Origin of Planetary Magnetic Fields

The exact explanation of the origin of magnetic field of the Earth and other planets
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 does
not exist. This article discusses the hypothesis that the main reason for the
emergence and maintenance of the magnetic field is the ionosphere, containing the
charges, which are recharged by the solar wind. This approach allowed us to explain
a number of observed phenomena, including the inversion of the magnetic field of
the Earth and planets. On the basis of these estimates the calculations of magnetic
fields of other planets were carried out and demonstrated good agreement with
measurements. There was a number of

assessments carried out, which showed the correctness of this approach.
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As of yet there is no accurate theory explaining creation and maintenance of
planetary magnetic fields. There are several hypotheses, theories and
experiments trying to find a solution to this problem, but there is no final,
rigorous proof of these hypotheses.

This article discusses the hypothesis that the main reason for the emergence
and maintenance of this field is because of the charges in planet’s atmosphere
and ionosphere and their recharging by the solar wind.



Origin of Planetary Magnetic Fields

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

As of yet there is no accurate theory explaining creation and maintenance of
planetary magnetic fields. There are several hypotheses, theories and
experiments trying to find a solution to this problem, but there is no final,

rigorous proof of these hypotheses.

This article discusses the hypothesis that the main reason for the emergence and
maintenance of this field is because of the charges in planet’s atmosphere and

ionosphere and their recharging by the'solar wind.

Following are a number of estimates, which show the validity of this approach.

1. Let’s concentrate on Earth first. The solution for the magnetic field of a
rotating surface of a charged sphere is discussed in ([1], [2]). The

magnetic moment of a rotating sphere is

—
m =

where:



R =6,340,000 m - radius of Earth,
w =7.3-107 1/sec - speed of rotation of the Earth,
¢ =300,000,000 m/sec - speed of light.

It is known [1] that the Earth's magnetic moment is M = 8 - 10% units CGS.
Then, knowing the magnitude of the moment of Earth's magnetic field M,

we define the quantity required for this electrical charge.

Q=0.245 - 1023 CGS = 8.1 x 10" C.

It should be noted that amore accurate estimate of the charge can be
made based 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,

giving approximately the same value 7.5 - 10" C.

2. On the other hand it is known (for example [3]), that the Earth has a

charge on the order of:

Qearn = 5.7 - 10° 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 determine its nature.

3. We need to pay attention to the following circumstances:

3.1 Earth has a strong magnetic field. Venus, Mars and most other planets have

magnetic fields hundreds of times less.

3.2 Only Earth has air and water! This allows us to make the hypothesis that
the Earth's magnetic field is due to the charge of the clouds. Its value is
enormous.

It is known that a lightning discharge power reaches 100 Megawatt and

every second around the Earth there happen 46 lightning discharges.

Let’s estimate the charge of the clouds, assuming that the system

consisting of clouds and the surface of the ground forms a spherical



capacitor. It is known that: Q. = C - U, where the capacity of a spherical

capacitor is:

_ AmE,R(R,
~ R, —R,

where:

Ri1, R, —outside and inside radius of the sphere: R; = 6350 km, R,=

6340 km,
Eps=8.85-10",

It should be noted that, given that water has relative permittivity of 80,

the capacity of the cloud layer may be higher by one or more orders.
That yields us approximately C = (0.45-4.5) Farads.

Let’s estimate the potential difference U between the clouds and the
Earth's surface. We take E = (10-30) Kilovolt to 1 cm as voltage of air

breakdown. Then:
U=E-H=3-10° - H Volt,
where

H = (1-10) - 10® m - height of the clouds.



The result is an upper bound of the charge of the clouds on Earth:
Qimax=C-E-H=45-3-10°-10"=1.35-10"C.

It should be noted, that deposits of iron and nickel in the upper part of

the crust, can also increase the magnetic field of the Earth.

As a result, the charge of the clouds can create a sufficiently strong

magnetic field commensurate with the Earth's magnetic field.

4. The following additional estimate of Earth's magnetic field gives

approximately the same result.

The work [4] contains an assessment of the charge densities of

thunderclouds.

At any given time in the world there are simultaneously about a thousand
storms, the average frequency of lightning discharges is estimated as 46 per

second. The storms are unevenly distributed on the planet's surface.

As a result, of calculations and experiments given in the work, the density
of the charge is in the range q = (9-280) - 10° C/m>. Then, taking the
amount of cloud cover in the form V = 4r-R*-H, where H = 1000 m -

thickness, we get:



V=50-10" m?

Then we obtain an estimate of the charge of storm clouds on Earth, which

varies in the range of
Q,=V-q-=(4.5-140) - 10" C.

Assuming that the storm clouds take up one-tenth of the sky, and they have

the lowest charge density, we get a lower estimate of the charge equal to
Qi min=4.5-10"C.

The maximum estimate will then be equal to
Q1 max =114 - 107 C,

which practically coincides with the estimate obtained in the previous

section.

This evaluation indicates that the charges inside Earth's atmosphere can be a
major contributor to Earth's magnetic field. However, they are not enough.
Additional contributors could be the presence of iron in the Earth's crust and

charges in the Earth's ionosphere.



6.1.

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 the iron and nickel deposits are located, which have
a temperature below the Curie point (equal to 768 degrees Celsius).
The deposits of iron and nickel make up 5% of the total weight of the
Earth’s crust and 30% of its volume. They may influence the magnitude
of the magnetic field of the Earth, increasing it by a few times. Note
that the total amount of iron in the world has not changed over time.
Even though some was removed from-the Earth’s crust, it is still on its

surface.

. This theory of occurrence of Earth's magnetic field can also explain the

presence and magnitude of the magnetic field of other planets.

This is especially true of Venus. Venus is the most Earth-like planet that
does not have a strong magnetic field, but the internal structure is
thought to be very similar. Venus has an ionosphere and an atmosphere,

consisting mainly of CO, gas, which have a certain electrical capacity,



6.2.

6.3.

and which are constantly recharged by the solar wind like on Earth. It
should also be noted that the length of day on Venus is more than 243
times greater than on Earth. Thus the velocity of 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 by 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’s one. On the other hand the
length of its day is over 58 times longer than on Earth, and its radius is
2440 km. It follows that the velocity of negative charges in the
ionosphere of Mercury is 152 times slower than the Earth's ionosphere.
This may explain the decrease in its magnetic field, as compared to

Earth.

The site [7] indicates that the measurement of the magnetic field of
Mercury is 0.006 of the magnetic field of the Earth. That means it’s 150

times smaller, which 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.

10



6.4.

It is known that the radius of Jupiter is 11 times greater than the radius
of 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 calculated via the present theory

also gives good agreement with the measurement!

Mars seems not to be subject to existing theories. The magnetic field of
Mars is extremely small - more than‘500 times weaker than the
magnetic field of Earth. The size of Mars is only half smaller and its
rotational speed is similarto Earth. Therefore all the conditions for the
operation of the mechanism similar to hydrodynamic dynamo should
similarly create a magnetic field. 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 are

somewhat similar. Analysis of tectonic rocks shows that at some time in

11



the past, the magnetic field of Mars was quite noticeable and
demonstrated reversal of the magnetic field. We know that the loss of
Martian atmosphere is relatively recent, and the process still continues
right 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 exist several hypotheses of the cause of the

loss of Martian atmosphere, but we will not dwell on them.

The fact is that in the absence of an atmosphere and ionosphere a planet's

magnetic field cannot exist.

Thus we have another indication that magnetic fields of planets exist due to
their atmosphere and ionosphere. If the hydrodynamic dynamo mechanism
actually applied instead, it would have continued to work on Mars and

produced a magnetic field similar to the Earth's magnetic field.

7. Let’s put the data on several planets in one table.

Planet Diameter | Rotation | Relative | Relative
[km] [hr] Magnetic | Atm.
Field Pressure

12



Mercury 4879 1411 0.006 0.001

Venus 12104 | 5851.2 0.003 93

Earth 12742 24 1 1

Mars 6779 24.6 0 0.06

Jupiter 139822 9.92 25 12
Table 1

From Table 1 we can make the following conclusions:

7.1.  On planets with no atmosphere and no ionosphere, the magnetic field is
either negligible or not present (Mercury, Mars).

7.2.  From the comparison of Earth and Mars, if the hydrodynamic dynamo
hypothesis were right, then .they would have both had a magnetic field.
But only Earth has one! So the hydrodynamic dynamo hypothesis is
incorrect.

7.3. Radiuses and rotational speeds of the planets determine the velocity of

the charges in the ionosphere. And hence the current.

It follows that on the planets that have an atmosphere and ionosphere,
where the magnetic field is generated according to our hypothesis - from
the solar wind, its strength should be proportional to the linear velocity of

the ionosphere, so we could multiply the radius by the angular speed!

13



Indeed Venus, which has a radius slightly smaller than Earth, but with
rotating 243 times slower, the strength of the magnetic field is nearly 300
times smaller. Jupiter, which has a radius of 11 times larger than the Earth
and rotating with an angular velocity 2.4 times faster than the Earth, the

magnetic field is ~25 times greater.

These estimates confirm the correctness of our hypothesis that the mechanism
of creation of the Earth's magnetic field is by moving charges in the ionosphere,

which are created by solar wind.

Hence, our hypothesis of the emergence and maintenance of the Earth's
magnetic field is a better explanation then the hydrodynamic dynamo

hypothesis of its origin.

8. Note that the present hypothesis about the cause of Earth's magnetic
field makes it easy to explain not only the origin of the field, but also
the geomagnetic field inversion that occurs every several hundred

thousand years in a stochastic manner.

Analysis of the Earth's magnetic field, conducted with the help of satellites
and modeling has shown that the solar wind currently bends around it,

because it mainly contains electrons with negative charge (Fig. 1). In case of

14



a positive charge in the solar wind the form of Earth's magnetic field would

have been different.

=P

iy

Fig.1 — Magnetic field of Earth

Solar wind is a stream of charged plasma, ejected from the surface of the
Sun that overcomes the gravity and the magnetic attraction of the sun and
propagates in all directions. Part of this wind reaches the Earth's
ionosphere and charges it with a negative charge. The ionosphere contains
the so-called E and F layers [6] (Fig. 2) created by the solar wind, located in
the region of 90 to 500 km above the surface of the Earth and having
electron density in the range of N, = (1.5-30) -10° per cubic centimeter [3].

The average value of the electron density there is N, = 10° 1/cm®.
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Fig. 2 — Distribution of electron density and temperature vs. height.

As the thickness of the E<and F layers is up to H = 500 km, it is easy to

estimate their total charge. It is
0=0.-R*-4nN.-H=16-10"-41-10"-12.6-10°-5-10"=4.14- 10 C
Where Q. = 1.6 - 10™ C is the charge of an electron.

We have demonstrated that the charge of the E and F layers of the ionosphere,
and considering the additional effect of the iron contained in the upper layer of
the Earth’s crust, would be sufficient to establish, or at least make a major

contribution to the formation of Earth's magnetic field.
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It should be noted that due to the constant ejection of negatively charged
particles as part of the solar wind, the Sun gradually gains an excess
positive charge. This leads us to the fact that periodically, every few
hundred thousand years, the sun begins to emit positively charged gigantic
coronal mass ejections (predominantly due to their content of positive ions
and protons), dimensions reaching several thousand kilometers. Therefore
the solar wind starts bearing a positive charge, and when it reaches Earth it

recharges its electric and magnetic fields.

As a result through some period equal several thousand years, the Sun again

becomes neutral in charge and starts letting out negatively charged wind again.

This results in the next inversion of the magnetic field of Earth. The recharge of
the magnetic field of Earth can occur as well as a result of collision of Earth with
big comets which can be charged either negatively or positively, depending on

the sign of the charge of the star which the comet encountered before it.

So the process of inversion of the magnetic field of Earth can be explained easily

on the basis of the offered hypothesis.

9. Now we will briefly discuss other approaches to explanation of

emergence of the Magnetic Field of Earth. First of them is the

17



explanation of emergence of the magnetic field of Earth via the
mechanism of thermal convention in its liquid magma. Such hypothesis
is based on the analogy of the mechanism of emergence and

maintenance of a magnetic field of the Sun.

However a simple analysis shows that in the conditions of Earth this
mechanism can't work because of a difference of scales and magnitudes of
density and viscosity of the fluids and gradients of temperature existing on
the Sun and Earth. It is known that a large gradient of temperature and
presence of low viscosity fluid is necessary for effective thermal convection.
But gradient of temperature of terrestrial magma from the top part
adjoining the crust (700 ° C),-and the deeper part, adjoining the kernel
(6000 ° C) over the distance about 3000 km, gives the top assessment of

average gradient of -2 ° C per kilometer.

It is less than in crust of Earth and considering that viscosity of magma, even at a
temperature of 4000 ° C is very high — it is possible to draw a conclusion that
under these conditions in Earth there can NOT be considerable thermal

convection!
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It should be noted also that maintenance of a magnetic field of Earth requires a
lot of energy. As any electromagnetic generator has to use a rotating rotor, the
role of which plays the Earth. Thus there are forces and inductive currents
braking it. It needs additional energy to maintain constancy of speed of its
rotation, or it has to slow down, losing rotational speed. But over millions of

years Earth’s rotational speed almost didn't change.

This proves that on Earth there are insufficient conditions for operation of

the mechanism of a hydro magnetic dynamo.

For comparison, on Sun temperature changes over depth from 6000 to
15,000,000 ° C, and the fluid is represented by plasma (the ionized gas)
density of which is one hundred times less than magma'’s, and viscosity of
magma is one thousand times lower than viscosity of plasma. Under these
conditions there can in fact exist strong magnetic fields thanks to the

mechanism of a hydrodynamic dynamo.

10. Consider the following as further proof that magnetic field of Earth is
due to the sources outside of its volume. The Earth’s crust up to about
15 kilometers deep has the condition that temperature is less than the

Curie's point, and this is where the fields of iron and nickel lie, making
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about of 5% the crust’s volume. When magnetic field of Earth is
measured along its surface, it is greater in the regions where iron and
nickel are present. But if the source of magnetic field is internal, the
opposite effect should have been true, as metal would shield the field.
Therefore the hypothesis about the sources of magnetic field of Earth
being of external nature is true. And consequently, the version and the
carried-out estimates about location of these sources in the

atmosphere and an ionosphere of Earth are correct.

11. We will note that by means of the offered hypothesis it is easy to
explain discrepancy betweenthe geometric axis of Earth and the axis of

the 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 of 23.4 degrees. In this connection the solar wind

falls on Earth surface at an angle.

12.Thus only the charges brought from the outside (solar wind or comets)
and the charges resulting from formation of drops of a rain in clouds
can constantly recharge the atmosphere and an ionosphere, allowing to

create and support the magnetic field of Earth.

20



And the magnetic field of the atmosphere of Earth can serve as the initial
starter of creation of the Magnetic field of Earth, originally braking and

guiding electrons of the Solar wind at a tangent to Earth surface.

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

coming from the Sun.
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MeTtoa, co3pgaHMA YNCTOFO UCTOYHMKA

3HEepPrMm MCNoNb3yHoLUA
aHepruto ConHeyHoro Betpa, MarHutHoro NMona 3emnu n
MHBepcuii
Op. C. UentnuH , (Tseytlin Consulting Inc.)

AKTyanbHOCTb Npo6nembl

OpHOM U3 camblX BaXHbIX Mpobrnem cToswmx nepes 4YernoBeYecTBOM
SIBNSETCA  CHWKEHUs  BpedHblX  BbIOpacoB,  BO3HMKAKLWMUX  Npu
MCMNONb30BaHMW A1 MOyYEHUs 3HEPrK yrneBoaopoaoB (HedTr v rasa) n
yrna. B HacTosilee BpemMsi B CBA3WM C POCTOM HaceneHus 3emnn u
yBenuyeHvemMm noTpebnsMon 3Hepruv Ans pasBUTUS MPOMbILLNEHOCTU U
TpaHcnopTta, HabngaeTcsa 3amMeTHOe M3MeHeHuwe knumarta 3emnn. 3To
CBS3aHO C BblEMNeHneM OFPOMHOrO KONM4ecTBa YrNeKUcrioro rasa,
KOTOpbI B CBOK O4yepedb HapyllaeT TennoobmeH B cuctemMe 3emns-
aTmoccpepa NpYMBOAWUT K  WM3MEHEHVIO Knumata W 3arpsi3HeHuo
OoKpy>Katollen cpeabl.

Ecnu He ocTaHOBUTL 3TOT MPOLECC 3TO MOXET MPUBECTU K YHUUTOXEHUIO
cpeabl obeTaHus 3emnn 1 rmbenu LMBnmnsaumm.

BcBsan ¢ aTuM B HacTosillee BpeMsi pa3BMBaETCS Hay4HO-TEXHUYECKoe
HanpBreHne co3gaHust YUCTbIX UCTOYHMKOB SHEPrUK, KOTOpble MOrNn Obl
npenoBpaTUTb 3Ty KaTacTpody.

CyLLECTYIOT HECKOSbKO M3BECTHbLIX MOAXOA0B K PeLUeHNo 3Tol Npobrnemei.
OT0 Mcnonb3oBaHWe MMaPO3HEPTM, COSNTHEYHbIX BaTapein, 3Heprum BeTpa U

BOJTH.
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B npenonaraemom 13o6peTeHMn paccMaTpmMBaeTCs METOA UCMONb3YHOLLUIA
aHeprnto MarHuTtHoro Mons 3emnu (MIN3), KOTOpLIA ABNAETCA OOHWUM U3

CaMbIX YUCTBLIX U OeLUEBbIX MCTOYHUKOB 3HEPTUN.

TeopeTnyecKkmne oCHOBbI MeToaa

Tecna ewé B Havane 20 Beka YKa3biBallt Ha BO3MOXHOCTb UCMNOJIb30BaHNA
MarnutHoro nons 3emnu gns nony4vyeHmna 4YMctoro MUCTOYHUKa 3HEepruu.
CornacHo 3akoHam QNEeKTpoAMHaMUKM  ONd  3TONo  HyXeH KOHTYyp

npoBoAHMKA WU WU3MEHEeHMEe MarHMTHOro nongd. (Cenepatop cBobGoaHOM

3HEpPrmn: cxemMbl, MHCTPYKLIMW, ONUCaHWe, Kak cobpaTtb (asutpp.ru)).

+ Adaiociepmos
festenims g Fipmcstmme wymarnm

placyar, " T Y M T R

dur. 1
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TeopeTnyeckn B HacTosiLLee BpeMsi pa3apaboTaHO HECKOMNBbKO KOHCTPYKLIMMA
TakuX UCTOYHMKOB, HO MPAKTUYECKOE MCMOSb30BaBHME UX MOKa HE MOXET
OblTb OCYyLLECTBMEHO BCBA3M C TeM 4YTO BONM3M MNOBepxXHOCTU 3emnn
MarHUTHble MNONsA MMEKT Marnylo BENWMYMHY, Oaxe ecnu nbiTaTbes
NPUMEHSITb NX BOMM3M NOMKOCOB IAEe OHN MaKCUMasibHbI.

Bbinv NoOMbITKM  CO30aHUA TakMX WCTOYHMKOB B panioHax 3anonapbsa u
B6nun3n KOxHoro Montoca. OcHOBOW Takoro noaxoga sIBNSETCs TOT dakT
4yTo BOGNM3M MOMKOCOB CUMla MarHUTHbIX NOfie MakcMMmarbHasa (CUroBble
NVHUN CXOAATCA K MOMcaM) U NpU MarHUTHbIX OypsiX MarHWTHbIE Mons
3eMnn MEeHSIOTCS U SBNSAOTCA MCTOYHMKOM CeBEpHOro CUSIHWUS, KOTopble
dakTu4eckn n ectb TOKM B MOHocdepe! M TONbKO npu BO3HUKHOBEHUMU
oyepeaHon MHBepcum MI13 marHMTHOE none 6yaeT MEeHSITCS 4OCTaTOuHO
cunbHo B nobon Touke 3emnn. Te B 9TOM crnydae MOXHO JIerko U NpocTo
NONyYnUTb YNCTbIE N AELLEBbBIE UCTOYHUKN 3Heprum B ntobon Touke 3emnu!
lMpexage 4em ocCTaHaBNMBaTLCH Ha MeTodax BO3MOXHOW peanusauumun
npegnaraemMoro mMeTtoga crnefyeT OCTAHOBUTBCH Ha YTOYHEHUUM Teopuu
BO3HWKHOBEHMS MarHuTHelx nonen un WHeepcun  3emnu un [lMnanet
ConHe4vHon CucteMbl. OTO MO3BONUT HE TOMbKO MOHATb (PU3UKY ITUX
SIBMEHUA , HO W MNpaBUIIbHO OMNpeaenuTb NpakTUYecky cdepy ux
NPUMEHEHMS1.

M3BecTHO 4TO Takoe sBneHve kak CeBepHoe CusiHMe, CBsi3aHO C
aKTMBHOCTbO MarHutHoro nons CornHua, KOTOpoe B CBOK o4epenpb
CBSI3aHO C BO3HMKHOBEHMEM nepTybepaHueB- BbiOpacoB Ha MOBEPXHOCTU
ConHua. lNpoTyGepaHubl 3TO OrpOMHbIE MOTOKM Mfas3mbl , U3 KOTOPbIX
dopmMUpyeTCa COSTHEYHLIN BETEP , KOTOPbIN YCTPEMASASCh Ha MUMSOHbI
kunomeTpoB oT ConHua. MoxHo nokasaTb 4YTO uMeHO COHeYHbIN BeTep

HECYLUMA 3NeKTpUYecKkMn 3apsd, Aocturass uoHocdep nnaHeT co3gaét
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MarHuUTHbIE MONSA Ha HUX U NPUBOAUT K BO3HWKHOBEHWIO MEepeoanyecKux
MHBepCcUn MarHUTHbIX Nonewn Ha HUX. (Mos CTaTbs.)

B HacTosien pabote paccmaTpyBaeTcs TEOpUst , 3aKMYatoLLascsa B TOM,
YTO OCHOBHOW MPUYMHON BO3HWUKHOBEHUS W MOAAEpPXaHuUs 3TOro nons
saBnsieTca atmocdepa u noHocepa 3emnu, cogepxawmne B cebe 3apagbl
nogsapshkaemble COMHEeYHbIM BeTpoM. bBbin nmpoBedéH psg  OLEHOK,
KOTOpble MoKa3anu NpPaBuibHOCTb 3TOrO NOAXoAa.

NMpuBeaém nx KpaTKkoe U3noXxeHue.

[nga atoro kpaTko paccMaTpyM TEOpMIO , 3aKrMyawLlascs B TOM, YTO
OCHOBHOW MPUYUHON BO3HUKHOBEHWSI U nogaepxaHus MarHuTHbIX nonen
3emnu n lMnaneT aBnsetcs ConHeuvHbli BeTep 1 mx atmocdepsl K
noHocepbl . Onsa aTtoro npoBedéM pPsa-OLEHOK , KOTOpble MOKaxyT

NPaBUITIbHOCTb 3TOI0 NOJIOXKEHUA.

OcTtaHoBMMCSH 6onee NOAPOGHO Ha HOBOM OO bCHEHUU 3ITUX AABMEHUN.
CornHe4HbIV BeTep

1) [eicTBUTENBHO CHavyana [AoKaXxeMm ponb COrHEYHOro BeTpa
BO3HMKAIOLLEro 13-3a Nepeoanyeckoro BO3HMKHOBEHMSI NepToOypaHLEB Ha
nosepxHocTn ConHua. ComnHeyHble NpoTybepaHLbl 3TO 3apsKeHHbIE MOrs
nnasmvbl MNEepeoauyeckn  BO3HMKawLMe Ha noepxHocTn ConHua |
npeoaoreBaoLLme rpaBUTaLMOHHOE M KyNOHOBCKOe nputsxeHne ConHua ,
BbipbiBatowmneca ¢ nosepxHoctn ConHua. MNpu4éM 4acTMYHO BeLLECTBO
npotybepaHueB Bo3Bpalwiaetcs obpatHo B ConHue, a 4acTb, B BuAe
CornHe4YHoro BeTpa pasneTaeTcsl B pa3Hble CTOPOHbI .

OcTtaHoBuMCS nofapobHee Ha mnpoueccax opommupoBaHus CoOnHEYHOro

BeTepa. Kak nssectHo ConHue cogepXut n3oTornbl BOAOPOAa AEUTEPUn n
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TPUTUIA, U3 KOTOPbLIX BO3HMKAET TepMonsiAepHas peakunsi Npu JOCTUXEHUN
TemnepaTyKkpbl B  HECKOSbKO MUINIIMOHOB TPaycoB W [aBMeHUi
pocturaowmx Toicay atmocdep. Kpome Toro B ConHue cogepxaTbcs
aTomMbl ['enusa nonyvatoLmecs B pesynbTate TePMOSAEPHON peakumm.

B pesynbTate OrpoMHbIX TOKOB BHyTpuM CoOmnHUA BO3HWKaET OrpoMHoe
MarHWTHOe nose cosjaroliee NOHAOMOTOPHbLIE CUMbl  YAepXXuBatoLmne u
ckuMawLme 06bEM nnasmbl B ConHue. MHorga ata cuctema TepsieT
YCTOMYMBOCTL W Ha noBepxHocT ComnHua BO3HMKAOT  YCrOBUS
npvBOAsLLME K BbIOPOCY OFPOMHOr0 nnasmounaa npotybepaHua , KoTophbii C
OFPOMHOM CKOPOCTbK HaumHaeT ypanatbcs oT ConHua. lpum aTomM Ha
cofepxaluecs B nnasmoene dneKkTpoHbl U NPOTOHbI AENCTBYOT [iBE CUMbI
KyNOHOBCKas u cuna TskecTu. [lpu 3TOM- Cunbl TSHKECTU OENCTBYIOT
cTapasicb BEpHYTb YacTuubl obpaTHo B ConHue. OgHako ydntbiBas TO YTO
NPOTOHbI TsaXenee anektpoHoB B-2000 pa3, a KynOHOBCKME CUnbl
NpUGNM3NTENBHO OAMHAKOBbIE, POTOHbI  MOA4 OEWCTBUEM CUM SATSHKECTU
BO3BpalLaTbcs B CorHue 0ornee akTUBHO YeM 3MEKTPOHbl U OO BHEMHBIN
3apsig nnasmovaa (CONHEYHOro BeTpa) 3apsbkaeTbCs OTpULaTernbHO, YTO 1
NOATBEPXKAAETCH IKCMIEPEMHTANbHLIMU U3MEPEHMAMN 3HAKA €ro 3apsaa .
NHBepcum

2) Yactb aToro BeTpa pgocturaet 3emnuM U 3apshkaeT KOHAeHcaTop
noBepxHoCcTb 3emnu — MoHocdepa oTpuuaTtensHbeiM 3apsgoMm. OTmeTM |,
4YTO Mpeanioraemas Teopmust O NPUYNHE BO3HUKHOBEHWWM MarHUTHOro nornemn
3eMnM  nos3BomnseT ferko  OBbACHUTb He  TOMbKO  MpOUCXOXKOEeHWe
MarHuTHoroo nonsa 3emnu u MNMnaHet , HO U WHBepcuto nx MarHuTHbIX
Monew , BO3HMKAIOLLYIO KaXadble HECKONbKO COT TbICSIY JIeT CTOXOCTUYHO.
Ncxoga w3 nonoxenumss Toro, 4uto ComnHue O6bIN0  NepBOHOYanbHO

HENTPanbHO 3apshKeHbIM WM U3Ny4YaeT COJSIHEYHbI BETEp Hecywuin B
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HacTosllee BpeMs OoTpuuaTenbHbI 3apsg, B CUy M3MeHeHusa 3apsga
ConHua Ha Bo3pacTaroLmin MONOXUTENbHbIN, KOTOPLIA BO3HMKAET NO Mepe
ero BO3pacTaHWs K3-3a MNOTEpUM OTpULATENBHOrO 3apsga YHOCUMOro
ThiCAYaNeTMsMmM COSMHeYHbIM BeTpoM , ComHue HauMHaeT 3apsKaTtbes
BO3pacTaloLLMM NOMOXNUTENbHBIM 3apsagoM . OTO  YCUINMBAET KySTOHOBCKYHO
cuny oTTankuMBaHWs  NPOTOHOB U YBENWYMBAET KYFOHOBCKYI CUIlY
NPUTSDKEHUS 3NEKTPOHOB U HayMHasi C HEKOTOpPOro MOMeHTa 3acTaBnsieT
COIMHEYHbIV BeTep 3apsbkaTbCA MOMOXUTENbHbIM 3apsagoM M Msny4vatb
NOMNOXUTENbHO 3apsKeHbl CconHeudHbln BeTep! Yepes onpenenéHbin
NMPOMEXYTOK BPEMEHMN BCBSA3U C YMEHbLUEHWEM MOMOXUTENbHOrO 3apsaa,
ConHua 13-3a YHOCMMOIO €ro COSfIHEYHbIM BETPOM, MPOUCXOANUT M3MEHUE
3Haka 3apsiga COMHEYHOro  BeTpa (Ha  oTpuuaTtenbHbin.  JTOT
nepeoanyecknii NpoLecc MNOBTOPSIETCA M MNPMBOAUT K nepesapsigke
MOHOCMep NMaHeT U K BO3HMKHOBEHUIO VIHBEpPCU MX MarHUTHbIX nonen!
Takve WHBEpPCMM BO3HUKAKOT W KaK MoOKasbliBaeT aHanu3 3Haka 3apsja
CNOEB OTIOXEHUN Nec4YaHMKOB 3eMnn K BO3HUMKHOBEHWUIO nHeepcuin M3,

KOTOpPble BO3HUKAKT Nepeoanyeckn KaxxKable HECKOJIbKO COT ThICAY JeT.

O Bo3HMKHOBeHUu MarHuTtHoro Monsa 3emnu u MnaHeTt

3) B HacTosiwen paboTe paccMaTpuBaeTcs Teopus , 3aknovaroasncsa B
TOM, 4YTO OCHOBHOW MPUYMHON BO3HUKHOBEHWS U nogaepxanua MI13
aBnsaeTcs atmocdepa u noHocdepa 3emnu, cogepxalimne B cebe 3apagbl.
Bbin npoBedéH psii OLIEHOK, KOTOpble Mokasanu MNpaBUIIbHOCTb 3TOrO

nogxogda. MpuBeaém nx KpaTkoe U3NoXKeEHUE.
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a) WsBecTHO pelleHve 3agaum O MarHMTHOM More BpallalLlencs
NMOBEPXHOCTHO 3apshkeHHOW cdpepbl [2].  MarHuTHbIA MOMEHT Takow

BpaLLatoLencsa cdepbl paBeH

. Qad’d
m — -,
e
N3BecTHO [11, 47O MarHUTHbIN MOMEHT 3emnu paBeH
m = 8 - 10%° units CGSE,
where a = 6,340,000 m - radius of Earth,
w=7.3-10" 1/sec - the speed of rotation of Earth,

¢ = 300,000,000 m/sec - the speed of light.

Torga, 3Has BenuunHy MomeHTa MarHutHoro MNons 3emnu m, onpegenum

BeJ'II/ILII/IHy HeOGXO,D,I/IMOFO ang 3Toro SJ'IeKTpI/I‘-IeCKOFO 3ap9|,qa.
Q=0.245-10 CGSE=8.1 - 10"*C

Crnenyet oTMeTUTb, YTO Boriee ToYHas oueHKa 3TOro 3apsga , caenaHas
N3 MNPeanosioKEeHUa YTO 3apsad pacrnonioXeH B cepuyeckom crioe Hapg
NOBEPXHOCTbIO 3eMnM U  WUMeeT TOMLWMHY pPaBHYH HECKOSIbKO COT
KUMOMETPOB , AaéT NPUONMU3UTENBHO TaKyto e BENUYNHY.

6) C gpyron CTOpoHbl U3BECTHO (Hanpumep, [3]), YTo 3emns umeet 3apsag
nopsgka

Qaemn=5.7- 10° kyn.
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OTciopa criegyer 4TO  3TOro HegocTaTodHo, YTobbl co3patb MarHuTHoe
none 3emnu.

4) Kak yxe 6bino nokasaHo Bbllle YacTU4HO BellecTBO nNpoTyGepaHues
Bo3BpallaeTca ob6patHo B ConHue, a YacTb, B Buge ConHeyHoro BeTpa,
pasneTaeTcs B pa3Hble CTOPOHbI. YacTb aToro BeTpa gocturaeT 3emnu u
3apsiKaeT noHoccepy oTpuuaTtensHbiM 3apsgoM. B uoHocdepe
CyllecTByeT Tak HasbiBaemble E u F crnou [3] , pacnonoxeHHble Ha
pacctossHuu oT 90 fo 500 km 1 cogepKallue aNeKTPOHbI C KOHLEeHTpauuein
B Anana3soHe Ne=(1.5-30.)"1 0° B ogHOM KyGu4eckomMm caHTUMeTpe,
obpasosasLumiics bnaropaps ConHeywHomy BeTpy . CpenHsas BenuyuHa

MNOTHOCTU 3MNEKTPOHOB B HUX paBHa Ne=10°.

EXOSPHERE \\
600 km +
N\
\\
THERMOSPHERE ICIRREERE \
300 km 4 F/I
//
1
E
B85 km 4 ‘/
\ MESOSPHERE
45 km +
j STRATOSPHERE
12 km 4
L3 TROPOSPHERE
00 o0 900 1200 1300 0 100 a0*
Temperature (K) Electron density

Fig. 2
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CymapHasa TonuwmHa 3Tux cnoée pgocturaet H=500 km. Torga nerko

OLIEeHWTb CYMMapHbIi 3apsi 3TOro Cros.

OH paBeH

Qe=Qe-R?-4nNe-H=12.6-1.6-10%-41-10°-10%.5-10"=4.14- 10 C
Where Qe = 1.6 - 10'° C electron charge.

Kak crneagyeT n3 npoBegéHon oueHkn 3apsga E+F cnoa moHocdepsl, €
YY4ETOM BNUSIHWUS Xenesa CoAepXKallerocs B BepxHem crioe 3emnu, ero
BEMWYMHbI  JOCTaTOYHO , YTOObLI CO34aTb UMM MO KpavHeWn Mepe BHOCUTb
OCHOBHOW BKrnag B obpasoBaHne MarHutHoro-[lons 3emnu.

YuntbiBas uto paguyc 3emnm paseH 6300 Kw.

5) MexaHu3mM BO3HMKHOBEHUSI WU MNoAaaepXaHue MarHUTHbIX nonewn
ApYrux nnaHeT TaKkke NOAYUHAKOTCA NPeasioKeHON TeoOpUn.
Mpennoraemas Teopusi BO3HWKHOBEHMS1 MarHutHoro nons  3emnu
OOBACHAET TakKe HanmuyMe U BeNWYMHbI MarHWTHbIX MOrnen Gnuskux K
3emne nnaHer.

3710 npexae Bcero BeHepa. BeHepa, Haubonee noxoxass Ha 3emnto
nnaHeTa, He WMeeT CUMbHOrO MAarHWTHOrO Mons, XOTS BHYTPeHHee
CTpoeHMe uX WAeHTUYHO . BeHepa wumeeT aTmocdepy U moHocdepy
COCTOSILLYI0O B OCHOBHOM W3 YINIMKUCIIOrO rasa, Kotopas obrnagaet
HEKOTOPON EMKOCTbIO M KOTOpasi MOCTOSHO MOA3apsKaeTCs COMHEYHbIM
BeTpoM Hanopobee 3emne. lpu 3TOM cnepyeT Takke OTMETUTb, YTO
ANUTenbHOCTb CyTOK BeHepbl 6ornee yem B 243 6Gonble 3emHbix. T. e.
CKOpPOCTb [OBWXEHUs1 3apsgoB B MoHoOcepe BeHepbl B COTHM pas

MeaneHee 4eM B WMOHocepe 3emnm , 3TO  OODBACHSAET  noyemy
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MarHutHoe none BeHepbl MeHblle marHuTHoro nonsi 3emnu B 300 mnun
paxe bonee pas .

Paccmotpmm Mepkypuii. I3BeCTHO 4TO ero marHuTHoe none 6onee 4yem B
CTO pa3 MeHbLlUue 3eMHoro. C Apyron CTOPOHbI ANUTENBHOCTL €ro CyTOK U
paguyc COOTBETCTBEHO paBHbl 58 3eMHbix U 2440 kM. T.e. CKOpPOCTb
OBWXEHUS OTpuLUATeNbHbIX 3apsgoB B MoHocdepe BeHepbl B 152 pas
MeaneHee 4em B uoHocthepe 3emnm . T.e. 3TO MOXET OOBACHUTH
YMeHbLLUEHNE ero MarHMTHOro NMoss No cpaBHeHUIO ¢ 3emHbIM . Ha caiTe
https://sites.google.com/site/astronom1543/mag

yKa3aHo 470 uamepeHoe MarHutHoe none Mepkypus coctasnget 0.006 ot
BEMUYMHbI MarHuTHoro nona 3emmnu, T. e. B 150 pa3 MeHblle, 4TO
COBMagaeT C Hallen oueHKom !

PacmoTtpum Tenepb MarHutHoe none KOnutepa. M3BecTtHo , 4to KOnutep
nMeeT MarHUTHoe nosne npubnuantensHo B 20 pa3 6onbLue Yem 3emng

( https://sites.google.com/site/astronom1543/mag ) .

M3BecTHO uTO pagmyc HOnutepa B 11 pa3 Gonblie paguvyca 3emnu, a
CKOpPOCTb BpalleHust B 2.4 pasa OGonblie. 3HA4YNT CKOPOCTb [OBUXKEHUSI
3apsaoB pacnonoXeHbix B noHocdepe KOnutepa B 26.4 pasa Gonblue Yyem
B MOHOocoepe 3emnu . M3MepeHuss nokasanu 4YTO MarHUTHoe mnone
FOnuTtepa B 20-50 pa3 Gonble mMarHuTHoro nonga 3emnu. T.e. n B 3TOM
cnyyae marHutHoe none KOnuTepa oueHeHoe C NMOMOLLbBIO NpeanoraeMon
Teopum Takke AaéT xopollee coBnageHue ¢ namepeHmem !

Tonbko Mapc He nogynHseTcs pacMaTpyvBaeMOn 3aKOHOMEPHOCTU.
MarHutHoe none Mapca kpanHe Mano — B 6onee yem 500 pa3 cnabee
mMarHuTHoro nons 3emnu. [lpu aToM pasmepbl Mapca u CKOpOCTb €ro
BpaALLEHUs MOYTU MOMHOCTBIO COBMadawT C 3eMHbiMU. [losTomy Bce

ycnoBsua ansa WHOEHTUYHON paGOTbI MexaHu3mMa rmugpoMarHMTHOro AMHamMmo
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OOMkKHbl  Obl co3gaBaTb COM3MepeMble MarHuWTHble nonsi.  OpgHako
oTNMuYne B HabnOAaeMbIX MarHUTHbIX MONAX 0OBACHAETCS hakTUYECKUM
OTCYTCTBMEM B HacToslee Bpems Ha Mapce atmocdepbl 1 noHOChEpPSI.
[asneHve atmocdepbl y noBepxHoctn Mapca B 160 pa3 MeHblle
3eMHOro. 3TO [AOKasblBaeT, YTO MCTOYHWK MarHUTHOrO MOMs 3aBUCUT OT
NPUCYTCTBUS MOHOCepbl , T. K. OCTafbHble MapameTpbl nnaHeT
npakTu4eckn cosnagarT. [lpnyémM aHanua TEeKTOHMYECKUX MopoA
nokasblBaeT, YTO  Korga TO MarHuTHoe none Mapca 6bino AocTaTouyHO
3aMeTHbIM UK OblNMM  MHBEpPCUM MarHUTHOro nong. W3BecTHo 4TO
paspylieHne atmocdepbl Mapca Hayanocb OTHOCUTEMNbHO HeOaBHO W
npogorkaeT ocyllecTBNATbCA M ceryac. OTcyTcTBME aTmocdepbl u
MarHWTHOrO MONs SBMSIOTCS OCHOBHOW MPWYMHOM OTCYTCTBUS XKM3HW Ha
Mapce, HO He ucknio4vaeT eé€ cywecTBoBaHuA B npolniom. C 6onbLion
CTeneHbld BEpPOATHOCTU OTCYTCTBME MarHutHoro nons Ha Mapce

obbscHseTcA I'IpOI/ICXO)J,FILIJ,eVI TamM B HaAcCTosALLee BpeMA I/IHBepCI/IeIZ.

MocTponM pesynbTupytoLlyto 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

N3 Tabnuubl 1 MOXHO caenath crieaytoLime BbiBoabl:
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1) Tam rge HeT atMocdepbl U MOHOCHEPbI MarHUTHoe none nubo

HUYTOXHO , NMMBO BoOOGLLIE ero npakTuyeckn HeT (Mapc ).

2) Pagnycbl n cKOpOCTU BpalleHWs NnaHeT onpefensalT BeruuuHy
CKOPOCTK 3apsaoB B MoHOcdepe. A crnegoBaTterbHO U CUry Toka.

Torga Te nnaHeTbl, KOTOpble WMET aTtmocdepbl U UOHOCKheEpHI
3apskaroLmecs cornacHo Hawern Teopum oT CONHEYHOro BeTpa LOSTKHbI
UMEeTb MarHuUTHble MoNs nponopuMaHarnbHble NIMHENHON CKOPOCTHU
MOHOCMepbl, T.e. MNPOM3BEAEHVUIO paauMyca Ha YINoBYH CKOPOCTb!
OenictButensHo BeHepa , koTopasi MMeeT pagnyc HEMHOTO MeHbLUue 3emnu
, HO Bpallatolasacs ¢ MeHbluen B 243 pa3 CKOPOCTbIO MMeeT MarHUTHoe
none B no4tn 300 pa3 meHbLUe. KOnuTep , KOTopbIN UMeeT paguyc B 11 pas
Oonble 3eMHOro u BpallatoLMIACS C YFFAOBOW CKOPOCTLI0 B 2.4 Gonblue
3eMnM  umeeT MmarHutHoe none B 25 pa3 6onbliee. OTU OLEHKK
NOATBEPXKAAIOT MNPaBWUIbHOCTb - Hallen Teopunm , YTO MexaHU3MOM
BO3HWKHOBEHUS U MOAepXaHus MarHuTHoro nons 3emnu u [naHet
SABNSeTCA ABMXYOLLMECS 3apsaabl MOHOcdepbl Co3AaBaeMble CONHEYHbIM

BETPOM.

KpaTkoe onncaHue metoaa

CyTb MeTOAa B crnegylowem

lMpegnonaraeTcsa NCNoOMb30BaTb BO3MOXHOCTb U3BMEYEHUS SNIEKTPUYECKON
3HEeprum n3 MoHocdepsbl, rae BO3MYLLEHWUS MarHUTHOrO Nons (MarHUTHbIE
Oypu) npoTekaloT Ha BbicoTax 6onee 100 kM Hag NOBEPXHOCTbI 3eMnu.
MmeHo Tam  uCTOuHMKM 3SHeprum ucnonbsywowme MI3 npegcraBnser

MHTEpeC T. K. OHN UMEKT MNMpenmMyLlecTBO No CpaBHEHUIO C TpaauLMOHO
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ucrnonb3dyembiMu. TakuMm 0OpasoM TakoW reHepaTtop OOIKeH
pacnonaratbcs B MoHocdepe 3eMnu, T.e Ha CMyTHUKaX UM KOCMUYECKUX
CTaHumax u ByaeT yepnaTb SHEPrUI0 M3 MarHUTHOMO MOMsi OKONO3EMHOro
KOCMWYECKOro NPOCTPaHCTBA, NCnornb3ys npeobpasoBaHue
ANEKTPOMAarHUTHOW 9Heprun, SABNSAOLWENCs CrneacTenMeM paboTbl cun
nnaHeTapHoOro  xapaktepa, B  3MIEKTPUYECKMA  TOK  TEXHUYECKOrO
HasHauyeHus. Cnegyetr OTMETUTb YTO Mpeanaraemble reHepaTopbl MOryT
ObITb Takke MonesHbl Ans paboTbl TenedoHbIX, PETPAHCMASLMNOHHBIX U
BOEHbIX Llenen, Takke ONA MUTaHUS Nas3epoB U APYrux U3ryyarLmx
NpMOOPOB MPUMEHSIEMbIX AN Pa3NUYHbIX U3MEPEHUA U TPebyroLmMX Ans
CBOEro nNuUTaHus 60MbLUNX SHEPTUIA.

OcTtaHoBUMCS Ha HepocTaTkax TPagvLMOHO, UCTMOMNb30BaMbIX NCTOYHMKAX
3Hepruu.

1) Hanbonee WnMpoko B Ka4eCTBEMICTOMHUKOB 3HEPIUM Ha CNyTHUKAX W
KOCMMYeCKMX obbekTax MCnonb3ylTcs COMHeYHble 6artapen u
apnepHble peakTopbl. - OAHMM U3 NPEMMYLLECTB MO CPABHEHMUIO C
NPUMEHSeMbIMA B <HacCToOsiLLlee BPEMsI CONTHEYHbIMU OaTapesMu
SBNSETCA TO YTO Mpeafiaraemble reHepatopbl MOryT paboTatb B
YCINOBUSAX OTCYTCTBUS CONTHEYHOrO CBETAa.

OkasblBaeTcs, YTO OCHOBHas «nepekayka» 3Heprum rno Liernoyke CorHeYHo-
3eMHbIX CBSA3e NPOMCXOAUT B pe3ynbTaTe CONHEYHbIX BCMbILLEK, KOTOpble
CONPOBOXAAKTCA MarHUTHbIMKU Bypsamun. [loaTomy, ecrnm B unoHocdepe
3emMnu pacnonoXuTb NPOBOASALLMA KOHTYP, TO B TAKOM KOHTYpe B nepuog
N3MEHEHNS1 HaNPSXKEHHOCTM MarHUTHOrO NMoJis B COOTBETCTBUU C 3aKOHaMMU
dusmkn  (3akoH  dapages) BO3HMKAeT  3NEKTPOABWXKYLLad  cuna,
BbI3blBalOLWasa anekTpuyeckni Tok. OueHka CymmapHOM MOLLHOCTU

TOKOB, MOCTOSIHHO TeKywux B UOHocdepe 3emnu, Npu ycrnoBuUu

35



pacnonoxeHuss Tam OONbLIOrO KonuyecTBa reHepaTopoB .
3HauYUTeNbHO MpeBbIlaeT NoTpebHocTu 4yenoBeyecTBa. C apyron
CTONPOHbI , ANs TOro 4Tobbl YBENMYMUTL MOLUHOCTb Takoro reHeparopa ,
napannensHo wnu nocrnefoBaTenbHO K 9TOMYy KOHTYpY MOXHO
NOAKIIOYNTE HEOBXOOUMOE KOMNUYECTBO KOHTYpoB. Cnegyet OoTMETUTb YTO
TO 06CTOATENBbCTBO YTO TemnepaTtypa OoKpyxatowen cpeabl (MHocdepbl)
MOXeT ObiTb HWke (-100)C  3meKTponpoBOAHOCTL MaTepuana KOHTYpOB
OygeT 3HaumTenbHO OGornblue, YeM Ha noBepxHOCTU 3emnu. T.e. BMECTO
OOHOr0 KOHTYpa MOXHO MCMOMb30BaTb C OOHOW CTOPOHbI KaTyLUKYy, YTO
3HaYMTENbHO MOBbILAET BbipabaTbiBAEMYKO SHEPIUKO , C APYrov Npu 3TOM
MOXHO M3b6exaTb 60nblUnX NOTEPb HA OMUYeckoe conpoTuBneHve . [Mpu
3TOM HeobXoAMMO 4TOObl MarHUTHOEe MONSA MeHsAnocb , T.K.  3TO
Heobxooumoe ycrnoBue MOSIBMEHWUst MHAYKTMBHOMO Toka Ha katywke ! B
pabote (5) nokasaHo 4TO Grarogops MarHUTHbIM Bypsm Ha ConHue B
noHocdepe 3emnu HenpepbIBHOMPOMCXOAAT BUOpaLUmM MarHUTHOrO Nonsi .
BosgenctBMe MarHUTHbIX <Oypb Ha TexHu4eckne OOBLEKTbl, WHOrAa
KaTacTpounyeckme, BbI3BaHbl WHAYKLMOHHBLIM 3MEKTPUYECKMM MONieEM,
BO3HMKAKOLLUM MpU ObICTPOM WM3MEHEHUU HAMPSHKEHHOCTU MarHUTHOrO
nona Ha 3emne. BnepBble owyTumble 3ddeKTbl 3TOro popa 6binu
OTMEYEHbI BO BPEMSA CUIbHOW MarHUTHOM Oypu 1 ceHTabps 1859 r. ,
KOTOPYIO 3aCny>XeHHO CBS3bIBAIOT C WMMEHEM aHITIUNCKOro acTpoHoMa
KappuHrToHa.

AnapaTHoe pelueHue npodnemsbl

AnapaTHoe HOBOe pelleHWe CBsid3aHa C Tem, 4YTO  Bcerga HyXHO
npaBuibHas OpeHTauus KoHTypa (kaTywku). [InockocTb KOHTypa He

AOJDKHa ObITb pacnosioXXeHa napanerbHO K CWUNOBbIM JIMHUAM
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MarHrutHoro nons. Ecnu oHa OygeTt pacnonoxeHa napanenbHo, To

reHepoBaTbCsi OyeT HyneBasi aHepruu.

OctaHoBMMCSH Tenepb Ha BO3MOXHOCTHU BblpaGOTKI/I

SHeprmm Ha NoBepxHOCTU 3emnu

Takas npecnekTnBa TpebyeT oTAenbHoro aHanusa. BenununHa MIM3 Ha
NMOBEPXHOCTU 3HAYUTENbHO MeHbLUE YeM B noHocdepe . Mpn 3TOM Kak Mbl
yke oTmedanu BOGmu3n nomtocoB MIM3 3ameTHo 6Gonbwe. W ectb
NpeanoXeHys 0 Co30aHUN HEPreTUYEeCKUX CTaHUM 3a NONSAPHOM KpYroMm-
Ha ocTpaBax, cygax, U T. N. CONHEYHy akTUBHOCTb MOXHO BbIYUCIIUTL MO
4YUCIy BCMbILWEK M NATEH HA MNOBEPXHOCTU 3B€3Abl. OHM TECHO CBSi3aHbl C
konebaHuamMM B €e MarHUTHOM Mofne. TaK, WMEHHO B nepuoabl

NOBbILLEHHOW aKTUBHOCTWN CBETUIA YaLle NPONCXOOAT MarHUTHbIE 6ypm.

CnenyeTt oTMETUTb YTO B MUCTOpuM 3emnu ObiBanu Takve criydae, Korga
BCBSA3M C BO3HMKHOBEHUEM) CUMbHOW MarHWTHou Oypu Ha ConHue , Ha
ceBepe KaHagbl B NMHMM nepefad aneKkTpo3Heprum BO3HUKIN Takue TOKM ,
KOTOpble MPUBENU K CropaHuio 3reKkTpornpubopoB M Opyrvx YCTPOWCTB
MOAKIIOYEHBIX K NUTaHuo . MHorga criyyanucb MarHWTHble Oypu gaxe B
pavioHax akBaTepa 3emnu. Ho kak npaBuno atu siBNeHus ObiBalOT peako.
OpHako B crnyvae BO3HMKHOBeHUs MHBepcum MI3 BenuuMHa MarHUTHbIX
nonen n Yyactota BO3HWMKHOBEHUI MHBEPCUI B Ntobon Touke 3emnn pesko
BO3pacTET U B 3TO TPYAHOE ANSA BbDKMBaHUS N0Aen Bpems nonyveHue
3HAYMTENBHOrO KONMYECTBA YMCTON 3HEPrnM ByOeT KpariHe KenaTenbHbIM.
Crniegyet OTMETUTb YTO MaBHbIM HELOCTAaTKOM UCMOMb30BaHUSA 3HEprum C

nomotubio MIM3 aenseTca HecTabuUnbHOCTb
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ux pabotel. [losToMy Mbl mnpegnaraem cnocod He TpebyoLwwmn
CTabunbHOCTN UX paboTbl. HO B TOXe Bpemsi 3TO KpavHe AELIOBbIN U
npocTou cnocoo.

B HacTosilee Bpems aHanuM3 anbTepHaTUBHbLIX YUCTbIX  MCTOYHUKOB
3Hepruy npeanoyvTeHve oTAaéTcs BoOopoAy. OTO OOBLACHAETCA TEM YTO
Heobxooumon Ana e&€ peanusauMm He TpebyeTcs 3aMeTHO MEeHATb
CYLLECTBYIOLLYIO KOHCTPYKLMIO TPaHCMOPTHOM TeXHWKM paboTatolern Ha
HedbTe M rase, a TakKe CyLIECTBYIOLLYIO CUCTEMY TpaHcrnopTaumu
BOOopoda K MecCTy WCMonb3oBaHus (3TO TpybonpoBoAbl WM cneuanbHble
Kopobnu 1 NopThl UCNOMb3yeMble AN NePeMELLEHNS CMaHLLEBOro rasa).
CnegyeT OTMETUTb YTO WCMONb30OBaHWE BOAOPOAA MOXET MPUMEHATHCA
hakTUYecKn MoYTM BO BCEX Cryyasix HEOBXOOUMOCTM YUCTON 3HEPruu,
370!

BCe BMWAbl TpaHCnopTa- MallWHbL, < CaMONéTbl, napaxodbl, TennoBble
3MNeKTPOCTaHUMKN, OTOMSIEHNEe < AOMOB, OCBSILLEHUE, MPOMBbILLMEHHbIE
npeanpuaTus U T. M.

MNMonyyeHne uncToro BOJOpPOAA MNyTEM 3MeKTponu3a BoAbl — camasd
oyeBmaHad u addeKTuBHas TexHomnorms, wu OAWMH Wu3 Haubonee
NMepcneKkTUBHbIX ~ CNOCOOOB  MOMy4YeHWs  anbTepHaTUBHOTO  TOMMUBA.
Bogopon fobbiBaoT 13 noboro BOAHOrO pacTBopa, a Npu CropaHvun OH
npesBpallaeTca obpaTHO B BoAdy. T. e. 3TOT MeTo4 He CBsi3aH C

3arpsisHEHNeM OKpy»KatoLLe cpeabl.

Mo CpaBHEHUo C npo4vYnmMun mMeTogamMmun nony4yeHud Boaopoaa,
ncnonb3oBaHue QNIeKTposiM3a BOAbl OTJIMHaeTCA UuesnbiM  pdaaom
npenmMmyLiecTB. BO-I'IepBbIX, BXo4 noet OO0CTynHoe Cblpbe —

OeMVHepanu3oBaHHash Boda W aneKTpoaHeprusi. Bo-BTOpbIX, BO Bpemsi
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Npon3BOACTBa OTCYTCTBYHOT 3arpsisHstoLme Bbibpockl. B-TpeTbux, npouecc
Lennkom aBToMaTtuanpoBaH. HakoHel, Ha BbIXxoae Mnosy4YaeTcsi 4OCTaTOYHO
ynctein (99,99%) npoaykt. M3 Bcex mMeTOOoOB anekTponu3a Haubonee
nepcneKkTUBHLIM cuntaroT BbICOKOTEMMEpaTypPHbIN 3NeKTponn3
(cebecTtonmocTb Bogopoda ot 2,35 go 4,8 $/kr). Ero cneayeT nmeTb Ha
TEXHOMIOTMYECKOM  BOOPY)XEHWUW,  MOCKOSIbKY  MpU  OnpeAeneHHbIX
3KOHOMWYECKMX  YCIMOBUAX OH  MOXeT OblTb  MCMOMb30BaH B

KpYMHOMPOMbILLNIEHHOM MacLuTabe.

OneKkTpornM3oM BoOAbl HasblBaeTCs (PU3MKO-XMMUYECKMIA MpoLece, npu
KOTOpOM  nopg ~ OEeWCTBMEM  MOCTOSIHHOTO | 3NIEKTPUYECKOrO  TOKa
OUCTUNNMPOBaHHAs BOAaA pasfaraeTcs Ha- kucropog M Bogopod. B
pe3ynbTate pasgeneHns Ha YacTu MOJeKyn BoAbl, Bogopoda no obbemy
nonyyaetcs BOBoe Oonblie, MeM  kucrnopoga.  OddeKTUBHOCTb
aneKkTponu3a TakoBa, 4to 13 500 MmN Boabl MonyyaeTca okono kybomeTpa

06oux rasoB c 3aTpaTamy OKOMo 4 KBT/Y 3MEeKTPUYECKON SHEPTUN.

TexHOnornyeckmMin ToK Arsi NpoTekaHUsl MpoLecca 3NeKTponM3a Boabl Ans
nonyvyeHusi Bogopoda WM Kucrnopoda MoflyqaeTcsl, kak npaBurio, npu
MOMOLLY MPOMBILLMIEHHOrO BLINPAMUTENST C HeobXoaMMbIMU  pabovnmm
napameTtpamu, O6bI4HO 3TO HanpshkeHne 0o 90B n cunon Toka go 1500 A.
Takum  obBpasom noacoenuHsass  reHepatop  paboTalowmn  Ha
ucnonob3oBaHun MI13 ocobeHo npwu wuHBepcuun, BbipobOTKa He Oyaer

3aBUCUTb OT CTAaUMOHAPHOCTU pa6OTb| reHepartopa.
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Cnucok KnenmoB N306peTeHuns

1). Co3sgaHa HoBasi Teopusi BO3HUKHOBEHUSI U nopaepxaHua MIM3 wn
MnaHeTt ConHe4vHon CucteMbl OCHOBaHas Ha Tom , YTo ConHeuHbin BeTep
SABMNSETCA OCHOBHOW MPUYNHON 3TUX ABMAEHUA. Takon Noaxod B OTIIMYUKN OT
CYLLIECTBYIOLLEN TEOPUM , KOTOPbI OCHOBaH Ha TOM , YTO  MUCTOYHUKU
BO3HMKHOBEHNSA 1 nogaepxanus Ml 3emnu un MNnaHeT HaxoasaTCs BHYTPU.
Hawa Teopuss no3BonsieT Takke OObACHUTbL BO3HUKHOBEHWe WHBepcuii
M 3emnu n MNnaHeT. A Takke 06bACHUTL OTCYTCTBME MArHUTHOMO NOMs Ha
Mapce , cnabeix MIN Ha Mepkypun 1 BeHepe.

2) Cos3paHa HoBas Teopusi OObACHSOWAsA U3MYECKME SBMEHUS Ha
ConHue npuBogswme k WMHBepcusim MI3 wm TlnaHeT, ocHoBaHHas Ha
nepeoanyecon cMeHe 3Haka 3apsga ConHe4Horo BeTpa, BO3HMKaOLWEN 13-
3a YyHOCa COfHEeYHbIM BEeTPpOM OAHOro 3Haka 3apsida  Bedyllem K
Bo3pacTawllem 3apsge Apyroro.-3Haka ConHua. 3TO npuBOAUT K
N3MEHEHNIO COOTHOLLIEHUS KYNOHOBCKUX N CUMN NPUTSXKEHNUSI HA MPOTOHbI U
3MNEKTPOHbI. YTO B CBOK oYepenb NPUBOAUT K U3MEHEHMIO 3HaKa 3apsaa
COITHEYHOro BeTpa , KOTOPbIA Mafjas Ha MoHocdepbl MMaHeT NPUBOAMUT K
M3MEHEHWMIO MONOCOB U HanpasneHus Ml Ha HuXx.

3) PaspaboraHa  Teopuss c€O30aHUS FEHEpPaToOpOB UUCTOW 3HEpruu,
NCNONb3yoLLas SHEPrn0 MarHUTHbIX nonen 3eMnu , BO3HMKaloLWasa n3-3a
MarHUTHbIX 0ypb Ha CornHue.

4) Takon reHepaTop MOXET WCMoSfib30BaTbCs Kak OAWMH M3 UCTOYHWUKOB
3Heprum KOCMUYECKMX ObOBbeKTax M OTNNYaeTCss OT HUX pPsaoM

NpPenuMyLLEecTB.
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a) Ecnu cpaBHWTL conHeyHble baTapeun ¢ reHepaTopoMMU UCMOMb3YOLLUMN
MM3, To nocnegHuM WMMeKT pPSA MPEVMYLLECTB: COMHeuHble Gatapewu
TpebyloT BcCerga COMHEYHOro cBeTa B TO BpeMs Kak reHepartopbl
ncnonb3yowme M3 moryT paboTtaTb B NOSHOM TEMHOTE.

B) MOLLHOCTb COJSIHEYHbIX GaTapen TpebyeT pas3BepTbiBaHUSA GOMbLUMX
rOPM30OHTAasbHbIX MIOWaAeNn C YCTaHOBMEHbIMW Ha HUX MaHensamu. 3To
YCINOXHSIET KOHCTPYLIMKO CMYTHUKOB M KOCMMUYECKUX CTaHUMA W Oenaet
CUCTEMY MUTAHWUS MOLBEPXKEHOW paspyLUEeHWU, BO3HUKAKOLWEn OoT
CTOITHOBEHMS C MENKUMU METEOPAMU U KOCMUYECKUM MYCOPOM.

c) OtmeTum yTO 06a cnocoba n3-3a HeCTaLMOHapHOCTM paboTbl TpebyoT
NCMONb30BaHNS HAaKONUTENS 3ANEKTPOIHEPTNM B BUAE aKKOMYIATOPOB.

n) Ecnu cpaBHMBaTb UCTOYHMK ucnonbayrowmn M3 ¢ ncnons3oBaHnem
S0EpHbIX PeakTopoB , TO MocrneaHun obrnagatoT ewé 6omnbLUUM YUCIIoM
HeJoCTaTKOB.

Bo nepBbIX 3TO 3HAYMTENBHOE ‘YBENMYEHME Beca CNyTHMKOB. W rmaBHoe
OMacHOCTb 3apaxeHus GonbLliMx nnowane 3emnu Npu YHUUTOXEHUN UX
nocrne OKOHYaHWst X pecypca. T. K. cropasi B NJIOTHbIX Crosix aTMocdepbl
NPO4YKTbl CropaHuWsi paccemBalOTCsl Ha OrpOMHbIX MIOLWAAAX B COTHSAX
KBagpaTHbIX KMIIOMETPOB , 3apaxasi X OnacHon paanaKkTUBHOCTLIO.

5) VIHTepecHa BO3MOXHOCTb MPUMEHEHUSI FreHepaTOpPOB WCMOMb3YLNX
M3 Ha noBepxocTtu 3emnu. MNpexae BCEro 3T0 MOXET BO3HUKHYTb TOSbKO
npy pacnonoXxeHun ux BOGNU3M MONIOCOB, FAe MarHuTHble nons 6onee
cunbHble. OTMETUM 4TO B MocrnegHee Bpems OTMeYvaeTbCs 3amMeTHoe
noBbllleHne akTMBHOCTU ConHLUa, NPUBOASALLEE K YCUIEHUIO U YYaLLEHUIO
MarHuUTHbIX 6ypb Ha HEM. ECTb NpeanonoXeHnss NpUYnHbI 3TOTO SIBIEHUS.
Tak ecTb MHeHMe 4YTO Bckope Ha 3emne HayHéTca MHBepcua MIMN3. Ectb u

apyrve npegnonoxeHus. OpHako He BOaBasicb B MOAPOGHOCTM
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BO3HWKHOBEHUSI  3TOro siBneHusa. [lpy TOM  BO3HMKAeT MbICNb O
BO3MOXHOCTH NPUMEHEHNN TeHepaTopoB ucnonbaywmx M3  Ha
NnoBepxHOCTM 3emnu ycTaHaBnvBasa ux BONuM3uM nontocoB. Hanpumep B
[peHnaHomMn unu Ha Opyrnx CeBepHbIX OCTPOBaBX. Takas npecnekTnsBa
OYeHb NpuUBMeKaTernbHa, T. K. MO3BOSSAET PELUNTbL OYEHb BaXKHYO Npobriemy
CB$I3aHY0 C BbPKMBAHWEM HaceneHus U ApyrMx acnekToB XU3HM Ha 3emre.
Kak yxe oTmevanocb Bbllle, M3-3a PE3KOr0 YBEMWYEHUS HACeneHus Ha
3emMre 1 BCEBO3pacTalLLEM MCMOMb30BAHUM TakMX WUCTOYHMKU SHEPrum
Kak HepTb, ra3 U yronb, BbIAENSIETCA OFPOMHOE KONIMYECTBO YINEKUCIOro
rasa npuBOAsiLLEEe K HapyLUeHUto TernoBoro obmeHa B cuCTeEMEe 3eMns-
aTMocdepa U K 3arpsisHeHuto cpefbl 0butaHms. Macwrtab ator npobnemsl
OOCTUI TaKOW BENUYUHBI, YTO YXKE cerdac pes3ko MEHSIeTCA KnMMmaTt Ha
3emne n 3a CYET 3arpsasHensa yxyalmnack akonorus Ha 3emne. B cBsasu ¢
3TUM B HacTosllLlee BpPeEMsS OCTPO CTOUT BOMPOC O MOUCKE WU 3aMeHe
TPaAMULMOHbBIX UCTOYHUKOB 3HEPIM Ha YUCTbIE , TaKMe Kak MMApO3Heprus,
3Heprnst BeTpa U BOMH U T.N. B CBA3M C BbILLEN3NOXEHBIM HE MOXET He
npuenekaTb npecnekTuBa ucrnonb3oBaHus sHeprum MII3 . C ogHon
CTOPOHbI OLIEHKM TaKOW MPECMEeKTUBbl KaXeTbCs COMHUTENbHOW  U3-3a
Toro 4to MI3 oTHocuTenbHo cnabo BOGMM3M noBepxHocTM 3emmu. C
OPYrov CTOPOHbI , BCBSA3M C 3aMETHbIM YBENNYEHNEM akTuBHOCTM CornHua
B nocriegHee BpeMS U CBA3aHbIM C 3TUM YacTOTbl U MOLLHOCTU MarHUTHbIX
Oypb, BO3pacTtaeT BO3MOXXHOCTb NPYMEHEHMS reHepaTopoB
ncnonb3yowmx 3Heprmo MIM3. lNpy 3TtoM cnegyeTr OTMETUTb YTO
nepBoHavanbHbiM MUcTovHMkoM MI3 aBnsetca ConHue € npakTUyYecku
OECKOHEYHbIM KONMMYEeCTBOM 3Hepruu, Bcerga ecTb BO3MOXHOCTb

yBEeIlin4eHne cymapHon QHeprmm 3a CYET YBEJIMHEHNA KOJIn4yecTBa
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ncnonb3yeMblX YCTPONCTB. Tak B [peHnaHaum BO3MOXHA YCTAHOBKa ThiCAY
reHepaTopoB MCMONb3yoLMX 6ecnnaTHyo YncTyto aHepruo MIM3.

CnepyeT OTMETUTb YTO COEOEHSSI UX SNEKTPUYECKMMUN KOHTAKTaMM MOXKHO
nonyvaTtb (DaKTUYECKM CKOMIbKO YrogHOE KOJIMYECTBO 3NIEKTPOIHEPrUU,
KOTOPYIO MOXHO MCMOMNb30BaTb HE TOMbKO B BUAE 3NEKTPOSHEPTUM, HO U
015 NONyYeHNst TaKoro YNCTOro TOMSMBA Kak BOAOPOA NPUMEHSS Anst 3TOro
anektponu3 BoAbl. lpu 3TOM cregyeT OTMETUTb YTO B pesynbraTte
3neKkTponM3a BoAbl MOMy4aeTcsl He TONMbKO BOAOPOL , HO M OrPOMHOE
KONMMYECTBO YMUCTOTO KUCIOPOAA, KOTOPbIA MOXHO WCMONb30BaTb AJis
ynyJweHusa akonoruv 3emnu. Bcé€ aTo genaet 3Ty TexHomnormi ocobo

npusnekatensHom !

KoHcTpyKuuns MCTOYHUKA yncrTom 3Hepruu

ucnonb3yrwmun MariutHoe None 3emnu.

Onvwem MCTOYHMK YncTon aHeprnm mcnonbayrowmin MIM3. Kak yxe 6bino
nokasaHo B npegedylleM' TekcTe [laTeHTa TakoW WCTOMHUK uUMeeT psg
NPeuMMyLLEeCcTB MO CPaBHEHUIO C APYrMMW, KOTOPbIE  UCMOMb3YOLWUMN
YACTYIO  SHEpPrMi pek (TakMe Kak rvapocTaHuum) , BeTpa, BOMH U
TEPMUYECKYIO HEPTUIO.

Mpryém ObINO OTMEYEHO YTO WUCTOYHUKM 3Heprum umcnosnbaytowme M3
MOTyT MPUMEHATLCHA Kak B MOHocdepe 3emmnun , Tak U Ha MOBEPXHOCTU
3emnun. bBbino oTmMedeHo 4TO Hambonee IPPEKTUBHbI OHM  NpU
NPUMEHEHUN WX B KOCMOCE [Ans MWUTaHUs CNYTHUKOB  PasfU4YHOro
nNpUMeHeHns (MeTepeornormyecknx, KOMYHWKALUMOHHbBIX, BOEHbIX, ) W

KOCMWUYECKNX CTaHLMN.
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OO6bIYHO B HacTosilLee BpeMsi B KayecTBe JHEepreTUYecKux YCTaHOBOK B
KOCMOCE UCMOMb30BaKTCA COMHeYHble GaTapen U aA4epHble peakTopbl.
Kaxabln n3 aTux MeTofoB MMeeT CBOM NpenMyLLecTBa U HeJoCTaTKu.
lMpegnaraemble HaMW UCTOYHWUKM SHEPTUWU UCMonb3yloLme aHepruto MIM3
UMeIT psg NPeuMyLLecTB MO CPaBHEHWUKO COMHeYHbIMKM BaTapesamn u
peaktopamu. OTMETUM 3TW HegocTaTku. MNpUYEM TOMbKO Te KOTOPbIX HET B
NCTOYHMKaxX ncrnonbayrowmx MI3.

1) ConHeuHble 6atapen paboTatoT TOMBKO MPU COMHEYHOM OCBSILLEHUMU
1 TpebyoT MCNoNb3oBaHME CUCTEMbl OPEHTaLMM MX MO OTHOLLEHMIO K
ConHuy.

2) Ina nx pacnonoXeHun Ha KOCMUYECKMX obObekTax Heobxoammo
NOACOe[EeHATb crneunanbHble naHenu Oonblon nnowagn Ans
pacnonioXeHnn Ha HUX COomnHeudHblIX GaTapen . [Mpu 3TOM OHWU He
TONMBKO XPYMNKMe , HO 4acTo ‘TpebylT pPemMOHT U 3amMeHy Wu3-3a
paspylweHus ux nagalowMMu MeTepeopuTaMv U KOCMUYECKUM

MYCOPOM.

AnepHble peakTopbl Takke 06nagarT psSaoM HEAOCTATKOB.

1) 310 Npexae Bcero ux 60MbLLON BEC 1 HEAOMYCTUMOCTb NPUCYTCTBUS
nogev B yCnoBusiX paguakTUBHOCTU BHYTpY 0B bekTa.

2) AlpepHble peakTopbl TpebywT aOnd cBoen paboTbl CUCTEMbI
oxnoxaeHus. NpuUYEM K3-3a HaXOXOEHMM MX B YCIOBUSIX KOCMOCA
roe v3-3a paspsikeHOCTM Bo3gyxa OTCYTCTBYET OXIIOXKAEHMEe 4epes
TennoobMeH , HeoOXxoouMbl TpamMo3KMe MNaHenu 3aHumaroLne
OEeCSTKM  KBagpaTHbIX MeTpoB  Ans OXJIOXAeHMe WX uYepes

n3ny4yeHune.
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3) N rnaBHbIi M3 HEQOCTATOKOB 3TO TO YTO Mocrne BbIpaboTKM uX
pecypca 1 Bxoga UX B aTMocdepy OHM pacbinarTcs U cropaor |,
BO3HMKAET OMaCHOCTb pPacCeeHus1 pPafuaKkTMBHbIX BeLLeCTB Ha
OrpPOMHOW NSIoWanmn U 3apaxeHne eé onacHon pagnakTMBHOCTbLO. B
CBA3NW C 3TMM  paspabaTbiBalOTCA  creuuanbHble  MeToabl
YHUUYTOXEHUSI X MYTEM pachnbIfIeHNs1 Ha Kak MOXXHO MeJIKMe YacTuubl.
Ho npu 3TOM 3Ha4MTENbLHO yBEnuYMBaeTCs Mfowafb paccesHus U

3apaxeHnd gocturaruwiasa coTeH KBaapaTHbIX KUWJTOMETPOB.

OctaHOBMMCSA Tenepb Ha OMUCAHUM KOHCTPYKLUMU U
npeMmMylLLecTB UCTOUYHUKOB ncnonb3ayrowmx MIM3.

B ocHoBy 6epém aHanor kocTpykuum ‘npegnoxeHyto Tecna (cwur. 1),
KoTopasi npefcTaBnsieT K3 ceba  KOHTyp WnuM  KaTywky U3
NPOBOOHWKOB KPYrroro Wnuv KBagpaTHOTO CEYEHUs1 MOMELLEHY Ha
Kopryce CryTHWMKa pacroSPKEHy MNepreHauKyNsipHO K TpaeKkTopun

CryTHMKa 1 napanensHO cUnoBbIM NMHUaM MIM3.(dur.2 )

Torma cornacHo 3akoHy dapages npu  OBMXKEHWM  KaTyLLKW
nepneHaukynsapHo MI3 ¢ onpenenéHo CKOPOCTbIO B KaTyLUKe
BO3HWUKHYT WHAOYKLUMOHHbIE TOKM , BENMYMHA KOTOPbIX 3aBUCUT OT
pasmepa [auvameTpa KaTyllku, 4ucna BUTKOB WU yaenbHOro
CONPOTUBMNEHNS MPOBOAA, CKOPOCTU ABWXEHUS KaTyLUKW, BbICOThbI
opbuTbl cnyTHUKa. Kak yxe Obino OTMEYEeHO  CNyTHWUK (Mnwn
KOoCcMMYeyKkasi cTaHuus) oOblMHO ABWXKETCA Mo KpyroBow opbute
napanenbHoOW onpeaenéHon LWMpoTe, NeprneHaeKynsipHO CUMOBbIM

nuHmam MIM3.
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odur.3

Kak yxe oTmevanocb rnaBHOe ycrnoBue paboTbl npeanaraemoro
UCTOYHMKaA 3TO TpeboBaHMe YTODObI KaTyllka Haxogurnacb B
nepemMeHoM MarHutHom none. Tpuyém cunosble nuHum M3  He
ObInn NapanenbHbl  NI0CKOCTU TOpLA KaTyLLKW.

Mo onpegeneHuto, MarHUTHbIN MNOTOK @, KOTOPbIA MNPOHM3bIBAET
NMOCKUA  MNPOBOASILUMA  KOHTYp  (KaTyLUKy), NMOMeLLLEHHbIN
nepneHauKynspHO CUMOBBIM MUHUSIM MarHUTHOro nons, paseH ® = B
- S, rae B — mMoaynb vHAYKUMWM MarHMTHOro nons, S — nnowags,
oxBaTbiBaemasi KOHTypoM. [lo 3akoHy Papapes un3meHue noToka d
B eauHuuy BpeMeHn paBHo J[C anekTpoMarHUTHOW WHAYKUUKU E.
Ona 3OC, wnHayumpyemon B KaTyllke, KOTopasi Haxoautcsa B
nepemMeHoM MarHMTHOM none v ABnseTca MyHKUnen Bpemenu t,: € =
— do/dt .

MarHuTHbIA  NOTOK, KOTOPbIA MPOHU3bIBAET KPYroBYK  KaTyLLUKY

VHOYKTUBHOCTU NpU €€ ABMXKEHUN B NepemMeHOM MarHUTHOM rone :
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0]

=m R10%- N -B(t) , roe B(t) — mogynb MHAYKLMN MArHUTHOTO Nons,

R — paguyc n N — 4icno BUTKOB KaTyLUKN MHOYKTUBHOCTM.

Mcnonb3oBaHWe Takoro UCTOYHMKA Ha TakMxX KOCMUYECKMX O0ObekTax

KaK CMYyTHUKM N KOCMUYEeCKMe CTaHunMn UMEeKT pdan npenmmyllects

nepen Apyrumu TpaamumoHbiMu. Mepeuncnmm mx:

1)

O PekTMBHOCTL UCTOYHMKA wucnonbayowmx MIM3 3aBucut oT
NpOBOAMMOCTU MaTepuana KaTylku. W Bcerga ato npuBoauT K
YMEHbLUEHNIO €€ BUTKOB WU UCMOMb30BAHNIO KPUOTEHOW TEXHUKN
Ons eé oxnaxaeHus. B Hawem cnyyae Korga WCTOYHWK
HaxoauTca Ha opbuTe, roe TemnepaTypa OKpyXawllen cpeabl
coctaBnser ot -30 go -50 rpagycoB Llenbcus npobnema c
YMEHbLUEHMS CONPOTUBIEHNS KaTyLWKN UCTOYHMKA He CyLLecTBYeT
M no3BOMsieT 3a CYET HM3KOM TemnepaTypbl 3HAYUTENBHO
yBenuuMBaTbh MOLLHOCTb HALUero UCTOYHMKA.

Tarke INnerko MOXHO.  BbINMOMHUTE TPebOBaHMK K MOMyYeHUo
nepemMeHoro MarHUTHOro Monsi, OT KOTOPOro 3aBUCUT MOLLHOCTb
UCTOYHMKA. OJTO NEerko  BhIMOMHAETCA  M3-3a  XapakTepa
nameHeHHus MIN3 B 3aBUCUMOCTM OT MECTOMONOXEHUS CMyTHMKA

no oTHowleHuto K ConHuy.

47



| ) |
Y

Ha ¢ur.4  nokasaHo pacnpegeneHme cunoBbix NuHUA MIMN3
KOTOpOE BO3HMKAET OT BIUSIHUA CONTHEYHOro BeTpa Ha MI3.

Tak co cTopoHbl ComHLa OT KOTOPOro NPUXOAUT COMNHEYHbIV BETEP
CWMOBblE NUHWM CryLLalTCs, YTO CBUAETENbCTBYET O CUITbHOM
MIM3, B TO >Xe BpeMs Ha_[pPOTUBOMONIOXHOMN CTOPOHbI 3emnn
CWMOBbIE JIMHWMM pa3pskeHbl U UMEKT BUA XBOCTa. T.e. npu
OBWKEHUN  CMyTHUKa-~ OT  OCBSLLEHOW 4Yactu 3emnu K
NpPOTUBOMNONOXHOMW, MIN3 n3MeHseTca B HeCKOnbko pa3. A ecrnu
YYECTb YTO CMYTHUK ABWXETCA C BTOPON KOCMWUYECKOW CKOPOCTb
paBHo 11 Km/cek TO Jaxe ecnu ero opbuTa pacnosioxeHa
BO6nNM3n  skBatopa, TO Ha 3T0 TpebyeTrca  nopsgka
20000/11=2000cek, ( mpu CnNyTHUKE pPacnonOXeHOM B cpefHen
nonoce Bpems obopota ymeHbLuaetca 4o 1000 cek) T.e. nopsgka
normyyaca v Mogynb WHAOYKUUM MarHUTHOTO MOMsi MCTOYHMKA
nNprbnM3nTEnbHO paBeH

B(t)= BO+b*t , rge b, =(B1-B0)/T0*t , BO, B1 mMuHMmanbHoe u
MakcuManbHoe 3HayeHue marHuTtHoro nons. TO Bpemsa nponérta

CMyTHMKA OT OCBSILLEHON YacTh 3eMnn K TEHEBON.
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3) B cnyyae HeobxoaMMOCTM Nony4YnTb 6OMbLLYIO SHEPTUI0, UCTOYHMK
MOXET COCTOSiTb W3 HECKONbKMX KaTylleK, pPacnofioXeHbIX
napanenbHO U PacrnorioXeHbIX Ha BHELUHEW CTOPOHE CMyTHUKA.
OTMETUM YTO MCTOYHMK Becsawmin 6onee 100 Kr MOXET CNYyXWTb,
6narogops LeHTPOBEXHOM cune, YCTPOWCTBOM
OCYLLECTBIISIOLLEM OPEHTALMIO CMyTHUKA Tak 4YTOObl MarHWTHbIE
NVHUM  MarHWTHOro  nons  ObiNMM  Bcerga  pacrosioXeHbl

nepneHauKynsipHO K TOpLY KaTyLueK UCTOYHMKA.

M HakoHen, MOXHO eLé pa3s OTMETUTb B KIemMax u4To
npegnaraembli UCTOMHUK ucnonbaytowmn MM3 | MoxeT Takke
ncnonb3oBaTbCsl Ha  MOBEPXHOCTM 3eMnn  C  MeHbLUen
3P PEKTMBHOCTBIO MO CPaBHEHUIO YeM B KOCMOCE OJHAKO NMomoras
dakTnyeckn 6GecnnaTHO Aony4YaTb JMEKTPOIHEPrUM UMM Tak
HeobXoaUMbIA U3-3a KrMMaTuU4eckMx npobrnem BoAoopoa (Kak
onucaH Bbille B <TekcTe). [lpM 3TOM reHepaTtopbl cnenyeT
pacnonaratb B CEBEpPHbIX OKOMOMOMCHX MecTax, T. K.

TemnepaTypa Tam Hke a MIM3 cunbHee.

49



Bubnuorpadwums:

1. Electrician and Electrician, 2010, No. 6, or
Physics for Scientists and Engineers, Volume 2
By Raymond Segway, John Jewett
2. The magnetic moment of the rotating sphere, Roman Parpolak. or
Griffiths, David J. (2007) Introduction to Electrodynamics, 3rd Edition; Prentice
Hall — Chapter 5, Post 36.
3. "Physical quantities", Reference book, M. Energoizdat, 1991, p. 1196, or
Capstones in Physics: Electromagnetism
Wikipedia, free encyclopedia, lonosphere.
[ Yermolaev, Y. 1., I. G. Lodkina, N. S. Nikolaeva, and M. Y. Yermolaev (2013),
Occurrence rate of extreme magnetic storms; J. Geophys. Res. Space Physics, 118,

4760-4765, doi:10.1002/jgra.50467

50



(12)

(54)

(71

(72}

(*)

(21}

(22)

(31}

(52)

United States Patent

Tseytlin

METHODS AND DEVICES FOR
MAXIMIZING OIL PRODUCTION FOR
WELLS CONTAINING OIL WI'TH HIGH
GAS-TO-OIL RATIO AND OIL EXTRACTION
FROM OIL RIMS OF GAS RESERVOIRS

Applicant: Simon Tseytlin, Middle Village, NY
(1s)

Inventor:  Simon Tseytlin, Middle Village, NY
(Us)

Notice:  Subjeet fo any disclaimer, the term of this
patent is extended or adjusted under 335

ULS.C, 154(h) by O days.

Appl. No.: 16/739,240

Filed: Jan. 10, 2020

Int. Cl.

E21B 17404 (2006.01)

E2iB 17/14 (2006.01)

E21B 34712 (2006.01)

E21B 43732 (2006.01)

E21B 34/16 (2006.01)

.5, Cl.

CPC . . BE2IB 34/16 (2013.01); E2IB 17/04.

s E21B 34/12 (2013.01); E21B 4332
(2013.01% E2IB 2200006 (2020,05)

USO11002109B1

1oy Patent No.:  US 11,002,109 Bl
(45) Date of Patent: May 11, 2021

(58)  Field of Classification Search
CPC ... E2IB 17/404; E21B 17/041; E21B 17/14;
E21B 34/12: E21B 43/32
See application file for complete search history,

{56) References Cited

U8, PATENT DOCUMENTS

2999540 A ¢ 9/1961 Bodine, Ir. ... EZ1B 43/003
166/302

JBIS0TL A Y TI9T4 Vearch, Ir ... EZIB 4326
166/308. 1

2012/0292032 ALY 112012 Themig ..ooenn E21B34/12
166310

* cited by examiner
Primary Examiner — Cathleen R Hutchins
(74) Antorney, Agent, or Firm — Boris Leschinsky

{57) ABSTRACT

Anovel passive flow restrictor attached outside the tubing in
an oil well and positioned below casing perforations, caus-
ing fluid Aow from an oil reservoir formation 1o at least
partially flowhrough a narrow annular space between the
flow restrictor and the casing before entering the tubing. The
flow résistance is thereby defined in part by the length of the
angular space, which is easily adjusted by lowering or
raiging the wbing within the casing. The flow restrictor and
methods of using thereof are especially advantageous for
maximizing eil production in thin oil rim gas reservoir as
well as with other oil wells with high Gas-10-0i1l Ratio

8 Claims, 8 Drawing Sheets

GAS

oL

WATER

51



U.S. Patent May 11, 2021 Sheet 1 of 8 US 11,002,109 B1

FIG. 1 (PRIOR ART)

52



U.S. Patent May 11, 2021 Sheet 2 of 8 US 11,002,109 B1

Lyaat Lo gt =

Fig. 2

53



U.S. Patent May 11, 2021 Sheet 3 of 8 US 11,002,109 B1

38000

. \\

28800 “\

21600 \\ t\

Max oi / \
“**I"production \\
1sso0lrate
700

//'
!
e oo 1400 2106 2800 3500 4200
Fig. 3

54



US 11,002,109 B1

Sheet 4 of 8

May 11, 2021

U.S. Patent

GAS

OIL

WATER

Fig. 4a

55



US 11,002,109 B1

Sheet 5 of 8

May 11, 2021

U.S. Patent

GAS

OIL

WATER

FIG. 4b

56



US 11,002,109 B1

Sheet 6 of 8

May 11, 2021

U.S. Patent

GAS

OIL
WATER

a

Fig. 4c

57



US 11,002,109 B1

Sheet 7 of 8

May 11, 2021

U.S. Patent

12

GAS

OlL

WATER

Fig. 4d

58



U.S. Patent May 11, 2021 Sheet 8 of § US 11,002,109 B1

g
b,
T T B e N%m

2

7

/

F

¥

N Saw
NI%

A

SRR \ \\ T
%
% N o
\, Y \\g /’ffrf‘
; : Sl
L
e [ PO G T T I TR )

Fig. 5

59



US 11,002,109 Bl

1
METHODS AND DEVICES FOR
MAXIMIZING OIL PRODUCTION FOR
WELLS CONTAINING OIL WITH HIGH
GAS-TO-OIL RATIO AND OIL EXTRACTION
FROM OIL RIMS OF GAS RESERVOIRS

BACKGROUND

Without limiting the scope of the invention, its back-
ground is deseribed in comnection with oil production. More
particularly, the invention describes methods, computer
models, and related devices allowing simplified adjustment
of bottomhole pressure 1n order to obtain the highest pos-
sible wil production for an oil well with a high gas-10-oil
ratio over the lifetime of the oil well. The invention has
particular utility in thin oil rims of gas reservoirs.

In order for oil production to keep up with the ever-
growing energy demand, it is essential 1o find new ways to
improve the recovery of existing oil fields, The most advan-
tageous implementation of the present invention is in wells
with high Gas-10-0i] Ratio (GOR) defined as GOR greater
than about 100 cubic meters of gas over cubic meters of oil.
which is sometimes also referred 1o in other units as about
600 cubic feet of gas per barrel of oil, which is the same as
above. Such oil wells may exhibit high and increasing
production of gas accompanied by low and decreasing
production of oil, In extreme cases, a gas flow regine may
be formed with no oil exiting the oil well altogether-—even
despite adjustments of the surface choke, including either
closing or opening thereof. At some point, the gas flow
regime may exhaust the reservoir formation pressure and
preclude any further oil production, whereby severely lim-
iting a total oil recovery from a particular oil well and even
from a particular reservoir formation.

Significant oil reserves are captured in relatively thid oil
rims sandwiched between overlying gas and underlying
condensate or water. Due to a strong tendengy for-gas cone
formation leading 10 early gas or water breakthrough in
these wells, efficient production from these fields has always
heen a real technological challenge. It continues to be
difficult. despite the advancements in the hardware technol-
ogy over the last decade, in particular. the ability to install
and use sensors and remotely controllable valves in both
wells and at the surface. Apart from the natural technical
constraints of poor accessibility of large portions of the
reservoir in terms of both control and monitoring, the other
main factor contributing to this is the fact that the optimi-
zation of wells using the flow control devices is still not
adequate for maximizing oil production. New technologies
are needed to allow eflicient oil recovery in thin oil rims of
THS TESeIVOITE,

This invention contains further improvements of my
earlier U.S. Pat, Nos. 7,172,020; 7,753,127, and 10,435,983
mneorporated herein in their respective entireties by refer-
ence.

A conventional oil well is illustrated in FIG. 1 and
includes an oil/gas reservoir formation 1, which is reached
by an oil well casing 6 with a plurality of perforations 2
allowing oil to enter the internal space of the casing 6. An
oil well tubing 7 is lowered into the casing 6 and concen-
trically fixed at the hotomhole region by spacers/packers 4
or other suitable means. The oil well tubing 7 extends to the
surface of the well and features an adjustable surface choke
8 used to control the flow of oil and gas from the oil well
tubing 7.

Optimi of oil prod and an i in
oil recovery from an oil well has been a goal of many

5
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innovative methods and devices of the prior art. Generally
speaking. the bottomhole behavior of oil mixed with gas
{and some other ingredients such as water, etc.) has been
described 1n a series of mathematical equations by Musket.
One specific publication by Musket is incorporated herein
by reference in its entirety and describes the mathematical
madel of oil reservoir: Musket M. “The Production Histories
of Oil Producing Cias-Drive Reservoirs”, published in the
Journal of Applied Physics in March of 1945, p. 147-159.

For illustration purposes, a unidimensional axisymmetric
system of Musket equations with corresponding PVT char-
acteristics of Huid and dependencies of relative permeability
K. l(,:g from liquid saturation (S.) can be described as
follows:

14 kn 8, @ d g thy
(= SR ismnsal (22
Far s {')r} 138164 73
14 { w Ry b a,u'i
rar B, TS e T
where: P—<peessure in formation; &, —oil saturation in
formation: 8 —gas saturation in formation: R,—solution of

gas inoil; B, —oil formation volume factor; B,—gas for-
matiniwolume factor: j1,—oil viscosity: p,—gas viscosity:

0 4 pfofmation porosity; K—fonmation permeability,

For practical purposes, Vogel had simplified the Musket
equations and adapted them 0 the caleulations of oil-
producing formations. These equations are known as Vogel
maodel and have subsequently been modified by others, Cne

5 example of such publication is as follows: Vogel, fnflow

Performance Relationships for Soluiion-Gas Drive Wells. as
published in Joumnal of Petroleum Technology, January
1968, pp. 83-92, incorporated herein in its entirety by
reference. Unfortunately, Vogel model does not work well in
wells with a high gas-to-oil ratio. According to Vogel. the
dependency of oil rate production of bottomhole pressure is
a constantly diminishing parabolic curve with a production
peak at zero value of the bottomhole pressure, see for
example FIG. 2 of the above-mentioned article. In other
words, the lower the bottomhole pressure, the higher the oil
rate production from the formation. This is a gross simpli-
fication of the bottomhole processes in the formation. In
fact, if the bottomhole pressure falls below saturation pres-
sure in case of high GOR, relative permeability coelficient
by oil decreases because of gas saturation increase. which in
turn i3 @ result of gas being released from oil. Viscosity of
so degassed oil also increases. This leads to a decrease in
productivity index of formation. This phenomenon affects
the oil production rate more than increasing depression. As
a result, decreasing the bottomhole pressure below satura-
tion pressure can lead (o a decrease in oil production rate,
rather than to its increase as predicted by Vogel's model, see
FIG:. 2. In some extreme cases, reliance on Vogel's model
will cause a complete switch in production from oil 1o gas,

It is also known that producing oil wells with high GOR
{Gas-to-04il Ratio) often lose their stability, and this process
is accompanied by a sharp increase in GOR. Any attempts
Lo stop this process by using a surface choke or other surface
manipulations usually fail. and the ol well gradually
switches into a full gas production mode. The physics of this
process can be explained as follows: in a case when a gas
cone covers some holes of a perforated section of the well
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casing 6, quite often that oil well loses stability, This, in tum.
leads to a continming slow increase of the cone height
followed by an increase in the gas stream and a decrease in
the oil flow. This process continues until the well is com-
pletely switched to a gas mode. Even if a switch to a gas
mode does not happen, the instability of the well does not
allow efficient control of the bottomhole pressure by using
a choke at the surface. Similar detrimental phenomena can
oecur because of formation of o gas skin effect near the
bottom of the well. The physics of the skin effect is
deseribed in derail in my U.S. Pai. No, 7.172,020. It also
shows that this phenomenon leads to a non-conventional
shape of the [PR curve (Inflow Pressure Relationship, i.e. the
dependence of well oil flow rate of the bottomhole pressure),
A notable feature of this curve is the presence of a certain
threshold value of the bottombole pressure {called “P, —
optimal pressure™), al which the greatest possible oil flow
rate from a reservoir can be achieved (FIG. 2).

The process of gas cone formation interrupting the flow of

oil from the well is especially difficult to control in thin oil 2

rims gas reservoirs where the height of the oil layer may
only be several meters. The fluctuation of gas and oil flows
entering the fixed geometry perforations of the casing cause
disruption of il recovery and in many cases prechude
substantial amounts of oil from being extracted from the oil
well altogether.

A new understanding of the processes surrounding any
deviation of the oil production from the initial optimal level
is deseribed in my previous patents referenced above. Ref—
erence is made pow lo FIG. 3 showing an

4

the flow restrictor from the surface and no need to interrupt
the oil production from the oil well for maintaining the
preduction rate at the desired maximum level,

Srill, over the lifetime of the well there may be a need for
adjusting the flow restrictor. This is typically accomplished
by controlling the mechanism of flow restrictor adjustment
from the top of the well or by replacing one flow restrictor
with another. Both processes are complicated and, in many
situations, involve a disruption of oil production from the
well

The need exists therefore for methods and devices for
continuously producing oil at a maximum possible rate over
the life of the oil well in a stable and predictable manner
—inclnding in oil wells in high GOR and even in the
presence of gas cone and gas skin effects.

The need also exists for a flow restrictor which is easily
controlled from the top of the well without significant
disruptions in oil production.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention o
overcome these and other drawbacks of the prior art by
providing novel methods for maximizing oil recovery from
an oil well with high GOR.

It is another-dbject of the present invention o provide
methods and devices for maximizing oil production from an
oil well witliout the need 1o adjust the bottomhole param-
eters with.changing reservoir conditions

It is. further object of the present invention to provide a
mathematical model o determine the optimal level of bot-

caleulated IPR curve superimposed onto a GOR. {G-asAlo ()ll
Ratie) curve in a space defined by bottomhole pressure and,
the oil flow rate coordinates. As the oil production rate
imcreases with decreasing of the bottomhbole pressure fol-
lowing an [PR curve from the top point corresponding 1 the
reservoir formation pressure, it reaches a maximum level of
il production af the point marked with adarmow. All
throughout that process, the GOR value remains at or about
the initial level and not changing much astthe bottomhole
pressure reaches the optimal level, as the GOR curve is
essentially close to a vertical line in that region of the chart.
From the point of reaching the maximum oil production rate
and further below thereof. however, as the bottomhole
pressure and the oil rate continue to decrease. the GOR
curve exhibits a sharp increase at the bottom right comer of
the chart, indicating & rapidly increasing amount of gas
entering the oil well.

As the bontomhole pressure decreases and the GOR raises
to a higher level, the flow restrictor causes the flow regime
in at least one of the first stage or a second stage to ¢hange
from a bubble type two-phase How to a slug type two-phase
flow. The increase in the amount of gas traversing the flow
restrictor of appropriate size is causing a rapid increase in its
flow resistance, which in turn causes the incresse in the

hottomhole pressure and therefore urging the oil production

rate 1o shift back up in the direction of the maximum oil
production rate. This, in tum. causes the GOR 1o decrease
again to get closer 1o its level corresponding to the maximum
oil production rate, The gas component of the two-phase
flow is therefore decreasing, and the equilibrium is main-
tained.

This unigue behavior is, therefore, assuring the maximum
0il production rate to be a stable equilibrium point on the
IPR curve, thereby any deviations and changes in reservoir
conditions are mitigated by the flow restrictor 1o maintain
the vil rate at a desired maximum production point. Because
of this behavior, there 15 no need 1o adjust the geometry of
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for an oil well producing o1l at a maximum

It is yet a further object of the present invention to provide
a i ical model for calculating the optimal level of
bottomhole pressure to assure the maximum rate of oil

* production over the lifetime of the oil well.

It is vet another ohject uflhe present invention to provide

implified methods of adj g the bottomhole pressure

without accessing the bottomhole ol located at the lower
end of the tbing inside the oil well,

Finally, it is an object of the present invention o provide
novel methods of extracting oil from thin oil rims of gas
reservoirs.

The present invention provides a novel design of a flow
restrictor in which the flow of fluids from the reservoir is
directed first to a small annular space between the casing and
the tubing so as to force the flow along an elongated narrow
annular space where the extent of flow resistance is defined
by the length of that narrow annular space. In this case, a
simple act of raising or lowering the tubing may be used to
adjust the length of the narrow annular flow channel, which
m tun leads to a change in Aow resistance and bottomhole
pressure.

The present invention also provides for novel methods of
oil recovery from wells with high GOR, and in particular
from thin oil rims of gas reservoirs. According o the
method, a flow restrictor as described above is installed at
the bottom of the tubing and lowered to a position at or
below the gas/oil contact at the bottom of the well. Occa-
sional raising or lowering of the well tbing may be used o
fi the bo hol 50 as to at least limit the
growth or even totally avmd the formation of the gas cone
and maintain oil recovery to a greater extent than with
conventional techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

Subject matter is particularly pointed out and distinetly
claimed in the concluding portion of the specification. The
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foregoing and other features of the present disclosure will
become more fully apparent from the following deseription
and appended claims, taken in conjunction with the accom-
panying drawings. Understanding that these drawings depict
only several embodiments in accordance with the disclosure
and are. therefore, not 1o be considered limiting of its scope.
the disclosure will be described with additional specificity
and detail through the use of the accompanying drawings. in
which:

FIG. 1 i a general side view of the oil well of the prior
art,

FIG. 2 is a pressure-flow chart showing a comparison of
the prior art Vogel and novel proposed relationship of the
bottomhoele pressure and the rate of oil production.

FIG. 3 shows an IPR curve overlaid with a GOR curve,

FIG. 4a shows a flow restrictor of the present invention in
its initial top position in the oil well.

FIG. 45 shows the same but with a tubing lowered deeper
into the oil well casing causing an increase in flow resistance
s0 a5 1o increase the bottomhole pressure,

FIG. 4c shows a position of the flow restrictor further
lowered into the oil well casing to further increase the flow
resistance,

FIG. 4d shows a battom position of the flow resirictor in
the oil well for maximum flow resistance, and

FIG. 5 is an exemplary chart showing a fnm]i}' of {PI{
curves and opti bottomhole
Reservoir Spmuiamr for an oil “LEI over the lifetime lherm!.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION

The following description sets forth various exaoiples
along with specific details to provide a thorough understand-
ing of claimed subject matter. It will be understood by those
skilled in the art, however, that elaimed subjectmatier may
be practiced without one or more ol the specific details

0

i Tacr i
emb

6

The design for a novel passive (no moving parts of its
own) flow restrictor of the invention is shown installed at the
lower end of the twbing 10 In its basic form, the flow
restrictor 14 may be a coaxial evlinder positioned outside the
tubing 10 such that the inner diameter of the eylinder 14 is
generally the same as the outer diameter of the tubing 10,
The lower end of the cylinder may be located at or close to
the lower end of the mbing 10. The size of the cylinder 14
is generally defined by s outer diameter and length. In
the outer di and outer shape of the
eylinder may be selected 10 achieve the width of the annular
space (or clearance) 20 formed between the cylinder 14 and
the inner diameter of casing 12 1o be from about 1 to about
12 mm. In embodiments, the size of the annular space may

5 beabout 1 mm. about 2 mm, about 3 mm, about 4 mm. about

5 mm, about 6 mm, about 7 mm, about § mm, about 9 mim,
about 10 mm, about 11 mm, about 12 mm, or any size
in-between.

The length of the cylinder 14 may be selected 1o be from
about 0.1 meter to about 15 meters. In embodiments, the
length of the cylinder 14 may be sefected to be about 0.1 m.
about (1.3 m, about 1 m, about 1.5 m. about 2 m, about 3 m,
about 4 m, about 5 m. about 6 m., about 7 m., about & m, about
Y m, about 10 m, about 11 m, about 12 m, about 13 m, about
14 m, about 15 m or any length in-hetween. Specific
diameters and length of the cylinder 14 may be selected to
allow for the desired range of flow resistance over the
lifetime, of the oil well, which may be calculated using a
mathematical approach described here and in my other
patents cited above. In a typical case, the initial flow
resistance may be selected to assure a pressure drop of about
1-3 percent of the overall betiomhole pressure, In other
embodiments, the initial flow resistance is selected to assure
a pressure drop of at least a few atmospheres at the upper

5 position of the deviee.

Initially. the lower end of the tubing 10 and the lower end
of the flow restrictor 14 may be positioned at 4 top position,
which is defined to be at or slightly above the upper end of

disclosed herein. Further. in some circ o5, well-
known methods, procedures, systems, components and/or
circuits have net been described in detail in order to avoid

ily obscuring claimed subject matter. In the fol-
lowing detailed description, reference is made 1o the accom-
panying drawings, which form a part hereof. In the draw-
ings. similar symbols typically identity similar components,
unless context dictates otherwise, The illustrative embodi-
ments described in the detailed description. drawings. and
claims are not meant to be limiting. Other embodiments may
be utilized, and other changes may be made, without depart-
ing from the spirit or scope of the subject matter presented
here, Tt will be readily understood that the aspects of the
present disclosure, as generally described herein, and illus-
trated in the figures, can be arranged, substituted, combined,
and designed in a wide variety of different configurations, all

of which are explicitly contemplated and make part of this

disclosure.

FIG. 4a shows a lower portion of the oil well with a casing
12 having a plurality of perforations 16 generally located at
the level of the oil layer i the well, which is sandwiched
below the gas layer and above the water laver. The upper end
of perforations 16 may be positioned at or below the bottom
of the gas layer so as to prevent gas from entering the well;
the lower end of perforations 16 are generally positioned at
or above the water layer so as to prevent water from entering
the well also—all this is typically done in order o allow
predominantly oil and not gas or water to enter the wellbore
s0 85 1o maximize oil production from the oil well.

40
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perforations 16—as shown in FIG. 4a. In this case, the flow
resistance of the oil well is at a minimum as all fow from
the perforations 16 may enter the mbing 10 easily —see
arrows in FIG. 4a. This position of the flow restrictor may
be used to reduce the bottomhole pressure in the well,

FI1G. 45 shows a position of the coaxial cyvlinder 14 and
the tubing 19 attached to each other after the lower end of
both is lowered further into the well, In this case, the fow
resistance of the fluids coming into the tubing 10 through its
opening at the bottom is higher than that shown in FIG.
4a—as at least some of the perforations 16 are located next
to the outer surface of the flow restrictor 14, This forces at
least some fuids 1o tavel down the annular space 20 before
entering the inside space of the whing 10—as illustrated by
arrows in the drawing.

Further lowering the tubing 10 and flow restrictor 14
attached to the outside thereof is illustrated in FIG. 40 In
this case, all perforations 16 are facing the outer surface of
the flow restrictor 14 so that all fluids from the oil layer
exposed o perforations 16 are forced o travel down the
annular space 20 for the distance between the lower end of
perforations 16 and the lower edge of the flow restrictor 14.
This length now defines the level of flow resistance and as
a result the level of the bottomhaole pressure in the well. To
account for the flow resistance across the flow restrictor 14
in the overall msu!iu.m.ums! muoddel of the oil well, one can
use well-known eq ing two-phase flows in a
narrow channel. One example of such flow modeling in a
narrow channel may be found in Brown KE and Beggs HD,

62
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The Technolagy of Artificial Lifi Methods, Vol. 1, Inflow
Performance, Multiphase Flow in Pipes, the Flowing Well.

Finally. FIG. 44 shows the bottom position of the flow
restrictor 14 where all fluid flow must travel throngh the
longest distance of the annular space 20 as defined by the
length of the cylinder 14. which in this case creates the
maximum level of flow resistance of the device, In this case,
the upper end of the flow restrictor is located al or slightly
below the lower end of perforations 16, Further lowering of
the tubing 10 may not cause any appreciable additional
increase in flow resistance and therefore is not considered to
be useful for affecting flow conditions at the bottom of the
well.

While the cylinder 14 may or may not be located exactly
in the center of the casing 12. in real-life applications the
deviation of flow resistance in case of an off-center Jocation
of the cylinder 14 are not all that significant and therefore
there is no need o provide additional hardware aimed at

aceurate centering of the cylinder 14 and the tubing 10 inside 2

the casing 12,

The flow restrictor 14 may be made in a shape other than
a coaxial cylinder so as to provide further opportunities to
adjust the flow resistance by raising and lowering the tubing
10 inside the casing 12. For example. the flow restrictor 14
may contain one or more channels adapted to provide a
defined geometry pathway for the fluids from the oil well
and into the opening of the tubing 10 (not shown). In this
case, the total flow resistance would be a combination of the
flow resistance through these fixed geometry channels inside
the fiow restrictor 14 plus the flow resistance inside the
annular space 20 between the fow resirictor 14 and the,
casing 12, This approach may provide for a finer adjustment
of the total resistance to the fluid flow from the oil well,

In further embodiments, the flow restrictor 14 may have
a slightly tapered rather than a swicily cylindrical” outer
surface (not shown). The tper of the outer sieface of the
flow restrictor 14 may be selected to have the/cone of the
restrictor 14 to face down—in other words, the smaller
diameter of the flow restrictor 14 may be located below the
larger diameter thereof. In this case, lowering of the flow
restrictor 14 below the portion of the casing 12 containing
perforations 16 will cause a more rapid increase in flow
resistance than in case of a cylindrical shape of the flow
restrictor 14 being lowered below perforations 16. In other
embodiments, the shape of the cone may be reversed so that
the opposite effect is achieved —lowering of the flow restric-
tor 14 helow the plurality of perforations 16 will cause a less
steep rise in flow resistance as compared with a cylindrical
shape of the How restrictor 14,

A compounded shape of the outer surface of the flow
restrictor 14 is also contemplated to be within the scope of
the present invention. Such shape may he developed o
provide any desired rate of increase of flow resistance as a
Timetion of the length of the flow restrictor 14, which may
be advantageous for certain oil wells. Examples of such
compounded shape include an oval shape of the outer
surface of restrictor 14, a double tapered shape (minimal
diameter at the top and at the bottom with the maximum
dizmeter in the middle), and so on.

FIG. 5 shows an example of a family of IPR curves
caleulated using my Reservoir Simulator for a single oil well
over the lifetime thereofl according to a calenlated decline in
reservoir pressure. The optimal level of maximum oil pro-
duction is identified on each PR curve. All such optimal
levels of bottomhole pressure are connected by a curve
shown in the drawing.
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In the case of this particular chart. a comparison between
the ultimate oil recovery under normal conditions was made
with the circumstances of using the flow restricior of the
present invention. It was shown that the use of the invention
allowed 10 increase the ultimate recovery index by as much
as 5.9% via an increase of oil recovery by about 30,000
harrels while decreasing the production of gas by about 1.2
million cubic feet. The net economic benefit, in this case,
assuming the price of oil at $60 per barrel is close 1o $1.8
MM for this oil well alone.

To lessen the burden of replacement of a conventional
flow restrictor, the present invention provides for a simpli-
fied flow restrictor 14 in which the flow resistance can be
easily adjusted by raising or lowering the twbing 10 by one

s or a lew meters as explained below in greater detail.

According to the present invention, described is a method
of adjusting the bottomhole pressure in an oil well with high
GOR such as a thin oil rim gas reservoir, with the oil well
including o casing extending from a surface down to and
below the layer of oil in a hydrocarbon reservoir formation,
and a tubing inserted generally concentrically within the
casing. the method may include the following steps:

a. providing a flow restrictor attached outside a lower end

of the whing,
b. positioning the tubing with the flow restrictor such that
a lower end’of the flow restrictor is located at or below
an upper end of perforations of the casing allowing
flaid flow from reservoir formation to enter the lower
“end of the mbing,

¢, adjusting the botemhole pressure in the reservoir by
inserting or retracting the tubing farther into or out of
the casing o lower or raise the lower end thereol,
thereby causing the fluid to at least partially low in an
annular space formed between the flow restrictor and
the casing, a length of the annular space is defined by
the position of the tubing with the flow restrictor
thereon inside the casing relative to perforations
therein.

In embodiments. the position of the flow restrictor may be
selected 1o he at or below a top position thereof and at or
above its bottom position. The top position of the flow
restrictor is defined by its lower end to be at or slightly above
the upper end of perforations in the casing. which are
generally made near the top of the oil layer of the reservoir
formation. The bottom position is defined by the upper end
of the flow restrictor being located at or slightly below the
lower end of perforations in the casing. which in most cases
define the bottom of the oil laver of the formation. When the
flow restrictor is placed in its bottom position, all fAuid fow
from the reservoir must travel through the narrow annular
space between the How restrictor and the casing before
entering the tubing, whereby defining maximum flow resis-
tanee and in tum causing a maximum increase m bottomhole
pressure.

A preferred position of the flow restrictor may be selected
1o operate the oil well at a point of maximum oil production
as Hlustrated in FIGS, 2 and 3. In this case, any deviations
from optimal pressures and fuid flows will be self-correct-
ing, causing the point of oil production to refurn to the
maximum level on its own.

It is contemplated that any embodiment discussed in this
specification can be implemented with respect to any
method of the invention. and vice versa, It will be also
understood that particular embodiments described herein are

5 shown by way of illustration and not as limitations of the

invention. The principal features of this invention can be
employed in various embodiments without departing from
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the scope of the invention, Those skilled in the art will
recognize or be able to ascertain using no more than routine
experimentation, numerous equivalents w the specific pro-
cedures described herein. Such equivalents are considered to
be within the scope of this invention and are covered by the
claims.

All publications and patent applications mentioned in the
specification are indicative of the level of skill of those
skilled in the art to which this invention pertains. All
publications and patent applications are herein incomporated
by reference 1o the same extent as if each individual publi-
cation or patent application was specifically and individually
ndicated to be incorporated by reference, Incorporation by
reference is limited such that no subject matter is incorpo-
rated that is contrary to the explicit disclosure herein, no
claims included in the documents are incorporated by ref-
erence herein. and any definitions provided in the documents
are not incorporated by reference herein unless expressly
included herein,

The use of the word “a” or “an” when used in conjunction 2

with the term “comprising” in the claims andior the speci-
fication may mean “one,” but it is also consistent with the
meaning of “one or more.” “at least one.” and “one or more
than one.” The use of the term “or™ in the claims is used 10

mean “and/or”™ unless explicitly indicated to refer to alter- 2

natives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers 1o
only alternstives and “and/or.”” Throughout this application,
the term “about™ is used to indicate that a value includes the
inherent variation of error for the device, the method being
emploved to determine the value or the variation that exists
among the study subjects.

As used in this specification and claim(s). the words
“comprising” (and any form of comprising, such as “com-
prise” and “comprises™), “having” (and any form of having,
such as “have™ and “has™). “including” (and any \form of
including, such as “includes™ and “include’™) ar “eomtaining”
(and any form of containing, such as “contdins™ and “con-
tain”) are inclusive or open-ended and do not exclude
additional, unrecited elements or method steps. [n embodi-
ments of any of the compositions and methods provided
herein, ing” may be replaced with “consisting
essentially of " or* amsnstmg of ™. As used herein, the phrase

c y of" requires the specified integer(s}
ar steps as well as 1h0se that do not materially affect the
character or function of the claimed invention. As used
herein. the term “consisting” is used (o indicate the presence
of the recited integer (e.g., a feature, an element, a charac-
teristic, a property, a method/process step or a limitation) or
group of integers (e.g., feature(s), element(s), characteristic
(s}, propertie(s ), method/process steps or limitation(s)) only,

The term “or combinations thereo!™ as used herein refers
to all permutations and combinations of the listed items
preceding the term, For example, “A, B, C. or combinations
thereof™ is intended to include at least one of: A, B, C, Afi
AC, BC, or ABC, and if order is important in a particular
context, also BA, CA, CB. CBA, BCA.ACRE, BAC, or CAB.
Continuing with this example, expressly included are com-
binations that contain repeats of one or more item or terin,
such as BB, AAA, AR BBC. AAABCCCC, CBBAAA,
CABABB, and so forth. The skilled artisan will understand
that typically there is no limil on the number of items or
terms in any combination, unless otherwise apparent from
the context.

As used herein, words of approximation such as. without
limitation, “about™, “sub ial"” or “sut tally™ refers 1o
a condition that when so modified is understood to not

5
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necessarily be absolute or perfect but would be considered
close enough to those of ordinary skill in the an to warrant
designating the condition as being present. The extent to
which the description may vary will depend on how great a
change can be instituted and still have one of ordinary
skilled in the art recognize the modified feature as still
having the required characteristics and capabilities of the
unmodified feature, In general, but subject to the preceding
discussion, a numerical value herein that is modified by a
word of approximation such as “about™ may vary from the
stated value by at least =1, 2, 3.4, 5,6, 7, 10, 12, 15, 20 or
25%.

All of the devices and/or methods disclosed and claimed
herein can be made and executed without undue experimen-

s tation i light of the presemt disclosure. While the devices

and methods of this invention have been described in terms
of preferred embodiments, it will be apparent to those of
skill in the art that variations may be applied to the devices
andfor methods and in the steps or in the sequence of steps
of the method described herein without departing from the
concept, spirit and scope of the invention, All such similar
substitutes and modifications apparent to those skilled in the
art are deemed to be within the spint. scope and concept of
the invention as defined by the appended claims.

What is claimed is:

1. A How résteictor for an oil well, said oil well comprising
a casing with perlorations located in a reservoir formation to
allow il 1o flow into said oil well. said casing further
contginsa production tuibing movably positioned within said

0 easing, said production bing extending to said perforations

and configured to transport fiuid from said reservoir forma-
tion, said flow restrictor has a generally cyvlindrical shape
and is attached to an outside of said production tubing within
said casing, said Bow restrictor defining an annular space

5 hetween thereof and said casing, wherein said production

tubing and said flow restrictor are positioned at or below said
perforations 1o cause a fluid from said reservoir formation to
at least partially flow through said annular space before
entering said production wbing, and wherein said flow
restrictor is sized to allow for said annular space to be from
about 1 mm to about 12 mm in width.

2. The flow restrictor as in claim 1. wherein said flow
restrictor is sized to provide a pressure drop for said fluid
flowing therethrough of at least one percent of a bottomhole
pressure of said reservoir formation.

3. The flow restrictor as in claim 2. wherein said flow
restrictor is selected to have a length from about (.1 meter
to about 15 meters.

4. The flow restrictor as in claim 1, wherein said flow
restrictor is attached to a lower end of said production
Tubing.

5. The flow restrictor as in claim 4. wherein said flow
restrictor 15 aftached 1o satd production whing to align a
lower end thereof with the lower end of said production
tubing.

6. A method of adjusting a bottomhole pressure in an oil
well af a hydm::arbon reservoir formation, said reservoir
formation comprising a layer of il below a layer of gas, said
oil well comprising a casing with perforations corresponding
Lo said oil Iayer and configured to allow oil o flow through
said oil well, said oil well further comprising a production
tubing extending through said casing to said perforations.
said method comprising the following steps:

a, providing a flow restrictor attached outside said pro-

duction tubing,

b. positioning said production tubing with said flow

restrictor with a lower end thereof located at or below
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said casing perforations to allow fuid Aow from said
reservoir formation to enter said production tubing.

cd inning said b and upon detect-
ing of said hottomhole pressure deviating from a pre-
determined optimal bottomhole pressure, adjusting said
bottomhole pressure in the reservoir by inserting or
retracting the production tubing further into or out of
said casing, thereby causing the Nuid to at least partially
flow in an annular space formed between said flow
restrictor and said casing, a length of the annular space 1
is defined by the position of the production tubing with
the flow restrictor thereon inside the casing relative to
perforations in said casing.

7. The method as in claim 6. wherein said flow restrictor
is positioned at or between a top position and a bottom 1%
position, said top position is defined by a lower end of said
flow restrictor to be located at an upper end of said perfo-
rations of said casing, said hottom position is defined by an
upper et of said fow restrictor to be positioned at or below
a lower end of said perforations, in which case all fiuid flow 20
from said reservoir formation is directed to low through
said annular space outside said How restrictor.

8. The method as in claim 7. wherein adjusting said flow
restrictor is accomplished by mising or lowering said pro-
duction tubing within said casing. 25

.

¥ % W W

65



Bu6nuorpacwus:

1. Electrician and Electrician, 2010, No. 6, or

Physics for Scientists and Engineers, Volume 2

By Raymond Segway, John Jewett

2. The magnetic moment of the rotating sphere, Roman Parpolak. or
Griffiths, David J. (2007) Introduction to Electrodynamics, 3rd Edition; Prenti
Hall — Chapter 5, Post 36.

3. "Physical quantities", Reference book, M. Energoizdat, 1991, p. 1196, or
Capstones in Physics: Electromagnetism

Wikipedia, free encyclopedia, lonosphere.

66









&

[\

| want morebooks!

Buy your books fast and straightforward online - at one of world’s
fastest growing online-book stores! Environmentally sound due to
Print-on-Demand technologies.

Buy your books'enline at
www.morebooks.shop

Kaufen Sie Ihre Blicher schnell und unkompliziert online - auf einer
der am schnellsten wachsenden Buchhandelsplattformen weltweit!
Dank Print-On-Demand umwelt- und ressourcenschonend produzi
ert.

Bilicher schneller online kaufen

www.morebooks.shop

KS OmniScriptum Publishing

Brivibas gatve 197
LV-1039 Riga, Latvia info@omniscriptum.com Scriptum /

Telefax:+371686 204 55 www.omniscriptum.com













