHHOM pexunme paboTtbl gudpdepeHumansHas cocTa-
BNAIOLLAA aBTOMATUYECKN OBOHYNAETCS.

B pexnme ocTtaHOBa BbIXOOHOW CUrHamn perynaropa oCcTtaeTc HEU3MEHHbIM; (PYHKLMO-
HarnbHbIA 60K He BNUSET Ha perynupytollee so3gencTene Y. BHyTpeHHME rnepemMeHHble
npeTepneBarT Takne N3MEHEHUS, YTO KOHTPOsep (BMecTe C paspeLleHHON anddeper-
LManbHOW COCTaBMAOLLLEN) MOXET NPOLOIKUTE (POPMUPOBaHME PErYNMPYIOLLErO BO3OEN-
CTBUSI HErpepbIBHO C TOYKM ocTaHoBa. OrpaHuyeHne curHana Ha BbIxoge perynaropa
NO3BONAET OCYLLECTBUTb PereHepaunio npu 3aBMcaHnm CUCTEMBI.

Pexxvm ocTaHoBa MorneseH Takxe Mnpu aHanuse ornepaTtopom perynumpyoLiero Bo3aen-
cTBuA Y rnpu NOMOLLM KaKOro-nmbo BHELLIHEro YCTPONCTBA M3MEPEHUSA U OTOOPaKEHUS; Npw
3TOM KOMMOHEHTbI P 1 | BHYTpW KOHTponnepa (T. €. X cymma) 4atoT BO3MOXHOCTb Hernpe-
PbIBHO pearvpoBaTb Ha BNusHWE M3BHe. B gaHHOM pexume paboTbl coctanswowas D
aBTOMaTn4yeCckn obHynseTcs.

CoobLueHuns 06 oMbKe B npoLecce paboTbl KOHTposepa BbipabaTbiBatOTCA B Criyyasx,
Korga nosiBfISIETCS HEBEPHOE 4YMCIO B (hopmaTe ¢ nnasaroLlen 3anarton Ha exoge YMAN
nnn PV, a Takxe eCcim Ymax < Ymin-
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[TIABA 3.
ABTOMAT3MPOBAHHASI HACTPOWKA NMA-PErYNIATOPA
B MAKETE UNITY PRO

ABTOHAacTpoyika o3BoJIIeT CIKOHOMUTbL BPEMSs [pu YCTaHOBKe U SKcryaTtaumm
KOHTpOJsIiepa 3a cHeT 06eCreqeHns yCTonYmBOKM HacTporikm napametpos NU-perynsaropa
rpyi UBMEeHeHUU rnapameTpoB TEXHOSIOMMYECKOro npoyecca v obbekTa [5].

3.1. MOAE/MPOBAHME OBbEKTA YIPABIEHIS 11 BO3MYLLIEHIIA

MaTtemaTtmnyeckoe onucaHue (nepepartoydHas (PyHKLMSA) o6bekTa ynpaBneHuss 06bl4HO
UMeeT crnegyroLmnin BUa

K .
W (s)=—2—e" ,
"}() Ts+1

TO €CTb MOXET 6bITb NPEeACTaBEHA anepMoan4eCckuM 3BEHOM 1 3anasgbiBaloLLyM 3BEHOM.

Lindposas mopens obbekTa ynpasneHusi, n3obpaxeHHas Ha puc. 3.1, peanusoBaHa
ABYMS (PyHKUMOHANbHbIMKY 6110KamMun 3 pasgena é6uénuotekn CLC_PRO: 6510kom anepuo-
andeckoro 3eeHa LAG n 6nokom 3BeHa 4uctoro 3anasgbiBaHna DEADTIME.

Jadamads Fezpnamop Maedens cbverma
EOOL FGEN PELL FEAL FID R st e Toran e
pooL| B ¥ g i LAG |EEAL REAL | 3
el START BOOL EEAL | pyy v |FEAL : REAL 3. ¥
Pra FI3EL ACTIVE [— 1 Mode MH Mlode. bIH
——— PR Mode D = LODE ERE |EEAL ;  Zadin | MODE LODE
REAL| voFF w |mT | i B LAG | PARA E
— [ Bamy P PARA  STATIS | St MEARIRT ! FEAL | vRIAW T_DELAY
REAL —| FEED_FWD i REAL | YMAN
REAL — vMAH i

Puc. 3.1. CtpykTtypHas cxema CAP ¢ NMNI-perynsatopom

3pecb hyHKUMoHanbHbIM 6510k FGEN siBnsieTcs reHepaTopom 3afaroLLero BO3aencTBums
g; a 6nok PID — cbopmupyet MNMN-3akoH perynuposaHusa. Bnok FGEN o6ecne4vvBaeT BOS3-
MOXHOCTb (DOPMMPOBaHUA 3a4atoLLlero U BO3MYyLLIAKOLLEr0 BO3OENCTBUIM NO 3agaHHOM Mpo-
rpamme (aBTOMaTmMyeckn).

3.1.1. ®YHKUMOHATbHbBIV BJ10K LAG (ANEPUOZVHYECKOE 3BEHO)

OTOT 610K UCMoNb3yeTcs ANsg MogennMpoBaHna 3aaHHOro 06beKTa ynpasfeHus nepeo-

ro nopsgka c nepegaroqyHon oyHKUMen W (s)= GAIN 1
I+s-LAG
BbixogHoe 3HaveHne BblunCnfaeTcs nNo popmyne
X, +X
— Ygld + G IN+ old new )}01‘1 ,
LAG +dt 2

roe Y(old) — BbIXOOHOE 3HayeHue Y oT npedblgyuiero umkna; dt — oTpe3ok BpeMeHn Mexay
TEKYLLMM ¥ NpeAbIayLLUM LMKnamu; X q|q) — BXOAHOe 3HaudeHre X OT npefblayLLero umkna.

Schneider Electric Bbinyck Ne 16



BbixogHOe 3HayeHue Y CTPEMUTCH K 3HAYEHUIO CTYMeH4yaToro BO3OeNCTBUA BXOOHOW
BeNMYMHbI X (CTyneHbka BXOAHOW BennunHbl X nameHsetcs ot 0 go 1,0) nocrne 3agepxku.
3Hauenme X - GAIN focTuraeTes no sKCroHeHUMansHoMmy 3akoHy e’

N3o06paxeHne 6noka FFB LAG npuBegeHo Ha puc. 3.2.

LaG

— MaN
— HALT
— ¥ vo—
— GAN
— | LAG
| “hlaN

Puc. 3.2. briok «Anepuoanyeckoe 3BeHO»

Bxonbl FFB:

MAN — BKNtO4YEHWE pPyYHOro pexuma, Tun gaHHblx BOOL; HALT — BknoYeHe 610KNH-
roBoro pexwma, Tmn gaHHoix BOOL; X — BxogHoe 3Ha4veHue, Tmn aaHHbix REAL; GAIN —
KO3t pUUMEHT yeunenus, Tmn gaHHelx REAL; LAG — noCTositHHas BpeMeHM anepnognyecko-
ro 3seHa, Tun gaHHbix TIME; YMAN — 3Ha4veHune npu py4HOM pexume, Tvn gaHHbix REAL.

Bbixog FFB o603Ha4eH Y — BbixogHOe 3Ha4veHune, TMn aaHHbix REAL.

Ons yHKUMOHMPOBaHUA MOAyNs Heo6XxoauMo ykasaTb KoapduumeHT yemnenma GAIN
N NOCTOSAAHHYIO BpemMeHn LAG.

DyHKUMOHAsBbHbIN 650K MOXET paboTaTb B OOHOM U3 TPeX OOCTYMHbLIX PEXMMOB: aBTO-
MaTU4YeCKOM, PY4YHOM W OJIOKMHIOBOM. B aBTOMatMyeckoM pexume yHKUMOHAsbHbIN
Moayfb AeNCTBYET B COOTBETCTBUMN C 3apaHee YCTaHOBJIEHHbIMKW NapaMeTpamu mogyns. B
py4yHOM pexume pydyHoe 3HadeHne YMAN nepepaetca HenocpencTBeHHO Ha Bbixog Y. B
6/TOKMHIOBOM peXUMe BbIXOAHOE 3HadYeHne Y huKkeupyeTcsa Ha nocnegHeEM BblYUCIIEHHOM
3Ha4YeHun. BeIxogHoe 3HaveHne 60siee He OOHOBNAETCA N MOXET ObITb UCMPaBIEHO onepa-
TOPOM.

Mcnonbays pasHble 3HadeHns Bxogos MAN n HALT, MOXHO BKO4YaTb MOAY b B pa3HbIX
pexumax paboTbl B COOTBETCTBUM C Tabs. 3.1.

Tabnmya 3.1
Pexnm Bxog MAN Bxon HALT
ABTOMaTUYECKUI 0 0
Py4Hon 1 0 vm 1
BnoKnHroBbIn 0 1

Ha puc. 3.3 nokasaHo rpaduyeckoe npefcrasneHne npouecca pa6otel mogynsa LAG;
BXO[HOE 3HadyeHue X nepemMeLlaeTcs Ha ypoBeHb HOBOIro 3Ha4eHus 1 3HadeHue Bbixopa Y
NpUeNMXaeTcs K BXOOHOMY 3HadyeHuo X Mo 9KCMOHeHLUManbHOMY 3aKOHY; MoKasaH Liaro-
BbI OTKNNK Ans pyHKUmMoHanbHoro moaynsa LAG ¢ noctosaHHon BenuymHon GAIN = 1.

o Puc.3.3. Peakuuns 6noka LAG Ha cTyneHyartoe
i M HaLT BO3/6iCTBIE
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3.1.2. ®YHKUMOHATbHbBIN BJ10K DEADTIME (3AMA3bIBAHVE)

Mpy nomoLwm 3TOro oyHKUMOHANBLHOro 6510Ka BXOAHOM CUrHamn 3afepXXuMBaeTcs Ha
BPEMS, Ha3blBAEMOE BPEMEHEM YMCTOro 3anasfgpiBaHus. MNepegartoyHas pyHKUMa nmeet
BnA G(S) _ efsTide/ay

®yHKUMOHarbHbIN 650K MO3BONSET 3afepxuBartb curHan X Ha Bpems T_delay po
MOMeEHTa MNosIBMEeHNs ero Ha Bbixoge Y.

DyHKUMOHAasbHbIN 650K UMeET 6ydhepHoe 3anoMmnHaroLLee ycTponcTeo (3Y), No3Bonsio-
Liee 3anoMmuHaTb 128 oTcHeTOB BXOOHOW MOCNenoBaTesibHOCTU X, T. €. B TEYEHME BpeEMe-
HMn T_delay 128 guckpeTHbIx 3HadeHu curHana X 6yayT 3afjepxusartbcs. YnpasneHue
6yhepoM OCyLLECTBAAETCA B COOTBETCTBUM C Pa3fiMiHbIMU pexmMmamm paboThbl.

3HayeHue curHana Ha Bbixoge Y ocTaeTcs HEM3MEHHbIM NOCHEe XONOLHOMO UK ropsaye-
ro pecrapra cuctembl. BHyTpeHHss 6ydepusauua 3HadeHuin curHana X B 9TOM clyyae
Ha4YMHAETCH C NepBOro AfIeMeHTa.

lMocne nameHeHus BpeMeHn 3anasfpiBaHnsa T_delay, a Takxe nocsre XOosf0gHOro mm
ropsyero crapta cuctembl, Bbixog READY npuHumaeT 3HadeHne 0. ITO vHAOuKauus
COCTOSIHUI «HE roTOB» UNN «Bydoep NyCTOm».

MapameTtpbl EN 1 ENO moryT ncnonb3oBaTtbCsl B Ka4eCTBe AOMOSHUTENbHbIX napame-
TPOB.

Ha puc. 3.4 nsobpaxeHo npegcrtasneHve yHkunoHansHoro 6noka DEADTIME.

RELL CEADTIVE
=

Mode ML | v
TIME
=—{T dey READY |22

REAL |

REAL

Pwnc.3.4.6nok 3anasgbiBaHus DEADTIME

B Ta6n. 3.2 1 3.3 npmBefeHbl napameTpbl 06paLleHns K (PYHKLNOHANIbHOMY 610Ky .
Tabnnya 3.2

Mapametp | Tun gaHHbIX CwmbicnoBoe 3Ha4eHmne

X REAL BxogHas BenuymHa
MODE Mode_MH | Pexum paboTtsl

T_delay TIME Bpems uncToro 3anasgpiBaHus
YMAN REAL BxogHas BenuvuuHa, ncnonbdyemMas npu ycTaHOBKE 3HAYEeHUs
BESIMYMHBI Ha BbIXOLE BPY4HYIO
Y REAL Bbixop,
READY BOOL 1 - BHyTpeHHUn 6ydep 3anosnHeH

0 - BHYTpeHHU 6ydep He 3arnonHeH!

' Hanpumep, nocne XonogHOro uUnv ropsyvero ctapta Unmn rnocrnie U3MeHeHus BpeMeHu
4MCTOro 3anasgbiBaHus.
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Tabnvya 3.3

MapameTp Tvin gaHHbIX CwmbIcnoBoe 3Ha4eHune
MAN BOOL 1 - py4HON pexum
HALT BOOL 1 - pexxum octaHoBa

®OyHKUMOHAsbHbIN 650K NoadepXuBaeT crnefyrolme pexumbl paboTbl: pyyYHOW, ocTa-
HOB, aBTOMartun4yeckuin. NapameTpbl man 1 halt No3BoNAOT BbIGMPAaTb OOUH U3 TPEX PEXMU-
MOB paboTbl B COOTBETCTBMM C Tabs. 3.4.

Tabnmya 3.4
Pexumbl pa6oThl MAN HALT
ABTOMaTU4YECKNI 0 0
Py4Hon 1 Ownm 1
OctaHoB 0 1

B aBTomMatn4eckom pexume GYHKUMOHAsbHbIN 600K paboTaeT Nno crnegylowmum
npasunam.

Mpn BpemeHu ckaHMpoOBaHWA, NpesbiLLatoLemM sennyuuHy T_delay/128, TekyLlee 3Hadve-
Hne X 3anoMuMHaeTcs B crnegyowem anemeHte 6ygepHoro 3Y, a camblil CTapbll oTcYeT
nepecbiniaetca Ha Bbixofd Y. B Takom crnydae 6ygyT 3anoMmHaTbCA MeHee Yem 128 3Hade-
HWU curHana X B TedeHve BpemeHn T_delay, 4To npuBeeT K NosiBNIEHNIO CUCTEMaTUHECKOM
OLUMOKN, MPUBOASLLEN K 3anNOMUHAHUIO HEKOTOPbIX OTCHETOB curHana X 3a npegenamu
BPEMEHM YUCTOro 3anasgpiBaHus.

Mpumep:
Bpems ckaHnpoBaHus = 100 mc;
T_delay =10 c;

tin = T_delay /128 = 78 c.

B cBs3u ¢ Tem, 4to tin (paspeluatowasn cnocobHocTb namatn DEADTIME) meHbLUe, HYem
BPEMS CKaHMPOBaHWUSA, TO KaXKabIi OTCHET curHana X MOXeT 6bITb 3aHeceH B 6ychepHoe 3V.
Mocne yeTBepTOro obpaLleHuns K yHKUMOHaNbHOMY 6510Ky (Yeped 400 MC) oTcHeThbl BENU-
4YnHbl X 3aHOCATCA B NamMATb 6ydhepa yxxe ABaxibl 3a UMK/, T. €. NOBTOPHO (Tak Kak 3 x 78
=312 1 4 x 78 = 390).

Ecnu xe Bpemsa ckaHMpoBaHUS MeHbLUe, Yem T_delay /128, To He Bce nonyyaroLymnecs
oTcyeTbl curHana X MoryT 6bITb 3aHeceHbl B 6ydoep. Tak, B HEKOTOPbIX UMKNax BenMYnHa
X NpocCTo He 6ydeT 3anoMUHATLCA; B 9TUX ClyYasaX BbixogHasa BenvymHa Y ocTtaHeTcs 6e3
n3meHeHun. Mo ncteveHnn nHTepsana spemMeHn T_delay BbIxogHOW curHan Y MOXeT COOoT-
BETCTBEHHO OCTaBaTbCsl HEM3MEHHbIM B Te4eHne ABYyX (MM 605ee) CMEXHbIX LUKIIOB.

B py4yHOM pexwume ycTaHaBnuBaemoe 3HadyeHue napametpa YMAN nepepaetcs
HenocpefCTBEHHO B KaHas yrnpasfieHnsa Y U Takxe 3anofHAeT LeSIMKOM BHYTPeHHUIA Bydhep
(READY = 1). lNo atonm npuunHe 6ydep Bcerga MapKUpyeTCs Kak 3amnosiHEHHbIN
(READY =1).

B pexnme octaHoBa Ha Bbixofe Y OCTaeTca MnocrefHee BblYMCIIEHHOEe 3Ha4veHue. Ha
BbIXO[le OHO COXPaHAETCs, OQHAKO MoJfib30BaTeflb MOXET YCTAHOBUTb APYroe 3Ha4YeHue.
BHyTpeHHU 6ycbep npopomkaeT (PYHKUMOHMPOBATL Tak Xe, Kak U B aBTOMaTU4YeCKOM
pexume.
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Ha puc. 3.5 npueeneH npumep, xapakTepuayowui noeBegeHne curHana Ha Bbixone
PYHKLMOHANbHOro 6510Ka.

T_DELAY

Puc.3.5.Peakuns 3BeHa 3ana3ablBaHus

BxogHon curHan X npepcraBnset cob60om NIMHENHO M3MEHSIIoLYCa yHKUM0. 3agep-
XaHHbIN Ha BpeMs 4MCcToro 3anasfpisaHusa T_delay curHan X noctynaet Ha Bbixog Y.

CoobLeHne 06 onbke BblgaeTcs B criydae nossneHusa Ha sxoge YMAN vnn X HeBep-
HOrO YNCMOBOro 3Ha4eHUs B hopmaTe C niaBarLLen 3ansaTomn.

3.1.3. ®YHKLIMOHATIbHbI BIIOK FGEN (TEHEPATOP ®YHKLII)

YctaBka SP Ha N-perynsaTtop BblpabatbiBaeTcs PyHKUMOHaNbHbIM 6510koM FGEN 13
6uénmotekn CLC_PRO (puc. 3.6), KOTOpbIM SIBASIETCA HacTpavMBaeMblM reHepaTopoMm

GOYHKLMA.

BOOL FGEN
—R
BOOL
— STAR.T 5ig EEAL
Para FGEN
~  ——|PARA ACTIVE E]GL
REAL | pr w | INT

Pnc.3.6. l'eHepatop pyHKUNiA

OH reHepupyeT curHan Ha Bbixofe Y, napamMeTpbl KOTOPOro 3afatoTca Npu NOMOLLM
nepemeHHon Tnna Para_FGEN.

leHepaTop OYHKUMIA NO3BONSET MOSYyYNTb BOCEMb CUTHANOB Pa3fiMyHON DOPMbI: CTY-
neH4YaTyo (OYHKUMIO, JIMHEWHYIO, AenbTa-(OyHKUMI0, NUNoobpasHyo (OYHKUUIO, NPSMOY-
rOfIbHYI0 BOSHY, TpaneuenganbHyo yHKUUIO, CUHYcoMay, Cly4anHoe YMcho.

MapameTtpbl EN 1 ENO MOXHO ucrnonb3oBaTb B Ka4ecTBe OOMOMHUTENbHbLIX napame-
TPOB.

Bnok FGEN MOXeT 6bITb KAaCKaMpoBaHHbIM, T. €. MyTeM UCMONb30BaHUSA HECKONbKUX U3
NepeynCrIeHHbIX Bbille 3M1EMEHTaPHbIX (DYHKUNIN MOXHO CHOPMUPOBATbL CUTHASbI pa3nmy-
HOW hOPMbI U HANOXUTb UX OpYr Ha gpyra.

MapameTp R cooTBeTcTBYET KOMaHae Reset. Ecnn aToT napameTtp yctaHoBneH (R = 1),
TO BCe AEeNCTBYOLUNE PYHKLUUN HEMEANEHHO TEPMUHUPYIOT U BbIXOAHOW curHan Y npuHu-
mMaeT 3Ha4eHue napameTpa YOFF (cmeweHune). OgHOBPEMEHHO cHETHMK LMKIoB N npuHK-
MaeT 3HadeHue 0, a napameTp ACTIVE ctaHOBUTCA paBHbIM nornyeckomy O.

Mapametp START (START = 1) onpegensieT Ha4yano npouecca opMUPOBaHUA (PYHK-
UMM 3afaHHOM CTPYKTYpbl. Bbixoq N cymMmMupyeT npupalleHme B Havane Kaxxgoro HoBOro
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unkna. Ecnn napametp START npuHumaeT 3HadeHune 0, TO TEKYLLUMA Nepuoa BblOpaHHOM
yHKUMN MOET K 3aBepLueHnto. B npouecce hopmmnpoBaHusa oyHKUmMM Ha Bbixoge ACTIVE
ycTaHaBnmBaetcs 1. Korga umnkn 3akaH4dmBaeTcs, Ha Bbixoge ACTIVE yctaHasnuaetcs O.

lMepuoamnyeckne KonebaHus, BoipabaTbiBaeMble reHepaTtopom PyHKLUMIA, UMEeT amnv-
Tyady, 3afaHHyl0 3Ha4eHneM napametpa amplitude, T. . B gnanas3oHe 3Ha4YeHUn OT Noso-
XUTENbHO A0 OTpULATENbHOro Npu 6MNonNspHOM curHane (unipolar = 0) 1 cOOTBETCTBEHHO
OT HYNEBOro A0 MaKCMMasibHOrO MOMOXUTENIbHONO 3HAYEHUS NMPU YHUMONAPHOM CUrHane
(unipolar = 1). KonebatenbHble npoueccbl MOryT 6biTb CMELLEHbI OTHOCUTENBHO HYNIEBOM
oTMeTKM nocpencteomM napametpa YOFF.

MapameTp, 3agaroLLmii BpeMs HapacTaHusa curHana t_rise, Mcnosnb3yeTcs TONbKO BMeECTe
C (pyHKUMAMM ramp K trapezoid. B doyHKUmMn saw-tooth Bpemsa HapacTaHus 3agaeTcs Benu-
4ynHon halfperiod-t_off. [Ansa dpyHkumm delta Bpems HapacTaHua pasHo 0,5 (trapezoid-t_off).

Bcero cyuiecTByeT BOCEMb TUMOB (DYHKLIMIA, KOTOPblE MOXET COOPMUPOBaTL reHepaTop
dyHKUMA. Bbl6op TMNa (PyHKLMM OCYLLECTBNSETCA MO 3Ha4YeHWo napameTpa func_no B
COOTBETCTBUM € Tabn. 3.5. [Npu nameHeHn Tnna PyHKUUK npegbiayLan pyHKUna npogon-
XaeTcsa [0 KoHua nepuoga. GyHKUMSA NOAHOCTLIO ONpeaenseTcsa B oopmaTe AaHHbIX Tvna
Para_FGEN.

B cny4ae ecnu napametp YOFF npuHMmaeT 3HavyeHMe BbIXOAHOrO CuUrHana gpyroro
reHepartopa QyHKUMA, KonebaHusa, dpopmMupyemble 060MMU reHepaTopamMu yHKUUN,
0Ka3bIBaKOTCA HANTIOXXEHHbIMY APYr Ha apyra.

Tabnmya 3.5
Homep o MapameTp
YHKLMS
(OYHKLMM amplitude | halfperiod t_off t_rise t_acc | unipolar

1 CrtyneHyaTas + ) _ ; - -
(Step)

2 JlnHerinas (Ramp) + - - + + -

3 lMunoobpasHas N N N halfperiod- N .
(Sawtooth) t_acc

(halfperiod-

4 Henebta (Delta) + + + t acc)/2 + +

5 MNpamoyronbHas + + + - + +
BosiHa (Square)

6 Tpaneuemaanaﬂ N + + + + "
(Trapezoid)

- Cv_lHycomp,aanaﬂ N + + ) . +
(Sine)

8 Cny4arnHoe 4ucno + ) ) ) . +
(Random Number)
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TpaneuenpanbHaa (QYHKUMS BblIOUMPAETCs B KadeCTBe OCHOBHOW NpV onpeneneHum
napameTpos (puc. 3.7).

Y‘ t_acc
anplitude
[ Hpolar
il unipalar
: t
t_acc : — \ Rl
! t rize ' t rse t_t::E ;
helfferiod

Puc.3.7.

AMNNnTyga yHUMNoNsApHOM (OYHKUMKM 3ajaeTcs npyv nomowm napametpa amplitude.
Amnnutyga 6unonapHon YHKUUM yOBavBaeTCA W CKagblBaeTCs U3 MOSIOXUTENIbHON
aMnnuTyabl N oTpuuartensHon amnnuTyabl. [Napametp halfperiod onpepenset npogonxu-
TeNbHOCTb NOMOBUHLI Nepuofa, napametp t_off — Bpemsa oxupganusa. Ona reHepauum Tpane-
uenpganbHOM yHKUMKM TpebyeTcs elle yKasaTb Bpems HapacTtaHus curHana t_rise. 910
BPEMS, B TeHeHMe KOTOPOro CUrHasn HapactaeT OT HYNeBOro 3Ha4eHus 0o aMnianTygHoro.
OTO BpemMs Takxe MPUHUMAETCS B Ka4eCTBE BPEMEHM cnaga curHana oT aMniuTygHoro
YPOBHSi CHOBa [0 HYNeBoro.

Mpy reHepvpoBaHUM CTyneH4YaTorm YHKUUKM BbIXO4 OyAeT NpUHUMAaTb 3Ha4YeHue
Y = YOFF, korga START =0, n'Y = YOFF + amplitude, korga START = 1. [locTOsiHHbIE Bpe-
MeHun (t_off, t_rise, t_acc) He ncnonbayroTcsa B 3TOM PyHKUMK. Ha Bbixode cyeT4mka N 3Ha-
YyeHWe BbIxofa MosnyyaeT 3feMeHTapHoe npupatleHne npu KaxxaoM HOBOM COBEpPLUEHUU
nepexoga 0—1 Ha Bxoge START. [ng atoro tvna yHKUUN He CyLLecTByeT OBYXMNOMAPHO-
ro pexuma paboTbl, T. €. mapaMeTp unipolar He NCnonbL3yeTcs.

Y NUHEnHOW (PyHKUMM BbIxogHas BenuvyuHa Y HapacTaeT, HavvMHas CO 3Ha4deHus
Y = YOFF po 3Hayenuns Y = YOFF + amplitude. 3Ha4eHne BbIxogHOM BeNU4MHbI Y ynageT
onaTb 0o 3HadeHus YOFF B cnyyae, ecnu napameTtp START npumet 3HadveHue 0. Bpewms
HapacTaHus onpegenseTcs NOCToAHHbIMK t_rise u t_acc. Bpems, Heobxoanumoe ons Hapa-
ctaHma ot 3HaveHusa Y = YOFF go Y = YOFF + amplitude, onpepenserca napameTpom
t_rise. Ha chbopmy crnaxusaHusa BnusieT napameTp t_acc. Beixog N nonyyaet npupatleHve
npu Kaxaom HoBoM nepexoge 0—1 BxogHoro napametpa START. OTa pyHKLUMA He nmeeT
o6unonspHon oopMebl, T. €. BENIMYMHA napameTpa unipolar He nMeeT 3Ha4YeHus.

Mpu reHepupoBaHUM crny4varHbix Yncen (random number) Bbixogd Y ycTaHaBnvMBaeTcs
nponasosibHO B uHTepsane YOFF < Y < Y OFF + amplitude B yHMnonspHoMm pexume u
YOFF — amplitude < Y < YOFF + amplitude B 6unonsapHom pexume. NocTosiHHbIe Bpeme-
HW (t_off, t_rise, t_acc) y aTon doyHKUMKM He nrpatoT ponu. Beixog N nonyyaeT npupalleHve
npu Kaxxgom HoBoM nepexoge tnuna 0—1 BxogHoro curHana START.
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3.2. TIPOrPAMMWPOBAHWE, OTITALKA W YIPABIEHWE NNA-PEFYIIATOPOM

Ecnu TpebyeTcsa o6ecneynTb 04EHb BbICOKYH TOHHOCTb perynmpoBaHus (HaCTPOrKK), TO
pekoMeHyeTcs nonb3oBaTbesa 67okoM PIDFF, obnagarowym caMbiMuy MOSTHBIMU BO3MOX-
HoCcTAMKM B ka4vectBe lNMN[-perynsatopa ¢ yHMBepcasnbHbIM HA60POM KOHUrypaummi. 310
BbI6OP CMELLaHHOW Uiy NapannenbHOn CTPYKTYpbI, ucnonb3oBaHne Bxoaa Feed Forward B
Lensx KoMneHcaumMm BO3MyLLIAKLLErO BO3AENCTBMA, MEXaHU3Mbl pereHepaunn.

Ecnu xe goctaTtoyHo npumeHuTb npocton MNMA-perynatop, To pekoMeHayeTcs nonb30-
BaTbCsA 6510koM PI_B. OTOT 610K MMEET BCe KNnaccu4eckne BO3MOXHOCTU perynsaropa, Ho
6onee NPOCT B 3KCryaTauumu.

3.2.1. PETYIIATOP PI_B

®OyHKUMoHanbHbI 65110k PI_B (puc. 3.8) ocywecTeBnseTr peanu3aumio CMELLUaHHOro
MN-anroputma (NnocnegoBaTesbHbIA/NapannenbHbIi).

FI_B
REAL — PV OUT—REAL
REAL =P oUTD—REAL
REAL —RCEY HA_O—BOOL
BECOOL —HAN_ AUTO DEVI—REAL
Fara_F|_B —PAR4 STATUS —WORD
REAL —{TRE_TI
BOOL —TE_S

Puc.3.8. PI_B perynatop

Bnok PI_B MOXHO nNpuMeHATb AOns pelleHns 6O0NbLUMHCTBA KracCuyeckux 3apad
ynpaeneHus. Bnok oTtnvyaeTcs OTHOCUTENbHOW NErkoCTbl) WCMOSIb30BaHUA U 3KOHO-
MUYHOCTbIO CUCTEMHbIX PECYPCOB.

Bnok Pl_B nossonser:

e Bbl4MCAATb C MOMOLLLIO NpUpaLLEeHN (MHKPEMEHTHOE BbIYUCIEHNE) NPONOpPLMOHaASIb-
HYIO U MHTErpasnbHy0 COCTaBASAOLLYIO;

e 3a/laBaTb YCTaBKW, NEPEMEHHYIO NpoLecca 1 3Ha4eHUs BbIXOAa B (PU3NYECKNX eONHU-
Lax N3MepeHns;

e yCTaHaBnMBaTb PEXUM NPSMOro U 06paTHOro CYeTa;

® LCMONb30BaThb NPOLECC NHTErpUpoBaHuA 3a npepenamm 6noka (xog RCPY);

e 3ajaBaTb 30HY HedyBCTBUTENLHOCTM (dead band);

e ofaBaTb Ha BbIXO[ Kak abCoNOTHOE 3HAYEHME NEPEMEHHON, TaK N eé npupaLleHue;

e 3a/laBaTb BEPXHIOK N HUXXHIOK rpaHunLbl BbIXOAa;

e BblY4MCNATb 3HAYEHME CUCTEMATUYECKON OLUMOKM Ha BbIXOLE;

e BbIOMPATL PEXUM PaboTbl (aBTOMATUYECKUIA/PYHHOW);

e yCTaHaBnMBaTb PeXuMm crnexenusa (otnagku) Tracking Mode;

e 3a7aBaTb BEPXHIOK N HUXXHIOK rpaHuLbl YCTaBOK.

O6blvHO ¢ 6nokom PI_B wncnonbaytotca cnepyoowme gyHKUNOHANbHbIE OGfOKU:
AUTOTUNE — gns aBToHacTporkn koadpduumenTos MNMA-perynatopa; 6nok SP_SEL — ana
BbI6Opa HavasnbHbIX 3HAYEHUI YCTaBOK M 610K py4HOro ynpaesnexHma MS.
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Mepepato4yHas OyHKUMS MMEET cnegyowmn sua;
OUT = kp[l + .IJIN.
t-p
Bup doopMynbl n3MEHAETCH B 3aBUCMMOCTU OT TOro, Kakom TUn anroputMma npuMeHseT-
Csl — aBCOMOTHBIN UM UHKPEMEHTHBIN.
Mpwn abcontoTHoM anroputMme (ti = 0)
OUT = TermP + outbias;
OUTD = OUT new) — OUT gq).-
Mpwn MHKpemeHTHOM anroputme (ti<>0)
OUTD = TermP + Terml;
OUuT = OUT(Old) + OUTD (new)>
roe TermP — BenvynHa nponopuyoHanbHoOW coctaBnstowen (action); Terml — BenuunHa
WHTEerpanbHOM cocTaBnsaioLen; (new) — 3Ha4eHne, NoyYEHHOE NP TEKYLLIEM BbIMOSIHEHU
6510Ka; (old) — 3Ha4YeHWe, Nony4YeHHOe Ha NpeablayLLeM BbINOHEHUN 6r0Ka.
Onucanne napameTtpoB 65noka Pl_B npueeneHo B Tabn. 3.6.

Tabrmya 3.6
O603HaveHve | Tun | OnucaHue
PI_B
PV REAL Perynupyemas nepemeHHas
SP REAL YcTaBka
RCPY REAL Konus hakTnyeckoro Bo3nencTams
MAN_AUTO BOOL Pexunm paﬁom KOH'I:pOJ'IJ'Iepa: }
0 - pyuHor (manual); 1 - aBTOMaTU4ecKni (auto)
PARA Para_PI_B [MponsBogHbIA TUN OaHHbIX
TR_I REAL MHnypanusaumsa Bxoga
TR_S BOOL MopsimoK nHULManmMsauum
ouT REAL 3HayeHve Bbixoga (abconoTHoe)

3HadeHne npupaLleHns Bbixoaa (pasHmua Mexay TeKyLmMM
OuTD REAL 3Ha4YeHMEeM BbIXOAa W 3HAYEHWEM, NOMYyYEeHHbIM Ha
npegplayLLem Lare)

TekyLwmin pexxum paboTbl 6roka:

MA_O BOOL 1 - aBTOMaTn4eckuii; 0 - MM60 PYHHOM, NINOO PEXUM CIEXEHUSA
(Tpaccuposkum)
DEV REAL BenunuuHa paccornacosanus (PV-SP)
STATUS WORD CocTosiHne
Para_PI_B
id UNIT 3apesepBrpoBaHO Ansa PyHKUUN aBTOHACTPONKM
pv_int REAL HWXHAA rpaHuua perynmpyemMon BeiMyYuHbl
pv_sup REAL BepxHsasa rpaHvua perynupyemon BenymnHbl
out_inf REAL HwmxHsas rpaHmua Bbixofa
out_sup REAL BepxHsia rpaHuua Bbixoga
rev_dir BOOL 0 - o6paTHbIN pexum; 1 - NPSAMON peXxnm
in_rcpy BOOL 1 - ucnonb3osatb Bxog RCPY
kp REAL KoahpurumeHT ycuneHns nponopLmoHansHON CoOCTaBNSAoLEN
ti TIME [MocTosiHHaa BpeMeHU NHTErpupoBaHus
dband REAL 30Ha HeYyBCTBUTENLHOCTU
outbias REAL PyyHasa komneHcauns cuctemaTmyeckon OLLIMGKK
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A6coniotHaa cpopma anroputma ([-perynatop) Mcnonb3yeTcsa nNpu OTCYTCTBUM
nHTerpanoHon coctasnsowen (ti = 0). B aTom cnyyae cHavyana BbIMUCNSAETCA 3HAYEHWe
Bbixoga OUT, a 3aTem pasHuua 3Ha4eHur BbixogoB (OUTD) — TekyLlero 1 nony4eHHoro Ha
npegblgyLlem Lare.

AnroputM B MHKpeMeHTHOM dhopme ([N-perynsatop) npMMeHsieTcsl, ecnm npucyTcTByeT
WHTerpanbHasa coctaensawowasn (ti<>0). MNMpn 3TOM cHavana BbIMUCAAETCA 3HAYEeHWEe pas-
Huubl OUTD, a 3atem — abcontoTHoe 3HadveHune Bbixoga OUT no cdopmyne

OUT(neW) = OUT(Old) + OUTD.

AnropuTM NO3BOMAET UCNOML30BaTb BbIXOAHOW NOTOK 651oka SERVO gnga ynpasneHus
actaTM4ecKnMn npoueccamu.

Kpome Toro, MHKpemMeHTHas oopmMa anroputma no3BONSET BbIHOCUTb 3HAYEHUE UHTe-
rpanbHOM cocTaBnaoLLen 3a npegernsl 65oka (npy en_rcpy = 1). B cnyyae, korga aktu-
YeCKOe 3Ha4yeHne OTNMYaeTCs OT PACCUUTAHHOIO PerynaTopom (pa3oMkKHyTas cuctema), B
BbIYMCMEHUAX Jy4lle MCMNOMb3oBaTh peasibHoe 3HadeHuve. Ecnn gocTynHo nocnegHee
BbIYNCNEHHOE 3HA4YeHne, OHO JOMKHO 6bITh NogaHo Ha Bxog RCPY v 3HaveHne napameTtpa
en_rcpy AOMMKHO 6bITb paBHO 1. Torga npuv BblYUCTIEHUN B GITOKE BbIpaXKeHne

OUT(neW) = OUT(O|d) + OUTD
npuHUMaeT Bug
OUT (hew) = RCPY + OUTD.

ANroput™M B MHKPEMEHTHOM (POPME OCOBEHHO NOSIE3EH NPU KacKagMpoOBaHUN KOHTYPOB
WM KOHTYPOB C GJSIOKOM aBTOBbl6Opa. B 3TOM crydae HeT orpaHu4eHusi Ha 3HayeHue
Bbixoga OUT.

Mcnonb3oBaHne 30HbI HEYYBCTBUTEJNIbHOCTU MO3BOSISET CrNagnTb BCMIIECKN BENUNYU-
Hbl paccornacoBaHus BHYTPU 3TOW 30HbI (2 UMEHHO 06paTUTb MX B HySb), KaK Noka3aHo Ha
puc. 3.9.

Maodified deviation
]

dhand

Pnc.3.9. 30Ha HeyvyBCTBUTENIbHOCTU

K opyrum oCo6eHHOCTAM anroputMa MOXHO OTHECTW CrefytoLLee:

¢ 1CNonb3oBaHne napameTpa outbias no3sonseT o6ecnednTb TOYHOCTb cpabaTbiBaHNSA
npu OTCYTCTBUM MHTErpasnibHon coctaenstoLlen (ti = 0).

Bo Bcex pexummax paboTbl 3HadeHne Bbixoga OUT orpaHM4eHO OTpe3KoM
[out_inf,out_sup]. Ecnn 310 3Ha4eHne, BblMMCNEHHOE 610KOM (MM 3adaHHOe Monb3oBaTe-
neMm), BbIXOAMT 3a Npeaenbl 4aHHOro oTpeska, OHO 6yAeT yCeyeHo Mo rpaHuuamM oTpeska.
OpHako Ha 3Ha4eHne OUTD, nonyyeHHOe B MHKPEMEHTHOM hOpMe, Takne orpaHn4eHns He
HaknagplBalTCs, YTO MO3BOMSAET uMcnonb3oBatb 650k PI_B gna ynpaBneHus 6510KoM
SERVO (acTtatnyeckoe ynpasneHue ¢ 06paTHOM CBA3bIO).
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e BbIOOp pexuma npsamoro/obpatHoro direct/reverse cyeta MOXHO MNPOBECTU C
noMoLLbto NapameTtpa rev_dir.

e 3ajaHMe HWXHEN M BEPHEWN rpaHuLbl YCTaBKM OCYLLIECTBIIAETCA C MOMOLLbIO napa-
MeTpoB pv_inf 1 pv_sup.

e 6nok PI_B moxeT paboTatb B peXume 4ncToro uHterpatopa (npu kp = 0).

®dyHKUMoHanbHas cxema perynsaropa Pl_B npusegeHa Ha puc. 3.10.

Proporional
action

DEV i Reverse

-
L +
dband K rev_dir

Ao l hdanu

=
MAN_AUTO { out_sup | oy

— Litmiter
TR_I © o RS out_inf

Puc.3.10.®ynkunoHansHas cxema Pl_B-perynsropa

®dyHKUMoHanbHbIM 610K Pl_B pa6oTaet B Tpex pexunmax: asToMaTtu4eckoM, py4HOM U B
pexume cnexeHus (0Tnagku). 3T pexmnmbl MOryT ObiTb onpefenieHbl C UCMOoSIb30BaHNEM
BxogoB MAN_AUTO u TR_S. Pexunm cnexeHnss umeeT 605ee BbICOKUIA NPUOPUTET, YEM
ocTasibHble.

B aBTomaTu4deckom pexume TR_S = 0; MAN_AUTO = 1.

B py4Hom pexume TR_S = 0; MAN_AUTO = 0.

B pexume cnexennsa TR_S = 1; Bxog MAN_AUTO paseH 0 nnm 1.

B aBTomatunyeckom pexwume Bbixogpl OUT 1 OUTD aensoTcsa pe3ynstaToM BblyUCTie-
HUW, BbIMOMHAEMbIX GTOKOM.

Mpu py4HOM pexunme paboTbl 610K He BbluUCNAET 3HadeHue Bbixoga OUT, nossonss
onepatopy HeNocCpeacTBEHHO N3MEHATb 3TO 3HAYEHME.

B pexunme cnexenuns 3HaveHne Bxoaa TR_I konupyetcs Ha Bbixog OUT.

Mpu ncnonb3oBaHUN MHKPEMEHTHOM dhopMbl anroputma (ti<>0) nepeknoyeHne mexay
pexvMamMu OCyLLIeCTBNAETCA NnaBHO (6e3 CKavykoB), B criydae abcontoTHon chopmbl (ti = 0)
nepeksnYeHne Bbi3blBAET BCMNSIECK.

B a6contoTtHoM chopme anroputm (ti = 0) MmeeT Bug

OUT = TermP + outbias;
OUTD = OUT (new) — OUT g1qy;
OUT = limiter(OUT);
TermP = direction-k,-DEV.
B nHkpemeHTHOMU chopme anroputm (ti<>0) BbIrMAOUT Tak:
OUT = TermP + Termi;

OUT = OUT gy + OUTD e (if en_rcpy = 0);
OUT = RCPY + OUTD pey (if en_rcpy = 1);
OUT = limiter(OUT);

TermP = direction-k,-[A(DEV)];

Termi = sens-k,-dt/ti-DEV (if k, <> 0).
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B cnyyae kp = 0 (T. e. unCTbIN MHTerpaTop) 3HadeHue Terml BbluMcnseTcs no oopmyne

Terml = sens out _sup—out _'1nf ﬁ DEV.
pv_sup—pv_inf £

B npuBegeHHbIX ypaBHEHUAX:
e TermP — BenuynHa nponopumoHanbHOM cocTaBnstoLen (action);
e Terml — BenMyMHa MHTErpanbHOW COCTaBNAOLLEN;
e (new) — 3Ha4YeHune, Nosly4eHHOEe Ha TeKyLLEeM BbINOSIHEHUM 610Ka;
(old) — 3Ha4eHwne, Nnony4eHHoe Ha npenblayLeM BbinosIHEHMM 6110Ka;
direction — HanpaBneHve. Ecnn rev_dir = 1, To 3Ha4deHue direction, paBHOe +1,
nokasblBaeT, 4TO nonoxutensHoe (PV-SP) paccornacoBaHue yBenu4vMBaeT 3HayeHue
Bbixoga. Ecnu rev_dir = 0, To 3Ha4eHune direction, paBHoe —1, nokasblBaeT, YTO MOJIO-
XutenbHoe (PV-SP) paccornacoBaHne yMeHbLUAET 3Ha4eHne BbIX0o4a;

e dt — Bpems, npollefLlee ¢ MOMEHTA NOCNEeQHEro BbINOSIHEHNS (execution) 6510Ka;

o A= AX(®)] =x(t) —x(t—1);

e limiter — pyHKUMA orpaHnyeHna 3Ha4eHns Bbixoda 6okKa.

3.2.2. PETYIIATOP PIDFF

Mpn cnoxHbIX Npoueccax ynpasneHus pekoMeHayeTcs npumeHsTb 6510k PIDFF.
®yHKUMoHanbHbIN 610K PIDFF (prc.3.11) npepctasnset cob6on peanusauumio NMAO-anro-
puTMa C BO3MOXHOCTbLIO BbI6Opa CMeLLaHHOM Unn napannensHon CTPYKTYpbl.

PIDFF

REAL —{PV OUTI—REAL

REAL —5SP OUTh—REAL

REAL —FF

REAL —RCPY

BOOL —{MAR_AUTO Ha_O—BOCL
Para_PIDFF —SPARA INFO—Info_FIDFF

REAL —{TR_I STATUS|—WORD

BOOL TR S

Pnc.3.11. bnok NI-perynstopa PIDFF

Bnok PIDFF noseonser:

e BbIYMCMATL C MOMOLLLIO NpUpaLeHnii (MHKPEMEHTHOE Bbl4MCEHNE) NPOMNOPLMOHATb-
HY0, UHTErpanbHyto 1 auddepeHumanbHyo CoCcTaBnAoLLne;

e 1CMNOMb30BaThb ABa MEXaHM3ma pereHepauuu;

e 3aJaBaTb YCTaBKW, NEPEMEHHYIO MpoLecca N 3Ha4eHus BbiXxofa B PU3NYECKUX eOUHN-
Lax namepeHus;

e yCTaHaBMMBATb PEXUM MPAMOro N 06paTHOro CHeTa;

e 6paTb NPOM3BOLHYIO OT 3HAYEHUSA NEPEMEHHOM NpoLiecca U BeNMYMHbI OTKITOHEHUS;

® MPMMEHATL BPEMEHH30 napameTpmusaumio Npon3BogHoOM;

e yMeHbLUaTb NnepeperynmpoBaHune;

* 1CNOMb30BaTb NMPOLECC MHTerpnpoBaHusa 3a npegenamu 6noka (Bxog RCPY);

e yCTaHaBnuBaTtb MPAMYIO CBA3b AN KOMMEHcauuy BO3MYLLIEHWI (MCronb30oBaHue
Bxoga Feed Forward gna komneHcaumn);
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e 3ajaBaTb 30HY He4dyBCTBUTENbHOCTU (dead band);

e MofaBaTb Ha BbIXO Kak abCoNtoTHOE 3Ha4YeHne NepeMEHHON, TaK 1 ee rnpupatleHue;

e 3aaBaTb BEPXHIOK U HVXKHIO MpaHuLbl BbIX04a Kak 3aBUCUMOCTU OT pexmnma (pyHK-
LUMOHMPOBAHUS;

e ornpepnenaTb NpefenbHoe OTKNIOHEHWE BbIXOOHOIO CUrHana;

e BbIYMCNATH 3HAYEHME CUCTEMATUHECKOWN OLLMOKN Ha BbIXOAE;

e BbIGUPaTb pexXum paboT (aBTOMATUYECKUA NN PY4HORN);

e yCTaHaBnMBaTb PeXum cnexeHus (otnagku) Tracking Mode;

e 3aaBaTb BEPXHIOK U HVKHIOK MPaHuLbl YCTaBOK.

O6biyHO ¢ 6nokom PIDFF wucnonbayotcs cregyowme gyHKUMOHANbHbIE G0KK:
AUTOTUNE — gna aBToHacTporkn koadduumeHtos MNMUNO-perynatopa; 6nok SP_SEL —
ANA Bbl6bopa HavasnbHbIX 3HAYEHUI YCTaBOK 1 610K pyyHOro ynpaenexHus MS.

B 3aBucumoCTM OT TOro, Kakas CTPyKTypa ucnonb3dyeTcs (CMellaHHas wunv napan-
nenbHas), nepefartoyHas PyHKUUs UMeeT pasnnyHbii BUA.

Mpn cmeLaHHOM CTPYKTYpe

OUT —kp| 14 ——4 1P|y
tl‘p 1+ ﬁ -p
kd
Mpn napanneneHOW CTPYKType
OUT =| kp+o—— o — Py

p 1+[$)'p

C KO9(hPULMEHTOM MacLLTabnpoBaHUs, paBHbIM o,

OUT — out _sup—out _inf

pv_sup—pv_inf

[aHHble dopmynbl M3MEHATCA B 3aBUCMMOCTU OT TOro, Kakas dopma anroputma
NCNonb3yeTcs: BblYUCIIEHME abCONMIOTHLIX 3Ha4YeHun (abconoTHas opma) UnNu BblYK-
CNeHune npupalleHnin (MHKpeMeHTHasa dopma).

A6contoTHasa cpopma ( ecnu ti = 0, T. e. NO-perynaTtop):
OUT = TermP + TermD + TermFF + outbias;
OUTD = OUT(new) - OUT(O|d)'

NHkpemeHTHasa dopma ( ecnu ti Ne O, T. e. MNO-perynsaTop):
OUTD = TermP + Terml + TermD + TermFF;
OUT = OUT(Old) + OUTD(neW)1

roe TermP — 3Ha4yeHMe NponopLMoHasnibHOM cocTasnsatowen; Terml —3Ha4eHne nHTerparsb-
Hown cocTtaBnswoLen; TermD — 3HaveHVe anddepeHumnansHon coctasnsowen; TermFF —
3Ha4YeHMe KOMMEHCUPYIOLWEro BO3AENCTBUA (KOMMNEHCAUUsA BO3MYLLEHUI); (new) — 3HaYe-
HWe, MOJSly4EHHOE NPWU TEKyLLeM BblYMCNEHUM 6510ka; (old) — 3HayeHue, nonyyYyeHHoe Ha
npegblgyLiem Lare.
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Onucanne napameTtpos PIDFF npueegeHo B Tabn. 3.7.

Tabnmya 3.7
0O603Ha4eHne Tun Onucaxwve
PIDFF
PV REAL Perynupyemas nepemeHHas
SP REAL YcTaBka
FF REAL Bxopn Feed Forward
RCPY REAL Konusa thakTn4eckoro Bo3gencTaus
MAN_AUTO | BOOL | 8 e masoran
PARA Para_PIDFF MponsBogHbIA TUN AaHHbIX
TR_I REAL NHunyuanusaumsa Bxoga
TR_S BOOL Mopsaok uHMUmManmaaumm
ouT REAL 3HadeHue Bbixoaa (abcomntoTHOE)
3HadeHne npupaLleHns BbIxoAa (pasHuua Mexay TeKyLLmMM
OUTD REAL 3Ha4yeHneM BbIXxoAa U 3Ha4eHneMm, rnony4eHHbIM Ha
npeabigyLLeM Liare)
TekyLwmin pexxmum paboTbl 6roka:
MA_O BOOL 1 - aBTOMaTU4YECKNIA;
0 - NMM60 pyYHOWN, NIMBO PEXUM CrEXEHUs
INFO Info_PIDFF MHdopmaums
STATUS WORD CocTtosiHne
Para_PIDFF
id UNIT 3ape3epBMpoBaHo Ans MyHKLUUM aBTOHACTPONKM
pv_int REAL HWXHAA rpaHnua perynmpyemMon BesiMyuHbl
pv_sup REAL BepxHss rpaHuua perynupyemon BenuymnHbl
out_inf REAL HwxHasa rpaHvua Beixoda
out_sup REAL BepxHas rpaHuua Bbixoga
rev_dir BOOL 0 - o6paTHbIN pexum; 1 - NPSAMON PeXnNM;
mopar | mooL | 3 e e e
aw_type BOOL Tun mexaHnama pereHepauum
en_rcpy BOOL 1 - ucnonb3oBatb Bxog RCPY
kp REAL 1 - ucnonb3sosatb Bxog RCPY
ti TIME Koath(pmumMeHT ycuneHns nponopLmoHanbHON COCTaBNALLEN
td TIME [MocTosAHHaa BpeMEeHU MHTEerpnpoBaHns
kd REAL [MocTosHHasa BpeMeHn guddepeHLmnpoBaHmns
pv_dev BOOL KoathdumumeHT ycunenusa guddepeHumnanbHom CoCcTaBMAaoLLLEN
Tvn gudbdpepeHumpoBaHms:
0 - pudbbepeHumpoBaHme perynmpyemMon BENNYnHbI;
1 - andphepeHLmpoBaHne OTKIOHEHMSA
Para_PIDFF
Vcnonb3yeTca npy nepesofe perynsaropa u3 pexxumon
bump BOOL manual n tracking B pexum auto:

0 - nepekno4yeHne 6e3 BCMNIEeCKOB;
1 - nepeksno4eHne Co BCreckamm
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OkoHYaHue Tabnuubl 3.7

0O603Ha4eHVe Tun Onwucaxuve
dband REAL 30Ha HeYyBCTBUTENBHOCTU
gain_kp REAL KOSd)d)I/ILLI/IeHTVyCI/IJ'IeHI/IH npw nponopLuoHansHomn
COCTaBNALLEN BHYTPU 30HbI HeYyBCTBUTENBHOCTM dband
ovs_att REAL BoccTaHoBneHne npesbILLeHNs
outbias REAL PyyHasa komneHcaums cuctemMaTmyeckon OLLIMGKK
out_min REAL PyyHasa komneHcaums cuctemMaTm4eckon oLLIMGKN
out_max REAL HwxHWin npegen eeixoaa
outrate REAL BepxHuin npepen Boixoga
ff_inf REAL [MpenencHoe U3MeHeHne BbIxoda
ff_sup REAL HwmxHsasa rpadmua Bxoga FF (Feed Forward)
otff_inf REAL BepxHss rpaHvua Bxopa FF
otff_sup REAL HwmxHsasa rpaHmua Bbixoga out_ff
Info_PIDFF
dev REAL BenunuumHa paccornacosanus (PV-SP)
out_ff REAL 3HaveHne CoCTaBAOLLEN KOMMEHCALMM BO3MYLLEHWNA
(Feed Forward)

BbI60p CTPYKTYpbI OCYLLECTBNAETCH C MOMOLLbIO NapamMeTpa mix_par:

e ecnu mix_par = 0, TO CTPYKTypa — CMeLLaHHas, T. €. Bbl4UCIIEHME NPOMNOPLNOHabHON
COCTaBNSALLEN UMEET MECTO MOCSE BblMUCMIEHUA UHTErpanbHON 1 anddepeHuLmnanbHoOn
cocTtasnsowmx. NMpy 3TOM MCNONb3yeMbl KOIPUUMEHT yeuneHnsa K 30ecb SKBUBaseH-
TEH kp;

e ecnu mix_par = 1, ToO CTpyKTypa — napannesnbHas, T.e. napanfenbHO Bbl4UCNAOTCS
npornopumoHanbHas, nHTerpanbHas n guddepeHumnansHaa coctasnawowme. B atom cny-
Hae KO3IMMPULMEHT ycuneHus k, He NMpUMEHsIeTCs K MHTerpanbHon 1 anddepeHumansHoi
coctasnsowmm. KoapduumneHT ycuneHma K B 3ToM cnyyae — NpoCTO COOTHOLLIEHWNE MexXay
LIKaIon 3Ha4YeHUn BbIXOAa M LUKANOW perynnmpyemMon BennyuHbl (KOaduumMeHT macluTa-
6UPOBaHNS PaBeH «).

Anroputm B a6contoTHou opme ([MO-perynatop) wmcnonb3yetrcs, €cnu HeT
WHTerpanbHon coctaensaowen (T. e. ti = 0). B atom cny4ae cHayana BblHUCNSETCA
3Ha4veHue Bbixoga OUT, nocne 4vero BbluncnsaeTcs oTKnoHeHne Bbixoga OUTD.

AnroputMm B WHKpeMeHTHou dopme ([MMNO-perynatop) npuUMEHSIETCHA, Korga
npUCyTCTBYET WHTerpanbHas coctaeBnsawowasa (1. e. ti > 0). B atom cnyyae cHavana
BblY4MCNAETCA BeNuunHa OTKNOoHeHus Bbixoga OUTD, nocne 4vero Bbl4ucnsgeTcs
abcontoTHoe 3Ha4veHue Bbixoga OUT no dopmyne

OUT (new) = OUT gy + OUTD.

HaHHas cdopma anroputma no3BonseT UCMoNb30BaTh BbIXOOAHOM NOTOK 6510ka SERVO
AN ynpasneHns actaTU4ecKMn npoueccamu.

Anroputm obnagaeT JONOAHUTENbHLIMU BO3MOXHOCTSIMMN.

B Criy4ae, Korga (PakTn4eckoe 3Ha4eHne OTnM4yaeTcsl OT PacCYUTaHHOrO PEerynaTopom
(pa3oMKHyTaa cuctema), B BbIMUCMEHUsIX 3a npefenamm 610Kka sy4lle UCnosnb3oBaTb
peanbHOe 3Ha4YeHue MHTerpanbHOM cocTtasnstowen (Npyu en_rcpy = 1). Ecnn goctynHo
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nocnegHee 3HadeHue, OHO OOMKHO 6bITb NogaHo Ha Bxog RCPY, u 3HaveHne napameTtpa
en_rcpy AOMKHO 6bITb paBHO 1. Torga npu BblYUCTIEHUN B GIOKE BblpaXXeHne
OUT (new) = OUT gig) + OUTD
npuHUMaeT Bug
OUT hew) = RCPY + OUTD.

Anroput™M B MHKPEMEHTHOM (POpMeE OCOBEHHO NOJIe3eH NPU KackagMpoBaHUN KOHTYPOB
NN KOHTYPOB C 6JI0KOM aBTOBbIOOPA, MOCKOSIbKY B 3TOM Clly4ae HeT OrpaHuyeHus Ha 3Ha-
yeHue Bbixoga OUT.

MexaHnam pereHepauum ¢ TunoMm aw_type = 0 ABNSETCS OCHOBHbIM. [Mpy 9TOM BO3MOX-
Ha cuTyauus, korga nocrne JOCTUXEHUS KakKoro-nnmbo 3HaYeHus BbIXOAHAsA BENUMYUHA BHe-
3arHo BbIXOAMT 3a npepfenbl yCTaHOBIEHHOrO MHTepBana 3Ha4deHun, faxe ecnv He name-
HWUNCS 3HAK BENNYMHBI OTKITOHEHUSA (HAnpUMep, NPy KpaTKOBPEMEHHOM BO3MYLLIEHUN pery-
nvpyemon BenuyuHel). MNMpu TMne aw_type = 1 mMexaHn3m pereHepauumn no3sonseT nsbe-
XaTb BbIXOfa 3a npefenbl MHTepsana 3Ha4eHUNn.

AnroputM B MHKPEMEHTHOM hopme [AaeT BO3MOXHOCTb YMEHbLUUTbL nepeperynuposa-
Hue. B cnyydae npucyTCTBMA WMHTerpanbHon coctaensawowen (ti<>0), napametp ovs_att
NoO3BOSISIET BBECTM BECOBOW KOIPMUUMEHT [ NPONOpLMOHANbHOM COCTaBMSOLLEN.
NOCNEeAHAA BbIYUCNAETCA C NOMOLLIO B3BELLEHHOIO OTKIIOHEHUS:

PV — (1-ovs_att)-SP.

Llenbto aBnseTcsa nony4eHve onpenenieHHoro ynpasnsaoLwero BO3gencTensa n guHaMmmy-
HOro OTK/MKa Ha BO3MYyLLieHMA 6e3 nepeperynmpoBaHus. MNapameTp ovs_att (overflow atte-
nuation) MoXeT NpMHUMaTL CleayLme 3Ha4YeHns:

0 — BblYUCIEHNE NPONOPLMOHANIBHON COCTaBASIOLLEN MO OTKIIOHEHUIO;

1 — BblYUCIIEHNE MPONOPLUNOHANIBHON COCTaBJIAOLLENA MO 3HAYEHWUIO pPerynupyemon
BENIMYUHBI.

3oHa HevyBcTBUTENbHOCTU (dband) nokasaHa Ha puc. 3.12.

Modified devistion Modified deviation
[} 4

Elope=gain_kp Elope=gain_kp

: = 'y =
diz=nd DEY /l/ i s

0 <= GAMN KP =1 GAN KP =1

Punc.3.12 30Ha HevyBCTBUTENLHOCTI

BHyTpM 30HbI HEYYBCTBUTENBHOCTU NapameTp gain_kp MOXeT 6biTb MCNOMb30BaH AfiA
N3MEHEHUSA BENTMYUHBI OTKITOHEHUSA, a TakxXe OJ1s1 06paLleHns ee B HyJb, T. €. BHYTPU 30HbI
HEeYyBCTBUTENIbHOCTU BENNYMHA OTKITIOHEHUS YMHOXaeTcs Ha napameTp gain_kp (cm. puc.
3.12). NonyyeHHaa Takum 06pa30oM BENMHYMHA OTKITOHEHUSI UCMONb3YeTCsa A5 Bbl4YMCIIEHUS
WHTEerpasibHon 1 NpornopLMoHanbHOM COCTaBNAOLLNX.

®OyHkums Feed Forward no3BonseT KOMMEHCUPOBaTb BO3MYLLEHUSA, KOTOpPble MOryT
OblTb M3MEpPEHbI, B MOMEHT UX MOSABNEHUs. B pa3omMKHyTOn cucTtemMe gaHHas yHKUMS
ynpexgaeT Bo3myLleHus. Bosgenctemne Bxoga Feed Forward B perynsarope Ha4yMHaeTca ¢
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MOMeHTa onpegenenns pexuma direct/reverse n paccuntoiBaeTcs no popmyne

(FF - ff _inf)-(otff _sup—otff _inf)
(ﬁ’_sup—ﬁ’_inf)

out ff = +otff _inf

®yHKUMoHanbHbIM 610K PIDFF pa6oTaeT B Tpex pexumax: aBToMaTM4eCckom, py4HOM U
pexume cnexeHus (0Tnagkun). ITr pexnMbl MOryT ObITb YCTAHOBEHbI C UCMONb30BaHMEM
BxopoB MAN_AUTO n TR_S. Pexum cnexeHus (0Tnagku) umeeTt 60nee BbICOKUI Npropu-
TeT.

B aBTOMaTU4YECKOM pexmnme TR_S =0; MAN_AUTO = 0.

B pydHom pexume TR_S = 0; MAN_AUTO = 1.

B pexunme cnexernna TR_S = 1; exog MAN_AUTO paeeH 0 unn 1.

B aBTomatunyeckom pexunme Bbixogbl OUT n OUTD aBnsoTcsa pe3ynstaToM BblunUcie-
HWIA, BbINOSIHAEMbIX 6510KOM, NpuyeM 3HadeHve OUT pomxHO nexartb B WHTepBane |-
out_min, out_max].

Mpn py4yHOM pexunme paboTbl 6510K He BblumncnseT 3HadeHmne OUT, no3sonss onepatopy
HenocpeacTBEHHO U3MEHSATb 3TO 3HadYeHne. OOHaKo 3TO 3HA4YeHMEe OOSMKHO HaXoOaUTbCS B
nHTepsarne [out_inf, out_sup] (BmecTo [out_min, out_max]).

B pexunme cnexeHuns 3HadeHune Bxoga TR_I konupyeTca Ha Bbixog OUT, npu aToM 3Ha-
YeHMe BbIXOOa OrpaHMYEHO TEM Xe WMHTEPBASIOM, YTO U MpU py4yHOM pexume: [out_inf,
out_sup].

Mpn ncnonb30BaHUM MHKPEMEHTHOM hopMbl anroputMa (ti<>0) nepeknoyeHne pexu-
MOB paboTbl ocyLlecTBnsgeTcsa nnasHo (bumpless). Ecnu npumeHseTcs anroput™ B abco-
noTHOoM dhopme (ti = 0), TO NpoTekaHne npouecca NepektovYeHnsa 3aBUCUT OT napamMeTpa
bump. Ecnn bump = 0, To napameTp outbias nepecynTbIBaETCA TakKMM 06pas3oMm, 4YTO 3Ha-
yeHue Bbixoga OUT BblumcnseTca B COOTBETCTBUM C NOCNEOHUM 3HA4YEHMEM 3TOrO BbIX0Aa,
NOfy4YEeHHbIM B NMpeablayLLeM pexunme:

outbias = OUT ey — directiopn-k,-dev g g — out_ff g ).

Ecnn bump = 1, To nepekno4eHne BbI3blIBAET BCMIECK.
®yHKumnoHansHas cxema PIDFF npusepeHa Ha puc 3.13.

ff_su otff sup
FF Feed Foward
action

otff_int

f_int DEY "MiaH

Overshoat | ¢ ﬂ = : Propartional
attenuation " - action out_fi
ous_att
Wv_SU
Rv_sup - dew
SF o 5 Pl — L~ Interal action
fre_inf R

outrate out_min

dband
gain_kp outbias

wea [
KAH_AUTO |I' out_sup |
| Limiter out
TR _| qi TR

out_inf
Pnc.3.13. ®yukunonanbHas cxema MAL-perynsropa PIDFF
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OCHOBHblE MPOMEXYTOYHblE TMNEPEMEHHbIE U  (PYHKUMW, UCMONb3yeMble MNpu
BbI4UCIIEHUSAX:

TermP — nponopumoHanbHas coctasnstoLlas (action);

TermD — gndpdpepeHumnansHaa cocTasnaoLLas;

Terml — nHTerpanbHas coctaensoLLas;

TermFF — 3Ha4eHne nepemeHHO KomneHcaumm Bo3myLueHuni (Feed Forward);

(new) — 3Ha4eHune, NoslyHeHHOE NMpu TEKYLLEM BbINOSIHEHMM B10Ka;

(old) — 3Ha4yeHwne, nony4eHHoe Ha nNpeaplayLeM LMKe BbINONHEHUs 6510Ka;

K — KOS(POMLUMEHT yCUneHus npu nHTerpanbHon n amddepeHumanbHOn CocTaBsAo-

wunx. KoapduumnmeHT ycuneHus 3aBUCUT OT CTPYKTYpbl 6r5i0Ka (CMewaHHas wnuv
napannesnbHas); ecnm mix_par = 0 (1. €. CTpyKTypa — cMeluaHHas) n k,<>0, To K = k;

ecqin

mix_par=1 (T. e. CTpykTypa — napannenbHas) wm k, = 0,

To K = a = (out_sup — out_inf)/(pv_sup — pv_inf);

VAR — nepemMeHHasi, ucnonb3yemas npu Bbl4MCNeHUM aundpdepeHumnansHon cocTa-

BRsoLen. 3Ha4eHne 3TOM NePeEMEHHON 3aBUCUT OT 3Ha4YeHUs napameTpa pv_dev: ecnu
pv_dev = 0, To VAR = PV; ecnu pv_dev = 1, To VAR = dey;

Direction — HanpaeneHue. Ecnu rev_dir = 1, To 3Ha4eHune direction = +1 nokasbiBaeT,

4yto nonoxutensHoe (PV-SP) (paccornacoBaHue) yBenuumBaeT 3HadeHue Bbixoga. Ecnm
rev_dir = 0, TO 3HadyeHue direction = —1 nokasbiBaeT, 4TO0 nonoxurensHoe (PV-SP)
(paccornacoBaHue) yMeHbLUAEeT 3Ha4YEHNE BbIXOAA;

DEV_WGH = PV — (1 — ovs_att)*SP;

dt — Bpems, npoLueflee ¢ MOMeHTa NocnegHero BbiNoHEeHNs 6110Ka;

OUTc — npegBaputenbHoe 3Ha4YeHne BbIxoda 40 NMUTaumm (OrpaHnyeHns);
D — Ax(1)] = x(t) = x(t = 1);

limiter — yHKUMA orpaHn4eHna 3Ha4eHns Bbixoda 6noka.

AbcontoTHasa dhopma anroputma:

OUT = TermP + TermD + TermFF + outbias;
OuUTD = OUTP(new) - OUTP(O|d),
OUT = limiter(ouT);
TermP = direction-kp-dev;

td - TermD,+ K -td -kd - VAR, ~ VAR ,,))
kd -dt +td

TermD = sens

B (FF —ﬁ’_inf)- (otﬁ‘_sup— otff_inf) .
TermFF = (ﬁ_sup—ﬂ_inf) +otff _inf
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HopmanbHasa nHkpemeHTHas oopma anroputma (npu aw_type = 0):
OUT = TermP + Terml + TermD + TermFF;
OUT = OUT gy + OUTDpew (if en_rcpy = 0);
OUT = RCPY + OUTD ey (if en_rcpy = 1);
OUT = limiter(OUT);
TermP = direction-kp-[A(DEV_WGH)];
Termi = direction-k-dt/ti-dev;

td -TermD, , v+ K -td - kd - VAR —VAR
TermD = A{sens (ctd) ( (wew) ("ld))}

kd - dt +td

| FF - fr _inf)-(otff _sup—otff _inf) .
TermFF = A{ (ﬁ_sup—ﬁ’_inf) +otff _inf

WHKpPEMeHTHas chopma anropmMtMma npu UCrnonb30BaHUM MexaHn3ma pereHepaumm (npu
aw_type = 1):

OUTD = TermP + Terml + TermD + TermFF + TermAW;

OUTc = OUTC(o|d) + OUTD(neW)

HEe3aBMCKMMO OT 3HAYEHUSA en_rcpy;

OUT = limiter(OUTc).

3HadeHuna TermP, Terml, TermD, TermFF BbluMcnsatoTCA Tak Xe, Kak B HOpMasrbHOM
dopme, a 3HadeHns TermAW onpepnensoTca Tak:

TermAW = dt/ti [OUT ) — OUTc )],

ecnv 3Ha4yeHune en_rcpy = 0;

TermAW = dt/ti [RCPY — OUTc g q)],

ecnv 3Ha4eHue en_rcpy = 1.

Mpu paboTe perynatopa B YACTOM UHTerpanbHoM pexume (npu kp = 0) HopmanbHas
WMHKpeMeHTHas gopma (npu aw_type = 0):

OUTD = Termi + TermFF;
OUT = OUT gy + OUTD e (if en_rcpy = 0);
OUT = RCPY + OUTDpey (if en_rcpy = 1);
OUT = limiter(OUT);
Termi = direction-co.-dt/ti-dev;

TermFF = A (FF—ﬁ‘_inf)- (otﬁ_sup— 0tff_inf)+ otfff _inf
(ff _sup— f _inf) T

NHKkpemeHTHas copma anropytMa B WHTerpanbHom pexume (npy kp = 0) npwu
NCNonb30BaHUN MexaHn3ma pereHepauun (npu aw_type = 1):

OUTD = Terml + TermFF + TermAW;

OUTc = OUTc(gig) + OUTD new)

He3aBUCMMO OT 3HaY4YeHust en_rcpy;

OUT = limiter(OUTc).

3HaveHusa Terml, TermFF BblMMCNAIOTCA Tak Xe, Kak B HopmasibHOW hopme, a 3Ha4eHus
TermAW onpegensaoTcs Tak:

TermAW = dt/ti [OUT gy — OUTC(giq)],
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ecnu 3HadyeHuve en_rcpy = 0;
TermAW = dt/ti [RCPY — OUTc ),
ecnu 3Ha4eHve en_rcpy = 1.

3.3. AIANTALINS 1 ABTOMATVHECKASE HACTPOVIKA NMIAI-PETYNIATOPA

Hactponka napametpoB 650koB PI_B n PIDFF cywectBeHHO obneryaetcsi 6510KOM
asToHacTporkn AUTOTUNE. OT0T 650K MOXHO NEerko yCTaHOBWUTb CO CTOPOHbl BXOAOB
6noka Controller. Mpn 9TOM aBTOHACTPOWNKA HAYNMHAETCS B SO0 MOMEHT 6€3 MPUMEHEHMSA
crneumanbHbIX NPOrpaMMHbIX CPEACTB.

®OyHkuMoHanbHbIM 610K AUTOTUNE (puc. 3.14) npegHa3HayveH Ons aBTOMaTU4eCKOM
HacTporku pasnuyHbix MNMO-perynatopos (PIDFF, PI_B).

AUTOTUNE
REAL —pV PV_0—REAL
REAL —=P SP_Op—REAL
REAL —RCPY PARA_CH—"
BOOL —START * = Parameters of the autotuned
BOOL —PREV controller (Para_PIDFF,
Para_AUTOTUNE —PARA Fara_PI_B,.. asthe case may be’
REAL —TR_I TRI|—REAL
BOOL —TE_S TRS — BOOL
INFO — Info_ AUTOTUNE
STATUS — WORD

Pnc.3.14. ®yHkumoHanbHbin 6nok AUTOTUNE

B anroputme peanusoBaHbl 3BpUCTUYECKME NpaBuna metoda 3urnepa—Hukonsca. CHa-
Yyarna Ha uHTepBase BpeMeHu, paBHoM 2,5 Tnn, rge Trnn — Bpemsi nepexogHoro npotecca
ONsi pa30MKHYTOro KOHTYpa, BbINOSHAETCA aHanua npouecca ons ero uaeHTugukauum B
nepBoM NPUONNXEHUU NPU AaHHOW NMOCTOAHHOM BpeMeHu. [lanee ¢ MoMOLLbIO 9TOW Mofe-
NV BblYMCNAETCH pAg NapaMeTpoB HACTPONKM HA OCHOBE 3BPUCTUYHECKMX NPaBun 1 3Kcne-
PUMEHTasIbHbIX AaHHbIX.

MpenBapuTensHO BbIOpPaHHbLIM AMana3oH napameTpoB 3aTeM YTOYHAETCA Nnbo Mo Kpu-
Tepuo ONTUMarbHOro 6bICTPOAENCTBUSA, NINGO MO KPUTEPUIO YCTONYMBOCTH.

Anroput™m NPUMEHUM K criegyoLmm Tunam npoLeccoB:

2. npouecchl B cuctemax ¢ OgHUM BXOLAOM W OHUM BbIXOLOM;

3. camoBbIpaBHMBAOLLMECH UMW acTaTU4ecKne (C MHTerpaTopom);

4. acuMmMeTpuHeckme npoLlecchl B npegenax gonycka MAQ-anroputma;

5. B cucremax ¢ LUMM-BbIXOAHLIM CUrHaNoOM perynmpoBaHus.

OcHoBHble BbINOMHAEMbIE (DYHKLMW: BblYUCIIEHWE MapamMeTpoB HACTPOMKW 6GIIOKOB
PIDFF vnu PI_B; gpuarHocTmka; HacTponKa; BbI6op NapamMeTPOoB; OLEeHKa KayecTBa guHaMu-
KM HaCTPOMKU CUHTE3NPYeMON CUCTEMbI; BOCCTAHOBIIEHME MPEXHEN HACTPONKMN.

Mcnonb3ytoTcs OBa BapuaHTa aBTOHACTPOMKW: ropsyvas aBTOHACTpOMKa M XoropHas
aBTOHaCTpoOWKa.

lMepBasa asa aBTOHACTPOWKM OOMHAKOBA ANA 060MX BapuaHTOB: 3TO aHanv3 wyma u
yCTOM4YMBOCTM npoliecca Ha nHtepsane 0,5 tmax. B 310 Bpems BbIxogHblEe CUrHarnbl ocTa-
t0TCA HEM3MeHHbIMU. [ocneyoLlme pasbl 3aBUCAT OT BbiGOpa BapnaHTa aBTOHACTPOVKW.
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XonopgHas aBTOHACTPOMKa OCYLLECTBMAETCA B Cry4ae, eCcnv npouecc oTamyaeTtcs oT
ycTaBku 6onee 4yeM Ha 40 %, a TekyLlee 3Ha4eHune npouecca He npesbiwaeTt 30 %. B aTom
cny4dae Ha Bbixoge TRI dyHKUMOHANBLHOro 6510Ka NOABNASAITCA ABAa OAMHAKOBbLIX CTyNneH4a-
TbIX BO34encTBuA (puc. 3.15).

A

START

i Sl

Automatic Autotuning mode Automatic
ar manual mods or manual mode

Puc.3.15.XonoaHas aBToHaCTpOMKa

Kaxgas cTyneHbka OencTBYeT Ha MHTepBane tmax. [locne okoH4YaHua aBTOHACTPOMKM
BOCCTaHaBIMBaeTCs NpeabiayLLmii pexxmum paboTbl KOHTYpa.

Ecnn HeT ycrnosuin onsg XOnogHOW aBTOHACTPOMKW, TO BbIMNOMHAETCH ropsiyas aBToOHa-
CTpoOViKa: CTyneH4aTble BO3OEUCTBUSA WHBEPTUPYIOTCH, T. €. UMEKT MNPOTUBOMOSIOXKHbIE
HanpaeneHus (puc. 3.16).

& fmax

START

Automatic Autotuning mode Autamatic
or manual mode or manual mode

Punc.3.16. lopsyas aBTOHACTpOMKa

MpoOomknTenbHOCTb KaXA0M CTYNeHbKM COOTBETCTBYET tmax. Nocne okoH4YaHusi aBTo-
HaCTPOWKM BOCCTAHABIMBAETCS MPEXHUA PeXUM paboTbl KOHTYpa.

lMocne kaxaon cepun N3 ABYX CTYMEHEK BbIYUCTIAOTCA napamMeTpbl HACTPONKU peryns-
Topa. YpaBHEHUsl, HA OCHOBaHUWN KOTOPbIX PACCHUTLIBAIOTCS 3TU NapameTpbl Ana perynsarto-
pa, COCTaBNAKTCA C Y4ETOM KOIUUNEHTA YCUIIEHUA U COOTHOLLEHUS MeXy BpeMeHeM
nepexofHoro rnpowecca u BpemMeHeM 3anasfblBaHus.

B TepmuHax Teopun po6acTHOro ynpasnieHuss anroputMm LOSHKeH nogaepXxunsarb name-
HeHWs Ko3(ppmumeHTa yCuneHms n NoCToAHHOM BPeEMEHU C KOSMPULMEHTOM, paBHbIM 2,
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6e3 NoTepu yCTONYMBOCTU. ACMMMETPUYHBIE NMPOLECChl NOAAEPXMNBAIOTCA (MOXHO aHanu-
31poBaTb) B TOW CTEMNEHW, B KAKOW OHW COOTBETCTBYIOT 3TOMY OrpaHn4eHunio. B npoTMBHOM
cny4yae (pmkcupyeTcs oLmbKa 1 BblgaeTcsl AMarHoCcTuyeckoe CoobLLeHeE.

Mpouenypa vaeHTUdUkKaumm npouecca pa3bnsaeTcs Ha Tpu aTana.

Jrtan 1. AHanus wyma n yCTOMYMBOCTMW.

Otan 2. [NepBUYHbIA aHanM3 NEPEXOLHON XapakTEPUCTUKN O CUHTE3a MOJENN B nep-
BOM MPUONMXEHUN (HA OCHOBE MNEPBUYHOM OLEHKU opMUpyeTca (UnbTp, KOTOPbIV
MCNoNb3yeTCcs Ha CriegytoLem atane).

Otan 3. BTOpWYHbIV aHann3 OTKNnKa (Ha BTOPYHO CTyneHbKY). (OH NO3BONSET YTOYHUTD
pe3ynbrat 06paboTKN OaHHbIX.)

B KoHe4YHOM cHeTe chopmupyeTca MaTemMaTnyeckasn mogesnb npouecca. Ecnu pesynesra-
Thl OBYX MPUOGIMXKEHNA CUITbHO OTNMYAKOTCA OOUH OT OPYroro, TO OHU OTOpachbIBatOTCA Kak
NOXHbIE N aBTOHACTPOMKA CHMUTAETCHA HeyaaqHOM.

B npouecce aBToHacTponku Ha Bbixoge TRI gBaxabl hopMmpyeTcs CTyrneH4YaToe BO3-
pencteue. CTyneHbka onpepenseTca ABYyMs napamMeTpamu: ANUTENIbHOCTbIO (tmax) w
amnnutygown (step_ampl).

[nanas3oH 3Ha4eHnn 3TUX ABYX NapaMeTpoB BbiOGMpaeTcs crnegyowmm o6pas3om: tmax >
4c n step_ampl 6onblue, 4em 1% OT LIKanbl U3MEHEHMA BbIXOOHOro curHana (out_inf,
out_sup). Npn napameTpusaumm Takxe NOATBEPXKAAETCS, 4YTO 3Ha4eHne TRI He BbixoguT 3a
npegenbl LKanbl BbIXOAHOMO curHana. 3ta Bepuukauma OCyLeCTBAAETCS B MOMEHT
Hayana npouenypbl aBTOHACTPOMKM.

B kayectBe npumepa B Tabn. 3.8 npencraBrieHbl 3HAYEHUS MapamMeTpoOB HEKOTOPbIX
TUMUYHBIX YCNIOBUIA HACTPONKMW.

Tabnmya 3.8
O6beKT (TUn cpenpl) tmax, ¢ step_ampl, %
CKOpOCTHOM Hanop XWAKOCTN v OaBneHve 5-30 10-20
[aBneHue rasa 60-300 10-20
Cka4ok (Toka) 120-600 20
Temniepatypa napa wunv ero gasrneHue 600-3600 30-50
CocTtaBHon 600-3600 30-50

HacTpownky perynaropa MOXHO U3MEHSATb B 3aBUCMMOCTM OT 3HAa4YeHWst HOEKCca aBToHa-
ctpoviku perf. MapameTp perf npuHumaeT 3Ha4eHus ot 0 go 1, 4To NO3BONAET ANA YCTONYU-
BOCTW OFPaHUYNTBLCH 3Ha4YeHuaMu, 6nmnsknmn K perf = 0, nnn gaet BO3MOXHOCTb MOSy4YUTb
6onee OUHaAMUYHYKO HAcTPOWKY, YCTPEMNSAs 3TOT napameTp K 3HadyeHuto perf = 1 (Tem
cambIM ONTUMMU3UPYETCS BPEMSsI MEPEXOQHOM0 NpoLecca B Npouecce 3arpy3km USMEHEHUI).

[Ona nogkntodeHnsa yHKUMN HaGMOOEHNS 3a NPOLECCOM aBTOHACTPOMKM HEOBXOANUMO
npucsontb BxogHoMmy 6uTy START 3HadeHue 1. 1o okoH4YaHMK npouecca aBTOHACTPONKM
cnefyeT BOCCTaHOBWUTb HYyNeBOe 3HayeHne 6uta nporpammbl nonb3oBatens. B xoge
BbIMOSIHEHUA aBTOHACTPOMKNU MOXHO MpeKkpaTtuTb HabnwogeHne rnytemM BOCCTaHOBIIEHUS
Hynesoro 3HadyeHus 6uta START. B atom cnyyae napametpbl B cteke PARA_C npumyTt
npegblayLlee 3Ha4yeHne n 6yayT 3abnokupoBaHbl. B npumepe, npuBeaeHHoM Ha puc. 3.17,
6uT START BOCCTaHaBNMBaeTCs aBTOMATUYECKM KOMaHO0M U3 NporpaMmbl B KOHLE nNpoLie-
Oypbl aBTOHACTPOVIKN.
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F_TRIG

Fo3542 trs [—cLE Q—|

t MCWE AUTOTUNE
EN ENO|— Fc3542 pv [»—{FV PV Ol —
0 FziS4: atstart w Fz3542 sp D—{SP SP O —
| Fc3542 out [——{RCFY FPLRL C|—f» Fe3542 pars pidft

3TART
Fo3542 atprev w [(—FPREV
FCSS‘lZ_para:autDtu;e [>—FPLRL

Fo3b42 tr input [—TR I TRI fee

Fo3sdz trk [}—TR_S TRS f—1> Foibdz rrs
INFO—F> FeiE4Z info autotune
STATUS f— - -

Puc.3.17. ABTomatnyeckoe BocctaHoBnexue 6uta START

Jliobasa mopgndpmkaums 3HadeHns 6uta PREV nossonfet BbINOMHUTL NepecTaHOBKY
MeXay TeKyLwMMW U NpeflecTBYWMMM napaMeTpaMu npu ycnosum, 4To npouegypa
aBTOHACTPOMKM He OencTByeT (TakMm obpas3om, ABe nocnefoBaTtesibHble MoamdumKaumm
3TOro 6uTta NPMBOAAT K BOCCTAHOBIIEHUIO UCXOLHOW HACTPOMKN).

B cny4ae npumeHeHua 6noka PIDFF napameTpbl CTPYKTYpUPOBaHHOW MepemMeHHOWM
Info_ AUTOTUNE nmetoT Bug,

p1_prev = KP;

p2_prev = TI;

p3_prev = TD.

B cnyyae npumeHeHus 6noka PI_B
p1_prev = KP;

p2_prev = TI.

Pe3ynsrathl AMarHOCTUKKM aBTOHACTPOMKN XpaHATCA B ABOMHOM cnose diag BNioTb A0
Havarna HOBOW npouenypbl aBTOHACTPONKM.
Ha puc. 3.18 npueegeH npumep nogkniodeHns 6noka AUTOTUNE k 6noky PIDFF.

LOTOTUNE FIDFF
TTZ PV [»—PV PV O PV OUT—f» TCZ OUT
TTZ _SP [»—,SP SE O =P OUTD —
TCz_OUT [»—{RCPY PARL C TCZ_PARL —FF
TC2 START [— START —lpepy
TCZ PREV [»>—PREV TCZ MAN AUTD [w—MAN AUTO ML O
TCz AT PARL [>—|PARL N PiRi INFOL—
TTCZ_TRI [»—TR T TEI TR I STATUS —
TCZ_TRE [f»—TR 3 TR TR &
B INFO|— ~
STATUS —

Pnc.3.18. Cxema noakntoyeHus 6110Kka aBTOHACTPONKN K PErynsaropy

Mexay 6nokom AUTOTUNE u perynstopomM npoucxogut o6MeH napameTtpamu. Napa-
MeTpbl KOHTpoOsSiepa nepepatoTcs No Kavany ceasu mexgy Bbixogom PARA_C 6noka
AUTOTUNE wn Bxogom PARA perynatopa. Beixog PARA_C nmeet tvn ANY, Tak 4To 6510K
AUTOTUNE MOXHO nogkntoyath K pasnuyHbiM Tunam perynatopos (PIDFF unn PI_B).

Kpome Toro, cnenyet BBecTu pasgensemble nepemerHble PV, SP, TR_I n TR_S. 9n
nepemeHHble asnatoTca Bxogamu 6noka AUTOTUNE, koTopble 63 nameHeHust nepegaroT-
CA Ha COOTBETCTBYIOLLIME €ro BbIXOAbl M Aanee nonagatwT Ha BXoAbl perynartopa.
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B xone aBToHacTponku Bbixof TRS npuHumaeT 3HaveHne 1, n komaHga nosBAseTca Ha
Bbixoge TRI. 91K BbIxoOpl NpegHa3HaveHbl 4na nogknodeHns K Bxogam TR_I n TR_S Tex
PYyHKLMOHanbHbIX 6SI0KOB, KOTOpble pacnonoxeHbl Bcnen 3a 6nokom AUTOTUNE ans
nepesoga ux B pexum TpaccupoBku (PIDFF, PI_B, MS, ...).

B ka4ecTBe npumepa paccMoTpuM 6a30BbI BApUAHT aBTOHACTPOWKM OLHOIO Perynsaro-
pa Tuna Pl_B wnu PIDFF. [Ins ocyLluecTBneHns asToHaCcTPOMKN HE06X0aUMO UMETb MHADOpP-
Mauuio O wkane napametpoB perynatopa (ctpyktypa PARA_C, 1. e. pv_inf, pv_sup,
out_inf, out_sup), a Takxxe COOTBETCTBYIOLLUME NMapamMeTpbl TUMa CTPYKTYpbl perynsaropa,
ornpegensemMble 3Ha4eHMEM 6uTa mix_par. B peaynstate npeobpaszoBaHnin PyHKLNOHAb-
HbI 650K BbipabaTtbiBaeT NO-napameTtpsl (KP, Tl, TD). HanpaeneHue paboTbl perynsaro-
pa (rev_dir) npoBepsaeTca TECTOM aBTOHACTPOMKM U CPaBHMBAETCH CO 3HAKOM KOadhpuuu-
eHTa yCUIeHns COOTBeTCTBYloLWen Mmodenu. B cnyvae npotmBopeuns B napametpe diag
NOSIBNSAETCA CUHA OLUMOKN.

Ecnu B KOHTYpe nmeeTcs 610K pyyHOro ynpaesneHusa MS, To cxema NOAKIoYEHNS MOXET
ObITb TAKOM, Kak nokasaHo Ha puc. 3.19.

BUTOTUNE PIDFF
TT18 PV — PV PV 0 Py oUT
TT18_SP [»—IsP 5P O 5P OUTD|—
TC16_OUT [»——ryRCPY FARL C|——[» TC18 PARA —FrF
TC1B START [——{START © TC18_OUT [»—{RCPY
TC1%_PREV [»——PREV 1[»—|MAN AUTO ML O
TC PARL [»—FARL FLRL INFO—
- —TR 1 TRI —{TR 1 STATUS|—
— TR 5 TRS — —{TR_5
INFO|—
STATUS |-
ns
m OUT|—{» TC18_OUT
—{FORC OUTD |—
—{Ma_FORC ML O
—MEN_AUTO STATUS —
—PARA
TR_I
TR_S

Puc.3.19. Cxema noaknioyeHns 610ka py4HOro ynpasneHus

B aTom cnyyae B Havane astoHacTporkm 6nokom AUTOTUNE nposogutcs nepeksoye-
HMe 6noka MS B pexum TpacCUpOBKM, YTO CO30aEeT BO3MOXHOCTb MPAMOro yrpaBneHus
BbIXOOOM KOHTypa. Wcnonb3osaHue Bxogoe RCPY B 6nokax AUTOTUNE un PIDFF nosso-
nseT BbIMNONHATbL 6€e3yAapHbIA pecTapT KOHTYypa.

B Tabn. 3.9 npmBeaeHbl pasnnyHble PeXnMbl KOHTYpa aBTOHACTPOMKM, a Takxe ykasaH
NX OTHOCUTESbHbIA NPUOPUTET.

Tabnmya 3.9
Pexunm paboThl TR_S START
TpaccupoBka 1 0 vnn 1

ABTOHacTponka 0 1
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B KoHuUe umkna aBToHacTponku Bbixod TRS BoccTaHaBnMBaeTcs, YTO NPMBOAUT K BOC-
CTaHOBJIEHUIO MPEXHEro pexumMa paboTbl (PyHHOro U asToMaTuyeckoro). lNMpu BO3HUKHO-
BEHUM OLLUMOKU B Mnpouecce aBTOHACTPOMKWM nepemeHHas TRI npuHumaeT TO 3Ha4eHwue,
KOTOpOe 6bINI0 00 Hayana aBTOHACTPOWMKMK, a TakXe BOCCTaHaBMBAETCA M3Ha4YaslbHbIN

pexum paboTbl KOHTYpA.

3a npoLeccoM aBTOHACTPOMKM YAO6GHO CNeaUTb C MOMOLLILIO OMepaTopckoro aKpaHa

(pnc.3.20).

M0 LI stete st 1P
M M stEte sts_m_z
“5M2 : dlams *_sts_alams
SHME 2Ry

SEMF 21 5P _op

SMF 4: OUT *_aut_man”
SMF 6 FY_SUP *_pu _sup”
SEMF & 1 P INF %_pu_ine
SEMF 10 Alamm H ©_pu_tr
SMF 12 Sam L *_pu_p
SEME 20 Kp v ke

SMF 22 Ti 7T

SMF 20 Td © T

SEMF 26 Te V1 _ech®

SMF 28 OUTEIAS *_oltbias”
SMF 30 DBSHD *_dband”

BRI T ) B
i o) BN Ot iz YT
T ) I o= ¢ R

Puc.3.20. CTanaapTHbI 3KkpaH ans Hactpoitku MUAO-perynatopa

ABTOHaACTpOMKa MOXET ObITb HE peanuaoBaHa no psgy npuynH. OTkas MoXeT Cly4nTb-
Csl B Npouecce BbINOIHEHUSA NPOLEeaypbl, MO0 0TKa3 MOXET UMETb MEeCTO, eCnv, Hanpu-
Mep, BbiIOpaH psif napamMeTpoB B pesyrnsraTe oLnMO04HOM onepauun.

KaxgpIh 6UT croBa CcOCTOAHUA diag MOXET CUrHaNn3MpoBaTb O TUME OLIMOKU. DTO Xe

CNOBO MO3BOSAET NOEHTUULMPOBATL TEKYLLUIA PEXUM paboThl.
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3AKITO4EHUE

B cuctemax aBTOMaTM4eckoro ynpaefieHusi, MOCTPOeHHbIX Ha 6ade MMJIK Schneider
Electric, nmeeTcsa BOSMOXHOCTb:

a) 6e360M1e3HEHHOr0 U NPaKTUY4eCKU JIOO60ro U3MEHEHUs anropuTMOB U CTPYKTYPbI
ynpaBfieHns HenocpefcTBEHHO B rMpouecce nycka W SKcryarauum CUCTEMbl Ha
OencTByOLLEM OObLEKTE;

6) BKI/IOYEHWs B COCTaB CUCTEMbl CreuuanbHoOro maremMaTu4eckoro obecredeHus
nporpaMmbl MgeHTUUKaUMmM n oNTMMM3aunm C opraHusauven amManoroBoro pexuma c
Hanago4YHbIM MepcoHasioMm.

ABTOMaTtM3auma npouecca HaCTPONKM NO3BONSAET COXPaHUTbL OMTUMAIIbHYO HACTPOMKY
CUCTEMbl B TeYeHMe BCEro BpeMeHW paboTbl O6beKkTa M CrnocoO6CTBYET MOUCKY MNyTen
COBEpLUEHCTBOBAHUA 3aNIOXEHHbIX B TMPOEKT peLueHnn, MoAepHu3auum CUCTEM
yrnpasneHus.

Buinyck Ne 16 Schneider Electric
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LLEHTP NOAAEPXKH
KJIMEHTOB

Ten.: 8 (800) 200 64 46 (MHOrOKaHaNIbHbIN)
(495) 797 32 32

Gakc: (495) 797 40 02

ru.csc@ru.schneider-electric.com

www.schneider-electric.ru

Schneider Electric B ctpanax CHI

AsepbaiimpxaH

Baky

AZ 1008, yn. lapabax, 22
Ten.: (99412) 496 93 39
dakc: (99412) 496 22 97

Benapycb

MuHck

220030, yn. Benopycckas, 15, oduc 9

Ten.: (37517) 226 06 74, 227 60 34
227 60 72

KasaxctaH

Anmarbl

050050, yn. TabauHo3aBozckas, 20
LLseiiuapckuin LieHTp

Ten.: (727) 244 15 05 (MHOroOKaHaNbHbIiA)
daxkc: (727) 244 15 06, 244 15 07

AcTtaHa
yn. beibutiwumnmk, 18

BusHec-ueHTp «beitbutwmnmk 2002», odpuc 402

Ten.: (7172) 91 06 69
dakc: (7172) 91 06 70

Atbipay

060002, yn. Abas, 2-A

BusHec-ueHTp «Cytac - C», odpuc 407
Ten.: (7122) 32 31 91, 32 66 70
daxke: (7122) 32 37 54

Poccus

Bonrorpap

400001, yn. NMpodcotosras, 15/1, oduc 12
Ten.: (8442) 93 08 41

BopoHex

394026, np-T Tpyaa, 65
Ten.: (4732) 39 06 00
Ten./dakc: (4732) 39 06 01

ExaTepuHOypr

620219, yn. Nepsomaiickas, 104, oduce 311, 313

Ten.: (343) 217 63 37, 217 63 38
dakc: (343) 349 40 27

WUpkyTck
664047, yn. Cosetckas, 3 b, odpuc 312
Ten./dakc: (3952) 29 00 07

Kasanb
420107, yn. CnaprakoBckas, 6, atax 7
Ten.: (843) 526 55 84 /85 /86 /87 /88

KanunuHrpap

236040, 'Bappeiickuit np., 15
Ten.: (4012) 53 59 53

dakc: (4012) 57 60 79

KpacHopap

350020, yn. KommyHapos, 268, oducsl 316, 314

Ten./dac: (861) 210 06 38, 210 06 02

KpacHosipck

660021, yn. Topbkoro, 3 A, oduc 302
Ten.: (3912) 56 80 95

dakc: (3912) 56 80 96

MockBa

129281, yn. Enuceiickaq, 37
Ten.: (495) 797 40 00
dakc: (495) 797 40 02

Huxuuit Hoeropop

603000, nep. XonogHwiit, 10 A, oduc 1.5
Ten.: (831) 278 97 25

Ten./dbakc: (831) 278 97 26

www.schneider-electric.ru

HoBocubupck
630005, KpacHblit np-T, 86, odpuc 501

Ten.: (383) 358 54 21, 227 62 54
Ten./dakc: (383) 227 62 53

Mepmb

614010, Komcomonsckmii np-T, 98, oduc 11
Ten./dakc: (343) 290 26 11 /13 / 15

Camapa
443096, yn. KommyHuctuyeckas, 27

Ten./dakc: (846) 266 50 08, 266 41 41, 266 41 11

Cankr-Metepbypr

198103, yn. Uuonkosckoro, 9, kopnyc 2 A

Ten.: (812) 320 64 64
dakc: (812) 320 64 63

Yéa

450064, yn. Mupa, 14, odpuce 518, 520
Ten.: (347) 279 98 29

dakce: (347) 279 98 30

Xa6apoBck

680011, yn. Metannuctos, 10, oduc 4
Ten.: (4212) 78 33 37

dakc: (4212) 78 33 38

TypkmeHuctan
Awra6ar

744017, Mup 2/1, yn. 10. 9mpe, «3.M.B.L,.»

Ten.: (99312) 45 49 40
dakc: (99312) 45 49 56

Y36ekuctaH
TawkeHT

100000, yn. MywkuHa, 75
Ten.: (99871) 140 11 33
dakc: (99871) 140 11 99

YkpauHa
[iHenponeTpoBCck

49000, yn. MnuuHku, 17, 4 arax
Ten.: (380567) 90 08 88
dakc: (380567) 90 09 99

HoHeuk
83023, yn. JlabyteHko, 8

Ten./dakc: (38062) 345 10 85, 345 10 86

Kunes

04070, yn. HabepexHo-Kpeuwatuukas, 10 A

Kopnyc B
Ten.: (38044) 490 62 10
dakc: (38044) 490 62 11

JIbBOB
79015, yn. TypreHesa, 72, k. 1
Ten./dakc: (032) 298 85 85

Hukonaes
54030, yn. Hukonbckas, 25

buatec-ueHTp «AnekcaHapoBckuit», odpuc 5

Ten./dakc: (380512) 48 95 98

Opecca

65079, yn. Kynukoso none, 1, oduc 213
Ten./dakc: (38048) 728 65 55

Cumdepononb

95013, yn. Cesactononbckas, 43/2, oduc 11

Ten./dakc: (380652) 44 38 26

XapbkoB

61070, yn. A. Mpockypsl, 1
busnec-ueHTp «Telesens», oduc 569
Ten.: (380577) 19 07 49

dakc: (380577) 19 07 79
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