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On the Origin of Planets of Sun System
Magnetic Fields.

S. Tseytlin, Dr. of Sci., D. Tseytlin, (Tseytlin-Consulting Inc.)

An accurate explanation of the origin of the Earth's magnetic field
does not yet exist. There are several hypotheses, theories and
experiments trying to find a solution to this problem, but the final,

rigorous proof of these hypotheses has not been established. This



article discusses the hypothesis that the main reason for the emergence
and maintenance of this field are Earth’s atmosphere and ionosphere. A
number of estimates show the validity of this approach. Here we will
give a brief summary.
1) It is well known how to determine the magnetic field of a
rotating surface of a charged sphere ([1], [2]). The magnetic moment of

a rotating sphere is

It is known [1] that the Earth's magnetic momentis m = 8 - 1025
units CGSE,
where a = 6,340,000 m - radius of Earth,
w =7.3-10-5 1/sec - the speed of rotation of Earth,
c = 300,000,000 m/sec - the speed of light.

Then, knowing the magnitude of the moment of Earth's magnetic
field M, we find that the required electrical charge to generate the
magnetic field is:

Q=0.245-1023 CGSE=8.1-1013 C.

It should be noted that a more accurate estimate of the charge,
that is made on the assumption that the charge is in a spherical layer of
Earth's surface and has a thickness equal to a few hundred kilometers,

gives approximately the same quantity 7.5 * 1013 C.
2) On the other hand it is known (for example, [3]), that the Earth
has a charge of approximately:

Qearth =5.7 - 105 C.



It follows that it is not enough to create Earth's magnetic field.
Suppose that there is an additional charge of a different nature,
creating it. Let’s find out its nature.
3) We need to pay attention to the following circumstances:
1. Only Earth has a strong magnetic field. Venus, Mars and most
other planets have magnetic fields hundreds of times less.

2. Only Earth has air and water. This allows you to make the
hypothesis that the Earth's magnetic field is due to the charge of the
cloud layer, the value of which is enormous. It is known that the power
of a lightning discharge can reach 100 Megawatt. On the other hand,
there are 46 lightning discharges happening every second around the
Earth.

We can estimate the charge of the clouds, assuming that the
system of clouds and the ground form a spherical capacitor. Then, it is
known that Qc=C- U,

where the capacity of a spherical capacitor is:

where R1 = 6350 km and R2= 6340 km, R1, R2 - radius of the
sphere and Eps = 8.85 - 10-12,
It should be noted that, given that dielectric constant of water is
80, the capacity of the cloud layer may be higher by one or more orders.

Then we see that capacity is approximately C = (0.45-4.5) Farads.



We estimate the potential voltage U between the clouds and the
Earth's surface. Let’s assume the voltage of air breakdown E = (10-30)
Kvolt/cm. Then U =E - H = 3-106 -H Volt, where H = (1-10) - 103 m -
height of the clouds.

The result is an upper bound of the charge of the clouds of Earth:
Qlmax=C-E-H=4.5-3-106-104=1.35-1011C.
However, it should be noted that deposits of iron and nickel in the

upper part of the crust could increase this magnetic field.

Which proves that the charge of the clouds can create a
sufficiently strong magnetic field comparable with the Earth's magnetic
field.

4) Another estimate of Earth's magnetic field gives approximately
the same result.
The fundamental work of A. Karelin estimated the charge density
of thunderclouds [4].
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Distribution of lightning on the Earth's surface.
Fig. 1
At every given moment on Earth there are about 1500 storms.
The average frequency of lightning discharge is estimated as 46 per
second. Storms are unevenly distributed on the planet's surface.
As a result, there is given calculations and experiments, the
density of the charge is in the range q = (9-280) - 10-9 C / m3. Then,
taking the amount of cloud cover in the form V = 4n-R2-H, where H =
1000 m - thickness, we get
V=50-1017 m3
Then we obtain an estimate of the charge of storm clouds on
Earth, which varies in the range of
Ql=V.q=(4.5-140) - 1010 C.
Assuming that the area of the storm clouds takes up one-tenth of
the sky, and they have the lowest charge density, we get a lower

estimate of the charge equal to

Q1 min=4.5-109 C.
The highest estimate will be equal to
Qlmax=1.4-1011C.
which practically coincides with the estimate obtained in the
previous section.
The procedure of this evaluation indicates that the charges of
Earth's atmosphere can be a major source of Earth's magnetic field.

However, they are not enough. Additional contributions can give the



effect of the location of the iron in the Earth's crust and charges are in
the Earth's ionosphere.
5) One of the missing links in determining the Earth's magnetic
field may be the effect of the upper layer of the earth's crust to a depth
of 15 kilometers, where lie the iron and nickel deposits, which have a
temperature below the Curie point (equal to 768 degrees Celsius). And
it has enormous deposits of iron and nickel (which make up 5% of the
total weight of the crust of the earth and at 30% of its volume), which
may influence the magnitude of the magnetic field of the Earth,
increasing it a few times. Note that the total amount of iron in the world
has changed for all its life, as part learned from her, it is on its surface
and in its interior portion. It changed only their relationship.
6) Offer a theory of occurrence of Earth's magnetic field explains
the presence and magnitude of the magnetic field close to Earth planets.
This is especially Venus. Venus is the most Earth-like planet that
does not have a strong magnetic field, but the internal structure of their
identity. Venus has an atmosphere and ionosphere consisting mainly of
CO2 gas, which has a certain capacity and who are constantly recharged
by the solar wind like Earth. It should also be noted that the length of
day Venus more than 243 times greater than the Earth. The rate of
motion of the charges in the ionosphere of Venus is hundreds of times
slower than in the Earth's ionosphere, which explains why the magnetic
field of Venus is less than the magnetic field of the Earth in 300 or even
more times.
Consider Mercury. It is well known that its magnetic field is more

than a hundred times smaller than the Earth. On the other hand the



length of his day is less to 58 times then Earth, and his radius is 2440
km. Than the velocity of the negative charges in the ionosphere of
Venus is 152 times slower than the Earth's ionosphere. This may

explain the decrease in its magnetic field, as compared to the Earth.
The site: https://sites.google.com/site/astronom1543/mag
indicated that the measurement of the magnetic field of Mercury
is 0.006 of the magnetic field of the Earth, that is 150 times smaller than
that coincides with our assessment!

Let's consider now the magnetic field of Jupiter. It is known that
Jupiter has a magnetic field approximately 20 times greater than the
Earth.

It is known that the radius of Jupiter is 11 times greater than the
radius of the Earth, and the rotational speed is 2.4 times greater. So the
velocity of the charges in the ionosphere of Jupiter in 26.4 times greater

than the Earth's ionosphere. Measurements have shown that the
magnetic field of Jupiter is 20-50 times greater than the magnetic field
of the Earth. In this case, the magnetic field of Jupiter Rated via offers
theory also gives good agreement with the measurement!

Only Mars is not subject to the laws are risen. The magnetic field
of Mars is extremely small - more than 500 times weaker than the
magnetic field of Earth. The size of Mars and its rotational speed is

almost completely coincide with the Earth. Therefore all the conditions
for the operation of the mechanism same hydrodynamic dynamo must
be similar create magnetic fields. However, the difference in the
observed magnetic field is due to the actual current lack of Mars's

atmosphere and ionosphere. The pressure of the atmosphere at the



surface of Mars is 160 times smaller than the Earth. This proves that the
source of the magnetic field depends on the presence of the ionosphere,
because the rest of the parameters of the planets almost are same .
Analysis of tectonic rocks shows that when the magnetic field of Mars
was quite noticeable and had reversal of the magnetic field. We know
that the destruction of the Marsian atmosphere is relatively recent, and
continues to be now. The lack of atmosphere and magnetic field are the
main reason for the absence of life on Mars, but does not rule out its
existence in the past. There are several hypotheses causes destruction
of the Martian atmosphere, but we will not dwell on them. The fact is
that in the absence of an atmosphere and the ionosphere notable
planet's magnetic field cannot exist.
Thus the connection of existence of magnetic fields of the planets
with their ionosphere is another proof that the reason for their
existence hydrodynamic dynamo mechanism is not because in a Mars
hydrodynamic dynamo mechanism, located inside the planet would
have to continue to work and create a magnetic field commensurate

with the Earth's magnetic field.

We will build a Tab.1
Planet Diameter rotation mag. field  Atmos. pressure
Mercury 4879 58.8 0.006 0.001
Venus 12104 243.7 93 0.003 93
Earth 12742 1 1 1
Mars 13558 1.01 0.002 0.06
Jupiter 139 822 9.92 25 12



Tab.1
From Table 1 the following conclusions:
1) Where there is no atmosphere and ionosphere of the magnetic
field, or negligible, if any, it almost does not (Mercury, Mars).

2) From the Earth and Mars comparing seen that the dimensions
and rotational speed are nearly the same. Time and conditions of
occurrence should be almost identical. Therefore, if there was a valid
hypothesis on the origin of magnetic fields thanks to the mechanism of
hydrodynamic dynamo, then they would have been identical to the
magnetic field. But it is not! So the hypothesis of the origin of Earth's
magnetic field through the mechanism of hydrodynamic dynamo is
incorrect.

3) Radiuses and speeds of the planets determine the velocity of
the charges in the ionosphere. And hence the current.

Then those planets that have an atmosphere and ionosphere
country powered according to our hypothesis from the solar wind
should be proportional to the magnetic field of the linear velocity of the
ionosphere, so multiply of the radius by the angular speed! Indeed
Venus, which has a radius slightly smaller than Earth, but with a smaller
rotating 243 times the speed of a magnetic field nearly 300 times
smaller. Jupiter, which has a radius of 11 times larger than the Earth
and rotating with an angular velocity of 2.4 larger than the Earth's
magnetic field is 25 times greater. These estimates confirm the
correctness of our hypothesis that the mechanism of borrowing and the
Earth's magnetic field is produced by moving charges ionosphere

created by solar wind.



Hence, our hypothesis is the emergence and existence of the
Earth's magnetic field has more reason then hydrodynamic dynamo
hypothesis than its origin.

7) Note that offers a hypothesis about the cause of Earth's
magnetic field makes it easy to explain not only the origin of the Earth's
magnetic field, but the geomagnetic Inversion, that occurs every few
hundred thousand years is stochastic.

Analysis of the Earth's magnetic field, conducted with the help of
satellites and modeling has shown that the solar wind is currently
bears, because it mainly content electrons negative charge. In case of a
positive charge in the solar wind and Earth's magnetic poles form of
distortion of the magnetic field of the Earth, associated with the

existence of wind would have been different.
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Fig.2

Solar prominences - a charged plasma field, recurring over the
surface of the Sun, overcome gravity and the magnetic attraction of the
sun, pulled out from the surface of the sun. And partly substance

prominences back into the sun, and some in the form of solar wind
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scatters in different directions. Part of this wind reaches the Earth's
ionosphere and charges negative charge. The ionosphere exists the so-
called E and F layers [6] located in the region of 90 to 500 km long and
having electrons in a concentration range of Ne = (1.5-30) 105 in one
cubic centimeter (3) formed through Sunny wind. The average value of

the electron density in them is Ne = 106.
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All thickness of these layers up to H = 500 km. Then it is easy to
estimate the total charge of this layer. It is
Qe=Qe-R2-4nNe-H=12.6-1.6-10-19-41-106-1016-5 -
107 =4.14-1013C
Where Qe = 1.6 - 10-19 C electron charge.
As the assessment conducted by a charge E + F layer of the

ionosphere, c considering the effect of the iron contained in the upper
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layer of the Earth, its size is sufficient to establish, or at least make a
major contribution to the formation of Earth's magnetic field.

It should be noted that the constant losing due to the negative
charge of the solar wind, the Sun gradually charging excess positive
charge. This leads to the fact that periodically, every few hundred
thousand years, the sun begins to break out of the positively charged
gigantic prominences (predominantly due to their content of positive
ions and protons), dimensions reach several thousand kilometers.
Therefore the solar wind starts bearing positive charges which reach
Earth and recharge its electric and magnetic weeding.

As a result through some period equal several thousand, the Sun
again becomes neutral and starts letting out negatively loaded wind
again.

The next inversion of the Magnetic Field of Earth results. The
recharge of the Magnetic Field of Earth can occur as well as a result
collision of Earth with huge comets which can be loaded both is
negative, and is positive, depending on a sign of a charge of a star which
the comet faced before it.

So process of inversion of the Magnetic Field of Earth can be
explained easily on the basis of the offered hypothesis.

8) Now we will stop briefly on other approaches to an explanation
of emergence of the Magnetic Field of Earth. First of all we will note that
now on the first place for an explanation of emergence of the Magnetic
Field of Earth by other authors the mechanism connected with the

thermal convention in its liquid magma is considered. Such hypothesis
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is based on analogy of the mechanism of emergence and maintenance of
a magnetic field of the Sun.

However the simple analysis shows that in the conditions of Earth
this mechanism can't work because of a difference of scales and sizes of
density and viscosity of the fluids and gradients of temperature existing
on the Sun and Earth. It is known that the big gradient of temperatures

and existence of an easy non viscous fluid in the studied volume is
necessary for the noticeable thermal convention. But change of
temperature of terrestrial magma from the top part adjoining on bark
and equal 700 degrees, and lower, adjoining on a kernel of equal 6000
degrees at distance about 3000 km, gives the top assessment of a
gradient - 2 degrees on Kilometer. It is less than in bark of Earth and
considering that viscosity of magma, even at a temperature of 4000
degrees the very high - it is possible to draw a conclusion that UNDER
THESE CONDITIONS in Earth there CAN not be a CONSIDERABLE
THERMAL CONVENTION!

[t should be noted also that fact that maintenance of a magnetic
field of Earth requires huge energy. As any electromagnetic generator
has to use the rotating rotor which role plays the Earth globe. Thus
there are forces and inductive currents braking it. It is required or
additional the energy maintaining constancy of speed of its rotation, or
it has to slow down, losing rotation speed. Practice of supervision
shows - the speed of rotation of Earth for millions of years almost didn't

change.
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So in Earth there are no sufficient sizes of parameters that there
were conditions necessary for operation of the mechanism of a hydro
magnetic dynamao.

For comparison, on the Sun temperature changes from 6000 to 15
000000 degrees, and the fluid represents plasma (the ionized gas)
which density is one hundred times less than magma density, and

viscosity of magma one thousand times smaller than viscosity. Under
these conditions there can be strong magnetic fields thanks to the
mechanism of a hydrodynamic dynamo.

9) It is possible to prove correctness of the version that sources of
the Magnetic field of Earth are out of its volume, simpler way. It is
known how it was already noted that in Earth bark at depths up to
about 15 kilometers where being carried out by a condition of that

temperature is less than Curie's point, fields of iron and nickel making
about of 5% of bark volume lie. It is known also that the Magnetic Field
of Earth measured along its surface, then value of the Magnetic Field of
Earth in regions of its bedding. In case of an arrangement of charges and
currents over Earth surface, the effect has to be opposite since metal
plays a role of the paramagnetic internal core and the magnetic field has
to increase around its bedding! As it was mentioned above, practice of
measurement of the Magnetic Field of Earth showed names it. Therefore
the version about finding of sources of the Magnetic Field of Earth out of
Earth surface is fair. And consequently, the version and the carried-out
estimates about location of these sources in the atmosphere and an

ionosphere of Earth the correct.
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10) We will note that by means of the offered hypothesis it is easy
to explain discrepancy of a geometrical axis of Earth and an axis of a
magnetic field of Earth. (Shift of magnetic poles).

This phenomenon arises because of an inclination of a
geometrical axis of Earth to Earth orbit plane on 23.4 degrees. In this
connection the solar wind falls on Earth surface at an angle.

11) Thus only the charges brought from the outside (A solar wind
or comets) and the charges resulting from formation of drops of a rain
in clouds can constantly load the atmosphere and an ionosphere,
allowing to create and support the Magnetic Field of Earth.

And the magnetic field of the atmosphere of Earth can serve as a
starter of emergence of the Magnetic field of Earth, originally braking

and developing electrons of the Solar wind on a tangent to Earth
surface.

The carried-out estimates showed that the total charge of Earth,
clouds and an ionosphere can provide emergence and existence of the
Magnetic field of Earth. And the charges arising in atmosphere clouds
constantly are supported by a water circulation in the nature, and an
ionosphere charge, is constantly recharged by the streams of charged

particles coming from the Sun.
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Development of Oil Well Performance
Simulation for Reservoirs Containing Oil with

High GOR

Dr. S. Tseytlin,
D. Tseytlin
(Tseytlin Consulting Inc., USA)

AHoTauusa
B HacTos1el paboTe aHa/JIM3UPYyeTCS BJAHUSHUE 3a00MHOTO

JlaBJieHUsI Ha 3P PeKThbl, CHUXKAKOI[UE OTHOCUTEJIbHYIO
INPOHUIIAEMOCTD I1JIaCTa M0 HePTU U YBEJIMYEHUE BI3KOCTH
HepTHU B npu3abolHOM 30He nJacTa . CHHXKeHUe
Ko3pPuUIeHTa NPOAYKTUBHOCTH, KOTOPOE MPOUCXOJUT B
3TOM CJIy4ae, MOXKET MPUBECTHU K CJIeIYIOLIEMY SIBJIEHUIO:
KOr/la 3a00MHOe JlaBJIEHME NIOCTENIEHHO YMEHbIIAeTC HUXe
onpe/ieJIEHHOTO 3Ha4YeHUs, eOUT HepTHU TNepecTaeT pacTU U
Ha4yWHaeT MaJlaTh, Bonpeku Teopuu Poresis, KoTopasi
Npe/iCKa3bIBAET, YTO OH J0JIKEH MPOL0/KATH PACTHU. ITO
O3HayaeT, YTO MHJAuKaTapHas kpuBas (IPR) pakTruuecku
MMeeT MaKCUMaJIbHYI0 BeJIUYHHY AebruTa HedTU NMpPU
HEHYJIEBOM J]aBJIEHWHM 3a00MHOU CKBAXKUHBI.

KiroueBble cJIOBa:
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IPR -Inflow Performance of Relationship, GOR- Gas Oil
Relationship, Formation Pressure, Formation Saturation, Skin
Effect

YaydieHHass MaTMO/IE/b , ONKChIBaIONIass paboTy
CKBaXXHHBI AJIs JIACTOB CoZiepKaliuX HePThb C

BbICOKHUM COAEPXKAHHEM I'd3d
[ektaun CeMéH JlaBua0BUY, J.T.H.,
LleuTaun laBug CeMEHOBHY
( Oeittaiua Koncantunr Komnanus , CIIA)

Abstract

A lot of articles were dedicated to researching processes in
formations saturated with oil with high gas content, including such
classical works as [1,2] by M. Musket, in which he described and
analyzed the corresponding unsteady two-phase filtration equations.
W.J. West etc. [3] solved those equations on a computer by applying a
number of simplifying assumptions. Later W.T. Weller [4] suggested an
approximated method, which yielded approximate solutions with good
precision. These theories allowed calculating dynamic behavior of oil
rate, GOR, formation pressure, saturation at any moment of oil well's
life. They also allowed obtaining and analyzing distributions of pressure
and oil saturation inside formation vs. distance from the well for any
moment of time in dependence from PVT parameters of fluid, relative
permeability and properties of formation [2, 5]. ]. V. Vogel [6] and later
M. B. Standing [7] developed simple theories for building Inflow

Performance Relationship (IPR) curves for solution-gas drive
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reservoirs. They demonstrated that IPR curves can be described by
simple algebra equations (parabolic curve) and its general form is not
greatly affected by PVT and other parameters of fluid and formation [5,
6, 7, 8]. According to these theories the oil rate maximum is always
achieved when bottomhole pressure is equal to zero. Later some
researchers found that these theories did not always yield sufficient
precision [9, 10]. M. Hussain [10] noted that skin effect sometimes
arises in formation in a zone near the wall of well in solution-gas-drive
reservoirs. As a result actual IPR curves can noticeably differ from Vogel
curves. Influence of skin effect on IPR curves is analyzed in [5], except it
is assumed that skin effect does not depend on the value of bottomhole
pressure and maintains a constant value at any pressure. In reality this
is not the case because the relative permeability and width of skin zone
depend on the bottomhole pressure and saturation. Nevertheless in [5]
it is shown that skin effect has very strong influence on productivity
index of well and on IPR curve but has no influence on Vogel form of
IPR.

The present paper analyzes influence of bottomhole pressure on
the effects reducing oil relative permeability and increasing oil viscosity
in the zone of formation near the bottomhole. Reducing productivity
index, which happens in this case, may lead to the following
phenomenon: when bottomhole pressure is gradually reduced below a
specific value, oil rate stops increasing and begins to drop, contrary to
Vogel theory which predicts that it should continue to increase. Which
means the IPR curve actually has a maximum oil rate at non-zero

bottomhole pressure.
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Introduction

Musket equations [3] were picked as mathematical model which
describes main processes of unsteady two-phase filtration in formation;
with some simplifying assumptions:

1) formation is one dimensional and there exists only radial flow;

2) porous media is isotropic and uniform;

3) gravity and capillary effects can be neglected;

4) compressibility of rock and water can be neglected;

5) constant pressure exists in both oil and gas phase
These assumptions make it possible to describe the two-phase flow of
oil and gas by the partial differential equations [3]:
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Zero flow condition on the outsize border of the zone is:

P
or

On the wall of well we set a border condition due to known value of
pressure or oil rate:

oP
|HW =P,(t) or =

r=r,
Initial conditions are also set:

(2) P(r,t)=P,(r,0; S(r,t)=S,(r,0);

20



To the system (1) is completed with some PVT data, dependence of
relative permeability of different phases from saturation and with other
properties of reservoir:

Blo(P), Bg(P), Bo(P), Bg(P), Rs(P), Ko(So), Kg(Se) ,

K, B, Ps, Pup, I'w, T, Sw, Sgecrit.
The system (1), (2) was solved using finite differences method [11],
differs somewhat from the one used in [3]. Firstly the value saturation
was excluded from the system and then after some transformations the

nonlinear equation relative a pressure was acquired :

K
@) 1 ¢ Lo R Ko IR ppy12f K P s (r1) P
ror| (B, 5615 u,B,)or ror \ u,B, or ot

Where F (P), C (P, So) are functions depending from PVT data and

formation properties.
The equation (3) was made linear by using method of shift along time
axis by a small step B during calculation of functions F (P), C (P, So), i.e.
for its calculation there were used values P(r, t-&), So(r, t-7). Further the
equation (3) was solved using finite differences method on a grid with
variable step.
Numeral Algorithm shown on Appendix A.

Results
As an example, let's take a uniform, radial formation with following
properties:
K=0.015 D; P=3000 psi; H=50 ft; r.=840 ft; rw=0.3ft; @=0.15

PVT data were approximated by the following simple dependencies:
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Where b,=0.0002; bg=0.07; Floo=2 cps - viscosity of oil at formation
temperature and atmospheric pressure; Flr,=0.25 cps - viscosity of oil at
formation temperature and pressure; Flgo=0.015 cps - viscosity of gas at
formation temperature and atmospheric pressure; F;=0.0004; Rso=1 -
solubility of gas in oil.

The following dependencies were used for relative permeabilities:

KI’O = (SO + SW)4 = Sf
{1.044—1.73L +0.6552, if S, >S
rg =

gecrit

0, if S, <S

gorit
On one hand such choice of simple dependencies allows to take into
account main dependencies from pressure, saturation, temperature and
on the other hand, because the solution is numeric, to substitute a more
accurate dependency if necessary. As it was mentioned already, the
main goal of this research is analysis of influence of bottomhole
pressure on the dynamics of working formation, including changes in oil
rate, formation pressure and GOR versus time or versus recovery index.
An additional goal was to study a possibility to direct oil rate and
ultimate recovery index by changing bottomhole pressure. The same
math model allows to calculate IPR curves for any moment during
lifetime of well, to predict how the well will work in the future and to

find the current optimum bottom hole pressure P> (t). The IPR curve
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calculated for our case for initial moment of time is shown on Fig.1,
along with the GOR vs. oil rate curve. This IPR curve is different from the
traditional Vogel IPR curve, because it has the maximum oil rate when
the bottomhole pressure doesn’t equal to zero . Thus, contrary to Vogel
theory predictions, that the optimum bottomhole pressure always
equals to zero regardless from all the properties of fluid and formation,
sometimes it may have a certain non-zero value, which depends from
various properties of formation and fluids saturating it. Since the
formation pressure, saturation and other parameters change with time,
value of optimum bottomhole pressure also changes, creating a number

of points constituting the curve of optimum bottomhole pressure P> (t).

The present math model allows to determine dynamics of changing
pressure and saturation inside formation, oil rate, GOR, cumulative
recovery index etc, based on the regime of maintaining bottomhole
pressure. As seen on Fig.1, curves of oil rate and GOR vs. bottomhole
have maximums. When bottomhole pressure is reduced, before the oil
rate achieves maximum, GOR gradually grows. After the oil rate
achieves maximum value and starts to drop, GOR continues to grow at
an even faster rate. Existence of maximums on curves of oil rate and
GOR can be explained as follows. In formations containing oil with high
GOR, when pressure is reduced below the bubble point, there appears a
zone where dissolved gas exits from oil and starts blocking oil from
exiting to the well. This eventually causes gas saturation in the zone to
increase and relative oil permeability to reduce. Oil viscosity is
increased and oil volume is reduced. Conditions for free gas to exit are

improved because relative gas permeability is increased, and gas
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viscosity is reduced. On one hand, reducing bottomhole pressure
increases depression on the formation, while on the other hand it
reduces productivity index. As a result at first oil rate increases during
increasing depression, but after bottomhole pressure becomes below
optimal level, productivity index begins to fall fast and oil rate is
reduced until the well switches to gas mode. At the same time GOR
quickly begins to increase which further accelerates exit of gas from
formation, premature reduction of formation pressure thus reducing
ultimate recovery index. Many cases similar to what is described here
often are observed in practice, but it can not be explained by the Vogel
theory. In an example described in [10] by Hassan M. in Abu Daby well
formation pressure was slightly above bubble point pressure, but
bottomhole pressure was below it. The skin effect appeared in
bottomhole zone of formation from liberated gas. The data from [10]
was used for building IPR curve on. The fact that it looks similar to the
IPR curve on fig.1 proves existence of similar wells.

In [5] M.A. Kline analyzes how skin effect affects IPR curve and
determined that it strongly influences it (fig.3). But the Weller math
model that was used assumes that skin effect index is constant
(S=const). In reality skin effect strongly depends from bottomhole
pressure, and significantly increases when bottomhole pressure drops
below optimal pressure. If this is true, then when bottomhole pressure
is reduced, working point (P vot, Q i), by moving from one IPR curve
with skin effect S1 to another, S2>S1 (fig.3), forms a curve similar to fig

1.
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Let’s note that suggested model could also represent Vogel or Standing
[7] IPR curves as special cases depending on properties of fluid and
formation. Likewise it is notable that reducing initial GOR reduces
optimum bottomhole pressure, and when it nears zero value, the
resulting IPR curve starts to look like a Vogel IPR curve.

The Simulator was developed for Determination of Optimum Regime of
Production from Reservoirs Containing Hydrocarbons with High GOR.
On Fig. 2 shown data screen of simulator with some data’s case.
Depending on the pressure regime, three different cases were
calculated:

D) bottomhole pressure corresponding to optimum regime

P (t)EI0.55Psor (t);

I)  Purot(£)=0.25 P for (t);

III) bottomhole pressure was maintained as in case Il during one year,
and then switched to regime as in case I.

The third case illustrates what happens when switching bottomhole
pressure regime to optimum is delayed. See results of case I solution on
figs.4, 5 and 6. Fig.4 shows formation pressure and oil rate vs.
cumulative recovery index and time. The limit of production sensibility
equals to 5 bbl/day oil rate, in which occurrence case I returns ultimate
recovery index of 32.2%. Life time equal 34.1 years, accumulated oil
=910.1*10**3 bbl, accumulated gas= 7498.6*10**6 cft. Same figure
shows GOR1 and GOR2, which correspond to the values of GOR near the
wall of well and near the border of formation. The small difference
between GOR1 and GOR2 can be explained by skin effect in bottomhole

zone, where oil looses dissolved gas, which increases GOR1. Gradual
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increase in GOR and later sharp drop when cumulative recovery index
increases, is a known fact for formations in solution gas drive regime (P
£ (£) <P bubble pt)- Fig.5 shows distribution of pressure vs. distance from
well for different times. It also illustrates dynamic behavior of pressure
in bottomhole zone of formation with simultaneous fall of formation
pressure. Fig.6 shows corresponding distributions of oil saturation vs.
distance from well (assuming Sw=0). One can note a ring-distribution of
saturation until the moment when saturation exceeds value of critical
saturation S ¢ (here S +=0.9). Additionally, on same figure one can see
dynamics of forming of skin effect in bottomhole zone where oil
saturation reduces sharply (gas saturation increases). Size of that zone
is no more than about 3 feet. At the same time saturation in the rest of
formation changes only slightly. Overall decrease of oil saturation is
affected not only by extraction of oil with dissolved gas, but also by
shrinkage of oil due to exit of free gas to well.

Figs. 7, 8 and 9 show results of solution of case II in the same fashion as
figs.4, 5 and 6. Here oil rate and formation pressure reduces quicker
because gas exits faster. As a result ultimate oil recovery index achieved
in this case is only 24.8%, Life time equal 30.24 years, accumulated oil
=705.1*10**3 bbl, accumulated gas= 8035.6*10**6 cft. The difference
between GOR1 and GORZ2 is more than in case 1, especially at early
stage. This is explained by a stronger skin effect in bottomhole zone,
which blocks oil from exiting and accelerates gas exit from formation
(GOR=Q gas/Q oi1). Figs.8, 9 show distributions of pressure and
saturation vs. distance for different moments of time. The difference of

ultimate oil recovery index equals nearly ~7.4%, or about 205,000 bbl,
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which demonstrates that by keeping bottomhole pressure near
optimum, the ultimate oil recovery was increased to 29% and gas
recovery was about the same.

The results of solution for case III are shown on fig.10,11, 12. The
ultimate oil recovery index in that case equals 27.3%, or 2.5% more
than in case II. Life time equal 33.6 years, accumulated oil
=761.8*10**3 bbl, accumulated gas= 7773*10**6 cft. Fig. 10
illustrates how after switching the well to the optimum regime the oil
rate increased more then 12%, GOR slowered, and reduction of

formation pressure was decelerated.

Conclusions
1. Using Musket equations in the math model allowed acquiring new
results for solution of optimization problem of oil production from well
with high GOR.
2. Analyzed influence of bottomhole pressure regime on dynamics of
oil rate, formation pressure, saturation, GOR and oil recovery index.
3. Found special kind of IPR curves, which achieve maximum oil rate
when bottomhole pressure is not zero.
4.  Analyzed dynamics of appearance of skin effect zone when

bottomhole pressure is below bubble point pressure.

5. It was shown that sometimes GOR isn’t constant along radial
direction.
6. Created simulator allowing acquiring IPR curves including Vogel

and Standing kinds as special cases, for any moment of time during well

operation.
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7. The math model allows analyzing and predicting future behavior
of a well, depending on previous history and properties of system;
including calculation of ultimate oil recovery index and life time of well.
8. As aresult, it allows determining optimum work regime for well
by keeping the bottomhole pressure at optimum level, so that it gives

maximum oil rate and enhanced oil recovery.
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Appendix A
From system of equations (1)-(3) by excluding So and applying the time
shifting method for a small value t, we receive one linear equation

relative to P(r,t):

q) 1ol 2 & & |oP | +F[Pn1i;- K C_Pil ClP.S,(r )L
G B, 5615 uB, |cr| \rar | u B, orl| c't
From equations (4)-(5):
F(P)= Z —_R- - :=P bb P+b, — _R '
| B, 3613 3.613)
| SR} (S, +S,)bb, )
‘C[P=,S':[r'=r—rII=158.Dr5—1 z:__,[l—s:—s._,.|+[‘5:;5;"R:i— — -'Pi

The equation (I) was approximated using finite differences on a grid
with variable step: hi=ho**(qi-1), where: ho=0.3 ft, q=1.07,i=1+75
Then (I) becomes a system of algebraic equations forming a three-
diagonal matrix:

an ABS-LETZES =

Where coefficients Xin, Yin, Zin, Win are determined from grouping of

members in following equation:

{ f Ml opal { 1 opal 3
l_i r E’ it |- E F—F |+
ol 7T h. 1| By I
(my =, ) prd _pr) Pl _ el w
Flpr) L P G T o G " (l=clp.s )P —F
: | }.._;3__ | *z | .-‘,-.__ | 1| .":-___1 1 ) r
Where :
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2
) K |57
(V1) ‘ P BIE)
. K_ 157 (P2 .
‘E“ el +R_._P_. G

W BB 5615

And after grouping members in (III):

- jll'__i'- [ - ) . P 1
x'=——|g’ +FlP")G" |
Faflefl o o
, L (on) n |
V) r.=——|E" +FI|P"|G".|
DA e
Z =X'+17+ClP5.)
W, =clp s )P

A solution of (II) is searched for in after solution is expressed in

recurrent form :
(vir) B =P+ g

Where and are coefficients. Substituting (VIII) into (II):
() XME™e,+f -1 B+ ZI BT =)

After grouping in (IX) we can find ai and i:

(X) A L e
‘_,ﬁ — H- + ‘g:_l_{&':'-
S

Initial border conditions on the wall of the well a1, 31 are acquired.
Then a forward run yields a sequence of coefficients {ai}, {Bi}, i=2...I-1.
Then the border conditions on the outside border of formation are used
to calculate values of Pin+1 for all i=1...1.

After Pin ,Soin are computed for time t=1n, by solving system of

equations {(III)-(X)}, we first compute pressure distribution P(r, t) for
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t=1 (n+1), and then from (1), determine distribution So(r, t) for t=
t(n+1). This process continues until solution is calculated for the whole

necessary time interval.
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Nomenclature
P - pressure, psi
So - oil saturation
Sg - gas saturation
Sw - water saturation
K - permeability, md
Koo - relative oil permeability
Kqo - relative gas permeability
- porosity
Flo - oil viscosity
Blg - gas viscosity
B, - oil volume factor
B; - gas volume factor
Rs - solution gas ratio, cft/bbl
Pr - formation pressure, psi
Pypp- bubble point pressure, psi
t -time, sec
r -radius, ft
rw - well radius, ft
r;1 - outlet radius, ft
H - formation width, ft
Sgerit - critical gas saturation
Qo - oil rate, bbl/day
Qg - gas rate, cft/day

Popt - optimal pressure, psi
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Two Phase Flow Simulator - C\Users\stseyt Documents TwoPhase\twae.dat

Run Exit
Dataget Charts  Qutput

PFD - Initial Formation Pressure [psi]

P1 - Initial Relative Bottom Hole Pressure
TMAX - Max. Simulation time [days]
T-Toeso i
K - Output interval ]

QMIN - Min. Practical Flow Rate [bbl/day]

After T2 days, switch relative bottomhole pressure to P2

Tos
P2 - New Relative Bottomhole Pressure
[ Stop after reaching certain formation pressure PMIN

PMIN [psi] 0

[ Obtain IPR curve

IPR TMAX - Time to obtain IPR curve [days] EI

RW - Wel Radius fi]
HO - First Step for Radial Grid f]

(@ - Geom. Progression Ratio for Radial Gid  |1.075

Ready

50 - Initial Ol Saturation

H - Width of formation fft]

FI - Porosity [4]

AK - Absolute Permeability [md]

KP - Relative Permeability Coefficient

BG - Gas Violume Factor

RO - Solubility [cft/psi/bbl]

B0 - Oil Volume Factor

MUGD - Gas Viscosity [cp]

LG - Coeff. Gas Viscosity Increase
MUQO - Qil Viscosity on the Surface [op]
MUQF - Cil Viscosity in the Formation [cp]
SW - Water Saturation

Coefficient A
Coefficient B
Coefficient ALPHA

— Sl a == == ==
E o

e
=3
=
wn

ﬁ

Fig. 2 Data Screen of Simulator
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CTuxu aBTOpa

dnutadusa Tumy

Moii 6eCKOHEYHO CJIaBHBIN U JIIOOMMBIA BEepHBIH nec!
HeT cn10B, 4T06 BbIPa3uTh BCIO rOpeYb MHE MO€EH yTpaThl,
Be/iM4YnHy KOTOpPO# A CpaBHUTD ObI TOJILKO CMOT
C ToH paAoCThIO, YTO B JKM3Hb MOIO ThI BHEC,

U 4yTO Kcye3ssa U3 Hee ¢ TOOO0I0 6e3 BO3BpaTa...

f1 He 3a0yAy HUKOTrAA ¥ IpeAaHHbIN TBOU B30D,
W 4y HBIN pBIKUM LIBET TBOEU IPyAU MOTyYeH,
CTpeMHUTeJNILHBIN TBOM Oer cpeAu JOJIHH U rop,
U cTpaHHy10 J11060Bb TBOIO K HABO3HOM Ky4e...

YMyaJica B Hebeca, MEHSI OCTaBHB 3/]€Ch

B nevyasim u cje3ax U3 rija3 MOMX TEKYLIUX,
U 06HOBUBILINCH TaM AYLIOH U TeJIOM BeCh,

OXOoTHLIbCA Tellepb HABEPHO B pPaliCKUX KyIlax.

6.6.2001
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MoHoJioT

BbITb HJIK He OBITh, BOT B YeM BONIPOC?
YTo Jiy4ile, MOKOPUTBHCA ¥ B OpaK BCTYNIUTD?
Wb onoJsyack, OCTaThTCA OJMHOKHUM BOJIKOM.

XKenutbca! XKutb BMecTe U BUAETD AEB APYTUX
Bo cHe yiuiib TO/IBKO?! BOT B 4yeM Bompoc!

Kako¥ nMKaHTHBIA COH IPUCHUTCA B 3TOM CHE.
BoT B yeM npu4yHuHa TOrO,
YTo XKU3Hb X0JIOCTSKA TaK A0JropeyHa!

KTo 6 cHec OKOBBI 6paka U »KeHbI IJIyMJieHue!
['HeT 6eCKOHEYHBIH Telll, HaCMELIKY BceX Jpy3ei!
Bosib 0T 1060€B, cexca neperpyskKy!

Korza 651 Mor ce61 JieTKO y/IBJIETBOPUTD,
Haligs 1:060Bb y A€BbI 0/1arOCKJIOHHOM Ha Y/IUIE,
3anmyZpuB el MO3rd U 06e1aB »KeHUThCA!

KTo nuiesics 6ol € TsxKe101M HOLIel Opaka,
Y106 0XaTh ¥ CTEHATh MOA, HYAHbIM MIPECCOM.
Korpa 6blI cTpax 4yero-To nepej CMepTLIO.
Be3BecTHBIN rocnuTaNb OTKYZa HET BO3BpaTa
3eMHbIM My>XYHMHaM pasyM He CMyIaJ,
BHymiaa UM TepneTb HEB3TOABI 3TH
Y He cielIUTH K APYTUM OT HUX COKPBITBIX...

Tak TpycaMu Hac AeJiaeT ’KeHUTbOa
Y Tak pelntuMOCTH OJYAUTDH TPUPOAHBIN MbLJI
XepeeT nepej CTpaxoM OAUHOKOH CMepTH
U Brasp 6ykaaomyi ¥ MILEeLuid Kpyrom
3abaBhbl JIETKOM
BApyr KpOTKHM CTaB,
K noapyre ycTpeMiseTcs cBoey,
[IpeanoyuTas MajeHbKYIO ITUYKY B CBOEH IIOCTee

KypasJiio B 4y>K0#...

49



Ho Tume! Jlenka kaxeTcsa u3 bpykirMHa BepHy/ach!
B cBoeli MosiuTBe HUM(a, Bce B 4YeM IrpeliHa Thl, IOMAHH...

A Bam nuuy 4ero e 6o0Jee...
['oTOB 4 caM K Tebe JIETETh,
Ho 3/100HBIN POK CHUJIbHEE BOJIH,
A KpbLibs 60T He Jajl UMETb...

Kak yacTo cuZi ¥ 3BOHS Tebe JJOMOH,
A fymaro o Halei CKOpoH BCTpeye,
Ho ThI He Xo4yemb BUAETHCA CO MHOM,
X0Ts 0 GJIM30CTH HEe MOXKeET OBLITh U PeYM.

Kak ackUMOC, corpeThiy COJTHIIEM
M proMKo# BOAKH, BBITUTOH Npej, TEM...
Tax 1, corpeTbiii BalllUM B3JI/|0M,
[Ipe3peHHbIN pab Jiesemui NOPOK,
XoTes 651 OBITH C TOOOIO PAZLOM
U ymepeTs y BalllUX HOT ...

50



CoHerT 222

Mot KpoTKHH aHTreJ JI0O0AIIUI 3BepAT
Ha ckJioHe jieT MOMX MHEe BCTPETUBIIUCH C/Iy4alhHO
OKpyTJIOCTBIO JIMLA Thl NPUBJIEKJIA MOM B3TJIAA
KoTopenlii nepes TeM KOHEYHO OL|EHUJ TBOM 3aj,...

CpakeHHbI# HaloBaJI CTOJIb PeAKUM CoOYeTaHHEM
JlOCTOMHCTB TeJia ¥ AylIU
Al po6ocTh NO6OPOB CIPOCUIT
['oToBa Jib THI AEJUTH CBOIO JIIOOOBb K KOTaM
C 1060BbBI0 K APAHBIM MOXKUJIBIM CKOTaM...

U 4y[0 cOBepILINJIOCH
'pom rpsaHyn nocpenu fBopa
U ThI B MeH4 BJIIOOHJIACS...

Bospaayiica Kunpuga

Beii B 0yoeH KynuzoH

Ilonascsi B Balllk CETH
3aTacKkaHHbIM T'M600H...
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CoHerT 444

CoBceMm He aHreJ Tol | Ckopee 3/1as 6a6a
Moio u3paHHEHYIO Thl Tep3aellb IJIOTh
To HeHaBHUCTBIO XOKelllb MEHS C CAAUCTKON 00/IbI0
Y nbelib MO0 UCIIOPYEHHYIO KPOBb,
To xoKelIb MOM KMLIKHA CBOEH UCTYILJIEHHOH JIIDOOBBIO...

He Bepus HUKOrAa TBOUM CJI0BaM M YyBCTBaM,
He Tak s riiyx ¥ rayn 4To6 ¢asibil uX He NOHATD
U cTpos K/eTKy MHE C KOBapCTBOM U UCCKYCTBOM
Tl yacTo 3a6bIBasa MacKy 3/100bI C MOPALI CHATb...

Moii KpoTKHH AyX, pAfAALUNCA B IIyTa
BoccTaTh rofjoB U KpbLIbS PacCyCTHUTD,
Ho Teso 6peHHOE, 3aKOBaHHOE CTPAXOM,
He nosBanseT MHe HaJ IJIOTHIO BOCIIApUTh,
[Iyras 6yAymiuM KOHLIOM U 3alaXOM TJIETBOPHBIM IIpaxa...

Ho Bepio 1, 4TO )XKHU3Hb MOS, KOTOPYIO £ 3aryouJ1 6ecreqyHo,
[Ipo6yauT cocTpasaHue TBoe
M Tl mOMOXellb MHE MIOKUHYTb 3TOT MHUP KOHEYHBIH
Y obpecTu cpeu Jy4YHCTBIX 3B€3/, NOKOH MHE BEYHbIH...
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CoHeT 555

OnaTh HacTa/I0 YyJHOe MTHOBEHHE
Y nTuupl B Hebecax NPUBETCTBYIOT €ro.
Ux mebeTaHbe Tpesb BO MHE IPOOYyZeT reHus,
KoTopbi#t cMoXeT BHOBb BOCNIEeTh JieHb TBOEro poXkKAeHHUH ...

3eMJi ¥ 3Be34bI PaJlOCTHO MOIOT, MPUBETCTBYA TBOE YyeCTHOE
ABJIeHUE,
C KoTOopbIM 51 MOTY 6€3 CKPOMHOCTHY CPaBHUTD
BeHeph! U3 BOABI JTUIIb YYJHOE POXKIEHUE...
XOTS NPpUYHHY 3TOr0 IPUAEThCA MHE 3a0bITh...

Bceit )kM3HBIO CBOEH THI 3aCJAyXKHUJIA Jap
BpuIMaHTEI nepes YeM JIUIIb OJIeKJIble HTPYLIKH.
A saToT nap Tebe Bpy4yalo OT AyIIH,

Bo3Mu MeHs K cebe Ha YHUCThIe OAYIIKH...

U ecnu THI OTKaXellb B 3TOM MHe,
Moii xs1afHbI# Tpyn HailAelllb Thl HA 03€pPHOM JHE...

53



Conet 123

OnaTh 3Be3/ia y/ia4u CBETUT MHeE B IJia3a,

fl HocoM 4YyBCTBY1I0 ycexa IpHOIHKEHHE.
[IpoMyasicsi MUMO CILJIMH, KaK BeLIHsAs I'Po3a,
U BHOBB UrpaeT paiyroi Moe BOOOpaXKeHHe...

Mou KoJsieHHu 60/b1lIe He APOoXKaT,
U BBIA cor6eHHas CHOBa pacnpsAMUIACH,
Moii ocTpbIii MO3T ONATH FOTOB CTHXH POXKAATh,
Y >KeHIMHBI CMEHUJIM THEB HA MUJIOCTb...

Mos /11060Bb, KaK CTapoe BUHO
CTaHOBUTCS C rofJaMM TepIye U CUJIbHEE,
Moii BHeLlIHUM BUJ ,KaK AATCKOe MapHO
Bo Bcex xkeslaHbe IPOOYKJaeT BCE OCTpee.

U nyctb ®opTyHBI 337 He GYAEeT oMpavyaTh
ToT 2KU3HHU HOBBIH MYTh, YTO S TOTOB Ha4aTh.
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CoHet 111

Moii 6eaHBIN LeApbIX APYT, 0OMKEHHBIH MHOIO,
Temno JII06BH KOTOPOTO TaK YyAHO IpeJsio AyIly.
A 4yBCTBYy10 Ce6s1 BAHOBHBIM Npej TOO0I0
U 4yBCTBO ropeyu yTpaThl ropJio AyLIHUT...

BBITh MOKeT, ocJie pacCTOBaHUA CO MHOIO
Halzemn cebe focToMHeH KaHAHAaTa,
KoTopbi#l cekcyasbHEH U Ty1ee,
KoTopeiMu 3eMiiA Haila 6orara...

A K ropeMbIKa CTapbii U HEYYTKUK
OcTaHycs OHMH C CBO€EI0 00JIbIO,
HMess MHOXKeCTBO CBOMX U3bSIHOB KYTKHX,
KoTophbIx He HCIIpaBUIIb THI CBOEH JIIOOOBLIO...

OfHako 4yBCTBY10, YTO bor MHe He U3MEHHT.
He gacT noru6HyThH B OfUHOYECTBE U MyKe.
MHe pafocTb TBOpYecTBa TBOIO JI060Bb 3aMEHMT,
A nansl TUMUHBI TBOM KpyThi€ pyKH!
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Conet 146
[lexcnup - LeHTAnH

Mos ayuia, ’KUBy1jas B NOTEMKAX,
HaxoauTcs B 1JIeHy 2KeJlaHUHU U yTex
W, U3HBIBaA OT AYXOBHOM XKaXAbl,
PacTpauyuBaeT XXU3Hb Ha POCIUCh BHEIIHUX CTEH...

['ocTb BpeMeHHBIH, 3a4eM BCIO CUJTY AyXa
Tl TpaTHLb, yKpoLIasa ced yOoruu Aom,
KoTopslit BCKOPOCTH NOJeT YepBSIM Ha KOpM
C ApyruM UMyLeCTBOM, HaKOIIJIEHHBIM C TPYZ,OM...

Bocnpsinb Ayiia U XKaXAy yTosAA
Konu knaza 3HaHUH B 4epeze Oerymux JHen
Y BbIOpaB 3TOT TPYAHBIN YT,
JKuBu Goraye JyxoM, TeJIOM Ke OeJHeH...

I[IycTb 60ui fiyX B Tebe B cell ’KM3HU OBICTPOTEYHOM
[ToMmoxkeT BocnapUTh HaJ, CMEPTHIO BEYHOI.
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Conet Ne 333 (x gHI0 poxgeHus JIeHKn)

YK cKOpo rozia TpM Kak, BCTPeTHJI A Tebd
Y 3esieHb TBOUX I'JIa3 NPOHMKJ/IA B MOIO AyIlly,
[TocessB B Hell 3epHO JIIOOBU 6OJIBIIOH,
KoTopoe HejaBHO NH1Ib AA/I0 POCTOK HAPYHKY ...

TBo# XpynKuil 06pas BMecTe C J0OOpPOTOH,
JlonoJIHEHbIN UT'POI0 MOEro BOOOpaXkeHu ],
OyapoBaJ/ii YyTKUM pa3yM MoH
U cpenanu Te6da npeAMeTOM BOXKZeJ€HHUS ...

Al cyacT/iuB OBITH paboM, CiIyka Tebe BO BCEM,
To B KJIIOBe MPUHOCS COJIOMKY B HOPKY,
To yHoCs Bce sydiee k cebe
Be3 3Byka BbIHOCS 3aTe€M O4epeHYIO OPKY.

U Bep1o 1, 4TO BCKOpe Thl HaWAELlb BO MHE
Bce To, 4TO 51 JaBHO y»Ke HalleJ B Te6e.
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Conet Ha HoBeii 2003 I'ox

OnaTte nokuHys 3emiro Ctapeiii ['oa,
M HoBbIM HACTYIUJI HECA C COO0M HaAeXAy.
CMeHsAA YepeAy COOBITHH IJIABHBIHN X0,
Kak MogHMIIa MeHsIeT KaXK/ b1 JleHb CBOIO OZI€XKAY ...

Co6paBLIKCH BMECTE, JIIOAH CaAaBAT HoBbIN rog,
CTapasch 103abbITh CKOpel 0 rpycTHOM B CTapoM.
[IlypniypHOe BUHO HCKPACH JIbeTCA B UX OTKPBITBIH POT,
Bpauys paHbl HAaHCEHHbIE CyALObI yapOM...

3eMJIq HeceTcA Balb CpeAb 3Be3AHbIX pocChlei
3aKOHaM NOLYMHACH CTpoUTesiel BecesleHHOM.
U 1, kak AUKUH JieB, BHE3AIMHO MPOOYAACH,
C NOKOpPHOCTBI0 NpUNaJ K Hore 60ronof06Hoi# JIeHHsl...

Ho Bckope Ha BocToke BHOBB B3oizeT 3ap4,
CBeT MecsiLia 4 3Be3/; racl CBOMM OOTpPSIHIEM.
A 4 ¥CTyTLIEHHO JII06BH KeJlaHUeM rop4,
OcTaHych KaK U OBLI AJIS1 BCEX MPOCTHIM 3aCpaHILEM...
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Conet 11

OnaTh TOCKa KOJIBLIOM MO€ MHe JyIIUT ropJio,
Y cosib cKyno# cie3bl #0KeT BeKU KpacHBIX IJIas.
HaTamika, B3iB LIMOTbe ¥ GPOCHUB BCEX TIO30PHO,

[TokuHyJ1a Hal ABOP, yexaJsa oT Hac!!

OcTascs g1 oAYH, IOKUHYTBIH €10.
HeT yTeleHbs MHe, U )KU3HU CMBICJI HUCYE3.
lleMeHTHOIO CT€HOHN MeX HaMH BCTaJl BHE3aIHO
U Bo3pacT 10HBIY TBOH U IJIaTa 3a IPOE3A,...

Ho pj1a 1106BU Moeii He MOXKeT ObITh Iperpazel,
KoTopyto npeogosieTb He Mor 651 MoH Ilerac,
U faB eMy nNHHKa M NOLeJIyH B Harpaay,
Mory goctnyb Ha HeM M Jledpak u [lapHac...
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MamMmaHe ctuxd K 80 JieTH10 OT cbiHa CeMbl

TpyOuTe XepyBUMEI B TPYObI, NIOHTE rPOMYE rOPHBI,
CeropHsa npasgHyeM MbI eHb poxkgeHbs 01y,
KoTopast Ham 6abka, MaTb U ApYT,

KoTopyto MbI Kpenko J1'061M Bce coryiacHo boxbeii BoJie
W paxke MHOro Kpemnye, 4eM CBOUX MOAPYT ...

KTo 3HepruyHei Bcex CUAAILUX B 3TOM 3aJle,
KTo 6eckopbICcTHeH 1 JoOpel K 4yKoH bene,
KTO »)X13Hb NPOKHUJ B TPYAax NOKOPHBIA CBOEH Jj0J1€,
KTo paBHOAyLIHEeH BcexX Bcerga K Jiloooi eze.

Kak gomxHoe Mbl IpUHUMAEM Bce ee 3a00ThI,
Ham He xBaTaeT BpeMeHH ee 6J1ar04apHUTh.
Bcerpa ycraBuiue H 3Jible OT paboThI
MbI He CYUTaeM HYKHBIM € BHUMaHbe YAE/JUTh.

OxHako, N0/1b3ysiCb BO3MOXHOCTBI0O U pUPMOH,
Xo4y npoiieHus y MaMbl IONPOCUTb,
U o6ewmaro Bripeab JIIOOUTH €€ CUJIbHEee
U paspemaTh MeHA MO NOMNKe Yallie OUTb.
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CoHer 2
Mo¥ 10HBIX ApPYT, BEPHEHX NOAPYTa,
Yeil yyHBIN 06pa3 OCBETUJ MOH TYCK/IbIH NYTh,
[To MHeHMIO JpYrUX MBI HE IOAXO0AUM APYT AJIS Apyra,
MHe X 4yBCTBO HEXKHOCTHU TECHHUT CEAYIO Ipy/b.

Korza Teb6s s1 BUXKy Ha paccBeTe,
[psaayinyio cpeu iBETOB, HaroM B poce,
fl 4yBCTBY10, YTO HUKOTO Ha CBETE
Hesnb3sa cpaBHUTH € TOOOM 1O KpacoTe.

Y ecsu BApyT Te6A BHE3AaIIHO TPOHET
Moii ckpoMHBIM 006pa3 U MOTY4YHUH yM,
Ctaub /19 MeHd KasibnnypHelo Ha TpOHe,
f1 x 6yay LlesapeM TBOMX e BUYbHX JyM.
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TPUIUCTHHK YeThIPEXIUCTHBIA

Jlyd coJIHLIa OCBETHJI NMOJIAHY Ha ONYIIKE,
U cBeT ero cBepKHYJI B OpHUJIbSIHTHKE POCHI,
HanoMHMB MHe a/iMa3 CepeXKH B TBOEM YIIIKE,
Korza elie 6b1y1a B paclBeTe Thl Kpachl.

Teneps, Korja noXxyxsa 3ejieHb B [0OJIE
W paxke peseapl onanu JenecTKH,
OcTaJica g ofH, CBOOOJHBII, HO B HEBOJIE,
YuTasd BHOBb H BHOBb CTUXOB CBOHUX JIMCTKH.

Ho BApyr 60co0# cTOMOM BHE3AaMHO 1 HATKHYJICS,
Emie He Beps B TO, 4YTO C4aCThe CBETUT MHE,
B rycToit 60TBe CBEKJIbI TPUIMCTHUK IO BEPHYJICA
YeThIpe JienecTKa, UCIAYKaHHBIX B lepbMe.
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CoHet 13

PaspyiieH xpam Moe#t ayuy,
Ko/10HHBI pyXHYJIH, ¥ CBOJ U3bEJEH TJIEHBEM.
M TaMm, re HeKoria B TAMHCTBEHHOM THIIH
BbLIH CHBIIHEI CI0Ba 60KECTBEHBIX MOJIEHHH,
Tenepb iMIb 3aN1aX THUJIH ¥ 3a0BEHLE...

BLo/1b IOKOCHBIIHXCS IT03€JIEHEBIINX CTEH
[ToTOK BO/bI 3aMJIECHEBIIEH CTPYUTCS,
U cTas XXUPHBIX KPbIC UCTYIJIEHHO Pe3BUTCH,
B3abiMas Haj c000# KiiyOaMH 3aTXJIbIH TJIEH...

Boii BOJIKOB Ha 3aCHeXXKeHHBIX I0JIAX,
CKpHII OKH 06€3 CTeKOJI B 3ap»KaB/IeHHbIX NMEeTAMNIAX,
W rpynna TpynoB Ha 3aBAAIMINX TOMOJIAX
C ciegamMy KpOBH Ha U3MOXKAEHHBIX JIMLAX...

['osiyOKa ryiynast CBUTh B3fyMaJia FHe3J0
Cpenb KpoBJiK 00BETLIAJION,

Kak BUHO O0TKa3asu eil ¥ pa3yM U YyThe.
A MoXeT ObITb 3a BETXOCTbIO ITOpTaJia
OHa yyZecHBIX 6eJIbIX [Ba KpblJia AyLIA MOEH
U cuny cnaboctn Moeit BHe3anmHo yrajanal
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Bclo XH3HBb CBOIO 1 MOCBATUJ UCKAaHbAM,
Hia cpeay cyeT CMbIC XKU3HH M JIIOOBH.
U nuib B KOHIlE NYTH, YCTaB OT UCTS3aHUM,
fl Ha 3akaTe xu3HU BcTpeTun Hatanu.

U BOT Tenepp, KOraa 4 LieJib CBOIO JOCTUTHYJI
U mor 6Bl cY4aCTJIMB CTaTh B 00'bATHAX AE€Bbl MOJIOJOH,
Al c ropbKUM yAHBJ/IEHbEM B 3epKaJjie yBUAeE
IloMsATOE JIMLIO U BOJIOC CBOM CEZ0H...

Ho Kk c4yacThio MyAPOCTH HAaKOIJIEHHOU roiaMu
Y 4yyBCTBY I0MOpa C KOTOPBIM £ XKUBY,
[To3BOJINJIM CMESITLCSI MHE HaJ, HAMH

Y no/JIHOCTBIO IJIEBaTh Ha XOJIOAHOCTb TBOIO...
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CoHert 14

[TocBeT/1e/10 HE6O HAZ MOrOCTOM,
[logHANCA TyMaH Haj r1aAblo BOJ,
Kpuk pazzasca KyJMka HaJi MOCTOM,
Ha Hero oTKJIMKHYJICA YAO0A,.

JleByllIKa, 0OM>KeHHadA JpyroM,
YTOonuThCA B3AyMaJjia B IIPYAY,
Bcnieck BoAbI, ¥ BOJIHBI PA30IIJIMCA KPYTOM
K Helt HAa TPU3HY JIIOAU HEe NPUAYT.

JIub pycasiok cTasA 6e/0raa3bix
HM3BJiedeT U3 Wa XJIaJHbIA TPy,
OceHMB 4eJ10 BEHKOM M3 0eJIbIX JIMJIUH
[Tog akkoOpbl CKOPOHBIX 3BYKOB TPYO.
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BHOBB CHXy 1 Y KaMUHa
YcTpeMuB CBOM B3IJISif, B OTOHb
CaslamaHApbl MYACAd MUMO
CTpacTHO JTHKYT MHe JIaZIOHb.

Tak CrjuBoJIa JiereHJapHbIA
O62xurada AsaHb OTHEM
JlokasaJi napsam M JoaaMm
CKOJIBKO My»eCTBa eCTb B HEM ...

Ho HUKTO He npejcTaBiisieT
Kak MHe BHYTPEHHOCTH XOKeT
[IOMUHYTHO OTpaBJsAsa
JIpSiHb, 4YTO PAZOM 3/1€Ch XKUBET.

B Hel He cOBeCTH, He YECTH,
TynocTs, %afHOCTb U [epbMO.
C Hell )XUBY B KBapTHpe BMecCTe,
He cTpsaxHyTb ¢ ce6s ApMo...

Ho cHecy s1 MHOTO 60JIblIIE,
YT0OBI BUZETD 110 yTPaM,
CrnpaBUBIIHUCEH C CEpAEYHOH 00JIbIO,
Kak CbIHOK pe3BUTCA TaM...
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CoHeT 432

3Be3/a JII06BH, 3Be3/a [leYasy,
3aueM, e/iBa B30/ Ha HE6OCBO,
Tr1 fapuuib iyde3apHblii CBET CBOM I'PA3HOMU IJIaZid BOJ,
U ocBewmaemib MpayHoe 60JI0TO,
['Ae nuib NON3y4YuH raji NbeT CBET TBOMX JIy4YeH...
MHe X cep/lLie »OKeT CTpeJia XKeCTOKOTro JpoTa...

Kak yepBb 3eMHOH, C/I€NON U CKOJIb3KHH,
Beaymuii »)KM3Hb B I'psI3U 3eMHOM,
JIMIb COJTHIE BBIUAET, BINOJI3a€T IPEThCA M3 3€MJIU ChIPOH,
Tak 51, corpeTbiii BaliuM B3risao0M,
[Ipe3peHHbIH paod JieseoUui N0poK,
XoTen 661 6bITh MOBCIOAY ¢ Bamu psagom
U ymepeTsb y Baumux cTpOMHBIX HOT ...
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