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KuiBchkuil HalliOHAIBHUN YHIBEPCUTET TEXHOJIOTIN Ta IU3aliHy

CTBOPEHHA CUCTEMH KOHTPOJIIO TAPAMETPIB CYMILII CUIIKUX
KOMITOHEHTIB HA OCHOBI KOHTPOJIEPA HEUYITKOI JIOT'TIKA

Y cmammi posenanymo npunyunu cmeopenns cucmemu KepySaHHs 3MIULYyEANbHUM KOMNIEKCOM HA
OCHOGI anzopummie Heuimkozo Mmooenosanns. Hageedeno cmpykmypuy cxemy ma po3Kpumo pe3yibmamu
00CniONCeH A pobOmuU cucmemuy KOHMPOIIO NAPAMEMPI8 CyMIili Ha OCHO8I KOHMPOepa HeYimKoi J102IKu.
Kniouosi cnosa: cucmema KOHmMpono, CURKI KOMROHEHMU, KOHMPOJep HeYimKoi N102iKu

[TpuroryBaHHs CUIKHMX KOMIIO3HUILIH IIMPOKO BHUKOPUCTOBYETHCS B PI3HUX Taly3sX JIErKOl, XIMi4HOI
MPOMUCIIOBOCTI, B arpolpoOMHCIOBOMY KOMIUIEKCI, OYAiBHUIITBI Ta MOB’S3aHO 3 NEpepoOKOI0 MaTepiaiiB, M0
CKJIaJIAl0ThCs 3 ICTOTHO HEOTHOPIMHUX 3a PO3MIpaMHy 1 T'YCTHHOK YacTUHOK. IIigBHUINEHHS BUMOT A0 SIKOCTI
cymilei, To0To cymimeil i3 3aJaHMM PpO3MOAUICHHAM KOMIIOHEHTIB, 3YMOBJIIOE€ HEOOXIJHICTH PO3POOKH
AaBTOMATH30BaHMX 3MIITyBaJbHNX KOMIUICKCIB, OCHOBHIMH CKJIaJJOBUMH SIKUX € J03aTOPH, 3MIIIyBad Ta CHCTEMa
KepyBaHHA. Ha choroHIIIHIA eHP ICHYy€ BeJHMKa KUIBKICTh PI3HOMAHITHHX KOHCTPYKIIH IIbOTO OOJagHAHHS,
ajyie 3aja4a CTBOPEHHS CHCTEM, SIKi JO3BOJLIIOTH KOHTPOJIOBATH mepedir mporecy (GopMyBaHHS KOMITO3HIT
CHIIKUX MaTepiaiiB, JoCi € akTyaibHOI0. CKIAAHICTh CTBOPEHHA TaKHX CHCTEM 3YMOBIIIOETHCS CKJIAJHHM
XapaKTepOM PyXy YaCTHMHOK KOMIIOHCHTIB CyMIillli BCEpPEIUHI 3MINIYBAJILHOTO KOMIUICKCY, a TaKOXK TaKUMH
BJIACTHBOCTSIMH CHUIKMX MarepiasliB, SK 3J€KyBaHICTh, IUIMHHICTh Ta HacunHa ryctuHa. DopMmyBaHHS
MaTeMaTUYHUX MOJeNeil, 110 BpPaxOBYIOTh BCi OCOOJMBOCTI KOHCTPYKILIH 3MIlIyBalbHOTO OOJaaHAHHS,
mapaMeTpy KOMITOHEHTIB CyMIIlli, a TAKOX IX 3MIHIOBaHHS, III0 MOKE BUHUKATH Y MPOIleCi 3MINTYBaHHSA, € TyXKe
CKJIQIHOIO 3asauero. KpiM Toro HeoOXigHO BpaxoBYBaTH, IO CHCTEMa KEpyBaHHS, CTBOPEHA Ha OCHOBI Takoi
MOJIeTi, TOTpedye BUKOPUCTaHHS MOTY>KHHX, @ OTXKeE 1 JOCTaTHBO JAOPOTHX, OOUUCIIOBAIBLHUX TIPUIIAIiB.

3 iHmoro 60Ky, KepyBaHHS pOOOTOIO 3MIIIYBAIEHUM KOMIDIEKCOM MOXe OyTH 3IIHCHEHO JHOCBITICHUM
crieLiaicToM (eKCrepToM), sikuil 3Ha€ 0COOIMBOCTI 00JIaJHAHHS 1 Ha OCHOBI iH(QOpPMAIi PO MOTOUHHH CKIIal
CyMillli MOXE BIJIKOPUTYBaTH PEXUMH #Horo po6otu. OCHOBHMMH TNpoOjieMaMH, L0 BHHHMKAIOTh IiJ 4ac
BUKOPHCTAHHSI TaKOro Croco0y KepyBaHHs, € MOPIBHSAHO HU3bKA MIBUJAKICTh Peakilii JIOJAWHM Ta BUHUKHEHHS
MOMHJIOK, IOB’S3aHMX i3 BTOMIIIOBAHICTIO. BUpillleHHs HuX NpoOsieM MOXKJIMBE 32 PaXyHOK BHKOPHUCTaHHS
CHCTEM KEepYBaHHS 3 HEUITKOO JIOTIKO, SKi Ha BiMiHY BiJ TPAAHIIHHUX CHCTEM CTBOPIOIOTHCS HE Ha OCHOBI
cucteMu Iu(EpeHIiHHNX PiBHSIHD, 2 HA OCHOBI 3HaHP EKCIEPTiB (eKkcmepTHHX OmiHOK) [1]. Ha croromHimmHil
JIeHb peaizallisi TAKMX CHCTEM 3HA4YHO CIIPOIIYETHCS 33 PaxXyHOK HAsBHOCTI Ha PHUHKY KOHTPOJEPIB HEUiTKOI
JIOTIKH, sIKi BUITyCKaIOThCs KoMmaHisimu Intel, Motorola Ta iHImmm.

3acTocyBaHHS TAKHX CHCTEM HaJa€ HACTYITHI MOXIIUBOCTI:

— OIepyBaHHSA HEUITKUMH KPUTEPiSIMH, HAIPUKIAL, «OiIbIIe), «MEHIIE, KIIBHIKOY, «TIOBIITHHO;

— TIPOBEJICHHS SKICHUX OI[IHOK SIK BXiHHUX JaHWX, TaK 1 BUXiTHUX pe3yJIbTAaTiB,;

— TIPOBEJEHHS MIBUIKOTO MOJIEITIOBAHHS CKIQJHUAX AUHAMIYHUX CHCTEM Ta iX MOPIBHAIBLHUHN aHami3 i3
3aJlaHNM CTYIIEHEM TOYHOCTI;

— ONepyBaHHS JaHUMH, SKI HEMOXIHMBO 3aJaTH OJHO3HAYHO, HAIPUKIAJ, pe3yjIbTaTaMu

CTaTUCTUYHUX ONMTYBAaHb.
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06’ekmu ma memoou 00cnidIHceHHs

O0’€KTOM JOCITIIKEHHS € CHCTEeMa KOHTPOIIO MapaMeTpiB CyMIMIl CHIIKHX KOMITOHEHTIB Ha OCHOBI
KOHTpOJIepa HEIiTKO1 JIOTiKH.

Ilocmanoeka 3a60annsn

Merowo JOCHi/DKEHHST € po3poOka CTPYKTYpH Ta alrOpUTMIB pPOOOTH CHUCTEMH KepyBaHHs
3MILIYBaJIbHUM KOMIUIEKCOM Oe3lepepBHOI /il Ha OCHOBI KOHTpOJIEpa HEWIiTKOI JIOTIKH, a TaKOX MOZAEITIOBaHHS
poboTH Takoi CUCTEMU IIiJ] Yac BUHWKHCHHS BIAXWICHb y CIIBBIIHOIICHHI KOMIIOHCHTIB CYMIIi Bif 3aqaHOl
BEJINYMHU.

Pe3ynomamu ma ix 062060pennsn

CTpyKTypHa cXeMa 3MillyBaIbHOTO KOMIUIEKCY 3 CHCTEMOIO KOHTPOJIIO, IO JOCIiIKY€EThCS, HaBEJCHA
Ha puc.l. Jlo 1l ckiagy BXOIMTH BiJUEHTPOBUIl 3MillyBau Oe3nepepBHOI il 1, 103aTOpH KIFOYOBOrO 2 Ta
OCHOBHOTO 3 KOMIIOHCHTIB CYMIIlli, €EMHICHUA AAaT4WK 4 JUI1 BU3HAUCHHS BiJCOTKOBOTO CKIAAy CyMiIIi Ta
NpUCTpiid KepyBaHHs. JIJIsl CHIPOINEHHS CTPYKTYPU Ta JOCIHIIKCHHS CHCTEMH PO3IIITHYTO JIMILIE KepyBaHHS
po06oTOI0 103aTOpa KIIOYOBOIO KOMIOHEHTa, TOOTO BBOKAETHCS, 1110 Yy POOOTI J03aTOpa OCHOBHOTO KOMIIOHEHTY
BIAXWIEHDb HE BUHHUKAC.

[puHIMNO 1ii KOHTPOJEPiB HEUITKOI JOTIKH MOJSTaE y MEPEeTBOPCHHI CUTHATIB 3BOPOTHOTO 3B’SI3KY Y
HeuiTku# Gopmar (Pazidikamii), ix 06poOIi, nedazidikarii Ta mepenadi Ha KepyrOUi TPUITAIH.

Ha cxewmi (puc.1) KOHTpoIIep HEUiTKOI JOTIKI

MIPECTaBICHUN y BUTIAL TPHOX OJIOKiB:

= 8 > 2 3 — Omoky (¢asidikamii S5, 10 MEPETBOPIOE
I CHUTHAJI JIaTYMKA Y HEUiTKY BEJIMUUHY;
6 — Onoky mNpHUHHATTS pimeHs 6, SIKUH 3a
- JIOTIOMOTOI0  3aJlaHUX  EKCIepTaMU MPaBUI  IEPETBOPIOE
HEYiTKy BEJIMYUHY y HEUITKUHA CHTHAJ KepyBaHHS;
5 — Omoky nedasigikamii 7, OO MEPETBOPIOE

HEYITKHI CHTHaJ Yy CUrHaJl KE€pyBaHHA IIPUBOJAOM H034aTOpa

KJIFOYOBOTO KOMIIOHEHTa 8.
Puc.1. CtpykTrypHa cxemMa cHCTeMH [Tix yac poOOTH CHCTEMH KOMIOHEHTH Yy 33JaHOMY
KOHTPOJII0 BICOTKOBOTO CKIafy cymimmi CHIBBIHOIICHHI TOAI0THCS A03aTopamu 2, 3 y 3MimyBad 1, B
SKOMY BOHH IEPEMIIIYIOThCS Ta MOCTYNAIOTh J0 BHXIIHOTO
narpyOKy, e BCTAHOBJIEHHUI eMHICHUH natuuk 4. CUrHaji JaTyuka BU3HAYAETHCS BIJICOTKOBUM CKJIAJJOM CYMIllIi.
Le# curHam HaIXOIUTH A0 MPUCTPOIO KEPYBAHHS, JIe aHAII3YETHCSI KOHTPOJIEPOM. B 3a51e:xHOCTI Bix pe3ynbTaTiB
aHaiizy, KOHTpoyiep (popMye CHrHan KepyBaHHs JJ03aTOPOM KIIFOUOBOTO KOMIIOHEHTa, TOOTO 30inblrye abo
3MEHIIY€ HIBHJIKICTh MOAAHHS KOMIIOHEHTa CyMilli y 3MilryBad. 3TifHO 31 CTBOPEHOIO CXEMOIO, KOHTpOJIEp
HEUiTKO] JIOTiKK (hOpMye CHUTHAJI KepYBaHHS Ha OCHOBI JJAHWX IPO NMOTOYHHUH BiACOTKOBHUI ckiaj cymimi. Tooto
€ OJWH BXIOHMH Ta OAWH BUXIOHMH curHaiaud. KokeH 3 IMX CHI'HAJIIiB HEOOXIJZHO OMHMCAaTH 3a HJOIOMOIOI0
JIHTBICTHYHUX 3MIiHHHX. [lil 9ac OLIHKKM BXiJHOTO CHTHaNly, €KCIEPTH IOpPIBHIOIOTH HOro i3 3aJaHUMHU
3HAYCHHSM Ta B 3QJIE)KHOCTI BiJl PE3yNbTaTiB MOPIBHAHHS IO3HAYAIOTH HOTO «OITBIIMMY, «MEHIIUMY» abo
«piBHUMY 3amaHoMy. DopMaizallisi IMX OIIHOK 3IiHCHIOETHCS 3a JOTIOMOTO0 JTIHIBICTHYHOI 3MIHHOI [2], sAKa

XapaKTepu3yeThCs HACTYITHHMH IapamerpamMu: b — HaszBa 3MiHHO, T — MHOXWHAa 3Ha4yeHb 3MiHHOI, X —
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MHO)XMHA 3Ha4€Hb peanbHOro curHamy, G — mpormeaypa, o A03BOJIS€E YTBOPIOBATH HOBI TEPMH 3a JOTOMOTOI0
OTIepaTopiB «TaK», «abo» Ta «Hi», M — mporexypa A IepeTBOPEHH HOBOTO 3HAYCHHS JIIHTBICTUYHOI 3MIHHOI,
10 OTPHMaHa 3a JOTIOMOTO0 Tporexypu G, B HEHITKY 3MiHHY.

CurHan [maTdMka BiZICOTKOBOTO CKJIamy CYMIIIl ONHINEMO 32 IOIOMOTOI0 JIIHTBICTHYHOI 3MiHHOL
«KoHIeHTpallis KI0Y0BOr0 KOMIOHEHTA». [1 3HAYeHHs y MepIIoMy HAaOMMKEHHi BU3HAYAEMO 32 JOMOMOTOIO
JIBOX TepMiB: «Olnblla 3a 3agaHy» Ta «MEHIIa 3a 3amaHy». s ¢isuyHol peanizauii JIHIBICTHYHOI 3MiHHOT
HEeoOXi/THO BCTAHOBUTH TOYHI 3HaYEHHs TepMiB. BpaxoByloun npuHIMN Jii 3MilIyBaJbHOTO KOMILIEKCY, MOXHA
CTBEPJDKYBATH, LII0 3HAUYCHHS KOHLICHTpALil KII0YOBOI0 KOMIIOHEHTY CyMIllli 3HaXOAUThCS B Jiana3oHi Bix 0 1o
100%. 3rimHO 3 TEOpi€0 HEYITKUX MHOXHH, KO)KHOMY 3HA4ECHHIO 3 IIbOTO Jiala30Hy MOXe OyTH HOCTaBJICHE Y
BiIMOBITHICTE Aeske yncio Bix 0 1o 1, ke BH3HAaYa€e CTYIiHb MPHHAIECKHOCT] JAHOTO CKIIAAY CYMIllli 10 TOTO Y1
IHIIIOTO TepPMY JIHTBiICTHYHOI 3MiHHOI. Hanpukimaz, mis TepMy «Oinbina 3a 3axany» 3HadeHHs 0 03Ha4ae, Mo BCi
EKCIIEPTH BBaXXAIOTh ITOTOYHY KUJIBKICTh KJIFOYOBOTO KOMIIOHEHTY MEHIIIOIO 3a 33JaHy, a 3Ha4CHHs | — HaBIIaKH.

VY Hamomy BuUmanmky aias 3MiHHOT «KOHIIGHTpallis KJIF0YOBOTO KOMITOHEHTa» HEOOXITHO 3aaaTd JBi
(GyHKIIT NPUHAIEKHOCTI, M0 OyIyTh BIAMOBINaTH KOXKHOMY 3 TepMmiB. I'padiuno mi ¢yHkuii 300paxeHi Ha
puc.2. 3a3HauuMO, 1110 3HAYEHHSI KOe(ILi€HTIB PIBHSHb, SIKI OMUCYIOTh (QYHKIIT IPUHAJICKHOCTI, BU3HAYAIOTHCS
Ha OCHOBI EKCIIEPTHHX OIIHOK. HacTyImHNM KpOKOM € 3aBAaHHA JIHI'BICTUYHOI 3MIHHOI AJIS1 BUXiJHOTO CHTHAITY
KOHTpoJiepa. 3Bakaloyd Ha Te, IO y 3MINIyBaJbHOMY KOMIUIEKCI, SKHH pO3MNIAAcThCs B JNaHIH poOoTi,
BHUKOPHCTOBYIOTBCS JI03aTOPH TaplIdacToro THILY, CUTHAJIOM KepyBaHHS Mae OyTH 3MiHa MIBUIKOCTI 00epTaHHS
JMCKY 103aTopa, TOOTO i MpHUCKOpeHHs. BBaskaemo, 10 y IMOYaTKOBMH MOMEHT Yacy IIBHAKICTH OOEpTaHHS
JIUCKY Ta KOHILICHTpAIIisl KIFOYOBOr0 KOMIIOHEHTA BiIIOBIAIOTh 3aJaHUM, OT)KE MPUCKOPEHHS TUCKY JOPIBHIOE
Hy/mo. SIKIIO BHHUKAIOTh 3MIHM Y BIJICOTKOBOMY CKJIaJli CyMillli, TO KOHTPOJIEP NOBHMHEH IOJAaBaTH CUTHAI
30ibIIeHHS 200 3MEHIIEHHS MIBUAKOCTI 00epTaHHs JHMCKY JIOKHM KOHLEHTpAIlsl KIIOYOBOIO KOMIIOHEHTa He
cTaHe IOpiBHIOBATH 3aaaHiid. CTBOPIOEMO JIHIBICTHYHY 3MiHHY «[IpHCKOPEHHS MHCKY 103aTOpPay 3a aHAJIOTIEH
i3 3MiHHOIO «KOHIIEHTpaIlisl KIIOYOBOTO KOMIIOHEHTa». Bpememo Ttepmu: «30UTBIINTA IIBUAKICTHY Ta
«3MEHIIUTH MBUIKICT». 3aa€MO Aialla30H 3MIHIOBaHHS MPUCKOPEHHS MCKY 03aTOPa Y BiIHOCHUX OJMHHMIIIX
Bin 0 mo 1 ta ¢pyHKIii mpuHanIexKHOCTI (pHc.3).

Ha mpomMy rpadiky 3a Bicclo aOCIHC BiIKIAICHO BiAXHMICHHS KOHICHTpAIii KIFOYOBOTO KOMIIOHEHTA
Bin 3amaHoro 3HaueHHs ACgg, a 3a BICCIO OpJI— NPUCKOPEHHS MAHMCKY [03aTtopa (OIUHMIL BiAMOBimae

MaKCHMaJIbHO MOKJIMBOMY 3HaY€HHIO, HYJIb — OCTIHHIH MIBUAKOCTI).
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Puc. 2. ®yHkuii npuHaJe:kKHOCTi 111 3MIHHOT

«KOH[IBHTpallifl KJII0Y0BOIr0 KOMIIOHEHTY»

Puc.3. ®ynkuii npuHaae;KHOCTI A5 3MiHHOT
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OcranHill eTan CTBOPEHHS MOJIEINI 3 HEUITKOIO JIOTIKOIO — BCTAHOBIICHHS 3aJIe)KHOCTEH MK BXiTHUMHA
Ta BUXITHUMH CHTHalaMu. [l JaHOT CHCTEMH iX MOKHA OIIMCATH 3a JOTIOMOTI0I0 HACTYITHHX BHPas3iB.
AKI]O «KoHneHTpamnis MeHIIa 3a 3anany» 70 «30UTbIIATH MIBUIKICTE
AKI]O «Konnentpamis Oinpia 3a 3agany» 70 «3MEHIIUTH DIBUIKICTE
Jnst BU3HA4YEHHsI XapakTepy MepexXiHUX IPOIECiB, 10 BHHUKAIOTH B ITPOLECI POOOTH CUCTEMH, y
nporpamMHoMy cepenoBuili MatLAB cTBopeHO MaremMaTHUHy MOJEib, sIKa BKJIIOYAE: KOHTPOJEp HEUiTKOI
JIOTIKM, JO3aTOPU TapinyacToro THUILY, BIALIEHTPOBHH 3MimlyBau Oe3mepepBHOI Iii Ta JaT4MK KOHIEHTpaii
KJIFOYOBOTO KOMIIOHEHTY cyMimi. CTpykTypa MOJeNi BiJIOBIA€ CTPYKTYPHIM CXEeMi CHUCTEMH KOHTPOJIO,
HaBeneHoi Ha puc.l. [IpoxykTuBHICTE H03aTOpa Q (Kr/C) BU3HAYaeThCs 3a hopmyoro [3]:

_hza)(t)p h ’ 1
o= 2tgp R+[3tg¢] v

Jie p — HACHITHA TyCTHHA Matepiany (kr/Mm’), h — BiZCTaHb BiX HIKHBOTO KPako CTAKAHA 0 TOBEPXHi IHCKY (M);
R — pazniyc crakana 3 curikum Matepianom (M); ¢ — KyT IPUPOAHOTO YKOCY Matepiaiy (Tpan).
3MilryBay y MoOJeNi MPEACTaBICHUN Yy BHIVISI anepioJuyHOl JIAHKK TEpUIOro MHOPSAKY 3

nepeaarouHoro ¢ynkiiero Wy:

__ 1 )
T,p+1

3

ne T3 — nocTiiiHa Jacy 3MillryBava.

HOCHiZ[)KyBaHaCL peaKuiﬂ CHUCTEMH Ha MHUTTEBC 3MCHIICHHA KOHHGHTpaHﬁ KJIIFOYOBOI'O KOMIIOHCHTY

cymiut 3 10% (3amana Bennuuna) 10 2%. Buxigni naxi: Kyt npupogHoro ykocy ¢ = 40°, HacumHa rycTHHa

Ke
p =500—; Bucora 3asopy nosatopa h=01m, pagiyc aucky R=0,3u, mocriiina wacy 7; = 0,05.
M

PeSyJ’IBTaTI/I MOICIOBAaHHA HaBCZ[CHi Ha pI/IC.4.
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Puc. 4. Pe3yabTaTn Moae/il0BaHHsI

20



ISSN 1813-6796 BICHUK KHYTZ 2012 p. Ne6 Mawunu neekoi’  npomuciosocmi,
001a0HAHHS Ma cucmemu YnpagiinHi

Crucok BUKOPUCTAHOI JIiTepaTypu
1. Tlocmenos JI.A. CutyannoHHOE yIIpaBJIeHHUE: TEOPHs U pakThka. — M.: Hayxka, 1986.
2. 3age JI. [loraTHe TUHTBUCTHYECKON IEPEMEHHON U €r0 IPUMEHEHHNE K IPUHATHIO TPHOIKCHHHBIX
pemennii. — M.: Mup, 1976.
3. bina T.f., Cranenko B.B. MopentoBaHHs aBTOMAaTH30BaHOI CHCTEMH KEpyBaHHS IPHUBOAOM
TapiI4acToro Jo3aTopa cMnkux mMatepiaiis. // Bicauk KHYT/] Ne5, 2010, C.27-32.
Cratts Hagidwia o pepakii 24.10.2012 p.

Co3ganne cucTeMbl KOHTPOJISI MAPAMETPOB CMECH CHIIYYHX MATEPHATOB HA OCHOBEe KOHTpoJepa
HEYETKOMH JIOTHKH.

Benas T.4., Cranenxo B.B.

Kuesckuii nayuonanvHulil yHUu8epcumem mexmonio2uil u Ou3auna

B crathe paccMOTpeH NPUHLMUI CO3JaHHUsS CHCTEMBl YIPaBIECHUS CMECHUTENIBHBIM KOMIIJIEKCOM Ha
OCHOBE aJTOPUTMOB HEYETKOTO MojenupoBaHus. lIpuBeneHa CTpyKTypHas cXeMa U PACKPBITHI pe3yJbTaThl
UccieJ0BaHus pabOThl CUCTEMbI KOHTPOJISI TApaMETPOB CMECH Ha OCHOBE KOHTPOJIEpa HEYETKOW JIOTHKH.

KiroueBble cjioBa: cucteMa KOHTPOJIS, ChITyYHe KOMIIOHEHTHI, KOHTPOJIep HEUETKON JIOTUKU

Creating a control parameters system of loose materials mixes based on fuzzy logic controller
Bila T., Statsenko V.
Kyiv national university of technologies and design

The article describes the principle of creating a mixing complex management system based on fuzzy
modeling algorithms. The block diagram and the research results of mixture control parameters system based on
fuzzy logic controller are shown.

Keywords: checking system, friable components, inspector of fuzzy logic.

21





