MunucrepcrBo o0pazoBanust 1 Hayku Poccuiickoii @enepannn
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKUI YHUBEPCUTET»

WNuctuTyT KUGEpHETUKH
HamnpaBnenue nmoAroToBKY ynpaBiieHHE B TEXHUUECKUX CUCTEMAaxX
Kadenpa aBToMaTHKN U KOMIIBIOTEPHBIX CUCTEM

MATUCTEPCKASA INCCEPTAIIUA

Tema padoTsI

Pa3pa60TRa H NMporpaMMHasi peaju3anus Ha NIPOMBIIIIJICHHOM MUKPOIIPOUIECCOPHOM

koHTpoJu1epe SIMATIC S7-400 HeueTKOro nceBA0JTUHEHHOI0 peryJasaTopa

YJIK 65.011.56
CryneHt
I'pynna (07 (0] Moanuce Jarta
8AM41 Ouupos Brnangucnas Bukroposuu
PykoBogurens
J0/KHOCTH (0115 (0] Yuenast Ioanuch JlaTa
CTENEeHb, 3BAaHHUE
Houent kapenper AMKC | Ckopocnenkun M.B. K.T.H.
KOHCYJIBTAHTDI:
I[lo pasgeny  «DuUHAHCOBBIM  MEHEIKMEHT,  pecypcod(p(EeKTUBHOCTh U
ecypcocOepeKeHuE)
JoxkHocTh [01% (0] Yuenasn Moanuch Hara
CTCICHb, 3BaHNE
JloueHt kadenpst | Konoronckuii B.1O. K.J.H.
MEHEKMEHTa

1o pazneny «CouunanbHasi OTBETCTBEHHOCTDB)

JL0JIKHOCTh (07 (0] Yuenas Moanmuch Harta
cTeneHb, 3BaHUe
Houent xadenpsr ObXK | Arumenko FO.B. K.T.H.
JOIMYCTUTH K 3AIIUTE:
3as. kadeapoii ()7 (0] Yuenas Moanmuch Harta
CTeneHb, 3BaHHE
AHNKC UK ®danees A.C. K.T.H.

Tomck — 2016 1.




[Inanupyemble pe3ynbTaThl 00yUEHHS O HAMpPaBICHUIO

27.04.04 «YnpaBneHue B TEXHUIECKUX CUCTEMAaxX»

Pe3ynbTaThl

HpI/IMeHHTB FJIy6OKI/Ie CCTCCTBCHHOHAYYHBIC 1 MATCMATUYCCKUC 3HAHUA IJIA
pE€UICHUA HAYYHBIX W HWHXCHCPHBIX 3aJad B obnactu aHajim3a, CHHTE3a,
MMPOCKTUPOBAHUA, IPOU3BOJACTBA U SKCILTyaTalluu CPpCACTB aBTOMAaTU3allui U CUCTCM
YIpaBJICHUSA TCXHUYCCKUMU 00BbEKTaMH.

YMmerb 00pabareiBaTh, aHAIM3UPOBATH U 0000IIATh HAYYHO-TEXHHYECKYIO
uH(pOpMaIHNIO, TIEPEJOBON OTEYECTBEHHBIN U 3apyOe)KHBIH ONBIT B 00JaCTH TEOPHH,
NPOCKTHUPOBAHUS, TPOU3BOICTBA U IKCIIyaTalluH CPEICTB aBTOMATU3ALUHU U CUCTEM
yIIPaBJICHUS] TEXHUYECKUMH 00bEKTaMH

CraButh u pfiaTe HWHHOBAIIMOHHBLIC 3aJadyd HWHXXCHCPHOI'0 aHajIu3a,
CBs3aHHBIC C pa3pa60TK0171 TCXHUYCCKHUX CHCTCM YIIPABJICHUA C HCIOJIb30BAHUCM
AHAJIMTHYCCKHUX MCTOJOB 1 CJIIOKHBIX MO,Z[CJICI;'I.

BBIMONMHATS MHHOBAIIMOHHBIE WH)KEHEPHBIE TIPOEKTHI IO pa3paboTKe
IpOTrpaMMHO-aNIapaTHBIX ~CPEJCTB aBTOMATU3UPOBAHHBIX CUCTEM  Pa3IMYHOIO
Ha3HAYEHUs] C MCIOJb30BAHUEM COBPEMEHHBIX METOJIOB IPOEKTUPOBAHUS, CHUCTEM
aBTOMATH3UPOBAHHOTO  IPOEKTHUPOBAHMSA,  IEPEJOBOrO  OMNbITA  Pa3pabOTKU
KOHKYPEHTHO CIIOCOOHBIX U3JEJINH.

[InanupoBaTh ¥ MHPOBOAUTH TEOPETUYECKUE U  DKCIIEPUMEHTAIIbHBIE
UCCIICIOBAaHUS B OOJIACTH TPOCKTHPOBAHUS ANIMApPaTHBIX W MPOTPAMMHBIX CPEICTB
ABTOMATU3UPOBAHHBIX CUCTEM C HCIIOJIB30BAHMEM HOBEWINMX AOCTH)KEHUN HAYKU H
TEXHUKH, IIE€PEJOBOIO OTEYECTBEHHOro U 3apyOexHoro omnbita. Kputnyecku
OLICHUBATH [TOJIYYCHHBIEC TaHHBIC U JEJIaTh BHIBOJBI.

OCYHIGCTBJ'I?ITB ABTOPCKOEC COIMPOBOXIACHUC IIPOLCCCOB IPOCKTHUPOBAHUA,
BHCIPCHUA )51 9KCILTyaTallun MporpaMMHO-alIapaTHbIX CpeaAcCTB
ABTOMATHU3WPOBAHHBIX CUCTCM PA3JIMYHOTIO HA3HAYCHU .

Brnaners MHOCTpaHHBIM SI3BIKOM Ha YpPOBHE, MO3BOJISIOIIEM paboTaTh B
MHTEPHALMOHAJILHOM TMpOQEecCHOHANbHON cpene ¢ MOHUMaHMEeM KYJIbTYpPHBIX,
A3BIKOBBIX U COLIUAJIbHO-DKOHOMUYECKHUX PA3JIM4Mi IAPTHEPOB

OcyiecTBiATh KOMMYHUKALUU B TPO(PECCHOHAIBHON Cpefie U B OOIIECTBE B
IEJIOM, aKTHBHO BIIAJIeTh MHOCTPAaHHBIM SI3BIKOM, pa3pabaThiBaTh JAOKYMEHTAIHIO,
MPE3CHTOBATh U 3allIUIIATDh PE3YJIbTAThI I/IHHOBaIII/IOHHOI\/’I HH)KGHGpHOfI JACATCIIbHOCTH,
B TOM YHCJIE HA HHOCTPAHHOM SI3BIKE.

OddexTuBHO paboTaTh HAMBUAYAIBHO U B KAUECTBE WIEHA U PYKOBOAUTENS
IpyNnbl, B TOM YHCJIE MEXIUCUUIIIMHAPHON W MEXIYyHApOJIHOM, NpPHU PEIIECHUU
MHHOBAIIMOHHBIX MH)KEHEPHBIX 33/1a4.
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JleMOHCTpUPOBATh JTUYHYIO OTBETCTBEHHOCTh M OTBETCTBEHHOCTH 32 PaboTy
BO3TJIABISIEMOTO  KOJUIEKTHBA, TPUBEPKEHHOCTh W  TOTOBHOCTH  CIIE€JOBAaTh
npoecCHOHANBPHOM JTUKE W HOPMaM BEJICHUS WHHOBAIMOHHONW WHXEHEPHOU
NeATeTbHOCTH. JIeMOHCTpUpOBaTh TJIYOOKHME 3HAHUSA TIPABOBBIX, COIMAJIBHBIX,
OKOJOTMYECKUX M  KYJbTYPHBIX  aClEKTOB  HWHHOBAallUOHHOM  HMH)KEHEPHOUH
JIEeSITENLHOCTH.
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JleMOHCTpUpOBaTh  CIIOCOOHOCTH K  CaMOCTOSITENIbBHOMY  OOy4YE€HHIO,
HEMpPEPbIBHOMY  CaMOCOBEpIICHCTBOBAHUIO B WH)XXEGHEPHOM  JIEeATENHHOCTH,
CIIOCOOHOCTB K NEAarOrn4ecKon IesITeTbHOCTH.




MHUHHUCTEPCTBO OBPA30OBAHUS U HAYKH POCCUNCKOM

®EJEPALIAN

denepanbHOe TOCYTapCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE
YUpCKIACHUC BbICIICTO O6paSOBaHI/IH
«HAIIMOHAJIbHBIN UCCJIEJOBATEJbLCKUI
TOMCKHHI NOJIUTEXHUYECKNN YHUBEPCUTET»

WNuctutyT KUGEpHETUKH

HanpaBneHHe MOoATOTOBKHU YHPABJICHUC B TCXHUYCCKUX CUCTCMAX
Ka(bezlpa ABTOMAaTHKHU U KOMIIBIOTCPHBIX CUCTEM

YTBEPX]IAIO:
3aB. kadeapoii

(IMommuce)  (Mara) (®.1.0.)

3AJJAHUE
HA BBINOJHEHHE BBIITYCKHON KBAJIU(PUKAIMOHHON PAa00ThI

B dopwme:

Marucrepckon quccepranuu

(6akanaBpckoil pabOThI, AUIIOMHOTO POEKTA/pabOThl, MATUCTEPCKOM

JIACCEPTALIUHN )
CryneHry:
I'pynna 1017 (0]
8AM41 Ounpos Bnagucnas Bukroposuy

Tema paOoThI:

WHaykTUBHBIM  mpeoOpas3oBaTelib
MO3UIIMOHUPOBAHUS JBUKYIIETOCS 00BEKTa

MNCpEMCIICHMA A B 3agauduc

YTBepkJeHa TPHKA30M  JIUPEKTOpa Ne 701/c ot
(nara, HoMep) 04.02.2016 .
Cpok clauu CTYJI€HTOM BBIIOJTHEHHOU 31.05.2016
pabOThI:
TEXHUYECKOE 3AIAHHUE:
Hcxonupie nannble Kk padore Heuertkas JIOTHKA, HEYETKUU

ncepposmHennbii [IU]] - perynsitop, KOHTpouiep
SIMATIC S7-400, cucrema nporpaMMUpPOBAHUS
STEP7, naGopaTopHblii CTeH].




Ilepeyenn

MoAJIe KA MX

HCCJICIOBAHUIO, MPOCKTUPOBAHUIO U paspaﬁon«e

BOIPOCOB

AHanu3 CylEeCTBYIOINUX KOPPEKTUPYIOINX

YCTPOMCTB CUCTEM aBTOMAaTUYECKOTO

pEeryJUpOBaHUS W NPUHIMIIOB  TIOCTPOCHUS
aJIalTHBHBIX CHCTEM;

HccnenoBanue CBOWMCTB IMCEBIOJIMHENHOTO
JIBYXKAHAJLHOTO KOPPEKTHPYIOIIETO YCTPOMCTBA U
CHCTEM YIIPaBJICHUS C JaHHBIM KOPPEKTHPYIOIIUM
yctpoiictBoM B [T MathCad u MatLab;

[IporpamMMHass  peanu3anusi  HEYETKOTO
ncesnonuneitHoro [TU/] - perynsropa SIMATIC S7-
400;

[IporpammHO-MeTOIMUECKOE OOECTICUCHHE
JUTS BBITIOJTHEHHUS J1AOopaTopHOU paboThl «M3ydeHue

IICEBJOIMHEIHOIO PEryasTopa»

Ilepedyens rpapuyeckoro Marepuaja

IIpesenranus B hopmare *.ppt Ha 15 cnaiigax

KoHcyabTaHThI 10 pa3ieaM BbIIYCKHOH KBATH(UKANMOHHOI padoThI

Pa3pen

KoncyabTanr

MOuHAHCOBBIM MEHEPKMEHT,

pecypcorhHeKTUBHOCTB U pecypcocOepeskeHne

JlouieHT KadeIpbl MEHEKMEHTA,
K.D.H.

Konotonckuii B.1O.

Counaanaﬁ OTBCTCTBCHHOCTD

Houent xadhenps IbXK, k.T.H.
Amnnmienko lO. B.

Haszpanus pa3ae/ioB, KOTOPbI€ T0/I’KHBI ObITh HAIIMCAHBI HA PYCCKOM 1

HHOCTPAHHOM fI3bIKAX:

OOBEKT U METOBI UCCIIENOBAHUS

Jlata BbIAa4YM 3a/1aHUSI HA BbINOJHEHHE BBINYCKHOMN
KBATU(QUKAIMOHHOM PadoThI 10 JUHEHHOMY rpauky

25.09.2015

3aganne BuIIAI

YKOBOJIHTEIb:

JosxkHOCTH

PHUO

Yuenas IMoanucek

cTelneHb, 3BaHue

Houent
AHKC UK

Kadenpsl

Cxopocnemkus

M.B.

K.T.H.

3aganue

HHAJ K HCITOJTHEHUIO CTYACHT:

I'pynna

PHNO

IHoanuck Jlara

8AM41

Ounpos Bnanucnas Bukroposuy

Jlara




MHUHUCTEPCTBO OBPA30BAHMS 1 HAYKH POCCUHUCKOM
®EJIEPALIUA
denepanbHOe TOCYTapCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE

YUpCKIACHUC BbICIICTO O6pa?>OBaHI/IH

«HAIIMOHAJIBHBIN UCCJIEJOBATEJIbCKUI
TOMCKHHI NOJIUTEXHUYECKNN YHUBEPCUTET»

HNucturyr Kubepuetuku
Hamnpasnenue noAroToBky (CenuaibHOCTh) YIPaBICHUE B TEXHUUYECKUX CUCTEMaxX
YpoBeHb 00pa3oBaHUsl MarucTparypa

Kadenpa ABTOMaTHKH U KOMIBIOTEPHBIX CUCTEM
[Tepuon BeioTHEHUsT OceHHU / BeceHHuit cemectp 2015/2016 yueOHOro romaa

dopma npeacTaBiIeHUs paboThI:

MaFHCTepCKaﬂ Auccepranusa

(baxanaBpckas paboTa, TUIUIOMHBIN IPOEKT/paboTa, MarucTepcKas TUCCepTaIns)

KAJIEHJIAPHBIU PEUTUHI -TIJIAH

BbINIOJIHEHH S BBINYCKHOI KBATH(UKAIMOHHOH padoThl

Cpok c1auy CTYA€HTOM BBIIIOJIHEHHOW pabOTHI: ‘

Jara Ha3zBaHnue pa3nena (Moay.s) / MakcuMaJabHbIii  6aJL1
KOHTPOJIS BUJI paboThl (Mcciel0BaHN) pasnena (MoayJis)
30.05.16 OcHOBHas 4acThb 60
24.05.16 DOuHAHCOBEIN MEHEKMEHT, 15
pecypcodHeKTHBHOCTD U pecypcocOepekeHre
28.05.16 CormnanbpHas OTBETCTBEHHOCTD 10
25.05.16 O06s3arenpHOE MPIIIOKEHHE HA HHOCTPAHHOM 15
SI3BIKE
CocTraBuJI TPENo1aBaTelb:
JokHoCTH [01% (0] Yuenasn Iloanuch Jara
CTeNeHb, 3BAaHUE
Houent  kadenpsr | Cxkopocnenkun M.B. K.T.H.
AHUKC UK
COI''TACOBAHO:
3as. kadeapoii [0d 7 (0] Yuenas Moanmucy Harta
CTCIECHb, 3BaAaHNE
AHUKC UK danees A. C. K.T.H.




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO?®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
CryneHry:
I'pynna (0] (0]
8AM41 Ounpos Bnagucnas Bukroposuu
HHcTutyT Kadenpa
Yposem, MarHCTpaTypa HanpaBﬂeHne/cneuna.nbﬂoch, praBHeHHe
o0pa3oBaHus
B TCXHUYCCKUX
CUcTeMax
I/ICXO)IHLIC JaHHbIEC K pasaeiay «PUHAHCOBBI MCHECIXKMCECHT,

pecypco3(peKTUBHOCTB U pecypcocOepe:keHue» !

1. CronMoCTh pPECypCOB HAYUYHOI'O HCCICAOBAHUA

(HA): MaTepUaIbHO-TEXHUYECKHX,
SHEPreTUIECKUX, PUHAHCOBBIX, HH(HOPMAIIMOHHBIX

1 4CJIOBCUYCCKUX

HopMbl 1 HOpMaTUBbI pacX00BaHUS PECYPCOB

Hcnonp3yemast  cuctemMa  HAJOTOOOJIOXKECHHS,
CTaBKU HAJIOTOB, OTYUCIICHUI, TUCKOHTUPOBAHUS U

KpCAUTOBAHUSA

Hepeqeﬂb BOIIPOCOB, IOAJCKAINMUX HCCICAOBAHUIO, TIIPOCKTHPOBAHUIO H

pa3padorke:

1. OI_ICHKa KOMMCPYECKOI'0O U  HWHHOBAIIMOHHOT'O

norenrmana HTU

Pa3paboTka ycTaBa Hay4HO-TEXHUYECKOIO IPOEKTa

[InanupoBanue mpouecca ympasiaeHus HTH:
CTPYKTypa U rpaduK NpoBereHus, OI0/DKET, PUCKU

" OpraHusanus 3aKyIoK

Omnpenenenne peCypCHOM, (hUHAHCOBOMH,

HKOHOMHYECKOH 3 (PEKTUBHOCTH

Hepeqeﬂb l"pa(l)l/l'-leCKOl"O MAaTEPHUAJIA (c mounvim yrazanuem 0bs3amenvHbIX epmedicetl):

. «IToptper» nmotpedburens pesynpratoB HTU

. Cer MCHTHUPOBAaHHC PbIHKA

. OI_ICHKa KOHKprHTOCHOCO6HOCTI/I TCXHUYCCKUX pCIJ_IeHI/Iﬁ




4. Nuarpamma FAST

5. Marpuna SWOT

6. I'paduk nposeaenus u 6romker HTU

7. OreHka pecypcHOM, puHaHCOBOM M 3KoHOMHUUYecKor A dextuBHOCTH HTU

8. IloTeHumanbHBIE PUCKU

Jlata BbLIAYM 33JaHUA Ui pa3jeja 1o JHHeiHOMY 14.04.2015
rpaguky
3aanue BbIIAJ KOHCYJIbTAHT:
J0KHOCTD (1% (0] Yuenas Moanucey Jara
CTeneHb, 3BaHNe
Houent kadenpsl | Konoronckuii B. 1O. K.3.H.
MeEHEKMEHTA
3aaHue NPUHSAJ K UCTIOJTHEHHUIO CTY/IEHT:
I'pynna [0d7 (0] Hoanucy Jarta
8AM41 OuupoB Brnanucnas Bukroposuu




3AJTAHUE JIJISI PA3JIEJIA

«COIUAJBHASA OTBETCTBEHHOCTDb»

CryneHry:
I'pynna DPUO
8AMA41 OuupoB Binagucinas BukropoBuu
HucTuryT Kadenpa

Yposenr | Maructparypa
o0pa3oBaHus

HanpasieHue/cnenuajbHOCTD

VYnpasnenue
TEXHUYECKUX

CUCTEMaXxX

B

Hcxoanble JaHHBbIE K pasgeiny «Couua.m)uaﬂ OTBETCTBEHHOCTb» .

1. Xapakrepuctuka O0OBEKTa HCCIICIOBAHUS
(BermrecTBO, MaTepuall, MpuodOp, aarOpPUTM, METOIUKA,
pabouast 30Ha) U 00JJACTH €T0 IPUMEHEHUS

IlepeyeHb BONPOCOB, MO/JIEKANMX HCCTETOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. IlpousBoacTBeHHAas1 0€30IACHOCTH

1.1. AHayu3 BBISIBJICHHBIX BPEIHBIX (DaKTOPOB
Ipu pa3paboTKe U SKCIUIyaTallud IPOEKTUPYEMOTO
pEeLIeHNUs B CIEIYIOIIEN TOCIE0BATEIbHOCTH:

— (u3MKO-XMMHYECKas MpUpOJa BPEIHOCTH, €&
CBsI3b C pa3pabaThIBa€MON TEMOM;

— pelictBue (hakTOpa HAa OPraHU3M UYEIOBEKa,

— TpUBEIEHUE JIOITYCTUMBIX HOpM c
HE00X0AMMON Pa3MEPHOCTHIO (CO CCHUIKOW Ha
COOTBETCTBYIOIIMIA HOPMATUBHO-TEXHUYECKHUI
JOKYMEHT);

— IpeJularaeMble CPECTBA 3aIUTHI;

— (cHayasa KOJIJIEKTMBHOM 3alllUTHI, 3aTeM —
WMHJVBUAYaAJIbHbIE 3aIIUTHBIE CPE/ICTBA).

1.2. AHanu3 BBISBIEHHBIX OMACHBIX (haKTOPOB
Ipu pa3paboTKe U HBKCIUIyaTallud HPOEKTHPYEMOTO
pELIEHNs B CIENYIOIIEH TOCIEN0BATEIbHOCTH:
— MEXaHWYEeCKHE ONAacHOCTH (MCTOYHUKH,
CPEICTBA 3aIIMTHI;
— TEPMUYECKHE ONACHOCTU (MCTOYHUKH,
CpEeICTBa 3aIIUTHI);

— 2IeKTpoOe30MmacHOCTh (B T.4.
CTaTHYECKOE DIIEKTPUYECTBO,
MOJTHHE3aIUTa — WCTOYHUKH, CPEJICTBA
3aIlUTHI).

2. JDkoJiornyeckasi 0€30MacCHOCTh:
— 3aImMTa CeTuTeOHOM 30HBI
— aHajgu3 BO3JCUCTBUS 00BEKTa Ha aTtMochepy
(BBIOpOCHI);




— aHaju3 BO3JCUCTBHS 00BEKTa Ha ruapochepy
(cObpochr);

— aHamM3 BO3JEHCTBUSI O0BEKTa HA JHUTOChEPY
(oTx0mb1);

— pa3paboraTh peueHuss Mo O00ecIeyeHUIo
HKOJIOTHYECKOM O€30IaCHOCTH CO CChUIKAMH Ha
HTJI no oxpane okpyskaromen cpeibl.

3. be3omacHocTh B  4Ype3BbIYAHHBIX
CUTYyallUAX:

— 1nepedyeHb Bo3MOXxHBIX UC mpu pa3paboTke u
SKCIUTyaTalluy IPOCKTUPYEMOTO PEIICHHUS;

— BbIOOp Hambosee TunuuHou UC;

— pa3paboTka IIPEBEHTUBHBIX Mep o
npenynpexaenuto YC;

— pa3paboTka  JeHCTBUM B pe3yjibTaTe
Bo3Hukied YC u mep mo JukBUAALMHU €€
IIOCJIEICTBUM.

4. IlpaBoBble H  OpPraHHU3alHOHHbIE
BOINIPOCHI o0ecrieyeHusi 0€30IACHOCTH:

— CHenuaibHbIe (xapakTepHbIe npu
SKCIUTyaTallul O0OBEKTa HCCIEIOBAHUS,
MPOEKTUPYEMOI paboueii 30HBI)
MIPaBOBbIE HOPMBI TPYJIOBOTO
3aKOHOJATEJIbCTBA;

— OpraHu3alMOHHBIE MEPOIPUATHS TMpHU
KOMITOHOBKE paboyeil 30HBbI.

JlaTa BbI1a4¥ 3aJaHUsA JJIA pa3/esia no JHHeHHOMY rpadguxky \

3agaHue Bb11aJ KOHCYJIbTAHT:

JL0JIKHOCTh ouo Yuenas Hoanucy Harta
CTeneHb, 3BaHue
Houent xadenpsr DbXK | Anumenko FO. B. K.T.H
NHK
3aua}me NPUHAJI K HCITIOJTHCHHUIO CTYAECHT:
I'pynna DPUO Hoamucs Jara

8AM41 | Ouupos Bnaaucnas Bukropouu




PEDEPAT
Brinycknas kBanupukanuonHas padora coxaepxkut 109 crpanun, 63
PUCYHKOB, 6 TaOJuIl, 8§ ICTOYHHUKOB, 15 cllaiijoB, 3 TPUIOKECHHUS.

KiitoueBbIMU CITOBaMM SIBJISIFOTCS: HEUETKOE MHOXKECTBO, HEUYETKUIA
perymsitop, HeYeTKas cucrema peryjaupoBaHus, daz3udukarms,
nedazzudpukanus, 06aza mnpauia, kouTpoiep SIMATIC S7-400, cucrema
nporpammupoBanus STEP7.

OOBEeKTOM HCCNEAOBaHUS SIBISIOTCA: TCEBIOIMHEHHBIA HEYETKUN
perynarop, cucrema aBTomMaruueckoro perynupoBaHusi (CAP) ¢ HedeTkum
PETYISATOPOM.

[leas paboThl — pa3paboTka W TMporpaMMHas pealu3aius Ha
IPOMBIIIJICHHOM  MHKporpoieccopuom  kontpoiuiepe  SIMATIC — S7-400
Heuetkoro [I1]] - perynsitopa.

B mpomecce pabGoThl ObUT W3Yy4YeH anmapaT HEYETKOW JIOTHKH,
npomeinuieHHbIH kouTposuiep SIMATIC S7-400, maker STEP7, Obu1 pa3pabotan
Y NPOrpaMMHO peajin30BaH IceBAONMHENHbIN HeueTkun [1]] - perymnsarop u
pa3pabOTaHO  MNPOrpaMMHO-METOAMYECKOe  oOecreueHue,  MO3BOJISIONIee

CTYAEHTAM U3YUYHUTh JAHHBIA PETYIATOP.
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OBO3HAYEHUSA N COKPALLIEHUA
AYX — MHOYKTUBHBIN Ipeo0pa3oBaTelb NEPEMEILICHNUS;

TUIK — mporpaMmMupyeMblil TJOTHYECKUI KOHTPOJLIEP;

I1O — nporpamMMHO€E 0O€ECTIEUEHHUE;

ACY TII -  aBTOoMaru3upoBaHHas  CUCTEMa  YNPABICHUS
TEXHOJIOTUYECKUM IPOIIECCAM;

I1O — nporpamMMHOE 0O€CTIEUEHNUE;

KY — koppekTupyroniee ycTpoucTBo;

JIKY — nuHeliHble KOPPEKTUPYIOIINE YCTPOKCTBA;

HKY — HenuHelHble KOPPEKTUPYIOIINE YCTPOMCTBA;

OV — OOBeKT ynpaBieHUs;

[T /{-perynarop — [IponopumoHanbHO-UHTErPAITBHO-
nudepeHnanbHbIN perynaTop;

[IKY — nceBnonmHelHbIe KOPPEKTUPYIOLINE YCTPOMCTBA;

CAP — cucrema aBTOMaTUYECKOTO PETYIUPOBAHUS,

CAY — cucreMa aBTOMaTU4ECKOTO YIIPABIICHHUS;

OYX — (pazo-yacToTHAs XapaKTEPUCTHUKA.
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BBEJAEHUE

B Hacrosimee Bpems HEUETKUM alTOPUTM YIIPABJICHUS, OCHOBAHHBIA Ha
TEOPUU HEUYETKMX MHOXKECTB, IIHPOKO PACIHPOCTPAHWICS B CHCTEMAax
aBTOMAaTU3UPOBAaHHOrO ympasiieHud. [lo cpaBHEHHIO C OOIIEM3BECTHBIM
TPAAULMOHHBIM  PETYJISITOPOM  IICEBAOJIMHEWHBIA  HEYETKHI  PEryJsarop,
MIOCTPOCHHBIN HA OCHOBE HEYETKUX MHOKECTB M HEUETKOTO JJOTUYECKOT0 BBOIA-
BBIBO/Ia, B YCIIOBUH HEOMPEACICHHOCTH BO3MYIIAIOIETO BO3ACUCTBUSA, CIIOCOOEH
oOecrieuuTh 00siee BHICOKHE TTOKA3aTeN KayecTBa MEPEXOIHOTO Mpolecca, 4eM
tpagunuonubid [N/ - perymarop.

BmecTe ¢ Tem, B mocienHee BpeMs IIMPOKYIO MOIYJISIPHOCTh HaXOJIAT
HEYETKHE MOJEIM M QJITOPUTMBl yIpaBieHHsS. H3BECTHO, YTO HEYETKOE
YIPABJICHHE OCHOBAHO Ha HCIIOJIB30BAaHUU HE CTOJIBKO AHAIMTHYECKUX WIH
TEOPETHUYECKUX MOJENE, CKOJBKO Ha IPAKTHYECKOM NPHUMEHEHUM 3HAHWM
KBaJIM()ULIMPOBAHHBIX CIELUATUCTOB, IIPEICTABIICHHBIX B dopme
JUHTBUCTHYECKUX 0a3 mpaBwi. HeueTkoe ynpasienue 3(p(EeKTUBHO B Clayyasx
HEJICTEPMUHUPOBAHHOCTH  IapaMeTpOB  OOBEKTOB, KOrJa  CYIIECTBYET
ONpPEJENCHHBIA OMBIT 3KCIEPTOB IO YIPABICHHI0 W HACTPOMKE CHCTEMBbI
aBromatuieckoro perynupoBanus (CAP) [2].

Tak, xak B Hactosmee Bpemsi 6ombmHCTBO CAP cTpoutcs Ha Gasze
CBOOOJHO MPOrPAMMHUPYEMBIX IMPOMBIIUICHHBIX KOHTPOJUIEPOB, IO3TOMY
UMEETCS BO3MOKHOCTB CO3/1aTh CUCTEMY C IPUMEHEHNEM HEUYETKOT'O PETYIISATOPA.

[lenbto paboThl sABISIETCA pa3pabOTKa, MCCIEAOBAaHWE W MPOrpamMMHast
peanu3anus Ha 0a3e MPOMBIIIJIEHHBIX MHUKPOIPOLECCOPHBIX KOHTPOJUIEPOB

SIMATIC S7-400 nceBnonuneiinoro neuerkoro [1N]] - perynsitopa.
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1 OCHOBBI TEOPUU HEUETKHUX MHOKECTB "
HEYETKOMH JIOTUKHA

1.1 HeyeTKo€e MHOKECTBO, XaPAKTEPUCTHKH H OCHOBHBIE CBOICTBA

[Tonsitue MmHOJMCECmBo O3HaYaeT HAOOpP OSIEMEHTOB, HMMEIOITUX
HEKOTOpble o0mme cBoicTBa. Ilpm »3TOM IFOOOK DIIEMEHT 3apaHee
aKCHOMAaTHYCCKA JMOO0 TPHHAIICKHUT JaHHOMY MHOXECTBY, JHOO HeE
npuHaIexKuT. OMHAKO, S3BIK OOBIYHBIX MHOKECTB OKA3bIBACTCS HEIOCTATOYHO
rHOKUM I (opMaau3aluyd  3JICMEHTOB HEOIPEACICHHOCTH, IPHCYIIUX
peabHBIM CHUCTEMAaM.

[IpencraBnenmne Heyemko2o MHOJICECMBA TI0JIaraeTCs Ha
NPEANOIOKEHUH, YTO KaXIbIH SJEMEHT JMIIb B HEKOTOPOHM YPOBHHU
MPUHAIICKUT 3TOMY MHOXECTBY, IMOATOMY OJIHUM W3 TJIABHBIX CIIOCOOOB
MaTEMaTHYSCKOIO0  MPCACTABICHHUS  HEYemK0o20  MHONCeCmea  SIBISCTCS
OTpeIeNICHHE CTEICHH IMPUHAICKHOCTH HEKOTOPHIM YHCIOM M3 HHTEpBala
[0,1]. ITpu sTOM rpaHuUIEl HHTEPBaAJA, TO ecTh 1 1 0, 03HAYAIOT, COOTBETCTBCHHO,
“OpUHAIICKUT U ““HE TPUHAIJICKUT .

Omnpenenenue 1. Ilycth X — 3JE€MEHT yHUBEPCAJIHLHOTO MHOXeCTBa E,
oOJaaromuii  HEKOTOphIM cBoMcTBOM R. A - 00BIYHOE MOJMHOXKECTBO,
COCTOSIIIIEE X DJIEMEHTOB, YAOBICTBOPsSOMMX cBOMCTBO R. ITogMHOXkecTBO A
MIPUHAIICKUT K YHUBEPCATBHOMY MHOXKECTBY E 1 mpuHMMaeTCs Kak MHOKECTBO
nap:

A={u ()%} (1.1)

rae u,(X) - xapakmepucmuyeckasn @ynxkyus, TPUHAMAIOIIAS 3HAYCHHC B
(0;1], a X mo crenenu BeInoJHACT R cBOMCTBO, MHAaUe mpuHUMAaET 0.

3HaueHue GyHKIUUA TPUHAIIICKHOCTA PAaBHO CTENIEHU MPUHAIC)KHOCTH
aJieMeHTa X moaMHokecTBY A. B cBs3u ¢ 3tuM, MHOXXecTBO M cocTOUT W3

MHOJKECTBa TpHHAIe)KHOCTEH M ={01}. Torma HeyeTkoe MOAMHOXKECTBO A

MOJXKHO paCCMaTpuBaTh KaK 00BIYHOE MHOKECTBO.

15



Tenepr HEOOXOIUMO TMPUBECTH OCHOBHBIE XapPAKTEPUCTUKH HEUETKHUX
MHOXeCTB. [Iyctb M ={0,3u C SBISIOTCS HEYETKUM MHOKECTBO C AJIEMEHTAMU
YHUBEPCAJIBHOTO MHOKECTBAa B 1 MHOecTBOM mpuHaaIexkHocTel G.

Onpenenenue 2. HeueTkoe MHOKECTBO A SABISICTCS HOPMaIbHBIM, €CIH

€ro gplcoma — 3Ha4eHue sup, . i, (X) paBHa 1, TO €CTh BEpXHsIsl TPAHUIIA XOTS OBl
€ro OMHOM (YHKIIMU TPHUHAMISKHOCTH paBHA 1 (sup,. #,(X)=1), a ecnm
Sup, ¢ ta(X) <1, TO A sIBIIAETCS CYOHOPMANLHBIM.

Omnpenesienune 3. HeueTkoe MHOKECTBO A SIBIISIETCSA 1nYCMblM, €CIIA BCE

3JIEMEHTHI KOTOPOT0 IPUHUMAET HyJieBoe 3HaueHue: VX e E, 1, (x) =0. Hemycroe
CyOHOpPMaJIbHO€ MHOKECTBO JIOMYCKAETCs HOPMAJU30BaTh IO CJEAyIOIEH
dbopmyie:

_ 1 (X)
00 = e 0 (0 (1.2)

1.2 HeuyeTkasi JIOTMKA U ee OCHOBHbIE CBOHCTBA (HeueTKHeE BLIBOIbI)

COOTBETCTBEHHO OJIHOMY M3 CaMbIX W3BECTHBIX OINPEIACICHUN, HEUETKAs
JIOTMKA — 3TO M €CTh aHAJIM3 Pa3HbIX CIOCOOOB PacCyKIEHUN. YUUThIBas 3TH
METO/Ibl, JIOTHKA BOCIIPUHUMAET, BO - EPBBIX OPMY, a HE COJIepKaHUE I0BOIOB
B T€X WJIM UHBIX PACCYXACHUAX. VICTUHHBI WU JIOKHBI JIU OTAEIbHBIE MOCHUIKA
WM 3aKJIIOYEHHsS] HE HMHTEPECYET JIOTHKY. 10, 4TO HMHTEpPECyeT €ro — 370,
COBMNAAAET JM HCTUHHOCTb 3aKIOYEHUH C HUCTUHHOCTBIO  IOCBUIOK.
CucremarusupoBanue, HOpMyJIUPOBAHUE MPABHIBHBIX CIIOCOOOB aOCOTIOTHBIX
paccyXIAEHUN — OJTHA U3 TJIABHBIX 337a4 JIOTUKH.

MexaHu3M HEYETKOro BBIBOJAa B CBOEHM ouepenau mMeeT 0a3y 3HAHUU,
CO37aBaEMyI0 CIELHUATUCTaMHU OIpPEACICHHON MpPEeIMETHON 00JacTH, KOTOPBIU
MCMOJIB3YETCSI B Pa3HBIX BUIAX AKCIEPTHBIX W YIPABISIONMIMX cucTeMax. basa
3HAHUU COAEPKUT COBOKYITHOCTh MPEAUKATHBIX ITPABUJI BUJIA:

I11: eciu Xx=C1, Torma y=D1,
I12: ecmu x=C2, Torma y=D2,

IIn: eciu Xx=Cn, Toraa y=Dn,
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X — BXOJ1, Y — BBIXO/I, BRIYUCIISIEMbBIC TTPU TTOMOIIIX 0a3bl TIPaBUI BXOTHOM
nepemeHHoil. C u D — 95T0 COBOKYyMHOCTH (YHKUMHA TPUHAJIEKHOCTH,
OTpeJieNsieMble COOTBETCTBEHHO HAa X U Y.

Jlanee HeoOXOAMMO paccMOTpeTh Oojee eTaabHOEe OOBSICHEHHE.
3HaHWe JKcrepTa OTpakaeT HEYETKOEe OTHOIleHHe, obOo3Hayaemoe dyepe3 R,
KOTOPOE OMKCHIBAECTCS MPUUYMHHOM OTHOIICHUEM MPEAINOCHIIOK U 3aKIIOYCHHH B
BUJIE A— B!
R=A-B, (1.3)

rne “—” - Hederka wuMIumkamusa. OrtHomenue R wHorma
paccMaTpHUBAETCs B BUJE HEYETKOTO TOIMHOKECTBA MPSIMOTO IMPOU3BEICHUS
X*Y, rne X — MOJIHOE MHOXKECTBO MPEANOCHUIOK, a Y — COOTBETCTBEHHO
3aKiI0YeHnil. B Takom ciydae, mporecc MOJy4eHUsl HEYETKOrO BBIBOJA B' C
MPUMEHEHUEM TEKYIEero HaOJtoJIeHUs A'M 3HaHHM A — B MOXHO OINHUCAaTh B

TaKkoM BUJie (POPMYIIBI:

B'= AR = A'>(A — B), (1.4)

b

rae ’o” - 970 omepanus cBepTkU. Omnepaius UMIUTMKAIUA B ajredpe
HEUETKOTO MHOXECTBA pEAIM3YETCsl IMO-pa3HOMY TakK, Kak M Omepauus
koMmno3uuud. [Ipu Takom cirydae eCTeCTBEHHO OKHUIAETCS NPYTOW pe3yJbTar U
Oynet pazHuthes. Ho B m0060M cirydae, oOuuii HEUeTKUM pe3yabTaT JIOTHYeCKUX
BBIBOJIOB TTOJTYYAETCSA C MOMOIIBIO CIEAYIOIINUX YETHIPEX ITAIOB:

» Dran ¢aszzupukayuu nan Hedetkoctu (fuzzication). OnpenencHHbIC
GYyHKIMM TPUHAIJISKHOCTA 10 3HAYEHUSIM TEPEMEHHBIX BXOJa
UCIIOJIB3YETCSl UX 3HAYCHMSIM JJISl BBISBJIICHUSI CTETEHEH MCTUHHOCTH
KQKJIBIX MPEANOCHUIOK, COOTBETCTBYIOIINX JTIO00OMY U3 TIPABHIL.

= Jlornueckuii BBIBOA. 3HAYEHUS MCTUHHOCTH ISl MOPEANOCHUIOK
KaXXJIOro MpaBUJIa UCIOJB3YIOTCS JUIsl MOUCKA 3aKIIOUYECHHM MpaBuia.
OcymiecTBiuseTcs MOSBICHUEM JIOOOTO HEUYETKOTO MOJMHOMXKECTBA,

Ha3HAYaeMoe KaXJ0W MEePEeMEHHON HEYETKOro BBIBOAA IS KaXKJI0TO

npaBuia. ToJbKO omepardd MiN U Prod HCmojb3yrTCsS B KauecTBE
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MpaBUJIa JIOTMYECKOTo BhIBOAA. [Ipu Jornueckom BBIBOJIE € Onepanuei
MUHUM ¢yHKIus npuHAIIeKHOCTH, KOTOpas ObliIa MOJIydeHa MMociie
BBIBOJIa OTCEKAETCS MO BBICOTE 10 BEIYMCICHHBIM 3HAYECHUSIM CTEIICHEU
UCTUHHOCTH TMPEINOChUIOK NpaBui (HeueTkas Jjoruka “N”). Ilpum
JOTUYEeCKOM BbIBOojie B Buae omepanun YMHOX  dyskius
MPUHAAJICKHOCTH BbIBOJA (OPMHUPYETCS MPU MOMOIIM BBIUMCICHHBIX
3HAYEHHU CTEIEHEN HCTUHHOCTH MPEANOCHUIOK MPaBUIIA.

Oran xomnosuyuu. Bce HEYETKHME NOJMHOMKECTBA IS KaXAOu
MEPEMEHHON BBIBOJIA, OOBEAMHSIOTCS BMECTE Il (OPMUPOBAHUS
OJIHOTO HEYETKOro MOJMHOXKECTBA JIsl KaXKI0U MEPEeMEHHOMN BBIBO/IA.
[Ipn TakoMm BuJE OOBEIMHEHMS MPUMEHSIOTCS ONEpaly BHJa Mmax
(MAKCHUM) unu sum (CYMMA). C nomomipl0 KOMIO3UIIUA BUJA
MAKCHUM  kOMOWHUPOBaHHBIA  METOJ  BBIBOJA  HEYETKOTO
MOJIMHOXECTBAa (POpMUPYETCS MOTOUYEYHBIM MaKCUMyMOM IO BCEM
MOJTYYEHHBIM HEUETKUM TMOAMHOXECTBaM. OTOT BHUJ KOMIIO3UIIUU
Ha3bIBa€TCA B HEUETKOM joruke oneparuein “NJIN”. [Ins Ha3HaueHUs
MEPEMEHHOM  BBIXOJla JIOTMYECKUX BBIBOJIOB  HCIOJIB3YETCA W
kommosunugs CYMMBI, KOMOMHUPOBAHHBIN BBIBOJ] HEYETKOTO
IMOAMHOKECTBA, KOHCTPYUPOBAHHBIM IMOTOYEYHOW CYMMOW IIO0 BCEM
HEUYETKUM MOJAMHOKECTBAM.

Otan  3akaoueHus - TPUBEACHUE HEUYETKUX 3HAYEHUW YETKUM,
Ha3bIBacTCs Oegazzugpuxayueri (defuzzication), OHO UCTIOIB3YETCS IS

npeo0pa3oBaHus HEYETKOTO Ha0Opa BHIBOJOB B UETKHUE YKCIA.
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2 CTPYKTYPA HEUETKOI'O PEI'YJIATOPA

CTpyKTypa HEUETKOIO PEryyiaTopa UMEeT BUJ, PEACTABICHHBIN Ha pHC.

2.1

JUIst co3aaHusl HEYETKOIO peryisitopa TpeOyeTcs co3aTh 0a3y MpaBuil B

BUJIE.

IF <BBOm>

THEN <sBwiBOI>

n 0a3y MaHHBIX C (QYHKIUSAMH TPUHAMICKHOCTH JJIS BBOJA u(e) H

BBIBOAOB w(u), TO €CThb BBIIBUTH BCE HYXHBIC JIMHIBUCTHYCCKHC IIpaBujia C

JMHTBUCTHYCCKMMH TEPMaMH | TiepeMeHHbIMU[4].

fuzzy-perynarop

M S b

1i(e)

w

(e

PYHIKIHA PYHEIHA
NpHHAIEKHE | DPHHAOIEKHOC
OCTH BXOMA TH BBRIXOOA

Baza maHHBIX

T

DKCIEepTHRIE

3HaHHA

!

Basza npaeun

ECJIT ...

TO ...

&

ECII ...

TO ...

]

I n| «I TR
min| prod

¥ r

max

r

Ta3snQHKATHA

—

Arpers | AKTHEHPOB | AKKYMYVIH
POBaHH aHHe pOBaHHE

u(e'.u)

()

MERr S wOe T

e

KoMmmosHoHA

Hedassudukaun [

MexaHH3M He4eTKHX JIO
BEIEOZOB (HE(pOpMa

[HUYECKHX
IOHA)

Pucynox 2.1 — O00011eHHast CTPYKTypa HEYETKOTO PETyIsITopa

dazzudukanus (Fuzzification). Illensro nmanHOro »stama sBIAETCS

GbopMHUpPOBaHUS COOTBETCTBUS MEXKJYy KOHKPETHOW OTIEIBHOW BXOJTHOM

19



NMEePEeMEHHON  CHUCTEMbl W  3HAaueHWeM  (YHKIMH  TPUHAIICKHOCTH
MIPUHAJIEKALIETO € TepMa BXOJHOM JIMHTBUCTHYECKOW nepeMeHHou. llocne
3aBepIlCHUs JAaHHOTO dTama JJii BCEX BXOIHBIX MEPEMEHHBIX JTOJKHBI OBITH
WCITOJIb30BAaHbl KOHKPETHBIE 3HAYCHUS (DYHKIMHN MTPUHAIICKHOCTH 0 KOKIOMY
U3 JIMHTBUCTHYECKUX TEPMOB, MCIOJB3YIOIIHUECS B JOIMYCIOBUIX 0a3bl MpaBuil
cuctem. [5]

OO6wruHO Tporieaypa (azzuduKanuu MPOXOAUT CISAYIOIIMM 00pa3oM.
Jlnst Hayana BBIYHMCISIOTCS M3BECTHBIE KOHKPETHBIC 3HAYEHUS BCEX BXOJHBIX
IIEPEMEHHBIX CHUCTEM, T. €. MHOXKECTBO 3HadeHmid V'={ai, az,..., am}. TO ecThb
KQXKIBIN aj € Xi, rae Xj — YHUBEPCYM JIMHTBUCTUYECKON IEPEMEHHOM

Jlanee paccmaTpuBaeM JI0MyCIIOBUS BUJA “ fi ecmw o' “ mpaBui , e a' —
TEPM C U3BECTHOM (PyHKIMEW MPUHAIICKHOCTH u(x). Ilpu 3TOM 3HAUYEHHE a;
UCIIOJIB3YyEeTCSI B KAa4yeCTBE apryMeHtra u(x), TeM CaMbIM HaXOJHUTCS
KOJINYECTBEHHOE 3HAa4YeHUE D i = u(ai). DTO 3HaYCHHUE U SABJSICTCSA PE3YJIbTaTOM
dazzudukanuu nogyciosus “ fi ecms a ' .

Ortan (az3udukanuu CYUTAETCS 3aKOHUEHHBIM, KOTJa OyIyT HaiIeHbI
BCE 3HAYCHHS D i = u(ai), U1sl KaXKI0TO 13 IO yCIIOBUI BCEX MPABUII, BXOSIINX B
paccMaTpuBaeMyto 0a3zy MmpaBUJI CUCTEMBI HEUETKOTO BBIBOJA. DTO MHOYKECTBO
3HA4YeHUN oOo3Hauaercs yepe3 B={b’i}. Ilpu 3TOM eciu HEKOTOPBIA TepM a
JIMHTBUCTUYECKON MEPEMEHHON fj HE MPUCYTCTBYET HU B OJJHOM U3 HEUETKUX
BBICKA3bIBAaHUM, TO MPUHAJJIEKAIIEE eMy 3HaueHUEe (PYHKIIMW HE HAXOAHUTCS B
sTane (azzuduxanum.

Azpecuposanue >TO TpOLENypa ONpPENEICHUS CTENEHU HCTHHHOCTU
YCJIOBUH MO KAXKJIOMY U3 IMPABUJI CUCTEMbI HEYETKOTO BBIBOJIA.

HanHast miporieaypa dopmupyercs cieayromuMm obdpaszom. [o Hauamna
ATOTO ATama MPEANoiaraloTcs W3BECTHBIMM 3HAYEHUS] MCTUHHOCTU BCEX
MIO/TyCJIOBUI CHCTEMbI HEUETKOTO BBIBO/IA, T. €. MHOKECTBO 3HaueHuit B={b 'i}.[8]

Jlanee paccMmaTpuBaeTcsi KaXKJ0€ M3 YCJIOBHM TPaBUI CHUCTEMBI
HEYETKOTO BBIBOJA. Ecnu ycioBue mpaBuiia MPEACTaBISET COOOM HEYETKOE

BBICKA3bIBAHUEC BHUOA.
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I[TPABUJIO <#>: ECJIA “ 1 ecmob o (2.1)

WJIM BUJIA:

[TPABUJIO <#>: ECJIA “ 1 ecmb v o “; (2.2)

rae v - MoaupuKaTop, COOTBETCTByOmui cioBaM, kak: “OUYEHB”,
“bOJIEE MJIM MEHEE”, “MHOI'O BOJIBIIE” u apyrum, TO CTENEHb €ro
UCTHHHOCTH paBHA COOTBETCTBYIOLIEMY 3HAYCHHUIO D .

Ecau xe YCIIOBHUC COCTOUT U3 HCCKOJIBKUX HOI[YCJ'IOBI/Iﬁ BUaa:

[MPABUJIO <#>: ECJIU “ p1 ecmv o' “ U * o ecmo o (2.3)
WM BUJIA:
[MPABUJIO <#>: ECJIU “ 1 ecmo o' “ UJIU “ B ecmsb o] (2.4)

IpPUYEM JIMHTBUCTUYECKHE IEPEMEHHBIE B IMOJYCJIOBHUSAX IOMAPHO HE
paBHBl Jpyr JApPYry, TO OINPEIAENAETCS CTENeHb WCTUHHOCTH CIOXHOTO
BBICKa3bIBaHUSI HA OCHOBE M3BECTHBIX 3HAUEHUN MCTUHHOCTU MOAYCJIOBHM. Tem
CaMbIM HAaXOJATCA KOJMYECTBEHHbIC 3HAYEHUS HMCTUHHOCTH BCEX YCJIOBUU
MPaBUJI CUCTEMbI HEUETKOTO BBIBO/IA.

Dtamn arperupoBaHUsl CUUTAETCS 3aKOHYCHHBIM, KOorja OyayT HaljeHbI
BCe 3Ha4YeHMs D" IuIg Kakaoro u3 mpaBui Ry, BXOISAIIMX B pacCMaTPUBAECMYIO
0a3y mpaBws P CUCTEMBbl HEYETKOTO BBIBOJIA. IDTO MHOXXECTBO 3HAYCHMIA
obo3naunm yepe3 B={ b1, b, ..., b "}

AKmueu3zayusa B CUCTEMaxX HEYETKOTO BBIBOJIA 3TO MPOIIECC HAXOXKICHUS
CTEMEHH UICTUHHOCTHU KaX0T0 U3 3aKIFOUCHHN TpaBWil. AKTUBU3AIUS BO MHOTOM
CX0’Xa C KOMIIO3MIIMENM HEUETKHX OTHOIICHWW, HO HE paBHa eil. Tak kak B
CHUCTEMaX HEUETKOTO BBIBOJIa MPUMEHSIOTCSI TUHIBUCTUYECKUE MEepeMeHHbIe. B
JEUCTBUTEITLHOCTH TIPU CO3aHHUMS 0a3bl TPABMIJI CUCTEMbI HEUETKOTO BBIBOJA
Ha3HA4al0TCs BECOBbIE KOAPPUIIMEHTHI Fj 7151 KaXK10T0 npaBuiia (Mo yMOJIYaHUIO
MIPEAINoaraeTcs, €Ciu BeCoOBOM Kod(pPUITMEHT HE 3a7aH ICUCTBUTEIBHO, TO €T0
3HAYEHUE PABHO EAUHUIIE.

dopmaibHO Mpoleypa AaKTUBU3AIUU  BBITIOJHAETCS — CICTYIOIIUM
oOpa3zom. Jlo Hawama »3TOro 9Tama MPEANnojIararoTcs M3BECTHBIMU 3HAYCHUS

HCTHUHHOCTHU BCEX yCHOBI/Iﬁ CHUCTEMBI HCYCTKOI'O BBIBOAA, T. €. MHOXCCTBO
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3HaueHut B={ b1, b”,, ..., b”n} u 3HaueHns BecoBhIX KOdPPuMeHTOB F; MIIst
aroboro mpaBwia. Jlamee paccMaTpHBaeTCs KaxIoe W3 3aKIIOYCHHUN MPaBUI
CHCTEMbI HEUYETKOTO BbIBOJA. EciM 3akiodyeHHME TpaBujia BBITJSIAT B BHJIC
bopMBI:
THEN “ B, ecmb v (2.5)
Ui OPMBI.
THEN “ 2 ecms vv ©, (2.6)
TO  CTENCHb  HMCTUHHOCTH  TOXJECTBCHHA  alreOpanveckomy
IIPOM3BeICHUIO 3HaueHu b i m BecoBoro koa¢pdurnmenta F;.

Ecnu ke 3akitoueHne mpeacTaBisieT co00i HECKOJBKO MOJI3aKII0OUCHUI

bopMmbt:
RULE <#>: THEN “ S, ecmv 0> AND “ 3 ecmb v (2.7)
WM BUJIA:
RULE<#>: THEN “ S, ecmo o.““ OR “ f, ecmb v ©, (2.8)

MPUYEM JIMHTBUCTHUYECKHE TIEPEMEHHBIC B TTOI3aKIFOUCHUSX MTOTIAPHO HE
PaBHBI JPYT APYTY, TO CTENIEHb UCTUHHOCTH KaXKI0TO U3 MOJ3aKIIIOUCHHUIN paBHA
areOpanvyeckoMy MPOU3BEICHUIO COOTBETCTBYIOIETO 3HAUCHUS D i Ha BeCcOBOM
koaddumment Fi. B TakoeM ciiydae, BBIYUCIAIOTCS BCE 3HAYEHUSI C, CTENIEHEH
WMCTUHHOCTH TOA3AKIIOUCHUN I KaXI0T0 U3 TpaBui Ry, BXOIANIUX B JaHHYIO
0a3zy mpaBua P CcHCTEMBbl HEYETKOrOo BbIBOJIA. Takoe MHOXKECTBO 3HAYCHUM
obo3Hadaercs ¢ momormblo C={Ci, c¢..., ¢q}, TOe 0— oOmiee KOJIMYECTBO
MOA3aKII0UEHU B 6a3e mpaBull.

[Tocne naxoxaenuss mHOoxectBa C={Ci, c¢p.., cq} OIpeAENAIOTCA
GYHKIUY TPUHAIIICKHOCTH KaXKIOTO U3 TIO3AKITIOYEHUH JIJIs1 paCCMaTPUBAEMBbIX
BBIXOJHBIX JIMHTBUCTHYECKHUX TEPEMEHHBIX. [l 92ToH 1lenm  MOXKHO
WCITIOJIB30BATh OJIMH M3 METOJOB, SBIISIOMUXCS MOIU(HUKAIIMEN TOTO I HHOTO

METOJIa HEYETKOU KOMITO3UIINH:

»  min-aktuBuzanus: w’'(Y) = min{ci, u(y)}; (2.9)
» prod-aktuBuzanus: u'(Y) = Ci*uy)}; (2.10)
» average-aktuBuzamus: 1 '(Y) = 0.5*(ci+u(y))}; (2.11)
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rae u’(y) — QyHKOHS TPHHAUICKHOCTH TEpMa, KOTOPBIN SIBIIIETCS
3HAYEHWEM HEKOTOPOW BBIXOJIHOM NEPEMEHHOM j 3aJaHHOM Ha YHUBEpcyMe Y.

JIaHHBIN 3Tan aKTUBU3ALMU CYUTAETCS TOTOBBIM, KOTJa JJIsl KaXIOWU U3
BBIXOJIHBIX JIMHTBUCTUYECKUX TMEPEMEHHBIX, KOTOPBhIE BXOAST B OTACIIBHBIC
MO/3aKIIIOUCHUS TPaBUJ HEYETKUX MPOAYKIMM, OyayT BBISBICHBI (DYHKIIUU
MPUHAJJICKHOCTH HEYETKUX MHOKECTB MX 3HAYEHUM, TaK KaK COBOKYIHOCThb
HeueTknX MHOXKeECTB: C1, Cy,...,Cq, TI€ §—O00I1Ie€ KOTMYECTBO MOA3aKITIOUCHUN B
0a3e mpaBWJI CUCTEMbI HEYETKOTO BBIBOJIA.

AKKymyaayua B CUCTEMax HEYETKOrO 3Ta MpoIeAypa WU MpPOoIece
BBIABJICHUST (QYHKIMU TNPUHAMICKHOCTA JUISI  KaXKIOW M3  BBIXOJHBIX
JIMHTBUCTHYCCKUX TIepeMeHHbIX MHOXecTBa W={ w1, w1, ... ws }.

CyTb aKKyMYJISILIUM B TOM, YTOOBI OOBEIMHUTD WIIM aKKYMYJIUPOBATh BCE
CTETICHU UCTUHHOCTH 3aKII0YEHUH (ITOA3aKIIOUCHUIN ) JIJIsT HAXOKICHUS (QYHKIINH
NPUHAJICKHOCTH  KaXJOW U3  BBIXOJHBIX  IEepeMeHHbIX. [Ipuunna
HEOOXOIUMOCTH (POPMHUPOBAHUSI JAHHOTO JTama 3aKJIYaeTcs B TOM, 4YTO
MOA3aKIIOYEHUS, KOTOPhIE OTHOCATCS K OJHOM M TOH K€ BBIXOJAHOU
JIMHTBUCTUYECKON TIEPEMEHHOM, NPUHAJICKAT Pa3HbIM MpaBUIaM CHUCTEMBbI
HEUYETKOr0 BBIBOJA.

OOBIYHO TpOITEeCC aKKYMYJISIIIUUA COBEPIIAeTCs cieayonmm oopazom. Jlo
cTapTa JaHHOTO JTama (OPMUPYIOTCS H3BECTHBIMH 3HAUYEHUS WCTUHHOCTH
KOKIOW TMOM3aKIIOUYCHUN Ui  KaXJIoro M3 mpaBuil Ry, BXOOAmUX B
paccMatpuBaeMyro 0a3y TmpaBwi P CHUCTeMbl HEYETKOrO BBIBOAA, B BHUJE
COBOKYITHOCTU He4eTKMX MHOKeCTB: C1, (C,...,Cy, TAe ( — o0111ee KOJIMYECTBO
no/j3akitoueHnii B 0Oaze mpaBwi. Jlamee cremayer, YTO TMOCJIENOBATEIBHO
oOpalaTeIBaeTCs Kax/aasi U3 BBIXOJHBIX JUHIBUCTUYECKUX MEpeMeHHBIX wjeW U
OTHOCSINKECS K Hel HedeTkue MHokecTBa: Cyj, Cyj,..., Cy;.

[Tponecc akKyMyJsIIMKM CYUTAETCS BHIMOJHEHHBIM, KOTIA JIJIS1 KaXKI0U U3
BBIXOJIHBIX JIMHTBUCTUYECKUX TEPEMEHHBIX OYIyT BBISBICHBI (PUHATBHBIC
GYyHKIMA —TPUHAUISKHOCTH HEYETKUX MHOXKECTB UX 3HA4YCHWH, T. €.

COBOKYITHOCTb HEUEeTKHUX MHOXECTB: C'1, C’,,...,C’s, TIe S — 00I11ee KOJIUYeCTBO
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BBIXOJTHBIX JTMHTBUCTHYECKUX MEPEMEHHBIX B 0a3e MpPaBWJI CUCTEMBI HEYETKOTO
BBIBO/IA.

/Jleghazzughukayua B cucteMax HEUETKOrO BBIBOJA 3Ta MpoOIeaypa WUIU
MPOIIECC BBISIBJICHUS OOBIYHOTO (HE HEUETKOr0) 3HAYCHHS I KaXIOW W3
BBIXOJIHBIX JIMHTBUCTHUYECKUX NepeMeHHbIX MHOXecTBa W={ w1, w1, ... ws }.

Cytp pedazsudukanii B TOM, UYTOOBI, HCHOJB30BaTh pPE3yIbTaThl
AKKyMYJISIITAM  BCEX BBIXOJHBIX JIMHIBUCTHUYECKUX IEPEMEHHBIX, COOpaTh
OOBIYHOE KOJMUYCCTBCHHOEC 3HaucHHe (Crisp value) KkaxaoW H3 BBIXOIHBIX
MEPEMEHHBIX, KOTOPOE MOXKET ObITh UCIOJIb30BAHO CHEIUATBHBIMU MTPUOOpaMH,
BHEIIIHUMU T10 OTHOILIEHHUIO K CUCTEME HEUETKOTO BBIBOIA.

OO6b1uHO Mporiecc nedaz3upukanuu MPOUCXOAUT CIEAYIOMHUM 00pa3oM.
Jlo crapra pgaHHBIA OpOLENYpPhl BBIYUCISIOTCS HM3BECTHBIMU  (YHKIIMU
MPUHAIJICKHOCTH BCEX BBIXOJHBIX JMHTBUCTUYECKUX TEPEMEHHBIX B (hopme
HeueTkux MHOXeCTB: C'1, C,...,C’s, TOe S— 00Iee KOJIMYECTBO BBIXOIHBIX
JIMHTBUCTUYECKUX TIEPEMEHHBIX B 0a3e MpaBUJI CUCTEMbI HEUETKOTO BBLIBOJA.
[anee cneayer, 4To MOCIEAOBATEILHO PACCMATPUBAECTCS KaXJasi U3 BBIXOJHBIX
JUHTBUCTUYECKUX TlepeMeHHbIX W U OoTHOCsIIeecss K He HEUeTKOE MHOYKECTBO
C’j. Pesynbrar nedassudukannu 1uist BBIXOJHOW JTUHIBUCTUYECKOM NepeMeHHON
@j OTIpeNeNsieTCs] B BUJE KOJMYECTBEHHOTO 3HaueHus YjeR, momyudaemoro mo

OJIHOMY U3 cIoco00B Jedaz3uduxaum.
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3 ICEBJOJIMHEMHBIE KOPPEKTUPYIOIUE
YCTPOUCTBA

Ilox ymydmieHHeM KayecTBa IPOLEAYPHl PETYIHPOBAHUSA, KPOME Kak
NOBBIIICHHS. TOYHOCTH B THIOBBIX pPEXHMaX, IIOHUMAETCI W3MEHEHHE
JUHAMUYECKUX  CBOMCTB  CHCTEMBl  PETYJHMPOBAaHUA  JUIS  IOJY4YCHMS
HEOOXOJMMOro 3amaca yCTOMYMBOCTH M OblcTpozeiicTBus. B atom Bompoce
[JIABHOE 3HAYEHHE UMEET 00ECIIEUEHHE 3a1aca yCTOMYMBOCTH.

[Ipu pemenun npoOIeMbl MOBBIIIEHUS 3araca yCTOWYMBOCTU JIHOOON
CUCTEMBI PEryJIMPOBaHUSA, HYKHO IIONBITATbCS PAUUOHAIBHBIM CIOCOOOM
U3MEHUTh €€ napameTpbl (KO3(P(GUUMEHThl Nepelayd OTIEIbHBIX 3BEHBEB,
NOCTOSTHHBIE BPEMEHU U T.I1.) TaK, YTOOBI YJJOBJIETBOPUTH TPEOOBAHUIM KauecTBa
pPEryJIMpPOBAHUS, KOTOpPHIE OIPEACNAITCS KpUTepusMH KadecTtBa. [lpu
HEBO3MOXKHOCTH pEILIMTh 3Ty MpoOJeMy B paMKaxX HMEIOLIEHCS CUCTEMbI
IPUXOJIUTCS UATH HAa U3MEHEHHE (KOPPEKIINIO) €€ CTPYKTYPHL. [1]

ITon koppekmueit cucrem apTomaTudeckoro ympasieHuss (CAY)
INOHMMAETCS U3MEHEHUE UX IMHAMUYECKUX CBOMCTB (XapaKTEpUCTHUK) C LENbIO
obOecrieueHus: TpeOyeMOoro 3amaca yCTOWYMBOCTH, MOBBIMICHUS JTUHAMHUYECKON
TOYHOCTM M IIOKa3aTelled KayecTBa MEPEeXOoJHOro mpouecca. Koppexkuwms
OCYULIECTBIISIETCS BKJIKOYEHUEM B CHUCTEMY JIONOJHMTENIBHBIX JJIEMEHTOB —
KOPPEKTUPYIOIIMX YCTPOUCTB [2], KOTOPBIE JOJKHBI U3MEHUTH TUHAMHUKY BCEU
CUCTEMBl B HYKXHOM HanpasieHHMH. K KOPpEKTHUPYIOIIMM yCTPONCTBaM
OTHOCATCSA, B YaCTHOCTH, KOPPEKTHUPYIOIIME 3BEHBS, MPEACTABISIIONIUE COOOM
JTMHAMUYECKHE 3BE€HbS C ONPEIETIECHHBIMU NEPEeIaTOYHBIMU QYHKIHUSIMHU. [1]

OcHoBHas 337a4a KOPPEKTUPYIOIIMX YCTPOUCTB COCTOUT B YIy4YLIEHUU
TOYHOCTH CUCTEMBbI M Ka4eCcTBa NEPEXOAHBIX MpoueccoB. OaHaKo HapsLy C 3TUM
MyTEM BBEJICHHS KOPPEKTUPYIOIIHUX YCTPOUCTB MOKHO peIiaTh U 0ojiee 00IIyIo
3a/1auy — CJeNaTh CUCTEMY YCTOWYMBOM, €CJIM OHA Obljia 0€3 HUX HEYyCTOWYMBOM,
a 3aTeM JOOUTHCA U KETaeMOro KayecTBa Mpolecca peryiupoBanus. [3]

B Tex ciydasix, Korna KOppeKTHPYIOLIUE 3BEHbsI UCIIOJIb3YOTCS HMEHHO

AJIA TIOJTYUCHU A YCTOI\/'IIII/IBOCTI/I CHUCTEMBI PETYJIMPOBAHUS WJIN JJIA ITOBBIIICHUA €€
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3amaca yCTOWYMBOCTH, OHHM HA3BIBAIOTCS HWHOTNA JASMI(PUPYIOMUMHA WA
CTAOMIM3UPYIONUMA 3BEHbSAMH. [Ipr 3TOM HWMeEEeTCs B BHIY, YTO 3BEHBSA
neMndupyroT KojaebaHus, KOTOpble BO3HUKAIOT B CHCTEME pEryJUpOBaHUS.
TepMUH «KOPPEKTUPYIOIIHNE 3BEHBS» SBIISETCS 00JIee UPOKUM U UCTIOIb3YETCA
JUIS 3BEHBEB, KOTOPBIE BBOJATCS B CUCTEMY Ul U3MEHEHUS CTATUYECKUX M
JTUHAMUAYECKUX CBOMCTB C Pa3IMYHBIMU LEIIMU.[ 1]

Bce koppektupyrommpe yCTpOMCTBA, MNPUMEHAEMBIE B CHCTEMAax
aBTOMATHYECKOTO YIIPABIICHHUSI, MOKHO Pa3/IeJINTh HA JINHEWHBIE U HEJIMHENHBIE.

Cpenu HENUHEWHBIX KOPPEKTUPYIOUIUX YCTPONCTB MOXHO BBIACIUTH
KJIaCC TAaKUX YCTPOMCTB, IKBUBAJICHTHBIC aMILIUTYAHO-(a30BbIC XapaKTEPUCTUKHI
KOTOPBIX HE 3aBHUCAT OT aMIUIUTYAbl BXOJHOTO CHUTHAJa W SBISIIOTCS TOJBKO
(GYHKIUSAMHA YacTOTBI. Y ATUX YCTPOWCTB OTCYTCTBYET >KECTKAasl CBSI3b MEXIY
aMIUTUTYJI0M U Pa30BOM XapaKTEPUCTHUKAMHU, KaK 3TO UMEET MECTO Y JIMHEUHBIX
KOPPEKTHPYIOIINX  ycTpoMcTB. Ha  3TOM  OCHOBaHMM  HEJIMHEIHBIE
KOPPEKTHUPYIOIIME YCTPOMCTBA JTAHHOTO KJIAacca MOXHO paccMaTpuBaTh Kak
NICeBNIOJIMHEHHbIE  KoppekTtupytomue ycrpoiicta (I1IKY). Bo3moxHOCTBH
dbopMupoBaHUs aAMIUTUTYAHOU W (Da30BOM XapaKTEPUCTHUK TCEBIOJTMHEHHBIX
KOPPEKTUPYIOIINX YCTPOMCTB HE3aBUCUMO JIPYT OT APYra OTKPHIBAET IIUPOKHE
BO3MOXHOCTH M3MEHEHHUs YacTOTHbIX Xapaktepuctuk CAY B xeimaemMoMm
HaMpaBJICHNUM.

[Ipu pemenun 3agauu CTaOWUIU3ANMKA 3aMKHYTBIX CHCTEM YIIPaBICHUS
JUISL CO3JIaHUsI HEOOXOJMMBIX 3alacoB YCTOMYMBOCTU TpeOyeTcss HE TOJIBKO
n30exkaTh oxBata Kpurudeckor Touku (-1,j0) romorpadom amrumutyiHO-(ha30BoM
YAaCTOTHOM XapaKTEPUCTUKU PA3OMKHYTOM CHCTEMBI, HO U OOECIEUYHUTHh €ro
HEO0OXO0IMMOE yAaJICHUE OT 3TOM TOYKHU.

MOo>XHO yTBEpK1aTh, 4TO HAMOOJIEE KEeNaTeTbHBIMU KOPPEKTUPY FOIIUMH
yCTpOHCTBaMH ObUTA OBl TaKWE, YACTOTHBIC XAPAKTEPUCTUKU KOTOPHIX WMEIOT
OJIMH W3 TpeX BUJIOB, MPEACTABICHHBIX Ha PUCYHKE 3.4 U COOTBETCTBEHHO
00eCIeYnBaOIINX TMOJABICHUE YCUJICHUS C POCTOM YacTOThl 0€3 M3MEHEHUs

¢da3sl (pucyHok 1.3,a); yBenuueHnue (pazoBOro ornepeskeHus C pOCTOM 4acTOThI 0€3
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U3MEHEHUS ycuiieHus (pucyHok 1.3,0); ocimabiaeHue yCuiaeHus, COPOBOKIAEMOE

yBEJIUYEHUEM (Pa30BOT0 OMEPEKEHHUS C POCTOM YaCTOTHI (PUCYHOK 3.4,B).

\Y

O

0 B
Pucynox 3.4 — Buj skenaeMbIX aMIUTUTYTHO-()a30BbIX XapaKTEPUCTUK
KOPPEKTUPYIOIINUX YCTPOMCTB: & — 0cinabiieHne aMILTUTY bl C POCTOM YacCTOTHI
0e3 u3MeHenus ¢asbl; 6 — yBenuueHue (pazoBOTo OMEPeKEHUsI C POCTOM
4acTOTHI 0€3 M3MEHECHHSI YCUJICHUS; B — OCIIA0JICHUE YCUIICHUS,

COMPOBOXKIAEMOE yBEIMUECHHE (PA30BOTO ONEPEKEHUSI C POCTOM YACTOTHI

[Tpu momo1y BKITIOYEHUS KOPPEKTUPYIOIIETO YCTPOUCTBA, 00J1a1at0IIETO
J000M M3 YyKa3aHHBIX YAaCTOTHBIX XapaKTEPUCTHUK, MOXKET OBITh YJIydllleHa
OTHOCUTEIIbHAS YCTOMYMBOCTh CHUCTEMbBI aBTOMATHYECKOTO YIPABICHUS, T.€.

YBEJIMYEHBI 3a1achl YCTOWYMBOCTHU MO (pa3e U MOAYIIO.
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Hcnonbs3oBaHne KOPPEKTUPYIOLIETO YCTPOMCTBA B CUCTEME YNPABIICHUS
C YAaCTOTHOM XapaKTepUCTHUKOW, IMOKAa3aHHOW Ha pucyHke 3.4,a, MO3BOJIAET
U3MEHUTh aMIUIUTYAHYIO XapaKTepUCTUKY, HE BIUssA Ha (a30BYIO.

B  ciydae  npuMeHEHHs ~— KOPPEKTHPYIOUIEIO  yCTPOMCTBA €
XapaKTEepPUCTUKOM, N300paskeHHON Ha pucyHke 3.4,0, BupousMensieTcs: ¢azopas
XapaKTEPUCTHUKA CUCTEMbI, aMILUIUTYIHAS K€ OCTACTCS MPEKHEM.

3.1 KoppekTupyomue ycTpoiicTBa ¢ aMIUIUTYAHBIM MOJAaBJIeHHEM
(ocaabieHnem)

[IceBoMMHENHOE  KOPPEKTHPYIOLIEE  YCTPOWCTBO,  IO3BOJISIOLIEE
NOJIYYUTh OCIA0JEHUE AMIUIUTYABl C POCTOM YacTOThl 0€3 M3MEHEHHs (a3bl
(xapakTepucTuka Ha puUCyHKE 3.4.a), MOXXET OBITh BBINOJIHEHO IO CXEME,

MOKa3aHHOW Ha pUCYHKeE 3.5.

i 1 X |X1|
sign ™ ¥ ‘l
X y

- X >

Pucynok 3.5 — CxeMa nceB0JIMHETHOTO KOPPEKTUPYIOIIETO YCTPOUCTBA C

AMIUIUTYAHBIM ITIOJaBJICHUCM

BxoaHo# curnan, pa3BeTBISSICh, IPOXOAUT MO JBYM KaHajaM. BepxHss
BETBb YCTPONCTBA COCTOUT M3 OJIOKA CUTHATYPBI, (GUIBTPA HU3KUX YaCTOT, OJI0Ka
B3sTUsL MonyJs. [1o HIDKHEW BEeTBM BXOJHOW CHUTHAJ ClieyeT 0e3 M3MEHEHHS.
CurHan Ha BBIXOJE YCTPOMCTBA MOJYYACTCA KAaK MPOU3BEIACHHUE BBIXOIHBIX

CHTHAJIOB 00EMX BETBEH y=|x|x, TIpHYeM x, ONpelenseTcsd ypaBHEHHEM

Tx, + X, =sign(x) .

Ha Bxoze ¢hunbpTpa neiicTByeT CHHYCOUJAIBHBIN curHai y = F(X), B BUe:
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[Tpruem BepXxHMIA 3HAK B 3TUX BBIPAXKEHUSIX O€pPETCS MPU MOJI0KUTETHHON
IIOJIYBOJIHE BXOAHOro curHaja x. dopmMa CUTHAJIOB B XapAaKTEPHBIX TOUYKAX
bunbTpa mokazaHa Ha pucyHke 3.6

Koad¢uimenTsl rapMOHHUECKON JIMHEApU3aIMi HETUHEHHOTO (UiIbTpa

OTIPEEINISIIOTCA 10 U3BECTHBIM (opMysaM M JJIS HaAIIero ciydas OyayT UMETh

BUI;
a:1—2.a+ 2-S|n2a —~-(cosa-2-w-T-sina);
7 x(l+4-0°-T°)
2-sina .
b= (sina-2-w-T-cosa) .

2L+ 4-0? - T?)
[IpyuueM o OyieT UMETh CIACAYIOITUN BHI:
a=w-T-In 2
2+e o7

X
7
AN\ {\
7
i\/i?:r i\/ t
! —
signx -
i |
;1 — ) :/?T/-T
0 L /|
A1p I l | I\ t
e
jxd | : } |
LAAAA
. / L . N r‘l.
[
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Pucynok 3.6 - ®opma CUTHAJIOB B XapaKTEPHBIX TOYKAX HETMHEHHOTO
¢unbpTpa ¢ aMITUTYAHBIM TOJIABJICHUEM TSI CITy4asi CHHYCOHUIaIbHOTO

BXOAHOI'O CMI'HAaJIa

[Tomy4deHHBIE BBEIPAXKEHUS CBUETEIBCTBYIOT O TOM, YTO KO PHUITMEHTHI
rapMOHUYECKOH JIMHeapu3aluu a ¥ D 3aBHCAT TOJBKO OT YacTOTHI, MO3TOMY
ammTyaHas () u ¢aszoBas XapaKTePUCTUKH (M) paccMaTpUBaEMOrO
HEJIMHEWHOTO (DUIIBTpa TaK)Ke 3aBUCAT TOJBKO OT YAaCTOTHI U HE 3aBUCAT OT

aMHHI/ITy,Z[BI BXOJHOI'O CUIrHaljia, T.C.:
q=f(w);

u=f(w).
Ha pucynke 3.7 CIUIOIIHOM JMHHMEH TIIOKAa3aHbl JIOrapu(pMUYECKUE
XapaKTEPUCTUKH PAacCMaTPHBAEMOIO ICEBJONMHENHOIO (uisTpa B (QyHKIUH

NPUBEAECHHON YacTOThI U=wmT.
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Pucynok 3.7 - JlorapudmMmuueckre aMIIuTyJHbIe U ()a30BbIE YACTOTHBIC

XapaKTEPUCTUKU HETMHEWHOTO (PHIIHTPA C aMIUTUTYTHBIM TOJJaBJICHUEM
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Ecnu npeneOpeus BIMSHUEM BBICHIMX TapMOHHMK MeaHzpa Sign X (cm.
pucyHok 3.6), T.e. cCuuTaTh CHUTHaJI Ha BBIXOJE OJIOKa CUTHATYpHI

CHHYCOUAAIBHBIM, TO, TIOJYYHM YIPOIIECHHBIC POPMYIIBI IS pacueTa a u b:

8

7% N1+ @? T2

b

1
o= -(l+§-C08249), rae 0 =-arctgw-T .

8

JlorapugmMuueckue 4acTOTHBIC XapakTepucTuku uiabTpa [g() u

1 .
-(=-sin 20) .
(3 )

1(w)] mokazaHbl IITPUXOBBIMH JTHHUSIMHU.

PaccmoTpeHHass cxeMa TICEBIOJIMHEWHONM KOPPEKIHH MOXKET OBITh
WCMOJIb30BaHa I YBEJIWYCHMS 3alMacoB  YCTOMYMBOCTHM B  CHCTEMax
aBTOMATHYECKOTO YIIPABIICHMS, B KOTOPBIX BO3MOXKHO MNPUMEHEHUE Ccrocola
JneMI(pupoBaHuUsl, U3BECTHOTO B JIMHEHHBIX CHCTEMax Kak JAeMI(UpPOBAHHUE C
M1OJaBJICHMEM BBICOKHUX YaCTOT.

3.2 KoppexTupyomuiue ycTpoiicTBa ¢ (pa30BbIM onepeskeHueM

[IpumepomM CcXeMbl TICEBIOJMHECWUHOM KOPPEKIMH, ITO3BOJISIOMIEH
MOYy4YuTh (pa3oBoe onepexkeHue 0e3 M3MEHEHUS aMIUIUTYIbl, MOXKET CIYKUTh

cxeMa, IpuBeieHHas Ha pucyHKke 3.8.

i
N o
B =

—= TT.(s5) L sign 4T

Pucynox 3.8 — Cxema nceBaoauHEeHHOTO KOPPEKTUPYIOIIET0 YCTPONUCTBA €

(a30BbIM ONIEPEIKEHUEM

BXO)IHOﬁ CHUTHaJI, pa3BCTBJIAACH, TAKXKC IMPOXOAUT IIO ABYM KaHaJlaM.

BepxHsiss BETBb yCTpPOICTBAa COCTOMT W3 OJIOKAa BbIACICHUS MOAYJs. HunkHss
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BETBb — M3 JMHEHHOro ¢uibTpa U Onoka curHatypbl. CHrHam® Ha BBIXOJE

TOJTy4YaeTcs Kak NPOM3BeEHHE MOYIIsl curHana |k Ha GyHKuuio 3Haka sign(x),

I7ie O SBISETCS BBIXOJ0M JIMHEHHOTO huiabTpa W, (S) , CO3Tar0IIero onepekeHue.

3ameTuM, 4TO MpU (UKCUPOBAHHOM 3HAYEHHHM YACTOThl @ BXOAHOTO
CUTHAJIa HEJIMHEWHBIN (PUIIBTP MOKET ObITh 3aMEHEH HEJIMHEIHOCThIO, UMEIOIICH
CTaTUYECKYI0 XapAaKTEPUCTUKY MO THUILY OINEPEKAIONIEH TMCTEPE3UCHOM METIIH,
[IPU YCIIOBUH, YTO JIMHEUHBIN QUuIbTp We Ha 3TOM YaCTOTE CO3/Ia€T ONEPEKEHUE,
paBHOE 0, BEJIMYMHA KOTOPOIO 3aBUCUT OT BBHIOOpAa €ro mapaMeTpoB. OTHU

XapaKTePUCTHUKHU MPUBEEHBI HA pUcyHKe 3.9.

|

Pucynok 3.9 - HenuHeliHble XapaKTepUCTUKU:
a — ipu pazoBoM omnepexeHuu 10 90°; 6 — mpu Gha30BOM OMEPEIKEHUU OT

90° no 180°
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Bun xapakTepucTUKH Ha JAHHOM PUCYHKE ITOATBEPKAAET HE3aBUCUMOCTD
KO3 GUITUSHTOB a ¥ b rapMOHWYECKOM JTMHEapU3aueld TaKOH HETMHESHHOCTH OT
aMIUIMTY1bl BXOJIHOT'O CUTHAJIA.

Eciu B cxeme wucnons3dyerca JuHedHbld ¢uibtp ¢ [P Buna

T-s+1
W(s) = T oy’ 7O CO3/aBAEMOE UM ONEPEKEHNE OyZneT paBHO:
E
o-TL-v) T.
a=arctg———", Traev=-=.
et Tty T
Torma kospdummentsr @ U b OyayT BBIYUCIATBECS IO CICAYIONIUM
dbopmynam:
k :
a=—:(r-2-a+sin2a).
T

b=£-(1—c032a).
VA

Jlorapudmuueckue YacCTOTHBIE XapaKTEPUCTHKU ICEBIOJMHEHHOrO
¢wibTpa npu 3HaueHuu K = 1 mokazanel Ha pucyHke 3.10. OHM TOCTPOCHBI B

(yHKUIHMY NPUBEIEHHON 4acTOThl U= T 1Ji psiaa 3HaYEHU! v.

M —————
epad

)| S R

30 ——1—
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Pucynok 3.10 - JlorapupmMuyeckue 4acTOTHBIE XapaKTEePUCTUKU
HEJIMHEWHOTO UIbTpa ¢ (Pa30BBIM ONEPEIKEHUEM:
a — (a3oBbie; 6 — aMIUTUTYTHBIC

He yuuThiBas co3gaBaeMoro mceBIOJMHEHHBIM (QHIBTPOM OCIIa0JICHUS,
MaKCHMaJbHOE 3HAUY€HUE KOTOPOro He IpeBbllIaeT -41b, MOKHO CUMTATh, YTO
€ro YaCTOTHBIE XapaKTEPUCTUKU OTBEYAIOT TPEOOBAaHUSAM KEJIaeMOro Bujia (CM.
pucynok 3.10,0), T.e. o0ecrieunBaroT pa30BoOe ONEPEKESHUE C POCTOM YaCTOTHI O6€3
U3MEHEHUs1 aMIUIMTYyAbl. CXeMa MOJKET HCIOJIb30BAaThCS BMECTO JIMHEWHOM
CXEMBbI KOPPEKIIMH B CHCTEMax, Tjae i JeMnpupoBaHus TpeOyeTcs BBOIUTH
(ba3zoBoe onepeKeHue.

3.3 JIByxKkaHa/IbHble KOPPEKTHPYIOLIME YCTPOHCTBA ¢ pa3aelbHbIMHI
KaHaJaMu JJsl aMIUIUTYABI U ¢a3bl

Cxema nceBAOIMHENHON KOPPEKIUY, MPEACTaBIeHHas Ha pucyHke 3.11,
MO3BOJIAET MOJYYUTh PA3JIUYHBbIE aAMIUTUTYJHO-(Pa30Bbleé COOTHOLIEHMS, T.€.
OTHOCUTEIBHO He3aBUCUMO (OpPMHpPOBATh AaMIUIMTYIHYI0O U  (a30BYIO
XapaKTEPUCTUKU. DTH XAPAaKTEPUCTUKH HE 3aBUCAT OT aMIUIMTYJAbl BXOJIHOTO
curHasia. CoOOTBETCTBYIOIIMM 00pa3oM, H3MEHSAsl MapaMeTpbl JMHEHHBIX
(GuIbTPOB, BXOJAUIMX B CXEMY, MOXKHO MOJYYHUTh JKEJIaeMble XapaKTEPUCTHKU
J11000r0 13 BUIOB, MOKAa3aHHBIX Ha pucyHke 3.8. [loaTomy npennokeHHas cxema
(bopMHpPOBaHUS KOPPEKTUPYIOIIUX YCTPOMCTB SBISIETCS YHUBEpcaidbHOU. Jlid

oOmiero cnydas JUHEWHbIH GuibTp W, B (a30BOi BETBU  SBISIETCS
dbopcupyronmmM 3BeHOM, a (QUIBTp W, B aMIUIUTYJHOW BETBU — DJIEMEHTOM,

CO3JIAIOIIMM OCJIa0JIeHHe aMIUTMTY/IbI M OTCTaBaHue 1o (asze.[4]

— W, (s) —»Xl ¥ |X1|

X
> W,(s) —{ sign J
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Pucynox 3.11 — Cxema mnceBIoamHERHOTO KOPPEKTHPYIOMIETO YCTPOHCTBA

C pasaCIbHbIMM KaHaJIaMU IJIAA aMIINIMTY bl 1 (basm

BxoaHoM curHan pa3BeTBISIETCS U IPOXOAUT MO ABYM KaHanaMm. OIuH U3
KaHaJIoB (BEpXHUI) CIYKHUT JJIsl POPMUPOBAHUS aMIUIUTYAHON XapaKTEPUCTUKH
Y Ha3bIBAETCS AMIUIUTYIHBIM, BTOPOU - ()a30BbIil KaHal (GopMHUpYyeET (a30BYIO
XapaKTEPUCTUKY YCTPOKCTBA.

AMIUIMTYTHBIM KaHaJl COCTOUT U3 JIMHEMHOTO 3JIEMEHTA C IepEIaTOYHON

(yHKIMEH w,(s) U MOAYJIBHOIO 3JIEMEHTa (HAlpUMEp, ABYXIIOIYIEPHUOTHOIO

BBIIIPSMUTEINS).  AMIUINTYJHAs  XapaKTEPUCTUKA  JIMHEWHOrO  AJIEMEHTA
ONpEeAEsieT aMIUIMTYJAHYI0  XapaKTEPUCTHUKY BCETO  KOPPEKTHUPYIOIIETO
ycTporcTBa.  MOIynbHBIA  3JIEMEHT JAaeT Ha  BBIXOJAE  BEJIMYUHY,
MPOMOPIMOHATIBHYIO aMIUIUTYE KoJieOaHUsI Ha €ro BXOJIe M HCKIIOYaeT
POXO0KJIeHnEe UH(pOpMAaLK O (Pa3e BXOJHOTO CUTHANIA X . OWIBTP CIYKUT IS
BBIJICJICHUS IIOCTOSIHHOM COCTABJISIOLIEH BBIIPSAMIICHHOTO HAIIPSIKECHUS.

B ¢a3oBblii kaHanm BXOMAT JIMHEWHBIM OJJIEMEHT C MepeaaTOYyHOU

dyHKIMEN w,(s) U 0ok curHarypsl (010K 3Haka). Pa3zoBasi XapaKTepUCTHKA

JUHEHHOTr0  3JIEeMEHTa  ompenensier  (a3oBYH0  XapaKTEPUCTUKY  BCErO
KOPPEKTUPYIOIIET0 yCTPOMCTBA. BJIOK CHrHaTypbl HMCKIIOYAET IMPOXOXKACHUE
uHpopMmanuu 00 aMIUIMTyJe uepe3 (a3oBblil KaHA M MPEJCTaBIAECT COOOI
pelieiiHOe YCTPOMCTBO C XapaKTEpPUCTUKOW, Onm3kod K wujeanbHOu. [lpu
M3MEHEHUH 3HaKa CUTHAJIAa Ha BXOJI€ U3MEHSIETCS 3HaK BBIXOIHOTO CHTHaja 010Ka
CUTHATYpPBhI, & BEJIMUMHA €r0 MPUHUMAET JIUIIb JBa (PUKCUPOBAHHBIX 3HAUYCHUS *
1, He3aBUCMMO OT 3HAYEHUsI AaMIUIMTYJbl BXOJHOrO CHUTHaJIA. BbixogHas
BEJIMYMHA Y KOPPEKTUPYIOUIETO YCTPOMCTBAa TMOJYy4YaeTcsi B pe3yibTare
NEPEMHOKEHHUSI BBIXOAHBIX BEJIMYMH aMILTUTYTHOTO U (pa30BOT0 KaHAJIOB B OJIOKE
YMHOXEHHUS.

[IpuBenennass Ha pucyHke 3.11 cTpykTypHas cxema MCEBIOJIUHEHHOIO
KOPPEKTUPYIOIIETO YCTPONCTBA SBJISIETCS IOBOJILHO 0O01el. BeiOupas TuHeHbIe

3JIEMEHTHI C COOTBETCTBYIOUIMMH NEPEIATOUYHBIMUA (PYHKLIHUAMHU W, (s) U W, (s) ,
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MOXHO pe€anu30BaTh IICEBIOJIMHEMHOE KOPPEKTUPYIOLIEE YCTPOMCTBO C
KETaeMbIMHM, HE3aBUCAUIMMHU Jpyr OT JApyra aMImIMTyIod u  (a3oBoii

YaCTOTHBIMHU XapaKTePUCTUKAMU.[5 ]

CDopMa CHUT'HAJIOB B XaPAKTCPHBIX TOYKAX CXCMbI 6yI[CT COOTBCTCTBOBATH

CUTHaJaM, IPUBEJICHHBIM Ha pucyHke 3.13.

X N\
g t f
|
I
J
lex
NN
H
Ligneé 7
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T

Pucynok 3.13- ®opMbl CUTHAJIOB B XapaKTEPHBIX TOYKAX HEIUHEHHOTO
buiabTpa ¢ pazneneHHbIMU KaHATAMM JIJISl aMIUTUTYIbI U (pa3bl

[Tocne Toro kak HaimeHbl  KOIPOUIMEHTHI  TaPMOHHYECKOU

JUHEapu3allMy, YacTOTHBIE XapaKTEPUCTHKU HEJIMHEWMHOro QuuibTtpa C
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pasacICHHBIMHA KaHAJIaMU [JIA aMIIMTY bl 1 (1)2131)1 BBIYHCJIIAIOTCA 110 U3BCCTHBIM

yxke popmyam:

(A @) =[a(A o) +[b(A o] ;

U(A o) = arcth

a(Aw)’
[lycte nunedinbli  ¢uiabtp Wo B (a3oBoil BETBU HMeEET

L_ T-s+1

€peaTOYHYIO 0 We(S)==——
nepeaaTouHy0  (yHKIH 5 () T T sl

a B aMHHHTYHHOﬁ BCTBU

IPUMEHEH JUHEUHbIN QuibTp WA ¢ mepeaatounoit ¢pyHKIue Buaa:

k

A ey
2

T2 n
OG603HaYMM OTHOIIEHHE | Yepe3y,a | dvepes V, TOr/a BhIpaKEHUE

AJI1 OIIPCACIICHUSA 4 U b MokHO 3amucaTh B BHUJIC.

k

a=
7z\/1+a)2 % T2

(7 —2a — 26) - c0sO +sin G + cosa - sin(ax + 0) +sina - cos(x + )]

B K
72\/1+ o’ -y?T?

b [(20 + 2a — ) - SIN@ + oSO +Sin @ - Sin2a — c0SH - C0S2cx) ]

rae 0= arctg oyT — da3oBoe 3anaznpiBanue, BHOCUMOE GUIBTPOM Wy

w-T1-0)

« = arctg T af T2.0 ¢da3zoBoe onepexkeHue, coaaBaeMoe GUIbLTPOM
+w° T -0

Wo.

OnpenenuM aMIUTUTYJHYIO XapaKTEpUCTUKY HEJNMHEHHOro (uibTrpa B

BUJC IIPOU3BCACHUA JIBYX COMHOYKHUTEJICH:

k
d(@) = H,(®)- g, (@), rae H,(®) = ———=== - ammutynas
J1+ @’y ’T?

XapaKTEepUCTHUKA

bunbTpa W,
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Bropoii cOMHOXHUTEND  (,(w)XapaKTEpU3YyET  JTOMOIHUTEIBLHOE

oc/Ia0JIeHHe aMILTUTY/IbI, IPOUCXOIAMIEN B HEMMHENHOM (DUIIBTDPE, M PABEH:
_ 1 2 b 2
ql(a))_;'\/(al) +(b),

rae a, =(7—2a—260)-cosf+sinf+cosa -sin(a + 6) +sina - cos(x + 0) ,
b, = (20 + 2 — ) -Sin@ +cos@ +sin@ - sin 2 — oSO - C0S24Y) .
Jlorapumuyeckne XapaKTEPUCTHKH, BRIPAKAIOIINE 3aBUCUMOCTD (1 U L1
OT MIPUBEICHHON YacTOThI U= T 1Ji psijia 3HAYEHU Y U V, TOKa3aHbl HA PUCYHKE

3.14.

M,2pad | ' |H_ N T T TR T
12
] ¢ /‘%:"—\\\\
gol—| v b—2 T A e T
0larlos 7 AT 1L — RIS N ]
AEE ﬂ// <L !
] . //‘ \

OV ea 2|22 (3 \TT /4222711 SN T
01\31(32|33 é q 3 TN
Wr——1-|% By’ = S :\\3} Py

» N \ \\ w
\ \-\\\\~~
0 - - 4] _37"\5 T T
Lo | J
01 1.0 a) 10 u=wl
%%ngI
s SSER s
. 13(23) "§§é< ]
S fast 7 7 3 X< \‘ ==
'GaiT ] 3 |12 1132)| 21
: 1.0 6) 10 u=wT

Pucynox 3.14 - JlorapudmMuyeckne 4aCTOTHBIC XapaKTEPUCTUKU
HEJTMHEHHOTO GUIbTPa ¢ Pa3ACIbHBIMI KaHAJIAMH JJIS1 aMIUTATYbI U (Da3bl:
a — (ha3oBbIe; 6 — XapPAKTEPUCTUKU JOTIOTHUTEIILHOTO OCIa0ICHUS

AMILIUTYObI
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4 METOAbI CHHTE3A n HACTPOMKH
IICEBJOJMHEMHOI'O HEYETKOI'O

AL - PET'YJATOPA

Yenosek - onepaTtop Ha OCHOBAHWM OIBITA JKCIUIYaTAllMU JOCTATOYHO
YCIELIHO CIPABJISIETCS C 3aa4€il yIPaBIECHUS TEXHOJIOTHYECKUM Mporeccom. [1o
MEpe HAaKOIUICHUS 3HAaHWUW ONEepaTop B HAdalle B CO3HAHHUU CO3JAET MOJEIIb
NOBEACHUS 00BEKTA, & 3aTEM — MOJIETb WM METOJ| YIPABJICHUS UM, COCTOSIIIHIA
u3 npoaykunoHHsix npasui ECJIN... TO.

3HauuTeNbHOE yCcUIeHHE Y(PPEKTUBHOCTH MONMYISApHBIX JUuHEHHBIX [TU]]
- PEryJasTOpOB BO3MOXHO 3a CUeT HEYEeTKOW dopManu3aiuu 3HaHUKA 00
yIpaBJICHUH 00BEKTOM, peaanu3oBaHHOM B HeueTKux [11]] - perynsitopax.

Ilox CHMHTE30M HEYETKOrO pEryJsiTOpa IMOHUMAIOT OIPENEIEHUE €ro
CTPYKTYpbl (4YuCia TpaBui, JMHTBUCTMYECKUX 3HAYCHUN MEPEMEHHBIX WU
COOTHOIIICHUM, CBS3BIBAIOIIUX BXOJbI U BBIXOJbI), a TOJ HACTPOUKOH —
YTOYHEHHUE ero KoA(P(ULUHUEHTOB U MapaMeTPOB, 3aJa0IINX (POPMY U MOJ0KEHHE
GyHKUIUNA TPUHAIICKHOCTH.

OTa rjaBa MNOCBAILIEHA OIMCAHUIO CTPYKTypel Hedetkoro IIAJ] -
perynsaropa, MeToJja CHHTE3a U ClIoco0a HaCTPOMKH.

HeueTkass cucrema ynpaBieHUsT CONEPKUT HEYETKUU PETYIISITOD,
MOCTPOEHHBIN Ha OCHOBE TEOPUU HEUETKUX MHOXKECTB, M 00BEKT ynpasiieHus. [1o
OTHOILIEHUI0 KO BPEMEHM HEYETKHE CHUCTEMBI PEryJIMPOBAHUS U HEYETKHE
pEryisTopbl OBIBAIOT HENPEPHIBHBIMU W JMCKPETHbIMU. B maHHOW paboTte
paccMaTpUBaAETCI UIMEHHO HEMPEPBIBHBIN BUJ HEYETKOTO PETYIISTOPA.

CTpyKTypa HEYETKOIO PETYJSITOpa COBNAAAET CO CTPYKTYPOU HEUETKON
MOJIENIA C OJHUM BBIXOJOM M 3aBUCUT OT OOBEKTa YIpPABJICHHS U Tpoliecca
yIOpaBJICHHS, a TaKkKe OT TpeboBaHWii K ero kadectBy. Ilockonbky cdepa
IPUMEHCHUSI HEYETKOTO YIIPABJIEHUS OYEHb IIMPOKA, BO3MOXKHBI Pa3JIM4YHBIE
CTPYKTYpBl ~ PEryJIATOpa, OTJIWYAKOIIMECS YUCIOM BXOJOB, HEUYETKUMH
MHOKECTBaMH, (PYHKITUSAMH MPUHAIIICIKHOCTH, (HOPMOU yIPABISIONINX TTPABUII,

TUIIAMU MEXaHU3MOB BbIBOJIa U MeTOo/IaMHt Jiedha3uukaimm.
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_ - . )
S| Koy Fo{Fuz £ FI a8 Def |- Ky L L Ko f —= K, =

T

RB

a 0

Puc. 4.1 — Ynpomennas (a) u onepatopHas (0) cXeMbl HEYETKOTO
pETYIATOpA C OTHUM BXOJOM
Ha puc. 4.1 uzobpakeHa cxema HEUETKOTO PErysTopa, B KOTOPOM UMEIOTCS
BXOJIHAasl TepeMeHHas el ¥ BBIXOJHAS TEPEMEHHas U, a TaKKe
MpeayCMaTPUBAETCS BBIMOJHEHHUE CIEAYIOMUX MpeoOpa3oBaHUN U Oleparuii.

HCﬁCTBHTGHBHBIe 3Ha4YCHUA BXOJa C IIOMOIIIBIO MaCHITa6I/IpyeMOFO

A

koopdunuenta Kel mpeobpasyercs B MacmTabHpOBaHHOE 3HAa4YeHHE ©1, T.e.
BEITIOJTHSIETCSI OTIepaItisl MacIITaOupOBaHNS:
€ = Kelel_ (4.1)

Ha npakTrke nmpoKo NCIOB3yeTCs HOPMATM30BAaHHBIN MHTEPBAII B BHJIC
[0;1].

Oneparmust  ¢dazsudurarmu ~ Fuz  (Fuzzification)  mpeoOpasyer
MaclITaOMpPOBAaHHBIN BXO/Jl €, B HEUETKUI BXOJ E1.

Heuertkwuii BeiBox FI (Fuzzy Inference) onpenensier neuetkuii Beixo U Ha
OCHOBaHMHU HeueTKoro BBojaa £1u 0a3el npasui RB (Rule Base).

Onepanus nedaszsudpukanuu Beixoga Def (Defuzzyfication) npeobpasyer
HeveTkni Bbixoa U B MacmtabupoBaHHOE 3HAYCHHUE U , KOTOPOE MpPEBpaIiaeTcs

B JICUCTBUTEIbLHOE U YMHOKEHHEM Ha KodpdunueHT K

u=Kzd (4.2)

HeHTpaJ'IBHBIM 9JICMCHTOM HCUCTKOI'O PCryJIATOPA ABJIACTCA 0JI0K HEYETKOTO

~

f
omepatropa ° (puc. 4.1, 0), BBINOJHSIOUIETO IOCIEAOBATEILHO OIEpaluu

daz3udukanum, HEYETKOTO BhIBOJA W Acdaz3udukanuu U comuepkamiero 0aszy
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npaBui. TakuMm o00pa3om, TmpeoOpa3oBaHWE, OCYIIECTBISIEMOE HEUYECTKUM

Oo1IcpaToOpoOM fp ,» MOKHO IIPCACTABUTL B CICAYIOIICM BUJIC:

f, (8, )—"2(E, RB)—"(U)— +{a) 4.3)

Tenepp HEOOXOIUMO pPACCMOTPETh CXEMY HENPEPHIBHOM CHUCTEMBI
ylnpaBieHUs, UMerolell HedeTkuil perynarop (P) ¢ ogHMM BXOJOM U Tpems
BBIXOJlaMH, a Takke oO0beKT yrnpasieHus (OY), 0XBaueHHYIO OTpULATEIbHON

oOpaTHOM CBs3bIO Ha puc. 4.2.

]
y(r)
] e(t) q p u(t) oy y(r) I-

Puc. 4.2 — Cxema HenpepbIBHOW CUCTEMBI yIIPABICHHS

Bxoznom &) menpepbiBHOrO peryimstopa P Ha prc. 4.2 sBIseTcs OMHIOKa WK
oTkiIoHeHHe e(t) = y°(t) - y(t) 3amanus y°(t) oT TeKyLIero BbIX0Aa 00bEKTa y(t),
a BBIXOJOM pEryJsATOpa — ymnpaBiieHHEe u(t). IS HEmpephIBHOW CUCTEMBI
yrnpaBieHus mnpeoOpasoBanue (1), peanusyrounuii HENPEPHIBHBIA HEUETKHIMA

orepaTop, IMEeT BU:

T, - (6()) —(E,RB)—(U)—5{a(). (4.4)
rae é(t)=K.,e() - HOpManu3OBaHHAs WM MacHITaOMpOBaHHAs OIIMOKA,

Kod(ppuLMeHT MaciTabupoBaHus MOXKHO AaTh B Buje K.
4.1 TpaauuuoHHbIH HeueTknii nceaoanneiinbiii [IN/] — peryasitop
CrpykTypHas cXxemMa CHUCTEMbl C IICEBAOJMHEUHBIM  HEYETKHUM

peryysiTopoM IMpuBeieHa Ha pucyHke 4.3.
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Pucynok 4.3 — CTpykTypHasi cxeMa CUCTEMBI C HEYETKUM PETyISITOPOM

IIceBIOMMHENHBI HEUETKUM PETYJIATOpP BKIOYAET B CBOM COCTaB
Heuetkoe IIKY, mnocinegoBarenbHO coeauHeHHOE ¢ KiaccudeckuM IIMJI-
perynsaropoM. lloacrpoiika mapamerpoB IIKY ocymiecTBisiercss mo MOIyIO
OLIMOKHU M CKOPOCTU U3MEHEHUS OLIUOKH.

Ha Bxop perynaropa noctymnaeT Heo0X0IUMOE ISl pEHISHUS] KOHKPETHOM
3aa4YM YKCJIO BXOAHBIX CHUTHAJIIOB. B HEUETKOM pErynaTope IpPOUCXOAUT
npouenypa pasudukanuu, T.€. UCXOA U3 TEKYILIEro 3HAaUeHHUsI YETKOr0 CUTHAA,
HAa OCHOBAaHWU W3BECTHHIX (GYHKIUNA NPUHAIICKHOCTA KaXJAOMY CUTHATY
YETKOI'0 BEKTOpa IIPUCBAUBACTCS OIPEAEICHHOE BXOAHOE 3HayeHue. IIporpamma
HEYETKOTO Jjorndyeckoro BeiBoja (FIS-cTpykTypa) Ha OCHOBaHUM HEYETKOM Oa3bl
3HAHUM CTaBUT B COOTBETCTBUE KAXJAOMY BXOJHOMY BEKTOPY 3HAYCHHU
BBIXOJJHOM  HEUYETKHWW  BEKTOp, SBJISIIOIIMNCA  PE3yJbTAaTOM  HEUYETKOIO
JOTUYECKOTO  BBIBOJA.  3HAYEHHUSIM  JIMHTBUCTUYECKHX  IEPEMEHHBIX,
COCTABJISIFOIIMX BBIXOJHOW BEKTOp, HA OCHOBAaHUU (DYHKIIMU MPUHAICKHOCTU
CTaBATCSA B COOTBETCTBUE OIPEACIICHHbIE YETKHE 3HauyeHus, o0paszyrolue
BBIXOTHOW YE€TKUI BEKTOP, T. €. MPOMCXOIUT mporeaypa aedasudukamnuu [7].

B nannoit pa6ote ucnons3ytores [IKY ¢ aMiinTygHbIM 1101aBICHUEM U
[TIKYVY ¢ da3oBbiM onepexeHrnemM

4.2 HeveTKue ynpapJsoliye NpaBuiia

B o0miem Buzie HeyeTkve YHpaBySiOIIME MpaBiia HEMPEPHIBHOTO HEYETKOTO

pEeryysiTopa UMEET BUJ:
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o
R?: ECJIU &(t) ecmpb ES 104 (t) ecmb U?, (4.6)

E’, ;
rae U?,— HEYEeTKHEe MHOXECTBA, XapaKTEPHUIYIOIIUE OMMMOKY é(t) h

yhOpaBiieHHe U (t)Ha HenpepsiBHOM uHTepBajge Bpemenu t e [0, T] wu

IPHHAUICKALME COOTBETCTBYIOIIMM TepM - MHOxectBam E’%T,, U%T, c
AJIEMEHTAMU — JIMHTBUCTUYECKUMHU 3HAYEHUSIMU, OTIPE/ICTICHHBIMU HUXKE.

Ha npakrtuke ayis onvcanust BXOOHOM é(t) M BBIXOJHOM U (t) IEPEMEHHBIX

YacTO WCIOJIB3YIOTCS TepM-MHOXecTtBa ¢ aByms N, P, tpems N, P, Z
(orpunarenasHoe N (Negative), monoxurensHoe P (Positive), nynesoe Z (Zero));
nsateio NB, NS, ZE, PS, PB; cembio NB, NM, NS, ZE, PS, NM, PB (otpuniatensHoe
oonpmioe NB (Negative Big), orpunarensaoe cpennee NM (Negative Medium),
orpurarensHoe Mastoe NS (Negative Small), nyneBoe ZE (Zero), monoxxutelbHOE
manoe PS (Positive Small), monoxurensHoe cpeanee PM (Positive Medium),
nojoxureabHoe Oonbmioe PB (Positive Big)) u 1eBATHIO JTMHIBUCTHYCCKUMHU
3HAYEHUSAMH, TOJYYEHHBIMH U3 CEMH IyTeM I00aBICHHSA CIEAYIONIHX IBYX
3HAYCHUH: OYeHb Onu3koe K Hymo otpunarenbHoe NZ (Negative Zero) wu
nonoxwurenabHoe PZ (Positive Zero) unu odenp Gosbiioe orpuiarenbnoe NVB
(Negative Very Big) u nonoxutensuoe PVB (Positive Very Big). [{nst HeueTkoro
peryasTopa ¢ m BXoaaMu (KaXIbplid OMKCAH M1, N2, ... U N, HEYCTKUMH MHOXE-
CTBaMM) U OJHMM BBIXOZIOM YHCIIO HEUETKUX MPaBUJ (] PABHO MTPOU3BEACHHIO ( =
N1 N2.Ny. JIOBONBHO YacTo I ONUCaHWS He4YeTkux MHoxecTB NB,
NM, .., PB ucnonb3ylTCs TPEyrojibHble (YHKIMHU MPUHAIJICKHOCTH ISt

NIEPEMEHHBIX X = é(t) g (t) /JnamazoH BXOOHOM NMepeMeHHON xe/XMn XM g -
) .

paccTosHue Mexk Ty GYHKIMAMU IPUHALIEKHOCTH. B psze cayuaes X™=-33,X™=3a
W X"=-23, X"™®=23 .

KpomMe TOro, WMCIOIB3YIOTCS HEYETKHE PETYIATOPHI C IEPEMEHHBIMH,
koTopeie omuceiBaroTcs marteio (NB, NS, ZE, PS, PB) u tpems (N, Z, P)
HCUYETKUMH MHOXKECTBaAaMH ¢ (YHKIUIMH TNPUHAMICKHOCTH. Heuerkue

MHOxecTBa N, Z, P xapakTepHu3yroT OTpULIATETLHOE, HYJIEBOE U MOJOKUTEIBHOE
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3HAYCHUA NEPEMCHHBIX €(t), a (t) ]_—[OBOJ'IBHO HaCToO AJIsd OIIMCaHUsA BBIXOI[HOﬁ

NePEeMEHHOMN UCTIOIB3YIOTCS CUHTIIETOHOBBIE HEUETKHUE MHOYKECTBA.

B OonbmmHCTBE CllydaeB UCMOIB3YIOT Tpu ¢dopmara NpeIcTaBICHUS
HEYETKUX MPABWII: OOBIYHBIN, PESIIUOHHBINA U TaOJIWYHBIN.

Teneps HEOOXOAMMO ONPENETUTH MOHATUS JIMHEHHBIX U HETMHEHHBIX HE-
YETKUX YIPABJSIIOIMX MPABWII JJIs TUCKPETHOIO HEUETKOro peryiaropa. [Tycts
BXOJHBIE IIEPEMEHHBIE € M AE OINMCHIBAIOTCA COOTBETCTBEHHO 71 HEYETKHMU
muoskectBamu Ej, 4Ej, 1, ] = 1, n . Toraa nonnyro 6a3y npasui OyayT COCTABIIATh

1° HEYETKUX YIPABJIAIONIUX TIPABKII BUJIA:
ECJIN ¢ ecmb g, W Aé ecmb E; TO g ecmb U ;

Ompenensiercs TepM-MHOXKecTBO 1, = {E.p,, Epiry ..., Eo, ...y Epa, Ep)
HIEPEMEHHOM é ¥ TepM-MHOXeCTBO 1y = {AE.p,, AE pi4, ..., AEy, ..., AEp1, AE))
nepeMeHHoOu Aé, N =2p+1. Onpenensercs JmHeHas QyHKIuI g =1+,
3aganHyo0 TepMm - MHOxecTBOM 1y = {U.p, Uopis, ...y U, ..., Uz, Up)
nepeMeHHon U, r=4p+1. OOmmMM CBOWCTBOM JHMHEHHBIX M HEJIMHEHHBIX
YIPABJISTFOIIUX MTPABUJ SIBJISETCS UX CHMMETPUYHOCTh OTHOCUTEIIBHO JHATrOHAIIH

TaOJIUILIBI.
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5 WCCJEIOBAHUE CBOHMCTB IICEBJOJHWHEMHOIO
peryastopa B CPEJAX MATHCAD U MATLAB

5.1 HMccaenoBaHue CBOWCTB JBYXKAHAJBLHOI0 KOPPEKTHPYIOLIETO
ycTpoiicTBa

B npannHoii paboTe s peanu3alMM  peryisiTopa B - KauecTBe
KOPPEKTUPYIOIIET0 YCTPOWCTBA BBIOPAHO MCEBAOJIMHENHOE KOPPEKTUPYIOIIEe
YCTPOMCTBO C pa3AesbHBIMH KaHaIaMu TSl (pa3bl M aMIUTUTYABI, CXeMa KOTOPOTO

MpeCcTaBIeHa Ha pUCyHKeE 3.1.

—» W, (S) —X1>¥ |X1|

.y
X X+
1

o .
— W, () — SIgn

Pucynok 5.1 — CxeMa MceBIoJIMHEHTHOTO KOPPEKTOpa ¢
pa3lieTbHBIMU KaHaJaMu i (pa3bl U aMILTATY bl
Hcnonb3dyemoe yCTpOMCTBO BKIIIOYAET B €051 BA KaHAJIa YIIPABJICHUS U
pabotaer cienyronmm oopa3zomM. BXxoaHoi curHal, pa3BeTBIsAsIChH, TPOXOAUT TIO
JIBYM KaHajaM.
BepxHuil aMIUIMTYAHBIM KaHal COCTOMT M3 JIMHEMHOTO JJEMEHTA C

nepeaaTouHou pyHkimen W, (s) 1 0J10Ka BBIZCICHUS MOIYJIS CUTHaMA. B HKHMA
(da30BbIi KaHAJI BXOAST JIMHEWHBIN DJIEMEHT C NepeaTouHoi pyHkuuen W, (s) u

0710k curHatypsl (010K 3HaKa) Sign.

B ammutyaHom kanane nepenarouHas GyHkiust W, (s) onpeaensieTcs mno

bopmyie
W, (s) = K (5.1)
4 T,s+1’ '
rie K — kodpUIMEHT Tmepeaadyud anepuoJaudecKkoro 3BeHa; T, —

IMOCTOAHHAsA BPCMCHHM.

®da30BbIil KaHaJ COAEPKUT 3BEHO C NMEepeaaTOuHON pyHKIMEn
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Ts+1
W, (8) ==, (5.2)
1

rae T,T, — IOCTOSIHHBIC BPEMCHHU.

VY CTaHOBUBIIAACS PEAKIUA KOPPEKTUPYIOLIETO YCTPOMCTBA HA BXOJHOMU
CHHYCOMIAIbHBIN curHan X=Asin(wt) wuMeer HecHHyCOMITATBHYIO (GOpMY
y=F(x).

[TpubnmkeHHoOe MpeAcTaBleHUE BBIHYXKIEHHBIX KOJIeOaHHi, T.e. ydeT
TOJIbKO OCHOBHOW CHHYCOHWJBI (NIEPBOW TapMOHMKH) TPU PA3IOKEHUU B P
®ypbe, 5KBUBAJIECHTHO FTApMOHUYECKOH JTMHeapu3auuu. Ha ocHoBaHuu 3TOTO, 1151
OMpEICTCHNUS IEPBOM TAPMOHUKH BBIHYKICHHBIX KOJICOaHUH BemunHbl Y = F(X)
MO3KHO BOCITOJIb30BAaThCSI YACTOTHBIM amlapaToM, IPUMEHSIEMBIM IS THHEHHBIX
CHCTEM.

BBenem B paccMOTpeHHE SKBHBAJICHTHYIO aMIUIUTYIHO-(a30ByIo
XapaKTEPUCTUKY KOPPEKTUPYIOIIErO YCTPOICTBA, MOJYYEHHYIO B PE3yJbTaTe
rapMOHHMYECKOH JINHEApHU3aLUH

J(Aw)=a(A o)+ jb(A o), (5.3)

rae a(A o) u b(A ®) — k03 duIEEeHTH rapMOHUYECKOW JIMHEAPHU3AIINH, B

o011eM ciyyae 3aBUCSIINE OT AMITUTY/Ibl U YaCTOTHl BXOJHOI'O CUTHAJIA.

Bripaxxenue (3) MOKHO MPE/ICTAaBUTH B BUJIC

J(A ) =q(A w)e** (5.4)
rae  O(A,w) — OKBUBaJIECHTHas aMIUINTYIAHas  XapaKTEPUCTHKA
HEJIMHEMHOIO 3BEHA
A(A @) =[a(A o) +[b(A ) ; (5.5)
U(A @) — skBuBaNeHTHAs (a30Basi XapaKTEPUCTHKA HEJTMHEHHOIO 3BEHA
u(A o) =arctg % . (5.6)

VY  nCceBIOMMHEHHBIX KOPPEKTHUPYIOIMIUX YCTPOUCTB KOADPHUITMEHTHI

rapmonuueckoil nuneapusanuu a(A o) u b(A ®) 3aBHCAT TOIBLKO OT 4aCTOTHL[4]
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Kosddummentsr rapMoHWYecKOW JHHEApU3ANN KOPPEKTUPYIOIIETO

yCTpOICTBA ONpeAeIIoTes 1o popMyaam

a= ij F(Asin(at))-sin(@t)d (1) ; (5.7)
Az

b= LT F (Asin(at)) - cos(wt)d (at) . (5.8)
Ay

JIJIsi TaHHOTO KOPPEKTUPYIOIIETO YCTpOoMcTBa KOA(POUIIMEHTHl UMEIOT
BU/I

i]i [[x|-signo]-sin(wt)d (wt); (5.9)

J>

b:ij[|x1|-signa]-cos(a)t)d(a)t). (5.10)
Ay

T. T
O003HaYMM OTHOIIICHUE ?2 yepe3 7, a ?1 yepe3 v U OnpeeiICHHsI

kod(durmentos a u b .
[Tockonbky BHyTpH MHTepBana (0,7) mIpPOMCXOIUT M3MEHEHUE 3HAKA X, U
0, BXOJSIIUX B TOJBIHTErPaJbHOE BBIPAKEHHE, WHTEPBAJT WHTEIPUPOBAHUS
pasouBaercsa Ha tpu: (0,0), (6,0) u (a,7), rne 6 — (da3oBoe 3amasapiBaHuE,
BHOCUMOE GuiIbTpoM W,
0 =arctg wyT; (5.11)

a — ($a3oBoe onepexkeHue, cogaBaemMoe GuiabTpom W,

a =arctg % : (5.12)

Koaddunuents! a u b, Berarciaennsie mo popmynam (9) u (10) ¢ yuerom

3ameudanuid (11) u (12), Oyayt umMeTh BUA:

k . . :
a=———-=[(7—2a—260)cos@+sin G+ cosasin(a + 0) +sina cos(a + )] ,
m/1+a)27/2T2
(5.13)
b= é[(2¢9+ 20— r)sin @ +cos @ +sin @sin 2a —cos O cos 2] . (5.14)

a1+’ y’T?
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Boipaxxenust (13) u (14) cBUAETENBCTBYIOT O TOM, 4TO KO3(h(UIMEHTHI
TapMOHWYECKON JIMHEapu3allMid a W D 3aBUCAT TOJNBKO OT YacTOTHI, TaKUM
oOpazoMm  ammiuuTygHas W (da3zoBas  XapaKTEPUCTHUKUM  BbIOPAHHOTO

KOPPEKTHUPYIOIIEr0 yCTPOMCTBA, KOTOPBIE OMPEAEAIOTCs (hopMynamMu

A(w)=Va? +b? ; (5.15)

o(w) = arctg(gj. (5.16)

TAKIKC 3aBHUCAT JIMIIb OT YaCTOTHI U HC 3aBUCAT OT aMIINIMTYAbI BXOJHOI'O
curHana.[4]

B mporpammuom makere MatLab KV mis cinywass cuHycommambHOTO

BXOJIHOTO CHTHaJIa Oy/IeT BBITVIAACTD CIICAYIONIUM 00pa3oM (PUCYHOK 5.2):

1
L
2
3 P
=
Transfer Fen15 4
EE—
1 5
> — - ul >
1
M Abs1 — o Erp.
—
LI.I'I Scoped
Transfer Fon1
Sine Wave1 Preductl
s+1 L
» »—
0.015+1
Sign

Pucynoxk 5.2 -Mojens nceBIoIMHEHHOTO KOPPEKTOPa € pa3AeibHbIMU

KaHajgamu s (asel u amiumatyasl B TITITT MatLab

dopma CUTHAJIOB B XapakKTEPHBIX ToYKax cxembl KY musa ciydas
CUHYCOMJIaJIbHOTO BXOJHOTO CHUTHajla OyAeT COOTBETCTBOBATh CHUTHAJIaM,

MPUBEACHHBIM HA PUCYHKE 9.3:
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Todka 1:

v

Todka 2:

Touka 4

Touka 5:

Pucynok 5.3 — ®opmMa CUTHATIOB B XapaKTEPHBIX TOYKAX MCEBIOJIMHEHHOTO
JBYXKaHaJIbHOI'O KOPPEKTHPYIOLIETO YCTPOMCTBA JUIsl CIIydasi CHHYCOUAAIBHOIO
BXOJIHOTO CUTHaJIa

YacToTHbIE XapaKTEPUCTHKU KOPPEKTUPYIOUIETO YCTPOWCTBA MpH
pa3IMYHBIX 3HAYEHUAX mapameTpa 7 ¢$a30BOro KaHalla BBIYUCISIIOTCS IO YXKE
u3BecTHBIM (hopmynam (15) u (16), mocne Toro Kak HaileHbl KOIPPUIIMEHTHI
FapMOHUYECKOM JIMHEAPU3ALIH.

Jlorapudmuyeckas aMIuIMTyAHas XapaKTEPUCTHUKA OIpPeeNsieTcsl TI0o
bopmyie:

L(w) = 20-log~/a® +b? = 20-logA(w) . (5.17)

B nporpamvuom nmakere MathCad Obutn moctpoennsie cemerictBa JIAUX
u ®OUX npu 3HaveHusx mapamerpaT =1+100  da3zoBoro  kaHaia

KOPPEKTUPYIOIIETO YCTPOUCTBA.
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0.2 0.4 0.6 0.8
log )

|mﬂ5

Pucynoxk 5.4 — CemetictBo AUX KV npu pa3HbIx 3HaYCHUSX MapaMeTpa

T ¢dazoBoro kanana

A T=3

L(w)] T-2.5

20 log Al(0))
20l0gA2())
EdbgAam»
20 log A4())
EéQgAam»
20 log A6())
édthum»
:2-(_)-|?§A8(03))

- 10
20 log A9())

2010g(A10(w))

log ®)

Iog(g)

Pucynok 5.5 — CemeiictBo JIAUX KV nipu pa3HbIX 3HAUEHUSX

napamerpa T (a30BOro kaHaia
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A
o(w)
150

i (0)
(o)

% (@) 100
# (o)
% (o)
()
o7 (o)

8 (§0)

9 ()

¢10 (o)

50

- 50
-2 -1 0 1 2

logw)

Pucynok 5.6 — CemetictBo JIOUX KV nipu pa3HbIx 3HaUCHUAX
napameTpa T (a30BOro KaHaua
JIns yBelW4YeHHs 3amaca yCTOMYMBOCTH CHCTEMBI CIEAYyET HU3MEHHUTh
JI®OYUX cucrtembl Ha OMNMpenesieHHOE 3HaueHue (Pa3zoBOro ciasura. AHaIu3Hpys
cemeiictea JIAUX u JIOUX (a3oBoro kaHaga, MOXKHO OTMETUTh, 4YTO,
HCCIIE Iy EMBbII IICEBIOJIMHEUHBIN KOPPEKTOP II03BOJIAET IOJIYYUTh
MOJIOKUTENIbHBIN cIBUT 1O ¢aze Oosiee ueM Ha 130 rpaaycoB, U TaKuM 00Opazom,
MO3BOJIAET MONYy4YUTh YycTOHYuMBY0 CAP mnpu 3HAUUTENBHBIX HW3MEHEHHUSX

napamMeTpoB OOHEKTOB CUCTEMBI.
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5.2 UccnenoBanme CBOCTB CHCTEMbI YIIPABJICHHSA

Huxe  paccmorpeHa paboTa  JBYKAHAJIBHOIO  ICEBJIOJIMHEMHOIO
koppektupytomiero ycrpoiictsa (IIKY) na mpumepe cucremsr ¢ OY BTOpOro
nopsaka ¢ [ u [IN/-perynaropamu. [lapamerpsr [1I1M/1-perynsTopa octarorcs
Hem3MeHHbIMM U paBHbIMU Kp=0.4, Ki=0.3, K¢=0.01. ITapamerpsr IIU-
perynsaropa Takke OcCTaroTcsl HeusMeHHbIMH U paBHbiMU Kp=0.4, K;=0.3.
HavanpHbpiMu 3HaueHusiMu  mapaMmetrpoB  Hactpouku IIKY  mpumem mid
amriutygHoro kanamna — K=1, T,=0.1, nna ¢azoBoro xanama — T=1, T;=0.1.
[Tpumem mnoctossHHBIMEH Bce mapameTpbl OY, kpome koddduumenta Ti mpu
cTaplieH cTernenu 3HameHarens. M3smersist koo uiuent T1 B nateppaiie [0.5;20]
U aHAIM3UPYS KAdyeCTBO IIEPEXOJHOrO IIpoLecca, CHENAEM BBIBOABI O
HeoOxomuMocTh W pe3yinbratuBHOcTH mnpuMeHenus I[IKY c¢ IIM wu T[INU/-

perynsTopoM. Pe3ynbratsl MoJIeTUpOBaHUS IIPEACTABICHBI B Ta0IMIax 5.1 u 5.2.

I’*l—, PID(s) o1 [Ix ]

0.5+ s+
Step4 PID Controller1?  Tramsfer Fenl7 Scope

¥

Pucynox 5.7 — Mogenb cuctemMbl BTOPOTO MOPSIIKa

1
= p| PIDE) _ -
FaZ+Ps+1 o1
StepT FID Conrollers Transfer Fon2
Scope?
o= [l Ot 1
ANES

Pucynok 5.8 — Cxema mapamiensHoro noaxiarodeHus [IKY
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Scope6 = =
=

07 L fh S S o SR ]
7| A SR SO S HRSRRNS S S .
| I S T ST N SRR T S i
gafofo T S S S T H— i

[ ] ST U ...................................... . B ................ o

02 ................... ...................................... R .................. ................. ................. |

01 : : R : : : : i

Time offset: 0
Pucynox 5.9 — I'paduk nepexo1Ho#l XapaKTepucTUKu cuctemsl 1t OY

BTOpOro nopsiaka mnpu T=0.5

Pe3ynbpTaThl MOJEIMpOBAaHUS PUBEIECHBI B Tabiuuax 1,2.

Scope9 - o IEl
=20 < s R Da R ~

1.4 ! ! !

08k e f TR RN e .................. TR o
OB oeef e ................... ...................................... ................... ................... ................... ................ .

04_ ................... ...................................... .................. ................. ................. |

1] SRR SO TR S ................... TR P i

0 i I i I i i I

Time offset: 0

Pucynox 5.10 — I'paduk nepexoaHol XapakTepUCTUKU CUCTEMBI OY

BTOporo nopsiaka npu T=5 6e3 [IKY
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Scope2 - o IEl
2e|aw s EREEa ~
1 T T 1 T T T
T I U ................... b .................. ................... ................... SO |

05l o ................... ................... ................... ................... ................... .................. i

oal b .................. ................... ................... ................... ................... .................. ................. _

03l do ................... e, ................... ................... ................. _

bl g SRR ................... ................... .................. ................... RO ................. _

R I S ................... ................... .................. ................... ................... .................. |
. ; i i ; ; i i
0 10 20 30 a0 50 &0 70 80

Time offset: 0

Pucynok 5.11 — I'padux nepexoaHol XapakTEpUCTUKU cUcTeEMbI OY

BTOpOro nopsiaka rnpu T=5 ¢ [IKY

Tabnuua 5.1 - Pezynbrarsl MmopenupoBanuiit CAP ¢ [IU/-perynstopom u

[IKY
ITapam ITa IIa ITa Xapakr Xapakr
ertp T | pamerpT | pamerp T1 | pamerp K ePUCTUKH CPUCTHKHU
oy IHKY IHKY Ky NepexoaHOro NepexoaHOro
npouecca CAP | nmpounecca CAP
c [N I- c [T -
peryJasiTopom PeryJsiTopom ¢
oe3 IIKY IIKY
0.1 2 1 Cxopnsmg Cxonsmy
5 ulicsd, epepery- | uics, nepepery-
muposanue 0%, | smposanue 0%,
BpeEMs BpeMs
pETryIIMpOBaHMsl | PpEryJIupOBaHUs
10c 32,8¢
0.1 2 1 Cxopsg Cxopsiit
5 ulics, epepery- | uics, nepepery-
mupoBanue 0%, muposanue 0%,
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BpeMs BpeMs
pETyJIUpPOBAHUS | PEryJIUPOBaHUS
13c 32,8¢c
0.1 Cxopsug Cxonsg
ulicsd, epepery- | uics, nepepery-
mupoBanue 0%, | muposanue 0%,
BpeMs BpeMs
pPETyIUpPOBaHUS | PEryJIUPOBaHUS
15¢ 32,85¢
0.1 Cxopsimg Cxopsg
uiics, Iepepery- | Hiics, mepepery-
nupoBaHue 6%, muposanue 0%,
BpeMs BpeMs
pPETyIUpPOBaHUS | PErYJIUPOBAaHUS
15¢ 32,85¢
0.1 Cxopmsimg Cxopmsug
ulics, epepery- | uics, nepepery-
mupoBanue 21%, | muposanue 0%,
BpeMs BpeMsi
pETYJIMpPOBAaHUS | PEryJIUPOBaHUS
30c 34c
10 Pacxons Cxopsug
uics ulics, nepepery-
nupoBanue 3%,
BpeMsl
peryIrpOBaHuUs
44c
10 Pacxons Cxonau
uics nics, epepery-

nuposanue 20%,
BpeMs
peryIrpOBaHUs

75¢
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10 1 1 Pacxons Pacxons
0 uics IUICS
Tabmuma 5.2 - Pesynbrater monenupoBanuiit CAP ¢ ITIHU-perymsitopom u
IIKY
I I 11| 11| Xapak Xapak
apamerp T | apamerp T | apamerp | apamerp K TEePUCTUKH TEePUCTUKH
oy InKy T IIKY IIKY nepexoHOro 1nepexoaHoro
npouecca CAP | npouecca CAP
¢ [IU- ¢ [14-
PeryJisiTopoM | peryJisitopom ¢
oe3 IIKY [HKY
0. 0. 2 1 Cxons Cxons
5 1 IIHUHCS, HIHHCS,
nepepery- nepepery-
muposanue 0%, | muposanue 0%,
BpeMs BpeMs
PETYJIMPOBAHUS | PETYTHPOBAHUS
16 27,6¢
1. 0. 2 1 Cxons Cxonsa
5 1 IIHHCS, HIHHcs,
nepepery- nepepery-
mupoBanue 0%, | nmuposanue 0%,
BpeMs BpeMs
PETYJIMPOBAHUS | PETYTHPOBAHUS
16¢ 27,8¢c
2 0. 2 1 Cxons Cxonsa
1 IIMHCS, IIHHCS,
nepepery- nepepery-
mupoBanue 0%, | muposanue 0%,
BpeMs BpeMs
PETyIUPOBAaHUS | PETyTHUPOBAHUS
16,2¢ 27,8¢
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2. 0. Cxons Cxons
111505 (63: 8 J100505(03: 8
nepepery- nepepery-
mupoBanue 0%, | muposanue 0%,
BpeMs BpeMs
PEryJIMPOBAaHUS | PEryTHUPOBAHUS
16,7¢c 27,8¢c
5 0. Cxons Cxons
IIHHCH, 1000505(83: 8
nepepery- nepepery-
JUPOBAHUE nupoBanue 0%,
1,5%, Bpems BpeMs
PETYJIMPOBAHUS | PETYITHPOBAHUS
21,8¢ 25,9¢
10 10 Cxons Cxons
IIMHCS, IIHIc,
nepepery- nepepery-
JMPOBAaHUE muposanue 9%,
25%, BpeMs BpeMs
PETyIUPOBAaHUS | PETYIHPOBAHUS
62,4c 33c
15 10 Pacxon Cxons
SIIUcs 010707 (03: 8
nepepery-
JTMPOBaHHE
27%., Bpemst
pEryIupOBaHUS
217¢
20 10 Pacxon Pacxon
SIIIUCS ST CS
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Pucynok 5.12—- I'paduku nepexoanbix mpoueccos nmpu T=15 ¢ [T/ u
[T1-perymaropamu

[lo nmanHBIM TaAOMUIBI MOXKHO CKa3aTh, 4TO HcHojib3oBanue [IU-
peryisTopa Npu napamuiebHOM MOAKIIOYEHUHU Ooliee 1esiecoo0pa3Ho, Tak Kak
npu  ucnons3oBanuu  [IM-perymaropa  BpeMs  peryjidpoBaHus U
IEpEPETYIMPOBAHNE MEHBIIE, YeM NIPHU ucnosb3oBanuu 1IN /-perynsaropa.

Cucrema ¢ 3ana3abIBaHHEM

Paccmotpum BosmoxkHocTu I[TIKY B cucteme ¢ 3ana3znpiBaHueM. CUCTEMBI
C 3ama3JbIBAaHUEM OTJIMYAIOTCA TE€M, YTO B OJHOM WJIM HECKOJBKMX M3 CBOHX
3BEHbEB HMEIOT 3alla3[blBAHUE BO BPEMEHM Haydajla W3MEHEHUsI BBIXOJHOU
BEJMYMHBI (TIOCTIE Hayaja U3MEHEHHs BXOJHOW) Ha BEJIIMYMHY 7, HAa3bIBAEMYIO
BPEMEHEM 3ama3/bIBaHMS, NOPUYEM ITO BPEMS 3ala3IbIBAHUS  OCTAETCA
NIOCTOSIHHBIM K BO BCEM IIOCJIEIYIOLIEM XOJ€ Ipolecca. 3amna3iblBaHUE
JIOCTUIaeTCs BBEJICHUEM B CHUCTEMY 3BEHA YMCTOro 3amazzibiBanus (7 = 1c). B
Tabnwuiie 3 1 4 moKa3aHbl PE3yJIHTATHl MOJICTUPOBAHUS CUCTEMBI 3aMa3 bIBAaHUS C
O0OBEKTOM YIpaBJCHHUS BTOPOro mopsiaka ¢ ucnoib3oBanuem [ u TTAJI-

perysaropa.
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Pucynox 5.13 — Moaens CAP BTOpOro mopsijaka ¢ 3ama3aplBaHHEM
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Pucynok 5.14 — I'padux nepexoaHON XapaKTEPUCTUKU CUCTEMBI C

3ana3aeiBaHueM ¢ OY BToporo nopska 6e3 ucnons3oBanus KY mpu T=10

Scope27 - o IEN
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Time offset. 0

Pucynok 5.15 — I'paduix nepexoaHoN XapaKTEPUCTUKN CUCTEMBI C
3anaznpiBanueM ¢ OY Broporo nopsiaka ¢ KY npu T=10
Tabnumna 5.3 - Pesynbratel MmogenupoBanuii CAP ¢ 3ama3apiBaHUEM C

[T 1-perymaropom u I1IKY
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I 11 11 11 Xapak Xapak
apamerp T | apamerp T | apamerp | apamerp K TePUCTHKH TePUCTUKH
oy InKy T IIKY 1KY nepexoHOro 1nepexoaHoro
npouecca CAP | npouecca CAP
c [N - c [MAJI-
PeryJisiTopoM | peryJisiropom ¢
oe3 [IKY MKy
0. 0. 2 1 Cxons Cxons
5 1 IIMHCS, HIHHCS,
nepepery- nepepery-
muposanue 0%, | muposanue 0%,
BpeMsi BpeMs
PETYJIMPOBAHUS | PETYITHPOBAHUS
15,6¢ 15,4¢
1. 0. 2 1 Cxons Cxons
5 1 110050 (05: HIHHCS,
nepepery- nepepery-
muposanue 0%, | smposanue 0%,
BpeMsi BpeMs
PETyIUPOBAaHUS | PETYIHPOBAHUS
15,03c 14,7¢
2 0. 2 1 Cxons Cxons
1 IIMHCS, IIHics,
nepepery- nepepery-
muposanue 0%, | muposanue 0%,
BpeMsl BpeMs
PETyIUPOBAHUS | PETYIHPOBAHUS
14,5¢ 14,3c
2. 0. 2 1 Cxons Cxons
5 1 IHics, IIUHCS,
nepepery- nepepery-

mupoBanue 0%,

BpeMs

mupoBanue 0%,

BpeMs
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PETyIUPOBAaHUS | PETyTHUPOBAHUS
13,9¢ 13,7c
5 0. Cxons Cxons
IIMHCS, IIHIcs,
nepepery- nepepery-
mupoBanue 8%, | nmuposanue 8%,
BpeMsi BpeMs
PEryJIMpOBaHUs | PEryIHpPOBAHUS
21,4c 26,2c
10 10 Cxons Cxons
IIMHCS, IIHIc,
nepepery- nepepery-
JMPOBAHUE JUPOBAHUE
33%, Bpems 22%, Bpems
PEryJlUpOBaHUs | PEryIupOBaHUS
118,5¢ 61c
15 10 Pacxon Cxons
SITITUHCS 1014707 (03: 8
nepepery-
JTUpPOBaHUE
35%, Bpems
PETYIHPOBAHMS
80,5¢
20 10 Pacxon Cxonsa
SITITUHCS IIUHCS,
nepepery-
JTUpPOBaHUE
71%, Bpems
PETYIHPOBAHMS
150c

Tabnmuna 5.4 - Pesynpratel MogenupoBanuii CAP ¢ 3amas3npiBaHueM C

[I1-perymaropom u I1IKY
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I 11 11 11 Xapak Xapak
apamerp T | apamerp T | apamerp | apamerp K TePUCTHKH TePUCTUKH
oy InKy T IIKY 1KY nepexoHOro 1nepexoaHoro
npouecca CAP | npouecca CAP
¢ I[IU- ¢ I[14-
PeryJisiTopoM | peryJisiropom ¢
oe3 IIKY [KY
0. 0. 2 1 Cxons Cxons
5 1 IIMHCS, HIHHCS,
nepepery- nepepery-
muposanue 0%, | muposanue 0%,
BpeMsi BpeMs
PETYJIIMPOBAHUS | PETYITHPOBAHUS
13,4¢c 13,2¢
1. 0. 2 1 Cxons Cxons
5 1 110050 (05: HIHHCS,
nepepery- nepepery-
muposanue 0%, | smposanue 0%,
BpeMs BpeMs
PETyIUPOBAaHUS | PETYIHPOBAHUS
12,7¢ 12,5¢
2 0. 2 1 Cxons Cxons
1 IIMHCS, IIHics,
nepepery- nepepery-
muposanue 0%, | muposanue 0%,
BpeMsl BpeMs
PETyIUPOBAHUS | PETYIHPOBAHUS
12,1c 11,8¢
2. 0. 2 1 Cxons Cxons
5 1 IHics, IIUHCS,
nepepery- nepepery-

mupoBanue 0%,

BpeMs

mupoBanue 0%,

BpeMs
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PETyIUPOBAaHUS | PETyTHUPOBAHUS
11,4c 11,2¢
5 0. Cxons Cxons
IIMHCS, IIHIcs,
nepepery- nepepery-
JUPOBaHUE JTUPOBaHUE
13%, Bpems 12%, Bpems
PEryJIMpOBaHUs | PEryIHpPOBAHUS
24,5¢ 25¢
10 10 Cxons Cxons
IIMHCS, IIHIc,
nepepery- nepepery-
JUpPOBaHUE JTUPOBaHUE
44%, Bpemst 24%, Bpemst
PEryJIMpOBaHUS | PEryIHUPOBAHUS
118,5¢ T4c
15 10 Pacxon Cxons
SITITUHCS 1014707 (03: 8
nepepery-
JTUpPOBaHUE
38%, Bpems
PETYIHPOBAHMS
93c
20 10 Pacxon Cxonsa
SITITUHCS IIUHCS,
nepepery-
JTUpPOBaHUE

71%, Bpems
PETYIHPOBAHMS

110c
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Pucynok 5.16 — I'paduk nepexo1HOM XapaKTEPUCTHKU CHCTEMBI C

3anasabiBanueM ¢ OY Broporo nopsiaka npu T=10 ¢ IT1- u [T I-perynsitopom

B cooTBercTBUM ¢ pe3ylibTaTaMu MoieupoBanus, cucrema ¢ [IKY u [11-

peryiasaropom  paboTaer

Jay4uie,

BpeMs

pEryJInpoBaHue

n  BCJIIMYMHA

MNCPCPCryJaimpoBadHuad 3HAUYUTCIIbBHO MCHBIIIC, YCM C HI/II[-pGFYJBITOpOM.

I[aHHBIC MOJCIUPOBAHNA CUCTCM IICPBOI'O U TPCTHETO MMOPAAKA, a4 TAKIKC

IIOCJICA0BATCIIBHOC

IIOAKJIFOYCHUC

IMpCaACTAaBJICHBI B ITPUIIOKCHHUHA b.

[IKY wu

1, II1A-perynaTopos

UccnenoBanne CAP c¢ I[IU/-perynstopom u I[IKY nns BbiOpaHHBIX

3HayeHut mapameTpoB OV u IIKY 1mo3Boiauiao moiydyuTh KyCOYHO-JIMHEHHYIO

(GYHKILHIO, COTJIACHO KOTOPOil OyAEeT MPOBOAUTHCS aAalTUBHOE PEryJIMPOBAHHE

CAP. KycouHo-nuHeitHass pyHKIIMs B BUJIe TaOIUIBI 5 MpeCTaBlIeHa HIXKE

Tabmuna 5.5 — Kycouno-nuneitnas ¢yukuus ana agantuBHoi CAP ¢

[IKY
ITapamerp ITapamerp ITapamerp IHapamerp
T1 0¥ T IIKY T1 IIKY K IIKY
1+6 1 0.1 1
7+23 10 1 1
>23 10 1 0.1

B pesynbrare uccnenoBaHusi ObUIO YCTAaHOBJIEHO, YTO ISl TMOBBIICHUS

kauectBa CAP ¢ HU3MCHAIOIMMMHUCA C TCUYCHHMCM BpPCMCHHM IapaMCTpaMM,
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eJIeco00pa3HO MCHOJIL30BATh IMCEBIOJUHENHBIA DErVIATOD, COCTOAIIMN W3

napayiIeIbHO OOJIKJIIOYEHHBIX [ -perynaropa " OCEBIOJIUHENHOTO

KOPPEKTUPYIOLIETO YCTPONCTBA.

5.3 Cucrema ynpapjieHUsi ¢ aJalTHBHBIM ICeBIOJMHEHHBIM
ABYXKAHAJIbHBIM KOPPEKTHUPYOUIAM YCTPOHCTBOM
[To cnocoby anantaiuu CAY nensitcs Ha 1Ba BUja:
®  [IOMCKOBBIE JJalITUBHBIE CUCTEMBI;
e  OECIIOMCKOBBIE aIANITUBHBIE CUCTEMBI.

B mouckoBoll ananTUBHOW cUCTEME I U3Y4YeHUsI OOBbEKTa MOJar0TCs
CIelUAJIbHBIC (TIOMCKOBBIC) CUTHAJBI, KOTOpPbIE HOOABISIOTCS K 3aJalolieMy
BO3JICUCTBUIO. AHAIM3UPYS PEAKUUIO CHCTEMBl HaA TIOWCKOBBIM CHUTHAI,
OTIPENEIAI0T KaKUM 00pa30M MEHSATh MapaMeTpbl KOPPEKTUPYIOIINX YCTPOMCTB.
Cpenn nonckoBbIX aganTuBHbIX CAY MMPOKO pacCIpOCTPAHEHBI IKCTPEMAIIBHBIE
cucrembl. Ctatuueckue XxapakTepuctuku OV Takux cucTeM 00J1afaroT SIBHO
BBIPDAKEHHBIM JKCTpeMyMoM. llojokeHne »sKkcTpeMyma  MEHATHCS, €CIH
MeHsroTea mapamerpel OY. Llens amantanum B mouckoBbix CAY cocrout B
NOJJIEP>KAaHUU SKCTPEMYMa.

B GecronckoBbIX CUCTEMax HUKAKOrO CUTHANA ISl U3y4YeHUs MOBEACHUS
OV He nonmaércs. B Takux cuctemax 3HaUYCHUSI yIPABIAIONIMX Bo3eiicTBul (YB)
BbIOMPAIOTCS Ha OCHOBE OIpPENEICHMs YCIOBHUM, 00ecneunBaroluX 3aJaHHOE
KadyecTBO mpolecca yrpanienus. [lo cnocoOy nonydenus uandopmaimuu o6 OY
OECIIOMCKOBBIE CHUCTEMBI JEISATCS Ha aJanTUBHBIE CHUCTEMBbl C 3TaJOHHOU
MOJIEJIBbIO (PUCYHOK 2.8) U alaliTUBHBIE CUCTEMBI C UACHTU(PUKATOPOM (PUCYHOK
2.9).

B nannoit pabote agantanus cUCTEMbI MPOBOAMIACH C MCIIOIb30BAHUEM
MOMCKOBBIX CUTHAJNOB. B KauecTBe MOMCKOBOIO CUTHajlda B JIaHHOM paboTe
UCITOJIB3YETCSl  ITOCJIEI0BATEIbHOCTh IMPSMOYTOJIBHBIX HMITYJIBCOB H3BECTHOM
gactotel (v = I/T, rne T - nepuo/ CIe0BaHUs UMIYIbCOB) ¥ aMIIuTyabl (h)

(pucyHok 3.12):
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Pucynok 5.12 — [IpsiMmoyTobHbIE HMITYJIHCHI TOUCKOBOTO CHUTHAJa
CrpykTypa aganTUBHOM CHUCTEMBI C IIOMCKOBBIM CUTHAJIOM HMEET BHJ

(pucynok 5.13):

MOMCEOBRIA
CHIHan

Enok
HACTRORKM

X x £ | Parvnsta i OB LeKT
—P®—P y Pl ynpasnedns [

b

¥
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Pucynok 5.13 — CTpyKTypa aJaniTUBHON CUCTEMBI C IOMCKOBBIM

CHUT'HAJIOM

Out]
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Subsystemn3 IntkvCshibks

Display1

Pucynok 5.14 — Cxema amantuBHo# cuctemsl B [TITIT Matlab
Ha Bxoge amantuBHOoii CAY K 3aparomieMy €AMHUYHOMY CTYNEHYaTOMY
BO3JIEUCTBHIO X J00aBIIIETCI IMOWCKOBBIM CHUTHAJI. EciM B MOMEHT MHOIayud
MMOMCKOBOT'O CHUTHAJIa cCUCcTeMa Obljla yCTOMYKMBA U UMeJIa MOHOTOHHBIN XapakTep
MEePEXOAHOTO TPOIEcca, TO PEAKIMsl CUCTEMbl HAa TMPOOHBIA CUTHAT OyaeT

cneayromieit (pucyHok 5.14, a):
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Pucynox 5.15 — Peakiusi cucteMbl Ha MPOOHBINA UMITYJIBC

Eciu Ha MOMEHT mnogauuM MNpPOOHOrO CHUrHajga MapamMeTpbl CHUCTEMBbI
U3MEHWINCh TaK, YTO OHAa IMepecTana ObITh YCTONYMBOM WM TEPEXOIHBIN
MPOIIECC CTaJl KoJieOaTEIbHBIM, TO PEaKIIMsl Ha MPOOHBIN cCUTHAN OyAeT UMETh BU]T
pucyHok 5.14, 6 ITlosBieHne TakoW peakiuu ABJISIETCS CUTHAJIOM K TOMY, UTO
cBoiicTBa OY yXyAlIMWINCh U HEOOXOIMMO HayaTh KOPPEKTHPOBKY MapaMeTpoB
KV, 4ToOBI yay4lIuTh Ka4e€CTBO yNPaBIEHUS 0ObEKTOM.

3a BpeMsa JAeMCTBUS MPOOHOrO UMITYJIbCA ONPEEIseTCS 3HAueHHe
WHTETPATbHOTO KBAJAPATUYHOTO KpuTepwsi. Eciu 3TO 3HaYeHWE MpEBBINIACT
3HaueHue kputepus 1 OY ¢ TpeOyemMbIlMHM TMOKa3aTeNlsIMM KadecTBa, TO
MOJIKJIFOYaeTCsl OJIOK ajanTaluy MapaMeTpoOB KOPPEKTUPYIOIIEro YCTPOMCTBA,

KOTOPBIN OYZIET U3MEHSTH MTapaMeTPhI STOTO YCTPOIMCTBRA.
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[Tocne Toro, Kak B CUCTEME YCTAaHOBHJICS TIEPEXOTHBINA MPOLECC, MOAAETCS
NpOOHBIA HMITYJIbC, TIO (PPOHTY KOTOPOTO OIPEAETSETCS STAIOHHOE 3HAYCHHE

kputepus |,,. Jlanee B cucreMe Mo mMepe MOCTYIICHUS MPOOHBIX HMMITYJIbCOB

OyIoyT ompenensiTbCs TEKyIMe 3HAuYeHUs Kputepus |, W CpPaBHUBATHCS C

meK

ATAJIOHHBIM 3HAYEHHEM KpUTEpUsA. 3HAUCHHUE IapameTpa KOPPEKTUPYIOLIETO
yCTpOMCTBA  Ompenessercs 10  JMHEMHONM  3aBHCHMOCTH  IlapameTpa
KOPPEKTHUPYIOLIEr0 yCTPOMCTBA OT OTKJIOHEHHS 3HAUEHUS HWHTETPAIbHOTO

KBaAPaTHYHOI'O KPUTCPHUA:

Al=1_—1,,. (5.26)
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6 PASPABOTKA M HCCJIEJJOBAHUE CBOMCTB
NCEBJIOJIMHEMHOI'O HEYETKOI'O ITU/I - PETYJISITOPA U
CUCTEM YIIPABJIEHUSA C JAHHBIM PETI'YJATOPOM B CPEJIE
MATLAB

6.1. PaGoTa B makere MpUKJIAJHOr0 mporpammupoBanus MatLab ¢
HEYeTKOMH JIOTUKOM
MATLAB (cokpamenune ot anria. “Matrix Laboratory”) — maker

OPUKIIAIHBIX TIpOrpaMM IJIs1 PCHICHUA 3ada49 TCXHHUYCCKHX BBIUHCIICHUHA H

OI[HOPIMéHHBIfI A3BIK ITPOTPAMMUPOBAHMUA, HCHOHBByeMBIfI B OTOM IIaKECTC.

Azpik  MATLAB siBnsieTcsi BBICOKOYPOBHEBBIM HHTEPHPETUPYEMBIM

A3BIKOM IIporpaMMMpOBaHNsI, BKJIIOYarOImu1umM OCHOBAHHBIC

HAa  MaTpHIAX CTPYKTYpbl  JAaHHBIX, [IUPOKHHA  CIEKTp  (PYHKIHH,
UHTETPUPOBAHHYIO cpeny  pa3paboTKH, 00BEKTHO-OPHEHTUPOBAHHBIC
BO3MOXXHOCTH M MHTEPQEHCH K MporpaMMamM, HalMCaHHBIM Ha JAPYTUX SI3bIKaX
IPOTPAaMMHPOBAHUSI.

Fuzzy Logic Toolbox — ato maker pactmpenns MATLAB, conepxaniuii
UHCTPYMEHTBI JUIS MPOCKTUPOBAHUS CUCTEM HEUYETKOW JIOTUKH. [1akeT mo3BojsaT
CO3/1aBaTh JKCIIEPTHBIE CHUCTEMBI Ha OCHOBE HEUETKOH JIOTUKH, IMPOBOIHTH
KJIACTEPU3AINI0 HEYCTKUMHU AJITOPUTMAMH, a TAK)KE MPOCKTHPOBATH HEUCTKHE
Helpocetu. [laker Bkitouaer rpaduueckuii uHtepdenc Ajiss MHTEPAKTUBHOIO
TIOIIIarOBOTO TIPOCKTUPOBAHUS HEUYCTKHX CHUCTEM, (DYHKIIUU KOMAHIHOW CTPOKH
Ui pa3pabOTKU MPOrpamMM, a TaKXkKe CICIUAbHBIC OJIOKU IS TOCTPOCHHUS
CUCTEeM HedeTKoM jJoruku B Simulink.

Penaktop cucrem Heuetkoro BeiBoAa FIS (mmm mpocro pemakrop FIS)
SIBJISICTCSI OCHOBHBIM CPEJICTBOM, KOTOPOE HCHOJB3YeTCs JIs CO3JaHUS WIH
pPEIaKTHPOBAHMS CHCTEM HEUETKOTO BBIBOJIA B rpaduueckoM pexxume. Penakrop
FIS MosxeT OBITh OTKPBIT ¢ MOMOIIIBIO BBOA GyHKimu fuzzy nim fuzzy (' fismat')
B OKHE KOMaHa. JTa (DYHKIUS TPEIOCTABISET IOJIb30BATEII0 BO3MOXKHOCTh
3aJ]aBaTh U PEIAKTUPOBATHh HA BHICOKOM yPOBHE CBOWCTBA CHCTEMBI HEUETKOTO

BbIBOJA, TAKHMC KaK 4YHCJIO BXOJHBIX M BBIXOJAHBIX INEPEMCHHLIX, THUII CHUCTCMbI
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http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BA%D0%B5%D1%82_%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%8B%D1%85_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BA%D0%B5%D1%82_%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%8B%D1%85_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
http://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D1%80%D0%B5%D1%82%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D1%80%D0%B5%D1%82%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
http://sl-matlab.ru/services/products/detail.php?ID=430&list=c
http://sl-matlab.ru/services/products/detail.php?ID=423&list=c

HEYETKOTO BBIBOJIA, MCTIONB3YEeMbIN MeToT nedaz3udukanuu u T. 1. [Ipu sTom 1o
YMOJIYAHUIO TAKXKE 3aJa€TCsl LEJIbIN Psijl MapaMeTpPOB, TAKMX KaK TUIl CUCTEMBI
HEYETKOTo BhIBoja (MamaaHu), HEYETKHE JIOTHYECKHE OIepaluu, METOJIbI
UMIUTUKAIIAA, arperupoBaHus u nedazsudukanuum u HEKOTOphIE ApYyTHE.
[Tonp30BaTENh MOXKET COTJACUTHCS C ITUMU 3HAYCHUSIMU WA U3MEHHUTH UX.

6.2 PazpaboTka u ucciaegopanue CAP ¢ nceB1oiuHeHHBIM HEYeTKHM
peryasitopom B cpexe MatLab

CwmonenmupoBana CAP c¢ IIMJ] — perynsiTopoM M TCEBAOJMHEUHBIM

HeueTkuM [1M1]] - perynsaropom, KoTopast mpeacTaBieHa Ha puc. 6.1.

SFunction

Fuzzy Logic
Controller

5
128244541
Classic PID1 Transfer Fen1

3 uF—»

Step1

Scopel

> ) . ) S
126 +45+1
Transfer Fen2

Classic PID2

Pucynox 6.1 — Mogenb cuctemMbl aBTOMaTHYECKOTO PETYIMPOBAHUS C
ITN/1 1 HeYeTKUM PEryIsaTOpOM

Ha Bxox cucrem nojpaercs 3agaroniee BO3AEUCTBUE B BUAE CTYIIEHYaTOrO
curHasia. biox PID Controller conmepxut 3Hauenust mapamerpoB [IU]] -
peryssTopa, NoJIy4YeHHbIX NIOCIE HacTporku MeTtoaom L{uriepa - Hukosbca.

Ha puc. 6.1, maxomutcsi Onok HeueTkoW Jsioruku Fuzzy Logic with
Ruleviewer, koTopslii IpeIHa3HAYCH /I PEAAKTUPOBAHUS CHCTEMbI HEYETKOTO
BbiBOJA [IKY.

IIceBIOMMHENHBI HEUETKUM PETyJIATOp BKIOYAET B CBOM COCTaB
Heuetkoe IIKY, mnocnemoBaTenbHO, coeauHeHHOE ¢ Kkinaccuueckum IIMJI-
perymnstopom. Iloacrporika mapamerpos [IKY ocymiectBisiercst mo n3MEHEHUIO

OIIIUOKH.
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OOwmumit BHUJ TJIABHOTO OKHA pPEJAKTUPOBAHUS CHUCTEMBI HEUETKOIO

BBIBOJIA MPUBEJICH pHC. 6.2:

Fifis2

(mamdani)

FIS Name: FOfis2 FIS Type: mamdani
And method — . Current Variable
Or method X » Name: T
T tput
Implication = e e outed
Range [011.7]
Aggregation e e
Defuzzification centroid ~ Help ‘ Close |

Pucynox — 6.2. Bua rimaBuoro okHa penakropa FIS
ba3za npaBui1 HeueTKOro BeIBOJIa ¢ Ha3BaHueM “‘fuzzypid” mmeer oauH BXOA
— ommOKa € W BBIXOJ — MapaMeTp MmocTosiHHoi Bpemenu T. biok “fuzzypid”

COJICP>KUT CIIMCOK HEUETKHUX MPaBUJI, KOTOPBIEC MPUBEICHBI HA puC. 6.3:

1. If (e is OM) then (T is OM) {1}
_If (e is M) then (T is M) (1)
_If (e is N) then (T is N} (1}
If (e is S) then (Tis S} (1)
I (e is BS) then (T is BS) (1)
_If (e is B) then (Tis B) (1}
. If (e is OB) then (T is OB) (1)

=1 N e Co a2

Pucynox 6.3 — baza npaBui1 HEYETKOTO BBIBOIA
[TockoJIbKYy TIPOLIECC HEYETKOTO MOJECIUPOBAHUSA II03BOJISIET MPOBECTU
aHAJIN3 PE3YJbTATOB HEUETKOrO BHIBOJIA MPH PA3JTUYHBIX 3HAYEHUSX BXOJHBIX
MEPEMEHHBIX C IEJIbI0 YCTAHOBJIICHUS aJICKBATHOCTH pa3pabOTaHHONW HEYETKOM

Mojenu. Bus okHa HaOIrOA€HUSI HEUETKOTO BbIBO/JIa MIPUBEICH Ha puc. 6.4:
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e =065

>
[>

0.1 1.2 I

0.1 1.7

Pucynok 6.4 — Bun okHa HaOIIO€HHSI HEYETKOTO BBIBOAA
BBIXO/JIHBIX IEPEMEHHBIX TPU 3HAUEHUH BXOJHOU MEpPEMEHHON
6.3 Paspadorka CAP ¢ HeuyeTKHM peryJsiTopom Ajisi 00beKTOB 0e3
3ana3bIBAaHUS
Jlanee Ha puc. 6.5 npuBeneHa cxema CAP ¢ nceBnoJMHENHBIM HEYETKUM

u [IU]] - perynaropom st 00bEKTa yNpaBlieHUs C NMEpPenaToyHor (yHKIHMEH

Buga: W(s) =
155 +1
S-Function
Fuzzy Logic
Controller
a
25+1
Transfer Fen3 1
+— e upb—mp —
15s+1
st CasscPID1 ~ Transfer Fant
| | 53+ 1
Step1 Transfer Fend = E
Scopel
1
+ e ub—mp —
Y 155+1
Classic PID2 Transfer Fcn2

PucyHok 6.5 — Mojienib OJHOKOHTYPHOU CHCTEMbI aBTOMAaTUYECKOTO
perynupoBanus ¢ [I1]] u HeueTKUM peryssiTopoM Npu U3MEHEHUN 3HAYCHUS
napameTpa 00beKTa yrpaBieHUs
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Ha pucynkax 6.5 u 6.6 npuBeaeHbl IpauKu MEPEXOAHBIX MPOIIECCOB s
o0BeKTa YIpaBICHUS C UCXOAHBIM M M3MEHHUBIIUMCS 3HAUYEHUEM TMOCTOSIHHOMN
BpemMeHHu. IIpu >TOM 3Ha4YeHHs] MapaMeTpOB PETYIATOPOB OOEUX CHUCTEM
SBJISIIOTCA HeM3MeHHbIMH. Ha pucyHkax KpuBasi 1 COOTBETCTBYET CHUCTEMaM C
nceBoNMHEeHBIM HeueTkuM [IM]] — perynstopoM, a KpuBas 2 COOTBETCTBYET
cucreMam c¢ [IMAJ] — perymaropom. M3 pUCYHKOB BHJIHO, YTO KayeCTBO
PEryJIMPOBAHUS CUCTEMBI C NCEBIONMHENHBIM HeueTkuM [IW]] — perymsaropom
3HAYUTEIIBHO Jy4ule, yem cucteMsl ¢ 1IN]] — perynsTopom npu U3MEHUBILINXCS

napameTpax oObeKTa yIpaBiIeHHUS.

Pucynok 6.5 — IlepexoiHbIE XapaKTEpUCTUKH, ITOITYYEHHBIE IPU
HaYyaJIbHOM 3HaY€HHH 00bEeKTa nepBoro nopsaka 71 =lc c: 1 —
nceBaouHeHbIM HeueTkuM 1IN /] — perynsitopom u 2 — ITUJT —

PEryJIATOpPOM

Pucynok 6.6 — IlepexoaHbie XapaKTEPUCTUKHU, TIOJTYYEHHBIE IPU

Ha4yaJIbHOM 3HAY€HHH 00BbEeKTa TiepBoro mopsiaka 71 =15c c: 1 —
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nceBaoMHEeHbIM HeueTkuM [T1]] — perynsaropom u 2 — I[TN/] —

PEryJIATOPOM

Hanee cmonenupoBana ogHokoHTypHass CAP ¢ IIM]] - perynsitopoM u

nceBnoaMHeHbIM HeueTkuM [IM]] — perymstopoM, KoTopas mpencraBieHa Ha

puc. 6.7 u 6.8 1151 BTOPOTO MOPAJIKA. .

[lepenatounas  QyHKIUsA

W(s) = 1

s?+2s+1

00BbEKTA

yIpaBJICHUS

HUMCCT

BUI:

[Ipu HacTpoiike ObUIM MOTYUYEHBI CIEAYIONIUE 3HaYeHUsI KO OUITMEHTOB

[MN] - perynsitopa: K;=0,2771, K;=0,2984 u K;=0,0112.

S-Function

st1
| i G5+l

Stepl

Y

Fuzzy Logic
Controller

1

2st1
Transfer Fcn3

e u

L

1

#2511

Classic PIDA

Transfer Fend

Transfer Fen1

e u

—»

1

24251

Classic PID2

Transfer Fcn2

Pucynok 6.7 — CTpyKTypHasi cCXeMa CUCTEMBbI PETYJIMPOBAHUS C

Scopel

riceBoJIMHEHBIM HeueTkuM [T ] — perynsaropom u [TIN/] - perynsitopom

1715 00bEKTa BTOPOTO MopsiAKa 0e3 3ama3apiBanus npu 11 =1c
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A J

S-Function

Fuzzy Logic
Controller

1

251
Transfer Fen3

1
165242541
Classic PID1 Transfer Fen

e u—m

EI =1
| 55+1

Step1 Transfer Fend

1
155242541
Classic PID2 Transfer Fen2

+ e u

Pucynok 6.8 — CTpyKkTypHas cXxeMa CUCTEMBI PETYJIUPOBAHUS C
rceBnoJIMHEHBIM HeueTkuM [T ] — perynsaropom u [TIN/] - perymsitopom
1U1s1 00bEKTa BTOPOTO MOpsiika 0e3 3ana3asiBanus npu 71 =15¢
Ha pucynkax 6.9 u 6.10 npuBenensl rpapuku NEPexXOaHBIX MPOILIECCOB
JUTs1 00BEKTa YIPaBIEHUS C UICXOAHBIM M U3MEHUBIINMCS 3HAUEHUEM TTOCTOSIHHOM
BpeMeHHU. [Ipu 3TOM 3HaueHUs MapamMeTPOB PETYIATOPOB OOEUX CHUCTEM
ABJISIIOTCSL HEM3MEHHbIMU. Ha pucyHkax kpuBasg | COOTBETCTBYET CHUCTEMaM C
nceBAOMMHENHbIM HeueTkuM [IM]] — perymaropom, a kpuBast 2 COOTBETCTBYET
cucremam c¢ [IMJ] - perymaropom. M3 pUCYHKOB BHIHO, 4YTO KayeCTBO
pPEryJIMpOBaHUsI CUCTEMBI C TCEBAOJUHEWHBIM HeueTkuM [IN]] — perynsitopom
PEryJIATOPOM 3HAYMTENBHO Jiydlle, yeM cuctemsl ¢ [IM]] — perynstopom mpu

W3MEHUBIINXCS MTapaMeTpax 00beKTa yIpaBICHUS.
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Pucynok 6.9 — IlepexoHble XapaKTepUCTUKH, IOTYYEHHBIE PU
Ha4YaJIbHOM 3HaUY€HUHU 00beKTa BTOporo nopsaka 71 =lc c: 1 —
niceBioMHEeHbIM HeueTkuM [T — perynaropom u 2 — [TA]] -

PEryJIATOpOM

Pucynok 6.10 — IlepexogHbie XapaKTEPUCTUKH, OJIYUEHHBIE IPU

M3MEHHUBIIUMCS 3HaYeHUH 00beKTa BToporo nopsiaka 71 =15cc: 1 —
nceBoIMHENHBIM HeueTkuM [T1]] — perynsaropom u 2 — I[TN]] —
peryssaTopom
anee cmonenupoBana ogHokoHTypHasi CAP ¢ IIM]] - perynsaropom u
nceBnoauHeHbIM HeueTkuM [IM]] — perymsatopoM, KoTopas mpencraBieHa Ha

puc. 6.11 u 6.12 nnsa Tpetbero nopsiaka.
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[lepenatounass  ¢yHKIUs  OOBEKTAa  yNpaBiCHHs  HMMEET  BHU:

1

W = 3 2
S°+8°+s+1

[Ipu HacTpoiike ObUTM MOTYUYEHBI CIEAYIONINE 3HaUeHUS KO3 (HUIIMEHTOB

[MN]I - perynsitopa: K7 =0.0975; K;; =0.1277; K; = 0.10083.

S-Function

h 4

Fuzzy Logic
Controller

1

2s+1
Transfer Fen3

e u —

1
e
Classic PID1 Transfer Fenl

s+1
5s5+1

Stepl Transfer Fcnd

Scope

4+ = ut—m !

I sl tst
Classic PID2 Transfer Fcn2

Pucynok 6.11 — CTpykTypHas cxema CUCTEMBI PEryJINPOBAHUS

riceBoJIMHEHBIM HeueTkuMm [T /] — perynsaropom u ITIN/] - peryisitopom

JUTst 00BEKTa TPETHETO Topsika 0e3 3ana3abiBanus rnpu 7, =Ic

S-Function

A 4

Fuzzy Logic
Controller

1

2541
o) Transfer Fend
EI L 1
I 5s+1

Stepl Transfer Fcnd

1
1553 457 4511
Classic PID1 Transfer Fcnl

e uf—m

Scopel

1
1553 457 4511
Classic PID2 Transfer Fen2

+ > e u —

Pucynok 6.12— CTpykTypHasi cxeMa CUCTEMbI PEryJIUpPOBAHUS
niceBponuHerHbIM HeueTkuM 1IN/ — perynsaropom u [T /] - perynsaropom

JUTsl 00BEKTa TPETHETO MopsiaKa 0e3 3ana3asiBanus mpu 1, =15¢
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Ha pucynkax 6.13 u 6.14 npuBeneHbl rpaduky mepexoIHbIX MPOIECCOB IS
00beKTa yIpaBJjeHUSI C UCXOJHBIM M U3MEHUBIIMMCS 3HAYCHHEM MOCTOSHHOMN
BpeMeHu. [Ipu STOM 3HaYeHUS TApPaMETPOB PETYIATOPOB OOEUX CHUCTEM
ABJISIIOTCSL HEM3MEHHbIMU. Ha pucyHkax kpuBasg 1 COOTBETCTBYET cHUCTEMaM C
nceBAoMMHEeHbIM HeueTkuM [IW]] — perymaropom, a KpuBast 2 COOTBETCTBYET
cucreMam c¢ IIMJ - perymaropom. M3 pHCYHKOB BHJIHO, 4YTO KaydeCTBO
pPETYJIUPOBAHUSA CUCTEMBI C NCEBAOJUMHENHBbIM HeueTkuM [I1]] — perynsaropom
3HAYMUTENBHO Jydlle, yeM cucteMsl ¢ [I1M]] — perymaropom npu u3MEHUBIINXCSA

napaMmerpax oObeKTa yIpaBiICHHS.

Pucynok 6.13 — IlepexoaHbie XapaKTEPUCTUKH, MIOTyYCHHBIE PU
HayaJlbHOM 3HAYEHHH 00BEKTa TpeThero nopsaka 71 =lc c: 1 —

nceBaouHeHbIM HeueTkuM [T ]] — perynsitopom u 2 — ITU/J] - perynstopom

Pucynok 6.14 — Ilepexoanbie XxapaKTEPUCTUKH, TTIOTYYEHHBIE MTPU

HavyaJIbHOM 3HAYEHHH 00BEKTa TpEeThero nmopsiaka 71 =15¢ c: 1 —
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ncepoMHEeHbIM HeueTkuM [T — perynaropom u 2 — [TA]] -

PEryJIATOPOM

6.4 Pazpaborka CAP ¢ HeyeTKMM PperyJsaATopoM Ajsi o0beKTa ¢
3ana3AbIBAaHNEeM

Hanee cmonenupoBana ogHokoHTypHass CAP ¢ IIM]/] - perynsitopoM u
nceBaoaMHEeMHBIM HedeTkuM [IMJ] nms oObekTa ¢ YMCTBIM 3ama3/iblBaHUEM,

KOTOpasi pecTaBjeHa Ha puc. 6.15.

S-Function

Fuzzy Logic
Controller

1

2541
Transfer Fend

il =21
I A5t

Stepl Transfer Fend

»5

1 .
e uE—,. — Dw
1592 +5+1 .

- Transfer Fen1  Transport
Classic PID1 Delay

Scopel

N 1 .
g pie u [ D%f |
i 1592 4541 .

- Transfer Fcn2  Transport
Classic PID2 Delayl

Pucynok 6.15 — CTpyKkTypHas cxema CUCTEMBI PETYJINPOBAHHUS C
nceBnomHerHbIM HeueTkuM 111 — perynsitopom u [TA/] - perymsaropom

JJIA 00BeKTa BTOPOI'O IMOpAdKa € 3alla3AbIBaHUCM

1

Ilepenatounas GpyHKUMS 00BEKTA yIPABICHUS UMEET BUA: W = e isal
S°+5S+

[Ipu HacTpoiike OBLTN MOTYUYEHBI CIEAYIONINE 3HAYCHUS KO (HUIIMEHTOB
[MN]] - perynsitopa: K;=3,473, K;=0,1811 u K;=4,7848.

Ha pucynkax 6.16 u 6.17 npuBeaeHs! rpaduku MepexoIHbIX IPOLECCOB
JUIs OOBEKTA YIIPABICHUS C UICXOIHBIM U U3MEHUBILIUMCS 3HAYEHUEM NTOCTOSTHHOM
BpemeHH. [Ipu »TOM 3HaYeHHWs] TApaMeTPOB PETYISATOPOB OOEUX CHUCTEM
SBIISIIOTCS HEM3MEHHBIMH. Ha pucyHkax kpuBas 1 COOTBETCTBYET CHCTEMaM C

nceBaouHeHbIM HeueTkuM [IN]] — perynaropom, a KpuBasi 2 COOTBETCTBYET

79



cucremam c¢ [IWUJ] - perymaropom. M3 pHCYHKOB BHIHO, 4YTO KadeCTBO
PEryJIMPOBAHUS CUCTEMBI C NCEBIONMHENHBIM HeueTkuM [IW]] — perymsaropom
3HAYUTEINIBHO JIy4dlle, yeMm cucteMsl ¢ [IN/] — perynsropom npu W3MEHUBIIUXCS

napaMmerpax oObeKTa yrpaBiICHHUS.

Pucynok 6.16 — [lepexoHbie XapaKTepUCTUKH, TOJIYUCHHBIE IS
00BbEKTa BTOPOTO MOPSAKA C YACTHIM 3ala3/IbIBAHUEM T54, =1C: 1 —C
riceBaoJMHeHbIM HeueTkuM 1IN /] — perynsitopom u 2 — ¢ TTA/J] -

pEryJIATOpOM

Pucynok 6.17 — IlepexogHble XapaKTEPUCTUKH, MOJTYYEHHBIE JIS

00BEKTa BTOPOT0 MOPSAJKA C YUCTHIM 3aNa3/IbIBAHUEM: T,,, =15c Cc: 1 —cC
nceBloNMHeHbIM HeueTkuM [T/ — perynsaropom u 2 — ¢ I[TU]] -
PEryIsaTOpOM
PesynpraTel HccieqoBaHUSA INOKA3ad, 4YTO IPUMEHEHHUE JTAHHOIO
ncepnoauHerHoro Heuerkoro IIMJ[ — perymasaropa mMO3BOJISIET yIydIIWTH
KayeCTBO CHUCTEMBI YIPaBJICHHUS NPU HU3MEHEHUU [apaMETpOB OOBEKTa

YHpaBJICHUSA B OIIPCACIICHHBIX IMPCACIAX.
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7 CTPYKTYPA JJABOPATOPHOI'O KOMIIVIEKCA
7.1 Ha3HayeHue, COCTAB W TEeXHUYECKHE XAPAKTEPUCTHKH

konTposiepa SIMATIC S7-400

Buemnuii  Bug  omgHoM  croiiku  koHTposuiepa  SIMATIC  S7-400
oTpeIeTICHHOW KOH(UTYpaIuu oKa3aH Ha puc. 7.1,

3 2 4 7 8 9

Pucynox 7.1 — Buemmnwuit Buj crotiku koHTposuiepa S7—400.
Ha puc. 7.1. npuBenensl o603Hauenus: 1 — 610k nutanus, 2 — 0ydepnas

Oarapes (ms Bcex CPU kpome 312FM), 3 — kiteMMBI [T IOIKITIOUCHUS THTAHUS
24B, 4 — KIJIF0Y MEPEKITIOUYCHUS] PSKUMOB pabOThI, 5 — CBETOIMOAbI WHINKAIIUH
COCTOSIHUSI CUCTEMBI, 6 — cyOMoyib mamMsatH (11t Bcex CPU kpome 312FM), 7 —
paszpeMm MHOToTOueuHOTro nHTepdeiica MPI, 8 — hponTanpHBIN cCOeTUHUTEND, 9 —
3aIUTHAS KPBITIKA.

Cucrema S7-400 nMeeT HECKOJIBKO THIIOB IIEHTPAIBHBIX MPOIECCOPOB:
CPU 312FM, CPU 313, CPU 314FM, CPU 314, CPU 315, CPU 315-2DP, CPU
316, CU 318-2DP.
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Tabnuna 7.1 — XapakrepucTuka npoueccopon

3
15/315D
P

4
8/64 Ko

20 K6 4 4 8 1| 64K6
20 K6 0 K6 8 K6 0 K6 0 K6/96 | 92 K6 -
- 4 - K6 - | 1o 4 Mo
n 8KO6 a - it
o0 4 Mo al 04 Mo a| o04Mo6
04 M6 04 M6
0 0 0 0 0 0
6-1.2 .6 3-06 | .3-0.6 3-0.6 3-0.6 1
1 1 1 1 0
1
9 1 1 1 6
56 56 92 024 024/ 6384 5536
8192
64/32 2 2 2 1 4
4/32 | 48/124 | 56/128 | 56/512 024 096
3 3 3 3 3 3
1 1 1 1 1 1 1
1 1 1 1 1
+3 +3 +3 +3 +3
8 I I I it it
032 032 032 032 032
0 0 0 0 1 2
/1 /1 /1 /1 /11/1 /1 /2




0/8 0/8
1 /16

/16

/132
64/64

24/64

25/64

Ha Ta6mune 7.1. npuBeneHsl 06o3HaueHus: 1 — o0beM BcTpoenHoro O3V,

2 — obbem 3arpyxaemor BcTpoeHHOM RAM, 3 — o0beMm 3arpyxkaeMoit

pacumpenHoir EEPROM, 4 — kapra Flash-EEPROM, 5 — Bpemst BeImoTHEHHS

JIOTUYECKOM OIIcpanumnu — MKC, 6 — BPCM: BBIIIOJIHCHUSA OIICpAlUH C HHaBaI-OHICﬁ

3aMsTON — MKC, 7 — KOJMYECTBO JUCKPETHBIX B/B, 8 — KOJIMYECTBO aHAJIOTOBBIX

B/B, 9 - komuuectBo ctaHimit MPI untepdeiica, 10 — KomuyecTBO CTOEK B

LEHTPaJnU30BaHHOM cucreme, 11 — kommuecTBO Monynen B cucreme, 12 —

kormdecTBO DP-muaunii Ha CPU (Betpoennbix/CP), 13 - kommmyectBo DP-craniuit

Ha JTUHHIO (BCTpoeHHBIX/CP).
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8 COUHUAJIBHASA OTBETCTBEHHOCTD

Lenbto BBIMYCKHOW KBaTH(PUKAIMOHHON pabOTHI SIBISETCA pa3paboTKa,
UCCIIEJOBAaHME U IIPOrpaMMHasi peaju3alus Ha KOHTpoiuiepe «Siemens Simatic
S7-400» ncesnonuueitHoro Heyetkoro [IW/I-perymnsropa.

Pa3pabGotka, wuccienoBaHue ¢ peanu3alus  KOPPEKTUPYIOLIETO
YCTPOMCTBA BBIMIOJHSAIOTCS C MCIOJB30BAHUEM IEPCOHAIBHOTO KOMIbIOTEpA U
POMBIIIJIEHHOTO MUKPOKOHTpoIiepa «Siemens Simatic S7-400», B 3aMKHYTOM
MOMEIICHUH B YCIIOBUSX UCKYCCTBEHHOT'O OCBEIICHUs. TakuM 00pa3zom, MephI o
MUHUMH3ALUHU [TOCIEACTBUI MPOSKTUPYEMOIl ACSITENbHOCTU JTOJKHBI BKITIOYATh
B ce0s COCTaBJI€HUE pEXHUMa pabdOT Ha MEPCOHAIBHOM KOMIIBIOTEPE,
OpraHM3alii0 TEepepbhIBOB M MpoBeTpuBaHuid. Kpome TOro, cyuiecTByer
HEO0OXOJIMMOCTh MEp MO0 0OECIIEUEHHUIO IIEKTPOOE30MaCHOCTH, a TaKKe 3al[UThI
ot UC.

8.1.AHa/n3 onacHbIX U BpeaHbIX GaKTOPOB

MeTteoyc/ioBus

[IpoananusupyemM MUKpPOKIMMAT B TOMELIEHUH, TJI€ HAaXOQUTCs pabouee
MecTo. Bo3nyx paboueit 30HbI (MUKPOKJIMMAT) TPOU3BOJICTBEHHBIX MTOMEIIEHUM
OTIPENEIAIOT CIAEAYIOLIUE TapaMETPhL: TEMIIEpaTypa, OTHOCUTENbHAS BIIaXKHOCTb,
CKOPOCTb JBMKEHMSI BO3yXa. DTH MapaMeTpbl MO OTACIBHOCTA U B KOMIUIEKCE
BJIMSIIOT HA OPTaHU3M YeJIOBEKa, OMPEAeisisi ero caMouyBcTBre. ONTUMATbHBIE U
JIOTIYCTUMbIE€ 3HAUEHHUS! XapaKTePUCTHK MUKPOKJIMMATa YCTAHABIMBAIOTCS B
cootBeTcTBUH ¢ [[OCT 12.1.005-88 u CanlluH 2.2.4.584-96 «['uruenndeckue
TpeOOBaHUS K MUKPOKJIMMATY MPOU3BOICTBEHHBIX MTOMEIIEHUI 1 TPUBEICHBI B

tabnure 8.1
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Tabnuna 8.1 — OnTuManbHbIe U TOMYCTUMBIEC 3HAUEHUS XapaKTEPUCTUK

MUKpOKJINIMATa

OTtHocuTenbHas Ckopoctb JIBUKCHHUS
[Tepuon rona Temneparypa, C

BIIQXHOCTb, %0 BO3/yxa, M/C
XoJIOOHBIN u

23-25 40-60 0,1

MEPEXOAHBIN
Teéruteiii 23-25 40 0,1

[lo crenenn @u3anyeckol TSKECTH padoTa HHMKEHEpa-IPOrpaMMHUCTa
OTHOCHUTCSI K Kareropuu JErkux pador. Ilapamerpsl MHKpOKIMMara B
MOMEIIEHUH, TJI€ HaXOAUTCS pabodyee MECTO, PEryJupyroTcs CHUCTEMOM
[IEHTPAJIBHOTO OTOIJICHUSI M MPUTOYHO-BBITSHKHONW BEHTHJISLIMEH, M HMEIOT
CIeAyIOIINe 3HaUYeHHs: BIaXHOCTh 40%, ckopocTh aBkeHUs Bo3ayxa 0,1 m/c,
temneparypa jgerom 20...25° C, 3umoii 15...18°C.

K wmepompuatusiMm 1o  O3J0pPOBJICHHIO  BO3JIYIIHOW Cpelbl B
MPOU3BOJICTBEHHOM TOMEIEHUM OTHOCATCS: TpaBWIbHAas  OpraHu3alus
BEHTWISIIIMK UM KOHJAWUIMOHUPOBAHUSI BO3AyXa, OTOIUJICHUE TOMEIICHUM.
BeHTWIsI11s MOKET OCYIIECTBIISTHCS €CTECTBEHHBIM U MEXaHUYECKUM NyTEM. B
nomenenuu Bl nomkHbI MogaBaThCs CIeAYIONIME 00BEMBI HAPY>KHOTO BO3/yXa:
npu 06béMe nomemenus 10 20 M® Ha uyenoBeka — He MeHee 30 M® B wac Ha
yejloBeKa; Npu o0bEMe momemenus Oonee 40 M> Ha YeaOBEKAa M OTCYTCTBUH
BBIJICJICHUS BPEIHBIX BEIIECTB JIOMYCKAETCSl €CTECTBEHHASI BEHTUJISLIMSL.

B aynutopun oTCyTCTBYET NPUHYAUTEIbHAS BEHTWISIIUA. VIMeeTCs uIlb
€CTEeCTBEHHAas1, T.€. BO3JyX IMOCTYyMaeT W yAAJISIETCA 4Yepe3 MM, OKHA, JBEPH.
OCHOBHOM HENOCTAaTOK TAKOM BEHTWJISALIMK B TOM, YTO NPUTOYHBIA BO3IAYyX
MOCTYMaeT B TOMENICHHE Oe3 MpeBapUTEIbHON OYUCTKA W HarpeBaHMs.
EcrecTBeHHass BEHTWISAIMSA JOMYCKAETCsl MPU YCJIOBUU, YTO Ha OJHOTO

3 oO0BbeMa BO31yXa B IIOMCHICHHHU.

paboTaromiero npuxoautcs Oomee 40 M
[TockonbKy B TTOMEIICHUU HE BBITIOJIHACTCS TpeOOBaHHWE K 00BEMYy BO3ayXa Ha
OJTHOTO Pa0OTaIoMmIEro, TO HAJWYHE MPUHYAUTEILHON BEHTHIISIIIUU ITPOCTO

HEO00XOIMMO.
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B 3umHee BpeMs B MOMENICHHH HEOOXOIUMO MPEAYCMOTPETh CHCTEMY
ororuieHus. OHa JOMMKHA oOOECIeYMBaTh JIOCTATOYHOE, IOCTOSHHOE W
paBHOMEPHOEC HAarpeBaHHe BO3/1yXa. B TOMEHICHUAX C TOBBINICHHBIMH
TpeOOBAHHUSAMH K YHCTOTE BO3IyXa JIOJHKHO MCIIOIb30BAThHCS BOASHOE OTOILICHHE.
B paccmaTpuBacMoOi ayJAMTOPUU HCIIOJIB3YETCS BOJISHOE OTOIUICHHE CO
BCTPOCHHBIMH HarpeBaTeIbHBIMK JICMEHTAMHU U CTOSIKAMH.

OnacHOCTDb JIEKTPONOPaKeHUsI

DJIEKTPUYECKUE YCTAHOBKU MPEJACTABISIOT IS YCJIOBEKA OOJIBIIYFO
MOTEHIMAIBHYIO OIMaCHOCTh, KOTOpas yCyryOisieTcss TeM, YTO OpraHbl YyBCTB
YyeloBeKa HE MOTYT Ha PACCTOSHUU OOHAPY)KUTh HAJMUYUC DIIEKTPHUCCKOTO
HaIMpsHKCHUS Ha 000PYI0BaHHH.

B 3aBHCHMOCTH OT YCIOBHII B IOMEIICHMH OIACHOCTH IOPAKECHHUS
YeJI0BeKa DJICKTPHUSCKUM TOKOM YBEIMUMBACTCS WM yMeHbInaeTcs. He ciemyer
paboTaTh C KOMIIBIOTEPOM M KOHTpoJuiepoM «Siemens Simatic S7-400» B
YCIAOBHSAX IIOBBIIMICHHON BIAKHOCTH (OTHOCHTEIbHAS BIAKHOCTH BO3AyXa
JUTUTENIbHO TpeBbIiaeT 75%), Beicokoi Temmeparypsl (Oosee 35°C), Hamuuuu
TOKOIIPOBOMAIICH  IBUIH, TOKOMPOBOMSIIUX IIOJIOB M  BO3MOXKHOCTH
OJTHOBPEMEHHOTO CONMPUKOCHOBEHHMS K HMEIOIIMM COCIUHCHHE C 3eMIIEH
METAJUTMYCCKUM SIIEMEHTaM u METAJUTMYCCKUM KOPITyCOM
anexkTpoobopynoBanusi. Takum o0Opa3om, paboTa ¢ KOMIBIOTEPOM U
KOHTpoJutepoM «Siemens Simatic S7-400» MOXeT NPOBOAMTHCSA TOJBKO B
MOMEIIEHUAX 0€3 MOBBIIIEHHOW OMAaCHOCTH, U BO3MOKHOCTD MOPAKCHHS TOKOM
MOJKET OBITh TOJILKO MPH MPUKOCHOBECHHH HETIOCPEACTBEHHO C 3JIEMEHTAMH STHX
KOHCTPYKLIMH.

CTyAEHT-TUIUIOMHHK pabOoTaeT C 3JIEKTPONPHOOpaMU: KOMITBIOTEPOM
(mucriedt, CUCTEMHBIH OJIOK, MAHHUIYJIATOP «MBIIIb» W  KJIaBHATypa),
KOHTpoJutepoM «Siemens Simatic S7-400» u npunTepoM. B maHHOM citydae
CYILECTBYET OMACHOCTbH AIICKTPOIIOPAKEHUSL:

"  [PU HEMOCPEACTBEHHOM MPUKOCHOBEHHHM K TOKOBEIYIIMM YacTsAM BO

Bpems pemoHTa [I19BM wminm koHTposuiepa «Siemens Simatic S7-400;
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"  [pM OPUKOCHOBEHUH K HETOKOBEIYIIMM 4YacTsAM, OKA3aBIIUMCS IOA
HaIpspKEHUEM (B Cllydae HapylI€HUs HU30JLHH TOKOBEAYIIMX 4YacTeu
[13BM wiu xoHTpOsuiepa «Siemens Simatic S7-400»);

" [pU CONPUKOCHOBEHHWH C TIOJIOM, CTEHAMH, OKA3aBIIMMHCS IOJ

HaIpsHKEHUEM;

"  HMMEETCs] OMACHOCTh KOPOTKOTO 3aMbIKaHUS B BHICOKOBOJIBTHBIX OJIOKaXx:
0JI0Ke MUTaHUA U OJIOKE AUCTIIICHHON pa3BEPTKHU.

Bce nomenienus, B 3aBUCUMOCTHY OT YCIIOBHM, IETATCS HA TOMELICHUSA:

=  0co00 omacHEbIE;
"  C [OBBIIIEHHOW ONaCHOCTHIO OPAXKEHUS ANEKTPUUECKUM TOKOM;
* €3 MOBBIIIEHHOI ONaCHOCTU MOPAXKEHUS ANEKTPUUECKUM TOKOM.

CornacHo Takoil kinaccupukanuu nomenieHui, ayauropus 113a—10 mo
OMAaCHOCTU 3JIEKTPONOPAKEHUSI OTHOCUTCA K MOMEUICHHUSIM 0€3 MOBBIIIEHHOM
OIMACHOCTH, TO €CThb OTCYTCTBYIOT YCJIOBHS, CO3JAIOLIME ITOBBILICHHYIO
OIMACHOCTb.

B nabopaTtopun HCnonb3yroTCsl NpUOOPHl, MOTPEOIIAIOINE HAPSIKEHUE
220B nepemeHHOT0 TOKa ¢ yactoToi 501 1. DTO HaNpsHKEHWE ONACHO IS )KU3HH,
03TOMY 00s3aTeNIbHBI CIEAYIOLINE MEPBI TPEIOCTOPOKHOCTH:

* repe] HauajaoM padoThl HY’KHO YOEIUThCS, UTO BBIKJIIOUATENIN U PO3ETKA
3aKpEIUICHbl U HE UMEIOT OTOJIEHHBIX TOKOBEAYIINX YacCTeH;

" Ipu OOHApYXKEHUU HEHCHPABHOCTH OOOpYJOBaHUS H MPUOOPOB
HEOOXOAMMO HE JieJasi HUKAKUX CaMOCTOATENbHBIX HMCHPABJICHUMA
COOOIIUTh OTBETCTBEHHOMY 3a 000PY/I0BAHMUE;

" 3aMpeliaeTcs 3arpoMoXKaAaTh pabouee MEeCTO JUIIHUMHU IPeIMEeTaMH.

" Opyd BO3HMKHOBEHMM HECYACTHOIO CJiydasl CIEIyeT HEMEJIEHHO
OCBOOOJUTH MOCTPAZaBIIEr0 OT ACUCTBUS AIIEKTPUUYECKOTO TOKa W,
BBI3BaB Bpaya, 0Ka3aTh eMy HEOOXOAUMYIO TOMOIIb.
DJIEKTPOMATHUTHOE M3JIy4eHHe 0T KOMIIbITepa
Kax nro6s1e anexktpuueckue npudopsl, Bugaeoauciuied (BJl) u cuctemusie

010KH1 IMPONU3BOAAT OJCKTPOMAIrHUTHOC M3JIYUCHHC. bonemas 4acte ero
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MIPOUCXOJIUT HE OT IKpaHa MOHHUTOPA, a OT BUICOKa0ENs U cCUCTeMHOro 6Jyi0Ka. B
MOPTATUBHBIX KOMIBIOTEPAX MPAKTUYECKU BCE AIEKTPOMATHUTHOE HU3IYyUYCHHE
UIET OT CHUCTEMHOTO OJIOKa, pacrhojlararouierocs IMoja  KJIaBUATypOil.
CoBpeMeHHbIE  MAIlIUHBl ~ BBIMYCKAIOTCS  3aBOJIOM-M3TOTOBUTEIIEM  CO
CHEeIUaIbHOW METaUIMYECKOW 3alllUTONM BHYTPU CHUCTEMHOro OJoka s
yMEHbIIEHUs (POHA IIEKTPOMATHUTHOTO U3ITYUYECHUSI.

be3omnacHble  ypOBHM  M3JIyYE€HHH  pErIaMEHTUPYIOTCS  HOpMaMH
['ockomcananueMHan3opa «l'urueHnyeckue TpeOOBaHUA K TMEPCOHAIBHBIM
AJIEKTPOHHO-BBIUUCIUTEIHHBIM MalIuHaM ©u opraHuzanuu padbote» (CanlluH
2.2.2/2.4.1340-03). HanpspkeHHOCTD 3JIEKTPOMArHUTHOTO TIOJSI HA PACCTOSTHUU
50 cm Bokpyr BJI 1o anekTpruyecKkoi coCTaBIISIONICH T0KHA OBITh HE OoJiee:

B mmamazone gyactot 5 I'it + 2 kl'i; — 25 B/Mm;

B mmnamnazone yactot 2 kl'11 + 400kl 11 — 2,5 B/Mm.

[110THOCTH MarHUTHOTO MOTOKA JIOJKHA OBITH HE OoJiee:

B nmuamazone wactot 5 I'im + 2 k't — 250 vT;

B nmanaszone vactot 2 kI’ + 400kl — 25 HT .

Bosmoorcnvie cnocobwl 3awumor om SMII:

OcHOBHOI CcMOCOO — YBETWYEHHE PACCTOSHUA OT HMCTOYHUKA: IS
n30eraHusi TMOCJEJICTBUM OSKpaH BHUJACOMOHUTOpPA JOJDKEH HAXOJUTCA Ha
pacctosinun He MeHee 50 CM OT MOIb30BaTElIs;

[Ipumenenre NpuUIKpaHHBIX (PUIBTPOB, CHICITUATBHBIX YIKPAHOB U APYTHUX
CPEACTB  WMHAMBUIYIbHOM  3allUThl,  MOPOILICAIINX  HCIBITAHHE B
aKKpEAUTOBAHHBIX  J1a0OpaTOpUsiX W HUMEIOIMHUX  COOTBETCTBYIOLIUM
TUTUCHUYECKHUN cepTuduKar.

8.2 Ilo:kapHasi 6€30MaCHOCTh

[HoxkapHast npopuiiakTuKa

Mepomnpusatuss 10 TOXKApHOW TPOPMIAKTHKE pa3AeNsiOTCsS Ha
OpraHU3allMOHHbIE, TEXHUYECKUE, IKCILTyaTallMOHHbIE U PE)KUMHBIE.

OpraHuzallioHHblE MEPOIPUATHUS MPEIyCMATPUBAIOT MPABUIIbHYIO

AKCILTyaTalio 000py0BaHuUs, TPABUIBLHOE COAEpKaHUE 3IaHU U TEPPUTOPHIA,
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OPOTUBOMOXKAPHBIM ~ MHCTPYKTaX  pabouMx W CHOyXallux, oOyueHue
MIPOM3BOJICTBEHHOIO TMEPCOHANA MpaBWIaM MPOTUBOMOXApHON 0e30MacHOCTH,
W3JIaHUE UHCTPYKIUH, MJIaKaTOB, HATMYKE MJIaHA IBAKYyallUH.

K texuumueckum MEPOIPUITUSIM OTHOCSITCSL: coOmroieHne
MPOTUBOIOKAPHBIX MPaBWJI, HOPM TMpPU MPOCKTUPOBAHUM 3[AaHUM, MPHU
YCTPOMCTBE DJIEKTPONPOBOJOB MU OOOPYIOBaHUS, OTOIUICHUS, BEHTUJISAIUHU,
OCBEILIEHUS, TPABIIIBHOE pa3MeIIeHne 000pyI0BaHUs, HATHUNE YTIECKUCIOTHOTO
ornerymurtenu tuna OY-2 unm nopoukosoro tuma OIT-5.

K peXuMHBIM OTHOCSITCSI yCTaHOBJICHHWE MPABUJI OpraHu3alu padoT u
COOJTIOIEHNE TIPOTHUBOIIOKAPHBIX MEP.

MeponpusiTus 10 yCTPAHEHUIO U NPeAyNPeKAeHUI0 0KaApOB

JUtst npeynpexaeHusl BOSHUKHOBEHHUS MOXapa He00X0IMMO cOoOJII01aTh
CJIEyIOIME IPaBUIIa OKapHOH 0€30M1aCHOCTH:

"  JUCKJIIOYEHHE  o0pa3oBaHus  roprooued  cpenbl  (TepMeTH3anus
000pynoBaHuUs, KOHTPOJIb BO3AYIIHOW Cpeabl, paboyas U aBapuiiHas
BEHTHIISIIIHSA );

"  [pUMEHEHHUE MPH CTPOUTEIHCTBE U OTACIKE 3JaHW HECTOPAEMBIX WIIH
TPYAHO CIrOPAEMbIX MaTEPUAJIOB.

* HeoOxogumMo B ayAUTOPUM MPOBOAMTH  CIEIYIOIIME  IOXKAPHO-
npoUTAKTUIECKIE MEPOTIPUSTHS:

"  OpraHM3alMOHHBIE MEPONPHUATHS, KAaCAIOUINECs] TEXHUYECKOTO IMpolecca
C YYETOM MOKapHOU 0€30MacCHOCTH O0BEKTA;

" DOKCIUTyaTallMOHHBIE MEPOMPHUATHS, PACCMATPHUBAIOIINE AKCIUTyaTaI[HIO
HMMEIOIIETOCs 000pYA0BaHUS;

"  TEXHUYECKHE W KOHCTPYKTHBHBIC, CBSI3aHHBICE C IPABUIBHBIM
pa3MeUIeHUEM M MOHTA)KOM JJIEKTPOOOOPYJIOBaHHUS M OTOMHUTEIbHBIX
pruoOOPOB.

Opranu3alinoOHHBIE MEPOTIPUSATHS:

"  [IPOTHUBOIOXAPHBIA HHCTPYKTAXK OOCITY>KMBAIOIIETO MTEPCOHAIIA;

=  o0yueHue nepcoHaja npaBuiiaM TEXHUKU 0€3011aCHOCTH;
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"  Y3JaHWe UHCTPYKLUH, IIJIAKATOB, IUIAHOB IBAKYyAal[UU.
DKCIuTyaTalMOHHBIE MEPOTIPHUSITHSL:

"  cOOMIOICHUE DKCIUTYTAllMOHHBIX HOPM 000pY10BAHMS;

=  oOecrnedyeHre CBOOOIHOrO MOIX0/Aa K 000py10BaHUIO;

"  COJEpKaHHE B UCIIPABHOCTH U3OJISILIUU TOKOBEIYIIUX POBOIHUKOB.
TexHu4yeckre MEPONPUSTHSL:

"  coOJrofeHHe TMPOTHBOIOXKAPHBIX MEPONPHUSATHI TpU  YCTPOHCTBE
AJIIEKTPOIPOBOJIOK, OOOPYJOBaHUS, CUCTEM OTOIUICHUSI, BEHTWISIUU U
ocemieHusi. B aymuropun 113a 10 xopmyca umeeTcsl MOPOIIKOBBIN
orHerymurens tuna OIl-5, ycraHoBIeH pyOMIbHUK, 00€CTOYMBAOIINN
BCIO ayJMTOPHUIO, Ha JIBEpU ayJUTOPUM IPUBEICH IUIAH 3BaKyalud B
Cly4ae I0)Kapa, U Ha JOCATaEMOM PAaCCTOSHUM HAXOJMTCS IOXKAPHBINU
mut (1 srax 10 kopmyc). Eciu Bo3ropanwe MpoM30LLIO B
JJIEKTPOYCTAHOBKE, UId €ro YCTPAHEHUSA [JOJDKHBI HCIIOJIb30BATHCS
YIJIEKUCIOTHBIE OTHETYIMTENM Tiuna OY—2 unu nopomkossie Tuna Oll-
S.

"  [OpopUIAKTUYECKUNA OCMOTP, PEMOHT U UCHBITAHUE 000PYI0BAHUS.
Kpome ycTpaneHuss camoro ouvara I0apa, HYKHO CBOEBPEMEHHO

OpraHMU30BaTh PBAKYALIUIO JHOJIEH.
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( - TenedOoHbl ANSA BbI30Ba NOXaPHON KOMaHAb!

Pucynok 8.2 — Ilnaun sBakyauuu u3 ayautopuu 113a
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8.3 PernonasibHasi 6e3onacHoctb. OxpaHa okpy:kawuiei cpeabl

Hctopusi BiusHUS YenoBeka Ha Ouocdepy MOKa3bpIBae€T, 4YTO
TEXHUYECKUIN IPOrPECC MOCTOSTHHO YBEJIMYMBAET BO3ACHCTBUS HA OKPYKAOIIYIO
Cpelny, CO3AaeT MPEANOChUIKH AJIs1 BO3HUKHOBEHUS SKOJIOTUYECKUX KpU3UCOB. B
TO K€ BpPEMs IPOTPECC PaCIIUPSAECT BO3MOKHOCTH YCTPAHEHHUS CO3/1aBAEMBIX
YEJIOBEKOM YXYLIECHUN PUPOAHOUN CPEIBI.

3amuTa OKpY>KaroIIel cpepl - ITO KOMILIEKCHAs podiiema, Tpedyromast
ycuiaud Bcero uenoBeuecTtBa. Hauwbonee axkTuBHOM (GOpPMOM  3aIUTHI
OKpY’)Karouiel cpenbl OT BPEAHOTO BO3JEHCTBHUS BHIOPOCOB MPOMBIIIICHHBIX
NPEANPUSTANA SBISCTCS TOJHBIM Mepexoa K 0€30TXOJHBIM, MAJIOOTXOJHBIM U
HHEpProcOEperarouMM TEXHOJIOTUAM U MPOU3BOICTBAM. DTO MOTPEOYET peleHUs
LEJIOr0 KOMIUIEKCAa CIOXKHBIX  TEXHOJOTMYECKHX, KOHCTPYKTOPCKUX H
OpraHU3allMOHHBIX 33/1a4, OCHOBAHHBIX HA HUCMOJb30BAHUH HOBEHIINX HAY4YHO-
TEXHUYECKUX JIOCTUKEHHI, B YaCTHOCTH BHEAPEHHUE B IPOLIECC IPOCKTUPOBAHUS
HOBOW pPaJMO3JIEKTPOHHOU ammaparypa u cpeacts BT. Ienpro auminomHON
paboTbl OblIa pa3paboTKa MPOTPAMMHOIO OOECHEYeHUs! ICEeBIOIMHEHHOTO
KOPPEKTUPYIOILIETO0 YCTPOMCTBA, BHEAPEHHE KOTOPOTO IMO3BOJUT 3HAYUTEIBHO
causuth npocron ACY TII u3z-3a mepeHacTpoiiku o00OpyAOBaHUS MPU BBIXOJIE
napameTpoB TII 3a npezensl BBIOpaHHBIX HACTPOECK 000PYIOBAHUS.

Ecnu ucnone3yemoe 000py0BaHUE M0 KAKUM-TMOO MPUYMHAM BBIIAET
U3 CTpos W HE OyIeT NOoaJaBaThCI PEMOHTY, TO €ro HeoOXoaumo OyJner
yTHiIn3upoBaTh. [lmacTmaccoBble, Kene3Hble JeTadd, MOXHO IYyCTUTh Ha
nepepabotky. IlepepaboTke Tak »*e MOAMACTCS U UCIOIb30BaHHAS U HEHYXHasI

OyMmara, €e MOXKHO CZIaTh B IPUEM MaKYJaTypPhl.
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9 ®PUHAHCOBBII MEHEJ[)KMEHT,

PECYPCOO®P®EKTUBHOCTDb U PECYPCOCBEPEXEHUE

9.1 Opranuszauus v IJIAHUPOBaHUe padoT

IIpu opranuzanuu mnporecca pealu3allid KOHKPETHOIO IIPOEKTa

HCO6XO,ZIHMO OIITUMAJIBHO INTAHHUPOBATDL 3aHATOCTD KAKJAO0T'0O U3 CI'0 YYACTHUKOB

N CPOKHU IIPOBCACHUA OTACIbHBIX pa60T.

Ta6muna 9.1 — [lepedyeHs pabOT U NMPOAOIKUTEIBHOCTh UX BBIOTHEHUS

Hcnonnure 3arpy3ka
dTanbl padoThl
JIu HCIOJTHUTeel
HP — 100%
IlocTaHnoBKka 3agaHus HP
HP —50%
Cocrasnenue u yreepxkaenue T3 HP, 1
N —100%
HP — 100%
Pa3paboTka kajleHaapHOro IiaHa HP, 1
N —100%
N3ydenue nutepaTypHBIX HCTOYHUKOB,
HaIMCaHUe TEOPETUICCKON JacTh paboThl U nu N —100%
MaTEeMaTHYECKHUX BBIKJIAIOK
Coznanue anantuBHoil CAP c [IKY 141 N —100%
Co3znanue mporpaMMHOTO 00eCTICYCHUS JTST
o nu N —100%
koHTposutepa Simatic SIEMENS S7-400
ITpoBeneHne UCTIBITAHUN U UX PE3YIIBTATHI, HP. T HP —-20%
nopaboTKa MPOrpaMMHOTO OOecTieueHust ’ N —100%
O6ocHoBaHUE 6€30MaCHOCTH U
nu N —100%
9KOHOMHYHOCTH TIPOU3BOICTBA
Odopmrenne pacueTHO-TOSCHUTEIBHOM
141 N —100%
3aMUCKH
Odopmienne rpadguueckoro Mmarepuana 41 1 —100%
HP — 100%
ITonsenenue UTOroB HP, 1
N —100%
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IIpoxoKNTEIBLHOCTH ITANIOB PadOT
J1st ompeienieHusT 0KUIAEMOTO 3HAYCHHSI TPOIOTDKUTEIIEHOCTH PAOOT tox
MPUMEHSIETCS BEPOSITHOCTHBIA METO/I — METOJI IBYX OLEHOK tmin U tmax.

_ 3'tmin + 2'tmax
3)

rae tmin — MUHUMaJbHAs TPYJOEMKOCTh paboT, Yell/IH.;

Eone , 9.1)

tmax— MaKCHUMaJlbHasl TPYIOEMKOCTb padoT, Y€/ IH.

JIJisi BBITIOJIHEHMSI TIEPEUMCIICHHBIX B Tabmuie 9.1 pabor TpebOyrorcs
CHELUATHCTHIL:

— UHXXEHED;

— Hay4YHBI pPyKOBOJIUTEIIb.

Jns  mocTpoeHHsl JIMHEWHOTO Trpauka HEOOXOAMMO pacCUUTaTh
JUINTEIBHOCTh ATAIOB B pabOuuX JIHAX, a 3aTEM IEPEBECTU B KaJICHApHbIE THU.
PacueT nmpoaomKUTENHOCTH BBIMOJIHEHUS KaXKJIOro 3Tanma B pabouyux IHSX

BeJieTCs o popmyie:

Loonc

Kpr .
rae tox — TPYA0EMKOCTh pabOThI, Yell/TH.;
Kgu — ko3¢ urrient BoimoaneHus padot (Kgy = 1);
Ky — xosdduimenT, yduThIBarONIMN JOMOJHUTEILHOE BpeMs Ha
KOMIICHCAINH U coryiacoBanue padot (K = 1.2).
Pacuer mpomomKUTENTBHOCTH dTana B KaJCHAAPHBIX JHSIX BEIETCS TIO
bopmyie:
Ty = Tpy - Tk, (9.3)
rae Tpg— MPOJODKUTEIBHOCTD BBITIOJHEHUS dTana B pabouux THSX;
Tkn — TPOAOIHKUTETHHOCTh BBIMOJHEHHUSI dTana B KaJICHIAPHBIX
JTHSIX
Tk — k03P GUITMEHT KaJIeHJAPHOCTH.

KoaddunmeHT kaneHaapHoCTH pacCUUThIBAETCS Mo Gpopmyre:
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Tje = ——41__ 9.4)

 Tran=Tsg—Trg’
rae  Txan — KaneHgapubie THU (Txan = 365);
Tgy — Beixoanbie quu (T = 52);
T — npazmanansie gan (T = 10).
365
T 365—52— 10

B Ttabnumne 9.2 mpuBeAcHBI JUIMTEIBHOCTh ATAllOB pabOT W YHUCIO

TK - 1,205

HCHOHHHTCHGﬁ, 3aHATBHIX Ha KaXKI0M 3TalIc
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PacyeT HaKONJIEHUsSI TOTOBHOCTH PadoT

Benmuunna HakoIuieHHs] TOTOBHOCTH paOOTHI MOKA3bIBA€T, Ha CKOJIBKO
NPOIEHTOB BHIMOJHEHAa paboTa Ha KaxaoMm JdTame. JlaHHas BelIWYnMHA
BBIYUCTSIETCS IO PopMyIe:

. i m
TPo6mw. TP o6, Yo, Z}_n=1 TPrr

rae TPoOmr. — o0mas Tpy10eMKOCTh IPOCKTA;
TPi (TPk) — tpynoemkocts i-ro (k-ro) sTana npoexra, i = 1,1;
TPiH — HakomeHHas TPyJOEMKOCTb 1-T'O 3Tama MPOoeKTa 10 ero 3aBepIICHNH;

TPij (TPkj) — TpymoeMKocTh paboT, BBIIOJIHIEMBIX j-M YIaCTHHKOM Ha i-M oTare, 3J1eCh | =

1, m — uHAEKC UCTIONMHUTENS, M = 2.
Pe3ynbrarhl BeIunCIeHU oTpakeHsl B Tadmmie 9.3.
Tabmuma 9.3 — Hapactanue TEXHHYECKOM TOTOBHOCTHM pabOThl U

YAEIbHBIA BEC KAXIOr0 3Tara

TP; , | CTj,
Otan
% %
ITocTaHoBka 3amaun 2,03 2,03
Pazpabotka u yrBepkienne Texuuueckoro 3aaanus (T3) 10,47 | 12,5
PazpaboTka kaneH1apHOro mniaHa 4,07 |16,57
H3yuenne murepaTypHBIX KCTOYHUKOB, HAIMCAHUE TEOPETHUECKON YacTH
7 paiyp P 11,93 | 28,5
paboThl U MATEMATUYECKUX BBIKIIATOK
Cosnmanne agantusHoii CAP ¢ [IKY 16,87 | 45,37
Co3ganue mporpaMMHOro oOecriedeHuss i KOHTpoJuiepa Simatic
PorP P P 23,87 | 69,21
SIEMENS S7-400
IIpoBeneHne UCHBITAHUM M MX PE3YJIbTATHL, JOPA0OTKA IIPOrpaMMHOIO
P pesy P porp 10,13 | 79,34
obecreyeHust
O6ocHoBaHME 6€30MAaCHOCTH U SKOHOMHUYHOCTH MPOU3BOJICTBA 5,53 84,87
OdopmreHne pacueTHO-TOSCHUTENBHOM 3aITUCKU 5,53 90,4
Odopmnenue rpadguueckoro Mmarepuana 553 95,93
ITonBenenue UTOroB 4.07 100




9.2 Pacuer cMeThI 3aTpaT Ha co3gaHue Makera KY

B cocrtas 3aTpaT Ha CO3AAaHUC IIPOCKTA BKIIHOYACTCSA CTOUMMOCTBH BCCX

Pacxoaos, HGO6XOI[I/IMI)IX HJI pcaliIn3allii KOMILICKCA pa60T, COCTaBJLAIOIIUX

coJlep KaHue TaHHOW pa3paboTku. PacyeT cMETHOW CTOMMOCTH Ha BBHITIOJHEHUE

,Z[aHHOP'I p33pa6OTKI/I IMPOU3BOAUTCA 110 CICAYIOIIUM CTATBAM 3aTpar:

u MaTCpUuaJibl X IMTOKYITHBIC U3OCIINA,

" OCHOBHas 3apa60THa$1 jiarTa,

u OTYHUCIICHHA B CONUAJIBHBIC (DOHABI,
2

" pacxoJIbl Ha IEKTPOIHEPTHIO;

" AMOPTHU3AIMOHHBIC OTYHUCJIICHUA

u pa6OTBI, BBITIIOJIHACMBIC CTOPOHHUMHA OPIraHU3aAllUAMU,

"  [IpPOYHUE PACXOBI.

Pacuer 3aTpaT Ha MaTepHuaJbI

K IIaHHOf/'I CTaTbC pPacCxoaoB OTHOCHUTCA CTOHMMOCTb MATCPHUAIIOB,

NOKYIHBIX HM3JENTuH, MOoJypadpUKaTOB M APYIMX MAaT€pUaIbHBIX LEHHOCTEM,

PacxoayCMbIX HCIIOCPCACTBCHHO B IIPOLOCCCC BBIIIOJIHCHUA pa60T. I_[CHa

MaTepUAJIbHBIX PECYpPCOB OIpPEAEIsSeTCs MO0 COOTBETCTBYIOIIMM IICHHUKAM WU

npuBeieHa B Taonuie 9.4.

Tabnuua 9.4 — PacxoaHbie MaTeprabl

HanmeHnoBaHHue MaTepuajioB Ilena 3a en., pyo. KoanuecrBo Cymma, pyo0.
broknot 40 1 . 40
Bymara mist mpunTepa opmara A4 150 1 ym. 150
Pyuka mapuxoBas 10 2 wr. 20
Kapannam 10 1 . 10
Hroro: 220

ITycte T3P cocraBasier 5% OT OTHYCKHOW LIEHBI MAaTEpHUANIOB, TOTAA

pacxoasl Ha MaTepuaiibl ¢ yuetoMm T3P paBHBI

Cpum = 220 - 1,05 = 231 pyéue.

Pacuer 0oCHOBHOI1 3apa00OTHOM IJIATHI
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JlanHast cTaThs pacxoJ0B BKIIOYAET 3apabOTHYIO IUIaTy HAay4HOTO
PYKOBOAMTENSI U MHXKEHEpa, a TakKe MpeMuu, Bxonsmme B GoHI 3apabOTHOM
miatel. PacdeT OCHOBHOM 3apaOOTHONM TIaThl BBINOJIHAETCS Ha OCHOBE
TPYILOEMKOCTH BBIIIOJIHEHUS KaKJIOI'O ATalla W BEJIWYMHBI MECSYHOIO OKJIaaa
VICIIOJIHUTEA.

CpennenneBHas Tapudnas 3apabotHas mnata (3[l:.r) paccuuTbiBaeTcs 1o

dbopmye:

3HZ[H-T = MO/24,83 (96)
Pacdetsl 3aTpaT Ha OCHOBHYIO 3apabOTHYIO IUIATY MPUBEACHBI B TA0JIUIIC

8.5. [Ipu pacuere yuyuTHIBaIOCH, UTO B roay 298 pabouux IHA U, CIIEA0BATEIHHO,
B Mecsne 24,83 pabouux 1HA. 3aTpaTbl BpEMEHU Ha BBIIOJHEHUE PadOTHI IO
KOKIOMY HCHOJHUTENI0 Opamuch n3 Tabmumbl 8. Taxke ObUT NMPUHAT BO
BHUMaHHE KOAI(DPUIMEHT, YUYUTHIBAIOMINN KOIPPUIUEHT TOMOJIHUTEIHHOM
3apabotHOU mnatsl Knp = 1,1; Kyonsn = 1,188; K, = 1,3. Takum obOpazom, nis
nepexojia oT TapudHoit (6a30BOI) CyMMBI 3apab0TKa UCIIOJIHUTESI, CBI3AaHHOM C
y4acTHEM B MPOEKTE, K COOTBETCTBYIOIIEMY IOJIHOMY 3apaloTKy (3apIuiaTHON
YaCTH CMEThI) HEOOXOIUMO NIEPBYIO0 YMHOXHUTh HA UHTETpaIbHbIA KOADPUITUEHT
K, =1,1*1,188*1,3 = 1,699.

Tabnuua 9.5 — 3aTpaTsl Ha OCHOBHYIO 3apaOOTHYIO TUIATY

o CpeanenHeBHasi | 3aTparsl ®onp
HUcnosmuresin e CTaBKa, BpeMenn, | Koagpduumenr | 3/muaarel,
pyo./mec.
pyO./nenn JAHH pPYoO.
HP 23 264,86 | 936,97 9 1,699 14327,21
" 7915 318,77 73 1,699 39536,09
Hroro: 53863,3

Taxum o6pa3om, 3aTpaThl Ha OCHOBHYIO 3apabOTHYIO IJIaTy COCTaBUIIU

Coch = 53863,3 py6.

Pacuer npouyux pacxoaos
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B cratee «lIpoume pacxomp» OTpaK€HBI PacXollbl Ha pa3pabOTKy
MIPOEKTa, KOTOPBIC HE YUTEHBI B MPEABIAYIINX CTaThsiX. VX ciemyeT mpuHSATH
paBHbIMU 10% OT CyMMBI BCeX MPEABIAYIINX PACXO/I0B

Crpou. = (Cyar T Can + Coon T Conos. T Caw) - 0,1 (9.12)

[ToacTaBuM 3HaYEHUS U BBIYUCIIUM:

Crpou. = (231 + 53863,3 + 16158,99 + 161,39 + 517,33) - 0,1 = 7093,2
pyo.

Pacuert o0miei cedbecToUMOCTH pa3padoTKu

[IpoBeas pacyer cMeThl 3aTpaT Ha pa3padOTKy, MOYKHO OIpPEAEIIUTH
OOIIyI0 CTOUMOCTh pa3pabOTKH MPOEKTA.

Tabnuua 9.7 — CMera 3aTpaT Ha pa3pabOTKy MPOEKTa

CraTbs 3aTpart YciaoBHoe o0o3Hayenne | Cymma, pyo.
1 Marepuasbl ¥ IOKYIHbIE N3NNI Cmat 231
2 OcHoBHas 3apaboTHas IiaTa Cocu 53863,3
3 OrtuncieHns B COLUAIbHBIE

Ccornt 16158,99
b oHIBI
4 Pacxopl Ha 3JIEKTPOIHEPTHIO C) 161,39
5 AMOpTHU3aLMOHHBIE OTYUCICHUS Cam 517,33
6 HemocpencTBEHHO yUUTHIBAEMEbIE

Cup -
pacxo bt
7 Tlpoume pacxomsl Croprou 7093,2
Hroro: 78025,21

Takum 06pazom, pacxojsl Ha pa3padboTky coctaBunu C = 78025,21 py6.

IpuosL1BL

[Tpumem mpubsLTs B pasmepe 5 - 20 % or momHON cebecToMMOCTH
npoekTa. B Hammewm cimyuae ona coctasmsier 15605,04 py6. (20 %) oT pacxoioB Ha
pa3paboTKy MpoeKTa.

HAC

HJC cocraBnsier 18% oT cymMBbl 3aTpat Ha pa3pabOTKy U MpHUObLIN !

(78025,21+ 15605,04) * 0,18 = 16853,45 py0.
Iena pazpadorkn HUP
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Ilena paBHa cymme mosiHOUM cebectommoctu, npuosuu 1 HJIC, B Hamem
ciydae

Hpmepy = 78025,21 + 15605,04 + 16853,45 = 110483,7 py6

9.3 Ouenka Hay4yHO-TexHHYeckoro yposuss HUP

HayuHo-TexHu4eckuii ypoBEHb XapakTepuzyeT, B Kakoil mepe
BBITIOJIHEHBI Pa0OThl M OOECleYuBaeTCd HAYYHO-TEXHUYECKUM Mporpecc B
JMaHHOW oOJyactu. J[Jig OIlEeHKH Hay4yHOU LIEHHOCTH, TEXHUYECKOW 3HAUMMOCTH U
b dexTUBHOCTH, MiIaHUpyeMbIXx W BeinodHseMbix HUP, ucnonesyercs meron
OanpHBIX OIEHOK. banmbHas oreHKa 3aKII0YaeTcsl B TOM, YTO KaXKIAOMY (hakTopy
[0 TMPUHATOM IIKaJe MPUCBAMBAETCS OIPEACICHHOE KOJIMYECTBO OalIoB.
OO00011IeHHYI0 OLIEHKY IMPOBOASAT MO CyMMe OajyIoB IO BCEM MOKAa3aTeNsIM WU
paccuuThiBaloT 10 (opmyne. Ha »9Toif OCHOBe JenaeTcs BBIBOA O
nenecoodbpasnoctu HUP.

CymHocTh METO/1a 3aKIIF0YAETCS B TOM, YTO HA OCHOBE OLIEHOK IPU3HAKOB

paboThl ompenenseTcss KOIQPUIMEHT ee Hay4YHO-TEeXHUUYECKOTO YPOBHS IO

bopmyie:

Kury = ¥ Ry my, (9.14)

rie  Kyry —  kxodddumueHT  HaydHO-TEXHUYECKOTO  YPOBHS;
Ri — BecoBoil K0O3(ULKEHT 1-TO MPU3HAKA HAYYHO-TEXHUYECKOTO A (eKTa;

Ni — KOJMYECTBEHHAs OLEHKAa 1-TO MpH3HAaKa HayYHO-TEXHUYECKOTO
s dexra, B Oamnax.

Tabnuua 9.8 — BecoBblie ko3 dunrents! npusHakoB HTY

Ipusnak HTY IIpuMepHOe 3HAYEHHE BECOBOI0 KO3(-Ta N;
1 VYpoBeHb HOBU3HBI 0,4
2 TeopeTrnueckuii ypoBeHb 0,1
3 B03MOXHOCTB peaau3anuu 0,5
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Tabnuma 9.9 — banmel 11 O1IeHKH YPOBHSI HOBU3HBI

YpoBeHb HOBU3HbI XapakTepucTHKA YPOBHS HOBU3HBI

Banabl

HoBoe nampaBieHue B HayKe U TEXHUKE, HOBBIC
IIpuHnunuansHO
(dakThl W 3aKOHOMEPHOCTH, HOBas Teopwus,
HOBast
BEIIECTBO, CII0CO0

8-10

[To-HOBOMY OOBsICHSIOTCS Te Ke  (aKThI,
Hogas 3aKOHOMEPHOCTH, HOBBIC MOHSTHS JOTOTHSIOT

PaHEC MOJTYUYCHHBIC PC3YJIbTAThI

CI/ICTeMaTI/I?)I/Ip}IIOTCH, 0606H_[8,IOTC$I HUMCIOIIUCCA
OTHOCHUTENHLHO HOBAsI CBCACHHUA, HOBBIC CBsA3HM MCEXKAY HU3BCCTHBIMU

(bakxTopamu

He obnamaer | Pe3ynbrar, KOTOpBIN paHee ObLIT H3BECTCH

HOBU3HOH

Tabnuma 9.10 — bamibl 3HAYMMOCTH TEOPETUIECKUX YPOBHEH

TeopeaneCKm‘i YPOBE€HDb NMOJYYECHHBIX PE3yJabTaTOB

Banasl

1 VcraHoBka 3akoHa, pa3paboTKa HOBOI Teopuu

10

2 I'myOokass pa3paboTka mpoOIeMbl, MHOTOCHEKTPAIbHBIA aHAIU3,

B3aUMOJICHCTBUS MEXKIY (PaKTOpamMu ¢ HATUIHUEM OOBSICHEHUIMA

3 Paspabotka crocoba (anroput™, mporpamma u T. 1.)

4 DneMeHTapHBIH aHANU3 CBs3ell MeXy (pakTaMu (HaJW4yKue TUMOTE3BI,

OOBSICHEHUS BEPCUU, TPAKTUYECKUX PEKOMEH/IAaLIUH)

5 Omnucanue OTHEIbHBIX BJIEMEHTApPHBIX (PAKTOPOB, U3JIOKEHUE

HaOJI0ACHUH, OMIBITA, PE3YJITATOB U3MEPEHU I

0,5

Tabmuma 9.11 — Bo3MOXHOCTh peanu3alui Hay4YHBIX,

PE3yNBTATOB 10 BPEMEHU U MaciTabam

TEOPETUYECKUX

Bpems peanusauuun Bbamasl
B TeueHue mepBhIX JeT 10
Ot 5 no 10 ner 4
Cspiie 10 ner 2

PC3YJIBTaTBI OLICHOK IIPU3HAKOB HAaYyYHO-TCXHHYCCKOI'O YPOBHA

NpuBeIeHBI B Tabuie 9.12.
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Tabnuma 9.12 — KonnuectBenHas onenka npusnakos HUOKP

IIpusnak HAY4HO-
TexHn4yeckoro 3¢dexra | Xapakrepucruka npuzHaka HUOKP Ri
HUP

CucremMaTu3upyroTcss #  00OOIIAFOTCS  CBEACHWS,
YpoBEeHb HOBU3HBI 0,4
OTIPEACIISIOTCS MyTH JATBHEUIITNX UCCIICIOBAHMIA

Pazpabotka cmocoba  (aimroput™m, Iporpamma
Teopernueckuii ypoBeHb 0,1
MEPOTPHUSTHIA, YCTPOHCTBO, BEIECTBO U T.II.)

BosmoxHOCT peanuzanuu | Bpems peanusanuu B TeYCHHE TIEPBBIX JIET 0,5
Macirra0sl
Otpaciib
peai3anyu

IIpumeuanue: Oampl MO MapamMeTpaM BpEeMEHH U MaciiTabam
peanv3alnmu Ipyu pacyeTe CKIaIbIBAIOTCA.
Ucxonss wu3 omenku npusHakoB HHMOKP, mnokaszarens HaydHO-

TEXHUYCCKOI'0 YPOBHA JJIA JAaHHOTO ITPOCKTAa COCTABUIIL:

Kuwy=0,4*4+0,1*6+0,5*10=16+0,1+5=7,2
Takum 006pa3om, UCX0s U3 JaHHBIX B Tabmuiie 5.15, npoekt «Maxker
npuHIunoB KT» umeeT cpenuil ypoBeHb HAyYHO-TEXHUYECKOTO 3 deKTa.

Tabnuma 9.13 — Onenka ypoBHS HAYYHO-TEXHUYECKOTO d(PpdexTa

Yposens HTD Mokazareas HTD
Husknii 1-4
Cpennuit 4-7
Bricokwmii 8-10

O6ocnoBanue orenku npuzHakoB HUOKP npuBonutcs B Tabmuie 9.14.
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YpoBeHb Bri6panHblit
@axTop HTY 3HaUYUMOCTb Oo6ocHoBaHME BBIOpaHHOTO Oania
dbaxTopa 6amn
CozpanHoe KV oOwveaunser
YpoBeHb OTHOCUTEIBHO HU3BECTHEIEC MPUHLIHIIBI IS
0,4 4
HOBH3HBI HOBast peanuzanuu Ha HOBOM
o0opyI0BaHUHU
Harnncanune nporpammsel 1IKY Ha
TeopeTnyeckuit Pa3zpaboTtka )
0,1 6 MHUKPOKOHTPOJIIIEPE Siemens
YpOBEHb crocoba o
Simatic s7-400
Bo3moxxHOCTB B TEUECHUE Bo3moxna peanu3anus B
0,5 10
peauzanuu IEPBBIX JIET KPOTYaNIIIE CPOKU
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3AK/TIOYEHHUE

B pesynbTare BHINMOIHEHNS BBITYCKHON KBATU(DPUKAITMOHHOM pabOThI OBbLIT
pazpaboTaH, uccie0BaH U MMPOrpaMMHO peann3oBaH Ha koHTposuiepe SIMATIC
S7-400 ncesnonuuerinbiii Heuetkuit [IM]] - perymstop.

ITpoBoamnock uccnenoBanue CAP ¢ niceBnonuHeitHbM HeueTkum [T/ -
PEryasiTopoM Jijisi 00BEKTOB YIIPABIEHUS MIEPBOT0, BTOPOTO U TPETHETO MOPSAKA
0e3 3ama3qpIBaHMs U C 3ama3jblBaHueM. Pe3ynbTaThl UCCIIEIOBAaHUS TTOKA3aH,
YTO NIPUMEHEHHE JAHHOTO PETYJIATOPA MO3BOJISIET YIIYUIIUTh KAYECTBO CUCTEMBI
YIPABJICHHS TIPU U3MEHEHUHY TTApaMEeTPOB O0BEKTA YIPABIICHUS B OTIPEICTICHHBIX
npenaenax.

[IporpamMHuass peanmuzanust 1nceBIOIMHEHHOro Hedetkoro [IAJ -
perynstopa Oblla TIpou3Be[cHa B mporpaMMHOM Imakete STEP7 Ha s3bike
nporpammupoBanus STL.

boitm  pazpaboTaHbl METOAMYECKHE YKa3aHUS 1O  BBIMOJIHEHUIO
1abopaTopHOil paboThl “V3ydeHrie HEUETKOIO PerynsaTopa’, KOTOpble MO3BOJISAT
CTyICHTaM IMOJYyYUTh W3YYUTh TICEBIOJIMHEHHBIA HEYETKUW PETYJISITOp H
MOJTYYUTh MPAKTUYECKUN HABBIKH 10 €T0 peain3aliii Ha KOHTPOJLIEpE.

PesynbraTel paboThl OyayT HCIONB30BAaTHCA B YYEOHOM TIpoliecce
kapeaper AuKC TIIY npu wu3yueHunm Kypca “ABTOMATU3UPOBAHHBIC

MH(OPMAIMOHHO-YPABIISIIOIINE CUCTEMBI .
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CONCLUSION

As a result of qualification work performance a fuzzy controller of fuzzy
control systems was developed, studied and software implemented on the
controller SIMATIC S7-400.

Research of systems of fuzzy control with the object of control of the first,
second and third order with delay and without the delay is conducted. The results
of research showed that use of this fuzzy controller allows to improve the quality
of systems of fuzzy control of a changing parameters of the object of control.

Software implementation of the fuzzy controller of fuzzy control systems
has been made in the software package STEP7 on the programming language STL

The guidelines for implementation of laboratory work “The study of fuzzy
controller” in the software package STEP7 on the programming language STL
were developed.

Results of work will be used in the Department of Automation and
Computer Systems TPU learning process in the study of the course “Automated

information management systems”.
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HNPUJIOKEHHUE A

(oOs13aTenbHOE)

Introduction

CryneHr:
I'pynna (07 (0] Hoamuch Hara
8AM41 OunpoB Bnagucnas Bukroposuu
Koncynperant xadeapsr AUKC:
J0KHOCTH (1% (0] Yuenas CTeNeHb, IMoanuch JaTa
3BaHHe
Accuctent Edpemos A.A
KoncynbranT — nuHreuct kadenps MANK:
JosxkHoCTH (1% (0] Yuenasn cTeneHb, Iloanucn Jlarta

3BaHHUE

Crapmmii  mpernojiaBaTeb

kadenpsr MANK

JlornnoBa A.B.
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INTRODUCTION

The fuzzy management appears especially useful, when the technological
processes are too difficult for the analysis with the help of the standard
quantitative methods or when the accessible sources of the information are
interpreted qualitatively, is inexact or vaguely. The fuzzy logic, on which the
fuzzy management is based, is closer on spirit to human thinking and natural
languages, than traditional logic systems. The fuzzy logic, basically, provides
effective means of display vagueness and discrepancies of the real world. The
presence of mathematical means of reflection of an illegibility of the initial
information allows to construct model adequate to a reality.

B.1. BASIS OF THE THEORY OF FUZZY SETS, FUZZY LOGIC

B.1.1. Concept of fuzzy set of its characteristic and its basic properties

Concept set understand set of elements having some common property.
Thus any element beforehand axiomatic or belongs to the given set, or does not
belong. However, as the practice applied shows researches similar “Boolean” a
principle in overwhelming majority of cases does not answer processes
proceeding in real complex systems, that is results in unjustified idealization of
the mathematical description of such systems. Differently, language of usual sets
appears unsufficiently flexible for formalization of elements of uncertainty
inherent in real systems.

The concept of fuzzy set is based on the assumption, that any element only
somewhat belongs to the given set, therefore one of the basic ways of the
mathematical description of fuzzy set is the definition of a degree of such
accessory by some number, for example from an interval [0,1]. Thus the borders
of an interval, that is 1 and 0, mean, accordingly, “belongs” and “does not belong”
[1],[20].

Definition 1. Let E - universal set, x - element E, and R - some property.
The usual (precise) subset A of universal set E, which elements satisfy to property

R, is determined as set of the ordered pairs:
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A=Lu, ()15

Where .., (x)- the characteristic function accepting meaning 1, if x
satisfies to property R, and O - otherwise.

The fuzzy subset differs from usual themes, that for elements x from E
there is no unequivocal answer “yes — no” concerning property R. In this
connection the indistinct subset A of universal set E is determined as set of the
ordered pairs:

A=Lu, (X)X

Where ,, (x)- the characteristic function of an accessory (or is simple
function of an accessory), accepting meaning in some quite ordered set M.

The function of an accessory specifies a degree (or level) accessory of
an element x to a subset A. Set M name by set of accessories. If m ={0,13, the
indistinct subset A can be considered as usual or precise set.

Examples of record of fuzzy set:

Let E={X,, X,, X3, X,, X}, M =[0,11; A - fuzzy set, for which

HA(0) =037 wa(x)=0; Ha(X)=1; 4, (x)=05; Ha(X)=09.

Then A is possible to present as:

A={03/x;,0/x,,1/X;,05/x%,,09%.},

Or

A={03/x,+0/x, +1/x,+0,5/x, +09x.}.

The remark: Here mark “+” is not a designation of operation of addition,
and it is meaningful associations.

Now we shall result the basic characteristics of indistinct sets. Let and A

- indistinct set with elements of universal set E and set of accessories M.
Definition 2. The size sup,.¢ #,(X) is called as height of fuzzy set A. Fuzzy

sets A it is normal, if its height is equal 1, that is the top border of its function of

an accessory is equal 1 (SUP,g #,(X) =1). If sup, ¢ #,(X) <1 fuzzy set is called

subnormal.
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Definition 3. The fuzzy set is empty, if wx < E, 12, (x) =0. The not empty
subnormal set can be normalized under the formula:

#a(X) .
Sup xeE :uA (X)

Definition 4. Indistinct set unimodality, if ,, (x) =1 only on one x from E.

Ha(X) =

Definition 5. The carrier of fuzzy set A is the usual subset with property
1,(x) >0, that is carrier A={x/xeE, u,(x) > 0}

Definition 6. The elements x e E, for which ., (x) =0,5 are called as points
of transition of set A.

Examples of fuzzy sets:

Let E={0,1,2, ..,10}, M ={0,13. The fuzzy set can be determined as
follows “A little”: “A little” =0,5/3+0,8/4+1/5+1/6+0,8/7+0,5/8; its
characteristics: height=1, carrier = {3,4,5,6,7,8}, point of transition - {3,8}.

Let E={0,1 2, .., n,..}. The fuzzy set “Small” can be determined:

1
13 ” = n) = /n
Sma” {lusmall( ) 1+ (n/10)2 }.

Let E ={0,1 2, ..., 100} there corresponds to concept “Age”, then the fuzzy

set “Young” can be determined with the help:

1, X €[L, 25]

Hyoung (x) = 1 , > 25
1+ ((x - 25)/5)?

The fuzzy set “Young” on universal set E = {IVANOV, PETROV,
SIDOROV, ...} is set with the help of function of an accessory g, (X) on
E ={0,1 2, .., 100} (age) named in relation to E as function of compatibility, thus:

Hyoung (SIDOROV) = 11,0, (%),

Where x - age of SIDOROV.

Let E = {ZAPOR, LADA, MERSEDES, ...} - set of the stamps of

automobiles, and - universal set “Cost”, then on E we can determine fuzzy sets
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such as “ For poor “, “ For middle class “, “Prestigious”, with functions of an

accessory of a kind of a fig. B.1.
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Fig. B.1 - Examples of functions of an accessory
Having these functions and knowing cost of automobiles from E at the
given moment of time, we thus shall determine on E fuzzy sets with the same
names.
So, for example, fuzzy set ““ For poor “, given on universal set E = {
ZAPOR, LADA, MERSEDES, ...}, looks how is shown on fig. B.2.
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Fig. B.2 - Example of the task of fuzzy set

It is similarly possible to determine fuzzy set “High-speed”, “Average”,
“low-speed” and so on.

Let E - set of integers:

E={8,-5,-3,0,1,2 46,9}

Then it is possible to determine an fuzzy subset of numbers, on absolute
size close to zero, for example, so:

A={0/-8+05/-5+0,6/—3+1/0+0,9/1+0,8/2+0,6/4+0,3/6+0/9}.

Further we shall consider the basic logic and algebraic operations

above odd sets, and also their property. Let's begin from consideration of logic

operations.
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Definition 7. Let A and B - fuzzy sets on the unified set E. Speak, that A
contains B, if wxcE 1, (x) < 1, (x) - The given operation is called as operation of
inclusion and is designated as Ac B.

The term domination is sometimes used, that is in a case, when Ac B
, Speak, that B dominates above A.

Definition 8. Equality. Let A and B - fuzzy sets on the unified set E.
Speak, that A isequal B, if vxecE 1, (x) = 1, (x) - IS designated as A=B .

Definition 9. Addition. Let A and B - fuzzy sets on the unified set E, let
M = [0,1]. A and B supplement each other, if vxcE 1, (x)=1< 2, (x). IS
designatedas B=A or A=B.

It is obvious, that A = A (the addition is determined for M = [0,1], but
it is obvious, that it can be determined for any ordered M).

Definition 10. Crossing. AnB - greatest fuzzy subset contained
simultaneously and in A and in B.

Hpmg (X) = Min(ze, (X), 15 (X))

Definition 11. Association. AU B - least fuzzy subset including as A, and
B, with function of an accessory:

Hpog (X) = max( e, (X)), 445 (X))-

Definition 12. A difference A< B=A~B. With function of an
accessory:

s ()= 1,5 = Min(t, (91 115 (X)),

Definition 13. The disjunctive sum.

A®B=(A=B)U(Bo A)=(AnB)U(ANB), with function of an
accessory:

Hag (X) = max(min(z, (x) 1 < 45 (X); N <> 22, (X), 225 (X))

Examples: Let
A=04/x+02/x,+0/X;+1/X,:

B=0,7/x+09/x, +01/x, +1/x,:
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C=01/x,+1/x,+0,2/ %, +0,9/X,.
Here:
e AcB, that is A contains in B or B dominates above A; C
incomparably neither with A, nor with B, that is pair {A, C} and {B,
C} - pair undominated of fuzzy sets.
e AxB=C.
A=06/x+08/x, +1/x,+0/x, ;

B =03/ +01/%, +09/ %, +0/x,
ANB=04/x+02/x,+0/x, +1/x4_
AUB=0,7/x+09/x,+01/x, +1/x4.
A-B=AnB=03/x +01/x, +0/%,+0/x,.
B-A=ANB=06/x+08/x, +01/% +0/x,
A®B=06/x,+08/x,+01/x, +O/x4_

Let's consider properties of operations crossing and association:

Commutativity.

AnNnB=BnA y AUB=BUA.
Associativity.

(ANB)NC=(BNANC , (AUB)UC=(BUAUC
Idempotency.

ANA=A ; AUA=A
Distributivity.

(AN(BUC)=(ANB)U(ANC)
(AU(BNC)=(AUB)U(AULC)
AU®=A where ®-empty set, that is y(X)=0 VxeE,
AN®=®
ANE = A, where E - universal set.
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e AUE=E,
e De Morgan theorems
e ANB=AUB y AUB=ANB,
As against precise sets, for indistinct sets generally:
ANAz® AUA=%E.

The remark: the entered above operations above fuzzy sets are based on
use of operations max and min. In the theory of fuzzy sets the questions of
construction generalized, parametrization of the operators of crossing, association
and addition allowing to take into account various semantic shades appropriate
them copula “and”, “or”, “not” are developed.

One of the approaches to the operators of crossing and association consists
in their definition in a class of triangular norms and conorm.

As triangular norm (t-norm) the two-local valid function

T :[0,1]x[0,1] — [0,1], satisfying to the following conditions is called:

T(00)=0; T(uy)=p, T@w,)=p, - limitation.

T(/uAHuB) ST(IUCHUD)’ It 4, < e, g < Uy - monotony.

T(un, 115) =T (g, 12,) - COMMutativity.

T (eea T (ttg 1)) =T(T (1a, 115), 1) -) - associativity.
Examples of triangular norms:

min (z4, ,UB); Ha - ,UB; max (O, g, + ptg —1) -
Triangular conorm  (t-conorm) the two-local valid function

S :[0,1]x[0,1] — [0,1], With properties is called:
o SAD=L T(up0)=p,; T(O,u,)=p, - limitation.
o  S(uptg) 2 S(Ue, tp), if py > te, g > 1y - moOnotony.
®  S(ua,ms) = S(us, u,) - COMMutativity.

o S(a,S(ug 1)) = S(S(a, 1), i) - associativity.

Examples t - conorm:
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max (£p /UB); M+ g — fp - Hg) » min(l, M+ plg) -

Further we shall proceed to consideration of algebraic operations above

indistinct sets, and also their properties.

determined SO: wx e E, 1, 4 (X) = 25 (X) % 125 (X) -

Definition 14. The algebraic product A and B is designated A*B and is

Definition 15. The algebraic sum of these sets is designated A+B and is

determined SO: vx c E, 11,5 (X) = 220 (%) + 15 (X) < 22, (X) % 115 (X) -

For operations of product and the sums are carried out properties:

Commutativity.

AxB=BxA and A+B=B+A.
Associativity.
(AxB)xC =Ax(BxC) and

(A+B)+C=A+(B+C).

Ax®=®, A+®=A AxE=A A+E=E

De Morgan theorems

AxB=A+B and A+B=AxB.
Are not carried out:
Idempotency.
AxA=A and A+A=A.

Distributivity.
Ax(B+C)=(AxB)+(AxC) and

AxA=®, A+K:E_

A+(BxC)=(A+B)x(A+C).

The remark: At sharing operations of association, crossing, product and

the sums are carried out the following properties:

Ax(BUC)=(AxB)U(AxC)
Ax(BMNC)=(AxB)n(AxC)
A+(BuUC)=(A+B)U(A+C)

A+(BnC)=(A+B)n(A+C)_
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On the basis of operation of algebraic product the operation of erection in

a degree a of fuzzy set A, where @ - positive number is determined. The fuzzy

set A« is determined by function of an accessory u, = u,(X). A special case of

erection in a degree are:

e CON(A)=A”- operation of concentration (condensation);

e DIL(A) =A% - operation of a stretching,
Which are used at job with linguistic vagueness (fig. B.3.)

y,ll.
1.0

0.5 F

X

Fig. B.3 - lllustration to concept of operations of

concentration (condensation) and stretching

B.1.2. Linguistic variable and fuzzy numbers

The applied researches of last years have shown, that the usual methods
of the analysis of systems and modeling on the computer based on exact
processing of the numerical data, in essence are not capable to capture huge
complexity of real technological processes. This circumstance results that for
reception of essential conclusions about behaviour last it is necessary to refuse the
traditional requirements to accuracy of measurements, which were necessary at
the mathematical analysis of the precisely certain mechanical systems.

Necessity to endow accuracy and determinacy is dictated also by
occurrence of the certain classes of tasks of management connected to acceptance
of the decisions by the operator in a contour “the man - the computer”. The
realization of dialogue in such contour is impossible without use of languages
close to natural, capable to describe indistinct categories approached to human

concepts and representations. In this connection it is expedient to use concepts
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linguistic variable, entered for the first time L. Zade. Similar linguistic variable
allow adequately to reflect the approximate verbal description of subjects and
phenomena in that case, when the exact determined description is absent. Thus it
IS necessary to take into account, that many indistinct categories described
linguistic, frequently not less informative, than exact description [2],[20].

Definition 16. Linguistic variable (LV) the set (g, T, X, G, M), where is
called:

B - Name linguistic variable;

T - the set of its meanings (term - set) representing name fuzzy variable,
range of definition by each of which is set X. The set T is called as base term - set
linguistic variable;

G - syntactic procedure allowing to operate by elements of term - set T, in
particular, to generate new terms (meaning). The set T uG(T), where G (T) - set
of the generated terms, is called as the extended term - set linguistic variable;

M - semantic procedure allowing to transform each new meaning
linguistic variable, formed by procedure G, in fuzzy variable, that is to generate
the appropriate fuzzy set.

The remark: to avoid a plenty of symbols:

e A symbol g use both for the name by most variable, and for all of its
meanings;

e Use the same symbol for a designation of indistinct set and its name, for
example term “Young”, being meaning linguistic variable p= “age”,
simultaneously there is also fuzzy set M (“Young”).

The assignment of several meanings to symbols assumes, that the
context allows to solve to possible uncertainty.

Example. Let expert determines thickness of a let out product with the
help of concepts «“ Small thickness “, “ Average thickness ““ and “ the Large

thickness “, thus the minimal thickness is equal 10 mm, and maximal - 80 mm.
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The formalization of such description can be carried out(spent) with
the help following(next) linguistic variable (g ; T; X; G; M), where
B - Thickness of a product;

T - {* Small thickness “, “ Average thickness “, « the Large thickness “};

X - [10; 80];

G - procedure of education of new terms with the help copula “and”, “or”
and modifiers such as “very”, “not”, “slightly” and 0. Item. For example: “ Small
or average thickness “, ““ very small thickness “ etc;

M - procedure of the task on X = [10; 80] of indistinct subsets Al = *
Small thickness ““, A2 = Average thickness *“, A3 = “ the Large thickness “, and
also fuzzy sets for terms from G (T) according to rules of compilation fuzzy

copula and modifiers “and”, “or”, “not”, “very much”, “slightly” and other

operations above fuzzy sets of a kind: AUB, AnB, A, CON A= A?, DILA= A" etc.

The remark. Alongside with the considered above base meanings
linguistic variable “Thickness” (T = {* Small thickness *; “ Average thickness “;
“ the Large thickness “}) the meanings(importance) dependent on a range of
definition X are possible(probable). In this case meanings(importance) linguistic
variable “ Thickness of a product ““ can be determined as ““ about 20 mm ©, “ about
50 mm “, “ about 70 mm “, that is as fuzzy numbers.

The term - set and extended term - set in conditions of an example can be

characterized by functions of an accessory given in a fig. B.4. and B.5.

i
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Fig. B.4 - Function of an accessory of fuzzy sets: Al = “ Small thickness

(13
H

A2 = “ Average thickness “, A3 = “ the Large thickness “
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Fig. B.5 - Function of an accessory of fuzzy set
A U A, = “Small or average thickness “

Further we shall proceed to consideration fuzzy variable and we shall give
the basic definitions.

Definition 17. Fuzzy numbers - fuzzy variable, determined on a numerical
axis, that is the fuzzy number is determined as fuzzy set A on set of real numbers
R with function of an accessory ., (x) <[0,11, Where X - real number, that is x e R.

Definition 18. The fuzzy number A - is normal, if max s, (x)=1; cOnvex,
if for any

x <y<z IS carried out:

() < 1 (Y) < 11, (2).

The set of a « -level of fuzzy number A is determined as:

A, ={x/u,(x)> a}.

The subset s, — R is called as the carrier of fuzzy number A, if:

Sp ={x/1,(x) > O}

Definition 19. The fuzzy number A - unimodality, if ., (x)=1 is fair only
for one point of the valid axis.

Definition 20. The convex fuzzy number A is called as fuzzy zero, if

424 (0) <sup(x, (X))

Definition 21. The fuzzy number A is positive, if vxes,, x>0 and

negatively, if vxes,, x<o0.
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The extended binary arithmetic operations (addition, multiplication and
other) for fuzzy numbers are determined through the appropriate operations for
precise numbers with use of a principle of generalization as follows.

Let A and B - fuzzy numbers, and x - fuzzy operation appropriate to any

algebraic operation X above usual numbers. Then (using here both further

ax N i
instead of "+ and - instead of m..-'-n) it is possible to write down:
C'=A+B < po(z) = V (palx) A pgly)).
Z=XsY
From here:
C=A+B e pc(z)= N (pala) A psly)),
Z=X+4Y
C=AaB e pa(z)= N (pala) A paly)),
Z=X-Y
C=ABepc(z)= V (pal2)npsy)),
Z=X.Y
(=A+B & pelzy =\ {j.’_.l (2] A It.z”[:y};:l..
=XV
C'=max (A, B) & p(z) = \ (peala) A psly)).
S=max(X.Y) .
"= min (A, B) & pue(z) = \/ (palzy A ps(y)).
A=min (ALY . .

Fuzzy numbers (L-R) such as is a version of fuzzy numbers of a special
kind, that is set on the certain rules with the purpose of decrease of volume of
calculations at operations above them.

The functions of an accessory of fuzzy numbers (L-R) of a type are set
with the help of non-negative real numbers, not growing on set, of functions valid
variable L (x) and R (x), satisfying to conditions:

D=0 =L(), R(=x)=RX);

2) L(0) =R(0).

It is obvious, that the functions concern to a class (L-R) of functions,

which diagrams look like, given on a fig. B.6.
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Fig. B.6 - Possible kind (L-R) of functions

Examples of the analytical task (L-R) of functions can be:

L(x)=e*I* p>0; R(x) = =, p=0.

1+|X]|
Let L (y) and R (y) - function (L-R)-type (concrete). Unimodality the
fuzzy number A with a style a (that is ., (a) =1) with the help L (y) and R (y) is
set as follows:
a<=X

L( ) npux<a,

Ha(X) = “
A —_— )
R(XQa) npu X >a

Where a - style; « >0, g >0 - left and right factors of an illegibility.

Thus, at given L (y) and R (y) the fuzzy number unimodality is set three
A=(a,a,p).

The tolerant fuzzy number is set, accordingly, four of parameters
A=(a,a,,a B), Where al and a2 - border of tolerance, that is in an interval [al,
a2] the meaning of function of an accessory is equal 1.

Examples of the diagrams of functions of an accessory of fuzzy numbers
(L-R) such as are given on fig B.7.
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Fig B.7 - Examples of the diagrams of functions of an accessory of fuzzy
numbers (L-R) of a type
\
Let's note, that in concrete cases of function L (y) and R (y), and also the
parameters «,s of fuzzy numbers (a,«,8) and (a,,a,,«, 8) should be selected so
that result of operation (addition, subtraction, divisions etc.) was exact or is

approximately equal to fuzzy number with same L (y) and R (y), and the

parameters a'u B of result did not leave for frameworks of restrictions on these
parameters for initial fuzzy numbers, is especial if the result further will
participate in operations.

The remark: the decision of tasks of mathematical modeling of complex
systems with application of the device of fuzzy sets demands performance of large
volume of operations above a different sort linguistic and others fuzzy variable.
For convenience of performance of operations, and also for input-output and
storage of the data, it is desirable to work with functions of an accessory of a
standard kind [2],[21].

The fuzzy sets, which it is necessary to operate in the majority of tasks

with, are, as a rule, unimodal and normal. One of possible methods of
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functions

(L-R) of a type.

approximation unimodal of fuzzy sets is the approximation with the help of

The examples (L-R) of representations are submitted in the table B.1.

The table B.1 - Possible (L-R) representation some linguistic variable

Tepn JIT [ L-B )-npencrapmenne ["paduueckoe
NpeacTARIEHE
Cpemrmil A={a, a Flur o 3
a=3=10
Maeui A= {a, oo, Blur o= oo 3
¥ = >0
Boarmoii A=(a, o, oue s
= no
Mpatamsurensno A=lar.az. o, Jun o 3
B IHANAZ0HE o= 32=>10 iy iz
UnpeaenerHnii A=in 0, 0Ls a=07=10
o= 3=10
Pazsuoobpazaeii: A= {a, no, o0)uk o= 3=nc
SOHA TOJTHOH =3 =nc
HEeOpeIe e HHOC T

B.1.3. Fuzzy logic and its basic properties (fuzzy conclusions)

According to one of the most widespread definitions, the logic is the
analysis of methods of reasonings. Studying these methods, the logic is interested
first of all in form, instead of contents of reasons in this or that reasoning. The
validity or falsity of separate parcels or conclusions does not interest logic. It
interests only, whether the validity of the conclusion from the validity of parcels
follows. Regular formalization and cataloguing of correct ways of reasonings -
one of the basic tasks of logic.

In logic it is possible to make of the simple statements by connection by
their various ways new, more complex statements.

Used in various sorts expert and managing systems the mechanism of
fuzzy conclusions in the basis has base of knowledge formed by the experts of a
subject domain as set fuzzy predicative corrected of a kind:

P1:if xis Al, theny is B1,
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P2:if xis A2, theny is B2,

Pn: if x is An, then y is Bn,

Let's result more detailed explanatory. The knowledge of the expert A— B
reflects fuzzy causal the relation of the precondition and conclusion; therefore it
Is possible to name it as the fuzzy relation and to designate through R:

R=A-5B,

Where “—” name by fuzzy implication. The relation R can be examined
as an fuzzy subset of direct product X*Y of complete set of the preconditions X
and conclusions Y. Thus, the process of reception of fuzzy result B' of a
conclusion with use of the given supervision A' and knowledge A— B can be
presented as the formula:

B'= AR = A'(A — B),

Where “-” the entered above operation of convolution. Both it is possible
to realize operation of a composition, and operation of implication in algebra of
fuzzy sets differently (thus, naturally, will be differ and final received result), but
in any case the common logic conclusion is carried out for the following four
stages [6],[20].

e lllegibility (introduction of illegibility, fuzzication). The functions of an
accessories determined on entrance variable are applied to their actual
meanings to definition of a degree of the validity of each precondition of
each rule.

e Logic conclusion. The calculated meaning of the validity is applied to the
preconditions of each rule to the conclusions of each rule. It results in one
fuzzy subset, which will be nominated of each variable conclusion for each
rule. As rules of a logic conclusion the operations min (MINIMUM) or prod
(MULTIPLICATION) are usually used only. In a logic conclusion of a
MINIMUM the function of an accessory of a conclusion “is cut” on height

appropriate calculated degree of the validity of the precondition of a rule
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(fuzzy logic “And”). In logic conclusion of MULTIPLICATION the
function of an accessory of a conclusion is scaled through the calculated
degree of the validity of the precondition of a rule.
Composition. All fuzzy subsets nominated to each variable conclusion (in
all rules), are united together to form one fuzzy subset for each variable
conclusion. At similar association the operations max (MAXIMUM) or
sum (SUM) are usually used. At a composition of a MAXIMUM the
combined conclusion of a fuzzy subset is designed as pointwise a maximum
on all fuzzy subsets (fuzzy logic “OR”). At a composition of the SUM the
combined conclusion of a fuzzy subset is designed as pointwise the sum on
all fuzzy subsets nominated of a variable conclusion by rules of a logic
conclusion.
In summary (in addition) - reduction to clearness (defuzzication), which is
used, when it is useful to transform an fuzzy set of conclusions to precise
number. There is a plenty of methods of reduction to clearness, some of
which are considered below.

Example: Let some system is described by the following fuzzy rules:

P1:if xis A, then @ is D,

P2:ifyis B, then @ isE,

P3:ifzisC, then @ is F,

Where x, y and z - names entrance variable, @ - name of a variable

conclusion, and A, B, C, D, E, F - given functions of an accessory (triangular

The procedure of reception of a logic conclusion is illustrated a fig. 1.8.

It is supposed, that entrance variable have accepted some precise

meanings - X0, y0 and zO0.

According to the given stages, at a stage 1 for the given meanings and

proceeding from functions of an accessory A, B, C, there are degrees of the
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validity «a (x0), a (y0) and « (z0) for the preconditions of each of three given
rules (see fig. 1.8.).

At a stage 2 occurs “cutting off” of functions of an accessory of the
conclusions of rules (that is D, E, F) at levels « (x0), « (y0) and « (z0).

At a stage 3 the functions, truncated at the second stage, of an accessory

are examined, and their association with use of operation max is made, therefore
the combined fuzzy subsets described by function of an accessory . (@) and

appropriate to a logic conclusion for target turns out variable @ .
At last, on 4-i a stage - if necessary - there is a precise meaning of target

variable, for example, with application centroid of a method: the precise meaning

of target variable is determined as a centre of gravity for a curve u, (@), that is
Iw,us (w)d@
Q

[ @s

()

Let's consider the following most often used updatings of algorithm of a
fuzzy conclusion, believing, for simplicity, that the base of knowledge is realized
by two fuzzy corrected of a kind:

Pl:ifxis Alandyis B1, then zis C1,

P2 If xis A2 and y is B2, then z is C2,

Where x and y - it is necessary to determine names entrance variable, z -
name of a variable conclusion, Al, A2, B1, B2, C1, C2 - some given functions of
an accessory, thus precise meaning z0 on the basis of the given information and

precise meanings x0 and yO0.
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Fig. B.8 - Illustration to procedure of a logic conclusion
Algorithm Mamdani: the given algorithm meets to the considered example
and fig. 1.8. In a examined situation he mathematically can be described as
follows.

e lllegibility: there are degrees of the validity for the preconditions of each

rule: Al(XO)’ Az(Xo), Bl(yo), Bz(yo),

e Fuzzy conclusion: there are levels of “cutting off” for the preconditions of

each of rules (with use of operation a MINIMUM)
a; = A (X)) A By(Y,)

a, = Ay (X)) ABy(Y)

Where through «"» is designated operation of a logic minimum (min),
then there are “truncated” functions of an accessory:
Ci(2) = (a1 A Cy(2)),

Ch(2) = (az A Caf2))-
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e Composition: with use of operation the MAXIMUM (max, further
designated as «#) is made association of the found truncated functions,
that results in reception of a final fuzzy subset for a variable output with
function of an accessory:

pelz) =Clz) = Clz)v Chlz) = (o ACH(2)) V {ag A Ca(2)).
e At last, the reduction to clearness (for a presence Z,) is spent, for example,

centroid by a method [6],[19].
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Social responsibility

The purpose of the final degree work is the development, research and
program implementation of two-channel adaptive pseudolinear correcting device
of automatic control systems on the programmable logic controller (PLC)
“Siemens Simatic S7-400”.

Development, research and implementation of corrective devices are
performed with using a personal computer and PLC “Siemens Simatic S7-4007,
in a closed room with artificial lighting. Thus, operations for minimizing the
consequences of a proposed activity should include the drafting of operating
schedule on a personal computer, organizing breaks and airings. In addition, there
Is a requirement of operations for ensuring electrical safety and protection from
disasters.

1 Analysis of dangerous and harmful factors

1.1 Risk of electrocution

Electrical devices are potentially dangerous for operators because human
senses cannot distantly detect the presence of a voltage on the equipment.

Danger of electric shock is increased or decreased depending on room
conditions. Using a computer and PLC “Siemens Simatic S7-300” in high
humidity conditions (relative humidity exceeds 75% for a long time), high
temperature (35 ° C), the presence of conductive dust, conductive flooring and the
simultaneous contact to the compound having to ground metal parts and metal
casing of electrical equipment will cause high risks of an electric shock. Thus,
working with a computer and PLC “Siemens Simatic S7-300” can be carried out
only in areas without high risk.

The graduate student works with following electrical tools: computer
(display, system unit, mouse and keyboard), PLC “Siemens Simatic S7-300 and
printer. In this case there is a danger of electrocution:

e indirect contact with live parts during repair a PC or PLC “Siemens
Simatic S7-300”;
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e in case of touching the non-current-carrying parts, suddenly
energized (in the case of breaking an insulation of current-carrying PC parts or
parts of PLC “Siemens Simatic S7-300”);

e in contact with suddenly energized floor and walls;

e there is a risk of short circuits in high-voltage blocks such as the
power supply unit.

All rooms, depending of the conditions, are divided into:

e  particularly dangerous;

e with increased risk of electric shock;

e without increased risk of electric shock.

According to this classification, the audience number 113a-10 refers to
rooms without high risk, meaning that there are no conditions that create increased
danger.

The laboratory uses devices with voltage consumption of 220V AC
50Hz. This voltage is dangerous for life, so following precautions are important:

e exposed current-carrying parts of the switches and outlet will cause
a shock hazard;

e  obstructing the workplace with unnecessary things will complicate
access to the equipment.

1.2. Electromagnetic radiation from the computer

Like any electrical devices, video displays and system units produce
electromagnetic radiation. Major portion of it comes not from the monitor screen,
but from the video cable and the system unit. In almost all of laptops
electromagnetic radiation comes from the base unit, which is located under the
keyboard. Modern computers are produced with a special metal protection inside
the system unit to reduce the background electromagnetic radiation.

Safe levels of radiation are standardized by "Hygienic requirements for

personal electronic computers and the organization of work™ (SanPin
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2.2.212.4.1340-03). The electromagnetic field strength at a distance of 50 cm from
the display shall not exceed:

e Inthe frequency range of 5Hzto 2 kHz -25V / m;

e Inthe frequency range of 2 kHz to 400 kHz - 2.5V /m

Magnetic flux density should not exceed:

e In the frequency range of 5 Hz to 2 kHz + - 250 nT;

e In the frequency range of 2 kHz + 400 kHz - 25 nT.

Possible ways to protect against EMI:

The main way - increasing distance from the source: in order to avoid the
effects of the video display screen should be located at a minimum distance of 50
cm from the user. Other way - application of display screen filters, special screens
and other personal protection equipment that are tested in accredited laboratories
and have a relevant hygiene certificate.

1.3. lonizing radiation from computer display

Computer source of ionizing radiation is the display. Functions braking
of blood-forming organs or normal blood clotting, increasing the blood vessels
fragility and reducing the body's resistance to infectious diseases can occur in the
body under the influence of ionizing radiation.

Permitted levels of electromagnetic field are standardized by State
Standard specification 12.1.006-84 and SanPin 2.2.4.1191-03 in sphere of
working with electrical and radiotechnical devices. Ways of collective and
individual protection from ionizing radiation are required in case of
noncompliance of working conditions with specified requirements.

The exposure dose of soft x-rays at any point in the distance of 0.05 m
from the screen and the monitor casing (on the cathode-ray tube) in all positions
of adjustment devices shall not exceed 1 mSv / h (100 mR / h ). For displays
responding the requirements of TSO-99, SOT-2000, TCO-03, these standards are

met.
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Methods of protection:

e application of display screen filters, special screens and other
personal protection equipment that are tested in accredited laboratories and have
a relevant hygiene certificate;

e  Using standard monitors MPR 1l and TCO-03 with a reduced level
of ionizing radiation;

e During the final degree work the LR-display (Low Radiation) was
used. LR-display responds to the TCO-03 standard.

1.4. Noise

Noise is one of the most important parameters that inflicts damage to the
health and dramatically reduces productivity.

Noise may be generated by operating equipment, air conditioning units,
voltage converters, operating lighting equipment, as well as penetrating from
outside.

A conclusion that noise and vibration worsen working conditions and have
harmful effects on the human body was stated as a result of studies. Action of
noise is different: it impedes intelligibility of speech, causes a decrease of a
working efficiency, increases fatigue, and causes irreversible changes in the
organs of the human ear. Noise not only affects hearing, but the entire body
through the central nervous system. It causes relaxation of attention, deterioration
of memory, reduces reaction and increases the number of errors at work.

Working areas, in which we are using the PC, should not border the
working areas in which noise and vibration exceed specified values. According to
State Standard specification 12.1.003-83 * "SSBT. Noise. General Safety
Requirements™ and SN 2.2.4/2.1.8.562-96 "Noise in the workplace, in residential
and public building ", the noise level in the working areas should not exceed 50
dB.

Laboratory 113a-10 does not border with any working areas where

equipment can be a source of noise. Noise source in the laboratory is computers.
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Based on the above, and based on subjective feelings, we can conclude that the
noise situation in the workplace is correct.

1.5. Weather conditions

Workplace air conditions (microclimate) are determined by the following
parameters: temperature, relative humidity, air velocity. These parameters in
combination and individually affect the human body, determining its
health. Optimal and allowable values of indoor climate characteristics are
determined in State Standard specification 12.1.005-88 and SanPin 2.2.4.584-96
"Hygienic requirements for the microclimate of industrial premises".

By the degree of severity of physical work software engineer work
belongs to the category of light work. Microclimate parameters in the working
areas are regulated by central heating system and forced ventilation, and have the
following values: 40% humidity, air velocity of 0.1 m /s, and temperatures in the
summer of 20..25 ° C, in winter 15..18 ° C.

Activities for improvement of air quality in the workplace include: proper
organization of ventilation and air conditioning, space heating. Ventilation can be
natural and mechanical. At working areas following amounts of outside air must
be provided: at room with volume up to 20 m3 per person - not less than 30 m3
per hour per person; at room with volume more than 40 m3 per person and without
harmful substances emission natural ventilation is permitted.

There is no forced ventilation in the laboratory. There is only natural
ventilation: air enters and leaves through the slits, windows and doors. The main
deficiency of this ventilation that air enters the room without purification and
heating. Natural ventilation is permitted in case if volume of air in the room
exceeds 40 m3per person. The presence of mechanical ventilation is essential
because the laboratory is inadequate the requirement of the volume of air per
person.

In winter, indoor heating system must be provided. It should provide
adequate, continuous and uniform heating of the air. There is water heating with

embedded heating elements and risers used in our laboratory.
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1.6. Hlumination

According to SNIP 23-05-95 "Natural and artificial lighting" and SanPin
2.2.1/2.1.1.1278-03 "Hygienic requirements for natural, artificial and combined
lighting for domestic buildings and public buildings":

e  Minimum illumination using PC: E = 300 Ix.

e  [llumination of desktop should be at least 300 + 500 lux, which can
be achieved by setting local lighting.

e Local lighting should not create glare on the screen, glare brightness
on the screen should not exceed 40 cd/m2.

The existing artificial lighting satisfies SNIP 23-05-95 "Natural and
artificial lighting" and SanPin 2.2.1/2.1.1.1278-03 "Hygienic requirements for
natural, artificial and combined lighting or domestic buildings and public
buildings".

1.7. Fire safety

Fire prevention

Actions for fire prevention are divided into organizational and technical.

Organizational activities include the proper use of equipment, proper
maintenance of buildings and grounds, fire-prevention briefings for workers and
employees, training of operating staff for fire safety rules, publication of
instructions and posters, presence of an evacuation plan.

Technical activities include compliance with the fire safety regulations,
standards in building design, in mounting of devices and wires, heating,
ventilation and lighting systems, proper placement of equipment.

Evaluation of fire safety facilities

According to NPB 105-03 "Fire Safety Standards. Definition of categories
of rooms and buildings for fire and explosion hazard", depending on the
characteristics of substances and quantities which are used in the production, the

fire and explosion hazard space is divided into categories A, B, C, D, E.
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There are wooden tables and cabinets and 220V wiring in the laboratory
audience 113a-10. Therefore a laboratory audience 113a-10 refers to category C.
Category C is characterized by presence of solid combustible substances and
materials.

Improper use of equipment and short-circuit of power grid could cause a
fire that can destroy computers, documents and other equipment. The ventilation
system can be a source of spreading of fire.

The operator room referring to degree level of inflammation is related to
category C (rooms with solid combustible substances), therefore, it is necessary
to provide a number of preventive actions.

There follows possible causes of fire:

e presence of combustible dust (some dust available to spontaneous
combustion);

e  short-circuit;

e dangerous networks overloading, which causes the strong heating of
the current-carrying parts and insulation combustion;

e  start-up of equipment after repairs.

Right choice, installation and compliance with the established mode of
operation of electrical networks, displays and other electrical equipment
automation are needed to prevent fires from short circuits and overloads.

Consequently, it is necessary to provide a series of preventive technical
and operational actions.

Analysis of possible causes of combustion

e defects of current-carrying parts of plants;

e work with an open electric equipment;

e  short-circuit in the power supply or high-voltage display sweep unit;

e non-compliance with fire safety regulations;

e presence of combustible components: documents, doors, tables,

cable insulation, etc.
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Actions for fire prevention and elimination

Following the next rules of fire safety reduces the risk of fire:

e excluding a formation of combustible environment (hermetic sealing
of equipment, air composition controlling, providing required ventilation);

e using fireproof or nonflammable materials in the construction and
decoration of buildings;

The following actions for fire prevention performing in the
laboratory:

e arrangements relating to the technical process in case of the fire
safety of the laboratory;

e  operational actions, considering an operation of existing equipment;

e technical actions, related with proper placement and installation of
an electrical equipment and heating appliances.

Organizational activities:

o fire-prevention briefings for staff;

e  publication of manuals, posters, evacuation plans.

Operating activities:

e compliance with operational standards of the equipment;

e ensuring the free passage for access to the equipment;

e upkeep of an insulation of current-carrying conductors.

Technical measures:

e  routine inspection, repair and testing the equipment.

e compliance with fire safety arrangements during the mounting
electrical wiring, equipment, heating, ventilation and lighting. Laboratory 113a-
10 has a dry powder extinguisher type OP-5, power switch which de-energizes
the laboratory, an evacuation plan in case of fire, and a fire shield. For eliminating
fire in electrical installation carbon dioxide fire extinguisher OU-2 type or powder
type OP-5 are suitable.
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By improving the quality control procedure, but to improve the accuracy
in the standard mode, the change is understood the dynamic properties of the
control system to obtain an adequate supply of stability and performance. In this
issue of major importance is to ensure stock sustainability.

In solving the problem of increasing the stability margin of any control
system, you need to try a rational way to change its parameters (coefficients of
transmission of individual links, time constants, etc.) so as to meet the regulatory
requirements of quality, defined quality criteria. If it is impossible to solve this
problem within the framework of the existing system have to make a change
(correction) of its structure. [1]

By correction of automatic control systems (ACS) refers to the change of
their dynamic properties of (performance) in order to ensure the required stability
margin, increase accuracy and dynamic indicators of the quality of the transition
process. Correction is carried out by including in the system of additional
elements - corrective devices [2], which should change the dynamics of the entire
system in the right direction. By correcting devices include, in particular, the
corrective units represent units with certain dynamic transfer functions. [1]

The main objective of corrective devices is to improve the accuracy of the
system and quality of transients. However, along with this by introducing a
corrective device can solve a more general problem - to make a sustainable system
if it was without them unstable, and then to achieve the desired quality and the
regulatory process. [3]

In cases where the corrective units is used for the control system stability
or to enhance its stability margin, they are sometimes called damping or
stabilizing links. Thus it is understood that the links dampen vibrations that occur
in the control system. The term "corrective links" is broader and is used for links
that are entered into the system to change the static and dynamic properties for
various purposes. [1]

All corrective devices used in automatic control systems can be divided

into linear and nonlinear.
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Among the non-linear devices can be identified corrective class devices
such equivalent amplitude and phase characteristics are not dependent on input
signal amplitude and frequency are only functions. In these devices, there is no
rigid connection between the amplitude and phase characteristics, as is the case
for linear correction devices. On this basis, the non-linear correction device of this
class can be regarded as the pseudo-correction device (PKU). The possibility of
formation of the amplitude and phase characteristics of the pseudo-correcting
devices independently opens up the possibility of changing the frequency
characteristics of the ACS in the desired direction.

In solving the stabilization problem of closed control systems to create the
necessary reserves of stability is required not only to avoid coverage of the critical
point (-1, jO) locus of amplitude-phase frequency response of open-loop system,
but also to ensure its necessary distance from this point.

It can be argued that the most desirable corrective devices would have
such frequency characteristics that have one of three types, presented in Figure
3.4, respectively, and providing suppression gain with increasing frequency
without phase change (Figure 1.3 a); an increase in the phase advancing with
increasing frequency without changing the gain (Figure 1.3, b); gain reduction,
accompanied by an increase in the phase advancing with increasing frequency
(Figure 3.4 in).

By including correcting device having any of the frequency
characteristics, the relative stability of the automatic control system can be
improved, ie increased reserves and the stability of the phase module.

Using correcting device in the control system with the frequency
characteristic shown in Figure 3.4, but can change the amplitude characteristics,
without affecting the phase.

In the case of the correction device with the characteristics shown in
Figure 3.4, b, modified the phase characteristic of the system, the amplitude

remains unchanged.
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Adjusting device with amplitude attenuation (weakening)

Correcting the pseudo device that allows to receive the amplitude
attenuation frequency increases without changing the phase (below characteristic
3.4.a) can be carried out according to the scheme shown in Figure 3.5.

Input branching passes through two channels. The upper branch of the
device consists of a signature block, low pass filter, the capture module block. On
the lower branch of the input signal must not change. The signal at the device
output is obtained as the product of the output signals of the two branches, and
defined by the equation.

sinusoidal signal acts on the filter inlet, as:

Moreover, the upper sign in these expressions is taken for positive half-
wave of the input signal x. signals form a filter characteristic points is shown in
Figure 3.6

The coefficients of harmonic linearization of the nonlinear filter are
determined by the known formulas and in our case will be:

Moreover, o will be as follows:

The derived expressions indicate that harmonic linearization coefficients
a and b depend only on the frequency, so the amplitude q (o) and phase
characteristics of pn (o) is also considered nonlinear filter depends only on the
frequency and independent of the input signal amplitude, ie .:

Figure 3.7 The solid line shows the pseudo-logarithmic characteristics of
this filter function of the reduced frequency u = oT.

If we neglect the influence of the higher harmonics meandering sign x
(see. Figure 3.6), ie, assume the output sinusoidal signature block, then, we get
the simplified formula for calculating a and b:

The logarithmic frequency characteristics of the filter [g (0) and p (®)]
are shown by dashed lines.

The circuitry of the pseudo correction can be used to increase the

sustainability of stocks in automatic control systems, which can be applied
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damping method known in linear systems as the damping of the suppression of
the high frequencies.

Adjusting device with a phase advance

An example of the pseudo-correction circuit that allows them to advance
the phase without changing the amplitude, may be the circuit shown in Figure 3.8.

Input branching also flows through two channels. The upper branch
consists of a device selection module unit. The lower branch - of a linear filter
and the signature block. The output signal is obtained as the product of a function
module to sign the sign (x), which is the output of a linear filter that creates
anticipation.

Note that for a fixed value of frequency o of the input signal is a nonlinear
filter may be replaced by non-linearity having a static profile for the type of
advanced hysteresis loops, with the proviso that the linear filter WF at this
frequency generates advance equal to a, the magnitude of which depends on the
choice of parameters. These characteristics are shown in Figure 3.9.

and - during the phase preliminary heat up to 90 °; b - in a phase
preliminary heat from 90 ° to 180 °

View specifications in this figure confirms the independence of the
coefficients a and b of harmonic linearization of a non-linearity of the input signal
amplitude.

If the circuit uses a linear filter PF type, the lead created by it will be equal
to:

Then a and b are coefficients will be calculated using the following
formulas:

The pseudo-logarithmic frequency characteristics of the filter at a value of
k = 1 are shown in Figure 3.10. They are built in a function of the reduced
frequency u = oT for a number of values of v.

Excluding created the pseudo attenuation filter, the maximum value of
which does not exceed -4dB, we can assume that its frequency characteristics

meet the requirements of the desired type (see. Figure 3.10, b), ie, provide a phase
141



advance with increasing frequency without changing the amplitude. The circuit
may be used instead of a linear correction circuit in systems where damping is
required to introduce phase advance.

Two-channel device corrective separate channels for the amplitude and
phase

Driving the pseudo-correction, shown in Figure 3.11, provides a different
amplitude and phase relationship, ie, to form relatively independent amplitude and
phase characteristics. These characteristics do not depend on the input signal
amplitude. Accordingly, by changing the parameters of linear filters included in
the scheme, you can get the desired characteristics of any of the types shown in
Figure 3.8. Therefore, the proposed scheme for the formation of corrective
devices is universal. For the general case of a linear filter in a phase leg booster
element, and the filter branches in amplitude - element creating amplitude
attenuation and phase lag of [4].

The input signal is branched and flows through two channels. One of the
channels (upper) is used for generating the amplitude characteristic is called
amplitude, the second - channel phase forms a phase characteristic of the device.

Amplitude channel consists of a linear element with transfer function and
the modular element (e.g., a full-wave rectifier). The amplitude response of a
linear element determines the amplitude of the entire correction device. Modular
element produces an output value proportional to the amplitude fluctuations at its
input and prevents the passage of information about the phase of the input signal.
The filter is used to isolate DC component of the rectified voltage.

In phase channel includes a linear element with transfer function and block
signature (mark box). The phase characteristic of the linear element determines
the phase response just correcting device. signature block eliminates the passage
of information through a phase amplitude channel and is a relay device with the
characteristic close to the ideal. If you change the sign of the signal at the input
changes the output sign signature block, and its value can take only two fixed

values + 1, regardless of the value of the input signal amplitude. The output value
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correction unit is obtained by multiplying the output values of the amplitude and
phase channels in the multiplication block.

The table in Figure 3.11 block diagram of the pseudo-correction device is
quite common. Choosing linear elements with the appropriate transfer functions
and can implement the pseudo-correcting device with the desired, independent of
each other amplitude and phase frequency characteristics. [5]

waveforms at characteristic points of the circuit corresponds to the signals
shown in Figure 3.13.

Once found the coefficients of harmonic linearization, nonlinear
frequency response of the filter with separate channels for the amplitude and
phase are calculated from the formulas already known:

The logarithmic characteristics, which express the dependence of gl and
il on the reduced frequency of u = @T for several values of y and v, are shown in

Figure 3.14.
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1 Hean paGoThl
[{enbro pabOTHI sIBIsIETCS U3yUeHHUE HeueTkoro perynaropa (HP) u co3nanus
porpamMmbl pabOThl CUCTEMBI ABTOMATHUYECKOTO YIIPABICHUS C UCTIOJIb30BAHUEM

nanHoro HP na s3p1ke STL B mporpammuom nakete STEP7Y.

2 HeueTkue peryJsitopbl
[IpencraBiieHne Heuemko20 MHOJCECMEa TOJIATaeTCsl Ha MPEAIIOIOKEHNH,
YTO KXKIBIA D3JIEMEHT JHUIIb B HEKOTOPOM YPOBHU TPUHAMICKUT ITOMY
MHOKECTBY, TOSTOMY OJHHMM U3 TJaBHBIX CHOCOOOB MaTeMaTHUECKOTO
NIPEACTABIICHUSl  HEYemKOo20 MHOJCecmea STO  OIPENEICHUEM  CTEIICHU
IIPUHAJIEKHOCTH HEKOTOPHIM unciaoM u3 [0,1]. IIpu 3ToM rpanuiel naTEpBaia,
TO ecTh | 1 0, 03Ha4ar0T, COOTBETCTBEHHO, “TIPUHAJICKUT U “‘HE MMPUHAIICHKUT .
3HauuTenbHOe ycuiieHue 3(G(OEKTUBHOCTU MOMYJspHBIX JuHeHbIXx [TN]] -
pPEryyisaTOpOoB BO3MOXKHO 3a CYET HE4YeTKoW (opmanu3auumu 3HaHUH 00
YIPABJICHUH 00BEKTOM, peaan30BaHHOM B HeueTkux 111 /]] - perynsTopax.
Heuerkas cucrema ympaBieHMs  COACPKUT HEYETKHM  PETYIATOD,
MOCTPOEHHBIN Ha OCHOBE TEOPUU HEUETKUX MHOKECTB, U 00BEKT yrnpasienus. [1o
OTHOLIEHWI0 KO BPEMEHU HEUYETKHME CHUCTEMBbI YIIPABJICHUSA U HEUYETKUE
peryyaTopbl OBIBaIOT HENPEPBIBHBIMU W JTUCKpPETHbIMU. B manHoll pabote

paccMaTpUBAETCI UIMEHHO HENPEPBIBHBIN BUJ HEYETKOTO PETYIIATOPA.

- . . s
Co | Kot F>{Fuz El el Def [F>{ K, 1 L K = f
P

RB
a 0

Puc. A.1 — Yopomennas (a) u onepatopHas (6) CXeMbl HEUETKOTO

peryJaropa ¢ OJHUM BXOJ0M
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Ha puc. A.1 uzo0pakeHa cxema HEUETKOTO PEryysiTopa, B KOTOPOM UMEIOTCS
BXOJTHAs IEPEMEHHAS €1 M BBIXOTHAS IIEpeMEHHas U, a TAaKXKe IPETyCMaTPUBACTCS
BBITIOJTHCHHUE CJICAYIONINX MpeoOpa3oBaHuil W omeparuil. J[elcTBUTENbHbIC
3HaYeHUs] BXOJAa C TOMOIIbI0 MacmrTabupyemoro kodpdunuenta K;
npeodpaszyeTcs B MaCIITaOMPOBaHHOE 3HAUYCHHUE &, , T.C. BBITIOJHACTCS OTepaIus
MacCIITaOupOBaHUS:

e =K, (A.1)

Ha mpakTrke MIMPOKO KCIOJIB3YETCS HOPMAIM30BaHHBIM WHTEPBAI B BHJIC
[0;1].

Onepanus dbazzudukanuu Fuz (Fuzzification) npeodpasyeT
MacITabMpOBaHHBIN BXOJl ¢, B HEUETKU BXOH E1.

Heuerkwuit BeiBog Fl (Fuzzy Inference) ompenensier Hedetkmii Beixon U Ha
OCHOBaHUM HEUETKOTO BBOJA £ 1 O6a3wl mpaBwit RB (Rule Base).

Omneparus aedaszsudukammu Bbixoma Def (Defuzzyfication) npeoGpasyer
HeueTkul BbixoJ U B MaciiTabOMpoBaHHOE 3HAYEHHUE (i , KOTOPOE MPEBpaIlaeTcs B

NEHCTBUTENbHOE U YMHOKEHUEM Ha KO3PPuiueHt Kj:
u=K, _ (A.2)
LleHTpanpHBIM 3JEMEHTOM HEUETKOI'O PETYJsATOpa ABJsSETCs OJOK HEUETKOTrO
omneparopa f~p, BBITIOJIHAIOIIETO TOCIE0BATEIbHO onepanuu ¢a3z3zudukaimm,
HEYETKOTO BbIBOJAA U Jedaz3udukanuu U coaeprxamiero 6a3y npabui. Takum

00pa3oM, TpeoOpa3oBaHUE, OCYIIECTBIAEMOE HEYETKMM OIIEPaTopoM f, MOXKHO

npeacTaBuTh B CIICAYIOIICM BUC:!

fy :(6) —=(E,, RB)—{U)—>{a).

(A.3)
Tenepp paccMarpuBaeTCs CXe€Ma HENPEPBIBHOM CHUCTEMBI YIPABJICHUS,
uMerolen Heuetkuil perynstop (P) ¢ oqHuM BXOAOM U TpeMsl BBIXOJIAMH, a TAKXKE

oowekt ynpapienus (OY), oXBaueHHYIO OTPHUIIATEIHLHOW 0OpaTHOM CBSI3bIO Ha

puc. A.2.
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1]
y (1)
] e(t) s P u(t) oy y(r) I-

Puc. A.2 — Cxema HEmpepHIBHOM CUCTEMBI yIIPABICHUS
BxoaoMm e(t) HempepbIBHOTO perynsitopa P Ha puc. 2 siBisercsa ommOKa Win
otkioHenue e(t) = y°(t) - y(t) 3amanus y°(t) OT TEKyLIEro BBIXOAa 00OBEKTA y(t),
a BBIXOJOM pEryjsiaTopa — ymnpaBiieHue u(t). IS HEmpephIBHOM CHUCTEMBI

yhnpasieHus: npeodpazoBanue (A.3), peaiu3yromMil HENpPEephIBHBIM HEUYEeTKUI

OIepaTop, UMEET BHI:

f, 1 (8(t)) —2(E, RB)—"(U) —2(i(1)), (A4)
rae é(t)=K,e(t) - HOpMalM30BaHHAs WJIM MacIITaOMpOBaHHAs OIIMOKA,
K03 bUIIMEHT MacIITaOupOBaHUs MOXKHO JaTh B Buje K.
TpaguimoHHble HEYETKHE PETyJSITOpbl 00pa30BaHbl OJMHOYHBIM  WJIU

napajielbHbIM BKIIIoYeHneM Hedetkux [TA]] onepatopos f,, f,, f, nm
frs Ty - 30€ch moactpounsle uuaexcel I, Y, J1, ITA, 111, ITHM]] o3Havarot, 910

0a3bl MpaBUJl HEYETKUX OMNEPATOPOB PEATU3YIOT COOTBETCTBYIOIIHME 3aKOHBI
peryJMpoBaHusl.

Tpanuunonusie HeueTkue [TU]] - peryasatopsl MOKHO KIacCU(PUIMPOBATH IO
YUCITY BXOJIOB (OOWH, J1Ba, TPU) U CTPYKType YOPaBISIOLIMX MPaBUI,
OIpeeNsieMON UX MPaBOM YaCThIO (HEUETKHNE MHOKECTBA WJIM CUHTJIETOHBI).

Bripaxkenne tpangunumonsnoro [IU/] - perynstopa umeer Buna:

ut)=u, @) +u, ) +u,t)= Kn[e(t) +%je(r)dr+Tﬂé(t)} =K, e(t)+ Kﬂje(r)dr +K ,€(t)

['padrueckas wtrocTpalys KOTOpOro npusBeeHa Ha puc. A.3:
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b 4
ey

v e Ky | ut) | oy L@

Puc. A.3 — Cxema cuctemsl yrpasnenus ¢ [IU]] - peryiastopom

Jlanpiie HeoOX0UMO pacCMOTPETh CTPYKTYpY U cxeMy Hederkoro ITHJI -
perynstopa. Ctpykrypa Heuetkoro [N/ - perynsitopa npuBeaeHa Ha puc. A.4.
Bxox perynsitopa e yMHOXkaeTcss Ha MacmTabupyemsblii ko3pduuueHnt K, c
MOJIyYEHUEM HOPMAJIM30BaHHOIO 3HAYEHUS é, KOTopoe oOpabaThIBaeTcs ¢

TIOMOIIEIO HedeTKoro omepaTopa f,, o=(ITH]T).

— S u
e f TTHT Faang

Puc. A.4 — Crpykrypa Heuetkoro [I1]] — perynsropa

Oyuknmedn  Thma S gy MOKET  OBITB  OAHA WM  JACHCTBYIOLIUE

IIOCJIEA0BATEIIBHO HECKOJIBKO OIlepalliii: BPEMEHHOIO CIBHUIa, CYMMHUPOBAHUS
WIM YMHOXXEHHS Ha TMOCTOSIHHBIA kodpduuuent. Cxema Hewerkoro TN -

perynsTopa npuBeeHa Ha puc. A.D.

r;l.l. {1y

— - ~ fi g (1
.lll - .l|l' .
20 )k, |0 fom —s

wir)
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Puc. A.5 — Cxema Heuetkoro [I1]] - perynaropa ¢ OqHUM BXOJIOM U

TPEM: BbIXOJaMU

Heuetxkuit [I1M]] onepaTop mnaHHOTO perynstopa:
Uy t) = anz (e(t) (A6)
¢ 6a3oi mpaBuI

0 . o ~
Roma > o &(t) ecmo E 1o a,(t) ecmo U!, 4, (t) ecmo U, s (®)

ue?.
ecmbv A

rae £°,U;,U;, U’ - HEeYCTKHE MHOXECTBA, XapaKTCPU3UPYIOLIUE OLIHOKY
peryJiupoBaHusi, MPOMOPLUUOHAIBHYI0, UHTErPAIbHYI0 U Ju]epeHInalbHYIO
cocrapiusrontyro IIU]] - perynaropa; 6 = 1,4 - Homep IpaBuia, t  [0;T].

B sToM ciyuae CTpyKTypa CHUCTEMBI HEYETKOIO YIpaBIEHUS OOBEKTOM C

HEYETKUM PETYIATOPOM NPUHUMAET BUA:

it (1) K. Ty

()
. .rrr(.r o

o () Qe . - ’:, .
: ég[-b K, &) r”“ Q ; nir) ov ity

a}‘é[."l P, d | oK)
—_— .ul-n'

Puc. A.6 CTpykTypa HEUETKOTO yIpaBiIeHUs O0BEKTOM C HEUETKUM

pPEryIsTOpOM

rze e(t) — ommoOka; yO(t) — 3amanue; y(t) — BBIXOIHOE 3HAYCHHE.

3 HeueTkme ynpasJjsiloniye npaBusia
B olmem Buzie HedyeTkue YNpapRySOIME MpaBiia HEMPEPHIBHOIO HEUETKOIO

perynaropa:
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[

R?: ECJIU é(t) ecmw E5 104 (t) ecmsb U°,
(A.7)

E’, R
rje U?,— HEYETKHNE MHOXECTBA, XapaKTEPHUIYIOIIUE OMHIOKY é(t) 1

yIOpaBJIeHHE G (t)Ha HempepbiBHOM uHTepBaje Bpemenu t e [0, T] wu

IPUHAIEKAIIME COOTBETCTBYIOIIMM TepM - MHOxkectBam E’%T,, U’ ¢T, ¢
AJIEMEHTaAMHU — JIMHTBUCTHYECKUMU 3HAYEHUSMU, ONPEAECICHHBIMHA HIKE.

Ha IMPAKTUKC I OITMCAaHNA BXOJIHOU ét) u BBIXOJIHOM U (t) ICpEMECHHBIX

4acTO WCIOJIB3YIOTCS TepM-MHOXecTtBa ¢ aByms N, P, tpems N, P, Z
(orpumarensHoe N (Negative), monoxurensHoe P (Positive), nynesoe Z (Zero));
nateio NB, NS, ZE, PS, PB; cembto NB, NM, NS, ZE, PS, NM, PB (otpuiiatenpbHOe
oonbimoe NB (Negative Big), orpuniatensaoe cpeaaee NM (Negative Medium),
orpurarensHoe Matoe NS (Negative Small), nynesoe ZE (Zero), monoxxutelbHOE
masioe PS (Positive Small), monoxurensaoe cpennee PM (Positive Medium),
noJyioxkutenbHoe Oosbioe PB (Positive Big)) u AeBATHIO JTUHIBHCTHYCCKUMU
3HAYCHUSMH, TIOJTYYCHHBIMH W3 CEMH ITyTeM JOOABJICHUS CICAYIONINX JBYX
3HAYCHUH: OYeHb Onu3koe K Hymo otpunarenbhHoe NZ (Negative Zero) wu
nosioxkutenbHoe PZ (Positive Zero) wim oueHb 0osbioe orpuniatenbnoe NVB
(Negative Very Big) u nonoxurensHoe PVB (Positive Very Big). Jlis HeueTkoro
peryyistopa ¢ m BXoJaMu (KaKIblid ONUCAH 7M1, M2, ... H N, HCUCTKUMH MHOXE-
CTBaMH) ¥ OJIHAM BBIXOJIOM YHCJIO HEUETKUX MIPABWII (| PABHO MPOU3BEIACHUIO (| =
ni ..My JIOBOTBHO dYacTo [UIsl ONHUCaHWs HEYeTKuX MHOXecTB NB,
NM, .., PB ucnonb3ylTcs TpeyroyibHble (DYHKLUHMH MPUHAIICKHOCTH IS

IepeMEHHBIX X = &(t) 4 (1) JlMama3oH BXoaHOI mepemMeHHOM xe/XM", x™], g -

paccTosiHUe Mexk 1y (QYHKIMSAME IIPUHAUIEKHOCTH. B psse ciaydaes X=33,X"%=33
WM X™"=23 X"¥=23 .

Kpome Toro, Hcmonb3yroTcsi HEUETKHUE PETYJISTOpPhl C IMEePEeMEHHBIMHU,
koTopbie omuckiBatorcs mateto (NB, NS, ZE, PS, PB) u tpems (N, Z, P)

HECYCTKHMMHU MHOXKECTBaMHU C q)YHKI_II/IHMI/I IMPHUHAJIC)KHOCTH, IMPCACTAaBJICHHBIMU
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Ha puc. 1.3, 6, 6. 3gecy HeueTkne MHOXecTBa N, Z, P XapakTepu3ylT OTpHU-

aTeJIbHOEC, HYJICBOC M IIOJOXHUTCIBHOC 3HAYCHHUA INECPEMCHHBIX é(t), U (t)

JIOBOJILHO YacTO JJisi OMNHUCAHUS BBIXOJHOM MEPEMEHHON HCHOIb3YIOTCS
CUHIJIETOHOBBIE HEYETKHE MHOXKECTBA.

B OonblmMHCTBE cllydaeB HUCIHONB3YIOT Tpu (QopMara MpecTaBlIeHUs
HEYETKUX MPABWII: OOBIYHBIN, PENSIIUOHHBINA U TAOJIWYHBIMN.

Teneps HEOOXOIUMO OTIPEACTUTH MOHSATHS JIMHEUHBIX U HETMHEHHBIX He-
YETKUX YMPABIISIONINX MPABUII JIJISl TUCKPETHOTO HEYETKOro peryistopa. [lycts
BXOJ/IHBIE TMEPEMEHHbIE é M Aé ONHUCHIBAIOTCA COOTBETCTBEHHO 7 HEUYETKUMU
mHoxecTBamu Ej, 4Ej, 1, ] = 1, n . Toraa nomHyto 06a3y npaBuii OyayT COCTaBIISTh

1’12 HCUYCTKUX YIIPABJIAIOINNX ITPaBUJI BUAA:

ECJIA ¢ ecmb E, W1 A6 ecmv E; TO G ecmo U g ;,,

(8)
Heob6xoaumo onpenenum tepm-muoxkectso 1, = {E.,,, Epiq, ..., Eo, ...,
Epa, Ep) nepeMeHHOW é u TepM-MHOXecTBO 14 = {4E.,,, AE 11, ..., AEo, ...,

AEp1, AEp)

nepeMeHHo Aé, N =2p+1. HeoOxoaumo oOmnpeaenuTh JIUHEHHYIO
GyHkIMIo g = 1 + y, 3aganHyio TepM - MHOKecTBOM 1y = {U.p, Uozpey, ..., U,
., Ugpa, Up) mepemenHoit U, r=4p+1. OOmuM CBOWHCTBOM JIMHEHHBIX W
HEJIMHCHHBIX  YIPABISAIOIIUX  TMPAaBWI  SBISETCI WX  CHMMETPUYHOCTD

OTHOCUTCIIbHO AWaroHaliu T8.6J'II/II_[BI.

4 Hacrtpoiika Hedyetkoro IIU]] - peryasitopa

s CHHTE3a Y  HACTPOMKH HEYETKUX  PEryJaTOpOB  HET
CHUCTEMAaTU3UPOBAHHBIX METOA0B, Kak Meto L{urnepa - Hukonsca. [Ipu pasHbix
CTPYKTYpax HEUETKUX PETYJATOPOB, I UX CUHTE3a UCIOJIb3YIOTCS U3BECTHBIC
METO/IbI, KaK 3BPUCTUYECKHM IMOAXOJ, METOJbl HEYETKOW JMHEapu3aluuu |

da30BOil  MIOCKOCTH, a TaKXKe aHAJIUTUYECKUE JIBYXYPOBHEBBIH U
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KOMOMHALIMOHHBIA MeTobl. [lepBbie Tpu MeTO/la MOXXKHO YCIOBHO OTHECTH K
NPUOJIMKEHHBIM, a OCTAIbHBIE — K TOYHBIM.

K snementam Heuetkux [l - peryiasiTopoB, MOJjIexKallUuX HACTPOUKE,
OTHOCSITCSI MacmTabupyromue kKo3(pPUIMEeHThI, a Takke mapaMeTpsl QyHKIIHI
MPUHAJICKHOCTH. MeETonbl HACTPOMKU NPUMEHSIOTCS K Pa3jUYHbIM THUIIAM
peryisaropos 11, ITH, I1/] u [TM]/] ¢ unciom BX010B OT ogHOTO A0 Tpex. Cienyer
OTMETUTbH, YTO, IMpeAJaracéMbple METOAbl HACTpPOWKM Hewetkux [IAJ] -
PETYIIATOPOB TOPA3/I0 CIOXKHEE MPUMEHAEMBIX METOJOB HACTPOMKHU JIMHEUHBIX

[T/ - perynsitopos.

5 CTpykTypHasi cxema J1aG0paTOPHOro CTEHIA

Ha3naueHnne qaHHOro 1a00paTOPHOIO CTEHAA — BBOJ aHAJIOTOBOI'0 CUTHAA,
BBOJI/BBIBOJ] JUCKPETHOI'O CHTHajla, TO €CTh peajau3anusi I[pOorpaMMHO-
aoruyeckoro ynpasiieHuss CAY ¢ qUCKpETHBIMM CUTHAJIaMHU U KOHTpoJIb 3a CAY
C aHAJIOrOBBIMM CUTHAJIaMH. Ha pucyHke 7 mpencraBieHa CTPyKTypHas cxema

71a060paTOPHOTO CTEH/a, O3BOJIsIoNIAs uccienoBaTs Koutpoiuiep SIMATIC S7-

300.

T T Tawmeww [ EEMER ) MM
| |
DIRDCHV ‘ DI3EDC | Al4fa0% | DUEDOGx
CPU34C- DIg/DO%z
PSUSA | | AISIADAZ D%ﬁgﬁ}ﬁx | oy | K | rmse 2Bt | DIMV ||
Bt P33 | ‘ M 15 ‘ ‘ i ‘
‘ | | |
= =
—— I F ==+ | mmE
o
MR ﬂ Trgerseitzmon n | ] CT E
UiB AT EBOD/ER BT L
i ) s
L T @(— BF E JrrpeTeei 3500 E Hmﬂ BB0,

FC

KO ‘Bbl}(Uﬂb

ABK6

E TJHckpetsE EBOR

E Irckpers BB0g

—Aﬁ FTHERWET

Puc. A.7 — CtpykTypHas cxema 1abopaTOpHOro CTeH1a

Kontpomnep SIMATIC S7-300 — 3TO0 MOIyJbHBIA MOpPOrpaMMHPYEMBIi

KOHTPOJUIEp Ul PELICHUA 3a7a4 aBTOMATHU3ALNUKA CPEIHETO U HHU3KOIO YPOBHS.
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Heckonbko TUTIOB TIEHTPATBHBIX MTPOIIECCOPOB PA3IUYHON MPOU3BOIUTEIHLHOCTH
U IIUPOKHHA CIEKTP MOJYyJeH pa3IudHOr0 HAa3HAYCHUS C MHOYXECTBOM
BCTPOCHHBIX (YHKIUNA IO3BOJISIIOT BBIMOIHATE MAaKCHUMAJIbHYIO aJallTallkIo
o0opyaoBaHUs K TpeOOBaHUA penaeMoii 3aa4n. [Ipu MmogepHu3anmu 1 pa3BUTHA
MPOU3BOJICTBA KOHTPOJUIEp MOXET OBITh JIETKO JOIMOJHEH HabopoMm
HeoOxomuMbix Mopaysied. Ha puc. 1 mnpuBeneHa CTpyKTypHass cxema
71a060paTOPHOTO CTEH/A, TO3BOJIIONas uccieaoBaTh Koutpoiuiep SIMATIC S7-
300. B nanHbIi 7a00paTOPHBIN KOMILJIEKC BXOJSAT MOAYJIU KOHTpOJIepa: OJIOK
mutarust PS 307 5A (307-1EA00-0AAO0), nenTpanbHsiii mporeccop CPU 314C —
2DP ()314-6CGO03-0AB0 co BCTpOCHHBIMH MOAYJISIMH: JIUCKPETHOTO BBOJA
D18XDC24V 51 AHAJIOIOBOTO BBOJ1a/BBIBO/IA AlI5/A02x12Bit,
KOMMYHUKAIMOHHBIH Momynb CP343-1 mns opraHW3anud IOCIIEI0BATEILHOM
nepeaayu naHHbIX mo Ethernet uatepdeiicy, cTaHmMu pacnpeaeeHHOro BBOA
ET200M/LINK (IM 153-2) ¢ 3aka3ubiM HOMepoMm 153-2BA02-0XB0, moayiu
BBOJIa-BbIBOJIa JUCKpeTHOro curHaiga DI 32xDC24V (321-1BLO00-0AA0) u
DI18/D0O8xDC24V (323-1BH01-0AA0), Moaynb aHaIOrOBOrO BBOJA/BBHIBOMA
Al4/AO2x12Bit (334-0KEO0-0ABO), momynb AMCKPETHOTO BBOJIA/BBIBOJIA
DI116/D0O16xDC24V (323-1BL00-0AA0), a Takxe 2 610ka pene (X2, X7), ABK
(aHAJIOTOBO-BBIYHMCIIUTEIBHBI  KOMIUIEKC) JUISI CO3JaHUS MaTeMaTHYeCKOM
momenun CAY. Taxxke Ha CTEHIE NPUCYTCTBYIOT KJIEMMHBIE KOJOAKU IS
BBO/1a/BBIBOIa aHAJIOTOBBIX/IUCKPETHBIX cUTHANIOB. X4, X6, X8, X10, X15, X16
— 0003HaUYeHHE KJIEMMHBIX KOJIOAOK. KaHambl Momynsi BBOJa aHAJIOTOBOTO
CUTHAJIa TIOCTYIAIOT Ha KIEMMHYIO KOJOIKY X4, T¢ OCYIIECTBISCTCS BBOJ
curHasia ¢ ABK. Kanaibel Moayssi BBoia THUCKPETHOIO CUTHAJIA MOCTYHAKOT Ha
kosonku X15, X16, X8 u X10. Ha X8 ocymectBisiercss BBOA AUCKPETHOTO
CUTHAJIa TIPU TMOMOIIM KHOMOK. KaHansl MOMy sl BRIBO/IA TUCKPETHOTO CHUTHAJIA
noctynatoT Ha 0soku pene X2 u X7, r7ie OCyIIeCTBISAETCS BBIBOJ JUCKPETHOTO
CHUTHAJIa TPU TIOMOIIM CHUTHAJIBHOTO Ta0yo. THI KIEMMHBIX COCIUHCHHHA —

“CyXO0il KOHTaKT .
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6 CucremMa KOMaH/

STEP7 ocnaien ucuepnbiBaomuM HaOOPOM HHCTPYKIUH, TO3BOJISIONINM

JICTKO U IIPOCTO pCIIaTh JIO0BIC 3aa49Yd aBTOMATHYCCKOI'O YIIPABJICHUA. OTO0T

Ha0Op MHCTPYKIIMI BKIFOUAET B CBOM COCTaB:

JIOTUYECKHUE onepaiuu (BKiIoudas 00padoTKy (GpOoHTOR);

OTIEepaIfH CO CIIOBaMH,

oIepaIyy ¢ TaiMepaMu U CUCTINKAMH;

oTiepaliiy CPaBHCHUS,

oTiepariy mpeoopa3oBaHus TUIIOB JaHHBIX;

oTiepalliy CABUTA U BPAILICHUS;

MareMatuyeckue  (QyHKIMM ~ (BKJIIOYAash ~ TPUTOHOMETPUYECKHE U
HKCIIOHEHIUAJILHBIC);

(YHKUHU YIPABJICHHS XOJOM BBITOJIHEHHS IPOIPaMMBI.

Jlist oOneryeHrst IporpaMMHUPOBAHUS MOKET OBITh UCIIOIb30BaH LIEJIBII Psij

JOITIOJIHUTCIIBHBIX CCPBHUCHBIX (1)YHKHI/II‘/JII

YCTaHOBKA TOYEK MPEPhIBAHUS;

YIPABJIEHUE COCTOSTHUEM BXOJI0B U BBIXO/IOB;
NEPEKIIIOUEHUE PEKUMOB PabOTHI;
0TOOpakeHHE NMEPEKPECTHBIX CCHLUIOK;

NOJJIEP>KKA MYJIbTUIIPOLECCOPHBIX KOHPUTYpaIUil.

OyHKIIMU COCTOSTHUM:

3arpy3ka u TecTUpoBaHUE OJIOKOB HEMOCPEICTBEHHO B PEIAKTOPE;
OnHOBpEMEHHBI KOHTPOJIb COCTOSTHUM HECKOJIBKUX OJIOKOB;

OyHKIMN [IOUCKA.

JlocTynHa MHTEpaKTUBHAS TOMOILb MO BceM GyHKIHOHAIBHBIM Osokam (F1).
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7 IIporpamma peanu3zanuu CHCTEMBI aBTOMATHYECKOI0

PEryJimpoBanusi ¢ HCYCTKHUM PETYJAsITOPOM Ha SI3BIKE NMPOrpamMMHupoOBaHUsA

STL B makere STEP7

Jns peanuzanuu nipeactaBieHHod CAP nepenarounas GyHkuus oObekTa
YIPABJICHUS MOJICITUPYETCS HA aHAJIOrOBO - BEIYMCIUTENLHOM KoMIuiekce ABK
- 6.

o [lepenarounas pyukuus OY

Wo = (9)

rae Ky =1T, =15.

e [lepenaTounas QpyHKMS perynaropa:

1 k.T.s
W, (s) =k, -(k, +——+-22"), 10

rae K, =k, , T, =-"~, T, :kk—”.
PEl’

CHauazna HeoOX0AMMO CO3/1aTh IPOrpaMmy AJig padOThl CUCTEMbI HEUETKOTO
BBIBOJIA JIJII HEUETKOro peryistopa B gomnoiHuTenbHoM makete SIMATIC
FuzzyControll++.

CHavaja 3amyckaeTcs Iporpamma, BbImosiHseTcss koManaa File>>New,

3a/1aeTCs KOJIMYECTBO BXOJa M BBIXOJOB, 3a7aeTcsi uMs apaiBepa S7 - 4K s

KOH(UTypamuu 3Toi mporpaMmel 1 Haxkumaetcst OK (puc. A.8):

Project new [E]

[n-/0utputs

MNumber of [nputs:

T
MNumber of Dutputs: |_3

T argetsyztem

Diriver Info...

Cancel | Help |
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Puc. A.8 By okHa a1 cO3/1aHUST HOBOTO TIPOEKTA

3anaeTc;1 MM OJI1 BXO4a U BBIXOAO0B, KaK ITIOKa3aHO Ha PHC. A.9:

IE FuzzyControl*+ - [C:\WDocuments and Settings\A... |
Kl Fle Edt Targetsystem Test View Window ? - &

D @@ & 2

> |2 12T
Iyl

if ... then

Puc. A.9 — Bun okHa peakTopa CUCTEM HEYETKOTO BBIBO/IA

JIns Kakmoi BXOJHOM M BBIXOJHOM IMEpEeMEHHOU orpenensercs (QyHKIUS

MPUHA]IKHOCTH TaK, Kak mokasano Ha puc. A.10:

Input'Properties

M arme OF [nput; IE

— kemberzhip Functionz

2 |0.000000
3¢ [0.125000

Inzert | Delete |
malo ;I
— Corner Points

10+ |0.000000

Mirirnum:; Zoom——————— b asirnuarn; 41 IEI_EB?EEIEI
IEI.EIEIEIEIEIEI lrj ﬂ J |1.EIEIEIEIEIEI

Puc. A.10 — Bun okHa a1 perakTupoBaHusi GyHKITUN TPUHAIIICHKHOCTH
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Huanazon wm3menenust nepemeHHbix Ky K, Kg: Kp=[0;55], K;=[0;3.5],
Kd:[0;5].

I[aﬂee H€O6XO,IIHMO BBCCTHU 6213}7 mpaBuiI AJiA peain3daliliid HCYCTKOI'O

BBIBOJIa HEYETKOTO peryisitopa (puc.A.11).

1 2 3
e | malo | mnogo Jochenmn|
kp malo | mom | mnogo
Ti mnogo | nom malo
Td malo noim | mnogo

Puc. A.11 — Buj okHa pelakTUpoBaHus 0a3bl IPABUII JIJIST HEYETKOTO

BEIBOJIA

[IporpamMa HEYETKOTO BBIBOJA TOTOBA. Temeph, sl KOHPUTYpAIMH C
nporpammoit SIMATIC ucnoas3yercs MPI moayns. OtkpbiBaetcs okHo PG/PC

Interface ays BBIOOpa THMa KoH(pUTrypauuu nporpammbl FuzzyControll++ (puc
A.12). SIEMENS>>SIMATIC NET>>PG/PC Interface. lns koHpurypamuu
BeIOMpaetcs kommonent CP 5611 (MPI).
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Set PGIPC nterface w

Access Path | LLDP

Access Point of the Application:
STOMNLIME  [STEF ¥)
[Standard for STEP 7]

Interface Parameter Azsignment U sed:

CPEE11[MF]

CPEET1[Auta) [
LHEETT|MEI] :
B CPEE11(PROFIEUS) chkbive
T — e
£ Iy | | ¥
[Azzigning Parameters far a virbual durmmmy

device that iz simulated by PLCSIM far an
MPI network. ]

Interfaces

Add/Remove:

-+ CF3E11[MFI]

CP1613(RFCI008) I

[l

]

[ Select... ]

[ Cancel ][ Help ]

Puc.A.12 — UnTepdeiic mis Beroopa MPI kapTst

JIiist KoHUTrypauu UCnoib3ytoTcs: GyHKIMOHaIbHbIe 010ku S7-4K, S7-

20K (puc. A.13). Jins SIMATIC S7-300

npuMmeHsietcss Omok S7-4K, s

SIMATIC S7-400 — S7-20K. Beidupaetcst TargetSystem Manager, HaxuMaeTcst

DLL Selection, nocie yero Beioupaercs daiin S7_Tardet FZ.dIl.

Targetsystem Manager ]
“With the targetzystern manager, you can
install and/or delete program components to
access a targetspstem. -
Inztaled targetaystems
Actives] ~ Drriver Infa..
apPc E
PLCS7 3
S7-20K,
Sk [v] delete
Inztall targetsystem component
Target_S57_FZ.dl
Activer DLL Selection...
57-20F,
WwinlC inzert

160



Puc. A.13 — Bun okHa a1 BBIOOpa KOMITOHEHTA JJIs 3aITyCcKa TapreT-
CUCTEMBI
OtkpeiBacTcss  TargetSystem  Selection, BwiOupaetcs S7-4K s
kouTposuiepa SIMATIC S7-300. B pesynbpTaTe MOSBUTCS OKHO, KOTOPOE UMEET

BUJI Ha puc A.14.

i

T argetsystem S7

Project Name 'Proj’

IDE offline DE30
Inputs 1

Outputs 3

Status Connected

Access to Runtime Module

[

Puc. A.14 — Bun okHa nHGOpMAIIMK O TapreT - CUCTEME
Jlansee otkpeiBacTcs TargetSystem Connection, u BeiOupaercs aiii
S732.dll, koroperii umeeT By Ha puc. A.15 u ykazsiBaetcs v coeaunerust MPI,

aJipcca CJIOTa U MIKWHBI, HOMCP Oyoxa JaHHBIX.
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comect x

Cammunication Software SIMATICHET [5732.0LL)

Browsze. |

— Connection Infarmation

T argetsystem name: ST-AK
Access poink: IS?DNLINE LI
YFD-Name: [vFD 08/27/03 15:0911
I™ Edit

— Connection parameter
&+ WP i PR i TCPAP e
Target addrezs: 2 -
Rack: IE_
Slat: |3_
Murnber of the DB: I?pEI_

Cancel | Help |

Puc.A.15 — Bun okna konguryparuu nporpamm STEP7 u

FuzzyControll++ ¢ momorpro daiina S732.dl

Tenepb HEOOXOAMMO CO31aTh MporpaMMmy Ha s3eike STL B makere STEP7
IUI peanu3alli HEYEeTKOTro yrpaBiieHUs. J[Is 3TOro cHavana BBI3BIBACTCS
byHkumroHambHbIN 010k o Ha3BanueM SCALE (FC105).

JlaHHBIN cerMeHT 00ecreunBaeT HOPMUPOBAHNUE aHAJIOTOBOTO CUTHAJIA.
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Hetwork 1PELEEARP

Comtnent:

CATLL, "SCALE™
In ="EiEm"
HI LIM :="H an"
Lo LIM :="L an"
EIPCLAR:="Polar"™
RET VAL:="retwal"

ouT (="Eizm 2"
CALL "Izm norm"
*xfmwax ="fmwax"
xfmin :="fmwin"
xizmax:="H an"
®izmin:="L an"
xiz i="Eigm 2"
=xf =UTEHET

Puc A.16— JIucTuHr nmporpamMmbl PYHKIIUU CUMTHIBAHUS U HOPMUPOBAHHUSI

CHUTHaJIa

Jlanee HeoOxoauMO BbI3BaTh GyHKIMOHAIBHBIN 0510k FB30 13 ctangapTHOM

oubimotreku Fuzzy_library. 3naueHusi mepeMEHHBIX, KOTOpPBIC MOCTYHAIOT Ha

BxoJ1 6;10ka FB30, nepenatorcs B 610K JIaHHBIX.

Hetwoxrk 2 : Title:

Comment :

CALL "Fuzezy_ControldE" ,

INPUTL
INPUTZ
INPTIT3
INFUT4
INFUTS
INFUTA
INPUT?
INPUTE

OUTPUTL:
OUTPUTE :
OUTPTTS :
CUTPUTYS:

INFO

=y

"K"
"EI real”
"ED real”

"Fuzzy_Instancedk"”

Puc. A.17 — JIuctuHr mporpaMmsl Jyisi paboThl (PYHKIIMOHATLHOTO OJIOKA
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Crnenytommii  cerMeHT oOecneunBaeT mpeoOpa3oBaHHE  3HAUCHUU

napametpoB [TU]] - perynsaropa tuna TIME B curnan tuma REAL.

Hetwork 3 : Title:

Coment:
L "TI real”
END
T r T I_t r
L "TD real"”
RND
T rr TD T rr

Puc. A.18 — Jluctunr nporpaMmmsl aJig rnpeoOpaszoBanus Tumna REAL B

TIME

[Tony4yeHHbIC 3HAYSHUS TTApaMETPOB PEryJsATopa mojatorcs u3 6ioka FB30

B ¢yHKImoHansHeIi 6510k [TU]] - perynupoBanus — FB 40 “CONT_C”.

Hetwoxrk 4 : Title:

Cortnent :

CATL "COHT_C" , DBl
COM R3T :="PEREZAPUIEKL"
MAN ON :=FALIE
PVPER_ON:=
P SEL ="VIE P"

I 5EL :="?IB_I"
INT HOLD:=

I ITL OH:=

D 3EL :="vIB_D"
CECLE =T
SP_INT ="ZADANIE X"
PV _IN ="EET

¥ _PER :=

MAN =

EATN =T

TI :="TI_t"
TD :="TD_T"
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TD ="TD T"
TM LAG :="Tc"
DEADE W :=0.000000e+000

LMN HLM :=1.000000=+000
LMN LLM :=0.000000e+000
PV _FAC :=1.000000e+000
PV _OFF  :=0.000000=+000

LMN _FAC :=
LMN_OFF :=

I _ITLVAL:=

DISV :=0.000000e+000
LMN :="VIH REG X"
LMN PER :=
QLMN_HLM:="VEF_PRED X"
QLMN_LLM:="NIG PRED X"
LMN P :="P_SOST"
LMN I :="I_S0ST"
LMN I :="D_SOST"

PV =

ER ="ER T"

Puc A.19- Jluctunr nporpammsl A1 GyHKIIMOHUpOBaHMs Oj0ka FB41

[locne perynupoBaHUsi BBIXOJHOW cuUrHaln mogaercsa w3 Onoka I[IN] -
perynupoBanus B 610k “UNSCALE”. biok “UNSCALE” npeoOpa3yeTt BXOgHOU

CUTHAJI B JE€UCTBUTEJILHBIA CUTHAI.

Hetwoxrk 5 : Title:

Comtnent :

CATLL, "UNICALE™

In :="VIH REG X"
HI LIM :="H an"

LO LIM :="L_an"
BIPCLAR:="Polar"™

FET VAL:="retwal"
ouT = "VIH_X"

Puc. A.20- JIucTuHT mporpamMMmbl AJisi TpeoOpa3oBaHus

HOpMHpOBaHHOFOBHEHGHHHISHGﬁCTBHTeHBHOC3HaquHe

[Tporpammuas peanuzanusi CAP ¢ HeUeTKUM peryiIsiTOPOM OCYIIECTBISETCS

COTJIaCHO CTPYKTYPHOU cXeMe, TIPeICTaBICHHON Ha pucyHke A.21.
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HeueTrag

CHCTeMAa
I 1]
Ti Td
3anaHue H_:E y - BRXOOHOH CHIHA
- ObmexT
> peryiusarop | VIPABTIeHHS T >
B VIpasIsdiolee
BO3OeHCTEHE
Puc. A.21 Ctpykrypa CAP ¢ HEYeTKUM pEryisiTopomM
8 3apanue

3ajmaHreM Ha BBINIOJIHEHHE JIa0OpaTOpHON pPabOTHI MpEeayCMaTPUBACTCS
cieayronias padbora:

Peanuzanuss CAY c¢ Hedetkum perynstopoMm npu OY BTOporo mnopsjka,
KOTOPBIN UMEET BUJT

KO

=— 0 11
T, s+T,s+1 ( )

0

rne K, =1T,=15T,=1. B mnporpamme FuzzyControll++ wu3menuts

JMana3oH mapaMeTpoB HedeTkoro perynstopa: €=[0;1], K,=[0;150], K;=[0;1.5],
Kd2[0;85].

9 KoHTpoJIbHbIE BONPOCHI

a. [lpuBenurte CTPyKTYpy M NPUHIIMIT paOOTHI HEYETKOTO PEryJIsATOPA.

b. Kak BbIpaxarOTCs HEYETKHE MPOAYKIUK Oa3bl TPABUI HEYETKOTO
perynsropa.

c. Kakwue THMbI JaHHBIX CYIIECTBYIOT?

d. Jlns gero npennasHadena nporpamma FuzzyControll++?

e. Kak Bomosansercs KoHburypamus mporpammbel  FuzzyControll++ ¢

nporpammoit STEP7
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Kak Boimonusiercst pynknuonuposanue 6moxos FB30, DB30, FB41 u DB1?

[TpuBenute nmpuMep PyHKIIMOHUPOBAHUS ITHX OJIOKOB Ha si3bike STL.

10 TpeGoBaHus K cOeP:KAHNIO OTYETA

OT4er JI0JDKEH CO/IepKATh:
1) 1enb paboTHI;
2) CTPYKTYpPHYIO CXeMY JIAOOPaTOPHOTO CTCHIA;
3) 3amanue;
4) NMUCTUHT POTPAMMBEI;

5) BBIBOJIBI 11O paboTe.
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[MPMJIOXXEHUE B
IIporpamMHas peaju3anus nceBaoJMHenHOro Heuerxkoro ITH/I-
peryJsiropa

[Iporpamma ncepnonmuenHoro Heuetkoro [IN/] - perynsaropa Hanucana
B cpene STEP7 Ha s3pike STL. JlanHas mporpamma cOCTOMT M3 5 cekuuil. B
NEPBOM CEKIMU pealin3yeTcss HOPMUPOBAHKUE BXOHBIX CUTHAJIOB.

JlucTuHT TIporpaMMBI 1T TIEPBOM CEKIuu TpuBeAeH Ha puc. 5.10.
Cranpaptaeiii  ¢yHkumoHanbHbld  Onoxk  SCALE  ucnonb3yercs s
MacIITaOUpOBaHUsl aHAJIOTOBOW BenMWYuHBL. Bxoano# mapamerp G6ioka SCALE
IN(INT) npuHEMaeT BXoJHOM aHamoroBwlid curHay Xizm tuma INT B mpenenax
HI LIM u LO_LIM. HopMmanu3oBaHHBIN CHTHad BBIXOJUT W3 BBIXOJIHOTO
napamerpa OUT Gioka SCALE B Buze Xizm_2. 3arem curnan Xizm_2 nmocrymaer
Ha Onok FC1l mox wHasBanueM Izm_norm, rae 3HAaY€HUWE HSTOTO CUTHAJA

npeoOpasyercs Ha 3HaueHue Xf.

Hetwork 1PELEEARP

Comment :

CATL, "SCALE™

In ="EiEm"
HI LIM :="H an"
Lo LIM :="L an"
EIPCLAR:="Polar"

RET VAL:="retval"”
ouT i="Hizm 2"
CALL "Izm norm"
xfmax ="fmax"
xfmin :="fmin"
xizmax:="H an"
¥izmin:="L an"
xiz i="Xizm 2"
=f =L

Pucynox B.1 — JIuctunr nporpamMmbl yHKIIMHA CYUTHIBAHUS U
HOPMUPOBAHUS CUTHAJIA
JIucTUHT TpOorpaMMBbl JJ1sl BTOPOU CEKIIMMU NPUBEIEH Ha puc. 6.11
Cranpaptaeiii  QyHkunoHanbHbli  O0oxk  FB30 mon  HasBaHuem

FuzzyControll4K npuaumaer curHan Xf (3HaueHHe ONMIMOKKA PEryIMpPOBAHUS) U
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COOTBETCTBEHHO Tiepenaercs Ha Onok pganHeix DB30 mox HasBanuem
FuzzylnstancedK. bnok panaeix DB30 mepemaer »TO0 3HaueHue uyepes
WHCTPYMEHT KOH(UTYpaIK Ha CUCTEMY HEUETKOTO BBIBOJIa, KOTOPBIN MMOCTPOCH

Ha nporpamme FuzzyControll++.

Hetwoxrk 2 : Title:

Corment :

CALL "Fuzezy ControldE"™ , "Fuzzy Instancedk"
INPUT]1 :="ZEf"
INPUTZ :=
INPUT3
INPUTE :=
INPUTS :=
INFUTE :=
INFUT? :=
INPUTE :
CUTPUT]:
CUTPUTZ :
CUTPUTI :
CUTPUT4 :
INFO

"K"
"KI real”
"KI _real”

Pucynok B.2 — Jluctunr nporpammsl 1t pyHKImoHansHoro 61oka FB30,
C TIOMOIILI0 KOTOPOT'O OCYIIECTBIIsAETCS BBOA JaHHBIX HA DB30 mys peanuzanmu
HEYETKOTO yIPaBICHHS
JIucTUHT mpoTrpaMMBbl JJIsi TPEThel CEKIIMU MpUBEEH Ha puc. 6.12.
[Tomy4yeHHbIe 3HAUCHHS TTAPAMETPOB PETYIISITOPA, KOdIPGUIIUEHTHI T; U Tq

npeodpaszyrorces ot Tuna REAL na Bpemennoit tun TIME.

Hetwork 3 : Title:

Cormtnent :
L "TI real"”
END
T rr T I_t rr
L "TDh real”
END
T r TD T r

Pucynok B.3 — JIucTuHT nporpamMmel peoOpa3oBaHus THUIA 3HAYCHUS
REAL na TIME

JIuCTUHT mporpaMMBbI 171l YETBEPTOU CEKITMH MpUBEICH Ha puc. 6.13.
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3HayeHUs] MapaMeTpoOB peryisTopa, Moidy4deHHble oT Onoka FB30

NOCTYNAaT Ha (QyHKUMOHANbHbIA Osok IIMJ[ - perymupoBanus — FB 41
(CONT_C).

Hetwoxrk 4 : Title:

Comtoent:

CATL "CONT S, DEL
COM_R3T :="PEREZAPUIKL"
MAN ON :=FALS3E

PVPER ON:=

P _SEL  :="VIE P"
I_SEL ="yIE I"
INT HOLD:=

I ITL ON:=

D _SEL  :="VIE D"
C¥CLE =TT

5P _INT ::"ZADAHIE_X"
PV_IN  :="Ef"

PV _PER

MAN =

ATHN =R

TI ="TI t"
TD :="TD_T"
TD :="TD_T"
TM LAG :="Tc"

DEADE W :=0.000000=+000
LMN HLM :=1.000000=+000
LMN LLM :=0.000000e+000
PV _FAC :=1.000000e+000
PV _OFF  :=0.000000=+000

LMH FAC :=

LMH OFF :=

I ITLVAL:=

DIV :=0.000000e+000
LMH ="VIH REG X"
LMN PER :=

QLMN HLM:="VER_PRED X"
QLMN LLM:="NIG PRED X"
LMH P (="P_S03T"

LMH I (=TI S03T"

LMN D :="D_S0IT"

B =

ER :="ER T"

Pucynoxk B.4 — Jluctunr nporpammel 6soka FB41 mist peanuzanuu [TN/]] —
peryJIupOBaHUs

Ha puc. 6.13 npuBeaensl Hekotopble oOo3HaueHus: COM_RST —

nepe3amnyck Omoka, MAN_ON — pyunoii pexum 3amycka Omoxa; P_SEL —
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BKIIIOYUTh  MPOMOPIHOHATBHYI0  cocTaBmswomyto, | _SEL - BximouuTs
WHTErpalibHyI0 cocTaBistomyo, D _SEL - Bxmounts muddepeHnmanpHyo
coctasisronyo, CYCLE — Bpems 3amycka nporpammbl, SP_INT - BHyTpeHHee
3aJlaHue,
PV_IN - Bxognas nepemennas, GAIN - koadurment nponopuroHaibHOCTH, T |
- Bpemsa auddepenuuponanuss, LMN HLM — BepxHuil mpegen BBIXOIHOIO
curHana, LMN_LLM - HwkHuii mpeaen BeixogHoro curHama, PV_FAC -
KO3(phULIMEHT 1151 KOPPEKTUPOBKHU BXOIHOM MepeMeHHoM (ymHoxeHue), DISV -
Bo3mymaromass nepemenHas, LMN - BeixogHoe 3nauenme, QLMN_HLM -
BepxHHUM mpenen Boixona AocturayT, QLMN_LLM - HwkHui mpenen BeIXxoaa
nocturayr, LMN_P - npomoprumonanmeHas cocrabistomias, LMN | -
uHTerpaibHas cocrapisitomas, LMN_D - nuddepenuuansuas cocTapistonias,
ER - curnan paccoriiacoBanus.

JIMCTUHT nporpaMMBI JIJIsl TIATOM CEKIUU MPUBE/EH Ha puc. 6.14.

ITocne perynupoBanusa BeixogHou curnan I/ - perynsaropa nomaercs
Ha 010k “UNSCALE”, roe HopMaian3oBaHHOE 3HAUYECHHE BBIXOJIHOIO CHUTHasa

oOpatHO peoOpaszyeTcs Ha ACHCTBUTEIHHOE 3HAYCHUE.

Hetwoxrk 5 : Title:

Contnent :

CALL M"UNSCALE"

N :="VIH REG X"
HI LIM :="H an"
Lo LIM :="L an"

BEIPCLAR:="Polar™
BET VAL:="retwal"
OUT  :="VIH X"
Pucynox B.5 — Jluctunr mporpamMmel ajis ipeoOpa3oBaHmMsI
(haKTUYECKOTO 3HAYCHHMSI B PEAIbHOE 3HAUCHUE
Monyas FuzzyControll++ nuisi cuctemsl nporpammupoBanus STEP7
[Taker FuzzyControll++ mo3BomsieT mpOrpaMMHpPOBATH  CHCTEMBI

HEUYETKOM JIOTMKHU, MOCTpOeHHBbIE Ha 0Oa3e cucrtem aBromatuzanuu SIMATIC

S7/C7/\WinAC u SCADA cucremsr SIMATIC WINCC.
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NHcTpyMeHTaIBHBIE CPENCcTBA KOH(PUTYPUPOBAHHS HMMEIOT YyIOOHBIN
uatepdeiric Windows u obOecnieunBarOT TOMACPKKY IITUPOKOTO CIIEKTpa
byHKIUH.

Hacrpoitka mnapamerpoB. Hacrtpoiika mnapamerpoB Fuzzy cucremsl
BBITIOJHACTCSI BEIOOPOM COOTBETCTBYIOIINX TO3HMIIMKA MEHIO HAa OCHOBE TPaBHII
“ECJIM-TO” u onpeneseHueM psijia YUCIOBBIX BEJIMYMH JJIsl COTIOCTABIICHUS C
TEKYIIUMH 3HAYEHUSMH BXOJHBIX H BBIXOMHBIX CcHUTHaIOB. [IpaBuia
0TOOpakaroTCs B TAOIMYHON WM MaTpuuHOU hopme. DyHKIIMH TECTHPOBAHUS U
oTnaaku Fuzzy cuctemM MOTYT HCTIOB30BaThCSI KaK MPU HATMYUH TTOAKITIOYEHHOM
CHUCTEMBI aBTOMATH3AINH, TaK U 0e3 Hee.

e HyneBoe npaBuiio U COCTOSHUE CUCTEMbI. 3HAUECHHS BBIXOJHBIX CUTHAJIOB
Fuzzy cucteMbl Bcerna ompeeneHbl, Jake KOoraa He aKTUBU3UPOBAHO HU
OJTHO M3 TIPaBUIIL.

e Ornaaka 6e3 cBs3u C cuctemMoil aBTomaru3anuu. FuzzyControll++
BKJIFOYAET B CBOM COCTaB T'€HEPATOP KPUBBIX, TO3BOJISIOMINNA UMUTUPOBATD
U3MCHCHUE BXOJHBIX CHTHAJIOB CHCTEMBl HEYETKOW JIOTUKH W
UCITIOJIb3YEeMBIN JUTSl OTIAJKU CUCTEMBI.

o TpexmepHOE OTOOPAKEHHE XaPAKTEPUCTUK CHCTEMBI HEUCTKOW JIOTHUKH.
V3MeHeHne BBIXOHOTO CUTHANA B (DYHKITMU OT 3HAYCHHH JBYX BXOJHBIX
CUTHAJIOB MOXKET OBITh OTOOPaXXEHO B BUEC TPEXMEPHOU MOBEPXHOCTH.

[Maker FuzzyControll++ MoxeT ObITH HCIIONB30BAaH HA BCEX YPOBHSIX
aBTOMATH3allMA: OT ABTOHOMHOTO KOHTPOJUIEpAa JO CHCTEMBI YIIPaBICHUS
MPEANPUSTHEM.

FuzzyControll++ moxet padorats ¢ [TN]] perynsropamu, 4To MO3BOJISET
OCYIIECTBJISATh ONTHUMAIBHOE PpETyJUpOBAaHUE HA OCHOBE HCIIOJIb30BAHUS
npeumyiiectB odoenx cuctem. Ilaker FuzzyControll++ Bkirodaer B cBoii cocta
WHCTPYMCHTAJILHBIC CPEICTBA KOH(PUTYPUPOBAHKS M TOTOBBIC K MPUMEHCHHUIO

GbyHKIIMOHATBHBIE 0J0KH, BKIIIOUYAEMbIE B IPOTPaMMy MOJIb30BaTeNs. ITH OJIOKH
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MOTYT OBITh HCIIOJIB30BaHbBI B IpOrpaMMax cucreM aBromarusanun S7-300/ S7-
400/ C7/ WinAC, a raxxxe B SCADA cucreme SIMATIC WinCC.

brnok nannpix DB ycTaHaBnuBaeT AuCHETYEPCKHM HHTEpQernc MexIy
(bYHKIIMOHATBHBIM OJIOKOM, CPEJCTBOM KOH(UTrypanuu U mojb3oBaTeneM. [Ipu
Bb130oBe FBs, mist Bxogos (INPUTI,...,INPUT8) onpenenstores aapeca. ITocie
sToro, B FB oOpaboTanHble BeJIMUMHBI HA BBITIOJIHEHHUE 3aITUCHIBAIOTCS U3 OJIOKA
nanHbeix DB.

[Tocne HEYeTKOTO BBIBOJIA C MOMOIIBIO (PYHKIUN MPUHAIICKHOCTU U
0a3bl MpaBUJ BHIXOAHBIC JaHHBIC OTHPABISAIOTCA OOpaTHO B OJok maHHBIX DB

yepe3 UHCTPYMEHT KoHpurypauun. CTpyKTypa KOMIOHEHTA IPUBECHA HA PUC.

6.2:

3amch T Beon
TTpunoxeHe - =TT | JAHHBIX
i HMHCTpYMEHT
BXOBL “Jnstance -DB &7
xoHbHTVpAaIn
DB30 1! huryp
CALL FB30. FB30 | maHHBIX
DB30 Fuzzy b
11
&
1!
1l
i.._
Yrenne B
HIH
BEIXOILI

Pucynok B.6 — CTpykTypa BBIIOJIHEHUS NIEPEAAYM TAHHBIX MEKY
nporpammoii FuzzyControll++ u STEP7
CtpykTypa  (QYHKIMOHMpPOBAHHS M  pealM3allid  IPOrpaMMbl

FuzzyControll++, SIMATIC S7, SIMATIC CFC u SIMATIC WinCC u ux

KoH(urypammm, gpaiiBepa 3amycka npuBeeHa Ha puc. 6.3.
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Fowdgary Basic
e FuzzyControl++ V5
! 1 ; } v
S7 CFC WinCC " ople
i ' ' | : Yo
w206 | [ o |[ 20K l b
o : r : : IEn5
[ver |{77577] |[iEeid] Bemsas] [ToTle e
I[ CFC
SIMATIC NET Softnet 57 opien
i # - l derver kit
TemcEcDs MPIFPB- TCP/P- opten
CP E-CP
l Pl
PROFIBUS
Industrial Ethe nat(1SO)E TCPAP
| | 1
¥ r
F Fuzzy- Fuzzy- -
lrl::::e "'ﬁ:;"“ 13 L In:‘u::. ;ﬁl‘
o Fuzay- [+]:]
=nyoe —
Fuzzy- A’ﬂ
F
STEPS STEPT a CFC WinCC

Pucynok B.7 — Miumroctpanus ¢BA3U KOMIIOHEHTOB IIPOTPaMMBbI IS

kouTposuiepa SIMATIC

Jliist koHurypamuu ucnoisib3yercs GyHKIHMOHaIbHBIE 0ok S7-4K, S7-
20K (puc. 6.5). s SIMATIC S7-300 ucnonbzyercs 6510k S7-4K, s SIMATIC
S7-400 — S7-20K.

Targetsystem Info

Targetsystem
Project Name
IDE offline
Inputs
Qutputs
Status

57
"Proj'
DE30
1

3

Connected

Access to Runtime Module

=101 x|

Pucynox B.8 — Bug okna Targetsystem Manager

Okno TargetSystem Info conmepxwur uH(bOpMALIUIO 00 UMEHU MPOCKTA,

WG JaHHBIX, KOJIMYCCTBE BXOJ0B N BbhIXOA0B HCUYCTKOT'O BbIBOJa M COCTOSIHHUHA

CBA3MH.
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Targetsystem Manager ]

With the targetsyztem manager, you can
inztall and/or delete program components to
access a targetsysten.

i

|nstalled targetzystems

Diriver Infa...

delete

Inztall targetzypstem component
Target_57_FZ.dl
DLL Selection...

inzert

Help

el el

Pucynox B.9 — Bug okna TargetSystem Manager
st cesa3u ¢ SIMATIC ucnonbzyercst moayins MPL. OTkpbiBaeTcst OKHO
PG/PC Interface ais BeIOOpa THIa KOHGHUTyparu mporpammbl FuzzyControll++

(puc 6.6). lns koudurypanuu Beioupaetcs kommnoneHt CP 5611 (MPI).

Access Path | LLDP

Accesz Point of the &pplication:

S7OMNLINE  [STEF ] > CFOETT[MFI)
[Standard for STER 7]

Interface Parameter Azsignment Used:

CPSET1 (MPI)

CP1E13RFCI008) [~
B CPE611 (Auta) @
B CHRE1T ML ;
BE CPEET (PROFIBUS) <dktiv: v
.‘.,] - =l

[Azsigning Pararmeters far a wirtual durmrmy
device that ig simulated by PLCSIM for an

MPI network.]
Interfaces
] o]

Pucynok B.10 — Bun okna PG/PC Interface
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Taxxe TpeOyercss wunHcTpyMeHT KoHpurypauuu SIMATIC NET
SOFTNET wu S732.dll-¢aiin, koTopelii ycTaHaBIMBACTCS BMECTE C OTHM

UHCTpYyMEHTOM (puc. 6.7).
x|

Communication Software SIMATICMET [S732.0LL])
AN 32.dI

Browse... |

— Connection |nfarmation

T argetsypstem name: S7-4K
Access point |S?D MNLIME j
WFD-Name: |\-"FD 08/27/03 150311

I Edt

— Connection parameter

& P PR  TCRAP CIE
Target address: m
Rack: I5—
Slot: I3—
Mumber of the DB: ISD_

QK. I Cancel I Help |

Pucynok B.11 — Bug okna Connect

EFile Edit Targetsystem Test Yiew ‘Window 7 - a

0| || o|eptlu| 2

if ... then

w
4| | b

For Help, press F1. LM

Pucynoxk B.12 — By ri1aBHOro okHa peJakropa HE4eTKOro BbIBOJA

FuzzyControll++
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B mnporpamme FuzzyControll++ ectb BO3MOXXHOCTH BBOAA (DYHKITHIA

MPUHAJTICKHOCTH JJISI KaXKI0M iepeMeHHou (puc. 5.9).

Input Properiies ]

Mame OF Input;

tembership Functions

| nsert | Delete ‘

malo j
r Corner Points

1&  [oooo00n
> [oooooon
30 [orz0

b iirLrn: Zoorm P airnLarn: 407 |0.287500
0.000000 j ﬂ J 1.000000

Pucynoxk B.13 — Bua okna pegaktupoBanus GyHKIHMA MPUHAICKHOCTH

JUTS IEPEMEHHOMN
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