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I. Introduction

Microemulsions are thermodynamically stable homogeneous mixtures of two immiscible
liquids (oil and water), stabilized by surfactants and in some cases additionally by
cosurfactants.' The surface-active molecules form a layer that covers the microemulsion
droplets dispersed in the continuous phase. By now it is widely agreed upon that the
characteristics of the layer determine to a large degree the properties of the microemulsion.
Within the Helfrich concept of the interfacial elasticity, > the interface is characterized by a
few parameters (the bending modulus «, the saddle-splay or Gaussian modulus K, and the
spontaneous curvature) that are together with the surface tension coefficient needed to
describe the elastic properties of the layer. Much effort has been devoted to determine these
parameters using' different approaches.*” Among the experimental techniques, small-angle
neutron scattering (SANS) is a powerful tool for studying microemulsion structure and
properties because different regions can be contrasted by selectively deuterating the
components.®!! Furthermore, the interpretation of SANS results is less model-dependent than
the interpretation of dynamic scattering experiments since it does not require a knowledge of
the frequency spectra (or relaxation rates) of the microemulsion system. A typical model used
to fit the SANS intensity /(Q) (wheré Q is the wave-vector transfer) to experimental data
describes the microemulsion as\ a system of polydisperse double-layered spheres.’> The aim is
to extract from the fit the above mentioned most representativelparameters of the surface
layer, and the mean radius of the droplets, R, Typically, I(Q) measured in the shell contrast
displays a minimum which is thought to be located at OR~z*"" As to the elasticity
parameters x and &', the reported values for them differ notably from work to work. For
example, a combined fit on the static and dynamic data with the AOT (sodium di-ethylhexyl
sulfosuccinate)-decane-water system led to x~3.5 k37, the value about a factor two higher
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than measured with indirect macroscopical or optical methods.* Relatively small values of x
(0.5+1 kgT) were also found for other surfactant systems.”" The frequently determined value
of the combination 2x+& for various systems changes usually from about 1 to 6 kzT:*"!
smaller values up to 0.2 k3T were also found." Interfacial tension measurements give values of
2xc+& which can differ by 25 per cent or so from the results of SANS.*!!

The present study comes from the fact that for a wide range of the reported elasticity
parameters, the microemulsion systems would be in conditions when the droplets relatively
freely fluctuate in the shape. Indeed, consider e.g. a dilute microemulsion® with x~0.5 kzT and
a typical polydispersity &~0.04 (when 2i+k ~ksT) defined by {(Ro-R.)*)~&R,>, where Ry and
R, are the radius of the nondeformed shell and its mean radius, respectively, and the average is
over the radii Ro. The role of fluctuations can be illustrated showing that in this case the total
polydispersity &,~(R-(R))*XRY?, where R is now the fluctuating droplet radius (and the
averages are over the radii and the fluctuations), is according to Ref’, eq.20, £,~2.75 & One
can expect that other quantities relevant for the description of SANS could be influenced by
the fluctuations as well. Although such fluctuations are intensively studied in the literature for
years,"” surprisingly, in the interpretation of SANS measurements these fluctuations are not
considered at all*"" or the account for them'* should be corrected.

The aim of this work is to calculate the intensity of SANS on microemulsions taking into
account the droplet thermal fluctuations in the shape. The microemulsion droplet is modeled
by a double-layered sphere consisting of a fluid core and a surfactant layer, immersed in
another fluid. The three components are, in general, characterized by different scattering
length densities which makes the theory appropriate for experimental situations other than
corresponding to the shell contrast.'® The form factor of the scattering is calculated up to the

second order in the fluctuations of the droplet radius.



II. Form factor of the static scattering and the SANS intensity

Consider first an individual droplet. Let the scattering length density of our three component
system is p; in the droplet interior, p; in its exterior, and the surface layer is characterized by
the constant pp. The thickness of the layer is d, and u=R-R, describes the deviation from the
mean of the inner and outer radii of the nondeformed shell, Ry. The small fluctuating quantity

u can be expressed as an expansion in spherical harmonics ¥;,($,¢),"
”(‘9'¢)=Rozuszzm(‘9:¢’) ’ (1)
ILm

where m=-1, -I+1, ..., [, and /=0, 1, 2, ..., is smaller than some /,.~Ro/a, a being a typical
molecular diameter. The fluctuations of the molecules in the layer are neglected, that is, in
agreement with the common opinion, the layer is incompressible." To find the form factor of
the scattering,'> we calculate the correlator ((Q)p*(Q)), where Q is the wave-vector transfer

and p(Q) is the Fourier transform of the scattering length density
p(r) = pl®(Rl tu-— r)+ P> (r -R, _u)+po {®(r -R _u)+®(R2 -r +u)— 1} : 2

Here ©(...) is the Heaviside function, R;=Ry-d/2, and R,=R¢+d/2. In the calculations of the
form factor, p(r) is expanded to the second order in the small quantity . To find the necessary
density-density correlator, we use that the fluctuations with different numbers / and m are
uncorrelated, and {u;,=0 for />1."° The mean quadrate of the fluctuations and the quantity #g

are
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The last condition is due to the conservation of the droplet volume."* Here a=a-2xC,Ry"
+xl(I+1)Ry” is determined by the bending elasticity of the layer, x, the surface tension
coefficient for the plane interface, a=c+C;*x/2 (o is the microscopic interfacial tension®), and
the spontaneous curvature C, The above formulae can be applied to independent,
noninteracting droplets in an infinitely diluted monodisperse solution. In dense microemulsions
the droplets interact, they may collide and exchange surfactants and fluid; only the total
amounts of fluid and surfactant are conserved.'’ Taking into consideration the entropy of the
dispersion, the dependence of (ux°) (as well as the polydispersity) on the dispersed phase
volume fraction ¢ should be included.”"* This will be done below when the scattering intensity
will be calculated and compared with experimental results from literature.

17,18

Using the properties of spherical harmonics and Bessel functions, ™ the final result for the

form factor reads (Q#0, x=OR)):

P(O)= (o))~ (4;zRgdA)2{<D2 + Ii% [o( -20,)+ @ ()], >} : @)
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Here A=—py+(p1+p2)/2. The first term in the brackets of eq 4 corresponds to the well-known
form factor of a double-layered sphere.'> The second term, reflecting the shape fluctuations of

the droplet, differs significantly from the corresponding contributions that can be found in the



literature.>”'*'* First, all such expressions assume the perfect shell contrast (p1=p>>>py) and
d<<R,, but the main difference is in the term ~D(¥-2d,),>>™ (or in its full absence™). The
appearance of this term is due to the account for all second-order corrections in the fluctuating
density expansion of eq.2 and the constraint on the droplet volume."® As a concequence of this
constraint, {#)#0, as reflected in eq 3. The mode /=1 does not contribute to the final result
that is in agreement with the known fact that this mode corresponds to the translational
motion of the droplet.”

The effects of the fluctuations on the form factor cannot be a priori neglected. It can be
shown by the following consideration of P(Q) approximated to small d/Ry. If the fluctuations
were negligible, the minimum of P(Q) would correspond to the first zero of the function O(x),
i.e. xo=z in conditions close to the shell contrast. Since the /=2 mode of the fluctuations is
dominant, P(Q) for a droplet with a mean radius R,, can be approximated by P(Q)~jo*(x) +x{-
Jo ()2 Hxis(x)-4jx(x)1?}, where y=5/[967x/ksT-2/]. The droplet distribution in radii

follows from the phenomenological theory of the droplet formation,’
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For very small y, P(Q) is determined mainly by the function jo*(x), its minima are close to x~z,
27, ..., and at x~4.5 (the root of ji(x)) there is a local maximum. With growing y the
fluctuation terms change the character of P(Q): the second minimum disappears and turns into
a maximum. A new minimum arises between this maximum and the former maximum at x~4.5.
This takes place for y~0.025. With a further growth of y the location of this new minimum
moves towards x~4.5, its depth becomeg larger, and the height of tﬁe original maximum in this

region decreases together with the depth of the minimum at x~z. Finally (at ~0.035), the



original minimum (at x~7) and maximum (at x~4.5) both disappear and the new minimum is
shifted to x~4.5. For very large fluctuations (y~0.05), the approximation no longer holds since
P(Q) takes unphysical negative values near its minimum. Unphysical values of the form factor
appear also for large x>>1; this is however just a property of the approximation d/Ro<<1 (the
form factor (4) has the correct limit correct limit P—0 as x—>).

In Figure 1 the normalized form factor from eq.4 is shown for the octane-djs-surfactant
(C10Es)-water microemulsion system.” The scattering length densities of the deuterated bulk
fluids are close,® p=6.35x10" and p,=6.36x10" cm™ and the hydrogenated surfactant is
characterized by the density py=1.65x10° cm™.'® The system was in conditions of the so-called

620 5o that the

two-phase coexistence® when the surface tension is a=(2k+ & )/R,’=4C,k/Ry,
polydispersity from eq 5 is &=kz7/87(2x+k ). The thickness of the surface layer is d=4.3
(2m)"? A,**" and the mean radius R,=48 A and the polydispersity £&~0.04 were determined in
the SANS study’ using the polydisperse shell model without fluctuations. Figure 1 shows the
form factor for several bending elasticities « including x~0.92 kzT (when ~0.025) found in
Ref’ by a combination of neutron spin-echo spectroscopy and SANS. In the calculations we
account for the modes up to /,.=20. The behavior of the form factor with « is in agreement
with the above qualitative discussion. For real polydisperse systems the form factor (4) has to
be averaged over the droplet radii. For small polydispersities (when the distribution (5) has a
sharp peak around R,, (Ro)~R,, and {(Ro-R.,)")~eR,’, neglecting exponentially small terms
~exp[-1/2¢]) this leads, in particular, to a shift of the minima in P(Q) to smaller wave-vectors:
a minimum located at some Qo will be in (P(Q)) shifted to QmineQo/(1+¢). Depending on the
value of ¢, the average somewhat smooths out the details of the.Q-dependence of the form
factor; for example, having originally the two above discussed minima in P(Q), we can have in

(P(Q)) one broader minimum located between the positions of the original minima. This
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consideration indicates that the account for the fluctuations can be important for the
determination of the parameters of microemulsion systems from SANS. Particularly, in our
example the position of the minimum (observed in the experiment at 0~0.06 A™)’ does not
satisfy the condition x~7 as assumed in Ref’; if k=0.92 k5T,” the mean radius should be notably
larger.

Using the form factor (4), the SANS intensity is calculated according to the formula®”!

1(Q)=N({P)S()) - ©)

Here N is the number density of the scattering microemulsion droplets and S(Q) is an
interference function (the static structure factor) describing the interactions between the
droplets. For dilute nonionic microemulsions a hard sphere structure factor is usually
employed.*™'"* For larger O (but smaller than the minimum of /(Q)), S(Q) approaches
unity.” Since the value of the droplet radius is fixed by the position of the minimum of (Q),
S(O)~1 is considered as a good approximation in the determination of R, if the low-Q data
are omitted in the fitting procedure.”

The influence of the entropy of dispersion can be accounted for as follows. In conditions of
the two-phase coexistence and within the random mixing approximation,'>® the quantity a;

(defined after eq.3) becomes
Rla, = k(I -1\ +2) & ~ (k,T /47)F(D), 7
and the polydispersity from eq.5 is now

oo kT
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1:;) In(l-®)~In® -1, )

F(®)=In® +

where the approximation is for small volume fractions of the droplets, ®. Equations (7) - (9)

allow one to rewrite the mean quadrate of the fluctuation amplitudes from eq.3 in the form

<u,i,>={(1-1)(1+2)[1%LT1(1+1)—$}}4, (10)

that is particularly useful for the fits to experimental data since it does not explicitly depend on
the function F(®D).

We used eqs. 4,6,8-10 to calculate the SANS intensity as shown on Figure 2. The
microemulsion parameters are taken from the work’ (k=0.92 kT at 7=305.2 K, £=0.0356,
R,=48 A, d=10.8 A*' ¢,,=0.049 (the hard-sphere volume fraction), and the scattering length
densities are the same as in the calculations to Figure 1). The result is compared with the
intensity that does not include fluctuations. It is seen that due to the fluctuations the minimum
in /(Q) is shifted to higher Os so that, for given ¢ and d, the used mean radius or x are smaller
than their values needed to describe the experiment. It is thus seen that if the droplet
fluctuations are taken into account, the set of the parameters «, & R,, and d, as they were
determined in Ref, cannot describe the experiment. The result of our own fit of eq 6 to the
experimental SANS data’ are shown on Figure 3. In the fitting the volume fraction of the
droplets was the same as in Ref’ and following that work the region 0>0.03 A" was
considered to have S(Q)~1. The best fit to the experiment was achieved for the values x=1.93
kT, £=0.0463, R,=47.7 A, and d=6.44 A. The difference from the parameters found in Ref’ is
reflected mainly in the elasticity coefficients: together with a larger x we have now & =-2.68

ksT instead of & =-0.38 ksI.” If the entropy-of-mixing contributions are not taken into



account in eqs.9 and 10, the fit yields |& | slightly larger (=3 ks7) while x and & remain
unchanged. One more example of the fit shown by Figure 3 is for a different D,,-decane-
surfactant(C12Es)-D,O microemulsion system at 10 °C,° described by the parameters
£1=6.54x10", p,=6.36 x10" and py=2.76x10° cm? and the volume fraction ¢,=0.0765.
Instead of the parameters determined in the original work,® 2sc+& =3.42 ksT, £=0.0127,
R,=49.1 A, and d=15.2 A (the elasticity x was not found), our fit yielded the values
25tk =1.97 kT, (k=4.05 and & =-6.13 kpT), £=0.0236, R,=49.1 A, and d=14.6 A. The
presented values should be considered just as estimations of the system parameters within the
used approximations since we do not use the original experimental data and do not take into
account the smearing of the data points. Despite this it allows us to make some conclusions
about the studied systems. In both the examples the fluctuations are relatively small that
agrees with our assumption. This is reflected by rather large bending elasticities (note that the
further increase of x weakly affects the quality of our fits), especially in the second case. In the
first example the bending elasticity is smaller but evidently underestimated in the original
work.” The difference between the experiment” and the theoretical curve for larger O seen on
Figure 3 can be attributed to the increasing role of the fluctuations with growing QOs; probably,
in the high-Q region the higher-order terms due to fluctuations cannot be neglected. It is also
possible that the model should be improved by taking into account the diffuseness of the
scattering length distribution at the droplet boundaries - it has been shown in Ref*' that the
model with diffuse boundaries possesses a better behavior of the scattering curve at large Os
than the conventional model with sharp boundaries considered here. Finally, add that the
thickness of the layer is relatively large compared with R,, so that a theory not limited to small

values of d, seems to be needed.



Note that on the basis of our qualitative consideration of the behavior of SANS intensity we
expected to obtain a good fit to the experiment for smaller x and larger R,,. However, such
attempts gave somewhat worse results than those presented on Figure 3 and are not shown
here.

Except the region of high wave vectors our calculations give a good quantitative description
of the SANS experiments. Moreover, a decision about the role of the fluctuations can be made
that was not possible in previous theories. The inclusion of the droplet fluctuations into the
consideration allowed us to obtain the mean radius of the droplets, their shell thickness, the
polydispersity, and the bending elasticity. As a result (since in the case of two-phase
coexistence ¢ is functionally connected with 2x+& )*%, both the elasticity coefficients x and &
can be in principle determined. In the case of one-phase coexistence there is one more
parameter to be determined: the set of the parameters describing the properties of the droplet
is Ry, C, K, @, d, and ¢ is connected with the first three parameters by eq.3. Due to a large
number of the parameters it is desirable to combine the information from SANS with data
obtained from other sources, like dynamical experiments.” The coefficient & can also be found
from surface tension measurements,'’ that are however not entirely independent from SANS
since one of the parameters needed to determine « (the maximum length scale) is measured by
SANS.*

We add that in previous interpretations the SANS results were connected with the
fluctuations only through the polydispersity formally determined by &=(uoo’Y4m°® with
(uoo”=ksT/(-2Ry’ o). Due to the conservation of the droplet volume, a very different
expression follows for the quantity (uo”). The free energy of ;he droplet fluctuations in
harmonic approximation,® which is a sum of the terms kz7 | s, |2/2¢ L1, | %), does not contain

the /=0 mode contribution. With the use of eq 3 one obtains
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4ﬂ<u§0>=(2(21+1)<u,20>J2 +22(21+1)<u,20>2. (11)

I>1 1>1

IT1. Conclusions and discussion

We have calculated the form factor and intensity of the static neutron scattering from
droplet microemulsions considering the role of the droplet fluctuations in the shape. To our
knowledge, for the first time we have consistently accounted for all the contributions to the
scattering up to the second order of the fluctuations. The results are appropriate for the
description of SANS on dilute microemulsions containing droplets with a surface layer of
relatively small thickness: this restriction is due to the fact that while the form factor was
calculated without an explicit limitation on the thickness d, the correlators of the fluctuating
radius, eq.3, follow from the theory limited to small d/Ro."** From SANS experiments crucial
parameters determining the properties of microemulsions are often extracted, like the mean
radius R, of the droplets, polydispersity and, in favorable conditions (two-phase coexistence),
the combination 2x+& of the elasticity coefficients of the surfactant film. So far these
characteristics were obtained fitting the experimental SANS data with the model of double-
layered, nonfluctuating spheres. Using our approach, both the bending elasticity x and the
saddle-splay modulus & can be determined simultaneously. We have also demonstrated that
the effect of the fluctuations on SANS spectra cannot be a priori neglected. The bending
elasticities x are often thought to be of the order of 437 or smaller. For such values of x and
usual polydispersities the role of the fluctuations is important. In particular, when the
experimental conditions are close to the shell contrast, the account for the fluctuations leads to
a notable shift of the observed minimum in the SANS intensity to Higher wave-vector transfers

of the scattering than it follows- from the theory without fluctuations. As a result, an
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agreement with the experiment requires larger x and/or R, Describing two recent
experiments,*’ we found for x significantly larger values than in the original works while the
radii R,, did not change notably. In spite of this we do not exclude the alternative that the
radius of the droplets was underestimated in the interpretations of the SANS experiments.
Such a possibility can be supported by the results of dynamic neutron scattering experiments.

These experiments™ "

yield an effective diffusion coefficient of the microemulsion droplets,
Dy(Q). The observed peak in D(Q) (attributed to the shape fluctuations of the droplets)"’
cannot be quantitatively described using the parameters as determined from SANS: in
particular, its experimentally observed height is several times smaller than it follows from the
theory.” While the increase of x increases the peak height, it can be lowered by increasing R,,
since the maximum of D.4(Q) scales proportionally to R,.>**" Finally, the dynamic light
scattering experiments’ yield small self-diffusion coefficients of microemulsion droplets that
are difficult to explain using R, determined from the polydisperse (nonfluctuating) shell

model*?

fitted to SANS data, unless the shell is surrounded by several hydration layers.

We conclude that the inclusion of the shape fluctuations of the droplets into the
consideration essentially affects the interpretation of SANS experiments on microemulsions.
More information can be now obtained about important phenomenological parameters of
microemulsion systems. However, the problem of the extraction of these characteristics from
SANS still remains far from a satisfactory solution. We suppose that a number of
improvements to the presented theory should be done, e.g., in a more exact approach the
model should be generalized to surface layers of arbitrary thickness. In our analysis, valid to

the second order in (presumably) small fluctuations, unphysical scattering intensities appear

for small values of x (~0.5 k3T or smaller). This means that in this case (within our approach)



the fluctuations are large. We cannot exclude such a possibility until a more exact theory,

taking into account higher order terms in the fluctuations, will be developed.
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Figl;re 1. The normalized form factor from eqs.r4, 10 as a function of x=QR,, for several
bending elasticities x. The octane-ds-surfactant (C1oEs)-water microemulsion system’ is
characterized by the neutron scattering length densities p;=6.35x10' and p,=6.36x10'° cm™®
? for the bulk fluids, and py=1.65x10° cm™ for the surfactant layer.' The thickness of the
layer is @=10.8 A*"” the droplet radius R,=48 A, and the polydispersity £=0.0356.” The
figure illustrates how the form factor is influenced by the droplet fluctuations in the shape

(when x decreases, the amplitudes of the fluctuations increase).
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Figure 2. SANS intensity from eqs 4,6,8-10 with (d;shed line) and without (full line) the_ 7
droplet fluctuations. The experimental data (points) are taken from Ref’. The bending
elasticity is k=0.92 kzT at 7=305.2 K, the volume fraction of the droplets is ¢,=0.049, and
other parameters of the microemulsion are as in Figure 1. It is seen that the set of the
parameters x, &, R,, and d, as they were determined in Ref’ using the nonfluctuating shell
model, cannot describe the experiment. The necessary changes of the parameters are

discussed in the text (see also Figure 3).
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Figure 3. Scattering intensity from eq 6 fitted to SANS data represented by points.®’ In the
fitting procedure the parameters «, ¢, d, and R, were subject to change, and the region
0>0.03 A" was considered where S(Q)~1.” Other parameters are the same as in Figures 1
and 2 (lower line). The upper line is for the Dx-decane-surfactant (Ci2Es)-D20
microemulsion system® at 10 °C: p;=6.54x10™, p,=6.36x10" cm?, and py=2.76x10° cm™.
In this case the intensity is divided by the volume fraction ¢,,~0.07649. The results of the

fits are described in the text.
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Juce B., Bpyroscku B. E17-2001-166
O MaJIOyIJIOBOM pacCessHUM HEHTPOHOB Ha KaIUIIX MHKPO3IMYJIbCHU:
poisb ykTyauuii opMsl Kamnesb

Paccunransl ¢opM(aKTOp MU HMHTEHCHBHOCTh CTAaTHMYECKOIO paccesHWs HEHTPOHOB
Ha KalUIIX MMKpOaMyJIbcHH. Kammu Monenupylorcs AByXCIOMHbIMU ciepamu, COCTOALIMMU
13 XHUOKOTO spa ¥ TOHKOTO TIOBEPXHOCTHOIO CJI0 CypthaKTaHTa M HaXOAATCs B APYTOM Xua-
KOCTH. Bce TpH KOMITOHEHTBI HECXKMMAEMbl U XapaKTEPU3YIOTCA PasIUYHBIMHU IUIOTHOCTIMU
IUIMH paccesHus. B oTinyme oT MpexHMX ONUCAaHMI MaJIOYIJIOBOTO pacCesiHus HEHTPOHOB
HIOC/IeIOBaTEeIbHO YUUTBIBAIOTCS TEIUTIOBbIEe (iyKTyaluu (popMel KaIid 10 BTOPOTO MopsaKa
1o ¢IyKTyauusm pamuyca. CBOHCTBa IOBEPXHOCTHOIO CJIOsl ONMCBHIBAIOTCS B pPaMKaX MOIEIU
Xenbpuxa. [TokasaHo, 4To 111 HHTEPIPETALMH PACCESHUS BO MHOTHX CIydasx ydeT yk-
TyaLl# SBIISETCS CYIIECTBEHHBIM. B yCIIOBHAX cOCyIlecTBOBaHMS OOBEMHBIX (ha3 BO3MOXHO
Tereph U3 9KCIEPMMEHTa OXHOBPEMEHHO TOTy4YUTh MH(OPMALIHIO O JBYX 3JIaCTUYECKHX KOH-
CTaHTax CJIOSl K U K, N0 CHX IIOp M3BIEKAEMBIX M3 DKCIIEPHUMEHTOB B KOMOMHAILMM 2K+X .
B xauecTBe WITIOCTpALMH TEOPHs TIPUMEHEHA VT KOJIMYECTBEHHOIO OIMCAHMS 3KCIIEPHMEH-
TOB 110 MaJIOyIJIOBOMY PacCEsHHIO HEHTPOHOB U3 JIUTEPATYPHI.

PaGora BbimonmHeHa B JlaGoparopum Tteopernmyeckoii ¢usuku uM. H.H.Boromo6osa
OWZIN.

Coobuienne O6beAMHEHHOr0 MHCTUTYTA SIEPHBIX HccnexoBanuii. [Jy6ua, 2001

Lisy V., Brutovsky B. E17-2001-166
On Small-Angle Neutron Scattering from Microemulsion Droplets:
the Role of Shape Fluctuations

The form factor and intensity of static neutron scattering from microemulsion droplets
are calculated. The droplet is modeled by a double-layered sphere consisting of a fluid core
and a thin surfactant layer, immersed in another fluid. All the three components are incom-
pressible and characterized by different scattering length densities. As distinct from previous
descriptions of small-angle neutron scattering (SANS), we consistently take into account
thermal fluctuations of the droplet shape, to the second order of the fluctuations
of the droplet radius. The properties of the layer are described within Helfrich’s concept
of the elasticity of curved interfaces. It is shown that in many cases the account for the fluc-
tuations is essential for the interpretation of SANS. Information about two elastic constants
and X (so far extracted from the experiments in the combination 2x+% ) can be now simulta-
neously obtained from SANS for system in conditions of two-phase coexistence. As an illus-
tration, the theory is applied for the quantitative description of SANS experiments
from the literature.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.
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Maket H.A.KuceneBoi

Ioamucano B neyats 15.08.2001
@opmar 60 X 90/16. Odcernas nevars. Yu.-u3n. . 1,1
Tupax 315. 3aka3 52820. Llena 1 p. 10 k.

W3 natensckuii otaen O0beJMHEHHOTO HHCTUTYTA AIePHbIX UCCIIEIOBaHUM
Hy6Ha MockoBckoit obnactu



