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Abstract. Existence, singleness and smoothness (or conditional-smoothness) in solution of the
Navier-Stokes equation is one of the most important problems in mathematics of the millennium [1], which
describes the motion of viscous Newtonian fluid and which is a basic in hydrodynamics [6, 12]. Therefore
in this work a nonstationary problem for Navier-Stokes of incompressible fluid with viscosity is solved [1].
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Preface

The research is devoted to the development of a method for solving 3D Navier-Stokes equations
that describe the flow of a viscous incompressible fluid. The study includes a requirements
"Navier-Stokes Millennium Problem"”, as developed method of solution contains a proof of the
existence and smoothness of solutions of the Navier-Stokes equations, where laminar flow is separated
from the turbulent flow when the critical Reynolds number: Re = 2300. The decision is obtained for
the velocity and pressure in an analytical form, as required by the "Navier-Stokes problem
Millennium”. The method of solution is supported by examples for different viscosity ranges
corresponding applications.

In sections 4.3, 4.4, 7.2 and paragraphs 5, 6 new law of the pressure distribution has been found.
This law is derived from the equation of Poisson type and differs from the known laws of Bernoulli,
Darcy at all. Most importantly, the author has opened a special space for the study of the existence and
smoothness (including conditional smoothness) equations Navier-Stokes for viscous incompressible
fluid. In the case of smoothness a space with the norms of Chebyshev type has been obtained. The
weighted space of Sobolev type arises in the case of conditional-smoothness. For brevity, these spaces
can be called: Omurov's spaces with different metrics.
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1. Introduction

If to designate components of vectors of speed and external force, as
Vx,t) = [o(x,t),0,(x,t)o,(x,t)], F(x,t)=[f(x,t), f,(x,t) f,(x,t)]

that corresponding problem Navier-Stokes is represented in a kind

3 1 _
Uit+ZUjUix, = fi__Px +,UAUi,(i:l,3), (11)
-1 i p) i
dive =0,v(x,t) e T = R*x[0,T,], (1.2)
Ui|l:0 :UiO(Xl’XZ‘XS ),V(Xl,XZ,X3)€ Rg’ (13)

u >0 IS kinematic viscosity, p is density, A is Laplace operator. Here, the condition incompressibility

(1.2) fluid it's a the additional equation. Unknown are speed vand pressure P.
The decision of many problems of theoretical and mathematical physics leads to use of various a
special weight spaces. In works [7, 8] for the first time a method have been offered, which gives

solution of problem Navier-Stokes in G (D,). Alternatively, we can consider, e.g., a class of suitable

solutions constructed in [8]: w (D, ) on the basis of lemma K. Friedrichs [15].

To answer this question, in this article the following way proposed to solve for the Navier-Stokes
equations. For this purpose (1.1) we will transform to a kind

1 1 —

v, +0,=f-—P —-—Q, +udv, (i=13), (1.4)
p 2
’ 1
0= 2 (v, = Q). (L5)
j=1
where
9i|1:o = HiU(Xl,XZ,X3 )V (XX, X, ) € R3'

[
{‘ 3 3 3

1 QX X, X,,t) = Z uiz( X, X, X,,t); Q= 22 VU Qf = 22 Vo0 0, (i=13),
L i=1 l j=1 I ‘ j=1 ‘

without breaking equivalence of system (1.1) and (1.4), (1.5). The received systems (1.4), (1.5) contain
unknown functions v,, ¢, and pressure P. Here ¢’ — known functions because are known v v

Xl

The developed method of the decision of systems (1.4) and (1.5) connected with functions

A1) roto =0,0 =(6,,0,,0,) ;rotv =0,0r

Aj) dive =0, rotv = 0,0r



Az) 6, (i = 1,3) is any functions if, accordingly, as necessary conditions, take place:

ag) rot6° =0,6° =(6°,02,6°), ap) dive’ =0, ag) 0°isany functions.

The work purpose. The main object of this work — the proof existence, singleness and smoothness (or
conditional-smoothness) of the problem decision Navier-Stokes for an incompressible fluid with viscosity in

cases (A1)-(As). In the case of smoothness have the space C AT

[

|V=(Ul,l)2,l)3):

b - Sl - S s foul el

i=1 0<‘ ‘<3
cn '‘(T)=cC :3331(T )= C PN T ) v, e CP(RY), (i=1,3), (1.61)
|
| i k a‘k‘ui 3 _
k=0:D",=v;k#0:D", = ————j; |k|=2ai,(ai=0,3),
[ ox, " ox, 2 ox,"

but in the case of a conditional smoothness — the space G, ,(D,):

o)l 3 Dy = RZx(0.1,),

(
3= S(D)—ZII e, = {2{% oo,
] . (1.65)
{uoec?’(m)](i:l?); ||un||L1=supj|uit(x1,x2,x3,t)|dt.

So as v, e c®(r?), then limitation of solution of problem Navier-Stokes (1.1) - (1.3) it is

possible to prove and in w >(D, )~ weight space of Sobolev’s type:

[

}| 2 _z|| LW (V= (03,05 05)),

JW(U 2y = (x4 X x5 1) e Dy i D v e L2y e L23(i=13), (1.65)
\

‘ To To L

oil;: =¢ X sup [ 1D 0%y X Xg 017 dt 4 5up [ 2000y (xy %, x5,0)] dE32.

( Wirt) ocllss R® g R® ¢

It is known that from uniform convergence of sequence continuous functions on [a, b] is followed

by its convergence on the average on [a, b]. Therefore, so as norm: |v| . it is subordinated to norm

v

construct the decision in w (D, ), the converse is not true.

..+ » that is natural describe an analytical solution in 6:53(T ). Hence, gives also feasibility to

The scientific value. Actually at use of offered transformations linearization of equations



Navier-Stokes occurs in the integrated form without the requirement of additional conditions.
Consequently, the solution of the resulting integral equations possesses the same properties as the solution
of initial value problems for Navier-Stokes. The analytical decision, obvious, is regular in concerning

viscosity factor » >0 and in many respects simplifies carrying out of the analysis in mathematical and

physical sense [6, 11 and 12].

Inacase o< ux <1 the current is considered with very small viscosity, i.e. in viscous liquids, when

force of friction is very small, than forces of inertia [11, 12]. Here Reynolds number is very great
(Re= 2300) there is a border layer in which viscosity influence is concentrated. Therefore the
analytical methods of the decisions of a problem Navier-Stokes allow to reach full understanding of
physics of turbulence [4, 11 and 12].

In a case 1< u=pu, =const<o the current is considered with average size of viscosity [12].

Therefore in a case when convective acceleration is not equal to zero then there are problems
connected with methods of integration of the equations of Navier-Stokes in their general view.

Our problem does not include a derivation of an equation in a physical meaning, since there is a big
amount of works reflecting these questions [3, 4, 6, 11 and 12].

2. Fluid with very small Viscosity by Condition (A;)

In this paragraph and in the subsequent points with the specified restrictions at the entrance data,
the strict substantiation of compatibility of systems (1.4), (1.5) will be given with very small viscosity

0 < u<1. In the limiting case of very small frictional forces (for large Reynolds numbers), the

solution of the Navier-Stokes equations has such properties that the flow field can be divided into two
regions [12]. The friction manifests itself in a thin layer. The flow in the outer region does not depend
on friction forces, it is free from rotation of the particles, and hence, it is described by Euler equations.
Therefore, in this section we study the behavior of the solution of the Navier-Stokes equations when
the viscosity tends to zero.

2.1. Fluid with the condition (A;)

Let functions o’ (i = 1,3) satisfy to a condition (ap). Then relatively 0,.(i= 1,3)We suppose a

condition (A;) and

dit= 0 (2.1)

where from system (1.4) and (1.5), accordingly we will receive following systems

1 1
uit+9xl+;Qxl = f,— —P, + udv, (i=13), (2.2)
2

0,=0,:0, =% (v, —iQX ) (i=13). (2.3)
. e PR



Theorem 1. Let conditions (1.2), (1.3), (A1) and (2.1) are satisfied. Then systems (2.2) and (2.3)
equivalent will be transformed to a kind

( 8 1 1
‘A\] :_For [Fo(xlvlexc;'t)z_z fix; ‘](Xl‘xz’XS‘t)E_P+_Q+0]’
‘ i=1 I p 2
‘uit:f+yAui—J (i=1,3)
: (2.4)
40 = -y, v (x50 ==Y v, 1,

|

|

|1 1 1 ds,ds,ds, : ,
\—P+—Q=—9+—J'Fo(sl,sz,sa,t)—,(rz DX =8) ).
[p 2 4r he r i1

Thereby the problem (1.1) - (1.3) has the only solution which satisfies to a condition (1.2).
OProof. Proof of the theorem 1 consists of four stages.

1) From system (2.2) it is visible, if the 1-equation (2.2, i=1) it is differentiated on x, , 2-equation

on x, (2.2,1=2), 3-equationon x, (2.2,i=3), and based on the formula:

3 a )
> —(2.2); divy =0:
i_1 OX,

2

0
Xz(ulxl U, Uy, )=0,

-1 0% 2.5)

|
™Mo
—h
X
i
o

Fy

[

\

|

Jat(zv”'):O; #zl
\

\

\

\
t

0 1 1 1
—[—P, +0,+—Q 1=4[—P +6 +—Ql,
ox, p ' o2 2

i=1

from here we will receive the equation of Poisson [13]:

1 1
A[—P +60 +—=Q]=-F,,
P 2

| -

] (2.6)

. i
) IFO(x1+rl,x2+rz,x3+r3,t) drdr,dr,,
R3

\/(112 + 122 + 732 )3

. 2.7)
P 2



The algorithm in which we received the Poisson equation (2.6), for the sake of brevity we call
"algorithm poissonization system", hereinafter APS. Therefore, if J — the decision of the equation (2.6),
then substituting

ipx _f_iQ>< +9x = ‘]x ,(i=1:_3)v (28)
p 2 ' '

in (2.2), we have

[Un =@, + pudv, (i=13),

_ (2.9)
[cbi(xl,xz,xyt)z fi—Jxl,(izl,S), Z@ixl =F,+43 =0, V(x,,X,,Xx,,t)eT,

i=1

i.e. system (2.2) it is equivalent by (2.9). This means that the system (2.2) is converted in linear an
inhomogeneous equation of heat conduction. Here the equations (2.6), (2.9) is there are first and second
equations of system (2.4).

2) From the received results follows that the system (1.1) is transformed in the linear equations of
heat conductivity with a condition of Cauchy. Consequently, Cauchy problem with sufficiently smooth
initial data t = o in the class of bounded functions is solvable [13, 14]. Accordingly, the problem of

the Navier-Stokes equations has a single, conditional smooth solution [8] in the space G, ,(D, ).

Really from system (2.9), follows

1 r’ 1 r’ 1
Ui:— exp(-——),,(s,,s,,s, )ds, ds,ds, + exp(- ) x
8( t)’ I 4 ut \/nSJ;RIs Au(t=s) \J(u(t-s))’

1
x®.(s,,s,,s,,s)ds ds,ds ds = \/_3 j exp(—(rf + r: + 732 No, (X, + ZTN/,ut,xz + ZTZW/,ut,x3 + 27, x
T gt

l t
xafut)dz de,dr, + [ [exp(=(s] + 7, + 0@ (x, + 20 Ju(t-s).x, + 2c,\Ju(t-s).x, + (2.10)
\jﬂ's 0 R?
+22'34/,u(t -s)s)dr,dr,dr.ds =H,(x,,X,,X;,t),

S, — X, = 2Ti\/ﬂt;5i— X, =27,4Ju(t-s),(i=1,3).

All H, —is known functions. The found decision (2.10) satisfies system (2.9).
Really, considering partial derivative systems (2.10):

(0,1)> pu; V(X,Xx,,Xx,t)eT:

on, O+ 20, it %, + 20, Jut x, + 20, Jut)de,de,de, +

+\/_ exp(—(z, +7. +7, N®, (X, + 21 1/y(t—s)x +27 «/y(t—s)x +27, %
T R®
x«/y(t—s) s)dr,dr,dr.ds,

[EEN

»
t



l 2 2 2
v, o \/ﬂ._3 J- exp(—(z, +7, + 17, ))Umhf( X, + 2z'lw/,ut VX, + Zz'zw/,ut Xy F 213«/,ut ydr.dz,dz, +
R3

t

+\/_ J'exp(—(rf +1'22 +r32 ))cD“Z(x1+ 2r11/,u(t—s),x2 + 2r21/,u(t—s),x3+ 27, %
xf 12 ( (t-s);s)dr dr,dz ds,

|
\
\
\
|
\
\
JV(X X, xs)eR ; e (0,T,]:
\
1
\
|
\
\
\
|

[y

(2.11)

\/1_J'exp( (¢f+2)+7) ))x(z\/_—umh(x + 27 \/_tx + 27 \/u_t,x3+

w20, \Jut)dr dr,dr, + @, +\/_J'J'exp( (erarlar ))zJ_J_ 2O+ 20, fu(t =),

X, + 27 \/,u(t—s) X, + 27 «[,u(t—s)s)dz' dr,dz,ds,
h, = x, + 20, Jut; 1, = x, +2¢ Ju(t-s), (i=1,3;j=13),
and substituting (2.11) in (2.10), we have

o], = 0e(X%,0%,), V(XX x ) e RY (0,1)5 5 V(X eR® te(0,T,]:

1? 2‘ 3)

0=v,-@, - udv, _\/_J'exp( (z' +z' + T, ))x(z\/_T)IOh(X + 27 \/_tx +22'2\/;,X3+

+2 t))drdr,dr, + @ + exp( - (z' +T + 7, )) ( II(X + 27 AJu(t-15),
rilne =i 2 e
X, + 27 1/,u(t—s , X +213«/,u(t—s)s))d'r dr,dzr,ds - @, —y{\/_JeXp( (T +'r +7, ))x

‘(

\

\

|

\

\

\

|

|

|

|

| xAv,, (X, + 27 \/_tx + 27 \/_tx + 27 \/_)dz'dz' dr, +J_Ijexp( (¢)+7, +7. NAD (X, +
\

J J (t-s),x, +ZTZa/ﬂ(t—S),XS+2T3»\/,Ll(t—S);S)d‘[ldfzdfads}z
| =
|
|
|
|
\
|
|
\
|
\
|
\
|
\
| 4

3
\/_j exp(—(7) + 7, + (Y \/y_TTjuiOh(XlJrZrl\/,u_t,szrZr \/_tx + 27 \/y_t))x
/A j=1 t :

xdr dr,dr, +\/_J"[exp( —(cl 47! +7, ))(Z\/_\/_ II(X + 27 \Ju(t=s),%x, + 27, x
) (t=5) %, + 27+ u (t—s)s))drdrdrds——\/_{\/_

T

Iexp( (¢ +7, +7, ))«/t_ o (X0

R®

1
t 2 t, 2 d dr, d —_
+2 \/_X+ rz\/,u_X3+ T\/_) (%, +\/_)r r+\/_J‘eXp( (z' +z' +7, ))\/t_x
<0, (0 + 20t ox, + 20, Jut oxg + 20, Jut)d e, d (x, + 2, Jut)dr,de, +
J‘exp( (z' +r +r ))\/_ 2(x + 27 \/_tx + 27 \/_tx + 27 \/y_t)drldrzd(x3+




(+ \/,u_t)+ JlTle__[Iexp(—(rf+z'22+z'32))¢'”12(xl+Zrla/y(t—s),xz+2r2a/,u(t—s),x3+
}+2r 1/y(t—s) s)d(x, + 27 «/,U(t—s )dr,dz +jexp( (‘[' +z' +z' ))cD 2(X + 27 w/,u(t—s)
X, + 27, Ju(t=s), X, + 27 «,y(t—s)s)dr d(x, + 27 a,y(t—s )dz, +J'exp( (r2+r +z' )) x
x D 2(x1+211«1y(t—s),x2+212«/,u(t—s),x3+213«/,u(t—s);s)><

derdrd(x v 27, y(ts))]ds}:%jexp((erj+rj))(zs\/y_%umj(xl+zrl\/y_t,

T Rs

|

|

\

|

\

\

| -

\

|

\

|

\

l

X, + 27, \/_tx + 27 \/_))dr dr,dr, + \/—IJEXp(_(Tf+T:+T;))X(i\/ﬂ_%(bn,(xﬂ'
3 j=1 t—s !

+27 Jy(t—s),x + 27 ,/,u(t—s),x + 27 1/y(t—s);s))dr dr,dr,ds -

\/_Iexp( (r +r +T, ))(z\/_—umh(x + 27 \/_tx + 27 \/_tx + 27 \/_))x

xdr dr,dr —\/1_J'.fexp( (7, +rz+r ))x(z \/_\/—(Dnl(x1+271"/:u(t_s)*xz+212X (*)
xf 1 (t—s),x, + 2t ,4fu(t—=s);s))dr dr,d7r,ds} =0,

on the right side integrals of the formula (*) the integration method in parts is used. That it was
required to prove.

Further we will show that (2.10) satisfies (1.2). For this purpose considering partial derivatives
of 1st order and summarizing, with taking into account (1.2), we have

3 3
0
OZZUX,(X X, Xt \/_J'exp(—(rf+r:+r32 ))Z a—uio(x1+2r1~/,ut,x2+2121/yt,x3+
i i-1 0X

+212w/,u(t—s),xs+213«//J(t—S);S)drldrzdrads:0,
RG] G

Y —v,=0; Y —®, =F +4]=0.

i1 OX. io1 OX,

|
l
j+21 ut)drdr,dz, +\/_Ijexp[—(r +, 4T, )]Z—(D(x + 27 1/y(t—s),x2+
-1 OX,
|
|
\
|
|

The system (2.10) satisfies to the equation (1.2).

The limiting case inG,_,(D,), when the decision of system (1.1) is representing in the form of

(2.10) with conditions (1.2), (1.3), (A1), (2.1) and

fV(xl,xz,x3,t)eT;fi;u. : ol £ By sup‘D QD‘<;/ (i=1,3;k =0,3),

io

IIGXP( (72+T + 7, )‘D @ (11,1 s)|drdr dr ds<y T, =4,,

1
|
lSl;lp\/”_



0 Ul 05s)

l t
SL: \/_erxp( (¢ +7, +7, )«/_ dr,dr,dz,ds < 3y 4[2T, = B,,

To

sup“q)(x X, X 8 < 7T, = B, (i=1.3),
1 : - — - 1
up Jexp(—(rl +7, +1, ))(Z T, U.oi(lvlz'ls) )d71d12d13 Sﬂlﬁx
SEVAR ™ (2.12)
X{Z(JT exp(-— (z' +2' + 7, ))drdz’ dr )(J‘exp( (z' +2' +7, ))drdz’ dr, )}—

i=1 R3 R3

\/1_, (1= x, + 20 Ju(t—s); I =x +2cfut; i=13),

2

\\/_.[exp( (¢)+7, +7.)rdr,de, =1; f =maxf,; ﬁozﬁ(m/zﬂ“lnow/y).
[ 1<i<3

js

Really, estimating (2.10) in G, ,(D, ), we have

vl W—Z[II -
(YR W L%

H<3

|

\

\

\

| .
J||u L= sup“un(xl,xz,x3,t)|dt < B(3+J24T, +1+T0\/ﬂ_): B,.(i = 13),
\

\

\

\

\

\

\

|

¢ty ” it||L1]S3[N1+ﬂ0]=M*,

<N, =408, (”Ui”C(T)S 28;i=1,3),

c(T)

|U | \/1—3$up _[ exp(—(rf + Tzz + 732 ))|Ui0(x1 + 271\/ﬂ_t'xz + 272\/ﬂ_t'xs + 213\/y_t)|drldrzdf3 *
Vs T g2

t
+\/_sup‘[Iexp(—(rf+r§+r32 ))|¢i(x1+211«/y(t—s),x2 +27,4lu(t=s),%, + 27, x
T T
xfu(t=s)s)|dedr,dr,ds < B, + B, < 28 Y (X%, X, 1) eT (i=1,3).

The singleness of the solution o, e ¢*°(T ) the system (2.10) is obvious on the basis of proof by

contradiction [13]. Results (2.10) with a condition ((A1), (2.1)) are received where smoothness of
functions is required only on x; as the derivative of 1st order is in time has t>0.

Remark 1. Alternatively, we can consider, e.g., a class of suitable solutions constructed in w ?( b, ).

Let the decision of system (1.1) is representing in the form of (2.10) with conditions (1.2), (1.3), (A1),
(2.12) and

V(X X,,X,,t)eT: sup‘D Qf"<}/1 (i=1,3;k =0,3),

R"

[
\
J(supji(s)|@(x X, X, s)‘ ds)2<y1 q, = B,, [0 < A(t): Jz(t)—dt_qo .f/l(t)dt_q] (2.13)
\
\
t

B.=max(p.B,); /3 = B.(34ua, + 1+ uaq,),



that decision (2.10) of problem Navier-Stokes (1.1) - (1.3) belongs in w (D, ) .
Really, estimating (2.10) in w /(D, ), we have [8]:

( 3 .
\||V|LN2=Z||Ui|LN"2 <3N, Tp + fpl = 3M %,
i=1 (vid)

Jnu. SN d M, (N d0p - 1)
(Uli)
[(Dg = R¥x(0,Ty ) = (vy.0,.05)),
| g .
o2 —(supji(t)| 03Xy X5 g D 002 < fu(3\Juae + 1+ Juay ) = By (i =1.3),
l R® 0

i.e. in the conditions of (1.2), (1.3), (A1) and (2.12), (2.13) the problem (1.1) - (1.3) has a limited

solution in w ?(D, ). Let's notice that in work [8] similar results in case of (2.10) also are received in

the weight space G (D, ).

3) The essence of this subparagraph to define the decision (2.9) in 6:;3(T ). For this purpose of

problem (2.9), (1.3) it is possible to solve differently if conditions are satisfied:

Av, =0; uioeC3(R3);<Di: sup‘DkuiO < B, sup‘Dk@i(xl,xz,xs,t )|£ y., (i=1.3),
R® T

s)|dr dr,dr ds <y T =y,.(i=13),

11772 3

|
\
\
|
l
sup pr( (r +‘[ +‘[) k(|1|23 )jd7,dr,dz ds <
J T -\’ﬂ- R \jt—S j= 1 (2.12)*
‘< 1 j‘ 1 ZS:(I 2 ( ( 2 2 2))d d d )é
<y, sup { roexp(—(zr, +7, +7 r,dr,dr x
} '\/71'_3 . 0\/t—SLj:1 : j 2 3 243
}( ((222))ddd)§}d31 j';d32T
X exp(—(z, +7, + 7, rar,dr, S =3y, ——=sup s =3y, 0o =73
| 20715 At —s
\ _ .
=g+ 26 (= s) (=13 k =0.3), 7 = max(7,if,), 7, = r(L+fu).
Then speed components v are defined by a rule
ui=um(xl,xz,x3)+Vi(xl,xz,xa,t),V(xl,xz,x3,t)eT,(i=1?), (2.14)
[Vi|!:O=O,V(x1,x2,x3)e R®.
Then the system (2.9) will be transformed referring to
V. =@ + puAv, (i=1.3). (2.15)

Where Vi new unknown functions which defines the decision of problem Navier-Stokes. Hence



2

ds,ds,ds,ds

1 2
= exp(—-——)@ ,(s,,s,,5,,S) exp(—(r, +z' + 7, ))><
8«/7” du(t-s) Jeut-s)y «/_H
x@i(xl+211«/y(t—s),x2+2r2«/y(t—s),x3+273«/y(t—s);s)drldrzdr3dsE (2.16)
EH_i(xl,xz,xs,t), (si—xi:Zri«/y(t—s);izl?).

The found decision (2.16) satisfies system (2.15). Really, having calculated partial derivative of
system (2.16):

(0,1)> w5 V(X,,X, x3,t)eT:

(

|
1

V=@, (XX, X;,,t)+ exp(- (z'2+z'2+‘r ))Z\/_ II(x + 27 Afu(t=s),x, +

| g H — N

} «/,u(t—s) X, + 27 Jy(t—s);s)drldrzdz—ads,(Ij:xj+211.1/u(t—s); i:l,_;jzl,_),

JV j exp(f(rf+rzz+r32))cb“(x1+Zrlﬂly(tfs),xz+2124/,u(tfs),x3+213x (2-17)

| " J

|

|

|

|

|

|

|

[y

Va R3

x«/ (t-s);s)dr,dr,dr.ds,
Hexp(—(ff +rlv7l NG (X, + 2r1«//1(t— $),X, + 27,4 Ju(t—s),x, + 27, x

xafu(t-s);s)drdr,dz ds,

[y

\

ix

and substituting (2.17) in (2.15), we have (see (*)):
V||[:0= v V(X,X,,X, ) € R%: (0,1)3 uy V(X ,X,,X,,t)eT:

0=V, ~@, —udV, =@, +

1
exp( (z' +z' + 7, ))><( .. Xy
+27 Jy(t—s) X, + 27 w,y(t—s) X, + 27 -‘/,u(t—s)s))drdr drds — @, -

t

J' exp(—(z) + 7, +7, ))x(z @ (%, + 20, Ju(t=s),x, + 2z,4[u(t - s),

R3

[EEN

u{

%

ch”(X + 27 Jy(t—s) X, + 27 «/y(t—s) X, + 27 ,,f,u(t—s)s))drdz' dr,ds -
2\/,,_{\/1_1 2 (% w20 Ju(t-s).x, + 20, Ju(t-s),

0 R®

X, + 27, «/ (t—=s);s)d(x, + 27 ,/ (t-=s))dr,dr +Jexp( (z' +z' + 7, ))(D (x +

+22'«/ (t-s),x, + 27 «[,u(t—s)x+21 wl,u(t—s)'s)dz'd(x +27,4fu(t—s))dr, +

|
\
\
\
\
\
\
| -
|
Jx3+2f 1/,u(t—S)S))drdrdrds}—JlTjIexp(—(r12+r;+T;))
\
\
\
| -
\
\
\
\
|
V.[exp( (2'2+r +7, ))CD 2(X + 27 w/y(t—s)x + 27 a/y(t—s)x + 27 AJu(t—5);s)x



dede,0 (x, + 26, (0 5) 1ds) ljj (~( ))(zJ_ =2, (

xd7r . d7 Xo + 2T |1 - S Sy = exp '[+'[ + 7, X g OX +

| V= s, vl

J «/y(t—s)x + 27 «/y(t—s)x + 27 4/y(t—s)s))drdr dr,ds - (218)
|

|

|

\/_\/_.[\/_J'exp( (‘l' +T +7, ))X(ZTCDI(X + 27 w/,u(t—s)x + 27 «/,u(t—s
S
X, + 27 «/,u(t—s);s))drldrzdrgds=O.

That it was required to prove.
Therefore on the basis of (2.14), (2.16) we will receive

\(u, H_ = \/_Ijexp(—(rf+r;+T32))d5i(xl+Zle/y(t—S),Xz+212«/,u(t—s),

‘ 3

JX3+21 w/y(t—s);s)drldrzdrsds =H (i :1?), (2.19)
\

\

3 3
Av,=0; v,eC(R’); Yo, =3 H, =0(i=13).

Limitation of functions (v,.v,.v,)In (;::a(T ). The limiting case which we will consider

concern results of the theorem 1. Then the decision of system (1.1) is representing in the form of
(2.19) with conditions (1.2), (1.3), (A1), (2.1) and (2.12)*.

Really, estimating (2.19) in ¢ (T ), we have

Wl ey = S b, Il 35 30, < 1=

Jll - (T)—O<z<3\\o ol <N =s0r (., < 27ii= 180, (2.20)
[”U ||cm y(1+\/_)(|-13)

SO as

o = [oi| + [F.]< 8, + 7, < 27 (max( 7)< 7).

|
{“H_‘< \/1_supJ‘Iexp(—(rf+r22+r32))|q>i(x1+Zrlwly(t—s),xz+212«/,u(t—s),x3+2r3x
| T e
‘wa/ (t-s)s)|de,de,deyds <y, ,V(x,.%, %, t)eT (i=13).

Singleness is obvious, as a method by contradiction. Therefore from (2.19) singleness of the

solution follows in c* (T ).

4) Coming back to the proof the theorem 1, thus considering (2.3), (2.19), and their partial
derivatives on x;, we find

0, =2 (H -H,  —H -H )=y, (x,%,%t)i=13. (2.21)

]



As . —is known functions, hence from system (2.21) differentiating 1-equation on x; [(2.21): i=1],

2- equations on x; [(2.21): i=2], 3-equations on x3 [(2.21): i=3], summing up, we will receive

3
AQ:—«//O,(WOs—z«//ix‘(xl,xz,xyt)), (2.22)
at that
1 ds,ds.d
0eCi(T): :—J't//o(sl,sz,ss,t)M.
dr 7, r

R

The equation (2.22) it have the third equation of system (2.4). Therefore, from the received results, taking
into account (2.6), follows
1 1

1
—P+—Q = —6+—J' F,(s,.5,.5,.t)
P 2 A °, r

R

i.e. (2.23) — is the fourth equation of system (2.4).
The formula (2.23) can be transformed in equivalent form

ds.ds,ds, , (2.23)

= r(s,,s,,s,,t)sds,ds,,
" (2.23)*

1 ds : 1
9=—ﬂw(g@sgrA—L%(QzZm%rz:%a—wUx
i=1 s

3

where (2.23)* — the equation of Bernoulli’s type [12]. Then function (2.23)*: les iz v =
P 255

satisfies the equation:

Al = -4r7Yy,

and function [13]: 1 is called Newton’s potential, at that on infinity aspires to a zero. r - is called
density of this potential.

Hence functions v, .0 ,P are defined from systems (2.19), (2.22), (2.23) and these functions are

smooth on set to the variables, that the system (2.4) has the single smooth solution. The theorem 1 — is
proved. m

As a consequence the theorem 1 we will receive following statements:

Theorem 2. In conditions of the theorem 1 and (2.10), (2.12) problem Navier-Stokes (1.1)-(1.3),

(Az) issolvableat G, ,(D,).
Theorem 2*. In conditions of the theorem 1 and (2.12)*, (2.20) the problem (1.1) - (1.3), (A1) has
the smooth single solution inc **,(T ).

The essential factor of researches of this paragraph are results of the theorem 2*. In this case the
decision of system (1.1) is considered as the strict decision of a problem (1.1) - (1.3), (Ay).



It is obvious that small changes v .(i=1.3) or f (i=13) influence the decision (2.19) a little,

i.e. continuous depends on this data. Therefore, a question on a statement correctness problems
(1.1)-(1.3), (Ay) are considered at once with results of the theorem 2*,

2.2. Inequality Beale-Kato-Majda

The Beale-Kato-Majda regularity criterion originally derived for solutions to the 3D Euler equations
[2] and holds for solutions to the 3D equations Navier-Stokes [5] and the criterion can be viewed as a
continuation principle for strong solutions. A further generalization was presented in [8] where the
regularity condition is expressed in terms of the time integrability.

Note that there are some inequalities for a priori estimates depending on the spaces. To prove this
criterion, for example, enough fulfill the inequality [5]:

0

suapJ'|rotv(x1,x2,x3,t)|dtg M = const < . (2.24)
0

R

On the basis of results of the theorem 1 the solution of systems (1.1) it is presented in a kind (2.19),
where global existence of decisions is received in a class c** (1) from the point of view of the

initial data satisfying (2.19). It is pleasant that results of this theorem leads to such global classical
solution Navier-Stokes, besides it is known that in [5] classical solution is received, if the criterion of
Beale-Kato-Majda is executed.

Really, at performance of conditions of the theorem 2* takes place

F) , F) B ,
| Uso(x1'xz’xs)_ Uzo(xl'xz’xs )|Sh1’ | U10(X1’X2'X3)_a U30(X1’X2’X3 )|Sh2’

0X, 0X, 0X, L

B B . 1 . . p)
| —0,, (XX, X, )= —0,, (X, ,X,,X, )|s h,; sup 3J'J’exp(—(r1+12+13)| —@ (X, +
0X, 0X, T «/;; 0 0 0X

2

0

+211«/y t—s).,x, + 212«/y(t - 8), X, + 2131/y(t -8);8)- —@,(x, + 2r1\/,u(t— $),X, +
0X,

w2, Ju(t=s),x, + 2e,4fu(t - s);s)|dr,de,dz,ds < h,,

t

1 2 2 2 a
sup ; Ijexp(—(rl +7, +T, )| Tdil(ler Zrlwfy(t— $).X, + 27,4 u(t—s) X, + 27, x
0 R 3

‘(
\
\
\
\
\
\
\
\
\
\
\
| - P 0
%\
\
\
\
\
\
\
\
\
\
\
\
\
L

xafp(t - s);s)—itb3(x1 + 211«/ﬂ(t— $).X, + 272«/;1('[— $). X, + 273w/y(t— S);s )|><
0X,

xdr dr,dr,ds <h,,

t
1 0
sup\/_sj"[exp(—(rf+r;+r§)| a—¢2(xl+211«/y(t—8).xz+212«/y(t—5),x3+213><
T T o g3 X

R 1

su(t - s);s)—idil(x1+ 20 Ju(t=s),x, + 20, Ju(t—s)x, + 20, u(t—s);s )|
0X,

3
xdr dr,dr,ds<h,, (Y (h +h’)=M, =const<w).

i=1



Then we will receive estimation
rotv = 0 : sup|rotv(x1,x2,x3,t)|s M, <o,
T

In a consequence and (see (2.24)):
TO TO

0 0 0

sup“rotv( xl,xz,xg,t)|dt <sup J{| — 0, (X, X, ,X;,5) = —0,( X,,X,,X,,S )|+ | —0,(X,,X,,X,,8) -

RS R 0X, 0X, oX,

0 0 0

——u3(x1,x2,x3,s)|+ | —0,( X, X,,X;,8) ~ —ul(xl,xz,x3,5)|}ds <M T, =M <o,

ox oX OX

1 1 2

2.3. Estimation of affinity of decisions of the equations Navier-Stokes and Euler

I. Incompressible Streams Without the Friction. For incompressible currents without a friction

[2, 9 and 12]: x =0 the equations of Navier-Stokes become simpler, as there are no members: 4o..

Therefore the problem (1.1) - (1.3) is led to a kind

Gyt (Y 57, - f - i-13, (2.25)
2 4 ' p

U_u( Xl’xz’x3’t)|t:0:U_Oi(xl’XZ'X3)’i:1’_3' (226)

dive =0,v =(0,,0,,0,);r0tv =0. (2.27)

The system (2.25) with conditions (2.26), (2.27) has the strict decision [12] with preservation of all
convective members at performance of a condition of Stokes. Really, for incompressible currents without
a friction, the vector of speed is represented as a gradient of potential v~ and this potential satisfies the
Laplace equation.

Therefore for potential currents the member in the equation (1.1), depending on viscosity, identically

disappears. At that the system (2.25) has the smooth single solution in ¢ (1) [9, see pp.147-151]:

( 3
NFMyU—ZW%
i=1

< : O
< Ny ”Ui|

ISETE C(T)+||Uit||c(T)‘

cHiTy > HDkU_i
os<lk|<3
o (2.28)

3
| k|=> a,(a,=01.23;i=13),
i=1

L|<=0:D°Jiz,7i;|<;,,eo:D

k

v, = :
1 a

0X, 10X, 70X, "
and is harmonious functions.

The specified method of theorem 2* can be used in particular and for the decision of a problem
(2.25) - (2.27) as a test example. Really, on a basis APS from system (2.25), follows

{I=i5+§6lﬂ=—i o (2.29)
p =

and



(- 1 | = ds,ds,ds
J=—|F.(s,,s. ,s,;t
1= RI 0(81:5,5, r
) (2.30)
|7 1 — rdrdr,dr —
J =— | Fo(x, +7.,X, +7,,X, +7,1) (i=1,3)
i 2 2 2 \3
[ Az R? \/(T1 + 7, 13)

So as J - the decision of the equation (2.29), with the account: 7, = —p, +=Q, from (2.25) we
AN

will receive

o, =f -3, =13 (2.31)

From system (2.31) on the basis of (2.26), follows

[ b —
U, =0, (X,,%X,,X, )+ [@. (X%, %7 )d 7 (i =1.3),
° (2.32)

— —_— 3 — — —
=f-J (i=1,3), Z@ixl =F, +4) =0, V(x,,X,,x;,t)eT.

Hence from (2.29) and (2.30) we have
1 - ds.ds,ds,

—P:——Q+—J'F(s s,,5,,t)
P 2 47ZR3 r

(2.33)

i.e. (2.33) there is an equation of type Bernoulli that is similar with (2.23)*.
From the received results follows that the system (2.32) satisfies to a condition (2.27), and it means

that the found decisions o, ,i - 1,3 satisfies to the of Laplace equation, i.e. are harmonious functions.

As it has been proved.

I1. It is known that limit transition to very small viscosity should be executed not in the equations of
Navier-Stokes, but in the decision of these equations by approach of factor of viscosity to zero [12]. Then
the solution of system (1.1) is representing in the form of (2.19) with conditions of theorem 2*.

To estimate affinity of decisions (2.19), (2.32) in sensec (1), when [9]: « — o, conditions are
required is:

< 2,8, Y(%.X,x,)e R (i=1,3),

V(XX xt)eTchDu eC’(R%): ‘D(U -0,)

‘D [D,(x,,%,,X, t)—tD(x X, X, t)]‘</16 VXX, X,,t)eT (i =1,3),

|

\

}

\/1_sup'”'exp( (‘r +r +r, )){‘D [@,(x, + 27, \Ju(t-5s),x, + 27 «/y(t—s) X, +
\

J+2r w/y(t—s) $)- @ .(Xx,,X, ;S)]|}dz’1drzd73ds</13\/y_,(i:1,3), (2.34)
\

\

\

\

\

\

\/y_\/i_supj'jexp( (e)+ci+7} ))[Z \/‘Ti_s| @ill(x1+211«/y(t—s),x2+212«/y(t—s),x3+

0R?

+27 w/,u(t—s) S)|]dr dr,dr ds < A \/_ (L =x +2z\Ju(t-s); izr),

=const<o; k=1,4; 51# :52# =5 = ,/#_



Lemma 1. If conditions of the theorem 2* and (2.34) are satisfied, an admissible error between

decisions of system (2.19), (2.32) in 6:53(T ), whens = J; will be an order 0(\/;).

OProof. To prove to affinity of decisions (2.19) and (2.32) in 6:;13(T ), at first we will prove to

affinity of decisionsc (1 ),c **(T ) . At that obviously that estimations relatively |, - o, covp, Will bean
order o (\Ju ).
Really estimating (2.19), (2.32), we have
|U —L) | |+\/_Jjexp(—(rf+122+132))|d7i(xl+Zle/,u(t—S),xz+272w/y(t—s),
1 t
X, + 213«/y(t - s);s)—cDi(xl,xz,x3;s)|drldr2dr3ds + \/_J' .[ exp(—(z, +7, + 2'32 )) x
T 0 R3
><|cDi( xl,xz,x3;s)—cD—i( xl,xz,x3;5)|]drldrzdrads < A0, + /13\/_+ 4,6, Ty = CO\/y_,
Co=A4,+ 4, +4,T,, (51“ :52;: :\/,u_; izlz),
or
o= ol < Confu i = 1.8,
here (see.(2.32)):
_ L _ 1
U, =0, (XX, X, )+ J.d?i(xl,xz,xs,z' Yz =v, + \/_3.'- exp(—(rl2 +z'22 + r: )) x
’ T (2.32)*

1
><(D(X X, X, v )drdr,dr, dr—H (1 =1,3; T[exp(—(rf+z-22+132))dz-1dz-2dz-3:1),
3

Similarly, we will receive also estimations concerning expressions where partial derivative functions

v, and o, to the third order, inclusive, contain v,, v,, i.e.
.. =20C, Ju (i=13).

Hence, as C**(T)> v, v, , estimating (2.19) and (2.32)* in sense of norm c** (1) we will receive:

oo =0l s < (20C, + 22, )0 = Ny (i=1.3),

os -
i

cw_ZHD(U_U)

oslk|<3

”Ui__”c Yty z HD (

0<k<3
”Uil - U_it”c(T) < 2]“0'\/;!_’(i = 1’3 )’
0

X, )+ H (X%, X, ,1)] = H_n, (v, H_ see.(2.19)), (2.35)

W=D X%, X, t)+\/—\/_jjexp( (ci+c +7, ))[Zﬁfp (X, + 27, Ju(t—s),x, +

j=1

+212«/,u(t— $). X, + 213«[,u(t— s);s)ldrdr,dr ds,(i=1,3).



Then taking into account (2.35) and v = (v, .,v,.v,)v = (v,.0,.0,), We have

3 3
— K —
”V_V”é::‘ls(-r):znui_ui 63-1”):2{ z HD (Ui_Ui )‘

i=1 i=1 0<|k|<3

cry ”Uit - U_n”c(T)} = 3No\/ﬂ_’(i - E)' (2.36)

And it means that if s = \/; the admissible error of an estimation will be order 0(\/;) in

c*' (T ). The lemma 1 —is proved. m

3. Fluid average Viscosity with a Condition (A,)
Let's consider a fluid with viscosity with Reynolds small number where all inertial participants
contain in equations Navier-Stokes. Theoretically, it is not investigated till now [12]. Hence, here we

will consider, methods of integration of the equations Navier-Stokes, when: 1< 4 = x4, = const < «.

Therefore the decision of the method, from where follows of equations integration of Navier-Stokes in
a case (Ay), is a major factor of this point. The developed method of the decision of system (1.1) is

connected with ¢, where these functions will transform (1.1) to systems (1.4), (1.5) with conditions (ag) and
(1.3): ui|t=0 =0,V(X,,X,,X, )€ R*,(0,,(X,,%,,%,)=0;i = 1?), (1.3)*

0] =0.%(x.%,.x,)e R (i=13), (3.1)

t=0

where the current is considered with average size of viscosity.
Theorem 3. Systems (1.4), (1.5) it is equivalent will be transformed to a kind

[ 1 1 :
‘AJO:—FO,(JUE—P+;Q;FO:—Z fix‘; divf #0; 1< u = pu,=const< o),
‘ P i=1

v, = fi+IUAUi_J0x -6,
L (3.2)
10,=D,[0,.0,.0,].i=13,
\
1 1 1 ds.ds.ds
[— =—;Q +4—j Fo(sl,sz,syt)%.(r=\/(xl—sl)z+(><2—52)2+(><3—83)2 ),
P T g3

when conditions (1.2), (1.3)*, (3.1), (A;) are satisfied. Hence, the nonstationary problem of
Navier-Stokes (1.1)-(1.3)* has the smooth single solution.

OProof. Really, from system (1.4), considering conditions (1.2), (1.3)*, (3.1) and having entered APS, i.e.
differentiating the equations of system (1.4) accordingly on x; and, then summing up, we have the equation

(43, = -F,
PR (33
t 4 he r

If 3, —the decision of the equation (3.3), then substituting:



tF (X, +7,,X, +7,,X, +7,_;t — 1 1
FolXy ¥y X + 7y X ¥ 7y )dz'd‘rd‘r (s,-x,=7,5i=13; —P_+—Q =1J, )

1 2 3 i i i’ L X
2 2 2 \3 ! 2
\/(r1 +7, +71,) P

in system (1.4), we have

1
J = —
4

0 x;

(v, =®, -6, +udv,, (i=13),

3 (3.4)
tcbi(xl,xz,xyt)z f - JOX,'(i =1,3), Z @ixl =F, +41, =0, V(x,,x,,x,,t)eT.

i=1

The decision of a problem (1.1) - (1.3)* is represented in a kind

[ r 1 .
[0, =H - \/—Hex P(- G ))( ( ))Sﬁi(sl,sz,s3,r)dsldszds3drz@iei,(|:1,3),
u(t—r t—

! e (35)
2 (xx, Hexp( r ) ! ® (s..s,.s..t)ds.ds.ds.dr.(i=1.3)

i - V9119703507 U503, 07,Uh=4,97,
t 8\/_ e Au(t-1) (JJu(t-7)°
where concerning functionse,, (i = 1,_3) , we will receive
9i=2{[H?— 11,/1(t—'r),x2+2121,,u(t—'[ Xy o+

j=1

2, Ju(t-7)ic)de,dr,dede]x[H ljj (< el v el )y

u(t—r7);z)dr dr,dz dz]x - — exp(—(z, +7, +7 ——0,(x, +
\/_ R3 ﬂ(th)
«/y(t—r)x + 27 \/,u(t—z')x + 27 «/,u(t—r)r)drdr dr dz']—[H (36)

\/_ JIexp( (T2+T2+T ))9(X + 27 \Ju(t—17),%, + 27 «,,u(t—r) X, + 27 «/y(t—r) T )%

1 T
xdr dr,dr dr]x[H ;)X|_ 3‘[.[ "Xp(—(112+122+r32 ))9J.(Xl+2T1\/y(t—r),xz+212><
Jr o lutt=o)

x«/y(t—r),x3 + 213w/y(t—r );z)dr dr,dr.dz]} =D [0,,0,,0.]1.(s, - X, = ZTi«/,u(t -7);i= E).

Here for example, partial derivatives of functions v, are defined:

2
r
Hiy - cexp(-—————)0,(s,.8,,8,,7)ds,ds,ds,dz =
«/ 2u(t—f)( u(t=1)) dult=r)

‘(
}
| = o exp(- (z' +z' + 7, ) ——— 0.(X, + 27, \Ju(t—1),%, + 27 o AH(t=7),x, +

| J \/_H \/ﬂ(t—r)

j+2r «/y(t—r)r)drdrdz’dz’(lz_3] 1?), (3.7)
|

|

|

\

\

\

|

0 —(X—S) 1

(o8

T .
H. L (XX, X0 t) = exp(—(7, + 7, + 7. ))—J@i(x1+2r“/y(t—r),x2+2r2x
J_ ” Jut-r)
x.\’,u(tf‘r) X, + 27 w/,u(tfz');r)dqdrzdrsdr.



Here (3.6) — system of the nonlinear integrated equations of Volterra-Abel of the second sort concerning

0, on a variable t<[0,7,] and consists of three integral equations, and contains in itself of three

unknown functions.

The theory of the specified system is well developed in section of mathematics [13]. Therefore
there is no necessity to think out various algorithms for the decision of this system. And it is enough to
show conditions which provide conditions of contraction mapping principle for the decision of this
system to use a Picard’s method.

If takes place

V(X X, X, t)e T ;D H

up‘D¢7(x X, X, t)|<y0 (i=13:k=0,2),
!

w

t

1

sup exp(- (z' +z' +7, ))dz’ dr,dr,dz <T,

|

}J—[OT]H

\/Zsupjj'exp( (¢)+7, +7, ))|q§(x + 27, \Ju(t—7),%, + 27, Ju(t—7),x, + 27, x
} «/y(t—r) r)|dr dr,dr,dz <y T,,

J \/_sup.[.[exp( (r2+7l 47 ))\/udrdrdrdr<(\/_)
\

\

\

\

| =

\

\

\

\

\

t

X

sup.[\/_

x{(jrexp( (¢)+7, +7.))drdr,dz,)? ( [exp(~ (¢l 47 +7l))drdr,dr, )}dz'—

R® R®

0 R?

1

(Ju)* \/—SUpJ‘\/_dr_(\/_) IR

[0.T,1]

H

\/_\/_supj[jexp( (r +T +7, ))J‘tz-i_‘r|@i(xl+271‘,ﬂ(t_7)vxz+272‘,ﬂ(t_7)' (38)
Xy + 20, Ju(t—r)ir)|dedr,de,dr < (fu ) rof2T,

and if operators: b, compressing with a compression factor d,,

d

d—4(\/_) [2J_70JT Vor i< acuy . <1, (i=13), (3.9)

<, VXX, X,,t)e T},




{“Di[el",af,ef]—af sr(1-d):

_<|pite..0,.0,1- D167 0 001

+ HDi[af,af,af]— 6,
Cc

<

[l te,.0..0.1-0r : (3.10)

|<d3r+r(l-d)<dr,+r(1-d)=r,

|[Di:sq(ef)» s, (67), (i=13).

Then on the basis of a contraction mapping principle the system (3.6) is solvable at ¢ *°(7 ). Hence
the solution of this system we can find on the basis of Picard’s method:

0

0., =D10,,.0, .0, 1(n=01,.;:i=13), (3.11)

in+l 1n

where 0, ,.0,,.0,, — initial estimates. Received the sequence of functions {¢ };.(i=1.3) is

converging and fundamental in s (67 ):

( 3
‘ En+1 = z ||9|n+1 ai,n C, En = ||9i,n gi,nfl C’ (I = 1‘3)
‘ i=1 i=1
‘ : n d<1
J”gi,mrl ei,n c < dlz ||0i,n - Hi,nfl c = diEn’ n+1 — dE <..< d El_: 0‘
i=1
‘ k-1 k-1 3 k-1
‘||9i,n+k - gi,n c < z Hgi,n+j+1 - 0i,n+j . Z diz Hal N+ insi-tfle T z diEn+j’
‘ j=0 j=0 i=1 j=0
‘ <l < n+j-1 nk71 j n 1 d<1
E, W SdY E ,<..<d> d E,<Ed Y d <Ed ————0,
{ j=0 i=0 i-0 1-d
and thus converging to a limit ¢, (i =1,3):
TR ) ) TR 5
Un+1zz 0i,n+1_9i ; UO:Z ei_gi,o Un+1SdUn§"'Sdn+1Uo_nd_ji_)o'
J -1 ¢ i1 ¢ (3.12)
[aivm—n"—:iﬁ 0,=w, V(% %, %,t)eT, (i=1,3).
Then according to results of the theorem 3, functions o ,i - 1,3 are defined from system (3.5
|
( 1 : 2 2 2
}Ui = . I exp(—(r, +7, +7, )@ (X, + 2r1«,y(t -7 )X, + 20, \Ju(t—7),x, + 27, x
T 0 R°®
\ L
|xJu(t-7);r)dedr,de,dr - - j J exp(—(z) + 7, + 7. No,(x, + 211«/y(t—r),xz +
\ T og
J T T 1 3.5)*
‘+2r2 u(t—-7),x, + 27 fu(t-7);z)drdr,dr dr = 3IIeXp(_(Tf+T:+T32))¢i0(x1+ ( )
‘ '\/71'_ 0 R*®
}+2r1«/,u(t -7 ),X, + 22'2«//1('[ =7 )X, + 213«,y(t -7 );r)drdr,dr,dr = H,(x,,X,,X,,t),
}CDiO(Xl‘XZ’XS’t)E@i_wiI
[Si - X, = 27i4,,u(t -7),(i=1,3),



here @, 0, H,-known functions and

V(X X, X, t)e T, cD sup‘D"@iO(xl,xz,x3,t)|s,671, (i=1,3;k =0,2),
T

t
sup [ [exp(~(s)+7; 47, )‘¢i0(|1,|2,|3;r )|drdr,dr,dr < B, = AT,
T »\/ﬂ e
1

|

\

\

\

‘ t

‘sup J"[ exp(—(z. +7, +7,)—F— ‘
JT \/TOR Vt—sll
\

\

\

\

\

\

l

@ ) |dedr,dr,dr < B 42T, = 4., (3.13)
| = x,+ 20 Ju(t-5)(i=13;k=02), B, - ﬂ(1+\/_) p=maxp,
|Ui|= \/l_SsupJ' J' EXp(*(le + 122 +132 ))‘cbio(xl+ Zrlwly(tfr),xz + 2121/y(t71),
w T og?
X, + 20, \Ju(t—7 )iz )|de,dr,dr,de < AT, < B, V(X% %) eT (i=1,3).
Hence
”Ui c®0(T) <20ﬂ(” ||C(T) B i:l,_3).
Then considering norm of space ¢ (T ) we will receive
( 3
‘||V||6:;13(T) = Z {”Ui”c”’(T)+ ”Uit”c(T)}S 3[N1 + ﬂo] =M,
J”Ui”c”(T) HD Ui c(T)S N, = ZOﬂ,(izl,—3), (314)
\ 0<\ <3
il < 2. = pa i = 1)
Thus (3.5)* satisfies the equation (3.4):
Ui1=d7i0+,uAui,(i=1,_3), (34)*

3
o' =0, -0; zu =Y H, =0
i=1

_ 3
@ = -3, (i=13), Y&, =F +43, =0

|

\

JZdﬂi =0, V(x,,%, X, ,t)eT; divo=0,(0=(0,,0,0,); 0 =0),
‘.

|

\

|

Really, having calculated partial derivative of system (3.5)*:

|ka <u=p,=const<oo, (k,>max(l; 144;/*2 )iV (XX, X,,t)eT .
<|Ui J'J'exp(— )@ (8,,5,,8,,7) ds,ds,ds,dr IJ‘exp( (7] 7, 7))
L 4u(t-r) (Ju(t-7)) J_




x® (X +2r«/y(t—r)x + 27 aly(t—z')x+211/y(t—r)r)drdz’dz’dz’(l—13)
1 T,

v, = (po(x X, Xy, t)+ 3J'Iexp(—(rf+rzz+r;))z \/ﬂ_—'Qi?l(xl+21“/y(t—r),X2+
’\’ﬂ' 0 R3 j=1 ‘\/t—‘l‘

+27 w, (t—7),x,;+ 20 Ju(t-7);r)drdr,drdr, (|j= Xj+22'jw/,u(t—r); i=13;j=13),

2
r 0
v, = exp(—-——)@, (s,,s,,8,,7r)ds, ds,ds.dr =
’ s\/ﬁ{RsZﬂ(t—r)( u(t-1)) 4u(t-r)

‘(
\
\
\
\
|
\
\
}
1 2 2 2
(E'Xp(—(71+12+13 ) —T—, (X + 27 «,y(t—r) X, + 2T, AJu(t =7 ), X, +
J Ra »\/,Ll(t—‘[)
\
|
\
\
\
\
\
\
\
|
\

1 —(x;-s)) 1

3
«/77
+27 1, (t-=7);r)dr,dr,dr,dr,

o, J‘J’exp( (z' +z' + 7, ))\/7 II(X + 27 «,y(t—r)x + 27 «/,u(t—z')x +
" 3o /l(t—T)

[y

c

R

+27 1,y(t—r) r)drdr,drdr,

t

udv, = ! J‘J‘exp( (z' +7.' + 7, ))ZJ_ II(X +2r\/,u(t—r)x + 27 «/,u(t—z'
\/77_30R3 Vi (315)
X, + 2z afu(t—7);z)dr dr,dr dr,
and substituting (3.15) in (3.4)*, we have
(uL? =0,V(X,,X,,X; )€ Rg; l<pu=p, <o) V(X,X,,X,,t)eT:
e
}o @ - pAv, =0 + Hexp((2+ + ))Z\/_ﬂ—¢(x+2 W/ (t-7)
L, ~ —padv, = T T T, T afu(t—17),
’\’ Jl\/t—T
J o (3.16)
| X, + 27, w/y(t—r) X, + 27 «/,u(t—r) r)drdr,dr dr - @, Tjjexp(—(rf+r;+r:))x
‘ 773 0 R3
\ \/—
[xz\/tdin (X, + 27, AJu(t=7),%x, + 27 w/y(t—r) X, + 27,4Ju(t—7);z)dr,dr,dr,dz = 0.
t—-17
That it was required to show.
From the received results, on the basis of (3.3) follows
—P=—iQ+iI Fo(sl,sz,s3,t)dsldszds3. (3.17)
P 2 Y4 he r

Then according to results of the theorem 3, functions v i = 1,3 are defined from system (3.5)* and satisfies

the equation (1.2). For a problem Navier-Stokes (1.1)-(1.3)*, (A2), are proved: existence of the smooth

single solution in areaé:jS(T ), and we will notice that the received decision (3.5)* continuously

depends on the initial data f, (i = 1,3). The theorem is proved. m



4. Fluid with Very Small Viscosity with a Condition (Az)

In the theory of the differential equations in partial derivatives there are various mathematical
transformations which simplify investigated problems and does possible to find the decision in certain

spaces [6, 12, 13 and 15]. Here inacase 0 < x <1 (Reynolds number [12]: Re > 2300) we will show

that at certain mathematical transformations of the equation Navier-Stokes is led to a linear kind. At that the
new system has an analytical solution, which is based on the Picard's method.

So, inverse Fourier transform plays great part while deciding boundary problem for the solution of some
integral equations, integration; Laplace transformation — while solution of simple differential equation of
multiple of N with the constant rate and their systems, some differential equation in the partial derivative,
Volterra equation of the second and first type with the difference kernel, and integral equation with the
logarithmic kernel and etc. But at the decision of equations Navier-Stokes in the general form these
transformations yet have not brought desirable results, if we do not consider special cases.

Therefore for the last decades in the mathematics the methods, connected with using of integral of the
transform, became widely spread. Different formulas of integral transform arise while a concrete problem
solving, but in the sequel they can be applied to the solution of other problems when researching the
differential and integral equation, integration.

From the received results follows that system Navier-Stokes (1.1) in the conditions of (1.2), (1.3), (A3)
can have the analytical smooth single solution. At least, such decision answers a mathematical question, and
possibility to construct the solution on a problem Navier-Stokes (1.1) - (1.3) for an incompressible liquid with
viscosity with a condition (A3).

4.1. Fluid with Viscosity 0 < x <1, when divf =0

Let vy initial components of a vector of speed vat the moment of time t=0 it is set in a kind (1.3):

=0, (X, %, X, ) = 4.8 (X,,%,,%, ),(i =1,3), (4.1)

v,

where 0</; — the known constants. Then speed components v are defined by a rule

|fui = AV (X%, %, ) (i = 1,3),

\ |t=0 = 3, (XX, X, ), VX, X,,X,) € R®,

divf = 0; divy =0 : (4.2)
: 3 3 3

{z AN, =05 Yo, =AVY AV, =0.

i= i=1

1 j=1

Hence, the system (1.1) will be transformed to a kind

AV, = f - ipxl + pAAV (i =1,3), (4.3)
P

where v new unknown function which defines the decision on problem Navier-Stokes. Here substitution



(4.2) it is equivalent will transform system (1.1) to the nonhomogeneous linear equation of a kind (4.3). At

that (4.1)-(4.3) are investigated in work [8] in G (p,) or w/ (D,).

Here problems (4.1)-(4.3) it is investigated in G (D, ). For this purpose, at first we will define

pressure P . Really, considering APS from system (4.3) we will receive:

(4.3): iAP =-F,.(F, = —Z flxi(xl,xz,xg,t)),

1 ds.ds.ds

—P = F,(s,,S,,s,,t)———, (4.4)
el 4 °, r

T F (X, +7,,X, +7,,X, +7;t)drdr,dr, (s = x, =73 = 1’—3).

s \/(112 + 722 + 132 )3

Therefore

‘(VI =@ (X, X, X 1)+ pAV , V(X ,X,,X,,t)eT,

3
Jz @, =0, V(X X, X t)eT, (4.5)
‘.

(A,) (f,=p P )=(24,) (f,=p P )=(2,) (f,-p P )=a,

i.e. is the system (4.3) is transformed to the linear equations of heat conductivity with a condition of
Cauchy in a kind (4.5), and in a class of functions with smooth enough initial data is correctly put [13,
14]. Accordingly there is an the conditional-smooth and single solution of a problem Navier-Stokes in

G'(D,).

Really from system (4.13), follows:

2 2

v [ exp(— ——)8,( Yis,ds, s, + — [ [ exp( - — )
= ——=——=— [ exp(-—)9,(s,.s,,s, )ds,ds,ds, + —==[ [ exp(- x
8(yrut)’ s 4 put 8Nz’ oo du(t-s) 1/(y(t—s))3

1

2 2 2
\/ﬂTIEXp(_(Tl + T, + 7, )8 (X, + 27 Jut X, + 27, ut X, + 27, %
R3
t
1
xJ ut ydr,de,dr, + —= j f exp(—(z. + 7. + 72 )® (X, + 27, Ju(t—5),%, + 27, Ju(t —s),X, +
OR3

T

+213«/,u(t— s);s )drldrzdrsds = HO(Xl,Xz,Xs,t),( S, — X, = Zz'iw/,ut;si - X, = ZTi«,y(t -s);i=1,3),

Ho — is known function. The found decision (4.6) satisfies system (4.5).
Really, considering partial derivative systems (4.6):

x® (s,,s,,5,,8)ds ds,ds ds =

(4.6)

((0,1)5 p; V(x,,%x,,x,,t)eT:

1

J 2 2 2
LVXJ = \/ﬂ_sjexp(—(rl +7, 7, )).90hj(x1 + 211«/yt,xz + 2r2\/,ut,X3 + 273«/;1'[ ydr dr,dz, +
RS




t

1

+\/_ J.exp(—(z'lz+z'22+132))¢0|‘(X1+Zrlwl,u(t—s),xz+212«/,u(t—s),x3+2r3><
xoju(t-s);s)dr dr,dzr ds,

\Y; \/1_.[exp( () +7] +r))9 2(x +21\/_tx +2r\/_tx +2T\/_)dz'dz'dz'+

|

\

\

\

\

\

|

}+ ,_IIEXD(—(Tf+r;+T: ))QOI?(X1+2T1m'X2+2fzm,x3+213x
j \/ﬂ(t—S)S)dr dz,dz ds,
\
\
\
\
\
\
\
\
\
\
\

X

[y

V(Xl,z,B)eR te(0,T,]:

[exp(- (T2+T2+r))><(z\/_\/_0h(x +21\/_tx +21\/,u_t,x3+

v,
JTR
+27 \/_)dz'drdr + @, +\/_I'[exp( () +7, + 7] ))z\/_\/_ UI(X1+211«/y(t—S),

X, + 27 q/,u(t—s) X +213«,y(t—S);S)dfldrzdrsds, (47)
h, = x, 420 Juts 1, = x, + 20 \Ju(t-s), (i=13),

and substituting (4.7) in (4.5), we have
V(X X,,X, ) € R%: (0,1)3 u; V(X,,X,,%X, )€ RY; te(0,T,]:

|: =3, (X%, , X, ),

0=V, -@, - udv, = \/_Iexp( (¢)+7, +7,))x (Z\/_\/—Oh(x+27\/_tX +21\/_tx+

+2 \/_))drdz'dz' + @ +\/_jiexp(—(ff+fj+fj))x(jzl\/ﬂ_ﬁ¢0h(xl+2rl u(t=s),

1
X, + 27 w/y(t—s) X, +erq/y(t—s);s))drldrzdrsds—gﬁo—y{—sjexp(—(rf+rzz+132))><
\lﬂ'
xA9,( X, + 2t «/ t,x, + 27 1/ t,x, + 27 «/ Ydr dr,dr, +\/_.[Iexp( (¢ 47, +7.0)AD (X, +

¥
|
|
|

|

|

|

|

|

|

|

|

|

|+27 A Ju(t=5) %, + 27, u(t - 5),x, + 27, u(t - s );s)dr,dr,dr,ds} = %Iexp(—(rf + 7,47 )%
| S
|

|

|

|

|

|

|

|

|-

|

|

|

t

t
X(Z \/Z\/_ on, (x, +27 \/:tx +212ﬁ,x3+213\//1:t))drldrzdr3+ \/1_3J.jexp(—(rf+122+132))><
T 0 R?

j=1

X(Z \/_\/— m(x + 27 «/,u(t—s) X, + 27 «/,u(t—s) X, + 27 1/y(t—s)s))dr dr,dr,ds -

j=1

1\/_\/_J'exp( (T +T +7, ))\/_ hf(x1+2rl\/,u_t,x2+2r2\/y_t,x3+2r3\/y_t)d(xl+

N

(X + 27 \/_tx +212\/y_t,x3+213\/y_t)><

1
+2 t)dr,dz, + exp(- (z' +r +7, ))
2 = T



(
|xdrld(xz+212«/ut )dz,dz, + jexp( (Z' +‘[ +7, )) (X + 27 «/ t,x, +212~,,ut,x3+
| '\/7[ R3 \/_

v20 Jut)dr,de,d(x, + 27 \/_)+\/_J'\/_[Iexp( (ef 40l 42l D@ L (X, + 28 NATEY
X, + 27 1/y(t—s) X +2131/y(t—s);s)d(x1+2111/y(t—s))d12d13+ Iexp(—(rf+122+'[32))><

x @ 2(X +2r1/,u(t—s)x + 27 «/y(t—s)x + 27 «/y(t—s)s)drd(x + 27, 4fu(t—-s))dr, +
+J'exp(—(z'lz+z'22+r32))cD0|2(Xl+2T14/y(t—s),xz+2T2«[y(t—s),x3+213«/y(t—s);s)><

X, + 27 t,x, + 27 t))drdr,dr, + exp(—(r, +rz+r ) % ( OI(XJr
NN rn 5 i
w27 Ju(t=s).x, + 272,/y(t— $),X, + ngw/y(t— s);s))dr,dr,dr,ds - %f exp(—(z, + 7, +7,))x
T RS
x(z \/Z\/_ on, (X, + 27 \ﬁx +Zrzwlyt,xs+2r3«/,ut))drldr2d13%Jjexp((rf+r:+r:))x
T 0 R3

j=1

|
|
|
|
|
|
|
|
|
|
|
<><dr Az, d(x, + 27, 4fu(t—s))]ds} = exp( (7, +r2+r ))( \/_ (X +21\/_
|
|
|
|
|
|
|
|
|
|
|
|
(

x(z \/_\/_ o (X, + 22 Au(t=s)x, + 20, Ju(t—s) %, + 20, Ju(t - s);s))dr,dr,dr,ds} =0,

i.e. the system (4.6) satisfies a problem (4.5). That it was required to prove.

The limiting case inG '( D, ), when the decision of (4.5) is representing in the form of (4.6), when

V(X X, X,,t)e T,V ;@ < B, (k=0,3); sup‘D D (XX, X U) < 7y

t
= [ [exp(~(c] + ]+ 7] )‘D @, (10,0 58)|de,dr,de,ds < 7T, = 4,
\]72' 0 R®
1

Olj(|1,|2,|3;S) dr dr,dz,ds < 3y, /2T, = 5.,

|

\

\

\

|

| sup exp(-— (r2+2' +r )
Sl el
JI + 27, \/y(t—s),(l _3 supJ'|<D (X, %,,x 3,3)‘d5<7T =B, (4.8)
\

\

| su

| &

|

\

\

\

\

oTl(Il’Iz ydr dr,dz, <

su \/_J'exp( (z] 1ﬁ

3 l 1

X{Z(JT exp(- (r +r + 7, ))drdr dr,)? (Iexp( (T +T + 7, ))drdz’ dz, )} =

i=1 R? R

1<i<

Sﬂl% (1 = x, + 20,3Jut; i=13), p=maxp; By = B(3:J2uT, +1+T,u).



Really, estimating (4.6) in G (D, ), we have

= <
‘(”V ||GI(D ) c3‘°(T)+ ||V ”L1 - N3 + ﬁO’

S e
o<lks
jIIVIIW) ,

‘”V” —SUPHV(X X, X, )dt < f(3J2uT, +1+T \/_)_

<N =405,

The singleness of the solution the system (4.6) in G'(D,) is obvious on the basis of proof by

contradiction [13]. Results (4.6) with a condition (4.2), (4.8) are received where smoothness of
functions is required only on x; as the derivative of 1st order is in time has t>0.

Hence, on a basis transformation (4.2) we will receive decisions of system (1.1), which satisfies a
condition (1.2), i.e.

Iexp( (r +r +7, ))Z iiVOhI(X1+271\/,u_t,X2+22'2\/y_t,x3+22'3\/,u_t)>< (4.9

3
xdr dr,dr, +\/_jjexp(—(rf+rf+r;))z 2D, (X, + 20 AJu(t—38),%, + 20, Ju(t—5),x, +
+21«/y(t—s)s)drdrdrds_0 (h_x+21w/t I_x+21\/y(t—s)|_13)

In the conclusion estimating (4.9) it is had

(
o
;
J
|-
|
|
}
l

|[v= VW, ) v, =AV (I=1,3):
|

<||| v

'[IIVIIG(D)

Theorem 4. In the conditions of (1.2), (4.1), (4.8) and (4.10) the problem (1.1), (1.2), (4.1) has a

single solutionin G, _,(D, ), which is defined by a rule (4.9).

R AR ]<d[N3+,670]:d0|v|0,(d0=£:/1i;|v|0:N3+ﬂ_0), (4.10)

i=1

¢ty ”V”‘_N +ﬂ

4.2. Fluid with Small Viscosity, when 49, = 0; divf =0

I. The overall objective of this point: to change a method (4.2) so that the received analytical
solution of a problem Navier-Stokes with viscosity, belonged in é:js(T ).
If takes place



=v, (x X, x3)z/1i30(xl,x2,x3),i:1,3,

=0

A8, =0; A48, =0; 9, e C*(R"), (4.12)

Mw_c

=1

(
|
| i
[dlvf;tO sup‘D <N =const, (i=1,3;k =0,4),

that we will use transformation of a kind

‘(ul—z[g (XX, 0%, )+ Z (X%, X LY (X, %, X, t) e T (i = 1,3),
\Z| =0, V(Xx.,X, x3)eR3,
j ’
divy =0: Z Az, =05 4,8, =0, (4.12)
‘ j=1 i=
‘ 3 3 3 3
: S 0w, = 49,3 A8, + A8, A2, +AZY A8, +AZY AZ, =0,
=1 i=1 i=1 i=1 j=1

where 0 < 2, - the known constants. Hence, the system (1.1) will be transformed to a kind

27, = f - iPXI + uAAZ i =13, (4.13)
P

From system (4.13), considering conditions (4.11), (4.12), and having entered [8] APS we have the
equation

( 3 3

‘21(4.13): iAP:—FO,( FUE—Z (X%, %,,1)),

}i:l ox, P i1

JiP = ij Fo(sl,sz,s3,t)m,(r = \/(xl—sl)2 +(x, —8,) +(x,-5,)"), (4.14)
| P 4 he r

}i __J_rIFO(x +T,X, + 7, X, +rit)drdr,dr, S,—Xi=Ti§-:_3)

Lp N 4 R3 \/('[ '[2 32 s

Hence the system (4.13) will be transformed to a kind

( D+ pAZ, V(X X, X,,t)eT,

J (4.13)*
|

uz)(f—p P =(4,) (- p P )= (2) (= p 'R, ) = @, (X, %, %0 ).

Then the decision of a problem (4.13)* is presented in a kind

1 jf ( r’ ) 1
= exp( -
VAR du(t=s) (Ju(t-s))’
= \/1_J' J exp(—(z/ + 7. + 22 )@, (X, + 27 \Ju(t —8),x, + 27, Ju(t = 8),x, + 27, x (4.15)
T 0 R3
x«/y(t—s);s)drldrzdrstEH(xl,xz,xa,t),V(xl,xz,xg,t)eT,(si—xi:21i1/y(t—s);i=1?),

@ (s,,s,,5,,8)ds ds, ds. ds =




here H — known function. The solution (4.15) satisfies system (4.13)*.
Really, having calculated partial derivative of system (4.15):

Z,=d,(x, X%, x3,t)+\/7lr_J‘J'exp( () +7l v 7l ))Z\/_J_ o (X, + 27 H(t=s),x, +

(
|
|
: 27, AJpu(t—58),x, + 27 Ju(t—s);s)dr,dr,dr ds,

|

1

jz J'Iexp(—(rl2 +122 +132))d50|1(x1+ 2111/y(t— $).X, + 212«/y(t— $).X, + 27, %
|

|

|

|

|

|

+

3
72' 0 R?

(4.16)

xafu(t-s);s)dr,dr,dr ds,

=

z,
|l

X

IIEXp(_(Tf +z'22 +z'32 N (%, + 2111//¢(t— $).X, + 272«/y(t—s),x3 + 27, x
u(t-s);s)drdr,dr ds, (I = X, + 27 Jy(t—s);j:l,B),

and substituting (4.16) in (4.13)*, we have

Z| =0, V(x.,X, xs)eR3,
(0,1)> u; Ij=xj+2rj«/,u(t—s); V(X X, X,,t)eT:
0=2-@,-pdZ =0, +\/_J'J'exp( (r +r +7, ))z\/_\/_ OI(X1+271«[,u(t—S),

X, + 27, u(t—s),x, + 27 «/y(t—s);s)drldrszSds— y{\/_fjexp( (¢)+7)+7.))x

3

XZCD 2(X + 27 «/,U(t—s) X, + 27 qlﬂ(t—s) X, + 27 al,u(t—s)s)dz'dz' dr ds} =
! Hexp( (¢ +7, +7, ))zJ_J_ o (X, + 27 u(t=s)x, + 27 a/y(t—s)x +

72'

‘(
\
\
\
\
\
\
\
\
\
\
\
\
\
| =
\
J o Ju(t—s)is)dr,dr,dr,ds - \/y_{ij#[jexp(f(szjwj))@ (%, +
\/ﬂ—So Nt —s s .

} R
\
\
\
\
\
\
\
\
\
| =
\
\
\
\
\

R®

+27 «/y(t—s X, + 271 ‘\/ﬂ(t—S) X, + 27 1/y(t—s)'s)d(x + 27, \Ju(t-s))dr,dr, +
+ [ exp(—(z] + 7, +, ))<p (X + 27 J (t—s).x, + 27, u(t—s),x, +2r J (t—s);5)x

R3

xdr d(x, + 27 wly(t—s ))dz, +Iexp( (12+12+T ))cb 2(x + 27 »\/y(t—s) X, + 27, %
x«/y(t—s) X, + 27 «/,u(t—s);s)dz' dr,d(x, + 27, /u(t—s))lds} =

t

\/1_3_"J‘exp( (¢ +7, +7, ))z\/_«/_ o (X, + 27 H(E=8) %, + 2z, 4u(t—s),x, +
T og

1 1 s
+20,Ju(t—s)s)dr,dr,dr,ds - ﬁ{ﬁjfj exp(~(z] + 2 + 2l )Y 7 @, (X, +
T 0 t—S R3 j=1
+27 J,u(t—s) X, + 2124/y(t—s),x3+2731/y(t—S);S)drldrzdrsds =0.

3



That it was required to prove.
From the received results follows that functions v are defined on the basis of (4.12), i.e.

v, = 419, (X, %, %, )+ H (X, %X, X, 1), V(X,,X,,X;,t) e T (i =1,3). (4.17)

Further, considering partial derivatives of 1st order systems (4.17) and summing up with acceptance
in attention (1.2), (4.12) we have, that the system (4.17) satisfies to a condition (1.2):

3 3 3 1 t 3
Yo, =348, +X AH, =3 49, + [ exp(—(z] + 7.+t I 4@y, (X, + 27 \Ju(t—s),
i i i i=1 0 R?®

3
T i=1

[
|
\
JXZ + 27 \Ju(t—s),x, + 27 Ju(t—s);s)}drdr,dr,ds =0,
|
|
|

Il.Soas v, =4,9,, (9, € C°(R)), that solution of problem (1.1)-(1.3) belongs in C~::3(T )

3 ~
bl =245 oo + oy elbry=cliiay =iy,

1'72°'°3°

J.exp(—(z'12+z'22+z'32)‘Dk¢'o(| l,.ly;7)|de,dr,dr,de < BT, = B,
R3

(4.18)

T, dr,dr,dr,dr <

t

0

t 1 3
eXp(—(T2 +riyr! )—Z

_! 3 1 2 3 ,_t—‘r ~

(k) .
o AN ARUNRED

t 3
1
< B, sup [ [exp(—(z] +7; + 7)== ‘fj‘dfldfzdfsdfswl 2T, = B,,
\172'3 {!3 Vt—f j=1

|y =%, 20 u(t= ). (1=13), p=max(Bir,). Bo= AL+ u),

that on a basis (4.15) we will receive

|2

SN+ B, (0<N, =207).

In the conclusion estimating (4.17) it is had



‘(v v,.0,0,); v, =A[9, +Z]1(i=13):
3
J| cih(T) 21[||/1iz 03‘0(T)+| 0 c3(T)+||’1iZt||C(T)]Sdo[N1+ N, + B,1=d,IN, + 5,1,
(4.19)
‘| ):”Z”c”’(T)Jr”Zt”c(T)S N1+IBO’
|
|
l

3
dy=> 4: Ny=N,+N, =404,

Lemma 2. In the conditions of (1.2), (4.11), (4.12) and (4.18) the equation (4.15) has a single
solutionin C**(T).

Theorem 4*. At performance of conditions of the lemma 2 the problem (1.1), (1.2), (4.11) has a
smooth single solution in c 37(1 ) of the defined by a rule (4.17).

Remarks: 1. At performance of conditions of theorem 4* and

rotv #0, (v=(v,,0,,0;); v,=4[9,+2];i=13):

A& (XX, X, ) = 4,9 (xl,xz,x3)|£h§,

17 0x, 17 0%,

1.9 X, X, ) = 4,9 (xl,xz,x3)|§hf;

370x, 1 27 27 0xg

2,80, (X%, %) = A8, (X%, %, )| <

exp( (r]

[

\

\

\

\

\

\

|'s 0|(x + 27 1/y(t—s)x +212«/y(t—s),x3+213><
|

J «/y(t—s) s)—/iztDOIz(lerZrlwfy(t—s),xz+2124/y(t—s),x3+2r3,,/,u(t—s);s)|dr1dr2dr3ds h,,
\

\

\

\

\

\

\

\

\

\

—|C

:ﬁ
o t—y
w

IA

t
sup J’f exp(— o, (X, + 27 Au(t=38),x, + 27, 4Ju(t-s),x, + 27, x
T ‘\’ﬂ o
o Jult—s) )is) = 2,0, (X, + 21 AJu(t=s).x, +212«/,u(t—s),x3+2131/y(t—s);s)|drldrzd13ds,hz,

A

su p ! j Oll(X1+Zqu/y(t—s),Xz+2121/,u(t—s),X3+213><
xAfpu(t=5); s)—ﬂ@m (x, + 27 \/,u(t—s) X, +2r21/,u(t—s),x3+erwfy(t—s);s)|drldrzdr3dss h,,
[Ii=xi+21i ,u(t—s),(|=l,3),
takes place

3
rotv =0 : sup|rotv(x1,x2,x3,t)|sM0<oo, (Z(hi+hi°):Mo). (4.20)

T i=1

In a consequence and (see (2.24)):

T, Ty

’ o o o
supj|rotv(x1,x2,x3,t)|dtSSupJ{| —u3(x1,x2,x3,s)——uz(xl,xz,x3,s)|+| —0,(X,,X,,X,,5) -
R R ) 0 ) 6)(3 6X3

0 0
——0,( X, X,,X;,8) | | —0,( X, X,,X;,8) = ——0, (X, X,, 3,s)|}ds<M T,=M <o,
oX OX oX

1 1 2



Well then, we obtain an estimation of type Beale-Kato-Majda [5].
Il. Results 4.2 taking into account transformation (4.12) can be used concerning equations

Navier-Stokes (1.1):

ov., > ov. 1 —
——+ZU_—f—_P +pdv, (i=13), Q)
ot -1 6Xj P

and

dive = 0,v(x,t) e T =U *x[0,T,], (2)

in the limited area u ® spaces of variables (x,,x,,x,) the limited surface s, and for t, satisfying
to an inequality o <t <T,, under conditions [13]:
v, =0, ©)
o], = 28,0x.%, %), =0). (4)

Really, applying transformation (4.12), i.e.:
= AL, (XX, X )+ Z (X, X, X 1)LV (X, X, X, ,t)eT = U_3 x[0,T,1.(i=1,3),

‘ 1

1z], =0, vte[o,T,], ()
‘LZ |!=0 =0, V(X.,X,,X, )€ U_3

we will receive the equation (4.13), i.e.:

1 —_—
AZ, = f, - —P_ +ulAZ (i=13). (6)
L,

Hence (4.14):
=
"

The equation (7) is the equation of Poisson and for descriptive reasons decisions we put a boundary
problem in a kind:

=-4rF,

‘Q|H

()

1
——Z f (XX, X ).

4 iy

(Pl =y, =0, Vte[0.T,],

J oP (8)
—| =w,=0.
[an s
Then equation (7) we obtain explicit representations for the unknown pressure p [13]:
1
1 ds.ds, ds o
—P = Fo(sl,52,53,t);+—”—y/ ds ——” y,dS =
P s r . dr 9)

ds.ds.d

3
S
= [ Fo(s,.8,.5,,t)———=, [see.(0.8): vy .y, =0; r=4/z(xi—si)2].
3 r i=1
U



Thus, considering (6), (9) we will receive [13]:

Z =@, + uAZ, V(XX X, t)eT, (10)

z|,=0, vte[o.T,],

_ (11)
lZ |t:O =0, V(x,,X,,x;)eU 3,
where
(A4)(f=p P )=(4,) (f,=p P )=(2,) (f,—p P )=@(%,%,X,t).
Full research of a problem (10), (11) is well shown in work [13, pp.349-351]. And it means that the

generalised decision will be the decision in usual sense, at sufficient smoothness & [13, pp.311-318,

XXI1]. Therefore similar conclusions we can make concerning a problem (1) - (4). That it was required to
prove.

4.3. Modified VVariant of a Method (4.12) with the Conditions divf = 0,rotf =0

Let’s consider updating of the basic method 4.1. Here we will see that components of speed grow

than in rules (4.2) or (4.12), when o < x <1, on the basis of regulatory functions <«,. Therefore in

this case the problem (1.1)-(1.3) does not contain in itself restriction in kinds (A1), (A2) and in it

urgency of research in a case (As) and divf =0, rotf =0.

Offered methods of integrated transformations are entered so that to transform nonlinear problems
of Navier-Stokes to linear problems of heat conductivity [13]. Questions solvability of the problem are
proved on the basis of the developed methods. These methods are initial problems lead to the integral
equations where possibility to find the analytical solution taking into account the theory of the integral
equations of \Volterra-Abel [13].

For incompressible currents with a friction, when

‘(ul|‘70=u (x,,X, xs)ziiso(xl,xz,xs),(i:1?),
123,13 —0; A48,=0; 9, eR"; divf =0, rotf =0,(4f =0;i=1,3),
i=1
Jsup‘D < N, =const, (T =R’ x[0,T,]), (4.21)
| z
t.Q(x X, 0 X, t)—y_[f(x X, X,,s)ds, (i:l?),
0

functions v,,i=1,2,3 isrepresented inakind

0, = A190(%, %, %))+ Z (%, 5 DT+ 2,05, %, 1), ¥ (%, 1) € T (i = 1,3), 4.22)
3 :
1Z |0 =0, Y(x,.x,.%)eR",

where 0 < 2, - the known constants.



From the entered functions <, is required

Q= uf(x,%,,x,,t),(i=1,3),

[
) :
(Af,=0: 42,20, ([p*@,|=]u D (x,.%,x,,t5)ds|< NouT,; i=13),
\ o

at that all functions «. are regular concerning viscosity parameter (0,1)e x, (here x in a role of

small parameter),

lim Q. (X, ,%,,X;,t)=0,V(x,,X,,X;,t)eT.

Further, supposing (4.21), (4.22) and
dive=0: Y 42, =0; ¥ 29, =0; Y 2, =0

3

1
> v, = DA (I, +2Z ).Qixj +y Qj/”ti(SOXJ +Z, )+ ;U " (4.23)
j=1 j=1 j=1

3
2108+ Z)A (8, +2Z, )= A (8, +Z)Y 4,(8,, +2Z,)=0,

j=1

j=1

v, =42, +2,, (i=13),

\
\
\
\
b,
|udv, = ulA,(A8, + AZ )+ AQ 1= uAAZ (i=13; 49,=0),

for incompressible currents with a friction the equations of Navier-Stokes (1.1) become simpler as take
place (4.21)-(4.23). Therefore the problem (1.1) - (1.3), is led to a kind

3

: 1 1 . —
AZ AP A(I+2)2, Y 2 4(8, +Z, )+ ;u W= (L—p)f = =P+ w24z (i=13). (4.24)
j=1 j=1 P

The system (1.1) is equivalent transformed to a kind (4.24). Then a new system of equations is called

of inhomogeneous linear system a transfer of vortices [12]. Here the inertial terms in the equations
(1.1) are linearized using regulatory functions «,, which were first introduced in [8] and in the

method (4.22).

From system (4.24), considering conditions (4.21)-(4.23) and having entered [8] APS we have
the equation:

( 3
» 6—(4.24) : A(ip + %u )= —{F, + BIZ, .2, .Z, 1},
||:1 X, P

3 3

(BIZ,.Z, .2, 1D(x.%,.x.1) =Y (¥ 24,2,)Z, +3 (3 2,2, )4,

3 3

|

| 3 3

ldive =05 Fo(x,.x,.x,t) =Y (> 2,9, )+ %, (3 2,2, ),

L - | |
i=1 j=1 i=1 j=1



1

Pi+—U = J'—{F (5,.8,.8,,t)+(BI[Z,.Z .Z 1)(s,.s,.5,.t)}dsds, ds,,
2 R3
1 T

|

|

{iPX —U j {F, (X, + 7, X, +7,,%, +7,;t)+ (4.25)
|p 2 ' \/(z' +rz+r )’

\

\+(B[Z h ,Zha])(xl+rl,xz+12,X3+13;t)}dr1d12d13,(Si—Xizri;hi=Xi+fi;i=1, ),

l

S0 as takes place

‘(Z—{ZA(B +72)2, +ZQj/1i(80X+Z )} = 2/1(2_0 SOX)+230X(2/1.Q )+
ax J N J

‘Il j=1 j=1 i=1

i=1 =

|

\*Z(ZZQ.X )Z, +Z(Z.Q Zl O
‘ i=1 =

|

(Y 2,,), =0; (Z 2,80, :o,(z 2,Z,), =0,(i=13),

s 2 P

\—Z 4Z,1=0; ﬂz—(zAZ)—o

\at _ i—1 OX,

ia(lu 141u-z36( 1P) L b,
Cox, 2 0T 2 Tk o

| .

lLanOB[le,ZX Wz, ]_O V(X X, X,,t)eT.

There are various methods [12] which give communication of speed and pressure. For example, if
the law of the pressure distribution obtained from the Bernoulli equation. Here is received the new law
of distribution of pressure in the form of (4.25), for the first time similar results are received in work
[8]. Then on a basis (4.25) system (4.24) it is equivalent, will be transformed to a kind:

Z,=®,+(Q[Z.Z, .Z, ,Z, 1)( X, %, X, ,t)+ pAZ (i=13),

(4.26)
LZ|[:0:O,V(xl,x2,x3)eR ,
where
( 3 o 3 3 3
1P (X, %, %, t) = = 2,9, +dg > (1-u)f =3 33 A,92,,)

|
| 3 . :
\—LJ.{Z b (Fo(x, +7,,X, +7,,X, +7,;t))}dz dr,dz,]; dO:Z/li>O,
\ 4z i:l\/(T12+Z' + 7, D)

\

1(QIz.2, .2, .2, (X%, % 0) = (4,2 (%, %, 3.t)[z(zuz,x X, %, O] +

\ =
\
\
\
|
|

3 —_

30 Z, (XX, X )2 (XX, X )+ d [—j(z i (BIZ,.Z . Z (X, +

i1 e \/( v+, )
T r z. rdr.dr.



The problem (4.26) is led to system of the integrated equations quite regular rather » < (0,1) , inakind

Z, =W, (x,,X,,X,,t),V(x,,X,,x,,t)eT (i=1,3),

><I

2

r 1

1 t
+ exp( - )
s\/,ﬁ”a 4u(t=s) (JJu(t-s))

Z =

(Q[z W, W, W.])(s,,s,,5,,8)x

xdsldszds3ds=M1+\/_J.[exp( (el v T IN(QIZ W, W, W, 1)(x, + 27 AH(t=5) %, +
+212«/y(t—s),x3+2r3~/y(t—s);s)drldrzdr3dsE(YJO[Z W WL, W T)OX X, 0 X)),
2

(
I
|
|
|
|
|
|
|
jWiZM1x|+ = IJ.(eXp(— r ))_(Xi_Si) = 3
8\/ﬂ_30R3 dpu(t-s) 2p(t-s)(Ju(t-s))
|
|
|
|
|
|
|
|
|
|
|

(Q[z W, W, W_])x

) T
x(s,.s,,s,,s)ds ds,ds,ds = M J'fexp( ()47, +7,))F——x

\/ Ju(t=s)
(Q[Z,WI,WZ,W3])(X1+211w/y(t—s),xz+212«/y(t—s),x3+2134[y(t—s);s)drldrzdz'sdsE
= (Y. [Z2 W, W, W_T)(x,,X,,X,,t), (si—xi=21i«/y(t—s);i=l?),

1 t

M (X,,X,,X,,t)= - J‘Jexp(f(rf+rzz+132 N, (X, + 2z, \Ju(t—s),X, + 27, u(t —5s),Xx, +
\lﬂ' 0 R3

+273«,/1(t—S);S)drld12d13ds.

The received system (4.27) consists of four integral equations, i.e. Volterra and Volterra-Abel on a

X

(4.27)

variable t<[0,7,1 and thus contains in itself of four unknown functions. Therefore there is no

necessity to think out various algorithms for the decision of this system and it is enough to show conditions
which provide contraction mapping principle and for the decision of this system to use a of Picard’s method.
Therefore, if takes place:

sup‘D M (X, X, Xt )|£ B, (k=0,3;, t—-s=r1),
T

3 - 3 3
+d01[i_‘-(z\/ |Ti| —2 3{Z(le|0“(x1+211.\/y_r+1-_1,x2+272\/ﬂ_r+2'_2,x3+
X ( !

o4+, 4T, ) i-1 -1

3 3
+2r3\,,u1 + z:;t—r )|)+ Z (z |.Q j|,(X1 + 22'1\/,ur + r_l,xz + 21 \Jut + z'_z,x3 + 213«”11 +

=1 j=1

Tit-)andrdrdr,l}< pLu,

,.44444444
+ X



t

k \/_supjj'exp( (z'2+r + 7, ))IY(X X, X077, T3t r)drdr,dr,dr < g uT ,
T

Tl

” T oog \/,LI_T
ZTﬂ\/_(I—l3)

X,
|
| t |Ti|
Jk supJ‘J’exp( (r +r +r DT (X, X, X,,7,,7,,7,: 0,7 )—=—=dr dr,dr dr < (428)
|
| <
|~
|5 = max(p,T,: 342T,5,),

and if operators: avi,(izcﬁ) compressing with a compression factor «,,

h _
—,(h<1), (i=1,3),

Jlikié\/,u_(ﬁzTo\/;+3 2T0,82)£\/y_(\/y_+1)ﬂ:h<l, (4.29)

15, (0)={z W, V] W< v O ) e TH(T=1,3),

{Wi,(i:(ﬂ): k, <

and:
‘(”‘P[OOOO]” <r(l-h):
ZW, W, W [ZW. W, W.]-%[0,0,0,0 10,0,0,0] <
<||‘P[ A, <tz w, w, w,1-v.10.0,0.0 +[¥.[0.0,00] < (430)
| < kdr, +r(l-h)<hr +r(l-h)=r,
‘L 3(0)—>5(0)(|—ﬁ)

Then on the basis of a contraction mapping principle system (4.27) is solvable and solution of this
system we can find on the basis of Picard’s method

VX, X, X,,t)eT 1 Z l:YJO[Zn,Wl‘n,WZ‘n,WM],

n+

- (4.31)
W, =% [Z, W, W, W, 1(n=01,.;Z,=0; W =0;i=13),
at that
(
Easlzn.-2 ZIM.M- ol €= 12, ZIM
| —
I| -2 < kE "vvml—wmCskiEn,(izl,s),
lE,,<hE <..<h"E,—“"50,
I k-1 k-1 _
l|zn+k -z <Yk W W, <Y KE, (i=13),
~ ~
| / L 1 (4.32)
|EM_hZE L <.<hY R"TE < ER"Y h <Eh :—n“—jﬁo,
| : : _
| 3
(U T Y T RTINS C T I 3 T
| i=1 i=1
IUM—h"”UOf"{l—W
|1Z,.,—=—>Z=H e CU(T); W, — s WY (XX, Xt eT (i=13)

Hence on the basis of (4.22)



O v = AL Ox X, X, )+ Z (X%, X, 0) ]+ 2.(0x,,%x,,%X,,t),(n=0,1,2,...;i = 1,_),
| _ (4.33)

n+1 h<1
t”u, —-01| < A
in+1 ilc i

l—z|| <AhU < ah™U, — 0, (i=1,3).
4 c i n i

And it means that sequence {v, }; convergingtoalimit o (i= 13):

v, — s e CON(T ) (i =1.3). (4.34)

in+1 n—

Theorem 5*. Under conditions (1.2), (1.3), (4.21), (4.22), (4.28)-(4.30) and (4.34) problem

Navier-Stokes has the smooth single solution in ¢ ** (T ).

-1

Remark 2. If takesplace 0 < p <2, that 0 < x<1. Inacase g >2", then

O<u<(2'[\1+48 " -1])" <1. (4.35)

4.4. Updating of a Method (4.2), When divf =0, rotf =0, 49, #0

Let consider updating of the basic method of paragraph 4.1: (4.2), when:

U||t 0 = ig(Xy. Xy, Xs)—}“9 (Xg.%y,%X3 ),(1=1,3),

9, e R 49, #0; z/lig(,x, -0,
I

3
= 0
fi=0p,+ 2, divi =0: dive =0; Za— =0,

(
|
|
|
|
|
|

i=1

Q= uF(x Xy, x5,0), (1=1,3), ¢ =(91.0,.05)F =(F ., f3) (4.36)
div =0;r0tf_:0:AE:0,(A_5i:o),
3 — 3 L 1 —
Uu=> 2;; Q2 = (X Q7)) = 7Yy
2 2
j=1 j=1 j=1

Q(X,.%,, x3t)_yjf(xl X, . Xg,8")ds' (i = 1,3).
0

|
|
|
|
|
|
| t
|
l

Then functions o, ,i = 1,3 is represented in a kind

‘(UiziiV(xl,xz,xa,t)Jr _5i(x1,x2,x3,t),(i=l,3),

}V|t:o=90(X1,X2,X3),V(xl,xz,x3)e R,

Jdivy =0 : (4.37)
} 3 3 t 3 _

|2 AV =05 X 2 = u( Z x (X1,X5,%3,8))ds =0,

li=1 i=1 0 i=

where 0 < 2, - the known constants.
Further, supposing (4.36), (4.37) and



3 3 3 3
— 1 —
Z L)J-Uixj =V %1/11-.(2in + 4 Elvxjgj + ;U X; (AV Jz A V x; = 0), (438)

1
,,uAU_y[/IAV+AQ]—,uiAV (i=13;, 42,=0),

for incompressible currents with a friction the equations of Navier-Stokes (1.1) become simpler as take
place (4.36)-(4.38). Therefore the problem (1.1)-(1.3), is led to a kind

3
- - 1
AVEHV Y A 25+ 4 ZV Q25 —UL =i - =P+ AV (i =13). (4.39)

i=1 j=1 p

l\)||—‘

From system (4.39), considering conditions (4.36)-(4.38) and having entered APS we have the
equation:

2 5 1 1 — _
> ——(4.39): A(=P+=U)=-B[V, V, V, ]
: 16Xi P 2

3 3 3 3
(B[VX1 ,VX2 ,VX3])( X1.Xy,Xg,t) = ZVXi( Z AjQin ) + z ( z ijivxj YA

i=1 j=1 i=1 j=1
LRy S PRy VERRVIRRY ds,ds,d
; £ _;L:{( [V, Vs, Vs, 1)(5;.5;,.55.t)}ds;ds,dsg, (4.40)
R
1 1 — 1 7| =
—Py +;U 5T L(BIVy Vi, Vi, DXy + 75 +75,%5 +
P (7, +7, +75)

\

\

\

\

\

\

| _
[s-—x-:ri;hizxi+ri,(|=l,3),

S0 as takes place

(o 3 ) 2
| —[> iiVXi]ZO;dIV(pzo, uy, —(24;4v ) =0,
‘at i= i=1 i
\
‘ia(lu_ ) = Au_-zs (-2p, )=-2uap
}izlaxi 2 _2 , izlaxi P i o)
S 3 _ 3 3 3 B 3 3 _
Za—(szJQ,X )= A4 (Y vV, Qxl)+z _a AV ey = 2 ATV 250,
i—1 9Xi j=1 i=1 i=1 j=1 i oi=1 i=1 ji=1
| 3 3 3 3 3
0 — —
}Z@— ZVXJQJ =3V, (Z/lglx )+VZ/1 (ZQ x-:Zin(Z 1jgixj),
i=1 j=1 i=1 j=1 i=1 i=1 j=1
\
12 - 5 3 _
> e T (3 AVy )y =0; vzzj(zgixi e, =0
| j=1 Xj -1 -1 -1
tI|m B[V WV ,V ]1=0.

u—>0

Then on a basis (4.40) system (4.39) it is equivalent, will be transformed to a kind:



( 3 3 _ 3 _ .
,]_ i
|V, +d V[Z(Zijﬁixj)]Jerijj:‘po I(z I 23><
| i=1 j=1 j=1 \/(rl + 2'2 +75)
|><{( B_[Vhl Vi, Vi, DOxg 4 730% + 75 g + 755t} )drgde,deg [+ pav (i = 1,3), (4.41)
| 4
|d :Z/li>0; Dy(X;,%y,%g5,t)=4d ngi(xl,xz,xs,t),
l i=1 i=1

or from (4.41), follows:

t .2 1

1
Vv 1(Xg X, Xg ) + exp(- ) )
1:%2:%3 SN/_IJ du(t-s) ( ,u(t—S))

x(QIV W, W, W,T)(sy,5,,55,8)ds;ds,ds,ds =

1+\/—_|. I exp( - (Tl +122+z'3 )) x
x(Q[V W, W, W, ])(X1+211«/y(t—s) Xy +212«/y(t—s) X3 +2r3,/y(t—s) S ) x

[

\

|

\

\

|

\

\

\

der 1dry,drgds =¥ [V W, W, W,],
| -5;) r2 1
\

\

\

\

\

\

\

\

\

W,

(exp(- )
t-s) Au(t-s) (Ju(t-s))°

F” -

x(Q[V W, W, W;1)(s;,5,,55,8)ds;ds,ds,ds =

\/_J' J' exp( - (rl +r22 +13 )) x
x\/i(Q[V W, W, Wy ])(Xl+2rl\/,u(t—s) X5 +212«/,u(t—s) Xg + 274 %

(t-s)
xalp(t—s);s)deydr,drgds = ¥ [V W, W, W,], (4.42)

where

Vi =W (X, Xy, Xg,8),V(Xg,X,,X3,t) e T ,(i=1,3),

M, = \/_ J exp(- (rl + r22 + 2'3 NS (Xq + 211«/,ut,X2 + 212«/,ut,x3 + 2r3«/,ut Ydzdz,drg +
T

[y
-

+

FJ J‘ exp(— (rl +12 +13 ND,(X) + 271«/y(t $).X, + 2r2«/y(t $),Xg + 274 x
0R?

V-
\
\
\
\
\
\
\
\
Jx u(t-s);s)drdr,dryds,
\
\
\
\
\
\
\
\
\

S —21\/_t S; = Xj =27 y(t—s),(j:E),
3 3 _
(QLV Vg Vg, Vg ])(sl,sz,ss,s)s—{d_l[V(sl,sz,s3,s)Z(Z /Ij.QiSj(sl,sz,sS,s))]+
i=1 j=1
3 —_—
+Y Vg (sl,sz,ss,s).o (51.5,.,85,8)+d [_I(ZT {(BLIVE Vi Vi Dsy+
j=1 \/(rl+12+13 )3
1708, Ty .Sy 4 Tyi8) )T dT,d 7,1, (_:Si+r_i;l—l,3).



Here (4.42) — system of the nonlinear integrated equations of Volterra-Abel of the second sort
concerning v \w; on a variable t < [0,1,]. Therefore, if takes place:

fV(xl,xz,xs,t)eT;M1;17;!2; t-s=r:

) —
DM, (X%, . %g.t )| < By, (k=0.3),

p

3 3
~1 -
SUp I7 ( Xy ,X, ,X5,71,75,74;t,7 ) =sup{d z ( z /1j ‘Q“j (x) + 211«/;17 Xy + 2121/;12' Xg + 274 X

|
|
|
|
ITXT TxT i=1 j=1
| 3 _
:X'\,ﬂf t—-1 )|)+ > ‘Qj(xl + 20 AT Xy + 27T X5 + 2T JuT it — 1 )|d_1 x
j=1
: 1 3 1 3 3 _
x[ — J (z |Ti| {z ( Z }”j‘gilj(xl + 211«“12' + T X, + ZTZJ,uT +Ty,Xg +
J Ar eic \/(r12+122+732 )’ it -1
| _ 3 — _ _
|+213»\,/1'r +rg3t-1 )|)+ Z ( Z ‘.lei(xl + 22’1\,/17 + Ty, Xy + 272‘\,/12' +T,,Xg + 213‘\//11 +
| i=1 j=1
[— — -
|+r3;t—z')|)/1i})dr1drzdr3]}£ By,
| ) t
Iko = \/_SUpI J exp(- (71 +z'2 +13 DT (Xq,Xy,Xg,7,75,75:t,7)drdr,drde < BouTy,
T
| g 0R?
PR il
Iki = sup.[ '[ exp(—(rl2 + 2'22 + 132 NIT (X, Xy, X5,T1,T9,T5:0,7 )—Idfld72d13df < (4.43)
| 71T g NAE
[s 2Ty By (i =1,3), B =max(B,Ty:342T, 5, ),

— h
): k< —,(h<1),

w

.o (i=

3
Sk < i (ByTo +3\2Te o) < Ju(Ju +1)p =h < 1,

=0

N

(4.44)

|
\
\
\
Js (0)={v W, V] W] s v g x,, Xyt)eTH(i=13), ||5Ui[0,0,0,0]||csrl(l—h):
}||sv [V W, W, W ]|| < | ;tv ,wl,wz,wg]—svi[o,o,o,01||c+||5vi[o,o,o,01||cs
|<kjdrp+r(1-h)<hrp+r(l-h)=r,

\

¥

S, (O)—)S (0) (I—O 3).

Then on the basis of (4.31) - (4.34) there is a single solution of system (4.42), and this decision is

found on the basis of a Picard’s method. Therefore it means that sequence {v, 3}, converging to a

limit o, (i=1,3):

U, s — s 0, V(X X, 0 X, t)eT(|—1_3) (4.45)

in+l n— o



Theorem 5. Under conditions (1.2), (1.3), (A3), (4.36)-(4.38) and (4.45) problem Navier-Stokes has

the single solution in Gn1=3( D, ) inakind (4.37).

Remarks: 1. From the received results follows that a problem Navier-Stokes (1.1)-(1.3) in a case (As),
(4.36) and (4.45), with smooth enough initial data has the conditional-smooth and single solution in

Gr_4(D,),8088 V e G'(D,).

I1. Let's note, if the condition (4.47) is not carried out, but and in this case the system (4.45) has the
continuous single solution. As the system (4.45) consists of the integrated equations of Volterra-Abel

on a variable te[0, To].

I11. Updating of a Method (4.2), when divf = 0 . The algorithm (4.37) also is applicable in a case, if

3
— —_— o —
fi=g;+2,,(i=13), divf #0: dive #0; Za—Qit:O,
; X

i=1 1

i f_:O; rotf_:O: Af. =0,(40Q;

R N —
o
<

[Ui|t=0 = V(X1 Xy, X5 ) = 4,80 ( Xy, Xy, X5 ), (Y] ’1i‘90xi =0),
i=1

that on a basis (4.39)-(4.41):

(36439- Loty B[V, V., V di
}Z;(- ) A(; v )= —{BIV, V,, Vy,1-dive},
i=1 Y70
}_ 3 3 _ 3 3
‘(B[Vxl’vxz'Vx3])(X1'X2’X3't)Ez(zﬂ'j'Qixj)in+z(zgjxivxj)li'
| i=1 j=1 i=1 j=1
| 1— 1 1 = 3
};p + ;U = EI r—{( BIV, Vs, Vs, 1)(51,55,55:1) = 3 0js (51,55,55,1)}ds ds,ds,,
3 i=1
R
\
|1 1 - 1 7 = _
‘_Pxi+_Uxi:_J. {(BIVh, Vi, Va, DXy + 70X + 75, X3 +7551) =
‘p 2 Ar °, (12+12+12)3
R 1 2 3
|3
—Zq)ihi(xl+r1,x2+r2,x3+13;t)}dr1drzdr3, (sj —X; =750 = x;+ 7,51 =1,3),

3 3 3

(4.46)

Ve+d VT (Y /lj[;ixj )+ Zijf;j = Do+ (QIV NV, Vo Vo 1(Xg.%, Xg 1) + uaV (i = 1,3),

i=1 j=1 j=1

3
1 T —
-1 .
(QLV ,Vxl,sz ,an])(xl,xz,x3,t)z—d [—J(E ! \B[Vhl,th 'Vh3])(xl+
4r R3 i:l\/(le + z'22 + z':f )3

3 3 3
— - — 1 — —_—
2, _ - . _ . .
U:ZQJ., ZQJQin_ZUXi’(I_1‘3)’ d_z/li>0, dive =0,
j=1 j=1 i=1
-1 T
Po=d [Y o+ — [{X '2 3(2¢)ihi(xl+rl,xz+r2,xs+13;t))}drldr2dr3],
i-1 T3 |:1\/(2'l +T, +75) -1

|
|
|
|
|
|
|
|
|
|
|
|
|
} 3 1 3 3



we will receive (4.42):

(Vv =w v w, W, w,],

W, =% [V W, W, W,](i=13), (4.42)*
‘ -

[in =W, ,V(X;,Xy,X3,1)e T ,(i=1,3).

Hence, as takes place (4.47), that the solution of system (4.42)* we can find on the basis of Picard’s
method. Then on a basis (4.31)-(4.34) we have (4.45).
Further, we will receive similar results in the conditions of the theorem 5, i.e. under conditions (1.2),

(1.3), (A3), (4.45), (4.46) problem Navier-Stokes has the single solution in Gnlzs( D, ) inakind (4.37).

5. Problem Navier - Stokes with of Viscosity, when (A3), 1< 4, = 4 <

In problems Navier-Stokes with great values of viscosity components the speed can be so small
that in many researches do not consider the forces of inertia.

Let's consider a fluid with viscosity with Reynolds small number where all inertial participants
contain in equations Navier-Stokes. As has been said, theoretically, it is not investigated [12]. Hence,
here we will consider, methods of integration of the equations Navier-Stokes. However, it is necessary
to notice that technical applications of the theory of a liquid with very great values of viscosity, short
of the theory of greasing [12], it is rather limited. But theoretically researches in this direction from the
scientific point of view are very important. Therefore in this  paragraph methods are developed for

the decision of these problems in space 6:;13(T y. Alternatively, we can consider, e.g., a class of

suitable solutions constructed in G _,( D, )on the basis of lemma K. Friedrichs [15].

5.1. Fluid with Average Viscosity by Conditions (As), divf =0

Therefore, in this case, if the initial data (v,,; f,) issetinakind:

[

3 .
\u-|t:0:uio(xl,xz,xg)ziiso(xl,x?_,x3),V(xl,xz,x3)eR J(i=1,3),
\

\
\
\
\
\
\

1
3
ZiiBOxi =0, (0< A, =const;l< pug=pu<om),

l —
f.=¢p. + K., [Ki=—4=fF; i=1,3],
I 1 it it ’ 1
l[[
> 8
divf =0: divp =0; > —K, =0, (5.1)
oX



we enter for definition a component of speeds:

‘(u AV (X0 Xy Xg,t ) + K (X, X5, X5,0),(1 =1,3),
\V|:0:90(x1,x2,x3), V(X,Xy,Xg ) € RS,

dev—o

} 3 3

[ZAV =0; ZKixi =0,

i=1 i=1

at that

[ 3 3 3 . 3

JZUJ-U = Z ixj+zinXjKj+;uXi,(,1in/1ij1_:0),
j=1 = j=1 i=1

Vi = AV, + Kys wdo; = p{a;4V + AK 3 = p2,AV (i =1,3).
Then on the basis (5.2), (5.3) we will receive

3 3

1 1 —
ﬂinJerﬂiKin+ﬂizVXjKi+;Uxizqoi*;P + puAAV (i=1,3).
j=1 j=1

Hence on a basis (5.4), we have

[

[ A(—P+=U)=-B.[V, V, V,],

‘ P

\ 3 3

\(B*[VX1 ,VX2 ,sz])(xl,xz,x3,t)52(z /lein )in +Z(Z KinVXJ_ )i

\ i=1 j=1 i=1 j=1

1 1 1

— +—U=—I—{(B[V Vs, Vs, 1)(51.55.55,1)}ds ds,dsg,

| P 2 4 r

| R®

1, 1 1 7,

‘— +—UXi =— {(B*[Vhl,vhz ,th])(xl+rl,x2+rz,x3+
P 47 2 2 2.3

| 3 (zg +75 +175)

t+13,t)}drldr drg, (s; =X, =7, =%, +7;;i=1,3),
SO as

I(s B 3

|Z_(54) _[Z liVX_(Xl,Xz,xa,t)]zo,

., 0X; t o !

||:1 I i=1

13 61 o 1 1 5

Y —=U, =4U; Y —(-—P, )=-—4P; uy —(44V)=0,

|i:16xi 2 Haxi p P izlaxi

3,5 3 3 3 3
Z@T(VZ )‘Z“ZV KJX)+ZK_(Z}“V ijzii(zvij"X')
i=1 "7 j=1 i=1 j=1 X i=1 j=1
3 5 3 3 3 3

> — AZV K )_ZV (ZZK DV (Y K = TV (X 4K, ),
i—1 0% i=1 j=1 j=1 i=1 i=1 j=1

|
!
|
|
|
| 3 s 3 3 3
{Z Kj—(2 4V ), =00 VX 45(3 Ky )y, =0; divg =0.

j=1 X sy j=1 i=1

1

(5.2)

(5.3)

(5.4)

(5.5)



Then system (5.4) it is equivalent will be transformed to a kind

( 3 3 3 )

|Vt+d71V[Z(z ﬂ«jKin)]'FZijKj:d)O_d [__[(z - *

| i=1 j=1 j=1 RY i= 1\/(2'12+r22+132 )3

{(BulVy Vi, Vi DXy + 73X, + 75X + 755t} )drydr,dog]+ paV (hy = x; + 7 i=1,3), (5.6)

| :

-1
(@ = d ngi;d:22i>0.
l i=1 i=1

For consideration of unknown function v we have

( 2 .2
v = [ exp( )9, )ds,ds,d ! ” p(- —)
——— | eXp(——"")9y(81,5,,53)0S,0AS,0S3 + exp( - x
| 8\/(#?“)3 RS 4ut 8zl du(t-s)
|
1
IX(Q[V Vg Vs Vs 1)(sy.85.,85,8) —F—=—10ds,;ds,ds,ds,

(Jult-5))°
M (X;,X,,%g,t) = \/_ I exp( - (rl +12 + 7, )).90(x1+2r1\/_tx2+212\/_tx3+213><

xJut )dr,dr, dr3\/—j [ exp(~(ef + 25 + 03 NPy, + 20y 3[u(t-5).x, v 20, Ju(t-s),
3

J

5.7
Xg + 2744Ju(t—s);s)dr,dz,dr,ds, ( )
si—x; =20 ;\Juti s, = x; = 20 Ju(t=5)(j=1.3),

3 3

(Q[V V Vg VS 1)(s;.,5,,55,8) = —{d_l[V(sl,sz,ss,s)Z(z ﬂjKisj(sl,sz,ss,s))]+
| i=1 j=1
|3 1 ; 1
|+> Vs (slszs3s)xK(slszsgs)+d [_J(ZT x
I j=1 4z R3 =1 \/(rl+rz+13)
|><{(B [V V Vh ])(sl+rl 52+z'2 53+2'3 S)})dz’ dr. dr3]}
| —
[ =5 +r (1_13)
Hence, dlfferentlatmg (5.7) on x; and having entered designation:
in =Wi,v(x1,x2,x3,t)eT,(i=1?), (5.8)
from (5.7) we will receive
[
[V = M (%X,%X,,X3,t)+ jjexp( (rl +122+r3 N(QIV W, W, WoT)( Xy + 27, fu(t—s),
| \/

(5.9)

|

Jx2+2r2\/ﬂ(t—5) X3+2T3a/y(t—s) s)dz,dz,d7,ds =¥ [V W, W, W,],

| ‘.

}W ,_J' j exp(- (11 +r2 +13 ))m(Q[V Wi W, WaT) (X, + 27, /y(t—s),
|
L

x2+212~/ (t—s)x3+2r3«/ (t-s);s)drydr,dryds = ¥, [V W, W, W,], (|_13)



If takes place:

) _
DM, (x5.%,. %5t )| < By, (k =0.3),

[
‘v(xl,xz,xs,t)eT;Ml;Y;Ki,(t—s:r): sup
‘ T

\ 3 3
-1

| supY (Xq,%Xy,%X5,79,7,,755t,0 ) =sup{d "> (> /1j|Kis_(x1+211«/,ur X, +

| TxT TxT i=1 j=1 !

+2r2\//1_r X3+273\/,u—z't—z')|)+ z ‘K (X1+211J;X2+212J;1_7X3

|
|
|
|
}+213 t-—r)|+d” [—j(z| | {z(zz| (xl
| \/(r1+r2+r3) i=1 j=1
3 3
+27, ,ur+rl,X2+21'2«/,ur + Ty Xg + 2T T +T_3;t—r)|)+2(2|Kjli(Xl+ (5.10)
| i=1 j=1
\
— _ _ _  _ 1
}+211«/,ur + rl,xz + 212«/;11 +Ty,Xg + 273«//12' +rgit -1 )|)/1i})drldrzdr3]}§ Tﬂz,
u
| t
| 1 2 2 2 _ 1
‘ko \/_35up'[ J' exp(—(rqy + 7, + 753 )Y (X{,Xy,X5,74,75,75;5t,7)drdr,drgdr < TﬂZTO,
‘ 4 T 0R? #
| t
| 1 2 2 2 _ |Ti|
‘k 3SupJ.J‘eXp(—(rl + Ty 75 ) (X1, Xy, X5,79,75,753:8,7) x
\ Nz° T g3 NIE:
| L
\[xdr Jdr,drgdr < \(2Tg B, —.(i=1,3), B =max(B,Ty: 32Ty 5, ).
H

and

i

~0,3): k-si,(h<1),
4

(5.11)

=h<l, (l<wu=py;<w),

zk‘ff(ﬂzTo+3ﬁﬂ2\/—)<\/—(1+\/_)ﬂ

e itv Wy w, Wy, ]|| < |l tv ,Wl,WZ,WS]—‘l’i[O,O,O,O]”C + ||svi[o,o,o,0]||c <

kidr, + n(l-h)<hr +rn(l-h)=r,

[
|
\
\
Ju—o
‘s (0)={v.w M| |W|<rl,v(xl,xz,xs,t)eT}(l_13) ||9vi[o,o,o,0]||csrl(l—h):
|
| <
|#:5,(0)> S, (0), (i=03)

Then the solution (5.9) exists and is unique, and we can find this decision on the basis of a Picard’s
method

V(X X,,X,,t)eT 1 V = 51’0[VH,W1’n ’WZ,n ,W“],

(5.12)
=¥ IV, W, W, W, 1(n=001..; V,=0; W =0;i=1,3).

LW in'""2n?

i,n+1

Therefore using known mathematical conclusions concerning of Picard’s method we can tell the



following. Received the sequence of functions {v 3}, {w, 3}, (i= 5) is converging and fundamental

in s (0), i.e
(
|E |V Z|I\N|n+1_ in n_|vn_ n1||+zn\N |n1
| _
I Vo=Vl < kB W —Wiln”c <kE (i=1,3),
IEMshE <..<h'E,—""5o0,
| ) _
|V ZkoEn+]. "\Ni‘n+k_ || Zkl n+j’ |:1’3)’
j (5.13)
| k-1 k-1 1
|En+k_hZE+,s <hY R TE < EN'Y h < ELh n—nh—:i—)O,
| j=0 j=0 -
|
EIE 70 A R Ve ZIM.M— I
| i=1
lx,., <h'x, —“so,
| _
Voo — V= H W — S WL V(XX X E) e T (1= 1,3).
Therefore on the basis of (5.2) we will receive
Jui'n” = 409, (X X, X, )+ V (x,x,, X, 0)]+ K (x,,x,,x,,t),(n=0,1,2,...;i=1,3) (5.14)
om0l € 2V =] < ahx, < ap™ix, — s 0(i=13),
I.e. it means that sequence {v, }; convergingtoalimit o (i= 13):
O s 0 V(X X, X t) e T (|_1_3) (5.15)

in+1 n— w

Theorem 6. Under conditions (1.2), (1.3), (Asz), (5.1), (5.15) problem Navier-Stokes has the
continuous single solution, which it is found by a rule (5.2) in 6, _,(D,).

Remarks:

I. Singleness is obvious, as a method by contradiction. Results (5.13) with a condition ((A3z), (5.1),
(5.11), (5.12)) are received where smoothness of functions is required only on x; as the derivative of 1st
order is in time has t>0. Then taking into account (5.13) the system (5.9) has the continuous single

solution v < ¢ *°(T ). Therefore,v < G*(D, ). Hence, on the basics (5.2), (5.14), (5.15) v, e G*(D, ).
1. The algorithm (5.2) also is applicable in a case, if

3
_ )

fi =, + K;;, divf 2 0: dive #0; z—a Ky =0,
X

(

|

|

divi = 0 rotT =0 - Af, =0,(AK, =0;i=1,3),
" (5.16)
|

|

|

3 3 1
U=y Ki; ZKjKixj:;UXi,
j=1 j=1

|t 0 = Uig( X1, X5, X3 ) = ;85 (X1, Xy, X5 ),(1=1,3).

That on a basis (5.16), (5.2) we will receive (5.4). Hence, we have



3
o 1 1
divp #0; Y —(5.4): A(—P +=U)=—{B.[V, V, V, ]-dive},
izlaxi p 2 17X Xg
3 3
(BalV, Vi, Vo D0y X X5.1) = 3 (T 4Ky Wy + 3 (X K Vo )

i=1 j=1 i=1 j=1

-

3
P+£u—ij—{(5[v Vo, Vo 1)(51.55.85.8) = Y 0i (515,551} ds;ds,dsg, (5.17)

3 i=1

D |-
N

1 T:

1
+;U =— : {(BeIVi, Vi, Vi, DXy + 70X, + 75 X5 + 745t) -

i o4r 2 2 2.3
R3(ry + 75 +75)

( 3 3 3 -
‘Vt-‘rdilV[Z(ZﬂjKixj)]‘szijj:d)O_d [_I(z - *

| i=1 j=1 j=1 g3 i= 1\/(11 +r2 +z'3)

x{( B*[Vhl ,Vh2 ,th])(x1 T T, Xy + Ty, Xg +74;0) )drdr,drg ]+ paV (i=1 3)

\

\

{‘ . 3 1 (5.18)
| @y (xg, %, Xg,t)=d T[> ¢ + I{ZT (Fo( Xy + 71Xy +7,,%X5 +

\ i=1 RY i=1 \/(rl+12+132)3

} 3 3 3
‘+73;t))}d11d12d13+,uZAKi], (dzz/li>0; FO(X1'X2'X3't)EZ¢’ixi)'

L i=1 i=1 i=1

here (5.17) differs from (5.5), as dive = 0. Then considering (5.18), (5.7), (5.8) we will receive system
(5.9):

Vo= [V W, W, W,

° o (5.19)
(Wi =% [VW, W, W,](i=13).
Therefore, as takes place (5.10), (5.11), (5.13) in a consequence (5.14), (5.15), i.e.
[Ea—. = L-Vosahx, < anTix, — 2 0= 1.3),
' c (5.20)

h<1

tuiml—:ﬁ VLV (X,,X,,X,,t)eT (i=1,3).

Further, we will receive similar results in the conditions of the theorem 6.
5.2. Updating of a Method (5.2) in a Case (A3), 49, =0; divf =0; rotf =0

The decision method from where follows of equations integration of Navier-Stokes in ¢ . ,(T) inacase

(ui|t:0 =0,(x,,X,,X, )= 4,9,(%x,,%X,,%X,),(0 < 4, =const;i=1,3),

J{Zwm,=0,(i=1?),4h90=o;s,zoepﬁ, (5.21)

i=1



[divf =0;rotf =0, (4af, =0; f=(1F,f,, f )),sup‘Dk fi|s N, VX, X,,X,,t)eT,
T

1X,,8)ds, (4K, =0;1=1,3),

X LR
(XX, X t) = —=| T.(X,,X,
l o

is a major factor of this point.
Therefore we enter for definition a component of speeds:

‘(u. = A0, (XX, X, )+ Z (X, X, X, E)]+ KX, X, X, t), V(X , X, X, t)eT (i=1,3),

Z|t=0 =0,V(Xx,,X,,X;) € R,

divy =0: (5.22)
‘ 3 3

> Az, 2,19 =0; Y K, =0,

L:1 i=1 I
at that

[ 1 1 CT A

‘an—fi(xl,xz,xs,t ;U _ZK ZK K, =—U_,(i=1,3),

| a v

| 3 3 3 1

1Yo, =X A% +Z)K, +Y 4 (I, +Z, )K, +—U

(T b J 2 (5.23)
| s

} 208, +Z)A (8, +Z, )= 48 +Z)Y A (8, +Z,)=0,

j=1 j=1

\ _

v.=AZ +K.; pAv, = u[A (A8, + AZ )+ AK ]= ui AZ, (i=1,3).

L it it it i i 0 i i

Hence on the basis of (5.21)-(5.23) we will receive

N s 1 1 1 S —
AZ Y A (S + 2K, Y KA (8, +Z, )+ U, =(1-—=)f - —P_+u24z (i=13). (5.24)
j=1 j=1 2 \/,u P

Then for incompressible currents with a friction the equations of Navier-Stokes (1.1) become simpler as take

place (5.21), (5.23). Therefore a problem (1.1)-(1.3) with account [(5.5)-(5.9) here instead of <, we
will consider k , ] we will receive

Z, =W, V(x,,X,,x;,t)eT,(i=1,3),

r’ ds,ds,ds,ds
)(Q[Z W, W, W,_1)(s,,s,,5,,S) —Ff—=—=M_ +

1
Z = exp(-——— L B 17927173 3

8\/7r H 4pu(t-s) (\Ju(t=s))
\/_J'J.exp(—(rf+722+rz N(QI[Z ,Wl,WZ,W3])(X1+2714/y(t—s),xz+272a/,u(t—s),X3+
»\,/J(t—S) s)dr,dr,dr ds = (7 [Z W, W, W, 1)(x,X,,X,,t),

1 re —(x,—s;) ds,ds,ds,ds
+ jj(exp(— ) (QIZ W, W, W,1)(s,.s,.5,,8) —f=—=r =
8Nz’ o e du(t=s) 2u(t-s) (Ju(t=s))

+2

.\\

W,

J
[



1 2 2
=M, + exp(-(z, +7, + 7, ))—(Q[Z ,Wl,Wz,W3])(x1+2111/y(t—s),x2+
I ’\/71' JI \/,U(t—s)

+27 «/ (t—s),x +213«/y(t—s) s)dr dr,dr, ds = (7 ,[Z W W,W_1)(X,,X,, 3,t)(|_13)
where
(
|A(—P+—U)=-{F +B.[Z,.Z,.Z I}
| P
3 3
(B.[Z,.Z, .2, (X%, 3,t)_2(21 Ko )Z, + 3 (Y K, Z, )4,
i=1 j=1 i=1 j=1
3 3 3 3
Fo(xl,xz,x3,t)zz/li(z jxIISIOXI)4—2190X|(Z&JKIX]),
i=1 j=1 i=1 j=1
1 1 1 1
—P+—=U =—| —{F,(s,,s,,s,,t)+(B.[Z,.,Z_.,Z_ 1)(s,.s,,s,,t)}ds ds,ds_,
p 2 4r r A
R
1 1 1 T, p
;PX.+;UX.:4_,[ - - 3LF0(X1+71'X2+Tz'X3+Ta;t)+
R T, +z'2+z'3)
+(B.[Z, .2, .Z, 1)(X, +7,.X, +12,X3+13;t)}d'rldrzd‘[3,(si— X, =7,;h, =x,+7,;,i=13),

Z,=®,+(QlZ.Z, .Z, .Z, 1)( X, %, X;,t)+ uAZ (i=13),

J'exp( (¢) +7, + 7. NP, (X, + 27 AJu(t=s),x, + 27 «/ (t-s)

X, + 213«/y(t— s);s)drdr,dr.ds,
(Si - X, = ZTi«/,u(t— s);t—-s=r7;i=1,3),
3 3

(Q[Z,Zsl,zS Z, ])(sl, ,18,,8)=—{d, [2(31,52,53,5)2(2 inisi(sl,sz,SB,s))]+

=1 j=1

o —_— ~

ZZ ((5115,,5,,8)K [ (5,,5,,5,,8) + d [—I(Z

j=1 R? \/(T P 32 )3

bTs, T, b T )dndrLd ]y o= s b7 (i=1.3),

{(B.1Z, .2, .2, 1)(s, +

3
divf =0; d, =3 2,>0,
i=1

T

3 . 3 1 3 3 )
D,=-% K gy, +d, [X(1-—=)f -3 (3 2K, )- { '
LK IR (- - BT AR ] ZJU

2
-1 i1 +7, +z' )

x(Fo(x, +7,,X, +7,,X, +7,;t))}dr,dr,dz,] .
If the known functions entering into system (5.25) satisfy conditions

k
(V(xl,xz,xg,t)eT;Ml;Y;Ki, (t—-s=17): sup‘D M (X, X,, Xt )|§ B, (k=0,3),

|supY (x,.x,,%,,7,,7,,7,;t,7)=sup{d, Z(Z/l ‘ isl(X1+Zflﬂlﬂf'xﬁhz*/ﬂf'xﬁ
i=1 =

[TxT TxT

(5.25)

(5.26)



+213w,,ur t—1 )|)+ i ‘K j( X, + 21'1\“11 X, + 212«”11' X+ 213«“17 t—1 )|+
j=1
|_| 3 3

T — —
+d, [ J‘(Z\/ = Z(z,lj|K”(x1+2111/,ur + T X, F 2T AT + T, X, +
s (7 !

=1 j=1

+2r3\/,u—r+z'_3;t—r )|)+i(z|Kjl(x1+211\/,u_r+z-_l,x2+2¢2\/y_r+r_2,x3+2r3\/y_r+

=1 j=1

— - - 1
mit-))Aa )drdr,dr, ]} < T,b’z,
yri
t
supJ.J'exp(—(2'2+z'2+r2))Y(X X, X T, T, Ttz )dr.dr dr,dz <

1
0 1 2 3 IR R R R R 19 EH g = BTy
3
T T 0 R3 H
t

1 |Ti|

supjjexp( (2] 4+ 7, + )Y (X, X, ,%,,7,,7,,7,3t,7)

i \/77— 0R? \//J—T

drdr,dr,dz <

i,(i:l,_3); B. =max(B,T,;342T,8,).
U (5.27)

—_— e~
+

and

cﬁ): E(h<1)(|_13)

NS

1

Z3k T (BT, +3 ZTOﬂzj—)s\/1—(1+\/1—>ﬂ,=h<1.<1<u=u0<w)v

‘(
|
\
\
\
*\s (0)={z W, :|z|: W |<r.v(x.x,.x, ) eTH(i=1.3), ||Fi[0,0,0,0]||csrl(l—h):
\
\
\
\
&

(5.28)
Irizw, w,w ]|| |z w,w, w,1- ri[o,o,o,01||C + ”Fi[O,O,O,O]”C <kd4r +r(l1-h)<
<hr+r(l-h)=r,
15, (0)—> s, (0), (i=03).
That the solution of this system we can find on the basis of Picard’s method
V(X X, X, t)eT 2 =02 W, W, W,1
S — (5.29)

W, =02, W, W, W, 1(Z,=0; W, =0;i=13; n=01,.).

i,n+1 i,0

Then considering results (5.13)-(5.15) we will receive, i.e. that sequence {v, }, converging to a limit

O, — s 0 V(X X, X, 1) e T (i =1,3). (5.30)

in+1 n— w

Theorem 6*. If the conditions (1.2), (1.3), (5.21)-(5.23) and (5.30) are fulfilled, then the

problem Navier-Stokes has the smooth single solution in 6:;13(T ).

-1

Remark 3. Iftakesplace 0 < p. <2, that 1< u=u,<». Inacase g, >2 "', then



m, < u=p,=const<ow, (m, > max[1;4(4/1+ 4871 —1) 7). ()*
Inacase u =1, that

3

z K < (T, +332)p,4T, <25, = h <1, (see. (5.28)). (2)*

Let's note, as the equations of system (.« = 1, (5.25)) are the equations of Volterra-Abel [13] on a

variable t, discussing in language of the Volterra’s equations, we can find the decision in ¢ **(T ),

when the condition (5.28) is not satisfied. For simplicity, let's assume
qu=1; C, = (T, +332)8, :
{Zki<h_co\/{_1'

And in this case all results of the theorem 6* are carried out, i.e. that is we will prove that under

@)~

condition of (3)* system (5.25) correct in ¢ **(T ).
Really, as in case of (3)*, the interval [0,7,] we will divide on two parts: [0 ,iTO], [iT0 7,1
2 2

1 : 1 : 1 : :

Thus a step: h=—7,. Then in area T, =R’>x[0,—T,] and in T,=R’>x[—T,,T,1, we will receive
2 2 2

systems

Zl = FO,l[Zl’Wl‘(l)’WZ‘(l)’WS‘(l)]’V( )(1')(2’)(3't )€ T1'

— (4)*
=rI [z, W W ,W31(1)],V(x1,x2,x3,t)eTl,(i=1,3).

1.(1) 2,(1)

[Wi,(l)

Thus, operators r,; r,, arecompressing

i1

—Zkish*—(\/i+3\/2_)ﬂ2T—°<l, (5)*
i1 2 2

and display ranges of definition in it self, i.e. conditions of contraction mapping principle [13] are

satisfied. Then is under condition of (5)* system (4)* correctin ¢ T

i,2

. . 1 .
Further, we will consider T, = R x[—T,,T,], accordingly r,,; r,,, atthat
) ,

( 1 1
Zl(xl,xz,xg,ZTo): Zz(xl,xz,xg,;T0 ), V(X,,X,,X;) € R®,

(6)*
1

|lW|(1) Xy Xy, =T ) =W

1 . T
, i’(2)(x1,x2,x3,;T0 ), Y(X.,X,,X, )€ R*,(i=1,3).

Hence, operators r,; r,, are compressing and display ranges of definition in it self, i.e. conditions

i,2



of contraction mapping principle are satisfied. Then system of the integral equations corresponding

tothe operator r,,; r,, itiscorrectin c**(T,).

i,2

Therefore the system (5.25) correct inC>*(T =R*x[0 .T,1). The offered method the decision of

system (5.25) in the theory of the Volterra’s equations is called [13] «a method pasting» or «a method
of subareas».

5.3. Fluid with Average and with a Great Number of Viscosity, when f =o0,(i=1,3)

Area of the fluid with average viscosity with condition (As), when f, > 0,(i = E) it is studied in 5.1.

Here we will consider a the general methods of the equations integration of Navier-Stokes with conditions,
I.e. with average and with Reynolds small number ([12]: Re<2300), where all inertial participants contain in

equations Navier-Stokes, when f, = 0,(i = 1?).
The overall objective of this paragraph: to change a method (5.2) so that the received
analytical decision of a problem Navier-Stokes with viscosity, belonged in 6:;13(T ).

In particular in many scientific literatures, investigates a problem [12]:

ov. G dv. 1 —

——U'—+ZUJL:;1AUi——PXv (i=1,3), (5.31)
ot i1 0X p

dive = 0,v(x,t) e T = R*x[0,T,], (5.32)

IU.LO = 4,8, (XX, %, ), V(X ,X,,X, ) € R3,

_ (5.33)
|0 = 4,9,. (9, R i=13),
where 0 < 2, - the known constants and in the equations (5.31) are assumed
fizo,(izlz; 0<n < u=p, <oo; Nn,,u, =const). (5.34)

Hence, here we will consider a methods of the equations integration of Navier-Stokes (5.31) with a
conditions (5.32) - (5.34).

With that end in view we will assume that there are functions o < f, (i = 1?), which satisfy

conditions

‘(c“’(T); f,: sup‘Dk fib_|gai(5)ga(5)<1, (0 <68 <1; i:G).
T

}divf§ —0; rotf, =0: Af, =0, (f, =(f, ., f,)),

) t (5.35)
|

|

|

L

I..(xl,xz,x3,t)zj'fm(xl,xz,xs,s')ds', (Al =0;1 _=f ;i=1,3),

i6 io ’ ist io?

0

9,e R, 49, =0, (i=1,3).

0

Hence is offered the method:



v, = 208, + Z(X, %, X, )]+ 1, (X, %,,%,,t),(i=1,3),

3
Z| =0,v(x,,x,,x;)e R",

3

3
1
U lezs; zljﬁlidxlzzuéxl'
j=1

j=1

i

\

Jd v=0: iﬂiSOXi:O; iz.z - 0; ilmizo, (5.36)
| N ' |

\

l

Thus takes place conditions

c
c
Il

|

|

| 1

\ Vi z/ij(SOJrZ)IWIJrZ AT +ZXJ)+—UMI,

{\j:l j=1 j=1 2 (537)
[ 2,08, +Z)A (%, +Z,)=2(9+2Z)Y A4,(8, +2Z,)=0,

‘ i i i

|

L

]
j=1 i=1

v, =AZ + 1 pdv, = ulA (A8, +AZ )+ Al 1= urAZ ,(i=13).

Then for incompressible currents with a friction the equations of Navier-Stokes (5.31) become simpler as
take place (5.32)-(5.34). Therefore the problem (5.31) - (5.33), is led to a kind

3 3 1 ) R
AZ 42 A8+ 2+ Y A9, J+le)+;u, = —f, = —P, + uAAZ (i=13). (5.38)
j=1 j=1 P

From system (5.38), considering conditions (5.31)-(5.33) and having entered APS, we will
receive the equation:

(20 1 1
Y —(5.38): A(—P+=U,)=-{F, +8,02,.Z, .2, 1}
‘i:1axi P 2 1 2 3
‘ 3 3
\(Bé[le, . Z, ])(x X, X, t)—Z(ZlJ o, +Z(Z
‘ i=1  j=1 i=1 -
\
Fos (XX, X, t)_Zﬂ(ZI Ox)-rzlgw(ZA]Im) divf,
B - (5.39)
| 1 1 1
\—P+—U5=—j—{F (s,,8,,8,,t)+ (B, [Z , s,Zs])(51,52,53,t)}dsldszds3,
‘p 2 4 bl :
L - (Fy, ( t)
_xi+_ .:_ {Fo, (X, + 7., +7,, X, +7,:t)+
}P 2 4z \/(r +‘[2+2'32)3

[+(B§[Zh Zo W21 X, X rst)ydede,dr, (s, - X, =750 =X, + 7,50 =1,3),

S0 as takes place

[ 3 a 3 3 3 3 3

> _{Z A0+ 2 + XA (I, +Z, =D AU 90, )+ Y 8, (X A0, )+
j=1 i=1 j=1 i=1 j=1

|16X j=1

FZ(Z/%'W )Z, +Z(Z:' A

i=1 = i=1



[(Z'm,)x. 0: (Zﬂ%) =0, (ZlZJ ), =0, (i=13),

3 3 3
1

10 2 0 1 1 1
—[2 A42,1=0; u) —(442)=0; —(=ZU,, )=—4U; —(-—P,)=-—4P.
| ot Zl : i§axi Eaxi 2 T2 Y .Zlax p p

Then on a basis (5.39) of system (5.38) it is equivalent, will be transformed to a kind:

Z,=®,,+(QlZ.2,.,Z, .2, (X%, %,,t) + pAZ (i =1,3),

ST, T, X, + Tt )dTdT,d 7],

3
dy=> 4,>0; h =x+7, (i=13).

(
|
|Z| =0,V(X.,X,,X; )€ R3,
| t=0
:djoa‘(xl'xz’xs‘t)z_z Ij&‘gfix +d [z( ZS (ZZ]LM
| =
| 1 8 T
|——J‘{Z ' =(Fou (X, +7,,%, + 7, % + 70t)kdrdr,dz ],
dr .:1\/(r12+z' +z' )’
J 3 3 (5.40)
[(Q[Z.Z, .2, ,Z, 1)(X,.X,,X,,t) = —{dO’IZ(xl,xz,xg,t)[Z(z Al (XX, Xt )]+
| 1 2 3 ) e i
| —
|+ zz (X, %, X0 T (X%, X ) + dg [—I(Z L {(B,[Z, .2, .2, 1)(x, +
I j=1 R3 |1\/(T_12+T_2 7’ )3 ' ’ )
|
!
|
|

The problem (5.40) is led to system of the integrated equations in a kind

Z, =W, (X, X,,X,t),V(x,,X,,X;,t)e T, (i=1,3),

><I

t 2

1 r

Z= + p(- ) -
AN ap(t=s) " (Ju(t-s))

(Q[z W, W, W.])(s,,s,,5,,8)x

xds,ds,ds,ds = M rj_[exp( (el v IN(QIZ W, W, W, 1)(x, + 27 a/y(t—s),x2+
+27 «/y(t—s) X, + 271 .,/,u(t—s);s)dz-ldrzd%dsE(I"O[Z W WL, W T)OX X, 0%, t),

’ —(Xi—Si)

(

I

|

|

|

|

|

|

|

| r .
Jw jj(exp(— ) 3

J_ e apu(t=s)" 2u(t=5) (Ju(t-s))

|

|

|

|

|

|

|

|

|

|

|

(Q[z W, W, W.])x

x(s,,8,,8,,5)ds ds,ds . ds = M

1 T
+ exp(— (r +r +7, ))—x
Nz® H Ju(t=s)
x(Q[z W, W, W T)(x, +21'J,u(t—s)x + 27 «/,u(t—s)x + 27 \,y(t—s)s)x

xdr dr,dr ds= (7 ,[Z W W, W.1)(x,.X,,X;,t), (si—xi_ZTin(t—s) |—13)
M, X, t)_\/_J'.fexp( (el 4l +e2 DB, (X, + 2t Ju(t—s),x, + 27, x
xafu(t-s), X, + 27 4,y(t—s)s)d7 dr,dzds.

(5.41)



To solve a problem (5.40) concerning this problem we will receive system (5.41) of four integral equations.

Let concerning known functions ™ , .77 ,,1,, takes place:

i

V(X X, X,t)e T ;M 0T 1, .

sup DM, (x,.%,., 1)< Ba(5), (k=03; t-s=r),

T
i6, (x, + 27 \/,ur X, +2121/yr,X3+273><

supH (Xl’ 21 X317, T S,tz')_SUp{d Z(Z’l

TxT TxT i=1 j=1

x»\/y_z',t—‘r)|)+2‘lm(x + 27 \/,u_z'x +212\/y_r,xa+213\/,u_r;t—r)|+

|
\
\
\
\
\
\
\
|
}+d14 I(Z\/ | | lZ(Zﬂ‘m(x + 20, T T X, 20, T T, X, +
J 3 ( i=1 =
| +27, «,yr +z' t—1 )|)+Z(Z ‘Ijﬂl(xl+22’l«[,ur +r_1,x2 + 2124/;”' +T_2,X3+22'3«,,ur +
‘ =1 j=1
}+ ~o)hayydrdr,dr,l< fa(6),
\ 1 !
\k = SupJIeXp( (12+T +T W (XX, ,X,,7,,7,,7,:tr)drdr,dr dr < B,a(0)T,,
‘ V” T ogs
}k /—1 jf (~(z; NIT ,( t)|T‘|dddd<
) sup exp r+r +r XX, X,,7T,,T,, 755 0,7 r.dr, dr,d7 <
‘ i 1 2 3 1 2 3
v e VA (5.42)
B o
2T, B, (8 )—=,(i=1,3), B = max(B,T,; 3J2T,5,),
; &
and if operators: ri,(iz(ﬂ) compressing with a compression factor «,,
( — h
| 7(1=03): .sz(h<1)(|—13)
\
| o 1
‘Zk<a(5)(ﬂ20 2T, B,)<a(6)(——=+1) =h<1,
= & JI (5.43)
| 1
|a ()< dl( +1)B1, (0<8<1; 0<n, <pu=pu, <o),
\ oy
‘LS (0)={zw, :|z|; w|=<r FLY (X%, ) e TH(i = 1,3),
and:

‘(||ri[0,o,o,01||c <r(l-h):
iz w, w, w,| < |rzw, w,w,1- 70000 +|rm00.00] <

! (5.44)
|Skidr+r(l-h)<hr+r(l-h)=r,

[7:8,(0)> S, (0),(i=03),

Hence on the basis of contraction mapping principle system (5.41) is solvable and for which makes
Picard’s method



V(X X, X, ,t)eT : Z2 =02 W W, W, T
AR _ (5.45)
:Fi[Zn,len,Wzvn,WB‘n],(n:0,1,...;2 =0; W, =0;i=1,3).

0 i,0

[W

in+1

The resulting sequence of functions {z 3, {w, 3, isconverging and fundamentalin s, (o), i.e:

(
AN S Z"W.M— ol B = Iz, M||+z|rN
“zm—zn SkE,s W, -w ] < kE, (=13,
lE,.,<hE, <..<h"E,—" 50
} k-1 k-1 _
J|z LY KEL s W mwW s S KE,(=1.3),
j=0 j=0
| - L X (5.46)
‘Em_th R hz h"'E,<ENY h <EN ——"00,
| j=0 i j=0 1-h
‘ 3
X =z, +Z|hN o xo= -zl - wl,
‘ i=1
}Xm_ h"'x, —='—o0,
|Zy,—o> Z=H; W, — WV (XX, X t)eT (i=13).

Therefore on the basis of (5.36) and

Oy = A8 (X%, X, )+ Z (X%, X, )]+ 1, (X, X, %,,t),(n=0,1,2,...;i=1,3), (5.47)

in+1 n+1

we will receive

ool <z, - z|, < ahx, < an"x, 20 (i=1.3),

And it means that sequence {v, }, convergingtoalimit o (i= 13):

Dy — b e CHH(T ) (i = 1,3), (5.48)

in+1

Remark 4. It is obvious that small changes v,, = 4,9, or f,(i= 1,3) influence the decision (5.36) a
little, i.e. continuous depends on this data . Therefore, a question on a statement correctness problems

(5.31)-(5.33) are considered at once with results of the theorem 6* in ¢ AT

6. Updating of a Method (4.12) on the Basis of Integrals of Poisson’s Type

In the previous paragraphs we researched various variants of a method (4.12) for a problem
Navier-Stokes in spaces (S:js(T ). There are the various partial experimental methods [12] giving

communication of speed and pressure. For example, method Betz, A., Jones B.M. and others, where on
the basis of the law of distribution of pressure in the form of the equation of Bernoulli it is possible to



express to speed v = (v,,v,,0,) In the certain form. Therefore, here similar results which define

communication between pressure and speeds are received, and further, allow to express speed in the
integral form.
In this connection in this paragraph the method of integrated transformation on the basis of

Poisson’s integrals is considered, when divf =0; 0 < « <1 (Reynolds number [12]: Re >2300). From
the received results it follows that system Navier-Stokes (1.1) in the conditions of (1.2), (1.3), (A3) can have

the analytical smooth single solution in ¢ (T

6.1. Fluid with Very Small Viscosity 0 < x <1, when divf =0

I. For incompressible currents with a friction, when
o = Lio (X%, %) = 28, (x, %, %, ), (1= 1,3),

3

> 49, =0; 49, =0; 9, R,

su p‘D |< N, = const, (T = R*x[0,T,1), (i=1,3),

2

‘(

\

\

\

\

|

‘divf:O; r=\/(xl—sl)z+(x2—52)2+(x3—ss) ,
J : . (6.1)
\

\

| _

\

\

\

\

L

r
exp( - ) f.(s,.,s,.s,,8)ds ds ds.ds =
\/ H du(t-s) 1/(y(t—s))3
=u ! JIEXP( (T +'r +'r N f(x, + 27 «/y(t—s) X, + 27 1,/1('1—5) Xy + 27, %
xafu(t—-s);s)dr dr,drds,

s, — X, = 2ri~/,u(t—s), (i:l?),

functions v, ,i=1,2,3 isrepresented inakind

jvi = 208, (X, Xy )+ 20, X X )]+ 2,0 X, X )Y (X, 0 X t) € T (1 = 1,3), 62)
1Z |0 =0, Y(x,.x,.%)eR",

where 0 < 2, - the known constants.

From the entered functions <., is required:

(lim Q. (x,,X,,%,,t)=0,V(x,,X,,X,,t)eT,

|;14>0

J 1 7\

Q= pf (X X, X, )+ y—— exp(— (r +r + 7, ))[ II(x + 27, Afu(t=5s),x, +
| =3 > e N
|[+2T2~,y(t—s),X3+213«/y(t—S);S)]drldrzdrSdS,(i=1,3),



_(X - J) 1 r_Z
exp(-——)f,(s,,s,,5,,8)ds,ds,ds ds =

S \/ 32ﬂ(t—5)( p(t-s))’ 4p(t-s)
l 2 2
. exp(-(r, +7, +7, )) fx, + 27 qJu(t=8),X, + 27, 4fu(t =), X, +
o 1 e J
12c 1/,u(t—s)S)drdrdrds(lz_3]:_3)
1 t
Q. —«/ —[ [exp(~(r, +7, +7.)—F=—=1, (g + 20 Ju(t=5) %, + 27,\[u(t =),
gl 7 s “

(
-
|
|
|
|
|
|
|
|
Jx v 20,Ju(t-s);s)drdr,dr,ds,
|
|
|
|
|
|
|
|
|
|
|
|
|

Q.

t

1

Q. = Ju —[ [exp(—(zr; +7, +7.)) = (x + 27 1/u(t $),X, +2T2,/y(t—s),
«/n_” \/

X «/ (t—s);s)dr,dr,drds,(i=1,3;j=1,3),

t

w

|Qi|E|ﬂjP(xl,x2,x3,ts)ds s\/_| jexp( (024 el 42 ))f(x, + 20, Ju(t-5).x, +

0

120, u(t=s),x, + 2¢ Ju(t—s)is)drdr, dr,|< N %Iexp(—(rf-&—r:-rr;))x
T

R3
xdr dr,dr, = N ,(i=1,3),

here (0,1)e x inarole of small parameter. At that
divy = Z Z/w =0; Y@, =0,
HAQ, = \/_

exp(- (12+T +7, NI ”(x + 27 fJu(t—-s),x, +
I Z ,—_ N
+27 «/y(t Xy + 27 «/,u(t—s)'s)]drldrzdrads,

I—x +22' (t--5s) j=1,3),

]

3

3 3
Zu i, Z 2,08, + 2 )Qixl +Z!2]/Ii(l9“] +ZXJ )+Z [2].(2“],

j=1 j=1 j=1 j=1

j=1 j=1

C

= AZ 40, yAuizy[/liAZ+AQ.],(A3 =0; i=13),

C

W MAv, = AZ +uf - exp( (r +‘[ + 7, ))[ II(X+

+27 Jy(t $).X, + 27 Jy(t—s),x +213«/y(t—s);s)]drldrzdr3ds—y{liAZ +

+\/_\/_J‘J'exp( (¢ +7, +7, ))[ZJ__ fy (%, + 27 AH(t=8) X, + 27, % 6.3)
x«/y(t—s) X, +2r3«,y(t—s);s)]drldfzdz’3ds}=liZt+,ufi—,uﬂ.iAZ, (i=1,_3).

r
o

|

|

|

|

|

|

|

|

|

|

| A8+ ZIA(8y, + 2, )= 208, + 20X 4,(8,, +2,)=0,
| j j ] ]
|

|

|

|

|

|

|

|

|

|

|

|

l



Then for incompressible currents with a friction the equations of Navier-Stokes (1.1) become simpler as take
place (6.1)-(6.3). Therefore the system (1.1), is led to a kind

3 3
1
AZ, + Z /IJ(.QO +7Z )QIXJ + Z .lel(.QOXJ + ZXJ ) + z ng.xj =(1-u)f - —PXi +
i=1 j=1 j=1 P (64)

+ud,AZ ,V(xl,xz,xg,t)e T,(i=1,3).

From system (6.4), considering conditions (6.1)-(6.3) and having entered APS we have the
equation:

‘Z L 64): AP - gF, + B[Z,.Z, .2, 1},
)

‘,16x
‘ 3 3 3 3
‘(B[le’zxz’Z><3])(X1’X2’X3’t)zZ(ZﬂjrgixJ )ZXI+Z(ZQJX|ZXI )ﬂ’i’
‘ =1 j=1 i=1  j=1
‘ 5 3 3 3
divf =0; Fo(xl,xz,xg,t)zz—(Z.QJ..Q”I)-rz/li(Z.QJx ox, )+Zl9[JX Zi.@ ,
i1 OX, o1 i=1 j=1 (65)
1 11 -
| —P = —J —{F,(s,.s,,s,,t)+(B[Z_.Z .,Z_1)(s,.s,,s,.t)}ds ds ds_,
| P dr v o
‘1 1 T, ~
| —pP = — - 31Fo(x1+rl,x2+r2,x3+r3;t)+(B[Zhl,th,Zhg])(xl+rl,x2+
},0 4”Rs\/(z-1+rz+13)
[+rz,x3+rs;t)}drld12dr3, (s, —x,=7,;h, =x,+7,,i=13),
S0 as takes place
3 a 3 3
Z—{Z/I(S +2)Q2, +> 2,408, +Z, )+ZQQ.X} Z/I(Z.Q]X ox, )+
16, j=1 E j=1 :

+2190X(Z;LQ'X )+Z(Z’1-Q|x )Z +z(zgjx,zx,)ﬂi’

(ZQJX =0 (ZAJQOX XI:O,(Z/II.ZX ), =0, (i=13),

3 1 3

s o 1 o
[Y 4,2,1=0; ¥ —(-—P, )=-—4P; uY —(4,42)=0.
i-1 I i1 OX, p P i1 OX,

(o)}
r—rlQ)

Then on a basis (6.5) system (6.4) it is equivalent, will be transformed to a kind:

Z,=@,+(Q[Z,2,.,Z,,Z 1)( X, ,X,,%X,,t)+ uAZ (i=1,3),
j e R (6.6)
Lz|t:o:0‘v(X1’X21X3)ER3,

where

[ i 3 3 3 3 3
Do (X, X 1) = =3 2.9, +d Y (1-u)fi=F (X 4,2, )-Y (Y 2,2, )-

j=1

3
\FO(X1+T X, + 7, Ht))dr.dr,dz,]; d; Z/li>0,
[ 3 .1\/(1 +2' +z' ) i



3 3

(Q[Z,le,ZXZ,ng])(xl,xz,xs,t) -{d, Z(x X, X, t)[zl(z&ﬂIX X0 Xy, X5t )] +

i=1 ]

=1
T.

{(BIZ, .Z,.Z, 1)(x, +

i
R3 |1\/(2'_12+T_22+T_32)

|

l

Y2 (X%, % )2 (XX, X t) + d g [—_[(Z
‘ .

}+ X, + T, X, Tt )drdr,dr 1}, (L= x +7; i=13).
L

The problem (6.6) is led to system of the integrated equations quite regular rather (0,1)e , inakind

Z, =W, (x,,X,,X,,t),V(x,,X,,x,,t)eT (i=1,3),

><I

t 2

1 r

Z=M, + p(- )
8Nz’ oo 4u(t=s) (JJu(t-s))

(Q[z W, W, W.])(s,,s,,5,,8)x

xds,ds,ds,ds = M, +

\/_J'[exp( (el + T IN(QIZ W, W, W, 1)(x, + 27 ,/y(t—s),x2+
2«/y(t—s),x3+2r3~/,u(t—s);s)drldrzdr‘q)ds5(5’/0[2 W WL, W T)OX X, 0 X)),

’ _(Xi_si)

f

|

|

|

|

|

|

|

| +2

|w Y [ [ Cexp(-———) -
i: 1x+ eXp_ 8

j RV 4ut=s)" 2u(t=5) (Ju(t-s))

|

|

|

|

|

|

|

|

|

|

|

N

(Q[z W, W, W.])x

1 T
x(s,,8,,8,,5)ds ds,ds . ds = M + exp(- (r +r +7, ))—x
N J-f Ju(t—=s)
(Q[z W, W, W_1)(x, + Zrlq/y(t— $),X, + Zrzq/y(t— $). X, + 27 4fu(t—s);s)dr dr,dr ds =
=(P[ZW, W, W T)(x,X,,x;,t), (s, —-X = Zriw/y(t -s);i= 1?),

1 t

M (X,,X,,X,,t)= - J‘Jexp(f(rf+rzz+132 N, (X, + 2z, \Ju(t—s),X, + 27, u(t —5),X, +
\lﬂ' 0 R3

+273«,/1(t—S);S)drld12d13ds.

Let's notice that if known functions . satisfy conditions of submultiplications [15] and takes place:

X

(6.7)

V(X X, X,,t)e T ;M ;1T 502, sup‘Dle(xl,xz,x3,t)|s,Bl,(k:O,S; t-s=r1),

Q,=u ! J‘J‘exp( (¢)+7, +oiNF(x, + 27 AH(E=8),%, + 27, \Ju(t—s) X, + 27, %

xJu(t-s);s)drdr,dr.ds, (i=13),

x\/y_z't—z')|)+ ‘Q(X-FZT\/ILI_TX +2r\/,u—rx +21\/,u_z't—r)|

B 1 T _ _
+d01[_J(Z\/(_2 = _23{Z(le|9“1(xl+2111/yr+rl,xz+2r2\/,ur+z'2,xg+

T+ T, +1, )" i et

(

|

|

|

|

|

|

J 3 3

‘supH (X, X, Xy, 7,,7,5t,7) = sup{dglz > }”i|‘0is (X, + 20, At X, + 20,7 X, + 27, x

TxT TxT =1 j-1 !

|

|

|

|

|

|



3 3
+213\,,ur +2'_3;t—r )|)+ z (z |.Q jI(Xl+ Zlel,ur +T_1'Xz + 212\,/12' +z'_2,X3 + 213\,/12' +

=1 j=1

vrit-))ad)drdr,dz, 1y < Byu,

BN

T 0 Rr?

t

:

: \/_SUpJ.J.exp(—('rf+rzz+132 NIT (X, X, ., X,,7,,7,,7,:t,7) '| drdr,drdr <
3
T T 3 \/yr

0 R

(
\
\
\
\
1 t
k, = Supj j exp(—(z'l2 + z': + 2'32 NI (X, X,,X,,7,,7,,7,:t,c)dr dr,dr,dr < B, uT , (68)
\
\
k.
\
\

2T, p,\[u (1=1.3); = max(p,T,; 327, 8,),
and if operators: ¥, (i = 0,3) compressing with a compression factor K,,

{Wi,(i:(ﬂ): .sh (h<1), (i=13).

Jlikié\/,u_(ﬁzTo\/;+3 2T0,82)£\/y_(\/y_+1)ﬂ:h<l, (6.9)

SN

|5, (0)={z W, Hz| W= O, xg ) e THT=1,3),
and
[l 10.0,0.01] <r(1-h):
ler iz wow, w. < |# iz w, w,w,1-%10,000] +|#[0.0.00] < (6.10)

lg kdr,+r(l-h)<hr +r(l-h)=r,; ¥,:5 (0)—> S (0), (i=0,3).

Then on the basis of contraction mapping principle system (6.7) is solvable and solution of this system
we can find on the basis of Picard’s method

(2, ,=%,0Z, W, W, W, 1]
iW'M vz, W, W, W, 1, (n=01,.; 2,=0; W, =0;i=13),
IEn+1_| net Z"\Nln+l_ inlle n:| n nl” +Z“W Wi
I|z ~z, | < kB o -w ] < KE, (= 1.3),
IEmshE <..<h'E,—“'—50,
k-1 _
J||z ncsZOkOEM; W -w s Zkl Lai=1.3),
i
|
lE,,<hY E,  <..<h 1h”*“ElsElh” h'<E,h Iy,
| Z Z 2 1-h "7
| 3
o=l +ZIIWII =l zl e S -wl
i=1
Iu h"'u, —="5o0
n+1* no o '
|[z — s Z=H W S WY (XX X t)eT (i=13). (6.11)



Hence on the basis of (6.2) and

v = 4,[8,(x,,%,,X, )+ Z (xl,xz,xa,t)]+Qi(xl,xz,x3,t),(n=O,1,2,...;i=B), (6.12)

in+l n+1

we will receive

n+1 h<1

[CHREN R U, —2t 5 0,(i=1,3). (6.13)

z,.,-z| <anu, <an

And it means that sequence {v, }; converging to a limit CN(T)> v, (i=1,3):

Oy ps s 00V (K% X 1) e T (1 =1.3), (6.14)

in+1

i.e. under conditions (1.2), (6.1), (6.2), (6.8) - (6.10) and (6.14) problem Navier-Stokes has the smooth

single solutionin ¢ (T ) inakind (6.2).

6.2. Fluid with Viscosity 1< x4, = u < «, when divf =0

In this paragraph we will consider a liquid with viscosity and with a Reynolds small number of
where all inertial participants contain in the equations Navier-Stokes. Thus we will consider, methods

of integrated transformations on the basis of integrals of Poisson’s type, when 1< u = u < .

The decision method, from where follows of equations integration of Navier-Stokes in a case

‘(ui|t:0=ui0(x1,x2,x3)zﬂigo(xl,xz,x3),(0</1i=const;i=1,3),

3 —_—
}Zﬂigw =0,(i=13),48,=0; 9, e R’; divf =0; f =(f,f,,f,),
‘izl
jsup‘Dk fi|s N, =const, V(X ,X,,X,;,t)eT; r:\/(xl—sl)2+(x2—sz)z+(x3—s3)2,

T

t 2
1 1 r 1 6.15
| Ki(X,,X,, X, 1) = —= - _H'exp(— ) = f.(s,.s,.s,,5)ds,ds,ds ds = ( )
| Jr 8zt o 4p(t=35)" J(u(t-s)
| :
1 1
}: _uFJIexp(_(Tf +122 +r32))fi(x1+ 2r,Ju(t—s),x, + 2r2«/,u(t—s),x3 +
T 0 RS

\ i _
[+2r3,/y(t—s);s)o|zlc;|fzo|f3c;|s,(si—xi = 2¢ Ju(t-s);i=1,3),

is a major factor of this point.
Therefore we enter for definition a component of speeds:

‘(u. = A0, (XX, X, )+ Z (X, X, X E)]+ KX, X, X, t), V(X , X, X, t)eT (i=1,3),

Z| =0,V(Xx,,X,,X;) € R,

t=0

‘diVV =0: (6.16)
tz 22,200 T 4%, =0 T K, =0,



at that

3

3 3
dive=0:% 42, =0; » 49, =0; » K, =0,
i=1 i=1

i=1

ﬁ (X% 3,t)+\/_\/_jjexp( (7, +7, +7; ))[Z\/t_iﬂs Fa, (X, +

v2e Ju(t—s)x, + 20, Ju(t—s).x, + 20, fu(t—s)is)ldr,dr,dr,ds,(i=1,3),
2

—(x, —s.)

1 : 1 r
i exp(- )f(s,.8,,8,,8)x%
, «/ﬂgw/ﬂnggzu(t—s)(\/mt—s)) 4u(t=s)

~
I

xds,ds,ds ds =

T .
exp(—(z) + 7, + 7. ))—'fi(xl+2r14/,u(t—s),x2+
J_J_ ” Jult=s)
«/y(t—s),x3+erﬂfy(t—s);s)drldrzdr3ds,(i=H;j=1?),

(
|
|
|
|
|
|
|
|
|
|
|
|
|
|,
.
! T
| 2 exp(-— (r +r + 7, ))—f“(x1+211«/y(t—s),x2+
| \/u_\/ﬁ_” Jut-s) "
:+2r u(t—s),x, + 2z, J,u(tfs);s)drldrzdgds,
| S - J5
|
|
|
|
|
|
|
|
|
|
|
|
|
I,
|©
|
|
|
|
| -
|
|
|
l

7<

1 [
yAK Tﬁjjexp(—(fl+fz+f ))[Z\/— |I(X +27 /U(t_s)'xz+
+27 J (t-s),x, +213«/y(t—s);s)]dr1dr2dr3ds, (Ij = xj+21j«/y(t—s); i,] :l?),

3 3 3
>, . 2/1j(80+Z)Kixl+Zli(30xl+ZXJ)K1+z KjKixJ’

1 j=1 j=1 j=1

s
i

j
3
2,08,

j=1 j=1

+

3
z )ﬂ“i(.goxJ +zx1 ):j“i('90+Z )2’11('90*1 +ZX )=0,

i

v, =42 +K,, (i=13),

pAv, = u[AAZ + AK ], (i=13),

j_ \/_J_Ijexp( (z' +2' +7, ))[JZ:l\/t_iﬂs

><fII (x, + 27 «/,u(t—s) X, +2$2w[,u(t—s),X3+Zz'ﬂllu(t—S);s)]drldrzdrgds—

—pudv, = 4,2 + f.(x t)+

1’ 2’ 3’

\/_\/_leexp(—(rf+rj+r:))[z3 i/j£f“‘(xl+Zrla/y(t—S),X2+2r2«/,u(t—s),
s iaNt—-s

l _—
X, + 27 w/y(t— s):;s)ldrdr,dr ds — ud,AZ = 1.Z, + Tfi - pulAzZ, (i=13).
H

Hence on the basis of (6.15)-(6.17) we will receive

3 3 3 l l
/1|21+Z A,(8,+2 )Kixl +z Kjﬂl(SOXJ +ZXI )+Z K]lej =(1- )f — —P +

1 )(I
i=1 j=1 i=1

<

P

+uAAZ (i=1,3).

(6.17)

(6.18)



Then for incompressible currents with a friction the equations of Navier-Stokes (1.1) become simpler as take

place (6.15), (6.17). Therefore a system (1.1) with account [(6.5) - (6.7), here instead of <, we will

consider K;] we will receive

Z._W WV (X t)eT(|_13)

1’ 2Y 3’

2

1 jjexp(— r ) 1
PNARS] du(t-s) (Ju(t-s)

z (Q[z W, W, W . T)(s,,s,,5,,8)x

xds ds,ds,ds = M| +

(

I

|

|

| exp( (c2+ el +22)(QLZ W, W, W, 1)(x, +2z,/u(t—s),
lx + 27 .,/y(t—s),x3+2r3w/y(t—s);s)drldrzdradsE(YJ_O[Z W WL, W)X X, . X,,t), (6 19)
| t 2 '
|

|

|

[

[

|

|

J_I( ( r ))_(Xi_si)
+ exp( -
NS ap(t-s)" 2u(t=s)(Ju(t-5s))

x(s,,S s )ds,ds,ds,ds = M

1772 3‘

W, (Q[z W, W, W,])x

1 ) ) T
+ exp(—(z, +7, +r )) ——=x
\Nz® ” Ju(t=s)
x(Q[Z W, W, W T)(x, +27 »\,/J('[—S) X, +Zfzw’ﬂ(t—s),XS‘FZTswlﬂ(t—S);S)X

xdrldrzdrsdsz(Wi[Z,W , W 1)(X X.,t),

1’ 2’ 3!

where
[

M (XX, 3,t)7\/_'|‘jexp( (v)+7s + 2. N@ (X, + 27, Ju(t—5),x, + 27, x
><«/y(t—s),xa+Zrawl;z(t—s);s)drldrzdrads,(si—xi = Zrm/y(t—s); i=1,_),

P=—{F,+B.[2, .2, .2 1}

(B*[in,ZXZ,ZXS])(xl,xz,xa,t)s Z(z 2K, Z, . +Z(Z K. Z,

3

P 3 3
divf =05 Fy(X,,X,,X;,t) = Z ;(Z KK HZMZ K i %0, )+z 90, (X 2K, ),
Pj=1 i=1 j=1 i=1 i=1

1 1
—P = —{F0(51r213’t)+(B[Z ' s’z ])(SI‘Z’S’t)}deS dS
P Y4 wa T
1 1 T,
—P, =— {F, (X, +7,,X, +7,,X, + t)+(B[Z h Zo DX, +
i A 2 23 3
P R3\/(T1+Tz+73)
+T X, + T, X, + o t)ydrdr,dr,, (s, - X, =7.;h =X +7,5i=13),
3 3 3 3 1
-1 -1
Z +d, Z[z /1j(190+Z)Kixj+z KjKixJ_]+zKJ.(.9OXJ+ZXJ):dO {Z[(l——)fi—
=1 j=1 j=1 j=1 i=1 \//1
ng(X1+Tle2+721X3+73;t)+(B*[Zh1 th,Zha])(x1+

|
|
|
|
|
|
|
|
|
|
- '
|
|
|
|
|
|
|
|
|
|
|
|-
|

J‘\/(‘r +T +r )



X, +7,t)ydrdr,de 1} + uaz,

3

(Q[Z,Zsl,zS z ])(sl, ,185.8)=—{d, [Z(s1,sz,s3,s)2(z A K (5,,8,,8;,,8 )]+

|

\

\

- .

} ZZ (Sl’ 2 3'S)K (8,8, 3'S)+d [ J(Z
J j=1 41 gd =1
7, +7s)H)drdr,dr ]} (h =s +7;
|

|

\

\

| _

3

3
. 1
Dy (X, X, Xy t) = = K & +d[Y (1~ —=)
i=1 \[,U

j=1

(F,(x, +7,,X, +7,

3
F;[|1\/(r +r +’[)

If takes place:

V(x t)eT M, Y K, :

1! 2’ 3’

sup‘D M (X, X, Xt )|s B, (k=03 t-s=1),

SUPY (X, ,X,,X5,T,,

r,it,r)=sup{d; Z(Z/l ‘

TxT TxT i=1 _

j=1

3 3
f - z 80(2 /1]Ki
i=1 j=1

St)ydrdr,dr,]; d,

—{(B.[Z; 2, .Z:1)(5, +

Z(ZK KIX -

i=1 =

3
Z A, >0.
i=1

s, (%, + 22'1«,/11 X, + 212«/;11' Xy +

+213\//1_T;t—r )|)+ Z ‘Kj(x1+ 211\//1_r,x2 + 212\/y_1,x3 + 213\//1_T;t—1 )|+
j=1

7, i=1 j=1

=1 j=1

vrit-7))a3)drdr,dz, ]} <

1
_ﬂzv
Ju

OR3

kI:\/_suijexp( (z)+ 7] + DY (X%, X,,7,,7,,
w

2
0 sup exp(- (z' +7, +z' NY (XX, X,,7,,7,,7,
-] |
1

‘(
\
\
\
\
\
\
\
\
\
\
\
J+2131,,ur + z'_3;t—r )|)+ Z (z |K J_I‘(X1 + Zz'lal,ur + z'_l,X2 + 212\,/”' +‘['_2,X3 + 213\”11' +
\
\
\
\
\
\
\
\
\
\
\
\
l

J'(i\/_2 |_2| 23(232|K (x +27\/y_r+r X, + 27 \/,u_r+r_2,X3+
3 L )

itir)drdr,dr.dr <

1
8,7,
m

drdr,dr dr <

i
3”7)\//1—7

(6.20)

< 2T B, == 13), . = max(B,T,i342T, 5,),
%
and
Jﬁ,(.:o_) ,sg(h<1)(|_13)
‘ikisL(ﬁzTo+3 2T, 8, L )< (14— )B. =h <1(l<pu=pu, <o),
T T



S (0)={zZW, :|z|: W< vix.x,.xt)eT}(i=13)

Hyf [OOOO]H <r(1-h):

<z w, o w, 1= 0,000 + 10,0001, < (6.21)

kdr,+r(l-h)<hr +r(l-h)=r,

5
\
\
\
[ ©$,.(0)> 8,(0), (i=03).

The solution of this system we can find on the basis of Picard’s method (6.11). Then considering

results (6.12)-(6.14), hence we will receive, that sequence {v,,}; converging to a limit

CM(T)>0,(i=13):

h<1

Vi —— 0, = H V(XX x,,t)eT (i=13). (6.22)

n—

So as consequence of paragraphs 6.1 and 6.2 we will receive following statements:
Theorem 7. The Navier-Stoke’s nonstationary problem (1.1)-(1.3) is solvable at 6:;13(T )y, when

are fulfilled the conditions:

1) (6.1), (6.2), (6.8) - (6.10), (6.14) and 0 < u < 1,divf =0, oOr

2) (6.15)-(6.17), (6.20), (6.21), (6.22) and 1< u = u, < = divf = 0.

7. Fluid with Viscosity, when ve R" (xe R";te[0,T,])

Here we will show that at certain mathematical transformations of the equation Navier-Stokes led

to a linear kind, when v e R". So, once again clearly confirmed [12], that is, that the Navier-Stokes

equations with viscosity have solutions in analytical form, which is based on the Picard's method.
Offered methods of integrated transformations in paragraph 4 have been based on integrals of

Poisson's type. These methods are entered so that to transform nonlinear problems of Navier-Stokes in

linear problems of heat conductivity [13]. Our purpose — to apply these methods for the equation

Navier-Stokes ina case v =(v,,...0,)

ov, " 0 1 —

——U'—+ZUJ—U—f——P +pdv, (i=1,n), (1.2),
ot -1 6Xj P

dive =0,V (x,t) e T, = R" x[0,T,], 1.2),
0, s = 010 (X4 X X )T (X, %, o, ) € R™ (T = 1,n), (1.3),

From the received results follows that system Navier-Stokes (1.1), in the conditions of (1.2),, (1.3), can



have the analytical smooth single solution in C 3(T.), (or the conditional-smooth single solution in

G.(D,=R"x(0,T,))).

7.1. Fluid with Very Small Viscosity 0 < x <1, when divf =0

Let o, initial components of a vector of speed v atthe moment of time t=0 itissetina

kind (1.3),:

0] o = Vio (X, Xy X ) = 90 (Xy 1%, e, )(i = 1,0), (7.1)

where o < 2, - the known constants. Then speed components v are defined by a rule

divi £0: divy =0 : (7.2)

{Z AV, =0; Yoo, =AVY AV, =0.
j=1

j=1

Hence, the system (1.1), will be transformed to a kind

AV, = f, - ipxl + uA AV (i=1,n), (7.3)
P
where v new unknown function which defines the decision on problem Navier-Stokes. Here substitution
(7.2) it is equivalent will transform system (1.1), in the linear nonuniform equation of a kind (7.3).
For this purpose, at first we will define pressure p . Really, considering APS from system (7.3)
we will receive:

[

G 1 1
[ —(7.3) 1 —4P = -4xF (Fy=-—Y f (XX, .. ),
| o1 00X, P ar o

\ [

JiP: J‘FO(Slvsz ..... Sn’t)my(r: Z(Xi_si)2 )’ (74)
| P o r i=1

\

\

1 tF (X, +7..,X, +7.,..., X +7 ;t)dr dr,..dr —

_Px.:-[ i o( 1 1172 2 n n ) 1 2 ",(Si—Xi:Ti;izl’”)'

P g \/(112+122+...+ 1: )3

Therefore

‘(Vt=cl>0(xl Xy reees X, U)+ puav,
JZG%X =0, V(X , X, X, 1) eT, (7.5)
| i=1

(GO = p P = () (= p P ) == (A (1, - p P ) = @,



i.e. is the system (7.3) is transformed in the linear equations of heat conductivity with a condition of
Cauchy in a kind (7.5), and in a class of functions with smooth enough initial data is correctly put
[13, 14]. Accordingly there is an the conditional smooth and single solution of a problem

Navier-Stokes in G (D, ).
Really from system (7.13), follows:

2 2

s, )ds.ds,

— Hexp(— )
4 ut l \/_ du(t--s)

— — [exp(~(s] +7,

o\ P11 21 -7, +7, +...
N(u(t=s)) V7" e
+27 «/ t,x, + 27 1, ..... X, + 27 «/ t)drdr,..dr + \/_J.Iexp(—(r12+r;...+1: NP, (X, + (76)

2r1«/y(t—s),x2+2r2»\/,u(t—s) ..... xn+2rn«/y(t—s);s)drldrz...drndsEHU(xl,x2 ..... X, ,t),

S, — X, = Zri\/yt;si— X, =27, 4Ju(t=5s),(i=1,n),

x + IV (X, +

s,,s)ds ds,...ds ds =

H, — is known function. The limiting case inG (D, ), when the solution (7.5) is representing in the

0

form (7.6), when

|V(x Xy yeees X t)eT. V@,

J< B (k=03), sup‘D D (X, X, X 1)

[y

7Z'

|
| su
| T
|
su ’
p exp(—(r, +z' + . +r )
I T. «, r;[ Nt—s j- 1
| S — K
I<ny 2T, = B, (1 = X, + 27, Ju(t-s);i=1,n); suquDO(xl,x2 ..... xn,s)‘dss;/lT():ﬁz,
| R"
| n
I'su
| =
|

or (Il lss)

t
= [ [exp(=(e] + el 4t 22D @ (11, ol )| dr,dr, d e ds < 7,T, =
0R"
t

dr,dr,..dr ds <
0

1
'[ eXp(—(Tl2 + 122 + ...

|><{Z(jz’ exp(~(z) +vf + ot vl ))dr,dr, e )2( [exp(~(z] + ol + .t tl))x

1

- 1 —_ —_—
xdz,dz,..dz )?}y<npg, —, (. = x. + 27, t;i=1,n),
1 2 n ﬁl i i i /,l
2

|
|
|
|Lﬂ= ax g,; ﬂo ,H(nJZyT +1+T\/_)

1<i<3

(7.7)

Really, estimating (7.6) in ¢ *(D, ), we have



c”(T)+||V||1SN*+ﬂ0‘

S N,,

J C (T. ) k<n
|w oo, =26, (7:8)

—supJ‘|V(x1,x2 ..... xn,t)|dtsﬂ(n4/2yT0+1+T0\/y_)=/3_0.

‘(”V ”01(00) =

Singleness is obvious, as a method by contradiction from (7.6) in G '(D, ). Results (7.6) with a

condition (7.2), (7.7) are received where smoothness of functions is required only on x, as the derivative

of 1st order is in time has t > 0. Hence, on a basis transformation (7.2) we will receive decisions of
system (1.1),, which satisfies a condition (1.2), i.e.

‘(UI H (XX, X ), (1= 1,n),
}Zn“u —z"iiHOX =0
‘I:l i=1
} AH, = ! Iexp(—(rlz+r:+ +T))z,1lv0h(x +21\/:tx +22'\/: .....
{i=t 7" R" (79)
\ ‘
}4—21 Jut)dede, . dr, + \/l_jjexp(—(rf+rz P ))Z 20y, (3, + 20\ Ju(t—s)x, +
T 0R" i=1

}+21 Ju(t=s),..., X, + 27, 1[ﬂ(t—s)'s)drdr .dz ds =0,
‘L(hl_x+27\/_tI_x+21«/,u(t—s)|_ln)

In the conclusion estimating (7.9) it is had
‘(v V0,0 )i v, = AV (i=1.n)
‘” || 5 (D, )_Z[”ﬂ |c “(T.) ||Z ||L1]Sd0[N*+’B_0]:d0M0’
J i (7.10)
}d0=2/1i; M, =N.+25,,
‘ i=1 B
[||\/ ||G CS‘D(T*)+ ||Vt||L1 < N+ ﬂﬁ'

Theorem 8. In the conditions of (1.2),, (7.1), (7.7) and (7.10) the problem (1.1),, (1.2),, (7.1) has a
single solutionin G (D, ), which is defined by a rule (7.9).

Remark 5. Alternatively, we can consider, e.g., a class of suitable solutions constructed in
w2, (D, )~ weight space of Sobolev's type. SO as v, e c*(R"), that decision (7.6) of problem
Navier-Stokes (1.1), - (1.3), belongs in anvﬂ( Dy ):



Woa(0o): [vllz ZIILW

(vj .4

[
\
\
J~2 . 2. 2 Lo
W(u,ﬂ):{(xl'xz ..... Xn,t)e D,:D UiEL, UiteLﬂ}, (i=1,n),

} T0 To ) l
\||ui|LN~2 ={ Y supj[Dkui(xl,x2 ..... xn,t)]zolt+supjz(t)|uit(x1,x2 ..... x| dt32,
( Wirt) oclkls R" g R"

if takes place

[

[V (X, X, 0, t)eT

1
, 1
(supJ'/i(s)|Q7i(x1,x2 ..... xn,s)‘ ds)? < y,4/4, = B,.

R' o

B =max(B.B8,); By = A.(nyfua, + 1+ Jua,).

For this purpose it is enough to show function accessories v in vxif( Dy ) -

(b, = 2V (i=1): W2 ={(x Xy, x,t)e Dy : DAV e L2 v, e L2},
A 1'72 n 0 t A
To 1
2
|||\/|va -{ Y supJ'[D V(X Xy, xn,t)]zdt+supIﬂ(t)|\/t(xl,xz ..... Xy 1) dty2.
o<lkl<3 R" o R" o

(7.11)

Let the decision of system (7.5) to represent in the form of (7.6) with conditions (7.7), (7.13). Then

estimating (7.6) in w 2(p, ), we have [8]:

Vloe < NeafTo + Bo = Mt (g + 1+ Juay) = By,

2(Dg )
To 1

Velle = Csup [ 2COM (x50 Xn,t)|2dt)§£ﬁ*(n,/,uq0+1+ 1dy) = Bo(i=11).

Ll
[ R" o
Then on a basis (7.2), (7.12) it is had

n

(

[do =3 4 (Do =R x(0,Tg), v =(4V 2,V )):

J i-1

\ " n .

t”‘/”\/\/nZ,A(Do):Z”Ui“/Q(Z l)(oo>zzii||v|L-f(Do)Sdo(N*\/TT+ﬂo):do'V'*v
i=1 i i=1

(7.12)

I.e. in the conditions of (1.2),, (1.3),, (7.1), (7.7) and (7.11) the problem (1.1), - (1.3), has a the limited

solutionin w2, (Dg).



7.2. Fluid with Viscosity 0 < z <1, when divf 20; 49, =0

I. The overall objective of this point: to change a method (7.2) so that the received analytical
decision of a problem Navier-Stokes with viscosity, belonged in é:‘l(T* ).

If takes place

l[ui|HJ O, (X e, X, )= A48, X, X, ),i=1
{ o . ) - (7.13)
| 4,9, =05 48,=0; 8, eC’(R"), divf #0; sup|D" f]<N,, (i=1nk=04)
[jzl T.
that we will use transformation of a kind
‘(uizzi[go(xl,xz ..... X, )+ Z (XX, e X, LY (XX, 00X, t) € T (i = 1,n),
\Z|1:0=0,V(x1,x2 ..... x,)eR",
Jdiwzo: S Az, =0; Y A8, =0, (7.14)
‘ j=1 J j=1 J
‘ n n n n n
5 Oy =4SN A+ A8 AT, A KLY A8, +AZY AL, =0,
tj:l j=1 j=1 i=1 =1
where 0 < 2, —the known constants. Hence, the system (1.1), will be transformed to a kind
1 _—
AZ, = f -—P +ulAZ (i=1,n). (7.15)

P

From system (7.15), considering conditions (7.13), (7.14), and having entered APS we have the equation

(" 8 1 10

‘z a7(7.15): —AP = -47F (F, = —4—2 fo, (XX, X0 1),

‘i:l ; P T oo

| 1 ds.ds,...ds

—P:'[Fo(sls2 ..... s ot L2 o

Jp R r 7.16
(7.16)

}ip _ -“TiFO(Xl+Tl’X2+TZ ..... Xn+rn;t)drld'r2...drn

P \/(rlz+rzz+...+ 2y

\

r=\/(xl—sl)z+(x2—sz)2+...+(xn—sn) s, X =1, (i:l?).
Hence the system (7.15) will be transformed to a kind

(Zt:cDOerAZ,V(xl,xz ..... X ,t)eT,,

J z| =o, (7.15)*

‘ -1 —1 -1 -1 -1 -1
((A) (fi=p P )=(4,) (f,=p P )==(2,) (f,=p P, )=@ (X, %0 ).

t=o0

Then the decision of problem (7.15)* is presented in a kind



s,,s)ds.ds,...ds ds =

—JLIIeXD( (r) 0]+ 42 NO (X, + 27, Ju(t—5),x, +22'\/(t7_5 YYYY X +27 % (7.17)

Here H — known function.
The found decision (7.17) satisfies system (7.15)*. Really, having calculated partial derivative of
system (7.17):

Zt:(D0+\/71[_J‘jexp( (7] +7)+ .7 ))Z\/_J_ Ol(x1+211«/y(t—s),x2+
+212«,y(t—s) ..... Xn+ZTn«,y(t—S);S)d’rldfz...drnds

. X +
X (7.18)

and substituting (7.18) in (7.15)*, we have

Z| =0, V(X ,X,,..., x,)eR";  (01)e u; V(X X,,....x,,t)eT,:

t=0
0=2,-®,-udZ =@, +\/_Ifexp( (¢] +7, +.+r))z\/_J_ o (X, +
+2r1«/,u(t—s),xz+212«/,u(t—s) ..... Xn+2Tn«[,u(t—S);S)dz’ldrz...drnds—Qio—

t

_#{—J‘J‘exp( (z)+7, +.. +r:))z @mz(x1+Zrlwfy(t—s),xz+212«/y(t—s) ..... X, +

A R"

[EEN

(
|
|
|
|
|
|
|
|
|

t

+21"1/y(t—s);s)drldrz...dr"ds} —J exp( (z' +z' +otT, ))Z\/_ 0|(x1+
\jﬂ' V

+211«/,u(t—s),xz+212 u(t=s),..., Xn+2Tn«[,u(t—S);S)dz’ldrz...dfnds—

J_[jexp( (¢)+7, + .t N, Z(x + 2z, u(t—s) %, + 27,4Ju(t-s),..,

o

l\)ll—‘
<
NS

i
—
=

X, + 27 Afu(t—s);s)d(x, + Zrlwfy(t— s))dr,..dzr + Jexp(—(rl +r2 + .t Tn ))dimz(xl+

|

|

|

| -

|

|

|

| R

:+21 u(t-s),x, + 27 «/y(t—s) ..... X, + 27 ,/,u(t—s)'s)drd(x +27,4fu(t-5s))..dr_+
|




dede, A (x, + 20, Ja(L5)09) 1” (~(s; ))zJ_

xar, a7, ... X, + 27 Afpu(l—5 Sy = exp T +T + .+ T 0| X,
| Vo Vs

J «/y(t—s)x + 27 «/y(t—s ..... X, + 2t aly(t—s)s)drdr .dz ds -
\
\
\

\/; J ,_.[exp( (rz+r +otT ))ZICDOI(X + 27, Ju(t—s),x, +
\/_
+2r21/y(t—s) ..... X, + 27 1/,u(t—s)s)dz' dr,..dr ds =0.

That it was required to prove.

From the received results follows that functions ». are defined on the basis of (7.14), i.e.

O, = L3 (X %, X )+ H(X, X, X DLV (XX, 00X t) e T, (= 1,n). (7.19)

Further, considering partial derivatives of 1st order systems (7.19) and summing up with acceptance
in attention (1.2),, (7.14) we have, that the system (7.19) satisfies to a condition (1.2).

Il.Soas v, =2,9,, (9, € C°(R")), that the decision of problem (1.1),-(1.3), belongs in 6:'1(1 )

n
cit(y Z 2 HDU
i=

0slkls3

Ouflen
c(T.) ” it C(T*)}

v, =409, +21; 9,€C’(R"); 49,=0,(i=1,n),

|
|
JV:(UI,UZ llll Un); Cn,l(T*)EC:,3,...,3,1(T*)¢C:,3,...,3,1(T*)’
|
|
|z
l

-z o'z, . +lz.l...,
0<|k|<3
Really, if
\(“ioec3(R”)@o
}Sup DkU.o <7, SUp‘Dkdjo(Xl'XZ """ X, )|Sﬂ1’ (i:r; K :(T),
R" T.
| 1 ' 2 2 2 k
}SUp Ifexp(—(r1+rz+...+fn)‘D oyl io)drde, drde < AT, = 5,
T. 7Z'n 0R"
| — (7.20)
\Su L jf exp(~(r2+ 12+ H)_ ‘ “’(|| | ;e)|drdr,..dr dr <
‘ « IRAPREEEY) n? 1 277" T -
‘ T. \’7[ 0R" =7 4
SRRV SEUEE R IATEE T EEED
= max(pir ). 8, = A1)

that on a basis (7.17) we will receive

|2

<N, + B,.

(1)

In the conclusion estimating (7.19) it is had



v=_(0,,0,,..., v, ) v, =49, +Z].(i=1n):

172

[
\
|
{|v iy = 2 |z ey F 2,9, ||Cam+ ||Aizt||cm] <d,IN,+N,+B1=d]N, + 5,1
i=1
\ ;
‘L”Z i, = I oy ||z‘||c(m SN+ By (dy=3 45 Ny=N, +N,).
i=1

Lemma 3. In the conditions of (1.2),, (7.13), (7.14) and (7.20) the equation (7.17) has a single
solutionin C**(T.).
Theorem 8*. At performance of conditions of the lemma 3 the problem (1.1),, (1.2),, (7.13) has a
smooth single solution in C~:'1(T* ) of the defined by a rule (7.19).
The essential factor of researches of this paragraph are results of the theorem 8*. In this case the

decision of system (1.1), is considered as the strict solution of a problem (1.1),-(1.3), in 6:'1(1 ).

It is obvious that small changes o, (i = 17) or f,.(i= 17) influence the decision (7.17) a little,

i.e. continuous depends on this data. Therefore, a question on a statement correctness problems
(1.1),-(1.3), are considered at once with results of the theorem 8*.

7.3. Fluid with Average and with a Great Number of Viscosity, when f =0,(i=1,3)

In this paragraph we generalise results of 5.3, so as this cases has applied value in the theory of a
liquid of average and small currents [12], when:

(x,t)eT, =R"x[0,T,]; f,=0,(i=1,n),0<n, <pu=p, <o, (n,,u, =const)). (7.21)

Under a condition (7.21) the problem (1.1), — (1.3),is led to a kind

oo " v 1 —

——U'—+ UJL:yAUi——PXv,(izl,n), (7.22)
ot i1 OX p

divy = 0,¥(x,t) e T, , (7.23)

Iui|t0:}ti90(xl ..... X, ), ¥(X,,..x,)e R", (7.24)

v = 249,, (9,€R";i=1n),
where o0 < 4, - the known constants. Hence, here we will consider a methods of the equations

integration of Navier-Stokes (7.22) with a conditions (7.23), (7.24).
With that end in view we will assume that there are functions o < f, (i = 1,n), which satisfy

conditions



[CB‘O(T*)afiE sup‘D sl<as)<a(s)<1, (0<s5<1;i=1n),
Idlvf =0, rotf_ =0
141 fs =05 (f,=CF, fu fs)) (725)
| : —
| g (X3 %, e xn,t)sJ‘fm(xl,x2 ..... x,,s')ds’, (41, =0;1,,=f ;i=1,n).
( 0
Hence is offered the method:
lfu,_z[g + Z (X X T+ 1 (XX, t), (1= 1,n),
Z| o =0.Y(% X, )eR",
) ) (7.26)
|divy =0: /1i.90X|:0; Ziizx‘:o; ZIWI:O,
| i=1 i=1 i=1
|9, R, 48, =0, (i=1,n).
Thus takes place conditions
[0
12 1w =0
‘I:l aXi
‘ n n n n
\ UjUixJEzlj(LgOJrZ)liﬁlerzljﬁﬁﬂ('g +ZXJ)+ZI“IWJ,
{\j:l j=1 j=1 i=1 (727)
} (8, +Z)A (8, +Z,)=2(,+Z)Y A(8, +Z,)=0,
j=1 i=1
‘ R
(Vi = A2+ Ly udv, = ulAa,(A48, + AZ )+ Al 1= pudAZ (i=1,n).

Then for incompressible currents with a friction the equations of Navier-Stokes (7.22) become simpler as
take place (7.23), (7.24). Therefore the problem (7.22)-(7.24), is led to a kind

n

n n l J—
AZ+ Y A (8 +Z )y + D1 (8, +Z, )+ X Ny, =—f - —P +u2,4Z (i=1n). (7.28)

jo i

i=1 i=1 i1 p

From system (7.28), considering conditions (7.22)-(7.24) and having entered [8]: APS, we will
receive the equation:

( L0

|divf, =05 Y —(7.28):

‘ i=1 Xi

|1

A—P = _{Foa‘ + Bo‘[le ZX2 ----- an]}’
o)

(Bzi[le’zxz """ an])(xl """ Xn‘t)EZ:(Z:ﬂ’jli(?xJ )le +z(z Ija‘xlle )/li’
=1 j=1 i=1  j=1

|

|

‘ n n n n n 6 n

Fus Oty D= A 10, ) F 20 (411000 2 G 1)
i-1 =1 i-1 i=1 i-1 OX; j-1



(1 1 1

‘—p = 4—J‘ :{Fw(sl,s2 ..... sn,t)+(Bd‘[Zsl,Zsz ..... an])(sl,s2 ..... s, t)}ds ds,...ds_

‘P T oo

|1 1 r

(=P, = — 2 i —{F, (X, + 70X + 7,0 X 4 750+ (B2, 02, 0 Z, (X + (7.29)
| P 4z Rn\/(r1+r + .t T

\ J—

| +7,.%X, + 7,400, X, +7 i t)}ydedr,..dz , (s,- X, =7,;h =x+7,; i=1,n),

\

[Zi{z/i(g +Z)|”X +Z|Ja}“|(‘9 +Z, )} Z“Z'm ox, )+Z‘90x(zﬁ'llmx +
_, OX

||71 i j=1 j=1 i=1

| n n

T A, 2, T (T

j=1 j=1 j=1

n

i1 OX, i1 OX, P P

|
|
|
I
Ilyzi(,liﬂ)_o; Zi(—ip ) = 1AP.

|fzt: 0y F(QIZ 2, Z, nZ, 1%, X, t) + uAZ (i=110),
1Z] = 0.¥(x,x,)eR
| t=0
:(Dw(xl ..... X, )= =Y 1,8, +d 1Y (- 1,) 29(211 )= )
| j=1 i=1 i=1 j=1 i=1  j=1
| 1 " T.
|——j{z ' (Fo,(X 47X, +7,,...X, +7 ;t))}drdr,..dz 1,
J 4z -:1\/(r12+z'2+ +r:)
o (7.30)
I(Q[Z Z 2, .., Z, DX ax t)=={d Z(x,,..., X t)[Z(Z Jw ..... Xt +
| ) o
|+z Z (XX (XX )+ d )] J'(z - _: = 1(5 [Z, a2 DOx, +
I =1 4 -:1\/(z'1+r2+ + r‘)
| +7.%, + 7, 00X + 7 0 )d7.dz,..d7 1},
| _ _
|lh1=xi+r_i,(i:1n) 21>o

The problem (7.30) is led to system of the integrated equations in a kind

‘(Z‘_W(x ..... X ),V (XX t)eT (i=1,n),
4 1 r’ 1
|Z = + exp(- ) -
L z“\/ﬁnu 4u(t=s) (Ju(t-s))

(Qlz W, W, ,..., W 1)(s,.s,...., S ,8)x

n



xds ds,..ds ds = M +TINQIZ W, W, W )X, + 27, x

1 t

+ Jjexp(—(rlz T4
Vﬂ'n 0R"

X'\’ﬂ(t -S),X, + 2r2«,y(t = S) X, + Zrnw/y(t -s);s)dr,dr,..dr ds =

= (F[Z W, W, W 1) (XX, ),

2

M+ e [ ] (exp( - — ) )
i = 5%, T -
! BTN dpu(t—s) 2u(t-s)(Ju(t-s))

(
|
|
|
!
|
|
|
|
|
t
x($,,8,,....,s,,8)ds ds,..ds ds =M  + ! [ [exp(—(e] 425+ .v 7)) ——
| Nz" o Ju(t=s)
|
|
!
|
|
|
|
|
|
L

(Q[Z W, W, ,..W 1)x

X

X(Q[Z’WI’WZ""’Wn])(X1+zrl\lﬂ(t_s)vxz+2‘[2‘\,/1(t_s),---,xn+27n4/ﬂ(t—s);s)x
dr,.dr _(r,[z,wl,wz,...,wn])(x1,...,xn,t),(s,—xizzri./y(t—s);izﬁ),

M, (%, E\/_Hexp( (clvcit ot 2@, (%, + 20, Ju(t—s).x, + 27, x
x«/y(t—s),...,xn+ZTn«[,u(t—S);S)drldrz...drnds.

To solve a problem (7.30) concerning this problem we will receive system (7.31) of four integral equations.

X
a
=
o
=
a
=
o
(%2}
Il

(7.31)

Let concerning known functions ™, .77 .1, takes place:

s'is

‘(V(xl,...,x A)eT M 00 sup‘DkMM( X 0 X, 0 Xgh )| pa(s), (k=0,3; t-s=1),
T.
|
}sup T (XX, 7,007t ) = sup{d, Z(Zl ‘ iss, (x, +27 4//11 X, +212«//41,...,X
T. xT. T. xT. i=1 -
\
}+22’ Aut; t—z’)|)+2‘lm(x + 27, [T X, + 2T AT X+ 2T \JuT; t—r)|
\
|1 " 7, _
‘+d01[—.f(z — _1 12(2/1 IM(X +27,\Jut + T X, + 2T, uT +
‘ 4z i:1\/(z'1+z'2+...+z-n) i=1 =
‘ n n
{‘+r_2,...,xn+21n«/,ur +Tt-1 )|)+Z(Z‘IJ5II(X1+2111//JT +z'_1,X2+2121/,ur T, X,
=1 j=1
\ _ - -
(420, Jur + Tt 1 A1) dT, . A7, 13 < Ba(5),
\ ¢
1 2
'k, = supjjexp( (24224 b 22T (XX, 7yt it ) d e d 7 < BLa(6)T,,
AR |
\
N : A
|k, = \/_supJ'J'exp( (2] 40, 4t TN (X e X0y ey 5 8,T) dr,.dr dr <
| 2" T o ur
| 1 —
| < 2T0ﬂ2a(5)T,(i:1,n), (7.32)
\ u
\
Lﬂ:max(ﬂzTo; ny2T,6,)

and if operators: 7, .,(i= 0.n) compressing with a compression factor «,,



ro(i=on): k < (h<1), (i=1n),

n+1

|

} " 1 1

‘Zk <a(8)( BT, ——=+n\2T, B, )< a(6)(——=+1)f =h <1,

i Ju Jn, (7.33)
|

|

|

|

L

+1)B17, (0<6<1; 0<n, <u=pu, <o),

1
a(5)< 5[
I

X, t)eT.}(i=1,n),
and:

|[||r [0,0.,0,...0][ <r(1-h):
Iz o < .3 00 000 o [0 001, 30
|<k(n+1)r+r(l-h)<hr+r(l-h)=r,

| JR—

[7:8,(0)> S (0), (i=0n)

Hence on the basis of contraction mapping principle system (7.31) is solvable and for which makes
Picard’s method

1 Xn’t)ET*: Zm+1 :FO[Zm‘Wl‘m ’Wz.m """ Wn.m]’
_ (7.35)
= I“i[Zm,W1an ’Wz,m ..... anm],(m =0,1,..;Z_=0; W._ =0;i=1,n).

[W 0 ’ i0

im+1

Received the sequence of functions {z 3, {w, 3, isconverging and fundamentalin s (0), i.e.

[
‘Em+1:| mer~ 2 Z|I\N|m+1_ im ;Em:| m = m1||+2“\/\/ Wi
| _
“Zm+1 Zm CgkoEm; “Wim+1_Wi,m cSkiEm,(i=1,n),
lE,,<hE <.<h"E,—" o0,
} ) k-1 . ) k-1 -__
|Zm+k Zm c < kOEm+j’ “Wi,m+k Wi‘m ¢ < z kiEm+j’(| - l’n)’
J 1 (7.36)
} E, <hY E  , <..<hyh" " E <EN"Y h'<E ;h_ﬁl—m,
- - 1-—
| e
‘ n n
RIEd D [ SEY AN o A |
‘ i=1 i=1
}Xm” <h"x —to0,
|Zp =i Z=HG W — 5 WV (XX t) e T (i = 1.n).
Therefore on the basis of (7.26) and
D,y = AL8 (KX, )+ Zy (XX T+ 1, (XX E),(M = 0,1,2,50 = 1,0), (7.37)
we will receive
[Ea——y vzl s ahx, < ah"x —2 0 (i= 1),




And it means that sequence {v, 3}, convergingtoalimit o, (i= 1,_n):

0

Dy — s b e CHN(T ) (i = Ln). (7.38)

Theorem 9. If conditions (7.23), (7.24), (7.25), (7.33), (7.34) and (7.38) are executed, that
problem Navier-Stokes is correctly put in 6:’1(1 ).

00 Proof. It is received «n + 1 » - square system of the integral equations. It is thus proved that for
this system all conditions of contraction mapping principle are realised. Then the system (7.31) is
unequivocally compatible, i.e. on a basis (7.36) there is the smooth and single function

x ,t)e c®*(T.). Hence considering (7.26), under conditions (7.23), (7.24), (7.25), (7.33),
(7.34) and (7.38) we will receive v e C**(T.),(i=1,n).

It is obvious that small changes v, =1,9,.(i —1n) or fo( -~ 1.n) influence the decision
(7.26) a little, i.e. continuous depends on this data. Therefore, a question on a statement correctness

problems (7.22)-(7.24) are considered at once with results of the theorem 9 in 65’1(1 ). m

VII1. Conclusion

Analytical solution of Navier-Stokes equation for incompressible fluid is the 6™ millennium problem.
The difficulty of Navier-Stokes equation solution is caused by nonlinear nature and increased by the
necessity to find speed and pressure, depending on any values of viscosity as a parameter, factor in
spatial 3D problem.

The essence of the given work consists that the developed methods of an initial problem lead to
Navier-Stokes equations linearization into integral form without attraction of any conditions for solving the
task (1.1)-(1.3). That’s why the received analytical solution is regular to viscosity factor, and mathematic
meanings of variables respond to physical significance according to requirements of Clay Mathematics
Institute. So, The developed out in this article methods of solution Navier Stokes equations bring the task to
equivalent linear equations with heat conductivity type under Cauchy condition in class of functions with
smooth enough initial conditions under t=o0 . Exactly in such a class there is only smooth or

conditionally-smooth solution of Navier-Stokes task in c F(T)HOr G _(D,).(or WS (D,)).

We should remind that Clay Institute suggested solving one from three variants of Navier Stokes
equation. But in this work summarising the result received in article [8] for any viscosity meanings in
unlimited area in both spaces, as exactly this variant according to Clay Institute is more preferable in
comparison with other variants received in [8].

The important appendix to solution appeared the research of fluid with very small viscosity
(Reynolds number is great: Re > 2300). It turned out that in this case analytical methods give the
solution of Navier-Stokes problem and that allows to pass to turbulence understanding which was
studied by Reinolds in 1876.

In addition in work are investigated and fluid with medium viscosity [12], in which all inertia
members are preserved. That is the significance of the results as the solution of Navier-Stokes
equations for incompressible fluid with medium viscosity served as litmus paper of correctness a
method and proved value of method.



The solution of 6 millennium problem allowed to consider it that results of this work in ¢ ** (T )as

principle of continuation of strong solutions connected with Beale-Kato-Majda [2, 5] criterion
requirements but already for 3D Navier-Stokes equation for viscous incompressible fluid [1]. When
analytical solution of Navier-Stokes equation is found so Beale-Kato-Majda’s criterion for Euler’s

equation is automatically proved because viscosity meaning x =0 in them responds to Euler’s

equation for ideal liquid.
From the received results follows the Navier-Stokes equations (1.1) in the conditions of (1.2), (1.3) have

the smooth and single solution in C (T ) (or c 31(T,)), that reflect the requirements of 6th millennium

problem [1].

REFERENCES

[1] Navier-Stokes Existence and Smoothness Problem. The Millennium Problems, stated in 2000 by
Clay Mathematics Institute.

[2] Beale, J.T., Kato, T., Majda, A. (1984), Remarks on the breakdown of smooth solutions for the 3-D
Euler equations, Comm. Math. Phys. 94 (1), pp. 61-66.

[3] Birkhoff, G. (1983), Numerical fluid dynamics. SIAM Rev., Vol. 25, No 1, pp. 1-34.

[4] Cantwell, B.J. (1981), Organized motion in turbulent flow. Ann. Rev. Fluid Mech. Vol. 13, pp. 457-515.

[5] Grujic, Z., Guberovic, R. (2010), A regularity criterion for the 3D NSE in a local version of the space
of functions of bounded mean oscillations, Ann. Inst. Henri Poincare, Anal. Non Lineaire 27, pp.
773-778.

[6] Ladyzhenskya, O.A. (1970), Mathematical questions of dynamics of a viscous incompressible
liquid (in Russian). Nauka, Moscow, 288 p.

[7] Omurov, T.D. (2013), Nonstationary Navier-Stokes Problem for Incompressible Fluid with
Viscosity. American J. Math.&Statistics, Vol. 3, No 6, pp. 349-356.
(http://article.sapub.org/10.5923.j.ajms.20130306.08.html)

[8] Omurov, T.D. (2014), The Methods of a Problem Decision Navier-Stokes for the Incompressible Fluid
with Viscosity. American J. of Fluid Dynamics, Vol. 4, No 1, pp. 16-48
(http://article.sapub.org/10.5923.j.ajfd.20140401.03.html )

[9] Omurov, T.D. (2013), Navier-Stokes problem for Incompressible fluid with viscosity. Varia
Informatica, 2013, Ed. M.Milosz, PIPS Polish Lublin, pp. 137-158.

[10] Omurov, T.D. (2010), Nonstationary Navier-Stokes Problem for Incompressible Fluid.
J.Balasagyn KNU, Bishkek, 21p. [Content of the work is registered in Kyrgyzpatent, and the copyright
certificate is received]

[11] Prantdl, L. (1961), Gesammelte Abhandlungen zur angewandten Mechanik, Hudro- und Aerodynamic.
Springer, Berlin.

[12] Schlichting’s, H. (1974), Boundary-Layer Theory. Nauka, Moscow, 712 p.

[13] Sobolev, L.S. (1966), Equations of Mathematical Physics. Nauka, Moscow, 443 p.

[14] Friedman, A. (1958), Boundary estimates for second order parabolic equations and their application. J. of
Math.and Mech., Vol. 7, No 5, pp.771-791.

[15] Hormander, L. (1985), The Analysis of Linear Partial Differential Operators Il1l: Pseudo -
Differential Operators. Springer-Verlag, Berlin Heidelberg, NY, Tokyo, 696 p.



http://article.sapub.org/10.5923.j.ajms.20130306.08.html
http://article.sapub.org/10.5923.j.ajfd.20140401.03.html

