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Ucnoab30BaHNe METOAA BEPOSITHOCTHO-AeTEPMUHUPOBAHHOI0 IVIAHUPOBAHUSA
P ONITHMH3AIHH COCTAaBA JIAKOKPACOYHBIX KOMIIO3UIIHHA

B crarbe ¢ NPUMEHEHHEM METOJa BEPOATHOCTHO-ACTEPMHHHPOBAHHOIO IUIAHHPOBAHUA MOCTPOEHHI 0606-
IMICHHLIE MaTEMAaTHIECKUE MOJENH NpoLecca JUCTIEPrHPOBAHUA HEOPraHMYECKOro IMMIMEHTa AUOKCHAA TH-
TaHa B NEHTa(TaIEBBIX H AKATHO-YPETAHOBBIX JIAKOKPACOYHBIX Kommo3mmax. Ha ocHoBe pemeHus mare-
MaTHU9eCKOH MOJENM ONpeIeIEHE! ONTUMAINILHBIE COCTABh! JJAKOKPACOTHBIX KOMIIOHEHTOB.

Knroueswie cnoea: BEpOATHOCTHO-AECTEPMUHUPOBAHHOE MIAHUPOBAHHE, MaTeEMaTHYecKasd MOJENb, JUCIIEPTH-
pOBaHHE MATMEHTA, JUOKCHJ TUTAHA, TAKOKPACOYHBIC KOMIIO3HIINH, alIPOKCHUMAIIHA, YacTHLIE 3aBUCHMOCTH,

0000meHHOE YpaBHEHHE.

HucneprupoBaHue NUrMEHTOB M HaNOJIHUTEJICH B BA3KHX CpelaX — OAHA U3 OCHOBHBIX CTaiHii Iako-
KpacO4HOro NMpou3BOACTBA, TaK KaK ONpeAE/sAeT KOHEYHBIE CBOMCTBA JIaKOKpaco4YHbLIX MaTepranos (JIKM) u
UX MOKPEITHH. ITO O4EHB 3HEproeMkas craaud. I1o3ToMy ycoBEpPIIEHCTBOBAHUIO TEXHOJIOTHH JAUCIEPIUPO-
BaHuA yAensercs 60JbII0oe BHUMaHHE.

Pa3pyiienue arperaToB TBepAO(Qa3zHbIX YacTUL (Ha MHKpPOYpOBHE), NMpPH COBMEIICHHH THMIMEHTa
C IUIeHKoOOpa3oBarejieM, MOXHO WHTEHCH(DUIMpPOBaTh A00aBKaMH IOBEPXHOCTHO-aKTUBHBIX BeEUIECTB
(ITAB). x npuMeHeHne oCHOBaHO Ha 3¢ dekxre PeOuHlepa, 3aKirodarolieMcs B aJCOpPOLIMOHHOM ITOHUXKE-
HUU TpoyHOCTU IpU BosaeiicTBuM ITAB. Jleno B ToM, 4TO 4acTO IPOYHOCTEL pealbHBIX TeJl MOHWXKEHA B pe-
3yabTaTe AeGEeKTHOCTH CTPYKTYPhI — HAJIMYHUM MHKPOTPEIIVH, OUCIOKALMii, MECTHBIX BHYTpEHHHX Harpsi-
xeHuil ¥ T.4. CorjgacHo U3BECTHOMY ypaBHeHHIO I puddurca, peanbHas NPOYHOCTH TBEPAOro Tella IpoIop-
L{MOHAJIbHA BEJIMYUHE MOBEPXHOCTHOM SHEPIUM ¥ 00paTHO NPONOPLUHOHAIEHA AJIMHE TpelUHsI [1].

Pa3Butne Mukpolenei nox AeicTBUEM BHEITHUX ASPOPpMUPYIOIIUX CUJI MOXKET NPOTEKATh 3HAYUTENb-
HO Jlerde TipH angcopbunu Mojekyisl [IAB (Ha yacTMiax, Ha CTEHKaX MHUKPOTpEIHH) U3 CpeJbl, B KOTOPOi
BeleTcsA AUcneprupoBanue. AncopOiuuonnslii cnoit IIAB nmoHmkaeT mOBEpXHOCTHOE HATSKEHNE — YMEHb-
maet paboTy 06pa3oBaHUA HOBOM NMOBEPXHOCTH, IKPAHUPYET MEKATOMHBIE CHIIBI CLEIJIEHUS TBEPAOro Tena
M CTPEMHTCH pacIIMPUTh MUKPOTPEIIUHY, TEM CaMbIM CIIOCOOCTBYS ANCIIEPrUPOBaHUIO, Pa3BUTHIO MUKpPO-
- TpEIIUH.

Orcroga cymHocte 3dekra PeOunaepa 3akmodaercd B oOjierdeHHH AeopMaldd M pa3pyLUCHUH
BCIICICTBUE CHIDKEHHUSA NOBEPXHOCTHOH sSHeprun (HaTsxkeHus) [2, 3]. Jlna ancopOLMOHHOro INMOHMKEHUA
MPOYHOCTH XapakTePHO COYETAHHWE AECHCTBHA CpeAbl M BHEIIHUX MEXaHUYECKMX HaNpsKEHH (MpU Mpous-
BozacTBe JIKM B GucepHbix MenpHHLAx). Ilpu stoM aeiicteun TIAB o4eHb H30UpaTeabHO H ONpEACIteTcH,
KaK H3BECTHO, MHOXKECTBOM (PAKTOPOB: MPHPOI0it MATMEHTA M TUIEHKO00pa3oBaTelisi, COOTHOIIEHUEM MEXTY
TBepHoii U xuakol (GazamMu, KOHIEHTpalHel MIeHK000pazoBaTelid, CTPYKTYpOil 1 MOJIEKYJISpHO-MaCCOBBIM
COCTaBOM CaMOT0 BBOAUMOTO aqauTHBA. B 3T0l cBA3M A onTHMU3aluH coctasa JIKM HeobxoamMo 3HATH,
KaK IMOBIHMAET COBOKYITHOCTh BCEX YKA3aHHBIX (PaKTOPOB Ha NMPOLIECCH AUCTIEPTHPOBAHUS, YTO IIpEANONaracT
NocTpoeHne 0000IEHHON MaTEMaTHYECKOU MOJIENTH HCCIIENyEMBIX CHCTEM [4].

Hamu, Ha OCHOBe HCIIOJIL30BaHHA TPHHLHUIOB BEPOATHOCTHO-ZECTEPMHUHHPOBAHHOTO MOAETUPOBAHMA,
NpeAnpUHATA NMONbITKA BEIBOAA MHOrO(aKTOPHOI MOAEH npolecca QUCIIeprupoBaHus NMUIMEHTa — JUOK-
cuaa tutana (I'OCT 9808-84, Mapka R-02) B nakokpacoYHBIX CHCTEMaX Ha OCHOBe HMeHTadTalieBoro (Jak
T1®-060) n anxuaHo-ypetanoBoro (TY 2311-023-45822449-2002) nnenkoobpa3yrouiux, yYrieBoAOpPOIHOTO
pacteopurens yaitr-ciupura (I'OCT 3134-78), noBepxHocTHO-akTUBHOTO BewecTra [19ITA (cMech HU3KO-
MoJlekynsapHEIX aMuHOB TY 2413-357-00203447-99) [5].

[Tpu npoBeZieHNH ONBITOB MCHOJB30BANIM BHJOM3MEHEHHYIO ILIaH-MATPHIY 4YeTHIpEeX(paKTOPHOro 3KC-
NepUMEHTa Ha YETHIPEX YPOBHAX. B KauecTBe OCHOBHBIX (DAKTOPOB, BIUAIOIIMX Ha [MOKA3aTeNM Je3arpera-
' LIMM TIMTMEHTA, ONpeIe/ UM KOMMIECTBEHHOE COlep)KaHue B CycIieH3uaX auokcuaa TutaHa (Crioz, %00 1+12),

pacxoJi MOBEPXHOCTHO-akTHBHOrO BewecTBa (Crap, %: 0+8 B nepecyere Ha oOIMyro MacCy JHOKCHIA TUTa-
Ha), cofiep KaHue MeHTa(TaTIeBoi CMOJILI MIIH YpaIKUuAHOTO J1aka B cycrneH3ud (Cro, %: 0+50), BpeMs Mexa-

HUYECKOro nepeMemmBanus (T, Mud: 10--60).
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3a pYHKIHIO OTKJIMKA TIPUHUMANHK o0lee KomaecTBO yacTull TBepRoii ¢asnl (), npuxoadiuxca Ha Quk-
CHPOBaHHYIO IUIoank NoANoKKH (S = 0,085 MM°). 3Hauerns N B HccenyeMbIx obpa3tax onpee/sad NPy 3a-
" JaHHOMW KpaTHOCTH yBeudeHus (%X 700) ¢ HCroNb30BaHUEM KOMITEIOTEPHO-ONTHYECKOM CUCTEMBI KOHTPOIA [6].

Ananus u obcyxcoenue pe3ynbmamos

AKTUBHBIN 3KCIIEPUMEHT MPOBOAUIIN COrTaCHO MaTpHLie, HaHHbIe npeAcTaBiaeHbl B Tabnuie 1.

JaHHbIe AKTHBHOIO JKCIIePHMEHTA

Ta6numoma 1

_ — _
| YPOBGHB |. Crias, % J Cr[o, f/o 4[ (_:Ti?z’_%_! T, M-H[-f L 5 A_rp IIjiT ot
1 0 0 [ 10 1502 | 1502
2 [ o 10 5 20 2860 | 5714

3 0 | 30 10 [ 30 | 5784 | 5441,667

. B . 12 60 J 2193 3978,333

¥ oz 0 5 30 2177 1016,333
6 2 10 10 [ 60 | 2344 5391

7 2 [ 30 12 | 10 | 3941 8712,667
8 2 50 ] 20 053 5384

4 0 10 10 1242 1274,333
4 0. | 12 { 20 2086 | 6332
- 4 30 1 | 30 [ 3155 7245
4 50 ] 5 1 60 4787 3921

|13 § | 0 12 30 1725 3280,667
14 | 8 0o | 1 60 1109 3921

15 8 30 [ 5 { 10| 2780 | 7400333

16 8 | 50 10 20 3110 | 8459333

ITocne peaIA3allH AKTUBHOI'O IKCIICPUMCHTA OCYILCCTBJIANIN BBIGOPKH IKCIICPUMECHTAJILHOI'O MaCCHBa

I KXo QYHKIMH OTKIIMKA MO KXIOMY YPOBHIO KaKAOro ¢pakTopa B paMKkax AByMEPHONH MaTpPHUIIBI:

YXi1s VX2
YXi1s VX2
yxml ’ yxvzﬂ
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rjie m — YHMCIIO YPOBHEH; 2 — YHCIIO (DYBKIMOHANBHEIX BEIpOXEHM 1)1 KaKI0ro YPOBHA.

YactHpie 3aBUcUMOCTH N =f(C;) Mo kaxaoMy OTACILHOMY dakTropy NnpeAcTaBleHb Ha PUCYHKe 1.
M3 anann3a 9acTHEIX 3aBUCHMOCTEH ClielyeT 3aKOHOMEpHOe YBEIW4eHHe Yhcila JacTHIl M0 Mepe yBelde-

Hng obmell xoHIeHTpalyuy TBepAo(a3HLIX KOMIOHEHTOB B JIAKOKpaco4yHOM cucreMe (puc. 1a); oqHOBpe-

(1)

' MEHHO MONIOXKHUTENbHBIA BKIax koHueHtpauuu ITOITA B usMeHenne N (KOMHYECTBA YaCTHI) COTiacyeTcs

C ero jAe3arperupyromum 3¢ @dexkToM, paHee YyCTaHOBIEHHBIM B OTHOLIEHHWHN JPYTMX NMUIrMeHTOB [4]. YBenu-
yeHHe CTEINIEHH Jie3arperaiyy NUrMEeHTa 10 Mepe YBEIMYeHHS KOHLCHTpalyuM IieHkooOpa3oBartess yka3bl-
BAaeT Ha NOMOKUTETBHYIO (ITOBEPXHOCTHO-aKTHBHYIO) POJb QYHKIHOHANBHEIX Ipymm (THAPOKCH-, kKapOokcH-)

B cocTaBe NeHTadTaneBoil ¥ ypankugHoi cMonkl (puc. 12).
ITocne annpoxcHMalM¥ YacTHBIX 3aBHCHMOCTEH C HCIONB30BaHUEM CTaHIapTHHEIX IpOrpamM

«Advenced Grapher» u «Microsoft Excel», a Taioke BU3yanbHO aHATUTUYECKOT0 METOAA MOy4eHbl OHONa-
paMeTpHUYecKHEe YpaBHEHHs, XapakTepu3yloliue BIUSHUE Ha (QYHKLHIO OTKIMKA KaKAOro ¢akropa B OT-

aensHocTH (ypaBHeHNd 2-9).

CucreMa Ha OCHOBE NMEHTA(TAIEBOrO JIaKa:
1400 - g%

N=

54

4,7+(3,5~Cp,,)°

+2100;

N =1700-C,,*;
N =1765-Cp, "
N =2375-1"%,

(2)

(3)
(4)
(3
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Acnonb3oBalne Metoaa BeposSTHOCTHO- ...

CHCTeMa Ha OCHOBC aJIKH,IIHO-ypeTaHOBOI‘O JIaKa.
3000 - > Cms

N=——--————1+4800; | (6)
15+ (22-Cpyp)

N =4400-Cpy) ; (7)

N =3700-Cp}) ; (3)

N =4100-7"". (%)

0+ — —r — iy ~
0 10 20 30 40 50 6C 0 10+ 20 30 40 &€
. T,Memn | | Cho,%

! — B npHuCyTCTBHM ypankuaa; 2 — B IpucyrcTBum jaka [1d-060
PucyHok 1. YacTHbie 3aBUCHMOCTH GYHKLMYU OTKIIMKA IO KOKIOMY akTopy

I noctpoeHns 0600EHHOH MOAECTH NCITONBb30BaTH MHOTO(QAaKTOPHOE YPaBHEHHUE HENUMHEHHON MHO-
KECTBEHHOW KOppeAIuK, KOTOpOE B HEABHOI opme nMeeT BU

y,, = L&) S/ (%) (10)
g
TIIE X1, X2, «..s Xy — QAKTOPBI; # — KOJIMUECTBO (PaKTOPOB; g., — FeHEPATILHOE CPejIHEE.

3HaueHUA g, PACCUUTHIBAIU 1O (POPMyTE

M
SY,
__ i=l
gc.p e s

M
rae Y, — COBOKYITHOCTS 3KCHEPUMEHTANIBHBIX NaHHBIX B MATpHLE; M — YHCIIO CTPOK B MaTpHIIE.
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Pucynok 2. HoMmorpamMMsl

AJIeKBaTHOCTb TIOMY4eHHON MoAermH (s 95-ro ypoBHs 3HaYMMOCTH) OLICHUBAIU Ha 6a3e k03¢ uI-
eHTOB Koppelauuu (R) 1 3HAYUMOCTH (fz), KOTOpPBIE PACCUUTEIBAIIA 10 YpaBHEHUAM

R= 1_(_”_‘_215(_3_’3"3’r_);.; (11)
V (n-l)'z(ya_y;r)

Y ' 12

. R\/I—Rz' (12
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Mcnonb3oBsaHue MeToaa BEpPOATHOCTHO- ...

[Tociie MOACTAaHOBKH aNMMPOKCUMHUPOBAHHLIX BEIpaXkeHwil (2-9) B ypaBHeHHe (10) momyunnmu o6o61meH-
HO€e YpaBHEHHE, YYUTHIBAIOLIEE COBMECTHBII BK/IaA BceX PakTopoB.
_ PacueThbl nmoxa3zanu YyJAOBJIETBOPUTENBHYIO CXOOUMOCTb 3KCNEPUMEHTANBHBIX U PAcYETHBIX 3HAYCHUIA

. ¢pyHnxumm otknmka: R = 0,86, 1> 2. |

Ha ocHoBe pelneHUs 00OOLICHHOrO YpaBHEHHUS OMpPEeAENIWIM ONTUMAabHbIE PacXo/bl MOBEPXHOCTHO-
aKTUBHOI'O BEUIECTBA, paCTBOPUTENA ¥ MUIrMeHTa B cycneH3uax JIKM, obecneuuBaronmux TpebyeMyro cre-
NeHb Je3arperauu guokcuaa tutadHa. CoBMecTHRIN Bkiad ABYX (akTopoB Ha N (oblmee KONMYIECTBO dac-
THI]) OTPaXaOT HOMOIrpaMMEI (pKc. 2), MOyYeHHBIE 0 0000IEHHBIM YpaBHeHUAM. HoMorpaMMEl, mocTpo-
€HHBIE MO AAaHHEIM YPaBHEHUAM, MO3BOIAIOT HAXOIWUTH COCTABBI JIAKOKPACOYHBIX KOMITO3UIIHIA NMpu 3a7aH-

HOM KOJIMYECTBE YaCTHIL,
C y4yeToM npeAcTaBNEeHHBIX Ha PUCYHKE 2 HOMOTPaMM ONpEAECIHIIN ONITUMAaNIbHBIE COCTaBbl CUCTEM:

CucreMa ¢ ypankHAHOYPETAHOBEIM JaKOM: Crioy = 15 %, Chas = 3 %, Cro = 82 % (B pacTBOpeE),
T =60 Mmus — N=7100. |

CucreMa ¢ neHtagraneBbIM JakoM: Crion = 20 %, Crag = 3 %, Cy, = 77 % (B pactBOpE), T= 50 MUH —
N =3900.

ITo pesyneraram GanaHCOBEIX OMNBITOB, BBIMOIHEHHBIX € JIAKOKPACOYHBIMH KOMITO3UIUAMHU ABYX YKa3aH-
HBIX COCTaBOB, YCTAHOBJIEHA YAOBJICTBOPUTENIbHAS CXOAUMOCTE B IIPOTHO3UPYEMBIX H NMPAKTHYECKUX 3HAYECHH-
fX N, cpeHEKBaApPaTHIHOE OTKJIOHEHHE IS ABYX PaCCMOTPEHHBIX MPUMEPOB He npeBrimaeT 1,2 %.

C y4eTOM MpOBEAECHHBIX UCCIEIOBAHUA MOXHO 3aKITFOYUTD:

1. B orcyrctBHe ITIAB (Chag = 0 %) o01ee auciio 9acTuil MUrMEeHTa B CHCTEME C AIKUIHO-YPETAHOBLIM
mieHkoobpasyromum (N = 3000) npeBanupyeT Hajg TeM Ke NoKa3aresieM fe3arperaiuu B cuicteMe ¢ neHrad-
. TaneBbIM J1akoM (N = 2150).

2. IIpu onnux ¥ Tex xe pacxogax [I9IIA (Crhag = 2 %) u conepxkanum quokcuaa turada (Crio, = 6 %)
HauOoJblliee YHUCI0Boe 3HaYeHue AN (m3meHeHune N oTtHocuTenbHO cucteM Oe3 IIAB) nHabmogaercs B cuc-
TEMe ¢ ATKUAHO-YPETaHOBBIM IIeHKOOOpa3yromuM U coctaBnsaeT 2000 mr. |

Takum 06pa3oM, HCIIOJIB30BaHME MAaTEMATHYECKOI0 MOJEIMPOBAHNA IpY ONTHMMU3ALMU COCTAaBOB Jia-
KOKpAaCOYHBIX MaTePHAIOB MO3BOJIAET YYECTh BIUAHNE COBOKYIHOCTH BeeX (pakTOpPOB HA MPOLECCHI AUCTIEp-
rupoBaHus ¥ nonoOpare peuentypy JIKM, obecneunBarollylo TEXHOJIOrHYECKOE Ka4yeCTBO MarepHalioB M

GOpMHUPYEMBIX UMHU TTOKPHITHH.
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A.H. Tioparuna, H.C.MakcumoB, K.A.OcTpoBHOI

JlakneH 00slIFaH KOMIIO3UIHS KYPAMbIH OHTANJIAHABIPY Ke3iHae
DosKay-eTepPMHHHMPJICHI eH JKOCIAPJIay JAIiCiH KOJNAaHy

Makanafa OomkaM-AeTEPMHUHHPICHTEH XOcHapnayAsl KONJaHY apKbUIRI MeHTadTamrbai JKoHE AaTKuiTi-
ypeTaHibl 1ak60gy KOMMO3HLMANApLHHAA OeHopraHMKalLlK MUIMEHT THTaH JUOKCHAIHIH AHCIIEPTHUPJICHY
YpAiCiHIH MaTeMaTHKanblK YJTiCi KypacThIpbUIFaH. MarTeMaTHUKaIBLIK YITiHi INEHNIy HerisiHae jak-6osfy
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Using the method of probable-determined planning at optimisation
of a compound of lacquered dye-stuff compositions

With application probabilistic deterministic planning the generalized mathematical models of process of
dispergating of an inorganic pigment the titan's dioxide in pentaphtol and the alkid-uretan paint and varnish
compositions are constructed. On the basis of the solution of mathematical model optimum expenses of paint
and varnish components are established.
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