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WHTEHCUOUKALIUA MPOLIECCA ®NOTALIUM NMPU NEPEPABOTKE 30/IOYHOCA

TENNO3NEKTPOCTAHLUN

Hamanbs 3eseunyesa’, KoncmaHmuHx 'ymeHiok?

" Kaghedpa obozauieHust nonesHbIx uckonaemsix, [JoHeuKul HayuoHanbHbIl mexHudeckull yHusepcumem, 2. [JoHeuxK,

n_a_zvyagintseva@mail.ru
2 [lupekmop OO0 «Pecypc NHXUHUpuHe», 2. [JoHeuk

PE3IOME. B cTatbe uccrienoBaHbl BOIMOXHOCTM U3BMEYEHUSI Hepoxora U3 3ombl yHoca Ctapobewesckon TPOC metogom dnoTtaumm. PaccMoTpeHo BnusiHuE
pa3nnyHbIX hakTOPOB Ha Ka4ecTBO NMEHHOro MPpofyKTa. PekoMeHAoBaHbI ONTMManbHble TEXHONOrMYECKUE PeXMMbI (hnioTaLmuy NeTyyent 30Mbl C LENbo MomnyveHus
NpOJYKTOB, NPUrOAHbIX ANs AaNbHENALLEro ucnonb3oBaHus. MomnyyeHa MaTemMaTieckast MOAENb, XapakTepuayioLLast BMsIHWE OCHOBHbIX NapaMeTpoB npoLiecca.

KnioueBble crnoBa: 3ona YHOCa, ¢)ﬂ0TaLl,Vlﬂ, HeJoXor yrng, matemaTuyeckoe MoaenvposaHue

WHTEH3U®UKALIUA HA MPOLIECA HA ®JIOTALUA NPU NPEPABOTKA HA NETIINBUA NMPAX( NENENNHATA) B

TOMNNOENEKTPOCTAHUWA
Hamanus 3eseunyeea’, KoHcmanmuH 'ymeHIOK?

Kadedpa ,Obo2amsgaHe Ha nonesHume uskonaemu’”, [loneuxu HayuoHaneH TexHudecku YHugepcumem”, ep. [JoHeuk, YkpauHa,

n_a_zvyagintseva@mail.ru
2[lupekmop OO0 ,Pecypc UHxuHUpuHe”, ep. [JoHeuk

PE3IOME. B cratusita ca u3cnegsaHy Bb3MOXHOCTUTE 33 M3BNMYaHe Ha netnueus npax B Ctapobelesckata OboratutentHa cabpuka upes metoga rotaums.
[MpenopbyannTe ONTUMaNHM PeXUMM Ha (hnoTauns Ha NETNMBMS Npax, LENsT nony4aBaHeTo Ha NPOAYKTW, KOUTO MOraT Aa Ce M3Mon3Bar v cnep Toa. [onyyeHnst

MaTemaTu4eckn Moaen Xxapakrepuampa 0OCHOBHUTE NapaMeTpu Ha npoueca.

KntouoBwn gymu: netnus npax, hroTauus, nenenmHa, MaTeMaTuyecko MoenmpaHe

BBepgeHue

OnekTpocTaHumm, paboTatowme Ha yrne, Npou3BOLAT
MWNJINOHBbI TOHH 30J1bl U LLNAKa. |-|pI/I CXuraHun TBEpPOOoro
TONMMBA B TOMKax 9MeKTPOCTAHLUMA 3a CYeT Heaoxora
00pa3yloTcsl 30MbHbIE YHOCHI, MOTEPWU TOMAMBA B KOTOPbIX
coctaBnsaoT 3 — 5 % OT konu4yectBa CkuHaemoro yrms. B
CBSI3W C MPUMEHEHNEM MarloKanopUiAHOTO U BbICOKO30MbHOMO
TONNMBa 06BEM 30MbHbIX YHOCOB €XErogHO BO3pacTaeT, uTo
YBENMWYMBAET  pacxodbl Ha WX  CKNAgMpoBaHWe B
30/10LLNAKOBbIX OTBariax, MOBEPXHOCTb KOTOPbIX SIBNSETCS
O[HUM W3 UCTOYHWKOB HETaTUBHOTO BAMSIHUS HA OKPYXatOLLYHo
cpeny (MbineHne B atMocdepy W 3arpsisHeHWe BOZOEMOB).
I'IpeBpameHMe 0TX0A0B B UCTOYHMK BTOPMUYHOTO ChbIPbA OKaXeT
MOMOXWUTENbHOE BMUSHWE HA 3KOHOMWKY 3NEKTPOCTaHLMIA.
Otnagetr  HeoOXomMMOCTb B COOPYXEHUM  30M10- W
LUINaKoOTBAsoB, 3TO 06ECNEUNT SKOHOMUIO 3EMENbHBIX Yroauii
11 CO30aCT BO3MOXHOCTb UCMONb30BAHUS HEAOXOTa B Ka4ecTBe
,ELOGaBKI/I K OCHOBHOMY TOMnuMBY. LlinakoBble mMaTepuanbl nocne
yoaneHuna roploqeﬁ MaccCbl MOTYT UCNONb30BaTLCA B Ka4eCTBe
HEpPYOHOTO  Cbipbsl B MPOWM3BOACTBE  CTPOWUTENbHBIX
MaTepuanos. [puroaHoOCTb 30Mbl U LWhaka Ans AanbHelwero
CMONb30BaHUs ONPeaensaeTcs Coaep)aHWeM B 30M0LLMaKax
BpeOHbIX  KOMMOHEHTOB. K unMcny  HexenaTenbHbIX
COCTaBNSIOLLMX B 30f1€ YHOCA OTHOCATCS COEAMHEHUs Cepbl,
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HECrOpeBLUME YacTULbl TBEPLOrO TOMMMBA, CBOOOAHAS OKWCH
kanbLus, MarHus 1 ap. 30Mbl OT CKUFaHWsS KaMEHHbIX Yrmen
PasnU4HbIX MECTOPOXAEHWA OTIMYAKOTCA Opyr OT Apyra
COOepXaHWeM CTEKMNOBMAHOM Macchl, aMopgu30BaHHOM
[MWHUCTOTO  BellecTBa, (DOPMOA U CTPOEHMEM  3EpEH.
CopepxaHue HEeCropeBLUMX WMWM He MOMHOCTLIO CrOpeBLUMX
4acTuL TOMIMBa B 30M€ 3aBUCUT OT BUA TOMMMBA, TOHKOCTM
€ro nomora, yCTpoNCTBa TOMOK M PEXUMA CXUraHus Tonnvea u
konebnetcs B npegenax ot 0,5 no 20% u 6onee.

AkTyanbHOCTb 3TOr0 BOMpoca npeponpeaenseT Heobxo-
AMMOCTb KOMMIIEKCHOTO MCCIeIoBaHist CocTaBa NeTydeit 301bl
W CBOICTB 30MOLLNAKOBbIX CMECEid, OTMNYAIOLIMXCA CBOUM
HEMOCTOSIHCTBOM.

WUccnepoBaHne o6oraTUMOCTM neTyyel 30Mbl
CrapobeweBckon TOC meToaom dnoTtaumu

Crapobewesckass TAC cxwuraeT aHtpauut mapok AL u
APL co cpepHen 3onbHocTbio 30 %. Mpoba neTyyen 30mbl
nocne oOxuraHms TonnvBa Obina  uccnegoBaHa B
nabopaTopHbIX YCMOBUSX, WU3YYeH IpaHynoMeTpUYeckuint
(hpaKLMOHHbIN cocTaB 301kl (Tabn. 1).



Tabnuua 1. paHynomempudeckuli u hpakyUOHHbII cocmag iemyyel 301b1

pr"HOCLbMK”aCCOB’ Boixog, % 30MbHOCTb, % HHOTHOiTr7M?paKLW’ Boixoa, % 30M1bHOCTb, %
+0,2 10,5 82,6 1800 15,9 48,9
0,1-0,2 29,5 75,0 1800-2000 18,9 56,6
0-0,1 60,0 80,3 2000 65,2 93,1
Wtoro 100,00 79,0 Wtoro 100,0 79,2

/13 paHHbIX Tabn. 1 BUOHO, YTO BO BCEX Kraccax KpynHOCTM
€CTb Hegoxor. YIMecoaepxalime KOMMOHEeHTbl Ccocpeno-
TOYeHbI BO (ppakuusx nrnoTHocTbi MeHee 2000 kr/m3. dpakuus
nnotHocTblo Gonee 2000 kr/mM3 npeacTaBneHa B OCHOBHOM
MWHeparnbHOM  YaCTblo,  COAEepXalled  He3HaYUTEeNbHOe

KOMM4EeCTBO OKOKCOBAHHOTO Yrnsi. 3epHa yrns B BonbLUMHCTBE
(hOpMbl,

Hel'lpaBI/IJ'IbHOI7I nopuctele, O4YeHb nerkve, C

XapaKTEPHbIM aHTpauuMTOBLIM Grieckom (puc. 1,a). 3ona yHoca
B 3HAYUTENbHO CTENEHN COQEPXUT CTEKNOBUAHYIO a3y (puc.
1,6), OCHOBHYK YaCTb KOTOPOW COCTaBMSAKT OYeHb nerkue
cthepuyecke yvactuubl anametpom oT 5 go 130 mkm, B
cpegHem okono 100 mkm (puc. 1,8). Mukpoccepsl yacto
norble 1 0BpasyloT NeHy Ha MOBEPXHOCTW OTBANOB 30fbl U
OTCTOWMHMKOB.

Puc. 1. CocTaB 30nbl YHoca: a) OKOKCOBaHHbI€ YrofibHble YacTULbl; 6) CTeKnoBuAHbIe YaCTULlbI; B) anoMocunmkaTHble MMKpocdepbl

HecmoTpst Ha Tepmuyeckoe BO3AEUCTBME B TOMKE KOTNa,
yronbHasi opakums 30royHoca coxpanuna rmgpodobHoCTb no
CpaBHEHNKO C MI/IHepaJ'IbHOVI 4YacTblo  yrnd, NO3TOMYy
pasfeneHMe ee BO3MOXHO MNpu noMowy  chroTauuu.
WccnepoBaHa BO3MOXHOCTb WCMOMb30BaHWA [Nl TOHKO-

Mpu uccnegoBaHun npouecca hnoTtauuu onpegensnuch
Hambonee BrMslOWMEe Ha npouecc (PakTopbl:  pacxod
peareHToB, BpeMs (ProTaLuM, WMHTEHCUMBHOCTb Nepeme-
WwueaHus. B nabopaTopHbIX YCMOBWSX WCMOMb30Banoch
Hanbonee pacnpocTpaHeHHOe B yrneoboralleHun coveTaHme

OUCMEPCHOM  30Mbl  yHOCA  (DIOTALMOHHOTO  MeTofa peareHToB: B KayecTBe cobupatens - KEPOCWH, B KayecTse
oboralleHus ¢ Lenbto pa3paboTku TEXHOMOTMM [OM3BIIEYEHNS neHoobpasoeatenss - T-66. Pesynmbtatel  (bnotauum
yrnepogocogepkalmx — pakuuin, a Takke MonyyeHus npuBeAeHsI B Tabn. 2.
npogykTa C MamnbiM WX COAEPXaHWeM, NpUrogHoro Afis
MPOU3BOACTBA Pa3MMYHbIX CTPOUTENbHBIX MaTEPMAroB.
Tabnuua 2. Pe3ynsmamei ¢hriomayuu 307161 yHOCa
Pacxon Pacxon [MeHHbI NpoaykT KamepHbIi npoaykT [MuTaHue dnoTauum
kepocuHa, rit | T-66, r/1 Bbixoa, % 30nbHOCTb, % Boixoa, % 30nbHOCTb, % Bbixoa, % 30nbHOCTb, %
1750 100 10,7 32,8 89,3 83,4 100,0 78,0
2000 100 11,6 32,9 88,4 84,0 100,0 78,1
3000 100 13,1 33,6 86,9 85,7 100,0 78,9
1000 200 13,6 25,6 86,4 86,6 100,0 78,3
1500 200 14,9 25,8 85,1 86,9 100,0 778
1750 200 18,9 38,2 81,1 87,5 100,0 78,2
2000 200 19,8 38,3 80,2 87,9 100,0 78,1
3000 200 21,7 38,6 78,3 88,8 100,0 779
1750 300 213 40,0 78,7 88,3 100,0 78,0
2000 300 21,6 40,2 78,4 88,7 100,0 78,2
3000 300 23,8 40,8 76,2 89,8 100,0 78,1

lMonyyeHHble AaHHble Nokasanu, YTo Ans 6onee nomHoro
W3BMEYEHNS1 YacTWL, HeOoXora M3 30M0yHOCA  PacXof
peareHTa-cobupatens gomkeH coctaBnsatb 1750 — 3000 r/T,
pacxof peareHTa-neHoobpasosatens 200 — 300 r/1. Mpwn Takux
pacxofax 30MbHOCTb KaMepHOro npogykta gocturaet 87,5 —

89,0 %, 30MbHOCTbL MEHHOO NPOAYKTa konebneTcs B npeaenax
38,2 — 40,8 %. lMeHHbIA NPOaYKT NpW TaKoi 30MbHOCTU MOXET
BTOPUYHO MCMOMb30BaTLCS B KayecTBe A06aBKM K OCHOBHOMY
TONMMBY B TOMKaXx KOTMNOB.
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Ons  u3yyeHnss  BRUSHUS  BpemMeHM  rotauum  w
VHTEHCMBHOCTY MepeMeLUMBaHNS NyMbMbl HA 3PQPEKTUBHOCTb
pasgenenns Obinu NpoBeaeHs! OnbITbl N0 APO6HON noTauum
netyyei 3ombl. Cbem NeHHbIX NPOAYKTOB NPOM3BOAWICS Yepes
kaxgble 5 ¢, obwee Bpems ¢noTauum coctasnsno 60 c.
CKopoCTb BpalLeHWst UMnennepa uameHsnacs B npegenax 11

824

—=— ZoneHocTe oBlerc nesHoro npoayKTa

386

CyMuapHaR J0LKOCTE NEHHOra NPagYITA, %
n
&

28,6

5 10 15 20 25 0 35 40 45 50 55 60
BpeuadmoTaumm, ¢

Puc. 2. CymmapHble xapaKTepucTMKM NEHHOTO NpoAyKTa ApobHoI hnoTaumumn

MartemaTnyeckoe MopenupoBaHue npouecca
¢noTauum

Mpn nccnemoBaHMM Mpolecca (hroTaLuy 3010yHoca Bbino
UCMONb30BAHO ~ MaTeMaTuYeckoe MOLENUpPOBaHWe  aKcne-

+ 15 ¢!, Kak nokasanu pesynbTaTbl 0MnbIToB, B nepable 10-15 ¢
npouecca B MeHHbIM MNPOAYKT MonagatT  MUKpocdepsl,
3HaYMTENbHO  YBENMWYMBAIOLLME €70 30MbHOCTL  (puc. 2).
MoaToMy HEobXOAMMO  YCKOPWUTb  BPEMS  BCMMblBaHMS
MUKpocep 1 yaaneHus ux u3 hnoTomaLlmHbl.

MM APHEI B0 REHHOM RPOZYNTA, %

-8 —=—Brixog ofwere nesssodo npoaykTa

2 B 6

5 10 15 20 25 30 35 40 45 50 55 80
Epeundinotaumm

GenbHbI NnaH BTOPOrO Mopsgka Ans YeTblpex (hakTopos,
BbIBPaHHbIX Ha OCHOBE NpedbIAYLLMX ceneaoBaHnin. GakTops
W NpUHSITbE TPaHWLbl WX BapbMpOBaHWS NpuBESeHbl B
Tabnuue 3. LleneBas (yHKUMS — 30MbHOCTL Ad MEHHOro
npogykta. [lnaH-mMatpuuya 9KCMepuMEHTa MpuBedeHa B
Tabnuue 4. [ns obpaboTkn aKcnepUMeHTamnbHbIX AaHHbIX

pumeHTa [1-3]. npMMeHanacb  CTaHOapTHas  KOMMbIOTEpHas  mporpamma
[na nonyyeHns perpeccuoHHOW MOAENW Wccregyemoro Statgraphics [4].
npoLecca NPUMEHSANCS LIEHTPanbHO-KOMMO3MLIMOHHBIN pOTOTa-
Tabnuua 3. @akmops|, 8nusOLWUE Ha 30/IbHOCMb NEHHO20 NPOAYKMa hromauyuu, U 2paHuybl UX 8apbUpo8aHust
®akTop Kog Eavnnuya YpoBHU hakTopoB
thakTopa “3MepeHus -1 0 1
CkopocTb BpallieHus umnennepa, w X1 c! 11 13 15
Pacxopn cobupatens (kepocuH), ge X2 rT 1750 2000 3000
Pacxog neHoobpasosatens (T-66), gn X3 rT 100 200 300
Bpems dnotaumu, tg X4 c 15 30 60

[onyyeHHbI NONMHOM UMEET BUA:

Ad = 40,45 - 1,41597"X1 - 1,39167"Xz - 1,76146™Xs - 5,3"X4 +
1,12986"X+2 - 1,675"X1"Xz2 + 1,31563"X1*Xs + 0,65"X¢"Xs +
0,266319*X22 + 1,325"X2"Xs + 2,075"X2"Xs + 1,16736"Xs2 -
0,225*X3*X4 + 3,77882"X42 (1

115

roe Ad — 30MbHOCTb NEHHOro npogykTa, %; X1, Xz, X3, X4 -
koAbl (hakTopoB, NPUBEAEHHBIX B Tabnnue 3.

KoadpcpuumeHTbl Mogenu npuBeaeHsl B HOPMUPYEMOM BUAE.
Bbicokoe 3HaueHue koadduumeHTa aetepmmuHanmm (R2 = 98,5
%) W Manoe 3HayeHWe CTaHAapTHOM Owwnbkn oueHkn (SE =
0,2533) cBupeTenbCTBYT 00 afeKBaTHOCTM MOMYYEHHOM
MOZAEenu uccnegyemomy npoweccy.



Tabnuua 4. Mampuya nnaHupogaHus u pesybmams| ucciedosaHull ghrnomayuu 30510yHoca

3iaueHus ¢pakTopos B BespasmepHom 3HaueHus pakTopoB B HaTypanbHOM Maclutabe
Neo macwrabe 3onbHocTb A9, %
Xi X2 X3 X4 w, ¢! Qe, M7 qn, I/T ty, C
1 0 -1 -1 0 13 1750 100 30 471
2 0 1 -1 0 13 3000 100 30 411
3 0 0 -1 -1 13 2000 100 15 52,1
4 0 -1 0 -1 13 1750 200 15 53,5
5 -1 0 0 1 11 2000 200 60 40,3
6 -1 0 0 -1 11 2000 200 15 52,0
7 0 1 0 -1 13 3000 200 15 47,0
8 1 1 0 0 15 3000 200 30 37,6
9 1 -1 0 0 15 1750 200 30 43,6
10 0 0 0 0 13 2000 200 30 40,5
11 -1 0 -1 0 11 2000 100 30 476
12 1 0 -1 0 15 2000 100 30 41,6
13 0 0 -1 1 13 2000 100 60 42,3
14 1 0 -1 0 15 2000 100 30 40,6
15 1 0 0 -1 15 2000 200 15 49,0
16 0 0 1 -1 13 2000 300 15 48,7
17 0 0 0 0 13 2000 200 30 40,3
18 0 0 1 1 13 2000 300 60 38,0
19 -1 -1 0 0 11 1750 200 30 425
20 0 1 1 0 13 3000 300 30 39,2
21 -1 1 0 0 11 3000 200 30 43,2
22 -1 0 1 0 11 2000 300 30 428
23 0 -1 1 0 13 1750 300 30 39,9
24 0 0 0 0 13 2000 200 30 40,6
25 0 0 0 0 13 2000 200 30 40,4
26 0 -1 0 1 13 1750 200 60 38,2
27 1 0 0 1 15 2000 200 60 39,9
28 0 1 0 1 13 3000 200 60 40,0

Ha puc. 3 nokasaH CTaHOapTU30BaHHbIA NapeTo-rpacduk,
COrMacHO KOTOPOro MOXHO BblOpaTh koadpdmumenTsl D, DD, C,
B, A, BD, AB, CC, AA, BC u AC, koTtopble sBRsTCS
CTaTUCTMYECKN 3HAUMMBIMA.

Standardized Pareto Chart for Ad

=
=

_D.I | _

I I I
16 20 24

o
=
@

12
Standardized effect

Puc. 3. 3HaummocTb KoadhdmumeHTOB Moaenu (napeTo-rpadmk)

Ha napeTo-rpacuke nokasaH xapakTep BMWSHWUS (hakTopoB
1 3hHEKTOB MX B3aUMOZENCTBIS Ha 30MNbHOCTL Ad. Tpu aToM

BblAeneHbl  hakTopbl W 3hdekTbl —  COCTaBnsLmMe
perpeccuu, ysenuuusatolwe 3051bHOCTb MEHHOrO MpPOoAyKTa
(ucTorpamMMbl  CO  3HAKOM  «—») W CHWxawowwue eé

(rMcTorpammbl €O 3HaKoM «+»). BepTukanb oteevaer 95 %

Hm +3HaummocTh. Ha puc. 4 nokasaHbl TPEXMEpPHbIE CEeYEeHUnA

/= -
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rMNepnoBEPXHOCTM LieneBon yHKLun Ad,




Estimated Response Surface  X1=0,0 X3=00

Estimated Response Surface  X3=0,0 X4=00

Puc. 4. TpexmepHble CeYeHUs TMNepPnoBepXHOCTH LieneBow dyHKUuK: a) Ad (qc, ty); 6) Ad (w, gc); B) Ad (e, gn); T) Ad (w, gn); A) Ad (w, tp); €) Ad (qn, te)

Hanbonee Ha 30MbHOCTL MEHHOMO NPOAYKTa BMUSET BpeMS
broTaumm, YTO CBSI3aHO C W3BMEYEHWEM B MEHHbIA CrIOW
BMECTe C Yrnecoepkallumn YacTuLamy amoMOCUIMKATHbBIX
mukpocdep. [loatomy HeobxoguMo  COKpaTUTb — Bpems
BCMMbIBAHUA MUKpOCHEP W yaaneHus ux u3 rioTomallmHbl.
OpHM  u3  nyTed pelieHns 3ToM npobrnembl  ABMSETCS
YBENUYEHNE  VHTEHCWBHOCTM  MEpeMELnBaHUS  Nymbribl.
[anbHelwne vccnegoBaHUst HanpaeneHbl Ha onpegeneHue
ONTMMAnbHON CKOPOCTY BPALLEHWS UMNennepa, npu KOTopoil
MOryT ObITb AOCTUTHYTHI Tpebyemble nokasaTeny npogyKToB
pasfeneHus.

I'IonyquHaﬂ mModenb MOXeT OblTb MCMOnb3oBaHa [ans
yrny6neHHoro ncenenoBaHna BNUAHNA Ha npouecc danmau,mw
30/10yHOCa Bbl6paHHbIX BapnaTUBHbIX (baKTopOB, a TaKke ansa
NPOrHo3npoBaHnA 3HAYEHMI1 30MbHOCTM NPOAYKTOB cbnowuww.
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