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WNudopmarmonnas noaaepxka nporecca MoJAeIupoOBaHUs POYHOCTH

MOKpPOW OE€CKpYTOYHOUN pOBHULIBI.

C.I'. CMupHOBa

(KocTpoMckoit rocy1apCcTBEHHBIN TEXHOJIOTUUECKUN YHUBEPCUTET)

[Ipennaraercss matemaTudeckass UMUTALMOHHO CTATUCTUYECKas MOJEINb
OPOYHOCTH MOKpPOM OECKYTOUHOW POBHHUIIBI YUMUTHIBAIOIIAs CBOMCTBA MCXOJIHOTO
CBIPbSl U TEXHOJIOTMYECKHE MapaMeTpbl POBHUIIBI, a TAKXKE €€ MporpaMMHas pea-
JU3alys, TO3BOJISIONIAs MPOTHO3UPOBATh CBOWCTBA MOJYYa€MOr0 MPOJYKTa U
noJiydath MH(POPMAILUIO JUIsI KOPPEKTUPOBKH TEXHOJIOTHYECKOTO IMpoliecca ¢ Iie-

JIBIO 00EeCIIEeUEHHS IMPOU3BOACTBA MTPOAYKTA C 3alaHHBIM YPOBHCM KauCCTBA.

KOMHBIOTCPHOG MOACIUPOBAHNUC, UMUTATUOHHO CTATHCTHUYCCKAasA MOJICIIb,

MaTeMaTH4ICCKasa MOACIIb.

PoBHuIa npencrasisier co00il MOMYNPOAYKT HPSIAITBHOTO TIPOU3BOICTBA,
npelHa3HAYeHHBIN i nepepaboTku ee B mpsixky. OT KauecTBa POBHUIIBI B 3HA-
YUTEITHFHOW MEpe 3aBUCUT KadyeCTBO KOHEYHOTO MPOAYKTA MPSIUIBHOTO IPOH3-
BOJICTBA — MIPsDKH. B CBOIO 0Yepe/ib KaueCTBO POBHHMIIBI 3aBHCHT OT KayecTBa UC-
XOJHOTO CBIPBSI — BOJIOKHA M TEXHOJIOTHYECKUX ITAPaMETPOB €T0 MepepadboTKH.

OmHUM M3 OCHOBHBIX KAa4ECTBEHHBIX MOKazarelel 0eCKpyTOYHON pPOBHU-
IbI, TIOJTy4aeMasi MOKPBIM CITOCOOOM SIBIIIETCS €€ MPOYHOCTh. DTO OOBSICHSAETCS C
OJTHOM CTOPOHBI TEM, YTO OT MPOYHOCTH POBHHIIBI 3aBUCUT €€ TOBEJACHHUE B TH-
TAIONIEH paMKe MPSAMIBHON MAaIWHEI, TJI€ JOHKHO MPOU3BOIUTHCS CMATHIBAHUE
6e3 06psiBOB. C Apyroi CTOPOHBI MPOYHOCTH POBHUIIBI HA OTpe3Kax mopsaka 10
CM MOJKET KOCBEHHO XapaKTepHU30BaTh €€ CIIOCOOHOCTh K BBITATUBaHUIO (Marie-

parroHHas ClIOCOOHOCTB).



Cuctema ymnpaBjeHUsS KayeCTBOM MPOAYKIMH JOJKHA BKJIIOYAaTh B CBOMU
coctaB MHGOPMAIMOHHYIO MOJACUCTEMY IMO3BOJISIONIYIO MPOTHO3UPOBATH Kaue-
CTBEHHbIE MapaMeTphl MOJYIPOIYKTOB Ha KaXJ0M U3 ATanoB ¢opmupoBanus. B
YaCTHOCTH JIJIsl YIIPaBJICHUsI KQU€CTBOM MPSIKH HE0OX0oAuMa MOJICUCTEMA, TT03BO-
JISOIIAsl PaCYeTHBIM MYTEM MPOTHO3UPOBATH MPOUYHOCTH POBHUIIBI IO U3BECTHBIM
MOKAa3aTeJsIM ChIPhS U MapaMETPOB TEXHOJIOTHUECKOTO MpoIlecca.

TexHomorn4YecKrue Mpouecchl TEKCTUIBHONW MPOMBIIUICHHOCTH TPEACTaB-
JISIFOT COOOM CIOKHBIA KOMIUIEKC (DU3NYECKUX U XUMHUECKUX SIBICHUN, KOTOPbIE
XapaKTEPU3YIOTCSl HE CTAIlMOHAPHOCTHIO U U3MEHUMBOCTHIO OCHOBHBIX MapaMeT-
poB. PemakcanvoHHbIe SIBJICHUS B TEKCTWJIBHBIX MaTepuaiax U U3MEHYMBOCTH
aTMOC(EpHBIX YCJIOBUU B TMPOM3BOJICTBE OCJIOXKHSIOT H3YYCHHE TEXHOJIOTHYE-
CKHX TPOIIECCOB U 00YCIaBIMBAIOT MPUMEHEHUE METOJIOB UCCIICIOBAHMS Ha OC-
HOBE UMHUTAIIMOHHO-CTATUCTUYECKOT'O MOJICIIUPOBAHUS, PEATU3YEMOro Mporpam-
MHO C MCIIOJIb30BaHUEM BBIYHCIUTEIHHON TeXHHUKH.[1].

[TonydyeHHast B pe3ysibTaTe 3TOTO METO/Ia KOMIIBIOTEPHAsI MOJIENIb HE SIBJIS-
eTcsi aOCTPaKTHOM M OTOPBAHHOW OT peajbHOTO IMPOIEcca WM SIBJICHMS, TaK KaK
ONUPAETCS Ha peaIbHbIE CTATUCTUYECKUE JAHHBIC, TTOJYUYCHHBIE B X0J1€ HATYPHO-
ro skcnepuMeHTta. [loaToMy ATOT THN MoOACHIHpOBaHHMS Haubosee OJM30K K
HATYPHOMY 3KCIIEPUMEHTY, TaK KaKk UMUTUPYET SBJICHHUS U MPOLIECCHI C COXpaHe-
HUEM MX JIOTUYECKOW CTPYKTYpbI, MOCIEA0BATEILHOCTHA MPOTEKAHUS BO BpeMe-
HHU.

MeTo1 UMUTAILIMOHHOTO MOJICTMPOBAHUS BKIIIOYAET psl 3TanoB. Haubomnee
BOXHBIM SIBJISICTCS TTOJYYCHHUE aJICKBATHONM MAaTEMAaTHYECKOM MOJCIH HM3ydaeMo-
ro mpoiiecca Wwid siBaeHus. J[aHHBIN 3Tanm IpeaecTByeT dTany CO3JaHus KOM-
NbIOTEPHOU MOJICIIH.

B pabGote [2] Obuta moydyeHa MaTeMaTHYECKas MOJIENb MPOYHOCTH MOK-
poit 6ecKpyTOYHOM pOBHHUIIBI. B pe3ynbraTe aHanmm3a (akTOpOB, BIUSIOININX Ha
MPOYHOCTh OECKPYTOYHOM POBHUIIBI, BBISIBIICHBI OCHOBHBIC W3 HHUX, OKa3bIBalo-

mue HauOOJIbIIICE BIUSHHAE HA DTOT IMOKA3aTEb. HC[!BI)IM N3 TaKHUX (1)aKTOpOB AB-



JIATOTCA CHUJIBI ITIOBCPXHOCTHOT'O HATSKCHUA BOJSAHBIX ITJICHOK. BTO[!LIM q)aKTOpOM
SIBJISICTCS HaJIMure OOBHUBOYHBIX BOJOKOH Ha MMOBCPXHOCTHU POBHUIBI. T[}CTBI/IM
(I)aKTOpOM SABJIICTCS HAJIMYUC B COCTABC JIBHAHOTO BOJIOKHA BOJOPACTBOPHMBIX
KICAIIUX KOMIIOHCHTOB — IICKTHHOB, KOTOPBIC CHOCO6CTBYIOT ITOBBIIIICHU IO

IMPOYHOCTHU POBHUIILI CO BPECMCHCM.

Takum 06pa3zom, TPOYHOCTH POBHUIIBI HEMOCPEACTBEHHO Mocie hopMHUPO-

BaHUS MOYKHO IMPEJICTABUTh B BUJIE CYMMBI JIByX OCHOBHBIX KOMIIOHEHTOB:

F=F +F, 1)

rae: Fy — npeaenbHas cuia 10 Havana cIBUra BOJIOKOH, HCOOXOoquMast JIst

IPEOIOJICHHsT CUJI TPEHHS, BbI3BAHHBIX MOBEPXHOCTHBIM HATSHKCHHUE BOJSHBIX
IUIEHOK MEXKTy HUMH;

Fi1 — npenenbHas cuiia 10 Hadajla CABHTA BOJIOKOH, HEOOXOAMMAs IS
IPEOIOJICHHST CUJI TPEHUS, BbI3BAHHBIX JAaBJICHUEM Ha BOJIOKHA CEpJCYHHKA 00-
BUBOYHBIMH BOJIOKHAMHU;

[Tonyuena maTemaTHyecKas MOCIb MPOYHOCTH MOKPOH OECKpYyTOUHOM
POBHHIIBI OT CHJI TIOBEPXHOCTHOTO HATSKCHHS BOJISHBIX IICHOK:

LO,QZEJ T (2)

F, =3K 5, lof > 3,25 _3k?2 —-1
k=0 Ts

rjae f - koadpunreHT TpeHUs MeX 1y BOJIOKHAMU;

0 — K03 (PHUITUEHT TOBEPXHOCTHOTO HATSHKECHHS BOABI, H/M;

| — cpenHsst IMHA BOJIOKOH POBHHMIIBI, MM;

Ko — sMmupudeckuit kordhhuimeHt;

T, — nMHENWHas MJIOTHOCTh POBHHUIIBI, TEKC;

T, — nuHelHas MIOTHOCTh TEXHUYECKUX BOJOKOH, TEKC.

[TomydeHo BBIpakeHHE, TO3BOJISIONICE OICHUTH CTENCHb BIHSHUS OOBH-
BOYHBIX BOJIOKOH Ha MPOYHOCTh HEKPYYEHOM JIBHIHOW POBHHUIIBI, C YYETOM OT-

CYTCTBUS HATAXKCHHA Ha CBOGOI[HOM KOHIIC BOJIOKHA.



l, asin ; T
F, =0287cK,, m, fzésmﬂtgﬂ (ef Fl-fa smﬂ) T_p @)

rae: M, — 4Yucio OOBHMBOYHBIX BOJIOKOH Ha JJIMHE CKOJIBXKECHHUS:
m =K, d,,31ech

Kmn — ko3 duirienT, xapakTepu3yomuil MIOTHOCTh PaclpeesieHusl CBO-
OO0JIHBIX KOHIIOB BOJIOKOH Ha IMOBEPXHOCTU BOJIOKHUCTOI'O CEPACUHUKA;

¢ - UEHTPaAJIbHBIA YroJl, COOTBETCTBYIOLINI OOBHBKE BOJOKHUCTOTO CEp-
JICYHMKA Ha JJTMHE CKOIBKECHUS

a=K;singl/d, (4)

3nech K, — kK03 HUIMEHT, 3aBUCSIINN OT JUIMHBI OOBHBAIOLIUXCS KOHIIOB
BOJIOKOH.

B paborte [2] moaTBepkIeHa aeKBaTHOCTD MOJIYYCHHOW MaTEeMaTHYECKOU
MOJIEJIH MPOYHOCTH MOKPOM OecKkpyTodHOM poBHHUIIEL. Dopmynsl (1) — (4) npen-
CTaBIIIIOT COOOW JETEPMUHUPOBAHHYIO Mojeib. OIHAKO IS HCIIOJBb30BAHUS
MOJICTH B COCTaBE TOJCUCTEMBI YIPABICHHUS KaueCTBOM MPSAUIBHOTO IPOM3-
BOJICTBA HEOOXOAMMO YUECTh CTOXaCTUUCCKUHN XapakTep BXOJSAIINX B HEE BEIIH-
qyrH. Pe3ynbTaThl aHAIM3a XapakTepa dTUX BEJIHMYWH M BO3MOXKHBIX METOJIOB IT0-

Jy4eHHS CBEJICHHUH 00 UX pacipeaeicHUu MPUBEICHBI B TabuIe 1.

Tabmuma 1.XapakTep BXOJHBIX MapaMETPOB MOJICIH M METOJbI OTNPEACIICHHUS X

3HAYEHUM.
Ne | BxogHou XapakTep BEIUYMHbI Merton onpenesieHus: 3Ha4YCHUI
rapameTp IIapaMeTPOB pacIpeIeIICHUs
1 2 3 4

1 f CnyyaiiHple BeJNMYMHBI, Tapa- CormacHo raHHBIM [4]




2 B, pan | MeTphsl, pacrpejeneHuss Koto- [lo pe3ynpTaTaMm HemocpeacTBEH-
PBIX  COOTBETCTBYIOT  HOp-| HBIX 3aMEpOB Ha 00pa3iax pOBHU-
MaJbHOMY 3aKOHY IIBI
3 | T, Texc N3 ananu3a 3aMepOB HEPOBHOTHI
poBHHUIIBI Ha TTpuOope KIIA-2
1 2 3 4
4 I, MM CrnydaliHasi BeTMYMHA [lo pe3ynbprataM CTaTHCTHYECKOH
00pabOTKM  IITANeNbHBIX  JUa-
rpaMm
5 o, paj ITo pesynbratam pacuera, Gopmy-
Pacuernas BennuuHa, o (B,d,)
na (5).
6 o, H/m 3HaueHUs YCTAHABIMBAIOTCA TIPHU
JIeTepMHUHUPOBAHHBIC  BEJIU-
7 | T, Tekc 3alycKe TIpollecca Ha HCIBITaA
YUHBI
8 |0, r/MM° TEJILHOM CTEHIIE
9 Km Koaddumment, xapaxrepusy- U3 ycrnoBuil Hamiydiero coBma-
IOUUN TUIOTHOCTh pacrpesie-| ACHUS  pacyeTHBIX  3HAYCHUMU
JICHUs CBOOOHBIX KOHIIOB BO-| MPOYHOCTH IO (OpMYJIe C DKCIIe-
JOKOH Ha TOBEPXHOCTU BO-| PUMEHTAIbHBIMU
JIOKHUCTOTO CepJCYHHUKA
10 K, Koapdpunment, 3aBucsmmii
OT JUIMHBI OOBUBAIOIIHUXCS
KOHIIOB BOJIOKOH.
11 Ko OMmupuyeckuii ko3¢ duim-
€HT
CTpykTypa airopuTMa HMHUTAIIMOHHO-CTATUCTUYECKONM MOJENH TIOKa3aHa Ha

puc. 1.
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Puc. 1. Cxema anroputMa MMHUTALIMOHHO-CTATUCTUYECKOW MOJEIHU MPOYHO-
CTH POBHHIIBI.

AJITOPUTM CTATUCTUYECKOU MOJIENTH paboTaeT CIEIYIONIUM 00pa3oM:
Hcxonnwie nanubie 3amarorcss B Onoke uHTepdetica (bU). Onu umeror pasnyio
CTPYKTYpPY B 3aBHCHUMOCTH OT Tuma. Tak JAeTepMUHUpOBAHHBIE JaHHBbIC 3 3aja-
IOTCSI OJTHAX/BI U MOCTYIAIOT B OJIOK JleTepMUHUPOBaHHON Moaenu ([IM) Hemo-
CpeACTBEHHO U3 Oyioka wHTepdetica. s MonenupoBaHus BEJIMYUH, paclpese-
JICHHBIX TI0 HOPMAJIbHOMY 3aKOHY, 3a/1al0TCSl CpellHEee 3HAUE€HHE U JUCIepCHUs,
KoTopbie u3 O610ka unTepdeiica (bB1) no kananam 1 u 2 mocrymnarT B 6JIOK pac-
YyeTa eIMHUYHOTO 3HAUYCHHs] HOpMajbHO pacrpeneneHHblx Benuuud (HP). [lns
BEJIMYMH MUMEIOIINX CIeUAIbHBIN BUJ paclpe/ielieHus, TaKuX Kak JIJTHHA BOJIO-
KOH, B OJloke mHTepdeiica BRIOMpaeTCs CreuaabHbIi MacCHB, B KOTOPOM Xpa-
HSTCSl TOJYYEHHBbIE JKCIEPUMEHTAIBHO 3HAYEHUS IIJIMH BOJOKOH. DJIEMEHTHI
ATOr0 MaccuBa C(POPMUPOBAHBI B COOTBETCTBUU C 3aKOHOM pacCIpeeeHUs BO-
JIOKOH B BOJIOKHHCTOM CEpJECYHUKE M0 JJIMHAM B IITAaNeNIbHON quarpamme. Mac-
CUB JIJTMH BOJIOKOH cojiepkut 1000 3HaueHuit. KoanuecTBO 3JIeMEHTOB MacCHBa,
COZIepKalllUX OJHO M TOXKE 3HAYEHHE JJIMHBI, COOTBETCTBYET MPOLIEHTHOMY CO-
JEp>KaHUIO 3TOT0 3HAYEHU B IITANEIbHON AHarpamMme.

B kaxmgom 1mukiie BeldnciaeHUd Ha Beixozae OokoB HP u CP dopmupyercs enm-
HUYHOE 3HAYE€HHE COOTBETCTBYIOIIETO MapaMeTpa, KOTOpoe Mo KaHaiam 6 u 7
nepengaercs B 00k jgetepmuHupoBaHHoN moxaenu (JIM). Ilocme o6paboTku B
ATOM OJIOKE MOJYYEHHBIX JaHHBIX Ha €ro BhIXOAE POopMHUpYETCS €AMHUYHOE 3HA-

YEHHUE PA3PBIBHOM HArpy3KW POBHHUIIBI U HOMEp CIICIYIOIIETO LIMKJIA BBIYMCIIE-



Huil. Homep nukna nepenaercs B 61oku HP u CP nns 06paboTku B crienyroniem
[UKJIe, a SANHUYHOE 3HAYCHHE Pa3pbhIBHOM HArpy3Kd B OJOK CTATUCTHYECKOTO
ananusa (CA). B aTom OJ0Ke pacCUMTHIBAIOTCA MMapaMeTphbl paclpeaesieHUus Bbl-
XOHOW BEIMYUHBI, KOTOPHIE HCIIONB3YIOTCS NI YIPaBICHUS TEXHOIOTUICCKUM
nporneccoM. Ha ocHOBaHMM MX aHaIM3a J1e1aeTcs 3aKII0UeHUe 0 HE00X0AUMOCTH
M3MEHEHHUSI TEXHOJOTUYECKUX MapaMeTpoB WM 00 M3MEHEHHH COCTaBa CHIPHS,
MyTeM W3MEHEHUS IPOIEHTHOTO COJIEPKaHUsI BOJIOKOH B CMECKE.

Ha 6a3e npeanoxeHHOTO anropuTMa Obljla co3/1aHa MPUKIIAJHAs IPOTrpaM-

Ma. OxkHO BBOJd UCXOJHBIX NAHHBIX IIPCACTABIICHO HA PUC. 2

Pacuer NPOYHOCTH

Makn  Cnpaexa

nDO‘{HOCTb POEHMUE OT CWA NOBEPRHOCTHAMD
McroaHele AaHHEE SKCI'IBDHMBH[aﬂbHaﬂ QHCNEPCHA HUJ'IQ'{BHHbIB LaHHEIE
HATAKEHWA BOLAHEN MNEHOK

K oadbMUMEHT NoBeps. HaTakeHuA saakl a (Him ] 0,040
F1 H

Ak (4

(CpeaHan AMHEIHaA AOTHOCTE PoEHWLE Tp [Texc) 0

CpBaHAR AW, NATHOCTS Tew Bonokan Te frexc) (4,000 7 O
Tpagur F1] Fo pUMEHT TREHMA | 0576 83 O
Tpague F1(TB) CPEAHAA AAMHA BEONOKOH POBHALL | i) [ spuarye
TRONHOCTE POBHMUSI O HanHsWa oiEgHHsr, T O HakAoHa Eumea ofiueki B rpan ) an ]|
BONOKOH HE €8 NOBEPEHOCTH (fEMHaA NAGTHOCTE POBHMG! 5 Mr /it 3] 0,30 E
F2 H Ll eHrpansHe( yran o (rpan) i
¥.oa BepuMEHT NAGTHACTH pacnpaaeneHuA K

Tpaguk, F2(R) Ko OHUMEHT 50HHE OfEME. Banakon Ko
IMMpUHYECKUE KoabdHumenT Kal

IMIMPMYECKME KoadpHUMERT Fa2

Cyrh3PHEA MPOMHOCTE POBHHLE!

<>

F H [ Mogcyer l Fonwseceo nogcvercs |1 S| Hucno sHakos nocne sanAToil 3

Puc.2. OkHO BBOJIa HCXOIHBIX MTAPAMETPOB.
Pe3ynbpTaThl pacdeToB MO BHIOOPY IMOIBH30BATEISI MOTYT OBITH MPEICTABICHB B
BUJIe TpahrKOB 3aBUCUMOCTH MPOYHOCTH OT HambOosiee 3HAYAIIMX (PaKTOpOB: OT
MapamMeTpoB IITANEIbHON auarpaMmbl; ycioBuid gopmupoBanus (B, o, o), TeX-
HOJIOTHYECKUX TTapaMeTpoB camMoil poBHHUIBI (T)).
[IpennoxkeHHBIA TPOrPAMMHBIA TMPOIYKT MOKET OBITH MCIOJIB30BAH JIJISI MOJIE-
JUPOBaHUS MPOYHOCTU OECKPYTOUHOW aHaIM3a MNPsDKU Pa3IMYHOM JIMHEWHOU

INIOTHOCTHU IIPH HIMPOKOM AHUAIIA30HC HM3MCHCHHA OIIPCACIIACMBIX IIapaMCTPOB.



Pe3ynpTaThl MOAEAMPOBAHUS MO3BOJISIOT MONIYYUTh HHPOPMALHUIO HEOOXOUMYIO
JUISL YIPABJIEHUSI TEXHOJOTHYECKUM IPOLECCOM IMOJy4YEHUs POBHMIIBI C 3aJ1aH-
HBIMHU MPOYHOCTHBIMHU NapaMeTpaMHU, KOTOPbIE B CBOIO OYEpPEb MO3BOJAT 0Oec-
NEYUTh MOAa4y POBHHULBI B BBITSXKHON MPOOOp MPsAAUIBLHOM MalIuHbBI 0€3 BO3-
HUKHOBEHMSI HEKOHTPOJIMPYEMOU BBITSXKKM U 00€creunTh TpeOyeMblil ypOBEHb
Ipo0OJIeHHs] BOJIOKHA B BBITSDKHOM NPUOOpE NSl MOTYYEHUS! KaueCTBEHHOIO KO-
HEYHOT'O MPOJIYKTa — MPSKH.
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