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NATURAL FILTRATION EQUATIONS.
FIASCO “OF DARCY'S LAW”

Abstract. The theory of natural filtration equations is given. The naturalness of the new filtration equations is
that they are the exact consequences of the fundamental laws of physics, directly take into account the density and
porosity of the soil, the viscosity and density of the filtration fluid, drainage, the influence of gravity, etc.the falsity
of the traditional continuity equation in the filtration theory is Established. New filtration equations are derived from
the equation of continuum dynamics in stresses, including the density and viscosity of the liquid and the porosity of
the soil.Inadequacy of the modeling filter equations with the friction law of Newton. The efficiency of simulation of
filtration by Jakupova equations based on the power laws of friction with odd exponents is numerically confirmed,
with the use of which the calculations of filtration in the well, drainage under the influence of gravity, displacement
of oil by water from the underground area through two symmetrically located pits are carried out.

Keywords: filtration, pressure, velocity, acceleration, equations.

Falsifications and contradictions of Darcy's law equationsy
kv =—gradp + pF, divw =0

with the fundamental laws of physics detailed in [1] and [13]. There is also considered the non-
representativeness of the application of "Darcy's law" in the theory of spatial filtration. It shows the
contradictions of equations "Darcy's law" law of friction and the second law of Newton. It is found that
the spatial equations of "Darcy's law" correspond to potential flows, which contradicts the theory of
viscous fluid. The equations of the "Darcy's law" do not comply with the law of conservation of energy.
Based on the fact that the equations of the "Darcy's law" are composed of derivatives of the 1st order,
contradictory problems of setting boundary conditions are revealed.

The equations of the Forchheimer model also contradict the laws of physics:
ov 1% —% _
oy > =—¢[grad(p+p,;82)+ p; e v+pc K M v], divw=0

(D -coefficient of porosity of the medium, K — coefficient of permeability, O f -is the fluid density, Cr -

is the dimensionless coefficient of friction of Forchheimer. The viscosity of the liquid is also included v .

The Forchheimer dynamics equation contains only local acceleration, but there is no transfer of
medium particles (v-V)v, which is a gross error.

NumeroffC.H. as early as 1968r.paid attention to necessity of account acceleration (forces of inertia)
in basic equalizations of theory of filtration and offered in [10] to use the next system of equalizations:

— 54 ——
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1 8V+ 1 =(v-V)v+gradh+ f(v)v=0, divw=0

go ot (go)

The same Numeroff first specified on impermissibility of breaches of the second Newton's law, that
says of : "mass on an acceleration equal to force". If an acceleration is equal to the zero, then on the first

Newton's law a body accomplishes rectilineal motion with permanent speed or I€POSES. In the model of
Hymeposa, as well as in the model ofForchheimerthe first derivatives cnter from the sought after

functions, consequently, there is a problem of raising of regional terms.

1. Falseness of traditional equalization of indissolubility with the coefficient of porosity in the
theory of filtration

In [3-5] and other in equalization of indissolubility is plug porosity

Os
PP | divpy =0
ot
e omp . . . . o
(In Wikipedia given in a forma— +div PV = 0). We will prove falsity of this equalization of
t

indissolubility.

We will proceed from the fact that the elementary volume of the continuous medium is represented by the
sum of the individual volumes of soil 67, and to the leakliquid 67 . 67 = Ot + 7 - Mass Ot is
equal to the sum of the masses of soil and liquid

om=om,+om;,om, = p,o0tr,,0m, =p0r,..

Complete porosity is entered by attitude of volume é‘T ! of pores toward a volume 52' .
m, =ot, /ot =0ot,/(67,+7,)

Effective porosity [3-5] there is a relation § = 57 p / 5Tg‘
1°. Sources, flowsare contained in the volume of liquid ot Iz

Law of maintenance of mass taking into account by volume intensity J of flows and sources of

dom

liquid =0 me we will present through the masses of soil and liquid (on a picture the elements of

soil are drawn by a black):

d(Sm +Sm.
(Om, +om;) _ s s (1)
dt s

. .. . . . . permanent
Soil, a liquid flows through the pores of that, is immobile and mass of him is

do
om, = p,0t, = const. Therefore d’fg =0.
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Consequently, from equalization (1) for a liquid it will be

dom, dp,ot dor, dp,

f . :
=om,J,——=p ot J, p,——+07 =p.0t,J
dt f dt 7Nr S dt S dt SN
For locomotive V a formula takes place at a speed of liquid
dor, dp
S - §deivv_ Turns out p/,é'z'fdivv + 5Tf L = ,0/,52'/“].
dt I Tar T

From where equalization of indissolubility flows out with the intensity of sources and flows, being in
a liquid
dp
P divy + d—f =p;J
4

This equalization of indissolubility does not contain the coefficient of porosity,
consequently, does not coincide withequalizations of type

osp .
——+divpv=0
Py ivp

2°. Sources and flows are contained in soil.
We have in this case

d(om, +6 do
dom _ s g, L0 1 OM) _ o g DM .
dt ¢ dt ¢ dt
dom, ' dp,
% =5ng,5rf(pfdzvv+7) = por,J

Attributing both parts to the volume 5Tg7, and using the effective coefficient of porosity, we get

common equalization of indissolubility

— 56 ——
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dp, p.J
—L+ p divv="%
dt S
J J
For an incompressible liquid p fdiVV = pL , divv = Pe
s SpPs
. . o Pet
Further passing to denotation O f = P, therefore divv = .
sp

2.Natural equation of filtration in the soil

We will appeal to equalization of dynamics of individual volume of continuous environment in
tensions [13]:
op, 0

y + pz ) 52’
oy Oz

4 vty = Fpsr+ (P +
dt Oox

In a volumeOT =5Z’g +0r [ soil is immobile, mass force only on motion ofliquid

Fp52' = F,O5T 1 sturns out therefore

d op, Op, Op
—[vp(or, +07,)]=Fpor, +(—+—=+—2)J
G LvPO, 0T =Bl 4 (ke )00

Soil is immobile —[Vp§rg] = (). Equalization assumes an air

dt
d po 8
poT, d—v+v Py =Fpor, +( B +apz)5r,
dt dt ox ay 0z
dv dp dor P, , Py 0P,
oT , —+ V(07 —+ —)=Fpor, + ,
POt — ( r P ) Fpor, ((,_})C 5 aZ)

where _ 5deiVV. Taking to or= 5Tg +5Tf ,we get equalization of dynamics of liquid
dt
(filtrations) in soil in a general view
0T, 57 op
S p vl puiv)] = Fp L (B B B
§r ox oy oz

"n.

In equalization complete porosity is included in natural way " m

m, =06z, /or=ot,/(or, +0t,), 0<m; <],

dv . op, OpP, Op.
mo[pE+V(7;O+deVV)]=mOpF+ all + 6yy + ;)Z
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The particles of liquid at motion in soil test braking from contiguity with the particulate matters of
k or ;
soil, that increases force of friction considerably F mpi — — V> § =~ coefficient of porosity.
s or,
(Blowing air or liquid through a millimeter-diameter tube requires a lot of effort compared to a
centimeter-diameter tube.)
The theorem on the asymmetry of the stress tensor of a continuous medium, proved in [2-13], makes
it possible to construct a wide spectrum of new rheological laws, from which it is possible to choose

suitable models according to the flow velocity and the physical properties of the medium.

Let # >0 and consider the frictional force proportional to the degree of velocity:

k k
— u mu. v mV 3 w ml{ . . .
Fmp =——UuU"1——V')]——Ww K ;whose projections on the x axis are equal to:
A S S
k, .
F, =——“u"i on the plane g ,and F, =—=—*1,"1 onaplane ;.
S S

Theincreasesofforceandspeedappearbetweenlayers:
k
OF =F,-F,, 6F =——-6u™i, ou™ =u)" —u™ >0,
S

thus OF T\L i. The linear closeness of force is entered OF through a relation

,0F = 5)f. There is a vector on determination Py = S5xSz tangent tension parallel and

f

identically directed with forces of friction

P ™ SF,p e ™t
f=k' k'>0 p,, i,
Through the coefficient of proportion we have equalities Pyp> > Prey
K'p.. Sy = sun
P,.,0)V= u™i.
S
This expression is multiplied by a thirl i:
] s mu mu 0 o
K'Oyp 0y 1=~ ou"i-i.

S

as aresult K' Py 10V =K|p, . [[| Syeos 180 =K' p, . -1-8y-(-1) ==k, ., O,
k k k k
— i = S il |i] - cos OF =—2 g 11 1 =— ™

S S S S

k, ou™

L B

"B, limit .
Sk’ 5y m a Imit give

k
111 ' _ m, m, _
Equalities _ ' § yp ep = T ou , pyxcp =

tangent tension

= lim = lim —2 ou™ _ Hy, ou™ _k,
Pia = 5350 P P = 500 Sy s oy o =
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F; ¥ - %1 u'i v, :'-fzi
b O Ko Sumi Svvi
i B By X

/__.—"
2 % P=P, P, P,
P

e

L

Generalizations of the got formula by transpositions of lower indexes give corresponding tangent
tensions

_H M o Aol ot A O
Sﬁx’pﬂ Séx’pzx s@z’pyz Say’pzy s &

Formulas are shown out, for the sake of simplicity, for# > 0,yv>0,w>0

Py

and odd number indexes of degree M = 1;3;5;7;9... . The same result turns out for an odd
number 11y < 0,1 < 0, w< 0.

Ay - m-evéen
vl . u<0 . F- Lquu-_}i
V,=u,i
5} " qu > s
« ' » OF= 5" ou’i
V=V, -V,
vV =ugi 2w Ko ym
\1 - - + Sh 5_ L
P,
p"'} Va ¥

If m- even and U <0,y <0,w<0 , force of friction is equal

k
_ u mu . v mv . w mu
Fmp = —S u 1+ —S v+ —S wrk (look a picture), projections of that on an axisxequal:
F =2t y™jonaplane ., and :k—“umuionaplane
= Wi 27 V2.
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The increases of force and speed appear between layers:

k
OF =F, -F, 6F =—-o6u™i, Su™ =u)" —u™ >0, thus
s

OoF TT 1. The linear closeness of force is entered OoF as a relation
OF

f="— 0F =5t There is a vector of tangent tension on determination
, .
p = oF parallel and identically directed with forces of friction
PP 6x0z

MoFp, M1,

The  coefficient of  proportion gives  equalities f=k 'pmpa k'> O, Py TTi,

Py

km
oy =—=0u"i.

k'p,..
yxep g
. . . g .q . (] s My my, e .3
This expression is multiplied by a thirl . k 5yp)mp 1= p ou"i-1.
' . X . 1 1. . —
Asaresult KDy, 10y =|p,., [i| 5yoos0” =k'py, 1-3y- (1) =K' 0, 50,
k k k k
m o o m ol | e m mu N
—ou"™i-i=—=ou"™ lHl‘-COSOO =—ou™-1-1-1=—=-6u"
S S S S
mlt
Equalites K 'S yp = —~Su™, p = K, Su™
xcp ’ xcp
yxep s yxep s k ' 5 y >
in a limit give tangent tension
_ fjm e GU™ O™ _k,
Py 50 k' Sy Ho, Oy > H, k'
Id est the same result turns out.
Conclusion of viscid constituents of normal tensions
0 . 0
The analogical reasoning is set the formula of constituent P . normal tension P, = —p1+ P, -
.. . k . .
Let forces of friction be equal: F, = ——”ulm“l on a planexu F2 =ty ;”ul on a plane

S

km
X, =X+, SF=F,-F, 5F=—T“§u’”“i, ou™ =) —u™ >0, 4us SF TN i

The linear closeness of force is equal: £ :E OF =5xf
, .

Ox

— 60 ——
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There is a vector of normal viscid tension on determination

0o _ arallel and identically directed with forces of friction y0 ™ 0o M
pxxcp - 5y52p y pquv 5F‘, pxxcp f.
The coefficient of proportion results in equalities § — k"po k"> 0
xxcp 2 ’

k
pl., TV i, k'p, ox=—"csumi
S

¥
F- - IS‘“ uli Fr- E':'- T
1-'|"u,i v, = u, i
‘F_ _kr_r, -} = .
o) - g vl v =V- ¥,
i ax
.__F,f'- X, X, X
.
&

This expression is multiplied by a thirl 1 : k' é‘xpxxcp dq= _Z ou™i-i
S

as o resut KDy 10X =B [ Srcos 1807 =k'pl, 1 8- (1) =k pl, 0%,
k k k

— S i =—2 S il cos OF =—2 Su™ - 1-1-1=—2 Su™ Equalities

S S S S

k k — Sy™
—k'&xpo =—— ou™, p)(c)xCP =— - ’

XXC,
P s sk' Ox
in a limit give viscid member of normal tension
o ..k, su™ m, ou™ k,,
p.. = lim = =

xx s M,
x>0 gk" Ox s Ox < k"
Generalizations of the got formula by transpositions of lower indexes give corresponding tensions

po _ ’umv ov™ po _ ’umw ow'™
oos ooy T s oz

Obviously, complete normal tensions are the sum of hydrodynamic pressure andviscid constituents
_ 0 _ ﬂ% aurnu _ 0 _ ﬂm\) avr”v
Po=—P+p,=—p+—-——,p,=—p+p, =—p+———,

s oy s
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M, ow™
s Oz

~"  Single values of indexes of degrees

p.=—p+tp,=—-p+—=

mu =1, mv =1, mw = 1 correspond  to the law of friction law of Newton.

All exponentsmust be odd integers [2]. The filtrationequations for an incompressible fluid according to
Newton's law of friction with coefficients of porosities in a gravity field have the form (x; =z):

mo[p(—+zv —)+vpdzvv]+—(p+mopgz)—'uz— i=1,2,3, relating  to
1 S
p = const We ﬁnd

| J H
m [y Loty JOH K o123, H=Pim gz
0 0
dt ' sp ox, sp yo,

The equations in dimensionless variables (with strokes) with the effective porosity coefficient in the
continuity equation:

) JL !
mo[dv’+v'l-pg ]:_8h P AV',i=1,23,
dt' spU~ ox), sUL
I ()
divv'=pg
spU

Thus, the equations include the density p g soil and porosity coefficients, which emphasizes

their significant effect on filtration.
Dimensionless numbers are formed:

oh' 1
o[ +V DS]———, +——AV',, i=1,2,3, divv'=Ds,
ox'. sRe
JL
Ds= P , ReZE— Reynoldsnumber.
sp U v

For sources and drains contained in liquid DS:&_Here a new dimensionless pumber is given the
name Darcy.
3. Modeling filtering equations with Newton's law of friction

In the well height/000mand widel00mwith an impenetrable wall accumulated?00mlayer of water that
displacesoil through the 800m layer of soil so that at the same time at the input upper boundary y =
1000m the water velocity is equal to 001m / s.The lower boundary of the soil, y = 0, is permeable to
liquid.Filtration scales taken: cavity width L = 100m, water entry rate through the upper limit U = 0.001

m /s, water density o, =1000xe/ M .0il density
3 _
p, =880xe/ m”, kinematic viscosity of water vV, = 0.00556-10 ‘i’ e,
oil kinematic viscosity v, =22.6-10°27 / c, effective soil porosity § = 10,

total porosity m, =10".Power drain in the ground is such that Ds=—0,05.Generalized density

— 62 ——
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p=a,p,+a,pand kinematic viscosity of the mediumV =&V, +Q,V, o, +a, =1calculated
oa,

by the equation of transfer of  Water  concentration  [8]: +v-Va, =0,

Dimensionless generalized density:

ox

p'=a,ta,p,/lp,, o T Ve, =0
4
The difference grid 100x200, a dimensionless time step, satisfies the condition of counting stability
according to a semi-implicit five-point scheme without “circuit diffusion”.
Before the ground in the area from 800m to 1000m the numerical calculation was carried out using

the dimensionless Navier equations

dv' oh' 1 , ,
e AV,i=1,2,3, divw'=0
dt' ox'. Re,
There is oil in the ground. Also used were the Navier equations, but with porosity coefficients:
dv', oh' 1 . .
p'my(—=+v' Ds)=———+——Av",i=1,2,3, divv'=Ds
dt' ox'. sRe

1

The location of water and oil at the initial moment of time is reflected in figure 1.

Sticking conditions are set at the lateral boundaries of the well v' = 0, at the output boundary y = 0, the
vertical derivatives of the velocity components are considered equal to 0. The water entering through the
upper boundary y = 1000m begins to displace oil, the diagrams of the velocity vector fields in the cavity
are shown in fig.2-4. The parabolic distribution of the velocity vector across the width of the channel in
the ground can be seen in fig.2-4.Separately, fig. 5 shows a parabolic vertical velocity profile in one of the
soil sections. The nonphysality of this flow in the ground is evident from the pictures of the velocity
vector fields, which is the content of the output: the Navier equations (the old name is Navier-Stokes) are
not a filtration model

1000Mm 10 10 10 v
800m 8 j“, i 8 I 8 BePTHEATbHAS CKOPOCTh HedTH B TPyHTE 1
'!','_lﬂ'_!'f': l 0.1/ ¢ K03((HIHEHTOM OPHCTOCTH
! I §=2.303*10%*(-6) mo ypagHeHHI0 Hagbe
ik ]
600M 6 6 |
-0.2
400Mm . 4 4 ]
200m 2 2 -0.3
0 0 1 0 0 0 [ | \\t\_\_,r/ L1 [
1 1 0.2 0.4 0.6 0.8 1
Fig.1 Fig.2 Fig.3 Fig4 Fig..5
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4.Filtration modeling by power friction equations

1000Mm 10 10 10

800M 8 8 8
"

600m 6 6 6

400m 4 W 4 4

200m

0 0 1010 1

Fig.6 Fig.7 Fig.8

100Mm

In this case, the dynamics of water over the ground is modeled by the equations of Jakupov's power laws
of friction:

dv. Op < a,u oV : .
L —_ + F,l=1,2,3,leV=0
,0 OX, Z 10X, mm B ox, e

This continuity equation corresponds to the fact that there are no sources and sinks in the flow of water.
Equations in dimensionless variables have the form
dv' _an' 1 0 _oU LoV
' | §j [( )”z yi 20212 3,diw' =0, =1~
cﬁ 6x = ax' M

J= J

The exponents are determined in intervals[13-14:

v,|<1/9 m,=1; 1/9<|v,|<3/9 m, =3; 3)
3/9<|v|<5/9 m =5; 5/9<v|<7/9 m =7, 7/9<|v

i

m. =9

The enormous resistance to movement (leakage) of a liquid in the soil is taken into account in the mass
conservation equation and in the power law equations using the effective filtration coefficient s:

av' 1 o'
' Ly DE) = " 'mz_l i=123
PtV =20 JZ:Reéx' “ ax}]
p.,JL
divw'=Ds, Ds=—*%—
spU

Initially, the determination of the degrees in the ground was carried out according to the distribution (3).
The computed velocity fields in FIG. 6 and 7 show the unsuitability of this velocity distribution in the
ground.In the ground, the equations of the vertical velocity proved to be effective as a constant exponent

m =17,i=1,2,3.

— (4 ——
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divv'=Ds
10 ]
1000M 10 10. y
:
800m i 8 8 8. I
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|
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Fig.8 shows the field of the vector of water flow rates simply in the channel without soil, without
sources-effluents, calculated according to the power law (2) and (4).

On fig. 9 and 10 show the velocity vector fields at different points in time. The difference from the
parabolic velocity fields obtained by the Navier equations (-Stok's) is simply amazing !!!Fig. 11
represents the vertical velocity distributionthe height of the channel in the cross section x = 50 m.

On fig. 12 shows the trapezoidal profile of the vertical velocity v in the horizontal plane of the water
y = 900m, on fig. 13 in the horizontal plane of the soil y = 400m.

In the ground, the speed of the filtration fluid is significantly reduced, as can be seen on fig. 9, 10, 11.
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5. Filtration (drainage) under the action of gravity

Above are the results of calculations of forced filtration, when the upper limit of the channel
y=1000m water is supplied at a speed of 0.001 m/s.

In this paragraph, the numerical calculations of liquid filtration (drainage) under the influence of
gravity, which acts on water from 800m to 1000m (the number of Froude is equal to Fr=U"/(gL)), in the

soil the effect of gravity is taken into account by the coefficient of total porosity "m, = 0.00001". In
addition to the above scale, the scale of the speed adopted {/ = 0.01,/gL, 2=9.81u/ Ve

Before the ground300m <y <1000 the equations with the Froude number are applied (for the
above reasons):

du'  op' 10 aU 1 Ou'
= + tmou " ——],
P ar ox', JZ_:‘Reax u) ! ax'j]
,0'@=ﬁ+ ‘ [(aU)’"V ‘lﬂ]—ﬁ,cﬁw:@ a=1==
&' o, SRear o Fr Py

In the ground, equations with a constant exponent are applied 7, =17,i =1,2,3 and with a total

porosity coefficient are applied:

' v 2 '
mop'(%+u'Ds) = +ZSI1{6 =) “U)“” 17-u"’ aii']’

J

&' Z1 0 w)16 17_V.16Q] P =Dy
o', ‘TsRedr &',

J

map( +v’Df)—

Fig.14 and 15 are the fields of the velocity vector at different times of oil displacement by water. Fig.
16 represents the distribution of the vertical velocity v along the height of the channel in the cross section
x=50 m. the Difference between the distributions of the vertical velocities in Fig. 11 and Fig.16 the

obvious.
1000m 10 10 10 ~
300Mm 8 :
600M 6 _
400m 4 } _
200M 2 _
0 o ﬂ: e

100w 1 1 24 21 2 18 16
F1g.14 Fig.15 Fig..16
6. Displacement of oil by water from underground volume

m —1
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Before the ground in the water are applied (for the above reasons) equations with the number of
Froude:

' ' 2 '
p'd_” — _@ + ii[(a_U)mu—l mu" i |
dt' o', SRedx', m, o',

' ' 2 v
p'ﬂ: P + E ii[(ij)’”v my "’“1 ]—— diw'=0, a= 1<

Water is supplied to the well at a rate U=2m / s (figures.17). In linear scale taken as the diameter of
the borehole L=1 m. the Reynolds Number is equal to Re=a, Re_+ a, Re, , where Re - Reynolds

number for water, Re « - Reynolds number for oil.In the ground, equations with a constant exponent are

applied m, = 11, m, = 1 1and with the ratio of total porosity m, =0.000021:

du' Gp' 21 aU 0 0 ou'
'm,(— +u'Ds = + Al-u™ —],
P D)= 2 e 8x' i ax'j]
' P -1 0 Uy o OV myp'
'y (v sy =Ly 11 ,
PV IN="o ;SReax'j TR a | g @' =Ds
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Fig.18-22 the pictures of water penetration into the soil with simultaneous oil displacement through 2
vertical pits 0<x’<I and 6<x’<7 are presented.Fig.23 the field of the velocity vector and the location of

water at almost complete displacement of oil obtained by the equations of "Darcy's law"arePresented.
Horizontal and vertical arrangement of velocity vectors v'=y"i+v'jfig2.23 caused by neglect of the

forces of inertia (acceleration) in the equations of "Darcy's law".The influence of the inertia forces to the
filter demonstrated with paintings of fields of velocity vectors in Fig. 18-22.
Fig.24 and 25 shows a plot of the vertical velocity at the height of the wells
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K. Bb. Kakbin-reri
KP BYM MatemaTika >koHe MaTEeMaTHKAIBIK MOJAEIICY HHCTUTYTHL, AnMaTsl, Kasakcran

CY3I'THIH TABUFATTBIK TEHJEVJIEPL
«lapcn SAHBIHBIHy» KYPBIFAHBI

AnHotanusa.Cy3riHiH TaOUFATTHIK TECHJACYJCPiHIH TEOPUSICH KOPHITIFaH.)KaHa TeHey- JIep/iH TaOUFaTTHIFBI
MBIHaJa TYp: ojlap (PM3MKAHBIH HETI3ri 3aHJapblHAH LIBIKKAH HAKThl Call- Japbl, TPYHTTHIH TBHIFBI3/IBIFGIH JKOHE
KEYEKTUIITiH, Cy30eJi CYHBIKTBIKTBIH TYTKBIPJIBIFBI MEH THIFBI3/IBIFBIH, IPEHaXK/Ibl, ayPBUIBIK KYIITIH 9CepiH TiKeleH
ecenke anraHApFel. Cy3ri Teopws- ChIHAA TalJaaHaThIH Y3UICCI3IIK TEHICYINiH KaJFaHIbIFBl KOpCETUIreH.
CysriHiH kaHa TeH- JAeyJiepi TyTac OpTaHbIH JWHAMHUKACHIHBIH KepeHEeyJep apKbUIbl JKa3bUIFaH TEHJEYJIEpiHeH
IIBIFa- PBUIFaH, OJPaJblH KYPBUIBICBIHA CYHBIKTHIKTBIH TYTKBIPIBIFBI MEH THIFBI3/BIFEl JKOHETPYHTTBIH KEyeKTLUIIr
eqrizinren.. Cy3rini Monmenpaeyre HpIOTOHHBIH YHKeTiC 3aHBIHA COWKEC KYPBUIFaH TEHACYNEPIi MaiiianaHyIbIH
JKopaMmcizmiri  kepcerinreH.Cy3riHi  MOZENbACyre AaBTOPABIH JOpEXKeNi YHWKeNiC 3aHmapblHa Jopeskeci [ak
caHgapOoNFaH TeHJICYJIepiH Maiianany J>OpoMJl €KeHi CaHJbIK TypAe omKkepeneHreH. Ocbuiapibl KyMcar
CKB&XMHAJAFbl CY3ri, aybIpAbIK KYII- IE€H OOJIATBIH APEHAXIbI, KEPHOIH AaCThIHIAFbl KOMMajaH MYHaWmbl eKi
OeTTeckeH LIyp(Tap apKbUIbI CHIFBII LIBIFAPY CaHABIK eCelTepMeH opbiHaainFaH. buom.18.

Tipek co3nep: cy3ri, KbICBIM, XbUIIAMIBIK, YIEY.

K.B./I:xakynoB
Kazaxcknit HanmonaneHbsii YauBepcurer nm. Anb-Oapadu
YPABHEHUS ECTECTBEHHOMN ®UJIbTPALIAU. PUACKO "3AKOHA JIAPCH"

AnHoTanus. /aHa TeopusiHaTypalibHBIXypaBHEHHH (UabTpaiuii. HaTypanbHOCTh HOBBIX ypaBHEHUH (uiibTpa-
IIUH 3aKTI0YAeTCsl B TOM, YTO OHHU SBIISIOTCS TOYHBIMH CICACTBUAMHU (PyHAA- MEHTAIBHBIX 3aKOHOB(QU3UKH, MPIMO
YUYHUTBIBAIOT IUIOTHOCTH M IOPUCTOCTH TIPYHTA, BA3KOCTb M IUIOTHOCTH (DMIBTPALMOHHON JKUAKOCTH, APEHAX,
BJIMSIHME CHJIBI TSDKECTH M JIp. YCTaHOBIJIeHA (DaJIbIIMBOCTD TPAAMLIHUOHHOTO YPaBHEHUsI HEPa3pPHIBHOCTH B TEOPUH
¢wnbTpanmu. M3 ypaBHe-HUsI AWHAMUKU CIUIOUIHOW Cpelbl B HAaNpsDKEHHUSX BBIBOMSATCS HOBBIE YpaBHEHHMs
(unpTpanyy, BKIIOYAMOUIHE TFIOTHOCTh M BS3KOCTH JKHJIKOCTH U MOPHCTOCTh IPYHTA. Y CTAHOBJICHAHEa1eKBa-

THOCTh MOJIENTMPOBAHMS (MIBTPANNN YPaBHEHUSIMU C 3aKOHOM TpeHus HploToHa.UnCIeHHO MOoATBEpXkIeHa
5QPEKTUBHOCT, MOJEIMPOBAHUADUIBTPALNKN YPaBHEHUSIMH JI>KaKynoBa, OCHO- BaHHBIX Ha CTENEHHBIX 3aKOHaX
TPEeHHUs] C HEYETHBIMM ITOKa3aTeNIIMHM CTETeHeH, ¢ NMPUMEHEHHEM KOTOPBIX IPOBEJCHBI pacyeThl (MIBTPALH B
CKB)XMHE, APEHAXXKa O NEHCTBHEM CHIIBI TSIKECTH, BBITECHCHUSHE(TH BOAOIO M3 MOJ3EMHOTO apeaya depe3 IBe
CHMMETPHYHO PacIOI0KEHHBIE IIyPQBHI.

.KiroueBble cjioBa: GuIbTpaIis, JaBIeHNE, CKOPOCTh, YCKOPEHHE, YPaBHEHHS.
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