IL1.3.3. MansHoOeACTBYOLIee BHYTPEHHEe TpeHue
B INOJIHMEPHOH LENH

Kax ormevanocs B pasg. [.4.3, B oTmensHOfl LenH B pacTBope, Hapamy
CO CTAaTHCTHYECKHUMH OOBEMHRIMH 3thdeKTaMH, BIUAMMMH HAa pellaKcalu-
OHHbIE CBOHCTBA B OCHOBHOM 4Y€DE3 CPEOHHME pa3MEphl YYACTKOB LemeH,
MOrYT BO3HHKATh OONOMHHIENbHBIE [MCCHNMATHBHBIE (BA3KHE) B3aHMOMEH-
CTBHA IpH KOHTAKTax MEWJIY 3BEHbAMH, KOTOpbie NpOoABAANT cebA Kak
OOMOMHHTENBHOE BHYTpeHHee Tpenne. MOXHO OXHAaTh, no xpafiHeR Mepe,
OBYX THNOB ,KOHTAKTHOH' BA3KOCTH. [TocKONMbKy HOOBUMHOCTE 3BCHLEE
LelH, KaK NpaBHNO, MeHbile MOOBHKHOCTH YAaCTHI. PACTBOPHTEIA, NOABJIC-
HHUE ,,uyXUX’" 3BCHBEB LeNHd BOMW3M JIAHHOTO 3BEHA MPUBENLT K YBEIHYEHHIO
JIOKANBHOH BA3KOCTH (MHKPOBA3KOCTH) BHYTDHKIJIYDKOROH ,.cpefibl” [0
CpaBHEHMIO C BA3KOCTBIO pacTBOpuTena. JloxkarneHaa KOHUEHTpalss 3BeHbEB
ucnu BOJNH3M KOHTYpa uemd (/1aXe B XOpPOUIEM pPACTBOPHTENE) MpPEBBILIAET
CPEIHIOI KOHUEHTpauMio no kiaybxy [95].

HcHCTBHTt‘WhHG c eﬂmm KOHUEHTPALMA MO Knyﬁxy p= (V/V), necnu
V~0,4(h*)'2, hTy~N" [3, 21], o p~1/N*"" 4 GercTpo mamaer ¢
pocToM V.

H3-3a cyluecTBOBaHHA NPOCTPAHCIBEHHbIX KOPPENAUKHH MEXKLY 3BEHbA-
MH, CBA3AHHBIMH B 1eNb, JOKAIbHAA (B34WMHAfA) KOHLEHTPALMA [peBbliaeT
CpefHil. ITa KOHIUEHIpAUMA 3adaeTcA OMHADHOH KOppelauMOoHHON pyHKLH-
el map 3BeHbeB g);_x, (7). Benuuuma g(r) 3amaer YKCNIO YaCTIHI B eQHHHIS
00beMa Ha PAcCTOAHMH F OT BBHIIC/ICHHON YacTHIk!. FeaH pa3Mep 3BeHa /, TO:
Prox ~E(F) Ly~ i~ 1rt(dnfryjor), _ i, rne n(r) — yKciO 3BEHBEB B cdepe
PaaMycOM I, ONTHCAHHON BOKPYT JAHAOIrO 3BEHA.

Ina upeansuoi I'CIL [21, 95]
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a [VIA LeNH B XOpOoIlleM pacTBOpPHTENe:

Paox ~ (721’ 1a)7? (I1.30)

3TH pe3ynbTaTsl JIErKO MONYYKTS, €CIIM OLEHHTS 7 (r), o6pawan cooTHOIIe-
Hue aaa (P ()P ~1n*", uro umeer cmpbicn pna Gomsumx n. Torpa n(r) ~

~pt Yy |

—_——13
Crox ~ (2/v) rV fiv

yro mpu v = ¥z paer (11.29), a mpu v =3/5 (I1.30).

JL1A OUEHOK NOKaJIbHOH KOHUCHTPALMH IIPH O4Y¢Hb MATBIX /' BBIPAKEHUA
(11.29) u (I1.30) npuMeHAT> Henb3A (TaK Kak p — ©). Temeps clemyeT Hc-
MONB30BATH TOTHBIE BLIPAKEHUA 1A NAPHLIX PYHKINA PACHPENENCHRA £/ — k|
HNH OUEHHBATh YHC/IO KOHTAKTOR HA pellieTOMHRIX (WIH HHRIX) MOENAX, Ha-
MpHMeEp, MPH TTOMOILK METOMOB YTHCITEHHOr O IKCIepHMenTa Ha IBM.

Pe3ynbrarsl, eCTECTBEHHO, YyBCTBHTE/IbHBI K MHKPOCTPYKType obnacreit
KOHTAKTa, K YHeprHH KOHTAKTa K T. f. [IpH ymyduieHuH kauecTBa pacTBOpHTe-
K prox Nagaer (B JAHHOM NMPHOMIDKEHHK ~ 1/v), a MpH yueTe B ABHO#H dop-
Me 3HepryM KOHTaKTa eme GbicTpee [96, 97] .

M3 IKCHEPHMEHTABHBIX [AHHBIX, NOMYYCHHBIX Ppa3HBIMH METOHAMH
(cMm. 1. VI), cnepgyer 3aMeTHOe YMEHDIICHHE TOKANILHOH NOABHXHOCTH MpPH
YXYOUIEHHH KayecTBa pAacTBOPHTENA. JTOT (DaKT, HECOMHEHHO, OTpaxaer
YBeIHIeHHe JIOKANTbHOR KOHUEHTPAlUMH 3BEHbEB, NPHBOANIEe K YBEJIHUEHHIO
MHK pOBHIKOCTH Cpefht ¥, : ’

Fopopa 06 yBelMHYEHHH JIOKAIBHOH BA3SKOCTH H3-33 KOHTAKTOB, Mbl
$aKTHYECKH BbifeNiAeM ,HEKOrepeHTHYI0 W 4acTh 3QdeKTa BHYTPHHEMHBIX
CTOAKHOBEHHH, He 3aBHCALLYI0 OT (Pa30BBIX COOTHOIUEHHH MEXTY CMELLEHH-
AMH eTATKHBAIOLMXCA YacTHI, T. €. OT BOJIHOBOIO YHC/2 HOPMATBHOR MOJIBL.
Tako#t mOOXOH, BEPOATHO, MOCTATONEH IUIA MeEKOMACIUTAGHDIX HBHIKEHHI.
OnHako HaJIHYHE KOMIIOHEHTHI B3AHMHOIO TPCHHA MEXULY KOHTAKTHPYHOLIHK-
M# 3BCHBAMH, He YCPEOHEHHOH N[O B3aHMHbLIM CKOPOCTAM YacTHH H 3aBH-
caied o7 $a30BeIX COOTHOIUGHM MeXIY CMeUleHHAMY, NPHCYIIMMH [AHHOM
HOpMAaNBHOH MONe, BefleT KO BTOPOMY THIMY BHYTpPEHHero TpeHus. Tako#t
KOrepeHTHbIH 3¢¢eKT BHYTPEHHErO TPEHHA, BBEIEHHBIA, KaK YKAa3bIBAIOCH
B pasg. 1.4.3, ne Kenom [21], yrxe uyBcTBHTENEH K Macurraby A= (n/k) wim
BONTHOBOMY 4YHCTy HopmansHoH Moapl. Cornacho ge Xewy, 3p¢dexTHBHBIA
B3auMubIA K03 HIHEHT TpeHua IJIA NAHHOH Napbl 3BeHbEB [ u p [cMm. ypas-
Heure (1.29)] nmpegnonargerca nponopu,uo AIBHBIM BEPOATHOCTH KOHTaKTa
j-ro u p-ro 3senses wemn/w(lj—pl): & p =0 (—pl), rae § — Koacpq:mm{em
B3aHMHOI'0 TPEHHA [IBYX/CeIMEHTOB NPH HX KOHT2KTE.

yd

* 3ameTHM, YTO yﬁemweﬂﬂe MHKPOBAIKOCTH KOHTPOIHpYeTCA He NPOCTO YBEMNH-
YeHHeM JIOKAJIBHOM KOHUEHTPalMH, HO W MONONMHHTeNRHOW 3HepriaeR aKTHBalMH [IpH
pa3peiBe MEKMONEKYAPHLIX KOHTAKIOB B MECTE [epecKOKa, OTpaHHYeHHEM MecTa
ong nepeckoka B T. A. llonoGume adupexThl H3y4anuch MetomoM MouTe-Kapno Ha pe-
weTosod AunaMyeckoft Moge (cM. . V) [96.97].



Taxoii crocot BBedeHHA BHYTPEHHErQ TPEHHA KOppeKTeH, eCiH BpeMsA
YCTAHOBJIEHUS PABHOBECHOTO DAaCIpENENCHHA JUIR [AHHO# MNapsl 3BEHbEB
(Bpems ,,CTONKHOBEHHH™ T} p) MeHblle, YeM XapaKTepHoe BpemaA ABIKEHUH
7(k) LA DaHHOH HOpMAJIbHOH MOJIBI.

I Gonee TOYHBIX OUEHOK w(lj—pl) (upn mamsix r<[) mna HAHHOH
napbl 3BeHbeB | —pl=s MOXHO HCMONLIOBATH (em. . IX) BBIDAKEHHC
IR GMHApHOR GyHKIMM U1 KOHILOB ICMH, IIPHMEHAHN €ro X [AHHOH [ape

lj — pl| BuyTpu uenu. LA TpeXmepHOM UEIH € 3a[peToM caMoIlepeceyeHuit
Ha peLLIeTOYHBIX MOfENAX ObUIO MOTyHEHO [21]):

g (r):‘.:[r/'l/rmllhexp[— (f/l/(h%i—:)S)d]-IKh‘(“','—-p))‘/' {11.31)

- W
rne gy — ~{—p| - cpenice KBanpaTHYHOE pacCcTOAHHE Mexay DaHHoft mapod;
H3-33 Janpe’rapgauonepeoeqennﬁ £(0) =0 u mommnseTcH PaKTOp @/ <h’>0'_ p}) '/3_;
6=(1-v".
Jiin wueanbHOM Hemd v=1% K g(r) TMepexomuT B rayccQBy G YHKIMIO.
Jins xopoiuero pactsoputens v =3/s u3 (11.3 1) cnemyer

w(li—ﬂI)~£(II—~ﬂ}),~;~If—Pl"l”*

a JUIS WOeasibHOM HefH:
w(1i—p|)~g(ii-—!}|),~;~[f*nl‘
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B [75] oueHena IHCTiepCHOHHAA 3ABHCHMOCTD 7(k) B MMHAMH4ECKHX MO-
[eNiAX UelMH ¢ BHyIpeHHHM TPEHHEM B CBA3M € fpobnemMoii CyuleCTBOBAHHA
BBICOKOYACTOTHOIO Tpejieia OHHAMKIECKOH BA3KOCTH [74, 98, 99]. Insa
3TOre HMCHONB30BANIH YPABHEHHA THIR (11.24) —(11.26) . AHamu3 3pdexToB
HANbHONEHRCTRYIOUIETO BHYTPEHHErO TPeHHA Haubonee HHTepeced LA KpYH-
HOMACUITaGHbIX OBWKEHHH (T. €. NMPH mansix k). L1 KpynHOMacluTabHbiX
oewxenni (kK 0) }xU]d)*v(kBT/M) M 3aBHCHMOCTh Tpyyrp B (I[.27) oT

k ompenensiercs (GaKropoM AR (x) (k) wm 2(1 ~cosk) AR (u) (k). Ouenknu
OKa3biBAIOT, 4TO NPH HAMMIHHM AAMBHONEHCTBYHWETO BHYTPCHHETO TpeHNA
AR (x) (k) H Tpyyrp CPABHMIENBHO MeJIeHHO yOBIRAIOT NpH YBEJTH4EHHH
MacuiTaGa [IBIDKEHIHA (MK MEPHOA HOPMATLHOH Mofsr A= T (k) mo cpaBHe-
HWIO CO CJlyuaeM, KOTHa OEeHCTBYeT TONbKO Gnnhsxoneﬁcmymmee TpeHHE.
Oxa3piBaeTca, 410 mpy Mankix ki Ag (5)(k)~A'k"™! +B'k?, 1orpa Kak npu
GIH3KOMEHCTBYIOWEM BHYTpEHHEM TPEHHH AR (x) (k) ~k*. 3aBuCHMOCTH
Tauytp OT K CTRHOBWICA Gonee ObICTPOH B XOpOIIMX PacTBOPHTENAX, IIIE
SuHapHaA (QYHKUHA H BEPOATHOCTh KOHTAKTA GpICTpeE MajaiT ¢ yBeTHYEHH-
€M pACCTOAHHA MEXAY 3BEHBAMH N0 LEIH. B 0-pacTBOPHTENAX Tguyrp =
~AR ~k% ~A"", a B XOpOLMX PACTBOPHIENAX TpiyTp ~ k~ (1/A).
Hanuuxe BHYTPCHHErO TPEHHS YKa3aHHOTO THNa NPOABJACTCH B TAKOM
CpaBHHTENILHO KpYTHOMACLUTaDHOM CBOMCTBE, K&K 3aBHCHMOCTIb YTHa Tatie-
HUA B [BOHHOM JIyYeNpeNOMICHHH OT MOJICKYJIApHOR MacChl. Ha 310 Hp110
o6pameno BHumanne CépdpoM [74, 1977]. Ina TCIL Gero moxalaHo, 410
1gx (rme X — Yron rauleHust) MpH HATHIHH BHYTpeHHeit BA3KOCTH HMeeT
Bl tg x =AS+BIyrae A u B — ucna, 3aBUCALIHE OT BbIGOpa MPOTEKAEMOH

WIH HeNpoTeKaeMOit MOMIENH lenH; T = (M(nln/kgT); M — monexynApHan
macca; [n] — XapakrepHCTHYecKas BA3KOCTh MONKMepa; 77 — BA3KOCTH
PacTBOpHTENH. '
Bemuuna 3 3aBHCHT OT BHYTpPeHHeH BA3KOCTH, NpHYEM, YTOOBI yIOBIET-
BOPHTb 3KCTIEPUMEHTAIBHBIM [JAHHBIM, INPHXOQHTCA fpeAnonarats, 4T
J~M. Opnaxo mocfefHee YCIOBUE OKa3bIBAETCA CBA3AHO C NPEMIONOKEHH-
&M, 4TO ‘KRBHyTp (x) ~{auyrpk. Ho 310 mpennonoxeHHe KaK pa3 COOTBET-
CIBYeT IONYUYeHHOMY BBILWUE pe3yNibTaty [UIA JHHAMHUECKOH MOJENTH e ¢
MANBHOIEHCTBYIOLUHM TpeHHEM B XOpOLUeM pacTBOpHTENe (nonpobHee cM.
VII-.4).
TakuM 06pa3oM, AMHIMHYECKAA MOJENs BHYTPEHHErO TPeHHA IO e Ke-
Hy HAXOIMICA B XOpOLIEM COrIAaCHH C oMy aMuHpHYecKoil Moniensio Cepda.
BHYTpeHHAA BA3KOCTh OCOBEHHO HETKO MPOSABIACTCA B BhICOKOYACTOT-
HOM MOBENeHMH MaKpOMONEKYJ, 3 HMEHHO! B CYIICCTBOBaHHH BBICOKOYAC-
TOTHOTO Mpefena AMHaMMYecKoi BA3kocTk (eM. ri. VIII u [74, 98, 99]).
AHaI®3, NpOBEAEHNHbIH ABTOpaMH [75], mokasarn, 4yro HabniomaeMasn Ha Ofbl-
re [99] He3aBHCMMOCTB MpeeNbHON IMHAMHUECKOH BA3KOCTH OT MOJIEKY-
NAPHOR Macchl CKopee OTBEYaeT GNMUIKOOENCTRYIOMIEH, TOKATIBHOHR BHYTpeH-
Heil BA3iCOCTH. YIOMHHABIUeECH MeleHHoe ocllabneHHe 3aBUCHMOCTH BK1aa
BHYTpEHHeH BAIKOCTH OT K BO BpeMEHZ pENIaKCalMH MpH JanBHOIEHCTBY-
JOLIEM BHYTPEHHEM TPEHHH NPHBOAHT K COXPaHEHHI0 3aBHCHMOCTH MpEIeTIL-
HOH BBICOKOYACTOTHOH BA3KOCTH OT MOJIEKY/IAPHOH MAacChl, YTO MPOTHBODE-
YMT M ONBITY, H ,,WHTYHTHBHBIM” HIHUECKUM COODPAXECHHSM. OpHa u3 BO3-
MOXHbIX MPHIMH YKA3IAHHBIX PACXOXIeHHH CBAIBIBAETCA B [75] ¢ 1em, utO
‘BBecHHe BHYTpeHHel BA3KOCTH B dopme (1.29) onsa ynaneHHBIX 0O LENH
3BeHbEB MOXET GbITh HENPHTOMHO [UIH BBICOKOQUACTOTHBIX MO, Y KOTOPbIX
7 (k) meublIe XapaKTePHBIX BPEMEH CTONKHOBEHHH Top M JIUIA BBICOKOYACTOI-
HBIX HBIDKEHHA (¢ Tyq <7cr). IUIfl TAKHMX BBICOKOYACTOTHBIX [ABIDKEHHH B3aH-
MOJIeHCTBHA KOHTAKThE YIANIEHHBIX IO LIETIH 3BEHbEB CKOpee BCEero IpHBOIAT
MMIIE K HEKOTEPEHTHOMY YBEeTHYEHHIO JIOKAbHOH BA3KOCTH CPE/bl, HE Me-
HsIA 3aBHCHMOCTH T (k).
B 3aK/IIOYEHHE OTMETHM, YTO Jobble BHObI BHYTPEHHEH BA3KOCTH V1A
HOCTATOUHO ATHHHBIX ULENed He HIMEHAI0T ACHMINTOTHYSCKOH 3aBHCHMOCTH

Tmax (V) npu N = <=,



