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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 continium 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 equations»
kv = —gradp + pF, divwv =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:
1

ov v >
pr =, =~ Wlgrad(p+pyg2)+ o~V + pre,K VY], divw =0

(D -coefficient of porosity of the medium, K — coefficient of permeability, 0 1 -is the fluid density, Cy

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

— ] ——
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1@4_ 1
go ot (go)

=(v-V)v+gradh+ f(v)v=0, divw =0

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 T€POSCS. In the model of
Hymeposa, as well as in the model ofForchheimerthe first derivatives enter 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 L diy pv =0

ot
e omp . . . o
(In Wikipedia given in a forma— + divpv = 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 OT . and to the leakliquid §Tf - 0T =0r1 e or e Mass St is
equal to the sum of the masses of soil and liquid

om=om, +om,;,om, =p,0t,,0m, =p07,.

Complete porosity is entered by attitude of volume 52' r of pores toward a volume 52' .
m, =87, /6t =951, /(O7,+07,)

Effective porosity [3-5] there is a relation § = S5 ; / &-g‘

1°. Sources, flowsare contained in the volume of liquid oT Iz

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

dém

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

soil are drawn by a black):

d(om,+om,) 5

m.J (1)
dt
. - _ . .. permanent
Soil, a liquid flows through the pores of that, is immobile and mass of him is
dom
om_ = p Ot = const. Thercfore £=0
g g g dt
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L -
om,_= P01,

Consequently, from equalization (1) for a liquid it will be

dém dp.or dot dp,
L —m,.J, —L—L = p 61, —L 481, —L=p.57,J
o 1 PrOtrds Pr—p rg  Prots
For locomotive V a formula takes place at a speed of liquid
dor,

P
= = 07 divv.Tums out 0 0T (diVV + 6T , —— 7 =p,0T,J.
From where equalization of indissolubility flows out with the intensity of sources and flows, being in
a liquid
dp
P divv + Tf =p;J
t

This equalization of indissolubility does not contain the coefficient of porosity,
consequently, does not coincide withequalizations of type
os
L diy ov=0
t

0 . . .
2". Sources and flows are contained in soil.
We have in this case

d(om +06 do
dé_ngm J. (om, mg)zgm J, mgzoj
dt g dt % dt
démf

— sm_J,5¢,(p,divv+ 220y = p 67 7
. m,J,ot (P, zvv+7)—pg 7,

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

common equalization of indissolubility

— 56 ——
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dp, 0.J
— + p.divv =—2
dt Pr s

. o P
For an incompressible liquid p fdlvv =—— divw =

s SP;

Pe

P
sp'

Further passing to denotation O by = P, therefore divv =

2.Natural equation of filtration in the soil

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

0
Py + P, VOt
oy 0z

d op
—(vpor)=Fpor + L+
m(p )=Fp (&

In a volumeOT =5Tg +0tr I soil is immobile, mass force only on motion ofliquid

Fpor = Fport , tums out therefore

apx apy o apz )52_

d
vo(or, +o0t,. )| =Fpor. + +

dt
Soil is immobile —[V,O5Tg] = (). Equalization assumes an air

dv dp5rf
or + v
POt di

apx apy + apz )52_

=Fpdr, + +
p f(ax oy oz

>

v dp  dor, o, P, op.
MTfE'FV(éTfE'Fp?):FMTf +( Py + @Vy + Py )52',

where d5rf — Sr.divy Taking to oT= 5Tg +5Tf ,we get equalization of dynamics of liquid
f .

dt
(filtrations) in soil in a general view
or d ot
P o™ v @2 piv=Fp O (B R, O
st dr  dt st ax oy oz

0 -

m, =07,/ or=o0t,/(0r,+07,), 0<m, <],

In equalization complete porosity is included in natural way " m

av dp : op, Op, Op
my[p—+ v(—+ pdivv)|=m poF + —+ +—=
dpw Qﬁ pdivv)] =m,p x o e
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The particles of liquid at motion in soil test braking from contiguity with the particulate matters of

k o7,
soil, that increases force of friction considerably Fmp,- = ——V,, §=—"— coefficient of porosity.
A T
g
(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 wvelocity:

k,
— UMy v o4, 3 WM s :
Fmp e —?u 1 —?V J—?W k >-whose projections on the x axis are equal to:
k, ky s
F, = ——2"i on the planc N ,and F, =——%2;"1 on aplane ), .
S S

Theincreasesofforceandspeedappearbetweenlayers:

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

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

SF = 5)f. There is a vector on determination Py = 5xO2 tangent tension parallel and

f

identically directed with forces of friction

T 6Fp,, TT1

Py

f=k'p_ , k'>0 N,
Through the coefficient of proportion we have equalities Pyrep > Proy

k

kmu ., e
oy =——=0u""i.
S
This expression is multiplied by a thirl i:

!
P e

k
k'Syp,., i=—-—-5u"ii
S

As aresultk'pyacp lé‘y:k"pijp“ll 5yC051800 :k'pijp 15)/(—1) :_k'py)acpé‘yj
k

e vivi= e s fi-cosor = g 1112 g
S S S S

k, Su™

Equalities _ [ ! — _ " My — z B
q k 5ypyxcp - s 5” > pyxcp - Sk' 5_)/ in a limit give
tangent tension
= lim i K S B O Ry
pW_Sy»opWP’ pyx_ﬁy—wsk' oy B s oy ’ 'um”_k'
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: 5 B = vy =l
vyl =
k11'| e MMs
OF=- 3™ ou"i : .
oy : 8 o=
k11'| m =
—. - By ) .
F=-g wi v,=n,d

4 48

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

_:u_mv@V_m” _ﬂ_%% _H, ol _H, o M,
ZE s BT s B 85 P 5 &

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

and odd number indexes of degree M = 1;3;5;7;9”- . The same result turns out for an odd

number fuy <0,y <0,w<0.

Py

A Y ~ m-even
}2 - i 0 ' % !-‘:_ g"’ u?i
Vo=u,i
oy ) k
: . » OF= £ 5u™
SV=Y, -V
v ,‘;H.‘i n k"' um'
}_l p o . 3 l] S ) ] 1
‘ P,
Poy . y
- X
2 . p o P ,.' - -‘._,"
i s >
_n;"’-l_'"’p Vs P ¥
p —

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

k
—_u m, 3 V_ 4,y 3 w m,
Fmp - g U+ q vt g wrk (look a picture), projections of that on an axisxequal:

k
— u 45, 3 0n a plane and _ Mu o my,
F = ; u 1 p Y F, = E u,"1onaplane y,
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The increases of force and speed appear between layers:

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

OF TT L The linear closeness of force is entered oF as a relation
5F

f = ,0F = 5)f. There is a vector of tangent tension on determination

OF

- parallel and identically directed with forces of friction

Py O0x0z
L TTde ™.

. % F o - ' 1 .
The  coefficient of  proportion gives  equalitics f=k Py k'>0 , Py TT L

! k m, e
k'p,,,0y=—-ou"i

k
This expression is multiplied by a thirl j - £'OVp =—Su™i-i

J’XCP
S

Asaresilt KDy 109 =KD il 530080 =K', 1-53-(0) = iy 53,

ou™

km
“i||i|-cosOO: M ]e]e] =
S Ky g P
k, Su™

km m —
Equalities k'5ypyxcp = Su ou ua pyxcp = Sku' 5y ,

in a limit give tangent tension

ou™ ou™ k,

= |lim =
Hon, Oy k!

y Sy—0 k' 5);

Id est the same result turns out.

Conclusion of viscid constituents of normal tensions

0 .
The analogical reasoning is set the formula of constituent P yy normal tension P, = —P1+ P -
Let forces of friction be equal p — _ k_u y™jon a planexin F, = ——”u;”“ jon a plane
1 1
S

k mn, e m, m,
X, =X +&  SF=F,-F, oF=- s”§u”l, Su" =1 —u™ >0, 4us SF T i

The linear closeness of force 1s equal: f — @ SF = 5.

Ox
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There 1s a vector of normal viscid tension on determination

llel and identically directed with f f frict 0 0
_“" parallel and identically directed with forces of friction P, ™M SF. P, ™Mf

oyoz
The coefficient of proportion results in equalities ¢ _ 7,740 "
prap q f=k pmp,k >0

0 _
pxxcp -

k
p?cxcp T\L i9 k'pxxcpé-x:_ o 5u%i

A
.-"-]:‘
1
P k. m ;
Iy I'E_ - Sﬂ;ull P'_ _ é“u i
v, =i V.=, i
_.-"'-l.." o 5 kn' g | T
- r__,a’ d }-F'_ - 5 :'3L1 1 SV =¥V — ¥
Boy : =
.-""'l.
i ax .
s X, X *
~
.-"('-’-l

This expression is multiplied by a thirl | : k' 5Xpmp = _kﬂ Su™i-i
A

As a result

k
—ﬂéu%i-i:—k—%éu% ‘i||i|-oosOO :_k_”’ugu”% .1.1.1:_k_%5u% Equalities
S S S S

k, Su™
sk' Oox

Py i =k |pl, [ Sxcos180° =k'pl,, -1 8x- (=) =K' P, x.

m,

' 0 _ m, 0 _
—k 5xpxxcp—— ; ou’, Prep =

)

in a limit give viscid member of normal tension

o i S S0 OU K
P = 550 sk" Ox s ox ™ k"

Generalizations of the got formula by transpositions of lower indexes give corresponding tensions
= M, ov™ P = M, ow™
= , D, =
Yooos o oy s Oz

Obviously, complete normal tensions are the sum of hydrodynamic pressure andviscid constituents

ou™ T

- =——p+p’ =—pF—2—
Py =TPEP =P

oy oy

m,

Po="D+P.=—D+
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H,, ow™
s 0z

Single values of indexes of degrees

2]
pP,=—P+p,=—p+
law of friction law of Newton.

m = 1, m = 1, m = lcorrespond  to

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

mo[p(_"‘z —)+V,0leV]+—(p+m0ng)— IUZ§ i=123, relating to
j ;=
p= const wWe fil’ld

| ]=- oH ’uAv =123, H= £+m0gz

dt S0 ox, sp Yo,
The equations in dimensionless variables (with strokes) with the effective porosity coefficient in the
continuity equation:

v. JL '
m (D Pl OV 2103,
dt' spU ox', sUL
2)
dz'vv'ng
sp U

Thus, the equations include the density 10 g soil and porosity coefficients, which emphasizes

their significant effect on filtration.
Dimensionless numbers are formed:

a'. oh' 1
m[—+Vv' Ds|=———+—Av'., i =1.2.3. divw'=Ds
0 ' i ' i? 5“9~y >
dt ox'. sRe
JL Ul
Ds= Ps , Re=—— - Reynoldsnumber.

sp U 14

For sources and drains contained in liquid Dszﬂ.Here a new dimensionless number is given the
name Darcy.
3. Modeling filtering equations with Newton's law of friction

In the well height/000mand wide/00mwith an impenetrable wall accumulated200mlayer 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 = [00m, water entry rate through the upper limit U = 0.001

m /s, water density p, =1000x2/ M .0il density
3 ~
P, =880xe / M, kinematic viscosity of waterV, =0.00556-10 e,
oil kinematic viscosity v, =22.6-10°2° / . effective soil porosity S = 107,

total porosity m, =107 Power drain in the ground is such that Ds=—0,05. Generalized density
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P=0,p, + pand kinematic viscosity of the medium V =&V, + &V, o, +a, =1 calculated
oa,

transfer of  Wwater  concentration [8]: +v- Vag =0

by the equation of

Dimensionless generalized density:

p':a6+aypy/pgb 8861('8 +V'°V058=O

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 /000m the numerical calculation was carried out using
the dimensionless Navier equations

', oh' 1 . .
pl—=- + Av',i=1,2,3, divw'=0
di' ~ ox'| Re,
There is oil in the ground. Also used were the Navier equations, but with porosity coefficients:
av' oh' 1
p'my(—=+v' Ds)=———+—Av",i=12,3, divw'=Ds
dr' ox', sRe

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 = /000m 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
1000m

10

800Mm
BepTHKATBHAS CKOPOCTh HedTH B TpyHTe

K03 QHIMEHTOM TOPHCTOCTH
s=2.303*10**(-6) mo ypaeHeHmo HaBbe

. ) m;.ﬂl

[s]

600M

400m

200m

0 0 1 L L L 1 L L \\'\_\_fl’/ 1 L1 L L1 |
0.2 0.4 0.6 0.8 1
Fig.1 Fig2 Fig3 Fig4 Fig..5
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4.Filtration modeling by power friction equations

1000Mm 10 10 10
800M 8 8 8
k
600m 6 6 6
400m 4 m 4 4
200m 2 2 2
0™ 1oom © TR T |

Fig.6 Fig.7 Fig.8

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

av, 8p 3 Ot,u ov" . :
l: +pF,i=1,2,3,divw=0
P a , Z@x m"™" 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

', on' 1 © aU,n nA o'
o—i—_ " 4 z i=123dw'=0, o= 1—
a' ax, [( " ' 2 o=t M

J=l J

The exponents are determined in intervals|13-14:

| <179 m =1, 1/9<|v|<3/9 m, =3; (3)
3/93|V,-|<5/9 m =5; 5/93|V,-|<7/9 m, =17, 7/9£M 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:
' 3

H oy 9 [(O”U)’“"l myr 2y -123

ax' sRe ax' ax'

i gl j j

av'
'‘m,(—=+v' Ds)=
my( 7+ )

. p,JL
divw' =Ds, Ds=—2—
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

— ) ——
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' 3 '
6h n Z 1 6 [(aU)1617v ViG %],l - 1’ 2’ 3’
', ‘TsReox', 17 ox'.

divyv'=Ds

av'
p'my(——=+v', Ds) =~
dr' )

“4)

1000m 10 10

800Mm 8

600M

[Ty

400m

200m 2
0 0 o b b bt b b b BV
100m 1 095 -09 -085 -08 075 0.7 -0.65 -0.6
Fig9 Fig.10 Fig.11

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 distributionythe 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.

0 0
v 1 v
-0.2
-0.2
04
\ -0.4
-0.6 \
-0.8 t -0.6
= gl X
0.2 0.4 0.6 0.8 1 n 0.2 0.4 0.6 0.8 1
Fig.12 Fig.13
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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 mvs.

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, g=981u/ &

Before the ground 800 < y <1000 the equations with the Froude number are applied (for the

above reasons):

du' o' &1 0 _aU,, . I
+ZRe@x'. m) Tt 8x'.]°

1=l J u J
' ! 2 '
pﬂ:_@Jrziﬁ[(@)%—lmym—l o ]_ﬁ dw'=0, o= 1_
a &', TReax', m, ', Fr M

In the ground, equations with a constant exponent are applied /77, = 17,i =1,2,3 and with a total

porosity coefficient are applied:

OfU)m .17.uv16%

axl ZsRe ox', 17 ox' }

mop'(%+u'Ds) =

J

& Z 0 011)16 17.‘;,161] P ' =D
&', GsReax 17 &'’ I

J

mop( V' 1¥)=

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
800Mm 8
600m 6
E
=
E*
400m 4 3
200Mm 2
0
i 0

100m VR I S ¥ ST I
F1g.14 Fig.15 Fig. 16
6. Displacement of oil by water from underground volume
66

10

mn—l
-]

mn=lﬂ
[=2}

=

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

'@__ai 3 ii[(ﬂ)% m, -1 ﬂ]
' ox' ‘TRedx', m, ax' ’
dVV ! ' \
P 4 ii[(””)"’v ot L L ) =1
& o, 4 & M

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=/ m. the Reynolds Number is equal to Re=a, Re, + &, Re , where Re, - Reynolds

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

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

>

! 2 !
op +Z 1 0 [(O[U)lo.ll.uﬂoﬁ

du'
'my(—+u'Ds)=—
P ) = e 2iRe e o,

a' [(aU)()'ll'V'loi] mop
&' Fr

' _ @ 1
pmo( +va) ~ +ZRe

) 8x > divy' = Ds
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i

v=0 v=0

Fig.22

i' on the equations c-lf " Darcy'slaw” | = 05| ’E .
5 V=0 L v=0 ‘ e B 125 [ 00
L) oy 1Y SHASRS
1 i=f
005 B i 55
04

% i oz 3 4 &8 8 7
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%
P
;
=

I| i ! on equations of ‘power /
74 % 0.5 f laws of friction !

— 1

W R ] i

=
e
/
|
!
=
e

according to [\ "‘. | 4
DBI'CY la“"“ | 0 | }_.'.‘ y\\. / T

‘ 1-0.5

-1 =AY p
A NS I {7 ] IR IFIFIS NI e | L_LJ il NS A
0 1 2 3 4 5 6 7 1 2 3 4 5 6 7

Fig.24 Fig.25

Fig.18-22 the pictures of water penctration into the soil with simultaneous oil displacement through 2
vertical pits 0<x </ 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'="i +v' jfig.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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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

K. b. Kakpim-reri
KP BFM MareMaTuka skoHE MATCMATHKAIBIK MOACIACY HHCTHTYTHL, AnmMaTsl, Kazakcran

CY3T'THIH TABUFATTEIK TEHJIEYJIEPL
«lapen SAHBIHBIH» KYPLIFAHEI

Annotamus.Cy3TiHiH TaOHFATTHIK TCHACYJICPIHIH TCOPHSICH KOPHITIFaH.)KaHA TCHACY- NEpHiH TAaOMFATTBHIFbI
MBIHAJA TYP: 0JAp (PM3MKAHBIH HETI3rl 3aHJAPBIHAH INBIKKAH HAKTBI CAJN- JAPbL, TPYHTTHIH THIFBI3ABIFBIH JKOHC
KEYEKTLJITiH, CY30€i CYHBIKTHIKTBIH TYTKBIPJIBIFBI MCH THIFBI3IBIFIH, TPEHAKIBL, Ay PBUIBIK KYIUTIH 9CEpPIH TIKEICH
ecenke anFaHAbIFEL. Cy3ri Teopws- CHIHAA MAMJANAHATBHIH Y3UICCI3AIK TEHACYIMIH »KAaIFaHIBIFBI KOPCETLITCH.
CysriHiH jkaHA TEH- ACyJepl TYTaC OpPTAHBIH JTUHAMHKACBIHBIH KEPEHEYJICP APKBLIbI KA3bLUIFAH TCHACYJICPIHCH
[IbIFA- PHUFAH, ONPAIBIH KYPBIIBICHIHA CYHBIKTBIKTHIH TYTKBIPJIBIFBI MCH THIFBI3IBIFBI KOHETPYHTTHIH KEYEKTLIIT1
errizinren.. Cysrini mMofenbaeyre HBIOTOHHBIH YHKENIC 3aHBIHA COMKEC KYPBUIFAH TEHACYJICPAl IMaHmanaHyIbIH
JKopoMcisairi kepcerinmreH.Cy3riHi  MOZCTBACYTC AaBTOPABIH JOPCKCNI YHKCTIC 3aHZAPBIHA JOPCKECl  TaK
caHmapOOJIFaH TCHACYJCPIH MaHmagaHy >KOpOMAI CKCHI CAHABIK TYPAC OMKEpeneHreH. OChUIApAbBl SKyMcar
CKBA)KMHAZAFBI CY3Ti, AYBIPABIK KYII- IEH OONATHIH APCHAKIBI, SKEPAIH ACTHIHAAFHI KOWMAJAH MYHAWIBI €Ki
6erTeckeH myp(Tap apKbLTHI CHIFBII IIBFAPY CAHBIK CCENTEPMEH OpbIHAaNFaH. buoim. 18.

Tipex ce3aep: CY3Ti, KbICBIM, KUTTAMABIK, YACY.

K.B.:xakynos
Kazaxckuit Harmonanesbii YHuBEpCuTET M. Anb-Dapadu
YPABHEHHA ECTECTBEHHOM ®UJIbTPAIIMA. ®PUACKO "3AKOHA JAPCH"

AnnoTtanms. /laHa TeOpUsSHATY paNbHBIXYypaBHCHUH (rmbTpanumii. HarypanbHOCTh HOBBIX YPaBHECHHH (HUIBTPA-
IOUHA 3aKTIOYACTCS B TOM, YTO OHH SIBISIFOTCS TOUHBIMH CICACTBHSAMHY (DYHIA- MCHTATIBHBIX 3aKOHOB(HM3HUKH, MPIMO
VUHUTHIBAIOT IUIOTHOCTh M HOPHCTOCTH TPYHTA, BS3KOCTh M IUIOTHOCTH (DIUIBTPALMOHHOM >KHAKOCTH, APCHAK,
BIMSTHHC CHUIBI TSDKECTH W JIp. YCTaHOBJICHA (DaTbIIMBOCTG TPAJHIHMOHHOTO YPABHEHUSI HEPA3PBHIBHOCTH B TCOPUH
¢umsrpanmn. W3 ypaBHE-HHS AWHAMUKH CIUIONIHOW CPEAbl B HANPSDKEHHAX BBIBOJSITCS HOBBIC YPABHEHHS
(puIBTPAIKH, BKIIOYAIONINE ITIOTHOCTH | BSI3KOCTD YKHIKOCTH M MOPUCTOCTH TPYHTA. Y CTAHOBIICHAHEA/ICKBA-

THOCTb MOJCIHPOBAHMS (PUIBTpAIMK YPABHECHHAMH C 3aKOHOM TpeHHsA HbroToHa. UWCICHHO MOATBEP)KIACHA
3((PEKTUBHOCTD MOJCTHPOBAHMA(DIIBTPALNH YPAaBHCHUAME JKaKymoBa, OCHO- BAHHBIX HA CTCIICHHBIX 3aKOHAX
TPEHUSI C HCUCTHBIMH ITOKA3aTEJLIMHM CTEIICHEH, C NMPHMECHECHHEM KOTOPBIX IPOBEACHBI PAcueThl (DMIBTPAINH B
CKBA)KUHE, JPCHAXA IO JCHCTBHEM CHIIBI TSDKECTH,BHITCCHCHUSHE(TH BOJOKO M3 MOJ3EMHOTO apeana depe3 ABC
CHMMETPHYHO PACTIONOKCHHBIC Iy PQBI.

.Ki1roueBnble cjioBa: (HIbTpaLUs, JABICHUE, CKOPOCTb, YCKOPESHHUE, YPABHCHUSL.
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