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BJIMUSHUE JUHEMHOT' O HATSI)KEHUSI TIEPUMETPA
CMAYUBAHUS HA PACTEKAHUE KAIIEJIb 110 INIOCKOM
MHNOBEPXHOCTH

A. P. HoBoces10oB

TBepckoil rocy1apCTBEHHBIM YHUBEPCUTET
Kagedpa obweil puzuxu

PesynpraTel OLEHOK JIMHEHHOTO HATSHKEHUS TIepUMeTpa CMaduBaHUS
METOJOM TEPMOIMHAMUYECKOM TEOPHH BO3MYIICHUIH WCIIOIL30BAHbI IS
TEOPETHUECKOTO HCCICIOBAaHUSI €r0 BIMAHUS Ha pacTeKaHWe Karelb
KUAKOCTH 1O TBEpAON moBepxHocTU. [lokazaHo, 4yTO JTUHEITHOE HATAKEHUE
MOJKET J1aBaTh 3aMETHBIN BKIIQ/l B IBMKYIIYIO CHITY pacTeKaHUs chepruaecKux
Y MWIMHAPUIECKUX MUKPOKATIEIb.

Knrwouegvle cnosa: tepMoauHaMuuecKas TEOpUs BO3MYIICHHM, JHMHEHHOE
HaTsDKEHUE TIepUMeTpa CMauylBaHHs, PACTEKaHUE MUKPOKATIEIb,

INFLUENCE OF THE LINEAR TENSION OF WETTING
PERIMETER ON DROP SPREADING ON A PLANE SURFACE

A. R. Novoselov

Tver State University
Chair of General Physics

Estimations of the linear tension of wetting perimeter based on the
thermodynamic perturbation theory were used for a theoretical study of its
effect on the liquid drop spreading on'a plane surface. It is shown that the
motion force of spreading of spherical and cylindrical drops is liable to
distinct contributions from the linear tension.

Keywords: thermodynamic perturbation theory, linear tension of wetting
perimeter, microdrop spreading

BBenenue. Ilog pacTekaHueM MOHMMAETCS CaMOIPOU3BOJIBHBIM
IIpoLleCC TEYEHMUS JKUAKOCTH [0 TBEPAOHM IOBEPXHOCTH, KOTOPBIN
MPOUCXOAUT 3a CYeT YMEHbIIEHUS H30BITOUHON CBOOOJHOW JHEPrUH
cucreMbl. Ilpu OFpaHMYEeHHOM CMaYMBaHUHM TPOUCXOAUT TOCTEIIEHHOE
M3MEHEHHE KpaeBbIX YIJIOB OT HEKOTOPOr0 HayajJbHOro 3HA4YeHUs (IpH
COIIPUKOCHOBEHHUH JKMAKOCTH C TBEPIBIM TEJIOM) J0 KOHEYHOTO 3HAYCHHS,
KOTOpO€ B Tpeneie MpuOamkaercs K PaBHOBECHOMY KpaeBoMmy yriy 0.
KpaeBbie yriel 0,, 3aBHCSIINE OT BpEMEHHM ! KOHTAaKTa TBEPAOro Teja ¢
KHUJIKOCTHIO, HA3bIBAIOTCS IUHAMHYECKUMU KpaeBbIMU yriamMu. CKOpPOCTb
pacTekaHusi (MM CKOPOCTh CMauyuBaHHMs) B TaKUX CHCTEMax MOXKHO
XapakTepu30BaTh MPon3BoIHOI (dD, /dt ). CKOPOCTh pacTeKaHHs 3aBUCHT OT

COOTHOHMICHUA ABMXKXKYHIUX CHJI M CHJI COIIPOTHUBJICHHUA. HGJ'IBIO ﬂaHHOﬁ
pa6OTLI ABJICTCA  TCOPETUYCCKOC HCCICAOBAHHUC BJIMAHUSA JIMHEMHOT 0
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HATSAXKCHUA TNICPUMETpAa CMAYMBAHUA HaA JABUXKYIIHUC CHJIBI PACTCKAHUA U
OIICHKa pasMEpoOB KaIlCjib, 4 KOTOPBIX OJ3TO BJIHUAHUC  ABJIACTCA
CYHICCTBCHHLIM.

AHaaM3 JABWKYIIMX CHJI  pacTekaHusl. [[Bmkyiume  CHIIBI
OTPECNAIOTCS TEMU COCTABISIONIMMU CBOOOAHONH DHEPTHH CHCTEMBI,
KOTOpBIE YMEHBIIAIOTCSA MPU CMAUYMBAaHUU. J[BIXKYIIYIO CHIy pacTeKaHMsL;
BO3HUKIIYIO BCJICJICTBUE YMEHBIIICHUS CBOOOTHON TOBEPXHOCTHOW YHEPFHH,
MOYKHO HAWTH, MOJB3YSCh CUIOBOM TPAKTOBKOW MOBEPXHOCTHOTO HATSKCHUS
[1]. B ciyyae MakpOCKONMMYECKOW KaIull XUAKOCTH pacTeKarouleics . 1o
rIaKOM OJHOPOJHOM TBEPAON MOBEPXHOCTH IBUXKYIIAas cuia pacTekaHus F
(cwina, nedcTByIOIIAas HA €IWHUILY JUIMHBI MEpUMETpa CMaulMBaHUs BAOJb
MMOBEPXHOCTH ) paBHA:

F=0-(m—-cosh,),

rae m = (Gs — Oy)/C, O, Cs U Gy — IOBEPXHOCTHOE HATSHKCHHME HA TPaHUIIE
JKUJIKOCTB — ra3, TBEPJI0€ TEJIO — ra3 U TBEP0€ TeJIO0 COOTBETCTBEHHO.

Jns  MHUKpoKamenb 3aMeTHOE BJIMSHHE » Ha. JABIXKYIIYIO CHITY
pacTekaHUs MOXET OKa3bIBaTh H30BITOYHAS = CBOOONHAS JHEPIHsl JTUHHUH
Tpex(a3HOro KOHTaKTa K, BO3HHUKAIOIIETO HA IEpUMETPE CMaduBaHUS
(JIMHEWMHOE HATsHKEHUE NIEpUMETpa CMauuBaHUA).

Ounenka JIMHEHHOr0 HATSKEHMsS NepuMeTpa cMauuBaHus. [l
OLEHKHM K pPAcCMOTPUM CHCTIEMY, ‘B KOTOPOH KHMIKOCTb [/ 3amojiHsAeT
BHYTPEHHIOIO YaCTh JBYTPAHHOIO yIJa 0 Ha MIOCKOM TBEpAOH MOBEPXHOCTH
S B OKpyXeHuu mnapa v.<JIuHe#Has MiIoTHOCTb H30BITOYHON CBOOOAHOM
SHEPIUH K ONPEENSIETEs COOTHOLIEHUEM:

k=lim[¥ - R(s, +5,, +5,)],
rne W — m30biTouHas cBOOOAHAs SHEPrUsl 4acTU CUCTEMBbI, 3aKIOYEHHON
BHYTPU LWIMHIpPA paanyca R, COOCHOIO C JIMHUEH KOHTAKTa; G — YACIbHbIE
CBOOOHbBIE SHEPTHH COOTBETCTBYIOIIMX MEX(Pa3HBIX TOBEPXHOCTEH.

Takoe ompeneneHue JUHEHHONM TIJIOTHOCTH CBOOOMHOW »HEPruu
TpE€X(}a3HOro KOHTaKTa COOTBETCTBYET IpeioxkeHHOMY ['n66coMm moaxoay k
JMHENWHBIM BEJIMYMHAM, KaK K U30BITKaM, CBA3aHHBIM C T€M, YTO COCTOSIHHE
BEUIECTB B OKPECTHOCTHU JIMHUM TMepecedyeHus MeK(a3HbIX MOBEPXHOCTEH
OTIMYaeTcd Kak OT COCTOSHHS B 00beMe, TaK M OT COCTOSHHs BOJIM3U
MIPOTSKEHHON BO BCEX HANpPaBJIEHUSX IPAHULIBI pa3aena (das.

CobonHas JHEprus b4 OInpezesIach c MIOMOUIBIO
TEPMOJMHAMHYECKON TEOpPUM BO3MYILEHUH [2], B COOTBETCTBUU C KOTOPOM
n30bITOYHAsE CBOOOAHAs SHEpruss B MNEpPBOM NPUOIMKEHUM paBHA
MIOTCHIMAJIbHOW DJHEpPruM BO3MYILIeHUsA. B Hamem ciydae BO3MyLICHUE
COCTOUT B BBIJICJICHHUHM YacCTEW CHCTEMBI M3 COOTBETCTBYIOIIMX MACCHBHBIX
¢da3 u momeueHNH UX B HOBOE OKPYKECHHE. BbIUMCIeHHE MOTEHIMATbHBIX
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SHEPruil BO3MYILEHHs MPOBOIWIOCH IO METOJIMKE, ONKMcaHHOU B padore [3].
OxoHYaTenpHOE BBIPAKEHHE ISl K IMEET BU:

K= 3Ga|:(1 + m) ctg(0) — ctg[%) cos(%ﬂ ,

rIe a — AuaMeTp MOJICKYJ KUIKOCTH, m = (O — Gy)/c. Hpu |m| < 1, m =
c080..

Bruiaa JIMHEHHOr0 HATSIKEHHS] B JBHXKYLIYIO CHJIYy pacTeKaHUs.
JlobaBka K MOBWXKYIICH CHJIE pacTeKaHws, OOYCIOBJICHHAas JIMHEWHBIM
HATSHDKCHHEM TIepUMeTpa CMayuBaHUs, COCTOUT M3 JIByX ciaraeMbix. [lepBoe
13 HUX (—K/r) mpeacTaBiIseT coO0i CUily, TEUCTBYIONIYIO HA €AUHUILY JJIAHBI
nepuMeTpa CMadyWBaHUS C HATSHKCHHEM K W PagUycoM KPUBHU3HBI 7
NEPIeHIUKYIIpHO K Hemy. Brtopoe (—(0x/00)(00/0r)) cBsizaHo [ cC
3aBUCUMOCTBIO K(0) ® OTpaxkaeT CTpeMJICHHE CHUCTEMBl YMEHBIIHUTh
CBOOONHYIO »HHepruro wu3MmeHss 0. B nmanpHelimem OyneM  BMeECTo
JUHAMHYECKOr0 KpaeBoro yria O HCrmonb3oBaTh €ro KocuHyc (cos® = x).
Beoas Ge3pasMepHylo JBMKYLIYHO cwily pactekanusi [ =F/c, MOXHO

f_m_x_L_L(ﬁ_Kj(a_XJ
c-r o\ox \or)

OO0beM Kamu V, BbIpaK€HHBIN Yepes 7 U X, PAaBEH:
- nr ~(1—x)~(2+x)

3-(1+x)1-%

3almcaThb:

TOoTrJa

13-V (14 x)-N1-4°

Tc(l—x)-(2+x)

Bremonass quddepeHpoBanrie Ipyu yCIOBHH MOCTOSTHCTBA 00beMa
U TIO/ICTAaBIISISL BBIPAXKEHUE JIS 7, TOTTYYHM:

f(x,m,oc):m—x—a-3\/9n-(1—x)-ms%.l:(1+m).\/1fx2 _\/zl-zrlix)}

(2+x) 2+x | 14+m _(3—x)'(1+x)
_oc.3\/9ﬂ:-(1—x)-(1+x).\/1_x2 \/1_x |:\/1+x 2\/5 i|

3zech mapaMmerp o = aV'®~ N XapakTepU3yeT pasMmep Kaluld,
cocrosien u3 N moseky. st Mmakpockonuueckou kariu o = 0.

- 109 -



BecmHuk Tel'Y. Cepusi "®u3suka”. 2009. Bbinyck 6.

Ha puc. 1 rpaduuecku npencraBieHa 3aBUCHMOCTD JBIDKYIICH CHITBI
pacTekaHusi OT KOCHMHYCa JTWHAMUYECKOTO KpaeBOIro Yria i HECKOJbKUX
3HAUYEHUM MMapaMeTpa m MpPU Pa3HbIX pa3Mepax Kamellb.

I'paduxu Ha puc. 1, @ mocTpoensl mns mapamerpa m = 0,8, 4To
COOTBETCTBYeT O, = 37°. BuaHO, 4TO BAMSHHE JTMHEWHOTO HATSKEHUS IS
KpaeBbIX VIJIOB, OJM3KUX K PaBHOBECHOMY, MPUBOIAUT K YBEIHMUYCHUIO
JIBUKYIIEH CHIIBI pacTekaHHWs. JTO yBEJIWYEHHE CTaHOBUTCS Bce OoJjee
3aMETHBIM [0 MEpEe YMEHBIICHHS pa3Mepa Kalulkd, COIMNPOBOXKAAACH
YMEHBIIIEHHEM PaBHOBECHOTO KpaeBoro yria (yBenuueHueM cosd = x). [Ipu
JOCTVKEHUM KaIlUled KPUTHYECKOrO pa3Mmepa JIBWXKYIIAs CUia PacTeKaHMs
CTAaHOBUTCS TOJIOKUTEIBHOM MPHU BCEX X, YTO COOTBETCTBYET IOJIHOMY
cMauuBanmio. Kak BuaHO U3 puc. 1, g, moiHOe cMauuBaHUE HACTyIaeT IMpHU
o > 0,034, wm ipu N < 2500.

Ecnu auHamuyeckuid KpaeBoOil yroji yAajiseTrcs OT PaBHOBECHOrO, TO
OTHOCUTEIILHOE yBEIMUYCHUE f CTAHOBHUTCS MCHEE 3aMETHBIM. U CMCHSCTCS
YMEHBILIEHUEM.

-]}.'-
-l"_'vj'.

fix, 08,00

fiz,08,000 5| - flx0.0)

fix, 02,002 fi{z,0.0.03)

fix,0.2,0.025) 0,005
fix,08,003 0 SV A0, 0063

/,
Ly L
f(x,02,0.034) N 0.3

| | - ]
0.4 0.4 0z 1 1-1 05

X X
Puc. 1. 3aBucuMOCTF [ABWXKYLICH CHIBI pacTeKaHus OT KOCHHyca
KpaeBOro  ymia JuIs  HECKOJBKHX  3HAUYCHWW  TapaMeTpoB  m,
XapaKTePU3YIOIIEro CMauYuBaHNE TBEPIOH MOBEPXHOCTH MAaKPOCKOIIMYECKON
Karutel U oL, XapaKTEepU3yIOIIero pa3Mep Karumm

02

B cnydae, korna HauaibHas BeJIMYMHA KpPaeBOro yIjia MEHbILE
PaBHOBECHOI'O, BIMSHHUE JTMHEWHOTO HATSKEHUS NPUBOAUT K YMEHBIICHHUIO
JBWKYIIEH CUIIbI OTTEKaHMSL.

I'papuku Ha puc. 1,6 oTHOCATCA K ciay4aro Oe3pa3iIuyHOro
cmauuBanus (m = 0, 6, = 90°), B 3TUX ciyyasix NpU yMEHBIIEHUU pa3Mepa
KalUIM BIMSHHUE JIMHEHHOrO HATSHXKEHMs Ha JBWXKYLIYIO CHIIy pacTeKaHUs
BO3pPaCTacT.

IIpencraBnsier MHTEpPEC PACCMOTPETh PACTEKAHUE LMIMHIPUYECKON
KaIUIA 110 IUIOCKOM TBEpAOW MOMIOXKKe. Takue Kamium MOTyT BO3HHMKAaTb B
nporeccax — Mukponaiiku. Pasmep munmHApuueckoi — kamum - Oyaem
XapaKTepU30BaThb YHUCIOM MOJEKyJl N, NPUXOASIIIMMCA Ha EOUHUILY €€
JUIAHBI.
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B ciywae UOMIMHOPUYECKOM —KalM — IEPUMETP CMayuBaHUsA
NPSMOJIMHEEH (7 PaBHO IOJIOBMHE IIMPHHBI OCHOBAHMS KaIUIM), U BIUSHHE
JMHEHHOT0 HATSDKEHUS Ha JBIDKYILYIO CUITYy pacTeKaHHs f1 CBSI3aHO TOJBKO ¢

3aBUCUMOCTBIO K(X):
S
o\ ox \ or

Bemonasas quddepenuupoBanue npu V= const, moxyqum:

a-cosx—x-y1-x?

2
\/l—x —X-d-CcoSXx

Fl(x,m,0)=m—x—-30.-

1+m _(3—x)(1+x)‘ a-cosx—x-v1-x’
Ji—x? 2-42(1-x) 1-x7

3/1ech mapaMeTp o = (N-a)_” ? xapaKTepu3yeT MOIepedHblil pa3Mep KaILIH.

BnusiHue nuHENHHOro HATSKEHHs Ha JBUXKYILIYIO CHUIY pacTeKaHMs
WIMHAPUYECKON Kaluld aHaJOTHYHO CEepUvecKol, XOTS U [HECKQIBKO
cnabee. JlaHHBIN ciay4dail MHTEpPECeH TeM, UYTO BIUSHHUE K OOYCIOBICHO
TOJILKO 3aBUCHUMOCTHIO K(0), U HE CBS3aHO C KPUBU3HOUN NEPUMETpa WU C
U3MEHCHHUEM €TI0 AJINHEI.

BLIBOIILI. JInHeitHOe HaTSKEHHE nepuMeTpa CMadrMBaHUA MOXKCET
OKa3bIBATh 3aMCTHOC BJIMAHHWEC Ha NPOUECCHI PACTCKAHUA MHUKPOKAIICIb I10
TBEPAbIM IMOBCPXHOCTIM. Ero BKJIad OKa3bIBAC€TCS CYIICCTBECHHBIM JJIsA
Karejib U3 HECKOJIBKHUX TbhICAY MOJICKYJ, U C YMCHBIICHHUECM pasMeEpa Kalljin
MOXET IPHUBOJUTH K YCTAHOBJICHHUIO ITOJIHOI'O CMAYMBAHU .
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