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AHHOTauua. B paboTe npeacTaBneHa aBTOMATVM3MPOBaHHas WH(OPMaLMOHHas CUCTEMA aHaauM3a U
ynpaB/ieHVs1 NOKa3aTeNs MM KayecTBa TOHKMX KanaHApWUPOBaHHbIX MaTepuasioB (6ymarn 1 MOAvMEpHON
MMEHKM) Ha MPOM3BOACTBE, OCHOBAaHHAas HA HeYeTKUX Mogensx. Ha BbICOKOABTOMATU3MPOBAHHbIX
NPeanpuATMSX MO MPOM3BOACTBY TOHKMX KalaHAPUPOBaHHbIX MaTepuasioB He BCe MOKasaTenu KayecTsa
NPOAYKLMW M3MEPAKOTCA aBTOMATUYECKUN, B KOHTYpe YNpaBieHWs NO-MpeXXHeMy MpUCyTCTBYET Onepatop,
OLIEHMBAOLLMIA Ka4eCTBEHHbIE NMOKasaTe/IM NPOAYKLMN Ha HEKOTOPbIX Y4acTKax NPOV3BOLACTBEHHONW /IMHIAN,
YTO [IeNTaeT aKTyasnbHON pa3paboTKy COOTBETCTBYHOLLEN aBTOMATU3MPOBAHHO CUCTEMbI MOAAEPXKKN MPUHATUS
PELLEHNIA. AKTYa/lbHOCTb NMPUMEHEHNS CUCTEMbI aHa/IM3a U KOHTPOAS KayecTBa Ha 6ase HEUeTKMX Mogeneli
06ycnoBneHa ee MMOKOCTbHO, MEPEHaCTPaMBaEMOCTLIO Ha pa3/IMyHble TUMbl MPOM3BOACTB M MPOAYKLMN,
BO3MOXHOCTbHO aHa/IM3MPOBaTb Ka4eCTBO MPOAYKLMWN HA paHHUX CTaausx Npou3BOACTBa (418 NOMMMEPHbIX
MJIEHOYHbIX MaTEPUA/IOB - Ha CTafumM 3KCTPYAaTa), a TakxKe TeM, UTO ee NPUMEHEHME NO3BO/INT CHU3UTb BPEMS,
3aTpayMBaemMoe OrnepaTopoM Ha aHaIM3 KayecTsa NPOAYKLMN W NPUHATYE YNPaBIeHUYECKUX PELLEHUI, YTO B
KOHEYHOM UTOre MOXET MPUBECTU K CHIDKEHWMIO KOMMYecTBa Gpaka MpOAyKuuW. Pe3ynbTaTom pa6oTbl
npesCcTaBNneHHo CUCTEMbI SBNSETCA COBET MO YNPaB/IEHNIO KaYeCTBOM MPOLAYKLMW /1 MPOU3BOLCTBEHHOIO
nepcoHasia npeanpuaTvs. B paboTe NprBeaeH anropuTM CUHTE3a HEYETKMX MOAENEN 151 aHa/IM3a U KOHTPO/S
Ka4eCTBa pa3/IMYHbIX TOHKMX Ka/laHAPUPOBaHHbLIX MaTepuanos. MpeacTaBieH CUCTEMHDBIA NOAX0M, K aHanu3y
KauecTBa MPOAYKLUMM 3TOF0 Knacca OOLEKTOB, a Takke OnpedenieHbl 06Lye MPU3HaKM NPOM3BOACTB Kak
0ObEKTOB YNpaB/IEHNS - TEXHOMOMMYECKME NPOLIECChI, 060PYA0BaHME, Cbipbe, YNPaBAOLLEe BO3AENCTBUS U
UX pasnmuus. HTerpaums onucbiBaeMoli pa3paboTKM B Y)XKe CYLLECTBYIOLLME CUCTEMbI 4N1s 06paboTKM
60/1bLUMX MPOMBILLIEHHBIX JaHHbIX MO3BOMUT MPOU3BOAUTL KOMMIEKCHBIN aHaNM3 KayecTsa MpoAyKLuK U
YMEHBLUWTb BIUSHUE HEMO/HOTLI BXOAHBIX AaHHbIX 06 06bEKTE NCCNEA0BaHMS Ha Pe3y/bTaTbl CUCTEM OLIEHKM
KauecTBa MPOAYKLMM, a TaKKe CHU3UTb KONMYEeCTBO 6paka Ha Npou3BoOACTBe.
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KaflaHApYPOBaHHbI MaTepuas, aHaim3 NPOMBbILLIEHHON NPOAYKLMM, KOHTPOMb KauyecTBa, MosMMepHas
MAeHKa, 6yMaXKHbIVi MaTepian, LIBETOBas XapaKTePUCTUKA, 06paboTKa 60/bLIMX MPOMbILLNEHHbIX JaHHbIX
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Abstract. The paper presents an automated information system based on fuzzy models for analysis and control
of quality indicators of thin calendered materials such as paper and polymer film at a production facility.
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At highly automated enterprises for the manufacturing of thin calendered materials, not all product quality
indicators are measured automatically; there is still a human operator inthe control loop who evaluates product
quality indicators in some areas of the production line, which makes it urgent to develop an appropriate
automated decision support system. The relevance of using a system of analysis and quality control based on
fuzzy models is due to its flexibility, adaptability to various types of production and products, the ability to
analyze product quality at the early stages of production (for polymer film materials - at the extrudate stage), as
well as the fact that its use will reduce the time spent by the operator on analyzing product quality and making
management decisions, which ultimately can lead to a reduction in the number of product defects. The result of
using the proposed system is advice on product quality management for the production personnel of the
enterprise. The paper presents an algorithm for synthesizing fuzzy models for the analysis and quality control of
various thin calendered materials. A systemic approach to analyzing the quality of products of this class of
objects is presented, and the general characteristics of production facilities as control objects are identified -
technological processes, equipment, raw materials, control actions and their differences. The integration ofthe
described development into existing systems for processing large industrial data will allow for a comprehensive
analysis of product quality, reduce the impact of incomplete input data about the analyzed object on the results
of product quality assessment systems and decrease the number of manufacturing defects.

Keywords: fuzzy model, quality indicator, consumer characteristic, thin calendered material, analysis of
industrial products, quality control, polymer film, paper material, color characteristic, processing of large
industrial data

For citation: Tedtoev A.Ch., Makaruk R.V., Chistyakova T.B. 2024. Architecture ofa System for Analysis
and Quality Control of Thin Calendered Products Based on Fuzzy Models. Economics. Information
technologies, 51(4): 946-962 (in Russian). DOI 10.52575/2687-0932-2024-51-4-946-962

BeegeHune

KpynHOTOHHaXHbIe MPOM3BOACTBA TOHKWX KanaHApupoBaHHbIX MaTtepuanos (TKM) -
MOMMMEPHBbIX TMNIEHOK M OYMaXHOM NpoOAYyKUWIA, MPOU3BOLUMBIX METOLOM KanaHApOBaHMA,
XapakTepusyrTcA 60MblWNMN 0O0bEMaMU HAKOM/EHHbIX MPOU3BOACTBEHHBLIX [AHHbIX, a TakXe
HEMosIHOTOM MH(opMaLMKM 0 NoKasaTenax KayecTsa NPoAyKuMn. Ha coBpeMeHHbIX MPon3BOACTBaX
KO/IMYeCTBO KOHTPONIMPYEMbIX NapaMeTpoB MPOAYKLUN MOXKET WUCYUCAATLCA COTHAMM, OAHAKO
HEKOHTPOIMPYEMbIX MOKasaTenei - eue 6onble [LLepbak, 2019; Yapsat, 2009].

K npumepy, no gaHHbiM OOO «KnékHep MeHTannact Pyc», cOBpeMeHHble NPON3BOACTBA
MoNMMEpPHBIX NneHok asnatoTca [Konept, 2020]:

* MeXAyHapogHbiMu (Hanpumep, 41 3KCTPY3MOHHO-KanaH4poBas NMHWA Kopropauuu
Klockner Pentaplast B 9 cTpaHax mupa);

* MHOroaccopTMmeHTHbIMU (10 TWNOB OLHOCMONHBLIX W MHOTOC/IONHBIX >KEeCTKUX
NONIMBUHUNXNOPUAHBIX NJEHOK, npou3BoauMbiX Kopropauuelr Klockner Pentaplast ans
yNakKoBKK hapmMaLleBTUYECKMUX NpenapaToBs);

* KPYNHOTOHHaXHbIMM (~1000 «kr/y Ha 1 ;uvHMKM, ~400 TbIC. TOHH >KECTKOM
MOMMBUHUNXTOPULHON NNEHKN B rof Ha 41 nnHun)

N XapaKTepusyTcs:

e 60/bWIMMMN 06bEMaMU HaKOM/IEHHbIX NPOU3BOACTBEHHbIX AaHHbIX (~500 ThIC. 3HaYeHUN
napaMeTpoB MpoLecca Ha 3KCTPY3MOHHOM-KanaHapoBoin nuHum Ne 2 3aBoga OOO «KnékHep
MeHTannact Pyc» B CaHkT-IeTepbypre 3a MecsLl Npon3BOACTBA);

e 060/bWIMM KONMYECTBOM KOHTPO/IMPYEMbIX W  HEKOHTPOMPYEMbIX MOKa3aTenei
KayecTBa NPOAYKLMMN, HEJIMHENHO CBA3aHHbIX MeXAy co60l (okono 100 nokasaTtenel KayecTsa u
6onee 800 cBsizeil MeXAY HUMMW, K MPUMeEPY CBA3b: MOBbILIEHWE TeMMepaTypbl Ba/IKOB KanaHapa
MOHWXEHMe BA3KOCTU ” TMOHWXeHWe [aBfeHud " nNOoBblleHWe MPOU3BOANTENLHOCTU MpK
CHUXEHUU TONLWMHBI);

* HEenosIHOTOW MH(OPMaLUKN 0 NOKa3aTenax KayecTBa IKCTPyAaTa u NieHKN.
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BaxxHoe MecTo B onpefeneHUn 3P(PEKTUBHOCTU MPOU3BOACTBA 3aHUMMAET CpefHee
KONMYeCcTBO 6paka npoaykumu. NMpoun3soaCcTBa Kak NOMMEePHbIX MIEHOK, TaK U Bymaru aBnstTcs
CNOXHbIMW, MHOFOCTaAUMNHBIMA W MHOrOONepayMoHHbIMK Mpoueccamn. bpak Ha Takux
npegnpuaTuaX - HensbexxHocTb [MaHyksH, 2021]. Mpu pabote GymarogenatefibHOW MalLlUHbI
NpoLeHT 6paka cocTaBnseT B cpegHem 10 %, a npu Npov3BOACTBE TOHKUX BWAOB Gymaru -
poxoaunt 0o 30 % (Mexay NoOHATUAMK Gymara v KapTOH OTCYTCTBYeT YeTKOe pa3feneHune, HO 4ns
KpaTKOCTM B fAa/bHeilleM OyaeT WCMOAb30BaThCA (HOPMYIMPOBKA “MPOM3BOACTBO Oymarn”).
B 3aBMUCUMMOCTM OT TUMa YCTAaHOBKM M KO/IMYECTBA 3TanoB NPoM3BOACTBA Bpak Npu U3roToBleHUN
NOJIMMEPHbIX MAEHOYHbIX MaTepnanoB MOXeT BapbMpoBaThCa B gnanasoHe ot 0,5 % go 10 %.

Mpennpuatna no npoussofcTsy TKM ocHaleHbl coBpemeHHbIMU ACY TI1, 0CHOBaHHbIMU
Ha anroputmax pa6oTbl C 60AbLIUMW AAHHbIMW, OfJHAKO PaboTOCMOCOOGHOCTb CMCTEM aHanm3a
60/bLWINX MPOM3BOACTBEHHbIX [AAHHbIX CHMXKaeTCAd W3-32 HENOSIHOTbl BXOAHbIX [AaHHbIX O
nokasartesfiax KayecTBa.

BONbWKNHCTBO KNKOUEBbIX MOKasaTeneid NPoAyKUMM U3MepseTcs U KOHTPONUPYETCA Ha
NPOM3BOACTBE, O4HAKO HEKOTOPbIE, KaK, Hanpumep, ycagka noIMMEPHON NAEHKN - He n3mepseTcs
B CWNY [OOPOr0oBM3HbLI CreLnannu3vpoBaHHbIX WU3MepUTENbHbIX NPUOOPOB U MNPOrpaMMHOro
obecneyveHnss ans 06paboOTKM MONyYaembiX pe3ynbTatoB. IMEHHO MO 3TOW MPUYMHE AaXe Ha
COBPEMEHHbIX BbICOKOABTOMAaTU3MPOBaHHbLIX MnpoussofcTBax TKM B KOHType ynpaBfieHUs
3a4acTyl0 NpUCYTCTBYET Onepatop, CYObLEKTUBHO OLEHMBAKOLWMIA KayecTBO MPOAYKLMU Ha
NMPOMEXYTOUHbIX CTaaMaxX. B CBA3WM € 3TUM MexAy O6Hapy>XeHWeM OTK/IOHEHWId nokasaTenel
KayecTBa NPOAYKUMN OT 3TANIOHHbLIX U NOCTYN/NEHNEM PErynnpyowmnx BO3LeincTBUiA co3faeTcs
3aflepXXKa, Hen36eXXHO NpMBOAALLAA K YBEMUYEHUIO KonyecTBa bpaka.

Ha pucyHke 1npusegeHa cxema Npon3BOACTBA MONMMEPHON NIEHKM C yYacTuem oneparopa
YCTAHOBKW, KOHTPOMMPYIOLWEro MpoAyKUMIO TMocne BbIXOA4a W3  3KCTpydepa W nocne
KanaHposaHuA.

Puc. 1 Cxema 3KCTpYy3MOHHO-KalaHAPOBOro NPOU3BOACTBA NOMMMEPHON NNIEHKN
Fig. 1 Scheme of extrusion-calender production of polymer film

WHTerpauma B CUCTEMbl YMpaBNeHWS KayeCTBOM MNPOAYKLMWU Ha Mpesnpuatun
OMUCbIBAEMOTI0 MPOrpaMMHOro KOMMJ/IEKca, MCNOJb3YHOLWero MeXaHm3m HeYeTKOM IOTUKN Hapsaay
CO 3HAHMAMMU W OLEHKaMMK 3KCNEepPTOB B NpeAMETHOM 06/1acTW, NO3BOIUT PELMNTb OMUCaHHbIE
Bblle Mpob6nemMbl, MUHUMU3NPOBAB HEraTUBHOE BJ/INSIHWE HEMOJIHOTbl BXOAHbIX [AaHHbIX 006
aHanM3npyeMmor npoayKuuu, a TakXke O0KasaB MOMOUWb OnepaTopy J/MHUW B MPUHATUU
ynpaBneH4Yeckux pelieHunii [KoHgpawkosa v ap., 1989, NyceHuua n ap., 2024].
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AHanus obwmx npmnsHakos nponssocTe TKM Kak 06beKTOB ynpaB/ieHUs

CoBpemeHHble npounssoacTtea TKM aBNAOTCA MHOroacCOPTUMEHTHbLIMU, 3HEPTOEMKUMN,
HenpepbIBHbIMK, a TakKXe XapaKTepu3yrTCsa MHOXECTBOM W CMIOXHOCTbIO CBSi3eil Mexay
060py0BaHMEM, TEXHONIOTMYECKUMMN pPEXUMaMU N XapaKTEPUCTUKAMW MNPOAYKUMM Ha BCEX
cTaamsax [Uuctakosa u gp., 2007; Hocos., byrpos, 2013; Kohlert et al., 2015; TeTtepuH u ap., 2017;
Kamaes u ap., 2019; LWawwnxuHa n gp., 2021].

TexXHONOrMYeckKne npoLecchbl, NPoOUCXOAdAlWMe Ha OTAE/NbHbIX Yy4yacTkax MpPOU3BOACTBA
TKM, oTnunyaroTcsd 60nbwnM pa3Hoobpasrem PU3NKO-XUMUYECKMX MeXaHU3MOB. Tak, npoLecchl
NOAFOTOBKW W TPAHCNOPTUPOBKM BYMaXKHOW UM NMOAMMEPHOM Macchl, 0OT/IMBa U (POPMOBaHUS -
3TO B OCHOBHOM TruMApOMeXaHWYecKume MNpoLecchbl, a AN Y4YacTKOB (POPMOBaHUA M CYLUKU
XapaKTepHbl NMpoLecchl TENI0- 1 MaccoobmMeHa.

Kak npasuno, Ha npoussoactBax TKM npuMeHAKTCA pasivyHble BUAbl [ATYMKOB
(n3mepeHuns TemnepaTtypbl, JaB/IEHNS, PaCX0L0B, YPOBHSA) U PerynaTopoB, UCNOJIb3YeMbIX BMECTE
c coBpeMeHHbiMuU ACY TT1.

MHoroo6pasve npoLeccoB Onpefesnser MHOrootpasve napameTpoB WX XapaKTepusyrLnX.
BmecTe ¢ Tem npouecchbl MPOUCXOAAT B annaparax, 0CO6eHHOCTM KOHCTPYKL MM KOTOPbIX 0Ka3blBalOT
CYLLECTBEHHOE B/IMSHME Ha X0 NPOoLeccoB. STUM 1 00yC/I0BNEHO pa3HOO6pasvne CpeacTB KOHTPONS
1 ynpasieHUs npoleccamu 1 annaparamu Ha npomssofcteax TKM [MaHyksaH, 2021].

B cBfA3M CO BCEM BbILWEN3NOXEHHBIM MOXHO 3aK/HOUYUTb, UYTO YNpaB/ieHWe KayecTBOM
NPoAYyKLMW ANA ONUCbIBAEMOr0 Kfacca OOBLEKTOB SBMAETCA CHOXKHOW HayKOeMKOW 3ajaqvei.
B panbHelrwem Ana HarnagHocTM M eMKOCTM 6yfayT MPMBOAUTLCH NINWb HEKOTOpble K3
ynpaBnsoLWmnX BO3AEACTBUIA M MOKasaTenel KayecTtBa NPOAYKUMW, TaK KaK B pPeanbHOCTM
KO/INYECTBO KOHTPONMPYEMbIX M HEKOHTPONIMPYEMbIX MOKa3aTeseil KayecTsa NPoOAYyKLMUU, PaBHO
KaK U KONMYecTBO YNpaBNfOLWMUX BO3LEACTBUA, MOXET UCUMCNATLCA fecATKaMu, a Ha 0co060
KPYMHbIX MPOU3BOACTBAX U COTHAMM.

C uenbto thopmanusaumm npouecca npomssogacTea npoaykumm TKM 6bina paspaboTaHa
YNpPOLLEHHAsA CXeMa 3TOro npolecca, NpeAcTaB/eHHas Ha pucyHke 2. O606WEeHHbI npouecc
npoussoacTea TKM BktoyaeT B cebs Takme cTagum, Kak: NoAroToBKa cbipbs (6yMaXKHOM macchl,
nonvMMepHol cmecn), o06paboTka cbipba (popmupoBaHMe OyMaXKHOW Maccbl, npouecc
nnacTukayuMy nonuMepoBs), (hOpMoBaHMe, TepMmnyeckas 06paboTka, KanaHapupoBaHue, HamoTKa.

Puc. 2. ¥npolueHHas cxema npotiecca npomssogctea TKM
Fig. 2. Simplified diagram ofthe TCM (thin calendered materials) production process

Hanbonee CcnoxHbIMKU CcTagmMamu npouecca npoussogcTea TKM aBnsatoTca craguu
thopmoBaHuA (3KCTPY3NKM) 1N KanaHapoBaHUS.

Takoe npeAcTaB/eHne MO3BOUT ONPELENUTL KOHTPO/IMPYEMbIE MOKa3aTenn KayecTsa And
KaXaoW n3 ctaguii n onpefennTb AanbHeWnii Xo4 pa3paboTKM CUCTEMbI KOHTPO/S KayecTBa
TKM Ha 6a3e HeYeTKMx Mojenei.

OfHOIM 13 KNYeBbIX 3a[ja4 B paboTe ABNSAETCA Onpefe/ieHne OCHOBHbIX KOHTPOMPYEMbIX
napameTpoB MPOAYKLMMW, TaK KakK 3afjaya ynpas/ieHUs KauyeCTBOM CBOAWUTCHA K OMNpefesieHuto
ONTUMaNbHbIX YNPaBNAWMNX BO3AeNCTBUIA. KOHTpoNuMpyemblie MoOKasaTenn KadecTBa npu
NPOu3BOACTBE Kak Oymaru, Tak W MNOMIMMEPHON MNeHKW pas3nnyatoTcs B 3aBUCUMOCTM OT
KOMMNAEeKTaLUm yCTaHOBKIN 1 TNa NpoM3BOAMMOI NpoayKuun. Ha Bcex KpynHbIX NPOM3BOACTBax
nepeyeHb OCHOBHbIX KOHTPO/IMPYEMbIX NOKa3aTenein onpefensercsd rocToM ¥ TEXHONOMMYeCKUM
pernameHTom [Pnate, 1988; MOCT, 2018]. B pamkax paboTbl akTya/lbHbIM SABSETCH
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onpefefieHne OCHOBHbIX MoOKa3aTeflel KayecTBa MPOLYKLMMW, KOHTPONMPYEMbIX Ha TUMOBbIX
npoussoacTBax TKM, cpeamn KOTOpbIX 0COOYHO 3HAUMMOCTb UMEKT HXKeonmncaHHble [UncTakosa
n ap., 2007; Hocos, byrpos, 2013; Kohlert et al., 2015; TeTepuH n ap., 2017; Kamaes u ap., 2019;
WawwnxuHa n gp., 2021]:

1 Ana nNoNMMEpPHOW MNMIEHKW: KONWYECTBEHHble - TO/WMHA, MNOTHOCTb, CTeneHb
L0ecTpyKumu, TemnepaTypbl (BankKoB KanaHapa, Kopnyca aKCTpyfepa v T. fi.), CKOPOCTU BpaLleHuns
Ba/JIKOB KanaHapa, fonacter 3KCTpyepa, LHEKOB; KayeCTBEHHble - LBEeT, 6/IeCK, CTeneHb
NpPO3payHoOCTHU.

2. Ona 6ymarn: KonuyecTBeHHble - 06bemMHas Macca, pa3pblBHas [AMHA MO0 [BYM
HanpaBneHNAMU, BNKHOCTb, TOAWMHA, MNNOTHOCTb, 30/IbHOCTb, MPOKJ/ENKa, MNOCTOPOHHMWE
BK/IHOUYEHWSA; KaYeCTBEHHbIE - HENPO3payHOCTb, 6enn3Ha (UBeT), rnsHeL,

CTouUT yuuTbiBaTh M TO, YTO B 3aBUCMMOCTM OT TUNa MPOU3BOAUMON NPOAYKLMUMN CMUCOK
KOHTPO/IMPYeMbIX MoKa3aTefiell MOXeT U3MEHATLCA U LONONHATHCA.

Ona 6onblueid HarnggHoct B Tabnuue 1 npuBefeHbl OCHOBHble KOHTPOAMPYEMble
nokasaTenin KayecTtsa Ha npoussogcTeax TKM.

Tabnuua 1
Table 1

OcCHOBHbIe NoKasaTeNn KayecTBa, KOHTPoONUpyemble Ha nponssoacteax TKM
Main quality indicators controlled in TCM production

MMonuMepHbIe NIeHKN bymara v KapToH
Polymerfilms Paper and cardboard

Konn4yecTtBeHHbIe
Quantitative

TonwmHa

Thickness

MnotHocTb

Density

["nagKocTb

Smoothness
IMoCTOPOHHME BK/HOYEHNUSA
Foreign inclusions
CreneHb gecTpykumnu
Degree ofdestruction

LIBeT nneHKn

Film color

Bneck

Gloss

CreneHb Npo3payHocTy
Degree oftransparency
LiBeT akcTpynata
Extrudate color

TonwuHa

Thickness

MnotHocTb

Density

["nagKocTb

Smoothness

IMOCTOPOHHME BK/THOYEHMSA
Foreign inclusions
BnaxHocTb

Humidity

KayecTBeHHbIe
Qualitative

LiBeT (6enn3Ha)

Color (whiteness)
Bneck (InsHew)

Gloss

CTteneHb Npo3payHoOCTy
Degree oftransparency

MpoBeAeHHOE aHa/IMTUYECKOe MccefoBaHme MO3BOMSeT YTBEPXKAaTb, YTO pacCMaTpuBaeMble
00beKTbl ynpaeneHunsa (npoussoactBa TKM) uMelOT MHOro o06WMX 4epT: opraHusaums
NPON3BOACTBEHHbLIX JIMHUA W WX TeXHW4YecKoe obecneyeHne, MPOU3BOACTBEHHbIE MPOLECCHI,
TEXHO/IOrnYecKne cTafumn, nokasatenu Kadectsa Npofykuuun. bnarogaps aToMy MOXHO BblLennTb
06LLMe BXOAHbIE N BbIXOAHbIE NOKasaTenn 1 ynpaensowme Bo3aencTamns n paspaboTtaTb NepBrUYHbIE
MaTemaTuyeckue MOAenu Ans yrnpas/ieHUs Ka4ecTBOM NPOAYKLUN - PUCYHOK 3.
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Martematuyeckas Mofesnb 4
X = {xif x2} ynpaBneHus kadectBom nonmmepHoix V= {O, K}
M/1EHOK
Mathematical modelfor quality control
ofpolymerfilms

uf =<xlu x2u>

X - >§ Martemartunyeckas Mofesnb Ans vo = o K
- yrpaBneHns Ka4yecTBom Oymara W

Mathematical modelfor paper quality

management
>

Up =<x1n. x2u>

Puc. 3. ®opmann3oBaHHOE OnNMcaHWe NPUMEHEHUS MaTeMaTUYECKO MOaenu
[ANs ynpasieHns Ka4ecTsoM npogykunn TKM
Fig. 3. Formalized description ofthe use of a mathematical model for quality management
of TCM products

O603HayYeHNsA, NPUHATbIE HA PUCYHKE 3:

Bektopa ¢ MHAeKcom P - OTHOCSATCA K NpPOM3BOACTBY Oymaru, a ¢ uHAaekcom F -
K NPON3BOLCTBY MJIEHKN.

X - BEKTOP BXOAHbIX NapameTpoB MaTeMaTU4YeCKO MOLEeNn:

X1 - W3MEpseMble WAN KOHTPONMPpYeMble TMoKasaTenn KayecTBa Npogykumu. [ns
NOSIMMEPHOM MMIEHKM 3TO - TO/WMWHA, MAOTHOCTb, [NafKOCTb, MOCTOPOHHUE BK/IOYEHNS,
MOBEPXHOCTHbIE HATSXKEHUA, TemnepaTypHble MPOPUAN, CTeneHb [LeCTPYKUMMK, TepMuyeckas
ycafka; gna éymaru - TOMLWMWHA, NJAOTHOCTb, FNafKOCTb, MOCTOPOHHME BK/IKOUYEHUS, XXECTKOCTb
npu cTaTU4ecKoM M3rnbe, BNaXHOCTb, MPOKENKa, 30/IbHOCTb.

X2- KayeCTBEeHHble (He KOHTPONIMPYyeMble aBTOMATM3NPOBAHO) NOKasaTenm npogyKuymn. Ans
NONNUMEPHONM MMIEHKN 3TO - LBET, 6/1eCK, CTeNeHb NPO3PayYHOCTK; Ana 6ymaru - uBeT (6en1n3Ha),
rNsiHel, cTeneHb MPO3paYyHoOCTHL.

U - BEKTOp ynpaBAsioLIMX BO3AENCTBMIA MaTeMaTUYECKOW MOAENN:

X1 X2Uu - BO3[EWCTBMUS, OKasblBaeMble Ha COOTBETCTBYHOWME pPerynsaTopbl Ha
NPOW3BOACTBEHHOW NIMHUMN.

Y - BEKTOpP BbIXOAHbIX NapameTpoB MaTemMaTUUeCKO MOLEeNN:

O - n3obpaxeHne o6pasLia C BblfeNeHHbIMU AeheKTHbIMU 061acTAMM (MPKU HANNYNN).

K - coBeTbl N0 yNpaBfeHN KayeCcTBOM, OCHOBAHHbIE HA 3KCMEPTHbIX 3HAHUSAX U OLEHKax
n PopMynMpyemble Ha OCHOBE TEKYLLEr0 COCTOAHUA NPOLYKLMN.

OnucaHHas Bblle MOAeNb YrpaB/feHUs KayeCcTBOM MOXET ObiTb CBefeHa K BbIPaXXEHUIO
Buga: Y = F(x1,x2,U).

Ncxofga M3 CXOXecTM OnucbiBaembiX MPOM3BOACTB M BO3MOXHOCTM YHUMDULMPOBATb
npouecc ynpaeneHWs  KayectBOM  npoaykumm TKM, 6bino  paspaboTaHo  eguHoe
thopmann3oBaHHOe onucaHne npouecca ynpaeneHns kadyecteom TKM - pucyHok 4.
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Puc. 4. dopmanm3oBaHHOE onucaHre npoLecca ynpasneHns kayectsom TKM
Fig. 4. Formalized description ofthe TCM quality management process

O603HayYeHMa, NPUHATbIEe HAa PUCYHKeE 4.

X - BeKTOp BXOAHbIX MmapaMeTpoB nmpolecca NpoM3BOACTBA:

Rp - xapakKTepuCTUKKN CblpbA, f06aBOK, Kpacutenei

K - KOHGpurypauums nNpoOM3BOACTBEHHOW ANMHWUKM (KONMYECTBO BaNKOB KanaHwpgpa, Tun
Npon3BOAMMONW NPOAYKLUMNMN).

U - BeKTOp BapbuMpyeMblX NapameTpoB MNpPOM3BOACTBAa - YynpaBnft lWue BO3jeilAcTBMA
nponsBoAcTBa, TakKMe Kak TemMnepaTtypbl M CKOPOCTMW Bpal, eHNS BaNKOB.

Y - BeKTOp nokaszaTenein KayecTBa NOTPebOUTENbCKUX XapaKTEpPUCTUK NPOAYKLUN:

yl - BEKTOpP KONWYECTBEHHbI X NMoKa3aTenein KayecTBa, KOHT POANPYEMblX Ha NPOU3BOACTBE
ninnun paccymnT biBaeMbl X B CUCTeEMax KOHTPONA KayecTBa.

y2 - BeKTOp KayeCT BEHHbI X MoKa3aTenei NnoTpebMTEeNbCKUX XapaKTEPUCTUK NPOAYKLMUN.

\% - BEKTOP BapbupyeMmbl X napameTpos npouecca aHanunsa n ynpaBneHus
noTpebnTenbCKMMM XapakTepuctukamum TKM:

L - ponycTMumas BenNWYMHa OTKNOHeHUSA (OTKNOHeHWe, 3ajaBaeMoe TepMaMu nNo Tuny
“CUMNBHO”, “He CUNbBHO"),

R - ToyHOCTb aHanusa nsobpaxeHnsa (pasmep aHanmsnupyemon 3a pasz o6nactm nsobpaxeHuns
B NMMKCENnax),

M - HeyeTkKad Mofjenb (ycTaHOBNEeHHas MOfenb ANA Bbl6pPaHHOTFO Npon3BOACTBaA),

E - XapakKTepucTumkm NPOAYKLMUOHHBI X npasmnn (HacTpanBaembl e nonb3oBaTenem
napameTpbl NPOAYKLWOHHBIX NpaBun).

A - BeKTOp BbIXOAHbI X NapameTpoB nNpouecca aHannsa M ynpaBneHWA NOTPEeO6UTENbLCKUMM
XxapakTepuctukamuym TKM:

O - nsobpaxeHune obpasya C BblAeNEeHHbBIMU e eKTHBIMU 0B6nacTaAMM,

K - coBeTbl No ynpaBneHutw kKadyectBoM TKM npu nomMowunm nameHeHunsa U.

T - TpeHfAbl KayecTBa NPOAYyKLUMN.

3apgayvya aHanusa W ynpaBneHnWs nokKkasaTenamMu kKavyecTBa kKnacca o6bvektoB (TKM) npwu
noMowMn MaTeMaTMUYECKMX UM HeyeTKWX Mofjeneil 3aknwyanacb B MNOUCKEe Perynupyro w unx
BO3AencTBuMii, obecneymBaw W MX MWUHUMaNbHble OTKNOHEHWS OT 3TaNOHHbLIX MNoKa3zaTenei
KayecTBa, WX Knaccupumkayumm nNpuM NOMOW M HeYeTKWX MoOjeneihn M Bblgaye COBETOB NO
ynpaBneHut AnNs NPOM3BOACTBEHHOrO NepcoHana.

Ana peweHWa AgaHHOW 3apgaynm 6b AW pa3paboTaHbl HeyeT KWe MOAENM W NPOrpamMMmHBIN

KOMMNNEeKC ANS aHanusa W ynpaBneHUs KayecTBOM nNpoayKuum TKM Ha 6a3e HeueTKMUX Mopaenei.
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CUHTEe3 HeYeTKMX MOJeNeil N5 aHa/m3a U OLEeHKM
NoTPe6bUTENbCKUX XapaKTepUCTMK NPOAYKL UK

MexaHMW3M He4yeTKOW JIOTUKW YXKe [aBHO MNPUMEHSAETCH B pas3/IMUHbIX Chepax >XU3HK
obLlLecTBa, B TOM 4uUC/ie U B Pa3/iMyHbIX OTPacnsx Npou3BOACTB. AKTYa/llbHOCTb MPUMEHEHUSA
rMOpUAHbIX (HEYETKMUX M KNAacCUYeCKUX) CUCTeM HEOLHOKPATHO MOATBEPXAanacb MHOXeCTBOM
KaK pOCCUICKUX, TaK ¥ 3apy6eXXHbIX MPOeKTOB, U Hay4HbIX TpyAoB [baliueHko v ap., 2014; Kong
et al., 2019; Seletkov et al., 2019; Abaei et al., 2020; CaByeHko u ap., 2021]. OCHOBHas NpuynHa
NMPUMEHEHNA MeXaHW3Ma HeYeTKOW NOrnKM - rMOKOCTb, BO3MOXHOCTb NMEpPeBeCTU KayeCTBEHHO
OLleHMBAEMble NMOKa3aTe/IN B KO/IMYECTBEHHbIE 3KBMBA/IEHTbI, & TAKXXe BO3MOXXHOCTb BOCMO/IHUTL
HeMo/IHOTY BXOAHbIX AaHHbIX 06 00bEKTEe McCnefoBaHUA UK ynpaefieHus bnarogaps Sapy Takmx
cucTeM - 6ase HeYeTKUX NPOAYKLMOHHbIX MpaBu.

Mpn pa3paboTKe CUCTEMbl CUHTE3a HEYETKUX MOAEeNei, a Takxe TeCTOBbIX HEeYeTKUX
mMojenei [Ana aHanMsa Kadvectsa npogykumm TKM  ucnonb3oBasmMcb 3KCMEPTHbIE OLEHKK
cneunanncTos B 06nactu npoussoacTea TKM 1 faHHble U3 CreLuannu3npoBaHHON nnTepaTypbl 1
TexHonormn4yeckux pernameHtoB [Chistyakova et al., 2020; UncTtakosa un ap., 2021; ®o31nos u
ap., 2021;]. Pa3spaboTka 6a3bl HEYETKUX MPOAYKLUWOHHbIX MPaBW/, KaK W HevyeTKUX MOAenen,
OCyLLecTBAMACh C UCMONb30BaHWEM MepefoBblX NMOAX0A0B B 3TOW 06/1aCTM U B COOTBETCTBUM C
peKoMeHAauMamm cneuuanu3ampoBaHHoOM nutepaTypbl [Makapyk, Funapos, 2013; YucTakosa,
MonocuH, 2019; EpowkuH, Monsakos, 2005].

ANToOpuUTM CMHTE3a HeYeTKOW MoJenu NpeacTaBineH Ha pucyHke 5.

Hauano Pt - TN NPoM3BOACTBA;
Start Production type
Cp - KOH(Mrypauusi Nnpon3BoacTBEHHOW JTMHUN;
Cp.Pt.P . . . .
Configuration ofproduction line
MepBUYHasA HacTpoKa Moaenn P - Tvn npoaykuuu;
Initial model setup Production type
Bg. Eq -

Bq - 6a30Bble NoKasaTen KayecTBa, O4UHaKOBbIe /15
no6oli mogenu;
Basic quality indicators, the samefor any model;

Determination ofquality indicators to be Eq - AononHuTeNbHbIe NokasaTe/in

taken into account and acceptable ranges of KAHECTBA, YHUKATIbHBIE A1 3TOM MOAENH,

their values i Eq - extra (additional) quality indicators unique to this model;

' OnpefeneHne yunTbiBaeMbIX NMoKasaTenei
KayecTBa M AoNYyCTUMbIX A1anas3oHoB NX
3HaYeHWn

dopmMUpoBaHmne 6a3bl HEYETKUX
NPoAYKLUMOHHbIX NPaBuUT
Formation ofa base offuzzy production rules

[oTOBast K MCNO/Ib30BaHUIO HeYeTKas
NPOAYKLMOHHas Mogesb
Ready-to-use fuzzy production model

KoHeL,
End

Puc. 5. CMHTE3 HeYeTKO MOAENN 411 KOHKPETHOIO Tuna npoayKumm
Fig. 5. Synthesis of a fuzzy model for a specific type of product

Kak BUAHO 13 puc. 5, npouecc (hOpMMUPOBaHNS HEYETKON MOAENN COCTOMT M3 HECKOMbKMUX
nocnefoBaTeNbHbIX LIAroB:

953



SkoHoMmuKa. NHdopmaTuka. 2024. T. 51, Ne 4 (946-962)
Economics. Information technologies. 2024. V. 51, No. 4 (946-962)

1. TepBuYHas HaCTpOiiKa MoOAenn - BKAOYaeT B Cebs 3amofHeHMe LWabnoHa Moaenu
MH(opMaLmelr 0 Tune npousBoAcTBa (NONMMEpPHbIE MMeHKU /[ Oymara), CBeAeHUSMU O
KOH(Mrypaumm mnpon3BOACTBEHHOW /NMHUKM (3afaBaeMbiMW B BWAe 3anofHEHUA Tabnuubl
CBeAeHMUA), a TakKe O TUne NPOM3BOAMMOIM MPOAYKUUM (peuenTypa; cneunanbHOe HasBaHwue,
NPUHATOE Ha NPOU3BOACTBE; ONUCAHKE);

2. OnpepgeneHune yuynTbiBaeMbIX MokKasaTesieil KayecTBa - BK/OYaeT B cebs fobaBneHne B
MOLeNnb AOMNOSIHATENbHbIX KOHTPONMPYEMbIX MNOKasaTenel KayecTtBa, CheuupuyHbIX ANS
KOHKPETHOM MpoAyKUUK, 3afjaHue [OMNYyCTUMbIX AMana3oHoOB, KakK ANA 6a30BbiX (OCHOBHbIX
KOHTPO/IMPYEeMbIX MOKasaTensix KayecTBa, efuHbIX Ana n60ro tuna npogykuuu), Tak u ans
[JOMNOMIHUTENbHBIX NOKa3aTesein Ka4yecTsa;

3. ®opmupoBaHme  6asbl  HeYyeTKMX  MNPOAYKUMOHHLIX  npaBun -  6narogaps
nocnefoBate/ibHOMY BbIMOHEHUIO MNpeAblgyWmnX 3TanoB co3fgaetcs WabnoH 6a3bl HEYeTKUX
NPOAYKLUMNOHHbIX NpaBua (YHUKaNbHbIA ANS AAHHOW HEYeTKO Moaenun), KOTOpbIA cneunanncTy
NPeacTOMUT 3anofIHUTb B COOTBETCTBUM C TEXHOMOTMYECKUM pPEerfameHToOM W COGCTBEHHbIMM
oueHkamu. lMocne aToOro HeyeTkas MOAe/Nb MOXET ObiTb MCNO/Mb30BaHa A/1A OLEHKM Ka4yecTsa
NPOW3BOAUMON MPOAYKLNN.

Kak 6b1/10 yNOMSIHYTO paHee, COBpPeMeHHble npon3soacTea TKM ABASKOTCA MHOTOMHEAHBIMUA,
4aCTO MepeHacTpaMBaeMbIMW W HenpepbiBHbIMU. HeobxogMMocTb paboTaTb € Pas/iMyHbIMM
NPON3BOACTBEHHLIMU IMHUAMMN N NPOAYKLMER onpeaenseT He06XOANMOCTb UCMONb30BAHUS TUOKHUX,
HacTpavBaeMbIX CUCTEM aHanm3a Kayectsa. OMUCbIBAEMbIA MOAXOL K CUHTe3y HeYeTKOW Mopenu
No3BONSIET MOACTPOMTHLCS MOA KOHKPETHble MPOU3BOACTBEHHbIE JMHUM W TWUM NPOAYKUUN 6e3
60/bLLUINX BPEMEHHbIX 3aTpaT, TaK KakK HeyeTKue MOAENU NOArOTOB/IEHHbIA Cheunannuct CMOXeT
pa3paboTaTb 3apaHee, a 3aTeM NOTPeOYETCS NNLWb NEPEKTIOYNTLCA MEXAY HUMM.

FM6KOCTb  NpeAcTaBNseMOro  noAxoja [AOCTMraeTca  nNpyv  MOMOWM  pasgeneHus
KOHTPO/IMPYEeMbIX NOKa3aTesleil KayecTBa Ha OCHOBHbIE W AOMONHUTE/NbHbIE, YTO TaKXKe NO3BOMNT
9KOHOMWUTbL pecypcbl Mpu pa3paboTKe MOAeNM - OCHOBHble KOHTPOAMpPYyeMble MOKasaTenm
KayecTBa eAMHbl A1 BCEX OXWAaemblX TUMOB NPOAYKLUMW. Takoi MoAxon cTas BO3MOXHbIM
6narofaps CX0XecTn NPOU3BOACTB NOMMMEPHbLIX MIEHOYHbIX MaTepuanos n bymarun (Tabnuua 1).

ALPOM OMUCbIBAEMOI HEYEeTKOW Mofenn aBnsetcs 6asa (POpMasiv30BaHHbIX 3KCMEPTHbIX
3HAaHWI 1 OUEHOK, cofepXKallas npasuna suaa: Ecam Xi = Si(wi) U xz2 (wz2) = S2 U xn= Sn(wn) TO
y = K(D)(Wk).

B npaBmnax Takoro BuAa X - BXOAHbIE YMC/OBble MepeMeHHble, S - (PUKCUPOBaHHbIE
3HauYeHUsd BXOAHbIX MepeMeHHblXx, W £[0,1/n], rge n - uyucno OUIrypupyrowWmnx B npasune
MepPEMEHHbIX - OTHOCUTENbHbIA BEC KaXA0N MepemeHHOl, Bxoasulein B npasuno, We £ [0,1] -
nosfy4yaemblii U3 CyMMbl W MepeMeHHbIX YAefbHbli Bec MpaBuiaa, Ha OCHOBaHUMM KOTOPOro
npaBuiam oThaeTcsa NPUoOpuUTET NpK NPoBeAeHMM aHanusa obpasua npogykumum, D - npuoputeT
npasuna fgaHHoro Buga, K - coBeT No ynpasfeHU B ONUCbIBAEMOW MpaBUIOM CUTyauuu Ans
ynpaB/eHYeCKOro nepcoHasna npov3BOACTBa. Y NPOLWEHHbIe MPUMepbl NMPOAYKLUOHHbLIX MPaBu
A5 OLEHKN LBETOBbIX XapaKTepUCTUK IKCTpyaTa NpuBefeHbl B Tabnumue 2.

[na aHann3a LuBeTOBbIX XapakTepncTnk obpasua v ero fanbHenLwero cpaBHeHUs ¢ 3Tal0HOM
nporpaMMmHbIi KOMMAeKe npeobpasyeT napameTpbl LBETOBOr0 npocTtpaHcTBa RGB B LBETOBYIO
npocTpaHCcTBeHHYO Mogenb CIELab. B aToih mogenu L, anb - 0603Ha4eHMA KOOPAUHAT CUCTEMbI
(L* - csetnoTa, a a* n b* - koopaumHathbl uBeTHOCTW) [Yapsar, 2009]. 3HauyeHMe BXOLHbIX
napameTpoB HeuyeTkol wmogenu: AL, [a, Ab, AE - pasHOCTM MeXAy COOTBETCTBYHOLLUMU
KoopAnHaTamun 3TasloOHHOT0 ¥ aHan3Mpyemoro o6pasLos.

Takxe crefyet 06patuTb BHUMaHWE Ha TO, YTO NPY pacyeTe pe3ysibTara yYnTbiBAIOTCH Kak
KOMIMYECTBEHHbIE MOKasaTenu MpPOAYKUMKW, TaK W KayecTBeHHble. [locTuraeTcsd 3T0 NyTeMm
(hopmanm3aumm nokasaTesield, OLEHWBAeMblX KayeCTBEHHO, MpWM MNOMOLWM  anropuTMoB
hassnukaunum n gedassmpukaymmn (C NPUMeHEHUEM LEHTPOUAHOro MeToda) WU anroputma
HeyeTKOro BbiBoAa MampaHu.
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Tabnuua 2
Table 2

MpoAYKUNOHHbIE MpaBKIa HeYeTKOW MOLENN AN OLEHKU LBETOBbIX XapaKTepucTUK NPOAYKLUN
Fuzzy model production rules for assessing the color characteristics of products

BbiBOA

M Aa Ab AE WT D Conclusion

Bce nokasarenu BbILWAY 33 OMYCTUMbIE AMANAa30HBbl,
AL Aa Ab AE 1 1  MPOBEPbTE KOPPEKTHOCTb BbIGOpa 3Ta/IOHHOr0 06pasLa.
>=5 >=5 >=5 >=5 All indicators are outside the acceptable ranges, check

that the reference sample is selected correctly
3admKcnpoBaHo npeBbILLEHWE CpeaHero 3HadveHns AE, a
TaKXXe NOBbILLEHHOE 3HaYeHne Aa. Heobxoammo

YBE/IMYNTb 06BEM KPACHOTO KpacuTens U NOHU3NTbL
AL Aa 1 0.8 TemMnepaTypy Kopnyca sKCTpyzepa.
>0 >=3 >=0 >=3 ' An excess ofthe average value ofAE, as well as an

increased value ofAa, was recorded. It is necessary to
increase the volume ofred dye and lower the
temperature ofthe extruder body.

Pe3ynbTaTtoM aHanu3a MokasaTesieid KayecTBa NPOAYKUUM  ABNSETCA  TeKcToBas
PeKOMeHaLMA No yrnpas/iieHNI0 Ka4yeCTBOM NMPOLYKLMN.

MpeacTaBneHHas Mofenb Obina peann3oBaHa B pa3paboTaHHOM NPOrpaMMHOM KOMIJ/IEKCe U
NpoTecTMpOBaHa Ha fAaHHbIX, B3ATbIX W3 CMeunannm3npoBaHHbIX MCTOYHUKOB [LLiepbak, 2019;
MyceHnua n gp., 2024]. Pe3synbTaTbl TeCTUPOBaHUA COBNanuW C pesyfbraramu, MoJIyYeHHbIMU B
nporpaMmMHom nakete MATLAB u© Cc coBeTaMW MO YNpaBfieHWH, OMUCaHHbIMW B
crneuuanu3MpoBaHHOW nuTepaTtype, YTO MOATBeEPXAaeT afeKBaTHOCTb Mofenn. B To e Bpems
TOYHOCTb pe3ynbTaToB, BblfaBaeMblX MOAE/NbIO, Lie/IMKOM 3aBUCUT OT TLLaTe/IbHOCTUM 3anofiHeHns
6a3bl HeyeTKMX MPOAYKUWMOHHBLIX NpaBwu/, Ha [JaHHOM 3Tane pa3paboTKM MoAenb BbljaBana
KOPPEKTHbIN pe3ynbTaT BO BCeX TecTax. OKOHOMUYHOCTb MOfenn 06YCnoB/eHa OTCYTCTBMEM
Heo6Xo4MMOCTW WCMOJb30BaTb CTOPOHHee nnatHoe MO, a TakXke HU3KUM BpEMEHEM pacyeTa
pesynbtatoB  (0,2-0,3mMC). YHUMBepca/ibHOCTb  MOLENU  Onpejensetcd ee  rMOKOCTHIO,
nepeHacTpanBaemMoCTbIO Ha pas/IMYHble TUMbI NPOU3BOACTB, NPOAYKLMOHHbIX IMHUI 1 MPOAYKLMUN.

Bonee nogpo6HO nNpuHUMN (OPMUPOBAHUA HEYETKUX Mojeneid un pesynbTaTbl UX
npumMeHeHna ana nponssoacte TKM 6binn onucaHsl B npeablaywmnx Tpygax [Tedtoev et al., 2022;
Tepntoes v gp., 2023].

ApPXUTEKTypa CUCTEMbl aHasM3a 1 ynpaB/eHNs KauyecTBOM
NONIMMEPHbIX MEHOK W Bymaru

M3 cnoxHocTM onucbiBaeMbliX O6bLEKTOB WM pellaeMoi 3agauyn cnefyet Heo6XoAMMOCTb
pa3paboTkn rubpuaHON cucTembl, NO3BONAKOLWEN NPOM3BOAUTL aHaNM3 KavyecTBa NPOAYKLMMK C
NMPUMEHEHVEM KaK JeTePMUHUPOBAHHbBIX, TaK U HEYeTKUX Mofenei.

MoBbILWeHne 3P(heKTUBHOCTHU CUCTEMBI yrnpasneHns noTpPeotuTENbCKUMM
xapakTtepuctukamm TKM fgocTturaetcs 3a cyeT pa3paboTaHHbIX HEYETKUX MOJenei Ana aHanusa
M OLEHKN KOMMYECTBEHHbIX WM Ka4YeCTBEHHbIX MoKa3aTenei noTpebUTeNbCKUX XapaKTepucTUK
TKM © peann3oBaHHOro Ha WX OCHOBeE TUMOKOr0 HAcTpaMBaemMoro Ha pas/inyHble TUMbl
MPOW3BOACTB M NPOAYKLUN WUHTErpupyemoro nporpamMMHOro KOMMJeKca, pe3ynbTaTom paboThl
KOTOpPOro ABNAAKOTCA COBETbI MO YMNPaBNEHWUIO KayeCcTBOM MPOAYKUUW A5 YNPaB/NEHYECKOro
Npov3BOACTBEHHOr0 MepcoHana.

CTpykTypa pa3paboTaHHONW cucTembl (NPOrpaMMHOro KOMMJeKca) Ana aHanusa Wu
ynpasfieHus kayectsoM TKM npeactaBfieHa Ha pUCyHKe 6.
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Puc. 6. @yHKUMOHaAIbHAA CTPYKTYpa NPorpaMmmMHOro Komrekca
Fig. 6. Functional structure ofthe software package

HoBble 0603HAa4YeHNSA, UCMO/b30BAHHbIE HA PUCYHKE 6:

M - HeyeTKad MpPOAYKUMOHHaA Mogenb (YCTaHOBMEHHas MOAenb A9 BblOpaHHOro
Nnpon3BoOACTBA);
E - XapaKTepucTukm nNPOAYKUMOHHBIX npaBun (HacTpamBaemble MOSb30BaTesiemM

napameTpbl MPOAYKLUOHHbIX Mpasun);

B - gaHHble nonb3oBaTensa (JIOFUH, Naponb, NYHbLIA 6/1I0KHOT);

C - napameTpbl OTY4ETOB 0 paboTe NporpaMmsbl (ainn ¢ oT4eTOM 0 paboTe NPOrpammbl);

Inew- n306paXkeHne ¢ NoKann3oBaHHbIM gedekTom (thainn B popmarte .jpg);

K(U) - coBeTbl N0 ynpaBneHWto KadecTBom TKM, BKuvalwwme pekoMeHAyemoe
N3MeHEHWe yNpaBAstoLLNX BO3AEeACTBNIA nponsBoacTea U;

T - TpeHAbl KayecTBa NPOAYKLMUN.

Kak BUAHO 13 npuBeAeHHOW PYHKLMOHANBHON CTPYKTYpPbl - CUCTEMa paccyuTaHa Ha Tpu
BMAA NOMb30BaTENEN - MHXXEeHepa No 3HaHWAM, NPOU3BOACTBEHHbIV NEPCOHAN M afMUHUCTPaTOpa.
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ALMWHUCTPATOP - OTBEYAeT /Wb 3a HACTPOWKY MpOrpamMmMHOro obecnevyeHus w
cobnogeHne Tpeb6oBaHMi MHHOPMaLNOHHOW 6€30MacHOCTY U KOPNOPaTUBHOM MOMNTUKMN.

VIHXXeHep Mo 3HaHWAM - OCHOBHOW 3ajadveli Nonb3oBaTesiell 3Toro Tuna sBnseTcs paspaboTka
HeYeTKNX Mopenei, BeCb Heo6XOAMMbIA WMHCTPYMeHTapuii NpesycMOTpeH B MO/b30BaTe/lbCKOM
nHTepeice MHXeHepa MO 3HaHMAM, 4YTO MO3BOMAET He 06pawarbcs K CTOPOHHUM NAaTHbIM
nporpammHbIM Maketam. 3afada pa3paboTKM HeYeTKUX Mojenel nopgpasymeBaeT B TOM 4uUc/ie U
HanosHeHne 6a3bl HeYyeTKUX MPOAYKLUMOHHBLIX npasui. HecmMoTps Ha FMOKOCTb MPOrpaMMHOro
KOMMJIeKca 1 ero MoAy/NbHOCTb, MO3BOJIAIOLLYHO He pa3pabaTtbiBaTb KaXAy0 MOJe/b 3aHOBO, a /InLLb
MoAuuLMpoBaTL 06a30BYHO BepPCUIO, 3TO Camblil HAyKOEMKWIA W pecypco3aTpaTHbIA npouecc.
KauyecTBO paboThbl CUCTEMbI HAMPSMYHO 3aBUCUT OT KayecTBa 6a3bl NPOAYKLUMOHHbIX MpaBui, KoTopas,
KaK MnpaBuio, COCTaBisAeTCA Ha OCHOBE TEXHOMOrMYECKUX PernaMeHToB, CreLuann3mpoBaHHON
nMTepaTypbl U HOPMannM30BaHHbIX 3HAHUI 3KCNEPTOB B NPeAMETHOW 06/1acTw.

Mpon3BOACTBEHHbI nNepcoHan - pa3paboTaHHbli NPOrpaMMHbIA  KOMMIEKC MOXET
paboTaTb B [BYX pexumax - aBTOMaTtM4yeCcKom (HenpepbiBHOM) W py4yHOM. B nepsom cnyudae
CUCTEMY HYXHO /Wb 3anyCTUTb W HAaCTPOWUTb, MOC/Ae 4Yero OHa OyfeT aBTOMaTUYecKu
B3aMMOZeincTBOBaTbL C 6a30i AaHHbIX, MPOBEPATH CBEAEHUA O TEKYLLEeM COCTOSAHUM MPOAYKLUN,
nepefaBaeMble C pa3fIMYHbIX JATYNKOB Ha NPOAYKLNOHHOW NUHWUW, 1, B CllyYae HEOOXOLMMOCTH,
[ONONMHATL 6a3y fJaHHbIX. Bo BTOpPOM c/yyae Mo0/ib30Bate/lb MOXET BPYYHYK MPOBECTM
BHEOYepeHYI0 NpoBepKy ob6pasua npogykuun, BbibpaB MOAXOAAWMA TUM HEYETKOW MOAeNn u
BBeAA BCe HeobxoAuMble cBefeHns 06 obpasue. Hannume B nporpaMme ABYX PeXXuUmoB paboThl
Mo3BOJIAET MPUMEHATbL ee KaK Ha peasibHbIX NMPOM3BOACTBAX, TaK Y B 06yYaloWwmnx Lensx.

Pa3paboTaHHas cucTeMa npefHasHayeHa AN UHTerpaunm B «lporpamMHbI KOMMIEKC
06paboTKM 6OMbWNX MPOMbIWIEHHbIX AaHHbIX» (MKOBA) [YuncTakosa, [MMonocuH, 2019].
WHTerpaumnsa onucbiBaemoli cuctembl B MKOB/ no3BoAMT AONOMHWUTH MMelOLWYyCa B 6a3ax
[aHHbIX MHOopMaunio 0 NpoAyKumn npom3soacTs TKM, 4TO NO3BOMUT YNYyULWUTL pe3y/bTathl
paboTbl CUCTEMbl aHanm3a 60MbWNX JaHHbIX, CHU3UTb KOMMYECTBO MPOM3BOACTBEHHOr0 6paka
nytem obecneyveHus 60/see TOYHbLIX Pe3ynbTaTOB aHanM3a 06pasLoB NPoAyKLMU N CO0bLLEeHNS
CBOEBPEMEHHbIX PeKOMeHaunin no ynpaBneHno NPon3BoLCTBEHHOMY NepcoHany.

3aKnoyeHue

MpoBeaeH aHanM3 npouecca NPOM3BOACTBA LENIHON03HO-6YMaXHbIX W3[eNnuii, a Takxe
npovecca nNpov3BOACTBA NOMIMMEPHbIX MIEHOK KaK 00beKTOB yrnpaBneHud. MoapobHO n3yyeHsl
TUMOBble TEXHO/OTMYECKMe pernameHTbl 3TUX NPOU3BOACTB, cooTeetcTByowme MOCTbl un
NPON3BOACTBEHHbIE AaHHbIE. BbIABNEHbI CX0XWE N OTANUYUTENbHbIE YepTbl 3TUX NPOU3BOACTB U
npoaykuun. OnpefeneHa akTyasbHOCTb U LEenecoobpasHoCcTb pa3paboTKy CUCTEMbI aHanmsa u
ynpas/ieHns KayeCTBOM MPOAYKLUU MOMUMEPHBLIX U LEIHN03H0-0YMaXHbIX NPOW3BOACTB Ha
6a3e HEYETKMX Mojenei.

MpuBeseHO 060CHOBaHWE UCMNO/Ib30BAHUSA MEXAHU3MOB HEYETKOW IOrMKK, OnucaH npowecc
CUHTe3a HeYeTKUX Mojenel, NpuBeAeH NpuMep HEYeTKOW MOLeNn, a Takxe 4acTb 6a3bl HeYeTKNX
NPOAYKLMOHHbLIX Npasu.

OnucaHa apxuTekTypa cUCTEMbI (MPOrpaMMHOro KoMmmjekca) Ans aHanusa v ynpasieHuns
KayecTBOM npofykumm TKM. PaspaboTaHHbI NpOrpaMMHbIA KOMMIEKC NO3BONSET NPOU3BOAUTD
aHann3 XapakTepUCTUK MPOAYKUUM faXke B YCNOBUAX HEMOMHOTLI BXOAHbIX AaHHbIX, onepupys
KaK KO/MMYeCTBEHHbIMMW, TaK W KayeCTBEHHbIMW MOKas3aTenamMu npoAyKuumn, 4YTo ABNAETCA
OCHOBHOW OTINYUTENIbHOW YepTOoil pa3paboTKu.

OnucaHHbI NPOrpamMmMHbIA KOMMIEKC MOXET ObITb NPUMeEHeH Kak AN aHanu3a NpoAyKuuu
Ha KOHEYHOW, TaK M Ha MPOMEXYTOYHOW cTaguu (418 MOMMEPHON NJIEHKU - Ha CcTafuu
aKcTpypaTa), 6narofaps 4emy MOSABNAETCA BO3MOXHOCTb OMPefennTb 6pak MpoAyKuuu Ha
paHHMUX CcTaguax W MUHUMWU3MPOBATL BPEMEHHbIe 3aTpatbl Ha nofjadvyy perynnpyrowmx
BO3AENCTBUIA, YTO NpUBEAET K YMEHbLUEHMIO KONnYecTBa bpaka.
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Pa3paboTKa ABNSETCS OTKPbITOM, HAacTpaMBaeMOW M aBTOHOMHOW - A8 WMCNOMb30BaHUS
OMMCbIBAEMOr0 NPOrpaMmmHOro obecreyeHnss He06XOAMMO NNLWb YCTAHOBUTbL COMYTCTBYHOLLME
ApaiBepa n camy nporpammy. OfHako onucaHHas cuctema paspabartbiBasiacb C Y4eTOM
BO3MOXHOCTU MHTerpauum B «MporpaMMHbIn KOMNieKc 06paboTkn 60/1bLINX NPOMbILLIEHHbIX
LOaHHbIX».

VickoMbI adh(heKT - ynyyleHne KayecTsa Npon3BOANMONIA NPOAYKLMKN, JOCTUTaeTCs 3a cyeT
MONMHOTbI faHHbIX 06 aHanu3upyembix obpasuax. Kputepuii 3(peKTUBHOCTU OMUCLIBaEMOW
CUCTEMbl - NpuUBeAeHWE Ka4YeCTBEHHbIX [aHHbIX K KO/IMYECTBEHHOMY BUAY W WHTerpauus
MOMYYEeHHbIX JaHHbIX B 6a3y OCTa/ibHbIX KO/IMYECTBEHHbIX OLLEHOK CUCTeMbl aHaim3a 60/blwmnx
JaHHbIX. bnarogapa atomy NMKOB/ nony4nMT BO3MOXHOCTb BblgaBaTb 60/1ee TOUYHbIE COBETbI MO
YyNpaBAeHNI0 Ka4yeCTBOM MPOAYKLUUKN, 4YTO COKPaTUT BPeMsi Ha MNPUHATME YMpaBleHYeCcKnUX
pelweHnin 1 NOCNOCO6CTBYET NOBbILEHNIO KayecTBa NPOLYKUUN.
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