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HecmoTps Ha 3HAYUTENBHBIN MHTEpPEC UCCIenoBaTeNeii, o0neIeHeHe JIeTaTeIbHbIX allllapaToB, aBTO-
TpaHCIOpTa, CyA0B U 000pyI0BaHUs MMPU MOPCKOI HehTenoObIue OCTaeTCsl aKTyallbHON Mpo0JIeMOid.
B naHHoIt paboTe paccMaTpuBaloTcs (GaKTOpbl, CIOCOOCTBYIOIINE CHUXKEHUIO MTPOYHOCTU KOHTaKTa
JIbJA C TIOBEPXHOCTBIO TIPU MPUIOXKEHUN CIBUTOBOI HAarpy3ku. OCHOBHOE BHMMaHUE yAeJIeHO U3yde-
HUIO BIIMSTHUSI CKOPOCTU M3MEHEHUS CABUTOBBIX HATIPSKEHWI Ha pa3pyllIeHne Mexk(a3HOro KOHTaKTa
JIbJa C CynepruapooOHbIMU MOKPHITUIMU. J11 MIBMEpPEeHUs IPOYHOCTU aAre3MOHHOIO0 KOHTAaKTa B yC-
JIOBUSIX KOHTPOJUPYEMOTO U3MEHEHUSI TIPUIOXKEHHO# Harpy3Ku MCII0JIb30Bajlach METOIMKA, OCHOBAH-
Hasl Ha OTPBIBE JibJa C ITIOBEPXHOCTH IO JeficTBUeM LieHTpoOexHO# cunbl. MccnenoBaHue npoBoau-
JIOCh JiJ1s1 00JbIIMX aHcaMOJieit 0Opa3lioB B Auara3zoHe Temriepatyp oT —5 1o —20°C, 4To mo3BOJIUIO
KauyeCTBEHHO OLIEHUTb BIUSHUE KBA3WXKUAKOTO clios U 3¢ ¢dekTa PeOuHaepa Ha MOHUXEHWE CABUTOBOI
afare3noHHoOI poyHocTH. [lonmydeHHbIE pe3yabTaThl CBUACTEILCTBYIOT O TOM, YTO pa3pylIeHre KOHTaK-
Ta JIBAA C CYIepruapohOOHBIM IIOKPHITHEM ITPOMCXOINT IT0 CMEITAHHOMY BSI3KO-XPYIIKOMY MEXaHU3MY.
TIpu 5TOM NMpU CHUKEHUM TeMIIEpaTyphbl WM YBEINYEHUU CKOPOCTHU BO3paCTaHUSI HAarpy3Ku MPOUCX0-
JIUT TIEPEX0] OT BSI3KOT0 K XPYITKOMY pa3pylIeHUI0. DTU pe3yabTaThl YKa3bIBaOT HA MOTEHIIUATbHOE
YCKOpeHHe cOpachIBaHU JbAa IIPU YBEJIMYEHUU CKOPOCTU U3MEHEHUS CABUTOBBIX HATIPSIKEHUIA.

Knroueswie crosa: nbpooOHOCTD, CynepruapodoOHOCTh, CABUTOBAs aAre3MOHHas IPOYHOCTh, IMHAMUYecKast
Harpyska, BA3KO-XpyIKoe pa3pylleHue
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BBEOAEHWE JIET TTO3BOJIVJIU BBIAEIUTD Psifi (paKTOPOB, CITIOCOOCTBY-
IOLIUX CHVXXKEHWIO HAKOIJIEHW JibAa Ha TBEPIbIX TO-
BEPXHOCTSIX U OTIPEAETIUTh OCHOBHBIE XapaKTEPUCTUKU
MOBEPXHOCTEN, MO3BOJISIONINX CHU3UTh CTETIEHb 00JIe-
JNIEHEHUS MaTepUAIa B PA3JIMYHBIX YCIOBUSIX OTKPBITON

aTMochepHoOii SKCIUTyaTaluu.

HecMoTpst Ha 3HaUUTENIbHBIE YCUIUS UCCIeNOBaTe-
Jieil, paboTtamux B 06JacTu (pU3NKu aTMOC(hepHOTo
00JIeIeHEHUST U TEXHOJIOTUU CO3[daHusl TIPOTUBOOOJIE-
JEHUTEJIbHBIX NOKPBITHI, TpoOJieMa JaJlbHEUIIero co-
BEPIIIEHCTBOBAHMS 3alIUTHI OT aTMOC(epHOTo 00J1e-

JIEHEHMS OCTAETCSI MOCTaTOYHO ocTpoii. [lo-TipexxHemMy
PEryJsipHO IMOSBIsIeTCI MHPOpMaus 00 aBUALIMOH-
HBIX TIPOUCIIECTBUSX, CBI3aHHBIX C 00JIeIeHEHUEM
JieTaTeJIbHbIX afnrapaToB U UX anmapaTtypbl. ObJene-
HeHUe JIOOOBBIX CTEKOJ M KOHCTPYKLIMOHHBIX YacTei
aBTOTpPaHCIOpTa 3HAUYUTEIBHO YCIOXHSIET paboTy
MepcoHaia B CTpaHax ¢ XOJOIHBIM KIMMATOM U B psifie
c/lydyaeB NPUBOAUT K cO0I0 pabOTHI TpaHCIIOPTA U I10-
BBIIIEHUIO aBapUHOCTU. B cymoxomcTBe 1 mpu Mop-
cKoil HedTenoObIUe Te XK€ MPOOJIEMbl BHI3BIBAIOT,
C OJHOM CTOPOHBI, 3HAYNTEIbHbIE SKOHOMUYECKUE
MOTepH, C IPYToii, TaKXKe TMPUBOIST K aBapusM C ye-
JIoBeueCKMMU xXepTtBamu. MccienoBaHus mociaenHux

OnHOI 13 TaKUX BaXKHEUIINX XapaKTePUCTUK SIB-
JisieTcsl aare3us Jbia K UCCIAeAyeMOil MOBEPXHOCTU
[1, 2]. B obmieMm citydae paboTa, KOTOPYIO HEOOXOAMMO
3aTpPaTUTh Ha OTPHIB JbJa, UMEIOIIEr0 HEKOTOPYIO
IUIOIIAAb KOHTAKTa C TBEPHAOI ITOBEPXHOCTHIO, MOXET
3HAYUTEJIFHO IIPEBHIIIATh padoTy, 3aTpauyMBaeMyIo Ha
OTPHIB KaIlIA IIePeOXJIaXKICHHOMN XXKUIKOCTH C TOI Xe
rtonaapio koHtakTa [1, 2]. I1pu aTOM mpakTU4YecKu
HEBO3MOXHO pa3opBaTh KOHTAKT Jied — MOAJT0XKA
B oOpaTuMoM mnpolecce. B ¢BsI3u ¢ 3TUM aaresuio
JIba XapaKTepU3yIOT He pabOTol anare3uun, a MpoYHoO-
CTBIO aITe3MOHHOIO KOHTAKTa WUJIM CUJIOI, HEOOXOmM -
MOI1 111 CABUTA JIbAa OTHOCUTEIBHO IEPBOHAYATILHOTO
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nojaoxeHust. @akTopbl, KOTOPHIE BIAUSIOT HA MPOY-
HOCTb aJre3MOHHOT0 KOHTAaKTa Jibla K pa3IUuYHbIM
MaTtepuajiaM, ObLIU JA€TajJbHO PACCMOTPEHBI B HAILIUX
HemaBHUX 0030pax [1, 2], ¥ MBI He OyaeM 37ech Ha HUX
ocTaHaBIMBaTbCs. OTMETUM JIUIIIb, YTO OMHUM U3 HaU-
bonee 3(p(eKTUBHBIX METONOB CHUKEHUS IPOYHOCTU
aIre3MOHHOTO KOHTAKTa MEXIY MaTepuajoM U JIbIOM
SIBJISIETCSI IPUMEHEHME CYIepruapo¢OOHBIX ITOKPHI-
TUM. 3Jech MPUUYMHON 3HAYUTEIBbHOTO CHMXEHUS
MPOYHOCTHU aITe3UOHHOIO0 KOHTAKTa SIBJSIETCSI pe3-
KO€ CHIXXEeHHUE TIOIAIN pealbHOTO KOHTaKTa MEXIy
TBEPAOI IMOAJIOXKOI U JIBAOM, TP YCJIIOBUM COXpaHe-
HUS TeTePOTeHHOTO pexrMa cMaunBaHus. Hampumep,
€CJIM PEKAJICCLICHTHBIM 3Tal KPUCTAJIM3AaLU1 BOTHOM
(a3bl Ha cynepruapoPoOHOIt MOBEPXHOCTU IIPOUCXO-
JUT B OTCYTCTBUU 3HAYUTEJbHOIO TePECHICHUS Ma-
poB B aTMocdepe BOKPYT Jibla, HabIoaaeTcsl TeTepo-
TEHHBIN PEeXXUM CMaYMBAHUS IIOBEPXHOCTH JIBIOM. DTO
CIIOCOOCTBYET COXpAaHEHMIO peaJIbHOM IIOIIAaN KOH-
TaKTa Jiel — MOAJI0XKAa Ha YPOBHE MPOLIEHTOB OT KaXYy-
1Ieiics KOHTAKTHOH IuIolanay mogao abaoM [3].

KpomMme Toro, rugpodoOHbIe TTOBEPXHOCTU XapaK-
TEPU3YIOTCS CIA0BIM MEXKMOJIEKYISIPHBIM B3auMO/IeTi -
CTBHEM U C BOIOI1, M CO JIBAOM, YTO, B CBOIO OUYEePEb,
CHUXAET JIOKAJIbHYIO TTPOYHOCTD aAre3MOHHOTO KOH-
TakKTa JibAa C TOIIOXKONM B MECTaX pealbHOTO KOH-
TakKTa JbJa ¢ TBEPAbIM TeJoM. IIpu yMepeHHO HU3-
KUX TeMIlepaTypax OKpyXalollei cpeabl MeXIy JbIOM
U TuaApodOOHOI TBEPAOI MTOBEPXHOCTHIO (hOPMUDY-
eTCsA KBa3WKUIKasl BOMHAs IMPOCTOKA, BBITIOIHSIIO-
11ast poJib CMa3KM IPU CABUTOBOM ydajeHuu jabaa [1].

HakoHe1, npu ompeneleHHbIX TEPMOIMHAMUYE-
CKMX YCJIOBUSIX JIbIOOOpa30BaHME ITPOUCXOIUT B IBYX-
ATAITHOM IIpoliecce, KOrJa Ha IMepBOM dTarie (GopMU-
PYIOTCS KaTlIX TIepeoxIaXkIeHHOI BOIBI, a Ha BTOPOM
aTare MPOUCXOAUT UX KpUcTajum3anus. B takoit cuty-
aluu, 6arogaps OOJBIIUM YIJIaM CMaylBaHUS BOJOM,
MpUJIETAIONINIT K TBEpIOMY TeIy CJIOH JibIa OKa3biBa-
€TCS pa3yIJIOTHEHHBIM M3-3a (POPMBbI KPUCTAJIIIN3YIO-
LIMXCS KareJb U OOJIbIION J0JM BO3AyXa, OCTalolle-
rocst MeXIy KaruIsIMU C BBITTYKJIOIM ITOBEPXHOCThIO. Ko-
HEYHO, HanbHeliee (opMUpPOBaHUE JbAa YXKe ITOBEPX
MEPBOTO CJIOSI KPUCTAJIJIM30BaBILeiicsl BOIbl BEI3OBET
YILUIOTHEHUE JIbIa, OJHAKO OJIM>KAaNIIM K TTOBEPXHO-
CTU CJIOI MO-TIpekHeMy OyleT OoCcTaBaThbCsl pas3yIlIoT-
HEHHBIM, U, CJIEIOBATEJIbHO, €T0 aAre3us K IOBEepXHO-
CTH C BOIOOTTAJIKMBAIOIIUMU CBOICTBAMU OyIET Mo-
HIDKEHA.

3aech ciaenyeT MoAYepKHYTh, YTO XOTS JaHHBIE IO
BeJIMYMHAM ITPOYHOCTHU aAre3MOHHOI0 KOHTAKTa, Io-
JIydeHHBbIE B Pa3HbIX JIAOOPATOPUSIX IJIsl OAHOIO U TOTO
XK€ MaTepHalia, YKa3bIBaloT Ha HU3KYIO aATe3nIo JIbIa
K cynepruipo®oOHbIM MaTepuaiaM, CaMu BeJIMYMHbI
MMPOYHOCTU aAre3MOHHOTO0 KOHTAKTa MOTYT OTJIM-
YyaTbCsl HA MOPSIIKY BEIMUMHBIL. Tak, Ipu TeMneparype
oOpaszoBaHus u orphiBa Jibna 7 = —10°C B mpoliecce
CIABUTOBOTO OTPbIBa IMIPOYHOCTDH aAre3uu Jibaa K Cy-
nepruapoGoOHbIM MOKPBLITUAM C OOJBIIUMHU yIIIAMU

EMEJIBAHEHKO nu np.

CMaYMBaHUS MOXET BapbUPOBATHCS B OYCHD IMMPOKUX
npenenax ot 250 go 0.5 xIla [4—8]. Kak MHOroKpaTHO
obcyxnaioch B juteparype [9—14], Habnogaembie
pacXoXIeHUs B DKCIIEPUMEHTAJIbHO M3MEPEHHBIX
3HAYCHUSIX MOTYT OBITh CBSI3aHHI C PAIOM (haKTOPOB.
K takuMm hakTopam oTHOCSTCS YCI0BUST (hDOpMUPOBaA-
HUS JbAa, BAUSIONIME HAa ero MOp(OJIOTUIO, pa3Mep
00pasyloluxcs KpUCTaaJIuTOB, BpeMsi, IIpolIealee
OT MOMEHTA KPUCTaJUTM3alluH Jibla 10 U3MepEeHUs afl-
re3uu, 0COOEHHOCTU METO/A, UCTIOIb3yEeMOrO ISl U3-
MepEHUST MPOYHOCTU aAre3MOHHOTO KOHTAKTA.

Ecnu uccrnenyercs mMpoYyHOCTh KOHTAaKTa JIbaa
C MOJIMMEPHOI TIJIEHKOI, TO MaTepuaibHble (MOLYJb
IOHnra, Temmneparypa cTeKJIOBaHMSI U T.[I.) U TEOMETPU-
yecKue MapaMeTphl IJIEHKU (TOJIIMHA) TaKXKe UMEIOT
3HAYUTEJIbHOE BIMSIHME Ha U3MepsieMylo TPOYHOCTh
aJre3u0OHHOro KOHTakTa mpu casure [15]. OagHako
HegaBHUE uccienoBaHus [15] mokasanu, 4To 3HAYU-
TeJbHOE BJIUSIHUE HAa U3MEPSIEMYI0 MPOYHOCTh KOH-
TaKTa OKa3bIBAET U CKOPOCTH MPUJTOKEHUS CABUTO-
Boi1 Harpy3ku. Tak, npu ¢pukcupoBanHoit 7= —10°C
M TOJIMHE TUIEHKM 3j1acToMepa Sylgard 184 n3meHe-
HUE CKOPOCTU ABUXECHMS TOJKATENsl, CABUTAIOIIETO
JIEASTHOM LVUIMHIP € TIOBEPXHOCTH TJIEHKU ¢ Hapylle-
HUEM aJre3MOHHOI0 KOHTaKTa jien — ajactoMmep, ¢ 0.1
1o 0.025 MM/c TpUBOOUT K CHUKEHUIO U3MEPSIEeMOit
IIPOYHOCTH aAre3MOHHOro KOHTakTa Ha 15—42%.

B cBs13u ¢ oOHapykeHHOI B pabote [15] 3aBuCH-
MOCTbIO TTPOYHOCTHU aJAr€3UMOHHOTO KOHTAKTa JbJa
C TIOJIMMEPHBIMU TIJIEHKAMU OT CKOPOCTH IPUJIOXKE-
HUS CIBUTOBOI HATPy3KM MPENCTaBISIETCS BaKHBIM
OLIEHUTDb POJIb 3TOTO PaKTOopa TaKXKe MJIsT TPOYHOCTU
aJAre3MOHHOr0 KOHTaKTa ¢ CynepruapodoOHbIMU M0-
BepxXHOCTIMU. B maHHOIi paboTe OymyT IpeacTaBIeHbI
pe3yJbTaThl TAKUX MCCIENOBAHMUI C MTPUMEHEHUEM
YCTaHOBKH [6], UCITOIB3YIOLIEN LIEHTPOOEXKHYIO CUITY
IUTIST pa3pylIeHUsT aare3MOHHOTO KOHTAKTa Jibaa C Cy-
nepruapoGoOHBIM IMTOKPHITUEM. byneT moka3zaHo, 4To
TIPU pa3IMIHBIX TeMIIepaTypax sKCIepruMeHTa HabJTio-
IaeTcs YHUBepCalIbHOE SIBIICHIE 3aBUCMOCTH BEJIH-
YWHBI TIPOYHOCTH aAre3MOHHOTO0 KOHTAaKTa OT YIJIO-
BOTO YCKOPEHMUS Bpalllalollerocsl Ha LeHTpudyre Jbia.
Hab6ntonaemblii achexkT uMmeeT 60b110e 3HAUSHUE 151
O0OBSICHEHUS TTOBEIECHUS TIPOTUBOOOIEIeHUTETBHBIX
MOKPBITUI MPU PA3IMYHBIX CKOPOCTSIX BO3IYIITHOIO
MOoTOKa C MepeoxJiaXkXAeHHBIM BOIHBIM a3p030JieM,
MHOTOKpPAaTHO YIIOMWUHaeMoro B utepatype [16—18].

OKCIIEPUMEHTAJIbHAA YACTb

Kak oTMedanoch BbIIIe, MCCIEIOBAHNE CIBUTOBOM
MIPOYHOCTH aTe3MOHHOTO KOHTAKTa JIbAa B TaHHOMU
paboTe IPOBOIUIIOCH C TIPUMEHEHEM HEIaBHO paspa-
0OTaHHOI1 HAMU YCTAaHOBKU [6]. YcTaHOBKA TTO3BOJISIET
B YCIIOBHSIX TOYHOTO KOHTPOJIS TEMIIEPaTyPhl U BIIAXK-
HOCTH OKpYyXalolleil cpelbl KaKk B MOMEHT (popMm-
pOBaHM JIbIa, TaK 1 B MOMEHT €T0O OTPBIBA, B OTHOM
SKCIIEPUMEHTE OTIPENesiTh aAre3uto K TeCTUPYeMbIM
Ne3 2024
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BJIMAHUE YCIOBUM MPUJIOXKEHW A CABUTOBOM HATPY3KU

MOBEPXHOCTSIM OTHOBPEMEHHO 111 24 00pa310B Jbaa.
Cynepruapo¢o0OHbie 00pa3lubl U3 aJIOMUHUEBOTO
crtasa J116 umenu pasmepsl 60 X 10 X 3 mMm. MeTo-
IUKa U3TOTOBJICHUS CYyNepTHapodOOHBIX MTOKPHITHM
Ha aTIOMMHUEBOM CIUIaBe, OCHOBaHHAsl Ha JIa3epHOM
TeKCTYPUPOBAHUU TMOBEPXHOCTH C TOCIEHYIOIINM
ocaxnenuem CF;(CF,),CH,0(CH,);Si(OCH,); u3
napoB, ObUIa JeTaJIbLHO OMUCAaHa B Hallell padote [6].
VI1el cMauBaHUS M3TOTOBJICHHBIX 00Pa3IloB MCCIIe-
JoBauCh TTo MeToauke [19] ¢ mpumeHeHueM Hubpo-
BOIi 00paboTKU u3obpaxeHus: cuasieit karum [20],
VIJIBI CKATHIBAHUS ONIPEACIISIINCh Ha YCTAHOBKE, OITH-
caHHo B [21].

OcTaHOBUMCS BKpaTlie Ha MpoLeaype U3MepeHU i
MPOYHOCTU aAre3MOHHOTO KOHTAKTa JIbAa K UCCIIedy-
eMBIM oOpasuaMm. [IBeHanatb 0Opa3loB, KaXIblii U3
KOTOPBIX UMEJI 10 IBa y4yacTKa I (OpMUPOBAHUS
CTOJIOMKA JIbJAa U U3MEPEHUS ero aare3nuu K oopasily,
3aKpEIUISUIMCH T10 TIEPUMETPY Bpalllalolerocs I1ucka,
pa3MelleHHOIo B KiInMaTu4eckoit kamepe. Ha kax-
IBIi1 Y3 y4aCTKOB MOMeEIIANach MOJUIIPOIIUICHOBASI
BTYJIKA C OTKPHBITBIM BEPXOM, B KOTOPYIO TIpY KOMHAT-
HOM TeMIlepaType 3aIMBaioch 250 MKJI TeMOHU3UPO-
BaHHOU Boabl. [uapodoOHbIe CBONCTBA BTYJIKHU U CY-
nepruapodoOHOe COCTOSTHUE TOAIOXKHU obecreun-
BaJId TEPMETUYHOCTh ITPOCTPAHCTBA BHYTPU BTYIIKH,
TaK 4TO 3aJIUTasl BO BTYJIKY BOA He BHITEKaja 3a CUET
KaIlMJIJISPHOTO AABJICHUSI B 3a30pe MEXIY BTYJIKOM
¥ nomioxkoit. Inolans KOHTaKTa JIbaa ¢ CyMepru-
IpodOOHOI MOBEPXHOCTHIO B TAKOIM BTYJIKE COCTaB-
asia 6.36x107° M2 Bcero B OMHOM 3KCIIEPUMEHTE
HCIIOIb30BaJIOCh 24 BTYJIKU, OIpeaeIeHue MOMEHTOB
OTpBIBa KOTOPHIX OKAa3bIBaJIOCh BO3MOXHBLIM OJIaro-
Japsi CTpOOOCKONMYECKOMY TUITY OCBEILeHUS Bpalla-
foruxcst o6pasioB [6]. TeMneparypy B KIMMaTrde-
CKO1 Kamepe noHmkamm 10 —27°C, BeIIepXXUBaIN 10
MOMEHTA KPUCTAJIJIM3aLMU BObI, Jajiee TeMIepaTypy
MOJHUMAJIU A0 LieJIeBOM 11 KOHKPETHOTO 3KCIIepu-
meHTa. OTMETUM, UYTO JJIsI MHOTOUYUCIEHHBIX TPOBeE-
JEeHHBIX HAMU 3KCIIEPUMEHTOB MOMEHTBI KPUCTAJIIN-
3allMy BOAbI B pa3HbIX BTYJIKaX OTIMYAIUCh He OoJiee,
YeM Ha CEMb MUHYT.

[Tocne gOCTUXEHUS LieJieBO TeMIlepaTyphbl 00-
paslbl BBIAESPKUBAIUCh TTPU (PUKCUPOBAHHOI TeM-
neparype B TeueHue 2 yacoB. Takoi JByXdTaIHBbIi
Mpoliecc KpUCTAUIM3alM1 TTO3BOJIST OBICTPO KPU-
CTaJIIM30BaTh BOAY MPU HU3KUX OTPULIATEIBHBIX TEM-
nepaTtypax Jaxke Ha cynepruapodoOHOoi MoaIoxXKe.
HanomMHuuMm 3aech, 4To cynepruapodoOHOe COCTOsI-
HUE TBEPIbIX MIOBEPXHOCTEH MPUBOAUT K 3HAYUTEb-
HOI1, 10 MHOTHUX JAECSITKOB YacOB, 3alepKKe KpHUCTa-
JIM3aliMM BoAbI IIpu Temmneparypax 1 > —15°C, onHako
JajbHelilee noHmwkeHue temieparypsl 1o —20°C cHu-
JKaeT BpeMsI 3aIepXXKKU KPUCTAJUTM3ALMH YKe 0 TeCAT-
KOB MUHYT [2]. UMeHHO 3TO 0OCTOSITEILCTBO U OBLIO
MIPUYMHON OBYX3TAITHOTO IpoIiecca KpUCTAIT3aNN
IpY HEOOXOTUMOCTH MCCIIeNOBATh OCOOEHHOCTH OT-
pbIBa JibAa OT CynepruapodoOHbIX MOIJTOXEK MPU He
Ne3 2024
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OYeHb HU3KUX OTpULIATEeNbHBIX TeMnepaTypax. [Tocre-
aywoliasi JJINTeNIbHash BbIAEpXKKa MpU LieJIeBOi TeMIie-
patype nmo3BoJisiia B 3HAYUTEJIbHON CTeNEHU PEIINUTh
JIBE 331a4l. DTO BO3MOXHOCTb IOCTUYb pelaKcalluu
HaIpsDKeHWH, BO3HUKAIOIINX Ha MexX(a3HOM rpaHUIIe
Jien — cynepruapo@ooHoe MOKPBITUE B MPOLIecce KpU-
CTaJUIM3alMU MPU CUJIBHBIX MepeoxaaxkneHusx [22, 23]
U CHUXKEHME TUIONIAAN KOHTAKTA JieJ, — MOMJIOXKaA 3a
CUeT cyoJMMalui MeTaCTaOUJIbHBIX JIEASTHBIX MOCTU -
KOB, (hOPMUPYIOIIMXCS BO BIIaAnHaX peiabeda MoKpbl-
THS Ha peKaJIeCLIEHTHOM CTaauy KpUCTAIIU3auu [6].

B MOMEHT oTphIBa BTYJKH CO JILAOM OT MTOBEPXHO-
CTU BpallamlIerocs obpasia cyMmMapHas cuia, nei-
CTBYIOIIIAsl CO CTOPOHBI 00pa3iia Ha MOMIOXKKY, OIpe-
JIeJISIeTCsS CyMMOM TaHT'€HIIMAJIBbHOTO U HOPMaJIbHOTO
ycKopeHuit. OTMETUM, YTO HOPMaJIbHOE YCKOpEeHUE
OIpeneNseT LEHTPOOEXKHYIO CUly F,, IPAIIOXEHHYIO
K €IWHUIIE MacCHl BTYJIKH. [1p1 MaIbIX YIJIOBBIX YCKO-
PEHUSIX, KOrla TaHTeHLIMaIbHAsl COCTABIISIONIAsT CUJIbI
MHOTO MEHbIIIe HOPMaJIbHOI COCTaBJISIONIEH, UMEHHO
LHeHTpoOexXHasl cujla OyIeT OIpeAessTh CIBUTOBYIO
MIPOYHOCTH aATe3MOHHOTO KOHTaKTa. [1pm aTOM 3Ha-
HUe TaHTeHILIMaJILHOTO YCKOPEHUS BpallleHUsl AucKa
¢ o0Opa3iaMu 1 orpezesieHue YacTOT BpallleHus LIeH-
TpUGyru, IPU KOTOPBIX MTPOUCXOAUT OTPHIB KaXkKIOTO
13 00paslioB, MTO3BOJIAECT OTIPENETUTD IMMOJTHOE 3HAYE -
HUE CIBUTOBOM MPOYHOCTU aAre3MOHHOTO KOHTaKTa CO
JIBIOM JJIs1 Kaxkaoro u3 oopasuos. [Ipu aHanuze pe-
3yJIBTATOB SKCIIEpUMEHTA B JaHHOI paboTe YIMTHIBA-
JICH TOJIBKO T€ 3HAYEHMS, KOTOPHIE COOTBETCTBOBAIIN
OTpBIBY 00pa3lioB no MexdasHoil rpanuue. Ciydyau
KOT€3MOHHOI'0 pa3pylIeHus JeIsIHOTO CTOJ0rKa He
IpUHUMANKCH B pacueT. [Iprumep 00pabOTKM JaHHBIX
3KcIiepuMeHTa TipuBeneH B [lpuinoxennu. MHOTO-
YHUCJIEHHbIE SKCTIEpUMEHTabHbIE UCCIEI0BAHMS TI0-
Kazajau, YTO MeXaHUYeCcKoe MOBeACHUE JIbIa 3aBUCUT
OT CKOpOCTH AedopMaliuu Kak B o0beme [24—27], Tak
¥ Ha Mexdas3Hoit rpanune [13, 28]. Ha ncronnzyemoit
HaMM YCTaHOBKE CKOPOCTb MPUJIOXEHUS HArpy3Ku
OnpeessieTcsl YIJIOBbIM YCKOPEHUEM LIEHTPpUGYTH, KO-
TOPOE 3aMAeTCs Mepen KaKIbIM dKCIIepUMEeHTOM. s
TMOATBEPKACHUST 3aBUCUMOCTH U3MEPSIEMOM CABUTO-
BOIi MPOYHOCTU aAre3MOHHOTO KOHTaKTa OT CKOPO-
CTU MPWIOXEHUS Harpy3ku K MexX(a3zHOMY KOHTaKTy
M3MepEeHUs TIPOBOAMINCH TIPU PATMIHBIX YTIIOBBIX
YCKOPEHMSIX IIEHTPUMYTH C JISATHBIMU 00pa3aMy Ha
cynepruapo@oOHbIX MOAJ0XKaX B MHTepBaJie 3Haye-
Huii yckopenus 0.27—19.5 pan/c?. Bo Bcex aKcrepu-
MEHTaX, IPOBOAMMBIX IIpU Tpex Temmeparypax (—3,
—10 1 —20°C), BJIaXXHOCTb BHYTPMU KJIMMaTUUYECKO
KaMepbl MoJJepXuBajiach B MHTepBaje 3HAUYCHU
RH =45-60%.

PE3VIJIBTATBI 1 OBCYXIEHUE

TunuuyHasg Mopdosorusl MOBEpPXHOCTU CYIIEepTU-
IpodoOHBIX 00pa3lOB, UCIIOJIb3YEMBIX B JaHHOM
WUCCleNoBaHUN, MpeacTaBieHa Ha puc. 1. O6pabdborka
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229619 pym

-37.4821 pm

Puc. 1. M300paxeHue npoduiis MOBEPXHOCTH cynepruapodooHoro oopasua, moay4yeHHOe ¢ IpUMeHeHEM KOH(MOKAalb-

HOro MMKpoOCKoOIIa.

(a) ) (B)

Puc. 2. O6pa3ibl Jbpga BO BTYJIKax IMOCJIE OTPHIBA OT
maakoit tuapodoo6Hoit (a) u cynepruapodo6Hoii (6, B)
TMOBEPXHOCTENA.

M300paxkKeHH, IMOTyYEHHBIX C IPUMEHEHEM KOHGO-
KaJIbHOTO MUKDPOCKOTIA, JaeT CICAYIOIIMe ITapaMeTphl
1IEPOXOBATOCTHU MOBEpXHOCTHU, cornacHo ISO 25179:
S\atio = 3.09; 5, = 104 mxmMm; S, = 9.8 Mxm. IIpencras-
JIeHHOE M300paxkeHue W TUMMUYHBIN mpoduib 1mo-
BEPXHOCTH IIOATBEPKAAET HePAPXUUECKUI (MHOTOMO-
TMaJbHBIN) XapaKTep TeKCTYphl, COOPMUPOBAaHHOM Ha
[IOBEPXHOCTH B PE3YJIbTaTe B3PBIBHOM J1a3epHOI abJ1si-
LIMH.

HccnenoBaHmst cMauMBaHUS TIOMTOXEK, UCITOTB3Y-
€MBbIX B 9KCIIEpUMEHTAX, MTOKa3aJId XOPOIIyI0 BOCIIPO-
W3BOIMMOCTD YITIOB CMAaUMBaHUs U CKATBIBAHUS IS
6o0sb1110r0 Habopa 06pas3ioB. Tak, 3HaUEHUS YIJIOB
CMauuBaHMS Ha 12 CBEXENMPUTOTOBJIEHHbIX 0Opa3iiax,
HCITOJIb3YEMBIX B TAHHBIX 3KCIIEPUMEHTAaX, BapbUPO-
Banuch oT 170.9° no 172.3°, a yriibl cKaTbIBaHUsI He
npesbimanu 1.8°. Tlocae mpoBeneHus NOJIHOM cepun
BKCMEPUMEHTOB, B KOTOPOI OT KaXXI0Oro U3 oopasioB
nenm oTpeIBajica 60 pa3, CpeqHMit yroa cMauMBaHUS TI0
BceM obOpa3suam coctabisi 170.2 = 0.5°, a cpenHuit
yroJ cKaTblBaHUs Bo3poc a0 5.1 + 1.7°.

BusyanbHoe uccienoBaHue Jibaa B MOJUNPOTIUIE-
HOBOI1 BTYJIKE TIOCJIE €€ OTphIBa OT oOpasua (puc. 2)

oKa3ajo, YTO XOTs CTOJOUK jJbda B 00beME OCTa-
BaJICSI TIPO3pAYHBIM, caMa MTOBEPXHOCTh, KOHTAKTH-
poBaBllas ¢ cynepruapodoOHoi MOAI0XKKOM, ObLIa
MaTOBOM M3-3a liepoxoBaTocTu (puc. 20, 28). OT™me-
THUM, 4TO TIOCJI€ OTPhIBA OT MIAJKON ruapodoOHOM
MOJJIOXKKHM TTOBEPXHOCTD JIbla OCTaBajlach Mpo3pay-
Holi (puc. 2a).

Bboiiee neTanbHbIN aHAIWU3 C MPUMEHEHUEM OITH-
YeCKO MUKPOCKOIUY TTOATBEPANII, YTO MPU KPUCTAJI-
JIN3AlIMM BOJIBI TTOBEPXHOCTH Jiba MOCJe ero OTphIBa
oT cynepruapo¢oOHOro odopasua B 3HAUYUTEIbHOM
CTerNeHU BOCTIPOU3BOAUT peJibed 11epoxXoBaToii Moj-
JIOXKU. [Ipy 5TOM OTPHIB JibJa MPOUCXOIUT 3a CUET
pacIpoCcTpaHeHUs] TPEIIVHBI BAOJb MeX(a3HO 1o-
BEPXHOCTH JIe[l — MOMIOXKA, YTO 00eCIeUYnBaET CO-
XpaHEeHMEe IIepOXOBATOCTH JIbIA IIPU OTPBIBE. AHAJIO-
TMYHOE COXpPaHEHHUE OTIIeYaTKa TeKCTYPhl MOMIOXKH
Ha MOBEPXHOCTH Jib/a MPU aiTe3UOHHOM pa3pylIeHUU
KOHTAaKTa paHee yXe OTMeUaJioch B JIMTepaType Mpu
OTpBIBE JIBIA OT IJIETEHOU cTallbHOI ceTKU [29]. 3nech
clieoyeT elle pa3 MOJYEepPKHYTh, YTO 3HAUYUTEIbLHOE
(HO He II0JIHOE) BOCIIPOU3BeIeHUE peibeda cyrepru-
IpodOOHOM MOMTOKKHU TTPOUCXOTUT IMTPU KPUCTAJIIIU -
3allMM BOIBI 32 CUET AeCYOIMMALIMU TTePEChIIIEHHBIX
BOASHBIX TTApOB B BOJOOTTAJIKMBAOIIME MMOPHI pe-
abeda. Takoe nepechillieHUe BOKPYT XXHUJIKOTO MEHU -
CcKa BO3HMKAET Ha 3Tare peKaleCLieHTHON KpucTai-
JIN3allMM, KOTla 3a cueT OBICTPOro BbIAEACHUS Tera
Mnpu o0pa3oBaHUM 3apoIblllcii TeMepaTypa Kariu
OKa3bIBaeTCSl 3HAUUTEIbHO BbIILIE TEMIIEPATYPhl OKPY-
xarouieit cpensl [3, 6]. [TockoJIbKy BO3HMKAIOIIIEE T1e-
pechlllieHue U Jjen, (popMUpPYIOLIMIACS BO BIIaanHaX
penbeda B YCIOBUSIX 3TOTO MEPeChIllieHUs, OKa3biBa-
IOTCSI METacTabMJIbHBIMY MPY BbIPABHUBAHUU TEeMIIe-
paTyp MOMJIOXKM U JibJa, TTOC/e OKOHYaHUSI KprCTal-
JIU3alliy HAaUMHAETCS MPOLEeCC CIIOHTAaHHOI cy0Ou-
MallMHU JIbJa U3 JeASTHBIX MEHUCKOB U MOp pebeda

KOJIIOUJIHBIM )KYPHAL  Ttom 86 Ne3 2024
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VrnoBoe yckopeHue, pan/c?

Puc. 3. 3aBucuMoCTy M3MEPEHHOM MMPOYHOCTH aATe3MOHHOTO KOHTAKTA JIbIa K CYyNnepruapodoOHOii TTOBEPXHOCTH (a)
M CPEeIHEro BpeMEHH OTPhIBA (T.€. BpeMEHU OT Hayajia BpallleHHUs 10 MOMEHTA pa3pylIeHUs] aAre3MOHHOIO KOHTAKTa) s
24 06pa3uoB (0) OT BETUUMHBI YIJIOBOTO YCKOPEHUS LEHTPUDYTH.

C COOTBETCTBYIOIIUM CHIKEHHEM TIPOYHOCTH aire3n-
OHHOTO KOHTaKTa [6, 30].

PaccmoTpum Tenepb 3KcneprMeHTaIbHO OOHaApyY-
JKeEHHO€ HaMU BJIIMSIHUE CKOPOCTHU MPUJIOXEHUST Ha-
TrPY3KM Ha pa3pyllieHue Mexk(a3zHOoro KOHTaKkTa Jiea —
cynepruapodoOHasi HOBEpXHOCTb. 31eCh CleayeT YIo-
MSIHYTb JBa MEXaHW3Ma yIaJICHUS Jibla C TTOMJIOXKH.
C oaHO# CTOPOHBI, 3TO MOXET OBITh MEIJEHHOE
CKOJIbXEHHUE JibJla 10 KBAa3UXXUAKOMY CJIOIO, CYIIle-
CTBYyIOLLIEMY Ha MeX(da3HO MOBEPXHOCTU Jie[l — MO~
JIOXXKa TIpU HE OYeHb HU3KUX OTPULATEIbHBIX TEM-
rneparypax v TOJIIMHAX XUIKOTO CJIOS TTOpSiAKa BbI-
cOoThl TeKCTyphl [1]. TIpu aTOM clieHapuu yaajaeHuUs
JIbJAa C TOBEPXHOCTU MPOYHOCTD aAre3MOHHOIO KOH-
TaKTa OKa3bIBAETCS MAJIOM, MOCKOJIbKY OTPEaEIsIeTCS
B 3HAYUTEILHOM CTETIEHU TPEHUEM JIba O MOIJIOXKY
yepe3 KBa3UXUIKYIO MPOCIONWKY B PEXUME THIPO-
JTUHAMUYECKON cMa3Ku. 31eCh BaXXHO OTMETUTh, UTO
IUII IOBEPXHOCTEN C MEepPapXMUECKOM LIEPOXOBATO-
CTblO, KaK MpaBUJIO, BbICOTA peibeda COCTaBISIET MU-
KPOHBI U JIeCITKU MUKPOH, a 3TO 3HAYUT, YTO TUIPO-
JIUHAMUWYECKUI peXUM CMa3KU MOXET UMETb MECTO
npu TeMmrieparypax, He Huxe —1°C, Korma ToiamuHa
KBa3MXUAKOro cjiosl Beiuka. C OIpyroili CTOpPOHHI,
pa3pbIiB MOJIEKYJISIDHBIX KOHTAKTOB 4yepe3 Mexdas-
HYIO TpaHUIly U IBUXEHHE Pa3HOTO poja 1e(heKTOB
BOJIM3U 3TOM TPaHMIIBI IO IefiCTBUEM MPUIOKEHHOMN
CIABUTOBOI HAarpy3Ku Y BO3HUKAIOIIUX BO JIbAY YIPY-
TUX HaMpPSKEHUSIX BeAyT K paclpoCTpaHEHUIO Tpe-
wuH. Korna pa3mep TpeliuH 10CTUraeT KpUTUYECKUX
Ne3 2024
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“rpudpurcoBckux” pasmepos [31], mIpoucxomuT oT-
PBIB JIbAA OT TOITOXKH.

DKCIepuMeEHTaTIbHO U3MEpPEHHAs! 3aBUCHUMOCTb
CIBUTOBOW MPOYHOCTU aATe3MOHHOTO KOHTAKTa OT
YIJIOBOTO YCKOPEHUS LUEeHTPUMDYIU, KOTOPOE Xapak-
TEpU3yeT CKOPOCTb MPUJIOXEHUSI HATPY3KHU (CKOPOCTh
W3MEHEHUS LEHTPOOEXKHOM CUJIbI) K BTYJIKE CO JIbIOM,
npeacTaBieHa Ha puc. 3a. JlaHHble ObUIA MOJy4YeHBI
MpU TpexX TeMmIiepaTypax Ha OOHUX U TeX Xe oOpas-
nax. 31ech cienyeT OTMETUTh, UTO cjiabasl nerpaaa-
ous cynepruapo¢oOHOro CocTosiHUsI, 0OHapyXeH-
Hasl 10 U3MEHEHMIO CMauMBaHUS Ha 0Opasiiax mocie
3aBeplICHUS 9KCIIEPUMEHTOB MO OTPBIBY JbAa, MOTJIa
MIPUBOINTH K YBEJTMUESHUIO IIPOYHOCTH anre3MOHHOTO
KOHTaKTa C yBeJIMYEHUEM YMCIIa OTPHIBOB JIbAA OT I10-
BepxHOCTU. OIHAKO B HAIlIMX 3KCIEPUMEHTaX 3HAUYU-
MOTO BO3pacTaHus aare3uu He Habsmwonaiock. Ha 31o
yKa3bIBaJl TOT (haKT, YTO U3MEPEHMS TTPU OMMHAKOBBIX
YIJIOBBIX YCKOPEHUSIX U TeMIepaTypax MpOBOAWIUCH
MHOTOKPATHO, U pe3yJbTaThl UBMEPEHMUS, HATIpUMeDp,
Ha nepBoM, 20-M 1 57-M LMKJIaX OTPbIBA HE OTJIMYa-
JIMCH B TIpeneliax pa3opoca, orpenensieMoro mo 24 o6-
pasliaM B OTHOM LIMKJIe OTPhIBA.

CaMple HU3KHME 3HAYEHUS CABUTOBOI IPOYHOCTH
a[re3MOHHOTO KOHTAKTa IUISI KaXION UCCIeNOBAHHON
TeMIIepaTyphbl OTpbIBa HAOIIOAAINCH MIPU CaMbIX HU3-
KHX YIJIOBBIX ycKopeHUssX. OMHOBpeMeHHO BpeMeHa
OTpbIBa JbAa MPU HU3KUX CKOPOCTIX BO3pACTAHMUS
MPUIOXKEHHOI HArpy3Ky OKa3bIBaJUCh CAMBIMU U -
TeJbHbIMU (puc. 36). Kpome Toro, npeacraBieHHbIE
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Puc. 4. Cxema K 00CyXIeHMI0O MexaHu3Ma (HOpPMUPO-
BaHUS TPEIIMHBI Ha MeXda3Hoil rpaHulie Jen — Moa-
noxka. 3nech QLL o603HauaeT KBa3WKUAKUIA BOTHBIM
CIIOHA.

JIAaHHbIE YKa3bIBAIOT Ha TO, YTO KaK MTPOYHOCTH aJre3u-
OHHOTI'O KOHTaKTa JibJa ¢ cynepruapodoobHoii MoBepx-
HOCTbBIO, TaK M BpeMsI pa3pyllieHUs] KOHTaKTa YBeJIU4u-
BAIOTCS ¢ TIOHIDKEHUEM TeMIlepaTyphsl. [1pu 3ToM st
TeMneparyp, 6osiee OJIM3KUX K TeMIepaType TPOMHOM
TOYKH, B HalleM ciaydae npu —5°C, MpoOYHOCTD aire-
3UM TIPAKTUUYECKU TePECTaeT 3aBUCETh OT YIJIOBOTO
YCKOpEHMsI IucKa ¢ obpasliaMu yXe MpUu CpaBHU-
TEJIFHO HEOOJBIINX CKOPOCTAX N3MEHEHUS HAarpy3KH,
COOTBETCTBYIOILUX YIJIOBBIM YCKOPEHUAM 2 pan/c?.
[Tpu MoOHUKEHUN TeMIlepaTypbl 3aBUCUMOCTb OT CKO-
POCTU M3MEHEHMST CIBUTOBOM HATPY3KH IPOSIBIISETCS
Ha 0O/bllIeM MHTEpBaJle YCKOPEHUI, U TIpU TeMIiepa-
Type —20°C IIpOYHOCTh aAre3uy IMpakKTUIECKU IIepe-
CTaeT BO3pacTaTh C POCTOM YIJIOBOTO YCKOPEHMS yKe
[IPU YCKOPEHMUSIX, TIpeBbimanmmx 8 pan/c?. IIpu stom
BpeMs pa3pylieHns MexXda3HOro KOHTaKTa MPOI0I-
XKaeT yMeHblnarbcsi. OOHapykKeHHOe B 3TOi paborte
BIMSTHUE CKOPOCTH BO3pacTaHMs MPWIOKEHHOM Ha-
TPY3KH Ha CABUTOBYIO NMPOYHOCTh AATE€3UU XOPOIIIO
comlacyeTcsl ¢ OTMe4YaBIIMMCS B JIUTepaType paHee
BJIMSTHHEM CKOPOCTHU Harpy>XeHMs Ha IIPOYHOCTDb 00h-
€MHOTO JIbJia MPU PaCTSKEHUU, CXKATUU U caABUTE [25,
32, 33]. Takum oOpa3oM, MOJTyYEeHHBIE 30eCh SKCIIE-
pUMeHTaJIbHbICe JaHHbIE (puc. 30) yKa3bIBAaIOT HA OXU-
JaeMoe YCKOpeHUue cOpachlBaHUS JibJa C CyNepTruIpo-
(oOHOI1 TTOBEPXHOCTH JIETATEILHOTO alllapara Ipu
€ro pasroHe.

OO0cynuM MexaHM3Mbl HaOJII0IaIOIErocs N3MeHe -
HUSI IPOYHOCTU aire3MOHHOTO0 KOHTAaKTa JibAa C Cy-
nepruapoGOOHBIMI MOKPBITUSAMH TIpU Bapualluu

EMEJIBAHEHKO nu np.

TeMITepaTyphl M CKOPOCTH HarpyxeHus. B ciydae mpu-
JIOXKEeHWsI CIBUTOBOI Harpy3Ku K o0pasiry Jibaa, KOH-
TaKTUPYIOLIETO ¢ CYNepruapo@oOHOil MOBEpXHOCTHIO,
3JIEMEHTHI TEKCTYPHI TTOMIOKKH, HEITOCPEICTBEHHO
KOHTaKTHPYIOIINE CO JIBAOM, SIBJISIOTCS KOHIICHTpA-
TOpaMM HanpskeHuit (puc. 4).

IIpu 3TOM yyacTKM Tpex(a3HOro KOHTaKTa, BO3-
HUKAIOIINE Ha Cynepruapo(OOHBIX TOBEPXHOCTSIX 3a
CYET reTepPOreHHOTO XapaKTepa CMAaUMBAHUS TEKCTYPhI
BOJOI/TIBIOM, MOXHO PacCMaTPUBaTh, KaK BEPIIMHBI
€CTECTBEHHBIX MUKPO/HAHOTPEIINH Ha MeX(pa3HO
rpanune. Kak ykaspIBajoch BBIIIE 1 MHOTOKPAaTHO
OTMeuasjaoCh B JuUTepaType, Mpu He OYeHb HU3KMX
OTpMLIATEIbHBIX TEMIIEpaTypax Ha MexX@a3HbIX IMO-
BEPXHOCTSIX Jiell — MapoBasl ¢aza u Jied — MOAJI0XKa
(opmupyeTcst KBa3uKUIKUM ciioit [1, 34], TonmuHa
KOTOPOro 3aBUCUT OT TeMIEPaTyphl U ONpeAeasieTcs
MOBEPXHOCTHLIMM cujiamu [35—39]. Kpome Toro, no-
CKOJIbKY BEJIMYMHA U 3HaK MOBEPXHOCTHBIX CHUJT B TOH-
KUX KUIKHUX TIPOCIOMKaX 3aBUCUT OT KPUBU3HBI MO-
BEPXHOCTHU, IMPU OAMHAKOBOI TeMIlepaType TOJIIINHA
KUIKOM MPOCIONKY OyIeT pa3IndaThCsl Ha BBITYKJIBIX
Y BOTHYTBIX 3JieMeHTaxX TeKCTyphl [40—42]. TeopeTu-
YeCKUM aHaJIn3 MoKa3aJjl, YTO Ha BHITYKJIbIX TTOBEPX-
HOCTSIX XXUAKHUE TJIEHKU MeHee YCTOMYMBEI U TOJIIIUHA
MX MEHbIIIE, YeM Ha TIockux. Hampotus, Ha BOTHY-
TBIX IOBEPXHOCTSIX TOJIIWHA PABHOBECHBIX XKMIKUX
IUIEHOK OOJIbIIe. DTO MO3BOJISIET MPEAONIOKUTh, YTO
M3-3a BBICOKOI KPUBU3HBI JIEMEHTOB TEKCTYPHI Cy-
nepruapo@oOHOro MOKPLITAS TOJIINHA KBa3XKU/I-
KOTO CJIOSI Ha BEPLIMHAX BBICTYIIOB, KOHTAKTUPYIOIIUX
CO JIBIOM, OyJeT 3HAUUTEIBHO MEHBIIIEH, YeM Ha Jies -
HBIX MEHUCKAaX BO BIagWHAaX TEKCTYPHI U 4YeM Ha 6o-
KOBBIX CTEHKaX TeKCTYpbl. TakuM oO6pa3om, dyarogapsi
BO3MOXHOCTU (DOPMUPOBAHUST MOJIEKYISIPHBIX KOH-
TaKTOB MEXY JIBIOM U MOMJIOXKOM 1U3-3a MAJIOK TOJI-
IIMHBI KBa3WXXUAKOIO CJIOsI, HauboJibluasi yaeabHast
MPOYHOCTD aATe3MOHHOIO KOHTAKTAa JIbIa C TEKCTYPOU
MOMJIOXKHU OyIeT HaOMI0IaThCsl UMEHHO Ha BEpIIMHAX.
Yto KacaeTcs BIaauH peiabeda, To TaM B psijie ClieHa-
pUeB KpUCTAJUIU3allnU Jien He oOpasyeTcs..

DKcnepuMeHTallbHbIe uccieaoBanus |3, 12, 43] mo-
Ka3ajiu, 4YTO 3aMOJHSIEMOCTb BIIaJAWH JIbAOM 3aBUCUT
OT CTETNeHU TePeOXTAKACHUS XKUAKOCTU MPU KPUCTaI-
JIU3a1MU, BIAXHOCTH aTMOCGhEPHI U OT BPEMEHU, MPO-
LIEIIEeTO MOCe KPUCTalan3aluu MeHucKa. Takum
00pa3oM, He 3aMOJIHEHHAs JIbAOM YacTb OBEPXHOCT-
HoOro peibeda urpaet posib MUKPOTPEIIUH, POpMUPY-
IOIIMXCS €llle A0 MPUJIOXEHUS CIBUTOBOM HArpy3KHu.
BaxxHO OTMETUTBh, YTO UEPAPXUUYHOCTH TOBEPXHOCT-
HOTO penbeda, HEOMHOBPEMEHHOCTh KPUCTALIU3AIIMU
BOJIBI BIOJIb BCeli MexX(a3HO TpaHMLIbI C TTOMIOXKOMN
¥ 3HAYUTEIbHOE BO3pacTaHue o0beMa BoAbl npu (da-
30BOM Tepexone Boaa — Jied NpUBOASAT K BOSHUKHO-
BEHUIO HaNpsIXKEHWU BOJIM3U BEPIIUH DJIEMEHTOB
TEKCTYpPHhI YK€ Ha 3Tane Kpucraiiusauuu. CoznaHue
CIBUTOBOM Harpy3Ku mof AeiiCTBUEM LICHTPOOEXXHOM
CUJIbI CITOCOOCTBYET NajibHEellleMy pOCTY TPEILIUH,
Ne3d 2024
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KOTOpPBIE OYIYT PacIpoOCTPaHITLCS BOOJb ITyTH C HAW-
OOJILIITMMM HAMPSIKEHUSIMU, T.€. BIOJIb BBICTYIIOB TEK-
cTypbl. Hanuune KBa3uKUIKOTO CJIOSI M BO3AYILIHBIX
3a30pOB MEXIY JIHAOM 1 MTOBEPXHOCTHIO TEKCTYPHI BO
BHamMHax peibeda CHUXKaeT SHepreTUYecKre 3aTpaThl
Ha OTPBIB JIbJIa TT0 KaXYILEehCsl TOBEPXHOCTU KOHTAKTa.
O4eBUIHO, YTO TIPHU TeMIIepaTypax HIKe TeMIIepaTyp
CYIIIECTBOBAHMST KBA3MXKUIKOTO CJIOS TIIOIIAIb KOH-
TakTa Jiell — TeKCTypa BO3pacTaer.

Eiie onuH BaXXHbBIN acrieKT BAMSHUS KBa3WXKUI-
KOTO CJIOSl HA IPOYHOCTh KOHTAKTa MEXIY TBEPIAbIMU
tenamMu OblT paccmotpeH I1. A. Pedbunmepom [44]
U HOCUT Ha3BaHue 3¢ dekra Pebunaepa. bouio moka-
3aHO, YTO KOHTaKT TBEPIOM MOMIOXKHU C XKUIKOM cpe-
Joit, 6IM3KOM K JaHHOMY MaTepually 1o CBOeil MoJie-
KYJSIPHOI NTpUpOJie, MPUBOAUT K MTIOHUXKEHUIO dHEP-
TMU I'PaHULL B CUCTEME, TTIOCKOJIbKY IpaHuIla TBEPIOE
TeJI0 — Tap 3aMEHsIeTCS Ha TPaHUlly TBEPIOE TEI0 —
KUIKas IJIeHKa, T.€. XXUAKOCTh Ha TBepAOil MOBEPXHO-
CTU OJIM3KOI MPUPOIbI BeleT cedsl, KaKk MOBEPXHOCT-
HO-aKTHBHOE BelllecTBO. Takoe CHMXeHHe Mexdasz-
HOI1 3HEPTUU, B CBOIO OUYEePEllb, BHI3BIBACT MOHMXKEHUE
MPOYHOCTH U TIOBBIIIEHUE TIJIACTUYHOCTU MaTepuaa,
KOHTAaKTHPYIOILIEro ¢ aKTUBHOM cpenoii. CiaemoBa-
TEJIbHO, HAIMYUE AK€ MOHOMOJIEKYJISIDHOTO KBa3u-
SKMIIKOTO CJIOSI CIOCOOCTBYET MOHMXKEHUIO CABUTOBOI
MPOYHOCTH KOHTaKTa cynepruapocdoOHOoii moBepX-
HOCTH €O JbA0oM. OUeBUAHO, UTO Pa3yNpOYHS IO
3 deKT KBa3MKUIKOTO CJIOS JTOJIKEH IajgaTh ¢ Iepe-
XOJIOM OT CJIOsI IMMOJIMMOJIEKYJISIPHOM TOJIIUHBI K MO-
HOCJIOI0, MMOCKOJIbKY OyIeT UMETh MECTO TepPeXol OT
addexTa ruaApOIMHAMUYECKON CMa3KU MEXIY JIbIOM
U TEKCTYPOI1, pa3ieieHHbIX MTOJTUMOJEKYJISIPHBIM XU~
KHM CJIOEM, K MJIaCTU(PUILIMPOBAHUIO TTOBEPXHOCTHOTO
CJI0$1 JIb/Ia C MOHOCJIOEM KBa3WXXUIKOW BOJBI.

B npouecce pocra TpelluH Mo AeicTBUEM BHEII-
Hel Harpy3ku pasjiuyaloT IB€ CTaJMu: JOCTATOYHO
MEJJIEHHOTO POCTa TPELIUHBI 10 KPUTUYECKO JJTUHBI
U OBICTPOrO POCTAa KPUTUUECKOM, TaK Ha3bIBa€MOM
rpuddutcoBckoit TpemuHsl [31]. ITpu cpaBHUTEIEHO
HEOOJbIIUX CPEIHUX CABUTOBBIX HAIMPSKEHUSIX s
Bcero oopasua BOJM3U KOHLIEHTPATOPOB HANIPSLKEHU
JIOKaJIbHbIe HaMPSI>KEHUsI MOTYT ObITh Ha TTOPSIAKA Be-
JIMYUHBI 60JIblile, MPUBOIS K BI3KOMY POCTY HEOOJIb-
11O/ TPELIUHBI.

CornacHo PeGuHaepy, IIpu BSI3KOM POCTE TpeIIuH
noj JeiCTBUEM COBUTOBBIX HANPSXKEHUU T MAKCH-
MajibHasl AJWHA TpelIMHBI L MOXET ObITh MPpUOIU-
JKeHHO OITMCaHa COOTHoIIeHueM [44]:

L = pt’d?[Go, (1)
rne G — Monyib cIBUTa, d — XapaKTepHbIil mapaMeTp
CTPYKTYpBI, OTBEUaIleil MaKCUMMalbHOMY PaccTOsI-
HUIO B IJIOCKOCTU CKOJIBKEHUSI, B MpeaeiaXx KOTOporo
uneT GopMUpoBaHUE NTUCTOKAIIMOHHBIX HEOAHOPO/I -
HocTel, B — 6e3pa3MepHbIil KO3 GUIIMEeHT, XapaKTe-
PUBYIONIUI JOTI0 YIPYTOW SHEPTUMN, HAKATUTUBAEMOMN
Ne3 2024
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B 00J1acTu (popMUpPYIOLIEICI MUKPOHEOTHOPOIHOCTH,
KOTOpasi MpU pa3BUTUM TPEIIUHbBI peaIu3yeTcs KakK pa-
0oTa 0O6pa3zoBaHUsI HOBOUW MOBEPXHOCTU. Takum 00-
pa3oM, IJis BSI3KOro pa3pylleHus: (pocTa TPEIIUHbI)
HYXHO BO3pacTaHUe HAIIPSIKEHUS COBUTA, a POCT TEM-
nepaTypbl U MajieHue G OyayT TakKe crocoOCTBOBATh
3TOMY MPOLIECCY.

OnHako HayaJIbHBIN BSI3KUI POCT TPEIIMHEBI Iepe-
XOIUT B XpYIKOE pa3pylleHre, KOTaa IIOCTEIIEHHO pa-
CTylIee pacTsTUBaloIIee HAIIPSIKeHE IIPEBLICUT KPU-
THYeCcKoe 3HayeHue [44]:

(2)

rae o — 6e3pa3MepHbIil KO3 OUILIMEHT MopsiaKa eau-
HULEI [44].

B xauecTBe mapamerpa ¢ B ¢popmyiax (1) u (2) pu-
rypupyeT J1u00 MOBEPXHOCTHASI SHEPTUs JIbAa, €ClI
oOpa3syeTcs cyxasl TpellrHa, 1100 Mexda3Hast SHep-
rus Jien/Bojaa, ecliv TeMrepaTypa (hopMUpoOBaHUs Tpe-
IIMHBI OJIM3Ka K TeMIlepaType TPOHHOI TOUKU BOIBI
¥ Ha IIOBEPXHOCTH Jibaa (OPMUPYETCS MOIUMOJIEKY-
JISIpHBIN KBasvkuakuid cioii. [TockonbKy mMexdas-
Hasl DHEPrusi 3aBUCUT OT TOJIIMHBI KBa3UXUIKOTO
CJI0sI BOABI Ha JIbAY, U3MEHEHHUE TOJIIMHBI 3TOrO CJI0s
JOJIKHO ITPUBOIUTH K M3MEHEHHNIO MexX(ha3HOI SHep-
T'MU U B KOHEYHOM UTOTE K U3BMEHEHUIO KPUTUYECKOTO
3HAYEHUS CIBUTOBOM HArpy3Ku sl XpyIIKOro paspy-
IIeHUSI.

3aech cieayeT NOAYEPKHYTh pPa3IuyHbIi XxapakTep
CBSI3W MEX]Y CABUTOBBIM HAIpsIKEHUEM U IJIMHOM
pactyuieii TpemuHsbl. [1pu BSI3KOM pa3pyllieHuHn, Co-
IJIACHO COOTHOoIIeHMIO (1), IJIs1 pocTa TPELIMHBI Tpe-
OyeTcs IIOBBIIICHNE HAIPSDKeHUIA BOIM3U MexX(ha3HOM
TpaHUIIbI, B TO BpeMsI KaK MpU XpyNKOM pa3pylieHun
rocJjie JOCTUXEHUA KPUTUYECKOTO 3HAYEHUS T, POCT
TPELIMHBI IIPOUCXOAUT 0€3 U3MEHEHUI1 YCIIOBUM Ha-
TPYXEHUSI.

Takum obpa3zoMm, MpeaCcTaBIeHHbIA 3eCh aHATU3
MOKa3bIBaeT, YTO MPU CABUIE JIbAa C CYNepruapodoo-
HOI1 TTOBEpXHOCTH BO3MOXHO KaK CMEIIaHHOE pa3py-
IIeHWe, KOTIa BSI3K0e pa3pylIeHNe 3aBepIlracTcs Te-
pexonoM Matepualia B XpyIKoe COCTOSTHUE TTPpU OOJTb-
IIMX CKOPOCTSIX BO3pACTaHUs MPWIOKEHUS HArpy3KH,
TaK M XpYIKOe pa3pylleHne Mpu HU3KUX TeMIIepaTy-
pax U HU3KOM MJIACTUYHOCTHU Jibaa. JlaHHbIE, TIpen-
CTaBJIEHHbIC Ha pUC. 3a, YKa3bIBAIOT, YTO MPU MaJIbIX
YIJIOBBIX YCKOPEHMSIX, KOTIa CIBUTOBAasi Harpy3Ka BO3-
pactaet MemIeHHO, BI3KHWIT POCT TPEIIWHBI TPUBOTUT
K JOCTMKEHUIO €10 KPUTUYECKOTO pa3mepa, nepeBo-
JSIIEro Mpoliece pa3pylleHUsT B ObICTPHIiA, MO XpyTI-
KoMy MexaHusMmy. I1lpu T'= —5°C npu MajbIX YIJIOBBIX
YCKOPEHMX TTOJTMMOJICKYISIPHBINM KBa3VKUIKUIA CITOM
ycreBaeT pacnpoCTPaHSThCS K BepIIUHE TPEIIUHbI,
YTO 3HAYUTEJbHO CHMXAET MeX(a3Hylo 3HEpPruio.
ITockonbKy cTeneHb CHYXKeHUs MeX(da3Hoi SHEPrun
3aBHUCUT OT COOTHOIIEHMS BPEMEH POCTa TPEIIUHBI

T = 0(G - G/Lcr)l/2,
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(a)
129, 104 xTTa =
126 xlla ==

Yucio oTpeiBOB
[}

N T [

0 100 200 300
Bpemsi, ¢
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(6)

127 11 xIla =

22 xlla ==

Yucno oTpeiBOB
[=x)
T

0 100 200

Bpewms, ¢

Puc. 5. PacnipeneneHrie MOMEHTOB OTPBIBA JIbIa BO BpEeMEHU BO3IEUCTBUS TTOCTOSTHHOW CIBUTOBOY HAarpy3Ky MpU TeMITepa-
typax —20°C (a) u —5°C (6). Harpyska B 104 xITa coorBeTcTBYeT 60%), a 126 kI1a — 72% OT cpenHeit CIBUTOBOI MPOYHOCTH
OTpLIBA JIbJA TP HENPEPHIBHOM YBEINYEHUN HATPY3KU C YIIOBBIM YcKopeHueM 4.35 pan/cex? s temnepatypbl —20°C;
11 u 22 kITa cocrasistior 33.5 u 67% ot cooTBeTCTBYIOLIEN BeMunHbI 11t —5°C.

1 HGOPMUPOBAHUS KBA3ZUKUIKOTO CJIOS, TIPYU MEIJICH -
HOM POCTE TPELIUHBI KPUTUUECKOE 3HAUEHNE CABUTO-
BOI Harpy3KM OKa3bIBaeTcs 0ojiee HU3KUM (puc. 3a),
a BpeMsi, HeoOXoauMoe IS pa3pylieHus: Mexda3Horo
KOHTaKTa, 06ibInM (puc. 30), YeM B cIydae pacKpbl-
THSI TPEITUHBI ¢ (HOPMHUPOBAHUEM TTOBEPXHOCTH JIEH —
naposas (pasa.

VBenuueHue yIiaoBOTO YCKOPEHUS CIIOCOOCTBYET
OBICTPOMY PACKPBITUIO TPEIIWHBI, MPU 3TOM KBa-
3UKUAKUI CclIoii He ycrneBaeT paclpOoOCTPaHSIThCSI
K BeplliMHEe TPELIMHBI U HE TPOUCXOIUT TMTOHUXKEHUS
MPOYHOCTH, CBSI3aHHOTO C 3aMEHOIi TTOBEPXHOCTHOM
SHEPrum Jibaa Ha MexX(da3Hylo Jied — Bofa. DTO CIO-
COOCTBYET YBEJIMYECHUIO IIPOYHOCTU aAre3MOHHOIO
KOHTaKTa, COOTBETCTBYIOIIEH KPUTUUYECKOMY HaIIpsi-
KeHuto casura. IIpu 1ocTaTouHO OOJIBIIMX YITIOBBIX
ycKOpeHuax neHtpudyru (> 2 pan/c?) NpodyHOCTb
aare3noHHOro KoHnrakra npu 1T = —5°C oka3bIBaeTcs
NpPaKTUYEeCKU MOCTOSIHHOW BEJIMYMHOM, HE 3aBHUCS-
meit ot yckopeHus. JIj1s1 HU3KUX TeMIIepaTyp, Halpu-
mep masg T'= —20°C, KBa3MKUAKUIA CJI0M UMEET TOJI-
IIMHY Topsiaka MoHochos [1]. ITpy Takux ToammHax
MOHMXEHUE TTOBEPXHOCTHOI 3HEPIUU JibJa OKa3bl-
BaeTCs HE3HAUMUTENIbHBIM, a TIJIacTU4YecKue nedopma-
LU, CITOCOOCTBYIOIIME BSI3KOMY pa3pylieHUIO, O4EHb
HE3HAYUTEJIbHBI. DTU (PaKTOPHI MPUBOISIT K POCTY Be-
JIMYMHBI KPUTUYECKOTO HAPSLKEHUS CABUTA AaXe Mpu
MaJIbIX CKOPOCTSIX YBEJIMYEHMSI CIBUTOBOI HArpy3Ku
¥ YCUJICHUIO POJIM MEXaHMU3Ma XPYIIKOTO pa3pyIlIeHuUs
MexX@da3HOTro KOHTaKTa.

OnHaKo HeOOXOOMMO MOJUEPKHYTh, UTO BSI3-
KMl pOCT TpEeIIMH MMeeT MECTO M I BBICOKHUX,
W IS HU3KKUX TeMIIepaTyp MpU JOCTATOYHO BBHICOKUX

MPUIOXKEHHBIX CIBUTOBBIX Harpyskax. s momn-
TBEPXKIEHUST 9TOTO BbIBOIA HAMU ObUIM MPOBEACHBI
JOMOJHUTENbHbIE UCCIeNOBaHUS BpeMeH paspyllie-
HUS MexXda3HOTro KOHTaKTa IpH TeMItepaTrypax 1 =
—20°Cu T = —5°C B ycIOBUSIX IOCTOSTHCTBA IIPUJIO-
KEHHOU Harpy3Ku, B€JIMYMHA KOTOPOI OKa3bIBaJlach
3HAUUTEIHLHO HUXXE CPEeIHEero 3HauyeHus MPOYHOCTU
aZre3MOHHOTO KOHTAaKTa MPU COOTBETCTBYIOIIECH TeM-
mneparype M YIIIOBOM YCKOpeHUU LieHTpudyru 4.35
pan/cex’ (M. JaHHBIE, MTPEACTaBIEHHbIE HA pUC. 3a).
B 3Tux sxcrieprMeHTax TUCK ¢ 00pa3iiaMy pa3rOHsIICS
C YIJIOBBIM ycKopeHueM 4.35 pan/cek? 1o TpedyeMoi
VIJIOBOII CKOPOCTH, COOTBETCTBYIOIIEH (DUKCUPOBaH-
HOMY 3HAYE€HUIO LIEHTPOOEKHOM CUJIBI, M Jajiee Bpa-
LLIAJICSI C 3TOM CKOPOCThIO. Pe3ynbTaThl 9KCIIiepUMeHTa
MmoKas3ajm, 4To Aaxke eCJId CABUTOBas Harpy3ka Ha
MexdaszHylo rpaHuily cocrasisia 33% npu T = —5°C
1 60% npu T = —20°C oT COOTBETCTBYIOILEN CpeaHE
CIIBUTOBOI TPOYHOCTH OTPhIBA JIbJa, TPOUCXOMUI BSI3-
Kuit poct TpemuH. [Tpu atom npu 7= —5°C B TeueHue
10 MyuH BpaleHus LHeHTPpUPYTru Bce My(dThI CO JIbAOM
OTPBIBAIMCH OT Cynepruapo¢oOHOI IIOIIOXKH, B TO
BpeMs Kak nipu T'= —20°C mia 35% o0OpasioB pa3py-
meHus1 Mex@a3Horo KOHTaKTa He Tpoucxoauio. ITo-
BBIIIICHUE CIBUTOBOIO HampsiKeHUs no 75% oT cpen-
Heil CIBUTOBOI IMPOYHOCTU OTphIBa JibAa (puc. 5a)
MPUBOIMIO K ObICTpOMY, ISl 60bliIeit yacTu oopas-
OB XpynkKomy, paszpyiienuto npu 1 = —20°C. s
T = —5°C npy cABMTOBOM HaIpsmKeHUU 67% ot cpen-
HEe COABUIOBOM MPOYHOCTHU OTPbIBA JIbAA, XOTS pa3py-
1eHue Mexk@a3zHoro KOHTaKTa MPOUCXOIUT ObICTpee,
XapakTep OTpbIBa Jiba YKa3bIBAaET Ha BCE ellle BIA3KUI
HavaJIbHBIN 3Tal pa3pylieHus MexX(ha3HOro KOHTaKTa
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(puc. 56). Takum oO6pa3om, gaxe NpU CABUTOBLIX Ha-
rpy3kax, 3HaUMTeJbHO MEHBIIIUX, YeM KpUTUYECKUE,
COOTBETCTBYIOIIIME OBICTPOMY Pa3pylIeHUIO 110 MEX-
(hasHoIli rpaHulle, Jen yaaiaseTcs ¢ cynepruapogoo-
HbIX MTOBEPXHOCTEN MPU IJIUTEIbHOM BO3IECUCTBUMU,
YTO HAXOOUTCS B XOPOIIEM COITIACHHU C paHee Ipel-
CTaBJICHHBIMUA HaMU JaHHBIMMU [45].

BbIBOJIbI

B naHHoii paboTe ObLIO MCCAenOBaHO BIUSHUE CKO-
POCTU U3BMEHEHHS U BEJIMUMHBI CABUTOBOM HATPy3KU
Ha paspylieHne Mex(a3HOro KOHTaKTa Jbla ¢ CyIep-
ruapo(OOHBIMY MTOKPBHITUAMH. 7191 M3MepeHMsT IPOY-
HOCTHU aiTe3MOHHOr0 KOHTAKTa 37IeCh UCIOJIb30BaJICS
METO[ OTPhIBA 00PA310B IO AEHCTBUEM LIEHTPOOEXK-
HOI CMJIBI, a JIJ1sI UBMEHEHUSI CKOPOCTU YBEIUUEHUS
COBUTOBOM HArpy3kKu MEHSJIM YIJIOBOE YCKOpPEHUE
BpallleHUs1 HeHTpUdYTU B MUPOoKUX Tpenenax. O6-
HapyXeHHOe B JaHHOI paboTe BIMSIHUE CKOPOCTHU
HarpyXeHHsI Ha BEIUMYUHY IIPOYHOCTH MeX(pa3HOTO
KOHTaKTa KOppeJupyeT ¢ JTaHHBbIMU IJIs1 3J1aCTOMEp-
HBIX TOKpbITUIi TUNA Sylgard 184 [15], mony4yeHHBIMMU
B JIUTepaType paHee MeTOJOM NMHAMOMETPUYECKOIO
TOJIKaTes [46].

BrinosiHeHHOE HAMU MCCIEAOBAHUE IJISI IIMPO-
KOl 00J1acTU OTpUILIATEJIbHBIX TeMIlepaTyp OoT —5 10
—20°C 1no3B0OJIMIO KAY€CTBEHHO OLIEHUTDH POJIb KBa3u-
SKMAKOTO CJIOSI U aicCOPOLIMOHHOTO MOHUXEHMUSI POy -
HOCTHU Ha CKOPOCTb U XapaKTep pa3pylLICHUsS MeX-
(¢bazHOTO KOHTaKTa. B 11Ie/10M, pa3pyllieHrne KOHTaKTa
Jien — cynepruapo@oOHoe MOKPhITUE TPOUCXOAUT 1O
CMEIIAaHHOMY BSI3KO-XpYIIKOMY MexaHu3my. I1pu aTom
Mepexol1 OT BSI3KOI0 pa3pylIeHUsT K XPYMTKOMY TTpOUC-
XOIUT KaK MpU CHYXKEHUU TeMIIEpaTyphl, TaK U IIpuU
3HAYUTEJIbHOM YBEJIMYEHUU YIJIOBOTO YCKOPEHMUS
neHtpudyru. IlpeacraBieHHbIE TaHHBIC TTO3BOJISIIOT
3aKJIIOYUTD, YTO IIPY Pa3roHe JIeTaTeILHOIO almnapara
¢ cynepruapoGoOHbIM MTOKPHITUEM OXUIAETCST YCKO-
peHue coOpachiBaHUS Jbla B IIEPUOIUIECKUX IPOLIEC-
cax ¢opMUPOBaHUS U cOpachIBaHUS JIEASTHBIX OTJIO-
KEHUM.
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316 EMEJIbAHEHKO u ap.

ITPUH/IOXKEHHUE
IMpumep pacueTa BEIMYMHBI IIPOYHOCTU aAr€3MOHHOr0 KoHTakTa npu T = —10°C u ymoBoM yckopenuu 2.2 pan/c?.
= s o z < <
. | B3| | i% 2 == | _EE | £ =52
2 S S, s E g % SE S 558 2 SE g
< g - & % S & g o s o gE° = o E
8 =z o g2 S ¥ S8 | 284 2 Z =4
° | g8 | g | s¢ al- =8 | a2 | 3 =EE
= | Fg 2 25| & = &
1-1 250 0.3553 | 6.053x10~* | 6.362x1073 0.115 2093 101 52.56
1-2 250 0.3645 | 6.145x10~* | 6.362x107° 0.115 2093 101 53.36
2—1 250 0.3733 | 6.233x107* | 6.362x107> 0.115 2093 101 54.13
2-2 250 0.3539 | 6.039x10~* | 6.362x1073 0.115 2093 101 52.44
3—1 250 0.3543 | 6.043x10~* | 6.362x1073 0.115 2308 111 63.81
3-2 250 0.3409 | 5.909x10~* | 6.362x10~° 0.115 2093 101 51.31
4—1 250 0.3648 | 6.148x10~* | 6.362x107° 0.115 2138 103 55.71
4-2 250 0.3462 | 5.962x10* | 6.362x1073 0.115 2263 109 KOTE3UsT
5—1 250 0.3585 | 6.085x10* | 6.362x1073 0.115 2308 111 64.26
5-2 250 0.3662 | 6.162x107* | 6.362x107> 0.115 2093 101 53.51
6—1 250 0.3540 | 6.040x107* | 6.362x107> 0.115 2325 112 64.72
6-2 250 0.3470 | 5.970x10~* | 6.362x1073 0.115 2093 101 51.84
7-1 250 0.3673 | 6.173x10~* | 6.362x107> 0.115 2093 101 53.61
7-2 250 0.3652 | 6.152x107* | 6.362x1073 0.115 2093 101 53.42
8—1 250 0.3675 | 6.175%10~* | 6.362x107> 0.115 2263 109 62.69
8§-2 250 0.3678 | 6.178x10~* | 6.362x1073 0.115 2093 101 53.65
9-1 250 0.3635 | 6.135x107* | 6.362x1073 0.115 2093 101 53.28
9-2 250 0.3596 | 6.096x10~* | 6.362x1073 0.115 2093 101 52.94
10—1 250 0.3711 | 6.211x107* | 6.362x1073 0.115 2138 103 56.28
10-2 250 0.3649 | 6.149x10~* | 6.362x10~° 0.115 2093 101 53.40
11-1 250 0.3357 | 5.857x10* | 6.362x1073 0.115 2235 108 58.00
11-2 250 0.3462 | 5.962x10~* | 6.362x107> 0.115 2263 109 60.53
12—1 250 0.3597 | 6.097x10~* | 6.362x1073 0.115 2235 108 60.37
12-2 250 0.3616 | 6.116x10~* | 6.362x1073 0.115 2093 101 53.11
CpenHee 56.23
CpenHeKB. OTKII. 3.76
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