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New results in.the theory of the developed
hydrodynamic turbulence spectra are reviewed.
Within the limits of the hypothesis of inter-
action locality it is shown that the series of
equations for the moments has a scale-invariant
solution with the Kolmogorov index values. With
the help of the Wyld diagram technique the equa-
tions in the Direct Interaction Approximation
are formulated which accurately take into
account the transfer effect and have the precise
solution in the form of the Kolmogorov spectrum.
In the framework of these equations the correc-
tions to the Kolmogorov spectrum due to gyro-
tropy and compressibility are found.

INTRODUCTION

The notion of the turbulence spectrum or the energy distribution
plays an important role in the turbulence theory. The present
concept of a developed hydrodynamic turbulence_spectrum is based,
to a great extent, on A.N. Kolmogorov ideas [1], according to
which the small-scale developed hydrodynamic turbulence is iso-
tropic and homogeneous, and within the inertial interval its
spectrum is defined by the single dimensional parameter P , the
energy flux. This spectrum LQ, is determined up to some dimension-
less factor ¢ :

o= c (Pp )k 0.1)
0 d (e 6
Here < VK V/5> = JKé‘K'FK'AKﬁ’

AP =6, ~ KK/

In a spherical normaligzation this spectrum corresponds to the well-
known Kolmogorov-Obukhov "five-thirds" law

- 2 -5/3
Ee T4TK T = K
confirmed, to a good accuracy, by the observations of the atmos-

pheric turbulence, inertial interval of which changes by five
orders of magnitude [2].
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Kolmogorov's hypotheses also allow to determine the characteristic
frequency ed, of the vortices of the scale K:

&)K%(P//o )1/3/( 2/3 (0.2)

and behaviour of the higher moments

O eeinO 72y A0
'7/1/(:’___:,1% =A™ j’(/?""’(,;’v 0-2)
where P 1ON/3+3.

Later on L.D. Landau and E.M. Lifshits [3] paid atteution to the
fact that the energy flux P 1is actually a fluctuating value, so
that P 1is not the only dimensional constant on which the spec-
trum may depend, Therefore A.N. Kolmogorov and A.M. Obukhov in-
troduced some phenomenological changes to the theory, being
essentially, a refusal from the idea of complete locality and
acknowledgement of the fact that a new dimensionless parameter
(XL) can be introduced into the expression for Jk, to some un-
known, but not very large power [2]. Thus, the phenomenological
approach to the hydrodynamical turbulence description did not
permit to determine the sSpectrum and so far there were many
attenpts to construct the microscopic theory based directly on
the Euler equations: -

aV (7

E+(vv)v+\7p:07 div V =0. (0.4)

It should be noted that in a number of works these equations were
investigated by means of various hypotheses of the higher moments
of the wvelocity field, for example, the Milliontshikov hypothesis
of representation of the fourth moments through second moments
[2]. In fact, the nonlinearity in the Euler equations is extremely
strong and, apparently, there are no severe reasons for breaking
the sequence of equations for the moments.

A regular procedure for investigation of the Huler equations is
the diagram technique suggested by Wyld [4]: The random Gaussian
force FKLO is introduced in the right-hand side of equations
(0.4) and the solution for V, ,is presented as a power series in

The series for Jpcy can be given in g form which a nonzero
result is obtained also within the limit fka,-——-O. The peculia-
rity of the Wyld technigue (and also of any technique for strongly
nonequilibrium systems 5]) is the appearance of two diagram se-
ries: for Green function "G, ,and second moment Jwew , Which are
connected by the universal rgiation only in the thermodynamic
equilibrium. Wyld has in particular shown that the DirectInter-
action Approximation (DIA) formulated by Kraichnan [6 ] corresponds
to the approximation, where the vertices are not renormalized. Ge-
nerally speaking, this renormalization is rather significant and
thus, in the strong hydrodynamic turbulence theory as well as in
the phase transition theory, one should take into account the
whole diagram series renormalizing the interaction. With the
account of this fact G.A. Kuzmin and A.Z. Patashinski [ 7] studied
the ways of agreement of various scaling hypotheses with the
diagram series of the Wyld technique.
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In this paper we present the review of the new results in this
field, restricting ourselves to the Authors' works mainly. In the
Section I we consider some properties of the Euler equations: the
conservation laws and relations for the equation coefficients re-—
sulting from the laws Besides, topological aspects of the vortex
liquid motion are discussed, Hamiltonian description is given with
the help of the Klebsch variables. In the second Section the equa-
tion sequence for the velocity field moments is analyzed by means
of conformal transformation similar to the transformation of the
kinetic wave equation suggested by V.E. Zakharov [8]. This allows
to find an additional, as compared to the phase transition theory,
scaling index appearing in turbulence theory in the absence of the
thermodynamic equilibrium. It is in the limits Kolmogorov hypo-
thesis of the interaction locality that the sequence of equations
for the moments is shown to have actually the solution (0.3) with
the Kolmogorov indices. Thus, the center of the problem is trans—
ferred to the study of interaction locality in the developed
hydrodynamic turbulence. The third Section based on the results
by one of the authors [9] is devoted to this subject. In this
Section diagram divergencies in the Wyld technique are analyzed.
It is shown that the most diverging sequence of the diagrams des-
cribes the transfer of small vortices as a whole by random large-
scale motions. This sequence is summed to the form:

G—Kw=<[w—?<'\7+£5:|_7>v (0.5)

where < ... > denotes averaging over turbulent ensemble. Thus, the
form of G x¢y in the inertial interval is not universal as it is
mainly defined by the motion properties in the energy interval,
which depend on the way of turbulence arising.

Kolmogorov frequency (0.2) characterizing the speed of the energy
exchange between similar scale vortices is xV,.(xL)™/% and less
than the characteristic frequency of the Green function (0.5)

e =2k Ve describing the transfer ( V; is a root-mean-
-square velocitys. To exclude the kinetic transfer effect im-
peding the description of a relatively weaker interaction of vor-
tices of the same scale, attempts were made to describe the small-
~gcale vortices in the system of reference moving at each point
together with all large-~scale vortices [10,11]. For this purpose
a dividing scale ~'(L7<k’< K,) was introduced in the equation
describing the temporal evolution for the vortices with the scale

Ko and the motion with K< K'was excluded by the transition
to the moving system of reference. In the paper [12] the inter-
action representation was proposed, which also permits to exclude
the motion with the scale less than the dividing scale k'=k/
(A >>1), and consecutively to take into account the influence of
the large-scale velocity gradient. Unfortunately, in this pro-
cedure the transfer of (7 /k) vortices by much more larger vor-
tices of the scale f/x/ takes place. This Section describes the
method of separation of the kinematic effect and the dynamic in-
teraction using no dividing scale. Taking the expression (0.5) for

cw 1into account describing the transfer only, it is proposed
to seek the Green function in the form
- - ~ —7
= - —_ - 0.6
GKw<l:w KV ZK,&J—KV] >V ( )

Unlike the series for Zf , the diagram series for Z contain sub-
tractions excluding the transfer. As a result, the convergence
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sufficiently improves and a whole series of rather symple dia-
grams.converges. Unfortunately, in some diagrams of high order

for Y, the divergence remains even after subtractions. It is
caused by the interference between the transfer effect and the
dyramic interaction. So this does not permit to finally solve
the problem of Kolmogorov turbulence spectra. However, if we
restrict ourselves to the DIA, a number of results can be obtained,
admitting the experimental test. In the simplest version suggested
by Kraichnan 6 , this approximation, describing reasonably well
the turbulence within the energy interval, overstates the role of
interaction with the long-wave fluctuatgpns [10,11] and, thus,
leads to the energy spectrum J, <K /2 6] which contradicts
with the experiment. )

In Section 4, based on authors' work [13], statistical equations
in improved DIA are formulated with the accurate account of the
transfer effect and dynamic interaction in the first order. Be-~
sides the thermodynamically equilibrium solution these equations
are shown to have the scale-invariant solution with the Kolmogorov
indices. Sections 5 and 6 are devoted to calculation of the addi-
tions to the Kolmogorov spectrum. In the Section 5 the gyrotropic
turbulence spectrum is determined with the help of improved DIA in
weak gyrotropy limits [14]). The spectrum correction due to liquid
compressibility is investigated in the Section 6.

1. EULER EQUATION PROPERTIES

A. In K -~ space equation (0.4) is as follows:
avx -
K b o | BY BX. , y* 1
- 2 —— - .1
T > J‘FK 10y Vi Vi Crnrc vie A AR (1.1)

where [ is the homogeneous function of the first order of kf :

K,
oy By _ [ poxex ot, 3 GRAPY - K !
I |K1K2_[AK thog TAR g J AP AT = 5 B

The vertices / satisfy Jacoby identity [16] z
A B |7 7 | - 1.2
0}|€Q+rh IQK+FQ’K£16a”9+Q—O -2

which expresses the fact of the energy ipngervation:
z |
- K -
E=f & o =§ 1 aF.
B. The energy £ becomes the Hamiltonian /1 in the Klebsch va-

riables A and /M'[17], and the Euler equations (0.4) have the
canonical form ’

ok SH __giy 2y, 2o Mo _(7y),, as

at 6 79t SA
where ot —17 = [ Vl, V/M] . (1.4)
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From the Klebsch variables A and M it is convenient to pass on

. o> .
to the complex variables O, , O

A=(Ap ‘;/”K)/Vz—

for which canonical equations of motion (1.3) and Hamiltonian take

the form 20 SH
K = — —
ot Gax’ (1.5)
. *_x
Hy=2 J‘-[’2‘,340'1 a, aza, §K1+KZ—K5 ~Ky l;‘ dx; (1.6)
where
- i — —— —— _ 1.
Ti2,30 =P [ @ 7o) * (7 Fos) ] = “1.2)
2_,2
/ —l — —— — K1 —Kz]
=0 7, 52 | K +K°(l( —K )...—..—
9012 2/.) (2;7[)5/2 [ 1 2 1 2 |K7—K2|
and -—__ . - X
V==t J 90,05 5/(—/(,-:-/(2 Ak, dicy 5 1.8)
A=A, AEa, ;.-

In the canonical formulation it is especially clearly seen that
the problem of turbulent spectrum is the problem of strong inter-
action: Hamiltonian (1.6) contains no quadratic part but consists
of the Hamiltonian of interaction only.

Discuss now the meaning of the A and /M variables. From (1.4) it
is seen that the vortex lines coinside’ with intersection of two
surfaces A(T)= const and M(r)= const, stratifying the space. Thus,
the Klebsch variables do not describe topologically more complex
flows for which the vortex lines make knots.

C. As it is known [’18], the liquid flow topology in ideal hydrody-
namics is characterized by a preserved value

T=5(V, rot v ) (1.9)

having the meaning of the Hopf invariant [19]. The fact of conser-
vation (1.9) results in additional ratio for vertex [ :

x B|7x 7 |*<P _
<PK lf,ysz"QK, |K2I( +PK2 KK1>5K+K1+K2-0 (1.10)

where
o, | B
R | Rr = K. [ 2

K I(1K2 (XCX1OC2 O(,’ K K,Kz

It should be noted that for the finite flows determined through
and variables, integral (1.9) is identically equal to

zero, and thus the Klebsch variables do not describe the knotted
flows.

D. To describe barotropic liquid flows with the account of com-
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pressibility, a continuity equatlon for the density , is added

to the Euler equations, and a pair of canonical variables , and
velocity potential @ are added to the A and /u Klebsch va=~

riables; for this case

- A
4 =1j2; V74+'VCD,

and the Hamiltonian coincides with the total energy. After transi-~
tion to the turbulent complex variables (g, g and sound ones
b * we obtain equations of motion

29,  SH 3Py _ . 8H

=—y 9’ [/ e
at O“a: 2t 51:;‘

with the Hamiltonian H, containing '"turbulent Hamiltonian"/it
(1.6), sound Hamiltonian /48 of usual form

=f R b brdk+ ... (@ =xcg)

and Hamiltonian of interaction between sound and turbulence [15]:

(1.11)

_ R
Hgt_yym,ﬂ 1 %P5 b 5;( Ky +Ky i, Ak * (1.12)

* *“*
4‘5%mﬂz>+5) a, 93 @%}Q+K+Q”dK

where

(1.143)

I (2p o
WK12,34:(2,7,;)3/2< 2 > [( 9”12 K 5”34 K)+($”14 9”23 K)]

ne=K[Kand S, g, %K Ky /Po

2. MOMBNT EQUATIONS ANALYSIS

Now consider statistical description of the Euler equatioms (1.1)
for correlation functions determined as follows:

o o PN SN oY
WtV > =g 5 S,

LKy Kyt tKy

These values obey the equations:

(2.1)
- -~70(~_ ¢ 2,...,O|'N,O( toc! Lyt
cye ©
Kpoeeriy
particularly, for the second moment:
(2.2)

_ 1 7 %P7
QQ{UK— gmsfdlxx KKK8K+K+Kde’(
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This equation is an analogue of the kinetic equation describing
the spectrum evolution in the inertial interval due to energy flux.

Let us assume that in the inertial interval the turbulence is iso-
tropic, and solution of equations (2.1) has the scaling form:

gZ,K,...,lKN = A/ 7/(, Cean Ky

Assuming the interaction locality we show that stationary equa-
tions (2.1) permit such solutions with the indices coinciding with
Kolmogorov ones %, (0.3).

At first, determine the triple correlator index. For this purpose
make konformal transformations [8.20], preserving the integrating
area in the equation

x| By By - 2

ImfT ’KK TPTE, . Ak dic, =0. (2.3)
1 2 1 2 17 2

In the arbitrary plane determined by the external vector K  in-

troduce the complex value W:Kx+ LK via which this trans-

formation is written as: Y

W w w
w=w' s W, =W — W =w" (2.4)
! 1 WI Y 2 w!
As a result the vertex [ "turns" in (2.3): A +7
o B7 Biocy - N 3

/;( KK /':(’ IKz and an additionall multiplier (K//(,)
appears in the integrand., Similarly, making the turn «, —« ,
K=K,y K K and summing the three expressions (expression

(2.3) plué two "turned" ones), obtain the equation

B.+7 B+
om 75 20, (P 1 T 2]

K,K2 K, 1(1 KZK
By
gKK, K, 5/( +K,+K, d/(1 dkz =0

Due to the identity (1.2) this expression is equal to zero for
ﬁ3+7 =0 , or ﬁs_?/a,::—?
Proceed now to the solution of the next equation for the(}‘)ourth
moment which can be presented as a sum of the cumulant § ‘“/and pro-
ducts of the second moments. From (2.1) for & 4/ obtain the in-
homogeneous equation:
< | By B 7 7 loc/s
2[ Iy 7,7K2*fK,lK2K7K7K e KK7q(z(1]+

KKy K 2

+ X1 5 /’KO(ISII,?/:’ p7xL 8 arx'dk" =0

K, KZK'K" K~k =K 1!
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Due to (1.2) this equation transforms into a homogeneous one, when
J. =CcOnst , which corresponds to thermodynamic equilibrium. For
Koimogorov values of the indices the cumulant &™), characte-
rizing the difference of the statistics from the Gausslar one, is
not zero. Its index is /54 =2 2—3 . 9imilarly, the relation-
ship Dbetween indices of higher and lower cumulants can be found.
For example,

Ps=PrtPs=3 =£,—10, ﬁ6=2ﬁ3—3 =3,y ~J

From these relationships it follows that

o=y =11/5 i o, =, =10N/3~5

It should be pointed out that the above solutions have the meaning
if the integrals in equations (2.1), (2.2) are convergent. To
clearify the integral convergence it is required to know the cu-
mulant asymptotics in case when one of K, is smaller then the
others. One of the possible ways is the representation of higher
cumulants via lower ones. It can be given by the Wyld diagram
technique.

%. WYLD DIAGRAM TECHNIQUE

In the right side of canonical equations (1.5) introduce the ran-
dom Gaussian force fZ(a) :

wa? =‘y Twt,23 af*az d3 62 +91-92—93’?d% e cu

0120%,.. .,q/'—'(?, @)

Iterating this equations present &, as a power series in £,
Determine the Green function Y 4 x ?
a, +
9

éc < .
_ 9 -9 %7 = —
% -9 =< 67y, > = pz 7 ©

9
*

<hy Fgi> = 7“92 2 g

and second moment:
_ >
97979 979" 7

For them it is possible to get the system of Dyson equations by
usual summing of weakly connected diagrams:

~1 2
e=(w—-2_) ImG, =6, 1% dm 2
? Y ‘%l‘} 97
2

n,=|G P

3=159 1" Py

Here’ E: and qu, are the sums of compact diagrams, in Z:g, it
is possible to pass from the input of graph to the output along

the lines G?, . cp9/ can be cut into two parts by the only way,
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along the #g5 lines. Present the first diagrams (without vertex

renormalization):
, LR

Lé3.L T e T
‘o @ @ 7

It has been shown [21]) that when all the integrals in Z and P,
converge the diagram equations have the Kolmogorov type solutlons.

Z,f

/ N w 2/3
GQ:P”?KZI‘; 9 <P1/3K2/3 ? ’7 = 7/3 2/3

Tn fact, for these values of the indices diagrams 1,2 in (3.2) con-
verge, and diagrams 3 and 4 diverge in the range of small K .
This results in renormalization of the frequency index so that the
functions G-q/ , ;79/ should be sought in the form:

G-?/:KY; 9<KQZ}T>7 M‘%:W £ (7%:>

Substituting these expressions into the lower diagrams for Z

one can easlily seg that many of them also diverge. The greatest
contribution to f is introduced by the diagrams for which ex-
ternal momentum is carrled through the '"spine™ in Green functlons,
oriented from left to right. Integrating over the range « c< K
is fulfilled along all the lines "9, . Calculating the powers of
each graph, one can easily see that Tor W <K Ur all such diagrams
have the same order as the value G 77 .

The sum of this diagram sequence has the form (0.5)
_ ~ o l\/o _ — . —1
=<6g 3, G?/—-[CU—KV*‘OCS‘:]

where < ... >, means averaging over the velocity field ensemble
V(r,t ) at an arbitrary point 7 ,with the help of the Wyld

technique. Really, expanding the Gg in RV /aj and expressing
V via O according to (’I 8), we o taln

B e s ‘i,_,__,_\i_i.

!

where % %
e =(@+i6)" KM _ o)

K/ (2‘7[)3/2 K—K'2
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Substituting, then, aq, with the series over rangom force 70[;, and
averaging over the Gaussian random_force ensemble, we obtain all
selected previously diagrams for GZ/ . Expression (0.5) for @
corresponds to a simple physical situation of large and small 7
scale interaction: from the Euler equations it follows that this
interaction is mainly reduced to a simple transfer of small-scale
vortices as a whole by large vortices with random velocity.

So the averaging should be fulfilled in two steps. The first step
is the small-scale motion averaging for which the large-scale mo-
tion can be interpreted as a dynamic one . It is obvious that in
the system of reference, moving with any large-scale vortex, the
interaction between large- and small- scale motions is absent.

In this system of reference Ggo=(@W=-L,) ! , with S <<kl.
for KL >>7 . Coming back to the laboratory system of reference
replace G by @W-kV (t) , where ?'t') is the velocity
of large-scale vortices. Then we must average over large-scale
motion., Therefore it is reasonable to seek the Green function in

the form of (0.6). Similarly,

—< 5 - > 18 | (3.3)
/’I(Z/—-<MK7Q}_KV>V7 k/?-lG?]d)%v

~

Direct calculation shows that the series for S and ¢q/ con-
tain the diagrams of the initial series for S % and @ "and
additional subtracted diagrams: V2

%2%4@3 _ @]@
L1 éﬁ@ _m]

2 3 a b @
% =7 e - T s -

e,

Convergence of these diagrams in small momentum range improves.
For example, diagram (2a) diverges when g, = @,<< g as K, z/3 ;
the difference of diagrams (2a) and (2b) convefges as K72/

The procedure described, however, gives no complete convergence in
the small K range. For example, diagram (4a) with a "triple
loop" diverges when integrating in the modules k7, , K, v Kz
for K, x K, xKz << K as K ;7 after subtraction the”loga-
rithmic divergeice remains, connected, as it has been already men-—
tioned, with interference of the transfer effect and dynamic in-
teraction. It is significant that after elimination of the trans-
fer the divergence in the first diagrams (DIA) disappears.
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4, KOIMOGOROV SPECTRUM IN THE TMPROVED DIA MODEL

The procedure of summation of the diagrams responsible for the
transfer can also be performed in the Wyld diagram technique di-
rectly for Buler equations. In so doing the equations for the
Green function &4 and second moment J can be obtained by
the same way as (0.6).and (3.3). For isotrdpic case:

CP=6 A%P. 7 °‘/°=79 A%/

9 g K7 9 K2
Gg <GKCU 7V v '79:<‘7K,w—/?\7>v ? (1)
6 =w-2 7 —|§ Iqu

? 2 9

~

Expressions for z: and QD are, of course, different from (3.4):

Zq, = j ,K ~(Kk+kK) ;(1 ,K (K+K,)
N* o~
G,1 32 ( 69"’97"'92_57"'97 )d97d927

(4.2)

r~

S l |K (I(+K)| 72

( é‘seﬂwz =S5 +9,)991 992

These equations take into account dynamic interaction in the DIA
(in the second order over [ ),the transfer effect is taken accu~
rately. As a result, the 1ntegrals in (4.2) contain no divergences.
Let us find solutlon of these equations in scale-invariant form:

~ / (w> o 4 w
=g (D), e 9).
The first relation between S and » indices is the scaling rela-

tion: 25+?, 5.

To determine another relation between § and 2° in our approxima-
tion write out the triple correlator expression:

goPI =< § 5PT g derdeo, dev,>,

k’K'K' QJ?’QZ 60*11)+60

where
=) /‘ /3
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Substituting this expression in (2.3) we see the integral conver-
gence. Thus, the triple correlator index is )’3:—7 =-5-2g+1
From the two relations obtained we have Kolmogorov values of the
indices Z=77/3,5=2/3 . It indicates that this approximation is
a reasonable one and can be used for investigation of the spectra
close to the Kolmogorov one.

5. GYROTROPIC TURBULENCE SPECTRA

The interest to the investigation of gyrotropic turbulence arose
due to the turbulent "dinamo" problem 22,23 . Besides scalar
value Ok s the spectral tensor of velocity field of such turbu-
lence
—_ “/3 . Ka«
‘%Cﬁ (K)—?KAK —I'b@ocﬁ?, s Alk) (5.1)

contains a pseudoscalar,A(/<) one which is closely connected with
topological structure of the flows. For homogeneous turbulence the
value /1(;() is expressed via the density of Hopf invariant (1.9):

<V, rot V>=5xA(x)dk .

Just as for the Kolmogorov spectrum corresponding to the constant
flux P of energy, which conserves in the inertial interval, a
helicity spectrum must exist corresponding to the constant helicity
flux.

Determine this spectrum with the help of dimension analysis in the
limits of weak gyrotropy, i.e., considering the second term in
(5.1) as a perturbation to the Kolmogorov spectrum. In this case

the characteristic nonlinear time is, obviously, of the order of
a);, . So, the helicity flux P can be estimated as

P~ C()KK4A( K) .

S
When P = const it follows that [24]:
s/ P23 / -
1113 [ S A I
A(K) e K /< ) TSI k) (5.2)

/D

where Z.V = P//JPS is a scale characterizing the total system
helicity.

Illustrate now how this result can be obtained in the limits of
the improved DIA. For this purpose linearize Dyson and Wyld equa-
tions for G and T on the background of Kolmogorov solution
(0.1), assuming for the perturbances: :
o<B_ . Ky _ —5~2/3 (cu
K
7 A —t—-2/3 ( cw )
v =K a\ —77:
}K 97 2 K2/3

o< .
§75P=;
Then from scaling relations of the linearized equations it fol-

&
y 2 <Ry
lows that +t=s5+ 77/3
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The second relation between the ? and §. indices is determi-
ned from stationary equations for A(k) :

2A(K) 1 < | By ~XBY
K 1 :—?ReS/?K K,KZUKK1K2 K_,_K1+K2dx10/»(2.

From OCthis, using relations (1.10) for R , the index of
Red 7 . 7=—8 is determined similarly to (4.3). Expres-
sing, thén, Re Ty ke, %, via Gg and Jg and restricting
ourselves to the imprdved DIA we find that & =1, t= 7//3+/

give the result which corresponds completely to dimensional estima-
tions (5.2). As for the spectrum locality, the proof of this fact
is analogous to that in Section 4 and is presented in [’lﬂr].

6. COMPRESSIBILITY INFLUENCE ON KOIMOGOROV TURBULENCE SPECTRUM

At first obtain qualitatively the spectrum correction 5.7,( due
to compressibility., According to the interaction locality hypo-
thesis the spectrum distortion can be determined only by the velo=-
city fluctuations V(K) with the same scale. Taking into account
that V (Klc VT(KL)”/sin the inertial interval one can easy ohtain

L 6p (k) %0
~ C 2

o~ M2kl )_2/3
(4}

N
and the supposed relative addend to the spectrum must be of the
same order: 5T
~-2/3
T (6.1)

From the formal viewpoint the compressibility results in addi-
tional interaction vertices for the canonical variables describing
vortex motions. The simplest vertex T("” of the kind occurs in
the second order of the perturbation theory over the vertices

in Hamiltonian M (1.12). G
st (1) 4
T=WX—=XW

—1
where O is the sound Green function (@ —S2.) . In hydrodynamical
diagrams the T (~7)vertex leads to the & correction to the
vertex T :

AN /
67—//&‘1’"—\\—#

Using explicit expression for W (1.13) obtain

— K
67_72,54_ ~ 12,545 E;‘ .7?/, G'(} 5?7_92+91_?d?/d?
and then devide § T into two parts:

() _ K 2
6T 12,36 =T12,54 § s y?, G, 5%_92_9619109 =T 5a M
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K

T2 =T §$X 7 6 (8 5 _ _)dgdg!l=

1 ! - 1 -0 - -

2,34 12,349 ¢ V91799 -9 +91-9 "9, ~g —g 299
1»712754/\//2(“)‘2/3.

These estimations were used the assumption that all k; are of the

same order. Thus, the addition &7 has the same index as T

and, therefore’ does not result in the change of index &7 . As

for the &T (2 it has another index. In the diagram equations

597(2) is compensated by terms proportional to 47 . Thus,
57, 572 M2

Te T T (x0)?P

which coincides with qualitative estimation (6.1).

CONCLUSION

The presented approach for stronghydrodynamic ‘turbulence investi-
gation is based on the conformal transformation and the transfer

exclusion procedure. It permits to determine other corrections to
the Kolmogorov spectrum. For example, the spectrum addition due to
viscous boundary A of the inertial interval has been calculated

91
£9] 67, 2)3
— (K/l) .
J,
K
Of extraordinary interest is the investigation of the turbulence
spectrum isotropization, i.e., calculation of the spectrum correc-

tion caused by anisotropy of turbulence excitation. This_addend
is determined with the help of the dimension reosons [25]:

5‘70/ - (KL »—2/3

JK
We think that the correction is of nonlocal nature and, thus,
cannot be determined by the conformal transformation. To determine
it one should not only eliminate the divergencies but also know
the interaction locality power.

It should be recalled that the results of this review are based
on the improved DIA, for which the locality has been proved. To
construct a complete theory of the turbulence spectra in the
inertial interval, analysis of the locality problem for higher
diagrams is required, For this purpose, in our opinion, one
should refuse the BEuler description and find such a method which,
on one hand, does not contain the transfer effect and, on the
other hand, is much simpler than the Lagrange turbulence descrip-
tion.

D I.e. for the 7 scales, which are less than streamlined body
scale [/, , but larger than that of a "viscous" A .
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