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O®OPMHUPOBAHUE HPE,I[METHOFI KOMIIETEHTHOCTH
YYAHIUXCsI OCHOBHOU HIKOJIbI ITYTEM PEHIEHUSA
OU3NYECKHUX 3A1AY TPAOUYECKUM METOAOM

B crarbe paccmarpuBacTCsi BaKHOCTb PELICHHS 3aqad U3
PasHBIX pa3zienoB (Gu3MKH rpadudeckuM MetonoM. IlokasaHo,
YTO pelICHHE 3a7ad rpadMuecKUM METOIOM YBEIMYHMBACT BO3-
MOKHOCTb HCIIOJIb30BaHM MCCIIEIOBATENbCKIX 3a/[ad Ha yPOKax
(husuky, KoTopas OyaeT noOyKiaTh y4EHUKOB UCIIOJIB30BATh I10-
JydeHHBIE 3HaHWS U3 (QU3MKH B TOBCEIHEBHOM XKU3HH, OyIeT co-

YIK 373.5.016:530.121

JeliCTBOBATh PAa3BUTHUIO MBIIUICHHS yIEHUKOB OCHOBHOM LIKOJIBI
1 (OPMHPOBAHUIO UX MPEAMETHOH KOMIETEHTHOCTH.

KuoueBble ci1oBa: rpaduyeckuii Metol, pusndeckas 3a-
Jada, IpeMEeTHasi KOMIIETCHTHOCTh, OCHOBHASI IIIKOJIA.

K. V. Kovalenko
National Pedagogical Dragomanov University

THE SUBJECT COMPETENCE OF PRIMARY SCHOOL
PUPILS THROUGH TO SOLVING PHYSICAL PROBLEMS
BY THE GRAPHIC METHOD

The article discusses the importance of solving problems
from different areas of physics graphical method. It is shown
that the solution of problems of a graphical method increases
the ability to use research problems in physics classes, which
will encourage students’ knowledge of Physics in everyday,
will promote the development of basic school pupils thinking
and the formation of their subject expertise.
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ANALYSIS OF THE COVERAGE OF KINEMATIC EFFECT OF THE SPECIAL THEORY
OF RELATIVITY IN THE TEXTBOOKS FOR SECONDARY EDUCATIONAL ESTABLISHMENTS

Methodological approaches to covering the basic provisions of the special theory of relativity available in the textbooks on physics for
secondary educational institutions are discussed. It is shown that in some textbooks there are physical errors and incorrect formulations and
explanations of the consequences of the special theory of relativity. Critical analysis of the peculiarities of implementation of the principle of
science during the coverage of the special theory of relativity in the textbooks for secondary educational institutions has been carried out.
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Problem setting. The special theory of relativity (STR) is
the branch of physics which plays a critical role in shaping the
scientific outlook of students, provides them with modern con-
cepts of space and time, gives them the understanding the limits
of the laws of classical physics.

At present in the scientific and methodological literature
there is no unified approach to teaching this physical theory in
secondary school [1-13].

This is primarily due to the specifics of the STR and its para-
doxical consequences, in particular, kinematics one. It is the anal-
ysis of the kinematics consequences of the STR which is mainly
offered in the textbooks for secondary educational institutions.

Secondly, a relatively complex mathematical apparatus
(Lorentz transformations) requires students" high level of develop-
ment of logical and abstract thinking for the comprehension of the
essence of physical phenomena and processes described from the
positions of the theory of relativity. And these circumstances also
cause a wide range of methodological innovations in the study of
the STR in secondary educational establishments (SEE) [1-13].

In our opinion, the tasks facing the teacher in teaching the
STR are as follows:

e to create pupils’ adequate understanding physical reality that
goes beyond their everyday experience (and which is com-
pletely described by Newtonian mechanics);

e to help to understand the peculiarities of the laws of relativ-
istic physics (the region of high energies and velocities of
particles motion);

¢ to form the foundations of students" scientific outlook taking
into consideration that the essence of the STR as a physical
theory is the teaching about properties of space and time;

e to ensure the implementation of the principles of continuity,
correspondence and scientific character in studying classical
and relativistic mechanics, maintaining at that logical conti-
nuity and interconnection.

In accordance with these principles in teaching the special
theory of relativity one must adhere to the strict substantiation of
all the formulas, conclusions and provisions of relativistic phys-
ics that will provide an integral structure of this physical theory.

Analysis of the latest research of solving general prob-
lem and selection of unsettled issues. It is well known that
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classical mechanics is based on Newton’s laws, which are in-
variant relative to Galilean transformations, space and time are
considered as independent variables, time itself is absolute. In
contrast, in relativistic physics events occur in four-dimensional
space-time, it is based on two postulates of special relativity the-
ory formulated by Einstein and Lorentz transformations (LT).

Thanks to LT transformation of coordinates and time occur
at the transition from one inertial reference system (RS) to the
other. LT and their consequences are the scientific proof of the
existence of space-time as a reality with its specific geometric
properties. Therefore, understanding LT and their consequences
is a necessary part of forming students’ scientific outlook.

We note that the coverage of kinematics effects of the STR
on the sufficient methodological level was put into practice in
[1;2;3;6;13].

However, the analysis of modern textbooks and methodical
literature shows that the typical summary of relativistic mechanics
is the summary in the form of disparate facts and concepts, with
fragmentary lighting and not always with a sufficient profundity
of analysis and interpretation. In some textbooks and school books
[5; 9; 10] there exist physical errors, inaccuracies of definitions,
incorrect interpretation of some provisions of the STR.

Purpose of the article. In connection with this the goal of
the article in the most general terms is to realize the critical ana-
lysis of the peculiarities of the implementation of the principle of
science during the coverage of the special theory of relativity in
the textbooks for secondary educational institutions.

Summary of the basic material. In many textbooks on
physics for secondary schools [1; 3; 12] LT are not mentioned at
all, their place and importance in relativistic physics are not ex-
plained. This approach to the teaching of the special theory of rela-
tivity, in our opinion, does not ensure the principles of science and
system in presenting the material. Review of the key provisions
of the STR without illuminating LT leaves unsolved the question
of the transition from classical to relativistic mechanics, from
Galilean transformations to Lorentz transformations.

At that it’s unclear to pupils where a new law of addition
of velocities is from and so on. This approach does not allow to
form a system of knowledge, creates didactic difficulties leading
to misunderstanding this physical theory.
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Thus, LT are presented in the textbook [5], and it’s empha-
sized that they are a generalization of Galilean transformations, sub-
ject to the relativity of time. However, the presentation of Lorentz
transformations is, in our opinion, not systematically verified (and
in some places wrong), and it just has the form [5, p. 250]:

«The relationship between variables describing the event
in different inertial frames of reference is called the Lorentz
transformations:
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The sign «+» in the numerator is used during the transition
from system K’ to system K, the sign «-» is used when moving
from system K to system K'. This is because system K’ is moving
relative to system K at a speed v, at the same time one can assume
that system K is moving relative to system K’ with speed v».

But then in addition it is necessary to explain students that
applying the formula in this form in transition from system K’ to
system K, and vice versa, except the signs you must also change
the corresponding variables x’ to x, and ¢’to ¢. That is the mean-
ing of the expression «The sign «+» in the numerator is used
when moving from system K’ to the system K, ...» is an error.

Such volume of additional explanations can only confuse
students, so it is advisable to present LT in the form of:
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It should be noted that the textbook [9, p.128] also contains
the formulas of LT, but only for the transition from system K to
system K.

More detailed analysis of the ways of LT substantiation
and methods of using them in teaching physics at SEE will be
examined in our further publications.

The question of relativity of events simultaneity is pre-
sented differently in modern textbooks, with different degrees of
detailing and information.

Unfortunately, highlighting this issue some authors assume
physical inaccuracies.

In the reference book [10, p. 86] we read: «Time At,, meas-
ured with the clock, moving together with the reference system,
is called a proper time. A proper time is the same in all frames
of reference.

A moving clock goes slower than a stationary one:

At = Atg\1—u? [ ¢* ».

The text explanation is correct,
At = AtgV1- u? /¢* , according to these explanations is wrong

(in reality it should be as follows: At = A%ﬁ )
-u"/c

Further, in a rather good, from our point of view, tutorial
[5] the following example is considered — the light source is lo-
cated on the floor of the car and the mirror is on the ceiling.
It is proposed to find the time interval during which the light
will reach the ceiling, and, reflected from the mirror, turn back.

but the formula

Considering the spread of the light signal relative to the observer
moving with the carriage and relatively the stationary observer,
the authors of the tutorial [5] indicate incorrectly the direction of
the light beam propagation on the illustrations [5, p.249].
Indeed, in Figure 223, b ([5, p.249]) it's mistakenly shown
that relative to the stationary observer the light beam will spread
towards the broken line ABC. In reality, the direction of propaga-
tion of light signals is CBA4.

Maa. 223, a. HonnpeHHEA CEITI0EOTO CHTHAIY
EITHOCHO cIloCTepirada,
1o pyXaEThes PA30M iz BATOHOM

Maz. 223, 6. Tlonmpenma eniTaosoro enramy
BIIHOCHO HEPYXOMOTIO cIocTepirada

Fig. 223, a Spread of the light signal relative to the observer moving
with the carriage
Fig. 223, b Spread of the light signal relatively the stationary observer
Fig. 1. Explanation of the phenomenon of the light signal spread in the
“light clock” according to the textbook [5]

Let us consider this problem in detail.

Regarding system K, related to the observer moving with
the carriage, event 4 — switching on the flashlight and event C —

fixing the light signal have the following spatial and temporal

. , 2
coordinates: event4: x’, =0, ¢/, =0;event C: x- =0, t, =—

c
(1 — height of the ceiling of the car). Thus, the difference of co-
ordinates and time in system K’ is equal to: Ax'=x; —x,, =0
(the displacement of the beam of light relative to the observer in
the train); A’ =t —t; = 2z (the time interval during which the

light will reach the ceiling%nd, reflected from the mirrors, return
back according to the clock of the observer in the car).

The time measured by the clock moving with the body in the
reference frame K'is called a proper time and is marked A¢'. So the

proper time is At' =—.

c
Now let's consider the spatial and temporal coordinates of

events 4 and C in system K, related to the stationary observer stand-

ing on the platform relative to the car moving with speed U .
EventA: x,=0,¢,=0.

Fig. 2. Spread of the light signal in the “light clock” in terms of the
observer on the platform (in system K)

From the point of view of the observer on the platform (in
system K) for a while until the light beam reaches the mirror, the
car will shift to the right at the distance 4D. Correspondingly the
mirror on the ceiling of the car will shift to the same distance
(see Fig. 2). The light beam will reflect from the mirror on the
ceiling at point B and in accordance with the law of reflection it
will begin its movement at the same angle toward the floor of the
car. During this time the carriage will shift at the distance DC
(besides DC = AD) and the light signal will be fixed on the floor
(event C). During the entire period of time during which the light
will reach the ceiling and, after reflection, come back the carriage
will shift relative to the observer on the platform at the distance
of AC. A beam of light will pass the distance AB + BC = 24B
(since 4B = BC).
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Thus, the spatial and temporal coordinates of event C in
system K are equal to: event C: x, = AC=A4D+DC=24D,

24B
te= :

c
The differences of coordinates and time between events 4 and

C in the system K are equal: Ax =x. —x, =2AD (the displace-

ment of the beam of light relative to the observer on the platform);

B . . . . .
At =t. —t, =—— (the interval of time during which the light
c

will reach the ceiling and, reflected from the mirrors, come back

according to the clock of the observer on the platform).

Let's set the mathematical dependence between At
and A¢'. For this we'll express the corresponding distances:
At' A L . .

BD =1 =—62t , AB =c7t. Taking into consideration that the
car moves at a constant velocity ¥ , we'll have: Ax =2A4D =vAt,

hence we get AD = U—ﬁt . By the Pythagorean theorem, we find:

AB? = AD* + BD?* , substituting the appropriate values, we get:

(] (o))

Let's do elementa transformations:
) ry
(2 =vHA? =2 (At') , hence we have:
Ar=—B 4)
2
1
o2

Proceeding from this, we can conclude that relative to the
stationary observer (reference system K) the event occurring in
the mobile reference system K’ lasts longer. Or, in other words,
the moving clock goes slower than the stationary one.

Equation (4), in our opinion, should be understood as fol-
lows:

Duration of the physical process in the reference frame,
where it is immovable, always less than the duration of it in
terms of any other inertial system of reference.

One can also say that the physical process in the frame
of reference with respect to which it is moved, is slower than in
terms of the system of reference in which it is at rest.

Only the measurements of periods of time are different.

Connection of period of time between two events occurring
in some reference system in the same point of space (and hence this
period of time At'is fixed with one clock) with the interval of time
between those events, but which is measured with two clocks in the
other reference system according to which these two events take
place in two different points in space is given by the formula (4).

Summing up, it can be stressed that in relativistic mechan-
ics, in contrast to classical mechanics, time is not absolute, it
depends on the choice of reference system.

In the textbook on physics [9, p.129] in considering this is-
sue the authors admit a bad error, giving the ratio for determining
the duration of physical process in different reference systems in
the form of: / A

At = —
v

6‘2

Thus, according to [9, p.128-129], the authors note:

«A. Einstein found that in transition from one reference system

to another coordinate transformations coincide with the formulas
of Lorentz transformations:

X0

t —_—

,  x-—vt 2

Y= Y=y, 7=z, f':—cz >
/ i) / v
c c

where x, y, z, t are coordinates and time in the fixed reference
system, and z’, ¢’x’, y " are respectively the same ones in the mov-
ing system of reference.

In the STR it has been also found that measured in the
different inertial systems of reference duration of the event will
be unequal. This is because of non synchronism of the events
occurring in the different reference systems.
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Let some event in the fixed reference system last for time
At =t, —t, . Then in the moving system of reference its duration will
be determined by time interval A¢"=¢, —¢ . From Lorentz transfor-
mations formulas after mathematical simplifications we have:

, At
At = ———

(V]
o2

This ratio indicates that in the different inertial systems of
reference the measured duration of the event will be different. in
the moving reference system the event lasts longer than the fixed
one (At’ > At)A Le. for the same observer in the different refer-
ence systems time flows differently: the observer in the fixed
reference system will notice that the clock slows down its speed
in the reference systems, moving relative to himy.

The last two sentences of this quotation contain conflicting
statements.

In addition, if, according to [9, p.128], the moving sys-

(19,

1—

tem of reference is SR K’, then the formula A¢' = !
p-129]) is incorrect. v
o2
Then, the authors of the textbook use the concept of «dura-
tion of event». But the term «event» can not be used in correlation
with the concept of «timey, because according to the definition of
an event it has no duration in time. Obviously, one should use the
notion «duration of process», or « interval between eventsy.
Perhaps when writing formulas the group of authors made
a mistake by putting strokes in expressions exactly the opposite.
In addition to that they make the same error in the rela-
tion for relativistic length contraction coming to a wrong conclu-
sion as for reducing the length in the moving reference frame [9,
2

p-128]: «!'=1 1_1)_2. This means that " </that is the length
¢

1-

measured in the moving frame of reference is less than the length
in the system relative to which it moves, and because the multi-

[ 2
plier I—D—2 is always less than 1». And further in the text [9,
c

p.128]: «The rod which length is 1m in the frame of reference
moving at the speed close to the speed of light in vacuum, e. g.
0.9 s, has a length of approximately 87 smy.

The above-mentioned quotations indicate incomplete expla-
nations and incorrect wording regarding these kinematics effects.
We think that such inaccuracies contradicting the principle of scien-
tific character are unacceptable for the textbook of such level.

In connection with this it is appropriate to notice that the
«Implementation of the principle of scientific learning requires stu-
dents’ arming with methods of scientific knowledge, not only giv-
ing them the system of finished scientific verities» [4, p.228].

As an illustration, proving (4) one can offer the students
the following physical problem.

Problem. It is experimentally established that in the upper
layers of atmosphere as a result of interaction of cosmic radiation
with atoms of gases that form the Earth’s atmosphere, moons,
the weight of which are 207 times greater than the mass of the
electron, are born. Moving with speed v =0,995¢ , they manage
to fly to the collapse of S = 6 km. Determine the lifetime of moon
for the observer on the Earth, the proper lifetime of moon, the in-
tegrated path of moon in the reference frame associated with it.

Solution.
In the stationary frame of reference associated with
the observer on the Earth’s surface moon lifetime prob-

. S o . .
ably is Af=—. Substituting the numerical data we obtain
)

_6-10°m
0.995-3-10%m/s

The proper lifetime A¢’ of moon can be found from the
equation (4):

2 2
A= 1= 22002 1o 093D g
C c

~2-107s .
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In the frame of reference, connected with moon, its tra-
versed path is

§'=v-A'=0.995-3-10°m/5-2-10 s =597m .
So, relative to the stationary observer moon lives 10 times

longer than in its own reference frame. It is this relativistic effect
thanks to which moon travels the distance of 6 km.

Conclusions. Thus, the analysis of the notional compo-
nent of the STR proposed in some textbooks and manuals for
secondary educational establishments, testifies to its incomplete
conformity to the principle of scientific character. Taking into
account the universality of the principle of scientific character,
we think it is appropriate to wish the authors of the existing and
future textbooks on physics to be more careful when covering
the fundamental postulates of modern physics and, in particular,
the special theory of relativity.

Prospects for further research. We stress that the exist-
ence of inaccurate definitions, incorrect interpretations of certain
provisions of the STR initiate the need of further systematic re-
search in methods of teaching the STR in secondary educational
establishments.
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O. A. Konosau, H. A. CiirocapeHko
Kpusopoocckuil nayuonanvmwiil ynusepcumem

AHAJIN3 COEPKAHUSI CIIELIMAJIBHOW TEOPUH
OTHOCHUTEJIbBHOCTH B YYEBHUKAX ®U3UKH JLJISA
CPEJJHUX YYEBHbIX 3ABEJIEHUHN

O6cyxaatoress UMeoIpecss B ydeOHUKaX MO (Gr3uKe s
CpeIHMX YYEeOHBIX 3aBEICHNI METOMMYCCKUE OXO/IbI K OCBEIIIe-
HHIO OCHOBHBIX IOJIOXKCHUH CIICLIHAIBHOI TEOPHUH OTHOCHTEIb-
HocTH. I10Ka3aHO, YTO B HEKOTOPHIX y4eOHMKaXx MMEIOT MECTO
¢usnueckre OMMOKH ¥ HEKOPPEKTHbIE (HOPMYIHPOBKH H 00b-
SICHEHUSI TIOCJICACTBUH CIICIIUATBHOH TEOPHH OTHOCHUTEIBHOCTH.
Ocy1IecTBIeH KPUTHYECKHI aHaIN3 0COOCHHOCTEH pealli3alin
[PUHIAIA HAy9HOCTH MPH OCBELICHNUH CIICLUAIBHOIN TEOPUH OT-
HOCHTEJIBHOCTH B y4COHUKAX IS CPEAHHUX yUCOHBIX 3aBEACHUH.

KiioueBple c10Ba: crelHaibHas TEOPHUs OTHOCHTEIHHO-
CTH, NPUHIUI HAyYHOCTH, METOANKA O0y4YeHHUs, KHHeMaTHIe-
CKHe IOCNIeNICTBHS Ipeobdpa3oBanuii JlopenTna.

0. A. KonosaJj, M. A. CiilocapeHko
Kpusopizvkuii nayionanshiil ynisepcumem

AHAJI3 3MICTY CHEIIAJBHOI TEOPII BIIITHOCHOCTI
B IIIPYYHUKAX ®I3UKU 151 CEPEJTHIX
HABYAJIbHUX 3AKJIAJIIB

OOroBOpIOIOTHCS HASIBHI B MiAPYYHHUKaX 3 (i3UKU 1A ce-
PeIHIX HaBYANBHUX 3aKJIaliB METONMYHI IIXOOH IO BHUCBIT-
JICHHS OCHOBHHX MOJIOXKEHb CIIEIiabHOI Teopii BiJHOCHOCTI.
TlokazaHo, 0 B AESAKHX MiIPYYHUKAX MalOTh Micue (i3udHi
MOMHJIKH Ta HEKOPEKTHI (pOpMYITIOBAaHHS 1 MOSICHEHHS HACIil-
KiB creriansHoi Teopil BiIIHOCHOCTI. 3AICHEHO KPUTHYHHMI
aHaii3 0CcOOMMBOCTEH peani3auii MPUHIMIY HAyKOBOCTI HPH
BHUCBITJICHHI cIHelianbHOi Teopii BiJHOCHOCTI B IigpyYHHKAX
JUISL CepE/IHiX HaBYaIbHUX 3aKJIa/liB.

Kuo4oBi ciioBa: crenianbHa TEopist BiTHOCHOCTI, NPHH-
LI HAYKOBOCTi, METOMHKA HABYAHHS, KIHEMATHYIHI HACIIiIKH
nepeTBopeHb JlopeHTia.
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C. B. Ky3HenoBa

Kuwunesckuii mpancnopmubiii Koaneoic

®OPMUPOBAHUE KOMMNETEHLWW NPU U3YYEHUN ®U3UKU NYTEM MPOPECCUOHATIbHON
HAMNPABJIEHHOCTU YYEBHOIO MATEPUATNA

B crarbe maercs omeHka HCIOJIb30BAHUIO KOMIIETCHTHOCHOTO IIOIXO0AA IPH M3y4eHUH (QU3HKH B cdepe npodeccHoHaIBHOTrO
o0pa3oBaHusi. ABTOp MpeIaraeT MyTH perieHus: TpodieMbl MPohecCHOHANbHON OPUEHTALUH PU 00y4eHUH (U3UKU U TIPEeCTaB-
JSIeT aHAJIN3 Pe3yJbTaTOB Ha NMPUMepe TPeX aKkaJeMUYecKuX Irpymnil. CTaThs MOXKET CTaTh IIOJe3Ha MPEIoAaBaTelsiM KOJUIeDKeH ¢

TEXHUYECKUM Ipoduiem.

KiawueBble cj10Ba: KOMIIETEHTHOCHBIN oaxom, (bI/[3I/[Ka, KOJUICK, npod)eccnonanbﬂaﬂ HarpaBJICHHOCTb.

... Eciu mu1 0aewv uenogexy oomny pui6y,
To on 6ydem coim pasz 6 200y.
Ecau mot eco nayuuws no6ums puiby,
To on 6yoem covim 8¢r0 HCU3HB...

W3 npeBHel BOCTOYHOMN MO33UU

B o0pazoBarensHyto cdepy MOHATHE KOMIIETCHIIUH TIPH-
1U10 U3 PO eCCHOHATBHO-TEXHUIECKOH 00macTu. DTo MOHATHE
OBUIO BBEIEHO aMEPUKAHCKHM IICHXOJIMHTBHCTOM ABpaaMoM
Hoamom Xomckum B 1965 rony u OBUIO OMpEAENeHO KaK «CIo-
COOHOCTb CO3/1aBaTh ¥ HOHUMATh OECKOHEUHOE YHCIIO BBICKA3bI-
BaHWU, MPABWJI, IPUHIIUIIOB, ICHCTBUI, CIIOCOOOB WK MOJICIICH
TIOBEICHUSI, IPEATIOYTUTEIHHBIX CTPATET Ui MITH IPONU3BOICTBEH-
HbBIX cTHied B npodeccum» [1].

KoMIeTeHTHOCHBIH MOIXOX — 3TO IPHOPUTETHAsT OpHEH-
Talys Ha IIeNH, KOTOPhIE CTaBATCS, UCXOAS M3 Pe3ylbTara, pu
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9TOM HEO0OXOJMMO, YTOOBI LIENH U Pe3y/IbTaThl ObUIN HampaBie-
HbI Ha MOBBILIICHUE KOMIIETEHTHOCTH ydamuxcs. [Ipudyem B ka-
9YeCTBE pe3yIbTaTa pacCMaTPUBAETCS HE CyMMa yCBOSHHON MH-
(dopmaryH, a CHoCOOHOCT YeNIOBEKa JISHCTBOBATh B Pa3IMUHBIX
npoOneMHbIX cuTyauusx. IIpernopaBarens peanusyeT HOBYIO
(YHKIUIO COIPOBOAUTEIIS YUAIIETOCs B eI IPHOOPETEHNS UM
TeX WM UHBIX KoMIeTeHuui. Hapsany ¢ coxpaHeHreM NpeKHero
POJIEBOTO CTaTyca IpernojaBaTellb IpU3BaH oOecHeuuTs Oonee
BBICOKHE YPOBHH KOHCYIBTHPOBAHHS U MOTUBHPOBAHUA. B cBOIO
odepeib 00pa3oBaTeNbHbIA Mpoliecc MOTpedyeT OT ydalluxcs
Gonbliell CTENEHH BOBJICYCHHOCTH, Pa3BUTUS CBOMX yMEHHH
paborars ¢ mHbopMaruen. [TonpOCTKOBEIA MEPUOA — TIEPUOL
AKTUBHOTO HAKOIUICHMS 3HaHMi{, Onaromaps MWHTEIIEKTyasH-
3alUM NaMATH UHGOPMANUs 3aTIOMHHACTCS U BOCIIPOU3BOIUT-
csl, UPOKO UCTIONb3yeTcs MbinuieHne [2]. Takum obpazoM, y
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