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Two different types of magnetic field

J.C. Hodge!*
'Retired, 477 Mincey Rd., Franklin, NC, 28734

Abstract

Such luminaries as Richard P. Feynman and Albert Einstein have
noted an asymmetry in application of Maxwell’s Equations. The Scalar
Theory of Everything (STOE) posits the components of the universe are
hods and plenum. An experiment to test Ampere’s law and the STOE was
performed. The data shows the STOE model is very close to the actual
measurements and rejects the classical Biot-Savart Law. The results of
the experiments suggest a distinction between magnetic fields caused by
hods and magnetic fields caused by plenum resolves the asymmetry.

keywords: STOE, Theory of Everything

1 Introduction

Maxwell’s Equations classically describe the relationships of magnetic (B) and
electric (E) fields. They suggest two different forms of the action of a magnetic
field. When applied to moving bodies, an asymmetry in results arises. If elec-
trons are moving, a magnetic field induces a force related to current and which
exerts a force on magnets which are not moving relative to the circuit. When
the magnet is moving relative to a circuit, an electromotive force generates a
voltage in a circuit VxE-= f%—]f, where E is the electric field and ¢ is clock
reading (time). This asymmetry is sometimes noted by such luminaries such as
Richard P. Feynman and Albert Einstein (Wikipedia). This may also be the
source of the inexactness in Maxwell’s Equations.

The Scalar Theory of Everything (STOE) suggests the hods have a greater
plenum density p held at a maximum on one side and a minimum on the other
side which is the magnetic effect. The magnetic field of classical physics is
a cloud of hods with the same orientation or the divergence of the plenum
field. The density of hods is the B intensity. A current of electrons in a wire
ejects hods perpendicular to the wire and the current direction. An experiment
rejected the Biot-Savart (Ampere’s) Law and did not reject the STOE model
(Hodge 2018b,c). The STOE modified Biot-Savart Law for a magnetic field

*E-mail: jchodge@frontier.com
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1 INTRODUCTION

df
f Biot—Sawvart Law
]
41 & Data {
= &~ STOE !
= 1
. 3
= ™
2
1
1]

Figure 1: Measured data (solid Figure 2: Diagram showing the
line) and the STOE calculated data  symbols used when the small, round
(triangles with dotted line) graph magnet is in a solenoid. [from
with the Biot-Savart Law calcula- Hodge (2018Db)]

tions added. The 6 = 0.82 radians.

[from Hodge (2018b)]

Eb(ﬁ) at a position R from a element dL of the wire caused by a current I in

the wire is . .
= Mo IdL x R

B =— [ 0———, 1

b(7) 47r/ EE (1)

where p is the magnetic constant and the integration is considered to be around
the circuit or for an infinitely long wire, I is the current through dL, R is the
vector from the dL to the point being evaluated, and .

0 =1 0>~
=0 6<n.
(2)

where # = 0.82 radians and ~ are the angles from the normal of IdL of the
spread of the hods and the direction of 1%, respectively.

Figure 1 shows the result of the experiment of Hodge (2018b). The calcula-
tion of both models at the center of the solenoid are the same because the § = 1
for all IdL. When the test magnet is placed closer to the solenoid (larger D,,,
see Fig. 2) some of the § = 0 because of the limited diffusion of the emitted
hods. Therefore, the STOE model is a good fit for the measured results.

This paper demonstrates the effect of the STOE model of a magnetically
induced current in a solenoid. The terms and development of the STOE model
may be viewed at Hodge (2018d) and Hodge (2015). The model of the magnet

IntellectualArchive Vol. 7, No. 4, July/August 2018



2 MAGNET MOVING MODEL

moving and experiment are discussed in section 2. The interpretation of these
experiments is presented in section 4. The Conclusion is in section 5.

2 Magnet moving model

Figure 2 is a diagram of that part of the loop (big circle) which has an effect on
the magnet (small circle).

The inverse experiment of Ampere’s Circuit Law is to have the magnet
moving through the loops of the solenoid to induce a voltage in the solenoid.

3 Experiment

(All measurement are £10% unless otherwise stated).

A solenoid was formed with 60 turns of 22 AWG wire with a diameter of 16
cm (D, = 8 cm) and a height of 9.8 cm. Disc magnets (16mm wide X 5 mm
thick) are assembled into a column 5 cm long (“bar magnet”). The bar magnet
is dropped through the solenoid and the induced voltage is measured with a
voltmeter placed across the leads of the solenoid.

The magnet was first dropped from a height of ~30 cm through the center
(D = 0) several times. The maximum voltage Vipax(Dm & Ocm) = 0.12 v was
measured. Next, the magnet was dropped from a height of =30 cm near the edge
of the solenoid several times and the maximum voltage Vijax(Dm = 6cm) = 0.12
v was measured. Unlike when current moves in the wires, the moving magnet
induces a current in the whole solenoid.

4 Interpretation

The comparison of this experiment with the experiment of Hodge (2018c) shows
the asymmetry of the measurements near the edge of the solenoid relative to
the center measurements. The difference, according to the STOE, is that the
Maxwell’s Equations are not symmetrical.

There appear to be two different forms of magnetic intensity (B). One is
the magnetic intensity By, of the density of hods, each hod having a p density
of the magnetic poles. The other B, of the plenum caused by the accumulation
of the particles’ plenum field. Each has a unique characteristic. The By, has the
0 distribution character. The B, has the character of a plenum field.

Likewise, the electric intensity has the character of the plenum in the coulomb
field in which changes propagate at many times the speed of light (de Sangro et
al. 2012) and the character of particles of electrons which have a moving particle
density.

Ampere’s circuital law is the By. From this the wave equation for hods is
developed . The hod speed ¢ = —= Faraday’s Law of Induction uses B

Veopo '
which derives the speed of a plenum wave as the speed of the coulomb field.

IntellectualArchive Vol. 7, No. 4, July/August 2018



5 CONCLUSION

The B, is like the electric “field” being the density of plenum vortices (cones
and rings) (Hodge 2018a). The hods generate vortices in the plenum as they
move. The behavior of hods far from the emitting current in antennas is the
study of the electromagnetic (EM) field. The description of the EM field from
a dipole antenna array is the basis for the STOE model of photon diffraction.
Like moving hods, the photons which are a column of hods produce waves of
plenum which directs the photons in diffraction experiments (Hodge 2012, 2016)

The essence of Maxwell’s Equations in the STOE is that moving parti-
cles produce plenum gradients/waves and that plenum gradients/waves produce
moving particles. But classically the B and E are not linked and has lead to
the asymmetry. Perhaps, the idea of Maxwell’s Equations should be restated in
terms of hods and plenum.

5 Conclusion

The Scalar Theory of Everything (STOE) posits the components of the universe
are hods and plenum. An experiment to test Ampere’s law and the STOE
was performed. The data shows the STOE model is very close to the actual
measurements. The results of the experiments suggest a distinction between
magnetic fields caused by hods and magnetic fields caused by plenum resolves
the asymmetry.

IntellectualArchive Vol. 7, No. 4, July/August 2018
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Another experiment rejects Ampere’s Law and
supports the STOE model

J.C. Hodge!*
'Retired, 477 Mincey Rd., Franklin, NC, 28734

Abstract
The Scalar Theory of Everything (STOE) posits the components of
the universe emerge to cause gravity and electromagnetic effects. An
experiment to test Ampere’s law and the STOE was performed. The data
shows the STOE model is very close to the actual measurements. The
traditional magnetostatics Biot-Savart Law is rejected. The STOE model
of magnetostatics is not rejected and is supported.

keywords: STOE, Theory of Everything, magnetostatics, Biot-Savart Law

1 Introduction

Maxwell’s Equations classically describe the relationships of magnetic (B) and
electric (E) fields. They are inexact and seem to not apply to situations involving
individual photons.

The Scalar Theory of Everything (STOE) suggests the hods have a greater
plenum density p held at a maximum on one side and a minimum on the other
side which is the magnetic effect. The magnetic field of classical physics is a
cloud of hods with the same orientation. A photon is a column of hods. The
density of hods is the B intensity. A current of electrons in a wire ejects hods
perpendicular to the wire and the current direction. An experiment rejected
the Biot-Savart (Ampere’s) Law and did not reject the STOE model (3). The
Biot-Savart Law for a magnetic field éb(é) at a position R from a element dL
of the wire caused by a current I in the wire is

B = 42 [T 1)
mJe |RP?
where pg is the magnetic constant and the integration is considered to be for
an infinitely long wire.
This paper demonstrates the effect of the STOE model of a current in a
solenoid. The terms and development of the STOE model may be viewed at
Vixrapedia and Hodge (2).

*E-mail: jchodge@frontier.com
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2 MODEL

dX

Figure 1: Diagram showing the symbols used when the small, round magnet is
in a solenoid.

2 Model

The STOE effect of a current in a circular loop of wire is within an angle 46
from the radial direction from each point dL along the wire. Figure 1 is a
diagram of that part of the loop (big circle) which has an effect on the magnet
(small circle).

Hods are emitted from moving electrons with a uniform N-S (north - south)
pole direction (3). As the hods travel from the emission point, their magnetic
fields repel causing the hod distribution to disperse laterally and radially. The
hod distribution becomes spherical. Therefore, the distribution density becomes
proportional to 1/distance?. The hod distribution spreads with an angle 6 from
the normal to the IdL.

The force W on the magnet is proportional to the number of hods (density
times volume) in the magnet. The magnetic B, in the STOE model for each
point in the magnet is

B.(R) = 6By(R), (2)
where
0 =1 0>~
=0 0<n.

IntellectualArchive Vol. 7, No. 4, July/August 2018



3 EXPERIMENT

3 Experiment

(All measurement are £10% unless otherwise stated).

A solenoid was formed with 60 turns of 22 AWG wire with a diameter of
16 cm (D, = 8 cm) and a height of 9.8 cm. Disc magnets (“Nexlevel super
strong mini” 6mm wide X 2 mm thick) are assembled into a column 5 cm long
(“bar magnet”). The bar magnet is placed at the bottom plane of the solenoid
and on a wood block which is place on a gram-weight (gw) scale (AWS-100,
Digital scale) with a tolerance of £0.02 gw. The weight measured W (gw) is
the difference of the meter reading without current and the meter reading with
current. The absolute value of the readings with current in both directions are
averaged which reflects averaging a force that increases W and a force that
decreases W.

Simplifications that make the experiment easier to analyze are the measured
values at a point are compared to the measured value Wy at the center of the
solenoid, the action is considered to be at the center of the magnet, and the
calculation is reduced to the plane at one end of the solenoid. The analysis was
with an Excel program.

Figure 2 shows the data of W/Wj versus the D,, and the calculated values
for the STOE model. The traditional Biot-Savart Law (Ampere’s Law) model
suggests the entire loop affects the magnet at all positions of the magnet.

4 Discussion and Conclusion

The magnetic “field” according to the STOE is the density distribution of hods
with the same orientation. This is like the electric “field” being the density of
plenum vortices (cones and rings). The hods generate vortices in the plenum as
they move. The behavior of hods far from the emitting current in antennas is the
study of the electromagnetic field (EM). The description of the EM field from
a dipole antenna array is the basis for the STOE model of photon diffraction.

Figure 2 shows the STOE theoretical line with a variation about the data
line. This is because the theoretical calculation involved an assumption that
the action is at the point in the center of the magnet. If this point is just inside
the 6, the whole magnet is counted. The next IdL may have the point outside
the 6 value and is not be counted.

The data shows the STOE model is very close to the actual measurements.
The traditional magnetostatics Biot-Savart Law is rejected. The STOE model
of magnetostatics is not rejected and is supported.

IntellectualArchive Vol. 7, No. 4, July/August 2018



4 DISCUSSION AND CONCLUSION

f Biot-Savart Law

44 & Data
&~ STOE ’

Figure 2: Measured data (solid line) and the STOE calculated data (triangles
with dotted line) graph with the Biot-Savart Law calculations added. The
f = 0.82 radians.
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Dense Spiral Packing of Circles in the Plane

Michael Perfileev, math research specialist,
East-Siberian branch of FSUE « VNIIFTRI», Russia, Irkutsk

Abstract
This paper is devoted to the dense packing of the circles whose radii make up a decreasing geometric progression. It is
shown that the solution to the problem of finding the denominator of this progression for such a packing reduces to the
solution of the transcendental equation. That is, the problem does not have an exact solution and can only be solved
approximately by applying numerical methods and computer software packages. An interesting property of such a
package is considered, as well as an example of a dense spiral packing is given and solved for the case of 11 circles.

Keywords: packing problems, circle, transcendental equations, numerical methods, geometric progression, Ceva's
theorem

Introduction

We consider the problem of m circles tight packing (m is a number of circles and m
> 8), whose radii form a geometric progression (note that the circles are on a plane).
The denominator x of this progression is less than one, that is, the radius of each

subsequent circle is i times smaller than the radius of the previous circle. Each

circle, starting with the second one, touches the central circle and two adjacent circles.
The last circle touches the second circle (Figure 1). We call such a packing a dense
spiral packing of circles on the plane. The problem converges to finding the
denominator x of the decreasing geometric progression, by which it is possible to
carry out such a packing for a given number of circles.

IntellectualArchive Vol. 7, No. 4, July/August 2018 11



Fig. 1. Dense spiral packing of circles on a plane.

The theorem on the dense spiral packing of circles
We state and prove the following theorem:

The problem of dense spiral packing of circles on a plane is unsolvable in radicals, it
does not have an exact solution, and can only be solved approximately.

Proof:

IntellectualArchive Vol. 7, No. 4, July/August 2018
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Consider the triangles OA,A4,, OA,A; , ... , OA, _14,, where n = m—1, where m is

the total number of circles. We suppose that the radius of the central circle equals 1.

The sides of the triangle OA;4, are 1+ X;X+x2%;1+x?;
The sides of triangle OA4,A4; areequalto 1+ x2;x2+x3;1+x3;

The sides of the triangle OA4,,_1A,, areequalto 1+ x™ 1;x™ 1 +x™;1+x™
The last triangle OA, A, hassides 1+ x™;, x™+x;1+x.

The cosine theorem [1] for the triangles OA;A4,, OA,A5, ..., 0A,_1A,, will be
written in the form:

(x+x2)?2= 14+x)?>+1+x%)? =21+ x)(1 +x%)cos(4,04,) ;

(x2+x3)2= (1+x)2+ (1 +x3)? =21+ x*)(1 + x3) cos(4,0453);

ooooooo

"1+ x™)?2 =1 +x" D24+ A +xM)2-20+x"H(A +xM) -
-cos(A,,-104,)

(1+x)%+(14+x2)2=(x+x2)?
2(14+x)(1+x2)

Then the angle A;0A, = arccos( )

(1+x2)2+(1+x3)2—(x2+x3)2)
2(1+x2)(1+x3)

The angleis A,0A45 = arccos(

A+x""DH2+(1+x™)2 —(x”‘1+x”)2)

The angleis A,_,04, = arccos( (L1 (112

Then the sum of the angles

A10A2 +A20A3 + -+ A?’l—10ATl -

(1+x""DH24(14+x™)2 —(x"_1+x")2)
2(14+x"" 1) (1+xM)

= Y™ l(arccos ( (1)
For the triangle OA,A; by the cosine theorem [1]
(x"+x)2= 1+xM2+ 1 +x)? -2 +x™")(1 + x) cos(4,,04,),

and therefore the angle

A+x™2+(14+2x)% = (x"+x)?
2(1+x™) (1+%) ) (2)

A, 04, = arccos(

IntellectualArchive Vol. 7, No. 4, July/August 2018
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Adding the expressions (1) and (2), we obtain the sum of all the angles

A0A, + A,0A; + -+ A,_10A, + A, 0A;, which equals to the degree measure of
the total circle, that is 2z radians:

m—1 A+x" D2+ A +x™)2—(x 1+x™)? A+x™2+(1+x)2-(x"™+x)?\ _ _
n=2 (arccos ( 2(1+x1)(1+xM) )) * arCCOS( 2(1+x™) (1+x) ) T
21 (3)

Taking into account that n = m—1, the equation (3) takes the following form:

_ 14+x D2 (14+x™)2— (x4 x™)2
m-1(arccos (( )+ +xT)7=( ) )) +

2(1+x""1)(14xM)
(A+x™ D24 (142)%=(x™ 14x)?
2(1+x™m 1 (1+x)

)=2m (4)

arccos(

Performing some trivial algebraic transformations of the expression (4), we obtain a
more compact equation:

2n—-1 m

2x
1+x4+xM~14xm

2x

1+x™ 14 x4 x 21

ym-l(arccos (1 — )) + arccos(l — ) =2r  (5)

All the constituent functions of the equation (5) are analytic and not algebraic [2], [3].
Therefore, this equation is transcendental [4], [5], that is, it does not have an exact
solution and can be solved only approximately with the help of numerical methods

[6].

The theorem is proved.

The equation (5) can be applied in engineering, architecture and computer graphics to

calculate the dense spiral packing of circles, balls, and cylinders.

The property of a tight spiral packing of circles on the plane:

In each triangle formed by the centers of pairwise tangent circles, the segments
connecting the vertices of the triangle with the points of circles tangency intersect at

one point.

Proof:

Consider the triangle OA1A2 (Fig. 1) : OK-A1L-A2M = 1-x-x? = x3 ; KA1:LA2MO =
x-x?+1=x3. Then OK-A1L-A2M = KA1-LA2-MO, consequently, by Ceva's theorem
[7], the segments A1M, A2K and OL intersect at one point, which is what we wanted
to prove. For the remaining triangles, except for the last one, the proof is similar. For

IntellectualArchive Vol. 7, No. 4, July/August 2018
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the last triangle OA10A1  (using the example of a dense spiral packing of 11 circles)
OS-A10T-A1K = 1:x10.x = x11 ; SA10TA1'KO = x19x-1 = x1. Hence
OS-A10T-A1K = SA10-TA1-KO and by Ceva's theorem [7] the segments OT, A1S
and A1oK intersect at one point, which is what we had to prove.

A case of a dense spiral packing with 11 circles

For the case of 11 circles (Figure 1), the problem of their dense spiral packing reduces
to the transcendental equation:

2x2n—1

1+xn14x4x2n-1

»10 (arccos (1 — )) + arccos(l — Zx—ll) =2 (6)

14+x+x104x11

With the help of a package of applied computer programs, it is possible to obtain an
approximate numerical solution of this equation with the required accuracy (for
example, 15 decimal places) x= 0,860266732996342. That is, with such a

denominator of a decreasing geometric progression, the dense spiral packing of 11

1

circles can be realized. Then the radius of each subsequent circle will be -

~ 1,162430164557173 times less than the radius of the previous circle. The left-
hand side of the equation (6) approximately equals to 6,28318530717957401953, and
it differs from the exact value 2z by the value A~ 1071
6,28318530717957401953 — 2 = —0,0000000000000124... It is

noteworthy that the value x ~ % : 0,860266732996342 — % = =

—0,0049892464..., where e and =z are Euler's number and Archimedes' constant,
respectively [8].

For the case of 8 circles x = 0,935652796073189 : ~ 1,068772523522472 :
for the case of 9 circles x = 0,898589160388535 ~ 1,112855623105465 :
for the case of 10 circles x = 0,875474469382088 1 1,142237763604691 ;

X

for the case of 1000 circles x =~ 0,823930516998464 ; s 1,213694576628801; for

X

10000 circles x =~ 0,823930516998464 ; for m— o X — 0,823930516998464.

RNIFPKR R
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Conclusion

Thus, in this paper we have introduced the definition of a dense spiral packing of
circles on a plane. The theorem is formulated and proved, according to which such a
package is unsolvable in radicals, it does not have an exact solution, and can be
solved only approximately by numerical methods. Also, the property of such a
package was formulated and proved and an example of a dense spiral packing for 11
circles was shown.
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Article Interstellar Flight 5 2 16 AFTER RBC DOI 10.32370/2018 _07_17

Flight of Outer Solar System

Alexander Bolonkin
C&R, abolonkin@gmail.com

Abstract

Author researches, discusses and estimates the need parameters of launch systems the mini automatic probe for
flight to the nearest star systems “Alpha-Centauri” and others. He shows that problem is very difficult for current and future
technology. Launch requests gigantic energy, expensive equipment and large trip time. The conventional nuclear and
thermonuclear on-board reactors cannot also solve this problem (Part 1).
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He estimates: the requested launch system (laser multi-reflect propulsion, cold plasma beam propulsion, MBH
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Introduction

Review of Main Problems and interstellar flight.

Interstellar travel is the term used for hypothetical piloted or unpiloted travel between stars.
Interstellar travel will be much more difficult than interplanetary spaceflight; the distances between
the planets in theSolar System are less than 30 astronomical units(AU)—whereas the distances between
stars are typically hundreds of thousands of AU, and usually expressed in light-years. Because of the
vastness of those distances, interstellar travel would require a high percentage of the speed of light, or
huge travel time, lasting from decades to millennia or longer.

The speeds required for interstellar travel in a human lifetime far exceed what current methods
of spacecraft propulsion can provide. Even with a hypothetically perfectly efficient propulsion system,
the Kkinetic energy corresponding to those speeds is enormous by today's standards of energy production.
Moreover, collisions by the spacecraft with cosmic dust and gas can produce very dangerous effects
both to passengers and the spacecraft itself.

A number of strategies have been proposed to deal with these problems, ranging from giant arks
that would carry entire societies and ecosystems, to microscopic space probes. Many different spacecraft
propulsion systems have been proposed to give spacecraft the required speeds, including nuclear
propulsion, beam-powered propulsion, and methods based on speculative physics.

In April 2016, scientists announced Breakthrough Stars hot, a Breakthrough Initiatives program,
to develop a proof-of-concept fleet of small centimeter-sized sail spacecraft, named Star Chip, capable
of making the journey to Alpha Centauri, the nearest extrasolar star system, at speeds of 20% and
15% of the speed of light, taking between 20 to 30 years to reach the star system, respectively, and about
4 years to notify Earth of a successful arrival.

Interstellar distances.

Because of this, distances between stars are usually expressed in light-years, defined as the
distance that a ray of light travels in a year. Light in a vacuum travels around 300,000 kilometers
(186,000 miles) per second, so this is some 9.46 trillion kilometers (5.87 trillion miles) or 63,241 AU in
a year. Proxima Centauri is 4.243 light-years away.

Another way of understanding the vastness of interstellar distances is by scaling: one of the closest stars
to the Sun, Alpha Centauri A (a Sun-like star).
Required energy

The velocity for a manned round trip of a few decades to even the nearest star is several thousand
times greater than those of present space vehicles. This means that due to the v term in the kinetic energy
formula, millions of times as much energy is required. Accelerating one ton to one-tenth of the speed of
light requires at least 450 PJ or 4.5 x10%" J or 125 terawatt-hours (world energy consumption 2008 was
143,851 terawatt-hours), without factoring in efficiency of the propulsion mechanism. This energy has
to be generated on-board from stored fuel, harvested from the interstellar medium, or projected over
immense distances.

Interstellar medium

A thorough knowledge of the properties of the interstellar dust and gas through which the vehicle
must pass will be essential for the design of any interstellar space mission. A major issue with traveling
at extremely high speeds is that interstellar dust may cause considerable damage to the craft, due to the
high relative speeds and large kinetic energies involved.
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Travel time

An interstellar ship would face manifold hazards found in interplanetary travel, including
vacuum, radiation, weightlessness, and micrometeoroids. Even the minimum multi-year travel times to
the nearest stars are beyond current manned space mission design experience.

Communications

The round-trip delay time is the minimum time between an observation by the probe and the
moment the probe can receive instructions from Earth reacting to the observation. Given that information
can travel no faster than the speed of light, this is for the VVoyager 1 about 36 hours, and near Proxima
Centauri it would be 8 years. Faster reaction would have to be programmed to be carried out
automatically. Of course, in the case of a manned flight the crew can respond immediately to their
observations. However, the round-trip delay time makes them not only extremely distant from, but, in
terms of communication, also extremely isolated from Earth (analogous to how past long distance
explorers were similarly isolated before the invention of the electrical telegraph).

Interstellar communication is still problematic — even if a probe could reach the nearest star, its ability
to communicate back to Earth would be difficult given the extreme distance.
Prime targets for interstellar travel

There are 59 known stellar systems within 20 light years of the Sun, containing 81 visible stars.
The following could be considered prime targets for interstellar missions:

The closest star system to Solar System is Alpha Centauri. Distance is 4.3 light year (ly). System
has three stars (G2, K1, M5). Component A is similar to the Sun (a G2 star). Alpha Centauri B was
thought to have one confirmed planet, but this was a false positive. The second closest star is Barnard’s
Star. Distance is 6 light year. One is small, low-luminosity M5 red dwarf.

Propulsion system

Rocket concepts. All rocket concepts are limited by the rocket equation, which sets the characteristic
velocity available as a function of exhaust velocity and mass ratio, the ratio of initial (Mo, including fuel)
to final (M, fuel depleted) mass.

Very high specific power, the ratio of thrust to total vehicle mass, is required to reach interstellar targets
within sub-century time-frames. Some heat transfer is inevitable and a tremendous heating load must be
adequately handled.

Thus, for interstellar rocket concepts of all technologies, a key engineering problem (seldom explicitly
discussed) is limiting the heat transfer from the exhaust stream back into the vehicle.
Light Beamed propulsion. The power per thrust required for a perfectly collimated output beam is
300 MW/N (half this if it can be reflected off the craft); very high energy density power sources would
be required to provide reasonable thrust without unreasonable weight. The specific impulse of a
photonic rocket is harder to define, since the output has no (rest) mass and is not expended fuel; if we
take the momentum per inertia of the photons, the specific impulse is just ¢, which is impressive.
However, considering the mass of the source of the photons, e.g., atoms undergoing nuclear fission,
brings the specific impulse down to 300 km/s (¢/1000) or less; considering the infrastructure for a reactor
(some of which also scales with the amount of fuel) reduces the value further. Finally, any energy loss
not through radiation that is redirected precisely to aft but is instead conducted away by engine supports,
radiated in some other direction, or lost via neutrinos or so will further degrade the efficiency.

A light sail or magnetic sail powered by a massive laser or particle accelerator in the home star
system could potentially reach even greater speeds than rocket- or pulse propulsion methods, because it
would not need to carry its own reaction mass and therefore would only need to accelerate the
craft's payload.

Former interstellar Projects:
Project Orion, manned interstellar ship (1958-1968).
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Project Daedalus, unmanned interstellar probe (1973-1978).

Starwisp, unmanned interstellar probe (1985).

Project Longshot, unmanned interstellar probe (1987-1988).

Starseed/launcher, fleet of unmanned interstellar probes (1996).

Project Valkyrie, manned interstellar ship (2009).

Project Icarus, unmanned interstellar probe (2009-2014).

Sun-diver, unmanned interstellar probe.

Breakthrough Star shot, fleet of unmanned interstellar probes, announced in April 12, 2016.
Future Micro Interstellar Project (2030-2040) .

Project Star Chip is the name used by Breakthrough Initiatives for a very small centimeter-sized,
gram-scale, interstellar spacecraft envisioned for the Breakthrough Stars hot program, a proposed
mission to propel a fleet of a thousand StarChips on a journey to the Alpha Centauri star system, the
nearest extrasolar stars, about 4.37 light-years from Earth. The ultra-light Star Chip robotic Nano crafts,
fitted with light sails, are planned to travel at speeds of 20% and 15% of the speed of light, taking
between 20 to 30 years to reach the star system, respectively, and about 4 years to notify Earth of a
successful arrival.

Each StarChip nano-craft is expected to carry miniaturized cameras, navigation gear,
communication equipment, photon thrusters and a power supply. In addition, each nano-craft would be
fitted with a meter-scale lightsail, made of lightweight materials, with a gram-scale mass.

Four sub-gram scale digital cameras, each with a minimum 2-megapixels resolution, are
envisioned. Four sub-gram scale processors are planned. Four sub-gram scale photon thrusters, each
minimally capable of performing at a 1W diode laser level, are planned. A 150 mg atomic battery,
powered by plutonium-238 or americium-241, is planned. A coating, possibly made of beryllium copper,
is planned to protect the nano-craft from dust collisions and atomic particle erosion. The light sail is
envisioned to be no larger than 4 by 4 meters (13 by 13 feet), possibly of composite graphene-based
material. The material would have to be very thin and, somehow, be able to reflect the laser beam without
absorbing any of its thermal energy, or it will vaporize the sail.

Part 1
Research of Space Flight in Outer Solar System

Reasonable humanity, men has always sought to learn about the world. An important part of his
knowledge is knowledge of the universe, the search for other intelligent beings, knowledge sharing, and
the extension of the Mind existence. They found that in the universe billions of solar systems. It is
reasonable to assume that their planets there are other intelligent creatures with which you can establish
contact and exchange of acquired knowledge.

Nearest Stars
There are 5 known stellar systems within 12 light years of the Sun, containing 7 visible stars. The

following could be considered prime targets for interstellar missions:
Table 1.

Distance

Stellar system refitomms)

Brief Information of stellar system

Closest system. Three stars (G2, K1, M5). Component A is similar to the Sun (a G2
4.3 star). Alpha Centauri B was thought to have one confirmed planet, but this was a false
positive.

Alpha Centauri
(Three stars)
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Barnard's Star

6 Small, low-luminosity M5 red dwarf. Second closest to Solar System.
(2 stars)
STV 8.7 Large, very bright Al star with a white dwarf companion
(2 stars) ‘ ' '
Epsilon Single K2 star slightly smaller and colder than the Sun. It has two asteroid belts, might
Eridani 10.8 have a giant and one much smaller planet,and may possess a Solar-System-type
(colder Sun) planetary system.
Tau Ceti Single G8 star similar to the Sun. High probability of possessing a Solar-System-type
(similar Sun) 11.8 planetary system: current evidence shows 5 planets with potentially two in the

habitable zone.

One light year is distance D=ct~10** km, which the light having speed ¢ = 3:10% m/s runs in one
year t1~ 31.45:10° sec.
The time of getting information is

T= (C +1jd , (1)
\)
where Tis flight time in year; ¢ = 3108 m/s; v is probe speed, m/s; d is distance to star, light year
(ly).
If we want to get any information in reasonable time (for example, 40 years) the relative probe speed
must be 15 — 25% of the light speed. This is gigantic speed v = 45 -75 thousands km/s. We cannot to

reach it in present time.For relative speed v/c = 0.15 the flight time and getting information of Alpha-
Centauri is 33 years.

THE SUN'S CLOSEST NEIGHBORS

WISE 0855-0714

(distance 2014)

6 LIGHT YEARS

Barnard’s Star
(distance 1916) Alpha Centauri
(distance 1839)

A\V\GHT YEARs

Centauri
(cistance 1917)

TCL
o',f‘ %%

Fig.1. Stars closest to the Sun, including Alpha Centauri (25 April 2014).
What we know about the closest star system Alfa-Centauri? It consists of three stars: the pair

Alpha Centauri A and Alpha Centauri B and a small and faint red dwarf, Alpha Centauri C, better known
as Proxima Centauri. Alpha Centauri A (o. Cen A) has 110% of the mass and 151.9% the luminosity of
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the Sun, and Alpha Centauri B (a Cen B) is smaller and cooler, at 90.7% of the Sun's mass and 44.5%
of its visual luminosity. During the pair's 79.91-year orbit about a common center, the distance between
them varies from about that between Pluto and the Sun to that between Saturn and the Sun. Proxima is
at the slightly smaller distance of 1.29 parsecs or 4.24 light years from the Sun, making it the closest star
to the Sun, even though it is not visible to the naked eye. The separation of Proxima from Alpha Centauri
AB is about 0.06 parsecs, 0.2 light years or 15,000 astronomical units (AU), equivalent to 500 times the
size of Neptune's orbit.

[ ]
Proxima

~« Centauri B
« Centauri A

Fig.2. The relative sizes and colors of stars in the Alpha Centauri system, compared to the Sun.

Until the 1990s, technologies did not exist that could detect planets outside the Solar System.
Since then, exoplanet-detection capabilities have steadily improved to the point where Earth-mass
planets can be detected.

Alpha Centauri is envisioned as a likely first target for manned or unmanned interstellar
exploration. Crossing the huge distance between the Sun and Alpha Centauri using current spacecraft
technologies would take several millennia, though the possibility of nuclear pulse propulsion or laser
light sail technology, as considered in the Breakthrough Starshot program, could reduce the journey time
to a matter of decades.

Efficiency from Innovations and Explorations

The efficiency from Innovations and Explorations may be approximately estimated by equation
E=P/C, (2)

where E — coefficient efficiency; P — estimation of the future profit; C — estimation of the R&D.

In given case is very difficult to estimate the efficiency of this profit for humanity. We could only

estimate the gigantic expenses for R&D of this exploration(hundreds of billions the USA dollars).

The main problems are:

1. How to launch and reach very high speed?

2. What useful information the Micro-probe could get about Alfa Centauri in flight by?

3. How to pass information collected to Earth?

Let us to research some of these problems in more interesting details.

Request Energy for Interstellar Launch
Consider the simplest case of the constant acceleration:
2 2 2
Szi, V =at, S=V—, azv—,
2 2a 2S

2 (3)
E=FS=m\2/, P=%, N, = cF.

F =am,

where S is distance of acceleration,m: a is acceleration, m/s%; t is time of acceleration, sec: V is final
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speed, m/s; F is force, N; m is mass of probe, kg; E is requested energy for acceleration, J; P isneed
power for acceleration, W; Nj is need power of laser (electric station) for single (one) reflection
(conventional mirror) without a mirror loss, W, for laser efficiency0.1; ¢ = 3:10® m/s is the light speed,
m/s.

If we take the probe mass m = 0.01 kg and the final speed V/c = 0.15, V = 0.45:10% m/s, the request
minimal energy is about E ~ 102 J = 10" MJ.

The result of computation Eq.3 for the probe mass m = 0.01 kg and the final speed V/c = 0.15, V
= 0.45108 m/s are presented in Table 2.

TABLE 2.
Result of computation Eq.3 for the probe mass m = 0.1 kg and the final speed V/c = 0.15, V = 0.45:10% m/s,
g = 10 m/s? via distance of acceleration.

S, m 10° 106 107 108 10° 1010
a=V?/2S, m/s? 1010 10° 108 107 106 105

a, g 109 108 107 106 10° 10*

t =V/a, sec 45103 451072 45101 45100 45101 45102
F=ma, N 108 107 106 105 104 108
P=E/t, W 2.2:1015 2.2:101% | 2.2.1018 | 2.211012 2.2:1011 | 2.2:1010
Ni=cF, W 3-1016 31015 31014 31013 31012 31011
N1, MkW 3107 3106 310° 3104 3108 3102

Now the power of the powerful electric station is about 10 MkW. That means if we accelerate our
probe 0.01 kg at distance 10 mIn.km with acceleration 10* g by laser and conventional mirror, we need
in power 30 strong electric station in during 450 sec = 7.5 minutes. The acceleration 10* g has projectmle
of a big gun.

But the most current lasers have efficiency about 0.02 — 0.06. If in future good laser will has
efficiency 0.1, we will need in 300 powerful electric stations.

Possible Launch nuclear propulsion

1. Many people think: the nuclear propulsion can solve the space travel. That is right for
travel into Solar system, but it is not correct for the interstellar flight.
Let us show it. Take the kinetic energy of mass and the speed equation of rocket in the rocket system

coordinate
2
m

FromE =

0.5 M
,we have W = 2B E®, AV =-WIn—", 4)
® M

m 0
where E is energy of fuel, J; m is mass of fuel, kg; Es specific energy of fuel, J/kg; W — exhaust (ejection)
velocity of fuel, m/s; AV is rocket speed, m/s; Ms is final mass of rocket, Mo is initial mass of rocket.
For chemical fuel Es = (4 + 16) MJ/kg and W = 2km/s + 4 km/s. For typical M{/Mo=10.1,In 0.1 =
-2.3, the rocket speed is 4 =+ 9 km/s. We need in speed 45,000 km/s.
Estimate the speed, which can reach the rocket having thermonuclear reactor. Consider the most
perspective reaction

D +T="H,(3.5MeV)+n(l4.1 MeV),

leV =1.6-10"°), E=17.6MeV =28.2-10%*J ()

The energy of neutron, neutrino, gamma rays is very difficult to use because they request a big

thickness(mass) of materials to absorb the neutrons or gamma rays.
Assume we can do it. The fuel mass having (5) is m = umn = 51.67-10%'= 8.3510% kg.

Here u is number of nucleons take part in reaction, mn is mass of one nucleon.
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From Eq. (4) we get a fuel exhaust speed W = 26:10° km/s, a rocket speed (for multi-stagy rocket)
V =6010% km/s.

We need only V = 45:10° km/s (see above). But we cannot get the thermonuclear energy now. The
installation for it (ITER) is very complex and expensive (>$15 B), has mass many thousands tons and it
will may an industrial application after 2040 year.

There is perspective proposals of the cheap small thermonuclear cumulative/impulse [8]and ultra-
cold compression [11] reactors of mass about 100 +~ 300 kg, but they need in R&D. There is very
perspective nuclear reactorused Micro Black Hole (MBH) [10] and convert any matter to energy with
100% efficiency. But now we only hope to get MBH by Large Hadron Collider.

Fission nuclear reactors are good developed and there are a lot of space projects used them.
But all projects/reactors have a large mass more some tons and their nuclear energy in 2-4 times less
that fusion reaction. They not acceptable for macro space probe (0.01 Kkg) now.

There is idea transferring the energy in space in a long distance by plasma [3 - 4] or electron beam
[6] . This idea needs R&D.

There are isotope good developed energy and propulsion systems [3] Ch.17. Their summary
energy may be more than fission reaction in the long times. Their main flaw is small power and
uncontrollability. They may be used for correction trajectory and getting energy in long time space flight.

Acceleration space probe by laser beam

The many scientists belief the laser beam can solve this problem. They not request the launch fuel and
energy in probe. The thin lightweight sail will reflect the laser beam and he light pressure will accelerate
the small probe for need speed. There are a lot of research which use the Solar light for flight in Solar
system.

However the author shows in previous section (Table 2) for acceleration the probe up gigantic
interstellar speed 45 thousands km/s is requested a huge energy. The laser beam isexpanding and
requests a large sail and laser diameter. The beam has a maximal distance of acceleration about 10
millions km. But this distance requests a special Continuous Wave (CW) large laser power more Ny =
3000 MW for 100% efficiency (see last column in Table 2). For 10% efficiency therequested power is
ten times more. Currently the conventional continuous wave operation laser produces 3 kW energy, the
most impulse power laser installation in the World(NIF - National Ignition Facility) has in
impulseenergy 120 kJ. NIF costs $3.5 billion. You can estimate: how will cost the conventional launch
beam laser system.

Examples of pulsed systems with high peak power:

1) 700 TW (700x10'? W) — National Ignition Facility, a 192-beam, 1.8-megajoule laser system
adjoining a 10-meter-diameter target chamber.

2) 1.3 PW (1.3x10% W) — world's most powerful laser as of 1998, located at the Lawrence Livermore
Laboratory.

Part 2
Multi-reflex Light Launch Propulsion Systems for Interstellar Flight

It is well-known the solar light is pressing on any surface. In 1900 the Russian scientist P. Lebedev
measured the light pressure. It was very small 4-10° Pa. In 1982 author offered and researched idea the
reflection laser beam by special cell mirror having very high reflection for different waves [7]. That
allows to increase efficiency of mirror in millions time and in millions of times increase the light
pressure. He also offered the laser engine and accelerator. Later in 2004 author researched the application
this idea to space launch and energy transfer for long distance [4, 5].
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The purpose of this work is developing and to draw attention to the revolutionary idea of light
multi-reflection by cell mirror. This idea allows the design of new engines, space and air propulsion
systems, energy transmission over millions of kilometers, creation of new weapons, etc. This method
and the main innovations were offered by the author in 1982 in the former USSR[7]. Now the author
shows the immense possibilities of this idea in many fields of engineering — astronautics, aviation,
energy, optics, direct conversion of light (laser beam) energy to mechanical energy (light engine), to
name a few. This part of chapter considers the multi-reflex propulsion systems for space and energy
transmission over long distances in Interstellar travel.

Introduction
Brief history: The relatively conventional way to send a spacecraft on an interstellar journey is to use
the solar sail [1, p.1] or a laser sail [2, p. 1]. This method is not effective because the light intensity is
very low, with only one reflection. There has been a lot of research in this area and into solar sails in
general.

A. Kantrowitz offered the conventional method for using a laser beam for space propulsion [3, p.
1]. He transferred energy using laser beam to a space vehicle, converted light energy into heat and
evaporated a material, then obtained thrust from the gas pressure of this evaporated material. There is
much research on this method [4, p. 4] However, it is complex, has low efficiency, has limited range
(divergence of the laser beam), requires special material located on board the space ship, and requires a
very powerful laser.

In 1983 the author offered another method: that of using light beam energy, then the direct

conversion of light energy into mechanical pressure (for an engine) or thrust (for launchers and
propulsion systems) by multiple reflections [5, p. 1].
The author found only one work related to this topic, published in 2001 [6, p. 1]. However our work is
very different from this. Our suggested system has several innovations which make the proposed method
possible improve its parameters millions of times. The difference between our suggested system and the
previous system?® is analyzed in the “Discussion” section, below.

The reflection of light is the most efficient method to use for a propulsion system. It gives the
maximum possible specific impulse (light speed is 3:10% m/s). The system does not expend mass.
However, the light intensity in full reflection is very small, about 0.6x1076 kg/ kW. In 1983 the author
suggested the idea [7] of increasing the light intensity by a multi-reflex method (multiple reflection of
the light beam by special cell mirror) and he offered some innovations to dramatically decrease the losses
in mirror reflection (including a cell mirror and reflection by a super—conducting material). This allows
the system to make some millions of reflections and to gain some Newtons of thrust per kW of beam
power. This allows for the design of many important devices (in particular, beam engines [7]) which
convert light directly into mechanical energy and solve many problems in aviation, space, energy and
energy transmission.

In the last years achievements in optic materials and lasers have decreased the losses from
reflection. The author returned to this topic and made it his primary area of research. He solved the main
problems: the design of a highly efficient reflector (special cell mirror), a light lock, focusing prismatic
lightweight mirrors and lenses, a laser ring, and a beam transfer over very long distances (millions of
km) with only very small beam divergence, light storage, a beam amplifier, a modulator of light
frequency, balloon suspension of mirrors, and so on [7, p. 1].

Brief information about light and light devices. A short description of electromagnetic radiation
can be found in the publication [9, p. 1].A conventional mirror can reflect a maximum of 98-99% of the
incident light energy of some bands of light waves. This gives a maximum of 200-300 reflections which
is not enough for propulsion systems and engines. Because the light pressure is so low (about 0.6:10°°
kg/kW ), we need at least a million reflections.
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There is a well-known method for increasing mirror reflection. The layers of a quarter-wave
optical thickness of high and low refractive-index materials increase the reflectance. After more than 12
layers, the reflective efficiency of a dielectric mirror approaches 100%, with virtually no absorption or
scattering. Maximum reflectance occurs only in a region around the design wavelength. The size of the
region depends on the design of the stack of multiple dielectric coatings. Outside this region the
reflectance is reduced. For example, at one-half the design wavelength it falls to the level of the uncoated
substrate. The dielectric mirror is also designed for use at a specific angle of incident radiation. At other
angles, the performance is reduced, and the wavelength of maximum reflectance is shifted.

Unfortunately, this dielectric mirror method is not suitable for mirrors moving relative to each
other as the reflected frequency is shifted slightly, and this frequency shift accumulates over multiple
reflections. Also conventional mirrors tend to reflect the beam off in some other direction if the mirrors
are not kept in perfect alignment to the beam. The author’s proposed cell mirror reflects the beam in the
same direction which is very important for decreasing the beam divergence. The small cells provide high
reflectance and small absorption.

A narrow laser beam is the most suitable for a light engine and light propulsion. There are many
different types of lasers with different powers (peak power up to 10'? W), wavelength (0.2-700 pm),
efficiency (1% up to about 95%), and pulse rate (up to some thousands of impulses per second) or
continuous operations. In publications in the References, the reader will find a brief description of the
laser [8, p.1] or more detail [9, p. 1].

At the present time we are seeing significant advances in high-power weapons-class lasers [8, p.
1]. The laser power reaches 1 million watts.

For our computation the beam divergence is very important. The laser beam divergence® (see 8,
pp. 1, 4) is

2 4 :1.13i

¢ Jr D D (1)
where 4 is the angle of divergence [rad], 7 is the wavelength [m], and D is an aperture diameter [m]. In
particular, the diameter of the laser beam may be increased by an optical lens for reducing the beam
divergence. The aperture diameter may be also increased by offered laser ring (Fig. 1). The reflex
capacity may be improved by using a super conductive material (this idea needs additional research).
More detailed information is in publication in the references [7 — 9, p. 1].

Description of Innovation

Multi-reflex launch installation of a space vehicle. In a multiple reflection propulsion system
a set of tasks appear: how to increase a mirror’s reflectivity, how to decrease the light dispersion (from
mirror imperfections and non-parallel surfaces), how to decrease the beam divergence, how to inject the
beam between the mirrors (while keeping the light between the mirrors for as long as possible), how to
decrease the attenuation (a mirror, prism material, etc), how to increase the beam range, and how much
force the system has.

To solve of these problems, the author proposes[7, p. 1], a special “cell mirror” which is very
reflective and reflects light in the same direction from which it came, a “laser ring ” which decreases the
beam divergence, “light locks” which allows the light beam to enter but keep it from exiting, a “beam
transfer 7, a “focusing prismatic thin lens*, prisms, a set of lenses, mirrors located in space, on asteroids,
moons, satellites, and so on.

Cell mirrors. To achieve the maximum reflectance, reduce light absorption, and preserve beam
direction the author uses special cell mirrors which have millions of small 45° degree prisms (1 in Fig.
1a,g). Cell mirror are retroreflector cells or cube corner cells. A light ray incident on a cell is returned
parallel to itself after three reflections (Fig. 1g). In the mirror, provided the refractive index of the prism
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is greater than /2 (=1.414), the light will be reflected by total internal reflection. The small losses may
be only from prism (medium) attenuation, scattering, or due to small surface imperfections and Fresnel
reflections at the entrance and exit faces. Fresnel reflections do not result losses when the beam is
perpendicular to the entry surface. No entry losses occur where the beam is polarized in parallel of the

entry surface or the entry surface has an anti-reflection coating with reflective index n, = ,/n,n, .Hereno,

n. are reflective indexes of the vacuum and prism respectively. These cell mirrors turn a beam (light)
exactly back at 180° if the beam deviation is less 5-10° from a perpendicular to the mirror surface. For
incident angles greater than sin~*(n1/n), no light is transmitted, an effect called total internal reflection.
Here n is the refractive index of the medium and the lens (n = 1-4). Total internal reflection is used for
our reflector, which contains two plates (mirrors) with a set of small corner cube prisms reflecting the
beam from one side (mirror) to the other side (mirror) (Fig. 1b,c, f). Each plate can contain millions of
small (30-100 um) prisms from highly efficient optic material used in optical cables [19]. For this
purpose a superconductivity mirror® may also be used.

Laser ring. The small lasers are located in a round ring (Fig. 1c). A round set of lasers allows us
to increase the aperture, resulting in a smaller divergence angle 6. The entering round beam (9 in Fig.
1a) has slip @ (or 6/2) to the vertical. The beam is reflected millions of times as is shown in Fig. 1b,c
and creates a repulsive force F. This force may be very high, tens of N/kW (see the computation below)
for motionless plates. In a vacuum it is limited only by the absorption (dB) of the prism material (see
below) and beam divergence. For the mobile mirror (as for a launch vehicle) the wavelength increases
and beam energy decreases as the mirrors move apart.

This system [15] can be applied to a space vehicle launch on a planet that has no atmosphere and
smallgravity (for example, the Moon; high gravity requires high beam power).

Light lock. The first design of light lock allows the laser beam to enter, but closes the exit of a
returned ray. The beam (9 in Fig. 1d) of continuous laser passes through a multi-layer dielectric mirror
(10 in Fig. 1d). The entering beam runs the full length between mirrors (Fig. 1b,c), reflects a million
times, and enters from the other side (11 in Fig. 1d). For moving (separating) mirrors the wavelength is
changed because the beam gives up energy to the moving mirrors (see computationsin section

As a result the wavelength increases (M1 > A9) When the distance increases, and the wavelength
decreases (M1 < Ag) When the distance decreases. The mirror (10 in Fig. 1d), is designed to pass the laser
beam (9 in Fig. 1d) and to reflect back the “used” ray (11 in Fig. 1d). If the beam is not reflected by the
mirror (10 in Fig. 1d), it enters into the laser and will be reflected back by the laser’s internal mirror.

The second design of the light lock is shown in Fig. 1e. This contains an additional prism 12 and
an impulse laser. When laser beam 13 enters the system, the additional prism 12 is pushed into the main
prism 1. While the beam runs between the mirrors, the additional prism is disconnected from the main
prism and the return beam 14 cannot go back in. It travels inside the reflected mirrors with a lot of
reflections if the mirrors have the right focuses. The chink, 15, between the additional and main prisms
may be very small, about a light wavelength (1 micron). A piezoelectric plate can be used to move the
additional prism. below)
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Fig. 1. Space launcher. Notations are: 1 — prism, 2 — mirror base, 3 — laser beam, 4 — mirror after chink (optional),
5 — space vehicle, 6 — lasers (ring set of lasers), 7 — vehicle (ship) mirror, 8 — planet mirror, 9 —laser beam,
10 — multi-layer dielectric mirror, 11 — laser beam after multi-reflection (wavelength A11> A9 ), 12 — additional
prism, 13 — entry beam, 14 — return beam, 15 — variable chink between main and additional prisms. (a) Prism
(cell, corner cube) reflector. (b) Beam multi-reflection, (¢) Launching by multi-reflection, (d) The first design
of the light lock, (e) The second design of the light lock, (f) Reflection in the same direction when the beam
is not perpendicular to mirror surface, (g) Mirror cell (retroreflector cell or cube corner cell). A light ray
incident on it is returned parallel to itself after three reflections.

A continuous or pulse laser may be used for the first light lock and a pulse laser may be used for
the second lock. We compute average laser power.

The details of attenuation of light propagating through an optical material are considered in
physics textbooks. To increase the number of reflections, we use a set of very small prisms and a highly
efficient optical material (dB = 0.1-0.5).

Space beam transfer. Space beam transfer is shown in Fig. 2a. The first lens has a large aperture

for the laser beam and focuses the beam which decreases the divergence angle 6. The other Fresnel’s
lens then continues to focus the beam (Fig. 2a).
Non-focused beam loses intensity through diffracted rays but beam transfer has a special focusing lens.
If the focus is located at a distance S1 = D/26, the beam does not have losses through up to a diffracted
rays in this distance S, but after the distance S the divergence angle becomes 26 (Fig.2b). If we need to
transmit energy a distance L less than S (for example, in launching), this method is fine since the distance
between the mirrors L << S and the beam is reflected many times without loss. If we want to transfer
the energy over very long distance, the method shown in Fig. 2c may be better. In this method the beam
is focused on point at a distance S, = D/6. The beam has small amounts of diffraction everywhere, but
the losses are smaller after a distance 1.5S; than in the case of Fig. 2b. If an intermediate lens with a
much larger diameter than the initial lens (Fig. 2b,c) is added midway, it is possible to decreases the
beam diffraction energy losses to a very small value.
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Fig. 2. Laser beam long-distance transfer. Notations are: 12 — lens, 14 — bounds of laser rays, 15 — light receiver,
16 — divergence ray. (a) focused beam, (b) focused beam with angle 6 which has part S without
divergence,(c) focused beam with angle 0.56 which has minimum divergence at a long distance, (d) beam
with a plate wave front, () Gaussian beam with normal distribution of beam front, (f) Fresnel’s (prism)
lens, (g) lens for changing the beam direction.

The distribution of energy in a gross section area of the beam is also important for divergence and
diffraction losses. The plate front (Fig. 2a) of the wave and plate distribution of energy and divergence
(Fig. 2d) are worst and give the maximum of energy losses. A normal distribution of beam energy and
a Gaussian beam is better because the losses of beam energy trough diffraction are reduces at the edges
(Fig. 2e).

Energy transfer is done in the following way. First the Fresnel’s lenses (collimators) (Fig. 2f),
Fresnel’s prisms (Fig. 2g), and mirrors are (permanently) located in space (Fig. 3a). Their trajectories
and the receiving space vehicle’s trajectory in space are known. Through commands from Earth, a space
ship or the vehicle’s computer, the mirrors and lenses are turned to the required angles (angular position).
A small pilot ray may be used for aiming and focusing. The required angular changes are small (for
focusing and small corrections in direction) and may be made by piezoelectric controlled plates. After
the pilot ray reaches the space vehicle as required, the full power beam is transmitted to the space vehicle.
This beam may be used to launch vehicles from an asteroid or small mass planetary satellites (Fig, 1c),
to change the vehicle’s trajectory (Fig, 3b), or to increase the acceleration of the space vehicle near an
asteroid (Fig. 3c) using the multi-reflex method (Fig. 3a,b,c). This beam energy may be also used by the
space vehicle for its rocket engine and internal power requirements. The distance between lenses may
reach tens of millions of kilometers (see computation below). The average distances of the nearest
planets from the Sun are: Venus 108 x10° km, Earth 150x10%m, Mars 228x10° km. Transfer efficiency
of system may be about 0.7-0.9 (see computation below).
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Fig. 3. Space energy transfer over long distance. a. Transferring thrust from Earth to space ship by laser beam, b.
Using of satellites (or moons) to change the vehicle’s trajectory, c. Using of asteroid for launching of ship.
Notations are: 20 — Sun, 21 — Earth, 22 — laser beam, 23 — Fresnel’s lens, 24 — mirror, 26 — Fresnel’s prism,
28 — Space vehicle, 30 — planet, 32, 34 — planet satellite, 36 — multi-reflection, 40 — asteroid.

Theory (Estimation) of Multi-Reflex Launching and Light Beam Transfer

Special theory, methods and computation for this case are developed below.

Attenuation of beam. The attenuation of light passingpropagating through an optical material is
caused either by absorption or by scattering. In both absorption and scattering, the power is lost over a
distance, z, from the power N(z), propagating at that point. So we expect an exponential decay:

N(z) = N(0)exp(-yz) - )

The attenuation coefficient, y, is normally expressed in dB km™, with 1 dB km™ being the
equivalent of 2.3x10* m™t. Absorption is a material property in which the optical energy is normally
converted into heat. In scattering processes, some of the optical power in the guided modes is radiated
out of the material.

Attenuation in some current and some potential very low loss materials that have been created for
fiber communication has a dB value of up to a = 0.0001 (%', Fig. 4).

We use in our computation conventional values of 0.1 to 0.4 dB/km. Clean air has & =0.333x10® m™.,

The conventional optical matter widely produced currently in industry has an attenuation coefficient
equals to 2 dB.
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However, some of these materials are highly reactive chemically and are mechanically unsuitable
for drawing into a fiber. Some are used as infrared light guides, none are presently used for optical
communication, but may be useful for our purposes. Our mechanical property and wavelength
requirements are less stringent than for optical communications. We use in our computation a =0.1-0.4
dB km. The conventional optical material widely produced by industry for optical cable has an
attenuation coefficient of 2 dB km*.

Change in beam power. The beam power will be reduced if one (or both) reflector is moved,
because the wavelength changes. The total relative loss of the beam energy in one double cycle (when
the light ray is moved to the reflector and back) is

q =1- (1-2y)(1-2&)(1+2v)c, @)

wherev = V/c, V is the relative speed of the mirrors [m/s], ¢ = 3x108 m/s is the speed of light. We take
the “+” when the distance is reduces (braking) and take “— *“ when the distance is increased (as in
launching, a useful work for light), y is the light loss through prism attenuation, £ is the loss (attenuation)
in the medium (air) (in clean air &= 0.333x10° m™), v is the loss (useful work) through relative mirror
(lens) movement, ¢ is the loss through divergence and diffraction.
Multi-reflex light pressure. The light pressure, T, of two opposed high reflectors after a series
ofreflections, n, to one another is

2N 2N, 2N, 2N, 2Ny

TO = c 0 ) Tl - q ’ T2 TS ’ Tn—l - . (4)
When g = const, thls isa geometrlc series. The sum of n members of the geometric series is
J2No 1208 e i then T 22Ne g (5)
c 1-g c 1-q¢
Coefficient of efficiency. The efficiency coefficient, , may be computed using the equation
n=TVIN, ©6)

Focusing the beam. If the lens used in focused at a range Sy, the distance, S, without ray
divergence is (Fig. 2.2b):

2 2
s. D , 24 ¢ JzD® ,,.D"

20 Jz D 4 2 A (7-9)
Here, D is the diameter of the lens or mirror [m]. This distance is equal to the lens focus distance for the

case in Fig. 2.2b (S1 = S). In the case Fig. 2c (transfer over very long distance), the optimal focus distance
IS S2 = 2S1.
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Some computations. The computation of equation (9) is presented in Figs. 5 and 6. As you will
see, the necessary focus distance may be high.

Focus distance for wavelength 0.2 0.4 0.6 0.8 1 microns
0.25

LP4-F1

0.2

0.15

0.1F

0.05F

1 2 3 i é é 7 é é 10
Lens diameter, m
Fig. 5. Focus distances [10°km, million km] versus lens diameters 1-10 m and wavelength A= 0.2—1 microns.
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Fig. 6. Focus distances versus lens diameters D = 1-100 m and wavelength A = 0.2—1 microns.

The values in equation (3) can be computed as
y=yz=0.00023al, I=mA, m>1, £=0.333-10°L, (10)
where a is the attenuation coefficient in dB [km™] (, fig.4), m is initial value of the wavelength which

can be located in cell size | [m].
The loss through divergence, ¢, for the case in Fig. 2b,d is

_ x(DI2y oy 4k AL-S)
S=mizez_sy T
~ 8kA(L-9)Y’

g_1/(1+—\/;D2 jfor L>S.

Here L is the distance between the mirrors (lenses) [m], and, k is the focus coefficient. In case in
Fig. 2b (where the focus distance is D/20) k = 0 when L < S (for transfer)or n < S/L (for reflection) and

(11)
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k=2whenL >S, orn>S/L; in the case in Fig. 2c (S is absent, S = 0) k = 0.5 if the focus distance is
D/6; k = 1 if focus distance is infinity (no focusing).

The relative beam power along its trajectory for plate power distribution as in Fig. 2d is

N=N/N,=1 when L<S, and N=¢ when L>S =D/20. (12)

The force coefficient, A, shows how many times the initial light pressure is increased. For L < S;

itis
a-174
1-q

The multi-reflex launch of a space vehicle from a small planet with low gravity, are without an

atmosphere (the Moon or an asteroid) may be computed using the following equations (for focusing Fig.

2b and beam distributions Fig. 2d):
2N, g™ -1 2N, ,q”-1 S Inm
T= Cqu_1+ CO 1(11(;_1’ n1=f, n, =n, —ns, n3=W, q=1-(1-2y)1-2v),
1

(13)

a =L +AL, t,, =t +At.

0, =qg, AV:(%—Q)AL Via =V +AV, AL=V/At. L

(14)
Here the first element in T is the thrust when the beam runs the distance S1 without divergence.
The second element in T is the thrust when the beam runs the distance with divergence. M is space
vehicle mass [kg],g is the planet’s gravity [m/s?]. When nz< ni, we take n = nz and compute T using
equation (2.5). If n3> ny, we compute T using equation (14).
Computations of the efficiency co-efficient, #, equation (8) are presented in Fig. 7.
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Fig.7. Efficiency coefficient versus distance [m] for vehicle speed V = 10-200 m/s, attenuation coefficient a =
0.5 dB, cell size m = 30, mirror diameter D = 100 m, beam power N = 1 kKW.

The thrust and the efficiency coefficient decrease when the distance is above some critical value,
then a portion of the energy beam leaves the space between the mirrors through diffraction.

The mirror diameter is large because small mirror diameters decrease the attainable speed. Starting
from an asteroid or a planet’s moon that has low gravity, improves the attainable speed.Unfortunately,
the multi-reflex launch from planets with an atmosphere does not wart well because the multi-reflected
rays travel long distances in a gas medium and lose a lot of energy.
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Below is the equation for computing the beam power from the divergence and distance when the
Gaussian beam has normal distribution (Fig. 2f): For case 1 (the focus is into point 2S;, Fig. 2c)

_ D Y 2 A
N]_:ZI//{S(D-F&j :|, QZEB, S=0. (15)

Here y is the probability function of normal distribution.
For case 2 (the focus is located at point S, Fig. 2b)

2
_ _ D
When L<S, N,=1 When L>S, N,=2pls . 16
v v W[(D+4H(le)]] (16)

Here s is a relative distribution value. The results of computations for space (vacuum) are
presented in Fig. 8. It is shown that the focused beam travels without major losses if the distance between
the mirrors (for mirror diameter D = 100-200 m) is 10—18 million kilometers, and may travel up to 100
million km with an efficiency of about 0.2. This means the focused beam can permanently transfer
(without losses) energy from the Earth to the Moon or back (a distance of 0.4x10°km), and for 2-3
months (with efficiency 0.2) every two years, to Mars at a distance of 60—150x10° km.

For computation of the relative beam power in air at altitude H, we may use equations (15) and
(16) corrected for air attenuation. That is

N, =N,1-b), N, =N,(1-b), where b=0.334-10°%2H |
Po (17)
Here ph, po are the air density at altitudes H and H = 0 respectively.

Relative beam power for D =50 100 150 200 m, wave 1 micron, in. dev. 2.5
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Fig. 8. Relative beam power of the normal (Gaussian) distribution (s = ¢ = 2.5) (Fig. 2f) in a vacuum versus
distance in million kilometers between lenses for focusing at D/26 (- -, case 1) and D/6 (-, case 2).

The computed parameters are not optimal. Our purpose is to demonstrate the method of
computation.

Computations (Fig. 7 and 8) are made for a beam power No = 1 KW. For beam power No = 10,
100, 1000 kW we must multiply the force in Figs. 2.7 and 2.8 by 10, 100, and 1000 respectively.

Estimations for high speed and long distance

1. Maximal decreasing of request energy from multi-reflexing the light-beam.
As we have seen in Table 2 the requested energy (power) for acceleration relativistic probe is very high.
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Multi-reflexing allowssignificantly decrease it. Let us separately estimate lossand benefits (increasing
the thrust from multi-reflection) from cell mirror in atmosphere, spaceandfrom material of the mirror
cell.

a) Loss energy in Earth atmosphere. It is known in clean atmosphere on Earth surface, the light
beam losses the part of energy £ =0.333-10° 1/m. The Earth atmosphere has the pressure p = 10*

kg/m? and density p = 1.225 kg/m?® (on Earth surface). If Earth atmosphere has constant density its
thickness is H = p/p =10%/1.225 = 8,163 m= 8.2 km. The laser instalation may locate on area/altitude 2
km (mountain up 4 km, or the light beam will passed in vacuum tube of artificial tower/mast up 10 — 60

km).
If we take the altitude 5 km, the rest altitude will be about 8 - 5 = 3 km. The loss will be
£=0.333-10°-3-10° =107 - That means [Eq.(10)]

n = 1/2& =1/2:103= 500. (18)
Full reflections through the Earth atmosphere or increasing the light pressure in 500 times (decreasing
the request energy in 500 times!).

b) Loss energy in the cell mirror. Let us to estimate the loss energy (reflectivity) the cell mirror
[Eq. 10]. AssumetheminimalwavelengthoflightisZo= 0.2 um = 0.2:10"° m,maximal wavelength is  =10"
5 'm =10"/0.2:10° =50, absorption coefficient isa = 102 [dB/km] = 107 [dB/m], length of cell is | =
m#o=500.2-10° = 10°m, reflectivity of cell mirror is y1 = al =10>10" = 10", That is in hundreds of
million better than conventional mirror (y1 =10?) and many thousands time more than multi-layer mirror
(y1 =5-10%). We can neglect this loss. Number of full reflection is

n=1/2y = 1/2:101° =5-10°, (19)

c) Loss from moving probe. Assume we want to accelerate probe up V = 8 km/s. The average
speed is Va= 8/2 = 4 km/s. The relative speed is v = Va/c = 4/3:10° = 1.33:10°°. That means the number
of full reflection is n = 1/2v = 1/2:1.33-10° = 3.76:10%. If speed of probe is high, the efficiency of cell
mirror significantly decreases. In our case of interstellar probe maximal speed is V = 0.15¢c = 45:10°
km/s, average relative speed isv = 0.15/2 = 0.075. Number of full reflection is n = 1/2v = 1/2:0.075 =
6.67.

Conclusion: The offered cell mirror is very efficiency for intersolar launch and traveling and less
efficiency for interstellar launch.

2. Heating of reflect mirror.
Let us estimate the heating (temperature) of mirror. The temperature of mirror is

1/4
T =1OO(EJ , Where P, :m. (20)
C, 23

Here T is temperature of mirror, K; Ps is absorbed power, W/m?; Cs= 5.67 W/m?K*is absorbed
coefficient; P is power delivered by laser to mirror, W (see Table 1); y1 is loss coefficient for one
reflection; s is area of mirror, m?.

Let us take the s = 5 m?, the power light beam P = 2.2.10'* W (see last column in Tablel).
For cell mirror y1= 10"% and T = 80K. For conventional mirror y1= 10 and T = 8000K. For multi-layer
mirror the best y1 =5:10"*(one wavelength) and T= 2100K.

As you can see only cell mirror is acceptable for interstellar probe.
3. Loss probe speed from gravity field of Earth and Sun.The probe losses speed for start from Earth
surface and arriving to Earth orbit around Sun: 11.2 km/s. The probe losses speed to arriving from Earth
orbit around Sun to space out the solar system: 42.1 km/s. If probe will use the Earth orbit speed (that
limit the start time up 2 — 3 month every year), we can save 30 km/s.In last case we loss on gravitation
only 11.2 + 42.1 - 30 = 23.2 km/s. Radial velocity Alpha-Centauri Star A is -21.4 km/s, star B is -18.6
km/s. All these velocities are small in comparison the requested Interstellar velocity 45 000 km/s.
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4.Interstellar flight drag of environment

a) Shortly Information about interstellar medium. In astronomy, the interstellar medium (ISM) is
the matter that exists in the space between the star systems in a galaxy. This matter includes gas in ionic,
atomic, and molecular form, as well as dust and cosmic rays. It fills interstellar space and blends
smoothly into the surrounding intergalactic space. The energy that occupies the same volume, in the
form of electromagnetic radiation, is the interstellar radiation field.

In all phases, the interstellar medium is extremely tenuous by terrestrial standards. In cool, dense
regions of the ISM, matter is primarily in molecular form, and reaches number densities of 10° molecules
per cm? (1 million molecules per cm?). In hot, diffuse regions of the ISM, matter is primarily ionized,
and the density may be as low as 10 ions per cm?3. By mass, 99% of the ISM is gas in any form, and
1% is dust.” Of the gas in the ISM, by number 91% of atoms are hydrogen and 9% are helium, with
0.1% being atoms of elements heavier than hydrogen or helium.

Stars form within the densest regions of the ISM, molecular clouds, and replenish the ISM with
matter and energy through planetary nebulae, stellar winds, and supernovae.
The Warm lonized Medium (WIM) holds the 20-50% of the interstellar volume, has scale 1000 pc,
temperature about 8000K and density about 0.2 - 0.5 ionized atom in cm?d
The Sun is currently traveling through the Local Interstellar Cloud, a denser region in the low-density
Local Bubble.

b) Let us take for our estimation the interstellar density y = 1 H/cm® = 10° H/m?® (here H is
hydrogen atom). One Light Year (ly) has time t = 31.54:10° seconds. Light speed is ¢ = 3-108 m/s. Light
runs in 1 ly the distance L= ct= 10 m/ly =103 km/ly. For probe speed v = 0.15¢ = 45-10° m/s the number
of atoms getting the 1 m? of reflector is N =yL = 10%10'® = 10?2, The mass of atoms is m = mpN =
1.67-102710%? = 1.67-10" kg/m?ly. Energy is E = mv?/2 = 1.67-108 J/m?ly. If the all atom will be stopped

by mirror have mass mm = 0.01 kg/m? than the loss of speed by probe will be
-7 6
AV 2TV _ 167 120_245 10" 750 [m/s-m?-Iy] (21)
m

Full probe speed loss for mirror area s =5 m? and 4.3 light years of flight is AV = 0.755-4.3 = 16 km/s.
It is permissible part from speed 45,000 m/s.

For breakdown of the mirror having the surface mass density 10g /m? is enough energy 0.5 MeV [25,
p.935]. Atom of medium for speed V = 45,000 km/s has energy about 10 MeV. That means the most of
atom will fly through the mirror and loss only 5% its energy. The loss probe speed decreases in 20 times.
The density atoms in Solar system at Earth orbit is about 20 H/cm?®. Estimation gives the loss speed of
probe in Solar system about 20 m/s. We can neglect it. No problem with the interstellar atom drag.

c) Problem the interstellar dust.
Cosmic dust can be further distinguished by its astronomical location: intergalactic dust, interstellar dust,
interplanetary dust.By one estimate, as much as 40,000 tons of cosmic dust reaches the Earth's surface
every year.
The interstellar dust has particles d = 0.01 + 0.2 um. Mass of dust is about 1% of gas mass. Particles
compose from consist of graphite, silicon carbide. Their density is about 3 g/cm?. The drag from dust
we neglect.

Let us to estimate the holes from dust. Take the average size of particles 0.1 um = 10" m, volume
102! m®, mass one particle is m; = 3-10" kg. Total mass of particles is M = 1,67.10° kg/m?ly (1% of
gas mass). Total number of particles is N = M/m1 =5.33-10% 1/m?ly. If one particle made the hole area s;
= d? =101 m?, the area total holearea will be approximatelys = s;N = 5.33:10°1/m?ly. In during flight
time t = 4.3 l.y. the damage will be S = 2.310°1/m?. In reality damage may be in 1 — 2 order more. But
we can neglect it. If interstellar drag is big, the mirror can be folded.

IntellectualArchive Vol. 7, No. 4, July/August 2018

36


https://en.wikipedia.org/wiki/Interstellar_medium#cite_note-Boulanger-2

Discussion of Part 2 (Multi-Reflex Light Proportion System)

Comparing the “Multi-Bounce Laser-Based Sail” system [6,P.1] with the proposed method — the “Multi-

Reflex Propulsion System”.

1. The “Multi-Bounce Sail” uses the well-known multi-layer mirror which has high reflectance only in
a region around the design wavelength. Outside this region, the reflectance is reduced. For example,
at one-half the design wavelength it falls to that of the uncoated substrate. As shown in this work, the
wavelength changes by a small amount at each reflection in the mobile mirror. This means that after
enough reflections the multi-layer mirror has lost its high reflectivity. It is impossible to use the multi-
layer mirror for a multi-bounce space sail that is moving. The author has proposed the innovative new
cell-mirror for which the reflectivity does not depend on wavelength for wavelengths that are less than
a cell length.

2. The multi-layer mirror [6, p. 1] is extremely large (1 km?), with extremely small thickness (1600 nm),
density (10 gm/m?) and weight (7850 kg). A very small angle of deviation at the multi-layer mirror
surface (one thousandth of a degree) under beam pressure, leads to complete defocusing at a distance
of some millions of kilometers. This means the mirror [16] will make only one reflection. The average
mirror angle will also be changed permanently for a moving space ship.

It is impossible to exactly control (turn) the orientation of this gigantic and very thin sail.

The new cell-mirror reflects the laser beam back in exactly the same direction if the surface and sail
deviation are less than 5-10 degrees. This means the mirror directorial control is not necessary on the
space craft. Also, there may be imperfections in the surface film and the mirror control is not necessary.

3. The maximum reflection at multi-layer mirror is 99.95 [Reference 6, p. 1]. The reflection of the cell-
mirror is (1-0.410°) or 108 times better than the multi-layer mirror. The maximum reflection value
of the multi-layer mirror is only 1000 [Reference 6, p. 1]. Value for reflections of the cell-mirror are
in the millions.

4. The diameter of the multi-layer mirror is 1 km, the size of our cell mirror is 100 m (for large and
heavy man ships) and 2 m for micro probe.

5. The gigantic multi-layer solar mirror gives an acceleration of only 0.33 m/s?. This is not enough to
launch itself from Earth (Earth’s gravity is 9.8 m/s?), Mars (3.72 m/s?) or the Moon (1.62 m/s?). The
author's solar cell-mirror gives an acceleration of 20 m/s? (laser up 10°g), and its size is 100 times
smaller. If we were to made solar cell-mirror 1 km in diameter, the capability of a space ship would
be fantastic.

The author shows here only some of the advantages of one innovation (changing from the well-
known multi-layer mirror to the new cell-mirror). There are many deficiencies of the previous system®
which make its application virtually impossible. For example, with the multi-layer mirror the laser is
located on the Earth’s surface and its beam moves (from the laser to the ship and back to the laser)
through the Earth’s atmosphere a lot of times. The computation shows that the beam’s energy will
quickly be lost due to absorption and scattering by the Earth’s (or Mars) atmosphere when it travels a
long distance though it. In our system the beam moves through the atmosphere only once time and
reflects between the Moon mirror and the space ship of all other times. This is insured by the innovation
of the light lock.

Another deficiency of the laser-based sail system is that when the space ship is close to Earth, the
sail will reflect the beam back to the laser. If the efficiency of the propulsion system were sufficient, the
laser might be damaged or destroyed. This problem is absent in the author system because it uses a "light
lock", which closes the return path of laser beam.

The suggested laser ring (a set of small lasers located in a circle), beam transfer and self-focused
mirror and Fresnel’s lens decrease the beam divergence and increase the beam transfer distance. It is
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possible to install the cell-mirror on the Moon or on Mars and transfer a laser beam to them and then to
make a space ship decelerates.

The other system® requires a nuclear electric power station (of several Giga Watts Power) to be
built and to deliver it, and a super powerful laser on Mars.

| do not mean to criticize other small mistakes in the work [6, p. 1] as, for example, the
computation of multiple reflection acceleration (thrust) is not correct. The beam energy after every
reflection will be decreased and the ship acceleration also will be decreased. For a large number of
reflections this decrease is quite large (see the equations in this Part 2).

The idea of a multiple reflection engine and cell and superconductivity mirrors was probably offered
first by author in 1983 [7, p. 1]. But as | know, this work [6, p. 1] (2001) was the first research on this
topic which is important.

General discussion. The offered multi-reflex light launcher, space and air focused energy transfer
system is very simple (needing only special mirrors, lenses and prisms), and it has a high efficiency.
One can directly transfer the light beam into space acceleration and mechanical energy. A distant
propulsion system can obtain its energy from the Earth. However, we need very powerful lasers. Sooner
or later the industry will create these powerful lasers (and cell mirrors) and the ideas presented here will
become possible. The research on these problems should be started now.

Multi-reflex engines’ may be used in aviation as the energy can be transferred from the power
stations on the ground to the aircraft using laser beams. The aircraft would no longer carry fuel and the
engine would be lighter in weight so its load capability would double. The industry produces a one
Megawatt (1000 kW) laser now. This is the right size for mid-weight aircraft (10-12 tons).

The linear light engine does not have a limit to its speed and may be used to launch space
equipment and space ships in non-rockets method described in [1-16]. This method is certain also to
have many military applications.

Part 3
Plasma Beam Space Propulsion for Interstellar Flight*

Summary

In this Part author offers a revolutionary method - non-rocket transfer of energy and thrust into Space with distance of
millions kilometers. The author has developed theory and made the computations. The method is more efficient than
transmission of energy by high-frequency waves. The method may be used for space launch and for acceleration the
spaceship and probes for very high speeds, up to relativistic speed by current technology. Research also contains
prospective projects which illustrate the possibilities of the suggested method.

Keywords: space transfer of energy, space transfer of thrust, transferor of matter, transfer of impulse
(momentum), interplanetary flight, interstellar flight.

Introduction

Transportation of energy, matter, or impulse is very important for long period space trips
especially for lengthy distance voyages. The spaceship crew or astronauts on planets can need additional
energy or ship thrust. Most people think that is impossible to transfer energy a long distance in outer
space except electromagnetic waves. Unfortunately, electromagnetic waves have a big divergence and
cannot be used at a long distance (millions of kilometers) transfer.

However, the space vacuum is very good medium for offered method and special transfer of energy and
momentum.

* Presented as paper AIAA-2006-7492 to Conference "Space-2006", 19-21 September, 2006, San-Jose, CA, USA.
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Brief history. About 40 years ago scientists received plasma flow having speed up 1000 km/s,
power 10 kW, mass consumption 0.1 g/s, electric current up million amperes.
However, the application of plasma beam into space needs a series of inventions, innovations and
researches. In particular, they include methods of decreasing the plasma divergence, discharging,
dispersion of velocity, collection the plasma beam in space at long distance from source, conversion of
the beam energy into electricity and other types of energy, conversion of plasma impulse (momentum)
in space apparatus thrust, conversion of plasma into matter, control, etc.

The author started this research more than forty years ago [1]. The solutions of the main noted
problems and innovations are suggested by author in early (1982-1983) patent applications [2] - [12]
(see also further development in [13]-[34]) and given article. In particularly, the main innovations are:

Using neutral plasma (not charged beam);

Using ultra-cool plasmaor particle beam in conventional temperature;

Control electrostatic collector which separates and collects the ions at spaceship;
Control electrostatic generator which convert the ion kinetic energy into electricity;
Control electrostatic ramjet propulsion;

Special control electrostatic mirror-reflector;

Recombination photon engine;

Recombination thermo-reactor.

Research is made for conventional and relativistic particle speeds.

©ooNOA DR

About 20 years ago the scientists received the ultra-cold plasma having the ion temperature lower
than 1x10° K. Velocity dispersion was 10 ** = 10 ", beam divergence for conventional temperature was
107 radian.

If plasma accelerator is designed special for getting the ultra-cold plasma, its temperature may be
appreciably decreased. There is no big problem in getting of cold ions from solid electrodes or cold
electrons from solid points where molecular speed is small.

Description of Innovation

Innovative installation for transfer energy and impulse includes (Figure 1): the ultra-cold plasma
injector, electrostatic collector, electrostatic electro-generator-thruster-reflector, and space apparatus.
The plasma injector creates and accelerates the ultra-cold low density plasma.

The Installation works the following way: the injector-accelerator forms and injects the cold
neutral plasma beam with high speed in spaceship direction. When the beam reaches the ship, the
electrostatic collector of spaceship collects and separates the beam ions from large area and passes them
through the engine-electric generator or reflects them by electrostatic mirror. If we want to receive the
thrust in the near beam direction (£ 90°) and electric energy, the engine works as thruster (accelerator of
spaceship and breaker of beam) in beam direction and electric generator. If we want to get thrust in
opposed beam direction, the space engine must accelerate the beam ions and spend energy. If we want
to have maximum thrust in beam direction, the engine works as full electrostatic mirror and produces
double thrust in the beam direction (full reflection of beam back to injector). The engine does not spend
energy for full reflection.

The thrust is controlled by the electric voltage between engine nets [19], the thrust direction is
controlled by the engine nets angle to beam direction. Note, the trust can slow the ship (decrease the
tangential ship speed) and far ship (located out of Earth orbit) can return to the Earth by Sun gravity.
Note also, the Earth atmosphere absorbs and scatters the plasma beam and the beam injector must be
located on Earth space mast or tower (up 40 + 60 km, see [20; 21]) or the Moon. Only high energy beam
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can break through atmosphere with small divergence. The advantage: the injector has a reflector and
when the ship locates not far from the injector the beam will be reflected a lot of times and thrust
increases in thousand times at start (Figure 2) (see same situation in [22]).

The proposed engine may be also used as AB-ramjet engine [19], utilizing the Solar wind or
interstellar particles.

THE T L
e e = - o e -ﬂ—-____—__',;f ‘

Figure 1. Long distance space transfer of electric energy, matter, and momentum (thrust). Notation are: 1 -
injector-accelerator of neutral ultra-cold plasma (ions and electrons), 2 - plasma beam, 3 - space ship or planetary
team, 4 - electrostatic ions collector (or magnetic collector), 5 - braking electric nets (electrostatic electro-
generator-thruster-reflector), 6 - thrust.
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Figure 2. Multi-reflection start of the spaceship having proposed engine. Notation are: 1 - injector-accelerator of
cold ions or plasma, 2 , 3 - electrostatic reflectors, 4 - space ship, 5 - plasma beam, 6 - the thrust.
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The electrostatic collector and electrostatic generator-thruster-reflector proposed and described in
[19]. The main parts are presented below.

A Primary Ramjet propulsion engine is shown in [27, Figure 1 or [34, Fig.1, Ch.2]. Such an engine
can work in charged environment. For example, the surrounding region of space medium contains
positive charge particles (protons, ions). The engine has two plates 1, 2, and a source of electric voltage
and energy (storage) 3. The plates are made from a thin dielectric film covered by a conducting layer.
The plates may be a net. The source can create an electric voltage U and electric field (electric intensity
E) between the plates. One also can collect the electric energy from plate as an accumulator.

The engine works in the following way. Apparatus are moving (in left direction) with velocity V
(or particles 4 are moving in right direction). If voltage U is applied to the plates, it is well-known that
main electric field is only between plates. If the particles are charged positive (protons, positive ions)
and the first and second plate are charged positive and negative, respectively, then the particles are
accelerated between the plates and achieve the additional velocity v >0. The total velocity will be V+v
behind the engine (Figure 3a). This means that the apparatus will have thrust T > 0 and spend electric
energy W < 0 (bias, displacement current). If the voltage U =0, thenv =0, T =0, and W = 0 (Figure 3b).

If the first and second plates are charged negative and positive, respectively, the voltage changes
sign.

Assume the velocity v is satisfying -V <v< 0. Thus the particles will be braked and the engine
(apparatus) will have drag and will also be braked. The engine transfers braked vehicle energy into
electric (bias, displacement) current. That energy can be collected and used. Note that velocity v cannot
equal -V. If v were equal to -V, that would mean that the apparatus collected positive particles,
accumulated a big positive charge and then repelled the positive charged particles.
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Figure 3. Explanation of primary Space Ramjet propulsion (engine) and electric generator (in braking),a) Work
in regime thrust; b) Idle; c) Work in regime brake. d) Work in regime strong brake (full reflection). Notation: 1,
2 - plate (film, thin net) of engine; 3 - source of electric energy (voltage U); 4 - charged particles (protons, ions);
V - speed of apparatus or particles before engine (solar wind); v - additional speed of particles into engine plates;
T - thrust of engine; W - energy (if W < 0 we spend energy).

If the voltage is high enough, the brake is the highest (Figure3d). Maximum braking is achieved
when v = -2V (T <0, W = 0). Note, the v cannot be more then -2V, because it is full reflected speed.
AB-Ramjet engine. The suggested Ramjet is different from the primary ramjet. The suggested ramjet has
specific electrostatic collector 5 (Figure 4a,c,d,e,f,g). Other authors have outlined the idea of space
matter collection, but they did not describe and not research the principal design of collector. Really, for
charging of collector we must move away from apparatus the charges. The charged collector attracts the
same amount of the charged particles (charged protons, ions, electrons) from space medium. They
discharged collector, work will be idle. That cannot be useful.

The electrostatic collector cannot adsorb matter (as offered some inventors) because it can adsorb

ONLY opposed charges particles, which will be discharged the initial charge of collector. Physic law of
conservation of charges does not allow us to change charges of particles.
The suggested collector and ramjet engine have a special design (thin film, net, special form of charge
collector, particle accelerator). The collector/engine passes the charged particles ACROSS (through) the
installation and changes their energy (speed), deflecting and focusing them. That is why we refer to this
engine as the AB-Ramjet engine. It can create thrust or drag, extract energy from the kinetic energy of
particles or convert the apparatus’ kinetic energy into electric energy, and deflect and focus the particle
beam. The collector creates a local environment in space because it deletes (repeals) the same charged
particles (electrons) from apparatus and allows the Ramjet to work when the apparatus speed is close to
zero. The author developed the theory of the electrostatic collector and published it in [26]. The
conventional electric engine cannot work in usual plasma without the main part of the AB-engine - the
special pervious electrostatic collector.

The plates of the suggested engine are different from the primary engine. They have concentric
partitions which create additional radial electric fields (electric intensity) (Figure 4b). They straighten,
deflect and focus the particle beams and improve the efficiency coefficient of the engine.

The central charge can have a different form (core) and design (Figure 4c,d,e,f,g,h). It may be:

(1) a sphere (Figure 4c) having a thin cover of plastic film and a very thin (some nanometers)
conducting layer (aluminum), with the concentric spheres inserted one into the other (34, Figure
4d),

IntellectualArchive Vol. 7, No. 4, July/August 2018

41



(2) a net formed from thin wires (Figure 4e);
(3) a cylinder (without butt-end)(Figure 4f); or
(4) a plate (Figure 4g).

N2 e, BT

c d e f g

Figure 4. Space AB-Ramjet engine with electrostatic collector (core). a) Side view; b) Front view; ¢) Spherical
electrostatic collector (ball); d) Concentric collector; e) cellular (net) collector; f) cylindrical collector without
cover butt-ends; g) plate collector (film or net).

The design is chosen to produce minimum energy loss (maximum particle transparency - see

section "Theory"). The safety (from discharging, emission of electrons) electric intensity in a vacuum is
108 V/m for an outer conducting layer and negative charge. The electric intensity is more for an inside
conducting layer and thousands of times more for positive charge.
The engine plates are attracted one to the other (see theoretical section). They can have various designs
(Figure 5a - 5d). In the rotating film or net design (Figure 5a), the centrifugal force prevents contact
between the plates. In the inflatable design (Figure 3b, Ch. 2), the low pressure gas prevents plate
contact. A third design has (inflatable) rods supporting the film or net (Figure 3c, Ch. 2). The fourth
design is an inflatable toroid which supports the distance between plates or nets (Figure 5d).
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Figure 5. Possible design of the main part of ramjet engine. a) Rotating engine; b) Inflatable engine (filled by
gas); ¢) Rod engine; d) Toroidal shell engine, €) AB-Ramjet engine in brake regime, f) AB-Ramjet engine in
thrust regime. Notation: 10 - film shells (fibers) for support thin film and creating a radial electric field; 11 - Rods
for a support the film or net; 12 - inflatable toroid for support engine plates; 13 - space apparatus; 14 - particles;
15 - AB-Ramjet
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Note, the AB-ramjet engine can work using the neutral plasma. The ions will be accelerated or braked,
the electrons will be conversely braked or accelerated. But the mass of the electrons is less then the mass
of ions in thousands times and AB-engine will produce same thrust or drag.

Plasma accelerator. The simplest linear plasma accelerator (principle scheme of linear particle
accelerator) for plasma beam is presented in Figure 6. The design is a long tube (up 10 m) which creates
a strong electric field along the tube axis (100 MV/m and more). The accelerator consists of the tube
with electrical isolated cylindrical electrodes, ion source, and voltage multiplier. The accelerator
increases speed of ions, but in end of tube into ion beam the electrons are injected. This plasma
accelerator can accelerate charged particles up 1000 MeV. Electrostatic lens and special conditions allow
the creation of a focusing and self-focusing beam which can transfer the charge and energy long
distances into space. The engine can be charged from a satellite, a spaceship, the Moon, or a top
atmosphere station (space tower [19; 28]). The beam may also be used as a particle beam weapon.

EBE.F5

Figure 6.Electric gun for charging AB-Ramijet engine and transfer charges (energy) in long distance.a) Side view,
b) Front view. Notations: 1 - gun tube, 2 - opposed charged electrodes, 3 - source of charged particles (ions,
electrons), 4 - particles beam.

Approximately ten years ago, the conventional linear pipe accelerated protons up to 40 MeV with a
beam divergence of 107 radian. However, acceleration of the multi-charged heavy ions may result in
significantly more energy.

At present, the energy gradients as steep as 200 GeV/m have been achieved over millimeter-scale
distances using laser pulses. Gradients approaching 1 GeV/m are being produced on the multi-
centimeter-scale with electron-beam systems, in contrast to a limit of about 0.1 GeV/m for radio-
frequency  acceleration  alone.  Existing  electron  accelerators such as  SLAC
<http://en.wikipedia.org/wiki/SLAC> could use electron-beam afterburners to increase the intensity of
their particle beams. Electron systems in general can provide tightly collimated, reliable beams while
laser systems may offer more power and compactness.

The cool plasma beam carries three types of energy: Kinetic energy of particles, ionization, and
dissociation energy of ions and molecules. That carry also particle mass and momentum. The AB-Ramjet
engine (described over) can utilize only kinetic energy of plasma particles and momentum. The particles
are braked and produce an electric current and thrust or reflected and produce only thrust in the beam
direction. If we want to collect a plasma matter and to utilize also the ionization energy of plasma (or
space environment) ions and dissociation energy of plasma molecules we must use the modified AB-
Ramjet engine described below (Figure 7).

The modified AB-engine has magnetic collector (option), three nets (two last nets may be films), and
issue voltage (that also may be an electric load). The voltage, U, must be enough for full braking of
charged particles. The first two nets brake the electrons and precipitate (collect) the electrons on the film
2 (Figure 7). The last couple of film (2, 3 in Figure 3) brakes and collects the ions. The first couple of
nets accelerate the ions that is way the voltage between them must be double.

The collected ions and electrons have the ionized and dissociation energy. This energy is
significantly (up 20 - 150 times) more powerful then chemical energy of rocket fuel (see Table 1) but
significantly less then kinetic energy of particles (ions) equal U (in eV) (U may be millions volts). But
that may be used by ship. The ionization energy conventionally pick out in photons (light, radiation)
which easy are converted in a heat (in closed vessel), the dissociation energy conventionally pick out in
heat.
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Figure 7. AB-engine which collected matter of plasma beam, kinetic energy of particles, energy ionization and
dissociation. Notations: 1 - magnetic collector; 2 - 4 - plates (films, nets) of engine; 5 - electric load; 6 - particles
of plasma; 7 - radiation. U- voltage between plates (nets).

The light energy may be used in the photon engine as thrust (Figure 8a) or in a new power laser
(Figure 8b). The heat energy may be utilized conventional way (Figure 8c). The offered new power laser
(Figure 8b) works the following way. The ultra-cool rare plasma with short period of life time located
into cylinder. If we press it (decrease density of plasma) the electrons and ions will connect and produce
photons of very closed energy (laser beam). If we compress very quickly by explosion the power of
beam will be high. The power is only limited amount of plasma energy.

After recombination ions and electrons we receive the conventional matter. This matter may be
used as nuclear fuel (in thermonuclear reactor), medicine, food, drink, oxidizer for breathing, etc.
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Figure 8.Conversion of ionization energy into radiation and heat.a- photon engine; b - power laser (light beamer);
¢ - heater. Notations: 1 - recombination reactor; 2 - mirror; 3 - radiation (light) beam; 5 - piston; 6 - volume filled
by cold rare plasma; 7 - beam; 8 - plasma; 9 - heat exchanger; 10 - enter and exit of hear carrier; 11 - heat carrier.
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Transfer Theory of the High Speed Neutral Ultra-Cold Plasma and Particles

Below are the main equations and computations of neutral ultra-cold plasma beam having
velocity up to relativistic speed. These equations received from conventional mechanics and
relativistic theory.

Note a ratio S

Y% V,
P=sr Bo=t (1)

whereV is plasma beam speed, m/s; ¢ = 3x10 & is light speed, m/s; Vs is projection of a ship speed in
beam direction.

1. Relative relativistic time, t , for observer moving together with beam is
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wheret' is time for observer moving together with beam (system coordinate connected with beam)[s], t
is time for Earth's observer [s]. Computation of Eq. (2) is presented in Figure 9. The beam time decreases

for relativistic speed. That means the beam divergence is also decreased and beam energy may be passed
for long distance.
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Figure 9. Beam relative time versus beam relative speed for high relativistic beam speed.

2. The power spent for acceleration plasma beam in Earth for efficiency = 1 (kinetic power of
particle beam) is

_Mg® p

2 g (W] 3

whereMo is mass flow of beam, kg/s in Earth system of coordinate.

The computations of Eq. (3) for the intervals (0 + 0.1)c and (0 =+ 0.95)c are presented in Figures
6, 6a.

The relativistic speed needs very high power in any method because the relativistic beam requires
this energy.

3. The power P; of dissociation and single ionization of one nucleon is

MV ?

Ps or for p<<1 Py=

F>i:1.6><10’19ﬂei [J/s] or p-Mo e [eVis]

m,n ' myn (4)
where mp=1.67x10 27 kg is mass of proton, n is number of nucleon in nucleus, e; is energy of
dissociation, ionization, or molecular breakup respectively. The energy of the first ionization (ion lost

one electron) approximately equals from 2 to 14 eV. Magnitudes of this energy for some molecules and
ions are in Table No.1.

Table 1. Energy ionization, dissociation, and molecular breakup of some molecules
and ionsineV.

Molecular H,O > H,+0 |2eV CO,— C+0, | 0.093 eV

breakup

Dissociation H,— H+H 448eV | 0,>0+0 5.1eV

lonization H—H* 13.6 eV H H* 2.65eV
2—> 12

lonization O, OZ 6.7 eV
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Figure 10.Power for the beam acceleration via beam flow mass and relative beam speed for interval. (0 + 0.1)c .
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Figure 10a. Power for the beam acceleration via beam flow mass and relative beam speed for interval (0+ 0.95)c.

If speed is relativistic, this energy is small in comparison with kinetic energy of beam. For
interplanetary speed (Vs = 8 -15 km/s) the energy of ionization reaches 15 - 50% from kinetic energy of
beam. That decreases the coefficient of efficiency launch installation. If we used the heavy ions or a
charged matter, the ionization energy decreases but voltage increases. For interplanetary vehicles it is
not important because required voltage for low speed are small (U~ 5 + 20 V).

Figure 11 shows the required energy for different case
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Figure 11. Power of ionization versus mass flow and ionization potencial (Eq. (4)).

4. The maximal thrust (drag) from the full reflected one charged plasma beam, for Earth's observer
and relativistic speed and non-relativistic speed may be estimated by following equations:

T, =2M(V ivs)zw, or for p,<<1 the thrust is TnaX=2M°C'B,
V1- 5 V1-p?

for B<<1 p <<1, the thrust is T =2M,(V -V;)
)

Here M is calculated mass of a moving relativistic particle flow, kg/s; Mo is mass of the particle
flow measured by Earth's observer, kg/s.
Note: If the space ship move along the beam in same direction, the thrust is decreased (sign is "-"); if
that moves in opposed direction, the drag is increased (sing is "+"). This drag (thrust) is not requested
the ship propulsion energy.

Result of computation for intervals (0 + 0.1)c, (0 + 0.95)c, Vs = 0 are presented in Figure 12, 12a.
Max thrust for I\:'Im= 0.1 0.3 0.5 0.7 1x107° als
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Figure 12. Maximum thrust (drag) is produced by beam in space ship for Vs = 0 and the interval (0 + 0.1)c.
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Figure 12a. Maximum thrust (drag) is produced by beam in space ship for Vs = 0 and interval (0 + 0.95)c.

5. The divergence of beam is a very important magnitude. If divergence is small, we can pass our
energy in long distance S:

_ut’ u1-p = D
_Vt_c—ﬂ S, D—S, S=cpt (6)

where u is maximal radial speed, m/s; D is maximal radial distance (radius of plasma beam), m; D is
relative divergence (angle of divergence, @ = 2D radians); t is time of beam moving, s.

The computation of Eq. (6) is shown in Figure 9. We need in small u (ultra-cold plasma) for
decreasing of divergence as small as possible (u = 0.01 - 1 m/s). In this case we can transfer energy in
the large distance and accelerate a ship for relativistic speed. The plasma is mixture of ions and electrons.
If it is low-density, it can exist a long time. The cold plasma can be emitted from solid electrodes.

Note: Equations (2),(6) shows when V—c, then t'— 0 and deviation D— 0. That means the
deviation can be small as we want but we need a big power for it.

The corresponding temperature is

T
T (7)
Where m is mass of molecule (ion) [kg]; m = mpn , here mp=1.67x10 "2’ is mass of proton, n is number
of nucleons into nucleus; i = 3 for single ion (for example O™), i = 5 for double molecule (for example
0;), i = 6 for multi-molecular ions, k = 1.39x10 22 is Boltzmann constant.
For u=0.1 + 1 m/s the temperature is about 10 *°K, the relative divergence is 10°°.
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Figure 13. Radius of beam divergence via distance and ratio V/c.

6. Accelerate voltage is

g mvE (M net
29 \g)2 f1-p (8)

where ¢ = 1.6x10"%° C is electron (ion) charge. The computations are presented in Figure 14, 14a. The
need voltage may be reduced in Z times if the ion has Z charges (delete Z electrons from ion).

Voltageforn=1 10 650 100 160 200 2560 nucleons

1200 _ .
VA-F3 : :

1000
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0 5 10 15 20 25 30
Beam velocity, km/s

Figure 14. Accelerated voltage versus the conventional beam speed and number of nucleons.
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Figure 14a. Accelerated voltage versus a relativistic speed ratio V/c and number of nucleons.

7. The speed Vs and distance of space shipS can be computed by conventional method (Earth's
observer):
V, =at, S =£, S =V—5, a:L
2 2a M,
a is ship acceleration, m/s?. Ms is ship mass, kg, Vs is ship speed measured by Earth's observer, m/s.
8. Relative beam speed for a ship observer is
ﬂ — ﬂiﬂs
® 71+ BB, ©)
whereg, fsis relative speed of beam and space ship respectively measured by Earth's observer. The sign
" -"is used for same direction of speeds.
9. Loss energy of the beam in the Earth atmosphere may be estimated by the following way:

__100H,p, 50 P(h) o _ﬂa[mp UJ

m

R (U) " T m, (10)
where Ho = Pa/p = 10%1.225 = 8163 m is thickness (height) of Earth atmosphere having constant density
p=1.225 kg/m®, P2 = 10* kg/m? is the atmospheric pressure; p() is relative atmosphere density; p(h)
Is relative atmosphere pressure; Ry is particle track in atmosphere [cm]; m is mass of particle, kg; h is
altitude, m; U is beam energy, MeV; p, = 0,001225 g/cm? is atmosphere density; 100 is transfer
coefficient meter into cm. Magnitudes Ry, A1), p() for proton are given below in Tables 2, 3.
Table 2. Value R; [g/cm?] versus energy of proton in MeV, [32], p. 953

UMeV 0.1 1 10 50 100 200 300 400 500
Rg/cm? | 1x10* 1.09x102 | 0,99x10t | 2.56 | 8.835 | 29.64 | 58.08 | 93.73 133.3

U 600 700 800 1000 2000 3000 5000 7000 10,000
Rt 176 222 270 370 910 1363 2543 3583 5081

Table 3. Standard Earth atmosphere, [33], p. 261

h km 0 5 10 20 40 60 100
ﬁ(h) 1 0.661 0.338 0.072 3.27x10°? 2.71x10* 4.41x107
ﬁ(h) 1 0.533 0.261 0.054 2.92x10°® 8.35x10* 3.20x107
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Results of computation Eq. (10) are presented in Figure 15, 15a, 15b.

Uu=50 100 300 600 1000 2000 5000 10000 minV

BA-F1
o UTBO- v prOtORG e .

08l u=100. ... T
= H
e
r) 0_7 e Xac b b e = R00) =
c
[
Eosf .
Y]
o
Y 0 5 i =
©
° 1000
[}
S04}
g =2000
303 25000 T
) T\

0.2k~ . ‘ e o

0 5 m—— = -
0 5 10 16 20 25 30 35 40

Height of tower over see level, km

Figure 15. Relative energy loss of the proton particle beam via a tower altitude in Earth atmosphere. Accelerate
voltage U are in millions volts.
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Figure 15a. Relative energy loss of the proton particle beam via a tower altitude in Earth atmosphere. Accelerate
voltage U are in millions volts. Angles in curve are result of the linearization data of Table 2, 3.

IntellectualArchive Vol. 7, No. 4, July/August 2018



n=1 2 § 10 30 100 250, U =25 § 12,5 25 75 250 625 MeV
0.45 T T T
BAF2
04

n=1, U=2.6
0_35 L . . . I .

n=2

0.3}

0.25-

0.2}

0.15-

Relative loss of beam energy

0.1F-

0.05F

Height of tower over see level, km

Figure 15b. Relative energy loss of the particle beam via the tower altitude in Earth atmosphere and number n of
nucleons in nucleus. Accelerate voltage U in millions volts.

Evidently, only high energy particle beam break up the Earth atmosphere. There is no problem if

the particle beam starts from a space tower [20], [25] of 40 + 80 km altitude or from the Moon.
Last formula in (10) allows recalculation by the particle track for any atom. For example, we want
tocalculate the particle track for oxidizer particle having m = 16mjp and energy 8,000 MeV. We take the
Rt from Table 2 for U = 8,000/16 = 500 MeV and multiple by 16. Result Rt = 133x16=2128. The particle
track Tr= Ri/po = 2128/0.001225 =1737142 cm = 17.4 km in the air having density 1.225 kg/m3. That is
enough to break the Earth's atmosphere of the constant density 8.163 km, but the loss of energy will be
1=8.163/17.4 = 0.47 (47%). The divergence may also be increased by atmosphere. Loss and divergence
may be improved is the beam station is located on a mountain or special tower having the height about
40 + 60 km.

10. Multi-reflex launch and landing (Figure2). In a starting or braking period the thrust (braking)
can be increasingif we use the multi-reflect method developed in [26]. Multi-reflect in launching does
not increased the installation power (thrust is increased by increasing of efficiency), multi-reflex in
braking converts the apparatus kinetic energy into the electric energy which can be utilized by apparatus
or operated station. The theory of multi-reflection is described below (see also [26]).

11. Change in beam power. The beam power will be reduced if one (or both) reflector is moved,
because the beam speed changes. The total relative loss, g, of the beam energy in one double cycle (when
the beam is moved to the reflector and back) is

q = (1-2y)(1-25)(1+2v)g, g >0, (11)

where v is the loss (useful work) through relative mirror (lens) movement, v = Vs/V, Vs is the relative
speed of the electrostatic mirrors (space apparatus)[m/s], V = is the speed of the beam (in system of
coordinates connected with an power operating station). We take the “+” when the distance is reduces
(braking) and take “— when the distance is increased (as in launching, a useful work for beam), y is
coefficient reflectivity of electrostatic mirror (the loss of beam energy through the electrostatic reflector);
&is the loss (attenuation) in the medium (air) (see point 8). If no atmosphere, & = 0; ¢ is the loss through
beam divergence (¢ =1 if D <Dy, where Dy is diameter of the electrostatic mirror). For a wire net
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electrostatic reflector y=2d,/l where d,, is diameter of wire, [ is size of mesh. For example, for the net
having a mesh 0.1x0.1 m, the / = 0.1 m and a wire d,= 0.0001 m, the 3= 0.002.

Multi-reflex light pressure. The beam pressure, T, of two opposed high reflectors after a series
ofreflections, NNV, to one another is

ASN NG
s 7

2P, N .
T(Vs):T(>+7BZ;qJ(Vs)’ N(V;) = - T, =2M,(V-V) 20
=

(12)
where S is distance between electrostatic reflectors of the station and ship [m], k = 1 =+ 1.5 is correction
coefficient for the case when D>D.. For primary estimation k = 1.
If Vs is small and V is high, the multi-reflex 7' may be large. For example, if Vs =10 m/s, V =30 km/s, S
is small, the number of reflection may reach n= 30000/10/2 = 1500 times more then regular thrust. That
is well for ship trip starting and braking.

12. Limitation of reflection number. If the reflector is moved away, the maximum number of
reflections, A, is limited by ¢g> 0, Vs< 0.5V (see Eq. (11)). At ship launch or braking the maximum thrust
is limited by a safety acceleration or deceleration.

Coefficient of efficiency. The propulsion efficiency coefficient, #, (without loss for ionization)
may be computed using the equation

n=TV,/P, (13)
For full reflection Eq. (13) has the form:
AV =V _ _
= —V2 , No.=1 for V=2V (14)

Computation of launch and landing trajectories computed by the usual method of integration

a,=TIMg, t,=t,+At, Vi, =V +aAt, S, =S+V A (15)

Project
(Interstellar probe having speed 30.000 km/s, weight 0.1 kg)

Let us assume we want to estimate an interstellar probe which can reach the nearest solar systems.
As known they are located about 4 - 60 light years from our Sun. That means the apparatus having speed
[s = 0.1c (Vs = 30,000 km/s) can reach them in 40 - 60 years. Reminder, "Voyager-1" was flown for
30+ year, sending information up to present time. But it has speed only 20 km/s and was reached only
the boundary of Solar system (about 2 billion km).

Assume, the weight of interstellar probe is 0.1 kg. If distance of acceleration is S = 1.5x10!! m (1
AU) the acceleration and acceleration time must be

2 14 7
=V—S=&“:3-103 mls?, t=&=&:104sec=167min:2.78hours.
28 2:1.5-10 a 310
The thrust, requested acceleration energy and power are
2 14 13
MVy _0.1-9-10 —45.10° J, P:K _45 140
2 2 t 10
The mass of the beam flow, and energy spent by beam station are (Eq. (3),(5))
o= TN=8" 300v1-0.01 10
° 2¢(f-B) 2-3-10°(0.1-0.05)
M B 107°-9-10"°0.01
PB = =
2 Ji=p  24J1-001
Here fs = 0 +0.1 . We take the average value fs = 0.05 . Notice that Pg = P, that means our installation
transfer the station energy to ship with efficiency = 1. Unfortunately, this energy is very high. Tens of

T=aM,=3-10"-0.1=300N, W= =45 GW,

kg!s,

=45 GW
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electric power stations must accelerate this probe in 23 days. We cannot decrease this amount by any
methods because that is a minimum energy required by space probe.
Divergence D for u = 0.01 m/s, voltage U (n =1), jet speed = 0.1 and plasma temperature Tp are

— B? .10t 2 10-2"1 04
ngwll p S~ 0.01 1.5-10 ~500 m, szmu 167107710 ~04-10° °K,

c B~ 310° o1 ik  3.1.38-10%
U[Me|nc® p° (167-10°7)1.9-10°001_,_ .05
q)2 1-p 1.6-107% 2 1 ' '

For jet speed  =0.9 divergence D = 25 m, for jet speed  =0.99 divergence D = 7 m,
The power of dissociations (H>—H + H, 2.2 eV) and ionization (H—>H?*, 13,6 eV) are equal

-5
E =1.6-10"°(e, +2¢,) M, =16-10"°(2.2+2 -13.6)L_27 =14 kW.
m,n 1.67-10°"-2
In given case (comparison with Pg above) this value is small and we can negligee it. But into planetary
flight (V~ 8 - 30 km/s and large Mo) this energy is essential.

Discussion of Part 3

In [33] G.A. Landis writes about using particle beams for interstellar flight. The beam is braked
by a magnetic sail. Unfortunately, as with most other works in this field, his work also contains only
common speculations. No theory, no mathematical models, no computations. More then ten years
authors investigate the magnetic sail, but not its theory, no formulas which allows correct calculation or
to estimate the magnetic sail drug. Moreover, the most MagSail works contain a common mistake (see
34 Chapter 4 "Electrostatic MagSail"). Landis offered the beam temperature 45 °K. The theory in this
article is shown that this temperature gives the beam divergence which does not allows the interstellar
flights. Absolutely unsubstantiated statement that magnetic sail reflects beam in thousands kilometers
diameter. The estimations show for high speed particles especially relativistic particles the affective
diameter equals some meters and magnetic field must be powerful. In additional the magnetic sail is
impossible at present time: electric ring needs in cryogenic temperature and spaceship must have power
cryogenic equipment because the Sun will warm the ring for any heat insulation; for starting the ring
needs a power electric station; a special equipment is necessary for displacing the ring of 100 km
diameter into space; if the ring temperature exceeds a critical cryogenic temperature in any ring place,
the ring explodes. The ring weight is big (22 tons for diameter 100 km), the produced magnetic field is
very weak (10 Tesla). The magnetic sail does not have active control. That means the ship will move
in one (non-control) direction and a ship mission will useless. These obvious defects make it impossible
the application of the magnetic sail with little or no progress in solution these problems since 1988.

The suggested method does not require a magnetic sail. That used the electrostatic sail [26] and
AB-Ramjet engine offered by author early. This sail is light (100 - 300 kg), cheap, and has tens
kilometers (hundreds km for low beam density) of the effective radius. For example, for solar wind the
magnetic effective radius decreases proportional 1/R? (where R is distance of the sail from the Sun),
electrostatic effective radius decreases approximately 1/R (see [26]). That is very important advantage.

Conclusion Part 3

The offered idea and method use the AB-Ramjet engine suggested by author in 1982 [3; 4; 6; 8;
9; 12; 14-16; 18] and detail developed in [28]. The installation contains an electrostatic particle collector
suggested in 1982 and detail developed in [26; 30]. The propulsion-reflected system is light net from
thin wire, which can have a large area (tens km) and allows to control thrust and thrust direction without
turning of net (Figurel). This new method uses the ultra-cold full neutral relativistic plasma and having
small divergence. The method may be used for acceleration space apparatus (up relativistic speed) for
launch and landing Space apparatus to small planets (asteroids, satellites) without atmosphere. For Earth
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offered method will be efficiency if we built the tower (mast) about 40 = 80 km height [19; 24]. At
present time that is the most realistic method for relativistic probe.
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Abstract
The article addresses on the issues related to the need to improve the search for terrorists and extremists, shows
the main directions of the search activity of law enforcement agencies, examines the specifics of the criminal
procedure, criminalistic support, operational tracking and international legal regulation of the search for hiding
terrorists and extremists.

At the same time, the article emphasizes that the knowledge of the bases of cooperation and coordinated actions
of law enforcement agencies, international organizations in the implementation of the search is a necessary
condition for the successful search of hiding terrorists.

According to the author, it is necessary to know the features of the criminal procedure order, criminalistic tactics
of international search of persons committed a terrorist act.

Keyworgjs: terrorist act, terrorism, law enforcement, criminal, international crime, attack, international
cooperation

The act of terrorism is considered as the international crime in the following cases: a) if
the criminal and the victims are nationals of one country or different countries, but the crime
has been committed outside; b) if the attack was committed against persons under
international protection; c) the attack setup is at one country and it is committed in another
country; d) if terrorist act is committed at one country, but a terrorist is hiding in another
country, and the point on his extradition is raised.

Acts of international terrorism involve senseless loss of life, disrupt the normal
diplomatic activities of states and their representatives and impede the implementation of
international contacts, meetings, and transport links between the countries. This act is used as
an instrument of political struggle at the most reactionary surrounding, parties and criminal
organizations. There can be international, national and state terrorism.

If we address to the origin and the history of formation of international concerted
actions against international terrorism, these actions have been started in the 30s of the last
century. For example, in 1934 year the following definition of terrorism was interpreted at the
Conference for the Unification of Criminal Law in Madrid: "the application of any means to

spread terror among the civilian population in order to destruct any social organization™.
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In 1937 year more than 20 countries have signed the Convention on the Prevention and
Punishment of Terrorism. Here the term terrorism means “criminal acts against the state,
which pursue the purpose to cause threats in certain people or among the population™ (article
1). These included acts against life, health and freedom of heads of states, persons enjoying
prerogatives of heads of state, their hereditary or designated successors; spouses of these
persons; persons exercising public functions, the acts committed in connection with their
functions; and the destruction of or injury to public property or property of another State; the
intention to achieve human deaths through the creation of a common danger, the facts of
production, purchase, storage, supply of weapons, explosives or other harmful compounds for
committing these crimes [1].

Terrorism acts are prohibited at the time of armed conflicts according to the rules of
international humanitarian law, including according to the provisions of the 1977 Additional
Protocols to the Geneva Conventions on the Protection of War Victims, 1949.

Subsequently the frameworks for international cooperation in fighting against
international terrorism started to be expanded. The UN Special Committee was established. It
coordinates the activities of states focused on the study and eliminating the causes of
terrorism and on the fight against it. Upon its initiative, the UN General Assembly has
repeatedly condemned acts of international terrorism, pointed at the inadmissibility of its
broad interpretation, and in 1984 it adopted a special resolution on inadmissibility of the
policy of state terrorism and any states’ actions aimed at destructing the socio-political
system in other sovereign states.

In December 1973 the UN General Assembly adopted the Convention on the
Prevention and Punishment of Crimes against Internationally Protected Persons, including
diplomatic agents. According to the Article 1 Internationally Protected Persons are heads of
states, head of governments during their stay in a foreign country, the minister of foreign
affairs, family members who accompany these persons abroad; representative of state or other
officer entitled to have a special protection; officer or agent of the international organization
and family members living with them [5].

Measures to prevent the international terrorism and strengthen the fight against it are
provided in decision VIII of United Nations Congress on the Prevention of Crime and the
Treatment of Offenders "Measures to combat international terrorism"”, 1990 and the
Convention on the Safety of United Nations and Associated Personnel, 1994. The Convention
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on the Marking of Plastic Explosives (EX) 1991 plays a certain role in the prevention of
international terrorism acts. The States have committed to put marking on plastic explosives
to detect them in case of terrorist attacks. Within three years their stocks should be destroyed,
used or made unusable. Military and police stocks will be disposed within 15 years. Political
units combating the international terrorism were included into final documents of the meeting
of members of the Organization for Security and Cooperation in Europe (OSCE) in Helsinki,
Madrid, Vienna and Paris. Three regional agreements were enacted; 1971 OAS Convention
to Prevent and Punish Acts of Terrorism Taking the Form of Crimes against Persons and
Related Extortion, if such acts are international; 1977 European Convention on the
Suppression of Terrorism; 1987 SAARC Regional Convention On Suppression of Terrorism.
The Committee of Foreign Ministers on Terrorism is working in the framework of the
European Economic Community (EEC).

Despite the abundance of international legal instruments and agencies coordinating the
fight against international terrorism in international law, till this day there is no universal
agreement defining the concept of international terrorism, its legal nature and responsibility
[2]. There is no the exhaustive list of acts of international terrorism as well.

In virtue of the analysis of international agreements, the following list of such acts can
be defined: a) explosions of embassies, missions, representative offices and headquarters of
international organizations; b) acts of sabotage in the streets, airports, railway stations,
cultural centers, industrial buildings, places for commercial and professional activities, which
are related to the destruction or damage to property and causing injury or death of people; c)
the deliberate use of explosive devices built into parcels, packages, letters and other postal
items; d) any act of sabotage against public buildings; e) conspiracy to commit acts of
international terrorism and complicity in any form, etc. According to different sources the
acts of international terrorism include: hostage, piracy, acts against the safety of civil
aviation, and illegal seizure and use of nuclear material. However, due to their particular
international threat, prevalence and diversity in forms of commission, to deal with them states
are adopting special conventions and devote some of them to certain crimes of international
concern.

Thus, the following intentional acts are considered as the international terrorism:

murder, Kidnapping or other attack against the person or liberty of these persons; violent
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assault against official premises or vehicle of such person, if the attack is dangerous to such
person or his/her liberty; threat, attempt or complicity in such attack.

At the present time in the modern world the acts of international terrorism are
committed. The persons who committed these crimes are on the wanted list. Now a scientific
study of this problem is urgent. Knowledge of fundamentals of criminal investigation theory
and practice represent a great importance for successful solution of problems related to the
investigation of acts of international terrorism.

In this regard, the use of methods, techniques, ways of search, including the most
important rules of investigative activities, will create all necessary conditions for arresting
terrorists.

Successful implementation of investigative activity has significance in international
area as well, because more and more crimes are transnational and are moving beyond national
boundaries acquiring international dimension.

International search, by definition, represents a set of investigative, information and
reference and other activities by the competent authorities of the state, which is the initiator
of investigation and of foreign countries, where the activities are aimed at detection, arrest
and surrender (extradition) of wanted criminals [6].

One of the main types of international search is a search for a person committed an act
of terrorism and who is hiding from the law enforcement agencies. To implement
successfully the international search for a person fleeing from justice, law enforcement
agencies should always remember about the necessity to take preventive measures. It may be
achieved due to immediate application of urgent, initial measures of the search for those who
have committed an act of terrorism.

The practice of investigating authorities shows that wanted people often leave for
foreign countries and stay there illegally until good days to avoid criminal liability. That is
why, a long-term uncertainty relating to the place of location of such people and the absence
of any effective investigation are the evidence of poor and inefficient investigative activities.

For this purpose, it is important to have knowledge of theoretical, practical and
institutional fundamentals of international investigation in course of detection and
investigation of acts of international terrorism. The methods, techniques, ways of the

international investigation, which are specified in the regulations, including the most
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important rules of investigative activity, establish organizational and legal basis to improve
the activity.

Currently, in all countries, where the legal system is developed, "there is a persistent
search for the most efficient forms of detection and investigation of crimes” [3].

The system of investigative activities included into the national criminal procedural law
and international agreements is applied to find the location of wanted criminals. If a person
can escape beyond one state, according to universally recognized rules of international law,
the provisions of various conventions, bilateral or multilateral treaties may be applied and
international search for criminals may be implemented.

International search for a person committed terrorist crimes is one of the activities of
law enforcement agencies and is conducted provided by a strict adherence to national
criminal procedural law and international treaties and agreements.

This kind of international investigation, except for as provided by national legislation,
is based on various sources of international law, including on international agreements.
Consequently, when declaring the search, if the fact of leaving by a wanted accused person
for abroad is be ascertained and his/her exact location is unknown, the interstate or
international search will be declared.

The applicable procedure for placing a person to the above mentioned wanted list does
not eliminate the possibility to send to the National Central Bureau of International Police of
the country a request for individual search within their territory, if there is credible
information on relationships of a wanted person in this country. Account must be taken of the
fact that wanted people can stay both within the territory of the Commonwealth of
Independent States (CIS), and in other foreign countries.

In terms of the scale of investigation the international search can be divided into
interstate (within the CIS countries) and the international (through the Interpol). Therefore, a
person, who committed a crime, can be placed both to interstate and international wanted list.

According to the international agreement of the Commonwealth of Independent States,
which provides the international search to be conducted on the basis of the Treaty of CIS
member states on the International Search, and which was signed in Moscow on December
10, 2010 year [4], entered into force in the Republic of Uzbekistan on 24 August, 2011.

If we refer to the experience of the United States in conducting the search for criminals

fleeing from justice, we can state that there is a criminal record, which is called "criminal
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identification system™ and it is very comprehensive, because all participants of the criminal
process are registered, including the person, who committed a crime. These persons are
registered by their fingerprints, appearance, and not only by using the description of these
features, but by using the photographs and recognizing a criminal according to the method of
crimes committing by him/her. Fingerprint records are conducted using 10-fingerprint
identification system.

This allows to monitor continuously and accurately the occurrence of information on
fingerprints of a wanted person throughout the United States, to determine the location of
fingerprints, which are a "point of reference" for detection and arresting the accused person,
because it is a place of possible location of the wanted person. It has a direct relevance for
determining the boundaries and scope of investigation activities, and, in our opinion, in these
terms the organization will increase the efficiency of criminals search.

The study of international best practices in using modern procedural and criminalistic
methods for organization of investigative activities by national law enforcement agencies,
their interaction with international law enforcement agencies in conducting the investigative
function, shall allow to conclude that it is characterized by the following trends of
development and prospects of organization of the search for persons who have committed a
crime:

1) computerization of the search for criminals through the Internet or another
international information network;

2) creation of international system of information exchange among various law
enforcement agencies, including international organizations, on the basis of computer
technologies providing the immediate transmission of information from the addressee to the
consumer, including the protection of the system against unauthorized access or interception;

3) large-scale re-equipment of investigation units and investigative agencies on the
basis of international agreement between governments, intergovernmental organizations with
more powerful and faster, mobile technical means;

4) universal international computerization of all types of identification: habitologic,
phonoscopic, fingerprint, trasological, audio and videoscopic, etc. Establishment of specific
international information retrieval systems to be used for investigations by law enforcement

agencies on the basis of these types of identification;
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5) the establishment, on an international scale, of the electronic cartographic system,
delimiting the details and scope of investigative activities related to a person fleeing from
justice, including the exact definition of his/her domicile, place of work, information on
his/her family, place the possible location, residence of former accomplices, place of
residence and work of close friends, and the place, where criminals can meet, provided by the
availability per each territory unit of the list of wanted people related to the wanted accused
person, including the degree of operational support of the area, where a wanted criminal may
hide;

6) considering the possibility that a wanted person may change his/her appearance by a
plastic or other type of surgery, it is necessary to introduce to the work of law enforcement
officers, who carry out the search, the possibility to scan the retina of the criminal to identify
the person in case of his/her charge or arrest.

Currently, there is an urgent need for adopting international agreements and legislative
measures to optimize the criminal procedural law, which is governing the organization of the
search for criminals, taking into account current trends in forensic science development and
technological progress.

Thus, the international search for wanted persons, who committed a crime, should
proceed from the optimization of work of the national law enforcement agencies and
international organizations to implement systematic, effective activities. For this purpose
some aspects should be taken into account, including:

- international search for wanted persons, who committed crimes in current conditions
of development and intensification of international relations, is one of the most important
areas of cooperation between states in the fight against crimes;

- international search is a complex investigation, information and reference and other
activities by the competent authorities of the state, which is the initiator of investigation and
of foreign countries, where the activities are aimed at detection, arrest and surrender
(extradition) of wanted criminals;

- considerations of the national criminal procedural law, which is governing the
procedure for relations with law enforcement agencies of foreign states on legal assistance in
criminal matters and extradition of criminals;

- improving the organizational basis of law enforcement agencies cooperation with the

Interpol NCB of the country;
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- insertion of data on internationally wanted criminals into Internet database, not only
into the Interpol General Secretariat website, but into websites of national law enforcement
agencies and the media.
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Abstract

The article deals with evolution of secondary school reforms in Ukraine in the 2" half of the 19" — the
beginning of the 20" centuries. Secondary school reforms in Ukraine were particularly dynamic in the investigated
period due to rapidly changing society needs as a result of political, economic and cultural changes. In this period
Ukrainian territory was under the rule of two empires. The peculiarities of secondary school reforms on the
territories that were subject to both the Austrian Empire and Russia have been singled out. The directions, strategies
and principles of innovations in the system of secondary schools on both territories have been compared.
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Introduction
Nowadays introduction of secondary school reforms is vital for modern education
quality improvement. Effective contemporary educational reforms are impossible without
taking into account positive experience of previous generations. The educational processes
of the past centuries had direct influence on the development of schooling in Ukraine in the
second half of the 19th — the beginning of the 20th centuries. The secondary school reforms
in Ukraine were particularly dynamic in the investigated period due to rapidly changing
society needs as a result of political, economic and cultural changes. In this period Ukrainian
territory was under the rule of two empires. East Halychyna, North Bukovyna and
Zakarpattia, were subject to the Austrian empire, other territories of Ukraine stepped back to
Russia and got the name of Naddniprianschyna.
The aim of the research is to trace the evolution of secondary school reforms in
Ukraine in the 2nd half of the 19th — the beginning of the 20th centuries.
Materials and Methods
In the process of research the following methods of data collection have been used:
v Bibliographic search (the study of archive and library catalogues, library
stocks, descriptions of bibliographic editions; reviewing, special purpose analysis of
Ukrainian historical, pedagogical literature and press of the investigated period);
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v Chronological, comparative and statistical analyses (curricula,
programs, textbooks, school legislation data treatment);

v Systematization and theoretical generalization (formulation and
substantiation of conclusions as a result of conducted research).

Results and Discussion

Russian government simultaneously carried out both educational reforms and
repressions against Ukrainian culture.

In the reign of Mykola I (1825-1855) educational policy was determined by complete
oppression of personality of both teacher and student. A teacher had to blindly obey the
authority, and a student had to be fully devoted to Orthodoxy, autocracy and Russian people.
The director of gymnasium provided the curator of educational district with the following
information about every undergraduate: the language they speak, whether they demonstrate
improvements in Russian, their attitude to religion, whether they are not inclined to free-
thinking, whether they are devoted to Russia (Siropolko, 2001:305).

The curator of Kyiv school district D. Bibikov kept teachers and schoolchildren under
almost police supervision. In 1839 he ordered all citizens and police representatives to closely
follow teachers and schoolchildren and to inform on them directly to him (Siropolko,
2001:306).

In 1856 a well-known surgeon, Professor Mykola Pirohov, wrote the article “Voprosy
zhyzni” that was published in the magazine "Morskoi Sbornik". In the article he stated that
school must prepare a child to be an individual, thus, proclaiming a panhuman ideal of
education. The article was a great success and in September, 1856 Mykola Pirohov became the
curator of Odesa school district, and in 1858-1861 — the curator of Kyiv school district. His
articles always brought novelty into the school structure of tsarist Russia. He limited the use of
corporal punishments, introduced literary conversations of schoolchildren in gymnasia, trial by
fellow schoolchildren in higher forms of gymnasia, increased the importance of a teacher at
school (Siropolko, 2001:306-307).

The successors of M. Pirohov were distinguished by implacable hatred to Ukraine.
Oleksandr Shirinskyi-Shimanov was especially marked by denunciation for M. Drahomanov as

ukrainophile, by burning 500 copies of fables collections by L. Hlibov, withdrawal of the best
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works in natural sciences, physiology and geology from the gymnasia libraries (Siropolko,
2001:309-310).

In secondary schools of Naddniprianschyna Russian curricula and programs were used
and the subjects were taught in Russian. Starting from the second half of the 19" century
Russian government pursued a policy of continuous Russification of Ukrainian culture and
education. Both Valuievskyi (1863) and Emskyi (1876) decrees forbade publication of
Ukrainian scientific, artistic and pedagogical editions, Ukrainian theatrical performances,
teaching in Ukrainian in primary school. Furthermore, in 1847 a secret circular appeared aimed
at withdrawal of "Story of Ukrainian Nation" (1846), "Ukraine" (1843) by P.Kulish, "Kobzar"
by T. Shevchenko, "Ukrainian ballads” by M. Kostomarov and works by M. Chernyshenko
from the gymnasium libraries of Kyiv educational district, as they were considered
untrustworthy (Babina, 2000:5).

The Regulation of 1864 defined the following types of male secondary schools:
gymnasia with the Latin language (50 %), gymnasia with two classical languages (Latin — since
the 1st form, Greek, — since the 3rd form) (25 %), real gymnasia without classical languages
(25 %) (Siropolko, 2001:313).

Since 1849 bifurcation took place in gymnasia: special lectures were introduced in
Russian and Slavic languages, mathematics and legislation for those, who prepared to military
service, Latin - for those, who decided to enter the university, Greek - for all interested ones.
General subjects from the 4™ form were the following: religion, the Russian and Slavic
languages, mathematics, physics, geography, history, the German and the French languages,
drawing for interested ones. Since 1852 the distribution of subjects in gymnasia was slightly
changed: religion, the Russian language, the Latin language (from the 2" form) the Greek
language (from the 4™ form), geography, history, mathematics, the German language and the
French language, calligraphy, drawing for interested ones (Siropolko, 2001:305-306).

Statute of gymnasia and progymnasia (1864) stated equality in secondary education for
all people, regardless of their social statues and beliefs. According to it all gymnasia were
divided into classical and real with 7 years of studies. Classical gymnasia provided education
in humanities that was based on ancient (classical) languages — Latin and Greek. In real
gymnasia children had more hours of mathematics and natural history at the cost of hours for

humanities. Whereas classical gymnasia graduates had the right to enter universities without
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exams, real gymnasia graduates could only enter higher technical institutions. According to the
Statute 4-year educational establishments called progymasia appeared. They corresponded to
the first four forms of classical gymnasia. Progymnasia graduates could enter the fifth form of
classical gymnasia.

In accordance with Regulations of 1871 all gymnasia became classical. The term of
studies lasted 8 years (2 years in seventh form). A considerable emphasis was placed on the
study of ancient languages; cosmography was substituted by mathematical geography. The
amount of hours for calligraphy, drawing, drafting, history and religion was diminished. Once
again the study of logic was introduced. Mechanical learning and cramming was put in the
heads of children in gymnasia, every independent thought was repressed. Denunciations and
whispering were encouraged.

In 1860 The Institute of Noble Maidens in Kyiv was turned from 6-year into 7-year
school, and in 1878 it already accepted the girls of lower classes. The course of female gymnasia
lasted eight years. The eighth form was aimed at preparation of teachers and home nursery
governesses. In the program of studies instead of classical languages that were studied in male
gymnasia natural history was introduced (Siropolko, 2001:325-326).

The Regulation "About the reduction of gymnasium education” (1887) is known as The
Regulation "about cook-housekeeper’s children™ limited the access to education for children of
working people with the purpose of limiting the amount of students from “ignoble families", as
students were considered to be the main driving revolutionary force.

With beginning of a new century the examination process and study of the classical
languages were facilitated. Writing examinations in classical languages were cancelled,
teachers councils of gymnasia got the right to transfer successful students to the next form
without examinations. Latin was cancelled in first and second forms of male gymnasia and
progymnasia, and Greek — in the third and fourth. All students of secondary schools with the
mark not less than “satisfactory” in every subject were transferred to the next form without
examinations (Siropolko, 2001:426).

Revolution of 1905 compelled the Ministry of Education to pay attention to educational
needs of population. The draft bill about the implementation of general education was brought
before the State Duma and was based on following principles:

v All children aged 8-11 had to pass a 4-year school course;
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v School had to provide its services to children in a radius less than 3 km;
v One teacher mustn’t teach more than 50 children;

v General education had to last for 10 years;

v School education had to be free.

However, the draft wasn’t considered (Siropolko, 2001:427).

On the territories that were subject to both the Austrian Empire the situation was slightly
better. Revolutionary events in the Austrian Empire of 1848 speeded up the abolition of serfdom
Halychyna. The constitution adopted in Austria outlined favourable conditions for the
development of Ukrainian schooling (Vas’kovych, 1996:16). Revolution of 1848 forced the
Austrian government to adopt the constitution and give certain facilitations to the people that
inhabited the empire. Hence, in 1848 Supreme Ruthenian Council was created in Lviv that came
forward for the development of the Ukrainian language and schooling.

Educational policy in Halychyna was determined by Articles 17 and 19 of
Basic Law on the General Rights of Nationals proclaimed the following:

e Knowledge and its teaching were free.

e Every national who had furnished in legally acceptable manner proof of his qualification
had the right to found establishments for instruction and education.

e Instruction at home was subject to no such restriction.

e The Church or religious society concerned shall see to religious instruction in schools.

e The right to supreme direction and supervision over the whole instructional and

educational system lies with the state (Austria - Basic Law, 1897)

In the end of 19" century Halychyna was one of the poorest in Europe. Absence of basic
export commodities such as a wheat or sugar beet and competition from highly industrialized
provinces such as Bohemia, Lower Austria and Moravia was one of the biggest economic
problems in Halychyna. It remained agrarian society with insignificant stock accumulation,
poorly developed domestic trade, low level of urbanization, almost unnoticeable industry,
lowest earnings and highest percent of surplus labour force in the empire (Sybtelnyi, 1993:383).

Low level of economy in Halychyna resulted in the fact that at the beginning of the 20"
century a considerable industrial centre failed to be formed and the bulk of population (78,4%)
lived in villages (Blahyi, 1999:8).Many peasants went for seasonal jobs to western provinces

of Austria, Hungary, Germany, emigrated to Canada, USA, Brazil and other countries.700-800
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thousand people from Western Ukraine drove out to foreign countries during 1890-1913
(Kondratiuk, 1994:113).

The reform of 1869 helped the development of Halychyna schooling. The government
of the Austrian Empire proclaimed free compulsory primary 6-year education, the right to be
taught in mother tongue. Communities and religious organizations got the permission to create
private schools (Kurliak, 1995:145). However, as a result of poverty many Ukrainian children
did not have the opportunity to attend school. Besides, in most schools the studies was
conducted in foreign languages: East Halychyna - Polish, North Bukovyna - German,
Romanian, Zakarpattia - Hungarian.

Classical gymnasia provided education in humanities. They were the most prestigious.
Curriculum of classical gymnasia allocated 35% of teaching hours to Greek and Latin. Whereas
all languages (Ukrainian, German and Polish) accounted for 65% of teaching hours, only 20%
of teaching hours was allocated to mathematics and natural sciences (Blahyi, 1999:8).

Studies in classical gymnasia lasted for 8 years. Lower gymnasium provided universal
education necessary for practical necessities. Higher gymnasium gave an opportunity to enter
university.

The list of the subjects taught in classical gymnasia was as follows:

v Religion — in all forms 2 hours per week ( in the 1% form — catechism, in 2" and 3"
forms — biblical history, in 4" forms — liturgics, in 5" and 6" forms — dogmatics, in 7%
form - ethics, in a 8" form — history of church);

Latin — in the 1% and 2" form 8 hours per week, in 3 -8" form 6 or 5 hours per week;
Greek —in 3™ -8 forms 5 or 4 hours per week;

Mother tongue — in all forms 3 hours per week;

2" new language;

Geography and history in all forms 3 hours per week;

Mathematics — in all forms 3-5 hours per week;

Natural sciences (Natural history or Physics) —2-4 hours per week;

AN NNV U N N N

Philosophical Propaedeutic (Logics and Psychology) — in 7-8 forms 2 hours per week.
Other subjects were not compulsory.
Local state and school administration controlled the development of Ukrainian

gymnasium education in Halychyna very thoroughly. According to the law of 1867 in existing
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middle educational establishments, except Lviv Academic gymnasium, the Polish language
became the language of studies. Opening of new Ukrainian gymnasia could take place only on
the basis of separate decision of Galytskyi Sejm. Ukrainian gymnasium couldn’t be opened in
those cities, where there was no Polish gymnasium, so that Polish children did not attend foreign
educational establishment. Such policy resulted in the fact that 41 Polish and only 4 Ukrainian
state secondary schools were founded in Halychyna for 40 years. By 1895 there was the only
Ukrainian state secondary school — Lviv Academic gymnasium (Blahyi, 1999:19).

Since 1909 real gymnasia and real schools appeared beside classical gymnasia. Less
time was dedicated to studies of languages. The Greek language was substituted by the English
language or the French language and the teaching hours were halved. Mathematics, natural
sciences and descriptive geometry were studied deeply than in classical gymnasia.

In real schools the number of teaching hours for a week was 50 hours less in
comparison with classical and real gymnasia. It took place since Latin, Greek and Philosophical
Propaedeutic was not taught at all and history hours were diminished. Instead, teaching hours
for mathematics and drawing doubled and teaching hours for physics and chemistry increased
as well (Blahyi, 1999:22).

In 1897 women got the right to enter universities. Female lyceums with 6-year term of
studies appeared since 1900. They were aimed to provide women with appropriate general
education, higher than in primary schools and to prepare them to professional education. Special
emphasis was put on modern languages and literature. Beside compulsory subjects (religion,
Polish, two modern European languages, history, geography, mathematics, natural history)
women also studied optional subjects (singing, stenography, typewriting, “women works”).
However, lyceums provided lower level of knowledge compared to gymnasia and after
graduation women didn’t have the right to obtain higher education. Consequently, feminist
societies started movement for state gymnasia for women. The government was indifferent to
such demands and no gymnasium was founded by World War 1. Nevertheless, the reform of
lyceums that divided the studies into lower (4-year) and higher (2-year) levels took place in
1912. For lyceum students that wanted to continue education at universities 2-year courses were
organised to prepare them for maturity certificate exams. Thus, lyceum graduates could get the
certificate of secondary education that was equal to gymnasium or real school certificate and

gave them possibilities to enter higher educational establishments (Blahyi, 1999:24-25).
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An increase, though very slow, of the number of state Ukrainian gymnasia contributed
to the fact that higher percent of Ukrainians had the opportunity to get secondary education in
mother tongue. During 1900-1901 schoolyear 43,9% of all Ukrainian gymnasium students
studied in Ukrainian gymnasia, whereas in 1910-1911 schoolyear this index grew to 57,5%
(Blahyi, 1999: 20).

Conclusions

On the whole, the reforms of secondary school education that took place in the 2" half
of 19" —the beginning of 20™" centuries represented certain achievements. However the imperial
governments of the Austrian Empire and Russia were not interested in the development of
Ukrainian culture, being rather afraid of an increase of national consciousness of Ukrainian
people.

On the territories that were subject to both the Austrian Empire the situation was slightly
better, as there was a possibility to study mother tongue. The number of secondary schools grew
slowly and didn’t meet the needs of all children wishing to enter it. Ukrainian people realized
that without the change of the political regime it was impossible to hope for national revival
and development of the Ukrainian culture.

Deviation from classical learning and advocacy of real sciences were closely

interconnected with growing necessities of society for professional intelligentsia services.
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Abstract

The article is dedicated to the problem of optimization of teaching Calculus I in a college. The most important
factors that influence the efficiency of a teaching process (a composition of the class, students’ background in
Mathematics, correct choice of the assignments for the students, etc.) are presented. Concrete instructions for
successful teaching Calculus | are given. Special attention is paid to a student-centered approach that is considered
as a useful tool for an improvement of the results of teaching Mathematics at college level. All conclusions and
recommendations are based on the results of modern research in Education and on the author’s teaching experience
(11lyears).
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In the beginning of teaching Calculus I in college there’re some important factors that
you have to take into consideration if you want to succeed.

A composition of the class is one of them. Generally speaking, all students have different
backgrounds in Mathematics. For example, some of them studied only Pre-Calculus, while the
other students took one-year course of Calculus at high school. So if you have a miscellaneous
composition of the class, it’s always a good idea in the beginning of the study of the course to
review the most important basic concepts not only of Calculus but of Pre-Calculus as well. Also
you can give your students some tasks (tests, home assignments, etc.) to find out what their
level of mathematical knowledge is. In accordance with the results you can plan and correct
your teaching process, to render individual help and tutoring to the students who need it (not
only at class but during your office hours as well).

An instructor should understand how important it is to maintain the students’ interest at
high level during a class session (this refers especially to teaching Mathematics but at the same
time is more difficult to realize in practice than when teaching, for example, History). Review
of the basic concepts can be boring for those students at your class who already know “all this
stuff’. A good solution of this problem is to make such students your helpers during class

session. For example you can ask them to “remind” you of some useful formulas instead of
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writing them down by yourself. Of course even the best students sometimes make errors so you
should be ready to correct them if needed. It’s of the utmost importance to keep your students
willing to assist you during the class, to make them actively involved into learning process. It’s
possible to attain only if an instructor is polite and friendly with his/her students. So if you
encourage your students to help you during class and they made some errors, you should never
criticize them rudely and don’t allow other students in class to do it, because in this case the
students (especially those of them who are shy) will lose their self-confidence and probably
will never help you again, so you will “lose” them. Instead of accusation of the lack of
knowledge, correct the student politely if he/she is wrong and at the end of the discussion thank
the student for his/her help.

In accordance with the student-centered theory of teaching, maintaining a friendly,
comfortable atmosphere during every class session is one of the essential factors that allow you
to succeed in teaching not only Calculus but all disciplines [1].

In the beginning of a study of Calculus I it’s essential to make your students understand
how important it is for them to have well-developed skills of basic differentiation. You have to
emphasize that studying Calculus | supposes good knowledge of the basic properties of
differentiation so they won’t succeed in Calculus I if they don’t remember the most significant
formulas for differentiation (of the product, quotient and the chain rule) and the formulas for
differentiation of basic algebraic and transcendent functions.

So one of the important factors of successful teaching Calculus I is to dedicate 1-3 first
lectures to remind your students of the basic properties of derivatives and of how to use them
in practical differentiation [2].

Explain to your students that there can’t be too much practice with differentiation. Give
them as many examples and problems as possible (it will be much more effective if you ask
your students to “help” you to solve them in class). Collective discussion is one of the most
useful methods that can be applied here. Encourage your students to ask you any questions in
the process of solution if they have them. Also you should ask your students if they need
additional examples. When the problem is solved, don’t forget to discuss a solution briefly once
again and stress the key points of it to your students. The practice of teaching Calculus proves
that it’s more beneficial to solve only 5 problems but to explain them to the students thoroughly

than to solve 10 problems quickly but without proper explanation [3].
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Emphasize that you’ll apply the formulas for differentiation throughout the entire course
and that problems will become much more difficult very soon. Encourage your students to apply
for help if they still don’t feel that they mastered the basic differentiation of the functions. Don’t
study new stuff until you’re sure that your students remember all the necessary formulas and
can apply them quickly (almost automatically).

It’s very helpful to give your students a test or a quiz after 1-3 introductory class
sessions. If the students demonstrate sufficient understanding of the basis of differentiation,
you can start to study the formal definition of the limit. Actually it’s not necessary to require
memorizing this definition because it’s quite difficult and many students will forget it sooner

or later. It’s probably more useful to give your students some graphic examples of the limits of

the functions, to show the difference between |jm f(x): lim f(x)- f(a) lim f (x)
and

x——a-0 x——a+0 X—>a

(consider different cases).

Also solve some quick problems for the limits of the following types: m/0, 0/m, oo/,
0/0, 0/, 20/0 (Me R, m#0; m can be any real number, e.g. you can use 1 for m). Don’t be too
concerned about the application of the strict definition of the limit but rather try to help your
students to understand the gist of the matter. Such problems are not only interesting for students,
they really help to develop their logic and mathematical intuition as well.

For many students Calculus | is more difficult discipline than Pre-Calculus, therefore
it’s very important to make sure that your students really understand the stuff that you teach.
Mathematics is quite complex discipline, and just memorizing formulas, definitions and
algorithms never brings good results if the students don’t have a true understanding of learning
material.

So, it’s very beneficial to give your students tests and quizzes after they studied every
important concept. Of course a teacher must keep a sense of proportion about assignments. For
instance, some instructors give tests to their students in every other class session that is time-
consuming and stressful for many students. One quiz per 4-5 class sessions is usually quite
enough to get a sufficient feedback.

Alongside with quizzes and tests during class you can ask your students some quick
questions about the stuff that they’re currently studying just to make sure that they pay attention

to your lecture and that they understand the learning material correctly. It’s a very effective
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practice because it provides an instant feedback and you can correct your teaching immediately
(e.g. you can give your students some additional explanations and examples). Furthermore
asking quick questions during class doesn’t take much time; it’s usually interesting for students,
really involves them into learning activity and isn’t very stressful for them.

A practice of teaching Calculus | shows that an instructor should not rely on the results
of homework too much because you never can be sure that the student accomplished it himself.
Often students ask their friends and classmates to help them with homework. It refers especially
to the students with poor background in Mathematics who actually need your help more than
others, so homework hardly can provide a valid feedback. It’s better to consider homework just
as an additional practice for your students.

So we discussed some important factors that an instructor has to take into consideration
to teach Calculus I successfully. One of the exciting opportunities for any instructor is not only
to teach Mathematics but to learn HOW to teach!
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Abstract

The article discusses peculiarities of the formation of value attitude to a person in teenagers of orphan
boarding schools.

The study of peculiarities of the formation of value attitude to a person in teenagers of comprehensive
orphan boarding schools demands taking into account two factor groups which directly influence this process.

To the first group, the author refers the following: sensitivity of early teens to the formation of value
attitude to a person; the potential of after class activities of comprehensive orphan boarding schools to form value
attitude to a person (the possibility to make a focused effort to form value attitude to a person; to have a timely
diagnosis of the degree of the formation of value attitude to a person; a continuous communication between
students and their pedagogues, it creates possibilities of humanising academic process, which in its turn, demands
encouraging the formation of humanistic focus of a personality, satisfying the needs of teenagers in their making
a free choice of activities; students involving in a humanistic activity which can enrich the experience of moral
conduct).

The second group of factors greatly complicate the process of the formation of value attitude to a person
in teenagers of comprehensive orphan boarding schools. They are social orphanage; peculiarities of organisational
and pedagogical functioning of comprehensive orphan schools (excessive oversight of boarders’ life activities;
the forced adaptation to a big number of peers; the decrease of intimacy and trust in the communication; excessive
oversight and step-by-step control; the prevalence of authoritative pedagogy); the specifics of the contingent of
boarders (the presence of deprivation syndrome; difficulties in communicating with people who are around; the
loss of empathy; the dominance of rent moods in relations with adults; the rivalry in relations with peers; the
manifestation of contempt, rudeness, aggression towards younger and weaker girls and boys; inability and
reluctance to work in a team, to do something for the sake of others).

Key words: a value attitude to a person, the formation of a value attitude to a person, teenagers, a
comprehensive orphan boarding school, an after class activity.

AKmyanvHicmb 00CI0HCEHHA. 3arocTpeHHs MOJIITUYHHUX, eKOHOMIUHHUX
CYNEpPEYHOCTEN MPU3BENH J10 3MIHH )KUTTEBHUX LIIHHOCTEH Ta 1/1eal1iB, 1110 BUSBISAETHCA Y IPOSBI
YKOPCTOKOCTI Ta JIMIIEMIPCTBA Y JIIOJICHKUX B3a€EMHUHAX. 32 TaKMX OOCTaBHH aKTyalli3y€ThCS
HeoOX1AHICTh (POPMYBaHHS y MOJIOAOTO MOKOJIIHHS IIHHICHOTO CTaBJIEHHS J10 1HILIOT JIFOIUHHU.

3a3HayeHa npobiemMa € 0COOJIMBO aKTyaJbHOIO ISl YYHIB IIKIJI-IHTEPHATIB,

OCKUTBKM OUIBIIICTh 3 HUX — 1€ MeNaroriyHo 3aHen0aHi JITH, JUIS SKHUX XapakTepHUMH €
CXWJIBHICTh 10 HEPBOBUX 3pHUBIB, MiJBHUIIEHA BPA3JIUBICTb, HASBHICTh JENPUBALINHOTO

CHUHIPOMY, HEJIOBIpa JI0 TIOPOCTUX, MOYYTTSI CAMOTHOCTI, 3HUYKEHHS EMIIaTii.
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Pi3ni acmextu mpoOnemu (opmMyBaHHS I[IHHICHOTO CTaBJICHHS IO IHINOI JIFOJUHH
3HainuM BimoOpaxkeHHs B mpaipix ncuxonoriB (I. bexa, I. lyoposinoi, C. MakcumeHKka,
B. Myxinoi, @ B. M’sacumeBa, JI. @enpamreiiHa Ta  IHIIUX);  YYCHUX-TICIAroOriB
(II. AmonamBimi, I. binenpkoi, 1. 3s3tona, JI. Kanimescekoi, I'. Kupmau, O.KobepHuka,
B. Cyxommunacekoro, O. CyxommuHcbkoi, O. Tpersk Ta iHmmx). BogHodac mo3a yBaroro
JOCITIITHUKIB 3aJIUIIWJIAcs CKJIagHa Ta pi3HOACTIEKTHA mpobieMa (opMyBaHHS IIHHICHOTO
CTaBJICHHS JI0 1HIIOT JIFOJJMHU Y TTITKIB MIKUI-1IHTEPHATIB.

Buknao ocnoeénozo mamepiany. Teopetnunuii aHani3 GitocoPchKoi, MCUXOIOTIIHOI,
MeJaroriyHoi JiTepaTypu 3 MpoOJIeMH JOCITIKEHHS JaB 3MOTy YTOUHHMTHU CYTHICTH MOHSTH
«YIHHICHe cmasieHHs 00 THWOT 1I0OUHUY, SIK IHTETPOBAHE HOBOYTBOPEHHS, K€ BU3HAUAETHCS
TYMaHICTUYHOIO €THKOIO 1 MOPAJUTIO Ta 0a3yEThCS HA TAKMX MOPAJIBHHUX LIHHOCTSX, SIK IIOBara
TiIHOCTI, PiBHONpAaB’s, JTOOPO3HWINBICTh, BHUBAXXEHICTh, CaMOJIOCTATHICTb, TOTOBHICTH [0
KOHCTPYKTUBHOTO JiaJioTy Ta «@hopmyeanHs yiHHOCmMI IHWOi 100uUHU» SIK CHEIlialbHO
OpraHi3oBaHHI BUXOBHUI MpOIleC, AKUIl BU3HAYAE CTABJICHHS JI0 1HILOT JIFOJAUHU K HAHBUIIO1
IIHHOCTI, Cy0’€KTa )KHUTTS, CIIPSIMOBAHUI Ha MO€AHAHHS 3HAHb PO TaKi MOPAJIbHI I[IHHOCTI, 5K
1oBara TiIHOCTi, pIBHONPAB’sl, JOOPO3UWINBICTh, BUBAKEHICTh, CAMOJIOCTATHICTh, TOTOBHICTh
70 KOHCTPYKTHUBHOTO JaJiory, YSIBIE€Hb MPO CHOCOOM iX BUSIBY Ta YMIHHSI KEPYBATUCS HUMH Y
BJIacHil misipHOCTI [8; 9; 11; 12; 13; 14; 15; 16].

AHaJi3 HAYKOBHX JDKEpeN 13 MpoOJieMHU IOCHIKEHHS J03BOJMB HaM BU3HAYUTH
0co0MMBOCTI (POPMYBaHHS I[IHHICHOTO CTaBJIEHHS /A0 IHIIOI JIOAWHM Yy HAIITKIB IIKUI-
IHTEepHATIB.

[Tim1iTKOBHIA BiK € CEHCUTUBHUM 111010 (POPMYBaHHS IIHHICHOTO CTaBIEHHS 70 1HIIOT
JIIOJIUHY, OCKIJIBKM THUIOBMMM OCOOJMBOCTSAMHU CY4YacHOTO MIJUIITKA € Taki: BUOIPKOBICTh B
OLIIHI SIKOCTEH 1HIIOI JMIOAWHM ((peTuim3anis Takux SKOCTEeH, sK1 HaiOlabIle IMIIOHYIOTbH
HiJUTITKY); TOTpe0a B IHTUMHO-OCOOMCTICHOMY CIUIKYBaHHI 31 3HAUYIIUMU POBECHHKaMH [1, c.
82-83]; iHTeHCUBHUI PO3BUTOK IHTEJIEKTYaJIbHOI, EMOIIIMHOT 1 BOJIBOBOI CepH; 3aKIIaaAF0ThCS
OCHOBU CBIJJOMOI TIOBEIIHKH, OKpECIIOEThCS 3arajbHa CIPSMOBAHICTH Yy (OpMyBaHHI
MOpaJIbHUX YSBJICHB 1 COIIaJIbHUX HACTAHOBJICHB [6; 7].

OpnHak, y OATITKIB CHOCTEPIraloTbCs BUKPHUBIECHHS Y MOpajibHiM cdepi, xuOHI
YSBIIEHHSI TIPO MOpaJIbHI IIHHOCTI Ta BUSB LIIHHICHOTO CTaBJICHHS /O 1HIIOI JIOAWHH, SIKI €

MPUYMHOK aMOPAJbHOI MOBEAIHKM UM HETIAHMX BYMHKIB. «Y 3B’SI3Ky 3 HEJIOCTaTHBO
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PO3BHHEHOIO BOJIBOBOIO C(eporo, Taki MiIIITKA HE BMIIOTH CTPUMYyBaTH cebe, KepyBaTh
€MOLIISIMH, HACTPOEM, KOHTPOJIIOBATH MOBEIIHKY, JIETKO IM1IJAI0THCS HEraTUBHOMY BILTMBOBI»
[10, c. 225].

JocnimkyBaHUH HAMU KOHTHHTEHT MiAJIITKIB € BUXOBAHISIMH 3araJIbHOOCBITHIX IITKiJI-
IHTEepHATIB.

Bupuatoun npobiemMu BUXOBHOI poOOTH B 3aKjia/iax IHTEPHATHOTO THUILY, JAOCHITHUIS
JI. KanimeBcbka OOTpyHTOBY€E TOJIOBHI 3aBJIaHHSI 3arajJbHOOCBITHIX HIKUI-IHTEpHATIB, a caMe:
3a0e3neueHHs] YTPUMaHHA Ta BUXOBAaHHS JITEH-CHPIT 1 JiTeH, mo30aBiIeHNX OaTbKiBCHKOTO
MIKJTyBaHHs; 3a0e3Me4YeHHs] BCEOIYHOTO PO3BUTKY, (PI3MUHOTO, COIIaIbHOTO Ta IMCHUXIYHOTO
3JI0pOB’Sl BUXOBAHIIIB; CTBOPEHHS YMOB, CIIPUSTIIMBUX IS MPO>KUBAHHA JiTEH, iX HaBYaHHA 1
BUXOBaHHS; 3aCBOEHHs OCBITHIX IpOTpaM, HaBYaHHS 1 BUXOBAHHS B iHTEpecax 0COOMCTOCTI,
CyCHIIBCTBA 1 JepKaBW; 3a0C3MEUYCHHS COIIAbHOTO 3aXUCTY, MEIUKO-TICUXOJIO0Tr0-
negaroriyHoi peabimitamii Ta coliaapbHOI amanTailii BUXOBAHIIB, 3a0€3MCUEeHHS OXOPOHHU 1
3MIIIHEHHS 3I0pOB’S AITe; MiArOTOBKA BUXOBAHIIIB 10 MailOyTHHOTO CAMOCTIHHOIO XKHUTTA [ 2,
c. 80-81]; «...cTBOpeHHs yMOB, ki O 3a0e3MeUnIIi BUXOBAHISIM MOBHOLIIHHY Y4acTh y BCIX
cepax comianbHUX BITHOCHH;, ()OPMYBaHHS B YYHIB COIIaJbHUX HAaBUYOK; JONOMOTA
BHXOBAHIIM B 0COOMCTICHOMY Ta mpodeciiiHoMy camoBu3HaueHH» [3, ¢. 116].

Oco0mMBOCTAMU MIATOTOBKM YYHIB IIKUI-IHTEpHATIB JI0 CAMOCTIHHOTO JKUTTA €:
crenrdika KOHTHHTEHTY; COIllaJbHE CHUPITCTBO, OCOOIMBOCTI OpraHi3allii KUTTEISUTBHOCTI
BHXOBAHIIIB MIKIJI-IHTEPHATIB: 3a0PTaHI30BaHICTh JKUTTEIISTILHOCTI MIKOJIAPIB, HACIIIKAMH
SKOi € Opi€eHTalis TOBEIIHKM BUXOBAHIIB Ha TOTAJIbHUH KOHTPOJIb 3 OOKY I€Iaroris;
BIJICYTHICTh 1HJIWBIyalbHOTO WIAXOAY OO IWUTUHH, TiMepomika IIKOJSAPiB; HEAOCTaTHI
MOXJIMBOCTI MO0 (OpPMYBaHHS COLIAJBHOI  BIAMOBIIATBHOCTI  Y4YHIB; OOMEKEHHS
COIIAILHOTO TPOCTOPY, HACTIAKaMH SIKOTO €: BUMYIIEHA aJamnTallis J0 BEJIHUKOI KUIBKOCTI
OJHOJITKIB, TPYIHOILI CHUIKYBaHHS TOLIO; OpraHizaliiiHo-menaroriydi  mpobiemu
¢byHKIIOHYBaHHS ~MIKUT-iHTepHATIB  [5, . 293-299]; Henomiku OCBITHBOIO MpOLECY
3arajlbHOOCBITHBOI HIKOJHM-IHTEPHATY, IO 3aBAXKAIOTh €()EKTUBHOMY JIOCSTHEHHIO 3aBIaHb
BUXOBAaHHS COLAJbHOI 3pUIOCTI MIKOJAPIB; (opMaibHI BUMOTM JJIi BCIX YYHIB 1032

nudepeHInianiero IXHixX 31i0HoCcTel Ta iHTepeciB [4, ¢. 213-220].
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HocnimkenHs ocobauBocTeld popMyBaHHS IIHHICHOTO CTaBJIEHHS JI0 1HIIOT JIFOAUHHU Y
IIJUTITKIB 3araJIbHOOCBITHIX HIKUI-IHTEPHATIB BUMAarae BpaxyBaHHS JBOX T'PYN YMHHHUKIB, 5Ki
0e3mocepeIHbO BILTUBAIOTH HA IIeH IpoIiec.

o nepwioi epynu uuHHUKi@ BITHOCITHCSI HACTYITHI: CEHCUTUBHICTH ITiTITKOBOTO BIKY
o0 (opMyBaHHS I[IHHICHOTO CTaBJICHHS 10 1HIIOI JIFOAWHHU (TUIOBUMH OCOOJHMBOCTSIMH
Cy4acHOTO MIJTITKA €: BUOIPKOBICTH B OIlIHII SKOCTEH 1HIIIO1 JIFOMHH; IHTEHCUBHHUIA PO3BUTOK
IHTEJIEKTYaJIbHOI, eMOIIiifHOI 1 BOMBbOBOI cdepu; morpeda B IHTUMHO-OCOOUCTICHOMY
CMUJIKYBaHHI 31 3HAYYIIMMHU POBECHUKAMMU; 3arajibHa CIPSMOBAHICTh Y (JOPMYBaHHI MOPaIbHUX
ySIBJICHb 1 COLIIAJIbHUX HACTAHOBJICHb;, (POPMYBAHHS 3HAHb, YSBJIEHb LIOJI0 1HIIMX JIIOACH Ta
CTHJIb CIUIKYBAaHHS 3 HHMH); MOTEHIA M03aypOYHOl MISUTBHOCTI 3arallbHOOCBITHIX IIKiJ-
iHTepHAaTiB Y (hOpMyBaHHI [IHHICHOTO CTABJICHHS JI0 1HIIOI JIOAMHU (MOXIIUBICTH POBOIUTH
[iJIeCIpSMOBaHy poOoTy 3 (hOpMyBaHHS IIHHICHOTO CTABJICHHS JIO 1HIIOT JIOJUHU; 3T1HCHEHHS
CBOEYACHOI JIIarHOCTHKU PiBHIB C)OPMOBAHOCTI I[IHHICHOTO CTaBJICHHS JIO 1HIIOI JIFOJIUHH,
TpUBAJIE CIUIKYBAaHHS MDK BHUXOBAHISIMH 1 TEAAaroraMu, 3aBISKH SKOMY CTBOPIOIOTHCS
MOJKJIMBOCTI JUIS TyMaHi3amii OCBITHBOTO IPOLECY, IO BHMAarae CIpHUSHHS (HOpMyBaHHIO
TYMaHICTUYHOI CIPSIMOBAHOCTI OCOOHMCTOCTI, 33JOBOJICHHI IMOTpPeO MM UNTKIB y BIILHOMY
BUOOp1 BHUJIIB MiSTBHOCTI; 3QIy4€HHS YYHIB JO0 TYMaHICTUYHO CIPSMOBAHOI AisNIBHOCTI, SIKa
cripusie 30arayeHHIo JJOCBIY MOPaJIbHOI HOBEIHKH).

Jpyea epyna uunHukig, 10 3HAYHO YCKJIQJHIOE TMporec (OpMyBaHHS IIHHICHOTO
CTaBJICHHS O I1HINOI JIFOJAMHM Y TIJUTITKIB 3aralbHOOCBITHIX IMIKUT-IHTEPHATIB: COIlaIbHE
CHPITCTBO; OCOOJIMBOCTI OpraHi3aliiHO-NeNaroriyHoro (yHKIIOHYBAaHHS 3araJbHOOCBITHIX
HIKiJ-IHTepHATIB (3a0praHi30BaHICTh KUTTEAISIIFHOCTI BUXOBAHIIIB, BUMYIIICHA a/IanTallis 10
BEJIMKOI KUIBKOCTI OJIHOJIITKIB; 3HMKEHHS IHTUMHOCTI Ta JOBIPJIMBOCTI Yy CHUIKYBaHHI,
HaJMipHa oOmika M IOKPOKOBUHM KOHTPOJb; NPEBAJIIOBAHHS AaBTOPUTAPHOI IENAroriku);
cnenr(ika KOHTHHICHTY BUXOBaHIIB (HAsBHICTh JAEMPHUBALINHOTO CUHAPOMY; TPYJHOLI Y
CIUIKYBaHHI 3 OTOUYIOUMMHU; 3HWKEHHS eMIaTil; epeBakaHHs PEHTHUX HACTPOIB Y CTOCYHKAX
3 IOPOCIMMHU; CYMIEPHHUIITBO y CTOCYHKAaX 3 POBECHUKAMH; BUSB 3HEBArw, rpyooCTi, arpecii y
CTaBJIEHHI JI0 MOJIOJIIUX 1 CTA0NINX; HEBMIHHS 1 HeOa)XKaHHsI MPAIIOBATH B KOJIEKTHUB1, pOOUTH
II0Ch 3apa/Iv 1HIITUX).

Bucnoexu. Otxe, B aHiil cTaTTi BU3HAYEHO OCOOIMBOCTI (pOpMyBaHHS I[IHHICHOTO

CTaBJICHHS 10 IHINOI JIOJUHU Y TMIUIITKIB 3arajJbHOOCBITHIX IIKIJI-IHTEPHATIB, a came:
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cnenrdika KOHTUHTEHTY BUXOBAHI[IB; CCHCUTHBHICTD IMiJIITITKOBOTO BIKY IIOJ0 (pOpPMYBaHHS
IIHHICHOTO CTaBJICHHS /IO 1HIIO1 JIFOAMHH ; BAKOPUCTAHHSI TOTEHITIATy 1103ayPOYHOT JisSJIbHOCTI;
0cO0IMBOCTI OpraHi3amiifHO-1eAarorivHoro (GyHKIIOHYBaHHS IIKIJI-iIHTEPHATIB.

3a3HaynMMo, IO aHali3 npobiaemMu (GOpMyBaHHS I[IHHICHOTO CTaBJIEHHS JO 1HIION
JIIOIMHU Y TTITKIB MIKLI-IHTEPHATIB MOTPEOYE MOAAIBIIOTO M PI3HOIJIAHOBOTO JOCIIIKEHHS,
30KpeMa, 3AIMCHEHHs CIeliaJibHOI ITiJATOTOBKM TIEAAaroriB INKUI-IHTEpHATIB 13 TUTaHb
(hopMyBaHHS I[IHHICHOTO CTaBJICHHS JI0 1HIIOT JIFOHH.
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®dinonenko Jlecss. OcodmBocTi (popMyBaHHS HiHHICHOTO CTaBJIEHHS /10 iHIIOL
JIIOIMHM Y MIVIITKIB IIKiJI-iHTepHATIB.

VY cTaTTi TEOPETUYHO OOTPYHTOBAHO OCOOIMBOCTI (POPMYBAHHS LIIHHICHOTO CTaBJICHHS
710 1HIIOT JIFOJUHM Y MiJUTITKIB IIKUI-IHTEPHATIB, a caMe: crenndika KOHTUHICHTY BUXOBAHIIIB
(HastBHICTB JCTIPUBAIITHOTO CHHAPOMY; TPYIHOIIl Y CHIJIKYBaHHI 3 OTOYYIOYMMH; 3HUKCHHSI
eMIIaTii; MepeBaKaHHsS PEHTHUX HACTPOIB y CTOCYHKax 3 JIOPOCIMMHM; CYNEPHHUILTBO Y
CTOCYHKaX 3 POBECHHMKAMH; BHSIB 3HEBaru, rpy0ocCTi, arpecii y CcTaBj€HHI 0 MOJIOAMIUX 1
Cla0Immx; HEBMiHHS 1 HeOa)kaHHs MPAIIOBATH B KOJIEKTHBI, pOOUTH IOCH 3apaau 1HIINX);
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CEHCUTHBHICTh MIUTITKOBOTO BIKY IIOAO (OpMyBaHHS I[IHHICHOTO CTaBJICHHsI JIO IHIIOT
JIOAMHU; BUKOPHUCTaHHS MOTEHIIATy MM03aypOYHOI JisSUIBHOCTI; OCOOIMBOCTI OpraHi3amiitHo-
MearoriyHoro GyHKIIOHYBaHHS IIKUI-IHTEPHATIB.

Knwouosi cnosa: 1iHHICHE CTaBJIIEHHS A0 IHIIOI JIOAWHHU, (OPMYBaHHS I[IHHICHOTO
CTaBJICHHS /O IHIIOI JIFOJAWHH, IMJJIITKH, 3arajlbHOOCBITHS IIKOJa-IHTEPHAT, I03aypovyHa
TUISIIBHICTE.

®uionenko Jlecsas. OcoOeHHocTH (GOpPMHPOBAHMS LEHHOCTHOIO OTHOLICHUSI K
APYroMy 4eJIOBeKY Y MOJAPOCTKOB IIKOJI-UHTEPHATOB.

B crarbe Teopermueckn 0OOCHOBaHBI OCOOEHHOCTH (POPMHUPOBAHUS LIEHHOCTHOTO
OTHOIICHUS K JPYrOMY YEJOBEKY Y IOJIPOCTKOB MIKOJ-MHTEPHATOB, a MMEHHO: creuuduxa
KOHTHHI€Ta BOCIIUTAaHHUKOB (HaJlU4ue ACTPHUBALIMOHHOTO CHHIPOMA; TPYAHOCTH B OOLICHUH C
OKpPYKaIOIIMMHU; CHI)KEHHUE dMIIATUH; IpeobiaflaHie PEHTHBIX HACTPOCHMM B OTHOILEHHUSAX CO
B3pPOCJIBIMH; COIIEPHUYECTBO B OTHOLICHMSIX CO CBEPCTHUKAMH; IPOSIBICHHUE NMPEHEOPEKEHNUS,
rpy0OCTH, arpecCuu B OTHOILLIEHUM K MIAAIIMM U clabbiM; HEYMEHHUE U HeXellaHue padoTaTh B
KOJUIEKTHBE, JelaTh 4YTO-TO pajMu JpPYruX); CEH3UTUBHOCTb IOJPOCTKOBOIO BO3pacTa IO
OTHONICHUIO K (POPMUPOBAHUIO IICHHOCTHOTO OTHOILIEGHUS K JPYTOMY YeJOBEKY; UCIOIb30BaHUE
MOTEHIMajla BHEAYPOUYHOW JESATEIBbHOCTH, OCOOCHHOCTH OpPraHM3allMOHHO-TIEarOTHYecKOTo
(YHKIIMOHUPOBAHMUSI IIKOJI-UHTEPHATOB.

KioueBble c¢JjI0Ba: [IEHHOCTHOE OTHOIICHHE K JAPYroMy 4YeloBeKY, (OpPMHpPOBAHHE
[IEHHOCTHOTO OTHOIIEHHUSI K JPYroMYy 4YeIOBEKY, MOAPOCTKH, 00IIeoOpazoBaTeibHas IIKOJIA-
MHTEPHAT, BHEYPOUYHasl 1€ATEIbHOCTb.
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Abstract

The article is devoted to the study of the content of the competence approach. The key concepts of
competency approach: competence, competence, competence, as well as competence in the musical-performing
field, competence of the music teacher, professional music competence, musical-performing competence of the
future teacher of music are analyzed and presented. The relevance and expediency of the use of a competent
approach in the formation of performing skills of future music teachers of China is substantiated. It is revealed
that the application of a competent approach in the formation of the performing arts of future music teachers of
China allows: to establish and develop interrelationships between personality, education and profession; to select
the content of vocational education, respectively, to the needs of the developing person, and to the actual
professional requirements due to the peculiarities of modern music and pedagogical practice; direct the
formation of executive competence for the perfect possession of the instrument in order to ensure the maximum
artistic influence on the development of the child's personality and the implementation of many other
pedagogical tasks.

Key words: future teacher-musician, China, competency approach, competence, performing skills.

Axmyanonicmos  docnioncennsn. Ilponecu  robamizamii  Ta  iHTerpamii €
HalXapaKTEpHIIIOK OCOOJIUBICTIO PO3BUTKY cydacHoro cBity. Lli mpouecu nputamaHHi ycim
0e3 BUHATKY cdepaM JIOJCBKOrO XHUTTS. B OCBITI BOHM BUSBISIOTBCA y po3poOll Ta
BIPOBA/KEHHI HOBHUX METOJOJOTIYHUX TIAXO/IB: TaKWX, IO BIAMOBIIAIOTH MIHJIUBUM
BUMOTaM CBhOTOJICHHS Ta OpPIEHTOBAaHI HE JIMIIE Ha CTaHOBJEHHS OCOOMCTOCTI, a i Ha
(opMyBaHHS KOHKPETHHX YHI()IKOBaHUX 3JaTHOCTEH N0 3[iHCHEHHS MEBHOI MpodeciiiHol
TUSITTBHOCTI, 110 3a0€3MeuyroTh 3aTpe0yBaHICTh (axiBlisl HA PUHKY Mpaili y Oyab-sSKiil KpaiHi.
[TinxomoMm, 1o 103BoJIsI€ €PEKTUBHO BUPINIYBATH BUIICBUKIIAJCHI 3aBJaHHS HA BCIX PIBHAX
OCBITH Ta y BCIX iI raimy3sx (30KpeMa, MUCTEIbKiii), chOpMyBaTH BUKOHABCbKY MalCTEPHICTD
MaiOyTHIX meaaroriB-My3ukaHTiB Kurtaio B memaroriuHux yHiBepcUTETax YKpaiHM TaKUM
YMHOM, 110 BOHM 3MOXYTh YCHIIIIHO 3aCTOCOBYBATH ii Y po3B’si3aHHI (DaxOBHX 3aB/aHb SIK Y
ceOe Ha OaTHKIBLIMHI, TaK 1 Yy BCbOMY CBITI — € KoMIeTeHTHicHUHA. L{e 1 Oyne meToro naHoi
CTarTTI.

Buknao ocnosnoco mamepiany. KoMmMmeTeHTHICHUN MiAXiJ € METOMOJOTIYHOIO
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OCHOBOIO Cy4aCHOI1 OCBITH Ta OJTHUM 13 HaIpsMIB MEAArOTi9HUX JOCIIKEHb BHUIIOI IIKOJIH.
3aBAsKM KOMIIETEHTHICHOMY minxony, ctBepmxkye JI. TepseBa, moguHa ¢opMyeTbes SK
0coOucTicTh, (axiBels 1 rpomMansHu [ 14].

[Tpobnemu peamnizamii KOMIOETEHTHICHOTO MiAXOQy Ha pPIi3HUX MAOISIX OCBITHHOTO
npouecy BuBdanm JI. Anrontok, lO. barno, €.3eep, O. Kymuk, JI. Oscienko, [x.PaBeH,
I'. CeneBko, lO. Taryp, JI. TepseBa, A.Xyropcekumii, O. lllaxmaroBa Tta iH. IluTanHs
(YHKIIIOHYBaHHS KOMIIETEHTHICHOTO TIiAXOAy B Tally3l MHCTEIbKOi OCBITH, 30KpeMa, Yy
MIATOTOBII  MalOyTHIX yuuTemiB Mmy3ukn gocuipkyBanun C. bBynarakosa, C. I'po3an,
A. Kasyposa, 10. Kanmunina, C. Csitaiino, O. ll]omokosa, B. SIkoBiesB Ta iH.

Kommnerentricuuii miaxia (KII) B ocBiTi po3risgaeThCcsi HAYKOBISIMH SIK CYKYIHICTB
3aralbHUX MPHUHIMIIB BU3HAYCHHS I[UJIEH OCBITH, BUOOPY 3MICTY OCBITH, Oprasizaiii
OCBITHBOT'O TpoLIeCy, OI[iHKU pe3ynbTaTiB ocBiTH. KII nepenbadae mpiopuTeTHY Opi€HTAIIO
HAa LI OCBITU: SKICTh OCBITH, 3JaTHICTh 0 HaBUAHHS, CAMOBU3HAYCHHSI, CAMOAKTYaTi3aIlio,
caMmopeaizailiro, comiaii3alio i po3BUTOK iHIUBIAyabHOCTI yuHs. Metoto peamizamii KII B
nipodeciiiniii OCBITI € popMyBaHHS KOMIIETEHTHOTO (haxiBIls, IO BOJIOJIi€ BCIMa HEOOX1THUMU
KOMIIETEHTHOCTSIMH Y TPOQECiiHii AisUTEHOCTI.

[lepexigq 10 KOMIIETEHTHICHOTO MiAXOAY O3HA4ya€ MEpeopieHTalil0 3 Mpolecy Ha
pe3yabTaT OCBITHM B AiSUIBHICHOMY BUMIPIOBaHHI, Y 3MIIlEHHI aKLEHTY 3 HAKOIUYyBaHHS
HOPMAaTUBHO BHU3HAYEHHUX 3HAHb, YMiHb 1 HaBUYOK Ha (OpMYyBaHHS W PO3BUTOK B YYHIB
3/1aTHOCTI MPAKTUYHO JISITH, 3aCTOCOBYBAaTH JOCBIJ YCHIIIHUX 1 Y KOHKPETHUX CUTYyallisX,
Ha OpraHi3alil0 OCBITHBROTO TMPOILIECY Ha OCHOBI TBEPE30r0 ypaxyBaHHS 3aTpe0yBaHOCTI
HaBYaJIbHMUX JIOCSATHEHb BHUITYCKHHMKA IIKOJIM B CYCHUIbCTBI, 3a0e3ledyeHHs Horo
CIPOMO’KHOCTI BIJIMOBIAATH pPEATbHUM 3alUTaM LIBUAKO 3MIHIOBAHOTO PHUHKY W MaTH
chopMoOBaHUIl OTEHLIAN AJIs MBUKOT 6€300JicHOT afanTaii sik y MaitOyTHIM npodecii, Tak
i B corianbHiit cTpykrypi [4].

C. bynrakoBa Big3Hauae, 1m0 3actocyBanHsa KII y miarorosmi MaifOyTHIX MpariBHUKIB
CHCTEMH MY3MYHOTO BHUXOBAHHS 1 OCBITH JUKTYE CBOi OCOOJIMBI BUMOTH SIK 7O CTPYKTYpH,
PiBHA I 3MICTYy HaBYaJILHOT'O MPOILECY, TaK 1 10 OCOOMCTOCTI BUUTENs My3UKHU [2]. 3okpema,
gk crBep/kye C.I'po3aH, KOMIIETEHTHICHMM MiJIXiJA B MHCTELBKIM OCBITI mependadae
dbopMyBaHHS y CTYJEHTIB BHINMX HABYAIBHHX 3aKJIaJlIB MY3MYHUX KOMIETEHIIIH, TOOTO

HeO6Xi,Z[HOFO KOMIUJICKCY 3HaHb, HABUYOK, BiI[HOCI/IH Ta ,Z[OCBi,Z[y, 10 AO0IIOMOXKE peaﬂi3YBaTI/I
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npodeciiHy TIATOTOBKY MalOyTHIX YYHTENiB, cOpMyBaTH y HHUX TOTOBHICTh [0
camopeaiizallii y My3u4HO-OCBITHIM misuibHOCTI [3]. C. CiTaiiio 3a3Hadae, Mo CyvacHa
KOMIIETEHTHICHA KOHIICTIIiS CIpsSMOBaHA Ha YAOCKOHAJECHHS MiATOTOBKM MaiOyTHIX
Me/1aroriB-My3UKaHTIB IIIIXOM (OPMYBaHHS y HUX (paxoBOi KOMIETEHTHOCTI SIK CKJIaI0BOi
npodecioHani3My, SKa OXOIUIIOE OCOOMCTICHI XapaKTepUCTHKH, TEOPETHYHI 3HAHHS,
MPaKTUYHI 31aTHOCTI y cdepi mpodeciitnoi aismmpHocTi [11].

MeTo10I0TIYHO0 TiACTaBOI0 peajtizallii KOMIIETEHTHICHOTO MiAX0My B MpodeciiHii
OCBITI BUCTYIAIOTh NMPUHIIUIIN: BapiaTUBHOCTI OCBITH; CIIPSMOBAHOCTI OCBITH Ha PO3BHUTOK 1
CaMOpPO3BUTOK OCOOHMCTOCTI; TOETHAHHA ABTOHOMHOCTI 3 KOJIEKTUBHHMH Ta TPYNOBHUMHU
dbopmMamMu OCBITH; HECTIHKOI JWHAMIUYHOI PIBHOBAarMm OCBITHBOTO IMIPOIECY SIK JDKepena
PO3BUTKY B33a€MO3B'A3KIB OCOOMCTOCTi, OCBITH Ta mpodecii; CHIBPO3BUTKY OCOOUCTOCTI,
OCBITH Ta JisuIbHOCTI [6].

OTxe, «KOMIIETEHTHICHUH MiAXiI» pO3TISAAlOTh SK METOJOJIOTIYHY OCHOBY
OHOBJICHHS 3MiCTy, IiJied, sSKocTi BUIIOI ocBiTH [14] Ta pO3yMilOTH SIK CHPSIMOBAHICTH
OCBITHBOTO TIpOIleCY Ha (OpMyBaHHS U PO3BUTOK KIHOYOBUX (0a30BHX, OCHOBHHX,
HaAMPEIMETHHX ) 1 IPEeAMETHIX KOMIIETEHTHOCTElH ocobucrocTi [4; 12; 13; 15; 17].

Cnig BiA3HAYWUTH, 110 HA CHOTOJHINIHIA JE€Hb HE ICHYE YCTaJleHUX BHM3HAYCHb
KITIOYOBUX TIOHATH KOMIIETEHTHICHOTO MiJAXOMy: BOHU BCE IIE 3aJIHMINAIOTHCS IMPEIMETOM
00roBOpeHb Ta JUCKYCiH. Tak, y CydaCHUX MCHUXOJIOTO-TIEArOTYHUX JOCTIKEHHIX TTOHITTS
«KoMnemeHyis» TIyMadaTh SIK CyKYIHICTb NpoQeciiiHuX 3HaHb, YMiHb, CIOCO0IB BUKOHAHHS
npodeciiinoi  gistibHOCTI (€. 3eep, O. lllaxmaroBa [5]); «komnemenmuicmovy — SK
cneun(iyHy 34aTHICTb, IO HEoOXiJHa g e(pEeKTUBHOIO BUKOHAHHS KOHKpETHOi il y
KOHKPETHIN NpeaMeTHIN raiys3i Ta BKIIOYAa€ BY3bKOCIELialbHI 3HAaHHS, OCOOJIMBOTIO poOIy
MpeIMETHI HaBUYKH, CIIOCOOM MUCIIEHHS, a TaKOXX PO3YMIHHS BIAMOBIJAIBHOCTI 3a CBOi Aii
(x.PaBen [10]). TloHATTS «kOMnemeHyis y MY3UuHO-BUKOHABCHKIN cghepi» PO3YMIIOTH SIK
3/IaTHICTh JI0 YCHIIIHOTO BHpIIIEHHS MNpoQeciiiHUX 3aBJaHb Yy BHKOHABCHKIN, HAYKOBIH,
TBOpYii, MearoriyHiil ramys3sx MiSUIbHOCTI HA OCHOBI HaOYTHX 3HaHb, YMiHb 1 HABUYOK [7].
«IIpoghecitiny komnemenmuicme nedazo2a» TPAKTYIOTh K €HICTh TEOPETUYHO] 1 TPAKTHUYHOT
MiTOTOBICHOCTI O 3MAIMCHEHHS TMENaroriyHoi MisUIbHOCTI, II0 XapakTepusye HOro
npodecionanizm [1].

Jocniaauku npodeciiiHoi KOMIETEHTHOCTI yYUTeNs MY3UKH BiJ3HA4alOTh, 10 BOHA
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Ma€ CBOI crnenu(diky, BH3HAYAETHCS METOK 1 3MICTOM MY3WYHO-OCBITHBOI iSTTBHOCTI B
mkoni. Komnemenmuicmo yuyumensi my3uku PO3YMIEThCS SK: OCOOHMCTICHA SIKICTh, SKa
BUSIBIISIETBCS CyTO Yy mpodeciiiniit misibHoCcTi (C. Bynrakosa [2]); ocobucTicHe yTBOpeHHS,
CKJIaJIHEe, JHHAMIYHE 33 CBOEIO CTPYKTYPOIO, IKE MOXKHA MOIU(IKYBATH BiIMOBIIHO 0 3MIiCTY
i piBus ocsitu (C. Caitaitno [11]); sxicTh peanizaiii Ha MPaKTUIl Pe3ylbTaTy (GOpPMYBaHHS B
CyO’eKTIB HaBYaHHS (PaXOBUX MY3MUHHMX KOMIIETEHIIH, BU3HAUEHHS SKHUX € BAXIMBOIO
METOJIOJIOTIYHOK TIO3UINEI0 IS aHAM3y Ihoro (eHOMEeHY 1 KepyBaHHS TPOLIECOM HOro
dopmysanns (C. I'posan [3]).

C. bynrakoBa CTBep/Kye, IO Yy HOBIM OCBITHIN mapagurmi HaBYAIbHI TUCIUILTIHA
HEMOB OU «BUIUIMBAIOTHY i3 KommeTeHMii. [1o cyri, kommereHuii € mpodeciorpamoro, B sAKii
BiJIoOpakeHa MOBHA KBamidikalliiiHa XapaKTeprCcTUKa BUUTEINS MY3UKH 3 MO3UIII BUMOT, 1110
Mpel'sBIsAIOTbCA HE TUIBKH 10 HOro 3HaHb, yMiHb, BOJIOJIHHS, a ¥ 10 MOro OCOOMCTOCTI,
3mi0HOCTEel, ICMX0(]i310I0TTYHUX MOKIUBOCTEH [2].

[IpodeciiiHy KOMMIETEHTHICTh YYMTENS MY3UKH Topsia 3 OaraTbMa iHIIUMHU
KOMIIETEHI[ISIMI CKJIaJaloTh ()axoBI My3WYHI KOMIIETEHIi. BOHU 3yMOBIIOIOTH YCIHIIIHY
caMmopeatizamiro MaiiOyTHROTO BUUTENS y MY3WYHO-OCBITHIM MisTIBHOCTI Ta 3AiHCHEHHS
My3uuHo-niefaroriyuHoro BIuMBY. C.I'po3an posymie ¢axoei mysuuni komnemenyii sK
CYKYIHICTh 0a30BUX MY3MYHUX 3HaHb, C(OPMOBAHUX YMiHb 1 HAaBUYOK €JIEMEHTAPHOIO
MY3HKYBaHHS (BUKOHABCTBA), OL[IHHOI AISUIBHOCTI Ta JOCBIAY TBOPUYOi MY3MYHOI JisSUIBHOCTI
[3].

Ha nymky B. fIkoBneBa, siky moauisieMo 1 MH, siipoM Npo¢eciiiHOi KOMIETEHTHOCTI
BUMTENST MY3WKH 3arajlbHOOCBITHBOI HIKOJM € HOro MYy3WMYHO-BUKOHABCHKA KOMITETEHTHICTb.
HayxoBenp BU3HAua€ My3uuHO-8UKOHABCHKY KOMNEMEHMHICMb MAUOYMHbO20 8UUMeNs MY3UKU
SK IHTEIpaTHBHE YTBOPEHHS OCOOMCTOCTI, IO Ma€ CHCTEMHY OpraHi3alilo, CKIaJHy
0araTopiBHEBY CTPYKTYpPY 1 BUCTYMA€ SIK CYKYIHICTb, B3a€EMOJIiSi OCOOHCTICHOTO, KOTHITUBHO-
TISTBHICHOTO 1 peJIEKCUBHOTO KOMITIOHEHTIB, CTYIIHb C()OPMOBAHOCTI SIKUX JIO3BOJISIE BUMTENEBI
MY3UKH €(EeKTHBHO 3A1HCHIOBAaTH MY3WYHO-BUKOHABCHKY JISUIbHICTH. B. SIKOBi€B Harosomrye,
0 MY3HMYHO-BUKOHABChKA KOMITETEHTHICTh Ja€ MOIIMBICTh MailOyTHHOMY BUHTEIIO MY3HUKH
YCBIIOMUTH cebe Cy0'€KTOM MY3MYHO-BUKOHABCHKOT JISITBHOCTI Ta JO3BOJISIE YIOCKOHAIIOBATUCS
y npodeciiiHomy i ocoducricHomy 1uaHi [16].

Bucnoseku. Otxe, NUTaHHAM KOMIIETEHTHICHOTO IMIAXOAY MPHUCBSYEHI Mpari
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Oaratbox BueHUX. KII BBaKaeThCs HayKOBISIMH MPOBIAHUM METOJOJOTIYHUM OPIEHTHPOM Y
MOJIepHi3allii Cy4acHOi OCBITH, CYTh SIKOro Toyisirae y (OpMyBaHHI Ta PO3BHTKY B Y4HIB
KOMIIETEHTHOCTEH, 110 3a0e3nedyloTh ycHimHy mpodeciiiny aisuibHiCTh. KommeTeHTHOCTI
ne/1arora-My3uKaHTa CKIIAJIal0ThCs 3 KOMIIETEHIIIH, SKi, 3 OHOTO OOKY, € Harepe. 3aJaHuMU
OCBITHIMM BUMOTaMH, B SKHX BiJoOpaxkeHa KBamidikaimiifHa XapaKTepUCTUKA YUUTEIS
MY3HKH, a 3 1HIIOT0 — CyKYIHICTIO HA0yTHX, PO3BUHYTHX, COPMOBAHHMX Ta IHTEIPOBAHUX B
mpoleci MYy3UYHOTO HaBYaHHsS 3/10HOCTEH, 3HAaHb, YMIHb, HABHUOK Ta SKOCTEH, IO
JO3BOJISIIOTH 3A1MCHIOBATH YCHIITHY MY3UYHO-TIEIarOT1YHY JisIIbHICTD.

[IpodeciiiHa KOMIIETEHTHICTh YYUTENS MY3UKH BHU3HAYAETHCSA METOI Ta 3MICTOM
MY3HYHO-OCBITHBOI AiSUTBHOCTI y HIKOJi. BOHA € IHTerpaJbHOI0 OCOOMCTICHOIO SIKICTIO, IO
YTBOPIOETHCS Y Pe3yNbTaTi HAOYTTS MY3HMYHOTO, MEJaroriyHoro W >KUTTEBOTO JOCBILY Ta
3abe3neuye mpodeciiiHy caMmopeanizalilo IMenarora-My3uKaHTa Ha BiJINOBIAHOMY piBHI.
My3HU4HO-BUKOHABChbKAa KOMIIETEHTHICTh PO3IISIAETHCS BUYECHUMH fAK SIpO MpodeciitHoi
KOMIIETEHTHOCTI YYHTENsI MY3WKH 3arajlbHOOCBITHBOI IIKOJH; SIK iHTETpPATHBHE YTBOPEHHS
0COOWCTOCTI, II0 Ma€ CHUCTEMHY OpraHi3aiilo Ta CKJIaJHy OaraTOpiBHEBY CTPYKTYpY.
BukoHaBchbka MalCTEpHICTh Tependadae BHCOKMH pPIBEHb BHKOHABCHKOI KOMIETEHTHOCTI.
Binrak, 3acrocyBaHHS ~KOMIIETEHTHICHOTO MiAXoAQy y (QopMyBaHHI BUKOHABCHKOT
MaiicTepHOCTI MailOyTHIX MenaroriB-My3ukanTiB Kuraro 103Bosis€: BCTAHOBUTH Ta PO3BUHYTH
B3a€MO3B'SI3KM OCOOMCTOCTi, OCBITH Ta mpodecii; 3aicCHUTH BiIOip 3MicTy HpodeciiHoi
OCBITH BIANOBIJHO K /10 HOTPeO OCOOMCTOCTI, 110 PO3BMBAETHCA, TaK 1 JO aKTyaJbHHUX
npodeciiHuX BUMOT, 3YMOBJIEHUX OCOOJMBOCTSAMHM CYYacHOI MY3MYHO-TIEAArOoT14HOI
NPAaKTUKH; CHOpsAMYBaTH (OpPMYBaHHS BHUKOHABCHKOi KOMIIETEHTHOCTI Ha JIOCKOHAJe
BOJIOJIIHHSL IHCTPYMEHTOM 3/ 3a0e3MeueHHs] MaKCUMaJbHOTO XYJI0KHBOTO BIUIMBY Ha

CTaHOBJICHHSI 0COOMCTOCTI TUTUHH Ta pealizailii 0araTboX 1HIIUX MEAaroriyHuX 3aBAaHb.
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Jly Tao. KomnereHTHicHMii miaxix sk MeToa0JioOriyHa OcHOBa y ¢opMyBaHHI
BHKOHABCbKOI MaliCTepHOCTI Maii0yTHiX negaroris-my3unkanriB Kuraro.

CrarTio MPUCBAYEHO BHUBUYEHHIO 3MICTOBHOI CYTHOCTI KOMIETEHTHICHOTO TMI1IXOMTY.
[IpoananizoBaHO Ta TPEACTABICHO PO3YMIHHS HAyKOBLSIMU KIIOUOBMX MOHATH KII:
KOMIIETEHI[is,  KOMIIeTEHLi, = KOMIIETEHTHICTb.  3’5ICOBaHO, IO  3aCTOCYBaHHS
KOMIIETEHTHICHOTO MiAXony y (OpMyBaHHI BHKOHABCbKOI MalCTEpPHOCTI MalOyTHIX
nefaroriB-My3ukanTiB  Kutaro [103BoJisie: BCTAHOBUTHM Ta PO3BHHYTH  B3a€MO3B'S3KH
0COOMCTOCTI, OCBITH Ta MHpodecii; 3M1HCHUTH BiAOIp 3MicTy MpodeciiiHoi OCBITH BiANOBIAHO
AK JI0 MOTped 0COOMCTOCTI, IO PO3BUBAETHCS, TaK 1 10 aKTyaJbHUX MPOQECIHHUX BHMOT,
3YMOBJIEHUX OCOOJIMBOCTSIMH Cy4acHOI MY3WYHO-TIEAAroriyHOi MPaKTUKH; CHPsIMYyBaTH
(opMyBaHHS BUKOHABCHKOI KOMIIETEHTHOCTI Ha JIOCKOHAJE BOJIOJIHHS IHCTPYMEHTOM 3aJIs
3a0e3neyeHHs] MaKCHMaIbHOTO XY/I0’KHBOT'O BITUBY Ha CTAHOBJIEHHS OCOOMCTOCTI AUTUHU Ta
peatizariii 6araTbOX 1HIIUX MMEJATOT1YHUX 3aBIaHb.

Knwuosi  cnoea:  KOMICTSHTHICHUM  MMAXIJA,  KOMIICTCHI[iS,  KOMIIETEHIIII,
KOMITIETEHTHICTh, BUKOHABChKa MallCTEPHICTh, MaliOyTHI nenaroru-my3ukanTi Kurato.
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Jly Tao. KoMmneTeHTHOCTHBIH MOAX0JA KaK MeTOH0JOrMYecKasi OCHOBa B
(GopMHpPOBAHUM HCIOJHUTEIBCKOI0 MACTEPCTBA OYyAyHIMX MeIaroroB-My3bIKaHTOB
Kuras.

CTaTBH ITIOCBJIIIICHA I/ISy‘-ICHI/IIO COI[ep)KaTeHBHOﬁ CYH_[HOCTI/I KOMIICTCHTHOCTHOI'O
noaxoaa. [IpoaHamu3upoBaHO W TPENCTABICHO NMOHUMAHHE YYEHBIMHU KITFOUYCBBIX TOHSITHI
KOMIICTCHTHOCTHOTI' O moaxoaa. KOMIICTCHIIMA, KOMIICTCHIINH, KOMIICTCHTHOCTB.
YcTaHOBIEHO, YTO TNPUMEHEHHE KOMIIETEHTHOCTHOTO Moaxojaa B (opMupoBaHUH
WCIIOJIHUTEIBCKOTO MAacTepcTBa OYAYIIMX MEeAaroroB-My3bIKaHTOB Kwurtas T03BOJISET:
YCTAaHOBUTh U Pa3BUTh B3aUMOCBS3U JMYHOCTH, 0O0pa3oBaHUs U MPOGECCHUU; OCYIIECTBUTH
0TOOp conepskanus MpodeccnoHATLHOTO 00Pa30BaHMsI B COOTBETCTBHH KaK C TOTPEOHOCTIMU
Pa3BUBAIOIICHCS JIMYHOCTH, TaK M C AKTyaJIbHBIMH TPO(ECCHOHATBLHBIMU TPEOOBAHHUSIMHU,
00YCIIOBJICHHBIMH OCOOCHHOCTSIMH COBPEMEHHON MY3BIKAIbHO-TIEIaTOTMYECKON TPAKTHKHY;
HarpaBUTh (POPMUPOBAHUE HMCIIOJHUTEIHCKONH KOMIIETEHTHOCTH Ha COBEPIICHHOE BIIAJICHUE
I/IHCTPYMGHTOM JJIA 06CCHC‘-ICHI/I$I MAaKCHUMAJIBHOT'O XYIIO)KGCTBCHHOFO BJIIUAHUA Ha
CTaHOBJICHHE TUYHOCTH peOCHKA U peali3allii MHOTUX JIPYTHX MeAarornyeckux 3aad.

Knwuesvie cnoséa: KOMIECTCHTHOCTHBIM ITOAXOJ, KOMIIETEHIMS, KOMIICTCHIIHH,
KOMITETEHTHOCTh, HCIIOJIHUTEIHCKOE MaCTEPCTBO, OyAyIIHe NeAaroru-My3skanThl Kuras.
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Abstract

The article covers the process of forming creative skills in future teachers of artistic disciplines in higher
pedagogical higher education establishments. At the same time, the cultural orientation of the educational
process is emphasized, where the role of the teacher as a subject of the pedagogical process requires the
improvement of the system of education and national values on the levels of European standards. Creative skills
contribute to the vision of a new, unique, original; cause independent thinking, generating original ideas, content,
image forms, creating a harmoniously holistic art piece. The study of artistic disciplines is a specific form of
teaching the teacher of fine arts, which in a pedagogical activity is intended to directly form the creative skills of
students. At the same time, modern educational realities need to integrate Ukraine into the European educational
community. Defined creative abilities as basic, with which you can create a creative product in general, with the
subsequent formation of creative skills in the context of the specification on various artistic disciplines (painting,
graphics, sculpture, batik, fresco, ceramics and many others). Artistic and aesthetic directions of the phenomenon
of "creative skills™ are considered in terms of their content, style and forms of image with adequate skills of the
student - the future teacher. The creative skills of the teacher combined with the existing optimal pedagogical
conditions and pedagogy of teaching artistic educational disciplines, allow us to understand more deeply the
dialectical nature of the interdependence between meaningful imagery and forms, image styles in the context of
the use of poly-artistic functions of each creative skill during the production of a creative product, an artistic
work.

Keywords: creativity, craftsmanship, artistic disciplines (visual arts, design), pedagogical culture,
aesthetics.

AKTyaJIbHiCTh AocCJailzKeHHsl. Buiia negaroriyyHa mikosia BiANOBIJaIbHA 32 PO3BUTOK
TBOPUOTO IMOTEHILIaNy Haiii W ¢GopMyBaHHS TBOPYMX YMIHb CTYIEHTIB Ta MIATOTOBKH
KOHKYPEHTOCIIPOMOYXHIX YUUTENIB, 1, B TOMY YHCH, 3 XYJAOXKHIX IUCUUIUIIH. YUUTEIh y CBOIH
NeIaroriuHii TiSUIBHICTI peasi3ye Aep>KaBHY HMOJITUKY JUIs CTBOPEHHS TBOPUYOTO MOTEHIaTy
Hallil, PO3BUTKY KYJIbTYPH i TBOPUHX yMiHb, (HOPMYBaHHS TBOPUYOi OCOOMCTOCTI, CEpell AKHX
MBOpYI YMIHHA € OOHUMU 3 NPOBIOHUX U BU3HAYANbHUX. TBOPUl YMIHHS CIIPUSIOTH OAYEHHIO
HOBOTO, HEMOBTOPHOTO, OPUTIHAIHHOTO; OOYMOBIIIOIOTh CAMOCTIHE MUCJICHHS, TeHEePYIOUH
OpHriHaNbHI 17€i, 3MICTOBHICTb, (HOPMHU 300pa)XKEHHS, CTBOPIOIOYM TapMOHIMHO-LUTICHUN
XYAOKHIA TBip. BUBYEHHS XyIOXHIX JUCHUIUIIH € crenudiyHoo (HOpMOI0 HaBYAHHS
MailOyTHBOrO BYMTENST OOPAa30TBOPUOTO MUCTELTBA, SKUH Yy NENAroriuyHii JisuIbHOCTI
MOKJIMKaHUI Oe3nocepenHbo (opMyBaTH TBOpYl yMiHHS y4HiB. BojHouac, cydachi peanii

HaBYaHHS  MOTPeOyIOTh  IHTETpyBaHHA  YKpaiHM /0  €BPONEIHCHKOTO  OCBITHHOTO
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CHIBTOBApUCTBA, 10 O0OYMOBIIOE€ KPUTUYHE OCMUCIICHHS W TBOpUYE 3aCTOCYBaHHS B yMOBax
HaIoi JepaBu, MEPEJIOBOro 3apyOoiKHOro aocBimy. Uepes mo mociiakyBaHa mnpodiieMa €
aKTyaJbHOIO W pO3IJISNAETBCA B  ACMEKTI METOAMKH (OPMYBaHHS TBOPUUX YMiHb
MaiOyTHBOTO BYUTENS SIK MEOpPHoi 0coOucmocmi HOB020 muny, 30a2a4eHoi 61aACHUMU
MBOPUUMU BMIHHAMU HA PIBHI €BPONELUCLKUX [ CEIMOBUX CIAHOAPMIS.

AHaTi3 HAYKOBHX JOCTiTzKeHb i myOJiikanii. Xymao0KHs TBOPUICTh, TBOPYl YMIHHS B
00pa3oTBOPYOMY MHUCTEUTBI JOCIIKYBAINCH y MPAISIX BiJOMHX HAYKOBIIB, XYT0KHHKIB-
nenaroriB (€. Aatonou4, O. I'puropenko, JI. I'puneBuu, B. Jlanunenko, B. Kpemens,
H. Ky3pmina, JI. Macon, C. CucoeBa, O.Cosa, O. Illonokosa, O.IlleBHiok Ta iH.), &€
3a3HAYAETHCS, IO BXKE IMEPHIOKYPCHHUK BHINY, OTPUMYIOUM 3HAHHS, MPOSBISE PO3YMIHHS B
HeoOXiAHOCTI (OpMYyBaHHS camMe BIACHUX TBOPYHMX YMiHb. BupimryBatu TBOpYi 3aBIaHHS
3MOXe€e Telaror, KU caM BOJIOJIE TBOPYMMH BMIHHSIMU OCKIJIBKH «OCOOHCTICTH BHXOBYE
ocooucrticthy (K. YimmaCchKHiA).

MeTta cTaTTi — BHCBITJINTH METOAMKY (POpPMyBaHHS TBOPUYMX YMiHb MaiOyTHIX
YUUTEINIB XYyJOKHIX JAUCIUIUIIH 1 BHUKOPHCTAaHHS HAaOyTUX 3HaHb, YMiHb, HAaBHYOK Y
npodeciiiHiii TenaroriyHii JisUTbHOCTI. A Tak0oX BHU3HAYUTH TaKi TBOPYI BMIHHSA, SIKi €
0a30BUMH ISl CTBOPEHHS OyAb-IKOTO TBOPYOTO MPOIYKTY, BIAMOBITHO CHEIiami3allii pi3sHUX
XYIOXKHIX TUCIUILTIH.

Buki1ag ocHOBHOro marepiaay aociaigxeHHs. Metonauka (opMyBaHHS TBOPYHUX
yMiHb MalOyTHIX YYMTEIIB OOpa30TBOPUOTrO MHUCTELTBA 3A1MCHIOETbCS B OOIPYHTOBAHIM
KOHUENIl — <«JIEKOHCTPYKLIs» 3acTaplluX METOIB, IPOBEJCHHS aHalli3y Ta CHHTE3Y
MOJIXYIOKHIX (YHKIIH KOXHOTO TBOPYOrO BMIiHHS, sIKi 30aradeHi XyJ0’KHbO-OOpa3zHUM
3MicTOM 1 QopMaMu 300pa)KeHHS, BIAA3EPKATIOIOTh iX (YHKLIOHAIbHE MpPU3HAYEHHS
(MaiicTepHiCTh, 00pa3HICTh, IUTICHICTB).

Ha namy nymky, — ysa gpopmyna ananimuunoz2o mucmeymea oeaHaHa 3
XYIOKHBOIO 1HTYIII€I0, 1HHOBAllIMHUMHU TEXHOJOTISIMU «Xail-Tek». MaiiOyTHiil BUYUTENb
HOBOTO THIY — II€ OCOOHMCTICTh 13 BCEOIYHO pPO3BUHYTHUM I1HTENEKTOM, sKa 30arayeHa
BJIACHUMHU TBOPUYMUMH YMIHHSIMHM B KOHTEKCTI po30yIOBH HAIllOHAJIBHOI XYIOKHBOI OCBITH,

HaIJIEHUH Ha BIJPOKEHHS YKPaiHChKOi MEHTAJIBHOCTI [3].
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Haromocumo, 1m0 Xy[okHIM TBIp BIAPI3HAETBCS BiJl TEXHIYHOTO — pPEATbHUM
300pa’keHHAM IIHCHOCTI B XyI0XKHIX 00pa3ax i3 MCUXO0JIOriYHUM HacTpoeMm [6; 7; 8; 9; 10; 11;
12], yoro TexHIYHUII MPOCKT HE mependavae.

H Ky3bpmina y TBOpYOMY MHUCIEHHI Imemarora, sk TBOPYOi OCOOMCTOCTI, BHIUISE
TOCTpUH PO3YyM, BHHAXIJIUBICTh, KPUTHUYHICTH 1 BBa)Ka€ OJHIEI0 3 TNPUYMH HEBIAYl Yy
MearoriyHii AisUTbHOCTI «padChKe CaiayBaHHS oOpaHOMY cTaHmapTy» [2, c. 83]. [lo Toro x,
y OyIb-sIKOMY TBOpi — JITEpaTypHOMY, MY3UYHOMY 1 XYIOXKHbOMY Ma€ OyTH NPHUCYTHIH
KOMIO3ULIAHUHA 3aayM 1 mopsiiok moOynoBu. Illock moBMHHO OyTH TOJIOBHHM, a iHIIE
JAPYTOPSIAHUM, IO HiATOPSAAKOBaHE TOJIOBHOMY. SIKIO 1IbOro HE OyJe, TBIp pO3MageThesi Ha
OKpeMi, HIYMM He IMOB’si3aHI CaMOCTiiiHI yacTHMHH. ToMy, «...IIUTICHOCTI TBOPY B)XXE HE
icHyBatuMey, — migkpeciioe mpodecop B. lanunenko [1, ¢ 151]. V HanioHanbHili JOKTpUHI
PO3BUTKY OCBITH YKpaiHH OOYMOBIIEHO 3aBIaHHS ULIOJ0 CTBOPEHHS ONTHMAaJbHUX
MeIaroriyHuX YMOB.

Ilepwa neoazociyna ymosa: popMyBaHHS TBOPYMX YMiHb — II€ HAsIBHICTh y CTY/ICHTa
HECTaHIAPTHOTO MHCIICHHS, CHUCTEMH II€BHUX 3HaHb, HAaBHYOK, a TAaKOX PO3BHHEHOL
CTPYKTYpH IICHXOJIOTTUHUX KOMITIOHEHTIB: 1HTYilii, ysiBH, aHTasii.

lpyea nedacociuna ymoea — uinecnpsiMoBaHe (OpPMYBaHHS TBOPYHUX yMiHb KOXKHOI
0COOMCTOCTI, 3JATHOCTI JISATM B IHTETPAIbHOMY KYJIbTYPOJIOTIYHOMY CIpPSIMYBaHHI,
CIUIKYBaHHSI MHCTELbKOIO MOBOIO, ONEPYIOUM iX XYAOXKHIMH oOpa3amu, 110 BKJIIOYAE TPU
OCHOBHUX KOMIIOHEHTHU: aHali3 4epe3 CHUHTE3, HEeCTaHJapTHE BUPILIEHHS, peduiekcis H
OLIIHIOBAHHS BIIACHUX TBOPYUX YMIHb.

Tpems neoazozciuna ymosa popMyBaHHS TBOPUMX YMIHb — HalllOHAJIbHUIM MEHTAJITET
3 €BPONEHCHKUM CBITOIVIAZIOM Ha LIHHOCTI, TBOpYa OCOOUCTICTb.

OntuManbHi TeAaroriuHi ymMoBH (OPMYBaHHS TBOPUMX YMiHb BUHTENS — 1€
opranizaiiiiina ¢popmMa HaB4YaJIbHO-BUXOBHOTO TIPOIIECY 32 TAKKX BHUMOT:

* CTIMKMIA MOpaJIbHUH Ta (PI3MUHUIN CTaH SK BUKJIagada, Tak 1 CTyJEHTa;

* HaJIeXKHE HAyKOBO-METOIMYHE i MaTepianbHe 3a0e3MeUeHHs;

* TBOpYA CHIBIpallsd BUKJIagaua 31 CTYAGHTaMH i CTYAEHTIB MK c00010;

* caMOCTiifHa TBOpYa poOOTa, CaMOBJJOCKOHAJICHHSI, CAMOOIIIHKa;

* IPOBEJICHHS «MaNCTEP-KIaciBy», eKCIIEPUMEHTIB, HAYKOBHUX JOCIIIKEHb;

* Y4aCTh y KOHKYPCaX, XyJ0KHIX BHCTaBKaxX, MI>XHAPOTHUX OJIIMITia1ax.
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OTxe, CTBOpPEHI ONTUMAaJIbHI MEAaroriuHi yMOBH 3a0€3Me4yI0Th MiATOTOBKY TBOPYOI
0COOMCTOCTI M KOHKYPEHTOCIIPOMO>KHOTO BUUTENSI HA PUHKY Iparli.

Pazom 3 TUM HEOOXiTHO CTBOPIOBATH IUTIAHUN IPYHT JAJS AUCTAHIIMHOTO HABYAHHS,
CaMOCTIMHOTO TBOPYOTO MUCIICHHS, /1€ BUKJIa/1a4 MOBUHEH TBOPYO MiAXOJUTH 0 METOAMYHOI
JOTIOMOTH KOXXHOMY CTYJIEHTY, OCOOJMBOCTSIM ICHUXIYHOTO W MOpPAJIbHOTO HOro CTaHy Ta
BUPIIICHHS CYIEPEYHOCTEH.

A pam CTYIEHTChbKI pPOOOTH HEOOXIHO TPEICTaBIATH Ha pPI3HUX KOHKYypCax,
XYJIO’KHIX BUCTaBKaX, SIK HAUOUIBII Pe3yJIbTATHBHI B TJIaHI TBOPYUX YMiHb.

HageneMo BHUCIOBIIOBaHHS HAyKOBISIMH PO3YMIHHSI TBOPUUX YMiHb.

Jlii HaBYAIbHO-BUXOBHOTO MPOIECY, @ TAKOXX BHKOHAHHS HaBYAJIBHUX 1 TBOPYHMX
3aB/laHb CTYJEHTaMH, BUSHAUHUM HayKoBleM, nenaroroM C. CHCO€EBOIO 3aIIpOMOHOBAHI TakKi
TBOpui BMiHHS: 1) mpoGnemHe OadeHHS — YMIHHS YCBIJOMHUTH 1 MOOAa4UTH MpodIemy;
2) 37aTHICTh 10 BHCYBaHHs TilIOTE3, OPUTIHAIBHUX iJeH, 32 JOIMOMOTOI SKMX Ha MifCTaBi
(bakTiB poOUTHCS BHCHOBOK NPO O0’€KTH, SBUINA, iX PO3BUTOK; 3) yMIHHS aHalli3yBaTH,
IHTErpyBaTH Ta CUHTE3yBaTH 1H(OpPMALIiI0 — BMIHHS PO3JALISATH 1[I HA YaCTHHU, MTOETHYBATH
YaCTUHU B €IUHE I[iJIe, 3HAXOUTH JIOT1UHI B3a€MO3B’I3KM MK OKPEMUMU YaCTUHAMHU II1JIOTO;
4) 31aTHICT, 70 BUWSIBICHHS NPOTHUPIY — 3JATHICTh OQuuTH IaJICKTHYHE MPOTHPIUYS]
5) 3maTHICTH 10 JOCHIIHUIBKOI JiSTBHOCTI; 6) pO3BHHYTE YsBICHHS, (aHTa3is; 7) 34aTHICTh
JI0 MI>KOCOOMCTICHOTO CIIJIKYBaHHS; 8) YMIHHs JOBECTH IOYaTy CIpPaBy 10 KiHI; 9) yMIHHS
BCTaHOBJIIOBaTH MPUYMHHO-HACIIIIKOBI 3B’ sI3KU, IPUXOBaHI B3aeMoii [4, c. 73—74].

Hocmipkenns, mpoBefeHe . bapuIIHIKOBOI, TO3BOJIHIO BHSIBUTH OCOOIHBOCTI
cnenudikyu GopMyBaHHS TBOPUUX YMIHb, CIPUIMaHHS W PO3YMIHHS apXITEKTypH:

1) yMiHHS IpaBUJIbHO OLIIHIOBATH CIIBBIAHOIIEHHS YaCTHH 1 LIJI0T0; 2) YMIHHS
ySBHO OINlEepyBaTH 00pazoM y mpocTopi; 3) yMiHHS NMPaBUJIBHO OILIHIOBATH Ta NEpeaaBaTH B
MaTIOHKY a00 MakeTi 00CHT 1 TOJIOKEeHHS OYAMHKY B IIPOCTOPI.

Tox, MpoBOASAYM HAYKOBI JOCHIKEHHS METOJUKHA (OpPMYBAaHHS TBOPUUX YMiHb
MaiiOyTHBOTO BYHUTEIS O0Opa30TBOPYOTO MHUCTEITBA B TIPOIECI HABYAHHS XYIOXKHIX
TUCIUTUIIH, HAMHU chopmoeani 61acHi 6a306i meopui émiHHA 13 ypaxXyBaHHSIM 3MICTOBHO-
O0pa3HMUX TOMIXYJOXKHIX (YHKUIA JUIs BHUKOHAHHS HaBUAIBHUX 3aBJaHb W TBOPYOTO

MIPOJYKTY, a TAKOXK 3aBISKU SIKUM, 3IIHCHIOETHCS MPOQeciiiHO-Teqaroriyua AisabHICTb:
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1. YMiHHS BU3HAYaTHU TOJIOBHE W JAPYropsiiHE, OMIAHOBYIOUM XYIO0KHIO MalCTEpPHICTD,
B1I00pakar0uu JIWCHICTh Y XYJ0KHIX BUPa3HUX 00pa3ax.

2. YMiHHS IPOBOJMTHU aHAJI3 1 CHHTE3, BiATBOPIOIOYHN XapaKTEPH, EMOIIii MepCoOHaXiB
a0o0 cTaH NpUPOIU B KOHTEKCTI TaApMOHIHHOI LIJIICHOCTI TBOPY.

3. YMiHHA NpONOHYBATH TINOTE3W, HECTAHJIAPTHI OpPWTiHAJIBHI 1/1€i, BUHAXOJH,
MOEIHYIOYH XYIOKHIO IHTYILIIO 3 aHAITUYHUM MUCTELITBOM.

4. YMiHHS CHIBOPAIIOBAaTH B CUCTEMi «CTYIEHT-BHKIIAZauy», PO3B’A3YI0UH 00 €KTUBHO
CYIIEPEYHOCTI 1 pehICKCII0 CAMOOI[IHKY BIACHUX TBOPYHX YMiHb.

5. YMiHHS TpaHcopMyBaTH TpHUPOAHI OloHIYHI (GOpMHU B 3MICTOBHI XYIOKHBO-
o0pa3Hi 300pakeHHs1, TPOBOJITYN EKCIIEPUMEHTAJIbHI JTOCITIIPKSHHS.

6. YMiHHs 3actocoByBatd KoM 'rorepHi Texuouorii: «Color Painter», «Adobe
Photoshop», BuroToBnstour eKoJOTIYHMN W eHepro30epiraryuii MPOAYKT BIAMOBIAHO 10
BHUMOT €BPOCTaH/IAPTIB.

7. YMiHHS IPOBOJUTH €KCIIEPUMEHTH Ta HAYKOBO-OCIIIHUIBKY A1SUTbHICTb.

BucHoBku. Omxe, 00paBIIM XyIOKHBO-TIEAATOTIYHY iSUIBHICTD MalOYTHBOTO
BUYHTEISI 0Opa30TBOPYOTO MUCTELTBA, HaMU OyJI0 BH3HAUEHO Ti mEOpui 6MiHHA, AKI €
NONIXYOOACHUMU, eheKmUueHUMU Ui yHieepcanrbHumu. BOHU MOXXYTh BUKOPHUCTOBYBAaTUCH SIK
0a30Bi TBOpYI BMIHHS BIJNOBIHO cHemiaii3alii 3 pi3HUX XYIOKHIX JUCLHUIUIIH: )KMBOIIKC,
CKYJIBITYpa, pO3MHC, KepaMika, OaTHK, BUIINBKA, MaKpame TOIIIO.

TBopYl yMIHHSI BUMTENb peaii3ye B MeAaroriyHiil qisabHOCTI, JonoMarae GopMyBaTu
TBOPYI YMIHHS IIKOJISIPIB i/l YaC BUKOHAHHS CaMOCTIMHUX KJIACHUX

3aBJIaHb 1, 3arajOM, TBOPYOTO MPOAYKTY.
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Translation of the Title, Abstract and References to the Author’s Language

YK 378.016:7

IIpuroain M./I. ®opMyBaHHsi TBOPYMX BMiHb MA0yTHIX BUMTEJIIB XyA0/KHIX JUCHUILTIH
y NeIaroriyHux 3aKJiaiax BUIIOI OCBITH.

Bucsitieno npouec ¢opMyBaHHS TBOPUMX YMiHb MaOYTHHOTO BUMTENS XYITOXKHIX
JTUCIUILIIH y TeJaroriYHUX HaBYaJbHUX 3aKJIagax OCBITH. Pa3oM 3 TUM MiIKPECTIOETHCS
KYJIBTYpOJIOTIYHA CHPSMOBAHICTh HAaBYAJIBHOIO MPOILECY, /A€ POJb YUYUTENs, K CyO €KTa
MearoriyHoro  MpoIecy, MOTpeOye BIOCKOHANIEHHS CHUCTEMH OCBITH 1 YTBEPKEHHS
HAI[lOHAIBHUX LIHHOCTEH Ha pIBHI €BPONEMCHKUX cTaHAapTiB. BusHaueHo 6a30Bi TBOpul
YMiHHS, 32 JOMOMOTOIO SIKHX MOKHA CTBOPIOBATH B IIJIOMY TBOPYUH MPOIYKT 3 MOJATBIIO0
XYA0KHBOIO JIOPOOKOIO BITHOCHO CHeuu(piku JaHOTrOo BUAY MHUCTeUTBa. Po3risHyTo
XYJO0KHbO-€CTETUYHI HampsiMM (EeHOMEHa «TBOpYl YMIHHS» B IUIaHI iX 3MICTOBHOCTI 3
aJIeKBaTHOIO MAaMCTEpHICTIO CTYyJEeHTa, MalOyTHBOTO BYMTENs, HOro TBOpYI MOLIYKH,
MOETHAH] 3 HAsSBHUMH ONTHMAJIBHUMH TE€IaroOTIYHUMUA YMOBAMH 1 BUKJIQJaHHIM XYIOXKHIX

IntellectualArchive Vol. 7, No. 4, July/August 2018

102



HaBYAJbHUX JUCIUIUIIH, IO JO3BOJIAIOTH TNIHMOIIE YCBIIOMHUTH [IaJeKTUYHUN XapakTep
B3a€MO3aJISKHOCTI 3MIiCTy C(POPMOBAHHUX TBOPUMX YMiHb 1 MPO(ECITHOCTI BUKOHABIISA B 0CO01
BUHTEIIS.

KarouoBi cioBa: TBOpUi yMiHHS, MaCTEPHICTh, XYA0XKHI TUCHHILIIHUA (00pa3oTBOpUE
MHCTENTBO, AU3aliH), IearoriyHa KyabTypa, eCTeTHKA.
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