TEMNNO- TA MACOOBMIHHI NMPOLIECU

YIIK 532.536

OLUEHKA OJIMHbI NMPOCKAJIb3bIBAHUA
NMPU TEYEHUN XKWOKOCTU B MUKPOKAHATIAX

Koenkas 10.10.

Unemumym mexnuueckoti mennogpusuxu HAH Yxpaunol, yn. Kensboea 2a, Kues 03057, Yxpauna

ITpepcraBneHo OISy AOCTIKEHb
SBUILIA TPOKOB3YBaHHS MpHU Mepebiry
pivHuU B MiKpo 1 HaHOKaHanax. [TpoBeeHo
aHani3 TEOPETUYHMX 1 EKCHEePUMEHTAIb-
HUX JIaHUX, 110 XapaKTePU3YIOThb TOBXKUHY
KoB3aHHs. [loka3aHo, IO 3HAuYEHHS JO-
BXKMHM TIPOKOB3YBaHHS HA CTIiHKaxX KaHa-
Ja 3aJIeXXUTh BiJl XapakTepHUX PO3MipiB
KaHaly, XiMIYHUX 1 (Pi3UYHUX NMapameTpiB
CTIHKY 1 PIVHA.

IIpencraBneHo  orusiq  AOCTIIKEHDb
SBUILIA TIPOKOB3YBaHHS MpHU mepeodiry
pinuHuM B MiKpo i HaHOKaHanax. [IpoBeneHo
aHalli3 TEOPETUYHMX 1 EKCIEPUMEHTAIIb-
HUX JIAaHUX, 1110 XapaKTepU3YIOTh JOBKUHY
KoB3aHHs. [lokazaHo, 10 3HAUEHHS JIO-
BXKMHM MPOKOB3YBaHHS Ha CTiHKaX KaHa-
Jla 3aJeXUTh BiJl XapaKTepHUX PO3MIipiB
KaHaly, XiMiuHMX 1 (PI3MYHUX NapamMeTpiB
CTIiHKH 1 PiIUHA.

IIpepcraBneHo  oOrusii  AOCIIKEHb
SBUILIA TIPOKOB3YBaHHS TMpuU mepeodiry
pigvHK B MiKpo i HaHOKaHanax. [Iposegeno
aHali3 TEOPETUYHMX 1 EKCIEPUMEHTAIIb-
HUX JIAaHUX, 110 XapaKTepU3YIOTh JOBKUHY
KoB3aHHs. [lokazaHo, 10 3HAuYEHHS JIO-
BKMHM TPOKOB3YBaHHS Ha CTiHKaX KaHa-
Jla 3aJIeXXUTh BiJl XapakTepHUX PO3MipiB
KaHaly, XiMiuHMX 1 (PI3UUYHUX NapameTpiB
CTIHKW 1 PiIUHA.

buba. 26, puc. 5, Tadn. 1.

KiamoueBbie ciioBa: MUKPOKaHaJ, IJIMHA TPOCKAIb3bIBAHUA FI/IleOCpO6Ha${ TMOBEPXHOCTD.

h — TOJIOBMHA IMPUHBI KAHAJIA;

[ — IMHA NPOCKAJIb3bIBAHUS MOJIEKYJI ra3a;
m — Macca MOJIEKYJIbI;

7 — IIJIOTHOCTD;

R — paguyc KaHaa;

U — CKOPOCTb;

¥ — KOOP/IMHATA,;

Kn — uucno Knyjcena;

[} — nmHa npockanb3bIBaHus;

Y — HanpsiKEHUE CIIBUTA;

N3yuenue xapakTepa TeueHNs U TEMI000MEeHa B MUKPO-
YCTPOMCTBAX CTAJIO OJHAM U3 CAMBbIX TMOITYJISIPHBIX HCCIIENO-
BaHUI U3-3a UX WIKMPOKOro npumeHenus [1-3]. 2Kugkoctu u
rasbl OTJIMYAIOTCS MO CTENEHW OJIM30CTU U MHTEHCUBHOCTH
IBIDKEHUST COCTABJISIIOIIMX MX MoJieKyJd. CpefHee paccTo-
SIHUE MEXKY MOJIEKYJIaMHM B ra3e Ha MOPSIOK BbIIIE, YeM
AUaMETP MOJIEKYJI, TOTa KaK B KUAKOCTSIX 9TO PACCTOSIHUE
npudIMKaeTcst K MOJIeKyJsipHoMy auametpy. [1o atum npu-
YMHAM MEXaHW3M TIepeHOCca MacChl, UMIYJIbCa U SHEPTHUHU B
SKUIKOCTSIX OTIIMYAETCsl OT TaKOBOTO B ra3ax. TeopeTuue-
CKHMe WCCIICIOBAHNST BIMSTHUAST YCJIOBUN TPOCKAJIb3bIBAHUS
NpU TEYSHUH ra3a B MUKPOKAHAJIAX MPEACTaBJIeHbI B pabo-
Tax [4-9], roe ¢ (pu3nYecKoll TOUKU 3pEeHUsl BIUSHUE MPO-
CKaJlb3bIBaHMSI Ha CTEHKE KaHajla onuckiBaeT uncio Kay-
CeHa.

SIBneHre MPOCKATh3bIBAHMUS SKAJIKOCTH HAa CTEHKaX Ka-
HAJIOB XapaKTepH3yeTcs HepaBEHCTBOM CKOPOCTEH Ha Tpa-
HULle pasfesia (a3 M yCIOBHUS MPOCKAIL3bIBAHUSI 3aBHUCSIT
OT XapaKTepHbIX pa3MepoB KaHajla, XUMUUECKUX U (pu3u-
YecKMX MapameTpoB MoBepxHocTH cTeHku [10-13]. ITpo-
cTefiasi MOJIeib TIPOCKANIb3bIBAHUS KUJKOCTH Ha TBEPIOH
MOBEPXHOCTHU TIPEANOJIAraeT, YTO TaHTEHIMAbHAs CHJa,
MeWCTBYIOIIAs HA eWHMILY IO TOBEPXHOCTH, IPOTIOP-
[MOHAIbHA CKOPOCTU MPOCKAIb3bIBAHUS XKUAKOCTU HA TO-
BEpPXHOCTH. B ciiyuae TeueHust HblOTOHOBCKOM XKUAKOCTHU Ha

O — TOJIIMHA Ta30BOM MPOCJIONKY;

€ — XapaKTepHasl HEPTUs MEXK/Yy MOJIEKYJIaMH;
0, — yron cmaunBanus;

A — namHA CBOGOJHOrO MpoGera MOJIeKyJI ra3a;
L — BSI3KOCTb;

W, — OObEMHAsT BA3KOCTD;

M, — BA3KOCTb TPAHUIHOTO CJIOS;

0 — XapaKTepHbIX pasMep MEXK/y MOJIEKYJIaMu;
T — BpeMsi.

CTCHKE KaHaJla 3a/1at0TCA 'PaHUYHBIC YCJIOBUS Hasne B BUC

w, =B —| . (1)
dy

Ijie U, — CKOPOCTb CKOJIbKEHUsl Ha CTeHKe, {3 — [MHa Mpo-

CKaJTb3bIBaHMSI, KOTOPask XapaKTepu3yeT PacCTOsHUE, Ha KO-

TOPOM TPOPMIIb CKOPOCTU IKCTPATIONUPYETCS K HYJICBOMY

3HaYeHuto. 17151 yCIOBUSI MPUITUMAHUS SKUIKOCTU K MOBEPX-

HocTH =0.

Ha ckosb>keHre OKa3bIBaIOT BIIMSHHUE YroJl KOHTAKTa
SKHJIKOCTH C IOBEPXHOCTHIO,, HATIPSIKEHUE CAIBUTA, [IABJICHNUE,
BSI3KMI HArpeB, KOJIMYECTBO U MIPUPOJIa PACTBOPEHHOTO T'a3a
B KHUJIKOCTH, 3JICKTPUIECKUE XapaKTePUCTUKH, IIIEPOXOBa-
TOCTb noBepxHocTu [10].

B3anmopieiicTBUe XKUKOCTU C TBEP/ION MMOBEPXHOCTBIO pac-
CMaTpUBAETCs Ha PAa3IMYHBIX MaciTadax, pa3inyaroT TPH
THUINA CKOJbKEeHUs Ha MexkasHoil rpanuue [10,14]:

Monexynapuoe ckonvcenue

MounekysipHOE CKOJIbXKEHHME OIpPEeIeseTCs] CUIaMu
B3aUMOJICHCTBHSI MOJIEKYJT YKHMIKOCTH MEXYy COOOH M CO
CTEHKAaMM KaHalla W TPEJICKa3bIBACT JITIMHY MPOCKAIb3bIBA-
HUSI SKUJIKOCTH B MUKPOKAHANaX ¢ PO OOHOI TTOBEPXHO-
ctbio mopsiaka 20...30 Hwm.

y=0
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TEMJ10- TA MACOOBEMIHHI NMPOLIECU

Haonrwoaemoe ckonvorcenue

JInvHa npocKkaib3blBaHUsl, HAOJIOaeMasi B 3KCIepu-
MEHTaX Ha MHUKPOCKOMUYECKMX MaclTadax, 3HAYUTEIbHO
OTJIMYAETC OT MOJIEKYJISIPHOM JITMHbI CKOJIbXKeHUs. [l1Ha
MPOCKANb3bIBAHUSI, TIOJYUYEHHAs B Pe3yJIbTaTe U3MEpPEHUS
CKOPOCTH TE€UEHUS KUKOCTU B MUKPOKaHaJIaX ¢ TUAPOodo0-
HOI1 cTeHKOH, ouenuBaeTcs B 0,92 mukpoH [13,15].

Ipgexmusnoe cxonvicernue

PaccmatpuBaeTcst IyiMHa MPOCKANb3bIBAHUS KUIKOCTH,
YCPEAHEHHAs 110 XapakTepHOMY MacIlITa0y HEOTHOPOIHOCTH
NOBEPXHOCTU CTEHKU. CKONbXKEHUE SIBISIETCS] KaXKyLIUMCS
B pe3yJibTaTe 00pa30BaHuUsl HA CTEHKE KaHalla TOHKOI'O Ipa-
HUYHOTO CJIOS C MIOHMKEHHOM BSI3KOCThIO [13,16].

B padote [10] npepcraBieH 0630p pa3jiMyHbIX METO-
JOB KCCJIEIOBAHUSI YCJIOBUI MPOCKAIb3bIBAHUS KUIKOCTU
npyu TeUYEeHUM B MHKpOKaHajaX. MopeaupoBaHue TeUeHUs
SKUAKOCTU B KaHanax MeTogoM MounekynspHoit [IuHaMuku
(MH) ¢ ucnonb3oBanueM noreHyuana Jlenappa- JIskoHcoHA
NPUBOJUT K 3HAUYECHUSIM JITTMHbI TPOCKAJb3bIBAHUS U3MEHSIIO-
mMxcs B quana3ode ot 2uM g0 100 M. ITokazaHo BiausiHue
FeOMETPUUECKUX XAPAKTEPUCTUK TEUeHUs U (PU3MUECKUX
napaMeTpoB B3aUMOJICHCTBUSI MOJIEKYJT KUJKOCTU CO CTEH-
KOIl Ha UIMHY MpOCKajb3blBaHUs. B yacTHOCTH moJyueHa
3aBUCUMOCTb JIJIMHBI MPOCKAJb3bIBaHUS OT BEJIWYMHBI yria
KOHTaKTa JXMJIKOCTH C TIOBEPXHOCTBIO O , cornacHo KoTto-
poii ¢ yBesMuyeHueM yria Oc JyiMHa MpocKalib3bIBaHUsT YBe-
JINYMBAETCS U MOXKET ObITh OOJIbLLIE MOJIEKYJISIPHOTO Mac-
mraba o.

B padote [12] paccMaTpuBaeTCsl BAUSIHAE BEJIUUMHbI
HANpPSKEHUS CABUTa Ha [JIMHY MPOCKAJb3bIBAHUS B TNIOCKOM
TeuyeHnu Kystra mex/y ByMs napajyiesIbHbIMU NJIaCTUHA-
mu. MopienupoBanue metofgoM M1 nokazano, 4To sl He-

OONBIINX 3HAYEHUI HATPSIKEHWH CBUTA JIIMHA TPOCKATb-
3bIBaHUSI TIOCTOSTHHASI M [Tl PA3HBIX KUAKOCTEN HaXOAUTCSI
B ipefiesiax ot 20 1o 180, rae 0=2,89-101° m st BOfp!.

Ha puc. 1 npuBefeHbl 3aBUCMMOCTH OTHOCHTEJBbHOM
JUIMHBI MPOCKANb3bIBaHUs L /O OT HANpsKEHUs CIBUra Y
U OTHOCHUTENLHBIX MTAPAMETPOB B3aMMOJEHCTBUST MOJIEKYT
0", €V, n”. [lapameTpbl 0", € OTHECEHBI K 3HAYEHUSIM [IJIs1
SKUIKOCTH, TIapamMeTp 7" paBeH OTHOLIEHWIO TUIOTHOCTU
CTEHKH K MIIOTHOCTH YKHIKOCTH. PaccunTanHbIe [ITIMHBI TPO-
CKaJIb3bIBAHUSI VISl MAJIBIX 3HAUYCHMIT HANPSIKEHUS CAIBUTA Y
MOCTOSIHHBI ¥ I3MEHSTIOTCS B TIpefiesiax oT 20 1o 180, uro co-
[JIACYeTCs C IMana30HOM M3MEHEHUS 3HAYEHUI MOJIEKYJISIP-
HOW JIIMHBI NPOCKasb3biBaHusl. CyIECTBYET KPUTUYECKOE
3HAUEHME HANpPSKEHWs! CABUra 7, BbIIE KOTOPOrO JJIMHA
NPOCKAJIb3bIBAHUST PE3KO yBesnuuuBaeTcs. [yt 3HaYeHHit
v=0,1/t, rae t=(mo?*/c)"? momyyeHa crefyrolas 3aBUCH-
MoCTb 1itst L (puc. 2).

y7§

Ye

L =L'"

o__
e LS JUIMHA MTPOCKAJIb3bIBaHUSA I 'Y< ’YE.

PesynbTaThl MOEMPOBAHUS TEUSHHUS SKUIKOCTH B MU-
KpokaHajiax metofoM M]I vHOrjga TpygHO MHTEPIPETUPO-
BaTh B Npefiesiax KOHTMHYYMA MO BbIYUCIUTEILHBIM PUUU-
HaMm. MopnenupoBanue MmetogoM M]I orpaHnyeHo aecsTkaMu
TBICSY ATOMOB, 3TO OIPAHMYMBAET Pa3Mep MOJEIUPYEMOM
duznyeckoi cucrteMbl. KpoMe Toro He Bcerja yjaercst co-
OTHECTHU MOJIEKYJISIPHbIE SIBIICHUS U SIBIICHNUSI, ONMChIBAEMbIE
B paMKax CIUIOLIHON Cpefibl.
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Puc. 1. H3menenue 01unvl npoCKaIb3vl6aHUA U 6A3KOCHMU KAK Qyukyuu cosuza [12].
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Puc. 3. Tonwuna 6030yutnoii npocnoiiku Kaxk OYRKYUs paccmoanus Mexcoy naacmunamu.
3HaueHusn IKCHEPUMEHMATbHO UMEPEHHBIX OJIUH NPOCKATb3bl6anus 0bo3nauenst: a) — [18]; b) — [15]; ¢) — [19].

JlMHy MpOCKasb3bIBAHUS, CBA3AHHYIO CO CHUYXKEHHEM
BA3KOCTHM >KHUJIKOCTH BOJM3M THAPOOOHON MOBEPXHOCTH
MO>KHO BbIPA3UTh 3aBUCUMOCTBIO

B=8 -1,
u,

re O — TOJNIIKMHA CJI0Si C M3MEHEHHOI BS3KOCThIO. Pe3yiib-
TaTbl 9KCINEPUMEHTABHBIX WCCIENOBAHNI TUAPOMOOHOM
CTEKJISIHHOW MOBEPXHOCTHU, NOTPY>KEHHOM B BOJlY , TOKA3aJI1
NPUCYTCTBUE HAHOMY3BIPHKOB Taza pasmepom 20...30 HM,
MOKPBIBAIOIIMX MOJHOCTHIO MoBepXxHOCThL [17]. [Tokazano,
YTO rupoPOOHast MOBEPXHOCTDH CIIOCOOCTBYET BO3ZHMKHOBE-
HUIO HA HEH ra30BO¥ MMPOCJIONKH.

B padote [13] paccmarpuBaeTcs faBa cnocoba Mofe-
JIMPOBAHWS BO3AYIIHOW MPOCIONKA MEXJy >XKMAKOCTBIO U
CTEHKON KaHasla: CIUIOLIHON CPEIO U pa3pe>KeHHbIM Ia30M.
B cnyyae mopenupoBaHusi BO3YIIHON NPOCJIOMKK  CIUIOLI-
HOW CpeJloil P! TEYEHNH XXKUIKOCTHU B 3230Pe MEXK/Y IByMsI
0ECKOHEUHBIMU TNIOCKUMU TIJIACTUHAMY ILIUPUHON 2/ ¢ Tpo-
CIIOVIKOI1 BO3/IyXa Ha CTEHKAX TOJILMHON O MOTyUYEHO CIIeLy-

3)

IOIEC YPABHCHUE [1JI51 IVIMHBI NPOCKAJIb3bIBAHMS HA NOBEPX-
HOCTH pasjiesia BO3yX-Boja

o

By
=—91+—
b 2h

He

Ha noBepxHocTu pasjiena BO3AyX-CTeHKa IPUHUMACTCS
ycaoBue npuinnanus. B kanane quamerpom 30 MKM 711 yc-
JIOBMIA BOfIbI M Bo3ftyxa npu Temnepatrype 20°C u akcnepu-
MEHTAJILHOM 3HAUYEHWH JTMHBI pocKanb3biBaHus 0,92 MKM
[15] , ToniuHa BO3YIIHON MPOCIOiK O = 18 HM, 4TO co-
rJ1acyeTcs ¢ BbICOTOH My3bIPbKOB BO3/1yXa Ha TuipooOHOI
MOBEPXHOCTH, TIOTPY>KEHHON B KUAKOCTh. C yMEHbIIEHUEM
PacCTOSIHUSA MEXKly TUIACTHHAMM JJIMHA MPOCKAJIb3bIBAHUS
YBEJIMYMBAETCS NPU (PUKCHPOBAHHON TOJILLMHE BO3AYLLHOM
npocioriku. Ha puc. 3 mokazaHa 3aBUCUMOCTH TOJIIUHBI
BO3JIyIIHOM MNPOCIOWKKM OT LIMPHHBI KaHajia Jyisl pa3HbIX
3HAYEHWI1 JUTMH MPOCKaJIb3bIBaHusl. VI3 pUCyHKa BUJIHO, YTO
Hasmure 3(PeKTUBHON MPOCIONKM BO3AyXa Ha CTEHKE He
BCErjla MOXET OOecneunTb HEKOTOpPbIC 3HAUEHHUS JJIMHbBI
MPOCKaJIb3bIBAHUS, OJTyUYeHHbIE B 3KcriepuMeHTax. [loaro-
My 3TOW METOAMKOI HY>KHO MOJIb30BaThCS OCTOPOKHO. Tak

) “)
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TEMJ10- TA MACOOBEMIHHI NMPOLIECU

KaK BbICOTA ra30BbIX MY3bIPbKOB HAa CTEHKE MOPSJIKA JIECAT-
Ka HAHOMETPOB, TO MPENOIOKEHUE O CIJIOIIHOCTU ra30BOI
NPOCJIOMKYU MOKET ObITh UICATTM3UPOBAHO.

B cayuyae MopienMpoBaHust BO3[1YLLHOI MPOCJONKU Cpe-
JIOW Pa3pe>KeHHOro ra3a rpaHUYHOE YCJIOBUE HAa MOBEPXHO-
CTHU pasfiesia CTeHKa-ra3 3agaeTcs B Bufe [13]

- )
w dy - s
2 —
I==)\ u , (6)
370k ),
y=

e k — Koa(p(puimeHT aKKOMOTALH.

3aBUCUMOCTb JITMHBI IPOCKAJIb3bIBAHWS B PacCMaTpH-
BaeMOM TIJIOCKOM KaHaJie OT TOJIMHBI BO3IYIITHOMN IPOCIION-
KU, MOJICJIUPYEMOIT Pa3pesKeHHBIM T'a30M, 3aIUIIIETCS B BU/C

B 1
2h
ITpuHnMast ycsioBust 17151 BOJIbI M BO3/lyXa IPHU TeMrepa-

Type 20°C, nnuny cBodogHoro npodera 100 uM, koacppuuu-

€HT aKkKkoMopauuu 1, TONUHY BO3yLLHOM MPocIoiku 20 HM,

nosnyuum 3 = 4,79MKM, 4TO 3HAUMTEJILHO TMPEBBILIACT IKC-

NepUMEeHTaNbHO onpefeneHHoe 3Hayenue 0,92mkMm. Ha puc.

4 mpejicTaBieHa 3aBUCUMOCTD JUIMHBI MPOCKANIB3bIBAHUS [3

OT TOJIIVMHBI BO3YIIHON Npociioiiku npu 4 = 30mMkm. [lis

MaJIbIX 3HAYEHMI TOJIIMHBI BO3YIIHOM Mpocioiku (0<10

HM) JIJIMHA TPOCKaNb3bIBaHNs NMPAKTUYECKN MOCTOSTHHAS, C

yBeJIMueHreM O JIJIMHA MPOCKAIb3bIBaHUS [} CYIECTBEHHO

YBEJINYMBAETCS.

;L—’ 62 + 20+ n)o +21n] . 7)

4

B pa6ote [20] npencraBieHbl pe3yabTaTbl MOACIUPO-
BaHUSl TEUEHUS KUIKOCTU B MUKPOKaHajle, 0Opa30BaHHOM
napayielbHbIMU MJIOCKUMU MJIACTUHAMU. MexaHu3M Mpo-
CKaJIb3bIBaHUSl KUJKOCTU OOBICHSETCSl HATMUUEM 00JIacTh
C TIOHIDKEHHOM BSI3KOCTBIO MEXJy SKMIKOCTBIO W CTEHKa-
Mu kaHaja. IlokazaHo, 4yTO B KaHajlaX BbICOTOI OOJIbIIE
7.5 MKM, BO3[yIlIHAsl TIPOCJIONKA MOJEUPYETCsl CIIJIOLIHON
cpenoii. B kaHanax BbICOTOI MeHbIIE 7,5 MKM 171l MOJIEJIU-
POBaHUs1 BO3AYLIHOI MPOCIOMKU HEOOXOIMMO UCIOJIb30BATh
METO/Ibl, OCHOBAHHBIE HA MOJICKYJISIPHOM MOJXO/IE.

3aBucuMocTb 3(P(PEKTUBHON JJIMHBI TPOCKATB3bIBAHMSI
[, OT OTHOIIEHUs BA3KOCTM JKMIKOCTH M Tasa WL=|, /pg u
TOJILMHBI Ta30BOM MPOCJIONKU 3a1aeTcsl B BUe (pOpMyJibl
(4), e O 3aBHCHUT OT BLICOTBI KaHaja. [IJIsh KaHaja BBICO-
Toit 6osee 700 MM (Kn<10-%) BenmuuHa ra30Boil mpocioi-
K O0=(4h*/p,)"?, npu 3TOM MpPOCKaNb3bIBAHUE HA MeK(a3-
HOIl TIOBEPXHOCTH BO3[IyX CTEHKA HE yuHMThbIBaeTcs. [I7st
KaHajia BeicoTOi MeHblie 700 MKM, HO OoJibliie 7,5 MKM
(103<Kn<10)

2
5=—1+ |12+ ®)
K.

rae [/ — JIMHA POCKAIb3bIBaHUST BO3YIIIHOM MPOCIIONKK HA
CTEHKax KaHaJsa U 3aiaeTcsl ypaBHeHueM (5). KoadppuuueHt
akKkoMmopiauuu 0 usmensiercst B npepenax ot 0.5 po 1. Ipu
0=1 nymHa npockanb3bBaaus € = 0,0667MKM.

YBenmuueHve maBleHUs TIPU TEUSHUN SKUAKOCTH depes
MUKPOKAHAJIbl MOXKET YMEHBIIUTH JUAMETP HAaHOY3bIPbKOB
B MPUCTEHHOM CJIO€ U, CJICIOBATEbHO, YMEHBIIUTD TOJIIIU-
HY 3TOro0 cJiost. PopMupoBaHUE HAHOMY3bIPHKOBOTO CJIOSI 3a-
BUCHT OT IIIEPOXOBATOCTH TIOBEPXHOCTH M CKOPOCTH CJIBHTA.
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717 J ——
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TommnHea razoeoil Opoc.I0iKE

Puc. 4. 3asucumocmos OnuHbL NPOCKATB3IBIGAHUA 0Nl MOTUUHBL 6030YULHOU NPOCTIOUKU NPU YCTI0BUAX
paspescennozo 2asza. /na ¢030yuinoit npocioiku npunumaemcs, umo 2=100um, h=30mxm,
a maksice cmanoapmubvle yciosus 0as 030yxa u 600wt npu 20°C.
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TEMNNO- TA MACOOBMIHHI NMPOLIECU

Tak kak njeanu3sMpoBaHHAsE MOJIEJIb TOJHOTO MOKPbI-
TSI TUAPOPOOHON MOBEPXHOCTH My3bIpbKaMH I'a3a JJaeT, Kak
MPaBUIIO, 3aBbIIIEHHBIE 3HAYEHUS JUIMHBI TPOCKAb3bIBAHUS
M0 CPaBHEHMIO C 9KCIEPUMEHTAIBHBIMU, TO HEKOTOPBIE HC-
CJIE[IOBATENI PACCMATPUBAIOT HEOJHOPOJHOE IOKPbITHE
CTeHKHM My3bIpbkamu ra3a [13,14,16,21,22].

B sToM cnyuyae BiaMsiHME Ta30BOM MPOCJIOMKU Ha
JUIMHY TPOCKallb3bIBaHMSI OKa3blBaeTcsl caabee. [1ns Teue-
HUS XKWJIKOCTH B 3a30p€ MEXKY JIByMsl OECKOHEUYHBIMU TlIa-
CTHHAMM LIMPUHON 2/, C MPOCJIONKON BO3[yXa Ha CTEHKAaX
TOJILMHOM O, P YCJIIOBUM YACTUYHOTO MPOCKAIIb3bIBAHUSI
Ha Mexkpa3HON MOBEPXHOCTHU BOAA-BO3/YX MOJYUYEHO CIIEMY-
IOLLIEE YPABHEHUE J|JIs1 [JIMHBI IPOCKAJIb3bIBAHUS

2
2fin, 18+82+(l+8)h

n 2=

rae f — 4acTb MOBEPXHOCTHU, MOKPBITAS FA30M.

Ha puc. 5 npepcraBneHbl 3aBUCMMOCTH JUIMHBI IPO-
CKaJIb3bIBAHMS OT BLICOTHI BO3/IYLLIHON MPOCIJIONKHU TIPH pas-
JIMYHBIX 3HAYEHUSIX YaCTH MOBEPXHOCTH, MOKPLITOIN r'a30oM.
3ajiaBasi yClIOBUSl YACTMYHOIO NPOCKAJIb3bIBAHUSI HA CTEHKE
Y CPaBHUBAS MOy YEHHbIE PE3YJIbTATHI C Pe3yJIbTaTaMU IKC-
NEepUMEHTA, TIOJYYEeHO BEJIMYMHY YacTH MOBEPXHOCTH, TO-
KpbITOit razoM f= 0,32. Takoe 3HaueHME YaCTH TIOBEPXHOC-
TH TOKPBITOW r'a30M 3HAYMTEJBHO MEHbLIE, YeM 3KCIepH-
MEHTalbHO Halsropaemble B padote [17], rme rugpocoo-
Hasl TOBEPXHOCTb MOYTHU IOJHOCTBIO MOKPBITA MY3bIPbKAMU
rasa.

B, = ; (10)

B pa6ore [22] npuBOAsATCS pe3ynbTaThl 3KCNEPUMEH-
TaJbHBIX IAHHBIX /151 3()(PEKTUBHOM JJIMHBI IPOCKAJIb3bIBA-
HMSL B KPYIJIBIX MUKPOKaHaJIaX U HAHOTPYOKax pajguycom R
C YaCTUYHBIM NTPOCKANIb3bIBAHMEM HA TMAPO(OOHOI NOBEPX-
HocTH (Ta6m.1). O6aacTh ¢ MPOCKATL3bIBAHUEM 3aHUMACT
= 97 %. VI3 Tabnuupl BUHO, YTO C POCTOM XapaKTEPHOTO
pa3Mepa KaHasa yBeJMYMBAeTCs ITIMHA U CKOPOCTb CKOJIb-
SKEHMUSL.

Paccuntannoe B padote [22] NOBEpXHOCTHOE 3amoJi-
HEHUE IMy3bIPbKAMU ra3za TMpHOMM3NTENBHO 97% momydyeHo
B pe3yJIbTaTe CPaBHEHUs] PACCUUTAHHBIX JUIMH CKOJIbXKEHUS
C 3KCNepUMeHTalbHbIMU. B pacyerax mpepmnonaraercs, 4To
PO UM CKOPOCTH MOJHOCTBHIO pa3BUTHI. OffHAKO Yyepeso-
BaHue 00JIacTell MPOCKaJb3bIBAHUSI M NPUIUNAHUS XKUJIKO-
CTH Ha TMAPOCGOOHON MOBEPXHOCTH BbI3bIBAET M3MEHEHMS
npoduis CKOPOCTH BoJIb TeueHusi. Kpome Toro, Teoperu-
YecKoe pelleHHe 3ajlaud MOoJIy4yeHO B IByXMEPHOM Npuou-
>KeHUM, B TO BpeMsl KaK 3KCHEepUMEHTANIbHbIE JIMHBI MPO-
CKaJTb3bIBaHUS MOJTyYeHa B TPEXMEPHOI 00JacTH.

Buoieoownt

IIpencrasneH 0630p UCCIENOBAHUI SIBIEHUS POCKAJb-
3bIBaHUS MPU TEYECHUU KUJIKOCTHU B MUKPO U HaHOKaHaJlax.
IIpoBefeH aHaM3 TEOPETUYECKUX M 3KCIEPUMEHTATBHBIX
[IAaHHBIX , XaPAKTEPU3YIOLIMX JUIMHY NPOCKab3biBaHusl. [1pu
TEYEHUM XKUAKOCTH B MUKPOKaHAJaX Ha [AJIMHY MPOCKallb-
3bIBaHMS OKAa3bIBAIOT BJIMSHUE YroJl KOHTAKTa YKUAKOCTH
C NOBEPXHOCTBIO, HANPSKEHUE CABUrA, JABIIEHUE, UCCHU-
NATHUBHBIA HArpeB, KOJWYECTBO U MPUPOJiA PACTBOPEHHOIO
ra3a B JKUJJKOCTH, JIEKTPUUECKNE XaPaKTEPUCTHUKH, 1LIEpO-
XOBAaTOCTb MOBEPXHOCTH.

20.0
18.0
16.0
14.0
12.0
10.0 i
8.0
6.0
4.0
2.0

e o o of=07

B, MuKpon

=
——— =0.1

0.0

Inm 10nm

100nm lum

ToamuHa razoBol NpoCc.I0AKH

Puc. 5. 3asucumocmo O1uHbL RPOCKATBL3BIGAHUS O MOTUWUHBL 6030YULHOU NPOCTIOUKU C YACHUYHBIM
noxkpoimuem nogepxnocmu 2azom. Ilpunumaemces, umo 2=100um, h=30mxm, a maxsice cmanoapmmuwle
yenosus 015 6030yxa u 600vt npu 20°C.
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Ta6nmuua 1

Hcrounnk [23] [24] [25] [15] [26]
Hcnosb3yemast JKuiKOCThb Bopa Bopa Bopa+rnuuepun Bona Bopa
Tun noBepxHOCTU CrekJio Ksapig Axpun Crekiio CrekJio
YToa KOHTaKTa KUAKOCTH ) 700.. 1100 1500 1200 )
C TIOBEPXHOCTHIO
Pamuyc xanana, R 250...800 MM 0,3...7 MKM 6...12 Mmm 30 MKM 40...200 aMm
Hanpsikenue cipura, y 100...3000 ¢! 1...10000 ¢! 25...100 ¢! 200 ¢! 300...5000 c™*
JInnHa npocKanb3bIBaHMs, ﬁgf 2...8 MKM 20...90 M 200...450 Mxm 1 MKM 10...30 um
CkopocTtb npockanb3bBanust | 0,3...25 mm ¢! | 0,02...500 Mxm ¢! lemc! 200 mm ¢! | 3...150 mMkmM ¢!
OTHotreHre BQ[/R 0,01 0,005...0,1 0,03 0,03 0,08...0,2
O6macTh MPOCKaTb3bIBAHUS 97% 96.5...97% 97% 97% 97%

HccnenoBannst Ha 0CHOBE MOJIEKYJISIPHON IMHAMUKH
TE€YEeHUs] B MUKPOKaHaNax ¢ rpooOHBIMA CTEHKAMH TI0-
Ka3aJio, YTO JITIMHA TPOCKaIb3bIBaHMs mopsiaka 20 HM. IT0
3HAYUTEJILHO MEHbIIIEe 3HAaYEeHUI1, HAOTIOaeMbIX B 9KCIepH-
MEHTe.

BBenenvie aekTUBHON (KaxKyllencs) JIMHBI Ipo-
CKaJIb3bIBAHNS MTPEJIIONIAraeT CYILECTBOBAHNE BOJIN3HU TMIPO-
(pOoOHOI MOBEPXHOCTH TOHKOI'O CJIOSI My3bIPBKOB rasa WiH
CJI081 C TIOHVDKEHHOM BSI3KOCTBIO M TNIOTHOCTBIO SKUJKOCTH.

Taxk Kak wnjeann3upoBaHHasT MOJIEb MOJHOTO MOKPbI-
TSI TUAPOPOOHON MOBEPXHOCTH My3bIpbKaMU I'a3a JJaeT, Kak
NPaBUIIO, 3aBbIIEHHbIE 3HAYEHUS JUIMHbI TPOCKAIb3bIBAHUS
MO CPaBHEHMIO C IKCHEPUMEHTAIBLHBIMU, TO HEKOTOpPbIE WC-
CJIE[IOBATENN  PACCMATPUBAIOT HEOIHOPOJHOE TOKPBITHE
CTEHKU ITy3bIpbKaMU ra3a. B aToM ciy4ae BIMsSHHUE CIOSI C
MIOHVKEHHON BSI3KOCTBIO Ha JITMHY TPOCKaNlb3bIBAaHUS OKa-
3bIBaeTCs ciabee.
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of gas bubbles near the hydrophobic surface or liquid layer
with low value of viscosity and density. Since the idealized
model for the total coverage of a hydrophobic surface by
gas bubbles gives, as a rule, overestimated values of the
slip length in comparison with experimental ones, some
researchers consider the inhomogeneous coating of the wall
by gas bubbles. In this case, the effect of a layer with a lower
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