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Annomayus. Bo3pactatonue TpeOOBaHUS K KadyecTBY 3allUTHO-JIEKOpa-
TUBHBIX TIOKPBITUN Ha JIPEBECHUHE MPEAMNOIaratoT BO3MOKHOCTh MTOMCKA HOBBIX
BBICOKO3(()EKTUBHBIX MaTepuanoB. Lenpio mpoBeieHHON padoThl SBISUIOCH T10-
Jy4eHHEe TEOPETHUECKUX 3aKOHOMEPHOCTEH (DOPMUPOBAHMS TTOKPHITHI Ha OCHO-
B€ JIJAKOKPACOYHON KOMIIO3UIIUH.

Knioueevie cnosa: 3a1IUTHO-IEKOPATUBHOE MOKPBITHE, MOAUPHUIIMPYIOIIAS
n00aBKa, MacCOPOBOAHOCTD

Jna yumupoeanusa:. Cosuna C. B., [Imocnuna A. C. Teopetnueckue wuc-
CJIEIOBaHUS 3aKOHOMEPHOCTEH Tporiecca (GOPMUPOBAHKS MOKPHITUH HAa OCHOBE
JaKOKpaco4yHou cuctembl // JlepeBooOpaboTKa: TEXHOJIOTHH, 000pYIOBaHUE,
MmeHemxkMeHT X X1 Beka. 2022. C. 66-70.

Original article

THEORETICAL STUDIES OF THE REGULARITIES
OF THE COATING FORMATION PROCESS BASED
ON THE PAINT AND VARNISH SYSTEM

Svetlana V. Sovinal, Anastasia S. Plyusnina?

1.2 Ural State Forestry Engineering University, Yekaterinburg, Russia
L sovinasv@m.usfeu.ru

2 nastya.plyusnina.2016@mail.ru

Abstract. The increasing requirements for the quality of protective and
decorative coatings on wood suggest the possibility of searching for new
high-performance materials. The purpose of the work was to obtain theoretical
regularities of the formation of coatings based on the paint composition.
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dopmupoBaHUE JTAKOKPACOYHOTO MOKPHITUS HAa OCHOBE MOJU(UIIMPOBAH-
HOWM AaJIKUIHOM CMOJIBI HUTPOIEIUIION030H — CIOXKHBIA (PU3NKO-XUMHUYECKUN
IIpoLECC.

[Ipouecc oOpa3zoBaHus TPAAULMOHHOTO MEHTAPTANIEBOr0 MOKPBITHS MPO-
UCXOAUT INPU COBMECTHOM NPOTEKAHWU XMMHMUYECKUX pPEAaKLMH U HCTIapeHUs
JeTy4yux pactBoputeneil. [IpeaBapurenbHblie HCcCaeA0BaHUs TOKA3aJI1, YTO BBE-
JICHUE HUTPOILEIUIIONIO3HOTO Jlaka B KayecTBE Moaupuuupyromend 100aBKu
MO3BOJIIET YCKOPUTH Mpoliecc (pOopMUpPOBAHUS MOKPHITHS. XUMUYECKUE H3Me-
HEHUS NPU 3TOM OUYEHb CIIOKHBI, TEOPETUYECKH OOOCHOBATh MX KpaiHEe Mpo-
OJIeMaTHYHO.

Hapsay ¢ XMMUYECKUMH PEAKUUsIMH MMEET MECTO M IPOLECC MCHapeHHUs
JeTy4yux pactBopuTtenei. [lepexon u3 )KUAKOro B TBEPAOE CTEKIO00pa3HOE CO-
CTOSIHME B 3TOM CIIy4ae CBSI3aH C HEMPEPHIBHBIM YMEHBUIEHUEM 00bEMA U UMEET
HECKOJIBKO XapaKTePHBIX CTaIUi, MOKa3aHHbIX Ha puc. 1 [1].
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Bpemsa nnenxo obpazoeaHna

Puc. 1. Kunernka cyniku 1akOKpacoO4HOr0 IMOKPBITHS:
1 — u3MeHeHue TONIIMHBI TOKPBITHS;
2 — KOJIMYECTBO MCMIAPUBIIETOCS PACTBOPUTEIS

[TepBas cragus (I) xapakTepuszyeT UCHapeHUE PACTBOPUTENCH U3 KHUIKOTO
JIaKa, HAHECEHHOTO Ha OTJEJIBIBAEMYIO ITOBEPXHOCTh. Ha 3TOM cTaguu mpoucxo-
JIUT HanboJiee UHTEHCUBHOE yAAJICHUE JIETYYUX PACTBOPUTENIEH U YMEHBIIICHUE
Ha4yaJbHON TOJIIUHBI TOKPHITUA L,y

Bropas cramus (II) xapakrtepusyercs o00pa3oBaHMEM TOHKOW TOBEpX-
HOCTHOW IUJICHKH Te€Jisl. DTOMY MOMEHTY COOTBETCTBYET HAYaJO BBICHIXAHMS
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MOKPBITUS OT MbLIU, YTO COMPOBOXKIAETCS YMEHBIICHUEM TOJIIMHbBI JIAKOKpa-
COYHOTO MOKPBITHUS, €T0 1e(HOPMUPOBAHUEM.

Ha tpetrbeii cranuu (I1I) mpoucxoaut nanpHelllee HCHapeHUE pPacTBOPU-
TeJell W3 HEeMmoABW)XHOW M TBepAerouleil mieHku. [Ipouecc 3TOT MpoucXoauT
OYEHb MEIUICHHO, YTO XapaKTEepPU3yeTCs KPUBOM, aCUMIITOTUYECKU NpUOIKa-
IOIIEHCS K MPSIMOM JIMHUM, apaJuieIbHOM ocu adcuucc. Tak ke MEeIJIEHHO CO-
KpalaeTcsi TOJNIIMHA JJAKOKPACOYHOTO MOKPBITUS 0 KOHEUHOM TONIIUHBI L,
P 3TOM HM3MEHEHHE MAcCChl CJIOSI HE MPOUCXOJUT, YTO MOKET CIYXHUTh KOC-
BEHHBIM IOKa3aTeJeM Mepexo/ia JaKOKPaCOUYHOTO MOKPHITUS B CTEKI000pa3Hoe
COCTOSIHUE.

JInsi NOBBILIEHUS 3aIUMTHBIX ITOKa3aTesleld JAaKOKPACOYHOIO MMOKPBITHS
IpeaIaraeTcsi BBEJIECHHUE B JIAKOKPACOYHYIO KOMIO3WLHUIO YEUIyW4aTOro IuT-
MEHTa Ha OCHOBE CJIIO/IbI, 00padoTtanHoro TiO;.

BBeneHue nUrMeHTa B JIAKOKPACOYHYKO KOMIIO3HMIIMIO HA OCHOBE IIEH-
TaTaneBOro M HUTPOLEIUIIOIO3HOIO JAKOB MO3BOJISIET HE TOJNBKO YIYYIIHMTh
3alUTHBIE CBOWCTBA MOKPBITHS, HO U SIBISIETCS TaK)KE TECTOBOM XapaKTEPUCTH-
KO OKOHYaHMsI rpoliecca 00pa3oBaHUsl MOKPBITHS.

[Ipn HaHeceHMHM JIAKOKPACOYHOM CHUCTEMBl HA MOBEPXHOCTb IOJJIOKKH
YaCTUIbl NUIMEHTA HAXOMIATCS HEIOCPENCTBEHHO IOJ CJIOEM KHUAKOTO JIaKa.
[To mepe OTBEpkKACHUSA NOKPBITHSA, B MPOLECCE UCIIAPEHUSI PACTBOPUTENS, Yac-
TULBI TIMTMEHTAa HaYMHAIOT BCIUIbIBaTh. 110 okoOH4WaHMM mpouecca popMUpoBa-
HUS TOKPBITHS Ha MOBEPXHOCTH 00pa3yeTcs <«IMCTOBOYHBIM» CIIOM MUIMEHTA.
B 3TOT nepuon seTyyre KOMIOHEHTHI JIAKOB UCIIAPSIOTCS U IIOCJIE ATOTO0 Macca
MOKPBITHS MPAKTHYECKH HE MEHSIETCS.

AHanu3upys BBILIEU3JI0KEHHOE, CIEAYET OTMETUTh, YTO BBIBOJbI YpaBHE-
HUIl MaccomepeHoca B mporecce (HopMHpOBaHUS JTAKOKPACOYHOTO MOKPBITHS
Ha OCHOBE MOJU(DHUIIMPOBAHHBIX AJIKUIHBIX CMOJI MPEACTABISIOT BIIOJHE HAyY-
HO-TIPAaKTHYECKUI MHTEpEC, TaK KaK MOJYYEHHBIE PEe3ylbTaTbl MOKHO COOTHE-
CTH C HAOJII0JJaEMbIMHU B IKCIIEPUMEHTATIBHBIX HCCICOBAHUSAX JAaHHBIMH U MPO-
U3BECTH HEOOXOIUMBII pacyeT KO3(P(GUUHUEHTOB, YTO MO3BOJUT PACIIMPUTH
00JIaCTh HKCIOJIB30BAaHUSA TMOJYYEHHBIX YpPaBHEHH MacCOMpPOBOJHOCTH M pe-
LIUTh 3aJ]a4y IPOTHO3UPOBAHUS [TOBECHUS JAKOBOM IJIEHKHU B MPOLIECCE CYIIKH
B IIMPOKOM JIMANa30He MPAKTUYECKUX TPUMEHEHU .

Macconepenoc B TBepaoi (ase, BI3BaHHBIM KOHIIEHTPAIIMOHHON HEOIHO-
POJHOCTBIO CHUCTEMBI, OMUCHIBAIOT (DEHOMEHOJOTMYECKHM YpaBHEHHEM Macco-
IIPOBOJTHOCTH, HAa3bIBAEMOM B TEOPHUM CYIIKH TaKXke ypaBHEeHUEM Auddy3uu
BJIary [2]:

i =—a *gradu, (1)

rae | — mIOTHOCTh AU (y3HOHHOTO MOTOKA MO OTHOIICHHIO K CEUCHHIO, (DUK-
CUPOBAaHHOMY Ha TBepJoi (a3e (YacTuibl, TpaHydbl U T.].) WX HA OJHOM
13 KOMIIOHEHTOB (1py auddy3uu B ra3ax v KUIAKOCTIX ), KI/M? C;

a — K03(PUIMEHT MacCONPOBOIHOCTH, M2/C;

U — KOHIIEHTpALKs CBA3aHHOTO BEIIECTBA, KI/M, MOJIB/M2,
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VYpaBHeHue macconpoBOAHOCTU (1) MOMUMO COOCTBEHHO MOJIEKYJISIPHOM
nuddy3un onuchIBaeT TaKKe W JPyrue BUIBI MaccolepeHoca (Hampumep, Ka-
NUJUISIPHBINA MacCcONepeHoc) Kak B JKUJIKOM, TaK U B Mapora3zoBoil ¢ase, a Takxke
MacCOIEpEHOC B KaNWUIAPHO-TIOPUCTHIX MaTepuagax B IMPOLECCax CYIIKH.
Bce BbIle ckazaHHOE Ja€T BO3MOKHOCTb KaK U B JIPYTUX MOJOOHBIX 3a/iayax
MacCOIPOBOJHOCTH MCIOJIB30BaTh MU depeHInaIbHOe YpaBHEHHE Maccomepe-
Hoca [2].

PaccmoTpum 3amady BBICBIXaHMS JIAKOBOM IIEHKHU, TOJIIMMHON L Ha mo-
BEPXHOCTHU JPEBECUHBI, KaK TTOKA3aHO Ha PHC. 2.
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Puc. 2. CxemaTtnuHoe n3o0paxxeHue JJAKOBOU MIJICHKH,
HAHECEHHOW Ha MOBEPXHOCTh JPEBECHHBI

Ecmm pacecmotpeTs Be Toukd & M E', TO MOYKHO TIPEATIOIOKUTh, YTO YCIIO-
BUS BBICHIXaHHUS Ha JIOOBIX JTBYX BHYTPEHHHX TOYKAX MOBEPXHOCTH JIAKOBOU
IJICHKYA OJWHAKOBEI. [103TOMY MOXHO paccMaTpuBaTh OJTHOMEPHYIO 3a/1ady BbI-
CBIXaHUS JJAKOKPACOYHON CUCTEMBI BIOJIh OCH KOOPAUHAT X.

BeneM nepemennyto U (X, t) — moteps Macchl B TOYKE X B MOMEHT BpeMe-
au t, kr/M3, e 0 < X < L, rie L — HavanpHas TONIMHA JIJAKOKPACOYHOM TUICHKH.
Bri6op mepemeHHO# 00YCIOBJICH TEM, YTO HCIAPCHHE JICTYYUX KOMIIOHEHTOB
JAKOB TPU CYIIKE JaKOKPACOUYHBIX IMOKPBHITUM COMPOBOXKIACTCS HAUOOJIBIIICH
MOTEPEN MACCHI MJIEHKH.

Torna ypaBHEHHE MacCOIIEPEHOCA UMEET BHI:

Ut:az'uXx,0<XSL,t20 (2)

rae o2 — ko3pHUIMEHT MACCOIPOBOIHOCTH, M2/C.
[Tpu 3TOM HayabHBIC YCIOBUS PEIICHUS 3a1a4u:

u(x,0)=Up0<x<L 3)

rne Up — HadasibHasg Macca cJiosl B €IUHMIIE 00beMa, KI/Me.
['paHnuHBIE yCIOBUS ISl pELIEHUS 3a/1a4M MOYKHO 3alKcaTh B BUIE CUCTE-
MBI YPaBHEHHUN:
u,(0,t)=0
u,(L,t)—h, *u(L,t) =0, ()
rone t>0;
hp — ko3 huMeHT MaccooTaaun B BO3IyX, 1/M.
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Ha HuxHeN rpaHuie nenaeM JTONyIIEHUE, YTO MacCONEpEeHOca B IPEBECH-
HY HE MPOUCXOAUT. ITO JOMYUIEHUE TOCTATOYHO IpydOe, OAHAKO JJIsl MPOsICHE-
HUS BCEX OOCTOSATENBCTB JAHHOM MPOOJEMbI BIOJHE NPUTOJIHO JJIs1 HAYAJIbHBIX
pacCyXICHUM.

Ha BepxHell rpaHuile mapbl pacTBOPHUTENS BBIHOCATCS B BO3AYX C KOd3(-
¢unmeHnToM MaccooTmaun N, W TpaHWYHBIC YCIIOBHS 3alMCBIBAIOTCS Kak
Ux (L, t) —hp-u (L, t) = 0, mockoabKy KOHIIEHTPALMIO PACTBOPHUTEINS B BO3LYXE
MOYHO CUUTATh MPAKTUYECKU HYJIEBOM.

B pesynpTaTe mMareMaTH4yecKuUX MPeoOpa30BaHUN, OCHOBAHHBIX Ha MPHH-
[UIIE METOJa Pa3IeJICHHs] IEPEMEHHBIX, ObLIIO MOJIYYEHO YpaBHEHUE U3MEHEHUS
Macchl CIOSI:

k 2u,(sin A L)? ha)?
u(t) = 0 n g )t 5
® le AL+ A 12sin2A L ®)

rae Ag, Az, ... — YIOBIETBOPSIOT ypaBHeHuto {gAL =7 %

Kaxpoe ciaraemoe B paznoxenuu (5) siisiercs pyHkuueit x u t. Otmerum,
YTO BKJIQJ CJIAaracMbIX C OOJBITUMHU HOMEpPAMH TPH TOJIOKHUTEIBHOM | OYeHB
Maj Ojarojaps MHOXKHUTENIO ¢ dKCIOHeHToU. CrieoBaTebHO, MPU UCTECUCHHUU
JI0OCTaTOYHO OOJIBIIIOTO BPEMEHHU TOJHOE pPEIICHUE MPUOIMKEHHO COBMAJAET
C TICPBBIM CJIaracMbIM.

[Tony4yenHass MaTeMaTu4decKast MOJIEIb M3MEHEHUSI MacChl CJI0SI BO BpEMEHH
MO3BOJISIET KOHTPOJIMPOBATH TPOIECC OTBEPKACHHUS IOKPHITHS ITOCPEICTBOM
aJICKBaTHOTO TMOJ00pa MOAUGUIIMPYIOMIMX T00ABOK W OINPEACIICHHUS] BPEMEHU
OTBEP>K/ICHUS.

Hanuune yka3aHHOW MOENM MO3BOJSET KPOME TOTO MPOU3BOJUTH MaTe-
MaTHYECKOE MOJICTUPOBAHNUE TIPOIlecca CYIMKH ¢ MUHUMAIbHBIM KOJUYECTBOM
HKCIIEPUMEHTATILHBIX UCCIICIOBAHHM.
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