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Mpegucnosue

1 NOArOTOBJIEH HerocynapcTBeHHbIM 06pasoBaTenbHbIM YacTHLIM yYpeXaeHneM AONONHUTENbHOTO
npocheccmoHansHoro obpasoeaHus «Hosasi HxeHepHas wkona» (HOYY «HWLL») Ha ocHoBe COBCTBEHHOTO
nepesosa Ha PyCCKUI S3bIK aHITOA3LIYHOW BEPCUM YKA3aHHOrO B NyHKTE 4 CTaHAapTa, KOTOPLIA BbIMOMHEH
Poccuiickon komuccuei akcneptoe MOK/TK 65, u degepanbHbeiM rocyAapCTBEHHLIM YHUTAPHBIM NPeanpu-
AaTuem «BcepoccuiiCkunini HayYHO-MCCNEea0BaTENbCKUA MHCTUTYT CTaHaapTU3auMmn u cepTudukalum B MaLMHo-
ctpoeHuny (BHUMHMALL)

2 BHECEH TexHunyeckum KkOMUTETOM no craHgaptusauum TK 306 «M3mepeHus u ynpaBneHue B npo-
MbILLIIIEHHBIX NPOLIECccax»

3 YTBEPX/JEH V1 BBEAEH B JEVNCTBWE Mpukasom defepansHOro areHTeTBa No TEXHUUECKOMY pe-
rynupoBaHuto 1 metponoruun ot 15 ceHtabpsa 2017 r. Ne 1127-ct

4 HacTosiwmin craHgapt uaeHTu4eH mexayHapoaHomy ctangapty MOK 61131-7:2000 «KoHTponnepsl
nporpaMmMmupyemble. Yactb 7. MNporpaMmupoBaHue HeveTkoro yrnpasneHusy (IEC 61131-7:2000 «Programma-
ble controllers — Part 7: Fuzzy control programming», IDT).

MexgyHapoaHbli ctaHgapT pa3paboraH TexHuyeckum komutetom M3K TK 65 «M3mepeHue, ynpaene-
HWE 1 aBTOMaTU3aLus B MPOMBILLNEHHbLIX NpoLieccaxy.

Mpu npuMEHEeHUn HacToALWero cTaHaapTa PekoMeHAYeTCs UCMONb30BaTb BMECTO CCbINIOYHbIX MEXay-
HapoaHbIX CTaH4apTOB COOTBETCTBYIOLLME UM HALIMOHANMbHbIE CTAHAAPTLI, CBEAEHUS 0 KOTOPbLIX NPUBEAEHbI B
AOMNOMHUTENBHOM MPUMoXxeHun OA

5 BBEJEH BINEPBbIE

[Mpaeuna npuMeHeHuUs Hacmosweao cmaHo0apma ycmaHoesneHbl 8 cmamee 26 ®edepanbHo20 3aKkoHa
om 29 uioHsa 2015 2. Ne 162-03 «O cmanlapmu3sayuu e Poccutickoli ®edepauyuu». NHpopmayus 06 us-
MEHEHUSIX K HacmosiweMy cmaHdapmy nyonukyemcs e exe200HOM (No cOCmoaHulo Ha 1 sHeaps mekyuiezo
200a) uHopmayuoHHOM yKazamere «HayuoHanbHbie cmarnlapmbly, a oguyuanbHbill mekem usMmeHeHull
U 110rpaeoK — 8 eXXeMeCAYHOM UHOPMaUUOHHOM yKasamerne «HayuoHanbHbie cmaHdapmbl». B criyvae
nepecmompa (3aMmeHbi) Unu OMMeHbl Hacmosawezo cmaHGapma coomeememesytowiee yeedomneHue 6ydem
onybnukoeaHo 6 bnuxalilueM 6billyCKe EXeMeCAYHO20 UHPOPMAaUUOHHO20 yKasamernsa «HayuoHarbHble
cmaHOapmbiy. Coomeemcemeyiowasl uHgopmayus, yeeOoMIIeHUe U MeKCMbl PasMewaromecs makxe 6 UH-
¢hopmayuoHHOU cucmeme obueeo nonb3osaHus — Ha oghuyuarnibHom calime ®edepanbHo20 azeHmemea o
MEXHUYECKOMY pe2ynuposaHuio U Memponozuu e cemu lhHmepHem (www.gost.ru)

© CrangaptuHdopm, 2017

Hacrosipmi cranaapt He MOXET ObiTb NOMHOCTLIO UM YACTUYHO BOCNPOU3BEAEH, TUPAXKUPOBAH U pac-
NPOCTPaHEH B Ka4ecTBe 0huLManbLHOro nsganus 6es paspewenus deaepanbHOro areHTCTBa No TEXHUYECKo-
MY PerynmpoBaHuIO 1 METPOSIOTMN
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BBeneHue

Teopust HEYETKOW NOTMKN NPUMEHUTENBHO K BONPOCaM YNpaBneHUsl Ha3blBaeTCA HEYETKUM ynpaBneHu-
eM. Heuetkoe ynpaBneHue npeacraBnsiet co60i TEXHOMOTUI0, KOTOpas NO3BONAET PacLUMPUTb BO3ZMOXKHOCTH
NPOMBILLIIEHHON aBTOMATUKN U NPUIOZiHA NS peLueHus 3aAa4 ypOoBHS yNpaBneHus, BbINONHAEMBbIX, Kak npa-
BWII0, NPOrPAMMUPYEMbBIMU KOHTPONNEPAMMU.

Heuetkoe ynpaBneHue, ckopee, OCHOBAHO Ha NPaKTUMECKOM NMPUMEHEHUU 3HAaHUN, NPEACTAaBMEHHbIX B
TaK Ha3blBaeMbIxX 0a3ax NMMHIBUCTUYECKUX NPABUI, YEM HA UCMNOMNbL30BAHUN aHANUTUYECKMX MoAenen (amnu-
pUYECKMX Unm TeopeTnyeckux). NMpumeHeHne HeYEeTKOro ynpaBneHnst BOSMOXHO MPU HaNMYMM cneumanbHbIX
3HAHWIN, KOTOPbIe MOTYT ObITb NPEACTaABNEHbl MaTeMaTUJYecku. NpyU 3TOM CTaHOBUTCA BO3MOXHBIM UCNONb30-
BaHUE UMEIOLLIMXCS 3HAHWUM AN YCOBEPLLUEHCTBOBAHUSI TEXHOINOIMYECKUX NPOLIECCOB U BLINONIHEHUSI pasnuy-
HbIX 3aaa4. Hanpumep, ans:

- ynpaBneHusi (3aMKHYTbIE WU PA3OMKHYTbIE CUCTEMbI, OJHA UNU HECKONBbKO NEePEMEHHbIX B NTMHEWHbIX
WIIM HEMWUHEWHBIX CUCTEMAX);

- HACTPOMKM NapamMeTpoB CUCTEM B UHTEPAKTUBHOM UMW aBTOHOMHOM Pexunme;

- Knaccudmkauum u pacnosHasaHus oopasos;

- NPUHATUSA PELLUEHUI B pPeXMME pearnbHOro BpemeHu (0TnpaBuTh U3genue Ha CTaHok A unu b?);

- NOMOLLM oneparopaM B MPUHSATUM PELUEHUSI UNU NPU PETYNMPOBAHNKU NAPaMETPOB;

- 0OHapy>XeHUS U AMAarHOCTUKU HEUCTIPABHOCTEN CUCTEM.

LLIupokuii cnekTp BapMaHTOB NMPUMEHEHUSI U €CTECTBEHHbII NoaXoA, OCHOBAHHbLIN HA NPUOBPETEHHOM
YENoBEKOM OMbITE, AenaeT HEYETKOE yNpPaBneHUe OCHOBHLIM MHCTPYMEHTOM, KOTOPbIN AOSMKEH CTaTb CTaH-
AapTom Ans notpebutenei nporpaMMUpyEMbIX KOHTPONIEPOB.

Kpome Toro, He4eTkoe ynpaBrneHue MoXeT KOMOMHMPOBATLCS C KNACCUYECKUMKU METOAAMM YNPaBNEHUSA.

MpuMeHeHUe HEeYeTKOro ynpaBneHUs MOXET UMETb NPEMMYLLECTBA B TeX CRy4asnXx, Koraa OTCyTCTBYET
TOYHAA MoAenb TEXHONOINMYECKOro NpoLecca, aHanMTUYECKyl0 MoA€ErNb CROXHO PacCYUTLIBATL B PeXUME pe-
anbLHOro BPEMEHW unu TpyaHo paspaborarb B NpUHLMNE.

Opyrum npenmMyLLIecTBOM HEYETKOTO ynpaBneHust ABNsSIeTCsl BO3MOXXHOCTb HENOCPEACTBEHHOIO NCNOSb-
30BaHuUs onbiTa, Nnpuobperaemoro norpeburenem. Kpome T0ro, otcyTCcTBYeT HEOOXOAMMOCTE MOAENUPOBATH
BECb KOHTPONJIEP C UCMONb30BAHUEM HEYETKOrO YNPABEHUs, TaK KaK B HEKOTOPbIX CIy4asix HEYETKOE ynpas-
neHve NPUMEHAETCS ANA UHTEPNONALMKM Mexay NoCneaoBaTenbHOCTLIO NMOKANbHO NUHERHbIX MOAENnen, Ans
AUHaMMYecKon aganTaumm napameTpoB NIMHENHOrO KOHTponnepa, NpeBpaLlalowmux ero B HeNIMHEMHbIN, Unu,
Hao60poT, A4NA KOHUEHTPauuu Ha onpeaeneHHol, TpebytoLlei onTuMn3aumn PyHKLMM MMEKOLLIerocs KOHTpor-
nepa.

HeueTkoe ynpaBneHue sIBMAETCA MHOTO3HaYHbIM YNpaBneHWeM, KOTOPOE He OrpaHn4YnBaeTCcsa 3Hadve-
HUAMW KUCTUHA» U «NOXby. MOITOMY HEYETKOE YNPaBneHUE NOME3HO NPu CO34aHnn MOAENU 3IMNUPUYECKUX
3HaHWI, onNpeaensioLe, Kakue ynpasnsiolme BO3AEWCTBUS AOMKHbI BbINOMHATLCA NPU 3agaHHOM Habope
BXOZHbIX CUTHAmNOB.

CoBpeMeHHasi TEoOpUs U Y>ke BHEAPEHHbIE CUCTEMbI HEYETKOIO YNPaBneHus CyLLECTBEHHO Pa3nuyaloTcs
B YacTu TepMuHonoruu (onpeaeneHuns), PyHKUMn (PyHKLMOHANbHbIE BO3MOXHOCTH) U MPAKTUYECKON peanu-
3auUmmn (MHCTPYMEHTapuin).

HeueTkoe ynpasneHue NnpUMEHSAETCS Kak NPU PELLeHUM HeGOonbLUKMX U MPOCTbLIX 3a4a4, TaK U B CIIOXKHbIX
npoekTax. Ytobbl OXBAaTUTb BCE BapUaHTbl MCMONb30BAHWA, B HACTOSLLEM CTaHAapTe PyHKUMN COOTBETCTBY-
IOLLIEN CUCTEMbI HEYETKOTO YrpaBneHus 0TobpakaloTCs B ONPeAeneHHbIX Knaccax COOTBETCTBUA.

Ba3oBbIit Knacc onpeaensieT MUHUManbHbIA HaGop hyHKLUIA, KOTOPbLIN JOMmKeH o6ecneunBaTbcs BCEMU
COBMECTMMBLIMU cuctemamu. 3a c4HeT SToro ynpoLiaerca 06MeH nporpammamMn HEYETKOro ynpasneHus.

[ononHutenbHble cTaHAapTHblE OYHKLMM ONPEAENAIOTCA B PaCLUMPEHHOM Knacce. MNporpammbl HeYeT-
KOro yrnpagsneHusi, UCMNOoNb3ytoLume Takue hyHKLUMU, MOTYT BbiTb NEPEHECEHBI MEXAY CUCTEMaMMK C UCTONb30-
BaHWEM TaKoro e Habopa (PyHKLMII TONMbKO MOMHOCTLIO, B NPOTUBHOM Criydae BO3MOXEH NULLUb YaCTUYHbIN
obmMeH. Hactosiwmit ctaHaapt He TpebyeT, YTobbl BCE COBMECTUMbIE CUCTEMbI BbIMOMHANMN BCE (OYHKLUM pac-
LLUMPEHHOTO Knacca, 04HaKo A0NYyCKaeT BO3MOXHOCTL (HaCTUYHOr0) nepeHoca v npejoTepaLleHne Ucnonb3o-
BaHUS HeCTaHAapTHbIX PYHKUMIA. [M0STOMY COBMECTUMAs CUCTEMA HE AOMkHAa npeanarars HecraHaapTHbIe
hYHKLMU, KOTOPblE MOTYT ObITb BbIMOSIHEHBI C UCMOSb30BAHMEM CTaHAAPTHLIX (YHKUMIA 6a30BOro u pacLuu-
PEHHOTO KNaccoB.

UtoObl He UCKMYaTh CUCTEMBbI, MPUMEHSAIOLME CBOW CMOXHbIe (PYHKLUMWM W3 4Yucrna COOTBETCTBYIO-
LUMX HACTOsILLEeMYy CTaHAapTy U He MpensTcTBOBaTb MPOLIECCY AanbHENMLIEro Pa3BUTUS, HACTOSILLMIA CTaH-
JlapT paspeLuaeT NPUMEeHsTb 0MNOMHUTENbHbIE HECTAHAAPTHbIE (DYHKLMUMU, KOTOPbIe HE OXBayeHbl 6a30BbIM

v
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1 pacLUMPEHHbIM Knaccamu. Tem He MeHee Takue PyHKLUKM AOSDKHbI BbiTh NePeYncrneHbl CTaHAaPTHBIM COCo-
6om Ans obecneyeHust NPOCTOThI UX PACMO3HABAHMSA KaK HECTAHAAPTHLIX GOYHKLWIA.

B03MOXHOCTbL nMepeHoca NPUIOXEHUIA HEYETKOrO YNPABIIEHNS 3aBUCUT OT pasHbIX CUCTEM MPOrpaMmu-
pOBaHMs, a TaKke OT XapaKTepMCTUK CUCTEM YNPAaBMEHWUS. 3TU 3aBUCUMOCTU NPUBOASATCA B KOHTPONbHOM
nepeyYHe AaHHbIX, KOTOPbIN A0MHKEH ObITh NPEAOCTABNEH U3TOTOBUTENEM.
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HAUVWOHANBHBIA CTAHOAPT POCCUNCKOWN OERJEPALUUMN

KOHTPOJINEPBLI NTPOrPAMMUPYEMbIE
Yactb 7
MporpammupoBaHue HEYETKOro ynpaBneHus

Programmable controllers. Part 7. Fuzzy control programming

Dara BBegeHus — 2018—09—01

1 ObnacTb NpMMeHeHus

Hacroawumi ctaHgapT ycTaHaBnMBaeT A3bIK NPOrpaMMUPOBaHUA MPUOXKEHWUIA HEYETKOrO YNpaBneHus,
NpUMEHAEMbIA NPOrpaMMUPyEMbIMU KOHTPONNEPaMu.

L|,eJ'IbPO HacTosLWero craHgapTta aABnsaeTca JOCTUXKEeHUe N3roToBuTensaMmn u nOTpeﬁl/ITeJ'IFlMI/I o6u4ero no-
HUMaHWUS1 OCHOBHbIX CPEACTB MHTErPUPOBaHUS NPUMNOXEHUI HEYETKOrO YNpaBneHUs B A3bikM NPOrpaMmupy-
eMbIX KOHTPONnepoB B cooTBeTCTBMM ¢ MOK 61131-3, a Takke BO3ZMOXHOCTU 0OMEHa NepeHOCUMbIMU MPO-
rpamMamm HEYETKOrO YNpaBneHUst MeXAy pasHbIMU CUCTEMaMU NPOrPaMMUPOBAHUS.

Ons JOCTUXEHMSA NOCTaBIIEHHON Lienu B NPUMNOXEHUK A NPUBOAUTCH KPaTKOEe ONUCAHUE TEOPUU HEYET-
KOro ynpasneHuna u HeYyeTKom JTOTUKKU, HGO6X0[J.VIM08 AnAa NOHUMAaHUA HacToALlero craHaapra. MNMonb3oBare-
NAaM HactodLwlero craHagapra, He 3HaKOMbIM CTeopueﬁ HEYETKOIo ynpasneHua, MoXxer ObITb NONE3HO cHa4Yana
06paTUTLCA K NPUMOXKEHNIO A.

2 HopmaTuBHbIE CCbIIKU

B HacTosiLieM cTaHaapTe UCNoMb30BaHbl HOPMaTUBHBLIE CCbIMIKU HA Cneaylowwmne CTaHaapThl.

IEC 60050-351:1998, International Electrotechnical Vocabulary (IEV) — Part 351: Automatic control
(MexxayHapoaHbli anekTpoTexHuyeckui cnosapb (IEV). Yactb 351. ABTomMatnveckoe ynpasneHue)

IEC 61131-3:1993, Programmable controllers — Part 3: Programming languages (MporpammMmupyembie
KOHTpornepsl. Yactb 3. HA3blkn NporpaMMMpoBaHus)

3 TepMuHbI U onpeaeneHus

B Hacrosiliem craHgapTe NpUMEHEHbI Crneaylowme TePMUHbI G COOTBETCTBYIOLLIMMU ONpeAeEneHUsiMU.
Onpeaenexna AnA 9NeMEHTOB SA3blka AONONHUTENBHO NpuBeaeHbl B MOK 61131-3.

MpumeyaHune — TepMuHbl, onpegerieHns KOTOPLIX AaHbl B HACTOSILLEM pasaene, Bbl1ensioTcs KYpecUBoM B
TeKCTe onpeaeneHnii.

3.1 akkymynsauusa (accumulation)

arperuposanue pesynesraroB (result aggregation): O6beauHeHue pe3ynsTaTtoB NMMHIBUCTUYECKUX NpPa-
BWN B KOHEYHbIW pe3ynbrar.

3.2 arperupoBanue (aggregation)

onpepeneHue crenelu BbinonueHus (determination of degree of firing): O6beguHeHue cteneHn npu-
HaANEeXHOCTU BCEX MHAMBMAYANbHLIX NOAYCNOBWIA B NPaBUrie AN pacyera CTEeneHu BbINONMHEeHUs YCroBus
npasuna.

UspaHue odpuumanbHoe
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3.3 aktuBmu3aumsa (activation): Mpouecc, KOTOPbIM CTeNeHb BbINONHEHUS YCIOBUA BO3AEWCTBYET Ha Bbl-
XOAHOE HEYETKOE MHOXECTBO.

3.4 pesynbrar (conclusion)

cnencreue (consequent): BbIxoagHOE 3HAYEHUE fIUH28UCMUYECKO20 npasurna, T0 eCTb AENCTBUE, KOTO-
poe AO0MKHO BbINONHATLCA (4acTb THEN npasuna Hevetkoro ynpaeneHus IF. THEN).

3.5 ycnoBue (condition)

npeanocbisika (antecedent): BoipaxkeHue, BKNoHas nogycnosus, 06beAUHEHHbIE HEYETKUMU oneparo-
pamu U, TN, HE.

3.6 yeTkoe MHOXeCTBO (crisp set): Ocobbiit Cny4an HEYETKOro MHOXECTBA, B KOTOPOM (PyHKUUS npu-
HaANEXHOCTU NPUHUMAET TONbKO ABA 3HAYEeHUS, 00bIMHO onpeaensiemMble kak 0 u 1.

3.7 nedassndukauma (defuzzification): MpeobpaszoBaHne HEHETKOrO MHOXECTBA B YUCNOBOE 3HAYEHME.

3.8 ctreneHb npuHaanexHoctu (degree of membership): 3HayeHue PYHKUMN NPUHAONEXHOCTHU.

3.9 dassudukauma (fuzzification): OnpegeneHue creneHn NPUHAANEKHOCTU YETKOrO BXOAHOIO 3Ha4ve-
HUA NUHIBUCTUYECKUX TEPMOB, ONPEAENEHHbIX ANS KAXA0N BXOAHOW NIMHIBUCTUYECKOW NEPEMEHHON.

3.10 HeyeTkoe ynpasneHue (fuzzy control): Tun ynpasneHus, anroputm ynpasneHUsa B KOTOPOM OCHO-
BaH Ha HEYETKOW Noruke.

[IEV 351-17-51, usMeHeHHbIN]

3.11 HeveTtkan noruka (fuzzy logic): COBOKYNHOCTb MareMaTu4eCckux TeOpuin, OCHOBaAHHbLIX HA NPUHLW-
nax HEYETKOro MHOXECTBA. HeveTkasa noruka SABNse€TCs OAHUM U3 TUNOB 6€CKOHEYHO3HAYHOM JIOTUKM.

3.12 Hevetkun oneparop (fuzzy operator): Onepartop, UICNONb3yeMbilt B TEOPUU HEUETKON NOTUKN.

3.13 HevyeTKOe MHOXeCTBO (fuzzy set): HeueTkoe MHOXECTBO A onpeaenseTca KaKk MHOXECTBO ynops-
AOYeHHbIX nap (X, MA(X)), rae X — 3TO aneMeHT npeaMeTHoN obnactu U, a JA(X) — yHKUUA NPUHAANEXHO-
CTU, KOTOpas conocraenseT kaxaomy x € U gencrsutenpHoe uucno € [0,1], onpeaensiowee CTreneHb Toro,
HaCKOMNbKO X MPUHAANEXUT MHOXKECTBY.

3.14 nornyeckuit BbiBoA (inference): NpuMeHeHne NUHrBUCTUYECKX NPABUI K BXOAHBIM 3HAYEHUSM C
Lenbio onpeaeneHns BbIXOAHbIX 3HAYEHWIA.

3.15 nunreuctuveckoe npasuno (linguistic rule): Mpasuno IF-THEN (ecrm ..., TO ...) C ycnosuem u
pe3ynerartom, npu4emMm O4HO UINu 06a saBnAIOTCA NMHIBUCTUYECKUMMU.

3.16 nuHrencTuveckuin Tepm (linguistic term): B KOHTEKCTE NUHIBUCTUYECKOTO YNPaBNEHUA NIMHIBUCTU-
YecKue TepMbl ONPeAEnsoTCA HEYETKUMN MHOXXECTBaMM.

3.17 nuHrencTnyeckan nepemerHas (linguistic variable): NepemeHHas, koTtopas NPUHUMAET 3HAYEHUS
U3 AnanasoHa NMHIrBUCTUMECKUX TEPMOB.

3.18 dyHKkuMa npuHaanexHoctn (membership function): ®yHkuus, koTopas B npeaMeTHoN obnactu
OnpeaenseT CTeneHb NPUHAANEXHOCTN AAHHOMY HEYETKOMY MHOXECTBY.

[IEV 351-17-52, naMeHeHHbIn]

3.19 cunrnToH (singleton): HeueTkoe MHOXECTBO, OYHKUMA NPUHAANEXHOCTU KOTOPOFO paBHa eanHuLe
B OJJHOW TOYKE U HYMIO BO BCEX APYIUX TOUKAX.

3.20 nogycnoBue (subcondition): AnemeHTapHoe BbipaXkeHne B POpPME NEPEMEHHON MK TEPMA KSTNHT-
BUCTUYECKAA nepemMeHHasn |S NUHIBUCTUYECKUIA TEPMY.

3.21 6as3a npaBun (rule base): HaGop nuHrBucTU4ECKUX Npasun Ans 4OCTUXEHUA onpeaeneHHbIX Lenei.

3.22 BecoBoi koatpuumnenT (weighting factor): 3HaueHue B untepsane 0... 1, KOTOpoe yCTaHaBnuBa-
€T CTeneHb BaXXHOCTU, AOCTOBEPHOCTH, YBEPEHHOCTU ANA IMHIBUCTUYECKOro nNpasuna.

4 NHTerpauusa B NnporpammupyeMbiil KOHTponnep

B cooTBeTcTBUM C pa3genom 5, NPUNOXEHUA HEYETKOrO ynpaBneHusa, NPorpammupyemMble Ha Asblke He-
yeTkoro ynpasneHus FCL, aormkHbl GbiTb 3aKnmio4eHsbl B (hyHKLMOHANbHLIE GNIOKM (MM NpOrpaMMbl), Kak 310
onpeaeneHo B MOK 61131-3. B HacToAweM cTaHaapTe NPUMEHSAIOTCA NOHATUS TUNOB U 9K3EMNNAPOB (hyHK-
UMOHanbHbIX 6oKoB, npuseaeHHble B MOK 61131-3.

Tunbl pyHKUMOHAMNbHbLIX BNOKOB, onpeaeneHHblie B A3blke HeveTkoro ynpaenenns FCL, AOomkHbI ycTa-
HaBnMBaTb BXOAHbIE U BbIXOAHbIE MapaMmeTpbl, a Takke cneuuduyeckne npasuna U ONUCAHUA HEYETKOro
ynpasrieHus.

COOTBETCTBYIOLLME 3K3EeMNNAPbI (PYHKLMOHANbHLIX OI0KOB AOMMKHLI coaepXartb cneuuduyeckue aaH-
HblE NMPUNOXEHUI HEYETKOTO YNPAaBMNEHUS.

dyHKUMOHAanNbHbIA BrOK, onpeeneHHbIi B A3blke HEYETKOro ynpasnenus FCL, MOXET NpUMEHATLCS B
nporpaMmMax U yHKLUMOHamNbHbIX 6nokax, HanUCaHHLIX Ha NIOGOM U3 A3bIKOB, NpuBeaeHHbIX B MOK 61131-3,

2
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Hanpumep, Ha si3blke PeneriHon NOrMKKN, Ha A3blke NPOrPaMMUPOBAHNA U T. 4. TUNbl AaHHBLIX BXOAHLIX U Bbl-
XOAHBIX NapaMeTpoB (PYHKUMOHANLHOIO Broka unu nporpaMmbl, HanucaHHblX Ha FCL, AomkHbl coBnaaaTh ¢
COOTBETCTBYIOLLEN «BbI3bIBAIOLLEN CPEON», KaK NOKa3aHO Ha pucyHke 1.

Valve_Control_1

Oenutens zzy
Fu —FB Cymmarop
T —1 Bxop 1
B Temne-
bIX0A parypa KnanaH Bxog 1
Mocto- ___| Bxoa 2 n
fiIHHaA epe- __ —
MeHnas 1 Bxoa 2 Bbixoa Knanan 1

P1 -t [aBnexve

PucyHok 1 — MpumMep dyHKLMOHansHoro 6rioka He4eTKoro ynpaeneHus B npegcrasnequn FBD

B naHHom npumepe Valve_Control_1 — 810 3k3emnnap onpeaeneHHoro notpedurenem (yHKUMOHaNb-
Horo 6noka, umetowmii Tun Fuzzy_FB. B co0TBETCTBMM C pa3aenom 5, Tun yHKUMoHanLHoro 6noka Fuzzy_
FB MOXeT nporpaMMMpoBaTbCA Ha s3blke HeveTKoro ynpaeneHus FCL. B aaHHOM cny4vae yHKLUUOHANbHbIN
6nok Fuzzy_FB ucnonb3yercs B nporpamme unu B pyHKkUMOHanNLHOM 6roke, KOTopbii NpeACcTaBneH Ha rpa-
dmyeckom sA3bike FBD (Function Block Diagram, gnarpammbl (oyHKUMOHanNbHbIX 6rokos) B MOK 61131-3.

5 A3bIK HeueTkoro ynpaeneHus FCL

5.1 OGMeH nporpaMMaMM HEYeTKOro ynpaBreHus

OnpegeneHune A3blka HeYeTKoro ynpaeneHusa FCL OCHOBLIBAETCA Ha onpeaeneHuM A3biKOB NPorpam-
MUpoBaHUsA, onpeaeneHHbix B MOK 61131-3. Baaumoaencreme anroputMa HEUYETKOrO ynpasneHus € ero npo-
rpaMMHON CPeaon «nNpsaYeT» ero ot nporpammel. Mostomy B coorsetcTeun ¢ MOK 61131-3 BHewHe anroputm
HEYETKOro ynpaBneHusi NpeacTasneH B Buae OyHKUMOHanbHoro 6noka. B cOOTBETCTBMU C HACTOAILLMM pas-
[Aenom AOMkHbI BbITb ONpPeAEnieHbl ANeMEeHTbl, He0GX0aMMbIE ANA ONUCAHUA BHYTPEHHMX NTOTMYECKMX YacTewn
dYHKLMOHaNbLHOro 6510Kka HEYETKOro ynpasneHus, Hanpumep hyHKUUM NPUHAANEXHOCTH, NpaBuna, oneparo-
pbl U METOAbI.

OnemenThl A3bika FCL ctaHgapTuupyior obuiee npeacraeneHme 06mMeHa AaHHbLIMU Mexay CpeacTBamu
HaCTPOMKN HEYETKOTO YyNpaBneHUs pasHbiX U3rOTOBUTENEN, KaK NOKA3aHO Ha PUCYHKe 2. Mcnonb3ys AaHHOe
obLyee NpeacTaBneHne, Kaxablii M3roTOBUTENb NPOrPaMMUPyEMbIX KOHTPONMEPOB MOXET NOAAEPKUBATL an-
naparHoe oGecneveHue, pefakTopbl MPOrpaMMHOro o6ecneyeHns U KOMNUNATOpbl. U3rotoButens AOMKeH
nUWL NPUMEHUTL MHTEPAENC AaHHBIX K €ro cneundu4eckoMy peaakTopy. 3akasyuk [0/mKEeH UMETb BO3MOX-
HOCTb 0OMEHNBATLCS NPOEKTAaMU HEYETKOTO YNpaBsieHUs C Pa3HbIMU W3rOTOBUTENSIMU.
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PepakTop npunoxeHust PepakTop npunoxeHust
HeYeTKOro ynpasneHusi HeYeTKOro ynpasneHusi
uarotoButens A uarotoButens B
WHTepdeiic WHTepdeiic WHTepdeiic WHTepdeiic
FCL FCL
A A
TekcToBblii chaitn FCL B chopmare
obmMeHa faHHbIMK
MporpammnpyembIid KOHTPONSP Mporpammupyemblii KOHTponnep
narotoBUTens A narotoputens B
I I I I I I I I

PucyHok 2 — OBMeH faHHbIMU MporpaMm B A3blke HeYeTKoro ynpaeneHus (FCL)

5.2 OneMeHTbl A3blKa HEYETKOro ynpasreHus

B HacToswem nogpasgene npuBeAEeHbl NPMMEPbI ONUCAHUSA SMEMEHTOB A3bIKa HEYETKOrO YNpPaBreHus.
MoapoBHoe NpoayKLUMOHHOE NPaBuUMo NPUMBEAEHO B noapasaene 5.4.

5.2.1 Untephenc PpyHKLUNOHANBLHOIO Grioka

B cooTBeTCTBMU C pa3genom 4, BHELLHEE NPEeACTaBeHNe HeYeTKOro hyHKLUMOHANbLHOTO Bnoka Tpedyer,
YyTOBbI UCMOMNMb30BANUCL CNEAYIOLLIME CTAHAAPTHLIE 3ANEMEHTbI A3blka, yCTaHOBNEHHbIe B M3K 61131-3:

FUNCTION_BLOCK function_block_name OyHKUMOHanbHbINA Grok

VAR_INPUT OnucaHune BXo4HOro napameTpa
variable_name: data_type,

END_VAR

VAR_OUTPUT OnucaHue BbIXOAHOMO NapameTpa
variable_name: data_type;

END_VAR
VAR JlokanbHele nepemMeHHble

variable_name: data_type, END_VAR
END_FUNCTION_BLOCK
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C nOMOLLbIO AAHHBIX 3MNEMEHTOB S3blka MOXHO ONUCaTb uHTepdeic dyHKuMoHanbHoro 6noka. UH-
Tepdeinc yHKLMOHaNbHOro Grnoka onpeAenseTc ¢ NOMOLLbIO MapaMeTpoB, KOTOpbie NepexoAsT B (yHK-
LMOHaNbHBIV GNoK M BLIXOAAT U3 Hero. Tunbl AaHHbIX MAPAMETPOB AOIKHbI ONPEAENSITLCA B COOTBETCTBUAMN C
MOK 61131-3.

Ha pucyHke 3 npeacraeneH npumep onucanunsi yHKLMOHANbHOIO 6roka Ha A3blkax CTPYKTYPUPOBAHHO-
ro Tekcta (ST) u auarpamm ¢pyHKLUMOHaNbHbIX Gnokos (FBD).

FUNCTION_BLOCK Fuzzy-FB
VAR_INPUT
Temneparypa: REAL; Fuzzy_FB
Haenenune: REAL; -
END_VAR

—1 Temneparypa KnanaH Jr——

VAR_OUTPUT
Knanan: REAL,
END_VAR

—1  [laBneHve

END_FUNCTION_BLOCK

CmpykmypuposaHHb!il mexkcm (ST) Huaepammbl cpyrkyuoHanbHbix 6nokoe (FBD)

PucyHok 3 — Mpumep onucaHus nirepdeica cyHkumoHanbHoro Grnoka Ha sisbikax ST n FBD

5.2.2 ®assudpukaumun

3HaueHus BXOAHBIX NEepemMeHHbIX JOMKHbI ObiTb Npeobpa3oBaHbl B cmereHs fpuHadnexHocmu no
yHKyuU npuHadnexHocmu, onpeaeneHHon ansa nepemeHHol. MNpeobpasoBaHne ONUCHIBAETCS MEXAY KO-
yesblMu cnosamun FUZZIFY n END_FUZZIFY.

FUZZIFY variable_name
TERM term_name:= membership_function;

END_FUZZIFY

Mocne knioyeBoro cnosa FUZZIFY gonxHO ObiTb yKa3aHO MMSA NEPEMEHHOM, UCNONb3yeMon Ans ¢as3u-
hukaumum, T. €. UMS NEPEMEHHON, NpeaBapuTEnbHO onpeaeneHHoi B pasaene VAR_INPUT. Slunesucmuyeckas
nepemeHHasi [OMmKHa ObITb ONVMCaHa OA4HUM WMKN HECKOMNbKUMW JIUH28UCMUYEeCKUMU mepMamu. JluHasucmu-
4yeckue mepmbi, BBEAEHHbIE KroveBbiM cnoBoMm TERM, ¢ uenbto thassudukaumum nepemMeHHo! onuchIBaloTCst
yHkyuel npuHadnexHocmu. ®yHkyus nNpuHadnexHocmu nNpeacTaBnsieT CoBoM KyCOUHO-NMHEAHYIO (YHK-
LU0, KOTOpas onpeaensieTcs Tabnuueit Touek.

| membership_function::= (point i), (point j), ... |

Kaxpan Touka npeacTaBnseT coboi napy sHaYeHWUn NEPEMEHHOI 1 CTerneHb NPUHAANEXHOCTU AaHHbIX
3HaYeHWn, pasaeneHHble 3anAToi. Mapbl 3aKknoveHbl B CKOOKW M pasgeneHs! 3anaTbIMu.

moukKa i::= 3HaueHue BxoAa i | variable_name Bxopa i, 3Ha4eHue i CTeENeHN NPUHAANEXHOCTU

C nomoLyblo JaHHOMO BbIPaXXEHUSI MOryT ObiTb ONpedeneHbl BCE NpPOCThlE 3rIeMeHTbl, Hanpumep Gbi-
CTpOE N3MEHeHWe No NUHEAHOMY 3aKOHY M MO TPeYronbHUKY. TOUKM AomKHbI ObITb 3aaHbl B NOPsAKe BO3pac-
TaHWs 3HaYEHUS NEPEMEHHON. DYHKLMSA NPMHAANEKHOCTU MEXAY OvYepeaHbIMU TOUMKaMU ABMSIETCA TIMHEAHON.
Takum 06pasom, cTeneHb NPUHAANENKHOCTU ANS K&XKA0r0 TEpMa PacCUMTLIBAETCS MO YETKOMY BXOAHOMY 3Ha-
UYEHUIO C NMOMOLLbIO NMUHEAHOW UHTEPNONALUN MEXAY ABYMSI COOTBETCTBYIOLLIMMMN COCEAHUMU TOYKaMM (PyHK-
LM NPUHAANEXHOCTN.
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MuHMManbHOE KONMYECTBO TOMEK PaBHO ABYM. MakcUManbHOe KONUYEeCTBO OrpaHuiMBaeTCsl CornacHo
Knaccam COOTBETCTBMSA, CM. pasaen 6.
Mpumep gyHKyuu npuHadnexHocmu ¢ TPEMS TOUKaMU ANS JTUH28UCMUYECKO20 mepmMa «TEeNnnoy:

TERM Tenno: = (17,5; 0,0) (20,0; 1,0) (22,5; 0,0);

Ecnu 3HauyeHWe NUHrBUCTUMECKOI NEpEeMEHHOR MeHblue, YeMm nepsas 6asosas Tovka B Tabnuvue co-
OTBETCTBUS, BCE 3HAUEHMSI HMKEe NepBoi TOUKU B Tabnuue COOTBETCTBUS AOMKHbI UMETb TaKYIO XKe CTENneHb
NPUHaAANEXHOCTK, KaK U onpefeneHHas Ans NepBoiA TOUKK.

Ecnu 3HauyeHne NMHIBUCTMUYECKON NepeMeHHO GonbLue, Yem nocrneaHssi 6azosasi Touka B Tabnuue co-
OTBETCTBUSA, BCE 3HAYEHUs Oomnblue NOCNEAHEN TOUKM B TabnuLe COOTBETCTBUA AOMKHLI UMETL TaKylo Xe
cTeneHb NPUHaANEXHOCTH, Kak 1 onpeaeneHHan ans nocneaHen To4HKU.

XonopHo Tenno
OnpegeneHue GLICTPOrO U3MEHEeHUs No 10
JIUHEHHOMY 3aKOHY:
FUZZIFY Temnepatypa: 05
TERM xonogto: = (3, 1) (27,0); ’
TERM Tenno: = (3, 0) (27, 1);
END_FUZZIFY : . r
0 10 20 30
Temneparypa

PucyHok 4 — MNpumep TepMoB GLICTPOro MSMEHEHNA NO NIMHEUHOMY 3aKOHY

MpuMeuaHune — Tun gaHHbLIX ANA TOYEK PyHKLMM NPUHAANEXHOCTU He onpeaenseTca. UsrotoButenb A0MXKEeH
npeaocTaBUTL KOMMUASITOP, KOTOPLI NopAepxuBaeT niobble HeobxoauMble NpeobpasoBaHus.

[ns agantauum NpunoXeHUst HEYETKOro YNPaBneHUs B UHTEPaKTUBHOM pexvme 6a3oBble TOUKW B PYHK-
LMW NPMHaANEXHOCTN MOTYT ObITb M3MEHEHbI. OTO MOXHO CAeNaTh C NOMOLLbIO NEPEMEHHbIX, KOTopble BBO-
AATCA B (PyHKUMOHANbHbIA Gnok. Takme nepemeHHble AOMKHLI ObiTb onucaHbl B pasaene (OyHKUMOHANbLHOro
6noka VAR_INPUT. MNpumep ncnonb3oBaHUs NepemMeHHbIX ANS onpeaeneHua Touek Ans yHKUMA npuHaa-
NEeXHOCTN NpUBEAEH Ha pucyHke 5.

MpumeuyaHune — 3HayeHns ToueK DyHKUMM NPUHALANEXHOCTU BO BPEMS BLINMOMHEHUS MOTYT NexaTb BHe
nocreaoBaTensHOCTHU.

VAR_INPUT
Temnepatypa: REAL,; (* AaHHBIA BBOA, AomkeH BbiTh dhassuduumnpoBaH*®)
HasneHuve: REAL; (* AaHHbI BBOA, AOMmKeH BbITb thassuduLmposaH*)

bp_warm1, bp_warm2: REAL; (* aaHHble BBOAbI ANS aganTauun B UHTEPaKTUBHOM pexume*)
END_VAR
FUZZIFY Ttemneparypa

TERM Tenno:= (bp_warm1, 0,0), (21,0; 1,0), (bp_warm2, 0,0);

END_FUZZIFY

PucyHok 5 — Mpumep MCrosb30BaHUs NepeMEHHbIX (PYHKLMW NPUHAAIEXHOCTH

5.2.3 fecassucukauus

JluHz2eucmuyeckasi nepemMeHHasi ANS BbIXOAHON NepemeHHoi fomkHa GbiTb NpeobpasoBaHa B 3HaYe-
Hue. Takoe npeobpasoBaHne ONUCLIBAETCS MeXay knioveBbiMu cnosamu DEFUZZIFY n END_DEFUZZIFY.

Mocne knouesoro cnosa DEFUZZIFY pgomkHO GbITb yKa3aHO UMS NEpeMeHHOW, MCnonb3yeMoi Ans
deghassughukayuu. JTO MMs NpeaBapuTENBLHO onpeaeneHHon B pasaene VAR_OUTPUT nepemeHHO.
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DEFUZZIFY variable_name
RANGE(min..max);
TERM term_name:= membership_function;
defuzzification_method,
default_value;

END_DEFUZZIFY

OonpeaeneHne nuHa8UCMUYECKUX mepmos paetca B 5.2.2.

CHHIMTOHBI NPeACTaBNAOT cobon cneunanbHble yHKYUU NPUHadexHocmu, UCNonb3yemsle AN Bbl-
XOAO0B C Lienblo ynpowenus deghasughukauuy. CUHINTOHbI ONUCLIBAIOTCA TONBLKO OAHUM 3HAYEHUEM JIUHa8U-
cmu4eck020 mepma. Ha pucyHke 6 npuseaeHsl NpUMepbl TEPMOB CUHTNITOHOB.

Onpen.eneHue CUHIMTOHOB:

DEFUZZIFY knanaHn
RANGE(-100,100);
TERM pgpeHax := —100;
TERM 3akpbIT : = 0;
TERM Bxoa : = 100;
END_DEFUZZIFY

DpeHax 3akpbiT Bxoa
1,5
1,0
0,5 I
T 01 T T 1
=200 -100 0 100 200
KnanaH

PucyHok 6 — lNMpumepbl TepMOB CUHIMTOHOB

Metoa aedbassncpukaumm gomkeH ObiTb ONpeaeneH ¢ NOMOoLLbIO aneMeHTa sassika METHOD.

| METHOD: defuzzification_method;

JonyckatoTca cneayowme metoabl gedazsndpukauum (CMm. Tabnuuel 1 1 2).

Tabnwunya 1— Metoabl fedassndukanymm

KntoueBoe cnoso Pacwindposka
CoG LlenTp TsxxecTn (npumedanue 1)
CoGS LleHTp TsxecTn Ana CUHIMTOHOB
CoA LleHTp nnowaau (npuMedanusa 2 un 3)
LM KpaitHuii neBbIi MakcMMyM (npumedaHue 4)
RM KpaiiHuii npaBblii MakcMmyM (MpumMedaHue 4)

MpumMmevaHue 1—LleHTp TAXKECTN 3KBUBANEHTEH LieHTpOUAY.

MpumevaHue 2— LleHTp nnowaaun sKBUBaNeHTEH MeamnaHe.

MpumevaHune 3 —Tlpu ncnonL3oBaHUM CUHMTOHOB COA HENpUMEHUM.

MpumevaHune 4— Metoasl aedassudukauynn LM n RM acMMMETPUUHLI OTHOCUTENBHO HYNA.
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Tabnuya 2 — dopMynsl METOAOB Jedas3udukalmu

Tu pm{u) du
coG U= Mo
Juydu
> ]
u= =
COGS Z [i]
COA U=u, jfu@ Ydu = J!u(u)du
U = sup (u' u')= sup u
RM hu) UG[Min ,Max ]H( )
LM U =inf(u)ufu)= inf u{u)
UE[MirI ,Max ]

rae:

U — pesynerar gedassnduranuu;

U — BbIXOAHas nepemMeHHas;

P — KONMMYeCTBO CUHITOHOB,

M — YHKUMSA NPUHAZNEXHOCTA HAaKONMEHHbLIX HEYETKUX MHOXECTB;

| — NHAeKc,

Min — MUHMManeHoe 3HaveHune gedassndukauum, onpegeneHHoe B RANGE. B crniyyae cuHrmToHoB Min = -,
Max — MakcumansHoe 3HaveHue aedassndukauum, onpegeneHHoe B RANGE. B crniyyae cuHrmToHoB Min = +¢°;
sup — Haubornbluee 3HaYeHUE;

inf — HavMeHbLLee 3Ha4YeHune.

Ecnu cteneHb npuHaanexxHocTu pasHa 0 4na BCeX JIUH28UCMUYECKUX MEPMO8 BbIXOAHON NepeMEHHOMN,
TO 9TO 3HAYUT, YTO aKTUBHbLIE NpaBuna Ans AaHHON BbIXOAHOW NEepPeMEeHHOW OTCYTCTBYIOT. B Takom cnyvae
dechas3uchukayuss He MOXET CreHepUpoOBaTb NOAXOASILLEE BbIXOAHOE 3HaveHue. [103ToMy Ans BbIXOQHOTO
3Ha4yeHuna aonyckaeTca Ha3Ha4vyartb 3Ha4YeHne no ymon4yaHuto. Takoe 3Ha4yeHue no YMOJTYaHUIO ABMAETCA 3HA-
YeHUEeM BbIXOAHOW NEPEMEHHON TONBLKO B TOM Cry4vae, ecrnv He paboTaeT HM 04HO NpaBumo.

| DEFAULT= snavenue | NC;

3HaveHne AOmKHO ObITb ykasaHo nocne knioyeBoro cnoea DEFAULT. B npOTMBHOM Criyyae AOImKHO
ObITb 3aaaH0 NC (6e3 naMeHeHuin) Ana ykasaHus Ha TO, YTO BbIXOAHOE 3HAYEHMEe OCTAHETCA HEU3MEHHbIM,
ecnu He paboTaeT HM OAHO NPaBUNO.

,D,manaaoH — 9TO0 onncaHne MUHMManbHOIro U MakCMMasibHOro 3HaHeHl/II7I, KOTOpbI€ pa3aenarTca ABoe-
TOYUEM.

‘ RANGE:= (MuHumarnbHoe 3Ha4eHue... MakCuMarnsHoe 3Ha4YeHue);

RANGE ucnonb3yeTrca Ans orpaHuyeHus Kaxkaon (PyHKUMM NPUHAANEXHOCTU A0 AMana3oHa Kaxkgon
BbIXOAHON NepeMeHHon. Ecnu ans BbIXOAHbIX PYHKUMIA NPUHAANEXHOCTM UCMONb3yeTcs CMHIMTOH, RANGE
He JeNCTByeT.

Ecnu agnana3soH He onpeaeneH, no yMOn4yaHuio AOMMKEH UCMONb30BaTLCA AManasoH Tuna AaHHbIX nepe-
MEHHOMN, yKa3aHHbIi B MOK 61131-3.

8
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5.2.4 briok npaBun

Jlornyecknin BbIBOA HEYETKOrO anroputma AoSmKeH ObITb onpeaeneH OAHUM MW HECKONbKUMKU Briokamu
npaeun. [na Hagnexawen odopaboTkm n o6ecnevyeHnss BO3MOXHOCTU pasfeneHust 6a3el NnpaBun Ha pasHbie
MOZAYIM AONYCKAETCA MCNONb30BaHWe HeCKONbKMX B6nokoB npaBun. Kaxkabli 6ok npaBun 4OMKeH UMETb YHU-
KansHOE UMA.

MpaBuna 4omkHbl BbITh YkaszaHbl Mexay kno4eBbiMu crosamm RULEBLOCK n END_RULEBLOCK.

RULEBLOCK ums_6noka_npaeus
onpedeneHue_onepayuu;
[Memod_axkmueusayuu;]
Memod_akkymynayuu,
npasuna;

END_RULEBLOCK

BHyTpu Grioka npasum UCNOSbL3YIOTCA HEYETKUE onepaumn.

| onpedernieHue_onepayuu == onepauus: anzopumm

Ona cobmoaexus 3akoHa Moprana anroputmbl onepauuin AND u OR gOmkHbI NPUMEHSITLCS NMONAPHO;
Hanpumep, MAX Heobxoaumo npumensiTb ¢ onepauuei OR, ecnu ¢ onepauumei AND npumensietca MIN.

Tabnuya 3 —NapHble anropUtMmbl

Onepauua OR Onepavusa AND

Kniouesoe cnoso ana
anroputma

KntoueBoe crnoso ans
anropntMa

MAX Max(b4(x), Ba(X)) MIN Min(p(x), Hp(x))
ASUM Hq(X)+ Ha(X) = Hq(X) Ha(x) PROD H1(X) Ha(X)
BSUM Min(1, dq(x) + Po(x)) BDIF Max(0, p4(x) + po(x) —1)

Anroputm Anroputm

Mpumep GnNoKOB npaBum:
nepsbii RULEBLOCK
AND: MIN;

END_RULEB"LOCK

sTopoit RULEBLOCK
AND: PROD;

END_RULEBLOCK

MeToz aKTMBU3ALMM ONPEENSETCA CMEAYIOLIMM 3MIEMEHTOM A3biKa:

ACT: MemoQ_akmueu3sayuu, J

MoryT ucnonb3oBaTbCA crneaylolme MeToabl akTusuauun (M. Tabnuuy 4):

Tabnuya 4 — Metoabl akTBU3aLun

HasBaHune KnioueBoe croso Anroputm
MpopykT PROD My (X) Mo(X)
MuHumansHas MIN Min(u4(x), Ho(X))
MpumeyaHune — MeTog akTUBM3aLUKN HE UMEET OTHOLLEHWUS K CUHIMTOHAM.
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MeToa akkyMynsiuum onpeaensercs Creayowmm S1IeMEHTOM si3blka:

ACCU: memod_akkymynayuu;

MoryT npuMeHATLCA Creayrowme METOAbl akkyMmynaumm (Cm. Tabnuuy 5):

Tabnwuya 5— Merogbl akkymynayuu

HassaHue KrioueBoe crnoso dopmyna
MakcuMyM MAX MAX(H4(X), Ho(X))
OrpaHunyeHHas cymma BSUM MIN(1, p4(x) + Ho(X))
HopmanusoBaHHas cyMma NSUM Mq(X) + Ma(X)
MAX(1, MAX,» _ x (H1(X') + Up(X)))

BxoaHbIMM AaHHbIMU GrioKa NpaBun SIBASIOTCA JIUH28UCMUYECKUE NepeMeHHbie ¢ HAbopoM fluHaeUCMU-
4eckux mepmos. Kaxablili TEpM UMEET NPUCBOEHHYIO eMY CTeNeHb NPUHAANEXHOCTMU.

MpaBuna onpeaensitotca BHYTpK Onoka npaeun. Kaxgoe npaBumio AOMKHO HAYMHATLCA C KMOYEeBOro
cnosa RULE ¢ naywmm 3a HUMm Ha3BaHMeM npasuna, a 3akaHunMBaTbCs AOJPKHO TOYKONM C 3anaTon. Kaxkgoe
npaBuno BHYTpu Groka MMeeT YHUKamnbHbIA HOMEP.

| Homepa RULE: IF ycnosue THEN pesynetat [WITH Becoson koadpduumneHT];

Camo npasuno AOMKHO HA4YMHATLCS C KIMYeBoro cnoea IF ¢ uaywmm 3a Hum yerosuem. lNocne ycrnosus
crneayet pesyrnbmam, HaunHaLwmmncs ¢ kntovesoro crioea THEN.

Honyckaetca KOMOMHUPOBATL B OAHOM MpaBuiie HECKOMNbKO r100ycsioeuli U BXOAHLIX NepeMeHHbIX. Ha-
3HaYeHWe NepPeMEHHbIX COCTOUT B paspeLUeHMn MMMIopTa HEYETKOW CTENEeHU NPUHAAMNEXHOCTU B HEYETKUM
PYHKUMOHANbHLIN B5oK. MepeMeHHble A0MKHbI ObiTb onpegeneHbl Mexay KntovesbiMu crioBamu IF u THEN u
o06beaunHeHbl onepauuamm ¢ knodesbimn criosamu AND, OR nnu NOT.

Mpuoputet onepayuii (cMm. Tabnuuy 6) onpegenaeTca B COOTBETCTBUM ¢ ByneBon anrebpon, npueeaeH-
Hou B Tabnmue 3.

Tabnwuya 6—TpuoputeT onepaumit

Mpuoputet Onepauus
1 () ckoBkm
2 NOT
3 AND
4 OR
YNpOLEHHbIN NpUMep npasuna:
RULE 1: IF nodycnosue 1 AND nepemenHasa 1 OR nepemenHas 2 THEN pesynsmam;
Ha 6a3oBom ypoBHe cooTBeTCTBUA onepauusa OR MOXeT ObITb peanu3oBaHa onpeaeneHnemM AByx npa-
BUNI:

RULE 3: IF nodycnosue 1 OR nodycnosue 2 THEN pesynbmam;
3aMEHEeHO Ha:

RULE 3a: IF ycriosue 1 THEN pesynerar;

RULE 3b: IF ycriosue 2 THEN pesynerar.
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MoaycnoBne HAYMHAETCS C HA3BAHUA NTUHIBUCTUYECKOWM NEPEMEHHON, 32 KOTOPbIM UAET KMOYeBOe Crlo-
BO IS ¢ HeobsasaTtenbHbiMm NOT 1 OAHUM fTUH2BUCMUYECKUM MEPMOM fTUH28UCMUYECKOU repemMeHHoU, uc-
Nnonb3yemon B ycriosuu.

lodycnosue = nuHesucmuyeckas_nepemeHHas 1S [NOT] nuHaeucmudeckuli_mepm

Jlunesucmuydeckue mepmbl, NPUMEHSIEMbIE B YCNOBUMW, AOMKHbI COOTBETCTBOBATL JIUH2BUCMUYECKOU
nepeMeHHoU B TOM e ycrosuu. NPUMEHSAEMBIN TepM AOMKeH ObiTb NPEABAPUTENBLHO OMPEAEneH ¢ no-
MOLLBIO KrtoveBoro cnosa TERM.

MNpumMep nogycnosuii:

Temn. IS xapko
Temn. IS NOT »xapko

Kpome TOro, nepeg nogycroBUeM MOXHO MPUMEHATb kntodesoe crnoso NOT. MNpu 3TOM MOryT npume-
HATbLCSA CKOOKM.

IF NOT temn. IS xapko THEN ... unm IF NOT (temn. IS xapko) THEN ...

Pe3ynbmam MOXeT OblTb pazaeneH Ha HECKONbKO NOAPE3yNnbTaToB U BbIXOAHLIX NEPEMEHHbIX.
MoapesynbTaT AOMKEH HAYNHATLCS C HAa3BaHUS JIUH28LUCMUYECKO nepeMeHHO(, 3a KOTOPbIM UAET KIio-
YeBOe CMOBO IS U 0AWH TUH28UCMUYECKUL MepM JAaHHOW JluHesUCMUYecKol nepemeHHoU.

| lModpe3ynsmam = nuHaeucmMuYeckas_rnepemerHas |S nuHesucmuyeckuli_mepm

Mpumep ¢ HeCKONbKMMKM NOAPE3yNsTaTamMmn U3 OAHOW UMM HECKOMNBKMUX CTPOK:

[onyckaeTca npucBanBaTth KaXaomy noapesynsraty eecosoli KoaghghuyueHm, KOTOPbI ABNSETCA YNUC-
NOM CO 3HayeHueM, nexawmm mexay 0,0 u 1,0, unu nepemeHHon. 310 AenaeTcs C NOMOLUBIO KIOYEBOro
cnosa WITH, 3a koTopbIlM cnegyeT secosoli KoaghchuyueHm.

Becoeoll KoaghhuyueHm JOMKEH YMEHbLUATb CTENEHb NPUHAANEXHOCTM ((PYHKUMA NPUHAANEIKHOCTH)
nogpesynsrarta nyTeM YMHOXEHUS UTora nogpesynsrata Ha 8ecosoli KoaghguyueHm.

[na BHELWHEro ynpasneHnsa napamerpamu nNpunoXXeHUs HEYETKOro ynpaBIieHUs 8eco80ll KOaghghuyu-
€HM MOXeT ObITb NepeMeHHbIM. B Takom cnydae nepemeHHas aomkHa ObiTb onucaHa B pasaene VAR_INPUT.
3TO0 AaeT BO3MOXHOCTb BO BpeMsi paboTbl MEHsITb 8eco8oli KoaghchuyueHm 051 apantauum nporpaMmbl He-
YETKOro ynpasrneHus K TPeOOBaHUAM TEXHOMNOIMYECKOro npoLecca.

Ecnu nogpesynsraty He npucBoeHo kmodesoe cnoso WITH, aomkeH ObiTb MO yMONMYaHUIO NPUHAT 8e-
coeoli KoaghcpuyueHm 1,0.

| IF ycnoeue THEN nodpesynemam [WITH eecoeoli_koaghpuyuernm] nodpesynbmam;,

MprMep NOCTOAHHOTO 8eC08020 KOIGhhUUUEHMA!

F temn. IS xonogHo AND aaBnenue IS Huskoe THEN knanan 1 1S Bxog WITH 0,5,
knanaH 2 IS 3akpbIT;

MNpuMep nepemMeHHOro 8ecosozo KoaghghuyueHma:

VAR_INPUT
w_Moe_npasunol: REAL:=0,8;
END_VAR
RULEBLOCK npasuno_temn
RULE 1: IF Temn. IS xonoaHast AND paBneHue IS Hu3koe

THEN knanaH IS Bxog WITH w_moe_npasuno1;

END_RULEBLOCK
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5.2.5 HeoGsa3aTenbHble napameTpbl

[ns peanusauun pasnuyHbIX LENEBbIX CUCTEM MOXET NOTPeboBaTbLCSA NPeaoCTaBUTb CUCTEME AONOSHM-
TenbHY0 MHOPMAaLIMIO, MO3BOMSIIOLLYIO OCYLLUECTBUTb Haunyyllee npeobpasoBaHne NPUNOXEHUI HEYETKOrO
ynpaeneHus..

Takas gononHUTenbHas MHAOPMaLMSA MOXET ObiTb HE0OX0ANMa ANEMEHTY A3blka, HAXOASALLEMYCS MEX-
Ay OPTIONS n END_OPTIONS.

OPTIONS
crneu_napamempbl_MpunoXeHusi
END_OPTIONS

CornacHo pasgeny 6, faHHble 3fieMeHTbl A3blka AOMKHbI NMPUMEHATLCA ANs yHKUMIA B Knacce CooT-
BETCTBUS OTKPbITOTO YPOBHS.

5.3 Mpumep FCL

Ha pucyHke 7 npuBegeH npumep A3blka HEYETKOrO yrpaBneHus.

FUNCTION_BLOCK Heuetkuin_®b
VAR_INPUT
Temnepartypa: REAL,;
JaBneHue: REAL;
END_VAR
VAR_OUTPUT
KnanaH: REAL;
END_VAR
FUZZIFY Temnepatypa

TERM xonogHo :=(3, 1) (27, 0);
TERM >apko :=(3,0) (27, 1);
END_FUZZIFY

FUZZIFY paBneHue
TERM Huskoe  := (55, 1) (95, 0);
TERM Bbicokoe := (55, 0) (95, 1);
END_FUZZIFY
DEFUZZIFY knanaH
TERM pgpeHax :=-100;
TERM 3akpbit = 0;
TERM Bxog :=100;
METHOD: CoGS;
DEFAULT =0;
END_DEFUZZIFY
RULEBLOCK Ne1
AND: MIN;
ACCU: MAX;
RULE 1: IF temnepatypa IS xonogHo AND paenexue IS Huskoe THEN knanaH IS Bxog;
RULE 2: IF temnepatypa IS xonogHo AND pasneHue IS Bbicokoe THEN knanaH IS 3akpeir WITH 0,8;
RULE 3: IF temnepatypa IS xapko AND paBneHue IS Huskoe THEN knanaH IS 3akpsbIT;
RULE 4: IF temnepatypa IS xapko AND aasneHue IS Boicokoe  THEN knanaH IS gpeHax;
END_RULEBLOCK
END_FUNCTION_BLOCK

PucyHok 7 — lMNMpumep HeyeTkoro dyHKUMOHanbHoro 6rnoka

5.4 MpoayKuMoHHbIe NpaBuna U KryeBble CloBa si3blka HeueTkoro ynpasrneHust (FCL)

MeTon cneundukaumn TEKCTOBbIX S3bIKOB ANS MPOrpamMmmMUpyeEMbIX KOHTPOSEPOB ONpenensieTcs B
cootBeTcTBUMM ¢ M3K 61131-3, npunoxeHune A. [JaHHbIN MeToA cneundunkaumm NpMMEHSIETCS B HACTOSsILLEM
ctangapte ansa FCL.

dopmarnbHble XapakTEPUCTUKN SNEMEHTOB TEKCTOBbIX SA3bIKOB NPOrpaMMUPOBAHMWS, YCTAHOBIEHHbIX B
M3K 61131-3, onpegenstoTtca B cootBeTcTBUMU ¢ MOK 61131-3, npunoxeHue B. [ns FCL npumeHsetcs cne-
JyroLlee NoAMHOXECTBO 3fIEMEHTOB A3blka B cooTBeTcTBMM ¢ MOK 61131-3, npunoxeHue B:
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B. 1.1 BykBbl, LMdpbl U MAEHTUDUKATOPDI;

B.1.2 KoHCTaHTHI;

B.1.3 Tunbl AaHHBIX;

B.1.4 MNepeMeHHble.

5.4.1 MpoayKunoHHbIE NpaBuna

JloNONHMTENBLHO K NEPEYNCIIEHHbIM BbILLE 3NIEMEHTaM A3blka, yCTaHOBMNEHHbIM B MOK 61131-3, moryT

NPUMEHSTLCA CreayoLme:

onucaHue_dyHKkUMoHansHoro_bnoka ::= ‘FUNCTION_BLOCK’ ums_yHKLMOHanbHOro_6noka
{onucaHus_nep_eBoaa_ebiBoga_od6}
{opyrve_onucaHus_nep}
Teno_yHkumoHanbLHoro_bnoka
‘END_FUNCTION_BLOCK’

onucaHus_nep_seoaa_BbiBoga_6 1=  BXOAHbIE_OMNUCAHUSA | BLIXOLHbLIE_ONMCAHUS
Apyrue_onucaHus_nep ;.= onucaHua_nep

Teno_pyHKUMOHAaNbLHOro_0bnoka ::= {6nok_cassncukauyun}
{6nok_pedassuncpukaumn}
{6nok_npasun}
{non_6nok}

6nok_dhassndukauum ;= ‘FUZZIFY’ nms_nepeMeHHOMn
{nnHrBMCTUYECKNIN_TEPM}
‘END_FUZZIFY

6nok_aedassudukauum ;= DEFUZZIFY’ f_nMa_nepeMeHHO#
[anana3soH]
{NMHrBMCTUYECKUIN_TEPM}
meToa_aedassudukauuu
3HaAYEHUE_MO0_yMOSYaHUIo
‘END_DEFUZZIFY’

6Gnok_npasun ::= ‘RULEBLOCK’ umsi_bnoka_npasun
onpeaeneHue_onepauum
[MeToa_akTususavuum]
METO_aKKyMynsaumm
{npaBsuno}
‘END_RULEBLOCK’

aon_6nok ::= ‘OPTION’
106011 yka3aHHbIl u3zomoesumersiem napamemp
‘END_OPTION’
TNINHIBUCTUYECKUU_TEPM 1= ‘TERM’ umsa_tepma =" yHKUUA_NPUHAANEKHOCTY *}’
DYHKUMA_NPUHAANEXKHOCTU 1= CUHITITOH | TOYKM

NMpuMedaHue — UHPopMaLmio 06 NCNONBb30BAHUA CUHITITOHOB CM. B 5.2.3.
CUHIIITOH ::= 4YMCNOBAs_KOHCTaHTA | UMSI_NepemMeHHON

TOMKM = {'('umcnoBas_KOHCTaHTa | UMSA_nepeMeHHow *,’
4ncnoBas_KoHcTaHTa )’}

NpuMeyaHue — [JonyckaeMble HOMepa To4eK cM. B 5.2.2.
Metoa_aedasudukaumm = ‘METHOD' 7’ ‘CoG’ | ‘CoGS’ | ‘CoA’ | ‘LM’ | ‘RM’ ¥
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3Ha4YeHne_no_yMOIMHaHuIo :: ‘DEFAULT’ .=’ uncnosas_koHctanTa | ‘NC'

36

AnanasoH == ‘RANGE(‘uncnoBasi_KOHCTaHTa'.." YNCroBasi_KOHCTaHTa’)’
onpeaerneHue_onepauum == [(OR’ 7 ‘MAX’ | ‘ASUM’ | ‘BSUM)]
[(AND’ ” ‘MIN’ | ‘PROD’ | ‘BDIF)] ;'
MpnmeyvyaHue —TllapHble anropuTMel cM. B Tabnuue 3.
‘ACT’ " ‘PROD’ | ‘MIN' *;

METOA_aKTUBM3aLMN ::

METOA_aKKyMynAuum :: ‘ACCU’ " ‘MAX’ | ‘BSUM’ | ‘'NSUM’ ;'

npasuno ::= ‘RULE’ uenoumcneHHbivi_nutepan *’
IF ycnoeue THEN pe3synsrat [WITH BecoBor_koadpduumneHT];

ycrnosue ;= x{(‘AND’ x)|(‘'OR’ x)}

X = ['NOT'] (nogycnosue | ( (‘ ycnosue °)'))

noaycrosue ::= uMsa_nepemeHHon | (ums_nepemerHon ‘IS’ ['NOT’] ums_tepma)

pesynerar = { (nmsA_nepemeHHol | (MmsA_nepemeHHon ‘IS’ ums_tepma)) ‘,’}
(Mmsi_nepemeHHON | uMa_nepemeHHou ‘IS’ ums_tepma)

BECOBON_KOSIPULINEHT ::= nepeMeHHas | YucnoBasi_KoHCTaHTa

MMSA_bYHKLMOHaNbHOro_bnoka ::= naeHtndukarop

umMms_6noka_npasun ;= uaeHtTuukarop

nma_tepma ;= naeHtudukarop

f_uMmsa_nepemeHHoN ;.= naeHTudukaTop

UMSI_MEPEMEHHON ::= uaeHTuukarop

UMCNOBas_KOHCTaHTa :: LIENOYUCTIEHHBIN_NUTepan | AeNCTBUTENbHbINA_nuTepan

BXOAHbIE_ONUCaHNA ;.= cMm. M3OK 61131-3, npunoxeHnune B

BbIXOAHbIE_OMNUCAHUA :: cMm. MOK 61131-3, npunoxeHnue B

onucaHusi_nep ::= cm. M3K 61131-3, npunoxeHue B

naeHTudumkarop ::= cm. M3K 61131-3, npunoxeHnue B
5.4.2 KnioyeBble cnosa

Tabnuya 7 — 3apesepsupoBaHHble KItoveBble cnosa Ans FCL

KnioueBoe cnoso 3HavyeHue MyHKT
() Cko6ku B ycrioBuu, TepMme, inanasoHe 524
ACCU MeTtoa akkymynauuu 524
ACT MeTtoa akTususayuu 524
AND Onepauus AND 524
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KntoyeBoe cnoso 3HaveHue MyHKT
ASUM Onepauus OR, anrebpaunyeckas cymma 524
BDIF Onepauus AND, orpaHU4YeHHas pas3HoCTb 524
BSUM MeTop akkymynsauuu, onepauus OR, orpaHu4eHHas cymMma 524
CoA Oedassunukaus METOAOM LieHTpa NnoLazan 523
CoG HedassnduraL s METOAOM LieHTpa TSHXECTH 523
CoGS HedassndurkaLuss CUHIITOHOB METOAOM LiEHTpa TAXECTU 523
DEFAULT BbixogHOe 3Ha4eHWe No yMOSYaHWio B cnydae, Koraa He paboraeT Hu 523
OAHO NpaBuIo
DEFUZZIFY HedassndukaLmsa BbIXOAHON NepeMeHHON 523
END_DEFUZZIFY KoHeL cneuundukaymmn gedassndpukaymmn 523
END_FUNCTION_BLOCK KoHel, cneumndukayumn dyHKLMoHanbHoro 6noka 521
END_FUZZIFY KoHeL, cneumdukaumii passudukayum 522
END_OPTIONS KoHeL cneyudurkaLmii AONONHEHWIA 525
END_RULEBLOCK KoHel, cneumndukaymii 6noka npasun 524
END_VAR KoHeL| onpeaeneHnii BXogHOW/BbIXOAHOW NEpeMeHHOA 521
FUNCTION_BLOCK KoHel, cneuymndukaumii pyHKUMoHanbHoro 6noka 521
FUZZIFY ®da3ssundukaLma BXoAHOW NepeMeHHOM 522
IF Hayvano npasuna, 3a KOTOpbIM NPUBOAUTCA YCroBUe 524
IS CraBuTca nocrne IMHMBUCTUYECKOK NepeMeHHON B YCNOBUK U pesynkrare 524
LM Metog aedassndukayun «KpaHuii npasblii MAKCUMyM» 523
MAX MeToa akkyMynayuu no cpopmyne makcumyma, onepayus OR 524
METHOD MeToz aedpassndukayum 523
MIN MuWHUMYM B KadecTBe norudeckoin onepauynn AND 524
NC BrixogHas nepemeHHas ocTaetcs 6e3 nameHenuit (No Change) B cny- 523
Yae, Korga He paboTaeT HU 04HO NPaBUNO
NOT Onepauyuna NOT 524
NSUM MeTog akkyMynsuuu no popmyrie HopManu3oBaHHON CyMMBI 524
OPTIONS OnpegeneHune JONOMHUTENBHLIX NapameTpoB 525
OR Onepauust OR 524
PROD MpownsseaeHue B kadecTse onepayuun AND, MeTog akTuBm3aLmm 524
RANGE Mpenenbl YHKLUMU NPUHAANEXHOCTH 523
RM Metog aedpazsudurayuu «KpanHuii npasbiii MAKCUMYM» 523
RULE Havano cneundukaLmm HeqeTKoro npasuna 524
RULEBLOCK Hauano cneuudukaumu 6noka npasun 524
TERM OnpegenexHne NUHMBUCTAYECKOrO TepMa (PYHKUMA NPUHaANEexXHOCTH) 522
AN TMHIBUCTUYECKOH NepeMeHHoiA
THEN OTaensieT ycroBue OT pesynerara 524
VAR OnpegerneHune nokanbHoW nepeMeHHoi (s) 5.2.1
VAR_INPUT OnpegeneHune BXo4HOW NepemMeHHo (s) 5.2.1
VAR_OUTPUT OnpegeneHune BbIXOAHON NepemMeHHoN (s) 5.2.1
WITH OnpegeneHune BecoBoro koaduumneHTa 524
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6 CooTBeTCTBME

6.1 Knaccbl cooTBeTCTBMUSA A3bIKa HEYETKOro ynpaBnexnus FCL

YpOBHM COOTBETCTBUS CUCTEMbI YNPaBNEHUS, NCNONb3yloLeh A3bik HeveTkoro ynpaenenua FCL, npu-
BefeHbl Ha pucyHke 8. Miepapxuyeckas CTpyKTypa COCTOWUT U3 CriedyoLmX YPOBHEN:

- 6a3oBbIfi ypoBEHb, BKMOYaOWMA B ceba onpefeneHns yHKUMOHanbHOro 6roka n TUMNoB AaHHbIX B
cootBeTcTBUM ¢ MOK 61131-3;

- pacLUMPEHHbIN YpOBEHb C HeoBsa3aTenbHbiMK MYHKUMSIMU, NPUBEAEHHBIMU B Tabnuue 9, AoNOnNHUTENb-
HO paspeLUeHHbIMU Ha JaHHOM YPOBHE;

- OTKPbITbIA YPOBEHb, OXBATbIBAIOLWNIA AONONHUTENbHBbIE (OYHKLUMW, HE OMNpefeneHHble B HacTosLeM
CTaHAapTe, HO NepPEeYNCNEHHbIE N3rOTOBUTENEM.

OTKpbITbIA YPOBEHb C AOMNONHATESbHBIMU (DYHKLIMSAMM
(cm. Tabnuuy 10)

PacumpeHHbI ypoBeHb C Heobs3aTeNbHBIMU (PYHKLMAMU
(cm. Tabnuuy 9)

Ba30Bbii ypoBeHb C 0653aTeNbHbIMU (DYHKLMAMM
(cm. Tabnuuy 8)

Bkntouas (cm. MOK 61131-3)
onpegenexne yHKUMOHanLHoro 6roka,
onpeaeneHve Tuna AaHHbIX

PucyHok 8 — YpoBHM cooTBeTCTBUS

CuncTtema ynpasneHus, npuMeHsioLas a3bik HeveTkoro ynpasneHus FCL n tpebyrowaa cooteeTcTBus
HacTosiLleMy CTaHAapTy, AOMKHA yAOBNETBOPATb NPUBEAEHHBIM HUKE NpaBunam:

a) AnsA peanusaunmn HEYETKOro yNpaBneHnsa cucTeMa ynpasneHus OMKHa NPUMEHATb CpeacTea yHK-
unoHansHoro 6noka B coorsercteun ¢ MOK 61131-3. MNoatomy onpepeneHne yHKUMOHanbHbIX GrNoKoB K
TUNOB AaHHbIX, HEOOXOAUMBIX ANS BXOAHbLIX U BbIXOAHbLIX NapameTpoB (PYHKUMOHANbHOro 6rnoka He4YeTkoro
ynpaenenusi, JomkHo cooteeTcTBoBatb MOK 61131-3;

b) BCE PyHKLMM HEYETKOrO yNpaBneHusl, npuBeaeHHbIe B Tabnuue 8, 4omKHbI OblTb peann3oBaHbl B CO-
OTBETCTBUU C MOMOXEHUSMMN HACTOsILLEro ctaHaapTa. [JaHHas Tabnuua onpeaensieT MHOXECTBO SMEeMEHTOB
6a30BOro ypoBHs, KOTOpbIe B OOLEM Cryvae AOMKHbI MUMETb BCE CUCTEMbI YNPaBIEHUsi, COOTBETCTBYOLLME
M3K 61131;

C) NOAMHOXECTBO 3MeMEHTOB pacLUMPEeHHOro YpoBHSA, NpuseaeHHoe B Tabnuue 9, npeacrasnsaet coboit
BCroMoraTtesibHble 3M1eMeHTbl, KOTopble MOryT 6biTb peanusoBaHbl B AONOMHEHNE KO BCEM PYHKUUsSM 6a3o-
BOro ypoBHS. Peanunsauna fomkHa CTPOro COOTBETCTBOBATbL NOMOXEHUSAM HACTosILEro craHgapra. [daHHble
PYHKLUMW JOMKHBI MApKMPOBAaTbCA Kak CTaHAapTHble pacLUMPEHUs; KpOMe TOro, NepeyeHb peannsoBaHHbIX
YHKUMIA, Kak nokasaHo B Tabnuue 9, AomKeH ObITb YaCTbio AOKYMEHTaLUN CUCTEMBI,

d) cBepx 6a30BOro U pacLUMPEHHOro YpoBHEH MOryT ObiTb peannsoBaHbl Apyrue MyHKUMKU, €Cnu BO U3-
GexaHune niobblX BO3MOXHbLIX OLUMGOK 3TU PYHKLUUM HE UMEIOT TaKuX Xe UMW aHanorMyvHbIX CTaHAAPTHbLIM
PYHKUMAM BO3MOXHOCTEW UNu npeacTasneHnin. [laHHble yHKUMM JOMKHBI MapKUpOBaTbCs Kak yHKLMKN OT-
KPbITOrO YPOBHS; KPOME TOro, NepeyeHb, kak nokasaHo B Tabnuue 10, AomkeH ObiTb YacTblo [OKYMEHTaLNUM
CUCTEMBI,

€) obMeH npuKknagHbIMW NporpamMmamMn Mexgy pasHbIMU CUCTEMaMW HEYETKOrO YNPaBEHUs AOMKEH
OCYLLECTBNATLCA B TEKCTOBOW (pOPMe S3blka HeYeTKoro yrnpasneHus FCL B COOTBETCTBUM C NONOXEHUAMU Ha-
croswero ctaHaapta. [laHHbli popmar, kak popmat BBOAA U BbIBOAA, AOMKEH ObITb AOCTYNHBLIM B CUCTEMAX,
COOTBETCTBYIOLLMX HACTOAILLEMY CTaHAAPTY;

f) yTo6bl NonyunTL Hanbonee NoAxoAAWNA U yAOOHbIA NONb30BaTENLCKUA MHTEPGENC N HE NpensT-
CTBOBaTb AanbHelleMy pas3BuUTUIO, BHELLUHEE NpeacTaBneHne paspaboTku, BBOAA, TECTUPOBAHWA U T. 4.
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nporpammM NPUIIOKEHUS HEYETKOTO YNpaBneHNUs MOXET ObiTh peanu3oBaHo NiobbIMKU rpaddUueckKuMn UnKu Tek-

CTOBbIMU CpeacTBaMU.

OneMeHTbl Tabnuubl 8 sABnsoTCA 6a30BbIM MHOXXECTBOM (hYHKLMIA, KOTOPbIE AOMKHbI ObITb peanu3oBa-
Hbl BO BCEX CUCTEMAX HEYETKOrO yrnpasneHus, COOTBETCTBYIOLLIMX HACTOALLIEMY CTaHAapTy.

Tabnuua 8— BnemeHThl A3bika 6asoBoro ypoBHsi FCL (0ba3aTenbHble)

OneMeHT A3bIka

KntoueBoe crnoBo

Onucanue

OnucaHne ¢yHKLUOHanbHoro brnoka

VAR_INPUT, VAR_OUTPUT

CoaepXuT BXOAHbIE N BbIXOAHbIE nepeMeH-
Hble

OYHKUNS NPUHEANEXHOCTH

BxogHasn nepemeHHasn: TERM

MakcumanbHaa W3 Tpex NOCTOAHHBLIX TOYEK
(koopauHaTa cTeneHU NPUHaANEXHOCTU paB-
Ha O unun 1)

BeixogHas nepeMeHHas: TERM

Tonbko NOCTOAHHLIE CUHINTOHBI

YCroBHoOe arpernposaHue

onepayua: AND

Anroputm: MIN

AKTUBM3aUUSA

He npuMeHsieTcs, TaK Kak WCMOMb3yioTcs
TOMNBKO CUHFITOHBI

AKKYMYNSUmMst (arpervpoBaHue pe-
3yneraToB)

onepauua: ACCU

AnroputMm: MAX

Hedassznukayms METHOD Anroputm: CoGS
3Ha4YeHne nNo ymon4aHuo DEFAULT NC, 3HaueHue

Brok npasun RULEBLOCK Tonbko oguH 6rok npasBun
Ycnosue IF...IS.. n nogycnosui

Pesynesrat THEN Tonbko ofguH noapesynsrat

OneMeHTbl Tabnuubl 9 NpeacTaBnsAlT co60i pacluMpPeHHOe MHOXECTBO (hyHKLUIA, KOTOPbIE MOTYT GbITh
[OOMOMHUTENLHO peanu3oBaHbl B CTaHAAPTHON CUCTEME HEYETKOro ynpasneHusa (Hanpumep, Ansa onepaumu
AND gomkeH 6biTb BbIGpaH anroputm PROD unu BDIF nubo 06a). [laHHble HeobsAsaTenbHbie YHKLMYU ABNS-
IOTCS BCNOMOraTenbHbIMW AN BCeX pyHKLMI 6A30BOr0 YpOBHS.

Tabnuuya 9— BnemeHTsl A3bika 6a3oBoro ypoBHs FCL (Heobsa3aTensHble)

OneMmeHT s3blka

KntoueBoe croBo

OnucaHue

OnucaHue pyHKUUoHanbHoro 6noka

VAR

Co.qepmwT NnoKanbHble NepeMeHHbIe

OYHKLMS NPUHALNEXHOCTH

BxogHasa nepeMmeHHas: TERM

MakcumansHasa U3 YeTblpex NOCTOSAHHLIX UK
NnepeMeHHbIX ToueK (KoopAuHaTa CTeneHu
npuHagnexHocTu pasHa 0 unu 1)

BeixogHas nepeMerHas: TERM

MakcumansHas 13 YeTbipex NOCTOSAHHLIX UK
NepemMeHHbIX ToueK (KOopAuHaTa CTeneHu
npuHagnexHoctn pasHa 0 unu 1)

YcnoBHoe arpernpoBaHune

Onepauus: AND

Anroputm: PROD, BDIF

Onepaumsa: OR

Anroputm: ASUM, BSUM

Onepauusa: NOT

1 —{aprymeHT}

Ckobku ()
AKTUBU3ALMA Onepaumsa: ACT AnroputM: MIN, PROD
AKKYMYnaLmA Onepauus: ACCU AnroputM: BSUM, NSUM

[nanasoH gassndukauum

Onepauus: RANGE

RANGE (MUHUManbHOE 3Ha4YyeHue... MaKkcu-
MarbHOe 3HadeHWe) orpaHuqMBaeT Auana-
30H PYHKLMW NPUHaZNEXHOCTN ANS BbIXOS-
HOW NepeMeHHOM

Metog aedazaundukanum

Onepauusa: METHOD

Anroputm: CoG, CoA, LM, RM
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OkoHYaHue mabnuypi 9

OnemMeHT Aasblka Kniouesoe crnoso Onucanue
Briok npaBun Onepauyua: RULEBLOCK n 6rokos nNpasun
Ycnosue IF N MoAYyCNoBUiA, N BXOAHBIX NEPEMEHHbIX
Pesynerar THEN N NOAYCMOBUIA, N BLIXOAHLIX NEPEMEHHbIX
BecoBoii koadppuLMeHT WITH MocTosHHOE 3Ha4YeHWe U 3HavYeHue, Npuceo-
eHHoe NnepeMeHHO B pasgene onucaHus
VAR_INPUT.....END_VAR

B Tabnuue 10 npuBedeH NpUMeEp MEPEYHs AMEMEHTOB A3blka OTKPLITOTO YPOBHSA. [aHHbIA nepeqeHsb
AOINKEH ObITb YaCTbIO JAOKYMEHTaLUn CUCTEMbI.

Tabnuya 10 — MNpumepbl NepedHs SNIEMEHTOB A3blKa OTKPLITOrO YPOBHS

DyHKUMKM NpuHagnexHocTu ceobogHoro BBoga/BuiBoga (HanpumMep, Maycca, akcnoHeHUnasnbHbIe)

Bonee yeTbipex Touek PYHKLUM NPUHAATIEXHOCTH

KoopauHata cTeneHn npuHagnexHoct ot 0 go 1

lMepeMeHHbIe 3Ha4YEHNA NMPUHARNEXHOCTH

6.2 KOHTPOsbHbIN NepevYeHb AaHHbIX

[laHHbIA KOHTPOIbHLIN NepeyeHb AaHHbIX (CM. Tabnuuy 11) 4OMKEH NPeAOCTaABNATLCA BMECTE C TEXHU-
YecKon AoKyMeHTauuen. B faHHOM nepeyvHe n3rotoBuUTeNb NPOrpamMmmmupyemMbixX KOHTPONNEpPOB, NPOrPaMMHbIX
CPEeACTB HEYETKOTO YNPABSIEHUS N NPUKNAAHOIO NPOrpamMMHOro obecneveHns 4OmMKeH onuckiBaTb cneumdu-
yeckne paboume xapakTepucTUKM CUCTEMbl HEYETKOTO ynpaBneHus. Ansa obecneveHus nepegaqn npunoxe-
HWUI HEYETKOro yrnpaBneHusa Mexagy CUCTEMaMu pa3HbiX U3rOTOBUTENEN B KAYECTBE CPEACTBA AN NPOBEPKU
BO3MOXHOCTM nepedayun nporpamMm UCNonb3yeTCs KOHTPOSbHLIM NepeveHb AaHHbIX. [JaHHbIW nepeyveHb He
SIBNAETCA UCHEPNbIBAIOLLUM, OH CIYXWUT NPUMEPOM U MOXET ObITb pacLUMPEH U3rOTOBUTENSMMU.

Tabnuya 11— KoHTponbHbIA NepedeHb JaHHbIX

NHbopmaLma N3rotosu-

TexHUYecKue xapakTepUCTUKM
Tensa (npumepsbl)

TUNbl faHHbLIX BXOAOB U BEIXOA0B pyHKUMOHarNbHOro 6rioka REAL, INT
CTpoka koMMeHTapueB nporpamMmmbl FCL YES, NO
Bpems BeINOMHEHUA, MC 20, 30
TpeboBaHusi kK 06beMy namaTh, Kbairt 3,4
ConocraBneHne nepeMeHHbIX 3HaYeHit BeCoBbIX KO MULIMEHTOB 1 CTENEHN NPUHaANEeX-

Hoctu oT 0,0 go 1,0 c gnanasoHoM LenbiX Yucen 0—200, 0—400
AnvHbl naeHTUUKaTOPOB (HanNpuMep, UMeHa NepeMeHHbIX, Briokos npasun, TepPMOB) 6,8
MakcumaneHoe 3HadeHne BXOLHbIX MepeMeHHbIX AN hassndukaLmm 6,8
MakcumaneHoe Konn4ecTBo TepMOB (DYHKLMW MPUHEANEXHOCTU Ha BXOAHYIO NEPEMEHHYIO 57
MakcumaneHoe KonM4ecTso TepMOB PyHKLMI NPUHAANEXHOCTU BCEX BXOAHBIX NEPEMEHHBIX 30, 56
MakcumaneHoe Konu4ecTBo ToYeK PYHKLMK NMPUHAANEXHOCTH, COOTBETCTBYIOLUX KaXaoMy

TepMy BXOAHOW NepeMeHHOM 3,4,10
MakcumaneHoe obliee KOMMYECTBO ToYeK (YHKLMKU NPUHAANEXHOCTH, COOTBETCTBYHOLWNX

BCeM TepMaM BXOAHOWN nepemMeHHon 90, 224
MakcumanbHoe 3HadeHWe BbIXOAHLIX NepeMeHHbIX Ana Aedaszndpukanmm 6,8
MakcumansHoe Konnu4ecTBo TEPMOB PYHKLIMKU NPUHAANEXHOCTN Ha BLIXOAHYIO NEPEMEHHYIO 57
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OkoH4aHue mabnuue! 11

MHdopmayma nsrotosu-

TexHUYecKkne XxapaKkTepUCTUKN
Tensa (npumMepsbl)

MakcuMarnsHoe o6u4ee Konn4ecTteBo TepMoB qDyHKLU/II/I NpuHagneXxHoCTU BCeX BbIXOAHLIX

nepeMeHHbIX 30, 56
MakcumanbHoe KONM4eCcTBO ToUeK OYHKLUUW MPUHAATTIEXHOCTU, COOTBETCTBYIOLMX KaXgoMy

TepMy BbIXOAHOW nepeMeHHon 1,4, 10
MakcumanbHoe oblee KOMMYecTBO ToYeK (PYHKLMW NPUHAANEXHOCTW, COOTBETCTBYOLLMX

BCEM TepMaM BbIXOAHOW NepeMeHHO 90, 224
MakcumanbHoe konnyecTeo 6rokoB npasun 1,10
MakcumanbHoe KonnyecTBo npasun B Grioke 10
MakcumarneHoe KonnyecTBo NOAYCNoBMIA ANA NpaBuna 410
MakcuanbHoe KonnyecTBo BCEX NpaBun 15
MakcMmanbHoe KONU4eCTBO NogpesynsraToB ANs npasuna 4
YpoBeHb BNOXEHHOCTH () 1,3
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MpunoxeHue A
(cnpaBouHoe)

Teopua

B HacTosLLEeM NpPUNOXeHUN AaeTCA NOACHEHUE K onpefeneHnam, NnpueefeHHbIM B pasgerne 3.

A.1 Heuetkas noruka

B Heuemkol noesuxke ana onucaHna puandeckux nepemeHHbIX BMECTO UMEH U Yncen (Kak NpaBuno, AenCcTBUTENb-
HbIX Yucen), NpUMeHsAeMbIX B OObIMHbIX Pa3OMKHYTBIX U 3aMKHYTbIX CUCTEMaX YNpaBreHUsl, UCNONb3YOTCA NUHIBUCTU-
Yeckue 3HaYeHUs U BhipaXeHUs. TepMbl «HU3Kasa» U «NOMHOCTLIO OTKPLITLIA» ABNAIOTCH IUH28UCMUYECKUMU mepMamu
PU3NYECKMX 3HAYEHUIN «TeMNepaTypa» UNKU «CTeneHb OTKPLITUA TepMOperynupyloLlero knanaHax». Ecnu exogHasa nepe-
MEeHHas OMUCLIBAETCA JIUHE8UCMUYECKUMU mepMamu, TO OHa Ha3blBAETCA SIUH28UCTIUYECKUM 3HaYeHUEM.

Kaxxablil nuHegucmuyeckuli mepm onNUCLIBAETCA HeYemKum MHoxecmeom M. [103TOMy OH MaremMaTu4ecku ofHoO-
3Ha4yHo onpepensieTcs 6a30BbIM MHOXECTBOM G U3 ABYX YTBEPXAEHWIA U QyHKUuel npuHadnexHocmu J. QyHKYus npu-
HadnexHocmu ycTaHaBnmBaeT NPUHAANEXHOCTb KaXAoro afeMeHTa npeAMeTHOR obnactu G (HanpuMmep, YNCNoBble 3Ha-
YeHus LiKarnbl BpeMeHU — BO3pacT U roabl) B MHOXecTBe M (HanpuMmep, «MOrofoi») B popMe YUCIIOBOrO 3HaYEeHUA
OT HyNA A0 eauHUUbLl. Ecrin goyHkyua npuHadnexHocmu KOHKPETHOro 3HaYeHUs paBHa efjuHULe, TO JIMHIBUCTUYECKOe
yTBEpXJeHne, COOTBETCTBYIOLEE TUH8UCMUYECKOMY mepMy, NPUMEHUMO BO BCEX OTHOLLEHUSX (Hanpumep, «MOrogoi»
A4na sospacta 20 ner). N HaobopoT, ecnu oHa paBHa HYNO, TO HET HUKAKOrO COOTBETCTBMUSA (HaNpUMMep, «O4eHb CTapblii»
ana sospacta 20 ner).

[na onucaHns Hedemkux MHOXecme NPUMEHSIOTCA NpUBeAEHHbIE HUXe POpMbI 3anucK.

[na KOHEeYHBIX MHOXECTB: HeynopsiioYeHHble NapHble MHOXeCTBa B AnddepeHuunansHol dopme:

M = {(x4, MM(X1)), (X9, MpaX2))s -+ 1 (X MM D) X€ G, 1=1,2, ...n (A1)

Hp(X;) CHUTALOTCS YMCMOBLIMY 3HAYEHUAMU.

[Ans 6ecKoHEYHbIX MHOXECTB:

M= uyx)}, xeG (A.2)

[Ans onucaHus pasiuynili MEeXay Yemxkumu U HeYemxumMu TePMUHAMKN Ha pUCYHKe A.1 NpUBEAEHb! TUHegUCMUYe-
cKUe mepMbl ONS NUHE8UCMUYecKoll NepeMeHHOl «Bo3pacT». ECnu TepM «CoBepLUEHHONETHNIH» 0AHO3Ha4YHO onpefe-
NSAETCS 3aKOHOM U TeM caMblM OTpaXaeT AUCKPETHLIA Nepexod B OTHOLIEHWUN (ByHKUUU NpuHadnexHocmuy, pns TepMa
«B3pOCHbIA» He MOXET BbiTb HazHaueH YeTKUIA NpeLen Bo3pacTa.

HMOO A
YcTaHOBMEHHBIA 3aKOHOM BO3pacT

Bapocnblii
_E_/ o LUkana spemeHu

0 18 X (Bo3pacr B rogax)

PucyHok A.1 — ®OyHKLMA NPUHAAMEXHOCTM TEPMOB «COBEPLUEHHONETHUA» U «B3POCHLIAY

Hanpumep, Ha pucyHke A.2 NpeAcTaBlneHbl ONucaHue JuUHaeUCmUYecKoll nepemMeHHol «BO3pacT» JIUHesUCMUYe-
CKUMU mepMamu 1 UX COOTHOLLEHUE Ha LLKare BPpeMeHU «BO3PpacT B rogax» ¢ NOMOLLI0 3HayeHuld npuHadnexHocmu.
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PrcyHok A.2 — OnucaHve NMHIBUCTUYECKOW NEPEMEHHON «BO3PACT» JIMHIBUCTUYECKMU TEPMAMU U UX COOTHOLLEHUNE
Ha LWKasie BpemeHn (BO3pacT B rofax)

TunoBsble hopMbl (HYHKLMW MPUHAANEXHOCTW NPeACcTaBeHbl Ha pucyHke A.3. Cnegyowme opMbl oyHKLMW npu-
HAA/IeXHOCTU OTHOCATCS K CMeLnasbHbIM hopmam:

- onpejesnieHne Yepes npsiMOYrofibHUK (HanpuMep, UHTEPBAS) C LiefbI0 ONUCAHUA 3HAYEHU, a Takxe;

- 0OIHO3/IEMEHTHOE MHOXECTBO (CUHI/ITOH) A5 a/lbTEPHATUBHOIO MPELCTAB/EHUS BbIXOAHBIX NEPEMEHHBIX.

F, A
1 1 Q
K n K- n
Pamnaga TpanevuevpaibHasn TpeyronbHas
A
r 1
0 n
[MpsmoyronbHas CWHITOH

PucyHok A.3 — Tunosble doopMbl OYHKLMIA NPUHAANEXHOCTU

B HEUYe TKOI IOTMKE BbipaXXeHne, CBA3bIBAIOLLEE IMHIBUCTUYECKIE NEPEMEHHbIE C IMHIBUCTUYECKUMI TepMamu,
npefcTaBnsieT co6oii IMHIBUCTUYECKOE YTBEPXKAEHNE. Takve BbIpaKEHUs, Kak «TeMMepaTypa BbiCOKas» Wi «Temnepa-
Typa HU3Kasi» C NPOCTOi 6a30BOI CTPYKTYPOIi, B HACTOALLEM CTAHAAPTE HA3bIBAKTCS /IMHIBUCTUYECKUM YTBEPXKAEHUEM.

JINHIFBNCT MYECKass NepeMEHHass — CUMBO/T CPABHEHWUSI — JIMHIBUCTUYECKNIA TEpM (A.3)
(Temnepatypa Huskasi)

B OT/IMUME OT KNacCUUeCcKoii NIOrUKK, B KOTOPOIi YTBEPXKAEHUA NPUHUMAIOT OAHO U3 NIOTMUYECKNX 3HAYEHUI, «MCTUHA»
WU «/I0XKb», SIMHTBUCTUYECKMNE YTBEPXAEHUS HEUETKOW SIOTUKIN XapakTepU3yloTCA CTeNeHbI0 NMPUHAANEXHOCTH.
3HaHus, NpuoGpeTEHHbIE HA OCHOBE OMbiTa, MOTYT GbITh OMNpeaeneHs! B npaBuiax. Mpasuno RKUMEET creayoLwmii Bag;

R< IF ycnosue PATHEN pesynbTaT O< (A.4)

B A4aHHOM KOHTEKCTe yC/I0BME KaXAOro nMpaBusia BKAOYAET IMHIBUCTUYECKOE YTBEPXAEHUE UM KOMBU-
Hauuio yTBEPXAEeHUA Npyu NocpeacTBe BXOAHbLIX MepeMeHHbIX, Torga kak pesynbTaT onpeaensieT BbIXOA4HYO
NepemMeHHYl B CMbIC/Ie UHCTPYKLMUKN K AEACTBUIO.
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Pk =AAND B OR (NOT C) (A.5)]|

Ecnu ycnosue niunu pesynomam onpepensoTca UHeUCMUYeCKUMU YMEepXOeHUSMU, MPasuo Ha3biBaeTcs Tak-
Xe JlUHasUCMUYeCcKUM npasunom. basa npasun, B CBOK 0Yepesb, COCTOUT U3 HECKOMBKUX pasus. B LenoM B oTnnymne
OT KilacCM4ecKnX CUCTEM, OCHOBaHHLIX Ha MpaBunax, 0fHOBPEMEHHO NMPUMEHSIKOTCA (BLINOMHAOTCS) HECKOMBKO MpaBur.
Takum o6pa3oM, pesynsratel NpasBun JOMKHEI KOMGUHMPOBATLCS APYr C APYrOM Yepes COOTBETCTBYIOLME MaTeMaTuye-
cKkue onepauuu.

CoOTHOLLIEHNA MeXAY HEYSMKUMU MHOXecmeamu W ONepaLusiMin ¢ HEOYSMKUMU MHOXEcT8aMU OnpeAersioTca ¢
noMoLLbi QyHKUUU NpuHadnexHocmu.

AnA pBYX He4eTKUX MHOXECTB A U B, anemeHTbl X KoTophix BepyTest U3 6asoBoro MHoxecTBa G, MPUMeEHSIOTCS
cregytowme COOTHOLLEHNA:

paBeHcTBOA=B

NCTUHHO, ecru [y (X) = pg(x), Ansi Bcex X € G (A.6)
norHoe BxoxgeHne Ac B
NCTUHHO, ecrn Ha(X) = < lg(x), ans Bcex X € G (A7)

YacTUYHoe BXoXgeHne Ac B
NCTUHHO, ecri Ha(X) = < g(x), ans Bcex X € G
W Ha(X) < Pg(X) NO KpaliHeil Mepe, Ans ogHoro x € G. (A.8)

Ans ABYX HevemKux mHoxecme, A N B, aneMeHTHl X koTopbix GepyTea U3 GasoBoro MHoXecTBa G, MOryT npuMe-
HATLCA CregyoLLmve onepayuuy:

nepeceveHue
A B onpegensietes pp  g(X) = [(MaX), Hg(X)), (A.9)
rae | HasbiBaeTcs onepaLumen nepeceveHunst
obbepnHeHne
A v B onpegensetcs py, g(X) = U(HA(X), Mg(X)), (A.10)
rae U HasblBaeTeA onepauneit oobeguHeHus
JononHeHue
onpegensieTcs ¢ NOMOWbLIO U&(X) = 1 — [y (X) (A.11)

Kak B criyqae Knaccuyecknx (Yemkux) MHOXECTB, K HEYETKMM MHOXECTBaM NPUMEHSIIOTCS CegyloLme nHTepnpe-
Tayumu:

repecedyeHue OTHOCUTCS K HeYeTKo onepaLmun AND;

o6beduHeHUe — K HeveTKoW onepauuun OR;

doronHeHue — K HeveTkoi onepayun NOT.

OrneMeHTapHble anropuTMbl AN MaTemMaTU4ecKoro NpefcTaBlieHUs nepecedeHns, oGbeguHeHUs U [ONONHEeHUs
UMeIoT criefyroWwnii BUua (CM. Takke pUCYHOK A 4):

ONSA nepeceyeHus, MUHUMYM

Ha~B(X) = Min {ua(x), (X)), x€ G (A12)
AN 06beduHeHUs, MaKcUMyM

Hau B(X) = Max {ua(x), ug(X)}, x € G (A13)
ans dononHeHUs, BblMUTaHUE N3 e4UHULbI

HAX)=1—Ha(X) XxeG (A14)

Ons HeveTkux onepatopos AND 1 OR cylllecTByeT MHOTO BOSMOXHbBIX @anropuTMoB. [Mpu TOM crieqyeT oTMeTUTS,
yTo onepaunn AND 1 OR He MoryT BbiTb BbIGPaHEI NPOU3BOSbHEIM CNOCOGOM.
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PucyHok A.4 — ANropuTMbl NPeACTaBNeHUs onepauuii ¢ ABYMS (OYHKLMSIMW NPUHAANEXHOCTM

A.2 HeueTkoe ynpasneHune

HeueTkoe ynpaBneHne o3HayaeT ynpaB/ieHne TEXHUYECKUMI npoLeccamn B 3aMKHYTOM U Pa30OMKHYTOM KOHTypax,
BK/I0oYas 06paboTKy U3MepsieMblX 3HAUYEHWIA, KOTOPOE OCHOBAHO Ha MCMO/b30BaHWUKM HEYETKMX NpaBua U 1x npeobpaso-
BaHUM C MOMOLLbIO HEYETKOW JTOTUKN.

BxofHas MHGOpMaLna COAEPXUT AeCTBUTENIbHbIE NEPEMEHHbIE B (DOPMe U3MepPSIEMbIX NepeMeHHbIX TEXHOIOT -
4eckoro npouecca, NPOU3BOAHbIX NMePEMEHHbIX, a Takke YCTaBOK. BbIxoAHble NepeMeHHble SBAATCA AeNCTBUTENbHbIMU
nepemMeHHbIMU B (DOpPME perynupyrowmx nepeMeHHbIX. Mexay BXOAHbIMU U BbIXOAHbIMW NepeMeHHbIMU TEXHOI0MMYEeCKo-
ro npouecca ¥ HeYeTKoN cpepoli JOMKHbI ObITh BbIMOMHEHbI NpeobpasoBaHus (passndukauyms, gedassudurkaums). Oc-
HOBHOI KOMMOHEHT HEYETKOro ynpaB/ieHUs COCTOUT U3 IMHIBUCTUYECKMX NpaBun 13 6a3bl NpaBw/ 1 JIOFMYECKOro BbiBOAA.

®yHKUMOHAIbHbIE 3NIEMEHTbI HEUYETKOr0 YNpaB/feHns npuBeAeHbl Ha pucyHke A.5.

PucyHok A.5 — CTpykTypa ¥ OyHKLMOHA/bHbIE 3/1IEMEHTbI HEYETKOTO YNpaBneHns
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A.2.1 ®a3z3ucpukauma

®as3ughukayuell Ha3bIBAETCA COMOCTABMNEHNE BXOAHbIX NEPeMEHHbIX C NIMHIBUCTUMECKUMU Tepmamu. [ins 3Toro
yCTaHaenuBaeTcs akTuyeckas creneHb NPUHaAEXHOCTU BXOAHbLIX NEPEMEHHBIX KaXAOro JIUH28UCMUYECKO20 mepMa
COOTBETCTBYIOLLEN JIUH28UCMUYECKOU NepeMeHHO.

Mpumep ¢hassughukayuu NpuBEaEH Ha pucyHke A.6.

A B C D
HeX) NN ———
N N A
Hp) .

BxogHoe aHaueHve

PucyHok A.6 — lNpuHuun chassncukaumm (npumep)

A.2.2 Baza npaBun

basa npasun coaepXuT 3MNUpUYEcKue 3HaHUs, OTHOCSLLIMECH K KOHKPETHOMY paccMarpuBaeMoMy TexHonorude-
CKOMY npoueccy. [lns MHTepnpeTaummM 3HaHWiA UCMONb3YIOTCA JIUH28UCMUYeCcKUe rpaesusia. [py ycrnosuu, YTo HeveTkast
onepauuss AND osHauyaet MIN, a HeueTkas onepauus OR osHavaeT MAX, MOXHO Nnoka3saTb, YTO HEYETKOEe NpaBuno Rj,
OCHOBaHHOE Ha koMBuHauum OR U3 m yTBepXeHuWiA, MOXET ObITb NPEACTaBNEeHO M NpaBunaMK, YTBEPKAEHUA KOTOPbIX
KOMBWHUpYloTCcA Tonbko ¢ nomolbio AND. Ha pucyHkax A.7 u A.8 npuBeaeHbl NpUMephbl pasfiuYHON UHTEepnpeTaLum npa-
BWI.

Basa npaeun

— Onpepenexve 6a3bl NpaBun B TEKCTOBOW (hopme:

R1: IF Ycnosue P1 THEN PesyneTar C1
R2: IF Ycnosewe P2 THEN Pesynbtar C2
R3: IF Ycnosue P3 THEN Pesynbtar C3
Rn: IF Ycnosue P, THEN PesynbTar C,

KOrfia yCrioBue MOXeT COCTOATb U3 KOMGUHaLMM NUHIBUCTUYECKUX
YTBEPXACSHUWA, Hanpumep, Ana npasuna k:

Py =Py AND P2 OR (NOT Pya)
a Ans pesynbTaTa — MOXET GbiTb Gonee 0AHOro, HanpuMep:

Ck = Ci, Ce

PucyHok A.7— Untepnpetauun 6asbl 3HaHWUIM B NIMHIBUCTUMECKON hopme

Ecnu umeloTcs ABe BXxoaHbIe NEPEMEHHbIE U OAHA BbIXOAHAA NEPEMEHHas, NPUYEM 3TU ABe BXOAHbIE NepeMEHHbIe
KOMOUHUPYIOTCA Tonbko C nomoulbio AND, 6a3a npasusn Moxer ObiTb 3aaaHa B hopMe MarTpuubl, B KOTOPOW 3HaYEHUs
BXOAHbIX NEPEMEHHBIX NPUBEAEHBI B CTONOLUAX U/MNW B CTPOKaX, a MONs Matpyuubl COAEPXKaT 3Ha4YEeHNA BbIXOAHOW nepe-
MEHHOMN.
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BxogHas nepemeHHan X1

NB NS Z PS PB
NB NB NS Z PS PS
NS NB NS PS PS PB
Z 4 Z PS PB PB
PS Z Z PS PB PB
PB Z NS PB PB PB

O603HaYEeHUs:
NB - 60nbluas oTpuuaTtensHas;

PB - 6onbliasi NnonoxuTenbHas;
NS - Heb6onblUas oTpuuaTesnbHas;

PS - HebonbLIas nonoxuresbHas;
Z - HyneBsas.

PucyHok A.8 — MatpuyHoe npeacTas/fieHne ABYyX nepemMeHHbIX

A.2.3 Jlornyeckuii BbIBOA,

MpUHUMMLI 1 onpefAeneHns, UCNob3yeMble B HACTOALEM CTaHaapTe, AeiCTBUTENbHbI 415 YNPOLEHHOTO ciy4yas
HeueTkoll 6a3bl NpaBus, NOAOOHON LUMPOKO MCMOMb3yeMOl CXeMe NIormyeckmx BbiBOA0B MamgaHu. Bonee cnoxHble cxe-
Mbl TOTMYECKUX BbIBOAOB B HACTOALEM CTaHAApTe He paccMaTpuBatoTCs.

Jlornuecknii BbIBOA, COCTOUT B arpernpoBaHnn Tpex NoAdYHKUWA, akTMBU3aLMN 1 akKyMynsauun, NpUBESEHHbIX Ha
pucyHke A.9. Cm. Takxke pucyHok A.10.

BbinosniHeHne 6a3bl NpaBun pasbuTo Ha creaytoLme waru:

- Arperauus
OnpegenexHne CTeneHn NCTUHHOCTMW YC/I0BUS MO CTENEHN NPUHALJ/IEXHOCTH
noaycnoswuia
Pki AND Pk OR (NOT P3) = FK

NS BCEX N YCNoBWiA

- AKTMBM3auna
AkTuBu3auusa pesynotata IF-THEN

IF ycnosue Pk pesynbtar THEN Ck

015 BCex N npasun
YuyeT BeCOBOro kKoaphuumneHTa Kaxkaoro npasuna
- AKKyMynauusa

Kom6uHaLysi B3BELUEHHbIX pe3y/ibTaToB npaBus
B 06WMIA pesynbTar

PucyHok A.9 — 3nemMeHTbI I0OTMYecKoro BbiBo4a
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- AepeauposaHue:

Ecnn ycrnoBne cOCTOUT M3 OQHOrO MOAYCNOBUS, AEWCTBUTENBHOCTb YCIOBUS UASHTUYHA [EeACTBUTENbHOCTU Mo-
AYCNOBUSA, T. €. CTeNeHb UCTUHHOCTU YCNOBMWSI COOTBETCTBYET MCTUHHOCTU nogycnosus. OfHaKo, €Cnu ycrnosne CocTouT
13 KOMBMHaLUWKN HECKONBbKMX NOAYCNOBUIA, CTeNeHb UCTUHHOCTY A0MKHA ONpefensTbCs arpernpoBaHneM OTAENbHLIX 3Ha-
yeHuii. Ecnun cywectsyeT kombuHauua AND noaycnosuil, cTeneHb UCTUHHOCTYU pacCUUTLIBAETCA C NMOMOLLbIO Hevemxkol
onepayuu AND.

- AKmusu3sayus.

lModpesynbmamel B pe3ynbMame OTHOCATCA K BbIXOAHbIM NepeMeHHbIM. 3aTeM Ha OCHOBE CTENEHW UCTUHHOCTM
ycnosusi, NOMYYEHHOro NpU arperpoBaHny, onpeaensaeTca cmeneHs npuHadnexHocmu pesynbmama (pesynbmam IF A
THEN B). Kak npaBuno, nsa akrususauuu ncnonesyetres MIN unu PROD.

Ecnun 6asa npaBun coepXuT Npasuna ¢ BECOBLIM KOIPMULIMEHTOM Wy, rae wy € [0, 1], 3To MoxeT 6biTk peannso-
BaHO C MOMOLLbI0 YMHOXEHUS.

| o =wxo (A.15) |

- AKKyMynayus:

PesyneraTsl npuMeHeHUs npasu1 KOMBUHWPYHOTCA AN NofyYeHus obLero pesynsrata. [ns akkymynauuu, Kax npa-
8urno, UCMOMNb3YeTCA ansopumm Makcumyma. B Tabnuue A.1 npuBegeHel onepayuu, Ucnonb3yemble, Kak npasuno, Ans
OTAeNbHbIX LLAroB J108U4eCcK020 bigoda.

B 3aBucuMmMocTu oT koMBuHaUUK onepayull Ha OTAENbHLIX LUarax Nony4alTes pasHble CTpaTernu J02u4ecKo2o ebl-
g800a. Hanbonee n3BecTHbIe Tak Ha3blBaeMble METOALI MakcumMyma-muHumyma (MaxMin Inference) n makcumyma-npo-
useederusi (MaxProd Inference), KoTopble NPUMEHSAIOT MaKCuMyM ANS akKyMynsuuu U MUHUMYM vnu anrebpanyeckoe
npousBeAeHue ANs akmueusayuu. B cny4ae MeTofa MaKkcuMyma-MUHUMYMa QQYHKUUU MPUHadnexXHOoCmU HeYemxkux
MHOXecme pe3ynbmamos orpaHuYeHbl CMeNneHblo UCMUHHOCMU YCnoeus N KOMBUHWNPYIOTCS ANS CO3AaHNs HeYeTKoro
MHOXeCTBa C MOMOLLbIO (hOPMUPOBaHNSA MakcuMyMa. B crnydae metoga makcumyma-npouseedeHus, HaobopoT, hyHKyUU
npuHadnexHocmu He4emKoao MHOXecmea pesynbmamosg B3BELUMBAKTCA, T. €. YMHOXaKTCA Mo CTENeHn UCTUHHOCTM
ycrioBus, a 3aTeM KOMBUHMpYLoTCS.

Tabnunya A1 — LLaru noruyeckoro BbIBoga W LUIMPOKO UCMONBL3YyeMble anropuTmel

LLiar noruyeckoro BbiBoAa Onepauuu ANropuTMbl
AzpeauposaHue
Ana AND MunumanbHas a, = Min{ag4(x1), axy(x2)}
ans OR Makcumanbhbil a, = Max{ay(x1), ax»(x2)}
Akmueusauyus

npeobpasoBaHue IF-THEN-pesynsraTta

MunumanbHas | ¢ = Min{ay, y,.(u)}
BECOBOW KO DULMEHT Kaxkgoro npasuna
YMHOXeHue ¢, = Mult{wK, ¢, '} = wy x ¢
AKKymynauus MaxcumanbHbil M = MAX{c,(u)}
Pk = Pk1 AND sz OR (NOT Pk3)
. -~ ’ " ’
Min{ak: ,ax2 } l (1-aks)

a=Max[Min{ak1, axz},(1-axs )]

PucyHok A.10a — MpuMep, AEMOHCTPUPYHOLLMIA NPUHLMMLI arperpoBaHus
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= AKTMBM3aumA
- MNpeo6pa3sobaHue pesynbrara IF-THEN,
Hanpvmep, onepauus MUHUMyMa

Pk

¥
1_
ag

0

Hanpumep, anre6pandeckoe
npousseaeHne

ui

14+
T
0 fou

DYHKLMA NPUHAANEXKHOCTHU SIMHIBUCTUYEC-
KOTO TepMa oL BbIXOAHOM NepeMeHHOM U,
CBSI3aHHOW C npasunoM k

PucyHok A.10b — MpuHLMNE akTMBU3aLuK (Npumep)

= AKKymynsauusa

Hanpumep, onepauus Makcummsauum

T Howy Hpw  Myw

L)

o)k=1,k=1,2, ...N

PucyHok A.10¢c — MpUHUWMLI akKyMynsaLwum (npumep)

A.2.4 Nedpbassndpukaums (cM. pucyHok A.11)

Jloeuyeckull ebigod B Ka4ecTBe pesynkraTa 4aeT HeYemMKoe MHOXEeCcmeo Unun ero PyHKLWIo NpuHagnexHocTu. Sne-
MEHT yrpaBneHus He MOXET Hanpamyto obpabaTbiBaTb faHHY HeYeTKyto MHopMaLUio, NosToMy pesynkTaT npouecca
J102U46cK020 ebigoda AoMmkeH BTk NpeobpasoBaH B Yemkue YNCroBLbIe 3Ha4YeHns. B 3To cBA3KN yemkoe Yncno, KoTopoe
Heobx0AMMO onpeaennuTb (Kak npasuno, AeNCTBUTENbHOE YNCIO), AOMKHO oBecnevnThb NpeAcTaBneHne WHhopMaLmu,

cerpx(ameﬁCH B HEHYeMKOM MHOXecmee.
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[Jecbas3undukaumsa

Mpeobpa3oBaHre HEYETKOrO pe3ysibTaTa SIOrMYeckoro BbiIBOJA B HYETKYHO BbIXOAHYH NepeMeHHyto U.
[Jedaz3ndmkauma metogom LeHTpa Tsxectn (CoG).

UeTkasi BbIxo4Hasi NepeMeHHast onpefenseTcs kak 3HadeHne abeumccebl U LeHTpa TSHXECTV NNowwaav nog yHKUmein

NPUHAANEXHOCTU:
- MpUMeEpP MeToda LieHTPa TSKECTU.

Max r

Min J u*p(u)*du
Max r

Min J n(u)*du

PucyHok A. 11a — MeTogbl fedas3ndmkanmm

O6LWMUMN MeToAaMu SBASIOTCA TakXe cregytoLlye:

KpaiiHwnit nesblii Makcumym LM

OnpefensieTcs 3Ha4YeHne BbIXOAHOV NepeMeHHON, A1 KOTOPOro yHKLMA NPUHAANEeXHOCTY BbIXo4a AOCTUIaeT ee
KpaiiHero 1eBoro MakcumMyma.

Kpaiinuii npasblii Makcumym RM

OnpegfensieTcs 3Ha4YeHne BbIXOAHOM NEPEeMEHHON, A1 KOTOPOro yHKLUMA NPUHAAIEXHOCTY BbIXOfa AOCTUIaeT ee
KpaiHero npasBoro MakcMmyma.

KpaiHwuii npasblit Makcumym: — sup(X)/ji(X") = sup p(X)
xe [Min, Max]
KpaiiHnii neBblii MakCMMyM: inf(X")/ju(X") = sup p(X)
xe [Min, Max]

PucyHok A. 11b — PasHuua Mexay metogamy KpaiHero eBoro MakCMmMymMa v KpaiHero npasoro mMakcumyma

MeTog ueHTpa naowaan
B faHHOM MeTofle BbIXO[HOEe 3HaYeHWe onpefenseTcs Kak 3HayeHne abCuMcChl LeHTpa, KOoTopoe AenuT nolajb
nog, hyHKUMe NpUHaAIeXHOCTM Ha ABe 061acT 04MHaKOBOrO pasvepa.

MpumeyaHune 1— LleHTp TAXECTM SKBUBASIEHTEH LEHTPOUAY.
MpumeyaHune 2— LeHTp niowaan sKkBYBaNEHTEH MevaHe.
Mpumeyvanune 33— lNpu UCNOMbL30BaHUN CUHINITOHOB COA He MpUMeEHsieTCs.
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MpumeuyaHne — dopmynbl MeTogoB gedassndumkaymm CoA n CoG npuBefeHsbl B Tabnvue 2.

[Nedazsncpunkaynsa

Ecnu (*)yHKLI,VIVI NPUHAANEXHOCTU BbIXOAHbIX NepeMeHHbIX ABNAKTCA CUHIITOHaMU, pacyeT BbINO/IHAETCA

C NOMOLLbIO:
- MeToZa LeHTpa TshkecTn s cMHrntoHoB (COGS)

£ [UjVil

rae (X- pesysibTaTbl akkyMy sLmm

B c/lyyae CMHIITOHOB METOZ LieHTpa MIoLWaamn NpUMEHATLC He MOXeT. MpumMep Ans 4 CUHIIITOHOB BblLLE:

_[UjLL + 2272 + 2374 +
[ +u2+ V3 + H4|

PucyHok A. 11d — MeTogb! gecassncukaunn

A.3 OcylecTBNeHNe HeYeTKOro ynpasieHus

C TOUKU 3PEHUA UHPOPMALMOHHON TEXHOMOTMM HeueTKoe ynpaBfieHue SABMISIeTCS IKCNepTHOW CUCTEMON, OCHOBaH-
HO Ha npaBunax. C TOUKW 3pPEHUSI TEXHONOMUM CUCTEM YNpaBfieHUst 3TO, Kak NpaBuio, NOMEBOV KOHTPOEP C HeUHENR-
HOI XapakTepUCTUKOM. Ha pucyHke A.12 npuBefeHbl NPUMEpPbI XapaKTePUCTUUYECKNX KPUBbIX HEUYETKOro ynpaBneHus. Te-
KyLLie 3HAUEHUS €ro BbIXOAHbIX NePEMEHHbIX 3aBUCAT UCKMOUMTENLHO OT TEKYLIUX 3HAUYEHUIT BXOAHbIX NEPeMeHHbIX, a He
OT NpeAbIAyLMX 3HaYeHWUI, 3a UCKIOUYEHMEM c/lyyasl, Korga HeT aKTWUBHbIX MPaBua 1 He 6bI10 onpefesnieHo 3HaueHne no
yMonuaHuo. Ecnv KOHTponnep Ao/keH 061aaTe AMHAMUYECKUMMU CBOWCTBaMU, A0/MKHbI 6GbiTh NPEAYCMOTPEHbI BHeLLHMe
MO OTHOLUEHUIO K (DYHKLMOHA/IbHOMY 6/10Ky AMHAMUYECKne (YHKLMUN.

Kak npaBwno, aTo AndEpPEHLMPYIOWME U VHTErPUPYIOWME 3/1IEMEHTbI. BbIXOfAHbIE NEpPEMEHHbIe 3TUX (DYHKLWI
ABNATCA ANA HEUYETKOro ynpaB/eHUs [OMNOHUTENIbHLIMU BXOAHLIMUA NEPEMEHHbIMU. ITO TakKe NPUMEHUMO K oLMGKam
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yNpaBfeHnsi, KOTOpble aHaNIorMUYHbLIM 06Pa30M A0/KHBI (DOPMMPOBATLCS BHE HEUYETKOro ynpaeneHus. C Apyroii CTOPOHbI,
BbIXOZHbIE MEpPEMEHHbIE HEUYETKOTO ynpaBieHUsi MOryT GbiTb MepefaHbl onepaTopam Ansi 06paboTKM KOPPEKTUPYHOLLMX
nepemMeHHbIX (HanpuMep, UHTErpupYOLWMiA 3N1eMeHT 471 aropMTMOB CKOPOCTM) WM pacnpeaenieHbl Mexay pasinyHbIMm

3/1EMEHTAMU YNpaB/ieHus.

i =Cons!

PucyHok A. 12 — TMpuMepbl XapakTepUCTUUYECKUX KPUBbLIX HEYETKOro yrnpasfieHus

Ba3oBasA CTpyKTypa OCHOBaHHbIX Ha HEYeTKOM YyMnpaB/ieHWV KOHTPOJIIEPOB npuBefeHa Ha pucyHke A.13a, a Ha
pucyHke A.13b npuBefeH npumep, MokasbiBAOLMA, Kak 13 pasHOCTU MexX/y YCTaBKOW U NepeMeHHOR TeXHO/I0rM4eckoro
npouecca hopmupyeTcs owwnbka. 3Ta PasHOCTb, Kak W ee NPou3BOAHas M0 BPEMEHW, NepefaeTcs HeYeTKOMY ynpasie-
HWIO B BUAE ABYX NEePeMeHHbIX, ABAIWMNXCSA HE3aBUCUMbIMU OT ee 0O6BEKTUBHOrO BOCNpuATMA. KoppekTupytolas nepe-
MeHHasi MoJsly4yaeTcsl U3 BbIXOAHOW MEpPEeMEHHON MHTerpvposaHveM no BpemeHun. Ecnm 6a3a npasun paspaboTaHa Takum
06pasom, YTO OHa OMUCbIBAET a/IrOPUTM CKOPOCTU, TO OCHOBAaHHbLIA Ha HEYETKOM YNpaB/ieHUW KOHTPO/Iep oTobpaxaeT

AVHamnueckoe noeegeHue, nofo6HOe NPOMNoPLMOHASIbLHOMY UHTETPUPOBAHWIO.

N3meHsAemble
nepemMeHHble

YcTaBKa
X Y
MpepasapuTensHas Heuetkoe MESEZ‘?ZLE"’.‘X
oGpatoTka ynpasnexne nepeMeHHbIX

[NepemeHHble
TEXHO/I0rMYeCKoro
npovecca

PucyHok A.13a — OCHOBaHHbIii Ha HEUETKOM YNpaB/eHUn KOHTposiep: 6asoBas CTpyKTypa
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Ycraeka X4
w > N3ameHseMble
NepeMeHHbIe
+ e du Y
Heyetkoe [ IdUdt >
- ynpasneHue
p X2 O6pabotka
MepemetHas . d—? - MSMEHSIEMbIX
TeXHnongLrl::gKoro nepemMeHHbIX
P X MpeasaputenbHan oGpaGoTka

PucyHok A.13b — lNpuMep ocHOBaHHOIO Ha HEYETKOM yrnpaBieHWn KOHTponnepa
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Mpunoxexue B
(cnpaBouHoe)

Mpumepbl

OfHUM 13 rMaBHbIX MPUMEHEHWUI NPOrpaMMUpyEMbLIX KOHTPONSIEPOB SBMSAETCA UX WCMONb30BaHUe COBMECTHO C
06bI4HBIMK [T -perynaTopamu Ansa ynydlleHus kadectsa ynpasnenus MNiAO-perynsatopa. MNpuseaeHHble HUXeE NpUMEpEI
MoKasbIBatoT MpUHUMNNanbHEIE BO3MOXHOCTM, Aatolime obllee npefcTaBneHne o TOM, F4e MOXeT GblTb UCNOMb30BaHO
HeYyeTKoe yrnpaBneHue.

B.1 NpenBaputennHoe perynupoBaHue

YCTPOICTBO HEYETKOro ynpaBneHns AonomnHAET 0OblYHbIA KOHTPOMEp 3aMKHYTON CUCTEMbI KOPPEKTUPYHOLLIMM CUr-
HarnoM Ans ynpasnaeMoro knanaHa (CM. pucyHok B.1).

HeueTkuii_®B

! YVvy
I

-

Koppektupyiowmia
curHan

| Twunoeoi koHTpannep &» TexHonorn4eckun
npouecc

— O

PucyHok B.1 — Mpumep NpesBapuUTeNbHOMO perynupoBaHus

B.2 AganTauus xapaktrepucTuk obbluHbix MNA-perynatopoB

YCTPOMCTBO HEUETKOrO YNpaBneHna cnonb3yeTca AN agantayuu napameTpoB ynpasnenus NAL-perynsatopa (cM.
pucyHok B.2).

Heuetkuii_®b

& Apantauusi

napameTpoB
Tunoeo# o TexHonorn4yeckui
>0 .“_ - | KOHTpONnep ' npouecc

PucyHok B.2 — lNpumep agantayum napameTpos
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B.3 NMpsAMoe HeueTKoe ynpaBneHue TEXHOMOrMYeCKUM NpoLieccomM

[pyroi obnacTbto NpUMEHeHUs ABMSETCA BKIKOYEHWE SMNUPUYECKUX 3HAHUIA O NMpoLecce U cTpaTernii MMHrBnCTM-
YeCcKoro ynpaBrieHnst HeMnoCPeACTBEHHO B NPOMBILLMEHHYO aBTOMaTu3aumio. JaHHbIn MeToh UCMOoNb3yeTcs BO MHOMMX
TEXHOMOMMYeCKMX npoLieccax, B KOTOPLIX HE0BX04MMO BMeLLaTeNbLCTBO onepatopa (CM. pUcyHok B.3).

Heu ©OE . TeXHONOrMYecKui o—
eTKUA_! npouecc

PucyHok B.3 — MNpumep NpAMOro HEYeTKOro yrnpaeneHus
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Mpunoxexue C
(cnpaBo4HoE)

MpOMbILLSIEHHbI NPUMEP: KPaH A5 KOHTeliHepoB

KpaHbl 4151 KOHTENHEPOB NPVMEHSAITCA B GO/IbLUMHCTBE MOPTOB MPW MOrpy3ke KOHTEWHEPOB Ha cyfa W Npu UX Bbl-
rpyske. KpaHbl noaxeatbiBalOT OTAe/fIbHble KOHTEMHepbl Tpocamu, 3akpeneHHbIMW Ha Tenexke kpaHa. Tenexka kpaHa
nepemMeLLaeTcs Mo ropusOHTa/IbHOMY PenibCoBOMY MyTW. Kak nokasaHo Ha pucyHke C.1, korga KOHTeliHep noaxBaudeH u
Tenexka HauyvHaeT ABUraTbCs, KOHTEMHep HauuHaeT packaumBaTbCHA. PackauvBatolmiics KOHTEMHep BO3MOXHO nepeme-
Larb, HO HEBO3MOXHO MOCTaBUTb.

PucyHok C.1 — TMpOMbILLIEHHbIV NPUMEP: KpaH Ans KoHTeliHepoB

AHanus geiicTBmii onepaTopa nokasbiBaeT, YTO 3TV AeCTBUA MOAUMHSIIOTCS psdy O6LUX NpaBu:

a) Hauano ABMXeHNs Tenexkn npu cpefHein MOLHOCTW aBuratens.

b) ECnM B Hauyasne ABWKEHUS TeNexkKa KpaHa HaxoauTcs Aaneko OT uenu, HeobxoauMo OTperyimpoBaTb MOLHOCTb
ABurartens Tak, 4tobbl KOHTeHep 6bln YyTb C3a4U TENeXKM.

c) Ecnu Tenexka KpaHa HaxoguTcs 6/amke K Lenn, Heob6Xxo4MMO YMEHbLUUTb MOLLHOCTb ABUraTens Tak, YToobl KOH-
TeliHep 6bin YyTb BNepean Tenexku.

d) Korga KoHTeliHep HaxoguTcs psiAoM C LeneBbiM MOMOXEHMEM, Heobxoaumo npubaBnsaTb WM y6aBnATb MOLY-
HOCTb B 06n1aCTN CpefHero 3HayeHus, B 3aBNCUMOCTIN OT HanpasB/ieHNs packavymBaHus.

e) Korfa KoHTeliHep HaxoAuTCa Hag, Leflblo U packaunBaHne paBHO Hyso, HE06XOAMMO OCTaHOBUTL ABUraTesb.

[na aBTomartunsauuy ynpasneHust Takum KPaHoOM UCMOSb3YTCA faTUMKN NOSMIOXKEHUSA («PACCTOSHUE») TENEXKN Kpa-
Ha 1 yrna packaunBaHusa KoHTeliHepa («yron»). BbIxo4HON BENMUYNHON SBASETCA MOLWHOCTb Auratens. CHavana Ans Bcex
nepemMeHHbIX JO/MKHbI ObITb OnpefeneHbl IMHIBUCTUYECKME NEePeMEHHbIE. JIMHIBUCTUYECKNE NEePEMEHHBIE «PACCTOSHUEY,
«yron» 1N «MOLHOCTb Asuratensa» (cm. pucyHkn C.2, C.3 n C.4) gendarca Ha natb IMHIBUCTUYECKMX TEPMOB. [N PyHKLUmMK
NPUHaANEXHOCTU UCNOSb3YTCA (POPMbI pamnagbl, TPEYrosibHUKa U CUHINTOHbL. Ha NpuMBeAEeHHbIX HWXEe PUCYHKax npes-
CTaB/eHbl IMHIBUCTUYECKNE NEPEMEHHbIE Y IMHIBUCTUYECKNE TEPMBI.
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H OueHb_bonbuioe

Hyneeoe Enuskoe CPeOHEe Bonbuoe

0 J | T
-10 0 10 20 30
PaccrosiHue, m

PucyHok C.2 — JlnHrBucTrYecKkana nepemMeHHas «paccToaHue» Mexay TEeNexXKon KpaHa 1 LerneBblM NonoXeHnem

Hyneeoil
W | Bonbwol Maneid_ Manbiil_ bonbwod_

1 ompuyamensHbil ompuyamernsHblli nonoxumenbsHblil nonoXumMenbsHbIl
Y T j T ™
-90° -45° 0° 45° 90°

Yron

PucyHok C.3 — JIMHrBUCTUYECKas NepeMeHHasn «yron» MeXAy KOHTEHHEpPOM M TENEXKOoii kpaHa
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L | bonsbwas_ Manas _ Hyneeasn Manasi_ Bonbwian_
ompuyamenbHan ompuyamenbHan nonoxumenbHas nonoxumensHas
1 —
0 T T T
-30 -15 0 15 30
MowHocTb geurarens, KBt

PucyHok C.4 — JIMHrBUCTUYECKasA NepeMeHHasi «MOLYHOCTbY

C NOMOLLbIO A@HHBIX JIMHIBUCTUYECKUX TEPMOB AS1 ONUCaHUS TEKyLLero cocTosHNA Kpana B 6asy npasun moryT
6bITb NpeoBpasoBaHbl NATb 06wmx npasun. Ha pucyHke C.5 aaHo onpefenenve 6a3bl npasun B 3anucu FCL. MNpasu-
1o 2 6o npeobpasosaHo B fBa NpaBuna, 4Tobkbl cooTBeTCTBOBaTL hopmMary «if-then». 3heck He NCNONB3YHOTCA HEKOTO-
pble U3 onpezeneHHbIX YHKUMIA NPUHAANEKHOCTHU, U cucTemMa AoMmxHa ObiTb NPOBEpPEHa Ha Hanuune HeonpegeneHHbIX
BLIXOAOB, HaNpUMMep paccTosiHUE: oYeHb_faribHee; Yromn: GonbLUOA_NonoXUTenbHbIA.

Mpaeuno 1: IF pacctosiHue IS 6onbwoe  AND yron IS Hynesoi THEN mowHocTb IS
cpefHAA_NnonoxXuternbHan

Mpaewuno 2: IF pacctosHue IS Gonbwoe  AND yron IS Manblii_oTpuLaTtenbHblii THEN MowyHocTs IS
6onbluas_nonoxurensHasi

Mpaeuno 3: IF pacctosHue IS Gonblwoe  AND yron IS 6onblwoii_otpuuatensHblit - THEN mMowHocTb IS
CpeaHsA_NonoxurenbHas

Mpasuno 4: IF pacctosHue IS cpegHee  AND yron IS Manelii_oTpuyatensHblii THEN MowHocTb IS
cpeaHsa_oTpuuaTensHas

Mpasuno 5: IF pacctostue IS 6nuskoe  AND yron IS Manblii_nonoxuTenbHbIi THEN MowHocTb IS
cpeaHsa_nonoxurenbHas

Mpasuno 6: IF pacctosHue IS Hynesoe  AND yron IS HyneBoik THEN MowHocTb IS Hynesas

Pucynok C.5 — Basa npasun

B Tabnuue C.1 npuBeAeHb! LWarkn NOrM4eCcKoro BLIBOAA U UCMONb30BaHHbIE ONepaLn COOTBETCTBEHHO.

Ta6nunya C.1— LLarn nornyeckoro BbiBoga U NPUCBOEHHAA onepauus

Lllaz noau4eckozo epigoda | Onepayuu
AepezuposaHue
AND | MunumaneHas
Axkmueu3sayus
npeobpasosarue IF-THEN-pesynbmama

MurnumanbHas
AKKyMynayus MaxkcumanbHbill

Heobxogumo yuuTbiBaTh TeKyllee COCTOSHUE KpaHa, Korga pacCcTosHUe TeneXku KpaHa 40 LieneBoro nofoXeHus
paBHO 12 M, a yron KoHTeilHepa cocTaBnseT nioc 4°. [ina unntoctpauumn 6yaet NPUHATO NMOAMHOXKECTBO TPEX Npasun.
Ha pucyHkax C.6 n C.7 nokasaHo, KaK Ansl ;JaHHOro cnyvas paccHutbiBaeTca assudukaLms.
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PaccrosiHme B 12 M npMHaanNeXxvT HeYETKUM MHOXECTBaM TEPMOB

bonbuioe Ao cteneHu 0,1
Cpednee Jo crenexHu 0,9
Bnuskoe ao crteneHu 0
Hyneeoe no cteneHu 0
OveHb_bonbuwoe no crenexHu 0
p | OveHb_
10 6onbuioe Hynesoe bnuskoe CpedHee bonsuwoe
0 !
-10 0 10 12

Paccrosmvne M

PucyHok C.6 — dassudukauus NMHBUCTUYECKO NMEPEMEHHONR «paccTosHueE»

Yron nnoc 4° npuHagnexuT HeYeTKUM MHOXeCTBaM TepMOoB

Bonbwoli_ompuyamenbHblil oo crenexHn 0
Mareil_ompuyamenbHbit go ctenenn 0
Hyneeol 0o creneHu 0,2
Manbil_nonoxumenbHbil Jo crenexu 0,8
bonbuwol_nonoxumensHbli ao cteneHun 0

u | BonbLiodl Manviil . Hyneeoil Manbii _ Bonbwoll_

ompuuamerbHbili ompuyamerbHblll  NONOXUMEensHbLIU MONOXUMENbHbI

| AT

-90° -45° 0°4° 45° 90°
Yron

PucyHok C.7 — das3andurkauyus NMHBUCTUHMECKON NePEMEHHOW «yromn»

PaccTosiHne 12 M npeobpasyeTca B 3HauYeHWe NMHBMCTUYecKkoin nepemenHon {0,1; 0,9; 0, 0, 0}, koTopoe MOXeT
ObITb VHTEPMNPETUPOBAHO KakK «elle cpefHee, HO YKe HEMHOro Gonbluoe». Yron nntoc 4° npeobpasyeTcs B 3HaYEHWUE NUHT-
BUCTUMYecKot nepemeHHoit {0; 0; 0,2, 0,8, 0}, KoTopoe MOXET BbiTb MHTEPNPETUPOBAHO KaK «HebOoNbLIOE NONOXUTENLHOE,
MOYTU HyneBoe.

- Nornyeckuin BbiBOA

Mocne Toro, Kak Bce BXOAHbIE NepeMeHHble Bbinv npeobpa3oBaHbl B 3HAYEHUS JIMHTBUCTUMECKUX MEPEMEHHbIX,
Luar HeYeTKOro NOrM4eCcKoro BuIBOAA AaeT BO3MOXHOCTb MAEHTUMLMpOBaTL Npasuna, MpUMeHsieMble K TeKyLLeMY COCTOo-
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SAHUIO, U BBIYUCAUTL 3HAYeHUA BLIXOAHON NUHMBUCTUYECKOWK nepeMeHHOW. Ha pucyHke C.8 Ana unniocTpauum nokasaHo
NOAMHOXEeCTBO TPEX NpaBun:

RULE 1: IF paccTtosiHue IS cpegHee AND yron IS Manblii_ THEN molyHocTb IS
MONOXUTENbHbIA CpefHsAs_MonoXuTenbHas
RULE 2: IF paccTosiHue IS cpefHee AND yron IS Hynegoi THEN molyHocTb IS Hynesas
RULE 3: IF paccToaHue IS ganbHee AND yron IS Hynegoi THEN molyHocTb 1S
CpefHAA_nonoxutensHas

Pucyrok C.8 — NogMHOXeCTBO Tpex npasun

Jlorndyeckwii BelBOA COCTOMT U3 TpeX NOAMYHKLMIA: arpermpoBaHns, akTUBM3aLun 1 akkyMynsLmi.
- ArperupoBaHue (cMm. pucyHok C.10)
OnpeaerneHne cTeneHn UCTUHHOCTU NPeAnoroXeHUs Mo CTeneHn NPUHagNexXHOCTU SrieMeHTapHbIX YTBePXKA eHUNA.

RULE 1. PaccTosHue = cpegHee AND Yron = Manbli_NonoXuTensHbIN = P1
RULE 2: PaccToaHue = cpegHee AND  ¥Yron = HyneBoM = P2
RULE 3: PaccToaHune = gancHee AND  ¥Yron = HyneBoW = P3
Onsa Bcex npeanonoxeHui

PucyHok C.9 — 3nemeHTHI arperupoBaHus

Onepauums Min cootBeTcTByeT arpervposaHuio AND. Ha pucyHke C.9 nokasaHo, Kak Ansi JaHHOTO Cnyqasi BulYUC-
nAeTcs arperuposaHme.
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JH— +— - 1— 11— = I
-10 0 1012 20 30

PaccTosiHne, m

PaccTtosHue, m Yron

PucyHok C. 10 — lMpuHUmMnel arpermpoBaHns

- AktnBmsauymsa (cm. pucyHok C.12)
MpeobpasoBaHne pesynbtata IF-THEN

Ha pucyHke C.11 nokasaHo, Kak ANs AAHHOTO C/ydas pacCuMTbIBAETCS akTuBM3auus. PesynbTaT arpermpoBaHus
onucaH ¢ N1eBoii CTOPOHbI, pe3ynbTaT akTUBM3aLMy — C NPaBoil CTOPOHbI.
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Onepauusa MUHUMU3ALN

7 Bonbinas_ CpBaHas_ CpBaHAsA_ BonbLias_
oTpulaTensHas oTpuyaTensHas NONOXNTeNbHas nonoxuTenbHas
N CpsaHas_ 0!8
NoNoX1TeNbHas
Mpaswunio 1
OH """"""" r=—=---- T T r"
-30 -15 0 15 30
MowHocTb agBuratens, KBt
Onepaunst MUHUMU3ALMN
Bonuvas_ CpsaHan_ CpBaHAA_ Bonbluas_
oTpulaTenbHas oTpuuaTensHaa Hyneeas  nonoxuTenbHas NONOXNTeNbHas
Mpaswuno 2:
=02
Hynesas 1
0,2 I
! 0— | , r-
-30 0 15 30
MouHocTb auratens, kBT
Onepauust MUHUMK3aLUn
A Bonbuies_ CpBaHAsA_ CpBaHAsA_ BonbLsaA_
1 oTpuyaTenbHas  oTpuuaTenbHas  HyneBas  NonoXuTesbHas NONOXUTENbHAsA
Mpaswunio 3:
=01
CpegHsas_ 1
0,1 0— T X T T n NoNoXUTenbHas
-30 0 15 30

MoLwuHocTs gsuratens, kBt

Pucynok C.12 —Tpuuyuns akTususaymi

-AKkymynquua (cv. pucynok C.14)
KowbuHauua B3BeUeHHUX pesynbrarTos npasun 8 o6UNil pesynbTar

Ci
c2

Cc3

Pucynok C. 13— 3nemenTs akkymynauum

PesaynbTaT akKymynauyun npasun ¢ 1no 3n0okaszan B HUKHed 4acTu pucyHka C.13. Pe3ynbTar CPefHEro_ NOAOKHA-
TeNbHOTO CUHTNTOHA paccynTuBaerca, Hanpunep, kak Max(0,8; 0,1) =0,8.
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K bonbwasn_ CpedHsisi_ Hynesasn  CpedHss_ Gonbwasn_
1.0 — ompuuamenshas  ompuyamensHas NOAOKUMOnbHAR NO0XUMenbHas
L
0,8— ——
Mpasuno 1:
0 I I I I
-30 -15 0 15 30
MowHocTb aBuratens, KBt
Ly bonbwan_ CpedHsis_ Hynesasi  CpedHsist_ Gonbwasn_
1.0 — ompuuamensHas  ompuuyamensHas nonoXKUMensHas NO0XUMenbHas
L]
Mpasuno 2:
0,2 ——
0 | I I
-30 -15 0 15 30
MowHocTb aBurarens, kBt
H Bonbwas_ Cpeduss_ Hynesass  CpedHsisa_ Bornbwas_
1.0 — ompuuamenshas  ompuuamershas nonoxumensHas nonoxumensHas
L)
Mpasuno 3:
0,8 — T
| | | |
-30 -15 0 15 30

MouwHocTb ABuratens, kKBt

AKKymynsiums
npasun1-3

Onepauus MakcuMmuaaumm

B bonswas_ CpedHss_ Hyneeas  CpedHsas_ bonswas_
1.0— ompuuamenbHaa  ompuyamerbHas nonoxumesbHaa nonoxumesnsHaa
3
0 ,8 = —
0 3 2 = ——
0 I I I
-30 -15 0 15 30

MowHocTb aBurarens, kKBt

PucyHok C.14 — lNpuHUMUNbI akKyMynauum
- Hedassundukaumsa (cm. pucyHok C.15)
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Jlornyeckuii BbIBOA B KadecTBe pesyneraTta JaeT HEYETKOE MHOXECTBO UK ero qDyHKLWII'O npuHagneXxXHoCcTn. YTo6hl
ncnonb3oBaTk ero AnA ycTaHOBKM MOLHOCTU ABuUratensd, OH L OMKeH ObITb npeo6paaoBaH B YeTKOe YNCnoBoe 3Ha4veHune.
3HayeHwue, KoTopoe HeobxoaMMo onpepenute (KaK npasuno, AeicTBuUTENLHOE l-II/ICJ'IO), OOMKHO obecnevnTb Haunydiee
npeacraeneHne VIHd)OpMaLWIVI, co,qepmameﬁcn B MNOJTy4YEHHOM HEeYeTKOM MHOXecCTBe. MCI'IOJ'IbayH MeTo4 MakcumarnbHomn
BbICOThI, YETKYIO BbIXOAHYIO NepeMeHHY MOLHOCTb ABUraTena paccHuTbiBatoT crnefyownm o6pa30M

Axkymynauus
npasuni1-3
H Bonbas_ cp 7 Hy Cp 3 Banbues_
1 _ ompuuamaenbHan ompuiyamensHasn nonoRumensHas nonoxumensHan
Y T T T 1
-30 -15 0 15 30
0 MouwHocTb aAuratens, KBt

B Bonbwan_ [ 1 Hy G 1 Bonbuias_
1 —
0 ]
T | T T
-30 =15 0 15 30
0 MowHocTb gBUrarens, kBt

BbixogHoe 3HaueHue = 7,2 kBt

PucyHok C.15 — Oedpassuncukauyusn

- Peanusauus npumepa ¢ KpaHoM A1 KoHTeirHepos B FCL (cM. pucyHok C.16):
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FUNCTION_BLOCK kpaH_pana_koHTenHepos

VAR_INPUT
paccrosiHue: REAL;
yron: REAL;
END_VAR

VAR_OUTPUT
molHocT: REAL;
END_VAR

FUZZIFY paccrositHue
TERM cnuwkom_6onbluoe
TERM HyneBoe
TERM 6nu3koe
TERM cpegHee
TERM 6Gonbuioe
END_FUZZIFY

FUZZIFY yron
TERM GonbLluoit_oTpuuarenbHbIi
TERM HebonbLuoii_oTpuuaTesbHbliA
TERM nynesoii
TERM Heb0nbLIOA_NONOXUTENBHbINA
TERM 60nbLuOii_NONoXUTenbHbIA
END_FUZZIFY

DEFUZZIFY MolLHOCTb
TERM 6Gonbluasi_oTpuLiatenbHas
TERM cpegHsisi_oTpuuarenbHas
TERM Hynesas
TERM cpegHsisi_nonoxuTtenbHas
TERM Gonbluas_nonoxuTenbsHas
METHOD: CoGS;
DEFAULT:=0;

END_DEFUZZIFY

RULEBLOCK Ne1
AND: MIN;
ACCU: MAX;
Gonbluan_nonoxuTenbHas;
CPEeAHAN_NONOXNTENbHAS;
cpeaHan_oTpuuaTtensHas;
CpeaHsisi_nonoxuresnbHas;

END_RULEBLOCK
END_FUNCTION_BLOCK

RULE 1: IF paccrostue IS 6onblioe AND yron IS HyneBoit THEN MoLLHOCTL IS cpeaHsisi_nonoxuTenbHasi;
RULE 2: IF paccrostue IS 6onbwoe AND yron IS Hebonbuioi_otpuuarensHbii THEN mowHocTs IS

RULE 3: IF paccrostue IS 6onblioe AND yron IS Gonbiuoii_oTtpuuartensHbiit THEN mowHocTs IS
RULE 4: IF paccrosiiue IS cpeaxnee AND yron IS HeBonblwioii_otpuuarenbHbiii THEN mowHocTts IS
RULE 5: IF paccrosiime IS 6onblioe AND yron IS HeBonbluoi_nonoxuTenbHbiii THEN mowHocTts IS

RULE 6: IF paccrosinue IS HyneBoe AND yron IS Hynesoit THEN mowHocTb IS HyneBas;

1) (0, 0);
0) (0, 1) (5,0);
0) (5, 1) (10,0);
0) (10, 1) (22,0);
,0) (22,1);

WO N
/'\f'\/'\/'\/'\

WO i
XETTT

PucyHok C.16 — Npumep Ha SCL

dyHKkUMoHanbHbIM 6nok FCL aomkeH Bbi3biBaTbCA TakK XKe, Kak U C NMOMOLLbIO NporpammM, B cootBeTcTBUUA ¢ MOK
61131-3. 310 060CHOBaAHO TEM, YTO C BHELWWHEN TOUKA 3pEHNA HEYETKMIA GNOK UMEET eAMHCTBEHHDBIN MHTEpdeNC Yepes

CBOU NepeMeHHble.

B cootBetcTBMM ¢ MOK 61131-3 BLI30B ANA NPUBEASHHOIO BbilLE NpUMEpa MOXET ObiTb:

A= KpaH_Ans_KOHTEHEepOB.MOLHOCTbD;

KpaH_Ana_KoHTeliHepoB (pacctosiHue: = INP_DIS, yron:= INP_ANG);

MNMepemenHbie INP_DIS n INP_ANG moryT 6biTb NpMBSA3aHLI HENOCPEACTBEHHO K CNIOBaM BBOAA KOHTpONNepa unm

BLIMMCIISITLCS U3 APYTUX 3HAYEHUA.
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Mpunoxexnue D
(cnpaBouHoe)

Mpumep UCNONL30BaHMSA NEPEeMEHHbIX B Grioke npasun

MeveHbe roTOBAT B TYHHENbLHOW Nevu. LIBET neyeHbs onpeaenseTcs C NOMOLLbIO AaTyuka LBETa B KOHLUE nevu. U3-
MepeHUe LBETa OCYLLIECTBNSIETCA C NOMOLLLIO TPEXMEPHOW BENWYUHDI, AN ONpeAeneHnst NPUHaaNEeXHOCTU N3MEPEHHOTo
uBeTa K OAHOMY U3 TPEX NPUBEAEHHBIX HWKE KIACCOB UCNOMNb3yeTCcA HeYeTKasi Knaccupukauva: KOpUMHEBLIA, CBETHLIN,
TeMHbIA. B neun Takcke 3MepseTCA BNAXHOCTb. Neub MOXET ynpaenaTbLCA ABYMA TEMNeparypHbIMM KOHTYpamu: OAUH B
nepeoi U 0AUH BO BTOPOIA NONMOBUHE NEYN.

MpuHuMN ynpaeneHus npuseaeH Ha pucyHkax D.1 u D.2.

artumk BnaxHoOCTH Darumk usera

TyHHenbHan nevb

O

MeyeHbe
4 4 g
1 T, 1 T
TemnepartypHblii KOHTYP  TemneparypHbiii KOHTYP
Nz | nna
Ycraeka YcraBka
Temnepatypbl T1 Temneparypbl T2
PucyHok D.1 — lNpuHUMN ynpaBneHus CUCTEMON
Daruuk
DyHILMOHANBHbIA GNOK HEYETKOTO YNpaBNeHuA
Kpacxuiid
—
Cunuii ] 7 i
UHU PO LiseT (KOpUMHEBbLIA, CBETIILIA, TEMHDbIHA) -
3eneHbin
——r Bnok I rov— Wamenenue T1
Huskan npasun
B! ba
el »-| dazawpmkaupa) Cpeman Nedassudpuxauma H——
Bhbicoxas Wamenenue T2

PucyHok D.2 — lNpuHuun ynpaBneHUs neYbio Ha OCHOBE HEYETKOMN NMOrvKn

Bnok npasun copepXxuT criepylowme nsaTe npasun (cm. pucyHok D.3):

IF BnaxHocTsb IS cpepansis AND user IS kopuuHeBbliik  THEN dT1 IS Hone AND dT2 IS Honb

IF BnaxHocTb IS BbICOKas THEN dT1 IS nonoxutenbHas
IF BnaxHocTb IS Hu3kan THEN dT1 IS otpuuatenbHas
IF BnaxHocTb IS cpegHas AND useT IS ceetnbii THEN dT2 IS nonoxutenoHas
IF BnaxHocTb IS cpegHaa AND useT IS TemMHbii THEN dT2 IS otpuuarencHas

Pucynok D.3 — Bbnok npasun
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Cunrakcuc FCL ans aaHHOro npumepa npueeaeH Ha pucyHke D.4.

NMpuMeuaHune — BmecTo UCNONb3OBAHWSA TPEX NEPEMEHHBLIX — CBETNbIA, KOPUYHEBLIN U TEMHbIA — ANA LiBeTa
MOXET TakKe UCMOoNb30BaTbCs TONLKO 0AHA NEpeMeHHas NepeYncnsaeMoro TUna JaHHbIX, Kak nokasaHo Huwxe. B aaHHOM
npumepe dT2 He onpeaenaeTcs, ecny BNaXKHOCTb BbICOKasi UM HU3Kas!.

TYPE

STRUCT 1tvn_upeta
KOpUYHEBLIA REAL;
ceseTnbin: REAL;
TeMHblt: REAL;

END_STRUCT

END_TYPE

FUNCTION_BLOCK ynpaBneHue_neublo
VAR_INPUT
BNa)XHOCTb: REAL;

LBET : TMN_LBeTa;
END_VAR

VAR_OUTPUT
dT1: REAL;
dT2: REAL;

END_VAR

FUZZIFY BnaxHoCTb
TERM Huskas :=(30,1) (50,0);
TERM cpepgHsis = (30,0) (50,1) (70,1) (80,0);
TERM Bbicokasi :=(70,0) (80,1);
END_FUZZIFY

DEFUZZIFY dT1
TERM oTtpuuarensHas =-5;
TERM HyneBas =0
TERM nonoxwurenbHaa :=5;
METHOD: CoGS
DEFAULT:=0;
END_DEFUZZIFY

DEFUZZIFY dT2
TERM otpuuyatensHas :=-3:
TERM HyneBas =0;
TERM nonoxwurencHaa = 3;
METHOD: CoGS
DEFAULT:=0;
END_DEFUZZIFY

RULEBLOCK noruueckwii BbiBOA,
AND: MIN;
ACCU: MAX;
RULE 1 IF snaxHocTb IS cpeansna AND ugeT = kopuuHeBbin THEN dT1 IS nyneBas
AND dT2 IS HyneBas;

RULE 2: IF BnaxHocTb IS BLIcOkas THEN dT1 IS nonoxutensHas;
RULE 3: IF BnaxHocT IS Hu3kan THEN dT1 IS otpuuarenbHas;
RULE 4: IF sBnaxHocTs IS cpeaHsa AND useT = ceeTnbii THEN dT2 IS nonoxutenbHas;
RULE 5: IF BnaxHocTb IS cpeaHss AND useT = TeMHbIA THEN dT2 IS otpuuatenbHas;

END_RULEBLOCK
END_FUNCTION_BLOCK

PucyHok D.4 — MNpumep Ha FCL
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MpunoxeHue E
(cnpaBouHoe)

YcnoBHble 0003HaYeHus, abopeBuaTypbl U CUHOHUMbI

Tabnuya E.1— YcnoBHble 06o3HaudeHus u abbpesunatypel

CoA LlenTp nnowagmn

CoG LleHTp TsKecTn

FB QOyHKUMOHarbHbIA 6rok

FBD [Anarpammbl pyHKLMOHaNbHBLIX 6r10KoB
FCL A3bIK HEYETKOrO yrnpaBneHns

IL [MepeyeHb komaHg

nCco MexayHapogHas opraHusaumsa no ctaHgaptusaumm
MAX Onepauua Makcumusauuu

MIN Onepauusa MUHUMU3 ALK

PROD Onepauusa yMHOXeHUsA

ST CTpYKTYpPUPOBaHHbIA TeKCT

g CTeneHb NpuMHagNexXHoCTU

w BecoBoii koadppurumneHT

Tabnuya E.2 — CuHOHUMBI

Pesynerar Cnepacteue

AKKRyMYnALMS ArpervpoBaHune peaynsraTos
AkTuBM3aUnA Komnosunuus

Ycnosue [Mpegnoceinka

LleHTp TsxxecTn Llentpoug

LleHTp nnowaamn MegunaHa
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Mpunoxexnue AA
(cnpaBouHoe)

CBefieHUs 0 COOTBETCTBUU CCbINOYHbIX MexayHapoaHbIX

Tabnuya A1

CTaHAapToB HauUOHaNbHbLIM CTaHAapTamMm

OB03HaYeHNe CCbINOYHOro CTteneHb OBo3Ha4eHe U HauMeHoBaHWe COOTBETCTBYHOLLEro
MeXAyHapo4Horo ctaHaapTa COOTBETCTBUA HaUuWoHanbHOro craHaapTta
IEC 60050-351:1998 — *
IEC 61131-3:2013 IDT FOCT P M3K 61131-3—2016 «KoHTponnepsl nporpammu-

pyeMble. HacTb 3. A3blku NporpammMupoBaHus»

BETCTBUA CTaHAapTa:

- IDT — ngeHTW4YHLIR cTaHgapT.

*COOTBETCTBYIOLMIA HaLMOHaMbHLIA CTaHgapT oTcyTcTByeT. [o ero yTBepKAEHWs pEKOMeHAYeTCA UCMOoNb3oBaTh

nepeBoj Ha pyCCKI/II7I A3bIK JaHHOIro MexgyHapogHoro ctaHgapTta.
M punMedYyaHNne — B HaCTOHLLleVI Ta6n|/|qe ncnosib3oBaHo cregytollee ycnoBHoe 0603Ha4YeHne CTeNeHn cooT-
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