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Beenenue

JIroqu Bcerja 3aMMCTBOBAJIM HOBBIE TEXHOJIOTMYECKHE PEUICHUS Y IPUPOJBI, KOTOpPas
MOTPaTUJIa Ha UX Pa3BUTHE MUJUIMOHBI JIET 3BOJIOLUU. [[BETOK JI0TOCA 3HAKOM CIIELUAINCTaM T10
OMOHMKE M HAHOOMOTEXHOJOTHSIM Oarofapsi ClIOCOOHOCTH €ro JICTIECTKOB OTTAJIKUBATh I'PA3b,
MBI ¥ BOJY. DTH CBOMCTBA IBETKA M TOJYYHIIN Ha3BaHUE «3(DPekT morocay. «dddexT smotocar
[8] Obu1 oTKpeIT B ceMuaecAThix rogax 20 Beka HEMEIKUM OOoTaHHKOM, mpodeccopom
Bunsrensmom baptiorrom.

CeronHss y4y€Hble NBITAIOTCA CKONMMPOBAaTH M BOCIPOU3BECTH T'HAPO(POOHBIE CBOMCTBA
CO3JAaHHBIX NPHUPOJION MMOBEPXHOCTEH, YCOBEPUICHCTBYS AaHAJOTHYHBbIE (U3UKO-XUMUYECKHE
CTPYKTYpHI C IIeJIbI0 YCUIJIEHHUA kenaemoro 3ddexra. B pesynpraTe mpoBeneHUsl TaKMX Hay4yHO-
HCCIIEIOBATENIbCKUX padOT MOSBUIIMCH MOKPBITUS C 0COOBIMU (PYHKIIMOHAIBHBIMU CBONCTBAMHU.

OTU MOKPBITHS TOJIIMHON BCEro JUIIb HECKOJIBKO HAHOMETPOB COCTOSAT B OCHOBHOM W3
OJIHOTO OPTaHUYECKOTO U OJTHOTO HEOPraHUYECKOTO KOMITIOHEHTA.

Heoprannueckyro MaTpuily, Kak @paBHJIO, OOpa30BaHHYIO JIMOKCHUIOM KpEMHHUS,
JUOKCHJIOM LHUPKOHHS WIM JAMOKCUJIOM THTaHa, OOBEIUHSIOT C OpraHu4yeckoll marpuueil (B
OCHOBHOM 3TO OpraHWYecKHEe pacTBOpUTENN). B 3aBucuMocTH OT TpeOGoBaHUM, IPEIBABIAEMBIX K
MOKPBITUIO, B MATPUILy BBOJAT HAHOYACTHIIBI TEX WJIM UHBIX BEHIECTB.

B Hacrosmee Bpems ¢ NOMOIIBIO HAHOCIOEB MOXHO INPUAATH TOBEPXHOCTSAM CaMBbIC
pa3HbIC CBOMCTBA, W TAaKHWE IOKPBITHS OTHOCATCS K IPOAYKTaM HAHOTEXHOJOIHMH MEpPBOrO
ITOKOJICHHUS.

brarogaps HaHOTEXHOJIOTHAM MOSABISAIOTCA «yMHBIE Bewmiu». JIIonum yXe MOTIYyT HOCHUTH
OJI&Xy U 00yBb, KOTOPbIE HE IMAYKAIOTCS M HE MPOMOKAIOT, 4YTO CYIIECTBEHHO O00Jerdaer Ham
KH3Hb, 3TO U ONpPEEIsIeT aKTyaIbHOCTh ITPOBOJIMMOI0O B paboTe HCCIeJ0BaHuUS.

OCHOBHOW WIeJBbI HacTosleld paboThl SBJISETCS CO3MaHME THAPOPOOHBIX HOKPBHITUI
pa3IMYHBIMU CII0COOAMU U ITPOBEPKA UX BOJOHENPOHULIAEMbIX CBOMCTB.

Ilens uccnenoBaHus onpeneiawia CIEAyOIUE 3aJa4u:

1. M3yuuts nurepaTypy MO TeME UCCIIeAO0BAHMSL.

2. PaccMoTpeTh BOIPOCHI YTO Takoe CMadyMBaHue, «3(dekT moroca», MpUUUHY
HECMa4YMBacMOCTH HEKOTOPBIX TOBEPXHOCTEN

3. CMozenupoBaTh HECMAUYMBAEMYIO IIEPOXOBATYIO0 OBEPXHOCTh, UMUTHPYIOILIYIO
JIUCT JIOTOCA.

4. DKCIepUMMEHTAJIBHBIM IyTEM cO37aTh THAPO(GOOHBIE MOKPHITUS, Pa3IUYHBIMU
crioco0amu, IPOBEPUTH UX BOJAOHEIPOHUIIAEMOCTb.

O0BeKT nccaegoBaHusi: rTupoGoOHbIe MOKPHITHS.



IIpeaMet ucciien0BaHusl: BOJOHEIPOHULIAEMOCTh MTOKPBITHH.

Jnst  pemieHUs TOCTaBJICHHBIX 337ad B TPOLIECCE HCCIENOBAaHHUS  HCIOJIb30BAINCH
CIICAYIOIINE METO/AbI: MOJICIIMPOBAHUE, IKCIIEPUMEHTAIBHBIN, CPABHUTEIBHO-COMOCTABUTEIIHHBIH.

I'umore3a: paccMOTPEB CYHIHOCTh «3(QeKTa J0TOCa», MOKHO CO3AaTh MaTepHall C 0COOBIMHU

CBOMCTBaMHU.



I'maBa 1. D¢ dexr n0TOCA
1.1. CmaunBanue

CmaunBanue — (HU3NUECKOE B3aUMOJICHCTBHUE KUIKOCTH C TOBEPXHOCTHIO TBEPIOTO TEa
w apyroil xunkoctn. CmaunBaHue OBbIBae€T OBYX BHJOB: MMMEPCHOHHOE (BCS MOBEPXHOCTD
TBEPJOrO Tela KOHTAKTHUPYET C JKHJKOCTBHIO);, KOHTaKTHOE (cocTouT u3 TpEéx (a3 — TBepaas,
XKUJKasi, ra3000pa3Has)

CMmaunBaHue 3aBUCHT OT COOTHOIIEHHS MEX]y CHJIAMH CLEIUICHUS MOJIEKYJ JKHUAKOCTH C
MOJIEKYJIaMH CMAaYMBaeMOTO Tela (aare3us) U CUIaMu B3aMMHOTO CIETUICHUST MOJIEKYIT KUAKOCTH
(xoresus) [2,4].

Ecnu kuaKoCcTh KOHTAaKTUPYET C TBEPABIM TEJIOM, TO CYIIECTBYIOT IBE BO3MOYKHOCTH:

1) MoseKymBl UAKOCTH NMPHUTATHMBAIOTCSA APYr K APYTY CHIbHEE, 9eM K MOIEKYNaM TBEPIOTO
Tena. B pe3ynabTare CHIIBI NPUTSDKEHUS MEXIY MOJEKyJIaMH KUAKOCTH coOuparoT €€ B
Kanenbky. Tak Benér cebds prTyTh Ha CTekJe, BoJa Ha mnapapuHe WIH <OKUPHON
MOBEPXHOCTU. B 3TOM ciydyae roBopsT, 4TO KUAKOCTh HE CMAaUUBAET MOBEPXHOCTH;

2) MOeKynbl JKUAKOCTH HPUTSATUBAIOTCS APYT K APYry crabee, 4eM K MOIEKynaM TBEPIOTo Tena.
B pe3ynbrare KuUAKOCTh CTPEMHUTCS MPUKATHCS K MOBEPXHOCTH, paciuiibiBaeTcs o Hel. Tak
BeNET ce0sl PTYTh HAa LIMHKOBOM MJIACTUHE, BOJA HA YHCTOM CTEKJIe UM epese. B atom cioydae
TOBOPST, YTO KHUAKOCTh CMAaUUBAET MOBEPXHOCTb.

CreneHb cMayMBaHUS XapaKTEPU3yeTCs YIJIOM CMayuBaHUSA. YToJ cMauuBaHus O (wiu
KpaeBOM yrojl CMauMBaHMs) — OTO Yyroy, OOpa3oBaHHBIM KacaTelIbHBIMU IIJIOCKOCTSIMHU K
Mex(ha3HbBIM TMOBEPXHOCTAM, OTPAaHUYMBAIOIIMM CMAayUBAIOLIYI0 JKUJIKOCTh, a BEpLIMHA Yria
JNEKUT Ha JHUHUU pasjena Tpéx ¢a3. OH sABISETCS XapaKTEPUCTHUKON TUAPOPHIBHOCTH

(ruapodoOHOCTH) TOBEPXHOCTH TBEPABIX Tel (puc.1,2).
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KpaeBOM yroji cMayMBaHus O Kariu *KHJIKOCTH (K)

Ha TBCleOﬁ MOBCPXHOCTHU



(T); TpeTbs (aza -ra3 (T)

I'pannuHblii KOHTYp (TIEPUMETP OCHOBAaHUS KaIUTM) HAa3bIBACTCs JHMHUEH Tpex(azHOTo
koHTakTa (JITK). DTOT TepMHMH MOJUEpKMBACT, YTO B CMAYUBAHUU YYaCTBYIOT Tpu (asbl: 1)
TBEPJIOC TEJO, 2) CMAYMBAaIOIIast KUIKOCTh, 3) ¢a3a-

«IIPEIIIECTBEHHUK», KOTOpPas HAaxOIWJach B KOHTAKTE C TBEPAOW IOBEPXHOCTBIO 10 IOJBOJA
AKUIKOCTH.

B cootBerctBUUM ¢ Teopueit FOnra-Jlamnaca, kpaeBod yroij ompeaensercs KOHKYpEHIHEH
nByx cwi, nedctByrommx Ha JITK. Omna cuma - 9T0 TPUTSKEHUE MOJEKYN JKHIKOCTH K
O KalIIuM MOJIEKyJIaM KUIKOCTH Ha MOBEPXHOCTH Karuiu. B pacuere Ha enununy anunsl JITK
3TO CUJjia MOBEPXHOCTHOTO HATSKEHUS JKUJIKOCTH Vxr (B MH/M).

Jpyras cuna co3naercs MpuUTskeHueM tex ke moiekyn JITK k GnmxaiimuM monexkyiaam
Ha NOBEPXHOCTHU TBEPAOE TEJIO-Ta3. JTa CHJIa HANPABJICHA BJIOJb IOBEPXHOCTH TBEPAOIrO TEa BO
BHemHIOI0 cTtopoHy oT JITK. FOur Ha3Ban ee cunoii aaresun (B MH/m) (adhesion - mpununanue).
PaBHOBeCHBIN KpaeBol yroia © HaxoIAT U3 YCIOBUS MexaHW4eckoro pasHoBecus Ha JITK mo

OCHOBHBIM pasMEpaM Kari€jib

KHUAKOCTH, HAHOCUMBIX Ha TBEPAbLIC IIOBCPXHOCTH: BBICOTEC hu JAUaMETPy OCHOBAHUAKAIIIN d.

3HayeHHs COS pacCUMTHIBAIOT 1Mo Gopmyie (1):

Taxum o6pa30M, JIs1 OIIPpCACIICHUS KpacBOT'O YIJla CMAaYWBaHUA HCO6XO,Z[I/IMO HU3MCPUTD
BBICOTY KaIlJIk hu AUaMETPp €€ OCHOBAHUA d.

1.2.  Dddexr noToca

B npupone pactenusi moaBep>KEHbI BO3JICHCTBUIO 3arps3HEHUN CaMbIX pa3HbIX THUIOB. B
OCHOBHOM 3TO HEOpraHMYeCKHe BellecTBa (IbLIb, Ca’ka), HO OHU MOTYT MUMETh U OPraHUYEeCcKOe
MPOUCXOXKAEHUE (HAmpuMep, CHOpbl TPUOKOB, MEIBSHAas poca, MHUKPOBOJOPOCIH).
Heoprannueckue BeliecTBa HEMOCPEICTBEHHO OKa3bIBAlOT BpPEAHOE BO3/CHCTBHE HA IKHUBYIO
TKaHb pACTeHMii, 3a0uBasi yCTbUIIA HAa IJMCTHSX, MOCPEICTBOM KOTOPBIX OHM JBIIIAT, YTO
MPUBOJIUT, B YaCTHOCTH, K MEPETPeBY pacTEHUs MOJA MPSAMBIMU COJNHEYHBIMU JIydaMd U K
MOBBIIICHUIO KUCJIOTHOCTU BHYTpPEHHEH cpefpl. Takue opraHM4ecKue 4acTUlibl, KaK, HallpuMep,
CHOpBI TPUOKOB, OaKTEPUU UM MUKPOBOJOPOCIH, TOXKE BPEAHBI 7Sl PACTEHUH, TOCKOIBKY MOTYT
BBI3BIBATh O0JIE3HH U MOBPEKIATH IOBEPXHOCTD JIMCTHEB.

CrocoOHOCTh pacTeHHl K CaMOOYHCTKE — 0JTO U3SIIHOE PEeIIeHHE TMPUPOIBl 10
YCTPAaHEHHIO BCEX TMEPEYUCICHHBIX BhbIIIe mpoOiieM. braromaps sddekry moToca BpenHbie

BCIICCTBA HC MOT'YT IIPOYHO 3aKPCIUTHCA HA IIOBCPXHOCTH PACTCHUA. I[O)KI[B CMBIBACT CIIOPLI, a4 B



MIEPUO/IbI 3aCyXH HEXIaHHBIM T'OCTSM IPOCTO HE XBAaTAeT BOJBI, YTOOBI Pa3BUBATHCA.

B 1ienom noBepXHOCTB JINCTHEB BCEX PACTEHUI YCTPOEHA IPUMEPHO OJAMHAKOBO: BHELITHUM
KJIETOYHBIM CJION (3MUACPMHUC) MOKPHIT TOHKOM TUIEHKOH (KYTHKYJION), KOTOpasi Mpea0oTBpaIiactT
MIOTEPU BOJbl PACTUTEIBHON TKAHbIO M MOBBIIIAET MEXAHUYECKYIO NPOYHOCTH AMMJAEPMHCA. DTa
TOHKasl KOKHLA COJEPKUT HAOOp pa3iMyHBbIX JUIUAOB, KOTOPbIE TAK)KE HA3bIBAIOT «BOCKAMM.
Takoil BocK IpUJaeT KyTUKYJIE€ BOJOHENPOHUIIAEMOCTh U B 3HAUUTENIBHOMN CTENEHU NPENSTCTBYET
IIPOHUKHOBEHUIO 4epe3 He BOJAHBIX HapoB. KyTuH (Omosiornyeckuil BOCK) 4acTO MOKPBIBAET
KYTHKYJY, WU J1aXK€ COJEPKUTCS B HEH.

Jluctes pacTeHUW pasHbIX BHJJAOB CWJIBHO PAa3JIMYaAIOTCS 1O HMX CHOCOOHOCTH K
cmauuBaHuio. HekoTopele u3 HuUX BoOOIIe HE CMauuMBalOTCS KUAKOoCcTAMHU. Ilpu sTOM
YMEHBIIAETCSl CLEIJIEHHE C MOBEPXHOCTHIO HE TOJBKO MOJIEKYJ] BOJIbl, HO TaKXe€ U MOJIEKYI
3arpsizHeHuil. Kamiam Bojpbl, CKaThIBalOIIMECs MO MOBEPXHOCTH, JIETKO CMBIBAIOT HENPOYHO
OCEBILIME HA HEW MHOPO/IHbIE YAaCTHIIBI M YHOCAT UX ¢ COOOM, OUMIIas JIUCT.

MHoruM Kakercs OYEeBUAHBIM, YTO 4Y€M IIOBEPXHOCTh Oojiee TIajkas, TeM Jierde ee
ourcTuTh. Ho ecnu paccMOTpeTh MOBEPXHOCTH JIOTOCA MO CKAHUPYIOLIUM MUKPOCKOTIOM, MOXHO
YBUAETh, YTO OHAa JOBOJILHO IIEPOXOBaTas M3-3a HAXOAAIIMXCS HAa HEW KPUCTAIJIOB BOCKA.
[TockonbKy 3TH KpHUCTalIbl OYeHb MEJKHE, TO HEBO3MOXKHO HHU BUAECTh WX HEBOOPYKEHHBIM
TJ1a30M, HU MIOYYBCTBOBAThH Ha OIIYIIb.

B npunuumne, creneHb CMauMBaeMOCTH IIOBEPXHOCTH 3aBUCUT OT €€ MHUKpPO- WIH
HAaHOCTPYKTYpbl. du3ndeckuii cMmbica 3¢ (dexkTa CMayMBAEMOCTH 3aKIIFOYAETCSl B OINPEAEICHHOM
COOTHOIIEHUH CHJI TOBEPXHOCTHOTO HATSHKEHHS Ha TpaHMIlax paszzaena ¢a3: BoJa — BO3IyX, Boja —
TBEpAOE TEJO M TBEPJOE TEIO — BO3AYyX. B KOHEYHOM HTOre CTENeHb CMAYUBAEMOCTH MOKHO
OTPEENUTh N0 BEJIUYMHE yIia, 00pa30BaHHOIO MOBEPXHOCTHIO TBEPAOIO Tejla U KacaTeIbHON K
MMOBEPXHOCTHU KAILJIU B TOUKE €€ KOHTAKTa C 3TON MOBEPXHOCTHIO. DTOT Yo Ha3bIBACTCA KPAEBbIM
Y 3aBHCUT OT COOTHOIIEHUS MEK(Pa3HBIX CUIT TOBEPXHOCTHOTO HATSKCHHSL.

CornacHo pu3MYecKOMy OMpeAeNeHUI0, TOBEPXHOCTh OyaeT TuapoduabHON (MOIHOCTHIO
cMauMBaeMoi), eciu KpaeBoil yros mensie 90 rpagycos. Eciu 3toT yron 6oinsiie 90 rpaaycos,
TO TMOBEPXHOCTh Oyaer ruapodoOHON (abCOMIOTHO HE CMayuBaeMoi), MOJHOCTBHIO
OTTAJIKMUBAIOLIEH BOMY U, CIIEJOBATEIBHO, BOJOHENPOHUIIAEMOH.

IIpy monHON cMayMBAEMOCTH KpAaeBOW YroJl CTPEMUTCS K HYJIK0, IOTOMY 4YTO BOJA
pacTekaeTcs MO MOBEPXHOCTH TBEPJAOTO Tesla U 00pa3yeT Ha He MOHOMOJIEKYJSPHYIO IJIEHKY.
ITpu 5TOM O7HA Karuist BO/bI OyAeT MaKCUMAalIbHO PAacTeKaThCs MO MOBEPXHOCTH BCETO JIHCTA.

Ecnu xpaeBoii yron cocraisier 180 rpaaycoB (uero HMKorjga He ObIBa€T B MPUPOIHBIX
YCIOBHSAX), Karii BOJBI TEOPETUYECKH JOJDKHA Oyner cobOparbcs B LIApUK U KacaThCs

MOBEPXHOCTU TBépI[OI‘O T€Ja TOJIBKO B OJHOM TOYKE. Kpaesoﬁ yroax s OOBIYHBIX



BOJIOOTTAJIKMBAIOIINX BEIIeCTB (Hampumep, proporiacta) He mpesbimaet 120 rpamycos.

JI71s1 HEKOTOPBIX MCKYCCTBEHHO CO3JJaHHBIX BEIECTB KPAaeBOU yros MOXKeT nocturarb 170
rpaaycoB. JlaHHbIE TMOBEPXHOCTH Ha3bIBAIOT cBepXruapodoOHbiMu. Kammst Boabl He cnocoOHa
pacTekaThCsl MO0 TAKOH BOJOOTTAJIKUBAIOIIEH MOBEPXHOCTH C MHKpPOIIEPOXOBATOCTIMH. CHIIBI
COOCTBEHHOTO TOBEPXHOCTOTO HATSDKEHHS CTATMBAIOT Karmo B Imapuk. Cuila  CrersieHus
(amresmst), yaep>KuBaromiasi Kario Ha TIOBEPXHOCTH JIMCTA, CTAHOBUTCS MUHUMAJIBHOM, U IOATOMY
KaIuIsi CKaThIBAETCS C HETO MPH MaJeHlIIeM HaKJIOHE.

Kpowme noTtoca, mucThs ¢ THAPOPOOHOI HMEIOTCS Y CaMBIX Pa3HBIX pacTEHUi, HAIpUMeEp, Yy
BOJSTHOM JIMITUH, KOYaHHOW KaIyCThl, HACTYPLUU ¥ MHOTUX APYTHX.

OT10T 3¢ deKT MOKHO HAOIIOAATh U Y HEKOTOPBIX MpeICcTaBUTENEN )KUBOTHOTO Mupa. Tak,
OOBIKHOBEHHBIN HAaBO3HBIN KyK MMEET OUYE€Hb KOPOTKHE JIAIKK M HE B COCTOSIHUHM CaM OYHCTHTHCS
OT TPWJIAIIIIETO K HAPY)KHON YacTH €ro MaHIWpPS M KPBUIBIIIKAM HaBO3a, B KOTOPOM OOHMTAOT
TBICSTYHM BPEAHBIX MHUKPOOPTaHNU3MOB.

Ho na momomnp XyKy mpHIUIa caMa MpHpoJa. 3a THICSYM JIET SBOJIIONMU OHA JT0OWIIach
TOTO, YTO BCE HABO3HHKM B MHpPE BCErla OCTAlOTCS YUCTHIMH. Tyr He obomiocs 0e3
WCIOJIb30BAHMS HAHOTEXHOJIOTUH: €CJIM pPacCMOTPETh MOBEPXHOCTh MAaHIUPS JKyKa TOJ]
AIIEKTPOHHBIM MUKPOCKOIIOM, TO MOKHO OOHApYKUTh HA HEMl HHTEPECHbIE HAHOCTPYKTYPHI, OYCHb
MOX0XKHE Ha HAHOCTPYKTYpHI JoToca. Boiiensas BockooOpa3Hble BEIIECTBA, JKYK MPHUAAET CBOEH
MOBEPXHOCTU CMOCOOHOCTh K CaMOOYMILEHHIO, U B pe3ylbTaTe HHUKaKas Tpsi3b C BPEIHBIMU
MUKpPOOpPraHM3MaMH K HEMy He MpuwiMnaer. TakuMm xe o0pa3oM TMOCTyHaloT M Jpyrue
MIPEICTAaBUTEIM MUPA HACEKOMBIX — CTPEKO3bl U 0a00UKH, KOTOphle 00pabaThIBAlOT BOCKOM CBOU
KPBUIBIIIKH.

HecmaunBaemble npupoHble MOBEPXHOCTH MOXKHO HAOMIOAATh Y PACTEHUN U HACEKOMBIX.
OT0, HampuMmep, JUCThS HACTYPLUH, aKBWJIETHUHU, KpPbUIbd 0a00uYeK, BOJIOCKU Ha TeJe BOIHBIX
KYKOB, TKaHM IIENKOBBIX THE3]] HEKOTOpbIX MaykoB. Oka3ajoch, BCE JeJI0 B KyTHMHE —
BOCKOOOpa3HOM BELIECTBE, COCTOSIILEM U3 BBICIIMX JKUPHBIX KHCIOT M 3(QUPOB. DTO BELIECTBO
pacrojiaraerTcs Ha MOBEPXHOCTH JIUCTHEBH LIBETKOB B BUJE CBOCOOPA3HBIX IIUIOBY», KOTOPHIE U
SBJIAIOT COOOM crenupuUecKylo HAaHOCTPYKTYPY.

IMon  sdpdexkrom  motoca [9] (umaue  superhydrophobicity;  moroc-addexr;
cyneprusipo)oOHOCTh) B HacCTOsIIee BpeMs B Hayke MOHMMAIOT 3((eKT MpakTUYECKH MOJTHOMN
HECMAaYMBaeMOCTH MOBEPXHOCTH TBEPJIOTO Tella KUIKOCThIO, BOSHUKAIOIIUI H3-3a 0COOCHHOCTEN
penbeda JaHHON MOBEPXHOCTH HAa MUKPO- U HAHOYPOBHE, NMPHUBOJAIINX K CHMKEHHIO IUIOIIAIH

KOHTAKTa XUJAKOCTH C NTOBCPXHOCTHIO JAHHOTO TCIIA.

1.3. Tpakruyeckoe npumeHenue 3pdexra ioToca



Dddext moToca, OTKpLITEIN MpodeccopoM BuimbrensmMom bapTioTToMm, BRI3BAIOTPOMHBIN
MHTEpEC BO BCeM Mupe. 3a CBOM HccienoBaHus mnpodeccop bapTioTr Obl1 HEOJAHOKpPATHO
YIOCTOCH MPECTHKHBIX HArpaj 3a yCIeXu B 00JIaCTH HAYKH.

BaptnotT cHayana He BUJEN B CBOEM OTKPHITUH KOMMeEpUYecKoi Beiroabl. Oanako B 1980-x
IT. OH TOHSJI, YTO €CIM YAAacTCs MCKYCCTBEHHO CO3[aTh IIEPOXOBAThie BOCKOOOpa3HBIC
MMOBEPXHOCTH, TO TAKOW «HCKYCCTBEHHBIN JIOTOC» MOXKET HAWUTH MHOXECTBO IMPAKTHYCCKHX
npuMeHeHnid. [lo3mHee OH 3amaTeHTOBal HICK CO3JAHMS TIOBEPXHOCTEH C MPHUITOAHSITHIMU
MUKPOCKOTIMYECKUMH ~ y4acTKaMH, KOTOpble OyIyT JenaTh €€ CaMOOYMIIAIIIeHCs, |
3apeructpupoBai Topropyto mapkyLotus Effect («addexT motoca).

[Ipunanue MOBEPXHOCTAM H3/EIHUI CBOMCTB CBEPXTUIPOGOOHOCTH € MOMOIIBIO «dddhexTa
JI0TOCa» OBUIO HEJETKUM JesioM. [ 'uapodoOHOCTh — 3TO CBOMCTBO oTTaskuBaHus. Ho BerecTso,
KOTOpOE€ OTTAJKHBACT BCE, HY)KHO 3aCTaBUTh CIECTUIATHCS C M3ZIeTreM. TeM He MEeHee K Hadalry
1990-x rr. BapTiaoTT cymen co3aarh JIOKKY JUISI Mela C CaMOJCIIbHBIM MHKPOIIEPOXOBATHIM
CHUIMKOHOBBIM TOKPBITHEM, KOTOPOE ITO3BOJISUIO JKHJIKOCTH CTEKaTh C JAHHOTO MpuOopa, He
OCTaBJISAS CJIEIOB. JTa JIOKKA B MTOTE yOeaWia HEKOTOPhIE KPYITHBIE XUMHUYECKHEe KOMITAHHU B
MepCIeKTUBHOCTU uaeu bapTioTTa, u BCKOpe OHM HalUId 0O0JbIEe BO3MOKHOCTEH HCHOJIB30BaTh
ero otkpeitue. Lotus Effect cranm B 'epmannu ObiToBOM Mapkoil. B oxtsaope 2007 r. xypHan
Wirtschaftswoche masBan ero B umcie 50 Hambosiee 3HAYMTEIBHBIX HEMELKHX H300pETCHHI
MOCJIETHUX JIET.

EcTh MHOXECTBO NMpUMEpPOB, AEMOHCTPUPYIOIIUX MIMPOKOE MPUMEHEHHE TEXHOJIOTHIl Ha
ocHOBe «3(pdexTa n0TOCA», HO OOJBUIMHCTBO W3 HHUX OTHOCSTCS K CO3JAHUIO CHEIHMaIbHBIX
MOKPBITUH JUIsl aBTOMOOWMIIeH — [Jis KopIlyca, OKOH, MPOMUTKH TEHTOB U Mp. HaHoTexHonoruu Ha
OCHOBE J3TOTO SIBJICHUS TMOMOTJM YBEJIUYUTH CPOK AKCIUIyaTallud aBTOMOOWJIBHBIX MOKPHITUH,
3aIIUTUTh BHEIIHAN BUABTOMOOWMIIS OT MOCTOSIHHBIX YIpo3 BHemHew cpebi [10].

Eme omHo wu300pereHue, MOKPHITHE HA OCHOBE HAHOYACTHIl JAUOKCHUAA KPEMHHS,
CIIOCOOHO CHU3UTH MOsIBICHHE HapanuH Ha 53%, a BO3HUKHOBEHUE 3arpsisHeHud — Ha 60% 3a
CYeT OMHMCAHHOTO BhIIIE «3(deKkTa NoToca». Takoe HAHOMOKPHITUE MPUMEHSIOT Ui Ky30BOB
aBTOMOOWIISL, HAHECEHHsI Ha KOJIECHBIE JMCKH, IOBEPXHOCTU CY/IOB U CaMOJIETOB.

BaxkubiM miarom crano Takxke uzoOpereHue ruApoGOOHBIX TOKPBITHHA Ui CTEKOJI B
aBTOMOOWJIIX, KOTOpbhI€ TOCTOSHHO TOJBEPTalOTCS NEHCTBUIO BOJBI W TpsI3U, a IOTOMY
CTAaHOBATCA MYTHBIMH U YXyAmalT 0030p. Takuwe MOKPHITUS OCHOBAHBI HAa YMEHBIIECHUU
TJIOMIAU COMTPUKOCHOBEHUS Karelb BOJbI C MOBEPXHOCTHIO CTEKIIA, YTO TO3BOJSET BOJE CTEKATh,
HE OCTaBJIss MOATEKOB U 3arpsisHeHui. Vcronb30BaHUe TaKUX BEUIECTB YIS CTEKOJ UMEET Maccy
npeumyiecTB. JtoOble 3arps3HEHUs: CHET, NOXIb, MbLIb, CMOJbI, KalUTM Macla, HACEKOMBIE —

JICTKO YHAJIAKOTCA AK€ TIOTOKOM BO3AyXa HpHU ABHKCHUHN ABTOMOOUJIS nin, B Ooiee



OKCTPEMAJIbHBIX YCIIOBUAX, «IBOPHUKAMMNY.

Oddexr noToca Hamien CcBoe NPUMEHEHHWE HE TOJIBKO B aBTOMOOWIIBHOU
npoMbIIUIeHHOCTH. CerofHs yKe CO34aHO0 MHOXXECTBO MAaTEpUaloB, CIIOCOOHBIX K
CaMOOYMILEHUIO, OONagaomuXx Truapo(GoOHBIMA CBOCTBAMH, HANpPHMEpP, BOJOOTTAIKUBAIOIINE
Kpacku sl ¢acagoB, TMOKPHITHS JUISL TOE370B, HE3AMOTEBAIOIIME CTEKJIA, HEMPOMOKAFOIIAS
oacxkKaa u T.AO. OI[HO U3 HCOABHUX I[OCTI/DKGHI/Iﬁ B TEKCTHJIIBHOM MPOMBIINIJICHHOCTH — CO3JaHHC
HEMPOMOKaeMOH XJIOMYAaTOOYMa)KHOW TKaHHU, HE TEPSAIOLIeH cBouX cBOicTB mocie 250 ctupok. Ee
IMOJIYy4aroT, MPOIHUTBIBASA TKAaHb KOMMCEPYCCKU OJOCTYIIHBIM q)TOpHpOBaHHI)IM AKPpHUJIAaTHBIM
MOHOMEPOM C TMOCIEAYIOIUM OOIydeHHEM TramMMa-y9aMH, BBI3BIBAIONINM TIOJMMEPU3ALNIO
MOHOMECpaA HIpsAMO Ha BOJIOKHAX TKaHH. HonyqaeTca IOKPLITHUE, B KOTOPOM XJIOIIOK CBsA3aH C
IMOJIMMECPOM. HOJ'H/IMep OpeaoTBpallacT BIIMTBIBAHHUEC BOJbI, BOJAA CO6I/Ipa€TC$I B Kallllu, KOTOPELIC,
CKaThIBasiICh C TKaHHW, COOMPAIOT M YHOCAT ¢ coOOM MNbUIMHKM U 3arpsisHeHus. Pa3Butue
HAHOTEXHOJIOTUA | MIPOAOIDKECHUE HU3YUYCHUA UX BO3MOKHOCTEH CHOCOOHO B MEPCIICKTUBE

MIPUHECTH YEJIOBEUECTBY €I[e MHOKECTBO yIaUHBIX H300pETECHHI.
I'naBa |1. Coznanue ruipo¢oOHBIX MOKPHITHIH
2.1. Co3naHue HeCMa4YHUBAEMOii 1IEPOXOBATOMH MOBEPXHOCTH

B3sana ne3Bus juisi OpuTBBI, Harpeila B AyXOBKe 0 Temneparypsl okxosio 100°C.
PacimaBmiia B dapdopoBoit wamke mapadun. Kaxmoe ne3Bue OkyHyjda B paciiaB, JaguM
u3NMIIKaM napaguHa credb Ha (QUIBTPOBAIbHYIO OyMmMary Tak, 4TOObl OCTpHE Kacaloch ee
noBepxHocTu. CoOpana HanapaUHEHHbIE JI€3BUS B CTOIKY TOJIIMHONM OKOJIO 1 cM, MOApOBHSEM,
3aKMEM B THCKaXx JIE3BUSIMH BBEpX. Y HAC MOJIyYUIIaCh MUKPOIIEPOXOBATasi IOBEPXHOCTb.

2.2. BocnpousBenenue 3¢ dexra jgoroca.

B pesynbraTe skcmepuMeHTa HEOOXOOUMO y3HaTh, OOJNIAJarOT JIM caMble OOBIYHBIE
MOBEPXHOCTU THUAPOPOOHBIMU CBOMCTBaAMHU. J[s1 3TOro B3sla HECKOJbKO 00pa3loB Oymaru
pa3HbIX TUTOB (TJIsHIIEBas Oymara Ui IpUHTEpa, ucyas OyMmara U OyMa>KHbIN GUIBTP) U TUCTHS
pacTeHu.

Hanecna ogunakoBble 1m0 00BEMY Kallld BOJABI Ha Oymary W JHCThA. Takke Hakarasia
HECKOJIBKO Karelb Ha IPYTHe MOBEPXHOCTH — CTEKIIO, IPEBECUHY U TIACTHK.

N3mepuna nuHeitkoit quametp kamenb. Ha cambix ruapoOOHBIX TOBEPXHOCTAX THAMETP
Kamenb OyleT MUHUMAIBHBIM M, CJIEIOBATeNbHO, WX KpUBM3HA Oyder camMoil OOJBIION.
OunbTpoBanpHas Oymara TOJHOCTHIO BIUTHIBAET KaIUTFO BOJBI, 3TO O3HayaeTr, 4ro eé
MOBEPXHOCTh He TUApOo(hoOHAss, a HA00OpPOT — ruApodmIbHas. J(naMeTp Karim Ha TIASHIEBOM
Oymare MaJIeHbKHUH, a € KpUBU3HA OOJIbIIIASL.

JIncThs mMmockImana IbUIBIO, 34TCM KallHyJIa HCCKOJIBKO KaIlCJib BOJbI Ha 3arpA3HCHHYIO



MOBEPXHOCTh M HAKJIOHWJIA JIUCT, YTOOBI Kalld MOTJM CKAaTUThCA ¢ Hero. Kamiam Bojbl
3aXBaThIBAIOT YACTUYKHU TJIMHBI U, CKaThIBAsICh C JIUCTA, OCTABJISAIOT HA €r0 TPA3HOM MOBEPXHOCTH
YUCTHIC MOJIOCHIL.

BriBoj:

1. T'uapodriibHbIC BOJOKHA HA TIOBEPXHOCTH JIMCTHEB O0ECIICUNBAIOT €€ CMAaYMBACMOCTh,
KOTOpas TeM JIydlle, 4eMm 0oJiee mepoxoBaTa MOBEPXHOCTb.

2. I'uapoduibHBIC YaCTHIIBI TJIMHBI TIOTJIONIAOTCS KaIlIeH BOJBI, IOCKOJBKY UX aare3us K
MMOBEPXHOCTHU JIKCTA MEHbIIIE, YeM K Boje. Ouniaromuii 3¢ ekt Oyner AeicTBoBaTh 0 TEX IMOp,
MOKa Karjisi BOJbI HE HACBITUTCS TJIMHOW. DTO O3HAYAET, YTO W3OBITOYHBIE YACTHIIBI TIIMHBI
OCTaHYTCsl Ha TIOBEPXHOCTH JIUCTA.

3. Ecnu moBepXHOCTH JIMCTAa IOBPEAUTH, OHA YTPAYUBAET BOJIOOTTAIKUBAIOIINE CBOMCTBA.
Teneps Karim BOJbI OyIyT MPUIUNATH K TOBEPXHOCTH JIUCTA, XOTSI MX XUMHUUYECKHE CBOWCTBA HE
W3MEHUJINCh, U TIOBEPXHOCTH JIUCTA OY/IET JIETKO CMAaYMBaThCA. DTO OOBSICHSIETCS TEM, YTO Ha
MOBEPXHOCTH JIHCTa OBUIM pa3pylIeHbl MHUKpPO- WM HAHOCTPYKTYPHI, OOecredyuBaromue e&
BOJIOOTTAJKHUBAIOIIHE CBOMCTBA.

2.3. 'mapodudéM3aums MOBEPXHOCTH JIepeBa UM MUHEPAJIbLHOI0 BellecTBA.

B sToMm skcnepumeHTe MpHUAAIUM MOBEPXHOCTU JAEpeBa M IUIUTKE BOJIOOTTAIKHBAIOLINE
(rumpodoOHBIE) CBOMCTRBA, T.€. TPOBEAEM MX THAPOOH3AIIUIO.

[logoGpana nepeBsSHHYI0O U KaMEHHYIO TIOPUCTYIO TOBEpXHOCTh. Pacmpumna Ha
MOBEPXHOCTh IMAPOPOOU3UPYIONIHIT cOcTaB U3 OaJUIOHYMKA CIUIOMIHBIM ciioeM. [lonoxknana, moka
COCTaB IMOJHOCTBIO BBICOXHET. BomoorrankuBatonuii 3¢ GexT nposiBUTCS TOJIbKO Ha abCOIIOTHO
CyXOi TOBEpPXHOCTH. 3aTreM TuApoPOOH3UPOBAHHYIO MOBEPXHOCTHh MOJBEpria HCIHBITAHUSIM Ha
BO3JICHCTBUE PA3IMYHBIX KUAKOCTEH: BOJIbI, KOde U T.J.

VYBugena mposBIEHHE BOJOOTTANKHUBAOUIEr0 d3(dexrta ¢ YETKO  BBIPAKEHHBIM
oOpa3oBanueMm Kamenb. [lon neiicTBMEM CHII TOBEPXHOCTHOIO HATSXKEHHS BOJA CTPEMUTCS
MPHUHATH mapoobpasHyo GopMy, MOCKOIbKY Takas Gopma Hanbosiee BBITOJAHA SHEPTeTUYECKH —

IIpu MHHHUMaJIbLHOM Iomaju 1MmoBCPXHOCTHU Iap UMECT MAKCHUMAJIbHbIC 00BEM.

2.4. Co3panue HENMPOMOKAaeMOii TKaHM HA OCHOBe Y deKTa JI0TOCa

Jis  co3gaHusi HENMPOMOKAaeMOW TKaHM B3sja XJIONKOBYIO TKaHb, NpONHUTaNa €€

pacTBOpamu crienanbHbIX BemecTs [3,5,6,7], Boicyminia oOpasisl.

Cnoco6 1. J{ns nosydeHuss HEMPOMOKaeMON TKaHW BbIMAayMBaeM B T€UEHUE JIHS MaTepHajB
XOJIOJJTHOM PacTBOpE arerata Kanblus. s ero nojy4eHuss HeoOX0AMMO PACTBOPUTH KYCOUKHU MeJa B
CTOJIOBOM YKCYCE JI0 TNPEKpAaIleHUs BBIJEIEHUS ITy3bIPHKOB YIIEKUCIOTo raza. CiIuTh pacTBOp ¢
ocajka, pa30aBUTh €ro BoOJOW BABoe. TkaHb OTKaTh, BBHICYMIUTH Ipu Temmeparype 60°C. 3arem

MOJIOKUTh B MBLIbHBIN pacTBop, COCTOSIIUN U3 10 r meina u 200 mn BOJIbI, CHOBA OTKaTb, BbICYIIUTDH



npu temneparype 40°C. OnsaTh morpy3uTh B pacTBOP aleTaTa Kajblys, OTXKATh, BBICYIIHUTS.

Cnoco6 2. B 1 1 Boabl pacTBOpPHUTH IpH JerkoM nomemnBanuu 30 T Mblila, HarpeBasi pacTBOp

no 60-70°C. B Temuislii pacTBOp MOTrpy3uTh 00pabarkiBaeMblii Matepuan. Yepe3 20-30 muH AocTarh

€ro, CJIerka IpoIoJIOCKAaTh XOJIOJHOM BoJoH, morpy3uth Ha 20-30 mMuH B Temiblii 8-10% pactBOp

QIIFOMOKAJIMEBBIX KBACLIOB. 3aT€M MaTepuajl XOPOUIO MPOMBITh B XOJIOJHOM BOJIE, ONSTh OIPY3UTh Ha

10-15 muH B Teruislid pactBop MbuTa ¥ Ha 10-15 MUH B pacTBOp KBacCIOB.

Cnocod 3. Pacteopumm 20 1 xiest [IBA, 20 r mbiia B 200 M kurisiiei Boasl. Jlo0aBUTh K

pactBopy 30 T amroMokaimueBbIX kBacioB. Kornma cMeck octbuta mpumepro 1o 30°C, morpy3uTh B Hee.

HepeMemaTb TKaHb B cMecu B TeueHue 10 MuH I TIOJTYYCHU A 0oJice KauyeCTBEHHOTO IOKPBITHA.

[IpoMBITH TKaHb XOJIOIHOW BOJIOM, BBICYIIIUTH HA BO3/IYXE.

Cnocod 4. OOpabGoTaThb TKaHb YHHMBEpPCAIbHONW BOJOOTTAJIKUBAIOLIEH MPOMUTKOW IO

MHCTPYKIUH, TPEI0KEHHON Ha OalsIOHUHKE.

2.5. IIpoBepka ruapodoOHOCTH KAKA0H MOBEPXHOCTH

Ha oOpazery TkaHu, NPUTOTOBIEHHBIM MO KaXJA0OMy H3 CHOCOOOB, HaHecjda Karuld.

Ormpenenuiia BBICOTY W JAWAMETp Karlid, paccunTana no ¢opmyne (1). Pesynbrater 3aHecna B

Tabnuiy 1.

Omnpenenenre KpaeBoro yria CMauyluBaHUs

Taomuma 1

IIOBCPXHOCTHU U3 JIe3BUM

OO6pa3er TkaHH Huametp Bricota cos O Kpaesoii yron
Karuiy, Karuiy, o
cMauMBaHUA O,
MM MM

Croco0 1 3 1,5 -0,18 101
Croco0 2 4 5 -0,63 138
Croco0 3 3 4 -0,67 139
Croco6 4 4 3 -0,8 143
Monaens runpohobHoi 3 3 -0,6 126

Brison:

1. 3 napapuna wu nes3suit s OpUTBBI CO3JaHA MOJENb LIEPOXOBATOM IOBEPXHOCTH,

MMUTHUPYIOLIEH JIUCT JIOTOCA;

2. Cosz[aHa l"I/I,Z[pO(I)O6Ha$[ INOBEPXHOCTDH XJIOITKOBOM TKaHW, IPOIHUTaB €€ ClICHUAJIbHBIMHA

pacTBOPaMU BCUICCTB;

3. Onpenenen KpaeBoii yrojl cMauMBaHHs IS KaXI0# MOBEPXHOCTH, OH OKazajca Oombiae 90°,

9TO TOBOPHUT O TOM, YTO B KaKJIOM CJIy4dac ObLIa co31aHa I‘HI[pO(I)O6Ha$I MOBCPXHOCTh,




4, HauGonee runpoobHas MOBEPXHOCTb IIOJNYYaETCS NPU OOPaOOTKE TKAHH YHHBEPCATHLHON
BOJIOOTTAJIKMBAIOIICH TPONKUTKOM, a Takke NpH 00padOTKE aJFOMUHUEBBIM MBLJIOM U
nponutkoi u3 [IBA u anroMokaineBbIX KBaCLOB.

3akiIoueHue

OTtkpeiThIil  Ipoeccopom  Buierensmom  baptinorrom  «addekr moToca» BeI3BaT U
MIPOJIOJIKACT BBI3BIBATH OTPOMHBIN HHTEPEC BO BCEM MHpE.

JIJist 3aIUThl MOBEPXHOCTEH OT 3arpsA3HEHUS] WCIOJIB3YIOT IMOKPBITHS C THAPO(GOOHBIMU
cBorictBamu. [IpoBeneHHbIe HAOTIONEHUS M OTBITHI MOKA3aJIM, YTO Teja, obmamaroniue «3pheKTom
JI0TOCa» BCTpeYaroTcsi HewacTo. Ho moBepxHOCTH mocie 00pabOoTKH CHEeHaTbHBIMH JKHIKOCTSIMHU
CTaHOBATCA TUAPO(YOOHBIMHU, T.€. MOTYT 001a1aTh «3(PHEKTOM JIOTOCAY.

B xoze skcrieprMeHTa TUIIOTE3a O CO3JJaHWU MaTephalia ¢ 0COOBIMH CBOMCTBaMH, ObLIa

JI0OKA3aHa.
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