int. J. Heat Mass Transfer.

X
T,
U,
u,
P,
D,
2
v,

Ay
4,
L,

B,

A(cfz), B(é’) C(d),

Vol. 15, pp. 2371~2383. Pergamon Press 1972. Printed in Great Britain

STATISTICAL TRANSFER THEORY IN
NON-HOMOGENEOUS TURBULENCE

B.A. KOLOVANDIN and 1. A, VATUTIN
Heat and Mass Transfer Institute, Byelorussian Academy of Sciences, Minsk, USSR

(Received 14 September 1970)

Abstract—One of the possible models of statistical description of momentum and scalar property (tem-

perature, conservative mass concentration) transfer in a non-homogeneous turbulent incompressible

flow is considered. The model is based on the use of finite number of one-point correlation equations. To

determine the equations some approximate expressions for anisotropic two-point correlations and

relationships characterizing momentum and scalar property transfer in homogeneous and anisotropic
turbulence are used.
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NOMENCLATURE Superscripts
Cartesian coordinates (i = 1, 2, 3); ! value of function at point B;
time; * isotropic value;
averaged velocity; -, vector quantity;
velocity fluctuations; (0):(2), appropriate values refer to correla-

averaged pressure;

pressure fluctuations;

density;

kinematic viscosity;

coefficient of molecular transfer of
scalar property;

Laplace operators with respect to x;
and &;;

differential operator with respect to
&

two-pomt correlation;

scalar coefficients of
anisotropic correlations;

{’

S, " Kronecker delta;

K, velocity component across the direc-
tion between two points;

I, averaged scalar property;

s scalar property fluctuation.

Subscripts
A, B, refer to two points of interest;
0, denotes & = 0.

tions of scalar property and velocity
correlations of the second order,
respectively;

L average value.

1. MOMENTUM TRANSFER
THE APPROXIMATE statistical description of the
momentum transfer in nonhomogeneous tur-
bulence is started with the pair of equations for
double and triple correlationst
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+ Here and below summation over the repeated indices
is implied.
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which are rigorous consequences of the Navier—
Stokes and Reynolds equations

0u; Ou,
6x, 0x,

Uiy, %Y, iu— L LoP
ot kox, = ox, p 0x,
—vA U, =0, (13)

and the continuity equation which for the
averaged velocity is of the form

ou,
Ox,

=0. (1.4)

It is also assumed that Millionshchikov’s
hypothesis [1]

Ul mU = uu;

uku, + wyuu + uu, uuk (1.5)

is approximately valid. Though expression (1.5)
holds strictly only for the random fields with
Gaussian probability density distribution,
numerous data [2-5] indicate that it may be
applied approximately to non-homogeneous
turbulent fields as well. This hypothesis allows
the set of correlation equations to be restricted
by the equation of triple correlations.

For discussion of “unknown” correlations
(i.e. those which are not determined by the set
of equations under consideration) a new co-
ordinate system
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B %[(xk)A + (xk)B]

(1.6)

is introduced. These coordinates allow the
correlations characterizing the decay of turbu-
lence in equations (1.1) and (1.2) and correlations
which include pressure fluctuations to be ex-
pressed in the form

SE T = A, — (A (L7

& j)O’
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ou, 6u

e Ouy Ou;
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+ (Auugi), + (Auuu)l;  (18)
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where the superscript denotes that appropriate
fluctuation belongs to point B.

Consider the differential equations for the
one-point correlations pu, and puu_ which are
included in (1.9) and (1.10). As is known [6],
pressure fluctuations satisfy the Poisson equa-
tion

0 0 ,
'“’ P’ = ‘2<ax) Un (@)J‘"

62
- <6xm5x">ﬂ (W, — u) (1.11)

(19)
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whence the equations for the above correlations
may be obtained in the form
)]
5. )o
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where the subscript “0” denotes that the corres-
ponding differential operators are considered
at point ¢ = 0.

Consider subsequently the differential equa-
tion for the “unknown” function (4 c“;“)o
included in (1.7). The derivation of the equation
is started with the equation of the two-point
double correlations for non-homogeneous tur-
bulence, which in terms of variables (1.6) is as
follows

0 — —/[oU, —(0U,
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By operating upon the above equation with the
Laplace operator and setting & = 0, the follow-
ing is obtained
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1
- —vA (Ag ; 1)0 2v(4 Agu,uj)0 =0 (1.14)
Relationships (1.8)(1.10) as well as equations
(1.11)+1.13) include a number of unknown terms
which are differential operators with respect to
the variable £, at point g =0 of two-point

correlations
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If the dimensions of the area dQ are sufficiently
small as compared to the microscales of the
appropriate correlations (these characteristic
lengths for anisotropic turbulence will be intro-
duced below), the turbulence in d2 may be
assumed approximately homogeneous.t So,
when considering the above terms the approxi-
mate model of quasi-homogeneous turbulence
may be used, i.e. we may approximately use the
expressions of homogeneous two-point correla-
tion tensors of even and odd ranks near the
point Z =0 as well as their properties of
invariance at reflection and mutual interchang-
ing of A and B points.

Consider some approximate expressions of
two-point anisotropic correlations for incom-
pressible fluid. The basic conditions, at least
those which are satisfied with the correlation
functions between two adjacent points, are as
follows: (i) coincidence with the appropriate
one-point correlations when the distance between
two points is equal to zero (¢ = 0), i.e.

(1.15)

(... )o = uu....u (1.16)

i’ m

(ii) coincidence of anisotropic correlations with
the corresponding isotropic correlations at
isotropy, i.e.

;... u )* =0, (1.17)

where @, is two-point isotropic correlation
and superscript * denotes the condition of
isotropy; (iii) coincidence of differential operators
with respect to £, at point Z =0 and the
condition of isotropy of two-point anisotropic
correlations with the appropriate differential
operators of two-point isotropic correlations,
ie.

(an...suiuj"'u:rl)(’; = an...sQij...,m‘ (118)

Because of homogeneous turbulence, two-point
correlations possess properties of invariance

t The idea was originally suggested by Chou [7].
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cy'(€) = cy'(—&) = &)

eu(e) = —e(~ = u(®)

P

ugi(Q) = ul{(— &) = wu &):
uu (&) = —upuu(—&) = uuu/(l).
(1.19)
Consider the double two-point anisotropic
correlation in detail. In order to satisfy (1.16)
and (1.17) we shall express second-rank correla-
tion tensor in the following form

uil, = 1°[AQE) EE, + BED R, + C(E)
x (R,E,¢ + Ry&,E],

where

. _ 3 Lk

s%s ik T 3 Ej .
Conditions (1.16) and (1.19) being taken into

account, we express this correlation near the

point £ = 0 in the form

b

uy, = 3q%[a, E&, + (1 + 3,88, + ..
+ ¢(R,E8 + R,EL) + ).

By fitting expression (1.20) to incompressibility
condition

IR,
(1.20)

~

o, —
N /
S Wil = 0

s,

and to conditions of invariance, relationship
(1.20) can be rewritten in the form

m = %?{aoéiék + [1 = 2Aa, + 2¢,)r*] R,

+eRyEE + RGEE)  (1.21)
where
rt = ¢

From the expression of double isotropic correla-
tion for adjacent points [9] the following
expression follows

(A gQi, k)O =

~ 157 Y,
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where

of 1
(2 .. @r _ —.
pi,k - <ar ) 5 ps,s - 1;’

f =uu /i* is the longitudinal correlation co-
efficient, | is the transverse microscale of
turbulence. Thus, by allowing for condition
(1.18) we obtain the following definition of the
microscale of double velocity correlations in

anisotropic turbulence

= - 5 3w “k)o (122)
By substituting expression (1.21) into (1.22} it is
possible to obtain the following relationships
for the scalar coefficients

= 1,2 (2) . 1,(2),
a, ps 5 2CO’ pp,w - 3ps,s Rpw

p(Z)'(l - 460) (Rp.[, - ¢¢)a (£.23)

where C, = c,/p{’) is the dimensionless scalar
coeffi ment From the second relationship (1.23)
at any fixed indices ¢ and y an expression for
the coefficient C, may be obtained.

Utilizing relations (1.23), we express (1.21) in
the form

u, = '31‘12 %Pm(l 4C) ¢,

+ (1= p )Ry + p2Cy

x REL +REL) +..] (129

In addition to the above relations which will
be useful for determination of the unknown
terms in (1.14), in accordance with the condition
(1.18) it is possible to obtain some important
relationships which will be applied for determin-
nation of unknown terms in the system of
equations (1.1), (1.2) and (1.11)-(1.13).

First of all it may be shown that power ex-
pansion of the first- and third-rank correlation
tensors ;" and wuu begins with the third
powers of £,, i.e.

o 0 ——
(6{ uy )0 = (55—; u‘.uju;‘)o =0 (125
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Then similarly to (1.9) and according to con-
dition (1.18) the following relationships may be
obtained

o  —\* é )

BAuE)E = AA0, ),  (126)

While considering right hand sides of these
relations, the well-known dimensionless coeffi-
cient is introduced

(Ou,/0x,)?

[@ufox)1

which is the skewness factor of the probability

density distribution of velocity fluctuation de-

rivatives at isotropic turbulence, and another
dimensionless statistical coefficient [10]

. _ v‘(i)zur/axf)z 1

' [(u,/0x,P1* R

1.27)

.S* (1.28)

where R = g/v(p{?)*}* is the turbulent Reynolds

number, and
. (6214,/6xf)2

S =273 .
= 2 [(ou,/0x,)1]*

It can be shown that the values in the left-
hand side of relations (1.26) may be expressed
in terms of the microscales p(®% S* and S}.

Indeed, the coefficients (1.27) and (1.28) may be
rewritten in the form

6J/15 (0/28A 0, ,)o.

u*

§* = —

7 a0, )7 -
o _6/15  (8AD)
y 7 A0, )%

Thus, the above values may be presented in
the form

(65 Aels ) ="

(840, ) =

.
U 4.
6\/15'S (A, )b

Jis> (Aﬁgs 2
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By taking these relations and conditions (1.18)
into the account, the following expressions are
arrived at for homogeneous turbulence

7

’ Qo 7

/iAuuu =———.S.{0ugi;
\aél §lss}0 6\/15 $757s/0

(Ao =

(A uid)l,  (1.29)

6\/15

where § and S, are dimensionless statistical
coefficients which characterize a homogeneous
anisotropic velocity field. L
Besides, the unknown terms (Auup’), of
equation (1.13) and (A(6/¢,)up"), of (1.14) as
well as other terms of the type of (1.15) may be
determined for homogeneous turbulence. From
(1.13) and equation for (6/0¢, up’),, derived
similarly to (1.12), follows the equation

! 7 .
urusumun> ’
0

1, —
;(Agu,usp’)o = -
53
- (6€liaaémaén

1 a —
¢ 35
X u,u;"u;)
0

Thus, with conditions of invariance (1.19),
second relation in (1.23), double correlation
(1.24) between two adjacent points, equality
(1.25) and relationships (1.5), (1.7)«1.10), (1.29)
and (1.30) in view, equations (1.1), (1.2) and
(1.12)(1.14) are obtained in the form

0 —
61:“"+U

62
(-—a:macn
(1.30)

0 —
a

—%yAuu +8.v.p, [R + i1 -
x (R; —

4Ty)-
5,)] = 0;

0 ouU,
E“iu,;“k +U,+— 6 Uy, + uiuju,.a—x’
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oU, ouv, — ¢
+uiuku,.gll+ujuku,.—éz+ukul.é;l
R - — P —
X uiuj+ujue.xuiuk+uiu,.§;—ujuk
1 /0 0
+2p P uukp+a kl’+ uu}p
— VA uuu, = 0
IAu—+aU"' 0 — 1 ¢
4p ¥ P ox, ox, """ 40x,0x
X uuu, =0;
1Auu + —n 0 + o
4p"'sp ox, ox, """ 4 0x Ox

X (u,u, . uu, +uu uu +uu . uu)=0;

0 — 0 — 1 0 —
— U — - —A .—q?
5o Pus T Uk Pos ~ 20 Un 5
1 0 2 ou, 2
—ﬁusuk.aé\b +1—5 Ss.a_xl.F“dE
ou, [
—*, B (S + —.
X o, Py +3\/3 ( +Rq Sv)
- %.v Ap, =0,
where
Fp=23- ZCO)R,k -1 - 460)5”‘;
ps s qu(s,23’
F,, = 4C R, -5+ 450)5,k.

The above system of equations together with
(1.3) and (1.4) describes the momentum transfer
at non-homogneneous turbulence. It is deter-
mined but for three coefficients S, S, and C,.t

+ If the microscale equations are used in a tensor form,
the coefficient C,, will be determined by the second relation-
ship in (1.2). For the case, like the authors’, when the trace
of tensor equation (1.14) is applied, the coefficient C,
should be found experimentally from the results of measur-
ing two-point velocity correlations in homogeneous tur-
bulence.
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The numerical values of the statistical coefficient
S* may be evaluated by the inequality

AR AN (1.31)

valid for any randon functions f; and f;.
Application of this inequality to the coefficient
S* yields

|$*| < (62

where ¥ is the flatness factor of the probability
density distribution of velocity derivatives.

The above inequality may be made more exact
and written as follows [11]

2

\/21 J7

This estimate of the coefficient S* may,
probably, be also used as rough estimate of
the coefficient S.

To determine the coefficient S¥, the equation
for (A,Q,,), which results from the dynamic
equation of two-point correlations Q_  may be
applied. The use of the first Kolmogroﬁ' s1m11ar1ty
hypothesis yields

S* = —§*.

|S*|< *)‘}~

In fact, taking Uberoi’s experiments [10]
into account, we obtain

S* = 045; S* = 055.

These estimates of the coefficients S* and S
may, probably be used as rough estimates of the
homogeneous coefficients S and S .

2. SCALAR PROPERTY TRANSFER

The following are the basic equations govern-
ing scalar property transfer in non-homogeneous
turbulence:

(i) averaged transfer equation in the form of the
of the diffusion equation [6]

o,y oL, 0,

o0 T ke, Tax, W = AT

(2.1)
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(i) transport equation for scalar property
reduction fluxes [12]

0 +U, — e + uu T + u—aU
Fo Y ey MY T W T MY By
L0 0 Kt 1 op u,
ox, it y@x oy 6x
0%y
- luiaz: = 0, (22)

(iii) transport equation for triple correlations
included in (2.2)

0 , 0 —0U

G itk + U, 6 uuy + uuy —— 6x,
+ uuu oax + uuv———an + —uuuy

i k i
iox, = ¥ ox, " ox, T ¥

. a + a Ly +
iy'ax, ] ik'ax’ Y

+ i — i) + 1 6 6_p
uky a uu, a uky aXi
&u, 0%, 0%y

- v<uiy53—c?- + uk’})a—xlz> - Auiukg);? =0.

23)

The chain of correlation equations is broken
by means of Millionschikov’s hypothesis
UMM = Ul WY + up Wy + wu gy, (24)

In the new system of coordinates (1.6) the
correlations which in (2.2) and (2.3) characterize
the change in values ¥,y and uu,y due to molecu-
lar effects and those which include pressure
fluctuations are of the form

%y u, 1 —
— —i=_(1 A u.
Au P + vy 32 4( + VA uy

+ A+ 9 @Auy), + (A —v)

0 (0 —\ .
X E)C—k(éc—kui‘)))o, (25)
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02 o2 u, i1 -
iuiuka—z+v<u1yau +ukyau> ;[ZA ( .7P> (Agaé u?P>
=1 (/1 + 29Auuy + MAuu ), + <6€ 5§k ) ]
+ v [Augy), + Bugy); 26  _ _,0Un [1 ( Kl >
ox ék "

6p 0 — 0 —
uyp + - ox, uyp

o 16— (6

Ya ox, Ea—)’l’ + (6{ ) 2.7 s 82 —
- oz e, il
“iyé;c; Wy 6x (

5xk 0w 1 i
( gg, et ) 73| o,
ujyp
3 )O. 2.8) ( 0? )
X | == wu
66 aék minliY 0
On writing differential equations for the one- 2 Py
point correlation yp and uyp included in (2.7) + ~—< 55 muﬂuy) ]
and (2.8) and proceeding from Poisson equation End 0
{1.11) the following equations are arrived at ( o3 /—,—)
N
1[1_ wa) o0 <a _” 38,36,05, "),
~{=wp +
aU . 2 ox.0x, ox, &
<25l (), - -
20x, ¢ 0 For determination of the above equations
1 o2 o /& (2.2), (2.3)and (2.9)~2.11) consider some relation-
A% o T, Uy — [ ( 3 u, ;y> ships which characterize scalar property transfer
é in homogeneous turbulence. First of all, by

1
2
7 ) using the expression of two-point double correla-
65 & Ut} tion of scalar property for adjacent points at
isotropic turbulence [S], it may be shown that

o 2. (0)
= —6-y%- *
(acmacn Q) "

il

111 — — 0 (20
E[Z A,uyp + (Auyp)), + (aék u;yp ) } where

(2.9)

ov,, ©or _ _1(;32 R ) "G’
="2% [2ax il y+<a¢ “V")] Pmn = "6\ r2 Trr) O
1 92 1o [o —— - <62 ) 1
———u UuUy — | — | = v U u por = — R = - =
40x 0x ™" i 2[6xm <6§" m”n 'y>0 7,7 o) ,13
o (0 —0 R, =yy/y* is the coefficient of two-point
ax \oE U, WUy correlation of scalar property, 4, is the micro-
n m 0

) scale of scalar property fluctuations.
_ 0 m . (2.10) Then, condition (1.18) being allowed for, the
o ) definition is introduced of the microscale of
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scalar property fluctuations at homogeneous
turbulence

1 (& —)
L — —tt ) 5
pm,n 6.})2 (aémaén 7 o‘
| PP
A=~ g 1)

It may also be shown that the following
relationships hold for isotropy

(4,0; )0 = — 6(J2)- S*-12-[y?]}
p(O)“ + -
® (__1,_1) ‘,0( ¥*.

(2)* Lk
S, 5

(AgQi,ky)o — IS'S’;'u .[ 2]%
p(O) ] -
x (1 + 2;}‘2{;) P
5,8

where

ou? dy ou? oy

oo o

T

Ou, Ouy
55— 0x, 0x,
ou, ouy
dx,/ ||\ ox,
are dimensionless statistical coefficients charac-
terizing isotropic velocity and scalar property
fields.
By taking account of the previous relations

and condition (1.18) for homogeneous aniso-
tropic turbulence we arrive at

Bauy), = —2/2)5, ¢ 1

p(O) +
x ( ) ‘p(‘Z)-
p(2) i,k?
s L (2.13)
(A:“i“;‘y’)o = - 5'32"1_2'52]’}

T
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where

J1s.
2 At

1 ~
2

S,

—

(4 iususy’)o
x (—Aup)t (=40

-3

(2.14)
S, r

i

) @),
[37%(— 4,0)3

+ 5q%(— dul), (—4,37)o]t

&8s

are dimensionless statistical coefficients
characterizing homogeneousanisotropicvelocity
and scalar property fields.

In addition, for homogeneous turbulence we
may obtain the following relationships

l(A _I) — 62 ul 7 .

p éyp [+ I aémaén mln? 0’
1<A iuz ’) ———( z u’u’u)‘
p\ ¢0, P 0 08,08,08, ™" 7 o

2, 5(2) | pin

52
—  wuid | == . F
(66."66,- ’"‘“")o 31 P

where

fu—y

Fin = 4(1 — 4¢,) (5,8

im” jn

+ 0,.0,) — 2R 6,

mnij

+Co(R,p 0 + R0, + R0

yim Yij mn
+ Rm-éi”);
2y — _ 1 ‘(A u ,) . R _uu,
Piss = 5yq_2 WM )os yin = %}‘.q—z

By allowing for the properties of invariance
(1.19), the possibility of applying the concept of
quasi-homogeneity to determination of the
terms of type (1.15) included by (2.5}«2.10) and
those accounting for relationships (2.4) and
(1.24), we may rewrite the system of equations
(2.2), (2.3), (2.9342.11) in the form
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1
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02

+ 4 0x, 0x,
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4p

ou,,
6x 6
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) 120, @&
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where
(0) (0)
? Py

The above system is determined (except for
two statistical coefficients S, and §,), _if the
problem of distribution of the values y* and
p‘y‘”v in the field of non-homogeneous turbulence
is solved. This problem will be discussed in the
next section.

The numerical values of the statistical co-
efficients $% and $% may be estimated from the
inequality (1.30)

|S¥| <1+2J2; |S¥ <1
These inequalities may, probably, be used for

rough estimation of the coefficients (2.14).

3. THE FIELD OF SCALAR PROPERTY
FLUCTUATIONS

The equations describing the field of scalar
property fluctuations at non-homogeneous tur-
bulence are as follows:

(i) equations of double one-point correlation [ 14]
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(i1) equation of triple correlations
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where the correlation uu,y is determined by
equation (2.3).

By using Millionshchikov’s hypothesis

(3.3)

uuy® = wu;y® + 2wy uy
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the set of equations for correlations is limited to
equation (3.2). As before (see Sec. 1 and 2), the
unknown terms in (3.1) and (3.2) are written in
the new system of coordinates (1.6)
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Equation for one-point correlation ﬁ in-
cluded in (3.6) is derived from (1.11) and pre-
sented in the form
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In order to derive a differential equation
describing the change in the field of non-homo-
geneous turbulence of scalar substance micro-
scale, the dynamic equation of double scalar
substance correlation is used [15] which, while
presented in the oordinate system of (1.6), is of

the form
E +uy or + 4 or
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The operation upon (3.8) with the operator
8*/0¢ ¢, and assumption of & = 0 yields
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Similarly to (1.28) and (2.13) it may be shown
that for homogeneity the following relationships
hold
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where S, and S, are the dimensionless statistical
coefficients characterizing homogeneous aniso-
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tropic scalar property field. They can be
approximated by the coefficientst

(:3:,) [<2::,>T

BIG

which are statistical characteristics of isotropic
scalar property field.

Taking into account the properties of in-
variance (1.19) and relationships (2.11), (3.3}~
(3.6) and (3.10), the set of equations (3.1), (3.2),
(3.7) and (3.9) is written in the form
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+ The first of the coefficients was discussed first in [15].
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5 1
+ \/3 p§0; [ps,s]%'(sy + 2SA) - EiAxng;J

=0.

The above system of equations describing the
field of scalar property fluctuations at non-
homogeneous turbulence is determined except
for the two universal statistical coefficients S,
and S, (the problems of momentum and scalar
property transfer are solved in Sec. 1 and 2).
The numerical values of these coefficients may be
estimated for isotropic turbulence by the Betchov
inequality for fixed moments of velocity fluctu-
ations and sclar property derivatives [15] and
equations for the value (4,0, ), using the first
Kolmogoroff similarity hypothesis. The esti-
mations of S} and S} are as follows

2 ~ =
st <dop 75 st
where 6* is the flatness factor of the probability
density distribution of scalar property deriva-
tives.
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THEORIE STATISTIQUE DE TRANSFERT DANS UNE TURBULENCE NON HOMOGENE

Résumé— On considére I'un des modéles possibles de description statistique du transfert de quantité de

mouvement et de propriété scalaire (température, concentration du mélange) dans un écoulement turbulent

incompressible et non homogéne. Le modéle est basé sur l'utilisation d’équations en nombre fini de

corrélations, Afin de déterminer ces équations, on a utilisé quelques expressions approchées pour des

corrélations anisotropes entre deux points et des lois caractérisant Je transfert de quantité de mouvement
et de propriété scalaire dans une turbulence homogéne et anisotrope.

STATISTISCHE UBERTRAGUNGSTHEORIE IN NICHTHOMOGENER TURBULENZ

Zusammenfassung—Es wird eines der moglichen Modelle der statistischen Beschreibung von Impuls-
iibertragung und der Ubertragung von skalaren Eigenschaften (Temperatur, Mischkonzentration) in
einer inhomogenen, turbulenten, inkompressiblen Stromung betrachtet. Das Modell beniitzt eine endliche
Anzahl von Ein-Punkt Bezichungsgleichungen. Um die Gleichungen zu bestimmen, wurden einige
Néherungsausdriicke fiir anisotrope Zwei-Punkt-Gleichungen verwendet, die den Impulsaustausch und
die Ubertragung skalarer Eigenschaften in homogener und anisotroper Turbulenz charakterisieren.

CTATUCTUYECKASA TEOPHsSI NEPEHOCA B HEOJHOPOJHON
TYPBYJEHTHOCTH

Annoranua—PaccmaTpruBaeTcA OJlHA U3 BOBMOMHBIX MOJeNeil CTATUCTHYECKOro OTMCAHMA
NepeHoca MMNyabca U CKANAPHOH cyOcTaHnuu (TeMIepaTypH, KOHLEHTPAllUM NACCHBHOI
NPUMOCH) B HEOTHOPOOHOM TyPOYIEHTHOM HECHHMaeMOM HOoToKe. Mogzens OCHOBLIBAaeTCH
HAa UCHONB3OBAHUM KOHEYHOrO YMCJIA YpaBHeHHEt ANA OQHOTOYEHHHX woppeaamuit. Hnsa
BaMBIKAHNA yPaBHeHMt MCTIONB3YIOTCA HEKOTOpHe HpubHuKeHHbIE BHPAIKEHUA s
HEU3OTPONHBIX JBYXTOYCUHHIX KOppenAnuili M COOTHOUIEHUS, XAPaKTEepUSYIOIMe MepeHoc
HMIYABCA ¥ CKAJAAPHOH cyGCTAHLWK B OXHODOAHON HeM3oTponHOR TypOyACHTHOCTH.



