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An analytical solution of the polymer Percus-Yevick approximation
for a multicomponent mixture of associating hard spheres, forming star
polymer molecules upon association, is derived. Simplified version of
the solution, which combines the polymer Percus-Yevick approxima-
tion with the so-called ideal chain approximation is used to describe
the equilibrium properties of the two-component associating mixture
of hard spheres and linear chain molecules. The structure properties
of the model are studied at all degrees of association, including the
limit of complete association in which the system is represented by
the fluid of multiarm polymer star molecules.

1. Introduction

In recent years a number of integral equation studies of the structure and
thermodynamic properties of polymer fluids have been published. These in-
clude the application of the polymer reference interaction site model theory
(PRISM) (see Refs. [1,2] and references therein), the polymer Born-Green-
Yvon (PBGY) theory [3,4], a version of the Percus-Yevick (PY) theory ex-
tended to polymer fluids [5], a theory based on the Chandler-Silbey-Ladanyi
PY approximation for the site-site fluid [6] and the multidensity polymer PY
(PPY) theory for associating fluids [7,8] appropriately modified to describe
polymer fluids [9-13].

However, all of these studies are focused on the investigation of the
polymer fluids represented by the system of monomers that have completely
associated into polymers of a fixed size, usually into linear freely-jointed
chain polymers of a fixed length. More recently an analytical solution of
the multidensity PPY theory was used to describe an associating fluid which
polymerizes into freely-jointed tangent hard-sphere linear chain molecules
[2,11]. The structure properties of such a system was studied at all the
degrees of polymerization, including the limit of completely dissociated and
completely associated systems.

In this paper an analytical solution of the PPY approximation, for-
mulated for the model of the associating fluid which forms polymer star
molecules upon association, is derived. We also propose a simplified version
of the solution, in which the PPY approximation is supplemented by the
so-called ideal chain approximation [8,9,12,13]. Solution of the PPY ideal
chain approximation is utilized to study the structure properties of the asso-
ciating mixture of hard spheres and linear chain molecules of a fixed length
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at all the degrees of association. The model of this type can be used to de-
scribe the properties of star polymer systems, and polymer coated colloidal
systems.

2. The model and theory

We consider a model represented by the (n, + n.)-component mixture of
hard-sphere particles with hard spheres of each of n, species having two
sticky points, A and B, randomly placed on the surface, and hard spheres
of each of n, species having only one sticky site 0 placed in the center of
the hard sphere. The pair potential U$5(12) for this model consists of the
hard-sphere term and terms describing the sticky interaction

Uas(12) = $25(r) + > {dapup (1 = 0:5) (1 = bi0) (1 = &)+

SapObe(1 = 8i0)djo + Gacsy (1 — 850)di0} Dot 5. (12) (2.1)

where the upper indices a and b, each taking the values p or ¢, and to-
gether with the lower indices a and (3, each taking the values 1,2,...,n,
and 1,2,..,n;, stand for the species of the particles. Here ¢g”ﬁ(r) is the
hard-sphere potential

Rab
zf(r):{ oo, 1< R (2.2)
s 0, r>R%Yy

R2Y = L(R+R}), RS is the hard-sphere diameter, d, is the Kroneker delta,
@2 5 (12) is the site-site potential of the sticky interaction between the sites 4

and j belonging to the particles of (a, @) and (b, 3) species, respectively, and
arguments 1 and 2 denote the positions and orientations of the two particles.
The summation in (2.1) is carried out over 7 and j taking the values 0, A, B,
and we assume that the sticky interaction is valid only between the sites of
a different type. Thus, in our notation the species of each of the particles
is defined by a pair of indices, (a,a), and the type of each of the attractive
sites is defined by a set of three indices, (a, @, 1).

Due to the short-range character of the sticky site-site interaction and
due to the random location of the attractive sites, the p-type of the particles
polymerizes into freely-jointed tangent hard-sphere linear chain molecules.
The structure of the clusters which involve the c-type of the particles is
similar to that formed by the Smith-Nezbeda primitive model of associating
fluid [14,17,16], i.e. each of the p-type of the particles can simultaneously
be bonded to a limited number of the c-type of the particles (in the present
case not more than to two c-type particles), while the c-type of the particles
can bond an arbitrary number of the p-type of the particles.

The model in question is described using a version of the multidensity
integral equation theory for associating fluids which combines a four-density
theory for linear chain polymerization [2,7,8,11] and a two-density theory
developed to treat the systems with strong assymetry in associative in-
teraction [14,16-18]. Similarly, as in the earlier studies, we are using an
orientationally averaged multidensity Ornstein-Zernike (OZ) equation sup-
plemented by the PPY approximation. The corresponding OZ equation,
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written in terms of the orientationally averaged partial total A2’ 3 (r) and
direct ¢’ (r) correlation functions reads

~ab

by (k) = €205 (k) + 30 &4 (k) ol (k) (23

~ab
where h,;(k), éZ%(k) and p{@ are the matrices of the following form:

hehs, (k) hbbs,(R)  hifs, (k) Wil (R)

A k) R, (k) R (k) R (k)
hip (k) — A0514,30 AOéA,BA AOéA,BB AQABF ,
7 }}21;,60 (k) ]1’21;5,4 (k) ]Z’Z’;BB (k) iz’gl;ﬁr (k)

hewso (k) hehg, (k) hel s, (k) hoy s (K)

P Ph gﬁ Ph
o = | Ph 0 (pR)?/AD 0 &) = 0
* pb (ph)?/AY) 0 0]’ * >
o 0 0
and (0) () '
P p 1
N e DI
Oaq 7j=0

Here h s, (k) and ¢2’ 5 (k) are the Fourier transforms of the partial correla-
tion functions hg’, (r) and ¢, (r), respectively, the lower indices i and j
in p@, 0{@ and in partial correlation functions denote the bonding states

of the corresponding particle. In the case of the p-type of the particle s =0
corresponds to an unbonded particle, i = A(or B) — to a particle bonded
at A(or B) site and 7 = T' to a particle bonded at both A and B sites.
Since the c-type of the particles does not have off-center attractive sites, we
follow the earlier developments [14,16,18] and do not distinguish between
their bonded states. In this case the index denoting the bonding states of
the corresponding c-type particle is taking only one value of i = 0.

The PPY closure relations for the present model take the form

hi?ﬁj (7‘) = —(52'0(5]'0, r< RZ%
Ciljﬁj (r) = {8apdsp(1 — 035) (1 = di0) (1 = Gjo) + dapde (1 — di0)djo+
6(166[,1)(1 — (5]‘0)61'0} Bgfﬁjé(?" — RZIZ;), T 2 RZ% (24)
The sticky potential @3, (12) is entering the closure relation (2.4) via the

angle averaged Mayer function f;f’ﬁj (r) which is proportional to the Dirac
delta-function

fobs, (r) exp [_5 Z%(T)] = {9apdhp (1 = 955) (1 — dio) (1 = dj0) +

5ap5bc(]- — (57;0)5]‘0 + 5&6517})(1 - (5]0)(510} Kg?ﬁj(S(r - RZ%) (25)
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where K(’; is a stickiness parameter related to B,,s; by

1
BZII)(,BL =" o )XakﬁLyaoﬁo’ Bzf(ﬁr - (p Z XlXKﬁLyaoﬁr L’
pd’ pj Ay’ iz
pp
arfr — Z XaKﬁLyar xBr-r?
APAY Agp K=
Bcp o 1 cp cp 2 6
aofr = (p) XaoBrYaohos aoﬁr - (p Z XaoﬁLyaoﬁr L (2.6)
Ps Ag’ [Za
where )
XOtK Br = Ogg‘) KUI(Dépl“) LKﬁZI)(,BL’ XlxoﬁL = O—ﬁi LKQZ(:BL' (27)

Subindices K and L each take the values A or B, T'— A = B and y3’; is
the contact value of the partial cavity dlstrlbutlon function defined by

gty (r) = € B Lyt (1) + [8upBip(1 = 035)(1 = 60) (1 = 8j0)+

+0upBe(1 = Di0)j0 + Daclyy (1 = 0j0)di0] Biks (r — B) ), (2.8)

where g5°5 (r) = hal 5 (r) —digdj0. Finally, the relation between the densities
of bonded and unbonded particles are found to be

A,(lp) = 47Tp‘(1p) [Z p(ﬁp) (RZ (Bgi'ﬁA + BaKﬁB + B‘J‘Kﬁr) +
g

ZPEJC)(Rg Bgi{ﬁg +UF K> (2.9)
3
PP = AP 4 o7pP) [Z g (Bﬁ’; g, T B s, + Barﬁr) +

(2.10)

>0y (REG) Bl
B

3. General solution of the PPY approximation

The solution of the present version of the PPY approximation is obtained
by using Baxter-Wertheim factorization technique. The general scheme of
the solution is quite similar to that derived in [2,11], and we follow these
earlier studies closely. The factorized version of the OZ equation (2.3) can
be presented in the following form:

—rhty, () = [g2ts, ()] —
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Figure 1. 4-arm molecular model, studied in Section 4, in the
complete association limit. The c-type of the particles
is represented by the central bead, while the rest of
the beads belong to the p-type of the particles

ad

2w—22 Z o / , G OO (r—t) 7> 83 (1)
Y
—reils (r) = [qily, ()] —

2”— ZZ Z P /qw t)qsys, (r +1) t, S <7 < R (3.12)
Y

where p{f ”)_ is the correspondent elements of the matrix p{@, T, (a) = (1 —
dac)T, Saﬁ = 1(R% — R}) and integration in (3.12) is carried out over the
range defined by St <t < mln[Rw, R —r].

Considering equation (3.11) in the range S} < r < R and taking into
account the closure relations (2.4) together with the boundary conditions

qgljﬁj(RZ%'F) - qgljﬁj(RZbﬁ_) = - [5ap5bp(1 - 5ij)(1 - 51’0)(1 - 6j0)+

6ap(5bc(1 - 6i0)6j0 + 6ac(5bp(1 - 6j0)5i0] RZbﬁBZ?ﬁj (313)
we finally obtain
ab 1
Qo (1) = 2% 2+ 0% ) 0o; +di s, (3.14)
where
1 psp R 27 () Dp
a _ a cp 1
G, 1_,’7+2(1_,’7)2 1_ 5‘”2'0 RR’YZ Ozo’YJ (3 5)

Jj#0
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Figure 2. Fraction of unbonded chain molecules z = a / p®) as

a function of the total packing fraction of the system
nat (1) K, = 0.1, (2) K, = 1, (3) K, = 5, (4)

K,. =30
1 ps,(R%)? 7TRC o
b = -« 0‘5 (P) RP R¢ 1
T TI A P T o RELY B, (310
J#0
Job o — (Ribﬁ)Q lpsnRgRgﬁsgﬁ
ol 2(1-m) 4 (1-p)?
T cb Qbe < cp c
ﬂJ«zws*my(sacZp;@mz«z VZBQJZV , (3.17)
ol j#0

\P) RP RP? Z B+ plIRCRPSBP (i #0)
J#0 Y

3.18)
1
v, = —gRual, (i#0) (3.19)
dy sy = __pr 3Saas, + 0w RoGBY 5, (i #0) (3.20)
d? s = (1= 60)0up + ac] RSB, (j #0) (3.21)

and we use the following notation

p=2_> 0, sn=%ZZp&")(Rﬁi)2, ZZp‘” (Rg)’

The contact values of the cavity distribution function follow from equa-
tion (3.11) considered at r — R2%

1 ps R“RB
+ A b
1-— 4(1 - )QRZB

R sYaam (Ros+) =
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Figure 3. Radial distribution function g..(r) at n = 0.1 and dif-
ferent values of the strength of association. From the
top to the bottom at r =2 K,. = 0,1, 5,15, 30, co.
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ng T (d)

a a a & a d d
R5aus, (Ropt) = -7 Ra D D " RE R 3 By, +
d o =0

Np T
2mbac y_ D PP REEREBY B, (j#0) (3.23)
v k0

« @iYo

Relsyons, (Re+) = 2m > ol RS R BEC BYls, +
Y

np, T
2w S AN RILBI, B, R (i £ 0) (3:24)
v kl#£0

Thus, solution of the OZ equation (2.3) closed by the PPY closure con-
ditions (2.4) reduces to the solution of a set of algebraic equations formed
by relations (2.9), (2.10) and (2.6).

4. Solution of the PPY ideal chain approximation for a two-compo-
nent associative polymer-colloidal mixture

The model discussed in two previous sections is quite general and can be
used to describe a number of different associating macromolecular systems.
One of such systems is represented by a two-component associating mixture
of chain molecules and hard spheres, which form star polymer molecules
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gpc

Figure 4. Average radial distribution function g,.(r) at n = 0.1
and different values of the strength of association.
From the top to the bottom at r = 1.5 K, =
0,1,5,15, 30, cc.

upon association. This particular version of the model discussed earlier can
be obtained by imposing certain restrictions on the bonding possibilities of
the system. The model of this type can be used to describe such systems as
polymer coated colloids and star polymer systems. In this section we will
illustrate the solution of the PPY approximation, derived in the previous
section, by its application to such associating polymer-colloidal systems. In
addition, we will simplify the solution by utilizing the version of the so-called
ideal chain approximation [8,9] proposed recently [13].

Let us consider the (n, + 1)-component version of the model with p{P) =

p®) and with the following conditions imposed on the values of the stickeness
parameter K7’

Kgf(m = K,, (0kB0rA005-1+ 0k A01LBOa—1)
K . = Kp0xadm (4.25)

aklo
and restrict our study to the case of an infinitely strong sticky attraction
between the p-type of the particles, i.e. K,, — oo. In this limit the system
is represented by a two-component mixture of hard spheres and linear chain
molecules which, due to the association between the p-type and the c-type
of the particles form star polymer molecules of the type shown in figure 1.
In the complete association limit (K,. — oo) the average number of

arms n,m per each molecule is defined by the ratio ng,m = p / pl.

For the sake of simplicity we shall describe the present model using
the ideal chain approximation [8,9,12,13] which neglects the correlations
between two particles with at least one of them bonded at two sites, A and
B,ie. h}ls (r) = cils.(r) = 0. Thus, in the limit of K,, — oo equation

(2.10) gives
AP = p@), (4.26)

Substituting this result into equation (2.9) we have

_|_

ap(a+l)a

P = dmp® {Sxepp (R, 1) B
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Figure 5. Average radial distribution function g,,(r) at n = 0.1
and different values of the strength of association.
From the top to the bottom at r = 14 K, =
0,1,5,15, 30, cc.

5KA[ P(RPP,_))? B i), + {541 (RYT)? 1A10]}+U(<11’F)7K. (4.27)

In the complete association limit (K,, — oo) 0&1‘2 = 0 for all values of «
and K, except « =1 and K = B. Thus,

1 5, 5,
BY = OB 5 g 4.28
o 47T,0(p) l et (Ra a+1) fATLE (Raa 1) ( )
b _ p(p _ (p)

B = 4.29
e dmplp c)(Rn)Q ( )

The corresponding relation between the strength of the sticky interaction
K,. and density parameter O’lp ) follows from (4.29)

(R Kye(o(?)*+

1—77

Al (B G K — 17 (R + 1 0] = =0 (430)

where expression (2.6) for BT}, has been used. Here g2 is the hard-sphere
contact value of the pair distribution function

1 1 ps,RYRS
9a2 =13 T 10— 9)?RY
n n af

~ab

and in order to eliminate y{;, appearing in expression (2.6) for B, equa-
tion (3.22) has been used.

Now we are in a position to write the closed form expressions for the
coefficients of the Baxter ¢g-function and for the contact values of the partial
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gcc

Figure 6. Radial distribution function g..(r) at n = 0.3 and dif-
ferent values of the strength of association. From the
top to the bottom at r =2 K, =0,1,5, cc.

cavity distribution functions. Substituting (4.28) and (4.29) into (3.15)-
(3.21) we obtain

a 1 psn RS 2w p e
Exo) - 1-— n + 2(1 - 77)2 B 1-— ’r]é“p(p)RpR pBloplA’ (431)
0 Lpsp(Rg)? | ™ ep e
b = I + 1 anéacp@)R{’Rlﬁ’Blfu, (4.32)
(Rglb)2 ]-SnpRnggzbﬁng% m cb Qbe P RCP
daoﬁo = 2(77 — 1) + Z (1 — 7])2 + 1— anﬁSﬁléacp R RllBlolAa
(4.33)
1 RP p® — ol¥)
P . - a—1 1g
o) = gy oo [0 g0 ¢
R
Spx (1 — Gan,) Rm,“ } (4.34)
a,a+1
by = Rz & (4.35)
1 (p) _ O'(p)
b p
Do = _§R Sﬁa ax )+ 61e6k 4001 7”@ oYk (4.36)
o p(p) _ (P)
dloﬁL 5ﬁ15LA 471_10(;0 ,O(C Rpc7 (437)
1 005 Oa
PP — B+1
daKﬁL - 47Tp(p) 5KB5LARZPQ+1 + 5KA5LB Rgpa i , (438)
) (4.39)
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Figure 7. Average radial distribution function g,.(r) at n = 0.3
and different values of the strength of association.
From the top to the bottom at r = 1.5 K, =
0,1,5, 00.

and

RsYaos, (Rast) = Rapdas — (5GCRB+6,,CR“) (4.40)

6a05AL5,62 (,O(p - U(p))
ap .ap ap
el (Bl t) = i o R+
Re R, RY_
—— 5, 5(1 = s, Spa(1 =4 ol 4.41
A —1) [ Le(l 3 p)RngH +dpa( 51)Rgp_1[3] ; ( )
(p®) — o)’

Ry 5, (REG+) = 0510010k 4014

8 ()2 (T

1 Ok BOLAOG B—2 Ok A0LB0q 342
87-‘—10(p) RZI,)aJrlROt-l-l,a-i-? Rapoz 1Rap 1,a—2

(4.42)

The set of expressions (4.31)-(4.39) together with the quadratic equation

(4.30) for the density parameter a(p ) represents our solution of the PPY ideal
chain approximation for the two- component associating polymer-colloidal
mixture. Knowing the Baxter ¢-function (3.14) allows one to study the
structure and thermodynamical properties of the model in question. The
partial total pair correlation functions h%’s (r) can be calculated by using
the factorized version of the OZ equation (3.11) and (3.12), written in the
Fourier k-space [19-21]

p - —e(k) = Q" (—k)pQ(k), (4.43)
1+ ph(k) = [pQ7 (~k)pQ(k)] ' (4.44)
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gpp

Figure 8. Average radial distribution function g,,(r) at n = 0.3
and different values of the strength of association.
From the top to the bottom at r = 1.7 K,, =
0,1,5, 00.

and the expression for the Baxter ¢g-function derived in the previous section.
Here the elements of the matrices h(k), ¢(k), p, Q(k) are the matrices
he’(k), €2%(k), dapdapl® and Q2% (k), respectively,

ab

amPqet, (r) = [ O:O {[p72,, — Qs (k) exp(—ikr) k. (4.45)

and QT (k) denotes a matrix transposed to the matrix Q(k). Since in the
PPY approximation ¢2(r) = 0 for r > R%, we have

hr) = 5 [ {pQ7 (-RpQUkIA] '+

2m2r

Q"(~k)pQk) - 29"} ksin(kr) k (4.46)

5. Results and discussion

The equilibrium properties of the model at hand are defined by the total
packing fraction 7, the strength of associative interaction K,,, the number
of p-type particles species n, (which is the length of the chain molecules),
the ratio between the densities of the p-type and c-type of the particles
Narm = PP /p(® (which is the average number of arms per each star molecule
formed in the complete association limit, K,. — 00). Results presented in
this section apply to the version of the model with n,.,, = 4, n, = 4,
R =R,=1and R{ =R, =2.

First we discuss the dependence of the fraction of free (not bonded to
the c-type of the particles) chain molecules z = o%’;)/ p®) on the strength
of the sticky interaction K. and packing fraction 7. Fig. 2 shows z as a
function of the system packing fraction 7 for several values of the stickiness.
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gpp

Figure 9. Radial distribution function ¢77(r) (1) and ¢7¥(r) (2)
at 7 = 0.1 and K,. = 0 (solid line), K,. = 5 (long
dashed line) and K. = oo (short dashed line).

As one would expect, with the increase of  and/or K. the fraction of the
free chains decreases.

The version of the ideal chain approximation utilized in the present study
allows one to calculate the individual radial distribution functions (RDF)

MNaNp

g = 3 gy, () (5.47)

for each of the monomer pair. In addition to these RDF's, for the description
of the structure of the polymer system, the so-called averaged RDFs, are
often used. For the model in question they are defined as

G(r) = S g (r),
) 2,
Gpe(r) = ni S gl (r). (5.48)

In figures 3-10 we present various RDFs for a partially associated system
at two values of the total packing fraction n = 0.1,0.3 and different values
of the strength of association. From these figures one can see the changes
in the structure with the increase of the degree of association from a nonas-
sociating mixture of hard spheres and chain molecules (K,.=0) to complete
the association limit, K,. = oo, represented by the system of polymer star
molecules with the average number of arms n,.,, = 4.

The structure peculiarities of the nonassociating mixture of hard spheres
and chain molecules were discussed earlier [10]. In brief, the RDF g,,(r)
has a jump discontinuity at » = 2R, which is the result of intramolecular
correlations, while the shape of the RDF ¢,..(r) is quite similar to the RDF
of the regular hard-sphere mixture. Similarly, as in the case of the site-
site molecular fluids [22], the RDF g,.(r) has a cusp at r = R, + 2R,
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Figure 10. Radial distribution function g7 (r) (1) and ¢i7(r) (2)
at 7 = 0.1 and K,. = 0 (solid line), K,. = 5 (long
dashed line) and K. = oo (short dashed line).

(figures 4, 7). With the increase of K. the cusp of the same origin appeares
on the RDF g..(r) at » = R, + R, (figures 3, 6). In addition, the RDFs
gpp(r) and g,.(r) show a jump discontinuity at r = R, + R. and r = 2R, +
%Rc, respectively, reflecting the formation of star molecules (figures 4, 5,
7, 8). The contact values of all the three average RDFs g..(r), g,.(r) and
gpp(r) change their values from a value larger than 1 to a value smaller
than 1 at lower values of the packing fraction (n = 0.1) (figures 3-5). The
corresponding changes at higher values of the packing fraction (n = 0.3)
are not so pronounced and are relatively smaller, although the association
causes a decrease of the contact values of the RDF. These changes in the
contact values result from the screening effects due to the adjacent bonded
spheres. In figure 9 we compare the behaviour of the individual RDFs gi7 ()
and g7} (r). At K,. = 0 both RDFs coincide, while with the increase of K.
they show a substantial difference. At large values of K. the RDF ¢i7(r)
has a relatively large contact value, and for r = R. + R, shows a jump
discontinuity. The corresponding RDF ¢77(r) remains almost unchanged.
Similar comparison for the RDF's g7 (r) and ¢%7(r) is demonstrated in figure
10. Here both functions change their shapes due to the association. With
the increase of K. the contact values of the RDFs g7 (r) and g¢f; () decrease
as well.

6. Concluding remarks

In the present paper an analytical solution of the polymer Percus-Yevick
(PPY) approximation for the multicomponent mixture of associating hard
spheres, forming polymer star molecules upon association, is derived. A
simplified version of the solution, which involves in addition the so-called
ideal chain approximation, has been used to study the structure properties
of the two-component associating mixture of hard spheres and linear chain
molecules. The accuracy of the present theory has been assessed only in
the complete dissociation limit (K, = 0) [10], since simulation results for
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a partially and completely associated system are not available. We expect
it to be of the same order of accuracy for all the degrees of association, but
this remains to be tested. The corresponding work is in progress and its
results will be reported in due cource.
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PO3B’SI30K ITIOJIIMEPHOT O HABJIM>KEHHSA

INEPKYCA-UEBIKA OJIsI IIOJIIMEPU3AIIIL B 3IPKOBI

MOJIEKYJIN 3 JOBIJIBHOIO KIJIBKICTIO I'TJIOK

I0.B.Kamoxuani

OrpumMaso aHAXITUYHUI PO3B’A30K MOJIMEPHOTO HADIUIKEHHS

Ilepkyca-MeBika nusi 6araTOKOMIIOHEHTHOI CyMilIi acoOIiaTUBHUX
TBepaux cep, AKi mim Oi€I0 acOmiaTMBHUX CUJ yTBOPIOIOTL IIOJi-
MepHi 3ipKoBi Mosekyau. [lys onmucy piBHOBaXKHMX BJIACTUBOCTEN
TBOKOMIIOHEHTHOI aCOIIaTUBHOI cyMimi TBepaux cdep Ta JiHITHUX
JIAHITIOTOBUX MOJIEKYJI 32l POIOHOBAHA CIIPOIIEHA BepCis po3B’a3Ky,
KA TpeNcTaBJIeHa KoMOiHamieo mnomaiMmepHoro Habauxkenus Ilep-

kyca-leBika Ta Tax 3BAHOrO HADJIMKEHHS iI€AaJLHOTO JIAHIIOTA.
IIpoBeneHO DOCHIMXKEHHSA CTPYKTYPHUX BJIIACTUBOCTEN MOTENi Ipu
BCiX CTYHEHSIX acolialii, BKJIOUAUYN IPAHUYHUN BUNAIOK MOBHOI
acomialii, B AKOMY CHCTEMa HPEICTABICHA PIOUHOIO 3ipKOBUX MO-
JIEKYJ 3 TOBiJILHOIO KiMLKICTIO TiJIOK.



