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Abstract— Using the Bogolyubov method, the kinetic equations for dense gases in the presence of nonadditive

three-body forces have been obtained. The account for the three-body interactions is shown to lead to the

appearance, in the kineticequations, of the collision integrals of the same order as that of the Choh—Uhlenbeck

integral. Based on these equations the hydrodynamics of dense gases have been developed up to the n*-order

terms and general expressions have been obtained for the viscosity and thermal conductivity coefficients in the
approximation of three-body interactions.

1. INTRODUCTION

A MosT exhaustive treatment of the kinetic theory of
phenomena in dense gases up to the hydrodynamic
approximation has been made in ref. [1], where the
three-body collisions experienced by pairwise cor-
related particles are taken into account, ie. the
potential energy of the system is presented as a sum of
the energies of two-body interactions. However, as
pointed out in ref. [2], the requirement for the paired
additivity of potential energy in dense gases is not met.
Each molecule interacts with its immediate neighbour-
hood, and each interacting pair suffers effect from the
neighbouring molecules. It has been shown in refs. [3,
4] that a nonadditive addition to the potential energy
due to three-body interactions contributes strongly to
the thermodynamic characteristics of noble gases.
Many-body interactions play a substantial role in the
phenomena on the surface [5, 6]. The forces of
interaction between the molecules absorbed on the
surface differ markedly from the forces of interaction
between these very molecules in a gas [7, 8].

It has been shown in ref. [9] that an allowance for the
three-body interaction potential allows a correct
construction of the kinetic theory of dense gases and
leads to the appearance, in the kinetic equations, of the
terms of the same order as that of the Choh—Uhlenbeck
collision integral.

The aim of this study is to construct the
hydrodynamics of systems with three-body interac-
tions, i.e. to derive the macroscopic transport equations
and the expressions for heat conduction and viscosity
coefficients which would allow a numerical analysis of
these equations with the aid of a computer.

2. GENERAL MACROSCOPIC
EQUATIONS

It is known that the state of a system at the
hydrodynamic stage of its evolution is unambiguously

characterized by such macroscopic quantities as the
number density of particles, macroscopic gas velocity,
kinetic temperature, and the density of internal energy.
These quantities can be found with the aid of the
reduced distribution functions F,, F,, F by taking the
momentum averages.

Determine the hydrodynamic functions of a dense
gas[1,9] as

1
"(‘L t) = ; J\dpFI(lL q, t)

(number density of particles) (1)

1
mn(q, thu(q, ) = Y f dppF(p.q.1)

(macroscopic flow velocity) (2)

2 (p—mu)’
9(“")_3,,@, t)vfdp o Fi(p.q,)

(kinetic temperature) (3)

n(q, )e(q, t) = n(q, 1){36(q. 1) +£%(q, 1)} 4

(the density of internal energy which is comprised of the
energy of chaotic motion of gas particles and the energy
of interparticle interactions). In the approximation,
which accounts for the three-body interaction, the
quantity £® has the form

1
n(q,t) = &® 307 Jdl’jdxzd)an

1
X (X1, X0 )+ —5 [dpj\dx2 fdx3
6v

XDy ,53F3(xy, x5, X3, 1), (%)

where x; =(q;, p), ®, is the potential energy of
pairwise interaction, ®,,, is the potential energy of
three-body interaction.

The kinetic equation, derived in ref. [9], in the three-
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NOMENCLATURE
95 Boltzmann collision integral R? heat generated by collisions
D; deformation tensor T distance between ith and jth particles,
F; distribution function of s particles in q4—q;
phase space s evolution operator of s particles
fii one-body distribution function of ith system
approximation with respect to density vV system volume
fi Mayer function v volume per particle, 1/n
FW4S  antisymmetric (4) and symmetric (S) u hydrodynamic velocity of gas. motion
terms of the expansion of functionals X; coordinates of ith particle in phase
F of kth order in density and ith space, (p;, q;).
order in powers of relative distance
Gijk Mayer function analog for three-body
interactions Greek symbols
J* heat flux to random motion of gas B ith virial coefficient
particles o(x) Dirac delta-function
JP heat flux corresponding to potential 3 Kronecker delta
energy transport £ total internal energy
m mass of gas particles e® potential part of internal energy
n number density of particles (k) ith viscosity coefficient in kth
p momentum of particles approximation with respect to density
p momentum of random motion, p—mu 0 kinetic temperature
P pressure il thermal conductivity coefficients in ith
P pressure tensor due to thermal motion approximation with respect to density
of molecules o Maxwellian distribution
Py potential part of stress tensor ®,;;, @, pairwise and three-body interaction
q; coordinate of ith particle potentials of gas particles.

body interaction approximation takes on the form

OF,

9Fy 2 OF,
ot

m oq; n'[glzs(})w(l,z)FlFlde

+n2jdx2912 j dt8?)(1,2)
0

X J.{(gla +0,)89,(1,2,3)

—52,(1,2)(0,,52,(1,3)
+g23S(—2)00(2’ 3)}F1F1F1 dx,

+n2j‘dx2 912J d‘L’de;, 5241,2)
0

2

~ n
x0,,38%,(1,2,3)F,F,F, + Y

x dez dx,0,,58® (1,2, 3)F FF, ©)

é,.=aq)if(i_i>
Y oq; \Op; al’j ’
o _6(1)123 0 0P,,; 0 0,5 ¢
—“611’1 09, 5—Pz oq3 a_l’a

The remaining symbols are the same as in ref. [1].

where

Following ref. [1], the RHS of equation (6) can be
expanded in power series with respect to the relative
coordinates and quantities S_ _r,,(S_ , is the product
of time shift operators which depends on the relative
coordinates r,, = q, —q;). In this case, the follow-
ing expansion for the functionals FX(x;, x,|F),
F(xy, x5 | Fy), FO(xy, X5, x3| Fy) is obtained

FP =7 +70+ 70+, (7)
where (k) indicates the order of expansion in powers of
density; i = 2, 3 are two- or three-body functions. The
index after the comma indicates the order of expansion
in powers of r, , ; the symbols S and A characterize the
properties of symmetry and antisymmetry under the
permutation of particles 1 and 2. The expansion for
FO(x,, x,| F,) has exactly the same form as in ref. [ 1],
while for 54| F ), FL54(| F,) the expansions are

3
-9’—(21,2)5 = jJJ‘ diy, dy, dn, H Filq.m)
=1

X 0o(T 12, P1> P2 [ 15125 113)s

g'°-(21)1S = jjj dn, dy, dusVZ

3
X {H Fl(qla'll)}wl.k.a
1=1

X(t12, P P2 013125 13),
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3;(21)25 = jJJ dy, dy, d'lsvz
¢ 3 D)
Xiv H Fl(qla"l)}wlk]’.aﬁ
X (t12,P1sP2 1115125 13)
g L)
12 SWYAN < /
0 r
s = (-2 ) ®
aql.a 2

where

@o(T12,P1s P2 111,12, 113)

x S (1,2,3)—S® (1,2)(0,35P,(1,3)
+8,582 (2,3)+0,,,5%.(1,2,3)}

3
X I—[ o(p—m)- 9)
=1

The functions @ x4 ®a4j. differ from expressions
(4.56a and 4.56d) of ref. [1] by the presence of the term
which is associated with the operator 8§,,;. These
functions are cumbersome and are omitted to conserve
space

rrr
9”(30,}; = dy, dn,dn; H Fi(qs,m)vo
v U
rer 3
97(30,)5 = dy, dy, dnsV {n F1(‘l1,'h)})’1,k‘a
v J i=1
pPprp 3
9—(30.)2s = dn, dn, d'lav {V. n Fl(qb"l)}yz,kj,aﬂ
JJ =1
Fop=" ( f12e g«’w’s)
5q1¢
9'_(30){1 _ 6 ( 7124 a—-(o)s) (10)
0914
where

3
Yo = s H =1, Vige = _K;(3;YO

1,.(3),.(3
Y2 kj.aB = —Z_K( )K( )YO’

€¥(1,2,3) = r; %r13—%r23)

+80Gr 3 —3r2), x
=x(2,1,3), &8%1,2,3)
= —Hry3+123) 350013 +153).

Having integrated equation (6) over the momenta,
the following continuity equation is obtained
on N
ot aqm

(11)

HMT 27:10-H

~J
o0
AUS)

Multiplication of this equation by p and integration
over the momenta yields the equation of motion in the
form

 Du_ P, 0P "
D¢ aqlaz 6qla

where D/Dt = 8/0t +u,(6/0q,,), P%, is the familiar
expression for the pressure tensor resulting from the
thermal motion of the molecules

P® = Po1 4 P22 4 PR3

Oryy; 2
(. 0Dy 1120 o s 138 )
_FJ dp, dx, arl;:;z:{” Yo+FIN A+
1 f [ I
_50_3_] dp, dx, dx; 5r;zi ‘2“
x {(FOS+ FPF+-} (13)

Multiplication of equation (6) by p?/2m and
integration over the momenta gives the equation for the
kinetic energy transport

D
—(30)+P,D;, = —— (JE+JP)+R? (14
nDt(Z )+ at i qla( z+Jm )+ 1 (1 )
where D;, = 1/2(du;/0q,,+ du,/0q,,) is the deformation
tensor ; J* is the heat flux due to the random motion of
the molecules

T = IR O Y

1 0Dy, Pri+ Py
- dp, dx, 12 P1it P2
v ariy  2m

T12q
5 1

1 anZ p1i+ﬁ2i
~ 1dpd P1it Pai
3j P10X2 driy  2m

X

0)S 0)S
FO+ 7+

» PritPaitBai Tiza
3m 2

(FO+F )
(15)
1 oD, Plu P

— — { dp,dx
v? P1&X2 Oy T om
x{(FF+FF+}

1 o
— = | dp, dx, 12 Pri—Pa
v ory,; T om

1
x {9‘2“Ls+ﬁ‘z‘,’§+~“}—ﬁjdpl dx, dx;

aq)lzs 2P1;

Pai
x RIS SEFGE O (16)
12§

is the heat released as a result of collisions.
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In order to obtain the equation for the total internal
energy, the equations for F, and F, are written as

oF oF oF -
Fa P2 P92 5 F
ot moq, moq,
1 ~ o o
=3 de3(913+023+9123)F(30) (17)
OFY i OFS 9y OFY | py OF
ot m 0q, m oéq, m 0q;

=((§12 +§13+g23 +§123)F(30)~ (18)

Multiplying equation (17) by (1/2v%) @, ,, equation
(18) by (1/60°) @, ,3, and integrating over py, x, and x,

yields
D 0J2: 1 o0®,, pi,— P
2 @ d d 12 Fia ZaF
nDtS 0q, ZUZJ P1CX2 iz m z
(19)
D oJ® 1
nDt Py T B0 =3 Jdp,dxzdx3
a(1)123 p2u p3u F(so)- (20)
arlla m

Adding together equations (14), (19) and (20) gives
D oJ,

= — —P,D, 21
vk oq,, D (21
where
3 1
s=50+5; ®,,F,dp,dx,

1
+ 7] J®123Fg°)dp1 dx,dx; (22)

J = Jk+JOI+J0[I+J(Dlll
a a [ a «

1 Pia
J:m = 2_2 Jdpl dxzd)n_l F,,
v m
11 1 Pra (0).
Jz > dp, dx, dx3(b123_F (23)

3. HYDRODYNAMIC APPROXIMATION

At the hydrodynamic stage of evolution, the
characteristic times exceed the times of collisions, and it
can be assumed that the one-particle distribution
function depends on time only through its dependence
on the macroscopic quantities. The departure from
equilibrium in the approximation considered is caused
by the inhomogeneity of the macroscopic quantities, so
that the expansion parameter x, on which the iteration
procedure is based, will characterize the degree of the
spatial variation of macroscopic quantities

folq.p|n,u,6)

+ufi(@,pIn 0. 0)+

The hydrodynamic quantities should be expressed in
terms of F, in a conventional way, therefore

_Fl(q7p|n3u,9) =
24
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nq,t) = J dpfo (25)
p
n(q’ t)ll(q, t) = J‘ dp ; fO (26)
3 3 p?
3 n(q, )0(g, 1) = J dp ﬂfo (27

p i .
dpfi=|dp—fi=|dp—fi=0, i=12,...
m 2m

(28)
The expansion of the hydrodynamic equations in
powers of the parameter g is of the form

O AN 4 N

- 2
o 29
ou; (1) 212

5 = RUSHUR 4 (30)
00

s oW + 2@ - (31

The expressions for fo, fi, f, are found from the
expansion of the kinetic equation (6) in powers of the
parameter u. The zero approximation of this expansion
is satisfied by the local equilibrium distribution

__ "eH
fol@pinu0) = a0

X exp{—

Noting the expansions (29)}31), it is possible with the
aid of f,(q, p) | n,u, ) in the firstapproximation over u to
obtain from equations (11), (12) and (21)

[p—mu(g, 1)1

mbia, 1) }E"¢o(ﬁ)~ (32)

a 0
Dm () (33)
ot aq,
Ou; Ou; 1 0P
o _ oL o8 34
ot ta dq, nmag; 34)
% _ _, O Pou (35)
at dq, n oq,

Here the pressure P is defined by the equilibrium virial
expansion [8, 9]

2 2
P= nﬂ{l - gﬁl(e)_ %(ﬁz(9)+32(9))—' : } (36)

where

B1(0) = JdQ2f12
BA0) = de2 dq; f12f13/23

52(6) J‘dqz dqs(fiz+ D(fis + ezt Dga2s

D, i
Ji= exp{—#}—l, G123 = CXP{" 1023}_1
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are the Mayer functions.

Hey = n@{l +— 30 J.(Du(fu"'l)

dq dq n?
ot | Pt
dq, dg, dq
*fmfzegl Vz > @

X J.I:(D129123(f12 + D13+ D23+ 1)

D5
+— S+ D13+ D2z +1)
dq, dq, dqa} 37

X(9123+1)] %

is the energy density, which coincides with that in the
equilibrium state theory [9].

In order to obtain the macroscopic equations in the
next approximation in parameter g, it is necessary to
know the function f;. It will be sought in the form of the
series in powers of n

fi=frotnfi +n’fia+

The function f; , coincides with that found in ref. [1]
and has the form

(38)

dln 6
fro = —aso(p){v“”()”“ .

-4

(O) A pa.pﬂ pzémﬂ D
A (A I R

Employing the iteration procedure described in ref.
[1], thefunction f, , is found in which, besides the effect
of three-body collisions of pairwise correlated particles,
the effective contribution of three-body interactions is
taken into account

_ o P, 0Inb
fin= ¢0(P){V () 6[

e - )

X Dyp+ W(Zl)(ﬁ)éaﬂDzﬂ:l} = —dolp)

Jlnd
V(l)
{ 0q

a

W&?D.ua}- (40)

4. CONTRIBUTION OF
THREE-BODY INTERACTIONS

For a successive and rigorous allowance for the
contribution of three-body interactions into the
macroscopic equations of transport, the function f;
should befound accurate to the terms of the order n?,i.e.
it is necessary to determine the function f; ,. This will
make it possible to calculate the contribution of triple
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correlations in addition to their effective contribution
into the cross-section for pairwise interactions.
The function f] , is sought in the form

fia= —bolp ){V”*‘”“6
0q

a

+ W“")Das} (41)

The tensors VO, Wi (i = 0, 1, 2) satisfy the equations
of the form

AP o, V) = — o L) (42)

AP do, oWe) = — doMLH(P) (43)

where o5 is an ordinary Boltzmann collision

integral, L") M} are the familiar tensors. Ati = 0,1, the

expressions for these tensors differ from those given on

page 262 of ref. [1] by the terms which are interrelated

with ®,,,. These are omitted to conserve space. For
i = 2, these tensors have the form

@ya _ 2 p iy Pa 1
L; @)—3(ﬁ2+32)z—m

ﬁZ
XEXP{ b }Jdﬂldﬂzdﬂs
(AR 9\ [
2mf 2)*P
xjdrdngxzé1,u
! f)l dy, dy, d
(27""9)3“9 0 N1 41, dn3
22 a2 s2) 3 -2
X €Xp _Mmtn+ns Z _ﬂk__g
2md ko1 \2md 2

R 1
. j dr P00, 4= 55

ﬁZ
X exp { + %} J dy, dn, dn;

52 a2 | a2 22 a2 oo
x exp it tas| (aitaz+as 9
2mb 2mb 2
xJ-dx dx,f !
20X3012371,4 227mb)°

p‘2
xexp{+ 2m6}jd”'d”2d"3
22 22 2 3 ~2
Xexp{__'h""lz"’ﬂs = i 3
2mo Si\2mb 2

X dez dx3 0537100+ (ZTMG)_:’

A2
14
X €Xp {+ M}' [dfh dﬂz d?h

xexp{ ’11+"z+’13} Sy,

o 1
drdp, 0 e —
XJ rdap; Uy, we+ 22aml) exp{+

43 +05+13
2mo

p\Z
el
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X Jdﬂl dn, dy;, exp{—

3
X Z Vi) . | dx, dx; 05370

=1

At +A5+73
2mb

(44)

2/ p* 32
M5 == I | _c_ga .
aﬁ(p) 3<2m9 2)[3(ﬁ2+/§2) C c :| 5111
——l—ex +ﬁ dn,dn,d
(2nm6)® p 2ml 1, A dns

xexp{—

X Jdl‘dpz 012@1,u+fd”1 dy, dns

3 .
xexp{ 711+2’lz+’73} Z —H"E

k=1

AT+ A5 +703) firp+1iap+1iss
2mo 0

1
x Jdrdpz 0120, j .+ 3 Jd'h dn, dn;

xexp{—

PO 1
X ‘[dxz dx30,2371.+ ) Jdﬂ1 dn, dn,
A2 3 ,.
Xexp{ iF +"Iz+’73} 5 A
2 =1
X dez dx, 6123?1,i,a—Jdﬂ1 dn, dn,

+75+ 3
xexp{ UH '72 ’13}2

Higthap+isg
0

At a3 +i3]
2mb

Wi i)

~ 1
derdpz'elzwo_Ejd'lld'lzd'ls
3
cenp{ ~ L 5 Wiy
derdpzdxa (7123})0].

Knowing the structure of the function f},itis possible
to find the stress tensors P}; ;, P¢ | and the energy flux
density, which make it possible to write the
hydrodynamic equations up to the second order in the
parameter p.

The stress tensor has the form

1] 1 P{‘] 1 +P‘3 1= 27]1( ij 3Daa511)+n2Dan6u
(46)

(45)

where

My =0+ +an 47
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My = mng +nin§ 4 (48)

7o = ! dp _E:d, W
PTIs) w0

1 p*
(n_
& 15Jdpm29
1
T drdpdp,

X J‘ dn, dig, dns ¢o(h)do(f2)Polh3)

WPdo(p)

ob,, rf
ar, 2

2

~2
(0) 7], ar’l ﬂ ql 5
X 121 (1 1){ 3m0 a8 (o

1 p*
‘Ts_[dpﬂ
1 0Dy, 1y
—— | drdpd =
10J FR Gy, 2
X J dy, dn, dn3 04(11)do(H)

2 ~ "
(1) . ’11.1711,3 _ 5
xl . Wi ("’){tmo _3 g %28 To

2
nt?

W (p)

1 —

o0
jdrdpdrl dp, =22 s

10 or, 2

dypy diy dns doln )P0l 2)Poln3)
o
2 00y,

2()J'dpdp,dpzjdrdrz 2 o,

J dy, dn, dips do(ri )P olri2) Do)

X
—

3 PR 2
Ni,ag i
W _ S
; ) < mg  3mf

—

3 52
(xY f
x 3 Wk ,)<’ ’”—3,,’,06aﬂ>v0

‘H

¢o(p)W‘“

1 r 2

p 0Dy, r
dp— oMW — J dpdp, dr— 22

org 2

(49)

3
x | dip, dn, dns dodoedo Z W)
=1

Thus, the total stress tensor has the form of the
Navier-Stokes one for viscous fluids with two viscosity
coefficients. The contribution of three-body collisions
is contained in 7{?, #$¥ and partially in 7{", .

Substitution of the function f; into formula (23)
yields the following expression for the heat flux density
to the second order in the parameter u

8Ino
Jo=JE 4O gy = LD

(50)

i
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where

T =140t +n2@ 4 (51)

o _ 1 p A\ 17(0)
=3 de%(P)V (p)

1
-
; 3J

1
— derdpdpl

p4
dpm oDV V(B)

00, r,
org 2

y Ps+Prg

m Jdﬂ1 dn, 011 )do(12)

2 Ul

x X, Vi)~ o

1=1 m

ﬁa + ﬁla
2m

1
+ gjdl'dpdpl(b12

X 'fd'h dn; ¢olti1)doltiz)

(0)(

X
MN

(52)

]
-

oD,
Org

1 p*
@ _2 |4
. J p

. 1
3 oIV (B) - 3 J drdpdp,
% T124 ﬁp +131,ﬁ

2m

NS

Jdﬂ1 dn, dolii)golri2)

‘-—3

dn, dn, do(hi1)@o(,) Z V(”(W )

ﬁla 6’(1)12 rﬂ
2 a,——-1d dpd
% m 0 3J rarua 2 Py

- J dn, dn, dny dododo

plz

I dn, dn, dn,

bodo Z V(O)('h)wo

p1‘1+ﬁ1
2m

X ¢
Jdl’dxz dx3 D53

dn, dy, dns dododo Z Ve nrl; Yo

=1
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In this approximation, the hydrodynamic equations
take on the form

on )

n —a—qa(nua)

aw_ (@ 10P 1 0Py
a “6q, mnodq, mn oq,

de 63+1PD +1P D oJ,,
— = —u, — — — _
(3 aqa n aa n af. 1 ap + 5(1,

(53)

where & = gy + %, ¢ is determined by formula (37) and

1
7= J”dpl dx, @, {[ZE5 (| fo, 1)

FE8( for f1)+7]

+HFLPU L)+ FEEU o)+ 1+

+ Jdlh dx,dx, ®123{9’_(30,{3g( [ fo, f1)

N =

+ZE0 fo)+ 3 (54)

5. CONCLUSION

Thus, the present paper summarizes the results of the
theory of inhomogeneous dense gases with account for
the three-body interactions up to the order n®. It should
be noted that the approach employed is more
systematic than that given in ref [1], since it
consistently accounts for the contribution of three-
body interactions into both the nondissipative and
dissipative characteristics of a gas. The general
expressions obtained for the thermal conductivity and
viscosity coefficients can be easily transformed with the
aid of the well-known technique of expansion in the
orthogonal polynomials, in order to quantitatively
estimate the contribution of three-body interactions. A
numerical analysis of the transport phenomena within
the framework of the approximation suggested will be
the subject of further research.
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LA THEORIE CINETIQUE D’'UN GAZ DENSE DANS L’APPROXIMATION
DE L’INTERACTION A TROIS CORPS (APPROXIMATION HYDRODYNAMIQUE)

Résumé— En utilisant la méthode de Bogolyubov, on obtient les équations cinétiques des gaz denses en

présence des forces non additives a trois corps. La prise en compte des interactions 4 trois corps conduit &

l'apparition dans les équations cinétiques, des intégrales de collision du méme ordre que celles de Choh-

Uhlenbeck. Basée sur ces équations, ’hydrodynamique des gaz denses est développée jusquaux termes

d’ordre n? et des expressions générales sont obtenues pour les coefficients de viscosité et de conductivité
thermique, dans I'approximation des interactions a trois corps.

DIE KINETISCHE ENERGIE VON GASEN HOHER DICHTE UNTER VERWENDUNG DES
NAHERUNGSVERFAHRENS DER DREI-KO_BPER-WECHSELWIRKUNG
(HYDRODYNAMISCHE NAHERUNG)

Zusammenfassung— Unter Verwendung der Bogolyubov-Methode ergeben sich die kinetischen Gleichungen

fiir Gase hoher Dichte in Gegenwart von nicht additiven Dreik 6rperkriften. Der Ansatz fiir die Drei-K 6rper-

Wechselwirkung fiihrt dazu, daB in den kinetischen Gleichungen StoBintegrale auftreten, die dieselbe

Ordnung wie das Choh-Uhlenbeck-Integral haben. Aufgrund dieser Gleichungen wurde die Hydrodynamik

fir Gase hoher Dichte einschlieBlich der Terme zweiter Ordnung (n?) entwickelt, und es ergaben sich

allgemeine Ausdriicke fir die Viskositits- und Warmeleitfahigkeitskoeffizienten bei der Niherung der
Drei-K6rper-Wechselwirkung.

KUHETUUYECKAS TEOPUSA [JIOTHOIO TA3A B MPUBJIMKEHUU TPEXYACTUYHbIX
B3AUMOJENCTBUHN (TUJAPOAUHAMUYECKOE TMPUBJIUXEHUE)

Ansorauma—MeToa0M Boronto6osa nonyueHbl KHHETHHECKHUE YPABHEHHS 1JIOTHBIX T'4308B B IIPUCY TCTBHK

HEAAAUTHUBHBIX TPEXYACTUUYHBIX CHI. [1OKd33HO, TO yHeT TPEX4aCTHUUHBIX B3AMMOACHCTBHI IPHBOAKT

K OABJICHHIO B KHHETHUYECKUX YPABHEHUAX HHTET PAJIOB CTOJIKHOBEHHI TOT0 XKe 110PAAKA. 4TO ¥ HHIETpa.l

Yo Vneubeka. Ha OcHOBe ITHX ypdBHEHHil OCTPOEHa T'MAPOAMHAMHKA I[LIOTHBIX [430B BIJIOTH IO

YAEHOB NOpAAKa n2 M HONy4eHbl OGLUME BhIPAXEHHS /s KOMDPHUHEHTOB BAIKOCTH M 1€11101POBO1-
HOCTH B NPUOIMKEHUH TPEXUACTHUHBIX BIAHMOICHCTBUNA.



