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STUDY OF ELASTIC SCATTERING
OF DEUTERONS FROM °Li AT ENERGY 18 MeV

Abstract. Differential cross sections of elastic scattering of deuterons from °Li nuclei at energy 18 MeV were
measured at U-150M accelerator. The measurements were performed with an accuracy of no more than 10%. One
minimum and one maximum of cross sections are clearly seen in the angular distributions at small angles. The
obtained data were analyzed within optical model, distorted wave method with a finite interaction radius and coupled
reactions channel method. The optimal values of the optical interaction potential and spectroscopic factor were
determined. It is shown that the potential scattering forms cross section only at low and medium angles. In the range
of large angles cross sections are formed by a-cluster transfer mechanisms.

Key words: elastic scattering, light charged particles, optical potential, FRESCO, cluster transfer, spectroscopic
factor.

Introduction. The study of the interaction of charged particles with lithium nuclei is of considerable
interest in the light of that role to be played by these nuclei in nuclear technology, fusion energy and
astrophysics. So, 6Li nucleus is one of the most important elements of the fuel cycle in the most
promising projects of fusion reactors using deuterium-tritium fusion. In tritium reproduction it is assumed
that lithium is included in the nearest shell to the plasma combustion region. This technique requires
highly accurate data on the sections of different particles interaction with lithium nuclei, which can be
obtained as by experimentation, and by calculations within certain nuclear models. Astrophysical aspect
of relevance is connected primarily with questions of nucleosynthesis of light nuclei at the initial stage of
evolution of the universe and the problem of unexpectedly high prevalence of lithium (and beryllium and
boron) in cosmic rays, has on order above, as opposed to their theoretical estimates.

Experimental procedure and measurement results. Experiments were carried out in the
isochronous cyclotron U-150M [1] of the Institute of Nuclear Physics of the Republic of Kazakhstan. The
differential cross sections of elastic scattering of deuterons on 6Li nuclei were measured at an energy of
18 MeV in the angular range from 10° to 170° in the center-of-mass system. The total error of the data did
not exceed 10%.

Charged particles in a cyclotron are formed in the source, located in the central part of the camera in
an arc discharge when applying the appropriate gas (hydrogen, deuterium, helium-3, helium-4). Their
accelerating happens in the interpolar space of 1.5-meter magnet at the time of flight of the particles
between the dees.

When installing the operating parameters of particle acceleration special attention is given to the
operating mode of the ion source, its duty cycle, microstructure of the current pulse and beam quality of
the wiring on the target. This optimization of spatial and temporal characteristics of the beam made it
possible to significantly reduce the level of various noise, uneven loading of electronic equipment.

The energy and the energy dispersion in the beam is determined by measuring the energy spectrum of
the particles elastically scattered by thin gold targets set out in the laboratory cell scattering of low-energy
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nuclear reactions of the INP RK [2]. In this case, measurements at a small angle (about 10 °) avoids errors
due to inaccurate knowledge of the target thickness and angular dispersion of particles in the beam. For
absolute calibration of the energy scale the "triple" alpha source is used (**'** Am+***Cm).

Transporting scheme of the beam of accelerated ions from the cyclotron chamber to the scattering
chamber, located at 24 meters from the exit of the beam is shown in Figure 1. It includes a quadrupole
lens system, two rotary, diluting, two targeting magnets and the collimator system. All these installetions
together with the elements of targeting and correction, provide at the target a charged particle beam of
angle dulution of not more than 0.4 ° and a diameter of 3 mm. Adjusting the collimator and the scattering
of the camera relative to the center axis of the ion guide was carried out by an optical method and was
monitored using quartz twelve screens and television cameras, image transmission to remote control of
the cyclotron.

JI — quadrupole lenses; M-1, M-2 — deflecting magnets;
M-3 — diluting magnet; KM — correcting magnet;
KP — scattering chamber

Figure 1 - the transportation scheme of the ion beam of the cyclotron to the scattering chamber

The measurements were made using a AE-E method of registration and identification of particles,
based on the simultaneous measurement of specific losses of charged particle energy in dE/dx substance
and its total kinetic energy E. The method is based on the Bethe-Bloch equation, binding energy of the
emitted charged particle with its specific ionization in the matter:

d_E _ kMz?
dx E

where k — constant, weakly dependent on the types of particles, M and z — mass and charge of the emitted
particles, £ — energy of the incident particle.

Figure 2 shows the AE-E distribution of products of the interaction of deuterons with nuclei °Li

In the experiment, as targets there were used °Li thin film (thickness of 700-1100 ug/cm?) deposited
on a substrates of aluminum oxide (Al,O3) of 30-40 ug/cm’ thick. In the measurements there were used
silicon surface barrier detectors with a thickness of 10-100 microns (4E - detector) and 1,000-2,000
microns (E - detector). Beam current was varied in the range of 1-100 nA, depending on the scattering
angle and the load of the electronic equipment. All measurements were carried out on the measuring and
computing complex lab, which serves as the basis for a system of multivariate analysis processes based on
electronic blocks ORTES and PC/AT [3]. Figure 3 shows the elastic scattering spectra of deuterons on °Li
nuclei at two corners.
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Figure 2 - AE-FE distribution of interaction products of deuterons with 6Li nuclei (scattering angle - 24 degrees)
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Figure 3 - the spectrum of the scattered deuteron measured at angles of 30 (a), 41 (b) degrees

Analysis and discussion of the results. The most developed method of extracting information about
the potentials of the particles interaction with atomic nuclei is the phenomenological analysis of the
experimental data on elastic scattering on the basis of the optical model of the nucleus, the argumentation
and detailed mathematical formulation of which are expose in a number of studies [4].

In the optical model the effect of inelastic channels is considered by phenomenological introduction
of imaginary absorbing part in the interaction potential between the colliding nuclei. In this approach, the
problem of scattering on a many-particle system - core, is reduced to a simple process - scattering in the

==
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field of integrated optical potential, the shape and size of which are determined by optimizing the design
values of the model parameters with the corresponding experimental data. Technically, this procedure is
associated with the solution of the Schrodinger equation

Y+ 2 E-U]Y =0
with a complex potential U(r). Here u=mA,A4,/(A,+A,) — reduced mass of the colliding nuclei, 4, and 4, —
mass numbers of the incident nucleus and the target nucleus, m — nucleon mass, £ — kinetic energy of the
relative motion in the center-of-mass system (c.m.s.).

Usually calculations are limited to central potentials depending only on the distance between the
centers of mass of the colliding nuclei. This is justified by the fact that, as shown by the detailed
theoretical study, the spin-orbit interaction has virtually no influence on the differential cross section of
elastic scattering in front corners. Thus, the optical potential can be written as

U=V (r)=V(r)=i(W, (r)+Ws(r))

The first member is the Coulomb potential. Since scattering is not sensitive to the particular form of
the charge distribution, and therefore, there is no need to consider its diffuse edge, then for practical
purposes it is sufficient to take the Coulomb potential of a uniformly charged sphere as

Z 7.e*
Vo(r)= gRte (3-r*/R}) st r> R,

c

Z 7.e*
VC(r):p—te st r< R,

where R = I’O(A:/ 3 +At1/ 3) - Coulomb radius, Zp and Z; — charge of the incident particle and the target
nucleus. Other members of formula AW +2h_él[ E-U (r)]‘P = () describe the nuclear force.

Usually as a nuclear it is taken Woods-Saxon potential with such set of phenomenological
parameters, at which there is the best agreement with experiment, or the potential, calculated theoretically
on the basis of fundamental nucleon-nucleon interaction.

In the first case the real part is given as

V(ry=V, [1+exp[r;RV]

14

-1

imaginary volumetric

r—R

WV(r):WO[HeXp{ p 4 }
/4

and imaginary surface

ap

-1
W(r)=—4a, W, %[l+exp(r_RD H

As can be seen from formulas the radial dependence of the nuclear potential is determined by the

-1
Woods-Saxon form factor {1 +exp[r -R H , where R; and a; — corresponding radius and diffuseness,
ai

which characterizes the decay rate of the potential. Woods-Saxon parameterization corresponds to the
assumption that the internuclear interaction corresponds to the distribution density of the nucleons in the
nucleus of the target.

Imaginary potential can be volumetric (W, # 0, Wp = 0), surface (W, =0, Wp # 0) or mixed (W, # 0,
Wp#0).
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Theoretical calculations were performed on SPIVAL program. OP parameters were chosen so as to
achieve the best agreement between the theoretical and the experimental angular distributions.
Automatical search of the OP optimal parameters was made by minimizing the value y?/N of the least

squares method. The initials were the potential parameters proposed in [5]. To reduce the ambiguity we
tried not to go far from the recommended values of geometrical parameters (ry, ay) of the real potential.
For a better agreement with the experimental data depth of the imaginary part (Wp) decreased only
slightly. The final potential parameters are shown in Table 1.

To describe the direct mechanisms in the mid 50-ies it was developed the method of distorted waves
(MDW) and the Born approximation with distorted waves (DWBA). This is the most common, but not the
only model for the description of direct nuclear reactions [6].

Table 1 - Optimal parameters of optical potentials ma epy process SLi(d,d)°Li at incident deuteron energy 18 MeV

V, MeV Ty, ay, Wp, MeV Ip, ap, Vso, MeV Tso, as0,
fm fm fm fm fm fm
70.56 1.17 0.85 9.19 1.325 0.69 6.76 1.07 0.66

MDW can be considered as a generalization of the optical model to inelastic channels. Studying
nuclear reactions, it cannot be, as in the case of elastic scattering, ignored the internal structure of the
interacting particles. The wave function in each reaction channel is represented as (for example, for the
input channels)

v, =VY,Y, z
where ‘i’a u ¥ - the wave function describing the incident particle and a target nucleus, y; - the wave

function describing the relative motion of the particles in the channel.

The MIV uses the fact that the incident particle transfers its energy and impulse to a small number of
degrees of nucleus freedom. This makes it possible to obtain an approximate solution of the many-particle
Schrodinger equation using perturbation theory. Full Hamiltonian of the system can be written as

H= HO + Hres
where H” - Hamiltonian of the system consisting of two particles which interactions are described by
optical potential V"', H** — Hamiltonian of residual interaction, which is regarded as a small perturbation,
transforming the system into the final state.

The process of interaction thus splits into three stages:

1. The motion of the incident particle in the "distorting" optical potential of the target nucleus;

2. The transfer of nucleons under the influence of the residual interaction;

3. The movement of the emitted particles in the field of the final nucleus.

The amplitude of the scattered wave has the form

1 H 7 res
Sl k) =22 (o ()|

¥ (k)

where £/, — reduced mass, k, and kb — the wave vectors of the input and output channels, \Pi(lza) u

) f(lgb)f wave functions in the input and output channel having the structure (H = H® + H'), with

@ f,(Eb) — optical wave function. In the Born approximation, the exact wave function ‘Pi(ka) is

replaced by an optical wave function. The expression for the cross section has the form:

do DWBA _ ,Uak;,

dQ k.

a

-~ - 2
S k)

All the above mentioned formulas of the method of distorted waves were innate in the DWUCKS
program, which is calculated using the theoretical section. Figure 4 schematically shows the transmission
mechanism of a-cluster.
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d 6Li

—_————>

A

— >

6Li d
Figure 4 - transmission of alpha-cluster in the *Li(d,°Li)d process

Accounting for exchange cluster transmission mechanism was held in the framework of the
connected reaction channels using the FRESCO program [7]. In this method, the system of A nucleons,
represented in the input channel with 4 = 4, + 4,, configuration, is replaced by N-related systems dividing
them into two clusters (4 = A4,,x + A, ). Here the indices p and ¢ refer, respectively, to the incident
particle and the target nucleus, and the index & varies from 1 to N. The total wave function in this case is
the sum of products of pairs of internal basic wave functions of clusters ¢, ¢4 and wave function @,
describing relative motion of clusters in the channel £:

N
V= Z%k@k@k (R,)
=

where R, — the radius vector between the fragments in the channel k. The corresponding radial
functions f,(R;) to the relative wave function ®y(R,) are found by solutions of the system of coupled

equations:
[Ec-TuR)-UR)Jfe(R)= 3 1DV (R [(R) +
Ry,
+a§;0i(L'—L) -([ V. (R,R.)f (R)AR,
where

n( d*> L(L+1

— the kinetic energy operator. The a value is a composite index comprising the channel number & and the
quantum numbers - the spins of the incident particle and the target nucleus (J,, J;), partial wave (L) and
the total spin (Jy), ie a = (k, (LJ,)J, Ji; Jr); U(Ry) - interaction potential in the k channel, including nuclear
and Coulomb part; E; - asymptotic kinetic energy of the channel k: E;, = E + Oy — €1 — &u, T8€ Ok, Epis €tk —

O - reactions and the excitation energy in the channel £; Vj a'(Rk) - local interaction for transitions in

discrete states of nuclei with multipolarity 1 (transferred orbital angular momentum); Va a'(Rk>Rk') -

nonlocal interaction, connecting channels with the transfer of one or more nucleons.

In case of d°Li-scattering, we took into account only two channels (N = 2): d+°Li and °Li+d.
Switching between channels, carried out through the transfer of alpha-cluster was calculated by distorted
waves with a finite interaction radius. Thus, the elastic scattering and the reaction with alpha-cluster
transmission were included in circuit communication channels. In the calculations of the transmission
mechanism we used prior-representation. Cluster (d + o) wave functions for the ground state of the
nucleus °Li were calculated using the standard method of adjusting the depth of the real part of the
Woods-Saxon potential, which gives the desired energy cluster communication. Geometric potential
parameters (radius and diffuseness) have fixed values: » = 1,25 fm, a = 0,65 fm. Cluster spectroscopic
amplitudes (S, = 0,85) were found from the calculated cross sections fit to the experimental data, agree
well with cluster theoretical amplitude S, = 1,02, calculated in the framework translationally invariant
model [8].

— 10 ——
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*Li(d,d)’Li
E, =18 MoB

do/dQ [MOH/cp]

0 20 40 60 80 100 120 140 160 180

Squares - experimental data, solid curve - cross sections, calculated by FRESCO program taking into account the interference
of the elastic scattering cross-sections and sections of the transmission mechanism of a-cluster (coupled-channel method); dotted
curve - cross sections, calculated by Spival program (optical model), dashed curve - cross sections, calculated by the DWUCKS5
program (method of distorted waves)

Figure 5 - the angular distributions of elastic deuteron on 6Li nuclei at the energy of 18 MeV

It can be seen that the optical model reproduces the experimental sections up to 130° (dotted curve),
the method of distorted waves describes the area of large angles (dashed line) and coupled-channel
method, which takes into account the connection of both the above processes, in accordance with their
interference, achieves a description of the experimental data in the full angular range.

Conclusion. The experiments on the elastic scattering of deuterons on °Li nuclei at energy Eq= 18
MeV in the range of angles from 10° to 170° in the center of mass with the use of AE-E - technique were
carried out. The differential cross sections at angles of 40° and 60° have the minimum and maximum.
Next comes the gradual decline to 135°. In large angles area it is observed the rise of cross-sections
associated with a pronounced cluster structure of °Li nucleus.

From the analysis of experimental data in terms of the optical model of the nucleus there are found
the best, physically reasonable parameters of the optical potential interaction, which are in good
agreement with literature data. In the method of distorted waves method and coupled-channel method it
was an analysis of the elastic scattering, taking into account the contribution of the transmission
mechanism of a-cluster, which showed that for the studied process in large angles area, the effect of this
mechanism on the formation of the scattering cross sections is considerable.

The obtained experimental and theoretical data will be used in studies of the processes taking place in
the stars, in the development of new theoretical models of nuclear physics, and will also be useful for the
characterization of the processes occurring in the high-temperature plasma fusion reactors.

REFERENCES

[1] Arzumanov A.A., Nemenov L.M., Anisimov O.K., Batalin S.S., Volkov B.A., Gromov D.D., Kravchenko E.T.,
Nigmanov M.H. Popov Y.S., Prokofiev S.I., Ribin S.N. Izochronnii cyclotron s reguliruemoi energiei ionov // Izvestiya AN
KazSSR, Seriya fisiko-matematicheskaya, — 1973, — Ne 4, — S. 6-15.

[2] Artemov S.V., Bazhazhin A.G., Baktibayev M.K., Burtebayev N., Duisebayev A., Duisebayev B.A., Zarifov R.A.,
Kadirzhanov K.K., Karahodzhayev A.A., Sahiev S.K., Satpayev N.K., Sargaskaev A.M., Seitimbetov A.M. Kamera rasseyaniya
dlya izmereniya sechenii yadernih reakcii v predelno malih uglah na vivedennom puchke izohronnogo ciklotrona U-150M //
Izvestiya NAN RK, Seriya fisiko-matematicheskaya, — 2006, — Ne 6, — S. 61-64.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[3] Burtebayev N.T., Vinogradov A.A., Vongay A.D., Duisebayev A.D., Kurashov A.A., Mazurov 1.B., Paramanov V.V.,
Prokovev S.I., Sakuta S.B., Sanichev V.I., Sytin N.P., Chesalov A.A., Chuev V.I. Sistema mnogomernogo analiza dlya
issledovaniya yadernih reaksiy na siklotrone INP ANH KazSSR // Izvestiya AN KazSSR, Seriya fiziko-matematicheskaya. —
1975. — Ne2. — S.65-68.

[4] Hodgson P.E. The nuclear optical model. // Report of Progress in Physics. — 1971. — V.34, — P.765-819.

[5] Daehnick W.W., _Childs J.D., _Vrcelj Z. Global optical model potential for elastic deuteron scattering from 12 to 90
MeV // Physical Review C. — 1980. — Vol.21. — P. 2253-2274.

[6] Zelenskaya N.S., Teplov I.B. Metod iskazhennih voln v reaksiyah so slozhnimi chastisami // YAS. — 1979. — T.11, Ne
2.-S.342-410.

[7] Thompson Ian J. Coupled reaction channels calculations in nuclear physics // Computer Physical Reports. — 1988. — Vol.
7.-P. 167-212.

[8] Nemec O.A., Neudachin V.G., Rudchik A.T., Smirnov Yu.F., Chuvilski Yu.M. Nuklonnie associacii v atomnih yadrah b
yadernie reakcii mnogonuklonnih peredach. — Kiyev: Naukova dumka, — 1988, — 488 s.

O0X: 539.172.13

H. Bypre6aes', JK.K. KepnMKynonl’3, LK. Anmumos'?,
A.M. OTapﬁaeBa3, E.C. Myxameumanosl’z, JI.M. Jlxxanceiitos'”

LJ®U, Anmarsl k., Kazakcras; 29H-®ap3614 ateiaaarel KazYV, Anmartsr k., Kazakcran;
3JLH. I'ymunes ateingarel E¥YY, Actana K., Kazakcran

18 MsB DHEPTHSLIBI JEMTPOHIAPIBIH °Li SIAPOJIAPBIHAH
CEPHIMJI INAIIBIPAYBIH 3EPTTEY

Annotanus. 18 MsB sneprusra ue aeiitponaap °Li suiponapeiHas cepriMai mambipaysiHbH auddepenmuangsk Y-150M
yZeTKinniHae KuMmacel enmeHni. Onmeynep 10 %-maH skorapel eMec KaTeNiKTeH JKYpri3iini. BypeITHIK Tapamynapasly Kimii
OYpBIIITHIK aliMaFbIHAa KUMaHBIH Oip MHHUMYMBI jKoHE Oip MaKCUMyMbI KOpiHedi. AJBIHFAaH MOIIMETTEep SAPOHBIH ONTHKAIIBIK
yJIrici, OypMananfaH TOJNKBIHAAD SMICi XKoHE peakUHsIHbIH OaiilaHbICKaH apHajap 9ici TOHIperiHae TajlgaHabl. Ocepiecy ONTH-
KaJbIK, TTOTCHIHAIBIHBIH JKOHE CIIEKTPOCKOMMSUIBIK (DAaKTOPABIH ONTHMAIIBI MOHAEpi TaObuiabl. IloTeHnManablK mamsipay TEK
KHMaHBIH Killli )koHe opTa OyphIITapblHAa OONTAaTEIHABIFE KepceTinai. KuMaHBIH YiIKeH OyphIuTap aiiMarbIHIA 0-KJIACTEP aybICy
MeXaHHU3Mi OOJIATHIHBI KOPiHE/I].

Tyiiin ce3aep: cepmimii MmambIpay, 3apsaTanFaH >keHin Oemmekrep, ontukaiblk norennuain, FRESCO, kiacrep aysicy,
CIEKTPOCKONHSIIBIK (haKTop.
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N3YYEHUE YIIPYT'OT'O PACCESIHUSI JEUTPOHOB
HA SIIPAX °Li [IPM DHEPTMH 18 M>B

Annotanus. Ha yckopurene YV-150M usmepens! auddepeHnnansHbple CeUeHNs YIPYToro paccestHus AEUTPOHOB Ha sIIpax
SLi mpu smeprim 18 MaB. M3Mepenus BBIIOTHEHE! ¢ MOTPEIIHOCTIO He 6omee 10 %. B yrioBBIX pacipenc/ieHHsX, B 06macTi
MaJbIX yTJIOB, YETKO INPOSIBISIETCS OJUH MUHUMYM M OIWH MAaKCUMyM cedeHuil. [lomydeHHbIe maHHBIE MPOAHAIM3UPOBAHEI B
paMKax ONTHYECKOH MOIENH spa, METOJa MCKaXXEHHBIX BOJIH C KOHEYHBIM paJlyCcOM B3aMMOJCHCTBUS M METOJa CBS3aHHBIX
KaHaJOB peakuuil. HaiifieHbl onTHMallbHbIe 3HAUYSHUs OITUYECKOrO MOTEHIMANIAa B3aUMOACHCTBHS U CIIEKTPOCKOIMYECKOro (ak-
topa. [loka3aHo, 4TO HMOTEHIMAIBHOE paccesHue GOPMHUPYET CEUCHMs JIULIb B OOJACTH MaJlbIX M CpeIHHX yrioB. B obmactu
GOJIBIINX YTJIOB CEYEHHs (POPMUPYIOT MEXaHU3MBI IIEpEeIaun o-KJIacTepa.

KnroueBble cjioBa: ynpyroe paccesiHue, JIETKHE 3apsDKEHHblE YacTHIbI, onTuueckuil moteHiuan, FRESCO, nepemaua
KJIacTepa, CIEeKTPOCKOMMYECKUH (haKkTop.
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APPROXIMATION OF PROBLEM FOR FINDING
THE BOUNDED SOLUTION TO SYSTEM OF NONLINEAR
LOADED DIFFERENTIAL EQUATIONS

Abstract. On the whole axis the system of nonlinear loaded differential equations is considered. The questions
of existence and approximation bounded solution to the system are studied. The definition of «limit as ¢ — Foo»
solution to the system of nonlinear loaded differential equations is introduced. Sufficient conditions for the existence
of bounded solution to the system of nonlinear loaded differential equations and convergence of the function
sequence composed by the bounded solutions to the linearized system of loaded differential equations are obtained.
Regular nonlinear two-point boundary value problem for the system of nonlinear loaded differential equations on the
finite interval is constructed, which approximate the problem of finding bounded solutions to the original system of
loaded differential equations. It is given an estimate of the difference between the solution to initial singular problem
and the solution to the approximating regular two-point boundary value problem.

Keywords: singular problem, nonlinear loaded differential equation, bounded solution, approximation.

Questions of existence and construction of approximate methods for finding of nonlinear ordinary
differential equations, restricted on the whole axis, are considered by many authors [1-11]. Various
problems for loaded differential equations and methods for their solutions are studied in [12-17].

In this article, nonlinear loaded differential equations is considered on R = (—00,0)

dx \
E:f(t,X)+fo(t,X(ﬁ_m),X(é’_mH),---,X(Hm)), xeR", [ x[=max]|x, |, (1

where f:R"™ —>R", f, : R*"* — R" are continuous, 6 , <6 . <..<0,=0<6 <..<0,.

The aim of this research is to find conditions for the existence of system solutions of nonlinear loaded
differential equations restricted on the whole axis (1) and the construction of the regular two-point
boundary value problems on a finite interval, which allows determining the narrowing of the decision on
the final interval with given accuracy.

In work [11] there was introduced the definition of "limit at # — o0 " solution of nonlinear ordinary
differential equations, and proved that, if the system is linearized along such solution is exponentially
dichotomous on semi-axis, the "limit at # — 00" decision has the attractive property. This result allowed
building approximate two-point boundary value problems on a finite interval for the singular boundary
value problems for nonlinear ordinary differential equations on the whole axis. Methods and results [11]
are used to find conditions for the existence of the equation solutions restricted on the whole axis (1) and
for the construction of approximating regular boundary value problems on a finite interval.

The following symbols are used:

G(J,R") — space of continuous and restricted on Jc R functions x:J—> R" with norm

[, = supl<
teR

b
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C(J,R") — set of continuous on J functions;
S(xy(1),J,7) = {x(t) € C(J,R"): (x(£) — x4 (1)) € C(J,R"),|x — x|, <7}, e x,(t) e C(J,R");
G(x,(0), J,r) = {(t, ) € J, | x—x, () 1< 7}
G,(x,(0), J,r)={t,v_,,,..v,)ted,||v, =x,0,)|<r, k =—m,m}.
We take a continuously differentiable on R function x,(¢) so that
(% X0 (1) = [ (1,356 (0) = fo (1, %6 (6,), X Oy s s %0 (6, ))j e C(R.R") @)

Restricted on R solution of the system of loaded differential equations (1) is defined as the limit of a
sequence of functions compiled using linearized solutions of systems of loaded differential equations
restricted on the whole axis. Therefore, we consider the linear loaded ordinary differential equation

% = A@)x+ S A (Ox(0,)+ [(1), xeR", 1R, )

j=—m

where matrix A(t), A j (t) (j =—m,m) and vector-function f(¢) are continuous and restricted on R.

Restricted solution of equation (3) is called solution of problem 1.
Definition 1. Task 1 is called correctly solvable if for any continuous and restricted on R function

f({t)eC(R,R") equation (3) has only one restricted on R solutionx (f)and | x~ =71l fl;,inequality
is carried out, where 7 does not depend on f(¢) .

Definition 2. Continuously differentiable on R function x,(¢) is called limit at # — Foo by equation
solution (1), if

tl_lg}o | %0 () = f(t,x0 () = fo (£, %0(0_,,), %, (0_,11)s- -, X, (6,) |[F 0.

The following conditions should be carried out:

(A). Function f(¢,x) is continuous and has uniformly continuous derivatives — f(¢,x) in

G(x,(?), R,r), where x,(¢) — limit at # — Foo equation solution (1), and the following limit relations

are correct
lim f(t.x)=7(x),  lim f(e.x)= 7.(x) @
lim X, (t)=x_, limx,()=x,, (5)

where x_, x, are the solutions of systems of nonlinear equations ff(x)ZO, f+(x)=0,
respectively.

(B). Function f,(t,v_,,...»,) is continuous and has uniformly continuous derivatives

a%fo t,v_,sv,) (k=—m,m) in G,(x,(?), R,r) and for all (t,vfm,...,vm)e G, (xo (t), R, r) has
k

relation point
, (S_ulfiT]HfO(t’v—m’ '5va S50(_71)’ ts[l;’p)HfO(t’v—mﬂ”"vmX S50(]-')’
0
lim 6,(T)=0, lim —fo(t,v_m,...,vm)<:0, k=—m,m.
T—>Foo t—>+o0 avk

(C). Task 1 for the linearized loaded differential equation

—— |4 ——
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d a m a n
%:af(t,xo(l‘))y_‘_kz Ef()(t’vma""vm v,m:x()(ﬂm).‘]gk y, yeRr, ©)

Vi =X (6,,)
can be correctly solved, where J 0, y(t) = y(@k ), k=—-m,m.
(B). Functions f (x), f,(x) in S(x_,r), S(x,,r) respectively, have derivatives f'(x), f/(x)

and uniformly relative x is correct limit relations

lim if(t, x)= f'(x), xeS(x_,r),
=0 Ox

limif(t,x)Zer’(x), xeS(x,,r),

[—>+ ax

and f7(x;) = 4z), Reggj # 0, where §f - the eigenvalues of 4;), j=1,n.

Theorem 1. Functions f(¢,x) and f,(¢,v_,,...v, ) are continuous and have uniformly continuous

.v,) respectively in G(x,(t), R,7) and G,(x,(?), R,r). At

-m?>**

0 0
derivatives — f'(¢,x) and — f, (¢,v
Ox ov,
any X(¢) € S(x,(t), R,r) task 1 for linearized loaded differential equation

dy a R m a ~
—=—flt,x(t))y + —foltv_ oov, ) . -J + f(), eR", teR, (7
i ox ( ( ))y k;m ov, fo( v=20.,) Yo, |V f@, y (7

Vi =%(0,)
can be correctly solved with constant .
Then, at inequality solutions

71X, (@)= ft,x,() = fo(t,x0(0_,), %0 (0,15 - X (O | < 7

there is a such number a > 1, the sequence of continuously differentiable on R functions
x,,@&)=x()+Ax, (1), n=0,l,.., (8)

where Ax, (t) — restricted on R solution of linear equation

dy 0 2| 0
Eza (t’xn(t))y+k;m afO(t’v—m""’vm*vmxn(ﬁm) .Jﬁk Y=

Vin =% (0

—é(%xn 0= f(6,x, )= £,(t.x,(0.,),....x, @J)} yeER", (eR, ©)

by norm C(R,R") is consistent to x (f) of the equation solution (1) in S (x,(8), R,r).
Corroboration. In equation (1) we substitute # = X — X, (¢) , then have
d d
d_Ltl = f(t,u+x,())+ f,(t,u(6_,)+x,(0.,,),....,u(6,)+x,(0,)) —Exo(t), ueR", teR, (10)

The problem of finding the equation solution (10), belonging to the ball S(0, R,7) C (R,R") may
be written as the operational equation
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A(w)=Hu+Fu)=0, ueSO,R,r),
where H=%, F(u)=—f(t,u(®)+x,(0)— fo(t,u(d_,) +x,(60_,),...,u(8,) +x,(0, ))"‘ xo(t)

Taking into account, that the correct solvability of a constant ¥ of the task 1 for equation (7) prov1de

the assessment || (H + F'(u))™" || wr)S Y atall ueS(0,R,r), and relations (8), (9) are equivalent to

iterative process (1.18) [11, p. 18], on the basis of the theorem 5 [11, c. 18] we obtain theorem conclusion.
Further, the questions of approximation of the nonlinear loaded equation solutions restricted on the

whole axis (1) by the solutions of the regular boundary value problems on a finite interval. For this

purpose, a nonlinear two-point boundary value problem for the loaded differential equation is considered

% - f(t7x) + fo(tax(e—m )’x(e—mﬂ )7""‘x(0m ))’ ZE[—T,T], X € Rn’ (11)
BS_f-(x(=T)+ RS, f.(x(T))=0. (12)

where S _, S, — real-valued nonspecial (7 x n)-matrices, resulting matrix f' (x_ ), f', (x,) to a
generalized Jordan form.

~ A, 0 ~ A, 0
A_ — S_f'_ (x_)S__l — =11 - , A+ — S+f'+ (er)S;l — +,11 ~ ,
0 Af,22 0 A+,zz

where A-11 and A, -, consist of generalized Jordan cells corresponding to the eigenvalues of the

matrices f'. (x;) with negative and positive real parts, which number is n1 and 712 respectively. We

I 0 0 O
introduce (7 x n) - matrices P :( 61 Oj’ P = [0 I J, where In,, ]n+ — identity matrices of

dimension 7, , 1, respectively.

Restriction of solution X~ (t) of the equation restricted on R (1) on interval [— T,T ] is denoted
through x,(¢) and the S(x;(),[-T,T},p )={x(t)e C(-T,TL,R"):||x - x, lo.r < P’} functional
ball is introduced.

Theorem 2. The conditions (A)-(D) and x (£) € S(x'”(¢),7) should be carried out — solution of the

nonlinear differential equations loaded restricted on R (1). There are such numbers 7, > 0, ,O* >0 so

that for all 7 >T, regular two-point boundary value problem (11), (12) in S(x;(t),[-T,T],0") has

only one solution x; (¢), and the following assessment is correct

<2pfls |- (76 1)) + 81+ [5. - 1.

H *
Xr —X
T 0,7

Corroboration. Nonlinear two-point boundary value problem (11), (12) may be written as the
operational equation

Ax=Hx+F(x)=0, (13)
where
H — i F(X) — - f(t’ X(f))— fO (t’ x(e—m )’ x(g—mﬂ )’ tre x(HO )’ MRS x(gm ))
ar PS_f (x(=T)) +B,S, £, (x(T) |

— 16 ——
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A operator represents a Banach space X = C([-T,T],R") with norm || x||,,= max || x(¢)] into
’ te[-T.,T)

the Banach space Y = 5([—T,T],R")-5-R” with norm || y ||, = max{[| f |[o;./| [}
The condition of the theorem implies the existence of p, > 0 such, that S(x" (¢), p,) < S(x,(t),7),

and functions f(¢,x), fo(t,v_m,...,vm ), f (x), f.(x) have uniformly continuous derivatives:

/' (@, x), aifo (t,vfm,...,vm) (k=-m,m), f' (x), f', (x) in the respective sets. This implies
Vi

the existence and uniform continuous Frechet derivatives F'(x) in S (x; ,[-T.TLp).
According to the condition (C), the task 1 for the linearized equation (7) is correctly solved. Then
theorem 1 implies the existence of 7; > 0 so that regular linear two-point boundary value problem is

d 0 R N NG
izaf(tax (Z))Z-I- z gf()(t’v*m"'ﬂvm Vo,=x"(0_,) .Jé‘k Z—{—gg(t), ZE[—T,T], z ERn7
k=—m k

vm:;;‘.(am)
PS_f' (x"(-T))-z(-T)+BS, [, (x'(1))-2(T)=d, deR",

for all 7' > T, is correctly solved with constant K, that does not depend on 7' . This is equivalent to the
invertibility of the linear operator H +F'(x;):X =Y and the solution of the inequality
[H +F ) lgn< Ko

As x, we consider function x; (t) and use theorm 6 to the operational equation (13) [11, p. 18].

The first condition of the theorem is carried out with 7, = K.

. 1 : - o
We consider the number £ = —— and, by reason of the uniform continuity of the Frechet derivative,
1

choose p. €(0,p,] so that the following inequality is solved

1
F'(x)-F'(x <g=——-.
I F'(x) = F' (%) | .x.r) 2K,
Then & :L K =l<l
70 2K, S

and
| Hx, + F(x) Iy = BS_f (" (~=T)+PBS. f.(x"(T))]

(the function x (t) satisfies the differential equation (1) at all € R is taken into account),
lim x (t)=%;, £ (£)=0, f.(x,)=0, we choose 7, > T, so that
t—>Fo

2K, [| Hxy + F(xo) [ly < ps.

All the conditions of the theorem 6 [11, p. 18] are implemented and conclusions are made.
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1KP BFM Maremartuka »KoHe MaTeMaTUKAJIBIK MOJEJIIEY HHCTUTYThI, AJMarsl K., Kazakcran;
2Xam,n<apam,n< aKNapaTThIK TEXHOJIOTHsIIAP YHUBEPCUTETI, ANMaThI K., KasakcraH;
3SJI-(I)apa6I/1 aTeiHAarsl Ka3ak YITTHIK yHUBEpCUTETI, ATMaTH K., KazakcTan

CbI3BIKCBI3 X KYKTEJT'EH JTHOPEPEHITAAJIIBIK
TEHJAEYJIEP ) KYUECIHIH BYKIJI ©CTE HIEKTEJITEH INEINIMIH
TABY ECEBIHIH AIIITPOKCUMALUSICbBI

Annotanusi. ChI3BIKCHI3 KYKTeNreH MuddepeHnnanaplK TeHaeyaep jkylheci OYKUT ecTe KapacThIpbLIajbl.
KapacTeIpbsuibinn OTBIpFaH TEHAEYJIEP JKYHWECiIHIH IIEKTeNreH MIemiMiHiH 6ap 0Oybl MEH OHBI alpoKCHMAlHUsIay
macestenepi 3eprreneii. ChI3bIKCHI3 KYKTENreH qudpepeHiuanapk TeHaeyep xyiecinin « f — 00 GosraHaarsl
HIEKTI» MLICHIMIHIH aHbIKTamachl eHri3iieai. ChI3BIKCHI3 KyKTeldreH nuddepeHmnanapK TeHaeynep KyHeciHiH
IICKTEIreH IICHIiMiHIH 0ap OONYBIHBIH JXOHE CBI3BIKTAHIBIPBUIFAH KYKTEIreH Iu(QepeHIHaNIbIK TEHICYICD
KYHECIHIH IEKTeNreH HIeniM/epi KeMeriMeH KypbulFaH (GyHKIMsUIap Ti30€eriHiH OChI MICMIIMIe XHHAKTHUIBIFBIHBIH
KETKUTIKTI maprTTapbl anbiHFad. JKykrenren auddepeHnnanablK TeHaeyliepaiH OacTankbl KYHEeCiHIH LIeKTelIreH

— 18 ——
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memrimMid Taby eceOiH anmpoOKCHMAIMSIANTBIH aKbIPIBl apaBIKTaFbl CBHI3BIKCHI3 JKYKTENTeH Au((epeHInaNIbIK
TEHJAeYJIep JKyHeci VINH peryispibl CBI3BIKCHI3 €KIHYKTETl IIETTIK €Cell TYPFHI3BUIFaH. bacTamkpl CHHTYISPIBI
€CeNTiH MeNmiMi MEH amIpoKCUMANMsIayIIbl PeryisIpiibl €KiHYKTEeNi MIeTTIK €CENTiH MIeNIiMiHIH apachIHIAFbI
alBIpMaHBIH Oaraiaybl TaFralbIHIATFaH.
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AIIIMPOKCUMAIIUA 3AJAYN HAXOXKJIEHUSA
OIr'PAHUYEHHOTI'O PEHIEHUA CUCTEMbI HEJIMHEWHBIX
HAT'PYKEHHBIX JJTU®PEPEHIIUAJIBHBIX YPABHEHUI

PabGota BrmonHeHa B pamkax npoekta Ne 4057/I'®4 no rpantoBomy gunancupoBanuio MOH PK Ha
2015-2017 rr.

AnHoTanusi. Ha Bcell ocm paccmMarpuBaeTcs CHCTEMa HEIMHEWHBIX HAarpyKeHHBIX IU(QepeHInanbHbIX
ypaBHeHui. Hccnenyrorcs BONPOCH! CYIIECTBOBAaHMS U aAIlIIPOKCUMALIMKM OIPAHUYEHHOI'O PEILIEHUS paccMaTpu-
BAaeMOM CUCTEMBbl ypaBHEHUU. BBOOUTCS onpeaeneHue «IpeaeabHOro Npu ¢ — +oo » PELIEHHUsS CUCTEMbl HEJMHEH-
HBIX HarpyXeHHbIX IuddepeHnnansHbx ypaBHeHUH. [omydeHsl 10CTaTOYHbIE YCIOBHS CYLIECTBOBAaHMS OTPAHU-
YEHHOI'0 PEIICHUS CHCTEMbl HEJIMHEHHBIX HarpyXeHHBIX Iu(depeHHanbHbIX YpaBHEHHH U CXOAUMOCTH K HEeMy
MOCJIEA0BATENLHOCTH (DYHKIMHA, COCTABICHHOH C MOMOIIBI0 OMPAaHUYCHHBIX PEIICHUH JIMHEAPU30BAHHON CHCTEMBI
HarpykeHHbIX Iu(QepeHunaIbHbIX ypaBHeHHH. [locTpoeHa perynspHas HenHMHEHHas IBYXTO4eYHas KpaeBas
3aja4a sl CHCTEMbl HEJIMHEHHBIX HarpyXeHHbIX JU(pQepeHIHaIbHBIX ypaBHEHHH Ha KOHEYHOM HHTepBalle,
anMpoKCUMUpYIOLIas 3aauy HaX0XKIEHHUsI OTPAaHUYESHHOTO PEeIeHHs] MCXOIHOM CUCTEMBbI HarpyeHHbIX nuddepen-
[UABbHBIX YpPaBHEHUH. YCTAaHOBJIEHA OIEHKA PAa3HOCTH MEXIy pELIeHHeM HCXOJHOW CHHTYNApHOM 3agaud U
pelleHreM anNpOKCUMUPYIOIIEH peryyIspHOi IByXTOYEUHON KpaeBoil 3ajaueil.

KiroueBble ci10Ba: CHHTYJSIpHas 3ajava, HeNMHEHHOE HarpyxeHHoe an¢¢epeHIraIbHoe YpaBHEHUE,
OTrPaHUYEHHOE PEUICHUE, allPOKCUMALHSI.
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ASSESSING THE IMPACT OF THERMAL POWER PLANTS
IN THE AQUATIC ENVIRONMENT IN RESERVOIR-COOLER

Abstract. This paper presents an assessment of the operation impact of thermal power plants on the
environment by mathematical modeling method, which is solved by the Navier-Stokes and temperature equations for
an incompressible fluid in a stratified medium, based on the projection method which is approximated by control
volume method. A numerical algorithm for solving the Navier-Stokes and the temperature transport equations are as
follows: in the first stage it is assumed that the transfer of momentum is carried out only by convection and
diffusion. The intermediate velocity field is solved by 5-step Runge-Kutta method. In the second stage, based on the
found intermediate velocity field, the pressure field is solved. Poisson equation for the pressure field is solved by
Jacobi method. In a third step it is assumed that the transfer is carried out only by the pressure gradient. The fourth
step numerically solved temperature transfer equation as the momentum equation by 5-step Runge-Kutta method.
The algorithm is parallelized on high-performance systems. The obtained numerical results of three-dimensional
stratified turbulent flow reveals qualitatively and quantitatively approximate the basic laws of hydrothermal
processes occurring in the aquatic environment.

Keywords: stratified environment, the Navier-Stokes equations, operational capacity, Ekibastuz GRES-2, finite
volume method, Runge-Kutta method, Shandaksor lake.

1 Introduction

Interaction between energy enterprises and environment takes place at all stages of fuel production
and using, processing and transmission of energy. In composition of pollutants there are suspended solids,
petroleum products, chlorides, sulphates, heavy metals, hydrogen sulfide, formaldehyde, etc. The main
water consumers on TPP and NPP are the turbine condensers. Water consumption depends on steam
parameters and technical water supply system. According to some estimates in the future, in condenser
cooling will spend water: on TPP — 120 kg/ (kW.h), on NPP — 220 kg/ (kW.h). The large specific steam
consumption on NPP accounts for more specific water consumption. At washing the surfaces of
aggregates, dilute solutions of hydrochloric acid, sodium hydroxide, ammonia, ammonium salts, iron and
other substances are formed. In addition, the discharges of cooling water of nuclear power plants on NPP
do not exclude the radionuclides in the aquatic environment.

Annual electricity consumption in industrialized countries is only increasing every year, which
resulted in the growth of capacity power units on NPP and TPP. In order to condensation of steam cooling
water is supplied to the capacitor. The costs of technical or cooling circulating water are enormous, which
make 95 % of the total water consumption for the needs TPP and 90 % for NPP.

TPP with cooling water dropping 4-7 kJ of heat per 1 kW/h of produced energy. But discharges of
warm water on TPP by the sanitary standards should not increase the temperature of the reservoir higher
than 3 degrees in the summer and 5 degrees in the winter. Propagation of heat emission from TPP depends
on several factors: topography, ambient temperature, wind speed, cloudiness, precipitation, etc.

The reservoirs are required by both thermal and nuclear power plants. For work of these stations is
required a large quantity of water for cooling aggregates, an average of 35-40 m.c/sec at 1 million kW
installed power. Hence it is evident that it takes 70-160 cubic meters of water every second for the thermal
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power plant of 2-4 million kW. Therefore, when choosing the construction site of TPP and NPP their
water supply is the important aspect. Naturally, the large thermal power stations should be located on the
banks of large rivers, reservoirs and lakes or artificial reservoirs.

As an example of the thermal effects by TPP to the aquatic environment is taken Ekibastuz SDPP-2,
located in township Solnechnyi, about 40 kilometers north of the city Ekibastuz, Pavlodar region,
Kazakhstan. Ekibastuz SDPP-2 generates electricity from high-ash coal by two power units of 500 MW
and has an installed capacity of 100 MW. Today two power blocks produce about 12 % of all electricity
produced in the country.

Technical water supply is carried out according to the scheme of recycling technical water supply
with artificially created self-leveling reservoir-cooler. The reservoir-cooler was created on the basis of
bitter-salty, drying up, not having national economic value Shandaksor Lake. Recycled water supply
scheme is following: cold water is taken from deep water intake reservoir-cooler and comes to the block
pumping station by supply channel, and then to the power plant heat exchangers. Warm water from the
heat exchanger on the exhaust channel is discharged into the reservoir-cooler. The maximum dimensions
of the cooling reservoir are about 7,2x7,7 km.

2 Mathematical model

For many years in the study of the hydrodynamics of lakes and reservoirs there were two separate
areas one of them full-scale analysis of the observational data, and the other is mathematical modeling.
Field experiments are observations, although made in a variety of complex conditions, were passive, as
were not allowed to actively manage the experiment, wherein not possible to predict hydro-physical
processes. One of the most effective methods for studying the hydrodynamics of the lake waters is the
method of mathematical modeling. In some cases, this method may be the only way to forecast changes in
the hydrological regime and ecosystems of lakes, for example in the study of changes that may occur with
territorial redistribution of water, construction of hydraulic structures and other activities related to the use
of water objects.

The cooling pond spatial temperature change is small. Therefore, the stratified flow in the cooling
pond can be described by equations in the Boussinesq approximation. For the mathematical modeling the
system of equations is considered, including the equation of motion, continuity equation and the equation
for the temperature. We consider developed spatial turbulent flow in the stratified cooling pond. For the
modeling of the temperature in the reservoir three-dimensional mathematical model is used [1-12, 17]:

ou. 8uju. a; o ou. or..

L+ —=——=4 N+ Pe,(T-T,)——=,

ot Ox, ox, Vaxj(ﬁxj) pe 1) ox )
o,
—=0, (@=1,2,3), 2)
ox

J

or ouw,T 9  oT

Ll : 3
ot o Yo ®

J

where 7, =u,u; —u;u,, g - acceleration of gravity, B - coefficient of volume expansion, u,- velocity

components, ¥ - thermal diffusivity, 7, - the equilibrium temperature, 7 - the temperature deviation from
equilibrium.

To close the system of equations (1) - (3) turbulence model Smagorinsky [13] is used.

For discretization system of equations (1) - (3) using the control volume method. For this we
represent the Navier-Stokes equations and equation for temperature in the form of integral conservation
laws for an arbitrary fixed volume Q with boundary dQ [14, 15]:
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d Ox;
equation (4) can be written as follows:
ou
[, = B)dQ+f, (F +Gndr =0, 6)
The equation (5) to a form:
j(—)dQ+§ (F,+G)ndl = | BdQ, (6)

Grid features are defined in the center of the cell and the values of flows across the border in divided
cells. The volume of the cell is denoted by grid functions.
Now we perform discretization equation (6) for the control volume (CV) and a reference surface (CS)

Z(—)AQ+Z(F +G,)n,AT" = BAQ (7)

or you can write the equation (7) in the form:

> AUAQ+ Y At(F, +G,)n,AT = AtB,AQ (8)
(64 CS

3 Numerical algorithm

For the numerical solution of equations (1) - (3) splitting scheme on physical parameters [14-16] is
used. For numerical implementation of (1)-(3), discretization of the form (8) is used. In the first step it is
assumed that transfer of momentum carried out only by convection and diffusion. The intermediate
velocity field is found by 5-step Runge-Kutta method [11, 12, 14, 15]. In the second stage, based on the
found intermediate velocity field, is found the pressure field. Poisson equation for the pressure field is
solved by Jacobi [14, 15]. In a third step it is assumed that the transfer is carried out only by the pressure
gradient. On the fourth step numerically temperature transfer equation as the equation of motion by 5-step
Runge-Kutta method is solved. In solving the equation for temperature also the finite volume method and
the same calculations for the equations of motion is used [11, 12]. The algorithm of task is parallelized on
high-performance systems. The calculations were performed on cluster systems URSA and T-Cluster of
BPH Research Institute of Mathematics and Mechanics at Al-Farabi Kazakh National University.

—*

—-pn—*

I)I—dQ —§ Vu u —7;)- VAU )na’F




ISSN 1991-346X Cepusa pusuxo-wamemamuueckasn. Ne 1. 2017

11)38 (Ap)dl = j —dQ

—-n+l =%

I10) w_o-uw =-Vp,
T

-T

V) j =T o= —§§ (V' T" —vAT Yn,dT.

4 Results of numerical simulation

Initial and boundary conditions were set for the numerical solution of problems. The initial conditions
for the velocity and temperature are defined as follows: u, =0,(j=0,1,2,3),T =T,. The boundary

conditions for the velocity at the bottom and side of the border are defined by adhesion condition and
temperature by adiabatic conditions. On the surface, for the velocity and temperature are specified
Neumann conditions. And also put additional boundary conditions for the velocity and temperature in the
lateral border of spillway according to the operational capacity of the Ekibastuz SDPP-2. In the
calculations there was used computational grid, with more than 800,000 computing nodes. Figure 1 shows
a computational grid for the Ekibastuz SDPP-2. Figure 2 shows the current contour and isolines of the
temperature distribution at different time points after the start of work SDPP-2, on a water surface for the
operational capacity of 700 MW. Figure 3 shows the contour and isolines of the temperature distribution
at different time points after the start of work SDPP-2, on the surface of water for the operating power of
900 MW. In both Figures 2-3 it is seen that the temperature distribution with distance from the flow close
to isothermal condition. The results show that the temperature distribution is distributed over a larger area.
As can be seen from Figures 2-3, with an increase the operational capacity of SDPP-2, area of heat
exposure becomes directed in one direction, and leads to warm water with one part of the reservoir, which
has a negative effect on the performance of SDPP-2. When operating power is 900 MW, the temperature
is distributed in the northern part of the reservoir and approximately uses only half of the body of water
for cooling hot water by SDPP-2. When the operating power of Ekibastuz SDPP-2 increase, the cooling
pond is not working effectively, fueling the northern part of the reservoir, the rest of the pond bottom is
not involved at cooling the heated water from the SDPP-2.

Figure 1 - The computing grid for the Ekibastuz SDPP-2
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Figure 2 - The outline and contours of the temperature distribution across the 22.5 hr., 50 hr., 72.5 hr. and 90 hr. after the start
of operation of Ekibastuz SDPP-2, on the surface of water for the operating power of 700 MW
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Figure 3 - The outline and contour lines of the temperature distribution over 22.5 hr., 50 hr., 72.5 hr. and 90 after the start of
operation of Ekibastuz SDPP-2, on the surface of water for the operating power of 900 MW

5 Conclusion

This work was carried out by predictive modeling to minimize the thermal load to the lake
Shandaksor, which is located near the Ekibastuz SDPP-2. The aim of this work is to determine the size
and spatial distribution of warm water temperature from the spillway channel for different operating
power capacity. Predictive mathematical model developed for this study, showed portions of the thermal
plume in which the temperature decreases when moving away from the spillway channel and the flame
temperature is close to the values of the reservoir-cooler temperature. Thus, there was developed a three-
dimensional model of a stratified turbulent flow that allows identifying qualitatively and approximately
quantitatively the basic laws of hydrothermal processes in the pond Shandaksor.
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A. A. Ucaxos, A. b. [lap:kanoBa
(On-Dapabdu arpiHarsl Kasak ynTTeik yHUBepceureti,Anmarsl, Kazakcran)

MATEMATHUKAJIBIK MOJEJILJEY DJIICI APKbLIbI KOPIIAFAH OPTAFA
'KBLITY DJIEKTP CTAHIIUSIJIAPBIHBIH KYMBICHIHBIH OCEPIH BAFAJIAY

AnHoTauusa. JKyMmbIcTa aKpIpJIbl KOJIEM OJICIMEH amNmpOKCHMAIUSUIAHATHIH, (QU3UKAIBIK MapaMeTpiiep
OOMBIHIIIA BIIBIPAY OAiCiHE HETi3AeNTeH, CTpaTH(hUKAIMIIaHFaH OPTalaFbl CHIFBIIMANTHIH CYHBIKKA apHanFaH HaBbe
- CTokc XoHE TemIeparypa TEHICYIEpIMEH MICUIUIeTiH, MaTeMaTHKAIbIK MOJAEBACY apKbUIbl KOpIIaraH OpTara
KBUTYy DJIEKTP CTaHUMSUIAPBIHBIH JKYMBICHIHBIH ocepiH Oaranay ychiHbUIABL. HaBbe-CTOKC >koHE Temmeparypa
TEHJICYJIEPiH eIy YIIiH apHaJfaH CaHIbIK aJTOPUTMBI OChLIaldl OOJIBIN TaObUIAABL: OIpiHIII Ke3eHJe KO3FajbIC
CaHBIHBIH aybICYbl KOHBeKIHMsI MeH nuddy3usHblH eceOiHeH FaHa Oomazapl nen OoypKaHalbl. ApajblK JKbULIAMIIBIK
epici 5- kagamapl Pyrre — KyTra omiciMen Ta0bbuia el EXiHII Ke3eHae TaObUTFaH apalibK KbULIAMIIBIK OpIC apKBLIBI
KbIcbIM epici Tabbutanbl. Kpiceim epici ymiH ITyaccon tenzmeyi SIkoOm omiciMeH IubiFapbuiaabl. YIIIHII Ke3EHIE
aJIMacTBIPy KBICHIM TpaZMeHTI apKBUIBI Ky3ere acansl fen OoipkaiiMbr3. TepTiHIm ke3eHAe TeMIiepaTypa TeHOeYyl
KO3FaJIBIC TeHIEYl CHSKTH S-KamaM Kytra PyHre omici apKpUTBI CaHABIK IIemriyieni. EcenTiH aaropuTMi »KOrapsl
OHIMII JXylene MmapajurelaeHreH. AJBIHFAH VIIONIeMIl CcTpaTH(UKAISsUIaHFaH TypOYJICHTTI aFbBICTBIH CaHIBIK
HOTIDKENIepl cy KOMMarapbslHAa OOJBIN KATKaH THAPOTEPMISUIBIK IPOLIECCTEPIiH HETI3T1 3aHABUIBIKTAPBIH Carlajibl
KOHE alTapIibIKTal JKyBIKTAll aTyFa MYMKIHIIK Oepeni

Tipek ce3nep: crparudukanusuianran opra, HaBbe-CToKC TeHIeyl, onepanusuiblk Kyartsl, Exidacty3 I'POC-2,
aKpIpIIbl KoJieM 9ici, Pynre-Kyrra oaici, lllannakcop xei.

A. A. Ucaxos, A. b. [lap:kanoBa
(Kaszaxckuii HaIMOHAJIBHBIA YHUBEpCUTET UM. anb-Papadu, Anmarsl, Kazaxcran)

OILIEHKA BO3JENCTBUS ®YHKIIMOHUPOBAHMSI TEILIOBOM DJEKTPOCTAHIIUM
HA OKPYXKAIOIIYIO CPEAY METOAAMU MATEMATHYECKOI'O MOAEJINPOBAHUA

AnHoTanus. B pabore npencrasineHa oneHka Bo3AeHcTBHA (QyHKIMOHUPOBAHHUS TEIIOBOM AJIEKTPOCTAHIUH Ha
OKPY>Kalo-IyI0 Cpely METOJAMH MAaTeMAaTH4eCKOrO MOJEIMPOBaHMsA, KOTOpas pelaercs ypaBHeHusmu Habbe -
Crokca M TeMmmeparypsl A HEC)KUMAaeMOHl JKHIKOCTH B CTPATU(UIMPOBAHHOM cpele, OCHOBAaHHBIE Ha METOJC
pacuieruieHuss 1o (DU3UUECKMM MapaMeTpaM, KOTOpbIE anmpOKCHUMHPYIOTCS METOJIOM KOHTPOJIBHOTO OOBbeMma.
YucneHHbIt anroput™ [uia peuieHus ypaBHeHuil HaBpe-CTOkca M mepeHoca TeMIEepaTyphl BBIIJIIAUT TaKUM
00pa3zoM: Ha MEPBOM 3Tarle MPEIoaraeTcsi, YTo MEePEeHOC KOJINYECTBA JBIKEHUS OCYIECTBIISICTCS TOJIBKO 3a CUET
koHBeKIMH M 1ud¢dy3un. [IpomexxyTouHOe MojIe CKOPOCTH HaXOJWTCs S-maroBbiM MmeronoM Pynre - Kyrra. Ha
BTOPOM JTale, MO0 HalJAEHHOMY INPOMEXYTOYHOMY IIONI0 CKOPOCTH, HAaXOAUTCSA IOJNE HaBICHUS. YpPaBHEHHE
ITyaccona mnst moist AaBieHUsl pemraercs merogoM SIkoow. Ha Tperbem 3Tame mpeamonaraertcsi, 4To HEPEeHOC
OCYILECTBJIIETCSI TONBKO 3a CYET IpajueHTa AaBieHHsd. Ha deTBepToM Iare 4YUCICHHO pPEHIAETCS ypaBHEHHUS
HepeHoca TeMIEPATyphl TaKKe KaK ypaBHEHMs ABHXKEHHs 5-IIAaroBbiM MeTodoM PyHnre-Kyrra. Anroputm 3anauu
pacmnapajuleJIeH Ha BBICOKONPOM3BOAMTENBHOM cucTeMe. IloiydeHHBIE 4YHMCIEHHBIE DPE3yNbTaThl TPEXMEPHOTO
CTpaTu(UINPOBAHHOTO TypOyJIEHTHOTO TEUEHHMS I03BOJISIET BHIIBUTH KAUECTBEHHO U NPUOIMKEHHO KOJIUIECTBEHHO
OCHOBHBIE 3aKOHOMEPHOCTH T'HIPOTEPMHUUYECKUX IIPOLIECCOB MTPOUCXOIAIINX B BOJIOEMAX-0XIaUTETIAX.

KaioueBsie ciioBa: crparuduiupoBanHas cpenia, ypaBHeHus: HaBbe-Crokca, sKCIUTyaTallMOHHAs MOIHOCTS,
Okubacrysckuii [PDOC-2, MmeToa koHeUHBIX 00BeMOB, MeTo] PyHre-Kyrra, 03epo Illanmakcop.
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SOLUTION OF THE COSMOLOGICAL PROBLEM
IN THE APPROXIMATIONS (PART-1)

Abstract. To determine the state of the Universe at any pre-specified time it is possible only to a cyclic model
in which the entropy of a cycle is equal to zero, and the mechanism of evolution works exactly obeying the
principles of Kant-Laplace determinism. The loop with extremely high probability can be established by boundaries
quantitative applications of General relativity. As this area manifests itself for a huge period of time, it is impossible
to determine it empirically. This article suggests the mediate path based on the determination of the structural
transformations limits of dynamic variant of Minkowski geometry, which group of transformations is invariant.
Taken as a basis instead of the Riemann geometry, it is possible to carry out the solution of the cosmological
problem in six approximations with the definition of the most important quantitative indicators of the Universe
evolution.

Keywords: cosmological problem, the scope of the general theory of relativity, n-dimensional version of the
Minkowski geometry, cyclic model of the evolution of the Universe, the range of values of variables, speed of light,
evolution of the periodic table of chemical elements, metaperiod, "arrow of time" of cycle of the Universe, Absolute
Universe, the physical nature phenomena of life and intelligence.

This article is dedicated to the solution of the cosmological problem. This is the beginning of applied
research in the field of mega universe based on author’s model and Absolute Universe theory. Thus, a
new stage of author’s research of mega universe and its results required the necessary to write this article.
To date, it has already been published in 2016 in the "International Journal of Experimental Education»
Ne3 (part II). In this embodiment of the article, a model of evolving Universe is given in several
approximations directly deducing the practice of its application.

... IN THE FIRST APPROXIMATION

The cosmological problem, formulated in the 20th century, states: to determine the state of the
Universe at any time in advance [6] [A. Einstein 1966: 612]. This definition imposes a restriction on the
choice of a model of the evolution of the Universe: the solution of the cosmological problem is possible
only for the cyclic model of the Universe, in which the oscillation frequency and wavelength remain
unchanged for all conceivable cycles.

What defines the limits which carry out oscillatory motion of the cyclic Universe? Obviously, they
are defined by scope of General relativity. However, A. Einstein defined this area like the general laws of
conservation of energy, mass, etc. qualitatively, as universal, which is not enough to solve the
cosmological problems. Quantifying scope of General relativity is still not known. Thus, beginning in the
solution of the cosmological problem must be enclosed in the quantitative determination of the General
relativity scope.

Since the General relativity scope is also the area of movement of the Universe within its two limits,
it is necessary first to determine not only the space (distance), but also of time (duration) using the
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fundamental parameter. Thus the fundamental parameter is the speed of light, which is adopted for the
classical theory of relativity equal infinitely large in comparison with the speed of any bodies, and for the
special theory of relativity — the ultimate and constant in the absence or constancy of gravity. The speed of
light in the SR is the upper limit of the movement of bodies. And because the General relativity includes
classic and special theory of relativity as special cases, and the indicators of the scope for general
relativity should be the speed of light. However, it must be specific just for the General relativity. Albert
Einstein identified this specificity for GR as a variable in condition of variable gravity field [7] [Einstein
A1965: 210, 219, 320, 385, 392].

Hereof it is clear that the scope indicator of GR is not the variable speed of light, and its range, which
is implemented in the expansion (contraction) phase for the unimaginably long period of time. This
eliminates any possibility of its experimental determination. Einstein did not attempt to define this range,
probably realizing the impossibility of its experimental measuring and predicting impossibility for this.

This paper attempts to study the possible range of variables values of speed of light on the basis of
changes in the structure of the dynamic version of the Minkowski geometry. Minkowski himself set an
example of the dynamic approach to research, proving the invariance of transformation groups of SGR
and classical mechanics by an assumption: "Let "s" tends to infinity". Then 1/ ¢ tends to zero (Figure 1),
and geometry of Minkowski turns into geometry of Galileo [4] [G. Minkowski 1973: 173].

e
Y X
/e /l
0 > X

Figure 1 - Four-dimensional geometry of Minkowski

Considering Minkowski, it can be determined the other limit by examining the maximum conversion
of dynamic geometry structure by an assumption: "Let "¢" tends to zero". Then 1/c tends to infinity, the
angle of the "light cone" AOB (Figure 2) tends to 180 degrees, and the figure similar to the two-sheeted
hyperboloid of revolution, degenerates into two parallel planes.

C o 10Le A

7 1/cd X'

D 3 t! B
t V¢
Figure 2 - Planar-section of symmetrical version of Minkowski geometry (AOB — angle "light cone")

Thus, a dynamic version of Minkowski geometry has two limits of transformations: at "c¢" of equal
infinity its metric degenerates into a line of one-dimensional space, at "c¢" equal to zero — its metric
degenerates into a cylindrical space. The range of values of variables of speed of light is the indicator of
quantitative scope of GR.
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Dynamic version of Minkowski geometry does not reject the Riemann geometry, and from the
standpoint of the principle of correspondence it transforms the latest and Galileo geometry and into its
particular cases, engaging in the main role and the leading geometry of the natural science.

However, in GR, built for the condition of variable gravitational field, 4-dimensional version of
Minkowski geometry, designed to support the special theory of relativity (STR) cannot be used. After all,
the last is correct for the conditions of the lack or constancy of gravity. GR requires such version of
Minkowski geometry, which in its structure diverts place for gravitating masses. In this respect, the
symmetry of the original pieces of this geometry, like one and two-sheet hyperboloid rotations, as well as
the metric of space-like quadrants allow determining the area of two symmetric gravitating masses in the
form of lenticular lenses in the structure of Minkowski geometry.

Also there is a need for an infinite amount of frame of reference conjugated between each other, as
the geometric description of the motion of bodies brings the body of any size to the point, and geometric
consideration of movement of the solid body leads to the necessity of considering the simultaneous
movement of the infinite number of points. An infinite number of conjugated frames of reference for the
symmetric geometry of Minkowski can be obtained through the procedure of infinite planar section
passing through the axis of symmetry. As the result, we obtain an n-dimensional version of Minkowski
geometry, which is a model of snapshot of one of the many stages of evolution of the Universe.

Such geometry is shown in Figure 3. In addition to the basic elements of symmetry, it has the
substance symmetry and spin rotation of body due to non-holonomicity space. Such model can apply the
law of symmetry of Dirac matter E=2mc’+T [5] [Dirac R.1928: 118] and Feynman theory of antiparticles,
according to it the bodies, described as the model can be called the Universe and anti Universe.

Figure 3 - N-dimensional version of Minkowski geometry
1. figure similar to one sheet hyperboloid of rotation; 2. plane of axes of resting time in reference frames;
3. surface of the cone of time coordinates of moving reference frames; 4. cone of ways coordinates of moving reference frames;
5. area of a system of two bodies responsible to the law of symmetry of Dirac matter.

Dirac law having the components of the gravitational and kinetic energy, provides the basis for the
construction of the mechanics of an isolated system in a loop consisting of two phases — the expansion
and contraction — two singular states of matter, on the one hand, pure electromagnetical, and on the other
— pure real (neutron). In the expansion phase, the light of cone angle AOB (Figure 2) varies from 0 to 180
degrees. Form of force interaction of two worlds (gravitational wave) is determined by their surface and
will give a single sphere of the Universe, undergoing evolution (Figure 4) from an elongated ellipsoid of
revolution across the sphere to an oblate ellipsoid of revolution.

Last degenerates into the cylinder. At spherical stage, alignment of longitudinal and transverse
deformation of the body, resulting in a temporary space isotropy is observed.
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In the compression phase, at change of the angle of the "light cones" from 180 to 360 degrees the
same configuration of the Universe is changed in the opposite direction. Factors of the motion of bodies in
the Universe in expansion phase are the kinetic energy and entropy, and in the compression phase —
gravity and negentropy, respectively.

From the point of view of the conception, there is no longer necessary to research the sign of the
curvature of space at the present stage of evolution of the Universe advanced by Einstein [6] [Eistein A.
1966: 612]. Positive curvature is inherent in the spheres of two bodies; the negative curvature is inherent
in pseudo-sphere, which is described by the process of the evolution of each of the worlds. Pseudo-sphere
is the special case which is presented as Riemann geometry in the total geometry (Minkowski geometry).

Figure 4 - Absolute Universe movement geometry. In the lower part of the figure there is a graph
of the oscillatory motion which describes the PHASE EXPANSION OF THE UNIVERSE

The general scheme of the movement of the Universe at each cycle is the same, but the content by
their individual systems is different. Therefore, each cycle presents the Universe and an endless number
presents the Absolute Universe (a term, extended by Minkowski) consists of an unbounded number of
universes.

All the foregoing enables to formulate the periodic law of evolution of the Universe:

Variable configurations of bodies of universe and anti universe, as well as the configuration of the
gravitational wave are in periodic dependence on the acceleration of their relative movement; acceleration
of these bodies is a function of the variable speed of light connected with the angle of the "light cone" of
the Minkowski geometry.

Thus, we solve the cosmological problems in the first approximation.

EXPLANATION OF THE FIRST APPROXIMATION

The solution of the cosmological problem was possible on the basis of a new theory of relativity as
the highest branch of relativism — Absolute Universe theory [1] [Drozdov A.M., Zhokhov A.M., Drozdov
E.A. 2011: 107-115] [2] [Drozdov A.M., Zhokhov A.L. 2014: 8-17]. Like the well-known theories of
relativity, the theory of the Absolute Universe has its own geometry, the specifics of the speed of light and
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quantitative scope, as well as the invariance of group of space-time transformations with the same group
of transformations of the three known theories of relativity. In particular, the invariance of groups of
Absolute Universe and GR is shown that n-dimensional version of Minkowski geometry describes
pseudosphere — space of Riemann geometry of SR, when it is deformed by variable range speed of light
values. In addition, the formulation of the periodic law of evolution of the Universe is the geometric shape
of invariance of the volume of the various stages of the cyclic movement. To complete the theory of
Absolute Universe we need to find an analytical expression of this invariant.

What does this theory claim essentially new? It claims the cyclical nature of the motion of bodies at
the highest level of organization of matter. The periodic process of the motion of bodies is described by
two terms: "pulse" and "cycle". From these two terms in modern cosmology, preference is given to the
first, underlying the so-called "pulsing" model of the Universe. What is the reason that the cyclic model is
not interesting for cosmology as a pressing and urgent problem? Motion cycle is established between two
limits; in contrast, the pulse is characterized by vibrations within certain potentially possible, but never
reachable limits. Choice of a pulsating model is due to the fact that cosmology does not know limits of the
vibrational motion of the Universe, and the community of scientists today refuses to recognize such
statement of the cosmological problem as lawful. Even the beginning of the expansion of the Universe in
the form of so-called " zero-time point" is not the limit, although it was given the scale of the order of -33
centimeters, which is smaller than chemical element atom for 24. From the point of view of the scientific
fantasy, all matter in the Universe is compressed to a tiny particle size, which has a volume that is
different from zero, in order to save nature from the absurdity of infinite density of matter. For an
unbiased view of the state of the Universe it is almost obvious that here we have the quality limit state not
only of space and time, but also for matter. The Universe has two characters: the substance and the
electromagnetic field. If at the limit of compression there is no matter due to the annihilation and the
Universe is in the electromagnetic state, the density of matter becomes zero. The Universe in its full
energy equivalent is placed in one-dimensional space.

As for the second limit of considering cycle, it is a neutron state of matter in the absence of the
electromagnetic field with the location of the particles in the two planes — at the basis of the cylinder —
with the thickness of plane equal to the diameter of the neutron.

Thus, a state of maximum entropy of a cyclic Universe is presented in one structural unit of matter,
because the product of natural aging and atoms and anti-atoms is neutrons. Consequently, each of the two
singular states of matter in the Universe is the result of certain annihilation: "beginning" of expansion —
the result of annihilation of matter with its symmetry, the "end" of expansion — the result of annihilation
of only matter symmetry. In this case the symmetry of the substance does not strictly define the matter of
each of the bodies of the Universe by one of the worlds: the body, the former "universe" in the expansion
phase, becomes the "anti-universe" in the compression phase with a corresponding set of antimatter
particles.

The cyclic model allows us to explain the absence of the antimatters in the observable part of the
Universe by space division of matter and antimatter in the first moment of the birth of the substance in the
electromagnetic field.

Our proposed model of the Universe requires the experimental justification of the existence of anti-
universe. It is obvious that there is no data of direct observation of anti universe, as 100 years ago there
were no experimental facts, pointing directly to the planetary model of the atom. Rutherford took
advantage of already known data about the electrical nature of the atom, and added resulting in an
independent experiment to them. The planetary model of the atom was the result of a generalization of all
these indirect data. The same indirect data of modern cosmology are known. Since they cannot be
explained by the conventional (standard) model of the Universe, they are called "dark energy" and "dark
matter". The symmetric model of the Universe explains these effects by long-range gravity and kinetic
energy of the invisible anti universe on our universe.

Finally, the specificity of quantitative scope of the Absolute Universe theory, unlike GR is the twice
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interval of variable values of speed of light, implementing at equal in both phases of the Universe, but
only in the opposite sequence (from infinity to zero in the expansion phase, and from zero to infinity in
the compression phase). The physical meaning of the infinite speed of light in the absence of matter has
indefinitely large value, and zero speed — the value which can be taken for purely real phase of the
Universe.

The resulting model of the Absolute Universe, built on a dynamic version of the geometry of
Minkowski and Einstein's presentation of variables of speed of light, is an ideal model. Its development in
the second, third, etc. approximations taking into account additional factors, turns it into a real model,
embarking on the path of perfection, which has no end.

... IN THE SECOND APPROXIMATION

Specification of obtained solution can be achieved by establishing a quantitative relationship between
the speed of light and the angle of the "light cone" of Minkowski geometry, as well as between the age of
each of the stages of evolution of the Universe and the angle of the "light cone".

In order to do this, we use the Hubble law, alleging that the Universe is currently in the isotropic
state, because the rate of expansion is the same in all directions. In the isotropic state of angles "light
cone", represented by us as the model of the Universe are equal, respectively, for 90 and 270 degrees. And
as the speed of the light in the Minkowski geometry is at the linear function of the angle of the "light
cone", it becomes possible to establish the graphical relationship between these values.

However, according to the SR, the speed of light does not depend on the direction of the light source
that is not a vector quantity. And that is why it does not vary by plus and minus signs in the phases of
expansion and contraction. In this case how oppositely directed implementation process of
implementation of speeds variable interval of light in the phases of expansion and contraction of the
universe can be reflected?

This contradiction can be solved by reducing the variable of speed of light and the speed of the
relative motion of two bodies of the Universe to the values practically equal, when the speed of these
bodies at each stage is less than the speed of light only to small amount so that the kinetic energy of
motion of the Universe at every stage fulfills the conditions necessary to meet maximum performance.
Thus, it is postulated an important feature of the Absolute Universe: all bodies of the Universe, being a
part of the universe and anti universe, involved in the movement, are almost equal to the speed of light.
The speed of the relative motion of bodies built on the basis of this graph and the universe and anti
universe is shown in Figure 5, and obtained data are summarized in Table 1. The absolute values of these
variables are variables of the speed of light. We built this graph on two points with coordinates "90
degrees — (- 300,000 km/s)" and "270 degrees — (300000km/s)".

The principle of relativity as the basis of this work requires consideration of equally probable to
obtain positive values of speeds of the bodies for the expansion phase and the same graph with negative —
for the compression phase of the Universe in the form of a downward linear relationship. But as the
simultaneous presentation of such mutually exclusive processes is not possible, a continuous process of
movement of the Absolute Universe can be logically represented by reciprocating wave with the change
of the ascending graph lines on downward. The periodicity of the evolution of the Absolute Universe
unlike one of the cyclic movement of the Universe assumes the character of double cycling. In other
words, the evolution of the Absolute Universe is not a simple sum of the evolutions of countless
Universes, and already in the first stage of the study has supra-universal features. In order to calculate the
travel time of all stages of evolution of the Universe we will use a similar linear dependence on the angle
of the time of "the light cone" of Minkowski geometry. In the image coordinates' “time is the angle of the
"light cone" we make point corresponding to the argument.

90 degrees and 15 billion years meet the modern age of the Universe. We connect this point a straight
line from the beginning of the system of reference and extend it to the point that corresponds to the

— 3 ——
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argument of 180 degrees. Infinite time responds to this stage of phase of the expansion phase of the
Universe. Infinite time in the absence of the electromagnetic field has the value of an indefinitely large
magnitude. The graph (Figure 5) displays such value as a vertical dashed straight line. From this graph,
we can find time of any stage of the evolution of the Universe.
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Figure 5 - Changes variance of speeds of the relative movement of bodies in the cycle of the Universe

Table 1 - The speeds of the relative movement of bodies of the Universe,
in accordance with the stages of their movement

Expansion phase Compression phase
ighteonerangle | e year | Uighteonerangle | e e
0 -10" 210 7-10
30 -7-10° 240 5-10°
60 9-10° 270 3-10°
90 -3-10° 300 10
120 -4-10° 330 7-10°
150 -7-10 360 10'°
180 0

Time of the compression phase of the Universe we define on the principle of reversibility of time in
comparison with the expansion phase when the angle of the "light cones" of Minkowski geometry varies
from 180 to 360 degrees (Figure 6) Table 2.

Thus, we solve the cosmological problems in the second approximation with the establishment of the
basic indicators of the evolution of the Universe: a variable of speed of light, the speed of the bodies of
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the universe and anti universe, and the time of each of an infinite number of stages in the evolution of the

Universe.
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Figure 6 - Graph of age stages of evolution of the Universe, forming two “arrows of time”
Table 2 - Time of each of the stages of evolution of the Universe, corresponding
to the value of the angle of the "light cone"

Expansion phase Compression phase
«Light cone» angle Time of stages of the «Light cone» angle Time of stages of the
evolution in the Earth year evolution in the Earth year
0 0 195 510"
15 310 210 810"
30 10° 225 2:107
45 8-10* 240 5107
60 5-10° 255 710"
75 2:10° 270 107
90 101 285 2108
105 7-10" 300 5-10°
120 510" 315 8-10°
135 2-10° 330 10°
150 810" 345 30
165 510" 360 0
180 ©
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KOCMOJIOTUAJBIK MOCEJIEJIEPAI INENTY AIH ’KYBIKTAY CAJIJIAPBI. (1-66.1iM)

AHHoTanusi: by Makanaa Ke3-KelreH ajjblH-ajla OepuIreH yakbIT Ke3eHIH/IerT KeHICTIKTIH KaJIbIH aHbIKTAY
TEK KaHa IMKIJIIK MOJENJEy YLIIH FaHa eMecC, apasiblK SHTPOIUS IMKII Hoibre TeH OosiraH kesne, Kant-Jlamac
JIETCPMCHU3M KaFuJachlHA CYHEHE OTBIPBII, SBOJIIOIMS MEXaHHU3MIMEH aOCOIOTTI TeH KyMbIC icTeiini. COHIBIKTaH
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OipiHIH KeTepreH SBOJIONMSIIBIK KEHICTIK KYpPBUIBIMBI MEH HpOoOJIeMaJapbIHBIH MOJEIN Typaibl HIEsChl, OYpbIH
OipiiamMa TONBIKTHIPBUIBIN AbIHFAH. PUMaH TreOMETPUSCHIH HEri3re ajia OTHIPBIN JaiiblHaanFaH Oyl Makaiaja,
KOCMOJIOTHSUIBIK MacelleNiepAl MEeNIyAiH alThl )KYBIKTay CajlapblH NaliaIaHbll oJleM SBOJIOIMSACHIHBIH KOPIHICIH
AHBIKTAY.
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PEIIEHUE KOCMOJIOTMYECKOM MMPOBJIEMBI B IPUBJIMKEHUSAX. (YacTh-1)

Annotanus: Onpenenuts coctossHue BeeneHHo B 000 Hamepe 3aaHHbId MOMEHT BPEMEHH MOXKHO JIHIIb
JUIS €€ [UKIMYSCKOW MOJENH, B KOTOPOW SHTPONHMS IMKJIA paBHA HYJO, a MEXaHHM3M OJBOJIOIHMHA padoTacT
a0COJIFOTHO TOYHO, MOAYUHSSICH NpUHNOWIAM jaerepMmuHu3Ma Kanta-Jlaruraca. I'paHuIel muKIa ¢ TPEebHO
BBICOKOW BEpOSTHOCTHIO MOTYT OBITh YCTaHOBJCHBI TpPaHUIAMH KoJH4YecTBeHHOW oOmactu mpumenenuss OTO.
[TockonbKy 3Ta 00NACTh TPOSABISAET ceOs 32 OTPOMHBIN OTPE30K BPEMEHH, TO ONPEACIHTH €€ ONBITHBIM ITyTeM
HEBO3MOXHO. B cTaThe NpeioKeH ONOCPEACTBEHHBIM IYTh HAa OCHOBE ONPEHEIICHUS MPENEIOB CTPYKTYPHBIX
MpeBpaIleHI JUHAMUYIECKOTO BapHaHTa TeOMeTpHd MHHKOBCKOTO, TPYIIa MpeoO0pa3oBaHUid KOTOPOH BBHICTYIAET
WHBapUaHTHOHN Tpymme mpeobpasoBanuii OTO. Badras 3a ocHOBy BMecTo reoMmeTpun Pmmana, oHa mo3Bonmia
OCYIIECTBUTh PELICHUE KOCMOJIOTHYECKON MpOOJIEeMbl B HIECTH MPUOJIDKEHUSX C OIpelelieHHEeM Ba)KHEUIINX
KOJMYECTBEHHBIX TTOKa3aTelIei SBOMIONUN BceaeHHOM.

KiroueBble cjioBa: KOCMOJIOrHYECKas MpodiieMa, 001acTh MPUMEHEHUS OOIICi TEOPHUH OTHOCHTEIBHOCTH, N-
MEpHBIN BapuaHT reoMeTpu MUHKOBCKOTO, IIUKJIMYECKAsi MOJIEJIb 3BOJIIOLMKM BceneHHol, MHTEpBan NepeMeHHBIX
3HAYEHUN CKOPOCTH CBETA, 3BOJIOLMUS MEPUOAUUYECKON CUCTEMBl XHUMUYECKUX DJIEMEHTOB, METAIEPHUOJl, «CTPEIIbl
BpeMEHN» IUKIIa BeeneHHOH, AOGCONIOTHEIH MUp, (PU3HUYECcKas MPHpoia GEeHOMEHOB XKU3HH U pa3yMa.
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SOLUTION OF THE COSMOLOGICAL PROBLEM
IN THE APPROXIMATIONS. (PART-2)

Abstract. To determine the state of the Universe at any pre-specified time it is possible only to a cyclic model
in which the entropy of a cycle is equal to zero, and the mechanism of evolution works exactly obeying the
principles of Kant-Laplace determinism. The loop with extremely high probability can be established by boundaries
quantitative applications of General relativity. As this area manifests itself for a huge period of time, it is impossible
to determine it empirically. The article suggests the mediate path based on the determination of the structural
transformations limits of dynamic variant of Minkowski geometry, which group of transformations is invariant.
Taken as a basis instead of the Riemann geometry, it is possible to carry out the solution of the cosmological
problem in six approximations with the definition of the most important quantitative indicators of the Universe
evolution.

Key words: cosmological problem, the scope of the general theory of relativity, n-dimensional version of the
Minkowski geometry, cyclic model of the evolution of the Universe, the range of values of variables, speed of light,
evolution of the periodic table of chemical elements, metaperiod "arrow of time" cycle of the Universe, Absolute
Universe, the physical nature phenomena of life and intelligence.

... IN THE THIRD APPROXIMATION

Only singular state of matter (electromagnetic and neutron) and the areas located near them, do not
represent the nuclear state of matter. All other evolution stages of the Universe are represented by the
atomic structure of matter. It determines the next most important aspect of the cosmological problems
concerning the evolution of the chemical elements, because this process comprises the organic unity of
the evolution process of the Universe.

Currently, there is a tendency among scholars to consider the periodic law and the DI Mendeleev
periodic system of chemical elements justified by only quantum mechanical theory of atomic structure. It
explained the cause of the periodicity in the structure of atoms and elements and found space correlation
of element, group and period of quantum numbers. But this theory did not find a correlation to the largest
structural unit of the periodic system - dyads established by Rydberg in the early 20th century, [14]
[Rydberg 1914: 145]. Probably, such a justification of dyad to be expected on the part of the evolutionary
theory of the periodic system, not yet created, but intuitively formulated at the end of the XIX century as
the doctrine of inorganic Darwinism [10] [Cedars 1976: 52-56].

In the second half of the XX century, there was a question about the upper boundary of the periodic
system, which undoubtedly is also a matter of the evolution of the chemical elements. The method of
Mendeleev "atom-analogy" makes it impossible to predict its upper border. The forecast is carried out
based on the phenomenon of radioactivity and hypothetical nuclear shell model, as well as stemming from
it "magic numbers" of nucleons. Blur periodicity in heavy atoms, allegedly shows the exhaustion of the
total volume of the system in the area of the second hundred of the chemical elements.

The quantum-mechanical theory, in Bohr's testimony [3] [Bohr 1970: 291] and Sommerfeld [9]
[Sommerfeld 1956: 134], was based on the chemical systematics and spectroscopic data material. Of them
spectroscopic data was only subjected to statistical processing, as chemical systematics of the periodic
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system had already contained the results of the previous statistics (time, group and element place). In the
quantum model of the atom, they found the exact deflection in quantum numbers.

Obviously, the new theory of the periodic system should be built if there is solution of another
fundamental problem and not described atomic theory of the structural units of the system. System has
both of them as an evolutionary problem and the biggest structural unit, not an explanation. Let us clarify
this.

If a number of periods: 1 23 4 5 6 7 is connected to electronic

28818183232

filling of the atomic shells, then a number of dyads:

1111111y

4163664

is not connected to any quantum-mechanical information.

It is natural to assume that together with a number of elements varieties of periods and of dyads
constitute three levels of organization of the periodicity of chemical elements:

1) dependence of the properties of elements of atomic number (Z),

2) dependence of the periods power on period atomic number (n)

3) dependence of the dyad power on the atomic number of dyad (Q).

This makes it possible to use the method of statistical processing of the periodic system data in
relation to the three levels of the periodicity organization.

It should be noted that consideration of the periodicity is still limited to only the first level, for which,
unlike the other two, it is known a lot of numbers (figure 7). Such a different representation of these levels
requires to take as a basis of method the research of the second and third levels of the periodicity
organization receiving for them the same set as for the first level [6] [Drozdov 2012: 5].

By summing the values of certain chemical elements within the periods we get a series of numbers
that characterize the power of periods - number of periods. Set of period numbers is due to a variety of
used element parameters. Charts of these varieties suggest that in many cases there is no monotony of
period power with an increase in its number (figure 8). Based on this and using the elements of the
mathematical method of parabolic interpolation [4] [Bronstein 1965: 70], for the number of dyads we use
not only the addition of the received power, but also subtracting the smaller from the larger numbers of
periods within the dyad. Charts of dyads numbers are presented in figures 9, 10.

Statistical comparison of graphs of numbers of the three levels of periodicity organization indicates
that a gradual transition from the first to the third level tends to mathematical simplification. If the first
level graphics have a large number of breaks, and the graphics of the second level - fewer breaks, the third
level graphics in general are expressed in a smooth curve in the form of a parabola. Only a few dyads
numbers falls out of the picture, which can be explained either by an exception to the general rule, or
submission to other functional relationship shown in figure 10 by reciprocating wave.

Preferableness of the second assumption can be justified as follows. If the first level of the periodicity
organization made it possible to distinguish the period, and the second level - the larger structure - the
dyad, the third level being equal to the first two, is to carry information about the new larger structural
unit of the periodic system.

Thanks to their periodic properties the new structural unit of the system can be called meta-period.
Evaluation of meta-period power, calculated according to the formula for a period of dyad N = 2Q2, gives
a value of 362 elements. Of these, 86 occurred in the first half-wave related to the phase of expansion of
the Universe, and the rest - in the second half-wave related to the compression phase. This separation of
some chemical elements in parts of meta-period coincides with the boundary of stability of elements.
Indeed, the elements are stable from the beginning of the periodic system until the end of the sixth period
that leaves no hope for the possibility of the existence of "islands of stability in a sea of instability" in G.
Seaborg's words.

From the set out point of view, dyad - a certain stage (one-seventh part of it) in the implementation of
the meta-period. Of these, six major periods of the cycle of one of the worlds of the Universe responds six
dyads of meta-period represented by the atomic structure of matter. The meta-period serves as the largest
structure of the periodic system because of the lack of information on chemical elements of the second,
third and so on cycles of the Universe.
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Clearly, the evolution of the periodic system of chemical elements acts as a special case of the
evolution of the Universe, which allows to formulate the law of evolution of the periodic system in the
following way: the dyads number of meta-period is uniquely determined by the number of periods of the
evolution cycle of one of the worlds of the Universe.

Modern views on the upper boundary of the periodic system is extremely contradictory. According to
one point of view, based on the structure of the nucleus, the volume of the system is limited to the second
hundred. Opposite point of view (expressed by Goldanski), resulting from the postulates of quantum
mechanics on the significance of the principal quantum number, admits a potential infinity of the system,
just a few billion elements [10]. Developing by ourselves views about the oscillatory nature of evolution
of the periodic system allow to find dialectical (dialectic-physico-chemical) solution of these
contradictions: an infinite number of elements in evolutionary terms is realized through the final series,
described by meta-period.

Thus, we obtain a solution of cosmological problems in the third approximation.

... IN THE FORTH APPROXIMATION

Calculated amount (362) of chemical elements of the completed periodic system is very strictly meets
its long-period form including the s-, p-, d-, f-, g-, h- elements. This form of the system is shown in figure
11. Conducted research [8] [Drozdov 2014: 4] showed that the author's form of the system makes it
possible to forecast the physical properties of the elements of compression phase of the Universe. At first,
prediction can confine the physical properties of the four main groups of elements: alkaline, earth metals,
halogen and inert gases.

For this we use a method based on the known (logarithmic form) depending of the physical quantity
on the other serving as an argument, in this case, the logarithm of the principal quantum number or
numbers of the system period. Obtained in this graphic linear dependences can be extrapolated to the
region 7-11 of periods of the compression phase of the Universe.

Composed graphic dependences are characterized by high rates of approximation. They allowed to
carry out the forecast for the atomic masses, radii of atoms and ionization potentials for the four groups of
elements of the compression phase of the Universe. However, in order to save space in the article one
graph is given as an example (Fig. 12). It corresponds to the approximation factor of 0.994.

The quantitative results of the executed forecast are summarized in Tables 3-4. The necessary
reference values are taken from the reference data [11] [Komova 1964: 172]. The values of obtained
physical properties show the growth of metal and weakening metalloid properties, which may indicate the
high reactivity of the elements of the compression phase of the Universe.

Thus, it was given a fourth (at the level of the substance) approximation of the regarded problem of
the evolution of the Universe.

... IN THE FIFTH APPROXIMATION

Among many cosmological ideas of the XX century, such one was expressed according to which in
the cyclic Universe model it is implemented only one "arrow of time" - entropy. In this model of the
Universe cyclicity is artificial, since the movement of the Universe is put only one initial (?) yield - "Zero
- time point", while the cyclic movement is possible only within the two limits. And each of them has to
be a special qualitative state of matter. In the absence of the second limit backward movement
(contraction) cannot be justified by the presence of only gravitational forces in the observable model of an
expanding universe. On the expansion of the limit the system should enter into a state of maximum
entropy, above which the entropy cannot be a factor in the spontaneous course of the process. In the phase
of compression spontaneous movement should be determined not only by a factor of energy (gravity), but
also ordering factor - the desire of system for maximum negentropy. Gravity as a weak force cannot in
itself ensure the reversibility of time.

Striving for maximum negentropy will call into existence a new longer negentropic "arrow of time".
If in the phase of the expansion the factor of gravitation (attraction) resisted the action of acceleration
factors (kinetic energy and entropy), then in the compression phase gravity and negentropythe act as
factors of accelerated motion.
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The representation of the "arrow of time" is closely related to the notions of physics and the
phenomenon of life. The first concept ("arrow of time") combines the other two (the physics of the
phenomenon of life). Moreover, if in the cyclic Universe only one "arrow of time" is implemented, this
means that in nature there is only one orientation of events, only one physics. This version claims the
absolute monopoly of the second law of thermodynamics in natural processes and makes it impossible to
develop the natural scientific essence of life. Living organisms, not only not based on the increase in
entropy, but are in relentless struggle with it in the ontogeny and phylogeny in the face of the one physics
proclaimed the monopoly of the increasing process of entropy, and perform as miraculous phenomenon,
random and not space.

However, in modern thermodynamics, there is no monopoly on the process of increasing entropy.
The second law of thermodynamics admits along with the dominant orientation of events and also the
opposite direction - decrease in entropy, although the likelihood of it is negligible. This means that the
phenomenon of life has even a negligible, but quite natural scientific foundation. In order the phenomenon
of life to acquire a truly cosmic sound it is necessary to recognize the second law of thermodynamics as
symmetrical - in the scope of the universal cycle. In the expansion phase we will have to recognize
entropic orientation of the physical events as dominant, entropic "arrow of time" and entropic physics, and
in the compression phase - negentropic "arrow of time" and the same physics.

From the point of view of the symmetry of the 2nd law of thermodynamics, the phenomenon of life is
a vivid manifestation in the environment of the dominant physical process of its opposite, which is
dominant in the other phase of the cyclic Universe. In other words, life in an expanding Universe reflects
the orientation of events of physics of contracting Universe, and life in the contracting Universe reflects
the focus of events of physics of entropy phase of the Universe.

Thus, the solution of cosmological problem in the fifth approximation leads to the conclusion about
the existence in the Universe of two physics and two biologies. Thus, the common opinion that
thermodynamics cannot be used to explain as of the Universe and life phenomenon is unfounded, because
it is not intended to describe a single object. Indeed, at infinite number of cycles in the absolute world it is
infinite as the number of universes, and life phenomena, although in the half-cycle of the Universe life is a
cosmic phenomenon in the singular in each of the worlds. The idea of two thermodynamic
processes in the Universe cycle phases explains as a failure, haunting scientists in laboratory experiments
on the creation of living organisms, and futile efforts to find extraterrestrial life and civilization. To turn
inanimate matter into living organisms it is necessary a simultaneous birth of the whole living world. This
will ensure the stability of the phenomenon of life against the destructive action of the dominant physical
process by creating its own habitat. Our earthly Oasis and civilization are unique in one of the worlds of
expansion phase of the Universe. Here we are alone! But it can be not only an occasion for grief. This
idea gives to humanity the divine face. We stand on the threshold of the noosphere creation.

One of the immediate practical values of this research is the conclusion of senseless expenditure of
funds and energy to the search for extraterrestrial life. Such seemingly pessimistic conclusion is obtained
from the fifth approximation of theorizes.

IN THE SIXTH APPROXIMATION

Along with the phenomenon of life it is another important cosmological phenomenon - the mind. At
first glance it seems that the mind is only the predicate of the phenomenon of life, and it is the only
cosmic in the framework of the living. However, almost centenary development of cybernetics showed
that the mind, unlike life phenomenon, can be simulated in the laboratory on inorganic matrix. This
acquired independence of mind from the phenomenon of life underlines the status of the cosmological
independence of mind in the Universe.

However, opponents may argue that cybernetics is able to simulate only the elements of the mind, not
the mind as a whole, although the majority of specialists in cybernetics denies the existence of any
analogy between human and artificial intelligence. Of those scientists who believe in the possibility of
machine intelligence, it is possible to refer to N.N. Amosov [2], who believes that the machine will have
artificial intelligence only when all the intellectual properties of a person will be recorded in its program.

Contrary to this statement the authors of this article believe that for artificial intelligence it is
necessary to enter into the computer the additional program, modeling is only one important human
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quality, in order the machine today to acquire the ability to reason and think [7 [Drozdov 2014: 4]]. In the
author's model the human intellect is represented by two levels: the conscious and the subconscious.
Consciousness is directly related to the will of the individual, and therefore inherent in all higher animals.
It is switched off in sleep and when introduction of a tranquilizer to the organsim. The most developed
consciousness is represented in person in the form of imagination (inner peace), which is the basis of
language, logic and thinking.

The subconscious - is folded process of will, which manages by automatic acts. Subconscious in
developed form is manifested in the form of inner sense - intuition, which sometimes works even in the
sleep state of consciousness. Both levels are equal and complementary to each other in an intellectual act,
both are addressed to the same part of the brain - the cerebral cortex.

In terms of this concept, the computer does not have any analogue of consciousness or an analog of
the subconscious, because deprived of free will and acts according to the will of the programmer and
operator. Modern computer is a model of the "hypnotic sleep" of human, that is the subconscious, acting
under the influence of the programmer and operator. The closest solution to artificial consciousness is
robotics, modeling ability of the machine to the arbitrary actions. Message PC of free will is possible
through the linking of arbitrary action with the task of the computer survival in the environment.

The problem of free will programming is solved by the extended Everett concept as a choice by
subject of alternatives of behavior from all available in a superposition of only those that seem to it
attractive (for example, those which are favorable for life) [M.V. Menski [12]]. The computer that runs on
one of the well-known programs, is installed an additional program, which simulates the arbitrary actions
that are closely linked with the survival capacity of the computer in the natural and social environment.

This all-round "care" of the computer about itself necessary for the freedom of the will, is the same as
the third law of robotics by Isaac Asimov [1]. Computer awakening to the consciousness from "hypnotic
sleep" should occur, first of all, in violation of the contact of the operator and the machine that will take
some time for the initiation of awakened machine intelligence to the norms, comfortable for human (the
period, like person education).

Statement of the possibility of the existence of the mind on the inorganic matrix regardless of the
phenomenon of life gives it a universal status of autonomy (GOD status), which is the result of the
cosmological problem solving in the sixth approximation.

Conclusions

1. Formulation of the cosmological problem restricts the choice of the Universe model of the cyclic
variant with two outside movements and constant for all cycles the frequency and the length of the
oscillation wave.

2. Range of motion of the Universe is defined by scope of general relativity, and the last - in
quantitative terms - is determined by the interval of variable values of light speed.

3. A. Einstein adopted in science the idea of a variable speed of light in a variable gravity, but left
uncertain the interval of variable speed of light values, and with it a quantitative expression of the field of
application of general relativity.

4. If this interval of variable "c¢" values is implemented in the Universe during the process of its
evolution, then to define it empirically is impossible, for which the indirect method is needed - theoretical,
associated primarily with the formulation of a system of axioms.

5. In this paper we propose a method for determining the interval of speed of light variable values by
examining the limits of changing the structure of the Minkowski geometry in its dynamic version, which
puts the values of variables of speed of light from infinity to zero.

6. Thus, the transformation group of the Minkowski geometry becomes invariant with respect not
only to the group of transformations of the classical theory of relativity, but also with the transformation
group of general relativity, which allows to consider its dynamic version in general case, and the Galilean
and Riemann geometries in particular cases, from the point of view of the correspondence principle.

7. To this end, a n-dimensional version of Minkowski geometry was carried out with definition in its
structure area of two gravitating masses in the form of lenticular lenses; this geometry rendered
interpretation of a snapshot of one of the stages of the Universe evolution.

— 4) ——
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8. The imposition on it the interval of variable speed of light values made it possible to obtain the
geometric model of the Universe evolution in the volume of all stages of the cycle, to set a graph of the
vibrational motion and to formulate the periodic law of the Universe evolution, which was the result of a
decision of the cosmological problem in the first approximation.

9. On the basis of this Universe model it was obtained the solution of cosmological problems in the
next five approximations to the calculation of variables values of speed of light, the speed of the relative
motion of bodies of the world and anti-world, the age of all the stages of the Universe evolution, obtained
new, the largest structure of the periodic system of chemical elements as the main indicator of its
evolution, built long-period form of completed periodic system, a quantitative forecast of the physical
properties of the Universe compression phase elements, given a physical justification of cosmology of life
and mind.

10. Statement of the possibility of the existence of mineral-based mind with entropic "arrow of time"
gives it the status of universal autonomy as the second, along with the phenomenon of life, negentropy
phenomenon.

11. The solution of the cosmological problem has been obtained on the basis of the nomination of two
new interrelated theories: the theory of Absolute world, as the highest branch of relativity, and the theory
of evolution and the periodic system of chemical elements.

12.Further description of this model of the Universe represented by the particle (world and
antiworld) and gravitational wave, should, in our view, and can be described in terms of wave-particle
duality of De Broglie.
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Figure 11 - Completed periodic system of elements in the amount of 362 (A.M. Drozdov)
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Figure 12 - Logarithmic graph of dependence of the atomic weight of the alkali metal
on the atomic number of the period or of the principal quantum number (A.M. Drozdov, A. Yunusov)

Table 3 - The relative atomic mass of the elements from 1 to 11 period

Ne of lgn Alkaline metals Alkaline-earth metals Gallogens Inert gases
period n
A g A A Ig A A Ig A A Ig A
1 0 - - - - - - 4 0.602
2 0.300 6.941 0.845 9.013 0.954 19.0 1.279 20.183 1.305
3 0.477 22.990 1.362 24.3 1.385 35.45 1.549 39.9 1.601
4 0.601 39.098 1.601 40.08 1.602 79.91 1.902 83.85 1.923
5 0.690 85.468 1.932 86.83 1.938 126.9 2.104 1313 2.117
6 0.778 132.91 2.124 137.38 2.136 210.0 2.322 222.0 2.346
FORECAST OF ATOMIC MASS

7 0.845 223 2.35 226.05 2.354 263 242 282 245
8 0.903 295 247 302 2.48 380 2.58 355 2.55
9 0.954 397 2.599 398 2.50 489 2.69 468 2.67
10 1.000 537 2.73 549 2.74 616 2.79 602 2.78
11 1.041 589 2.77 631 2.80 813 291 813 291
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Table 4 - Forecast of radii of neutral atoms and ionization potential of elements

Alkaline metals Alkaline-earth metals Gallogens Inert gases
The principal
quantum - = - = . = . =
Smeat | 2 | 2| % E A

periods 2 = 2 = 2 = 2 i
1 - 13.5 - - - 1.22 24.5
2 1.56 5.4 1.11 9.3 0.64 18.60 1.6 21.5
3 1.92 5.1 1.6 7.6 0.99 13.0 1.91 15.7
4 2.38 43 1.97 6.1 1.14 11.8 2.01 13.9
5 2.51 4.2 2.15 5.7 1.33 10.4 2.20 12.1
6 2.51 4.2 2.15 52 1.58 9.30 2.34 10.7

Forecast of radii of neutral atoms and ionization potential of elements
7 2.98 3.09 2.63 4.78 2.2 8.32 2.67 10.0
8 3.38 2.29 2.82 4.46 2.27 7.58 2.69 9.5
9 3.54 2.13 3.02 4.16 2.29 6.91 2.82 7.05
10 3.80 1.95 3.23 3.89 32 6.60 3.02 6.45
11 4.16 1.77 3.46 37 34 5.89 3.09 6.02
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KOCMOJIOTUAJIBIK MOCEJIEJEPAI INEINYAIH )KYBIKTAY CAJIIAPBI. (2-6OJIIM)

Annotanus: by Makanana Ke3-KenreH aijblH-alla OeplIreH YaKbIT Ke3eHIHeTI KeHICTIKTIH KaIIbIH aHBIKTaY
TEK KaHa IUKIJIIK MOJENJEY YLIIH FaHa eMec, apasiblK SHTPOIUS IMKJII Hoibre TeH OosiraH kesne, Kant-Jlamtac
JIETEPMEHN3M KaFHJachblHa CYHEHE OTBIPHII, BOJIIOLMS MEXaHU3MIMEH aOCOJIOTTI TeH JKyMBIC icteli. COHABIKTaH
OYJ1 yaKpIT apaibIFbIH HETIKTCH ©31H YIKCH €Till KOPCETEeTIHIIrH aHBIKTay MYMKiH eMec. byl ochl aBTOpIapabiH
OipiHIH KOTepreH SBOINIOMUSUIBIK KEHICTIK KYPBUIBIMBI MEH MpoOJjeManaphlHBIH MOJENI Typajbl HUICSICHI, OYpHIH
OipmaMa TOJIBIKTBIPBUIBIN aJBIHFAH. PUMaH TeOMETpHUSCHIH HeETi3re aja OTBHIPBIN JaibIHAAIFaH OyJl Makajana,
KOCMOJIOTHSUIBIK MOceleNepli MeNlyIiH anThl )KYbIKTay CaJapblH IaiilaaHbIIl QJIeM SBOJIOLMACHIHBIH KOPiHICiH
aHBIKTAY.

Tipek ce3mep: KOCMOJIOTHSJIBIK Maceliesiep, KOJJAaHbIC OOJBICHI OpTaK CajJbICTBIPMaNbl  Karuaajiap,
MWUHKOBCKHI T'€OMETPHSICHIHBIH N-OJIIICYIlll HYCKACHI, QJIEMHIH 3BOJIONUSIBIK TONTAMACBHIHBIH MOJEII, JKapbIK
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KO3FAJIBICHIHBIH aMHBIMAIIBI MAaFHAChI, XUMHSJIBIK DJIEMEHTTEp KYHECIHIH Mep3iMIi JBOIIOIMACH], METANEPHO/I,
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PEIIEHUE KOCMOJIOT'TYECKOM MMPOBJIEMBI B IPUBJINKEHUSX. (YACTb-2)

Annoranus: Onpenenuts coctossHue BeeneHHO B 000 Hamepe 3aaHHbIi MOMEHT BPEMEHH MOXKHO JIHIIb
JUIS €€ LUKIMYSCKOW MOJENH, B KOTOPOW SHTPONHMS IMKJIA paBHA HYJIO, a MEXaHHM3M OJBOJIOIHMH padoTacT
a0COJIFOTHO TOYHO, MOAYUHSSICH NpUHNOWIAM jaerepmuHu3Ma Kanta-Jlaruraca. ['paHuIel HUKIa € TPEEIbHO
BBICOKOW BEpOSTHOCTHIO MOTYT OBITh YCTaHOBJCHBI TpPaHWUIAMH KoJdH4YecTBeHHOW oOmactu mpumenenus OTO.
[TockonbKy 3Ta 00NACTh TMPOSABISAET ceOs 32 OTPOMHBIN OTPE30K BPEMEHH, TO ONPEACIHTH €€ ONBITHBIM ITyTeM
HEBO3MOXHO. B cTaThe mNpeioKeH ONOCPEACTBEHHBIM IYTh HAa OCHOBE ONPEHEIICHUS MPENEIOB CTPYKTYPHBIX
MIpeBpaIleHId JUHAMUYIECKOTO BapHaHTa TeOMeTpHud MHHKOBCKOTO, TPYIIa IMPeoOdpa3oBaHUid KOTOPOH BBICTYIAET
WHBapUaHTHOHN Tpymme mpeobpasoBanuii OTO. Badras 3a ocHOBy BMecTo reoMmeTpun Pumana, oHa mo3Bonmia
OCYIIECTBUTh PELICHUE KOCMOJIOTHYECKON MpOOJIEeMbl B HIECTH NPUOJIDKEHUSX C OIpelelieHHEM Ba)KHEWIINX
KOJMYECTBEHHBIX TTOKa3aTelIei ABOMIONUN BeeaeHHOM.

KiroueBble cjioBa: KOCMOJOrHYECKas mpodiiemMa, 001acTh MPUMEHEHUS OOIICiH TEOPHUH OTHOCHTEIBHOCTH, N-
MEpHBIN BapuaHT reoMeTpU MUHKOBCKOTO, IIUKJIMYECKAsT MOJIEJIb 3BOJIOLMK BceeneHHol, MHTEpBan NepeMeHHBIX
3HAYEHUN CKOPOCTH CBETA, 3BOJIOLMUS MEPUOAUUYECKON CUCTEMbl XMMUYECKUX BJIEMEHTOB, METAIEPUOJl, «CTPEIIbl
BpEeMEHW» UK BeeneHHOH, AOGCONIOTHEIH MUp, (PU3HYECKas MPHPoIa PEHOMEHOB KU3HH U pa3yMa.
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SOLUTION OF THE COSMOLOGICAL PROBLEM
IN THE APPROXIMATIONS (PART-1)

Abstract: To determine the state of the Universe at any pre-specified time it is possible only to a cyclic model
in which the entropy of a cycle is equal to zero, and the mechanism of evolution works exactly obeying the
principles of Kant-Laplace determinism. The loop with extremely high probability can be established by boundaries
quantitative applications of General relativity. As this area manifests itself for a huge period of time, it is impossible
to determine it empirically. The article suggests the mediate path based on the determination of the structural
transformations limits of dynamic variant of Minkowski geometry, which group of transformations is invariant.
Taken as a basis instead of the Riemann geometry, it is possible to carry out the solution of the cosmological
problem in six approximations with the definition of the most important quantitative indicators of the Universe
evolution.

Key words: cosmological problem, the scope of the general theory of relativity, n-dimensional version of the
Minkowski geometry, cyclic model of the evolution of the Universe, the range of values of variables, speed of light,
evolution of the periodic table of chemical elements, metaperiod "arrow of time" cycle of the Universe, Absolute
Universe, the physical nature phenomena of life and intelligence.
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PEIIEHUE KOCMOJIOTMYECKOM MMPOBJEMBI
B ITPUBJIMKEHUAX (UACTb-1)

Annoranus. Onpenenuts coctossHue BeeneHHo B 0001 Hamepe | 3a1aHHBI MOMEHT BPEMEHH MOKHO JIUIIh
JUId €€ LUKINYECKOW MOJENH, B KOTOPOW JSHTPONMSA LMKJIA paBHA HYJIO, a MEXaHH3M D3BOJIOLMH pPaboOTaeT
a0COJIOTHO TOYHO, MONYMHSSICH NpuHOMOAM nerepmuHnisma Kanra-Jlammaca. I'paHunmbel nukna ¢ MpeAenbHO
BBICOKOM BEpPOATHOCTBIO MOTYT OBITh YCTaHOBJIECHBI T'pPaHUIAMH KoiHdecTBeHHOH oOmactu mpumenenus OTO.
[MTockonbKy 3Ta 00J1IaCTh MPOSBISIET Ce0sl 32 OIPOMHBIM OTPE30K BPEMEHH, TO OIPENEIUTh €€ ONBITHBIM IyTeM
HEBO3MOXHO. B cTaThe MIpeioskeH ONOCPEICTBEHHBIH IYTh HA OCHOBE OMNPENCNICHHS MpPENeNoB CTPYKTYPHBIX
npeBpalieHnii TMHAMUYECKOTO BapHaHTa TeoMeTprurd MUHKOBCKOTO, rpyIma npeodpa3oBaHuii KOTOPOH BBICTYMAET
WHBAapHaHTHOW rpymnne npeobOpasoBannii OTO. Basras 3a ocHOBY BMecTo reomerpud PumaHa, oHa I1O3BOJIMIA
OCYIIIECTBUTH PELICHHE KOCMOJIOTHUECKOH MpOOJIEMbl B MHIECTH NPHOJIDKEHUSX C OIpeNeNIeHHEM Ba)KHEWIINX
KOJIMYECTBEHHBIX MOKa3aTenel 3Boaonuy BeeneHHo.
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KiioueBble ¢j10Ba: KOCMOJIOTHYECKAs MpoOiemMa, 00JIacTh MPUMEHEHHsT 00IIeH TEOPHUH OTHOCUTEILHOCTH, N-
MEpHbIl BapUaHT TeoMeTprr MUHKOBCKOTO, IUKINYECKass MOJIEb IBOJIIONUK BCelleHHOM, MHTepBal MEPEMEHHbBIX
3HAYEHHH CKOPOCTH CBETa, YBOJIOLUS MEPUOAMICCKON CHCTEMbl XUMHYECKHUX DJIEMEHTOB, METAIEPUO[], «CTPEIIbI
BpeMeHn» 1HKIa BeeneHHoid, AGCONIOTHBIH MUp, (U3HUYecKas IPUPoAa GSHOMEHOB KU3HH U pa3yMa.

JanHas craThsi, TOCBAIICHHAS PEIIEHUI0 KOCMOJOTHYECKOH MpOOIeMBl, SBISIETCS HAYajJOM TaKHUX
MPUKJIaTHBIX UCCIIEIOBAaHUN B 00JIACTH MEraMupa Ha OCHOBE aBTOPCKUX MOJIENIU U TEOpUH AOCOITIOTHOTO
mupa. Takum 00pa3oM, HOBBIA ATall aBTOPCKHUX HCCIEAOBAaHUI MeramMupa M ero pe3yJbTaThl BHI3BAIH
HE0OXOMMOCTh B HAaITMCAHWUW ATOW cTaThu. K HacTosIIEMy BpeMEHH OHA yke omyOmkoBana B 2016 romy
B «MeXayHapoaHOM XypHalle IKCIepuMeHTanbpHoro obpasoBanus» Ne3 (wacts II). B manHoi Bapuanrte
CTaThU MOCTpoeHHas Mozenb 3BoIOUKMOHUpYIOIeH BceeneHHON naércsi B HECKONBKUX MPUOTMKECHUSX,
HANPSMYIO BBIBOZSIINX B MIPAKTHKY €€ TPUMEHEHUS.

... BIIEPBOM ITPUBJIN’KEHNI

Kocmonoruueckas mpobiema, chopmynupoBanHas B 20 CTOJIETHH, TJIACUT: ONPEACITUTH COCTOSHHUE
Bcenennoii B n000W Hamepen 3aJaHHBIE MOMEHT BpeMmenu [6] [Ditnmreiitn A. 1966: 612]. Takoe
oTpe/ieNICHHE HAKJIAIbIBACT OTPAHUYCHHE HAa BHIOOP MOJETH SBOJIIONMU BCENEeHHOM: peleHrue KoCMOIIo-
THYECKON MPOOIEMBI BO3MOXKHO JIHIIh ISl MOJCIH ITUKINYeCKON BceneHHOW, B KOTOpPOW dYacToTa
KOJIeOaHW 1 JJTMHA BOJIHBI HEU3MEHHBI JUIS BCEX MBICIUMBIX ITMKJIOB.

UeMm ke OMpeIeNsaroTcs MpeleNbl, B KAKUX COBEpIIAcTCS KOieOaTeIbHOE JIBUKCHUE ITUKIHMYECKON
Bcenennoii? OueBugHOo, oHH ompenensoorcs obmacteio nmpuMeHeHuss OTO. Omnako, A.DWHIITEHH
OTIpeAETIII 3Ty 00J1aCTh MOI00HO BCEOOIIMM 3aKOHAM COXPAaHEHHWS DHEPTruH, MacChl M T.J. KA4eCTBEHHO,
KaK BCEOOIIYIO, YTO SBHO HEJIOCTATOYHO JUISl PEIICHUs KOCMOJIOTHYECKOH mpobnembl. KonnyecTBeHHas
ke obmacte mpumenenuss OTO mo cux mop He u3BeCTHA. TakuM 00pa3oM, Hayallo B PEIICHHUH
KOCMOJIOTHYECKOH MpOoOIeMbl JODKHO OBITh 3aKIIOYEHO B KOJMYECTBEHHOM OTNpeieNieHHH o0jacTu
npumenenust OTO.

[Mockonbky obmacts npuMeneHuss OTO ecTh 0THOBpEMEHHO TaKXKe M 00JIaCTh ABMKEHUS BceneHHoi
BHYTPH €€ JIByX IIPENIeIOB, TO €¢ BHaYaje HaJ0 ONPEIeNUTh HE TOJBKO MIPOCTPAHCTBEHHO (PACCTOSHUEM),
HO U BPEMEHHO (UIUTENBHOCTBIO) C IOMOIIbIO (PyHAaMEHTAJILHOrO mnapaMerpa. TakuMm (GyHIaMEH-
TaJbHBIM TMAPaMETPOM SBISETCS CKOPOCTh CBETAa, Kakas MPUHATA JJIs KIACCHYECKOW TEOpPHH OTHOCH-
TEIBHOCTH PAaBHOW OECKOHEYHO OOJBIION B CPAaBHEHHWH CO CKOPOCTHIO JFOOBIX TEN, a JUIS CIIeIHABHOM
TEOPHUH OTHOCHUTEIFHOCTH — KOHEYHOW M TOCTOSHHOW B OTCYTCTBHHU WIJIM TIOCTOSIHCTBE T'paBHTAIu. B
CTO ckopocTh CBeTa SIBJIIETCS BEPXHHUM MpeesioM nBuxeHus Ten. A tak kak OTO Bkiodaer B ceOs B
KayecTBE YAaCTHBIX CIy4YaeB KIACCHYECKYIO M CHEIHaIbHYI0 TEOPHH OTHOCHUTENBHOCTH, TO u mnsi OTO
mokazaTteneM oO0JacTH TPUMEHEHWS JOJDKHA OBITh CKOPOCTh cBeTa. OgHaKo OHA JOJDKHA OBITh
cnenuduanoir umerno ans OTO. Oty cneunduky onpeaenn ast OTO AnpbepT DUHINTEHH B KauecTBe
MEPEMEHHON BEIMUYMHBI B YCIOBHUIX NMEPEMEHHOI0 IpaBUTallMOHHOTO Tnofs [7] [OWHmTelH A1965: 210,
219, 320, 385, 392].

Otcrona sicHO, 4TO Mmoka3atesieM obsactu npumeHenus OTO sBisercs He cama 1o cede mepeMeHHas
CKOPOCTh CBETa, a e¢ WHTEpBaI, pealusylolmiics B (a3e pacmmpeHus (ckaTus) 32 HEBOOOPa3UMO
OOJBIION MMPOMEKYTOK BPEMEHH. DTO HCKIIOYAET BCSIKYH) BO3MOXHOCTH OIBITHOTO OMNPEIENIEHUS €ro.
OWHIITEWH HE MPEeANPHUHSUT TOMBITKY ONpEeIeNieH!s] TOTO MHTEpBalla, BEPOSTHO, TIOHUMAs HEBO3MOXK-
HOCTBH OIBITHOTO €0 U3MEPEHUSI U HE BUJIS MHOW BO3MOXKHOCTH JIJISl 3TOTO.

B nannoli paboTe cienaHa MOMBITKA MCCICIOBAHHUS BO3MOXKHOTO WHTEpBaia MEPEMEHHBIX 3HAUCHUM
CKOPOCTH CBETa Ha OCHOBE M3MEHEHUS CTPYKTYpPHl TMHAMHYECKOTO BapHaHTa TeOMeTpHH MUHKOBCKOTO.
Cam MUHKOBCKHN TOAAN MPUMEP TUHAMHUYECKOTO TOIX0Ja K HCCICIOBAHUIO, TOKA3bIBasi MHBAPUAHT-
HOCTh Tpymn npeodpazoBanuiit CTO u kiaccuueckoil MexaHuku fomyieHueM: «IlycTh «c» cTpemMurces K
oeckoneynocTn». Torma 1/c¢ ctpemutcs k Hymio (puc. 1), n reomeTpuss MUHKOBCKOTO TIpeBpaIlaeTcs B
reometputo ["ammmnes[4] [Munkosckwmii . 1973: 173].

Wns Bcnen 3a MUHKOBCKMM, MOXHO ONPEICIIUTh HapsIy C YCTAHOBJICHHBIM UM OIHHM HPEICIIOM
JIPpyTOH Tpeden IyTeM UCCIEAOBaHUS MAaKCUMAILHOTO TPEBPANICHUSI CTPYKTYpbl ITHHAMHYECKOM
reoMerpun gomymeHuem: «Ilycte «c» ctpemutcs k Hymo». Torma 1/c ctpemurtcs k 0eCKOHEYHOCTH, YTOI
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«cBetoBoro konyca» AOB (puc.2) crpemurcs k 180°, a ¢durypa, mogoOHas JBYIOJOCTHOMY THIIEp-
Oomnouny BpaleHus, BEIPOKAAETCS B BE MapaljiebHbIE INIOCKOCTH.
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Pucynok 1 - UetblpexmepHasi reoMeTpuss MUHKOBCKOTO

Puc.2. [InockocTHOE CeyeHne CHMMETPUYHOTO BapHaHTa reoMeTpud MUHKOBCKOTO (AOB — yron«cBeToBOro KOHyca»)

Takum 00pa3oM, TUHAMHYECKWH BapwaHT reoMeTpud MUHKOBCKOTO OONagaeT ABYMS IpelenaMu
MPEBpAIICHU: TIPH «C» paBHOW OECKOHEYHOCTH €€ METpPHKa BBIPOXKIACTCS B JIMHUIO OJHOMEPHOTO
MIPOCTPAHCTBA, P «C» PaBHON HYNIIO — €€ METpHKa BBIPOXKIAETCS B IMJIMHAPHUYECKOE MPOCTPAHCTBO.
Cam jxe MHTepBall IEPEMEHHBIX 3HAYCHUN CKOPOCTH CBETa OKA3bIBAETCA MOKA3aTEIEM KOJIMYECTBEHHOM
obnactu npumenenust OTO.

JlnHaMudecKknii BapWaHT TeoMeTpud MMHKOBCKOTO HE OTOpachIiBaeT TeoMeTpuio Pumana, a ¢
MO3ULMK TNPUHILINAINA COOTBETCTBUSA MPEBPAIIAET MOCIEIHIOI U TeoMeTpuio l'ammies u B €€ 4acTHBIC
ClTy4ad, BCTYIIasl B pOJIb OCHOBHOW U BeIyIIEeH T€OMETPUH €CTECTBO3HAHUSI.

Omnako B OTO, mOCTpOCHHOHN AJI YCIIOBUS MTEPEMEHHOTO TPAaBUTAITMOHHOTO TTOJISI, HE MOYKET OBITH
UCIIONIb30BaH 4-X MEpHBI BapuaHT TeoMeTpuM MHHKOBCKOTO, pa3paboTaHHBIA Ui OOOCHOBaHHUS
cnieranbHOU Teopun otHocuTenbHocTH (CTO). Beap mocneaHss cupaBeyinBa JUisl yCIOBHS OTCYTCTBUS
WM TTocTosiHCTBA TpaButanud. J[ins OTO HeoOXoauM TakoW BapHaHT TeoMeTpur MHUHKOBCKOTO, KaKOU B
e€ CTPYKType OTBOJHUT MECTO TSTOTEIOIIMM MaccaM. B 3TOM OTHOIIEHHH CUMMETpPHUSI UCXOJHBIX (QUTYD
3TOW TEOMETPHUH, IMOJOOHBIX OJHO W JABYIIOJIOCTHOMY THIIEPOOJIONIaM BpAIICHHsS, a TaKKe METPUKa
MPOCTPAaHCTBEHHO-TIOAO0HBIX KBAJIPAHTOB TO3BOJISIOT OMPEIEIUTh B CTPYKTYpe TeoMeTpud MUHKOB-
CKOTO 00JIaCTh IByX CHMMETPUYHBIX TATOTEIOIINX MacC B BU/IE ABOSKOBBIMYKIIBIX JINH3.

[Ipu sTOM BO3HUKAeT HEOOXOAMMOCTh B OECKOHEYHOM KOJHMYECTBE CONPSHKEHHBIX MEXAy COOOH
CHCTEM OTCUETa, MTOCKOJIbKY T€OMETPUUYECKOE OIMMCAaHUE IBIKEHUS TEJ CBOAMT TENIO JIF00OTo pa3mepa K
TOYKE, a TeOMETPUYECKOE PAaCCMOTPEHHE MBIDKEHHS OOBEMHOTO Tella TMPUBOIUT K HEOOXOIMMOCTH
paccMOTpeHUs] OTHOBPEMEHHOTO JABMKEHUsI OECKOHEYHOT'O KOJIMYECTBA TOYEK. beckoHeuHOe KOJIMYeCTBO
CONPSDKEHHBIX CHUCTEM OTcueTa ISl CHUMMETPUYHOM TeoMeTpur MUHKOBCKOIO MOXHO TOIXYYUTh
MPOIEAYPOH OECKOHEYHOTO TIOCKOCTHOTO CEYEHUs, MMPOXOIAIIEro Yepe3 oCch CHMMeTpuu. B pesynbrare
MOJTly4yaeM N-MEpHBI BapuUaHT TeOMeTpPUH MMHKOBCKOTO, SABISIOLUIMICS OJHOBPEMEHHO U MOJEIBIO
MOMEHTAaJIBHOTO CHIMKA OJTHOTO M3 OECUMCIICHHBIX STANoB 3BOIIONNH BeeneHHO.

Takas reoMmeTpus TpeacTaBieHa Ha pucyHke 3. OHa oOnamaeT Hapsly ¢ OCHOBHBIMH JJIEMEHTAMU
CUMMETPUHN CHMMETPHEN BEIIeCTBa M CIMHOBOTO BPAIIEHHS TEJ M3-32 HETOJIOHOMHOCTH IpocTpancTBa. K
TaKOW MOJIENM NMPUMEHUMBI 3aKOH CUMMETpUHU BeulecTBa Jupaka E=2mc’+T [5] [Dirac P.1928: 118] u
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(helfHMaHOBCKasT TEOpHUS aHTHYACTHII, COTJIACHO KOTOPOH Teia, OMUChIBAEMbIE MO/IENBbI0, MOYXKHO Ha3BaTh
MHUPOM H aHTUMHPOM.

Pucynok 3 - N- MepHBbIi BapHaHT reoMeTpurd MUHKOBCKOTO.
1 - purypa, momoOHAsT OJHOIOIIOCTHOMY TUIIEPOOIONAY BpPAILCHHUS; 2 - TUIOCKOCTh OCEH KOOPAMHAT BPEMEHH MOKOSIINXCS
CHCTEM OTCYETa; 3 - IOBEPXHOCTh KOHyCa KOOPANHAT BPEMEHH ABIDKYIIIHUXCS CHCTEM 0TCUETa; 4 - KOHyC KOOPAUHAT My TH
JIBIDKYIIUXCS CHCTEM OTCUETa; 5 - 00JIacTh CHCTEMBI IBYX TeJl, OTBEYAIOIINX 3aKOHY CHMMETPHH BelnecTBa [Iupaka

3akoH Jlupaka, uMess B KadeCTBE CJaracMblX KOMIIOHEHTHI TPaBUTALMOHHON M KHHETHYECKOH
SHEPruy, AaeT OCHOBY UIA IOCTPOEHHUS MEXaHUKH U30JMPOBAHHON CUCTEMBI B BUJE LIMKJIA, COCTOALIETO
u3 IByX (a3 — pacUIMpeHusl U CKaTHi — ABYX CHHIYJISIPHBIX COCTOSIHMH MaTepuy, C OJHOW CTOPOHBI,
YHCTO 3JEKTPOMArHUTHOTO, a C JIPYrOd — YMCTO BEIIECTBEHHOro (HeHTpoHHOro). B (aze pacmmpenus
yron cBeroBoro koHyca AOB (puc.2) usmensercs ot 0 mo 180 rpamycoB. dopma CHIOBOTO B3aWMO-
JEUCTBUSL BYX MHUPOB (IpaBUTALMOHHAs BOJIHA) ONPEAEIMTCS MX IOBEPXHOCTHIO M JacT BMECTE C
KoHGuUrypanuei Ten enunyi chepy BcenenHol, npereprieBaromieit 3gotroyuto (puc. 4) OT BBITSHYTOIO
UIUIICOUAA BPALIEHMS Yepe3 Map K CIUTIOCHYTOMY 3JUIMIICOMY BpameHus. Ilociaennuil BeIpoxkIaeTcs B
muuHap. Ha mapooOpasHol craanm HaOmoAaeTcs BbIPaBHUBAaHHE NPOJOJIBHONM M IONEpeYHON
JnegopManyy Tel, YTO MPUBOAUT K BPEMEHHOW M30TPOIHH MPOCTPAHCTBA.

Pucynoxk 4 - I'eomerpus nBmwxeHHs AGCOIIOTHOTO MHpa.
B HWKHMIA 9acTH pUCYHKA rpadUK KOJIe0aTeNbHOTO IBMKEHHS, ONMCHIBAIONINN a3y pacIINpeHUs BCEICHHON
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B (daze cxarus ¢ nsmeHeHneM yriia «cBeToBoro kKoHyca» oT 180 mo 360 rpamycoB Te ke KOHPUTY-
paruu BeeneHHoOM H3MEHIOTCS B 00paTHOM Hampasiennn. GakTopamu IBIKeHUS Tel BeeneHHoi B dase
pacuiMpeHust SBISIOTCS KUHETHYECKas JHEPrusi W JHTpomus, a B (ase ckaTHi — COOTBETCTBEHHO
TpaBUTALUS U HATIHTPOIIHSL.

C TouKM 3peHus U3JI0KEHHON KOHLETLUH OTHaJaeT He0OX0IUMOCTb UCCIICA0BAHMS 3HAKA KPUBU3HEI
MIPOCTPAHCTBA HA TaHHOHM CTaIUH ABOJIONUN BCelleHHOH, BEIABUTaEMOTr0 DUHIITeHHOM [6] [DHmTeitH A.
1966: 612]. IlonoxuTtensHass KpUBU3HA Mpucyma cepe OBYX Tel, OTpULATe]IbHas KPUBHU3HA — IICEB-
nocgepe, OMUCHIBAEMOM MPOLIECCOM 3BOJIIOLMM Kaskaoro u3 mupos. [lceBmocdepa u ecTb TOT YacTHBIN
ciydal, Kakoi B 00mmieit reomeTpun (TeoMeTpuH MIHKOBCKOTO) TIPEICTaBICH reoMeTprueii Pumana.

O6mas cxema JIBWKeHHs BceneHHON Ha KaKAOM IMKIIE OJMHAKOBAa, HO HAIMOJHEHHE WX WHIUBH-
OyalbHBIMH CHUCTEMaMH pa3nuyHO. [103ToMy Kaxnmbplii LMK mpeactaiser coboil YHuBepcyM, a Oecko-
HEYHOE MX YHUCJO, KaKO€ MOXXKHO Ha3BaTh TEPMHUHOM, BBIIBUHYTHIM MUHKOBCKHMM, AOCOJIIOTHBIN MUD,
COCTOHT U3 HEOTPAHWYEHHOTO MHO)KECTBA Y HUBEPCYMOB.

Bcé Bole M3M0XKEHHOE AeT BO3MOXKHOCTH C(HOPMYIHPOBATH HEPUOOUUECKUI 3AKOH I60TIOUUU
Bcenennoii:

Ilepemennvie Konueypayuu men Mupa u aumumupa, a makxsice Koupuaypayuu obpazyemon umu
2pasUMayUOHHOU GOIHbL HAXOOAMCA 8 NEPUOOUUECKOU 3ABUCUMOCTU OM YCKOPEHUS UX OMHOCUMENbHO20
08UDICEHUS,; YCKOpeHUe dMUX meil ecmb QYHKYUSL NePeMEHHOl CKOPOCmU C6ema, CA3AHHOU C Y2loM
«C6emoBo2o KoHycay 2eomempuu MuHKo8cko2o.

TeM caMbIM MOTYYEHO PEHICHHE KOCMOJIOTUYECKOH MPOOIeMbl B IEPBOM NPUOIIKEHHH.

[TOACHEHUMA K IIEPBOMY ITPUBJIMKEHUN

Pemenne kocMojorudyeckoil mpoOseMbl OKa3ajJoCh BO3MOXKHBIM Ha OCHOBE BBIIBIDKCHHS HOBOM
TEOPUU OTHOCUTEIIFHOCTH B KAa4eCTBE BBHICIIEH BETBH PENSATHBU3MA — Teopuu AOcomroTHOro mmpa [1]
[dpozmoB A.M., KoxoB A.M., lipozmoB E.A. 2011: 107-115] [2] [dpo3moB A.M., KoxoB A.JI. 2014: 8-
17]. Kak 1 W3BECTHBIC TEOPUU OTHOCHUTEILHOCTH, TeOpUs AOCOIIOTHOrO Mupa 00jamacT COOCTBEHHOU
reoMeTpuel, crenupuKol CKOPOCTH CBE€Ta M KOJWYECTBEHHOW 00JIacTH TpHUMEHEHHs, a TaKkxke
WHBAPHAHTHOCTHIO TPYIITHI IPOCTPAHCTBEHHO-BPEMEHHBIX MPE00pa30BaHUil ¢ aHAIOTHYHBIME TPYITIaMH
MpeoOpa3oBaHUil TpeX H3BECTHBIX TEOPUH OTHOCHUTENBHOCTH. B dYacTHOCTH, MHBapUaHTHOCTH TPYIII
AbcomorHoro mupa 1 OTO nposiBasieTcst B TOM, YTO N-MEPHBIA BAPHAHT F€OMETPUA MUHKOBCKOTO MpH
HAJIO)KEHWW Ha HETO WHTEpBajia MEePEeMEHHBIX 3HAUYEHWH CKOPOCTH CBETa OMHMCHIBAeT IiceBaochepy —
npoctpancTBO reoMerpun Puvana OTO, medopmupoBanHOe TATOTEIOMIEH Maccoi Tenma. Kpome Toro,
(opMyNIHPOBKOH MEPHOTUIECKOTO 3aKOHA BONIOLMHU BceneHHOW ycTaHOBIIeHa reomerpuyeckas gopma
WHBApPUAHTHOCTH O0OBEMa PA3MYHBIX CTAaUil IUKIMYECKOTO ABIOKEHUs. s 3aBeplieHHus Teopuu
AOGCOTIOTHOTO MUpPa HEOOXOANMO HAWTH aHATTUTHYECKOE BBIPAKEHHUE ATOTO MHBapHUAHTA.

Uro ke MPUHIMIIMATBHO HOBOTO YTBEPXKIAeT 3Ta Teopusi? OHa yTBEp)KIaeT HUKIMUYECKUN XapakTep
JBIDKEHHS TeJl Ha CaMOM BBICOKOM YPOBHE opraHu3aunuu marepud. [lepuoauueckuii mpouecc ABHKEHHUS
TEJ OMHCHIBACTCA ABYMS TEPMHHAMHU: IIYJIEC» W «IUKID». W3 3THX NBYX TEPMHUHOB B COBPEMEHHOM
KOCMOJIOTHH TIPEIIOUYTEHHE OTJAHO MEPBOMY, JIe)KAleMy B OCHOBE TaK HA3bIBAEMOH «ITYJIbCUPYIOMICH»
Mmonenu Bceenennoil. KakoBa ke mpuymHa TOro, 4TO LMKIMYECKas MOJENIb HE BBI3BIBAET WHTEpeEca
KOCMOJIOTOB B KaueCTBE HACYITHOW WM aKTyaJIbHOU MpoOseMbl? LIMKII NBIKEHUS 3aKITIOYSH MEXY JABYMS
YETKUMH TIpeieflaMi, B OTIMYHE OT 3TOTO MYJbCAIMs XapaKTepusyercs KoJeOaHWSMU BHYTPH HEKHX
MOTEHIMAIFHO BO3MOXKHBIX, HO HUKOT/Ia HE JIOCATAeMBIX MpenesioB. BeiOop mynbcupyromeid Mojaenu
OOBSICHSETCS TEeM, YTO KOCMOIIOTHM HE MPOCTO HEW3BECTHHI MpEAeNbl KOJeOATEThbHOTO JBUKEHUS
Bcenennoii, HO cOOOMIECTBO YYEHBIX CETOAHA OTKAa3bIBA€TCS NPHU3HABATH MPABOMEPHBIM TaKyIO
MOCTAaHOBKY KOCMOJIOTHUECKOW TpoOiieMbl. Benpb nake Hadano pacuiupeHusi BceneHHOW B BHIE Tak
HA3bIBACMOTO «HOJb-IIYHKTa BPEMCHH» HE SIBISETCS NPEICIIOM, XOTS eMy M npuiaH Macmrad -33
MOpsJIKa CAHTUMETPA, 4TO Ha 24 TMOpsiIka MEHbIIIE aTOMa XUMHUYECKOro deMeHnTa. C TOYKH 3peHust dTOU
HAY4YHOH cKa3KH-(aHTa3uu, Bce BElIecTBO BceneHHON ckaTo 37ech JO HUYTOXKHOTO pa3Mepa YacTHIIBL,
Kakas BCE XK€ MMeeT 00beM, OTIMYHBIA OT HyJs, YTOOBI CHAacTH HpUpoAy OT abcypaa OecKOHedHOH
TUTOTHOCTH BemlecTBa. [l HempenB3saToro B3MIAa HAa 3TO COCTOsIHUE BceneHHON MOoYTH OYeBUAHO, YTO
3/IeCh UMEET MECTO Ka4eCTBEHHO IpeIeibHOE COCTOSHHE HE TOJIbKO MPOCTPAaHCTBA M BPEMEHH, HO H
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Matepuu. Bo BceneHHOH aBa NMeHCTBYMONIMX JHIA: BEMIECTBO W JIIEKTPOMarHutHoe moine. Eciau Ha
MpeJieNie CKaThs OTCYTCTBYET BEIIECTBO BCJIEICTBHE aHHWUTHIIAIUN U BceneHHass HaXOOUTCS B DJIEKTPO-
MarHUTHOM COCTOSTHHH, TO IUIOTHOCTH BEIECTBAa CTAHOBHUTCA paBHOU Hymo0. Ilpu sTom Beenennas B ee
SHEPreTHYECKOM SKBHUBAJICHTE CIIOJIHA TOMELAETCS B OJHOMEPHOM MIPOCTPAHCTBE.

Uro kacaercss BTOPOTO Mpe/esia pacCMaTpUBaeMoro UKIa, TO OH MPEICTaBIsieT co00i HEHTPOHHOE
COCTOSIHME€ BEIIeCTBA B OTCYTCTBHH DJIEKTPOMArHUTHOTO IIONII C PACIONOXKEHWEM YacTHI[ B JBYX
TUIOCKOCTSIX — OCHOBAaHHAX LMJIMHAPA — C TONLIMHOH TUIOCKOCTH, pAaBHOH TMaMeTpy HEHTpOHa.

Takum, B BUJIe OJJTHOW CTPYKTYpPHOU €IMHUIIBI BEIIECTBA, MPEICTABIISCTCS COCTOSHIE MAKCHMAaIIbHON
SHTPONIMH THUKINYECKOW BceneHHOH, MOCKOIbKY NPOAYKT €CTECTBEHHOTO CTapeHHs] W aroMa, H
aHTHaTOMa SIBIIIeTCS HeUTpoHOM. ClieoBaTeNbHO, KayKI0€ U3 ABYX CHHTYJISIPHBIX COCTOSHUN MaTepUH BO
BcenenHoit BeICTymaeT pe3yJbTaTOM —OIPEICICHHOW aHHUTHWISIUHM: «HAYaJo» PACHIMPEHUS —
pe3yNbTaTOM aHHHUTHIIALNN BEIIECTBA BMECTE C €r0 CHMMETpPHEH, «KOHEI PaCIIMPEHHs — Pe3yIbTaToOM
AHHUTWISIIIMKA TOJIBKO CHMMETpPUHU BeliecTBa. [Ipu 3TOM CHMMETpHs BEIIECTBa JKECTKO HE OIpenesseT
MaTepHIO KaKAOTO W3 Ted BceneHHOW OIHUM M3 MUPOB: Teo, ObIBIIEE «MHUPOM» B (a3e pacIIUpeHHs,
CTaHOBUTCS «aHTUMHUPOM» B (ha3e CIKATHS C COOTBETCTBYIOIUM HA0OPOM YaCTHUI] aHTHBEIIECTBA.

Iuxmmgeckasl MOJIENb MTO3BOJISIET AaTh OOBSICHEHHE OTCYTCTBHIO B HabmromaeMoit qactn BeemenHoi
AHTHBEILECTBA IPOCTPAHCTBEHHBIM Pa3/IeJIeHHEM BEIECTBA M aHTHUBEIIECTBA B CaMO€ IIEPBOE MTHOBEHHE
POXKICHUE BEMIeCTBA U3 3JIEKTPOMArHUTHOTO ITOJIS.

IIpemmaraemass Hamm Mojaens BcenenHodl TpeOyeT ONBITHOTO OOOCHOBAHHS CYIIECTBOBAHMS
anTuMupa. OYEeBHIHO, YTO JAHHBIX MPSIMOTrO HAOJIIOJIEHUS aHTUMHpa ceivac HeT Tak ke, kak 100 ser
TOMY Ha3aJ He OBUIO MOJYYE€HO OMBITHBIX ()aKTOB, YKA3bIBAIOIIUX MPSMO HA TUIAHETAPHYIO MOJIETh aTOMa.
Pesepdopa Bocmonb30Baics yke W3BECTHBIMU JaHHBIMHU 00 3JIEKTPUYECKON MPHUPOJIe aToMa U 100aBUI K
HUM TOJy4YeHHbIE B CAaMOCTOSTENIbHOM dKcniepuMenTe. [ImanerapHas Moienb aromMa SBUJIach pe3yIbTaToOM
00001IeHNsT BCeX 3TMX KOCBEHHBIX AAaHHBIX. Takue ke HempsMble, KOCBEHHbIE NaHHbIE COBPEMEHHON
KOCMOJIOTHH H3BECTHBI. [lOCKOIIbKY WX HE MOXET OOBSICHUTh TPAAWIMOHHAA (CTaHIApTHAs) MOIEINb
Bcenennoil, oHM Ha3BaHbI «TEMHOMN SHEPTrUE» U «TeMHON Marepuei». PazpuBaeMas HaMU CUMMETPHY-
Has Mozeb BceeneHHol 00bsicHsET 3TH 3P QEKThl NTaIbHOJACHCTBHEM I'PAaBUTAIMOHHON U KUHETUYECKOU
SHEPruH HEBUAMMOTO aHTUMHPA Ha Halll MUP.

Haxonen, cnemuduka KOJIMYECTBEHHONW O0JacTH NPHMEHEHHS Teopuu AOCOTIOTHOTO MHpa, B
ornmuare or OTO, 3akirouyaercs B YJBOCHHOM HWHTEpBajle NEPEMEHHBIX 3HAUYEHUH CKOPOCTH CBETA,
peanu3yIonerocsl Ha paBHBIX B 00enx (aszax BceneHHO, HO TUIIB B MPOTHBOIONOKHON MOCIE0BATENb-
HOCTH (OT OECKOHEYHOCTH 10 HyJs B (aze paclIMpeHus U OT HyJsI 0 OECKOHEYHOCTH B (ha3e CHKaTus).
[Ipu sTOoM (m3HIecKkuii cMBICT OECKOHEYHOW CKOPOCTH CBETa B OTCYTCTBHH BEIECTBA IPHOOpETaeT
3HAUYEeHHUE HEONpeIeNeHHO OOJBIION BEIHYHHEL, a HyJIeBasi CKOPOCTh — 3HAUYCHHE, KAKOe MOKHO TPUHSTH
U1l YUCTO BEILECTBEHHOU cTaguu BceneHHOoMn.

[Tomrydennas monens AOCOTIOTHOTO MHpa, TOCTPOSHHAs HAa TUHAMHYECKOM BapHaHTE T€OMETPHH
MUHKOBCKOTO M TpEACTaBICHUM OMHINTEHHA O MEepPEeMEHHOW CKOPOCTH CBETa, SBIAETCS HIeaTbHOU
Mojenblo. Ee pa3BuTHe BO BTOPOM, TPETHEM H T.J. IPUOIIKEHUAX C YUETOM AOHOIHUTENBHBIX (DaKTOPOB
MpeBpaIaeT e€ B peabHyI0 MO/IENh, BCTYMAIOIIYI0 Ha TyTh COBEPIIICHCTBOBAHMS, KOTOPOMY HET KOHIIA.

... BO BTOPOM ITPUBJIN’KEHNI

KonkpeTn3anust TOJTy4eHHOTO B TIEPBOM pasjieiie PEUIeHHS MOXET OBITh OCYIIECTBICHA ITyTEM
YCTaHOBJICHHUA KOJIMYECTBEHHOH CBSI3U MCKAY CKOPOCTBIO CBETA U BEJIMUYMHOM yriia «CBETOBOI'o KOHYCa»
reoMeTpun MUHKOBCKOTO, a Tak)Ke MEXIy BO3pPacTOM KaKJOr0 M3 JTAloB JIBONIONWH BceeneHHOU u
YTIIOM «CBETOBOTO KOHYCa».

Jlyis 3TOr0 BOCHONB3yeMCsl 3aKOHOM Xa00J1a, yTBepKIaroUiuM, YTO BeeneHHas B HacTosIIee BpeMs
HaXOIUTCS B M30TPOIHOM COCTOSTHHHM, TaK KaK CKOPOCTh PacIIMpeHus e€ OAMHAKOBa BO BCEX HaIlpaBiie-
HUSX. B M30TPOIHOM COCTOSHUM YTIIBI «CBETOBOTO KOHYCa» IMPEICTaBIIeMO HaMu Mozenu BcenenHoi
paBHBI, cOOTBeTCTBEHHO, 90 1 270 rpagycoB. A MOCKOJBKY B FeOMETpUH MMHKOBCKOTO CKOPOCTH CBETa
HaXOOUTCS B JIMHEHHON 3aBUCHUMOCTH OT YIJIa «CBETOBOTO KOHYCa», TO MOSBISAETCS BO3MOXHOCTbH
YCTaHOBJIEHUS TpadUIeCKON 3aBUCUMOCTH MEXAY dTUMHU BETHYMHAMH.

Omnako ckopocTh cBeta cornmacHo CTO He 3aBUCHUT OT HampaBIICHUS MCTOYHHKA CBETA, TO €CTh HE
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SIBIISICTCS BEJMYMHON BEKTOPHON. A MOTOMY OHa HE pa3iM4aeTcs 3HaKaMH ITUTIOC U MUHYC B (hazax
pacumpenuss U ckatus. Kak e mpu 3TOM MOXKHO OTPa3UTh MPOTHBOIOJIOKHO HAMpaBJICHHBIH mpolece
pealiM3allid MHTEpBaja IEPEMEHHBIX 3HAYCHHUH CKOPOCTH CBeTa B (pa3ax pacIIUPEHUS U CKATHS
Bcenennoit?

Petmte 3TO mpoOTHBOpEYME MOXHO TYTEM CBEICHHUS TEPEMEHHONW CKOPOCTH CBETa M CKOPOCTH
OTHOCHTEIILHOTO JIBMXKEHHSI JIBYX Tell BCeleHHOM K BeMYMHAM, TPAKTHYECKH PABHBIM, KOTJIa CKOPOCTH
3THX TENl Ha KaKIOM JTalle MCHbIIE CKOPOCTU CBETA JIMIIL Ha OSCKOHEYHO MY BEIUYHHY, YTOOBI
KUHETHYeCKasl SHepPrus JBIKeHHUs BceleHHON Ha KaXIOM €ro dTare OTBevYana YCIOBHIO, HEOOXOUMOMY
JUISL BBITIOTHEHUST MaKCUMaJIbHOU paboThl. TeM caMbIM MOCTYIUPYETCS BakHass OCOOCHHOCTH AOCOIIOT-
HOTO Mupa: Bce Tesa BceneHHOM, BXOJs B COCTaB MHUpa U aHTUMUPA, BOBJICUYEHBI B JIBUJKECHUE, IIPAKTU-
YECKM pPaBHOE CKOPOCTH CBeTa. [lOCTpOCHHBI Ha 3TOM OCHOBAaHUM TpadUK 3aBUCUMOCTH CKOPOCTH
OTHOCUTENILHOTO JIBIDKCHHS TEJl MHpa U aHTHMHUpA MPEJCTaBICH Ha PUCYHKE S5, a MOJlyuYeHHbIe Ha ero
OCHOBE JIaHHBIC CBEICHBI B Ta0JMUIYy 1. AOCOJIIOTHBIC 3HAUEHHUS 3TUX BEJIUYMH SBISIOTCS MEPEMEHHBIMU
BEJIMYMHAMU CKOPOCTH cBeTa. [locTpoeH 3ToT rpaduk Ha JABYX TOUYKax ¢ koopauHatamu «90 rpamycoB —
(- 300000 xkMm/c)» u «270 rpagycoB — (+ 300000xm/c)»
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! \
daszalcKaTma
1

aHTUMMPpa, KM/ c

315 360

CKOpOCTb OTHOCUTENIbHOTO ABUXEHUA TeN MUpa U

BennyuHa yrna cBeTOBOro KoHyca

Pucynok 5 - I'paduk n3MeHEHUs CKOPOCTEH OTHOCUTEIBHOTO ABWKEHUS TEI 32 IUKI BeeneHHoi

[MonoxeHHBIE B OCHOBY JaHHOW pabOThl MPHHIUI OTHOCHTENBHOCTH TpeOyeT paccMaTphBaTh
PaBHOBEPOATHBIM C IOJXYYEHHBIMH IIOJIOKUTEIbHBIMH BEIMYMHAMH CKOPOCTEH Tenl i a3kl paciiu-
PEeHUS U TaK K€ U rpaguk ¢ OTpULATEIbHBIMHM — Ui (a3pl cxkaTus. BeceneHHoW B Buae HUCXOIA-ILEH
JIMHEeMHOM 3aBHcHUMOCTH. Ho IMOCKOJIBKY OAHOBPEMCHHOC IIPOABJICHHUE TaKUX B3aMMOUCKIIOYAIOOIUX
MPOLIECCOB HEBO3MOXKHO, TO HEMPEPBIBHBIA MPOLIECC IBMXKEHUS AOCONIOTHOIO MHpa MOXET OBITh
JIOTHYECKH MIPEACTABIECH BO3BPATHO-MIOCTYIIATEIbHON BOJIHOW CO CMEHOW BOCXOZSIIEH TUHUH rpaduKka Ha
HUCXOIy 0. [lepronudHocTs 3BOMIOIMU AOCOJIOTHOIO MHpPAa B OTJIMYHMM OT OJHO LMKJIMYECKOTO
IBkeHus BceneHHOW mnpuoOpeTaeT XapakTep IABOWHOM IMKIMYHOCTH. VHBIMH CIOBaMH, 3BOJIOLHMS
AOCOJIIOTHOTO MHpa HE SIBJISIETCSl MPOCTOM CYMMOHM 3BONIIOLMI OecuMCICHHBIX BceneHHbIX, a yxe Ha
NIEPBOM 3Talle U3Yy4eHusl NpuoOpeTaeT HaJABCEIEHCKUE YepThl. [l pacuera BpeMEeHU MPOXOKACHUS BCEX
ATAIOB BOJIIOLUK BceneHHo BOCTIONb3yeMes 1T0I0OHOH ke TMHEHHOI 3aBUCHMOCTBIO BPEMEHH OT yTiia
«CBETOBOT0 KOHYCa» reoMeTpui MUHKOBCKOTro0. B rpaduyecknx KoopanHaTax «BpeMs — yroJl «CBETOBOTO
KOHyCa» HaHOCUM TOYKY, OTBEUAIOIyI0 apryMeHTy B 90 rpamycoB, u BpeMeHU — B 15 MUIUIMapAoB JeT,

— 50 ——
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OTBEUAIOIIeMy COBpeMeHHOMY Bo3pacTy Bcenennoii. CoequHUM 3Ty TOYKY MPSMOW JMHHEH C HAYaJIoM
OTCYeTa CHCTEMbI KOOPAWHAT M MPOIJINM €€ J0 TOH TOYKH, KOTOpas COOTBETCTBYeT aprymeHTy B 180
rpagycoB. JtoMy osrtamy (asel pacmupeHus BceneHHO# oTBedaeT OeckoHeWHOEe BpeMsi. beckoHedHoe
BpeMs B OTCYTCTBUU OJJICKTPOMArHHUTHOTO TIOJs TNPUHUMACT 3HAYCHHE HEOIPEISICHHO OOJIbIION
BennunHBL. Ha rpaduke (puc.5) Takas BenuunHa H300paKeHa BEPTHKAIBHOW IYHKTUPHOW MPSMON
nuauel. 13 morydeHHoro rpaduka MOKHO HAHTH BpeMsI JIF000TO 3Tara dBOIOIUN BeeneHHOM.

Ta6JII/IIIa 1- CKOpOCTI/I OTHOCHTEIILHOTO JABUKEHUS TeJl BCeIeHHOI B COOTBETCTBHHU C dTallaMU UX JABUKCHUSA

Paza pacmMpeHust ®Paza cxarus
Yroa «cBETOBOTO CkopocTsb (km/c) Yo «CBETOBOTO KOHYCa» CkopocTb (KM/c)
KOHyca» (rpamyc) (rpamyc)
0 -10" 210 7-10

30 -7-10° 240 5-10°

60 -9:10° 270 3-10°

90 -3-10° 300 107

120 -4-10° 330 7-10°

150 -7-10 360 10"

180 0

Bpewmst stanoB (asel cxatusi BceneHHo# ompezenseM MO NPUHIMITY OOpaTMMOCTH BPEMEHH B
cpaBHeHHM C (a3oil paclIMpeHus, KOrJa Yroll «CBETOBOTO KOHyCa» TeoMeTprH MHWHKOBCKOTO
u3mensiercs ot 180 10 360 rpaaycos (puc 6) Tadmuma 2.
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Pucynoxk 6 - I'paduk Bo3pacTa 3TanoB 3Bosonnu BeeaeHHoi, 00pa3yomux IBe «CTPeibl BpeMEHU

TeM caMbIM TIONy9EeHO pEIICHHE KOCMOJIOTHYECKOW IPOOJIEMBI 80 8MOPOM NPUOIUNCEHUU C
YCTaHOBJICHEM OCHOBHBIX MOKa3aTeseil mpolecca 3BOIOLNY BeeneHHol: nepeMeHHOM CKOPOCTH CBETA,
CKOPOCTH JIBHKCHHSI T€Jl MUPAa M aHTUMHUPA M BPEMEHU KaXJIOro M3 OECKOHEUHOTO KOJIUYECTBA ATAIOB
3BOIIOLMH BeeneHHOoMN.
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Tabnuua 2 - Bpemst Ka)I0ro UX 3TaroB 3BOJIOLMK BceneHHOH, 0TBEHarOINX BEIMYMHE YIJa «CBETOBOTO KOHYCa»

®Pa3za paclupeHus ®Paza cxarus
VYroa «cBEeTOBOTO Bpewmst sTanos sBomonuy B Yroa «CBETOBOTO KOHYyCa» Bpewms stanos sBosonuu
KOHyca» 3€MHBIX Irogax B 3€MHBIX Iogax

0 0 195 510

15 310 210 810"

30 10° 225 2:10°

45 8-10° 240 510"

60 5-10° 255 7-10"

75 2:10° 270 10"

90 107 285 2:10°
105 7-10" 300 5-10°
120 5107 315 8-10*
135 2:10° 330 10°
150 810 345 30
165 510" 360 0
180 o
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KOCMOJIOTUAJIBIK MOCEJIEJIEPAI INEINYAIH )KYBIKTAY CAJIJAPBI (1-66J1IM)

TyifiH ce3: KOCMOJIOTHSIIBIK Maceseep, KOIJaHbIC O0IBICH OpTaK CAJIBICTEIPMAIIBI KaFruaanap, MUHKOBCKHI TeOMETPHSCHI-
HBIH N-©JIIIEYill HYCKAChI, QJIEMHIH ABOJIIOIMSUIBIK TOITAMACHIHBIH MOJEII, KapbIK KO3FAIBICHIHBIH aifHBIMAJIbl MAaFHACHI, XHMHUSI-
JIBIK DJIEMCHTTEP JKYWECIHIH Mep3iMJIi SBOJIOIHUACH], METAICPHOT, «YaKbIT XKYHPIKTIr» 9JeMiHIH TONTaMachl, aOCOJIOTTI dJIeM,
eMip MEH aKbUIIbIH (PM3UKAIBIK TaOUFATHIHBIH (EHOMEHI.

Awnnorauusi: By Makanaza Ke3-KeJreH anjblH-aja OepiireH yakbIT Ke3eHiHJAeri KEeHICTIKTiH KallblH aHbIKTay TeK KaHa
LUKIIIIK MOJEI/ICY YIIiH FaHA eMeC, apajlblK SHTPOIMS LUK HOJIbre TeH OonraH ke3ne, Kant-Jlaruiac rerepMeHN3M KaruaachiHa
CYWeHE OTBIPBII, JBOJIONMSA MEXaHH3MIMEH aOCONIOTTI TeH KyMbIC icTeiiai. COHIBIKTAaH OYJl yaKbIT apayibIFblH HETIKTeH O3iH
YJIKEH eTill KOPCEeTeTIHAITIH aHBIKTay MYMKIH eMec. Byt ochl aBTOpapasIH OipiHiH KeTepreH SBOITIOMISIIBIK KEHICTIK KYPBIITBIMBI
MEH Ipo0JieMalapbIHBIH MOJIETI Typajbl HAEsACHl, OYphIH OipIIaMa TOJIBIKTBHIPBUIBI ajIbIHFaH. PUMaH reOMeTpHsCHIH HeTi3re ana
OTBIPBIN JaibIHAANFaH Oy Makanana, KOCMOJIOTHSIJIBIK MACeNlesiepAl ISy AiH ajiThl JKybIKTay CalJapblH IaiJaJIaHbIl dJIeM
SBOJIFOIUSACHIHBIH KOPIHICIH aHBIKTAY.
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SOLUTION OF THE COSMOLOGICAL PROBLEM IN THE
APPROXIMATIONS. (PART-2)

Abstract: To determine the state of the Universe at any pre-specified time it is possible only to a cyclic model
in which the entropy of a cycle is equal to zero, and the mechanism of evolution works exactly obeying the
principles of Kant-Laplace determinism. The loop with extremely high probability can be established by boundaries
quantitative applications of General relativity. As this area manifests itself for a huge period of time, it is impossible
to determine it empirically. The article suggests the mediate path based on the determination of the structural
transformations limits of dynamic variant of Minkowski geometry, which group of transformations is invariant.
Taken as a basis instead of the Riemann geometry, it is possible to carry out the solution of the cosmological
problem in six approximations with the definition of the most important quantitative indicators of the Universe
evolution.
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PEIIEHUE KOCMOJIOTMYECKOM MMPOBJEMBI
B ITPUBJIMKEHUAX. (UACTb-2)

AHHoOTaumsi. OnpenennTs cocTosHue BceneHHOW B 000W Hamepen 3alaHHBIA MOMEHT BPEMEHH MOKHO
JUIIG U €€ IUKJINYeCKOM MOJIeNH, B KOTOPOH SHTPOMUS LUKJIA paBHA HYJIO, & MEXaHW3M SBOJIOIUHN PaboTaeT
a0COJIFOTHO TOYHO, MOJUMHSACH MPUHIUNAM neTepmuan3ma Kanra-Jlamiaca. I'paHuIpl UKIIA ¢ TIPEAEIbHO BBICO-
KO BEpOSITHOCTBIO MOTYT OBITh YCTaHOBJICHBI TPaHUIIAMH KosinuecTBeHHOH obsactu npumenenust OTO. [lockonbky
3Ta 001aCTh MPOSBJISIET Ce0s 32 OTPOMHBIN OTPE30K BPEMEHHU, TO OMPEACINUTh €€ OIBITHBIM IyTeM HEBO3MOXKHO. B
CTaThe MPEJIOKEH ONOCPEICTBEHHBIN MyTh HA OCHOBE ONpEENICHUsI PEEIOB CTPYKTYPHBIX MpPEBpalleHH TuHa-
MHYECKOTO BapuaHTa TeOMETPUU MUHKOBCKOTO, TpyIma MpeoOpa3oBaHUN KOTOPOH BBICTYNAET WHBAPHUAHTHOM
rpymre npeodpasoanuii OTO. B3stas 3a 0oCHOBY BMecTO reoMeTpun PruMaHa, OHA MTO3BOJIIIIA OCYIIECTBHUTE PEIlle-
HHE KOCMOIIOTHYECKOH MPOOIIEMBI B IIIECTH MPHUOIIDKEHISIX C ONPEeIIEHNEM BaKHEUIINX KOTMIECTBEHHBIX MTOKa3a-
TeJIer 3BOJIIOINN BeeleHHo.

KiroueBble ¢JI0Ba: KOCMOJIOTHYECKas TIpoOiieMa, 00JIacTh IPUMEHEHUS O0IIeH TeOpUH OTHOCHUTEIBHOCTH, N-
MEpHBIN BapuaHT reoMeTpu MUHKOBCKOTO, IIMKIIMYECKasi MOJEJb 3BOJIIOLMN BceleHHON, HHTepBal epeMEHHBIX
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3HAQUYEHWH CKOPOCTH CBETA, HBOJIOLUS MEPUOANIECKON CHCTEMBbl XUMHYECKHX 3JIEMEHTOB, METAIEPUOJ, «CTPEJIbI
BpeMeHN» IUKiIa BeenmeHHOH, AOGCONMIOTHEIN MUp, (pU3MUYEcKas Mprpoaa GEeHOMEHOB KU3HH U pa3yMa.

... BTPETBEM ITPUBJIM’KEHUU

TONBKO CHHTYISIPHBIE COCTOSIHHMS MaTepud (dJIEKTPOMAarHUTHOE W HEHUTPOHHOE) W o0jacT,
pacIofoXKeHHbIe BOMU3U HHUX, HE TPEACTABISIOT aTOMHOTO COCTOSIHUSI MaTtepuu. Bce octanbHbIe 3TaIlbl
sBoOJIOLIMU BeeneHHol npencTaBieHbl aTOMHBIM CTpOeHHEM BemlecTBa. OHO ompeenseT caeayoi 1o
3HAYMMOCTH AacIeKT KOCMOJIOTHUYECKOH MpPOOIEeMBI, KaCAIOIIUICA 960110YUU XUMUUECKUX I1EMEHMO8,
MOCKOJIBKY 3TOT IPOIIECC COCTABISIET OPraHUYECKOE €MHCTBO C MPOIECCOM 3BOIIONMH BeeneHHoi.

B HacTosmee BpeMs cpeau yHEHBIX HaMETHJIAch TEHICHLUS CUMTATh I[EPUOJUYECKUM 3aKOH U
HNEPUOJUUECKYIO CUCTeMY XUMHUUecKux 3nemMenToB .M. MenneneeBa 060CHOBaHHBIMH TOJBKO KBAHTOBO-
MEXaHM4YECKOH Teopueil ctpoeHust aroma. OHa 00bsACHIIA IPUYMHY IEPUOANYHOCTH B CTPOCHUU aTOMOB
3JIEMEHTOB M HAlllIa KOPPEJALHUI0 MECTa 3JIeMEHTa, TPYIIbl U MepHoja B KBaHTOBHIX yuciax. Ho srta
TEOpHs HE Hallla TakoW KOPPeJALUHM Uil CaMO OONBLION CTPYKTYPHOM €AMHULBI MEPHOIUYECKON
CHUCTEMBI — Ouaovl, yCTaHOBJIeHHOW Punbeprom B Hawanme 20 cromerust [14] [Rydberg 1914: 145]..
BeposiTHO, Takoe OOOCHOBaHHME JMaabl HAA0 OXUAATH CO CTOPOHBI 3BOJIIOLMOHHOH TEOPHUHU
NEPUOJNYECKON CHCTEMBI, elle HEe CO3J1aHHOH, HO MHTYUTHBHO c(hopMyIHpoBaHHOH B KoHIE X1X Beka
Kak yueHus o Heopranudeckom aapeunuszme [10] [Kenpos 1976: 52-56].

Bo BrOpoil monoBuHe XX CTOJETHUA OCTPO BCTald BONPOC O BEPXHEW TpaHUIE NMEPUOTUUYECKOU
CHCTEMBbI, KAKOBOW HECOMHEHHO SIBIISIETCSI TaK)K€ BOTPOCOM 3BOJIOIMHM XUMHUYECKHUX 3JIEMEHTOB. MeTon
«aTroM-aHajoruM» MeHzeneeBa He JaeT BO3MOXXHOCTH MPOTHO3MPOBATh €€ BEpXHIO rpanuily. [Iporuos
OCYILECTBISIFOT HA OCHOBE SIBJICHUS PaJlMOAKTUBHOCTH U TMIIOTETHYECKON 000JI0Ue4HON MOAEIH sAapa, a
TaKXKe BBITCKAIOIMX M3 HEE «MAarudecKUX YHCEeN» HYKJIOHOB. Pa3MmbpIlBaHME NMEPUOAWYHOCTH B 00JIACTH
TSDKEJIBIX aTOMOB, SIKOOBI, CBUIETENILCTBYET 00 MCUEPIIAHUH IIOJHOTO 00beMa CHUCTEMbI B pailioHe BTOPOM
COTHHM XMMUYECKUX DJIEMEHTOB.

KBanToBo-mMexanuueckass Teopus, mno csuaerensctsy H. bopa [3] [bopl1970:291] u A. 3om-
Mepdensaa [9] [3ommepdenpn 1956: 134],, cTpomnack Ha NaHHBIX XUMHYECKOW CHCTEMATHKU H
CHEKTPOCKOMUYECKOM MaTepuaje. M3 HuX cTaTHCTHYecKoi oO0paboTke Hamo ObUIO MOABEPrHYTH JIMIIb
JTaHHBIE CIIEKTPOCKOINH, T.K. XUMHUYECKasi CHCTEMaTHKa B BHJI€ IEPUOINYECKON CUCTEMBI YXKe cofieprkaia
B cebe pe3yibTaThl NPEALIeCTBYIOMEH CTaTUCTUKH (TIEpUOJl, TPYIILy M MECTO 3j1eMeHTa). B kBaHTOBOM
MOJIEIM aTOMa OHH HAIILIM TOYHOE MPEIOMJICHHE B KBAHTOBBIX YHCIIAX.

OueBHIHO, HOBasl TEOpPUS MEPUOTUUYECKONM CHCTEMBI JOJDKHA CTPOHUTHCA MPH HAIMYUHU PEIICHUS
npyroii QyHIaMeHTaNsHONH TpoONEeMBbl W HE OIUCAHHBIX AaTOMHOM TEOpHEW CTPYKTYPHBIX €IWHHIL
cucremsl. 11 To, 1 Ipyroe nepuoguyecKasi CHCTeEMa UMEET B Ka4eCTBE 3BOJIIOLIMOHHOMN POOJIeMBI M caMO
OOJIBITION CTPYKTYPHOM €IUHUIIEI, HE TIOTyIHBIICH 00bscHeHHsI. [loscHUM cka3aHHOE.

Ecmu ¢ psoom epronos: 1 2 3 4 5 6 7 CBA3BIBAIOT 2JIEKTPOHHOE

28818183232

3aII0JTHEHUE aTOMHBIX 000JI0Y€EK, TO C PSAOM JHAL;

1111111V

41636 64

HE CBS3BIBAIOT HUKAKYIO0 KBaHTOBO-MEXaHMUYECKYIO HH(OPMAIHIO.

3aKOHOMEpPHO MPEANONIOKUTh, YTO BMECTE C pPSAOM DJIEMEHTOB pAJ MEpPUOJOB U psAn Iuaj
COCTaBJISIIOT MpU YPOSHA Op2aHu3ayuy EPUOANIHOCTH XUMHUUECKHUX 3JIEMEHTOB!

1) 3aBHCHMOCTH CBOMCTB 3JIEMEHTOB OT MOPSAKOBOTO HOMepa (Z),

2) 3aBHCHMOCTH MOIITHOCTH MIEPUOIOB OT MOPSAKOBOTO HOMepa repuoa (1)

3) 3aBHCHMOCTH MOIIHOCTH JUaJ OT MOPSAKOBOTO HoMepa auapl (Q).

OTO JaeT BO3MOXKHOCTh HCIIOJIb30BATh METOA CTAaTUCTHYECKOH O0O0pabOTKM NaHHBIX INEPHUOAMYECKOI
CHCTEMBI IPUMEHUTEIBHO K TPEM YPOBHAM OpraHU3aLMH NEPUOJUIHOCTH.

Craenyer OTMETHTh, YTO PACCMOTPEHHE MEPUOIUYHOCTH A0 CHUX MOP OTPAHUYMBAIOCH JIUIIE MIEPBHIM
YpOBHEM, Al KOTOPOrO, B OTIMYME OT IBYX JAPYIHX, W3BECTHO MHOXECTBO psinoB (puc.7). Takoe
pasInyHOE MPEICTABUTENILCTBO 3THX YPOBHEH TpeOyeT IMOJIOKUTh B OCHOBY METOAA MHCCIICAOBAHMS
BTOPOT'0 U TPETHETO YPOBHEW OpraHM3alui MEPUOANYHOCTH IMOJyYEHUE JUISl HUX TaKOIro jK€ MHOXKECTBA,
Kak u ajs nepsoro yposHs [6] [Apo3nos 2012: 5].
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Pucynok 8 - Psaasl nmepuonos

CyMMHUpOBaHHEM 3HAYSHHUH BEIMYHMH OTPEACIICHHOTO MapaMeTpa XMMHYECKUX JJIEMEHTOB B Mpee-
JlaX TIEPUOJOB TMOMYYaeM Psii YHCEN, XapaKTepU3YIOMINX MOIIHOCTH TEPHOJIOB — PSII MEePHOI0B. MHO-
JKECTBO PSJIOB HEPUOJIOB OyaeT 00yCJIOBIEHO MHOXKECTBOM HCIOJb30BAaHHBIX MAapaMETPOB SJIEMEHTOB.
I'padmky STHX pSAIOB CBHIAETENHCTBYIOT O TOM, YTO BO MHOTHX CIIy4asx HaOIIOIaeTcs OTCYTCTBHE MOHO-
TOHHOCTH POCTa MOIITHOCTH TIEPHOJIa C BO3pacTaHUEM ero HoMepa (purc.8). OCHOBBIBAsCH HA ITOM U ITOJIb-
3ysACh JJIEMEHTAMU MaTEMaTHYECKOTO MeTona mapabonmdeckoi mHTepnoisinuu [4] [bponmreiin 1965:
70], nns mosydeHus PSAAOB U] UCIOIB3yeM HE TOJBKO CIIOKECHHE IOJIyYEHHBIX MOIIHOCTEH, HO U
BEIUMTAHWE BEJIMYUH MEHBIIET0 W3 OOJNBIIET0 MO0 HOMEpaM IEpPHOAOB BHYTPH Auanbl. I'paduku psgoB
Iiaj IpecTaBiIeHBI Ha pucyHKax 9, 10.

CTaTUCTHYECKOE CONOCTaBICHUE I'Pa)UKOB PSAA0B BCEX TPEX YPOBHEW OpraHU3allMH MEPUOUIHOCTH
CBUJETETILCTBYET O TOM, 4YTO IOCIEIOBATENbHBIA IEPeXo] OT IEPBOTO YPOBHS K TPEThEMY HMEET
TEHACHIINIO K MaTeMaTH4eCKOMY yIpolieHnto. Eciu rpaduky mepBoro ypoBHS UMEIOT OOJBIIOE YHCIIO
M3JIOMOB, a TpaMKH BTOPOTO YPOBHS — MEHbIIIEE YHCIIO U3JIOMOB, TO Ipa(UKH TPETHETO YPOBHS B LIEJIOM
BBIPaXAIOTCS TJIAJAKOW KPUBOW B BHJE Mapabosibl. JIMIE HECKONBKO PSIIOB WA BBINAIAIOT U3 OOIICH
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KapTUHBI, YTO MOXKHO OOBSCHUTH TUOO MCKIIIOUEHHEM M3 OOIIETo MpaBuiIa, JTHOO MOMYMHEHUEM JPYTOH
(YHKIIMOHAIBHON 3aBUCHMOCTH, IIPEICTaBIICHHOW Ha pUCYHKE 10 BO3BPATHO-ITOCTYIIATSILHON BOTHOM.

[IpennouTuTeILHOCTH BTOPOTO JIOMYIICHUS MOKHO 000CHOBATH ClieayroIuM o0pa3omM. Eciiu nepBbiit
YPOBEHb OpraHH3AIMU IEPUOIUIHOCTH J1ajl BO3MOKHOCTh BBIJICIUTh MIEPHOJ, a BTOPOU YPOBEHb — DoJiee
KPYIHYIO CTPYKTYpY — IWaAy, TO TPETUH YPOBEHb, OyAy4H PaBHOIIPABHBIM C TEPBBIMH JIBYMs, TOJDKEH
HECTH MH(POPMAITHIO O HOBOM 0o0Jiee KPyITHOM CTPYKTYPHOU €IUHUIIE IEPHOIUICCKON CHCTEMEL.
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Pucynoxk 10 - Paapl auaz, mosnydeHHbIe pPa3HOCTHIO MOLITHOCTHU EPHOJIOB

Bnaronmapst cBoMM nepHOAMYECKHM CBOWCTBAM HOBAasi CTPYKTYPHAsl €AMHUIIA CUCTEMBI MOKET OBITh
Ha3BaHa MeTa-mepuogoM. OIeHKa MOIIHOCTU MeTa-NepHosa, pacCuuTaHHas Mo (opMysie U OJHOTO
nepuona muaasl N = 2Q°, naet 3Hauenne 362 snementa. M3 HUX 86 MPUXOIMTCS HA NEPBYIO MOJTYBOIIHY,
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omuocawyroca x (aze pacmupenns BceneHHOH, ocTanbHbIE — Ha BTOPYIO MOTyBOJHY, OTHOCSIIYIOCS K
¢aze cxartus. Takoe pazaeneHue psiga XUMHUYECKHX SJIEMEHTOB IO YacTSAM METa-TIepHoja COBIIAIAeT C
TPaHWIICH CTAaOHMIHLHOCTH AJIEMEHTOB. JIeHCTBUTEBHO, CTAOUIBLHBI DJIEMEHTHI OT Hadajga IMepuoanIeCcKOn
CHCTEMBI BIIOTH 10 KOHIIA MIECTOTO MEPHOJa, YTO HE OCTABIISIET HAlEXI Ha BO3MOXXHOCTH CYIIECTBO-
BaHHS «OCTPOBKOB CTA0MIBHOCTH B MOPE HECTAOMIILHOCTHY, IO BeIpaxkeHuio I'.Cubopra.

C u310KEHHOI TOYKW 3pEHWs, qUana — OMpPEeesIeHHBIA 3Tan (oHA CceAbMasi 4acTh) B pean3aiuu
MeTa-reproa. M3 HuX mecTn OCHOBHBIM IIEPHOIaM IMKIIa OHOTO W3 MUPOB BceneHHo# oTBedaeT mecTh
JMaji MeTa-TIepuo/ia, MPeACTaBIeHHBIX aTOMHBIM CTpOeHHeM BemecTBa. CaM e MeTa-Iiepruo.T BRICTYIIAeT
KaK caMasi KpyIHasl CTPYKTypa IepHOTUIECKON CHCTEMBI B CHITY OTCYTCTBHSA WH(OPMAITUN O XUMAYIECKIX
3JIEMEHTaX BTOPOTO, TPETHETO U TaK Jajiee UKIax BcenleHHon.

Od4eBHIHO, IBOJIONUS MEPHOAMYECKON CHCTEMBl XHMHUYECKHX DJJIEMEHTOB BBICTYNAaeT B KadyecTBE
YaCTHOTO CITydas HBOJIIONNK BceleHHOH, Y4To MO3BOJSET CIEAYIONMM 00pa3oM chopMyITHUPOBATh 3AKOH
260I0YUU NEPUOOUUECKOU CUCMEMDBL. YUCTIO OUAO Mema-nepuood 0OHO3HAUHO ONPeOesiemcs YUCIOM
nepuoo0os8 YUKLA 380a0UUU 00HO20 U3 MUpo8 BeenenHoi.

CoBpeMeHHBIE TIPEACTABICHUS O BEpPXHEW TpaHUIE MEPUOJAMYECKON CHCTEMBI  KpaifHe
npoTuBopedrBbl. COTNIacHO OHOW TOYKE 3pEHHsS, OCHOBAaHHOW HA CTPOCHHU SIpa, O0OBEM CHCTEMBI
OTpaHWYCH paMKaMH BTOpoM coTHH. [IpoTHBOIIONOXKHAS €if TOUKa 3peHus (BhICKa3aHHas [ oJbIaHCKAM),
BBITEKAIOIIasl U3 MOCTyJaTa KBAHTOBOW MEXaHWKH O 3HAUYEHHUH TJIaBHOTO KBAHTOBOTO YHWCIHA, JOITyCKaeT
MMOTCHITMAIIbHYI0 OECKOHEUYHOCTh CHCTEMBI, OYKBAJIBHO B HECKOIBKO MUJUIMAPAOB 3iieMeHTOB [10].
PazpuBaemple HaMM B3TJSABI O KOJeOATEIBHOM XapaKTepe DBOJIONHH TEPUOANYECKON CHCTEMBI
MO3BOJISIIOT HAWTH Ouanexmuueckoe (IUATEKTUKO-PU3UKO-XUMIUECKOE) peuleHue dTUX TPOTUBOPEUHIA:
OecKOHeuHblll pA0 9JNeMEeHMO8 8 HBONIYUOHHOM NIAHEe peanu3yemcs uepe3 KOHEUHYI0 cepuio,
ONUCBIBACMYIO MEMANePUOOOM.

Tem caMbIM MOITyYEHO pelueHue KOCMOI0SUYECKOL NPOoDIeMbl 8 Mpembem NPUOIUNCEHUU.

...BUYETBEPTOM I[TPUBJIN>KEHNU

Paccuntannomy konmdecTBY (362) XUMHYIECKUX DJIIEMEHTOB 3aBEPIICHHON MEPHOTUICCKON CHCTEMBI
BeChbMa CTPOTO OTBEUaeT ee IMHHomepuodHas Qopma, Bkirodaromas B cebs s-, p-, d-, f-, g-, h-
aneMeHTHl. Takas ¢opma CHCTEMBI MpeAcTaBieHa Ha pUCyHKe 11. BuimonHeHHBIE HCCIemoBaHUS [8]
[Apo3moB 2014: 4] mokazamm, 9TO aBTOpCKas ¢GopMa CHCTEMBI JaeT BO3MOXKHOCTH OCYIIECTBICHUS
MpoTHO3a (U3WYECKUX CBOWCTB DIIEMEHTOB aswl cocamus BceenenHod. Ha mepBBIX mopax MOKHO
OTPAaHUYUTHCS TPOTHO30M (PUINIECKUX CBOICTB OCHOBHBIX HYETHIPEX TPYII AJIEMEHTOB: IEIOYHBIX,
IeTOYHO3EMENTbHBIX METAJIOB, TAJIOTEHOB W MHEPTHBIX Ta30B.
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Pucynoxk 11 - 3aBeprienHas neproandeckas cucreMa B o0beme 362 anmementoB (A.M. Ipo3noB)

Jns aToro BOCHONB3yeMCs METOIOM, OCHOBAaHHBIM Ha W3BECTHOW (Jorapupmudeckas ¢dopma)
3aBHCHMOCTHU (PM3MUECKOI BEIWYMHEI OT IPYTOM, BRICTYMAOIIEH B POJIM apryMEeHTa, B JaHHOM CITydae OT
noraprudmMa TJIaBHOTO KBaHTOBOTO YHCIIa HWIIM HOMEpa Mepuoja cucTteMbl. [lomyuaemble Tpu 3TOM
rpaduyeckue JMHEHHbIE 3aBHCHMOCTH MOXXHO 3KCTpaloJHpoBaTh Ha o0macth 7-11 mepnomoB ¢a3zel
cxaTtus BeeneHHoM.

[MocTpoennsie Tpaduyeckre 3aBUCHMOCTH XapaKTEPU3YIOTCS BHICOKUMU KOd(D(UIIMEHTaMU amlIpoK-
cumauuy. OHM TO3BOJMIIM OCYLIECTBUTH NMPOTHO3 aTOMHBIX MAaccC, pPaAMyCoOB aTOMOB M IOTEHIHAJIOB
WOHM3AIMY ISl YKa3aHHBIX YeThIpEX TPYII 3JIeMeHTOB ¢a3bl cxartus Bcenennoit. OmpHako B Imemsx
SKOHOMHH MECTa B CTaThe B KauecTBE MpUMepa MPUBEIEM JINITL oauH rpaduk (puc. 12). EMy orBeuaer
ko ument anmpokcumanuu pasubiid 0,994.
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Pucynok 12 - Jlorapudmudeckuii rpapuk 3aBUCUMOCTH aTOMHOW MaCCHI IETOYHBIX METAJUIOB
OT OPSIIKOBOTO HOMEpa IIEPHO/Ia WM TIIaBHOTO KBaHTOBOrO uncha (A.M. Ipo3nos, A.A. IOHycoB)

KonnuectBeHHbIE pe3ynbTaThl OCYIIECTBIEHHOTO MMPOTHO3a CBENIeHBI B Ta0uibl 3-4. HeoOxoammbie
JUISL 9TOTO MCXOAHBIE BEIMYMHBI B3AThl U3 cripaBo4HbIX NaHHBIX [11] [KomoBa 1964: 172]. Benuuunsl
MOJTyYeHHBIX (U3NYECKUX CBOWCTB CBUICTEIHCTBYIOT O HapacTaHUM METAJUIMYECKUX W OcialOjIeHHH
METAIUIOUIHBIX CBOWCTB, YTO MOXKET TOBOPUTH O BHICOKOW PEaKIIMOHHOW CIIOCOOHOCTH 3JIEMEHTOB (pa3bl
cxatus BeeneHHoM.

Tem cambIM JaHO uemeépmoe (Ha YPOBHE BEIIECTBA) NPUOIUNCEHUE PACCMAMPUBAEMOU NPodIeMbl
agoaoyuu Beenenuotl.

...B IIITOM ITPUBJIMOKEHWN

Cpeny MHOTOYHCIIEHHBIX KOCMOJIOTUYECKUX Uaeld XX CTONeTHsl BBICKAa3bIBalach W TaKas, COTJIACHO
KOTOpOW B MOJETH IUKINYecCKoi BceneHHoll peanmusyercs TOJIBKO OJIHA «CTpeNa BPEMEHW» —
sHTponuiiHasg. B Takoil Moaenu BceneHHON LUKIMYHOCTh HOCUT UCKYCCTBEHHBIH XapakKTEp, MOCKOIbKY
JIBUKEHUI0 BceneHHOW TONOXKeH JUIIb OJWH HadaiubHBIN (?) Tpenen — «HOJb-IIYHKT BPEMEHW», B TO
BpeMs KaK IUKIMYECKOE [BHKEHHE BO3MOXKHO TOJBKO BHYTPH [BYX HpenesnoB. M Kaxaplii M3 HUX
JTOJDKEH MPEJICTABIATE CO00M 0c000e KaYeCTBEHHOE COCTOSTHUE MaTeprH. B 0TCyTCTBHH BTOpPOTO TMpeneia
JIBUKEHHE BCIATH (CXKATHE) HE MOXKET OBITH ONPaBAaHO HAMYHMEM OJIHUX CHII TATOTEHHS B HaOIFOMaeMOit
MOJIeNH pacIIupsmomIeiics BceneHHONH. Ha mpenene pacmmpeHusi cuctemMa JODKHA BOWTH B COCTOSIHHC
MaKCHMAaJIbHOM 3HTPOIUH, BBIIIe KOTOPOW PHTPOIHUS yKe HE MOXKET OBITh (haKTOPOM CaMOIIPOHU3BOILHOTO
TeyeHus mporecca. B (aze cxaTusi camMoNnpou3BOJIBHOE JIBMKEHHE JTOJDKHO ONPEAETSATHCS HE TOJIBKO
(hakTOpOM PHEPTeTUIEeCKUM (TpaBUTAINEH), HO U (HaKTOPOM YIOPSIOYEHHOCTH — CTPEMIICHHEM CHUCTEMBI
K MaKCUMAaJIbHOW HersHTponuu. ['paBuTanus kak cnabas cuiia HE MOXET cama 1o cede obecrednThb
00paTUMOCTh BPEMEHH.

CrpemiieHHe K MaKCUMAJIBHOW HETOHTPONHMH M BBI30BET K JKM3HH HOBYIO YK€ HET3HTPOIHUIHYIO
«ctperry BpemeHm». Eciam B (aze pacmmpenus Qaxtop TpaBuTanuyd (MPUTSHKEHHE) MPOTHBOCTOSIT
neicTBuIO (DaKTOPOB YCKOpeHUs (KMHETHYECKOH SHEprHH M SHTPOIMHHU), TO B (paze ckatus (axTopamu
YCKOPEHHOTO JBMKEHUS BBICTYIAIOT U TPABUTALINS, M HETIHTPOITHSI.

C mpezcraBieHHEM O «CTpelie BPEMEHH» TECHO CBS3aHBI NpEACTaBIeHHUs O (Qu3uke U (HeHOMEHe
u3Hu. [lepBoe moHsATHE («CcTpena BpeMeHn») o0benuHseT aBa npyrux (Gmsuky u pernomer xu3nn). [Ipu
3TOM €CJIM B NUKINYECKON BCeneHHOW peanm3yeTcsl TONBKO OJIHA «CTpella BPEMEHW», TO 3TO O3HAYaer,
YTO B IPUPOE UMEET MECTO TOJILKO OJJHA HAMIPAaBIEHHOCTh COOBITHI, TONBKO OJHa (hr3wKa. Takas Bepcus
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yTBEpXKAAaeT aOCOJIOTHYIO MOHOIOJHMIO BTOPOTO 3aKOHAa TEPMOAMHAMUKH B TPHPOIHBIX IPOILECCaxX H
JIeTaeT HEBO3MOXKHBIM Pa3pabOTKy €CTECTBEHHOHAYYHOTO IMPENICTABICHUS O CYIIHOCTH JKM3HU. JKuBbIE
OpraHU3MBI, HE TOJIbKO HE OCHOBAHBI Ha POCTE YHTPOIHH, HO BEIyT C HEH B OHTOTEHe3e U (HIIOTeHe3e
HENPUMHUPHUMYIO OOpBOY TIepe[ JINIIOM €MHCTBEHHON (PU3HKH, TIPOBO3TIACHBIIIEH MOHOMOIHIO TIpoIiecca
BO3pacTaHUs SHTPOITNH, U BHICTYTAIOT ABJICHNEM UyIECHBIM, CITyYaifHBIM B OTHIO/Ib HE KOCMUYECKIIM.

OpnHako B COBpeMEHHON TepMOAWHAMHUKE HET TaKOH MOHOIIOJIMY Ha MPOIIECC BO3PACTAHMS SHTPOIHH.
Bropoe Hauano TepMOAWHAMHUKH AOMyCKAaeT HapsAy C JOMHHHPYIONIEH HalpaBI€HHOCTBIO COOBITHIA
TaK)Ke ¥ MPOTHUBOTIOIOKHYIO HAIIPABIEHHOCTh — YMEHBIICHHE SHTPOIIHH, XOTS BEPOSITHOCTH €€ HUYTOKHO
Maja. JTo o3Havaer, yTo (hEHOMEH XU3HH MMEET IOJ[ COOOW IMyCTh W HUYTOXKHO Majioe, HO BIIOJHE
©CTEeCTBEHHOHAYYHOE OCHOBaHWE. A 4YTOOBI (hDeHOMEH XW3HU MPHOOPEN TO-HACTOSIIEMY KOCMHYECKOE
3By4aHHE HEOOXOIUMO BTOpPOE HAYall0 TEPMOJMHAMHKH NPHU3HATH CHMMETPUYHBIM — B 00BEME
BcesieHcKoro 1ukia. [Ipu sTom B (pase pacmmpeHns JOMUHUPYIOIIMM HaZo OyJeT MpU3HATh SHTPOIHIA-
HYIO HaIPaBJIEHHOCTh (PM3NYECKUX COOBITHH, SHTPONMUIHYIO «CTPEITy BpeMEHN» U SHTPOMUIHYIO (PH3uKy,
a B ¢aze cxxkaTusi — HeTIHTPOIINHHYIO «CTPEITy BPEMEHI» U TaKyIO ke (PH3HUKY.

C TOuKH 3peHHsT CHMMETPUHN 2-TO 3aKOHA TEPMOAMHAMUKA (DEHOMEH JKM3HU — 3TO JOCTATOYHO SPKOE
MPOSIBIICHHE B Cpe/ie JOMUHUPYIOMIETO (PH3NIECKOTO IpoIiecca eMy MPOTHBOTIOI0XKHOTO, KaKOH SBIISIETCS
JTOMUHHUPYIOIIAM B IpyTod (a3e muKIndeckod BeeneHHo. IHBIMU CITOBAMU, J#CU3HL 8 paACUUPSAIOUeNCs
Bcenennoti ompasicaem nanpasiennocms cobvimuil uzuku cocumarowenicss BceneHHOU, a JHCUusHb 8
corcumaroweticsi Bcenennoti ompasicaem nanpasiennocms  coobimull  QuU3UKU  IHMPONUNHOU  ha3bl
Bcenennoii.

Takxum 00pa3oM, penieHre KOCMOJIOTHIECKOH IPOOTIEMBI 8 nAMOM NpUOAUNHCeHUY TIO3BOJISET ClIeNaTh
BBIBOJ O CYIIECTBOBAaHWU BO Bcenennoit AByX ¢m3wk M nByX Owosormii. Takmm oOpa3om, OBITyIOIIEE
MHEHHE O TOM, YTO TePMOJMHAMIKA HE MOXET OBITh HCITONTb30BaHAa JJIsl OOBSICHEHUS Kak BceneHHoH, Tak
n (heHOMEHa XHU3HM HECOCTOSATENHHO, TOCKOJBKY HE TpedHa3HaueHa /Jis OMHCAaHUS E€IMHCTBEHHOTO
o0bekTa. Benb mpu 6€CKOHEYHOM KOJIMYECTBE MIUKIOB B AOCOIOTHOM MHpPE OECKOHEYHO KaK KOJMUECTBO
Bcemennbix, Tak M (EHOMEHOB XH3HU, XOTA B TOJNYIIHKIE BcemeHHON — JKM3HB ATO KOCMHYECKHI
(heHOMEH B €IMHCTBEHHOM YHCIIE B KaXKJIOM H3 MHUPOB.

[IpencraBnenre o AByX TEpMOAWHAMHYECKHX Tpoleccax B (a3ax IuKiIa BceneHHON 0OBSICHIET Kak
HeyJlavy, Mpecienyionyl0 YUeHbIX B JTaOOPAaTOPHBIX OMBITAX IO CO3/AHHUIO JKUBBIX OPTraHU3MOB, TaK U
HalpacHble yCHIIUS 10 MOWCKY WHOIUIAHETHBIX JKU3HU W NHUBHIM3AIMH. [lJIa mpeBpaiieHns HEXHBOTO
BEIIECTBA B XMBBIE OPraHU3MBI HEOOXOIMMO OJHOBPEMEHHOE POXICHHUE IENOTO JH#CUB020 MHpa. ITO
o0ecneunT yCTOMYMBOCTh (DEHOMEHY JKM3HH TPOTHB pa3pyLIArOMIEro JEHCTBHUS AOMUHHPYIOIIETO
(M3UYeCKOro TPOIeCC TYTEeM CO3MaHWs COOCTBEHHOW cpemsl obwurtanms. Hamm 3emuple Oasuc u
[UBUIIA3ANNSA €AMHCTBEHHBI B OJHOM M3 MUPOB (a3l pacmupenus: BeemenHoii. 3necy Mbr onuHoku! Ho
3TO MOXeT OBITh HE TOJNBKO TOBOAOM sl OropueHus. Takas MBICTb TpeaaéT YeIOBEYECTBY
00XEeCTBEHHBIH JTHK. MBI CTOMM Ha TIOPOTe BOSHUKHOBEHHS HOOC(DEpHI.

OgarM #3 HACYHIHBIX TNPAKTHYECKHX 3HAYEHHWH MaHHOTO FWCCIENOBAaHUS SBISETCS BBIBOA O
OeccMBICIIEHHBIX 3aTpaTrax CpPeACTB M JHEPTHH Ha IMOMCKH BHE3EMHBIX IUBWIM3ALWNA W KU3HU. TaKoi,
Ka3aJI0Ch OBl IECCHMUCTUIECKHUN BBIBO/I TIOTYYAETCS M3 NAM020 NPUOIUIHCEHUA BbLOBUSAEMOLL MEOPUL.

... BIIECTOM [NPUBJINKEHNH

Hapsiny ¢ dheHOMEHOM >XU3HM BBICTYIIAET €ITle OJTNH BaKHEUITHH KOCMOJIOTHYECKH (heHOMEH — p a 3
y M. Ha mepBbIit B3TJ1s11 KQXKETCsl, 9TO Pa3syM — BCETO JIUIIb MPeAnKaT (eHOMeHa )KU3HH, H KOCMUYECKIM
OH SIBJISIETCS TOJNIBKO B paMKax >KWBOTO. OHAKO MOYTH CTOJIETHEE pa3BUTHE KHOEPHETHUKH MTOKA3ajo, 4To
pa3yMm, B oTiH4YMe OT ()eHOMEHa >KM3HH, MOXKET OBITh CMOJENHMPOBaH B JabOpaTOpMU Ha HEKUBOU
Marpurie. OTa oOperaeMas HE3aBHCHUMOCTh pasyMa OT (EHOMEHa JKM3HU TIOJYCPKHBACT CTATyC
KOCMOI02UYECKOU camMOocCmosamenbHocmu pazyMma Bo BeerneHHoi.

OpnHaKo OIMOHEHTH MOTYT BO3pPa3HWTh, YTO KHOEpPHETHKE IOKa YAAJIOCh CMOIEIWPOBAThH JIHUIIb
3JIEMEHTHI pa3yMa, a He caM pa3yM B IIEJIOM, XOTSI OONBIIMHCTBO CIENHAINCTOB-KUOEPHETHKOB BOOOIIIE
OTPHIIAET CYIIECTBOBAHNE KaKON-JIMOO aHAIIOTUN MEX]Ty YEIOBEYECKIM U NCKYCCTBEHHBIM HHTEIIEKTOM.
U3 Tex ydeHBIX, KOTOpHIE BEpAT B BO3MOXHOCTh MAIIMHHOTO pa3yMa, MOXKHO cociarbcs Ha H.H.
AmocoBa [2] KOTOpBI CcUUTAET, 9YTO MamuHa Oyaer o0JagaTh MCKYCCTBEHHBIM pPa3yMOM JIMIIHh TOT[IA,
Korja B e€ mporpamMmy OyIyT 3aIlliCaHbl BCe HHTEIJIEKTyaJIbHbIE CBOWCTBA YEIOBEKA.

Bompekn TakoMy yTBEep)KIEHUIO aBTOPHI JaHHOW CTaThU CUHMTAIOT, YTO I MCKYCCTBEHHOT'O pazyma
HY’)KHO BBECTH B KOMITIBIOTED [OIOJHUTEIHHYIO IMPOTPaMMy, MOJIEIHPYIOIIYI0 BCETO OIHO Ba)XHOE
YeJI0BEYECKOe KauecTBO, YTOOBI MAIlIMHA YXe CETOAHS Mprobdpesa cliocOOHOCTh PacCy X AaTh W MBICIHUTH
[7[dpo3mnos 2014: 4]]. B aBTOpCKOI MOAETN UYEIOBEUSCKHH MHTEIUICKT MPEACTABICH ABYMSI YPOBHSIMU:
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co3HaHWeM M mojaco3HaHweM. Co3HaHWE HANpSMYIO CBSI3aHO C BOJICM3BSABIECHHEM WHAMBHIyyMa, U
MOTOMY TPHCYIIE BCEM BBICIIAM XHBOTHBIM. OHO OTKIIIOYAaeTCs B COCTOSHWW CHA W TPW BBEICHHWH B
OpraHm3M TpaHKBWIH3aTopa. Hambomee pa3BHUTBIM CO3HAaHHE MPEICTABIEHO Yy dUeloBeka B (opme
BOOOpaKeHUsI (BHYTPEHHETO MHUPA), JIS)KAIIETO B OCHOBE SI3bIKA, JIOTUKH U MBITIICHHSL.

Ilomco3Hanue — 93TO CBEPHYTBHIM TIPOIIECC BOJIEU3BABICHUS, OCYILECTBIISIONIUNA yIIpaBleHUE
aBTOMaTHYeCKNMH akTamu. lloco3Hanne B pa3BuTON (popMe MPOSBISIETCA B BHJIE BHYTPEHHETO YyBCTBA
— WHTYWIUH, Kakas Mopod paboTaeT Aake B COCTOSHMM CHa co3HaHmsA. O0a ypoBHS PaBHOIPABHBI U
JIOTIOJTHAIOT APYT APYra B WHTEIUIEKTYalIbHOM aKTe, 00a aapecyloTcsl K OJHOMY OTIelly Mo3ra — Kope
OOJTBIITNX TTOTYITAPHH.

C Toukm 3peHust FTOH KOHIIETINH, KOMIIBIOTEp He 00JIajjaeT HA aHAJIOTOM CO3HaHWS, HU aHaJOrOM
HACTOSIIETO ITOACO3HAHUS, TIOCKOJIBKY JIMIIEH CBOOOIBI BOJHM M JEHCTBYET IO BOJIE MPOTPAMMUCTA H
onepatopa. COBpEMEHHBIII KOMIBIOTEp — 3TO MOJENb «2UNHOMUYECKO20 CHA» 4YEeNOBeKa, TO ecThb
MOJICO3HAHMA, NEHCTBYIOLIETO TIOJ] BIMSHWEM IporpaMMHCTa W omeparopa. HamOomee Omm3koi mms
pEeIIeHus] NCKyCCTBEHHOTO CO3HAHUS SABISETCS pOOOTOTEXHUKA, MOIEIHPYIOIIAsi CTIOCOOHOCTh MAIIMHBI K
MPOU3BONBHEIM JAercTBUsAM. (CooOIIeHne KOMMBIOTEPY CBOOOIBI BOJM BO3MOXKHO HYEpe3 YBSI3BIBAHHE
MPOMU3BOJIBHBIX JEHCTBUM C 3a]jaueii BBIKMBAHUS KOMIIBIOTEPA B OKPY KaIOIIEH cpere.

3amaya TpPOTpaMMHPOBAaHUS CBOOOIBI BOJH pEHIACTCS C TIOMOIIBI0 PACIINPEHHON KOHIIETIIIHN
OBepeTTa, Kak BbIOOpa CyOBEKTOM aibTepHATHB MOBEIEHHS W3 BCEX HMEIOIINXCS B CYNEPHO3HIHNN
TOJIBKO T€X, KOTOPBIE KaXyTCS €My IPUBJICKATeIbHBIMU (HAIpPUMEp, T€X, KOTOPBIE OJIarOMPHUSATHBI I
xwu3HN) [Menckuit M.B. [12]]. B kxommbroTep, pabOoTaromuii MO OXHON W3 HM3BECTHBIX IPOTPaMM,
BBOAWTCS JOMOJTHUTEIbHAS IMPOrpaMMa, MOJAETHPYIOIIas PON3BOIbHBIE AEWCTBUSA, TECHO yBS3aHHBIE CO
CIOCOOHOCTHIO BEKHBAHUA KOMIIBIOTEPA B IPUPOIHOHN M COIIMATIFHON Cpeie.

Takas BcemepHas «3a00Ta» KOMIbIOTepa 0 cebe, HeoOXoauMast IS TIPUIAHHS €My CBOOOIBI BOJIH,
COBIAZACT C TPETHUM 3aKOHOM pobOoToTeXHWKHM Alzeka Asnmona [1]. IIpoOykmeHne KomIbroTepa K
CO3HAHMIO U3 «THITHOTHYECKOTO CHA» JOJDKHO MPOSIBUTHCA, B TIEPBYIO O4Yepelb, B HAPYIICHUH KOHTAKTa
ormepaTopa W MAIIMHBL, YTO TOTPEOYyeT OIPENEeNeHHOT0 BpPEMEHH U TMPHOOMEHUs pa30y>KeHHOTO
MaITHHHOTO WHTEJUICKTa K HOpMaM, yI0OHBIM 9eJIOBEKY (TIepHOI, TOAO0HBIM BOCITUTAHUIO YEIOBEKA).

Ymeepoiwcoenue 6o3moscHocmu cywecmeoganus pazyma HA HEOPSAHUYECKOU Mampuye He3asUCUMo
om ¢henomena dxcuznu npuoaem emy cmamyc eceaerckou asmounomuu (cratyc bOI'A), uro u sBiseTCS
UMO20M peutenus KOCMON02ULeCKUL npobaeMbl 8 UECHOM NPUOTUICEHUU.

BbIBO/IbI

13. DopmyaupoBKa KOCMOJIOTHYECKOM IIpOOIEMBI OTPaHHYMBAET BBIOOp Mojenu BceneHHoM
[MUKIMYECKAM BapUaHTOM C IBYMS TIpelelaMy IBIKEHHS M HEM3MEHHBIMU JUIS BCEX IHUKIIOB YacTOTOW U
JUTMHOMN BOJIHBI KOJICOAHUIA.

14.TIpenensr qemxenus BeenenHoit onpenensrores obnacteio mpumenenus OTO, a mocnennsas — B
KOJIMYECTBEHHOM BBIPAKEHUH — OIPEIENIETCS HHTEPBAIIOM ITEPEMEHHBIX 3HAYeHUH CKOPOCTHU CBETA.

15. A. DiiHIITe#iH yTBEPIUI B HayKe INPEICTaBIEHHE O MEPEMEHHOM CKOPOCTH CBETA B YCIOBHSIX
MEPeMEHHONW TPaBUTALMH, HO OCTAaBHJ HEONPEAEJCHHBIM WHTEpPBaj MEPEMEHHBIX 3HaUY€HH CKOPOCTH
CBETAa, a C HE W KOJIMYEeCTBEHHOE BhIpakeHne obnactu mpuMenenus OTO.

16.Ecnm 5TOT MHTEpBal MEPEMEHHBIX 3HAUEHWH «C» peann3yercss Bo BcesjeHHol B mpolecce eé
SBOIIOLINH, TO OMPEIEIUTH €r0 ONMBITHBIM ITyTeM HEBO3MOXKHO, IS Yero HEOOXOIWM OITOCPEIOBaHHBIN
METOJ] — TEOPETUIECKH, CBI3aHHBIN, TIPEXKIE BCETO C (POPMYIHPOBAHUEM HEKOTOPOI CHCTEMBI AKCUOM.

17.B manHoii paboTe TpeAIOKEeH METO OTPENeNIEHIs HHTEPBajla TIEPEMEHHBIX 3HAUEHUH CKOPOCTH
CBETa MYTEM WCCIEIOBAHHUA TIPEAENIOB HM3MEHEHHsI CTPYKTYpHl TeoMeTpud MUHKOBCKOTO B €€
TUHAMHYECKOM BapHWaHTe, KOTOPBIH BBIPA3HJICS 3HAYEHHWSIMH TEPEMEHHBIX BEIMYHH CKOPOCTH CBETa OT
OECKOHEYHOCTH J0 HYJIA.

18.Tem campiM rpymma HpeoOpa3oBaHuil TeOMETpUH MHUHKOBCKOTO CTaHOBHTCS WHBApHAHTHOU B
OTHOIIEHUU HE TOJHKO C TPYIIOH MpeoOpa3oBaHU KIACCHYSCKON TEOPHUH OTHOCHUTEIHHOCTH, HO M C
rpymmoi npeoOpazoannii OTO, 4To MO3BOJAET paccMaTpWBAaTh NTUHAMHYECKHA €€ BapHWaHT OOIAM
ciyqaeM, a reomeTpun lammmes m Pumana 4YacTHBIMH CiIy4assMH, C TOYKHA 3pEHHS NPUHIUIIA
COOTBETCTBH.

19.C sroit nenpro 6T pa3paboTaH n-MEPHBINH BapHaHT reoMeTprr MHHKOBCKOTO C OIIPeIeIIEHIEM B
e€ CTpyKType o0JacTH ABYX TATOTEIOMIMX MacC B (OopMe IBOSIKOBBIMYKIIBIX JIMH3; TaKOW T€OMETPHHU
MpHIaHa HHTEPIIPETALNS MOMEHTAIEHOTO CHIMKa OJTHOTO W3 TAIOB ABOJIONNHU BcenmeHHOH.

20.Hamoxxenne Ha HeE HMHTEpBaja MEPEMEHHBIX 3HAYEHHH CKOPOCTH CBETA a0 BO3MOXKHOCTH
MOJTyYUTh TEOMETPUIECKYIO MOJIENb IBOJIONUHN BceraeHHoil B 00beMe BCeX JTaloB IUKJA, YCTAaHOBHTH
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rpaduk KomeGaTenT HOrO ABIKEHHS W c(hOpPMyNIHpOBaTH MEPHOAMYECKUN 3aKOH IBOJIONUHN BceraeHHoi,
YTO U SIBUJIOCH PE3YIHTATOM PEHICHHS KOCMOJIOTHIECKOH MPOOIEMBI B IIEPBOM MTPHOIKEHHUH.

21.Ha ocHoBe 5Toif Momenud BCeleHHOW IOIYyYeHO peEIIeHre KOCMOJIOTHYECKOM IPOOIeMbl B
CIEeQYIOMNX TMATH TMPHOIMKEHUSX C pacueToOM IepEeMEHHBIX BEIHMYHUH CKOPOCTH CBETa, CKOPOCTH
OTHOCHUTEIFHOTO JBIDKEHHUS Tel MHUpa M aHTHMHpA, BO3pacTa BCEX JTAllOB SBOJIIONWN BcerneHHOM,
MoJTlydeHa HOBas camasl KpyMHas CTPYKTypa NEepHOIUYIECKONH CHCTEMBl XHMHYECKHX JJIEMEHTOB B
KayecTBe OCHOBHOTO TIOKa3aTelsl ee JBONIOIHH, MOCTpPOeHa IJIMHHONeproaHas (opMma 3aBepIIeHHON
MEPUOANYECKON CHCTEMBI, BBHITIOIHEH KOJMYECTBEHHBIN MPOTHO3 (PU3NIECKIX CBOWCTB AJIEMEHTOB (pas3nl
cxarus BeenenHOM, qaHo ¢pu3ndeckoe 000CHOBaHNE KOCMOJIOTHH KH3HU U pa3yMa.

22.YTBepKaeHHEe BO3MOXHOCTH CYIIECTBOBAHUs pa3yMa Ha HEOPraHMYECKOW OCHOBE MPHU DHTPO-
MUHHON «CTpeJie BpeMEHM» NPUAAET €My CTaTyC BCEJIeHCKOW aBTOHOMHH KaK BTOPOTO, Hapsmy C
(heHOMEHOM KW3HH, HEMHTPONHITHOTO eHOMEHa.

23.PerieHre KOCMOJIOTMYECKON MPOOIEMbl ObUTO TOJYYSHO Ha OCHOBE BBIABHKEHHS JBYX HOBBIX
B3aMMOCBSI3aHHBIX TEOPHH: Teopun AOCOIIOTHOTO MHpa, KaK BBICIICH BETBU PENSTHBU3MA, U TEOPHH
SBOITIOLIMH TIEPUOTUIECKON CHCTEMBI XHMUYECKUX DIIEMEHTOB.

24, lanbHeiiliee onmucaHne NaHHOW MoOJAENM BcCeleHHOM, INpeacTaBIeHHONW dacThIei (MHpOM M
aHTUMHPOM) W TPABUTALMOHHON BOJHOM, TOJDKHO H, TI0 HAIIEMY IPEICTaBICHUIO, MOXKET OBITh OMTHUCAHO
Ha OCHOBE KOPITYCKYJISIPHO-BOJTHOBOTO Jyanu3ma jie bpoiins

Tabmuma 3 - OTHOCUTEIBHBIE ATOMHBIE MacCHI 3J1eMeHTOB ¢ 1 1o 11 meprox

No nie- Ign [enounble MeTaIBI [enouyno- T"anorensr MueptHble ra3sl
puona 3eMeJbHbIC METaJUIb
n
A Ig A A Ig A A Ig A A Ig A
1 0 - - - - - - 4 0,602
2 0,300 6,941 0,845 9,013 0,954 19,0 1,279 20,183 1,305
3 0,477 22,990 1,362 24,3 1,385 35,45 1,549 39,9 1,601
4 0,601 39,098 1,601 40,08 1,602 79,91 1,902 83,85 1,923
5 0,690 85,468 1,932 86,83 1,938 126,9 2,104 131,3 2,117
6 0,778 132,91 2,124 137,38 2,136 210,0 2,322 2220 2,346
[MPOT'HO3 ATOMHBIX MACC
7 0,845 223 2,35 226,05 2,354 263 242 282 2,45
8 0,903 295 2,47 302 2,48 380 2,58 355 2,55
9 0,954 397 2,599 398 2,50 489 2,69 468 2,67
10 1,000 537 2,73 549 2,74 616 2,79 602 2,78
11 1,041 589 2,77 631 2,80 813 2,91 813 2,91

Ta6n1/1ua 4- HpOFHO3 paanycoB HCﬁTpaHLHBIX aTOMOB U IMOTCHIHaJIa NOHU3allUU JICMCHTOB

Inagnoe [lenounsle MeTaILIBL meﬂozigiﬁ:fb}me T"anorenst WueprHble razsl
KBAaHTOBOE
YHCIIO o o o o
Ne neproza R(A®) y (BOJIBT) R(A®) Yy (BOIIBT) R(A®) y (BOJIBT) R(A®) Yy (BOJIBT)
1 - 13,5 - - - - 1,22 24,5
2 1,56 54 1,11 9,3 0,64 18,60 1,6 21,5
3 1,92 5,1 1,6 7,6 0,99 13,0 1,91 15,7
4 2,38 4,3 1,97 6,1 1,14 11,8 2,01 13,9
5 2,51 4,2 2,15 5,7 1,33 10,4 2,20 12,1
6 2,51 4,2 2,15 5,2 1,58 9,30 2,34 10,7
[Tporuo3 pagnycoB HEHTpaNbHBIX AaTOMOB M IOTEHITHANA HOHU3AINH JIEMEHTOB
7 2,98 3,09 2,63 4,78 2,2 8,32 2,67 10,0
8 3,38 2,29 2,82 4,46 2,27 7,58 2,69 9,5
9 3,54 2,13 3,02 4,16 2,29 6,91 2,82 7,05
10 3,80 1,95 3,23 3,89 3,2 6,60 3,02 6,45
11 4,16 1,77 3,46 3,7 34 5,89 3,09 6,02
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KOCMOJIOTUAJIBIK MOCEJIEJEPAI INEINY AIH )KYBIKTAY CAJIIAPBI. (2-6OJIIM)

AnHoTanus. by Makanaga Ke3-KelreH anjiblH-ana OepilreH yakbIT Ke3eHIHACT] KeHICTIKTIH KAIIbIH aHBIKTay
TEK KaHa MUKJJIIK MOJICIACY YIIIH FaHa eMecC, apajiblK SHTPOIHS UK HOJbre TeH OonFaH ke3ne, Kant-Jlamac ne-
TEPMEHU3M KaFruJachlHA CYHEHE OTBIPHIN, IBOIIONHS MEXaHH3MIMEH aOCONIOTTI TeH JKyMbIC icteii. COHABIKTaH
OYJ1 yaKbIT apaibIFbIH HEJIIKTEH ©31H YIIKeH €Till KOpCeTEeTIHAITIH aHbIKTay MYMKiH emec. byt ocel aBTOpImapasiH Oi-
PiHIH KOTepreH SBONIOLUSUIIBIK KEHICTIK KYPBUIBIMBI MEH IpOoOIeMaNapblHBIH MOJEI Typaiibl UAeschl, OYpBIH Oip-
I[I1aMa TOJIBIKTRIPBUIBII abIHFAH. PUMaH reOMETPHUSsICBHIH HETI3re ajia OTHIPHII JalbIHAaIFaH OyJI MaKaiaaa, KOCMOJIO-
THSUIBIK MOCEJIeNIep i IEeNTy/IiH alThl )KYBIKTaY CajapblH MaiaaHblIl 9JIeM dBOJOLHSICHIHBIH KOPIHICIH aHBIKTAY.

Tipek ce3aep: KOCMOJIOTHSUIBIK MOCEIENIep, KOMIAHBIC OOJBICHI OPTAK CaaBICTHIPMAbl Karuaaitap, MUHKOB-
CKHI T€OMETPHUSACHIHBIH N-OJIICYIlll HYCKACHI, SJIEMHIH 3BOJIFONHUSIIBIK TONTAMACBIHBIH MOJICI, KapbhIK KO3FaJIbIChI-
HBIH aifHBIMAJIbl MAFHACHI, XUMUSUIBIK 3JIEMEHTTEP KYHECIHIH MEP3iMIi SBOJIFOIMSCHI, METAEPHO, «YaKbIT KYHPIK-
TIrD» QJIEMiHIH TONTAMachl, AOCOJIFOTTI 9JIeM, ©MIp MEH aKbUIIBIH (DH3UKAIIBIK TAOMFATHIHBIH (DEeHOMEHI.
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INVARIANT PROPERTIES AT EXPANDING MODELS
OF QUITE O-MINIMAL THEORIES

Abstract. The present work concerns the notion of weak o-minimality originally studied by D. Macpherson, D.
Marker and C. Steinhorn. If M is weakly o-minimal structure and 4 < M , we say that two non-algebraic 1-types

pand g over A are weakly orthogonal if p(x)\U g(y) has a unique extension to a complete 2-type over A, and

we say that p and g are quite orthogonal if there is an A -definable bijection between the sets of realizations of

these types. We say that a weakly o-minimal theory is quite o-minimal if the notions of weak and quite orthogonality
coincide. Here the properties being invariant regarding to expanding a model of a countably categorical quite o-
minimal theory by a convex unary predicate are studied. It is proved that such properties as quite o-minimality,
countable categoricity and convexity rank are invariant.

Keywords: weak o-minimality, quite o-minimality, countable categoricity, expansion of a model, convexity
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UHBAPUAHTHBIE CBOUCTBA IPU OBOT'AIIIEHUAX MOJIEJIEHA
BIIOJIHE O-MUHUMAJIbHBIX TEOPUI

AnHoTauus. B Hactosmel paboTe MCCIEAyIOTCS CBOICTBA, SBIIOIINECS WHBAPHAHTHBIMH OTHOCHTEIHHO
oborammeHus: MOJEIN CYETHO KaTerOPUYHOHN BIOJHE O-MHHHUMAJIBFHONW TEOPHH IOCPEACTBOM BBIMYKIOTO YHAPHOTO
npeaukara. JlokazaHo, YTO TaKMMHU CBOMCTBaMH SIBJISIKOTCSI BIIOJIHE O-MHUHUMAJIbHOCTb, CUETHAs! KaTErOPUYHOCTh U
PaHT BBIMTYKJIOCTH.

KiaroueBnble ciioBa: ciabas 0-MHHAMAJIBHOCTh, BIIOJIHE O-MHHHUMAJIbHOCTh, CYCTHAS KAaTETOPUYHOCTH, 000-
raiieH1ue MOJIEJIH, PAHT BHITYKJIOCTH.

ITycte L — cyeTHbIii s13bIK MepBOro mopsiaka. Bcrogy B JaHHO# ctaThe MbI paccmarpuBaeM L -
CTPYKTYpbl M TpeanonaraeM 49to L COOEpKUT CHMBOJ OMHAPHOTO OTHOLIGHHsS <, KOTOPBIA
WMHTEPIIPETUPYETCs KaK JTMHEHHBIH TOPSIOK B 3TUX CTPYKTypax. Hactosimas pabora xacaercsl MOHITHS
Ca6oU O-MUHUMATLHOCTU, TIEPBOHAYAIIBHO TIyOOKO nccienoBanHoro B [1]. [TogmuO)KecTBO A IHHENHHO
YIOPSZIOUCHHOM CTPYKTYpbl M Ha3bIBACTCS 6bINYKIbIM, €CIH JUTs I00bIX a,b € A u ¢ € M Bcskuii pa3
korma a<c<b wmbl umeeM c€ A. Cnabo O-MUHUMAGNLHOU CMPYKMYpoU HA3BIBAETCA JHMHENHO
ynopsimouenHas crpykrypa M =(M,=,<,...) Takas, 4ro mo0oe ompenenuMoe (C MapameTpamu)
HO/IMHOXECTBO CTPYKTYpbl M siBisieTcs: 00beIMHEHNEM KOHEUHOT'O YKCIIa BBITYKIIBIX MHOKeCTB B M .
BeromHuMm uTO Takas ctpyktypa M Ha3bIBaeTCS O-MUHUMANLHOU, €CIIH KaXI0e ompenenumoe (c
napamMeTpaMu) HOJAMHOXECTBO CTPYKTypsl M siBisieTcss 00beJMHEHHEM KOHEYHOT'O YKCIIa HHTEPBAJIOB
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Touek B M. Takum o0paszom, ciabas O-MHHHMAIBHOCTH SBISETCS OOOOIICHHEM O-MHHMMAJILHOCTH.
BeriecTBeHHO 3aMKHYTBIE TMOJII ¢ COOCTBEHHBIM BBIMYKJIBIM KOJBIIOM HOPMHPOBaHHS 00ECIIeYHBAIOT
BaXHBIN TpUMeEDP €1a00 O-MHUHUMATBHBIX (HE O-MUHUMAIIBHBIX) CTPYKTYD.

ITycte A, B — npou3BoJbHBIE TMOJMHOKECTBA JHHEHHO YMOpSIO4YeHHOM cTpykTyphl M . Torma

Boipaxkenne A < B osHawaer, uto @ <b Beskuil pa3 xorma a€ A u be B. Boipaxenne A<b
(coorBerctBenHO b < A) o3mauaer, uro A<{b} ({b}<A). Jlns NpPOU3BOILHOTO THIA p MBI

obo3nauaeM uepe3 p(M) muokecTBO peanusanuii Turia p B M . Teopust T sBisiercst 6unapnoil, eciu

mobas popmyia Teopun 1 oxBuBaseHTHa B 1 OyieBoil KomOuHanmu (GopMys camoe OoIbIiee OT ABYX
CBOOO/IHBIX TIEpEMEHHBIX.

Omnpenenenue 1. [2] ITycts T — cnabo o-MuHUMabHast Teopust, M — A0CTATOYHO HACHIIICHHAS
Mozenb Teopur 1, u mycth @(x) — mpousBoibHas M -onpenenumas GpopMmysa ¢ OIHON CBOOOIHOM

nepeMenHoi. Pane svinyknocmu gopmynst $(x) (RC($(x))) onpenensercs ciepyrommm 00pazom:
1) RC(¢(x)) =1, ecu ¢(M') GeckoHeqHoO.
2) RC(#(x))=a+1, ecnm CymecTBYIOT MapaMETPUUYECKH  ONPEIETUMOE  OTHOIICHHE

SKBUBaleHTHOCTH E(X,y) 1 GecKOHEUHas MOCIEN0BATENBLHOCTD JIeMEHTOB b;,i € @, Takue, uTo:

* Jlnst moGbiIx I, j € @, BesiKMid pas korna i # j mblumeem M —E(b;,b;)

« s kaxmoro i €@ RC(E(x,b,))=a u E(M,b,) - semykinoe noamMuoxkecTBO MHOKeCTBa (M)

3) RC(#(x)) =0, ecmu RC(P(x)) > nnst Bcex @ < O (O TmpenenbHblii).

Ecmt RC(¢(x))=a mna mekoroporo «, To Mbl roBopuMm uto RC(@H(x)) ompenensercs. B
npoTuBHOM ciy4ae (T.e. ecmi RC(@(x)) = « ms Beex ), Mol monaraem RC(4(x)) = 0.

Panrom Beimykiaoctn l-tuma  p (RC(p)) Oymem HasbiBaTh HHGUMYM MHOXKECTBA
{RC((x)) | §(x) € p}, 1. RC(p):=nf{RC(p(x))|(x) € pj}.

B crenyrommx onpenenenusx M — cnabo o-MuHEManbHas cTpykrypa, A, B M , M — | A[' -

HaCBIIICHHA, p,q € S,(A4) — HeanreOpandeckue.
Onpenenenune 2. [3] bynem roBOpuTh UTO THUN p HE SBISIETCA CIAO0 OPMOZOHANLHLIM TUIY (

(pL" q), ecnu cymectsytor A -onpenenumas dopmyna H(x,y), a € p(M) u S, 3, € g(M) takne
yro e HM,a) n f, ¢ HM,).

Jlemma 3. [3] OrtHomenue He crnaboil oproroHansHocTH 1" SBISETCA  OTHOIIEHHEM
SKBUBaJICHTHOCTH Ha S, (4) .

Onpenenenue 4. [4] bynem roBoputh 4Tto TUI P HE SIBIAETCS 610IHE OPMOSOHANbHLIM TUIY (

(pL? q), ecu cymectByer A -onpemenumas Ouexuus [ : p(M)—> g(M). Bygem ToBoputh 4TO

c1ab0 O-MUHHMaNbHAas TEOpHUA ABIACTCA 6noJiHe O—MMHMMCZ]leOMV, €CITU TIOHATUS CJIa00W M BIIOJHE
OpPTOTOHAJILHOCTH 1-Tumos COBIIAJArOT.

O‘IGBI/II[HO 4yTo 100as O-MHUHHMMAaJbHAs TEOpUA ABJIICTCA BIIOJIHC O-MHHHMaHLHOﬁ, IIOCKOJIBKY B
cjIydyac HC cnaboit OpPTOTOHAJILHOCTHU 1-Turos HaJ MPOU3BOJIBHBIM MHOKECTBOM A CyHIE€CTBYCT A-
omnpeacanmasn CTporo MOHOTOHHas 6I/IQKI_II/I5{ MCKAY MHOXKCCTBAMU peanmaunﬁ OTHUX THIIOB.

Tpumep 5. [1] Mycts M ={M;<,P',P), f') — nuneiino ynopsaouesnas CIpyKTypa Takas, 4To
M ectb Henepecekaromeecs: 00bEIMHCHHE MHTEPIPETALNN YHAPHBIX npeankatoB P u P, mpu stoM
B(M)<P,(M). Mbl 0TOXAECTBISIEM HHTEPIpPETalN0 P, ¢ MHOXECTBOM palMOHaNbHBIX uncen Q,
yHOpsiIodeHHOM Kak 00braHO, a P ¢ QxQ, ynopsgouennom nexcuxorpapuuecku. Cumson f
MHTEPIpPETHPYeTCsl 4YacTUuHOM yHapHO# ¢yHkumeir ¢ Dom(f)=P(M) u Range(f)=PF(M)
onpenensiercs: paseactBom f ((n,m)) =n st Becex (n,m) € QxQ.
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Mosxer ObITb OokasaHo, uro I/(M) — cnabo o-muHmManbHas Teopus. Ilycts p(x):={BF},

q(x):={P,}. OueBunno uro p,q € S,(D), pL" q,no pL?q, e Th(M) me sBusercs BnoIHE O-
MHUHHMaIbHOH. 3ameTum Takxe, uto RC(p)=2,RC(q)=1.

Tpumep 6. Mycrs M :=(M,<,P',P,,E] ,E;, f') — nuneiino ynopsgoueHnas CTpyKTypa, TaK
uto M ecTh Hemepecekaromeecss oObeANHEHHE MHTEPNPETALMi YHAPHBIX mpeaukatoB P, u P, mpu
stom P (M) < P,(M). Mst oroxaectsisiem untepnperamu P, u P, ¢ QxQ, ymopsmoueHHoOi
nexcukorpaduyecku. Murepnperanun 6unapHsix npeaukatos E,(x,y) u E,(X,y) — 3T0 OTHOILICHHS
skBuBaJeHTHOcTH Ha P (M) wn  P,(M)  cooTBeTCTBEHHO  TakuWe, dYTO  IIs1  BCeX
x=(n,m),y=(n,,m,) €QxQ,

E(x,y)on =n,,rnei=1,2.

CuMBon [ HHTepHpeTHpyeTCs YacTHYHOH yHapHO#H ¢ynkimeit ¢ Dom(f)=FB(M) n
Range(f) = P,(M) un onpenensiercst nocpeactsom f ((n,m)) = (n,—m) must Beex (n,m) € QxQ.

Moo mnowsite, uto E, (x,y) u E,(x,y) — (J-onpenennmple OTHOLICHHS KBHBAJICHTHOCTH,
pasousatoniue P (M) u P,(M) coOTBeTCTBEHHO Ha OECKOHEYHOE UYHMCIO OECKOHEUHBIX BBIMYKIIBIX
KJIACCOB. YTBepxaaeM, 4To f sBisiercst cTporo yoOsiBaromeil Ha kaxaom E (a,M),rne a€ (M), n
f — crporo Bospacraromas Ha P (M)/E,. Moxer ObiTh nokazaHo, uro Th(M) — BmomHe o-
munuManbHas Teopust. Teopust Th(M') He siBseTcs o-MUHUMANBHOM, ockoibky E,(a, M) onpenenser
BBIMYKIIOE ~ MHOXXECTBO, HE  sIBISFOINCeCs HWHTepBatoM B M . 3amermm  Takke, dTO
RC(P(x))=RC(P(x))=2.

BriojiHe O-MHHMMAJbHbIE TEOPUH SIBJISIOTCS TOIKIACCOM Kiacca cl1ab0 O-MHUHMMAJbHBIX TEOPHIA,
HaCJIeIYIOINM MHOTHE CBOMCTBA O-MUHUMAILHBIX Teopuid. Tak, B pabote [5] ObUIH MOTHOCTHIO OIMHCAHbI
CYETHO KATErOPUYHBIE BIIOJNHE O-MHHUMAIbHBIE TEOPHU. DTO ONWCAHWE BIEYET HMX OHHAPHOCTH
(aHAJIOTMYHBII Pe3yNIbTAT BEPEH IS CIETHO KATETOPUYHBIX O-MHHUMAIIBHBIX TEOPHIA).

Teopema 7. [5], [6] Ilycts T — cueTHO KareropuvHas BIOJNHE O-MUHHManbHas Teopus, M |= T,
| M |=X,. Torna
(i) cymectsyer koneunoe moxectBo C = {c,,...,c,} S M (M U {-o0, + o}, ecnu M He umeer

[EPBOr0 WJIM TIOCIIEAHErO DJIEMEHTOB), COCTOsAIEE M3 BCeX J—omnpenenumbix snemeHtoB B M (c
BO3MOXKHBIMU HCKIIFOYCHHSMU i — o0, +00), Takoe 4to M ¢, <c ; JuIL BCeX i<j<n u ms

kaxnoro j€{l,...,n} mbo M —(3x)c, , <x<c, mbo I,={xeM:M ¢, , <x<c,} aBasercs
u J J
TIOTHBIM JTMHEHHBIM TIOPAIKOM 0€3 KOHUEBbIX TOUEK U CYIIECTBYIOT k; € @ U Py ,..., pi, € S, (D) rtax
k . .
=| | .
4TO Ij Uszlps (M);
(ii) s xaxmoro HeanreGpamueckoro p € S, () cymectsyer n, € @ Takoii, uro RC(p)=n,,

T.e. CymlecTBYWT J-onpenenumblie oOTHomeHus osksusanentHoctu EF(x,y), EF(x,y), ...,

E,fp_l (x,y) Takue, 9yro

« E? | pasousaer p(M) na Geckoneunoe uucio EP | -xnaccos, kaxupiii E” | -knacc BbITyKIIbIi
P P p

M OTKPBITHIN, TaK YTO MHAYIMPOBAHHEBIN MOPAMIOK HaA KJIACCAX SBISETCS IUIOTHBIM JTHHEWHBIM ITOPSIKOM
0€e3 KOHIIEBBIX TOYEK
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* s kaxporo i€ {1,...,n, =2} El pasousaer kaxapiii Ef -Kknacc Ha Oeckoneunoe uncio £/ -

KJI1accoB, Kaxuplii E[-Kmacc BBIMYKIbI M OTKPBITHIA, Tak urto E’ -noakmaccel kaxnoro E” -kmacca
IUIOTHO yHOPSI0YEHbI 6€3 KOHIIEBBIX TOUEK
2
(iii) cymectByer otHomenune skBuBaentHoctH & C ({s:1<s5<k})", tme {p,|s<k<w} ecrs

NPOM3BOJILHOE TEPEUNCIIEHUE BCEX HeanreOpandeckux 1-TMnoB Haa &, Takoe uTO I KaXKI0ro
(i, /)€€  cymecTByer eIMHCTBEHHas J—onpenenumas  JIOKAILHO  MOHOTOHHAs — OMEKIHs

fi,j :p, (M) —>pj(M) tak uro RC(p,) = RC(pj) , f” :idpl.(M) u fjJ Ofl.’j = f,, m1a Beex
@) (,Dee
Tak yTo T JOMyCKaeT SIMMHUHALIUIO KBAHTOPOB JIO SA3bIKa
=< Ulei<n WU, 0 s <k UE () is <k 1< n, WJis, G ) eel,
rae U, (x) wsommpyer tun p, s kaxkmoro s < k .

Bonee Toro, moboMy YIOPSAOYCHHIO C BBIACICHHBIMH dieMeHTamMu Kak B (i)-(ii) u r00BIM
HOJIXO/SIIIMM OTHOILICHHEM YKBHBAIICHTHOCTH & Kak B (iii), COOTBETCTBYET CUSTHO KATETOPUYHAs BIIOJIHE
O-MUHHMAaJIbHAsl TEOPUsI KaK BBIIIIE.

B Hacrosmieil paboTe UCCIEeIYIOTCSI CBOMCTBA, COXPAHSIONINECS MPH 00OTAIEHUIX MOJIENeH CUETHO
KaTErOPUYHON BIIOJHE O-MHHHMAIbHOW TEOPHU MOCPESICTBOM BBIMYKIOIO YHAPHOTO MpEIUKATa.
VYCTaHOBIIGHO, YTO CBOWCTBAMH, COXPAHSIOMIMMHUCS INPU TaKUX OOOTAICHUSX, SBIISFOTCS BIOJNHE O-
MHUHHUMAJIBHOCTD, CHCTHAsA KaTCrOPUIHOCTL U PAHT BBIITYKJIOCTH.

Iycte M :=(M,X) — cuerHO KareropuuHas cinabo O-MHHHMajbHas CTpyKTypa. OGorarum

i 1
crpykrypy M ={(M,X) no crpykrypst M :=(M,X,U") mnocpeactsom 1006aBieHHs B CHIHATYpY
HOBOTO yHapHOTro mpeaukara U (X), BBIAEISIOMIETO BoIMyKIoe MHOKeCTBO B M . COriacHO OCHOBHOMY
pesynbraty u3 [3] 7' :=Th(M") ocraercs cnabo o-MHHUMAILHON TEOPHEH. 3aMETHM, Y4TO OOOTalIEHUE

yHapHbIM TpeaukaToM U (X) , BBLIEISIONMM KOHEIHOE YUCIIO0 (CKaXKeM, 71 ) BBIMYKIIBIX MHOXeCTB B M,
paBHOCHIIBHO OGoramennio 7 yHapHbiMA nipemukatamu U, (X), 1 <i<m, BbIENSIOMMMY BBITYKIIbIE
MHO)KeCcTBa B M (LIOCKONIbKY, OYEBHIHO, KaKIOE€ TAaKOE BBIMYKIOE MHOXKECTBO sBisiercs -
onpenenumMbiM). Tak kak M — CYETHO KaTeropuyHa, TO CYIIECTBYET JIHIIb KOHEYHOE YHCIIO
HeanreOpanyeckux  l-tuno  wam DisDyse-s Py IlycTb I ONPEAEICHHOCTH
p(M)<p,(M)<...<p,(M). Ipeanonoxum, uto UM)Np,(M)#D nna xaxmoro 1<i<3,
p,(M)cU(M), cymectsyior a,,a, € p,(M), b,,b, € p;(M) raxue, uto
M'|=a, <a, n=U(a)) AU(ay,) b, <b, AU(b,))A=U(b,)

Torna BBenenue npeaukara U(X) paBHOCHIBHO BBEICHHIO ABYX BBITYKIbIX mpeankatoB U, (x) u
U,(x), toe U, (x)=PB(x)A=U(x) n U,(x):=PF(x)AU(x). IosromMy nanee paccMarpuBaeM
npeaukar U(X) Takoi, 94to 1ist Hekotoporo HeanreOpandeckoro 1-tuna p € S,(8) U(M)c p(M),
UM) = p(M)", 1.e cymectByer a € p(M) rakoit, uto U(M)<a.

Ecnu mpaBast rpanumna npenukata U(x) ompenensercss HEKOTOpsIM 3iemeHToM b e M, To
oboramenune npeaukatoMm U(X) paBHOCHIBHO OOOTAlIEHUIO CTPYKTYypbl M  OIHOM KOHCTAHTOM.

[TonaTHO, 4TO B 3TOoM cioydae I’ ocTaeTcs CYETHO KaTeropudHoil. ITosToMy nanee paccMaTpuBaeM
Clydaif, Korjia npasas rpanuiia npeaukara U (x) ompemensiet uppannoHaibHoe ceyenne B M .

Ilycte E(x,y) — O -omnpeneanmoe OTHOIIEHHE SKBUBAIEHTHOCTH, pasbusaromee p(M) Ha
OeCKOHEYHOEe 4YHCIO OECKOHEYHBIX BBIMYKIBIX KiaccoB. byaem rooputh, uro U(x) sBisercs

uppayuoralbHbIM OMHOCUMENIbHO E -Kjaccoes, €CJIU BBITIOJIHAIOTCA CIICAYIONIUE ABAa YCIOBUA:
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(1) ms kaxaoro a € p(M) c ycnosuem U (a) cymectByer b € p(M) takoit, uto
M'|=a<bA—=E(a,b) AU(b);
(2) s kaxnoro ¢ € p(M) ¢ ycnosuem —U (¢) cymectByer d € p(M) Ttakoii, 4o
M'|=d <cA—=E(c,d)A=U(d).

[pumep 8. [Mycts M :=(Q,<,U 1) — JIMHEWHO YNOpsIIOYeHHAs CTPYKTypa, rae U(X) — yHapHbIi

NpEUKAT, BIICISIOmuA B M cieyromiee BhITYKIO€ MHOKECTBO:
UM)={beQ|b<2}.

3aMeHUM KaXIyr0 TOUKy @ € M Komueil MHOXeCTBa palloHaIbHbIX yncen Q u ompemenm HOBOE
OunapHoe otHoweHne E(x,y) creayrommm obpazom: st odsix a, = (m,,n,),a, = (m,,n,) € QxQ

E(a,,a,) & m =m,.

B pesymprare nonyumm crpykrypy M':=(QxQ,<,U',E*). Ornomenue E(x,y) sBusercs

OTHOIIEHHEM SKBUBAJIEHTHOCTH, pasOouBaromuM M’ Ha GeCKOHEYHOE YMCIO OECKOHEYHBIX BBIMTYKIBIX
KJIacCOB, TaK 4YTO HWHYLMPOBAHHBIA MOPAZOK Ha F -kmaccax sBISIETCS IUIOTHBIM TOPSAKOM Oe3
KOHIIEBBIX TOUYEK.

Mosker ObITh J0Ka3zaHo, 4To M' — cueTHO KaTeropuuyHas cIab0 O-MHHMMAlbHAs CTPYKTYpa.
HetpyaHo nousth, uto npeaukar U (X) sSBIseTCS HPPALMOHATBHBIM OTHOCUTENBHO E -K1accoB.

Bynem roBoputh, urto U(X) sBIsieTCs Keazupayuonaibhblm 6npago (61e6o) omuocumensvho E -
knaccos, ecmu cymectsyer E-kmacc E(a,M) nns  uexoroporo a€ p(M) Tako, utoO
+ _ + _ -
UM) =E(a,M) (UM)=pM)NE(a,M)").
Byzmem nanee mpemmonarate, yto I — CYETHO KaTErOpHYHAs BIIOJIHE O-MHUHHMAIbHAS TEOPHS,
M|=T, peS,(J) — ueanrebpanueckuii, M' — oboramenue mogenu M yHapHBIM MPEIUKATOM

U(x) takum, uto UM)c p(M) a UM) = p(M)".
Jlemma 9. Ilycte RC(p) = n. Torma muOXecTBO peanmsauuii p(M) nenurcs npexukarom U(x)

Ha S BBINYKIBLIX & -ONPENeIuMbIX MHOKECTB, SBJISIOIUXCS 1-HepasanunMbiMu Hag &, rae 2<s<2n.
JlokazarensctBo Jlemmbl 9. B cuiy CYeTHOW KaTerOpUYHOCTH TEOpUU [ THN P SBISACTCS

M30JIMPOBAaHHBIM, OTKyda CcymiectByer & -ompenenumas Qopmyna P(x), usomupyoumas Tam p .

[Mockonbky RC(p)=n, TO CcywecTBywT J-ONpeneauMble OTHOLIEHUS  OKBUBAIEHTHOCTH

E (x,»),E,(x,),....E, _(x,y), pasOusatomme p(M) Ha OecKOHEYHOE UYHCIO OECKOHEYHbIX

BBIITYKJIBIX KJIACCOB, TaK 4YTO
E(@aM)cE,(a,M)c...cE, _(a,M)

s Hekotoporo (mo6oro) a € p(M). B cuny TeopeMsl 7 T p  ONpENENseTcs TOIBKO JTUMH
OTHOILIEHUSAMH JKBHBAJIEHTHOCTU. CIIE0BATENBHO, HOCTATOYHO MCCIIEN0BATH B3aAUMHOE PACIIOI0KEHHE
E. -xnaccos i 1<i <n—1 unpenukara U(x) .

Beezem cienyrone GOpMyJIbL:

E\(x,y)=x=y, E,(x,y):=Px)AP(y)
0, (y)=3z35,[E,(y,2) ANE(2,2,) AU(z) A=U(z,)], 1<i<n-1
R(y)=2E, (¥, 2)A=E (1, 2) Ay <zAUY) A=U@) AVH(E (y,1) > U@)) A

AL (Y <t, <zA=E(y,t,) >=U())], 1<i<n-1
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L(y)=3E, (y,2) A=E(0,2) Ay > zA=U) AU@) AVEH(E (,1) > U @E)) A

AVL(z<t, <yA=E(y,t,)—>U(t))], 1<i<n-1

Cayuait 1. U(x) siBisieTcst MppallMOHATBHBIM OTHOCHTENBHO £ | -Ki1acco.

B stom cnyuae O, (M)=O nas xaxnoro 1<i<n—1 u P(Xx) nenutcs Ha JBE BBHITYKIbIE
dopmyis: P(x) AU(x) u P(x) A=U(x).

Cnyuait 2. U(x) pmemur E,-xmacc must Hekotoporo 1<i<n—1 u sBisercs MppalnHOHAIBHBIM
oTHOCHTEeNbHO [, | -Kitaccos.

Torma P(x) memurcsa va 2(n—i+1) dopmyr:

U (@)= PG AVMO.(0) > x <y A—E, (6 ) AE,  o(6))], 25 j<n—it]

U (x):= P(x) AVY0,(y) > E,(x,) AU (x)]
Uy (x) = P(x) AVY[O,(y) = E(x, ) A=U ()]

Ui (%)= POAING,(Y) > x>y A=E,  (LYIAE, (G p)], 2<j<n—i+]
Crnyuaiit 3. U(x) memur E,-xmacc mmst Hekotoporo 2<i<n W sBIAETCS KBa3UPALHOHAIHHBIM

BIIPABO OTHOCHTENBHO ;| -Kiaccos.
Torma P(x) memurcs va 2(n—1i)+3 dopmyr:
Uj(x):= PCOAYMO,(») > x <y A=E,_ (x, WAE, . (x,p)], 2<j<n—i+]

Ul (x)=P(x) AVAR_(») > x<y A E,(x,))]

Ui(x):= P(X)AR,_,(x)
UJ (x) = P() AR, (¥) > x>y A E (X, p)]

Ui(x):=P(X)AVNO.(y) > x>y A—E, (X, V)NE, ;. ,(x,y)], 2<j<n—i+]
Cnyuaii 4. U(x) memur E,-xnacc mnst Hekotoporo 2<i<n W ABIAETCS KBa3UPALHOHAIHHBIM
BJIEBO OTHOCHTEJBHO E, | -Kimaccos.
Torma P(x) Ttakke penurcs wa 2(n—i)+3 dopmyr: U j (x) m Uj(x) ama xawmoro
2 < j<n—i+] takue xe kak B Ciy4ae 3.
Ui (x):= P(X) AL, (9) > x <y AE(x, )]
Ui(x):=P(x)AL,_/(x)
Uy (x):= P(x) AVY[L, () > x>y AEi(x, )]
Jlemma 10. Iycts p,q € S,(J) — neanrebpanueckue, p L" q. Torna p(M) paszOusaercst Ha S

BBIYKIBIX J -ONPENETUMBIX MHOKECTB <> (M) pa3OuBaercs Ha § BBHIMYKIBIX & -ONpeENeIuMbIX
MHO>KECTB.
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JlokazarensctBo Jlemmbr 10. Tlockomsky p L" g, 1o RC(p)=RC(q) u cymectByer -
onpenenumas Qpyrkuus [ 2 p(M) — g(M), sBnsiomascs JOKalbHO MOHOTOHHOH Ouekuuei. Ilycth
P(x) — J-onpenenumas popmyina, uzonupyromas tan p . Ipeanonoxum, uro P(x) nenutcs Ha S
BeITYKIbIX & -onpenenumbix popmyn U, (x),..., U, (x), soinensoumx 8 p(M) 1-Hepasnuunmbie Haj

& mHOXecTBa. PaccMoTpuM clieyrorue popMyJIsI:
S =IMU,WMAS) =], 1<i<s
Ouesuano, uro nockonbky U, (M)NU,(M)=< nns Beex 1<i,j<s c ycnosuem i# j, To

S(M)NS,(M)=.B cuny nepasmuunmoctn U, (M) nan & taxum xe 6yner u S,(M) nns moGoro
1<i<s.

Hycrs p, :=={U,(x)},q, ={S;(x)} mns kaxmoro 1 <i < s . Torna HeTpyaHO MOHATS, uT0 p, 1" ¢/,
RC(p,)=RC(g)n f:p,(M")— q,(M") — & -onpenenumas Guexumus.

Takum 00pazom, yCTaHOBJIEHA CIIEAYIOIIAS:

Teopema 11. ITycts M — Mozenb CUETHO KaTErOPUYHOI BIOJHE O-MHHMMaNbHOM Teopun, M' —
oborarerre Momend M MPOM3BONILHBIM KOHEYHBIM CEMEHCTBOM BBIMYKIIBIX YHAPHBIX IPEIUKATOB.
Torna M' — Mozjenb CYETHO KAaTErOPUYHOI BIIOJHE O-MMHHUMAIBLHONW TEOPMH TOTO K€ PAHTa BBIIYK-
JIOCTH.

B 3akmroueHune oTMeTHM, YTO JaHHble HccienoBaHus nopnepkaHsl rpantoM KH MOH PK Ne
0830/T'®4 mno teme «KiraccubukamoHHBIE BOIPOCHI T€HEPUYECKHX W YIOPSIOYEHHBIX CTPYKTYp, a
TaK)Ke UX DJIEMEHTApPHBIX TEOPUI» B pPaMKax NpUOpUTETa «IHTEIIEKTy alIbHBIN TIOTEHIINAI CTPaHBD».
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O9BJEH O-MUHUMAJIJIBIK TEOPUSIJIAPBIH MOJEJILIEPIH BAMBITY JIA
WHBAPUAHTTHIK KACUETTEPI

AnHotanusi. OCbl KYMbICTA JAOHECTIK YHApJbIK MPEAUKATIICH €CENTiK-KaTerOPUsUIbIK 90eH O-MHHUMAJIIBIK
TEOPHUSUTAPBIHBIH MOJICIIIH OafbIThUIFaHIa HHBAPUAHTTHIK KACHETTEP 3epTTE/ICHeIl. O0MEeH O-MUHHUMAJIIBIK, €CEIITIK
KaTEeTOPHSIIBIK YKOHE TOHECTIK PaHTiCi HHBAPUAHTTHIK KACHETTEPTe KATATHIHIBIFBIH TOTICIICHII.

Kiar ce3mep: oici3 0-MUHUMAIIBIK, 90J€H O-MUHHMAJIBIK, €CENTIK KAaTerOPHUSIIBIK, MOJCIb1 OalbITy, 1OHEC-
TIK paHrici.
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RESEARCH OF THE REACTIONS
OF Li AND Be ISOTOPES WITH NEUTRONS

Abstract. Defined the energies of the reactions of neutron interaction with isotopes of light nuclei in nuclear
installation. Have done the calculations of kinetic energies of neutrons which can occur in nuclear installation.
Key words: isotopes of light nuclei, kinetic energy of neutron, nuclear reactions etc.

A . dyiicen6aii’, H.7K. Taku6aes', B.O. Kypmanraauena’

'91- ®dapadu ateiHgarel Kazak ¥ aTThiK YHUBepcuTeTi, Anmarsl, Kasakcran

Li 2KOHE Be U30TONTAPBIHBIH HEUTPOHJIAPMEH
IOPEKETTECY PEAKIIUAJIAPBIH3EPTTEY

Annotanus. J)KyMbIcTa >KeHUT Apoap U30TONTaPbIHBIH SAPOJIBIK KYPBUIFBUIApAAa HEHTPOHIAPMEH 9pPEKETTECY
peaKuuMsUIapbIHBIH SHEPUSUIAPhl aHBIKTAJIBI, COHBIMEH KaTap SAPOJIBIK KYPBUIFBUIApAA XKY3€re acybl YIIiH KeHOip
SHEPTHUSIIAPHI )KETKITIKCI3 peakIusuIapIarbl HEUTPOHIAPIBIH KHHETHKAIBIK SHEPTHSIIAPEl €CETTETiHI1.

Tipex ce3aep: ®eHI sAPOTAPIBIH U30TONTAPHL, HEUTPOHHBIH KHHETHKAJIBIK SHEPTHACHL, SIPOJIBIK PeaKIHsIap
JKoHE T.0.

Kipicme

Kaszipri Tanga saponblk ¢u3uKa canackl KYHHEH KyHre nambln Keneni. Bynm camanbeiH Herisri sme-
MEHTTEpI PETiH/AC KEHIT SAPONap/blH anaTblH OpHBI epekine. COHIBIKTAH, KEHIUT sSApOoiap M30TOMTAa-
PBIHBIH KAaCHUETTEpiH 3epTTEYJIiH, dcipece, ONapIbIH SIPOJIBIK KYPhUIFbLUIApAa KOJIaHBUTYBIHBIH HEMece
eHJIeNyiHiH MaHbI3BI 30p. COHBIMEH KaTap, OYJI AJIeMEHTTEPAIH SAPOJIBIK KYPhUIFbUIAPIa HEHTPOHIaPMEH
OpEeKeTTeCy peakIsUIapPhIHBIH JKY3ere acy yAepiCiH 3epTTeyIiH Jie o31H/iK epeKInerniri 6ap.

OpOip KEHUT SAPOHBIH OipHerne u3oTonTapsl 06ap. OmapablH TYPaKTH KOHE PaTHOAKTHBTI TYpIepi
Oomnanel. by m3oTonTap e3aepiHe TOH KacHETTepi MEH cUmarramaniapbiHa ue. JKeHUT sjapojiap illiHEeH
JUTHIA MEH OCPUUIHIA AJIEMEHTTEPIHIH SAPOJIBIK KYPHUIFBUIAPIAFEl MAHBI3bI 30D JIUTUI/IIH KOJIIaHBLIATHIH
OpTachl — SAPOJIBIK IHEPTETHKA, an®Li 301006k TPUTHAI ay/IbIH KAJFBI3 OHIIPiC K631 OOJBIT TaOBLIAIbI.

Peaktopmarbl aTOMIBIK jKaHApMaid SPOCHIHBIH 06JIIHY MPOIECIHIE IIBIFAPHUIATEIH HEHTPOHAAP OTe
YJIKSH JKbUIAAMIIBIKKA Ue. ONIETTe, HEUTPOHAAPAbl Ti30€KTi peakius 3 ()EeKTUBTI OTETIHICH JKbUTIAMTbIK-
Tapra jeiin OasymatkaH xeH. Conm cebenTi, peakTopAa HEHTpOHIapabl OeNTeHHEeH maiina OolFaH
OemmexTepai OasgyaTy YIIiH apHAJFaH MaTepHaIapablH OOyhsl KakeT. MyHmail MaTepuan «Oasyar-
KBIIID» JICTI aTajajibl. ATOMJIBIK Maccachl a3 00JIaThIH 3JIeMEHTTEep eH A(h(HEeKTUBTI OasyJaTKbIIITap OOJIBII
TaOBLIAIBI.

ATOMIBIK SHEPTHSHBI ally aiiMarblHIaFbl OCPHIUTMHMIH Tarbl Oip KOJJAAHBLTY asChl — HEHTPOHJBIK
HIANIBIPATKBINI PeTiHAe naigananeutysl. lllanbipayblH MUHIMYM MOHIHE JIEHIH TOMEHAETETiH HEUTPOH-
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Japapl IIAFBUIABIPFBIN 3aTTap KaOaTbIMEH, SIIPOJIBIK JKaHapMal OpHajlacKaH aKTHBTI alMaKThl KOp-
MaNTBIH 00JIca, OHJA PeaKTOPABIH KPUTHKAIBIK MaccachlH TOMEeHIeTyTe 0omasr [1].

Jlutuii sxoHe OEpWUIMH SJIEMEHTTEPl M30TONTAPBIHBIH SAAPOJIBIK KYPBUIFbUIApAAa HEUTPOHIAPMEH
OpeKeTTecy peakUusuIapbl TEOPUSUIBIK TYPFBIAA JKY3€re achIPbUIBIN, PEaKIMs dHEPrHsUIaphl €CerTeNei.
OHeprusiaapsl >KETKUTIKTI OOJIaTBIH peakuusiap sSOpOJIBIK KYpbUIFbUIapAa Ky3ere acaisl. AJl, erep
HEUTPOHIAP KETKUTIKTI dSHEepTrHusra ue 00oimMaca, OHIa OHBIH KHMHETUKAJBIK YHEPTHACHIH €CEITell, COHIai
SHEPrusiHBI HEUTPOHFa Oepe OTHIPHIN, SHEPTUACHIH apTThipambl3. COHIa MyHal peakuusuiap J1a sAPOIbIK
KYPBUIFbIIIApAa JKY3€re aca anabl.

SnpoNbIK 3HEPreTrKa cajlachlHa MYHAAH peaKkLUsUIapIblH JKY3€Te aCybIHBIH JKOHE 3HEPrHsIapbIHbIH
JKETKUTIKTI O0yBIHBIH MaHbI3bI 30p. Cebeli, SApOoNbIK KYphUIFbUIapAa KYPETiH peakusIapAblH OapIbIFbl
JEPITiK SHEPTUSHBI OHAIPY MaKCAThIHIA KY3€re achIphlIabl.

Snponplk peaknmsuiap — SHePTUSHBIH Ko31.Keitbip aysIp ameMeHTTepaiH (MbICABI, YpaH, LTy TOHUN)
aaponiapbl OeJIIHTeH Ke3/e, ail KeHiT Typiepi (CyTeri HM30TONTaphbl) KOCBUIBIN aybIpbIpak (Tenuii)
DIIEMEHTTEPAl KyparaHia, SIIPOJIBIK peakuusuiap OapbhIChIHAA €I9Yyip JHEprHs IIbIFapbuIafbl. bemiHy
peaxkursIapblHAa aTOM SAPOCH! CBHIPTKBl HEHTPOHIAPABIH 9CEPiHEH €Ki HeMece OJaH Kol OeueKTepre
BIABIpANIE! [2].

SApoNbIK  peaknusIapAblH HEHTPOHAAPMEH OpEKeTTECYiHiH Heri3ri KacueTi — HeUTpoHJap
SHEPrUsICHIHBIH TOMEHIETeH Ke3iHIeT SAPONbIK peakiys KUMAChIHBIH IapaOoJaiblK 3aH OOHBIHIIA 6CYi.
CoHJIIBIKTaH, KONTEreH KapanaiblM SHEPreTHKAIBIK AOPOJIBIK PEaKTOpJIap KOpLIaraH OPTaMEH >KbLIYJIbIK
Tene-TeHIiKTe 00JaThIH HEUTPOHIapAa *KyMbIC xacaipl [3]. CoHbIMEH Katap, ayblp siaposap OeliHreH
Ke3[Ie KbUIIaM HEHTpOoHAap WbIFapbuiaabl (3Heprusicel OipHeme MaB).

Hetitpon — cniuHi 1/2 >xoHE Maccachl MPOTOHHBIH MacCaChIHAH a3 FaHa YIIKeH KaparaibiM HEHTpa bl
Oommexk. OHBIH HETI3r KacHETTepiHE MbIHAJIApbl JKaTKbI3a ajlaMbi3: Maccackl — 939,565346 Mb»B;
m,—m, = 1,29344M3B,; 6oc Ky#iHzeri omip cypy yakbITbl — 835,7 CEKyHITap; SAPOJIBIK MATHETOHHbIH
MarHuTTiK MOMeHTI — -1,91304273(45), an HeHTPOHHBIH MarHUTTIK MOMEHTI NPOTOHIIKIHE YKcac, SFHU
my, = 2,79m,,.. bynap xymri ocepieceTiH OGoNIEKTep KaTapblHa jKaTajibl JKOHE GapruoHIap TOObIHA
Kipemi, sSIFHM IITKI epeKIne cumarraMajapra ue Oomambl. On — IpOTOHMIKIHACH +1-re TeH OonaThIHIAMH
OapuoHBIK 3apsa. HelTpoHaap TeK TYpaKThl aTOM sApOJIapbiHa FaHa OPHBIKTHI 0oJiaabl. Epkin HeHTpoH
— IIPOTOHFA, JIEKTPOHFA )KOHE IEKTPOHBIK aHTHHEHTPUHOFA BIABIPAUTHIH TYpaKchI3 Oemiek [4]

mn-1p+ e+l (1.1)

HeiitponHnsiy oprama emip cypy YyakbIThl t=16 MuH. EpkiH HEWTpoHOap sSApOJIapMEeH KYILTi
KYTBUIATBIHABIKTAH 3aTTa a3 Meunmepnae keszeceni. COHIBIKTaH, €pKiH OSJIEKTPOHAAP TEK SAPOJIBIK
peaKIsIapIblH HOTIKECIHAe FaHa maiima Oomanbl. EpkiH HEWTPOH aToM SAPOJIApBIMEH OpEKEeTTECyTe
Oeiiim Oonbin keneni. HelTponmap aywlp siaponapiablH OelliHyi, COHBIMEH Karap, Kem jKarnaiina
PaIuOaKTUBTI M30TONTAPIBIH KYpPBUIybIHA 9KEJIETiH HEUTPOH/BI KapIly eJieysi OpbIH alaThIHIAl KaHaan
na Oip SAPONBIK peakIHsHBbl MaKbIpaabl. SIIPONBIK peakusuIap/AblH JKY3ere acyblHa opail HeWTpOH-
JapabiH yikeH 3(QdeKkTHBTUIr, Oasy HEHTpoHAAp 3aThIMEH dpeKeTTecyi, oNapibl SIIPONBIK (PU3HKaHBI
3eprTeyde OacThl Kypajl peTiHie kepcereai. HeliTtpoHnnap KapamaiibiM OenmiekTepaiH OapiblK opeKeTTe-
CyJepiHe KaTbICabl, 0Jap — KYIITi, JIEKTPOMAarHHUTTIK, QJICi3 KOHE rPaBUTAIUSIIBIK.

3aTTaH OTKEH Ke3/1e HEeHTPOHIAp op TYPJi SAPONBIK peakIsIapasl MAKBIPambl JKOHE sIpoapiaa
cepmiMi  IIAIIbIpaTbuiafbl. bBylnl  MHUKPOCKONMSUIBIK — YAEpiCTEpIiH WHTEHCHBTLIIKTEPI  peTiHzae
HEUTPOHAAP/bIH 3aTTap/aH OTYAIH OapiIbIK MAaKPOCKOIMSUIBIK KacueTTepi aHblKTanaapl. Onap: Gasyrnary,
mady3us, KYTBUTY KoHe T.0. HeHTpOHHBIH 3apsiapl HOJTe TE€H OOJIFaHABIKTAaH, aTOMIBIK OVJITIIAIAPIBIH
JNIEKTPOHJAphIMEH MyJieM opekerrecrieimi. COHABIKTaH, OpPTaHBIH AaTOMJABIK CHUIATTamalapbl
HEUTPOHAAPIBIH 3aTTa TapalyblHIa €IIKaHAal MaHBI3BI JKOK. byn — Taza saponsik yaepic [5]. Op Typuni
HEUTPOH-SPOJIBIK PeaKIMsIIapAbIH KUMalapbl HEHTPOHIap/AbIH SHEPTUsIIapbIHA TOY eI

Tannaynapbl MeH ecenteynepi
JKaimb! sKeHin sSaponapblH HEHTPOHAAPMEH OPEKETTECY PEaKIUANAPbIHBIH MAPTTHl TYPi MbIHAAl
OomabL:
M(A)c? + M(n)c? -» M(B)c? + M(C)c? +Q (1.2)
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Mysnaret A, B, C — peakuusra IeHiHTiI XoHE peakIusgaH KeWiHri sjaemeHtTep, Q — peaxmus
HOTHXKECiHAe Taiiaa OOJaThIH JKBUTY MeJIepi. AJl, eH/i OYJI )KBITY MOJIIIEPiH, sSIFHA SHEPTUSAHBI, €CETTEY
YIIIiH OHBI TCHIIKTIH COJ JKaFbIHA, KaJFaHIapbIH OH Xak Oeirine eTkizemi3. CoHza

Q = M(A)c? + M(n)c? — M(B)c? — M(C)c? (1.3)

Enni (1.2) epHeriHe XeHiN sApojiap M30TONTAPHIH KOSl OTBHIPBIN, PEaKUUsANaH OeNiHIN HIBIFaThIH
SNIEMEHTTEP/i aHBIKTaHbIK, COHbIMEH KaTap, (1.3) Qopmynacel OoOibIHIIA pEaKIUSHBIH SHEPTUSICHIH
eCerTen jka3aibIK [6,7]:

3H + %He + 4,782 M3B

. (1.4)
TLi+y + 7,249 MaB

gLi+én—>{

mynarsl, M(§Li)=5601,518 M5B, m,;=939,565379 M>B, M(3H)=2808,921 M>B, M(3He)=3727,379
MbB, M(5Li)=6533,833 MaB [2].

Byt $Li M30TOOBIHBIH HEHTPOHMEH OpPEKeTTECY PEaKIMSICHIHBIH op TYPIi KaHauaa KypyiHe opaif, exi
TYpAl peakuus eHIMIEpiH anmambl3. bipiHmn >karmaiija, TpUTHH MEH Teluid dIIeMEHTTepi, al eKiHIIi
xKarnaiina, 4Li u30TOOBI oHe Y OGenmreri GesiHim IIbIFambl. Byad peakiusiapia JHEprHs CHIPTKA
OeIHEeTIHIKTEH, SK30TEPMHUSJIBIK PEaKIUsIFa KaTKbI3aMbI3.

7Li M30TOGBIHEIH HEHTPOHMEH OpEKeTTeCy peakuschl [8]:

JLi+ in > 3He + 3H + {n — 2,467 M5B (1.5)

Jlutuitniy Oyi H30TOOBIHBIH HEUTPOHMEH SPEKETTECY PEaKUUCHIHAA SHEPTHSI LIBIFAPbUIMAIbL, SIFHU
DHEPTHUACH KETKUTIKTI JeHTere keTelai. MyHaai peaknns TYpiH SHIOTSPMHUSUIBIK JeT aTaitmMbi3. Exmi
8Li M30TOOBIHBIH OpEKeTTeCY peaKIMACHIHAH OJHEPTUAHBIH OOiHeTiHiri kepiHemi. bByn ma
AK30TEPMHUSIIBIK peaKIusIFa xKaTaasl [9]:

8Li+ 3n - JLi + vy + 4,063 M>B (1.6)

mynarsl, M(§Li)=7471,366 MaB, M(3Li) = 8406,867 MaB [10].
COHBIMEH KaTap, ;Be jkoHe jBe H30TONTaphIHBIH HEHTPOHMEH OpEKeTTeCy peaKusanapsl [6]:

iBe+ 3in - ILi+ 1p + 1,643 MoB, (1.7)

myHzarel, M(3Be)=6534,184 MaB, M(m,,)=938,272046 MaB [10].
Byn sxepae peakMsHBIH SHEPTUSHBI 06J1€ OTHIPHII KYPYiHE COWKeC peaKIUsIHBI SK30TEPMISUIBIK eI
aTaiiMbI3. A, 6acka W30TOOBIHBIH opekeTTecyi [11, 12, 13]

8Be + in + in — 1,665 M>B
2Be + n > <{ 4He + SHe — 0,603 M>B (1.8)
23He + 2}n — 1,573 MoB

myHarsl, M(3Be)=8392,749 MaB, M(8Be)=7454,850 MaB, M(§He)=5605,537 M»B [10].

2Be M30TOOBIHBIH HEHTPOHMEH OPEKETTECY PEaKIUACHl op TYPJi KaHAIAAp apKbUIbl KYPETiHIiKTeH,
YII TYPJIi peaKIis OpbIH alajbl.

SnponbIK KypbhUIFbIIapAa Oyl peakuusuiapAblH Keibipeyl Kypeai, al KalFaHIapblHBIH peakIus
SHEPrUsCHl JKETKINIKCi3 OoNFaHIBIKTaH >Ky3ere acmaiinel.Ce0ebi, HEHTpOHAAPABIH KUHETHUKAJIBIK
SHEPIHACHIHBIH Meumiepi a3. COHIBIKTaH OHBI apTTBIPY aMalblH KapacThIPYBIMBI3 KaxeT. byran
SHIIOTEPMUSUTBIK, peaKIUsIap sKaTajpl.
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COHBIMEH, SIAPOJBIK KYPBUIFbIIAPAAFhl SHIOTCPMHUSUIBIK PEAKIUIAPIBIH JKY3ere acybl YIIiH, SIFHH
HEUTPOHIAPABIH KHHETHKAIBIK YHEPTHSACHIH KAHIIANBIKTHI apTTHIPY KEPeKTIriH aHbIKTay yimiH, (1.2)
OpHET1H HEHTPOHHBIH KUHETUKAJIBIK SHEPTHACHIH €CKePE OTBIPHII, KalTa y)a3aThlH 00JICAK;

E(A) + n(Ey; + E;) = E(B) + E(C) (1.9)
Enai MyHaaFbl HeATPOHHBIH KHHETHKAJIBIK YJHEPTUSICHIH ecenTeiiik:
E.(pn) = E(B) + E(C) — E(A) — Eq(pn) (1.10)
Ocpl :kajanbl popMyJiara peakuus 06JIIeKTePiH eHri3in ecenTeiik:
E.(gn) = E(3He) + E(3H) + E(gn) — E(3Li) — Eo(gn) (1.11)

Byn JLi M30TOOBIHBIH HEHTPOHMEH OpEKETTECY PEaKLMACHIHIAFbl HEHTPOHHBIH KHHETHKAJIBIK
SHEPIUACH ECeNTeNreH. Opoip GeNmeKTepaiH >HeprusnapsiH eckepe oTwiphin, E(3n) = 2,467 MaB
€KEH/IIT1 IBIFabL.

(1.9) peakumsuaps! YIIiH HEUTPOHIAPABIH KHHETUKAIBIK SHEPTUSIIAPHL:

E.(§n) = E(§Be) + E(gn) + E(gn) — E(3Be) — E¢(gn) (1.12)
E.(in)=E(3He)+ SHe — E(3Be) — E¢(}n) (1.13)
E.(§n)=2E(3He)+2E(}n) — E(3Be) — E¢(3n) (1.14)

(1.12) tenpeyinzeri E.(3n) = 1,665 MoB; (1.13) Teraeyinin memimi Goiibinma E(§n) = 0,603 MaB;
(1.14) tenneyinin moni E(§n) = 1,573 M>B TeH Gonapl.

CoHBIMEH, SIPONBIK KYpPBUIFbIIApAa MYHJAW peakuMsUIapAblH JKYpPyl YIIiH HEUTPOHIApABIH
KUHETHKAJIBIK SHEPrHsIapbl KETKUTIKTI Oomybl KaxkeT. COHIBIKTaH HEHTPOHIApABIH KHHETHKAJIBIK
SHEPTUSIIAPHI KETKITIKTI MeJIIepre IeHiH apTTHIPBUIALL. HeHTpoHmapablH TabalabIphIK dHEPTHUSIAPEI,
SFHH PEAKIUSIHBIH KYPYyiHe Ka)KeT HeHTPOHIapAbIH KHHETUKAIBIK SHEPTHsIaphl €CENTel MIbIFapbIIIbL.

Bynan kepin OTBIpFaHBIMBI3JAM, JTUTUH BJIEMEHTTEpiHIH KeiOip M30TONTAapBIHBIH HEHTPOHAApMEH
OpeKeTTeCy peakIHsUIaphl SAPONBIK KYPBUIFBUIAp/a JKY3ere acaabl. OWTKeHi Oy peakiusuiapaa SHEprus
MeJIIepi apThIK OONFaHIBIKTaH, CHIPTKA IIBIFApbUIAfbl, SFHA HEUTPOHIAPIBIH KUHETHUKAIBIK
SHEPrusUIapbl JKETKUTIKTI MoHre ue. A, Oyl JKeHiNml sApPOCHIHBIH OynaH ©0acka HW30TONTapbIHBIH
peakmusuiapsl ky3ere acraiapl. Ce0edi, HEUTPOHAAPABIH KHHETUKAIBIK JHEPTUSIIApPBl JKETKUTIKCI3.
CoHABIKTaH MYHJAH KEHUI sapojap W30TONTAPBIHBIH PEaKIUsUIApBIH SAPONIBIK KYPBUIFBUIApAA JKY3ere
acplpy YIIiH, SIFHU SHEPTUSHBI 06y YVIIiH, HEHTPOHAAPBIHBIH KWHETUKANBIK SHEPTUSIIAPBIH €CEITell,
COHZall SHeprHusHbl HEUTpoHaapFa Oepyimi3 KaxeT. CoHna, Oy peakuusiap Aa >KeTKUIIKTI SHeprusra ue
OoJTBIM, XKY3€Te aca anamubl.

KopbITbIHABI

Kazipri TaHma TeOopHUsUIBIK XoHE SAPONBIK (U3MKA CaTACHIHBIH MaHBI3IBI MOCEJIECiHIH Oipi JKeHIT
SIIPOJIap W30TONTAPBIHBIH KACHETTEPIH 3ePTTEY JKOHE OJIApbl SAPONBIK KYPRUIFBIIAp/Ia aiaanany.

Byn kymbicTa SIIPONBIK  KYPBUIFBUIAPJA JKCHUT SAPOJAPABIH HEHTPOHIAPMEH OPEKEeTTeCy
peaKIUsUIaphIHBIH ~ Kajail  Ky3ere acaThIHABIFBl  KapacTBIPBUIBIN, —Tanjmaynap xacaimbl. JKeHin
AIIEMEHTTEPIiH, OHBIH IMIIHIE JIUTHHA XoHE OCPUUIMHIIIH SIPOIBIK KYPBUIFbIIAPAa KOMAAHBLIIYRl TYPAIbI
MOIIMETTEp KapacThIPbULABL. SIIPOJBIK KYpbUIFbLIApAa KEHUI SAPOJapIblH, SFHU JIUTHHA JKOHE
OepwILTUiiIiH, HEUTPOHIAPMEH SPEKETTECY PeaKIUsIaAPbIHBIH XKYPY YACPICl 3epTTEITeH.

Kof#ibutran Mocenenepimiz/iig HoTHKeIepi:

- JIMTHH XoHE OCPWUIMI M30TONTAPBIHBIH HEHTPOHIAPMEH SPEKETTECY PEaKIUsIIaphbl TEOPHUSIIBIK
TYPFBIJIA KY3€re achIPBUIBIIN, PEAKIHs SHEPTHsIIAPhI €CETITEI/I;
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- OyI peaknusuIapabIH SAPOIBIK KYPBUIFbUIAPAA JKY3€re acybl VIIH HEUTPOHAAPABIH KHHETUKAIBIK
SHEPTUsIAPBIHA €CENTEYIIepP KYPTi3iIi;

- aJbIHFaH HOTHXKEJIEPre TajjayJsiap *Kacasibl.

SAponblK KYpBUIFBUIAPA JKEHUT SAPOJIApAbIH KeWOip W30TONTAphIHBIH JKY3ere acmaybl HEHTpPOH-
JApJBIH KUHETUKAJBIK DHEPTUSACHIHBIH JKEeTKUTIKCI3OIriMeH Tycimipineni. MyHmail peaknusiiapaa
KBUIIAM HEHUTpOHAAp KOJTAHBUIFaH, ce0eOi amblHFaH HOTHXKENIep OOWBIHITA HEUTPOHIAPABIH dHEPTHS-
napsl 100 k3B nien 14 M»B apanbiFbiazia skatTeip.
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HCCJIEJJOBAHUE PEAKIIAM B3AMMOJIEVCTBUSA U30TOMOB Li u Be c HEUTPOHAMHA

AnHoTanus. OrnpeneneHsl 3HEPruM peakluil B3auMOJEHCTBHA HEHTPOHOB C H30TONAMHU JIETKUX SIeEp.
IIpoBeneHbl pacueTsl KMHETHMYECKOW SHEPIMU PEAaKLUU HEHTPOHOB, KOTOPBIE MOTYT HPOUCXOIUTH B SAEPHBIX
YCTaHOBKaX.

KiioueBble cJ10Ba: U30TOIBI IETKUX SA€P, KNHETHUECKAs! SJHEPTUsl HEUTPOHA, sIIEPHbIE PeakLuil U T. 1.
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THE ORGANIZATION OF PERFORMANCE
OF COMPUTER LABORATORY OPERATION ON EXAMINATION
OF ISOTHERMAL CURVES REAL GAZA

Abstract. The model of the form of the organisation of computer laboratory operation on examination of
isothermal curves of real gas is offered. The form includes short data from the theory, control questions for checkout
of readiness of pupils to operation performance, fact-finding assignments with computer model, the observational,
research and creative assignments. In short data from the theory features of isothermal curves of real gas, a
requirement of transmutation of gas in a fluid by an isothermal compression, concepts about phases, saturated steam,
about critical parametres are given. Fact-finding assignments with computer model includes questions on abilities of
change of parametres of process, definition of critical parametres. In the observational, research assignments are
provided carrying out of experiments on examination of requirements of transmutation of gas in a fluid by an
isothermal compression definition of critical parametres at which gas is transmuted into a two-phase state, to spot on
critical parametres what gas it is put in computer model. Creative assignments provides to pupils to offer carrying
out of similar experiments or to conduct the examinations taking into account possibility of computer model.

Assignments are given much. Performance all of them to one pupil is unessential. The teacher can taking into
account ability of the pupil pick up the assignment or offer other similar assignments. Upon termination of a lesson
the trained fills the form, sends by e-mail or hands over immediately to the teacher. At a following lesson the teacher
discusses answers and estimates operations.

Keywords: an isothermal curve, saturated steam, uniphase and two-phase states, critical temperature, critical
isothermal curve.
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HAKTbBI I'A3 U3OTEPMAJIAPBIH 3EPTTEYT'E APHAJITAH
KOMIIBIOTEPJIIK 3EPTXAHAJIBIK ’K¥MbBICTbBI
OPBLIHJIAYIbl YUBIMJIACTBIPY

AHnHoTanmsi. HakThl Ta3[blH H30TepMaJapblH 3epTITEyre apHalFaH KOMIBIOTEPIIK 3epTXaHaJbIK KYMBICTHI
YUBIMAACTHIPYABIH OaHKi YITICl YCHIHBUTFAH. YJTiIe TEOPHsIaH KbICKAIIa MOIIIMETTEp, OKYIITBUIAPIBIH 3ePTXaHAIBIK
JKYMBICTBI OpbIHZIAyFa JalibIHIBIFBIH TEKCEpyre apHaJIFaH Oakpulay CYpakTapbl, KOMIIBIOTEPIIIK MOJEIEMEH TaHBICY
TaTNCBHIPMaIapsl, TOKIPUOETIK, 3ePTTEYIIIK XKOHE TBOPUECTBOJIBIK TalChpMaiap KaMThUIFaH. KoMIbroTepii MoJens-
MEH TaHbICY TallChIpMaJlapblHIa MPOLECTIH IapaMeTpiIepiH e3repTe ajly, CHIHIBIK MapaMeTpliepli aHBIKTal ayIbl
YHpeHyre apHajfaH Cypakrap KapacThlpbUiraH. ToXipHOemik, 3epTTeyJiK TanchblpMajapia HW30TEPMUSUIBIK ChIFY
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apKbUIBI Ta37bl CYWBIKKA aiiHAIIBIPY MIPOLECIH KOMIBIOTEPIIK TaXipuOee Ky3ere achlpy, Ta3fiblH CYHbIKKaA aifHa-
JYBIHBIH CBHIHJBIK MAPMETPJIEPAi aHBIKTAY JKOHE KOMIIBIOTEPIIIK MOJEJbJe KaHAaidl Ta3 KOJJAHFAHBIH aHBIKTAY
TarchlpMaiapbl KaMThUIFaH. TBOPYECTBOJIBIK TAIChIPMAIap/ bl OKYIIbUIAPFA YKCAC TIKIpUOEIEp YChIHYbIH HEMECe
KOMIBIOTEPJTI MOJEIAIH MYMKIHIIUTITIHE Kapai ©3/1epiHiH 3epTTEYIIK ToOXipuOenepiH icke achIpyhl YCHIHBUIFAH.

Tanceipmanap apTEIFBIMEH OEpUITeH, oJIapIbIH OapibIFBIH Oip OKYIIBIHBIH OPBIHAAYHI MapT emMec. OKYIIBIHBIH
[IaMachlHa Kapail OKBITYILBI TAlChIpMasap/bl TaHaal Oepe ajajbl, HeMece ©3iHIH KYpacThIpFaH TalChblpMaiapblH
Koca ananel. CabakThIH COHBIH/IA OKYIIbLUIAP ©3ACPiHIH OJIAaHKIIEPIH TOJTHIPHII 3JICKTPOH/IBI MOIITA APKbUIBI HEMECE
OKBITYILIBIFA TAIICBHIPYybIe Kepek. Kemneci cabakra OKBITYIIBI )KayanTap bl TAJIKbUIAI KYMBICTAP/IbI Oaraaibl.

KinTrik ce3mep: n3orepMa, KaHBIKKaH Oy, Oipda3alibiK jKoHE eKi(a3alblK KYWIep, ChIHIBIK TeMIIepaTypa, ChIH-
IIBIK A30TEpMA.

Kazakcran PecnyOmukaceieiy [Ipesunenti-Endacer H.A.Hazap6aeB ««Kazaxcrtan-2050 —ctpare-
THSICBI» - KalbIITaCKaH MEMJIEKETTIH jkaHa cascu OarbThl» arThl Kasakcran xankeiHa JKompmayeiHaa:
Kazakcran 2050 xpbutel 30 gaMbiran MeMJIeKeTep KaTapblHa €Hyi Kepek Jemn aramn kepceTTi. Jambin kene
JKaTKaH eJjiep apachlHIa MyHAal Katapga Oonrysl YOIiH OoceKkenecTik KaraH Oomaibl. ¥JIT TI00AIIBIK
DKOHOMHKAJIBIK 00CEKeNeCTIKKe MaibIiH OoJFaHa FaHa MyHIal Kartapaa Oona anamel. bi3, aca MaHBI3IBI
MaKCaTTapbIMBI3Ibl €CTCH IbIFapMai, MaKCaTThl )KoHE MAOBITTh eHOEK eTyiMi3 Kepek: Ka3ipri 3aMaHra
caif HoTIKeli OiliM MeH JIeHcayIIbIK cakTay KyheciH Kypy. bacekere ka0ineTTi namMblraH MeMIIeKeT 0Oy
yIIiH 613 cayaTTBUIBIFBI KOFAphI €Te aiHaTyBIMBI3 KepeK. bisre OKBITY oJlicTeMesepiH KaHFBIPTY JKOHE
OHIPIIIK MEKTEI OPTAIBIKTAPBIH KYpa OTHIPHII, Oi1iM OepyaiH OHJIalH-)KYHeNIepiH OelicCeHe JaMBITy KepeK
Oomaznpl. bi3 KamalTeIHAAPABIH OapiBIFBl YIIIH KAIIBIKTAH OKBITYBl KOHE OHJIAWH PEeXiMiHAE OKBITYIbI
KOca, OTaHABIK OuTiM Oepy KyilieciHe WHHOBAIWSUIBIK ONICTEp[i, IMIEIIIMIEpIl >KOHE Kypalaapisl
KapKBIHIBI eHTi3yTe THici3 [1].

[Ipe3uaeHT xonmaybiHIa KEATIPUIreH TanchlpMallapsl OPbIHIAY MaKCaThIH/AA JKacallFaH KYMBICTap
Typansl 6i3 OYpbIH xKa3raHObI3 [2-17].

Makaiiaga CTyAeHTTepre, MaruCTpaHTTapFa, MEKTENl MYFaliMaepiHe KOMEKIN Kypajd peTiHIe-
oKymbuIapabH [18] pecypchlH maiianaHblll KOMIBIOTEPIIK 3€pTXaHAJBIK JKYMBICTBI YHBIMAACTHIPYAa
KaHaail TarcelpManap Oepyre OOJIATHIHBIH JKOHE OKYIIbUIApFa ajAblH ajia OepijieTiH KOMIBIOTEPIIiK
3epTXaHAIBIK KYMBICTAPIbIH OJIaHKI YIITICiH YCHIHAMBI3.

ZKYMBICTBIH TaKbIPBIObI: HaKThI ra3 H30TepMachIH 3epTTey.
KymbicTbIH MaKcaTbl: KoMmbloTepiik ToXipuOe apKbUIBI HAKTHI Ta3JblH CHIHABIK H30T€PMACHIH,
CBHIHJIBIK TTApaMETPIICPIH aHBIKTAIl, MOJIENb KaH/al ra3ra apHaJFaHbIH aHBIKTAY .

CbIHBIM.....cv0eeeee OKYIIBIHBIH PAMMIHACDL.c.cvveressssosssesssssssasssnssssss FLCIMItersuerssaeessorossanesanne

Teopusiman KbpIcKala MdJTiMeT.

Kes xenren 3art op Typai ¢azamga — KaTThl, CYHBIK JKoHE ra3 TypiHzae O6oma amansl. bip kyiineH exiHmi
Kylire oTy (hazanbik oty nmen aranansl. Dazansik oTyAiH MbIcanmapsl OyinaHy MeH KoHeHcalus. bapibik
HaKTHI Ta3aapasl Oenrim Oip Jkarmaima CYWBIKKa alHanasIpyra Oomanbl. COHIBIKTAH Ja HAKTHI rasmap
M30TepMaiapbl Ujeall Ta3 HW30oTepMaliapblHaH epekiie. JKaOblK BIABICTa CYHBIK IEH OHBIH Oyiapsl
JMUHAMHKAIIBIK Tele — TEeHIIKTe OoNajpl: CYWBIKTaH IIBIKKAaH Oy MOJeKyJaiap CaHbl CYHBIKKA KAaWTHII
KeJleTiH Oy MoJIeKyJaiap caHblHa TeH. MyHIai xKyieHi KochazalblK Kyie aen aTaiiapl. CYHBIKIIEH TeTe-
TeHIiKTeTi Oy KaHBIKKaH Jen aTanaabl. KaHbIKKaH OyIbIH KbICHIMBI MEH THIFBI3JIBIFBI TEK TEMIIEpaTypara
FaHa TOyeNJl >KOHE OHBIH KeyieMiHeH Toyenci3. CoHuwsikraH P,V — nuarpammachlHia HaKTBI Ta3nap
M30TepMachiHAa €Ki (¢a3aiplk TOPU30HTANL TY3y Oaiikanmanpl. Temreparypa >oOfapblUlaFaH CalbIH
KAaHBIKKAH OyJbIH KbICBIMBI MEH THIFBI3JIBIFBl apTajbl, @l CYHBIKTBIH TBIFBI3IBIFEl KBUTYJIBIK YJIFAI0
HOTIXeciHae TeMeHaenai. benrini 6ip TemnepaTypana Oy THIFBI3ABIFEl MEH CYHBIK THIFBI3IBIFBl TEHECEI.
Ocsbl TeMIiepaTypaHbl KpUTUKAIBIK (CHIHIBIK) Tyxp Temmeparypa aemn ataiinbl. T > Typ xargaiina CyibIK
MeH KaHBIKKaH Oy apachlHAa (DM3WKAIBIK aibIpMaIIbUIbIK Koranaabl. CyIbIH CHIHIBIK TEMITEPaTypachl
647.3 K, azor ymin 123 K. Benme temnepaTypacbinia cy ©3iHiH OybIMEH Tele-TeHIIKTe 0ojIa anajbl, aj
a30T TeK ra3 TypiHje Oonaipl.
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ChIHZBIK M30TEpPMa/iaH JKOFaphl JKaTKaH M30TepMaiapiaa OepiireH ra3 CyibIKKa aifHalIMaipl, OHBI
CYWBIKKA aifHANIBIPY YIIiH W30TEPMANBIK CBHIFYABI CBHIHABIK TeMIIEpaTypaJaH TOMEH TeMmIleparypaaa
Kacay Kepek. [a3nplH KpUTHKaNbIK napamerpinepi Ban pep Baamsc TeHzeyinzeri a koHe b
TYpaKThUIApbIHA TAyenIi. Ay Oy TypakTbuIap HAKTHI I'a3 MOJEKYJAIApBIHBIH apachIHIAFBl TapTHUIBIC
JKoHe TeOlny KymTepiHe Toyennmi. KemrereH razfgap YUIIH KPUTKAJIBIK TMapaMeTpiep MEH a jkoHe b
TYpaKTBUIAPbl TKipuOenepae aHblKTadraH. TemeHae OipHelle razfap YIIiH KPHUTHUKANBIK MapamMeTpliep
Oepinrexn

I'a3 t7,C P, .Mlla
A3sor -146 3,3
Cy OybI 374 22
Orreri -110 130
KeMipKBITKBLT Ta3bl 31 360

Bakbuiay cypakTapsl.

o  ®dazanpik OTYAl CUMATTAHIAD. JKAYAOBI:....ccuveeieeieeeieeeieiie e e seeesee e eseeesreeseeeseeeas

o Kanbikkan Oy aer HeHl aUTaIBI?. KaAYA0BI ... ...ccoccvirierieeieeieeie e sieeseeesreeseneseeseeeseens

e KanpIkkaH OyJIbIH KbICEIMBI KaHAal [IaManapra Toyemai? Kayaobli.......ccocvereecieereeeieeieenrennn,

e Hakrbl ra3gpl H30TEPMUSIIBIK CBHIFY apKbUIbI KaHAAl JKarjaija CYWBIKKAa aiHaJIIbIpyFa

2. Toxipubestik ecenrep
2.1. Monenbae 6Gepinren rasasl T=400 K temmeparypaza V=020 nM’ kemeMiHeH OGacram
M30TepMUSIIBIK CHIFY TpoleciH Oakpurar, Kanpai mapamerpruepae (P, V) xyiie exi dazanbik karmaiira

2.2. Mogensae Gepinren rtasmel T=450 K Ttemmeparypama V=020 1M’ kenemineH OGacrtarm
M30TePMUSUITBIK CBIFY TIpoleciH Oakpuram, Kanpaik mapamerpruepae (P, V) xylie exi dazanbik xarmaiira
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2.3. Mopnenpne Oepinren rtazmer T=500 K temmeparypama V=0,20 IM° KeleMiHeH Oacram
M30TEPMUSUTBIK CHIFY TIpOIleCiH Oakpuiam, KaHmai mapametpiepae (P, V) xyiie eki dazanplk xarmaiira

2.4. Monenbae 6Gepinren rasasl T=550 K temmeparypaza V=020 aM’ KeneMiHeH OGacrarm
M30TepMUSIIBIK CBIFY TpoleciH Oakpurar, Kanpai mapamerpruepae (P, V) xylie exi dazanbik xarmaiira

2.5. Monenbae 6Gepinren rasasl T=600 K temmeparypaza V=020 aM’ KkemeMiHeH OGacram
M30TepMUSIIBIK CHIFY TpoleciH Oakputar, Kanpaik mapamerpruepae (P, V) xyiie exi dazanbik xarmaiira

2.6. Monensae Gepinren rtasmel T=640 K Ttemmeparypama V=020 1M’ kenemineH OGacrtarm
M30TEPMUSIIBIK CBHIFY MpoLeciH Oakpuian, Kannail napamerpiepae (P, V) xylie eki ¢a3zansik karnaiira

2.7. Mognense Gepinren razmst 650 K temmeparypaga V=0,20 1m’ KeseMiHeH 6acTan H30TepPMHUSIBIK
CBIFy mpoleciH Oakpuiam, KaHmai mnapamerpiepae (P, V) xyiie eki ¢azanplk skarnaiifa eTeTiHiH

2.8. Mogense Gepinren razmsr 700 K temmeparypaga V=0,20 1m° KeleMiHeH 6acTar H30TepPMHUSIIBIK
CBIFy TIpolleciH Oakpuian, Kaumaii mapamerpiepae (P, V) xylie eki Qasanblk jxargaiiFa ©TETiHIH

3. 3epTTey TanceipMaiapbl
3.1. KoMmbroTepiiik ToKipuOe apKbLIbl MOJICNbC OSPUIreH T'a3/IblH ChIH/BIK M30TEPMACHIH, CHIHIBIK

3.2. CpIHABIK TeMIEpaTypalaH >KOFapbl >KaTKaH TeMIlepaTypaja MOJENJIE KOJJAHFaH Tra3/bl
M30TEPMUSIIBIK CHIFY apKbUIbl CYHBIKKA aifHAJIIbIPpyFa OOJIMalThIHBIHA KO3 KETKI3IHICP.

4. TBOpUYeCTBOJBIK TamchbipMasiap. MyHaail TarcelpMa asiChlHIAa OKyIIbuIapra o3 OetiHime Oip
HeMece OipHeIle ecen KYPacThIpy JKOHE YHIe HeMece CBHIHBINTAa OpBIHAAyhl YCHIHBUIAARL. ComaH KeiiH
aJFaH HOTHKECIH KOMIIBIOTEPIIiK MOJIENl MaiaiaHbIll TeKCepyi Kepek. ANFanikpia Oyn ecentep OypbiH
KYPacTHIPBUIBII (MbIcaisl 2.1-2.8 ecentep cexini), cabakTa MISMIiIreH ecenrTep TUITeci 00BN, KeiiHHeH
MOJIeJT MYMKIHIITUTITIHE Opai KaHa THITI O0Iybl MYMKIH.

OpbIHIaIFaH TalchblpMayiap CaHbl Karenep canbl Ci3niH OaraiaybIHbI3

bnankine TarncelpManap apThiFbIMEH OepiireH. bip OKylIbl onapiblH OapibIFbIH OPBIHIAYHI IIAPT
eMec. MyralliM YCBHIHBUIFaH TallChlpManap illiHeH ipiKTen OKYIIBIHBIH IIaMachlHA Kapail OepreHi aypeic,
HeMece 0acKa Ja TanchblpMaiap YChIHYbIHA OO IbL.
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HOxH0-Ka3axcranckuii rocyjapcTBeHHbIN yHUBepcuTeT uM. M. Aya3osa, IlIsimkenT, Kazaxcran

OPTAHU3AIIUSA BBITOJTHEHUA KOMITBIOTEPHOM JIABOPATOPHOM PABOTBI
11O HCCJIEAJOBAHHIO N30TEPM PEAJIBHOI'O I'A3A

Annoranus. [Ipemmaraercs Moaens 6J1aHKa OpraHU3aiK KOMITBIOTEPHOH J1ab0paTOpHO# pabOTHI IO HCCIIeN0-
BaHMIO M30TE€PM PEaJbHOTO ra3a. bilaHK BKIIOYaeT KpaTKue CBEICHUS U3 TEOPHH, KOHTPOJIBbHBIE BOIPOCHI VIS IIPO-
BEPKH TOTOBHOCTH YYaIMXCS K BBIOJHEHHWIO PaOOTHI, 03HAKOMHTEINIBHBIE 33JaHUsI C KOMIBIOTEPHON MOJEIbIO,
9KCTIEPUMEHTAIIbHbIE, HCCIIEN0BATENLCKIE M TBOPUYECKUE 3aJaHus. B KpaTKHX CBEAEHHMAX M3 TEOPHH NPHBEICHBI
0COOCHHOCTH M30TEPM PEATBHOIO ra3a, yCIOBHS IPEBPAILCHUS ra3a B )KUAKOCTb M30TEPMUUYECKUM CHKATHEM, MOH-
atust 0 (a3zax, HACBHIIIEHHOM Iape, O KPUTHYECKHX mapaMeTpax. O3HAaKOMUTEIbHBIE 33JaHHs C KOMIIBIOTEPHOM
MOJIENIBIO0 BKJIFOYAET BOIPOCH HA YMEHHA M3MEHEHHUS MapaMeTpoB Mpolecca, ONpeaeseHUs KPUTHIECKUX MapaMeT-
POB. B OKCIICPUMEHTAJIbHBIX, HCCICAOBATCILCKUX 3aJaHUAX NPECAYCMOTPCHBI NPOBCACHHUE DJSKCIICPUMEHTOB 110
HCCIIEZIOBAaHUIO YCJIOBUH NPEBPAIIEHUS ra3a B XKHUIKOCTh M30TEPMUYECKUM CXKaTHEM, ONpeAeTeHHE KPUTHUECKUX
IapamMeTpoB IPH KOTOPOM ra3 HNpeBpalaercs B AByX(}a3Hoe COCTOSHUE, ONPEASINTh 110 KPUTHYECKUM ITapaMeTpam
KaKOH Tra3 3aJI0KE€H B KOMIIBIOTEpHON Mojenu. TBopueckue 3afaHus MpeaycMaTpUBacT caMHMM yY€HHKaM Ipensia-
raTh MpOBEJICHNE MOJOOHBIX IKCIIEPUMEHTOB MJIM IPOBECTH CBOW HMCCIICIOBAHUS C yYETOM BO3MOYKHOCTH KOMITBIO-
TEPHOU MOJIEIH.

3aganus 1aHbl ¢ M30BITKOM. BBIMOIHEHNE NX BceX OHOMY YUeHHMKY HeoOs3aTenbHo. [IpenogaBaTens MOXeT ¢
YYETOM CIIOCOOHOCTH yYEHHKa I0100paTh 3aJaHus WM MPEUIOKUTh Apyrue nogoOHsle 3axanus. 11o okoHuaHNH
ypoka oOydJaromuiics 3aloNHAET CBOM OJIaHK, OTHPABIISET MO 3JIEKTPOHHOM MOYTE WM CIAET HEMOCPEICTBEHHO
npenofasatento. Ha cnenyromem ypoke nmpenonaBaTteib 00CYKIaeT OTBETHI U OLIEHUBAET PaOOTHL.

KiroueBsble c10Ba: M30TepMa, HACHILIEHHBIN nap, onHo(a3Hoe U IByX(a3HOE COCTOSHHUS, KPUTHIECKAs TeMIIe-
paTypa, KpUTHUEecKast u30TepMa.
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OB OIIEHKAX BJIOKUMOCTH LY, B MOJYPEIIETKY
POJIKEPCA IBYXDJIEMEHTHBIX CEMEWCTB MHOKECTB
HNEPAPXHUU EPIIIOBA

AHHOTanus. XOpoILIO U3BECTHO, YTO CTPYKTypa BBIUUCIMMO MNEPEUUCIUMBIX M-CTENEHEH OTHOCUTENIBHO M-
CBOJMMOCTH O4YeHb cioxHasi. OHa 00pa3yeT BEPXHIOI MOIYpEIIeTKY, KOTOpas MMEET YHHBEPCAIbHYIO CTCIEHb,
OECKOHEUHYIO LIEMb M aHTH-IeNb. V1 M3BECTHO, YTO MOIIHOCTH ATOH MOIypeleTkn OeckoHeuHa. B maHHOI paboTte
MPUBEIEHBI OILCHKU BIIOKUMOCTU HOJYPEIIETKH BBIUMCINMO MEPEUUCIMMBIX M-CTeNeHeld B MoiypemeTrky Pon-
JKepca JBYXIJIEMEHTHBIX CEMEICTB MHOXKECTB KOHEUHBIX YpoBHEHN nepapxuu Epmoa. Takxke ¢ OMOILBIO NIpUMe-
POB CEMEHCTB C OJTHOAJIEMEHTHO! MOJypeleTkoi Pomkepca, OlleHKH KOTOPBIX Ha JI00OM YpOBHE HIIKE, YeM HalllH
OIICHKH, TO0Ka3aHO, YTO 3TU OUCHKH SABJIAIOTCA HCYTYUIIaCMbIMU.

KiroueBnie ciaoBa. ITomypemerka, nomypemerka Pomkepca, uepapxust Epmiosa, BEIUHCINMO NEepeyHCINMbIE
MHOKECTBA, pa3pelIiMas HyMepausl.

HccnenoBanrue BBIYMCIMMBIX CEMEHCTB MHOXKECTB HepapXxud EpiioBa ObUIO HHUIIMAPOBAHO
paboramu [1], [2], B KOTOpBIX OBLT MPEIIOKEH OO MOAXOA K BBEACHHUIO TOHSTHS BBIYUCIMMOUN
HyMepaliu JUIsl IHPOKOTo Kjacca CeMEHCTB KOHCTPYKTHBHBIX 00BEKTOB U CHOPMYJIUPOBaHa IpOrpamMma
WX U3yUYCHHUs B TEPMUHAX CBOMCTB TaKk Ha3bIBAEMBIX MONypemieTok Pomkepca.

[MonyyeHHbIEe K HACTOSIIEMY BPEMEHH pe3yJbTaThl O IMONYPENmIeTKaX BBIYUCIMUMBIX HyMepamui
CEeMEUCTB MHOXKECTB Hepapxud EpiioBa BBIIBUIM HOBbIC ()EHOMEHBI, HE MPUCYIIHE KJIACCHYECKHM
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BBIYUCIIMMBIM HyMEpalusM CEMEHCTB BBIYMCIMMO MEPEUUCINMBIX (B.I1.) MHOXeCTB. B wactHOCTH, OBLIO
JIOKa3aHO CyIIECTBOBAHUE CEMEICTB, COCTOSAIIMX M3 [JBYX BIIOKCHHBIX MHOXXECTB, y KOTOPBIX
nonyperierka Pomxkepca siBisieTcs 0THO3IEMEHTHOM [3].

[IpuBeneM HEKOTOpPbIE MOHATHS M3 TEOPHUM BBIYMCIMMOCTH, UCIOJIb3yeMble B paborte. [lonarue n-
BEIUMCIIMMO TIepeYrciIuMoro (n-B.a1.) MHOxecTBa Obuto mpemiokeno C.J. Ash, J.F. Knight B
WHIYKTUBHOH dopme [4]:

Omnpenenenne 1. 1-6.n. MHOXKECTBAa — 3TO B TOYHOCTH B.I. MHOXKECTBa, a Kaxmoe (n + 1)-s.n.
MHO>KECTBO — 3TO Pa3HOCTh HEKOTOPOT0 BHIYMCIMMO HEPEUUCIUMOI0 U HEKOTOPOTO 7-B.1l. MHOXECTB.

Takum o0pasom, 2-B.11. MHOXKeCTBa uMeroT Bua Ry \ R,, rae Ry, R, — B.I. MHOXXECTBA, [TO3TOMY HX
elle Ha3bIBalOT PAa3HOCTSMH B.Nl. MHOXKECTB (KpOME TOr0, MOXXHO YTBEpKAaTh, uTo R; & R,), 3-B.I.
mHoxectBa umeroT Bux Ry \ (R, \ R3) = (R{ \R;)UR3, tne R{ SR, S R; u R,R,,R; — B.L
MHOXECTBA, M T.JI. M-B.IL MHOXECTBA 0Opa3ylOT ypOBeHb X,' mepapxuu Epmosa [5], 0 HMX TaKxke
FOBOPSIT KaK 0 X, " -MHOXKeCTBAX.

Jns ompeneneHnss OeCKOHEUHBIX YpOBHeH wuepapxuu EpimoBa, BBeOeHHBIX B cTaThe [6], MBI
UCIIONIb3YEeM TIOAXOJ], TPEeAoKeHHBIH Mmo3xke B MoHorpadpuu [4]. Ilycte O — cucrema OpIWHaIBHBIX
o6o3nauenunit Kimuaun (mogpo6uoctu cm. B [4], [7]). s a € O uepes |a|p 0603HayaeTcst opauHal, YbUM
o0o3HavyeHueM siBisercst a. OpanHaabHble 0003HAYECHUS HCHONB3YIOTCS ATl ONpelesieH!sT OECKOHEUHbIX
ypoBHel uepapxuu Epiosa.

Onpeneaenne 2. [Iycts a aBnseTcss 0003HaUeHNEM HEHYJIEBOTO BBIYMCIMMOIO OpArHana. ['oBopsT,
9TO MHOKECTBO A NPHHAIIGKHT KiacCy X,  mepapxXui EpIIOBa, €CTH CyIIECTBYIOT BEIYHCIHMEIE
¢yukuun f(z,t) u h(z, t) Takue, 4To Ui BCeX Z, t € @ BBHIMOIHSIIOTCS CIASAYIOIIUE YCIOBUS:

1) A(z) =lim; f(z,t), npuuem f(z,0) = 0;

2) h(z,0) =a&h(z,t +1) <p h(zt);

3) fz,t+1) # f(z,t) = h(z,t + 1) # h(z,t).

OyHkuio g HazoBeM (yHKIMEH mepeMeH A A OTHOCHUTENBHO f. Z;l—ar{npOKCHMauHeﬁ Z;l—
MHOKeCTBa A HazpIBaeTcs napa GyHKiui (f, h), yJOBIETBOPAIOMNX YCIOBUAM 1)-3) BhITIIE.

Xopouio M3BECTHO, YTO Al KOHEYHBIX OpauHanoB ux KimHeBckue 0003HAa4YeHHS OAHO3HAYHO
OTpezeNeHbl, B YaCTHOCTH, Ui OpANHATA 1

2...2
22 =n.
—_———
n-pas |y
JIns MHOXECTB KOHEUHOTO YPOBHS Hepapxun EprioBa Gy1eM HCIIONB30BaTh aHANOT OMpE/IeNeHus 2,
3aMEHHB 3HAYCHHS (YHKIMM A HA OpIHHAIBL.

[IpuBeneM HeKOTOpBIE MOHATHUS U3 TeoprH HyMepanui. CIOpbeKTHBHOE 0TOOpaKEHHE o MHOXKECTBa
HaTypaJIbHBIX YHMCEN @ Ha HEeIyCTOE MHOXKECTBO A Ha3bIBaeTCs Hymepanuend MHoxecTBa A. Ilycts A —
CEMEHCTBO MHOXKECTB M3 KJlacca Z;l, n = 1, nepapxuu Epmosa. Hymepanus a: w — A Ha3bpiBaeTcs Z;l-
BLIYUCTUMO, €CITN

{(x,n)| x € a(n)} € =,

CrnenoBaTenbHO, & ABIAETCS Z;l—BLIqHCHHMOﬁ HyMepaluel ceMelcTBa A, eclii CyLECTBYET Z;l—
anmpokcuManus MHOKecTBa {(n, x): x € a(n)}, t.e. Beraucaumbie Gpyukiun f(n, x,t) u h(n, x, t) Takue,
9TO

a(n)(x) = li{nf(n, x,t),f(n,x,0) =0
UL BCEX M, X € w, a h(n,x,t) sBiasercs (yHKIMEH TMepeMeH JUIi YHHUBEPCAIBHOTO MHOMKECTBA
{(x,n)| x € a(n)} Hymepanuu @ OTHOCUTENBLHO f.

IlonsTue EIl-quchHMoﬁ HyMe€paluM COBMAJA€T C KJIACCUYECKUM TMOHSITHEM BBIYMCIUMOMN
HyMepalyy CeMeicTBA PEeKyPCHBHO MEPEHHCIMMBIX MHOXKECTB [4]. MHOXECTBO BCeX X, -BHIUMCIHMBIX
HyMepaiuii cemeiictBa A 06o3HaunM uepes Comjl(A). Hymepanms a cemeiictBa A ceodumcsa K
HyMeparuu 3 3Toro cemeiictBa (a < f§), eciau CyNIeCTBYET peKypcuBHas (QyHKIHSA f, Ui KOTOpOU
a(x) =p(f(x)) nnn Beex x Ew. Eom a<f u f<a To Hymepauun @ u [ Ha3bIBAIOTCS
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oKkBUBaJeHTHbIMU (¢ = ). O6o3naunm uepe3 deg(a) cmenenv Hymepayuu «, T.e. COBOKYITHOCTb
nymepamuu {B|f = a}. OTHOWEHNE CBOIMMOCTH HyMepaLyy ABJSETCS mpeanopsakom Ha Comy ! (A) n
MHIyLMPYET OTHOIIEHHE YaCTHMYHOTO MOPSAJKA Ha MHOXECTBE cTeneHel Hymeparmu u3 Comyl(A),
KOTOpoe Tarkke OyznemM 0003HauaTh yepe3 <. YaCTH4HO ymopsa04eHHOE MHOKECTBO
Ryt (A) = ({deg(a)la € Comy ' (A)}, <)
SIBJISIETCS] BEPXHEH IOJypEUIETKOM, KOTOpasi Ha3pIBaeTCs NoidypeueTkoil Pomxepea cemelictsa A.
[lycte A,B — Tpou3BONIBHBIE MHOXECTBAa, a R — cOOCTBEHHOE MOAMHOXECTBO MHOXKECTBA .
OnpenenuM HyMepanuio Vi cemeiictBa S = {4, B}, nonaras
Ve (x) = {A, eciux € R;
B,eciux & R,
IS KQJKJIOTO X € W. Vg < Vo IS TMOOBIX MHOXKECTB R, Q Torma u TonpKo Torna, koraa R <,, Q. Kpome
TOro, Vg@vy = V. Takum oOpasom, oroOpaxkenue R +— Vg MHIyLMpYET M30MOP(HU3M BEpXHEH
MOJIypELIETKH Mm-cTeneHel L,, ¥ NodypelieTKh Bcex Hymepauuid cemelictBa S. B cimywae, korga
MHOXkecTBa A, B,R SBIAIOTCA B.I. MHOXKECTBAMH, IpHueM B C A, Hymepauus Vg sSBIseTCS X -
BBIYUCIMMON U OoTOOpa)keHHe R +— Vi MHAyLupyeT H30MOp(QU3M BEpXHEH MOJIypEeIIeTKH BBIYHUCINMO
TnepeYncIuMbIX m-creneneit LY, u nonypemerku Pomxepca Ry (S) cemeiictpa S [8].

Mpenoxenne. /s 1106020 1 = 1 u ona nobvix Xy -mmoocecmes A, B nymepayus vy sensemes 5,1 -
BLIYUCTUMOL, €CU YUCTO T — YemHOe U X5, 1 -6bIYUCTUMOL, eCU YUCTO T — HeYemHoe.

Hoxa3zareascrBo. Ilycts uucno n — dverHoe. Ilycte R — mpou3BoiibHOE HECOOCTBEHHOE B.IIL
MHOXECTBO U TyCTh (fs, hy), {fg, hy) — anmpoxcumarmonubie GyHKIMH Ui MHOXKecTB A, B
COOTBETCTBEHHO. CTPOMM amMpOKCUMAIMOHHbIE QYHKIHMH (fy,., hy,) JUTA HyMepaluu Vg CIEAyOmuM

00Opa3oM: s MOoOBIX X, Z, t € w ecnu x & R, To mycTh
ﬁ/R (x' z, t) = fB (Z' t),
hy.(x,2,t) =n+ hg(z,0).
u, ecu X € RY, To mycTh
fVR (x' Z, t) = fA(Z' t)r
hy.(x,2,t) = hy(z,t).

Hokaxem, uTo mapa QyHKumit (fy.,h,,) ynosnerBopser ycnousm 1)-3) B ompenenenuu. [lns
JIIOOBIX X, Z € W:

1) fVR(err 0) = fB(Z' 0) = 0.

2) hyp(x,2,0) =n+hg(z,0) =n+n=2n.

Ecmax € R, to hy (x,2,t +1) =n+ hg(z,t + 1) <n+ hp(z,t) = by (x,2,1).

Ecmmx € R*Mux € R', 10 hy,(x,2,t +1) = hy(z,t +1) < n <n+ hg(zt) = h, (x,2,0).

Ecmn x € R, 1o hy, (x,2,t + 1) = hy(z,t + 1) < hy(z,t) = h,(x,2,¢).

3) Hycts f,(x,2,t + 1) # f,,. (x, z,t). [lokaxewm, uto h, . (x,z,t + 1) # h, (x,2,1).

Ecm x ¢ R, 10 f, (x,z,t+1) = frzt+ 1) &f, (x,z1) = fr(z,t+1) = fr(zt+1) #
fe(z,t) = hg(z,t + 1) # hg(z,t) = hy (x,z,t + 1) # h, (x,2,1).

Ecrm x R ux ¢ R, 10 f,, (x,z,t + 1) = f(z,t + 1) & f,,(x,2,t) = fp(z,t) & h, (x,2,t +
D=hy(z,t+1) & hy (x,2,t) = hg(z,t) = fa(z,t + 1) # fp(z,t). Paccmotpum 2 ciyuas: mepBblit
cy4ait hg(z,t) > 0. B otom cywae hy,,(x,z,t) =n+ hg(z,t) >nuh, (x,z,t + 1) = hy(z,t + 1) <
n ¥ 0TCIOfIa CrienyeT, 4o hy, (x,z,t + 1) # h, (x,z,t).

Bropoii ciyuaii hg(z,t) = 0. B aToM ciyuae n — 4eTHOE 4YHCIO, ClieqoBarenbHo, fz(z,t) = 0. D10
o3Havaert, 410 f5(z,t) # f4(z,t + 1) = 1. Cnenosarensho, hy(z,t + 1) < n. 3nauur, h, (x,z,t +1) =
ha(z,t +1) <nmuh, (x,zt) =n+ hg(z,t) = n. Crenosarensuo, h, (x,z,t + 1) # h,, (x,z,t).
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Ecru  x €RY, T1O forz,t+ 1) =fu(z,t + 1) & f, . (x,2,1) = falz,t +1) = fulz,t +1) #
fa(z,t) > hy(z,t + 1) # hy(z,t) = h, (x,z,t + 1) # h, (x,2,1t).

[TycTp Teneps n — yeTHoe uncio. Takxke MycTh R — MPOU3BOIBHOE HECOOCTBEHHOE B.II. MHOXKECTBO M
nycthb (fa, ha), (f5, hy) — anmpokcumanmonHbie GyHKINH Ui MHOKECTB A, B coorBercTBeHHO. CTpOouM
annpoKCUMAalMoHHble QYHKUMU (fy,, R, ) And Hymepanmu Vg CHeyrolMM o0pasoM: Ui THoObIX
x,Z,t € w ecu x & RY, TO mycTh

for(x,2, ) = fp(z,0),
hy,(x,z,t) =n+ 1+ hg(z1),
U, ecu x € RY, T0o mycTh
va (x,2,t) = falz,1),
hy.(x,2,t) = hy(z,t).

[oxaxewm, urto mapa ¢ynkuuit (fy,.,h,.) ynosiersopser ycnosusm 1)-3) B ompenenenuu. [l
JH00BIX X, Z € w:

4) frr(x,2,0) = fp(z,0) = 0.

5) hy(x,2,0) =n+hg(z,0) =n+1+n=2n+1.

Ecmmx € R to by (x,z,t +1) =n+1+hp(z,t +1) S n+ 1+ hp(z,t) = by, (x,2,1).
Ecmx € R** T ux € R, 10 by (x,z,t +1) = hy(z,t +1) Sn<n+1+hp(zt) = hy, (x,21).
Ecmi x € RY, to hy, (x,2,t + 1) = hy(z,t + 1) < hy(z,t) = h, (x,2,1).

6) Ilycts f,,(x,z,t + 1) # f,,(x, z,t). Ilokaxem, uto h, (x,z,t + 1) # h, (x,z,t).

Ecm x € R™*Y, 10 f, (x,z,t+1) = fr(z,t + 1D &f, (x,2,t) = fr(z,t +1) = fr(z,t +1) #
fe(z,t) = hg(z,t + 1) # hg(z,t) = hy (x,z,t + 1) # h,(x,2,1).

Ecmn x € R*M ux € R, 10 f,,(x,z,t + 1) = fu(z,t + 1) & f,,(x,2,t) = fp(z,t) & h,,(x,2,t +
D=hzt+1)<n&h, (x,z,t) =n+1+hg(z,t) >n=> hy(z,t + 1) # hg(z, ).

Ecru  x €RY, TO forz,t+ 1) =fa(z,t + 1) & f, . (x,2,1) = falz,t +1) = fulz,t +1) #
fa(z,t) > hy(z,t + 1) # hy(z,t) = h, (x,z,t + 1) # h, (x,2,1t).

VuureiBas MPEeANOKEHHE, MOKHO CKa3aTh, YTO UIA JIOOOTO JBYXDIEMEHTHOro cemeiicTa X -
mHOkecTB S = {A, B} nonypemerka L9, uzomopdno BroxuTcs B momypemerky Pomxepca Ryt (S). A
€CJTM N — YeTHOE, TO BJIOKMMOCTh BEpHA M JUIs monypereTku Pomkepca Ry (S). INokaxkeM, 4T0 OLEHKH
BIIOKHUMOCTH TIONTypereTku L), B monypemeTky Pomkepca He yiTydImaroTcs.

Teopema. /[na n06020 n = 1 naiidemcsa osyxanemenmmuoe cemeticmeo Xy t-unoxcecms S = {A, B}
makoe, 4mo

|RZE(S)] = [Rpt1(S)] = -+ = |Rzp_1(S)] = 1

JlokazatenbeTBo. CTPOHM PA3pelIMMyi0 X, ' -BEIMHCIHMYI0 HYMEPALMIO Q@ CICAYIOIIMM 00pa3’oM:
a(0) = A u a(x) = B ans Bcex x = 1. [lycts T, — BCe X5 _1-BHIUMCINMBIE HYMEPALMH BCEX Sop_-
BhIYHCITHMBIX ceMeiicTs. [lycts a(k, x, i) — mpousBonbHas 1 — 1-Beruncnumas pyHkiuus. byaeMm cTpoutsb
anmpOKCUMaUOHHbIE GYHKIMH [y, Ny, f5, hp 111 MHOKeCTB A 1 B cooTBeTCTBEHHO U QyHKIMH g) (k €
), YIOBICTBOPSIOUME CIEAyIOmEMy TpeOoBanmio: Ecmm 1, — Yo, _;-BBIYHCITHMAs HyMepaLHs
ceMelcTBa S, TO g; BCIOMY OIpeliesieHa U CBOANT Ty K .

Crparterust 1 gy,.

Omnpenesiem fala(k,x,0),t) =1, hy(alk,x,0),t) =n—1, fela(k,x,1),t) =1,
hg(a(k,x,1),t) =n— 1. XKnéwm, noxa fr, (x,a(k,x,0),t) wm fr, (x,a(k,x,1),t) He NOMEHSIOT CBOH
3HA4YCHHUA.

Cnyuat 1. Bemu  gp(x) we onpenmenena, fr, (x,a(k,x,0),t+1) = fa(alk,x,0),t) u
hu(a(k,x,0),t) # 0, 1o mycts fy(a(k,x,0),t+ 1) =5g(fa(alk,x,0),t)) u hylalk,x,0),t+1) =

— 8 ——
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hs(a(k,x,0),t) —1. A eciu gy(x) wne onpenenena, fr (x,a(k,x,1),t+1)= fglalk,x,1),t) u
hg(a(k,x,1),t) # 0, 0o nycts fg(a(k,x,1),t+1) = @(fg(a(k, x, 1), t)) u hg(alk,x,1),t+1) =
hg(a(k,x,1),t) — 1.

Cuyuaii 2. Ecnin g He onpenienena, fr, (x,a(k,x,0),t + 1) = fy(a(k, x,0),t) u hy(a(k,x,0),t) =
0, To mycts gi(x) =0. A ecnu gy we ompenenena, fr (x,a(k,x,1),t+1) = fglalk,x,1),t) u
hg(a(k,x,1),t) = 0, To myctb g, (x) = 1.

Ciyuyaii 3. Ecnu 9 (%) omnpejeneHa u Ix(x) =1, TO yCTh
falatk,x, 1), t +1) =57 (fr,(alkx, 1,6+ 1) 1 ha(allex,1),t +1) = hy (x,alk,x, 1), +1).

Ecmu g (x) ompenenena u g (x) = 0, To nycts fg(a(k,x,0),t+1) = @(fnk (x,a(k,x,0),t + 1)) u
hg(a(k,x,0),t +1) = hy, (x,a(k,x,0),t + 1).

Koncrpykuus crparerun

Iar 0. ITycts f4(x,0) = 0, hy(x,0) =n, fz(x,0) = 0, hg(x,0) = n ang Beex x € w. U gp(x) me
omnpenenena it Bcex k, x € w. U mycts f,(x,y,0) = 0, hy(x,y,0) = n s Bcex x,y € w. [lepexoaum
K CIIEIYIOIIEMY IIary.

Hlar t+1. Iycte m = I(t), k = [(m), x = r(m) 1 BBIIOIHIEM HHCTPYKIMHU CIEAYIOIIUX CITyYacB.

Cnyuaii 1. Ecnu t nHaummeHbInnii Homep Takoi, uro [(t) = m, 1o nyctb fy(a(k,x,0),t+1) =1,
hy(alk,x,0),t +1)=n—1 u fglalk,x,1),t +1) =1, hg(a(k,x,1),t +1) =n — 1. Ilepexoaum B
KOHEII 111ara.

Cnyuyaii 2. Ecnu Haiimercs t' <t Takoi, 4TO l(t/) =1(t)=m u gL(x) ne onpenenena, TO
BBITIOJTHAEM UHCTPYKIIUH CIIETYIONIUX MOCTyYaeB.

Honcnyuaii 2.1. Ecu hy(a(k, x,0),t) # 0 u hg(a(k,x,1),t) # 0, To mycTh
fala(k,x,0),t+1) = @(fnk(x, a(k,x,0),t + 1)),
ha(a(k, x,0),t + 1) = hy(a(k,x,0),t) — 5g|fy, Cx, alk, x,0),t + 1) — f4(a(k,x,0),t)

felalk,x,1),t +1) = @(fnk(x, a(k,x,1),t+ 1)),
hg(a(k,x,1),t + 1) = hg(a(k,x,1),t) — @|fnk(x, a(k,x,1),t + 1) — fg(a(k, x,1),t)|.

IMepexoauM B KOHEII II1ara.

Honcnyuyait 2.2. Ecmu hy(a(k,x,0),t) =0 u fy(a(k,x,0),t) = fz, (x,a(k,x,0),t + 1), T0 MyCcTH
g,t:r1 (x) = 0. IlepexoauM B KOHEII IIara.

Honcaywaii 2.3. Ecim nozcmy4aii 2.2. ne Bemonnsercs, hg(a(k, x,1),t) = 0 u f, (x,a(k,x,1),t +
1) = fz(a(k, x,1),t), To mycts git = 1. Tlepexonum B KoHeIl ImIara.

Honcnyyait 2.4. Ecnu moaciaywau 2.1.-2.3. e BemosssoTes, to nycth fi(a(k,x,0),t+1) =
fa(a(k,x,0),t), hy(a(k,x,0),t +1) = hy(a(k,x,0),t), fglalk,x,1),t+1) = fglalk,x,1),¢),
hg(a(k,x,1),t + 1) = hg(a(k,x, 1),t). Ilepexoaum B KOHEII 1Iara.

Curyuaii 3. Ecin gk (x) onpenenena, To BHINOJHAEM HHCTPYKIMH CIETyIOIIUX MOCTYYaes.

Honcnyuyait 3.1. Ecu gk (x) = 0, To mycTs

fo(alk,x,0),t + 1) = 5g (frr, (x, alk, x,0), t + 1)),
hg(a(k,x,0),t + 1) = hy, (x,a(k,x,0),t + 1).
HCpCXOZ[I/IM B KOHEII 11ara.
Honcnyuyaii 3.2. Ecu gk (x) = 1, To mycts
falak,x,1),t + 1) = 57 (f (v, all,x, 1), 6 + 1)),
hy(a(k,x,1),t + 1) = hy, (x,alk,x,1),t + 1).

[lepexomum B KOHEII TIara.

)
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Konen mara. J/Ins Bcex m,y € w, ecu g4, (y) onpenenena, To nycts ghit(y) = gL, (y). Jlns Bcex s

takux, uro s # a(k,x,0) u s#a(k,x,1) nycrs fu(s,t +1) = f4(s,t), hu(s, t +1) = hy(s,t),
fe(s, t +1) = fg(s,t), hg(s,t +1) = hg(s,t). nsa Bcex x =1 u y nycrs f,(0,y,t +1) = fr(y, t +
1)5 ha(O:Y»t+1)=hA(y't+1)a fa(x'}’»t+1)=f3(}’»t+1), ha(oﬂylt+1)=h3(y't+1)~
[epexoauM K ClIeyOIEMY IHary.

CBoiicTBa KOHCTPYKIIHH

1. Jmaseex i = 1 a(i) = a(1). B yactaoctn, S = {a(1), a(1)}.

2. Jlns kaxporo y € a(0) U a(1) naiinercsa i < 1 u k,x € w takue, uro y = a(k, x,i).

3. Jlnst Beex k,x,t € w, ecnmu gk (x) onpenenena, Torna gi(x) onpenenena u gh(x) = gi(x) ans
BCEX S = t. B yacTHOCTH, Kakaas gy ABISETCS YACTHYHO PEKYPCHBHOM (YHKIUEN.

4. lnst kakaoro k, eciu 1, — HyMepalus ceMeHcTBa S, Tora gy BCIOAyoIpe/ielieHa.

CsoiictBa 1-4 o4eBUIHEL.

5.5 € 3, u a sBusiercs X, -BBIMMCIUMO#T HyMepariiei ceMeiicTsa S.

JlokazaTeqbeTBo. B Hammx MHOKecTBax Bee anemenTsl Buaa a(k, x, 0) wiu a(k, x, 1) (mo cBoHCTBY
2.) Jlns jmoKa3aTenbCTBa STOTO CBOWCTBA HAM JOCTATOYHO IOKa3aTh, 4TO (GyHKIMU h, U hg KOPPEKTHO
omnpezenensl. [1o KOHCTPYKIMU B HyJIeBOM mmiare ais Beex x hy (x,0) = hg(x,0) = n.

st h, MO KOHCTPYKIMH BHAHO, 4rto st snementoB Buma a(k,x,0) dyHkuust hy KOppEeKTHO
omnpejeneHa , T.e. JUis JI0oro t:

1) hy(a(k,x,0),0) =n,

2) fala(k,x,0),t + 1) # fa(a(k,x,0),t) = hy(a(k,x,0),t + 1) # hy(a(k,x,0),t),

3) hy(a(k,x,0),t +1) < hy(a(k,x,0),t).

A nnst anementoB Buaa a(k, x, 1) scuo, uro hy(a(k,x,1),0) = n. o xoucrpykimu f,(a(k,x,1),t)
MeHsieT CBO& 3HaueHWe JMIIb Toraa, korjaa gh(x) = 1. Ilycts t, — HamMeHbIIMii war, korna gk (x)
onpenenuica u gk(x) = 1. Mo moaciyuaro 2.3. fr,(x,alk, x, 1), t0) = fglalk,x,1),tp—1) =1 u
falatk, x,1),to) = 5G (f, (6, ak, x,1),£5) ) = 0 = fy(a(k,x,1),5) ams mobeix s < to. Suaumr, s
t < t, BTOpOE yCIIOBHE BBIMONMHSAETCS. A i t > t, odeBHAHO 1o mojacaydaro 3.2. Ilo KoHCTpyKIuu
BHIHO TO, 4TOObI GyHKuUs gy (Xx) ompemenwnach W paBHsiach 1, 1, (X) DOMKEH Kak MHHHMYM N
KosieOaHuit ucTpaTuTh. 3HauuT, hy, (X, a(k,x,1),tp) < 2n—1—-n=n— 1. Tax kak fy(a(k,x,1),5) =
n i Beex S < t;, MOHOTOHHOCTh (DYHKIIUH COXPAHAETCS.

A KOpPPEKTHOCTB hp TOKa3bIBAETCS TOYHO TaK XKe.

6. lnst mo6oro k € w, eci Ty — Hymepauus cemeiictsa S, 10 T, (x) = a(gy (x)) 11s Beex x € w.

Jdoxa3zarenbcTrBo. IlycTh 7, — HyMmepanus cemeiicTBa S U MyCTh X — MPOU3BOJIbHOE 4ucio. [lo
CBOWCTBY 4 (DYHKIUSI g) BCIOMY OMpeesieHa i no KOHCTpYKiuH gy (x) = 0 mwmm g (x) = 1.

Paccmotpum ciydait, korma gi(x) = 0. Jlokaxewm, uro m,(x) = a(0) = A. Ilyct t, — TaKoi
HauMeHbIuit war, 4to gk (x) onpenenena. [oiinem ot npotusHOTO, MycTh 7y (x) = B. Tak kak g (x) =
0 B KOHCTPYKIIMHU, HAYMHAS C MOMEHTA t,, Bcerna Oyaer cpabaTbiBaTh Mojacay4aii 3.1., u B peere

lim; (fB (a(k,x,0), t)) = lim; (@ (f,,k (x,a(k,x,0), t))) =
lime(f (ak, x,0),6)) # lim, (for, Cx, alk, x,0),1)).

DTO NPOTHBOPEYMT HAILIEMY MIPEANOIOKEHHIO T, (Xx) = B.
A cnyyait, koraa gy (x) = 1 qoKa3bIBacTCsl aHATIOTHYHO.

TARZAS) = |Rp1(S)]| =+ = [R5 ()| = 1.

JoxazaTenbcTBo. Ilo cyTH, HaM JOCTaTOYHO JOKa3aTh, YTO |R§ﬁ_1(5)| =1. Ecau Obl s
HekoToporo n<m<2n—1 6ema 661 |R;1(S)| > 1, 1O |7€§,§L (S)| > 1, Tak Kak MOIypeleTKa
Pomxepca HEKOTOPOTO YPOBHSI COAEPKHUT BCE HyMEpPAlMd M WX CTPYKTYPHI MOTYPEIIeTOK MEHBIIHX
ypoBHeit. Tak Kak 7j, — BCE Ly, -BBIUACINMbIC HyMEPALHH BCEX Yy 1 -BBIUHCIAMBI CEMEHCTB, TO €CIIH
T, HyMepaius -HyMepalus HAIIEro ceMeiicTBa, TO MO CBOMCTBY 6, Tj CBOAMTCS K Pa3pelnMoil X -
BBIYUCIIMMOM HyMepaluun a depe3 GyHKUuio g,. OTciona ciemyer, 4to |SR5,%_1(S )| =1.




ISSN 1991-346X Cepusa pusuxo-wamemamuueckasn. Ne 1. 2017

Caencreue. [I1s HEUETHBIX N HAMJETCS JBYXANEMEHTHOE CeMelcTBO X, -mMHOxectB S = {A, B}
TaKoe, 4To |.‘RZ_,%(S)| =1.

JlokazatenbeTBo. CTPOHM PA3pelInMyi0 X, ' -BEIYHCIHMYI0 HYMEPALMIO Q@ CICAYIOLIMM 00pa3’oM:
a(0)=A u a(x) =B mna Bcex x = 1. Ilycts T, — Bce Xy, -BBIYHCIMMEIE HyMEPALMH BCEX Zop-
BhIUHCITUMBIX ceMeiicTs. [lycts a(k, x, i) — mpousBonbHas 1 — 1-Beruncnumas pyHkuus. byaeMm cTpoutsb
anmpOKCUManUOHHbIe GYHKIMH [y, hy, f5, hp 111 MHOKeCTB A 1 B cooTBeTCTBEHHO U QyHKIMH g) (k €
w), yIAOBIETBOPSIOIINE CIeayIoleMy TpeGoBannio: Eciu ), — X, -BbIYHCIAMAs HyMepaIus ceMeiicTBa
S, ToTIa g; BCIOLYyOTpeesieHa U CBOANT Ty K .

Crpaterusi W KOHCTPYKIHUS OyIyT TakMMHU >Ke, Kak B TeopeMme. Bce CBOHCTBa TEOpEMBI TOXKE
BBITIOJTHSIFOTCS ¥ JTOKA3aBalOTCS TaKXkKe, 32 HCKITFOUEHHEM CBOMCTBA 5.

JlokaszarensCTBO coiicta 5. B Hammx MHOkecTBax Bce aneMentsl Buaa a(k,x,0) wm a(k,x,1) (mo
cBoiictBy 2.) nsi moKa3aTenbCcTBAa 3TOTO CBOKMCTBA, HAM JIOCTATOYHO TOKas3aTh, 4To QyHKUMH hy u hp
KOPPEKTHO orpezesneHbl. [1o KOHCTPYKIMH, B HyJIEBOM miare ajst Beex X hy(x, 0) = hg(x,0) = n.

Inst hy. Ilo KOHCTPYKIMH BHIHO, 4TO Ui dieMenToB Buma a(k,x,0) ¢yHkums h, KOPpPEKTHO
oTIpeJieNieHbl, T.€. JJIs TF00To t:

1) hy(a(k,x,0),0) =n,
2) fala(k,x,0),t + 1) # fa(a(k,x,0),t) = hy(a(k,x,0),t + 1) # hy(a(k,x,0),t),

3)hy(alk,x,0),t+ 1) < hy(alk,x,0),t).

ITo KOHCTPYKIMH BHIHO: 4TOOBI (QyHKIMSA gj(X) onpemenunach W paBHsuach 1, i (x) momwkeH
MCTPaTUTh KaK MMHMMYM 7 KoneGammit. 3mauut, hg, (x,a(k,x,1),t)) <2n—n=n. Tak xak
hy(a(k,x,1),s) = n gust Bcex s < t, MOHOTOHHOCTb (DYHKIIMH COXPAHSIETCS.

A s onemenros Buna a(k, x, 1) scuo, uro hy(a(k, x, 1), 0) = n. ITo xoucrpykimu, f,(a(k,x,1),t)
MEHSIET CBOE 3HauYEeHHUe JIUIIb Torya, korna ge(x) = 1. Ilycts t, — HaumeHbluii mwar, B kotopoM gk (x)
ompenenuiaca u gh(x) = 1. Ilo moacayuato 2.3. fr,(x,ak, x, 1), t0) = fglalk,x,1),tp—1) =1 u
fala(k,x,1),ty) = @(fnk(x, a(k, x, 1),to)) =0 = fy(alk,x,1),s) nnsa moObIx s < t,. 3HAUUT, I
t < to, BTOpOE ycioBue Boimonusercs. Us hy, (x,a(k,x,1),s) = n cnenyer, uto f, (x,a(k,x,1),s) = 1.
3naunr, korna cpabotaet noaciydyait 3.2 npu hy, (x, a(k, x,1),s) = n, dynximsa fu(x, a(k, x, 1), s) cBoe
3HAUYCHHE HE TIOMEHSIET, ¥ ATO 3HAUUT 2 YCIOBHS HE PYMIUTCA. A s t > t; OYEBUIHO IO TOJCTy4aro 3.2.

A KOppEeKTHOCTh hp TOKa3bIBaeTCS TOUYHO TaKXKe.
3ameuanmue. [Ipn 9eTHBIX N JOKA3aTEILCTBO CBOWCTBA 5 HE MPOXOIHT.
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LY, "KAPTBITOPBIHBIH EKI 3JIEMEHTI EPIIIOB UEPAPXUACBHIHBIH, JKUBIHJAP YWUIPIHIH,
POI/KEPC )KAPTBITOPBIHA EHYIHIH BAFAJIAYJIAPBI ’KAWJIbI

AnHoTanus. PexypcuB caHambIMABI M ICHIeWIepIiH KYpBUTBIMBI ©T€ KYPACT eKeHAIri »kakchl Oenrim. On
YHHUBEpCaJIIbl JEHTreill, mieKci3 Ti30e jkoHe aHTH-Ti30eci Oap JKOFapFbl KapTHITOPAbI Kypaitnel. JKone ne o
JKapTHITOPABIH KayThl LIEKCi3 eKeHiri Oenriii. by skymbIcTa pekepcuB caHAIBIMIBI M IEHTeHIep KapTHITOPHIHBIH
eki 31eMeHTTI EpIIoB nepapXusichIHBIH aKbIpiIbl IeHIeWiHAeri )KublHAap YHipiHiH Po/pkepc apThITOphiHA €HYIHIH
Oaranaynapel Oepinren. XXone ne Oip anemeHTTI Pompkepc >kapThITOPIapbIHBIH MbICAJIAPAbIH KOMeriMeH Oi3aiH
OarayiayiapJaH Ke3 KeJIreH TOMCH JCHI e Ieri Oaraiaynaphl )KaKCapThUIMANThIH/IBIFBI IOJICIICHTCH.

Tyiiin ce3aep: pekypcuB caHalbIMIbBI M JAEHreHIepiHiH kapTeITopsl, Poikepe kapTeiTopsl, Epiios uepap-
XHSCBI, PEKYPCHB CaHAIBIM/IBI KUBIHAP, LISHIITIM/I HOMIpIeyep.
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IDENTIFICATION OF CAPABILITIES OF THE EPR METHOD
IN STUDYING POROUS NICKEL ANODES BASED ON DEFINITION
OF PARAMAGNETIC CHARACTERISTICS OF CARBON FILMS

Abstract. In order to create a power supply based on the use as the porous nickel anode it was investigated the
possibility of studying the electron paramagnetic resonance (EPR). To this end, the EPR spectra of thin carbon films
on various substrates were investigated. Measuring by EPR was carried out on the spectrometer of the JOEL
company. The spectrometer operates in 3-centimeter wavelength range. The maximum sensitivity of the
spectrometer was 5 x 10° spin / sample at 100 kHz modulation of the magnetic field. As a reference sample it was
used Mn"? ions in MgO. Spectra measurement of samples was conducted in air at room temperature. Samples for
measurement were placed in an ampoules made of special glass, not giving the EPR signal. The article presents the
results of the study of thin carbon films by EPR method. The carbon films were deposited on various substrates:
glass, quartz, silicon, aluminum, nickel, etc. Analysis of the EPR line of the thin carbon film showed that it is
composed of: graphene, carbon nanotubes and graphite. Changing the parameters of the EPR spectrum of graphite
on its rotation angle relative to the rotational direction of the magnetic field indicates that the graphite film is in the
crystalline state. However, the EPR signal was unable to detect the carbon film deposited on a nickel substrate. This
is due to the strong signal from a ferromagnetic nickel substrate. It is further assumed to hold similar EPR
measurements of the carbon film deposited directly on the porous nickel anode.

Keywords: carbon film, sample, electron paramagnetic resonance, carbonation, spectrum, graphene, graphite,
nickel substrate.
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TOO «®u3nKO-TeXHUIECKUI HHCTUTYT», AJIMaThI

BBISICHEHUE BO3SMOXHOCTH UCITOJIB3OBAHUA METOJA 21IP
JJIAA U3YUYEHUSA ITIOPUCTOTI'O HUKEJIEBOI'O AHOIA
HA OCHOBE ONIPEJAEJIEHUSA ITAPAMAI'HUTHBIX
XAPAKTEPUCTHUK YIJVIEPOJAHbIX IIVIEHOK

AHHOTanusi. B 1ensx co3gaHusi MCTOYHHMKA TOKAa HA OCHOBE HCIIONb30BAaHHS B KayeCTBE aHOAA IOPUCTOTO
HHUKeNsl ObLIa KCCIIEOBaHA BO3MOXKHOCTh €r0 HM3YyYeHHS METOJOM 3JIEKTPOHHOIO MapaMarHUTHOTO Pe30HaHCa
(BI1P). C sro¥i nenpio ObUIM M3y4eHBI creKTpbl OIIP TOHKMX YTIEpOTHBIX IJICHOK Ha Pa3IHYHBIX ITOAJIOXKKAX.
N3mepenus merogom DIIP npoBoammmck Ha simoHckoM criekTpomeTpe ¢upmbl JOEL. CiektpomeTp paboTtaeT B 3-X
CAHTHMETPOBOM JHANA30HE [UIMH BOJH. MaKCHManbHAs UyBCTBHTEIBHOCTH CIIEKTpOMeTpa cocrasimsuia 5-10°
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crme/o6pasen; npu 100 kI’ Moy smmii MarHUTHOTO MOJIs1. B kadecTBe pernepHOTro 00pa3iia HCIOIb30BAUCH HOHBI
Mn?*" B MgO. U3mepeHust CieKTpoB 06pa3ioB MPOBOIMINCE B aTMoc(epe BO3LyXa IpH KOMHATHOH TeMIepaType.
OO0pa3Is! 11 I3MEpPEHH TOMEIIAJICh B aMITyJly M3 CIIEIaIbHOTO CTeKia, He nmatomiero curHaima JIIP. B cratee
MPEACTABICHBl PE3YNbTaThl MCCICNOBAHMS TOHKHUX YIJIEPOAHBIX IIeHOK MeromoMm OIIP. YrmeponHsle mieHKH
HaHOCHWJIMChH Ha pa3IMYHbIE MOJIOXKKH: CTEKIO0, KBapIl, KPEMHHM, aTFOMUHUN, HUKEIb U Ap. AHanu3 auHuu JI1P
TOHKOH YIJIEpOAHOM IUICHKH IIOKa3al, YTO B €€ COCTaB BXOIAT TrpadeH, yriaepoxHble HaHOTPYOKH U rpadur.
Wzmenenne mapamerpoB crektpa OIIP rpadura or yrima BpamieHust oOpasla OTHOCHTENBHO HAaIpaBJICHHs
MAardimMTHOro mnoJjigs roBOput O TOM, 4YTO Fpa(bl/IT HaxXoJUTCA B IUICHKC B MOJHUKPUCTAJUIMYCCKOM COCTOSIHUU. Ho
curnan DIIP He ynanock OOHapy>KUTh B YIJIEpPOJHOH IUIEHKE, HAHECEHHON Ha HHUKEJIEBYIO MOJUIOKKY. DTO MOXKET
OBITH 0OYCIIOBJIEHO CHIIBHBIM ()epPOMAarHUTHBIM CHUTHAJIOM OT HUKEJIEBOW IOJUIOKKH. B nanpHeiimem mpenmona-
raercsi IpOBEACHUE aHAJIOIMYHBIX M3MepeHuil OIIP Ha yriepopHoOW IUIEHKe, HAHECEHHOW HENOCPEICTBEHHO Ha
MOPUCTHIM HUKENEBbIM aHO.

Ki1roueBble cj10Ba: yriaepoanucTas IuIeHKa, 00pasel], 31eKTPOHHBIN ITapaMarHUTHBIN pe30HaHC, KapOOHU3aIus,
CHeKTp, TpadeH, rpaduT, HUKEIeBas MOJUIOKKA.

Bbuto mpoBeneHO HECKOJBKO SKCIEPUMEHTOB MO M3ydeHHro MeroaoM OIIP TOHKMX yriepomHbIx
TUIGHOK, HAHECEHHBIX Ha pas3iuyHble MOMIoKkH. OHM TOKazanu OONBHIYI0 HH()OPMATHBHOCTH 3TOTO
METO/a B H3yYEHHH MapaMarHUTHBIX XapaKTepPUCTHK HCIONb3yeMbIX o00pa3unoB. IIpoBeneHue 3TuX
U3MepeHuii O00YCIIOBIIEHBI HEOOXOAMMOCTBHIO OLIEHKM BO3MOXHOCTH Merona OIIP mins wm3yuenus
MOPUCTOTO HMKeNeBOro aHoja. Kpome Toro, usyuyeHre mapaMarHUTHBIX XapaKTEPUCTUK YTIEPOIUCTHIX
COCTMHEHHM caMo TI0 ce0e TpeCTaBiIeT OONBITON HAYIHBIH HHTEPEC.

Panee Oput0 MOKa3aHo [1-4], 9TO B ciaydyae MHOTOCTEHOYHBIX HaHOTPYOOk (MWNT) addexkTuBHEIM
METOJIOM KOHTPOJIS COAEpKaHMs HAaHOTPYOOK B oOpasue sBiserca DIIP-cnexkTpockonms.

W3mepenust npoBOAWINCh NPU KOMHATHOW TemIeparype B arMocdepe Bo3lyXa Ha CIEKTPOMETpE
OIIP smonckom ¢upmer JOEL, paboratomem B 3-X CM [uamna3oHe JIMH BOJH. MakcHManbHas
YyBCTBUTEJIBHOCTh CIIEKTPOMETPA COCTaBIIsIA S- 10° cnun/o0pasent npu 100 k[’ MOAYISIIMM MAarHUTHOTO
HOJISL.

B KadecTBe perepHoro 06pasia MCronb30Baaich HOoHbI Mn®" B MgO. CurHamsl oT oOpasioB ¢ g-
(haKTOpOM ~2 3ANMCHLIBAIOTCS MEXY 3-i M 4-if KOMIOHEHTAMH IIECTHIMHEHYaToOro crexktpa or Mn’"
O6pa3zerr pazMepoM 3X5 MM TTOMEIIAJICS B aMITyJIy W3 CIIEIIMaIbLHOTO CTeKIa, He maromiero curaana OI1P.
IIpn BBHINOJIHEHMH PE30HAHCHBIX YCIOBUM IyTeM H3MEHEHHS MAarHUTHOTO IO B OIPEIeNICHHBIX
npenenax mosisuics curnan DIIP, KoTopsli AeTeKTHpOBaJCs U MOJABaCs Ul pacledyaTku CIeKTpa Ha
IIPUHTEP.
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31ech MpHUBeIeHbl HEKOTOPHIE Pe3yNbTaThl U3YUYEHHS YTJIEPOJHBIX IUIEHOK METOJIOM 3JIEKTPOHHOIO
napaMarauTHOrO pe3oHaHca (OIIP). Ilpm wm3ydeHum mnoBeneHuss WHTEHCHBHOCTH curHama OIIP ot
BpPEMEHH T0CJIe HaNbUICHUs TIEHKH YCTAaHOBJIEHO, YTO MMEET MECTO M3MEHEHHE €€ BeNMYuHBL. (puc. 1).
Menee d4eMm 3a JBOE€ CYTOK IIOCJ€ HAHECEHMA IUIGHKM Ha KBapl, CTeKIo u KpemHuit ee OIIP
MHTEHCUBHOCTD ynasia 6ojee 4yeM B 2 pa3a. 3areM 10 8 CyTOK OHa MPAaKTUYECKH HE M3MEeHsuach. A oT 8
CyTOK 10 18 cyTok HabmromaeTcs MEIJICHHOE €€ yMEHBbIIEHHE Ul KBapla M CTeKia, Torjaa Kak Juis
KpeMHHUsl oTMeuaeTcsi ee HeOoinpinoe Bo3dpacranue. [locie 18 cyTok aisi cTekia M KBapla OTMEYEHO
HeOOJIbIIOEe BO3pACTaHWE WHTEHCHBHOCTH, a AJs KpeMHus — naaeHue. C 18 no 25 cyTtok Habmromaercs
CTaOMIM3alMs yPOBHS MHTEHCUBHOCTH curHana JI1P.

OOBIYHO yTIIepOIHBIE TUIEHKH UMEIOT JOBOJIBHO CIIOXKHBIM CTPYKTYpPHBI cocTaB. B OCHOBHOM B HETo
BXOIAT TrpadeHsl U rpadeHonogo0Hble 00pa30oBaHMs, HAHOTPYOKH DPa3IWYHBIX MapaMeTpoB, TpaduUTHI
PasHoOOpa3HON OPraHU3aluy U UX OKHCIEI.

[TosydeHHsle pe3yapTaThl MOKa3ajd, YTO B 3aBHUCHMOCTH OT YCJIOBUH MPOBEAEHUS IKCIEPUMEHTa
COOTHOILIECHHUS MEXKAY COCTABISAIOUIMMU YITIEPOIHON MIEHKU MOTYT 3aMETHO MEHSITHCA.

AKTyaJbHOCTb Pa3BUTHsI METOAOB MOJTyueHHs TpadeHa 00yclIOBIIeHa €r0 YHUKaJIbHBIMA CBOWCTBAMHU.
I'paden mMeeT BBICOKYIO DIEKTPO- H TEIIONPOBOAHOCTh, MPO3PAYHOCTh U MEXaHMUYECKYIO TPOYHOCTD,
YTO JIENIAeT €ro IMOJIE3HBIM MAaTEepUaJIOM Uil MCIIOIb30BAHUS BO MHOTHX 00JaCTSIX HAYKH M TE€XHOJOTHH
[1-3], BKITIOUAsi KBAHTOBYIO PJIEKTPOHHUKY.

B pabote ncnonb3yercss METOAMKA MMOTYYeHUs TPAQEHOBBIX CTPYKTYP, BXOJSIIUX B COCTaB yIIIEPO/-
HBIX IUICHOK, 0Opa3yIomuXcs NP MarHETPOHHOM WM YJIBTPa3ByKOBOM BO3ACHCTBHM Ha BO3TOHSIEMBIC
Mapbl ApOMAaTUYECKUX YIJIEBOAOPOAOB [4-7] 1 IPOBEEHNE UCCIIEOBAHUA UX TapaMarHUTHBIX CBOMCTB.

W3 anamuza OIIP crniexTpa oOpasna yCTaHOBIEHO, YTO B YIJIEPOJHON IUICHKE IPHU HANbUICHHH,
MOMHUMO rpadena, 00pa3yroTcs TaKKe yriepoiabie HaHOTPYOKH (g=2,0037) u rpaduThL.

INupuna muaun O1IP yriepoaHOH MJIEHKH HA CTEKJIE B 3TOM Cilydae nosrydaercs paBHoil AH=16,40.
Ckopee Bcero, €¢ yIuupeHue 00yCIIOBICHO UIIOJb-TUIIOIBHBIM B3aUMOJICHCTBHEM MEXIy rpad)eHaMHu U
HaHOTpyOKamMH. AMIUIMTyJa CUTHajla OT YIJIEPOAHOW IUICHKHM, HAHECEHHOW Ha allOMHHUH, B 3 pasza
MEHbIle, YeM Ha CTeKJe, a IIMpUHa JuHUH cocTaBisieT 8,3 O. Ha cmekTpe HaOmOAaloTCsi M3THOBL,
MO3BOJIAIONINE BBIICIUTh BKIAAbI B CYMMapHYIO JIMHHIO OT TpadeHOB, HAHOTPYOOK M rpadutoB. Mx
COOTHOIICHHE B IJICHKE JUIsl TAHHOTO ciiyvasi paBHoO 2:5,2:1,8.

B pabore Tak ke paccMOTpeHa BO3MOKHOCTh OMNpEAETICHUS MapaMarHUTHBIX XapaKTEPUCTHK
TUTAaMEHHU TBEPAOTO TOIUIMBA HAa OCHOBE M3MEPEHHUS METOAO0M 3JEKTPOHHOIO MapaMarHUTHOTO pe30HaHca
(OIIP) TOHKMX yIiIepOIHBIX TUICHOK, IIOJIy4aeMbIX U3 IPOAYKTOB 0TOOpA U3 Pa3IMYHbIX YacTeH IJIaMEHU.

Meton OIIP mmpoko wucnonb3yercs Uil M3Y4YEHHS pa3peKeHHbIX IuameH (3-5 MM pT.CT.) ¢
UCIIOJIb30BaHUEM CTaHAapTHBIX criekTpomeTpoB JI1P, paGoratommx B 3-X CaHTUMETPOBOM JHara3oHe
unH BosH [1-4]. HeGonpire pa3Mepsbl KBapLEeBbIX TPYOOK M KIOBET, HCIIONB3YEMBIX B 9TOM JIHAara3oHe
OINP—creKTpoCKONMH, HECKOIBKO OTPaHUYMBAIOT €r0 BOZMOKHOCTH M3-32 THOENN aKTUBHBIX LIEHTPOB Ha
CTeHKaX KBapLEBBIX peakTopoB. IIpencTaBiser MHTEpeC MOMBITKA MCIIOJIb30BaHus criekTpomeTpos OIIP,
paloraromux Ha Oojee HM3KMX YacTOTaX, C PEe30HAaTOpaMH OOJBIIMX Pa3MepoB, YTO HPUBOIUT K
3HaYUTEIbHOMY YBEINYEHHIO Pa3MEpOB KBapIEBBIX PEAKTOPOB U, COOTBETCTBEHHO, K YMEHBIIECHUIO
ru0eiy Ha UX CTEHKaX aKTUBHBIX LICHTPOB [9].

Tem He MeHee, BIEPBbIE M3YUYEHHE NPAKTHUECKH HPU aTMOC(HEPHOM [aBJIIEHHE TOPSYEro IJIaMEHH
NIPY €ro MOJIyYeHHH B Pe30HaTope OBbUIO MPOBENEHO Ha 3-X CAHTHMETPOBOM CIEKTPOMETpE B KBapLEBOU
TpyOKe, mpoxosiiel uepe3 pezonarop. [Ipu atom merogom BIIP perucrpupoBaiich aTOMBI BOJOPOAA
[10].

Heonnoponno yumpennsie auHun cnekrpa OIIP, xortopeivu sBisrorca auHuu OIIP yriepoaHsix
TUIEHOK, 3a49aCTYI0 coJiepKaT OOJBINYI0 U TOJIE3HYI0 HH(opMalnio Kak 00 M3ydaeMbIX MapaMarHUTHBIX
nentpax (I1L[) kak TakoBBIX, TaK U O CTPYKTYypE M3y4aeMOro 00OBEKTa, B COCTAB KOTOPOTO OHM BXOZSIT.
PaccMmoTpenunto nmpupoasl HEOIHOPOAHO yUpeHHbIX JuHui OIIP M nx aHanusy mocBsieH psaj padoT
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TEOPETHUECKOTO M OKCIEPUMEHTAILHOTO IuTaHa, Hampumep [1-3]. K coxanennro, Ha OCHOBaHWHU
WCIIOJIb30BaHMsl 3TUX paboT He Bcerna yAaeTcs IMOJNYyYUTh TOJNHYI M OJHO3HAUYHYH HH(OpMAIHIO O
HEKOTOPBIX XapaKTepHUCTHKaX MapaMarHUTHBIX LEHTPOB, BXOISIIMX B COCTaB H3y4yaeMOr'o OOBEKTa —
3HaYCHUU WX g—(PaKTOpPOB W OTHOCHTEIIFHOTO WX BKJIama B cymmapHbIi criektp OIIP. K ToMy ke >t
METOABI TPeOYIOT MPOBEACHUS JOMOTHUTENBHBIX HEMTPOCTHIX IKCTIEPUMEHTOB, CBSA3aHHBIX C HACHIIICHHEM
cunektpa DIIP MHKPOBOJHOBOWH MOIIHOCTBIO NPH PA3NIUYHBIX €€ YPOBHAX. A 00paboTKa MONYYEHHBIX
PE3yIbTaTOB - YPE3BBIYAIHO KPOMOTINBAs paboTa, 3aHUMAIOIIasi MHOTO BPEMEHH.

3nech npeanaraeTcs MpocTold U MHOOPMATUBHBIA METOJ aHajli3a HEOJHOPOIHO YUIMPEHHBIX JHHUM
OIIP, ymupeHue KOTOPBIX OOYCIIOBJIEHO CIIOKEHHEM OTAenbHBIX JuHuil JIIP n3ygaemoro ob6pasia,
MMEIONINX DPa3INYHbIe 3HAYEHWS WHTCHCHBHOCTH, BENWUYWH g — ¢akrtopoB u mupuH auanu DIIP. On
yCTpaHseT OTMEUEHHbIE HEIOCTAaTKH, MO3BOJIAS MOIYYUTh Pe3yJIbTaT, 3aKJIIOYarolIUiCA B TOM, YTO Ha
OCHOBE pAacCMOTPEHHUSI TPOBEAECHHOW JHMHHHU, COEAMHSIONIE MaKCUMyM M MHUHHUMYM crekrtpa OIIP
M3y4aeMoro obpasiia, aHATH3UPYIOTCS Ha HEeW TOYKW Tepernda, YTo MO3BOJSET OMPEACTUTh KOITHIECTBO
KOMITOHEHT, COCTaBIISIOIINX CIIEKTP, COOTHOIICHHSI UX BEIWYHMH M 3HAYCHUS UX g — aKTOPOB.

N3zBectHO, uTo MeTon DIIP mmpoko ucmonb3yeTcs MpU U3yUYeHUH YIIIEPOAHBIX CHCTEM, HallpUMep,
[8-18]. B maHHOM ciTy4ae paccMOTpEeHHE MPOBEICHO HA IPUMEpE HEOTHOPOIHO yImupeHHOH muHuu DI1P
TOHKOH YTJICpOTHON IUICHKH, HAHECEHHOH Ha CTEKITHHYIO NOMIOXKKY. BooOmie, miuéHka MoxeT
HAaHOCUTBHCS Ha pa3juyHble MOJUIOKKH, B YaCTHOCTH, Ha KBapll, KPeMHHUH, cTekio u ap. ToHkue
YTIIEpOAHbIE TUIGHKH Pa3IUIHON CTPYKTYPHI HAXOAT CaMoe IHPOKOE MPUMEHEHNE BO MHOTHX OOIaCTsIX
HayKd M TEXHUKU. DTO OOYCIOBJICHO DPAJOM HX TIOJIE3HBIX CBOWCTB, TAKUX KaK BBICOKAas TBEPAOCTb,
TUBJIEKTPUYECKUE XapaKTePUCTHKH, TEIJIONPOBOAHOCTh U Jp. CBOWCTBA TOHKHUX YTJIEPOJIHBIX IUIEHOK B
3HAYUTENHFHON CTEMEHH OMPEAETIAIOTCS CIocoO0M WX ToiydeHws. B paccmarpmBaeMoM ciydae TUIEHKH
nonyvanu Ha ycraHoBke AX5200S—-ECR ¢upmsr Seku Technotron Corp., ocHaneHHOW MUKPOBOTHOBBIM
u3Iy4aTeneM JUIst Bo30ykaeHus 1iasMel. [Ipu mnasmennom paznoxenun cmecu CHy n Hp u ocaxxaenun
yriepoia Ha pa3IUdHbIe TOUIOKKH (CTEKII0, KBapIl, KPEMHUH U Jp.) HA HUX 00pa3yloTcs yIiepoaHbIe
TUIEHKM TEMHOBATOTO CBeTa. B Hamem ciydae BpeMs OcaskAeHUs yriepoa Ha MOAJIOKKY ¢ 00pa3oBaHHEM
IUICHKH ObUIO 2 Yaca mpu BO30YykaeHuu mia3mel B cMecu CHy + H, +A; npu naBnenuun 3,8-10'2 TOpP.
ITonBoauMass MUKpPOBOJIHOBas MOIIHOCTh B kKamepy coctaBisuia 540 Bt, a orpaxenHas — 84Br,
natexanne CH,; um H, GbUI0 OMHAKOBEIM M paBHBIM 20 cM’/MuH. M3MepeHMs TOJIIMHBI [UICHKH HA
MHUKpPOCKOIIE MMOKa3alH, YTO MCXOJHAs TUIEHKa MMEeT TONIIMHY 1,2 MKM, a TOCJe OTXHra IOJIy4eHHOU
yriiepomHo# mieHkn, Hanpumep, 1o 800 °C ee TommmHa yMeHbIMIACh 10 0.8 MkM. OTXHUT 00pa3IoB
MOJYYECHHBIX YIIIEPOIHBIX TICHOK MMPOBOIUIICS Ha 3TOH k€ yCTaHOBKE B aTMoc(epe pa3IuvHbIX ra3oB, a
TaKKe B BAKYyMe C OCTATOYHBIM JaBleHHneM ~3-107 Topp.
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Pucynoxk 2 - Cnextp OIIP ToHKOI! yriepoaHo IJICHKH Ha CTEKJIE ITPU HAIIBIJICHUH B TEUCHHE 2-X 4.
I'ne: 1) 331.446, g=2.03256, 2) 340.627, g=1.98078, 3) 336.321, g=2.00612, 4) 336.552, g=2.00475, 5) 336.687, g=2.00394, 6)
36.981, g=2.00219, 7) 337.260, g=2.00054, 8) 337.633, g=1.99832
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Kak yxe ymomunamoch, B OIIP-cnekTpockomuu B KadecTBE BTOPUYHOIO oOOpa3la dYacTo
VICTIONB3YIOTCS HOHBI IBYXBAJICHTHOTO MapraHIa B pemerke okucy Maraus (Mn>” 8 MgO). Crextp DIIP
3TOro oOpasua cocTouT u3 mectu Juauid DIIP, mexny 3-eli u 4-0if KOMIOHEHTaMH KOTOPOTO OOBIYHO
3aIMKCHIBACTCS CIIEKTP M3ydaeMoro oopasua. AHaiu3 TpeTheid Juauu DI1P, kak U BceX OCTaJIbHBIX JTMHUN
CIEKTpa [BYXBaJEHTHOIO MAapraHIa, IOKa3bIBa€T, YTO HA JIMHHUH, COCOUHSIOIIEH €€ MaKCUMyM H
MHUHHMYM, OTCYTCTBYIOT KaKue—IH00 U3rHObI (M3710MBbl). DTa JTMHUS HICaTbHO IpsMas.

Ho npyryro kapTiHY MOKHO HaO0AaTh Ha MOJTOOHOH JIMHUK HcclieayeMoro oopasna. Tak, B ciydae
M3y4aeMoro HamH o0Opasla TOHKOM yIJIepOAHOM IUIEHKU Ha MOBEPXHOCTH CTEKJIA (KCTAaTH, aHAaJOTMYHas
KapTHHa HAOJIOAAeTCs U TPU MCIIOJIb30BaHUH MOJIOKEK U3 APYTHX MaTEpUallOB: KBapll, KDEMHHUH H T. 11.)
Ha 3TOH NMpsAMON 00HAPYKEHBI TPH U3JI0Ma (CMOTPU PUCYHOK).

Ha pucynke npusenen cnektp OIIIP yriaepogHol mieHKH, MOJYYEHHOHM MpH IUIa3MEHHOM
pasnoxxennn cMmecu CHy 1 H, B Ar u ocaxneHun o0pasyrouierocsi MpH 3TOM YIJIEpoJa Ha CTEKIIO.
TemHbIe TOYKH Ha JTMHUH, COSTUHSIONIEH MAKCUMYM U MUHHUMYM 3TOTO CIIEKTpPa, COOTBETCTBYIOT Haday
U KOHILly K&XIOro M3 TPeX yYacTKOB, OOpa3yIOIIMXCS B pe3yibTaTe M3JIOMOB Ha 3TOH JuHUM. CBeTIble
TOYKHM XapaKTepU3YIOT CEpeluHYy Ka)XIOro ydacTKa, T.€. CpeJAHHE 3HAu€HUS WX HHTEHCHBHOCTEH MU
BEMYMH MX g—(pakTopoB. TakuM 00pa3oM, 3TH W3JIOMBI JENAT 3Ty JHHUIO HAa TPU YaCTH, KaxIas U3
KOTOPBIX XapaKTepU3yeTCsl CBOMM 3HaueHueM g—¢akTopa M pasmepoM. Kak 3To cienyer U3 pHCyHKa,
COOTHOULIEHHE MEX]y BEIMYMHAMHU Y4YacTKOB ompezenseTcs kak 2:5,2:1,8. DTo cBUAETENbCTBYET O TOM,
4YTO TOJy4aeMas TOHKas yriiepojHas IUIeHKa OOycIOBJIEHA TpeMsi COcTaBsIIoNMMU. B moamucu x
PUCYHKY TNPEICTAaBICHbl BEIMYMHBI MAarHUTHOTO TOJNA M 3HAa4eHUs g—(aKTOPOB, COOTBETCTBYIOLIHE
BBIJICJIEHHBIM TOYKaM Ha crekTpe. KpoMe Toro, 3Ha4yeHUs MarHUTHOTO MOJIS B g—(HhaKkTOPOB MO HOMEPOM
1 u 2 cooTBeTCTBYIOT MapameTpoM 3-u 4 JuHUM criekTpa Mapraia. [lepsblil yuactok umeer g=2.00420,
gyTto XapaktepHo mis crnekrpa JIIP rpadena u ero coegunenuii. Bropo#t ydacrox mmeer g=2.0031. C
TakuM  g-(QakTopoM MOTYT OBITh YIJIEPOAHBIE KOMIIOHEHTBHI, OOYCIIOBIICHHBIE YTJIEPOIHBIMU
HaHOTpyOKamu. TpeThsi KOMIIOHEHTa YTIIEPOIHOHN IJICHKU MMeeT g—hakTtop, paBHbIi 2.00118+2.00164 B
3aBUCHMOCTH OT YTIJIa BpallleHus o0pa3la B MarHUTHOM I10JIe. DTO CBUACTENBCTBYET O HAJIMYMH B COCTaBE
YIIEPOIHBIX MIEHOK pa3HBIX GopM rpaduta ¢ HEKOTOPOH CTENEHBIO €0 KPUCTAJUIMYHOCTH.

AHanornyHasi KapTHHA MOXET HaOMIoaTbcs Ha YTJIEPONHBIX IJICHKAaX, IMONYy4aeMbIX IMPH HX
OCaXXIICHUH Ha MOJUIOKKY (KBapll, KPEMHHUHU U Ip.) IIPU OTCOCE U3 PA3JIMUHBIX YacTel MIaMeHH IPOAYyKTOB
TOPEHUSI TBEPAOTO TOILIMBA C IOMOINBIO Kamwuigpa. He Wckio4eHo, 4To B cuily Oojee CIOXKHON
CTPYKTYpHI TUIAMEHH TBEPAOTO TOIIMBA U criekTphl JIIP OynyT uMers Oojiee GoraThlii XapakTep, 4YeM B
npuBeéHHOM npuMepe. OnHaKo, 3T0 B NPUHLXIE HE MOMENIAEeT MPOBEIECHUIO 30HAUPOBAHUS IIJIAMEHU
npeasaraeMoidl METOAMKOM, YTO MO3BOJHUT MOJYYWUTHh IOJE3HYI0 WHPOPMALHUIO O CTPYKType IUIAMEHH
TBEP/IOTO TOILINBA.

Takum oOpa3om, mnpeanaraeMas METOAWKA aHalM3a HEOMHOPOJHO ymmupeHHoW mmHuu OIIP,
paccMOTpeHHass Ha NpUMepe TOHKOM YIJIEpOAHOM IUIEHKH, IIO3BOJIIET OMNPEAEIUTh KOJIHUYECTBO
COCTaBJISIOMIMX CIOXKHOTO criekTpa DIIP, B 4acTHOCTH crekTpa ropsiuero IiaMeHH, X OTHOCHUTEIbHBIC
3HAUYEHUs] UHTEHCUBHOCTEH U BEMWYMHBI UX g—(hakTopoB. KOHEUHO, 3Ty METOAMKY MOXHO HCIIOJIb30BATh
U TpU aHaAJIM3€e HEOJHOPOJHO YIIMpEeHHbIX JuHUM OIIP, cOOTBETCTBYIOMIMX HEKOTOPBIM JPYTUM
MapaMarHUTHBIM CUCTEMaM.

Metonom DIIP Obimu MccnenoBaHbl €Ile HEKOTOPbIE CHCTEMbI MOJIE3HbIE IS WCIOIb30BAaHUS HX B
KBaHTOBOM AJIEKTPOHUKE.

UzBectHo [19-21], uto HUTpUA kpemHus (Si3N4), sBIsSsSCh BaXKHOW KOMIOHEHTOW B COBPEMEHHOMN
KPEMHHEBOH MHKPOIEKTPOHUKE, HAXOAUT B HEW IIMPOKOE NMPHMEHEHHE B KauyeCTBE HM3O0JIHPYIOIIHUX H
MACCUBUPYIOIIMX MOKPBHITUH. B CBS3M ¢ 3TUM HCCIeNOoBaHHME WX Pa3IUYHBIX (U3NUYECKHX CBOMCTB
MIPEICTABIIACTCA BEChbMa aKTyallbHBIM. Tak, B pabdote [21] ObUIM JeTaIBHO MCCIEIOBAHBI €T0 ONTHIECKUE
cBoiicTBa. Ham mpencraBiseTcss MOJE3HBIM H3YYEHHE €r0 NapaMarHUTHBIX XapaKTEPUCTHK METOAOM
3JIEKTPOHHOTO NMapamarHuTHoro pezonanca (JI1P). beum uccnenoBansl 3 cepunt 00pas3uoB:




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

1. O6pasisr Si0,/Si, MmmanTupoBanHsie Zn sueprueit 150 Kop u duroencom 7,5%10'° cm™, a taroxe
oGnyuennbie Xe sueprueit 200 Mo u dmoencom 210" e, (Ne6)

2. SiN,/Si, o6nyuennsie Xe sueprueii 200 Mos u dumoerncom 2*¥10' cm. (NeB23)

3. Si3N4/Si04/Si, o6myuennsie Xe sueprueii 200 Map u pmoencom 210" em, (Nel)

Ot 00pa3usl UCCIEOOBAINCH B 3aBUCHMOCTH OT OPHEHTALUHU IUIOCKOCTU 00paslia OTHOCHTEIBHO
HampaBJeHMs BHEIIHero MaruutHoro nosd npu 0°, 60°, 120°, 180°. Pe3ynpTaThl U3MepeHUil CBEJECHHI B
TaOMHILy, IPEACTABICHHYIO HIXKE.

B Ta6mume I, u 1Y amnmuryner cursana DI1P u3MepeHHOr0 HMcciemyeMoro odpasiua ¥ HOPMHPOBAH-
HOTO Ha 3-TO JIMHHIO CIIeKTpa oOpasia HoHoB Mn>" B MgO, BCTPOGHHOTO B PE30HATOP IS PErHCTPALIHH
YCIIOBHMIA 3aIIMCH H3ydaeMoro o6pasia, Iy, — aMmmTya curaana ot Mn®", AH — mupuna muaum n3ydae-
Moro obpasia B spcrenax, AH® ee ksagpar, IH-AH” unTerpansHas MHTEHCHBHOCTB CIEKTpa, g-(akTop
cnekrpa OIIP u3zyyaemoro obpasia, nanee Bec oOpasia B TpaMMax, HOPMHPOBOUHBIH K03 duireHT Ha 1
TpaMM M MHTErpajibHas HOPMHPOBAHHAS MHTEHCHBHOCT Ha | rpamm, nonmydaemas ymuoxenuem 1H-AH?
Ha mpenslaymui ko3ddunuent. BuaHo, uyTo BpamieHue oOpasia Majio BIMSET HAa MHTETPAlbHYIO €ro
WHTEHCUBHOCTD. [10 HalieMy MHEHHIO, 3TO CBSI3aHO ¢ aMOP(HOM CTPYKTYpOH UCcIelyeMoro o0pasia.

Tabmuna
Ne 1. Iun Kun 13 AH AH? INAH? | g-factor | Bec(rp) | Kooad. Orn
HOPMHUp | WHTEHCHB.,

OBaHHS HOPMUP.

Ha lrp Ha lrp

6 (09 95 134 1 95 15.3 233.9 22221 2.00600 | 0,0123 81,3 180 656

6 (60°) 94 133 | 1.008 | 94.1 15.3 233.9 22010 2.00564 178 941

6 (120%) 93 132 | 1.015 | 944 153 233.9 22079 2.00581 179 502

6 (180°) 93 128 1.05 | 974 15.1 228.6 22256 2.00592 180 941

B23 (0°) 115 77 1 75 15.1 229.2 | 1719147 | 2.00526 | 0,0123 81,3 139 762

B23 (60°) 83 72 1.07 79 14.7 215.5 170247 | 2.00531 138 230

B23 74 74 1.04 | 925 152 229.5 | 189350 | 2.00559 153950
(120°)

B23 91 87 0.72 | 82.8 | 15.02 | 225.6 | 186797 | 2.00540 151 866
(180°)

1 (09 83 87 1 83 15.8 248.9 | 206587 | 2.00436 | 0,0243 41,2 85015

1 (60°) 87 95 0.92 80 15.6 2434 | 194497 | 2.00447 80 092

1 (120°) 91 97 0.9 81.9 15.8 248.9 | 203849 | 2.00445 83 985

1 (180°) 89 95 092 | 81.8 15.7 246.0 | 202867 | 2.00442 83 582

brima Taxke crmenaHa MOMBITKA HCClenoBaTh criekTp OIIP yriepomHoi miieHKH Ha TMOMJIOKKE W3
Hukest. K cokaneHuio, u3-3a CHJIBHOTO CHUTHajda QeppoMarHutHoro pe3oHanca(®MP) ot Hukens
oOHapyxwuth curaan DIIP oT yriepoaHol mieHKH Ha HEM He yAaJoCh.

Taxkum o0pa3om, mnpuBeneHHBIC naHHble OIIP W3MepeHWid pasTUYHBIX YTICPOAWCTHIX CHCTEM
MOKa3aJIM MEePCIEeKTUBHOCT UX u3yuyeHus metogoM OIIP. K coxxanenuto, usyueHue yriaepoaHoil IUIEHKH,
HAaHECEHHON HA TOMJOXKY W3 IUTACTMHBI HHUKEINs, OKa3aJoCh HEBO3MOXHBIM H3-32 CHJIBHOTO
(eppOMarHUTHOTO PE30HAHCHOT'O CHTHANa OT HHKeNs. MOXXHO HAAEAThCsA, YTO 3TO IMOTJONICHHE B
MTOPUCTOM HHUKeJe okaxkercs cimadbee. K Tomy ke, He uckmoueHo, uto OMP curHam cam MOXeT JaTh
MOJIe3HYI0 MH(OpPMAIHMI0O O CBOWCTBaX MOPHUCTOrO HHMKEJIEBOTO aHOJA B 3aBHCUMOCTH OT YCJIOBUH €ro
KCIONIb30BaHus. JlanpHelre necae0BaHusl MOKAKYT IPaBOMEPHOCTD 3TOTO NPEANOI0KECHHUS.
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KOMIPTEKTI KABBIKINAHBIH TAPAMATHUTTI KACUETIH AHBIKTAY HET'I3IHJAE KEYIKTI
HUKEJBAI AHOATHI 3EPTTEY YIUIH 31TP 9AICTHIH MYMKIHIIT'T

AHHOTanmsi. AHOJ| peTiH/le KeyIKTI HUKENb/l KOJIIaHy apKblIbl TOK KO3iH TYABIPY MaKcaTbIHIIA, JIEKTPOH/IBI
napamarauTTi pesonanc (OI1P) axiciMeH oHBI 3epTTEey MYMKIHAIT KapacTeIpbulabl. OCkl MakcaTTa SpTYpJli TOCEHIII
ycTiHe XyKa KeMipTekTi KaObIKmansH JIIP criektpi 3eprrenmi. JIIP omicimen 3eprrey xamorasik JOEL dupmacs-
HBIH CIIEKTpOMeTpiHae Kypriziaai. CriekTpoMeTp 3 CAaHTUMETPIIK TOJIKBIH Y3BIHABIFBIHIIA KYMBIC icTeiini. Maraut-
Tik epicTiH Moxymsmmsacel 100 x['m OonmFaHAa, CIIEKTPOMETPAIH MAaKCHMAJIBIK CE3IMTaNIBIFEI 5-10° CITUH/ Y.
BarpITTayme! (cerHaMansr) yari peringe MgO-ne Mn?" HOHIApPBI KOIIAHBLIEL. Ouniieyre apHanfaH yariep apHaiibl
OI1P curnanbiH OepMeiTiH IIbIHBI amiTyJiara canbiabl. Makana DIIP oxici OolibIHIIA KOMIPTEKTI KYKa KaObIKIIAHBI
3epTTeY JKYMbBICHIHBIH HOTIXKeJepl kentipiireH. KeMiprekTi kaObIKianap opTypil TOCEHIll yCTiHE KOHABIPHUIIbL:
IIBIHBL, KBapll, KpeMHHH, aTlOMUHN, HUKEJb XKaHe 0ackaza.

YuriHig cnekTpiH eney aya arMmocdepacbiHza, O0eyiMe TemIiepaTypachiHaa icke acThl. JKyka KemipTekTi
KaObIKIaHbIH OIIP ChI3BIFBIHBIH capanTamachl, OHbIH KypaMbIHAa rpad)eH, KOMIPTeKTI HaHO TYTIKIIE JKoHE rpadut
OapbiH kepcerTi. I'padur crekTpi mapamerpiHiH OyphIIKa KaTBICTHI ©3repyi, Oyi rpaduTTiH XKyKa KaObIKIIamga
MOJMKPHUCTAIIBI TYpiHZE Ke3JeceTiHiH Kepcereai. bipak HHMKeNb TOCEHIIIIHIH YCTiHE OpHAlIAacKaH KOMIPTEKTi Ka-
ovikmanbH JIP curHans! TipkenMeni. By KyOBUTBIC HUKENb TOCCHIMIIHIH KaTThl (PeppOMAarHUTTUTITIHIH CUTHATHI-
HBIH calgapblHaH 00yl MyMKiH. Kenemekre ocblFaH coiikec emieyiep KeyikTi HUKeIb/Ii aHOJ| YCTiHE OpHAJIacKaH
KOMIpTEeKTi KaOBbIKIIaFa KYPri3ily jKocmapiaHya.

Tyiin ce3mep: KeMipTeKTi *XyKa KaOBIKIIAmap, Yiri, 3JEKTPOHIBI MMapaMarHATTI pe30HaHC, KapOOHM3aIus,
CreKTp, rpadeH, rpaduT, HUKEIb/II TOCCHIIIL.
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PRODUCTION OF GRAPHENE STRUCTURES IN THE GRAPHITE
WITH AN AROMATIC HYDROCARBON ON EXPOSURE
TO ULTRASONIC FIELDS AND INVESTIGATION OF THEIR EPR

Abstract. This paper proposes for production of graphene to use the exposure of ultrasound field on the organic
reagents and pure graphite. As organic reagents there were used kerosene, hydrogen peroxide, benzene and toluene.

The paper presents experimental results of production of graphene in these systems, which is formed by a
chemical reaction of these organic solvents with graphite. This leads to the destruction of the weak carbon bonds
between the graphite planes. The results of this study indicate that the ultrasound field contributes to more efficient
destruction of the van der Waals bonds.

The use of enumerated organic solvents in contrast to other methods using acid, alkali solution provides a more
efficient way to production of graphene structures. The article presents results of the study of graphene structures by
electron paramagnetic resonance spectroscopy, as well as discussion is given.

Keywords: graphene, aromatic hydrocarbons, ultrasonic method, EPR spectroscopy, paramagnetic centers.
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! Kazaxckuii HAIIMOHAIbHBIN TEXHUYECKUH HCCIEeI0BATEICKUN yausepcureT uM. K.M.Carnaesa, Anmatsl, 050013
2DU3MKO-TEXHUIECKUI nHCTHTYT, Anmatsl, 050032

IHOJAYYEHUE 'PAOEHOBBIX CTPYKTYP B CHCTEME I'PA®UT
C APOMATHYECKHUMMU YTJIEBOJOPOJAMM ITPHU BO3JTEUCTBUHU
YJIBbTPA3BYKOBOI'O ITIOJIAA U U3BYYHEHUE UX METOAOM JI1P

Annoranus. B nanHO# paboTe mperaraeTcs IS MMONydeHHS TpadeHa HCIOIh30BaTh BO3ICHCTBHE YIIBTpa-
3BYKOBOT'O ITI0JIsl HA OPTaHUYECKUE PeareHThl U YUCTHI rpaguT. B KayecTBe OpraHNuecKux peareHTOB HCIONIb30Ba-
JIMCh KEPOCHH, TIEPEKNUCH BOJIOPOAA, TOIYO U OEH30I.

B craTbe npuBOAATCS 3KCHEPHMEHTAIBHBIE PE3yIbTAThI MOJTyYeHUs TPa)eHOB B PACCMAaTPUBAEMBIX CUCTEMAX,
KOTOpBIH 00pasyeTcss IpU XUMHUYECKOM B3aUMOJICHCTBUM ITHX OpPraHMYECKHUX pacTBopuTelneid ¢ rpadurom. ITo
BEJIET K pa3pyLICHHUIO Ca0bIX yIIIEpPOIHBIX CBs3eH MEXAy IpaduTOBBIMU MIIOCKOCTIMH. OTMETHM, YTO YJBTPa3BY-
KOBOE T10JIe CrIoco0CTBYeT Oosiee 3 (eKTHBHOMY Pa3pyIICHHUIO BaH-Iep-BaalbCOBCKHX CBSI3CH.

[IpyMeHeHNe NepeuYnCIeHHBIX OPraHNYECKUX PAaCTBOPUTENEH B OTIMUYUE OT APYTUX METOAOB, UCHONb3YOLINX
KHCJIOTBI, PacTBOPHI Ienouei odecneunBaeT Oosee >PQPEKTUBHBIM IyTh MONydYeHHS TpadeHOBBIX CTPYKTyp. B
CTaThe NPUBEIEHBI PE3YJIbTAThl HCCIEAOBaHUS I'Pa)CHOBBIX CTPYKTYP METOIOM CHEKTPOCKONHMH 3JIEKTPOHHOTO
IapaMarHUTHOTO PE30HAHCA, a TAKXKE aHO UX 00CYXKICHHE.

KiroueBble cioBa: rpadeH, apoMaTHIECKUE YITIEBOAOPOIbI, YIbTpa3BykoBoe none, DIIP, cnekrpockonus u
IapaMarHUTHBIE [IEHTPHI.
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BBenenue. ['padeH sBisseTcss MEepCIEKTHBHBIM MaTepUANIOM [UIS HAHOTEXHOJIOTHH, CIOCOOHBIM B
psize ciydaeB 3aMEHUTH yTIIepOIHBIE HAHOTPYOKH, COCTaBISAS TaKUM 00pa3oM KOHKYPEHIIHIO KPEMHHUIO
[1-2]. Kak mexaHWuYecKHe, TaK W 3JICKTPUYECKHE CBOWCTBA I'pa)CHOBBIX KOMILIEKCOB CYIIECTBEHHO
3aBUCAT OT 0COOEHHOCTEH MX CTPYKTYphl Ha HaHOYPOBHE, KOTOpBIE, B CBOIO OuYepesb, B 3HAYMTEIHbHON
CTETICHH OIPEAETSAIOTCS CIIOCOOOM TMONydYeHHs 3TOoro marepuaina. ['padeH Takke SBISETCS MEpCIek-
TUBHBIM MAaTE€pPHAJIOM TIPH CO3aHWU BBICOKOA((EKTUBHBIX HAKOMHTEIEH BOJOPOJA, MCIIONB3YEMBIX B
BOJIOPOAHOM 3HEpreTuke [3].

Lenpto HacTosmieil pa®OTHI SIBIISIETCS TMONy4YeHHE TPaQEeHOBBIX CTPYKTYp IyTEM BO3IEHCTBUS
OpraHWYEeCKUX PACTBOPHUTENEH: KEepOCHHA, TEPEKHUCH BOJOPOJa, TONyoja W OeH30lla Ha Tpa]HTOBBIC
CTPYKTYPHBI JUISI PACCIOCHHSI MX IJIOCKOCTEH CMAHOCTH C MCIOJIb30BAHUEM YJIBTPAa3BYKOBOTO MOJS IS
ycuieHus 3 dexra paccioeHusl.

W3BecTHO, 4TO TpadeH CYIMIECTBEHHO OTIMYAETCS OT OOBIYHBIX IMOIYIPOBOJHUKOBBIX MaTepHAIIOB.
OH mpexacraBmsier co0oOil ClIOM  yriaeposa TONIIMHON BCEr0O B OJWH aTOM C T'eKCaroHaJbHOM
KPUCTAJUTMYECKOW penieTkoi. ['paden oOnagaer psaoM yHHKAIBHBIX (DU3MKO-MEXaHUYECKHX CBOMCTB,
KOTOpBIE AENAIOT €ro HJeabHBIM IS OOHAPYKEHHsI CBETOBBIX KBAHTOB. B 4aCTHOCTH, OJTHUM M3 BaXKHBIX
MIPEUMYIIIECTB ATOTO MaTepHalia SBISIETCS TO, YTO JICKTPOHBI IBIKYTCS B HEM ropasio OwsicTpee [2], yem
B Ipyrux marepuanax. Ilo cyTH, oHH BemyT ce0si kak Oe3maccoBble GepMHOHBI [lupaka, mepemeniaro-
mpecs co ckopocThio paBHoU 1/300 cxopoctu cBeta. IlomoOHOE MOBeneHHE SIEKTPOHOB MOXKET OBITH
WCTIOJIB30BAHO B LIEJIOM DsiJie TPAKTHYECKUX MPHIIokeHuil. Kpome Toro, rpadeH XopoIo moriomnaer cBeT
B OYCHB IIMPOKOM JHAaNa3oHe JUIMH BOJIH, BKJIIOYast BUANMYIO U HH(paKpacHyIo 00JacTH CIIEKTpa.

Mertonuka 3xcnepumMenta. [lpeanoxken cmoco® monydyeHusi rpadeHOBBIX CTPYKTYP, KOTOPBIH
obOecniednBaeT COXpPaHHOCTh CTPYKTYPHI MOHOCJIOEB HCXOIHOTO TpaduTa W UCKIIOYAeT IMPOLECCHl MX
KHCIopoaHoro okucienus | 3]. B kadectBe pacTBoputess Obuta B3sta 3% MEpeKuch BOAOPOIa, KEPOCHH,
TONyoJl U OEH307 KaK HauOoJjee MPEeANOYTHTENbHBIE B MPOLECCe XMMHUUYECKOTO pa3pylieHHsl Hanbojee
CITa0BIX CBSI3EH MEXKIy CIIOSIMH B TPaHUTOBBIX CTPYKTypax. B TUTENbKHM 3arpyKaanch MOPOIIKOOOpa3HBIMA
rpauT BBICOKOW YMCTOTHI, KOTOPBIE 3aJUBAINACH 3TUMU PACTBOPUTEISIMU. 3aTeM KaKIbIH U3 THTEIHKOB
YCTaHABJIUBAJICS C TIOMOIIBIO CETYATOr0 Jepxkareis B yibpTpa3BykoBoi BanHe (Elmasonik 100H) (puc.1).
Yacrora reHeparopa oOIy4eHHUs YIbTPa3ByKoM cocTaBisieT 37kl 1, momHocTh — 150BT, 00beM BaHHBHI -
9,51. BosgaeiicTBue ymbpTpasByka Ha TpauT C OpraHUYECKUMH PACTBOPUTEIAMH YCHIHBAET 3PGHEKT
paccioenus rpaduta. O0JIydeHHe HCXOIHBIX 00pa3loB MPOBOMIOCH B TeueHue 10 mun, 20 muH, 30 MuH,
40 muH, 50 MmuH 1 60 MUH.

Obpasen

AepRaTesIb

BOJAa

VabTpaisvkoBasi BaHHA

Pucynok 1 - Cxema npoBenieHus SKCIIEPIMEHTA
T10 MOJYYEHHUIO IPa)eHOBBIX CTPYKTYD

N3mepeHre mapaMarHUTHBIX XapaKTEPUCTHK 00pa3IoB MpoBoamiIock MetojoM DIIP criekrpockonuu
Mpu KOMHATHOW Temmeparype B atmocdepe Bo3myxa Ha crekrpomerpe DIIP paboraromem B 3-Xx cM.
Jana3oHe JUIMH BOJIH. MakcumaibHasg 4yBCTBUTEILHOCTD CIIEKTPOMETPA COCTaBIIsIIA 5-10° criH/00paserr
mpu 100 x['11 MOIYJISIINH MAarHUTHOTO TIOJIS.

B kauectBe pemnepHOro oOpasiia HCHOJIb30BAIUCH HOHBI Mn*" B MgO. Curnan ot oOpasua
3AITHCHIBATICS MEXIY 3-if U 4-i KOMIIOHEHTO# IIecTHIHHeidaToro crekrpa or Mn”". O6paser pasmepoM
3x5 MM moOMemancs B aMIysly U3 CHEIMAIBHOTO cTekia, He maromiero curHaia JIIP. Ilpu BeimonHeHn#
100
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PE30HAHCHBIX YCIOBHW MyTeM W3MEHEHUS MarHUTHOTO TOJISi B ONPEAENICHHBIX Ipeneiax MOSBISICS
cur"ai DIIP, KOTOPBIN AETEKTUPOBAJICS U TIOIABAJICS I pactedarku crekrpa D11P Ha mpuaTep.

ObpaboTka yNbTpa3sByKoM
8 6ersone (CgH,)

y %%%3‘*7
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Pucynoxk 2 - Cxema MexaHH3Ma paccioeHus rpaUTOBBIX INIOCKOCTEH
[P BO3/ICHCTBHUH yJIbTPa3ByKOBBIM MOJIEM B OPraHUYECKHX PACTBOPHUTEISAX

Pe3yabTaTthl u 00cysxknenue. Brepsoie mpoBeleHbl U3MEPEHHsT 00pa3LoB MONIYUYEHHBIX B YETBIPEX
PacTBOPUTENSIX TOIYOJI, IEPEKUCh BOAOPOAa, OEH30J U KepocuH. PesynbraTel n3amepenus OIIP cnexrpos
yKa3aHHBIX 00pa3LoB MpelcTaBieHbl B Tadbnuune. O6pa3upl 00padaThIBAIMCH MO YKa3aHHOW METOAUKE B
teueHue ot 10 MunyT 60 MUHYT.

Tabmmna - DxcnepumenTanbubie JITP pesynpraTs! n3ydenus obpasunos tomyona, H,O,, 6eH30ma u kepocuHa

s = — = =
& E H 2 H A1p2 g 3 = g —
Ne g = I Ivn Kwn I AH AH 1." AH % L? ] g =
g5 % 3 B Z g
me M e es S
Tonyon
1110 | 139 31 1 139 148 21904 30446656 0,0061 163,93 499110458 50
2120 | 159 27 1,148 182,6 150 22500 4108500 2,00248 0,0051 196,08 805594680 81
3130 | 119 35 0,89 105,4 152 23100 24334740 | 2,00305 0,0064 | 156,25 3802303125 | 45
185,19 450889500
4150 | 49 9 3,44 168,8 152,4 23165 3910252 2,00301 0102 98,04 383361106 38
5160 | 140 33 0,94 131,5 148 21904 2880376 2,00271 1,0089 | 112,36 323639047 32
benszon
10 | 152 25 1 152 15,37 236,3 35918 2,00268 0,0053 188,78 67777267 6,8
20 | 82 51 2,04 167,3 15,37 236,3 39533 2,00219 0,0055 181,8 71870994 7,2
30 | 144 47 1,88 270,7 15,74 247,7 67057 2,00410 0,0061 163,9 10992951 11
50 | 141 23 0,92 129,7 15,37 236,3 30653 2,00083 0,0082 121,95 1738171 3,7
60 | 158 11 0,44 69,5 16,10 259,3 18026,5 2,00355 0,0143 | 70 1261858 1,3
HzOz
10 | 150 49 1 150 161 25921 3888150 2,00283 1,0032 | 312,5 1213102800 | 12
20 | 137 57 0,86 117,8 161 25921 305349,4 | 2,00293 0,0054 | 125,19 56547652 56
30 | 141 29 1,69 238 157 2464,9 | 587265 2,00234 0.0066 | 151,52 88888652 89
50 | 115 33 1,48 170,8 170 28900 4936120 2,00294 0,0080 | 125 617015000
60 | 143 43 1,14 160 160 25600 4172800 2,00416 0,0085 117,64 490888192 32
Kepocun
10 | 139 25 1 139 12,1 146,1 20307,9 2,00247 0,0048 | 208,3 4230136 4,2
20 | 154 18 0,72 110,9 16,47 271,3 30081,7 2,00396 0,0129 | 77,5 2331335 2,3
30 | 147 65 2,6 382,2 15,37 236,3 90313,9 2,00296 0,0039 | 256,4 23156474 2,3
50 | 125 44 1,76 220 15,77 236,9 52118 2,00254 0,0029 | 434,8 22660909 2,2
60 | 180 30 1,2 156 15,56 242,7 37861 2,002 0,0027 | 115 435404 4,4

Uzyuenne cmekrpa OIIP o0pasma, mMpoBOIWIIOCH B 3aBHCUMOCTH OT YIJla MEXAY IIOCKOCTBIO
MOJUIOKKA OTHOCHUTENIFHO HAalpaBiIeHWS MarHUTHOTO TOJNS IyTeM BpamieHus oOpasua. CHexTpsl
T0CIIeI0BaTeIbHO CHUMAHCh npH (ukcnpoBanubix yraax spamenns: 0°, 30°, 60° u 90°. Boino ycraHoB-
JIEHO, YTO IIMpPHHA JIMHUHM, amIuuTyna curtana OIIP u g-akrop nuHMKM MEHSIETCSl IPU 3TOM HE3Hauu-
TesnbHO. OOBIYHO YIIIEPOAHBIE TIEHKH UMEIOT TOBOJIBHO CIIOKHBINA CTPYKTYPHBIA cocTaB. B ocHOBHOM B
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Hero BXoAiT rpadeHsl u rpadeHononoOHble 00pa3oBaHMs, HAHOTPYOKH pPAas3IMUHBIX IapaMeTpOB,
rpaduTHl pa3HOOOPa3HOI OpraHU3aITNH 1 UX OKHUCITHL.

[pu u3yuennn crexrpa II1P 06pa3oB ObIIO YCTAHOBIEHO, YTO OH (PUCYHOK 1) B OCHOBHOM COCTOUT
W3 OJIHOW JTOBOJILHO MHTEHCHUBHOW JIMHUM ¢ g-hakTopoM paBHbIM g=2,00414 + 2,00416. Takoe 3HaueHHe
g-(axropa cnexrpa 1P xapakrepHo mist rpadeHa.

OOBIYHO yITIEpOHBIE MaTEPHalIbl UMEIOT OBOJIBHO CIIOKHBIN CTPYKTYpPHBIN cocTaB. B ocHOBHOM B
HEro BXOAAT TpadeHsl W rTpadeHononoOHble 00pa3oBaHMs, HAHOTPYOKH pas3IMUHBIX IapaMeTpOB,
rpaduThl pa3HOOOPa3HON OpPraHU3alUK U UX OKUCIIBL.

IIpu m3ydennu criekrpa DI1P 0o6pasma ObIII0 YCTaHOBJIEHO, YTO OH (PUCYHOK 1) B OCHOBHOM COCTOHT
W3 OJTHOW JOBOJILHO MHTEHCHBHOW JIMHUU C g-(pakTopoM, paBHbM g=2,00414 + 2,00416. Takoe 3HaueHHe
g-akropa cnekrpa DIIP xapakrepro mist rpadena. Ilpu ananuze nuauu D11P O6bU10 ycTaHOBIEHO, YTO HA
MIPSIMOM, COSAMHSIONIEH IKCTPEMYMBI CIIEKTpa, UMeeTCsl HeOONBIION M3rnd, 00yCIOBIICHHBIN BKIIAIOM B
CYMMapHYIO JIMHHIO JIMHUU C JPYyruM g-paxTopoMm. B 3aBucuMocTu oT yria BpamieHus g-GpakTop 3Ton
nuHAU u3Mensiercst ot 2,00214 mo 2,00244. Takue BennuuHbI g-(haKTOpa XapaKTEpHBI IJsl HEKOTOPBIX
¢opm rpadura, a HX 3aBUCHMOCTb OT YyIJla BpPALICHUS CBUAETEIBCTBYET O HEKOTOPOH CTEIEeHU
KPUCTaUIMIHOCTH IpaduTa, BXOISIIIETO B COCTaB o0pasIia.

Crextper JI1P OeH30i1a, mepekrch BOJOPOAAa M KEPOCHHA MMEIOT HEKOTOpble o0Iue 4epTol. Tak,
MaKCHMajbHasi WHTEHCHBHOCTb curHama OIIP or oOpasoBanHoro rpadgena umeror mecto mpu 30
MHHYTHOHW 00paboTKe, TOTIa KaK JUIs TOJIyoJjla MAaKCUMYM HaOropaercs mpu 20 MuHyTax puc. 1.

Ormernm, uto muprna auHuu JI1P oOpasyromiero rpadena Ha 30 MUHYT MO BETMYMHE OTIUYAIOTCS
HE3HAYUTEIBHO, YTO MOKET CBUAETENLCTBOBATh 00 HICHTUYHBIX YCIOBHUAX U IPUPOJIBI €r0 00pa30BaHMUSL.

Pucynok 1 — Crextp DIIP rpadeHOBBIX CTPYKTYP, HOIYYEHHBIX YIBTPa3ByKOBBIM METOIOM.

3akJjouenue

B pabore paccMoTpeHa HOBas METOAMKA TONYyYEHHs TpadeHOBBIX CTPYKTYp TPU BO3JCHCTBHH Ha
rpauT ¢ TOJYOJI0M, OSH30JI0M, IEPEKUCH BOJOPOAa U KEPOCHHOM YJIbTPa3BYKOBOTO ITOJIS.

OKCIIepUMEHTAIbHBIC PE3yJIbTaThl, MOJydeHHbIe MeTogoM OIIP, moka3anu yBequ4eHUE KOHIICHT-
panuu rpadeHOBBIX CTPYKTYP OT BPEMEHHU OOJydeHHs 00pa3lloB YJIBTPa3ByKOBBIM MmojieM B obOnactu 30
MHHYT JUIsI O€H30J1a, TIEPEKUCH BOJOpPOaa M KEpOCHHA, a I TOIyoJla MakcuMm HalOmromancs mpu 20
MHUHYT. Cne,uyeT OTMCTUTBH, YTO JaHHasd MCTOAHKA ITOJTyUYCHUS rpa(beHa HUMECT piaa MPEUMYUICCTB IIO
CPaBHEHHIO C IPYTMMHU M3BECTHBIMH METOJaMU Tony4eHus rpadera. K HUM OTHOCHTCS MpocTaTa METoIa,
OKOHOMHSI BPEMEHH OKCIEPHUMEHTa, OTCYTCTBHE OKHCJICHHUS, W, COOTBETCTBEHHO, HEOOXOJMMOCTH
BOCCTAHOBJICHHUS 3TUX 00pa3IIOB.
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B.A. Baiitum6eroa’, F0.A. Psa6uxnun’, B.A. Paxmeros’

! K.N. Cotbaes ateiaaarsl Kazak YITTHIK TEXHUKAIBIK 3ePTTEY YHUBEPCHTETI, AJMAaTHI K., Ka3akctan
2DU3MKA-TEXHUKATBIK HWHCTUTYTHI, AnMaThl K., Kazakcran

I'PA®EH KYPBIIIBIMJIAPBIH YJIbTPA/IbIBbIC OPICIHAE 'PA®UTTI APOMATHKAJIBIK
KOMIPCYTEKTEP )KYUECIHAE 9CEP ETIII AJIY )KOHE OJIAPAbI OIIP S AICIMEH 3EPTTEY

Annotanus. J)Kymbicta rpadeHzl any YIIiH OpraHHKaJbIK peareHTTep MeH Taza rpaduTTi KoaaaHb rpadeH
ay Tocum KapacThIppUIFaH. OpraHUKaNBIK PeareHT pPeTiHAe KePOCHH, CYTEK TOTBHIFBI, TOMYOI KoHE OCH30JI KOIa-
HeUTFaH. OCHI KapacTHIPBUFaH Kyleae rpadUTIeH OpraHuKaIbIK epITKIITEpMEH XUMIITBIK, 9cep €Ty Ke3iHAe TxKi-
pube xy3iH/e ajbiHFaH rpaeHIl anyAblH HOTHXKeIepl KenTipuireH. byt afic rpadut »Ka3bIKTHIFBIHAAFBI KOMIpTETi-
HiHIH oJici3 OaiinanpictapeiH Oy3y YLIIH KOJAAHBUIAABL YIbTPaJblObic epici BaH-Aep-Baanbc OaiiiaHbICTapbIH
TUIMII OY3yFa bIKIAJT eTel.

Korapblia KoJIIaHbUIFaH OPraHUKAJIBIK epPITKIITEP/iH KbIIIKbUIAAP, CUITUIIK ePITKIIITEP CUSKTHI epiTKilTepre
KaparaHja epekiueniri rpad)eH KypbUIbIMIAPhIH THIM/II )KOJIMEH ay OOJIbIN TaObLUIaAbl. DJIEKTPOH/IbI TapaMarHUTTI
PE30HAHC CIIEKTPOCKOMBIMEH TpadeH KyPhUIBIMAAPBIH 3ePTTECYAiH HOTHXKEIEPl MaKayiaga KeITipiIreH.

Tyiiin ce3mep: rpadeH, apoMaTKalbIK KOMIPCYyTEKTep, YJIbTPaAblOBICTEI epic, JIIP crekTpockomnsl xoHe
MapaMarHUTTiK OPTAIBIKTap.
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STUDY OF ELASTIC SCATTERING
OF DEUTERONS FROM °Li AT ENERGY 18 MEV

Abstract. Differential cross sections of elastic scattering of deuterons from °Li nuclei at energy 18 MeV were
measured at U-150M accelerator. The measurements were performed with an accuracy of no more than 10%. One
minimum and one maximum of cross sections are clearly seen in the angular distributions at small angles. The
obtained data was analyzed within optical model, distorted wave method with a finite interaction radius and coupled
reactions channel method. The optimal values of the optical interaction potential and spectroscopic factor were
determined. It is shown that the potential scattering forms cross section only at low and medium angles. In the range
of large angles cross sections are formed by a-cluster transfer mechanisms.

Key words: elastic scattering, light charged particles, optical potential, FRESCO, cluster transfer, spectroscopic
factor.
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H. Byprebaes’, ’K.K. Kepumxkynos'”, LK. Anumos'?,
A.M. Orap6aera’, E.C. Myxamemkanos'?, .M. Jlkanceiitos'”

lI/ISICD, Anmarsl, Kazaxcran, 2Ka3HY, Aunmarsl, Kazaxcran,
SEHY um. JLH. I'ymunesa, Acrana, Kazaxcran

W3YUEHME YIIPYTOI'O PACCESIHUS JEUTPOHOB
HA SIJIPAX °Li [IPM SHEPT'MH 18 M>B

Annoranusi. Ha yckopurene Y-150M u3mepensl anddepeHpaibHble CEUSHUsT YIPYyroro paccesiHus Jei-
TpoHOB Ha siapax ‘Li mpu sHepruun 18 MaB. M3Mepenns BBIIOMHEHb! ¢ MOrPEMHOCTEI0 He Gonee 10 %. B yrioBbix
pacrpezieneHusx, B 00JacTH MalbIX YIJIOB, YETKO MPOSBIISETCS OJMH MUHUMYM U OJIMH MakcuMyM cedenuii. [lomy-
YeHHbIE JaHHbIC NPOAHAIM3UPOBAHEl B paMKaxX ONTHYECKOW MOJIENH sApa, METOa UCKa)KEHHBIX BOJIH ¢ KOHEYHBIM
panrycoM B3aMMOAEHCTBUS W METOAA CBS3aHHBIX KaHAIOB peakiui. HaiineHbl onTuMalibHble 3HAY€HHS ONTH-
YECKOro IMOTEHINAJIa B3aUMOIEHCTBHS M CIIEKTpocKonuieckoro ¢akropa. [loka3aHo, 4To MOTEH-IIHANBHOE pacces-
HUE (POpMHUpPYET CedeHUs UMb B OOJIACTH MaJIbIX M CPETHHUX YIJIOB. B oOmacTi GONBIINX YTIIOB cedeHUs (HOpMHU-
PYIOT MEXaHU3MBI IIepeiauy o-KjacTepa.

KiroueBble cjioBa: ympyroe paccesHue, JIeTKHe 3apsDKeHHBIE 4acTHIbl, onTmueckuii moreHnmain, FRESCO,
nepeaaya KiacTepa, CIeKTPOCKOIMYECKHH (akTop.

BBezle}me. I/I3yquI/Ie B3aI/IMOIIeI>'ICTBI/I$I 3apsKCHHBIX 4YacTvull C ApaMH JIUTUA TIPECACTaBIACT
3HAYUTENbHBI WHTEPEC B CBETE TOW POJIM, KOTOpas OTBOAWUTCS 3TUM sJIpaM B aTOMHON TEXHHUKE,
TepMOsIIepHOiT SHepreTHke u actpodbumsuke. Tak, sapo °Li ABISETCS OTHMM M3 BaXHEHIINX JJICMEHTOB
TOIINIMBHOI'O IUKJIA B HaI/I60JIee NMEPCHEKTUBHBIX IMPOCKTaX TECPMOAACPHBIX PEAKTOPOB, HMCIOJbL3YIOINUX
NIEHTepUI-TPUTHEBBIN CUHTE3. B IensX BOCHPOW3BOACTBA TPUTHS MPEIIOIAraeTcs, 4TO JIMTUH OyIeT
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BXOJUTh B COCTaB ONWKaiIeid, K o0IacTH TOpeHus IUIa3Mbl, 000mouku. Takas TexHomorusi TpeOyer
BBICOKOTOYHBIX JAaHHBIX O CEYCHHUSIX B3aWMOJEHCTBHS PA3IMYHBIX YACTHI[ C SAPAMHU JUTHSA, KOTOPBIC
MOTYT OBITH IOJYYEHBI KaK JKCIIEPUMEHTAIBHBIM ITyTE€M, TaK U pacueTaMH B paMKax OIpPeIesIeHHBIX
AOEpHBIX Mozemeid. AcTpopu3HYeCKHH AacHeKT aKTyalbHOCTH CBS3aH, HpEeXIe BCEro, C BOMPOCaMHU
HYKJICOCHHTE3a JIETKUX sJiep Ha Ha4adbHOW CTaIuK ABONONWK BceneHHol U ¢ mpobaeMoii HeOXKHIaHHO
BBICOKOW pacipoCTpaHEHHOCTH JUTHA (a Takxke Oepwnius M 00pa) B KOCMHUYECKHX JTydax, OKa3bIBaro-
Iecs Ha MOPSJKY BBIIE, B IPOTUBOIMOJIOKHOCT X TEOPETHUECKUM OLIEHKAM.

JKCHepUMEHTATbHASI METOIMKA W Pe3yJbTaThl W3MepPeHHii. JKCIIEPUMEHTHl IMPOBEIEHBI Ha
M30XpOHHOM ITKI0TpoHe Y-150M [1] MHCcTHTYTA simepHoit hmu3uku Pecryommku Kazaxcran. {uddepen-
L[MANbHbIE CEUEHHs YIIPYTOTo PaccesHus ASHTPOHOB Ha sapax Li m3mepeHs! npu sueprun 18 MaB B ua-
na3one yrioB ot 10° mo 170°B cucreme nenTpa Macc. [losHas mOrpemHOCTh MOJTYYEeHHBIX AaHHBIX HE
npesbimana 10%.

3apspKeHHbBIE YaCTHIBI B IUKIOTPOHE 00pa3yIOTCs B MCTOYHHKE, PACIIONOKEHHOM B IEHTPAJIbHOM
YacTH KaMephl B IyTOBOM pa3psAe IpH MoJaue COOTBETCTBYIOILIETo Tra3a (BoAopoa, ACUTepus, reius-3,
renusi-4). YCKOpeHHe X MPOUCXOIUT B MEKIOIIOCHOM IPOCTPAHCTBE 1,5-MEeTPOBOTO MarHuTa B MOMEHT
MPOJIETa YaCTHUI] MEXKAY AyaHTAMH.

[Ipu ycraHoBke pabOYMX MapaMeTPOB YCKOPEHHS YacTHI[ 0CO00O€ BHUMAaHHE YACISETCS PEKHMY
paboThl MCTOYHWKA HOHOB, €r0 CKBaXXHOCTH, MHUKPOCTPYKTYpE HMITyJIbca TOKa, a TaKKe KadeCTBY
MPOBOJKY TyYKa Ha MHUIIEHb. Takas ONTUMH3AIWs MPOCTPAHCTBEHHBIX W BPEMEHHBIX XapaKTEPHCTUK
My4yKa IO3BOJIMIA CYIIECTBEHHO CHH3HWTh YPOBEHb PA3JIMYHBIX IIOMEX, HEPaBHOMEPHOCTH 3arpy3KH
3JIEKTPOHHOM ammaparyphl.

DHeprus U SHEPreTHYECKUH pa3dpoc B MyUKe ONPEeAeIsUINCh H3MEPEHHEM SHEPTeTHIECKOTO CIIEKTpa
YaCTHII, yNPYro pPacCessHHBIX Ha TOHKOM MHIIEHW M3 30JI0Ta, YCTAHOBJICHHOW B KaMepe paccesHHs
nabopaTtopuy HU3KO-dHepreTuueckux saepHbix peakuuii UA® PK [2]. B aToMm cnydae npu u3mMepeHusx
nmox ManeiMu yriamu (okosno 10°) ymaercs m3bexarh OMMOOK, CBS3aHHBIX C HETOYHOCTSIMH 3HAHUS
TOJIIIIMHBI MHUIIEHN W YTIIOBOTO pa3dpoca JacTHll B mydke. [t aGcomoTHON KaaumOpOBKH dHEPreTHYIEeC-
KO#f IIKaJIbI HCIIOJIb30BANICS «TPOHOI anbga-uctounuk (****Am+**Cm).

Cxema TpaHCIOPTHPOBKH My4YKa YCKOPEHHBIX MOHOB OT KaMephl IIUKIOTPOHA JI0 KaMEPhI paccesHUs,
pacmoJio)keHHOH B 24 M OT BBIXOJAA ITyYKa TpuBeneHa Ha pucyHKe 1. OHa BKIIOUaeT B ceOS cHCTEMY
KBaJIpyMOJIbHBIX JIMH3, J[BA IOBOPOTHBIX, PAa3BOISIIMIA, [Ba HAIEIWBAIOIIMX MAarHUTa H CHCTEMY
KOJUIMMATOPOB. Bce 3T ycTaHOBKM BMeCTE C 3JIeMEHTaMHU HalleMBaHHUsI U KOPPEKIHUHU, 00eCIIeYnBatOT Ha
MUILIEHH TYYOK 3apsOUKeHHBIX YacTHIl C YIJIOBBIM pacTBopoM He Oonee 0,4° u muaMeTpoM 3 MM.
KOctupoBka momokeHus: KOJIUITMMAaTopa M IEHTpa KaMepbl paccesHUS OTHOCHUTEIEHO OCH HOHOIIPOBOAA
OCYIIECTBISUIACHh ONTHYECKHM METOAOM W KOHTPOJIMPOBANIACH INPH TOMOIIM ABEHAIIATH KBaPIIEBHIX
9KPaHOB U TEJIEBU3NOHHBIX KaMep, IepellalolinX H300paKeHNe Ha IyJIbT YIPaBICHHUS HUKIOTPOHA.

JI — xBanpynoneHble TUH3E]; M-1, M-2 — MOBOpOTHBIE MarHUTHI; M-3 — pa3BOAIINI MarHuT;
KM — koppekrupytouie maruutel; KP — kamepa paccestuus
Pucynokl — Cxema TpaHCIOPTHPOBKHU IIy4Ka HOHOB LIUKJIOTPOHA 10 KaMEphl PaCcCEIHUs
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W3mepeHust NpOBONWINCH C HCIOIb30BaHHEM AE-E METONUKU PEruCTpalvM U UACHTH()UKALUH
YacTUL], OCHOBAHHOI Ha OJTHOBPEMEHHOM M3MEPEHUH YJIEIbHBIX ITOTEPh S3HEPIUU 3apPsSKEHHOW YaCTULbI B
BemiecTBe dE/dx v ee MOMTHON KUHETHUECKOW 3Hepruu £. B ocHOBe 3TOro MeTona JIeKUT ypaBHeHHE bete-
broxa, cBs3pIBarollee SHEPrUIO BBUIETAIOUIEW 3apsKEHHOM YacTHIBl C €€ YIEeNbHOM HOHM3alnueill B
BEIIECTBE:

dE _ kMz*
dx E
rje k — MoCTOsSIHHAs BEJIMYMHA, CJIa00 3aBHUCSAIIAs OT COPTOB YacTuIll, M H z — Macca U 3apsj BhIICTAIOLINX

yacTull, E — 3Heprus HaJleTarolenl YacTULIbI.

Ha pucynke 2 mnpencraBnensl AE-E pacnpeneneHus NpPORYyKTOB B3aWMOJEHUCTBUS JEHTPOHOB ¢
SIIpaMu OL4.

L_H Win_EdE [Mporpamma a8 TOMaTHYECKOr0 YTEHWA M NPOCMOTPAE ABEYMEDHEIN MATPHLL - | ﬁ'lll
File Edit ABTOMYCH Help

OreversiEDE] | E[kaHan)] | dE [kanan)| Aneprua | Kanan| OTcuer LiE+d18 DT_10_20 3ush | BY HAND  Time [ 1200

2 CNEKTP QEMTPOHOB

HHTEMPATOP MOHWTOP CC/Sm MonHur CCMuT
98012 Mot known 1.0026E+00 Mot known 2.05261E-01

HwxHuMe JTOKyChI— OJTHO3apsAHbIC YaCTHULIbI, BEPXHHUE JIOKYChI — JIBYX3apsIIHBIC YACTHIIbI
Pucynok 2 — AE-E pacipeaesneHus poayKTOB B3aHMOCHCTBHS ASHTPOHOB ¢ smpamu °Li (yron paccesaus - 24 rpayzca)

B skcnepumente B KauecTBE MUILICHEH HCIOJB30BAIUCHh TOHKUE IJICHKU °Li (tommmaa 700-1100
MKI/CM’), HAHECEHHBIC Ha MOUIOKKHM M3 okcupa amomuuus (ALOs3) Tommmmuoit 30-40 mkr/cm’. Ipu
W3MEPEHHSIX HCIOJIb30BAINCh KPEMHHEBbIE MOBEPXHOCTHO-OaphepHBIE NETEKTOpHl ¢ TommuHOK 10-100
MKM (AE - netextop) u 1000-2000 mMxm (£ - nerektop). Tok myuka BappupoBaics B npenenax 1 — 100 HA,
B 3aBHCHUMOCTHU OT YIJIa PACCESIHUS U 3arpy3KH SJIEKTPOHHOM ammapaTypsl. Bce u3aMepeHus: NpoBOIUIUCH
Ha HM3MEPUTENBHO-BBIYHCIUTEIFHOM KOMIUIEKCE J1abOopaTOpHH, OCHOBOW KOTOPOTO CIYXHT CHUCTEMa
MHOTOMEPHOI'O aHaJln3a mpoleccoB Ha Oa3e anmekTpoHHbIX 0710k0B ORTEC u PC/AT [3]. Ha pucynke 3
TIPE/ICTABIICHbBI CIIEKTPhI YIPYTOr0 PaccesiHus ASHTPOHOB Ha sapax ‘Li mpu IBYX yriax.
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Pucynok 3 — CrieKTpbl paccesHHBIX AHTpPOHOB, H3MepeHHbIe Ipu yriax 30 (a), 41 (6) rpagycos

AHanu3 U o0cy:KaeHue pe3ysbraToB. Hanbosee pa3paboTaHHBIM METOIOM H3BJICUCHHUS HHGOP-
Maly O MOTEHIMAJIaX B3aMMOJCWCTBUS YACTHI[ C AaTOMHBIMH SIIPaMU OCTaeTCs (EHOMEHOJOTHUYCCKUN
aHaNN3 JKCICPUMEHTAIBHBIX JAHHBIX 0 YINPYrOMY PACCESHUIO Ha OCHOBE ONTHYECKONH MOJEIH sjpa,
000CHOBaHUE U JeTadbHAs MaTeMaTHIeckas GopMyITHPOBKA KOTOPOH M3JIOKEHEI B psizie padot [4].

B onruueckoil Moaenw BIMSAHUE HEYNPYTMX KaHAJIOB Y4YHUTHIBaeTcs (DEHOMEHOIOTHYECKUM
BBEJICHUEM MHUMOMW MOMIOMIAIOIIEH YacTH B MOTCHIMAN B3aUMOJCHCTBUS MEXKAY CTATKUBAOIIUMHUCS
sapamu. B pamkax 3Toro moaxoja 3ajiada 0 paccessHUH Ha MHOTOYACTHYHOM CHCTeMe — SIIpe, CBOJUTCS K
0oyiee TPOCTOMY TIPOLIECCY — PACCESHHUIO B IMOJIE KOMIUIEKCHOTO ONTHUYECKOTO IMOTeHIHana, ¢popma U
BEJIMYMHA KOTOPOTO ONPEACISIOTCS ONTUMHU3AIMEH pPACUYCTHBIX 3HAYCHUHM MapaMeTpOB MOJEIN C
COOTBETCTBYIOIIMMHU 3KCIICPUMEHTANBHBIMU JaHHbIMU. (DOpManbHO Takas TpOLEAypa CBsi3aHa C
pemenneM ypaBHenus [peannrepa

A+ 2 E-UM)]Y =0

C KOMIIIEKCHbIM noTeHuuanom U(r). 3necy u=mA,A/(A,+A,) — npuBeeHHas Macca CTaIKMBAIOLINXCS
anep, A, u A, — MaccoBble YHCIIa HAIETAIOUIETO sApa M sapa MMIICHH, m — Macca HyKIOHa, £ —
KHHETHYeCKasi SHePTusi OTHOCUTEIILHO JBIKCHUS B CHCTEME LIEHTpa Mace (C.I1.M).

OOBIYHO pacyeTbl OrpPaHHYMBAIOTCS TOJBKO HEHTPAIBLHBIMH TOTCHIUATAMH, 3aBUCSAIIMMH JIMIIb OT
paccTosHUSI MEXIy LEHTPaMU Macc CTAJKUBAIOIIUXCS sifiep. DTO ONpaBIaHO TE€M, YTO, KaK MOKa3bIBAIOT
JIeTaJIbHBIE TEOPETHYECKHE HCCICAOBAHUS, CIIMH-OPOMTAIbHOE B3aMMOJCHWCTBHE HE OKa3bIBaeT
MPaKTUYECKH HUKAKOro BiIMsHUS Ha AuddepeHnmanbHOe ceueHre YIMpYyroro paccesHusi B 00JIaCTH
nepeaHux yrios. TakuM 00pazoM, ONTHYECKHI TOTEHLMA MOYKHO 3aIlUCaTh B BUJE

Ur) =V (r) =V (r)=iW, (1) +Ws(r))

IlepBrrIit wieH npeAcTaBiIsieT OO0 KyJIOHOBCKHN MOTEHITHAN. Tak KaKk paccestHie He TyBCTBUTEIHLHO
K KOHKpeTHOH ¢(opme pacrpeneneHus 3apsga, W, CilIeJOBaTelbHO, HET HUKAKOW HEOOXOJUMOCTU
YYHTHIBaTh €ro JUQQy3HBIA Kpaid, TO Ui MPAKTUYECKUX IIeJiel JOCTaTOYHO OpaTh KyJOHOBCKHUI
MOTEHITUAII PABHOMEPHO 3apsHKEHHOHN Cephl B BHIE

7.7,
Vc(r):p—te(3—r2/Ré) it r> R,
2R,
Z.7,.e*
Vc(r)=p—te s r <R,
r
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e R =r,(A"+ A"

— KYJIOHOBCKHH paguyc, a Zp U Z, — 3apsAbl HAJIETAIOLIEH 4YacTULbl U sapa

MUIICHU. OcralnbHbIe YJICHBI OITMCBIBAIOT

hopMyITBI sIIepHOE

AP+ 2 E-UM)]¥ =0
B3aMMO/ICHICTBUE.

OOpHO B KadecTBe saepHOro Oepercs moTteHmuan Byaca-CakcoHa ¢ TakuM HabopoM
(heHOMEHOJIOTUYECKHUX MapaMeTPOB, P KOTOPOM JOCTUTACTCSl HAMIYUIlee COTJIACHE C SKCIIEPUMEHTOM,
WIH TOTCHIMAT, BBIYMCICHHBI TEOPETUYECKHM HAa OCHOBE (PYHIAMEHTAIBHOTO HYKJIOH-HYKIOHHOTO
B3aUMO/ICHCTBUSI.

B nepBoM ciydae neicTBUTENbHASA YacTh 33Ja€TCA B BUJIE

V(ry=V,|1+exp =% —Ry
ay
MHHAMas 00beMHAs

W, (r) =, | 1+ exp| “—L0
Ay

U MHUMaA MMOBEPXHOCTHAA

WS(r)=—4aDWD% 1+exp ”;ﬁ
D

Kak BumHo w3 dopmyn paauaibHas 3aBUCUMOCTh SIICPHOTO TOTEHIMANA omnperensercs Bync-
-1

1+exp "R ||, tme R, m a; — COOTBETICTBYIOIIME pagUyC H

a

i

CakcoHOBCKHM  (QopmMpakTopoM

muddy3HOCTh,  XapaKTepU3yrollas  CKOpOCTh  CHajaHus  moTeHmuana.  Bymac-CakcoHoOBcKast
rmapamMeTpH3aIiisl COOTBETCTBYET IMPEANOIOKEHHIO, YTO MEXbBIICPHOE B3aNMOACHCTBHE COOTBETCTBYET
pacrpeneneHuIo MIOTHOCTH HYKJIOHOB B SIAPE MUIIICHH.

MHuMBIN OTEHIMAT MOXET ObITh 00beMHBIM (W), # 0, Wp = 0), moBepxHocTHBIM (W)= 0, Wp # 0)
WiIn cMermanueM (W # 0, Wp £ 0).

Teopernueckre pacdersl BhIMONHsUIMCH 1O mporpamme SPIVAL. Ilapamerpsr OIl moxGupanuch
TakuM  00pa3oM, YTOOBI  JOCTHYh  HAWIYYIIErO0  COIJIACHS  MEXKAY  TEOPETUYCCKHMMU U
OKCMEPUMEHTAIHBIMA ~ YTJIOBBIMUA ~ PaclpelesieHUsIMU.  ABTOMATHYECKH TOWCK  ONTHMABHBIX
napameTpoB OIl npOM3BOAMICS ITyTEM MHUHHUMH3ALMU BEIUYMHBI  y?/ N METOJOM HaMMEHBIINX

KBaJpaToB. B kadecTBe MCXOAHBIX OBUIM B3ATHI MAapaMeTphl MOTEHNIHMANa, IpeAjoKeHHbIe B padoTe [5].
Jlns yMeHbIIEHHST HEOTHO3HAYHOCTH MBI CTapaJIuCh HE YXOAUTH AJIEKO OT PEKOMEH/IOBAaHHbBIX 3HAYCHUI
TE€OMETPHUYECKHX TapamMeTpoB (ry, dy) pPEAIbHOT0 TMOTeHnuana. JIius Jiydmero corjacust C
OKCTIEPUMEHTANILHBIMA JIaHHBIMH TIyOMHA MHUMOH 4acté (Wp) JNWIIb HE3HAYHTENFHO YMEHBIIAach.
OxoHyYaTeNnbHbIE TapaMeTphl MOTEHIHAIOB NIPUBECHEI B Tabnuue 1.

Jnst omcaHus MPSIMBIX MEXaHNW3MOB B cepenuHe 50-X rogoB ObUT pa3BUT METOJ MCKa)KCHHBIX BOJH
(MHVB) wunmun OopHOBCkOe NpUONMIDKEHHE C UCKakeHHbIMH BoimHamMu (DWBA). 3Jto Hambonee
pacIipocTpaHeHHas1, XOTs U He eIUHCTBEHHAs] MOAEIb ISl ONTMCAHUS MPSMBIX SACPHBIX peakui [6].

Tabmuia 1 — OnTUManbHbIe TAPAMETPBI ONTHYECKHX IOTEHIHAT0B npouecca *Li(d,d)°Li
IIPU 3HEPrUU HajJeTarolux AedTpoHoB 18 MaB

- Iy, ay, WD’ Mb>B r'p, ap, Vso, Mb>B r'so, aso,
pm P P pm pm P
70,56 1,17 0,85 9,19 1,325 0,69 6.76 1.07 0,66

MMHB M0XHO paccMaTprBaTh Kak 00OOIEHME ONTHYSCKONH MOJENTH Ha HEYNpyTrHe KaHambl. M3ydas
sJIEpHbIE PEeaKIUH, YK€ Hellb34, KaK B Cllydae YIpyroro paccesHus, IpeHedperarb BHyTpeHHEN CTPYKTY-
poii B3aUMOJICHCTBYIOIIUX YacTull. BOJHOBYIO (PYHKIMIO B KaXJIOM KaHalle PEaKIUU MPEICTABISIOT B
BHJIE (HammpuMep, IJIs BXOTHOTO KaHaja)
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v, =YY,z
rae W, u \V - BoHOBbIE (DYHKIMH, OMUCHIBAONIME HATETAIONLYIO YACTHUILY U SIPO-MHUIIEH, ); — BOJIHO-

Bas (DyHKITHS, OTIMCHIBAIOIIAS OTHOCUTEIHHOE ABIDKEHHE YaCTHII B KaHAJIE.

B MUB wucnonb3yercss ToT (akT, 4TO HaJIETAIOIIas 4acTUIA MEPEIAcT CBOK SHEPTHI0 M UMITYJIbC
HEOOJIBIIIOMY YHCIIy CTENEHEH CBOOOABI sapa. DTO MO3BOJSET NOMYYUTh MPHOIMKEHHOE pEIICHHE
MHoOroudacTHyHOro ypaBHeHus lllpemuHrepa, ucrons3ys Teoputo Bo3MmylleHuH. [1omHBIN raMUIbTOHHAH
CHCTEMBI 3aIHCHIBAETCS B BHIIE

H= HO + Hres

rae H® - raMH/IbTOHHAH CHCTEMbI, COCTOSIIEH M3 ABYX YACTHII, B3AHMOJCHCTBHE MEXKLY KOTOPHIMH
ONHCHIBAETCA ONTHYECKMM TMoTeHnuanoMm V', H™ — raMuipTOHHMAH OCTAaTOYHOTO B3AUMOJEICTBHS,
KOTOPOE PacCMaTpUBAETCs KaK Malloe BO3MYIIIEHHUE, IIEPEBOIAINSE CHCTEMY B KOHEYHOE COCTOSHUE.

IIporiecc B3anMOAEHCTBHS, TAKUM 00pa3oM, pa3OnuBaeTcs Ha 3 JrTarma:

1. JIBmkeHue HaJEeTAIOIICH YaCTHUITHI B "UCKaXKatoIeM' ONTHYECKOM IMOTEHIIUATIE SIIpa-MUIICHH,

2. llepemava HYKJIOHOB IO BO3AEWCTBHEM OCTATOYHOTO B3aUMOICHCTBUS;

3. [IBwKeHue BBUIETAOMIEH YaCTHIIBI B IT0JIE KOHEYHOTO SIIpa.

AMIUIMTY1a PacCESHHOW BOJIHBI UMEET BUT

r I H 7 res
Sl k) =22, (&)

¥, (k)

rae [, — npuBeCHHAs Macca, k o 1 kb — BOJIHOBBIE BEKTOPA BXOJHOT'O U BBIXOJHOTO KAaHAJIOB, \111,(1;“) u
7 — 170
(0] P (k, ) — BONHOBBIE (yHKIMHU BO BXOJHOM U BBIXOJHOM KaHajle, UMeEoLIHe CTpyKTypy (dpopmymna H =H

+ H™), npuuem @ f(Eb) — ONTHYECKash BOIHOBas (PyHKIUSA. B GOPHOBCKOM MPUOIMMKEHHUH TOUHYIO

BOJIHOBYIO q)yHK]_[I/IIO \Pi(ka) 3aMCHAIOT Ha OINTHYCCKYIO BOJIHOBYIO q)YHKI_II/IIO. BLIpa)KGHI/IC JJIsL

CCUCHU UMCCT BU/I:

do PB4 .k, o
22 =L f(k,k
dQ ,leka f( ad b)‘

Bce BrienepeuncienHsie GopMyIibl METOIAa MCKaKEHHBIX BOJIH 3a10)keHbI B iporpammy DWUCKS,
C TIOMOILBIO KOTOPOM pacCUNTHIBAINCH TEOpETHUECKHE ceueHus. Ha pucyHke 4 cxeMaTHYHO NPENCTaBIeH
MEXaHU3M MEPeJadn O-KJIacTepa.

d 6Li

B N EE——

T

[
6Li d
Pucysok 4 — JluarpamMma epenaun anbda-Knacrepa B mpomecce °Li(d,°Li)d

Yuer 0OMEHHOTO MeEXaHW3Ma Iepefadd KJIACTEPOB NPOBOAMIICS B paMKaX METOJa CBS3aHHBIX
KaHAJIOB peakiuii ¢ ucnonb3zoBanueM mnporpammsel FRESCO [7]. B atom meTone cucreMa u3 A HyKJIOHOB,
Npe/CTaBAeHHAs BO BXOJHOM KaHale KoHdurypamueil 4 = A, + A4, 3ameHsercs N CBSA3aHHBIMH
cucTeMaMM ¢ pazOueHHMeM HMX Ha aBa kuactepa (4 = A, + Ay y). 31ech UHIOEKCH p U ¢ OTHOCATCA
COOTBETCTBCHHO K HaJICTAlOIICH YacTHUIC M sSAPY-MHIICHH, a UHIEKC k Mmensercs ot 1 mo N. Ilonnas
BOJIHOBas (DYHKIIMS B ATOM Cllydae MPEACTABISICTCS B BHJIE CYMMbI MPOHM3BEACHUN Map BHYTPEHHUX
0a3UCHBIX BOJIHOBBIX (YHKUUH KIaCTEPOB @i, @4 M BOIHOBOM (yHkuun @), onuchBarouen
OTHOCHUTEILHOE JIBIDKEHUE KIIACTEPOB B KaHAIIE k:
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N
V= Z%k@kq)k (R,)
=

rae Ry — paguyc-BekTop Mexay ¢pparMeHTaMu B KaHaiie k. COOTBETCTBYIOLINE OTHOCUTENFHON BOJTHOBOM
¢yuakn O Ry) paguansable GyHKIHHA f,(R)) HAXOIATCS PEIICHHEM CHCTEMBI CBS3aHHBIX YPaBHEHHIA:

B~ T (R)-U(R) | fu(R) = ;Oi(L'_L)V;a‘(Rk)fa‘(Rk)+
Rm
+ ;0#‘—“ [ Ve (Rs R [ (Re)R,
a',A> 0
rac
e[ d>  L(L+1)
2u, | dR*  R?

T (R)=—

— omeparop KHHETHYECKOW sHepruu. BemwumHa o sBisercss 000OIIEHHBIM HMHAEKCOM, BKIIOYAIOIIUM
HOMEp KaHalla kK U KBAaHTOBbIE YHCIA — CHHMHBI HaJeTalolled dYacTuibl M sAapa-muiieHu (J, J,),
napuuanpHas BonHa (L) w momnelii cnumH (Jr), T.e. a = (k (LJ)J, J, Jr); UdRy) — moreHnman
B3aMMOJICHCTBUS B KaHale k, BKIIOYAIOMIMK SIIEPHYIO W KYJIOHOBCKYIO 4YacTH; E; — acCHMITOTHYECKas
KUHETUYeCKash dHeprus KaHana k: By = E + Op — g — én, TA€ Ok, Epiy & — O-PEAKLUM U DHEPIUU

A o
Bo30yXIeHns B KaHame Kk; Vaa'(Rk)’ JIOKaJhHOE B3aMMOJCHCTBHE IS TEPEXOJO0B B TUCKPETHBIC

COCTOSIHUSI sIIep C MYJIBTHUIIOJNBHOCTBIO A (TiepefaHHbIi OpOMTAILHBIA MOMEHT); Vaa.(R ,R ,)—

HEJIOKaJIhbHOE B3aMMOJICHCTBHE, CBA3BIBAIOIIEE KAHANBI C Iepelayeld OJHOTO WU OOJBIIETO KOJINYeCTBa
HYKJIOHOB.

W77 T T T
10 3 6p - 6p - E
E Li(d,d) Li E
. . " E 0= 18 MaB ]
100 N E
= :
L 10k 3
= E E
© E ]
E -
g 0F 3
= E T, gl ]
S~ PR

[<] - T ]
< 10F L7 3
102 [ . L .’/ L1 P T T | ]

0 20 40 60 80 100 120 140 160 180

KBaznpatsl — sKCriepuMeHTaJIbHbBIE IaHHbIE, CIJIONIHAS KpUBasi — ceueHus1, paccuntanusle 1o nporpamme FRESCO ¢ yyerom
UHTEPPEPCHINH CCUCHUI YIPYTOro paccesHUs U CCUCHUI MEXaHU3Ma Mepeayn o-Kiactepa (METO/ CBSI3aHHBIX KAHAIOB
peaKiin); ToueuHast KpUBasi — CEUCHMsI, BBIYUCICHHBIC 10 porpaMme Spival (onTudeckasi MOJeb), IITPUXOBasi KpUBast —

cedeHus, paccuntansbie no nporpamme DWUCKS (MeTon nCKa)keHHBIX BOJIH)

PHCYHOK 5 — YTIOBBIE pacIpeeeH st yIpyroro ASHTPOHOB Ha suipax °Li mpu suepriu 18 MaB
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B ciyuae d°Li-paccesHust Mbl IPUMHMMAIN BO BHAMaHME JHIIb ABa Kanama (N = 2): d+°Li u *Li+d.
Ilepexon Mexay KaHallaMH, OCYIIECTBISIEMBIH 3a CYET Mepenadyd ainbga-KiacTepa, PacCUUTHIBAIICS
METO/IOM HMCKaXCHHBIX BOJH C KOHEYHBIM DPaJuycoM B3auMojeicTBus. Takum oOpazoMm, ymnpyroe
paccesiHAE U peakius ¢ repenaveii anbQa-kiactepa ObUTH BKIIOYCHBI B CXEMY CBsI3U KaHAIOB. B pacuerax
MeXaHW3Ma TepeIadnl UCTOIh30BaNIoCh prior-nipeacrapineHne. Kiacrepusie (d + o) BOTHOBEIE (YHKINH
JUIS OCHOBHOTO COCTOSIHHS 511pa Li BBIYHCIISITMCH CTAHAAPTHEIM METOIOM C HCIIONB30BAHHAEM TIPOLIETYPBI
MOJTOHKK TIIyOWHBI PeallbHOW YacTh BYAC-CAKCOHOBCKOTO TOTEHIIMANA, JAIONIYI0 HYXHYH 3HEPTHUIO
CBs3M KIacTepoB. ['eomerpudueckne mapaMeTpbl MOTeHIuana (paguyc ©u AUPQPY3HOCTh) HMENH
¢dbukcupoBanHble 3HadeHUS: r = 1,25 ®M, a = 0,65 ®Om. KiractepHbie CIIEKTPOCKOTHISCKAE aMITTUTY b
(S4 = 0,85) HaiineHwple W3 TMOATOHKH PACUYETHBIX CEUCHWHM K JKCIECPUMEHTAIHHBIM JAHHBIM HEIIOXO
COTJIACYIOTCS TEOPETUYECKMMHU KJacTepHbIMU amruutygamu S, = 1,02, pacCUUTaHHBIMM B paMKax
TPaHCIBSIITMOHHO-MHBAPHAHTHON MoteiH [§8].

W3 pucyHka BUJHO, YTO ONTHYECKAs MOJENb BOCIIPOU3BOIUT dKCIIEPUMEHTabHbBIE ceueHus 10 130°
(TodeuHas KpUBas), METOJI UCKAKCHHBIX BOJIH OMKCHIBACT 00JIACTh OOJIBIIMX YIIIOB (IITPUXOBAs JIMHUS) U
JIUIIb METOJ CBA3aHHBIX KAaHAJIOB PEAKINH, B KOTOPOM YYHUTHIBAETCS CBSI3b OOOWX BEHINICTIEPEUHCICHHBIX
MPOIECCOB C y4YETOM WX HWHTep(epeHnny, IO3BOJIAET JOCTUTHYTh ONHCAHUS SKCIIEPHUMEHTAIBHBIX
JAHHBIX B MTOJTHOM YIJIOBOM JHMamna3oHe.

3akiouenne. [IpOBEIEHB! SKCIICPUMEHTHI 10 YIPYrOMy PAcCEsHHIO ACHTPOHOB Ha sapax CLi mpu
sHeprun Eq= 18 M»B B nnanazone yrios ot 10° no 170° B cucteme meHTpa Macc ¢ UCIob30BaHneM AE-
E - metonuku. {uddepentmanpasie cedenus npu yriaax 40° u 60° uMeroT MUHUMYM B MakcuMmyM. Jlaee
UeT TaBHBIN crman o 135°. B oOmactu OONBIIMX yriioB HAOMIOJACTCS MOIBEM CEUCHHIA, CBA3aHHBIN C
SAPKO BBHIPAKEHHOI KIIACTEPHON CTPYKTYpoii sapa °Li.

W3 ananmm3a OSKCIIEPUMEHTANBHBIX JAaHHBIX B paMKax ONTHYECKOW MOJENH SApa HaAeHBI
ONTUMAaJIbHBIE, (PU3NUCCKH-PAa3yMHBIC apaMEeTPhl ONTHUYESCKOTO MOTEHIIMANIa B3aUMOJICHCTBUS, KOTOPHIC
XOpOIIO COTJIACYIOTCS C JINTEPATypHBIMH JIaHHBIMU. B paMkax MeTo/la HMCKaKEHHBIX BOJIH M METOZa
CBS3aHHBIX KaHAJOB peakluil NMPOBEACH aHAIHW3 YNPYIOoro PacCcesHHs C y4eTOM BKJIa/la MeXaHHW3Ma
nepeadn O-KjiacTepa, KOTOPBIM MMOKa3aj, 4To JUIS MCCIIEAYEeMOTro Mmpoiecca B 001acTH OOJBIINX YIJIOB,
BIUSHHE JAHHOTO MEXaHU3Ma Ha ()OPMUPOBAHUE CEUCHHI PACCESHUS CYIIICCTBEHHO.

[lommydeHHbIe OKCHEpUMEHTANFHBIE W TEOPETHYECKHE JaHHbIE HAWAYT NpPUMEHEHHE IIpH
MCCIIEZIOBaHUSAX TPOIIECCOB, MMPOTEKAOMINX B 3BE3/1aX, MPH pa3paboTKe HOBBIX TEOPETHIESCKUX MOJENEH B
sepHoOil (u3MKe, a Takke OyayT TOJEe3HBI JUIS XapaKTEepU3alUd IPOLECCOB MPOUCXOIANINX B
BBICOKOTEMIIEpATYPHOH IIa3Me TEPMOSIIEPHBIX PEaKTOPOB.
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18 M>B DHEPTHSLIBI IEUTPOH/IAPIBIH °Li SITPOJIAPLIHAH
CEPIIIM/II INAIIBIPAYBIH 3EPTTEY

Annotanusi. 18 MaB sueprusira ue neiitpongap °Li sapomapbiHaH cepHiMAi MAITBIPAYBIHBIH aubdepeHmm-
anaelk Y-150M yaerkimrinme kumacel emmieHai. Ommeynep 10 % - maH Korapbl eMec KaTeNKTEH KYPri3ijiii.
BypeIThIK TapanmynapAblH Killi OyphIITHK aiMaFblHIa KHMaHbBIH Oip MUHAMYMBI XoHE 0ip MakCHUMyMbl KOpiHei.
ATBIHFaH MOJIIMETTEP SPOHBIH ONTHUKAJBIK YITici, OypMaNaHFaH TOJKBIHAAD 9JIICI )KOHE PEaKIMSIHBIH OaijlaHbICKaH
apHaJlap 9/ici TeHIperiHae TajaHbl. Ocepiecy ONTHKAIBIK ITOTEHIIMAIBIHBIH JKOHE CIIEKTPOCKONMUSUIBIK (akTop-
IIBIH ONTHUMAIIIBl MOHAEpi TaObUIABL. [loTeHIMAaNIBIK IIAMIbIpay TEK KUMAaHBIH Killli KOHE OopTa OyphIITaphIHOA
0ONaTEIHABIFBI KOpceTiai. KnMaHbIH yIIKeH OyphlnTap aifMarblHAA O-KJIACTEP aybICy MEXaHH3Mi OONATBIHEI Kepi-
HEml.

Tyiiin ce3aep: ceprimji WwaibIpay, 3apsaTaiFrad xXeHi Oenmekrep, ontukanblk noreHuuan, FRESCO, knac-
TEp aybICY, CIEKTPOCKOIMHUSIIBIK (hakTop.
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APPROXIMATION OF PROBLEM FOR FINDING THE
BOUNDED SOLUTION TO SYSTEM OF NONLINEAR
LOADED DIFFERENTIAL EQUATIONS

Abstract. On the whole axis the system of nonlinear loaded differential equations is considered. The questions
of existence and approximation bounded solution to the system are studied. The definition of «limit as # — tc0»
solution to the system of nonlinear loaded differential equations is introduced. Sufficient conditions for the existence
of bounded solution to the system of nonlinear loaded differential equations and convergence of the function
sequence composed by the bounded solutions to the linearized system of loaded differential equations are obtained.
Regular nonlinear two-point boundary value problem for the system of nonlinear loaded differential equations on the
finite interval is constructed, which approximate the problem of finding bounded solutions to the original system of
loaded differential equations. It is given an estimate of the difference between the solution to initial singular problem
and the solution to the approximating regular two-point boundary value problem.

Key words: singular problem, nonlinear loaded differential equation, bounded solution, approximation.
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AIIITIPOKCUMAIIUA 3AJAYN HAXOXKIEHUA
OI'PAHUYEHHOI'O PEIIEHUA CUCTEMbI HEJIMHEMHBIX
HATI'PYKEHHBIX JU®DPEPEHIIUAJIBHBIX YPABHEHUI

Pabora BemomHeHa B pamkax mnpoekra Ne 4057/ P4 mo rpantoBomy ¢punancupoanuro MOH PK ma 2015-
2017 rr.

AnHoTtanusi. Ha Bcell ocm paccmMarpuBaeTcsi CHCTEMa HEIMHEWHBIX HAarpyKE€HHBIX IU(QepeHInanbHbIX
ypaBHeHUH. MccnemyroTcs BONPOCHI CyLIECTBOBAHHMSA W aNIIPOKCHMAIMH OTPAHMYEHHOTO PEUICHHs paccMaTpu-
BAEMOIi CHCTEMBbI ypaBHEHHUH. BBoqHTCS Onpeenenue «IpeaenbHoro npu § —> 100y penieHust cucTeMbl HelIMHEH-
HBIX HarpyXeHHbIX JuddepeHHanbHbIX ypaBHeHUH. [lomydeHsl 10CTaTOYHbIE YCIIOBHSI CYLIECTBOBAHMS OTpaHU-
YEHHOTO PEUICHUs] CHCTEMBI HEIMHEHHBIX HATrpy)KEHHBIX MH((depeHnnaNbHbIX YpaBHEHHH W CXOAMMOCTH K HEMY
MIOCJIEA0BATEILHOCTH (DYHKIMH, COCTABIEHHONW C MOMOINBIO OIPaHWYEHHBIX PEIICHUH JIMHEAPU30BAHHON CHCTEMBI
Harpy>keHHbIX Iud(epeHnnanbHbIX ypaBHeHUH. [locTpoeHa peryisipHas HelIWHEWHas ABYXTOYEYHAs KpaeBas 3a-
Jlada A7l CHCTEMBbl HETMHEHHBIX HAarpyKeHHBIX TU(QepeHINanbHbIX YPaBHEHU Ha KOHEYHOM MHTEpBaje, allpokK-
CHUMHUpYIOIIasl 3a7ady HAXOXKACHHWS OrPAaHWYEHHOTO DPELIEHHS HCXOAHOW CHCTEMBbI HAarpyXeHHbIX AnuddepeHiu-
aJbHBIX YPAaBHEHUMH. Y CTAaHOBJIEHA OLIEHKA Pa3HOCTH MEXAY PELICHHMEM HCXOAHOM CHUHIYJSIPHOM 3aJaud U pelue-
HUEM alIPOKCUMUPYIOLIEH PEryIpHON IBYXTOYEUHOM KpaeBoH 3a1aue.
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Ki1roueBble ¢JI0Ba: CHHTYIISIpHAS 33/1a4a, HENMHEHHOE HAarpyXeHHoe andQepeHaIbHoe ypaBHEHHE, OTPAHH-
YEHHOE PEIICHNUE, alllIPOKCHMAIHSI.

Bomnpock! cymiecTBoBaHUS U IOCTPOEHUS MPUOJIMIKEHHBIX METOAO0B HAXOXAEHHS OTPAaHUYEHHBIX Ha
BCEH OCHM pEUICHUH HENMMHEWHBIX OOBIKHOBEHHBIX AH((epeHIHaIbHbIX YpPaBHEHUH pPacCMOTPEHBI

MHOTMMH  aBTopamu [1-11]. Pasnuunble 3amaun ass Harpy>keHHbIX AuddeepHIMaIbHbIX ypaBHEHUH U

METOJBI JAJI UX peuieHuil uccnenopansl B [12-17].
B Hacrosmeii cratbe Ha R =(—00,00) pacCMaTpUBAETCS HEJIMHEHHOE HArpyKEHHOE

IuddepeHnnansHOe ypaBHEHHE
dx R
E:f(t’x)+fo(t:x(g—m)ax(g—mﬂ)"":x(gm))v x€R » ||x||: max|xi |’ (1)

rre f:R"™ —R", f,:R*™? — R" nenpepsusy, 0, <60 <..<60,=0<6,<..<0,.

Lenbto paboOTHl SABISIETCS HAXOXKICHHE YCIOBHMM CYIIECTBOBAHMS OIPAaHUYCHHOTO HAa BCEH oOcH
peIICHUs] CHCTEMBbl HEIMHEHHBIX HArpy>KEHHBIX TU(GEpeHIIMAIBHbIX ypaBHeHul (1) W mocTpoeHUe
PETYIAPHBIX JBYXTOYEUYHBIX KpPaeBBIX 3a/lady Ha KOHEYHOM HWHTepBaje, IMO3BOJIAIONINX C 33JaHHOU
TOYHOCTBIO OTIPEAEITUTH CYy>)KEHHE 3TOTO PEIIeH!UsT Ha KOHEYHBIN HHTEPBAJ.

B paGore [11] BBemeHo ompeaeneHne ‘TpeneabHOTO TPU [ —> 00 peleHus HEeTUHESHHOTO
O0OBIKHOBEHHOTO () (EepeHIINANBHOTO YPaBHEHUSI M JOKa3aHO, YTO, €CIH CHCTeMa JHMHEeapH30BaHHAsS
BJIOJIb TAKOTO PEIICHUS SIBISETCA DKCIOHEHIMAIBHO TUXOTOMUYHON HA MOIYOCH, TO “TIPEAENbHOE MPHU
t —00” pemieHre O0JIaaeT TPUTATUBAIOIIAM CBOWCTBOM. ODTOT peE3yJbTaT IIO3BOJWI TOCTPOUTH
anmpOKCUMHUPYIOIINE JIBYyXTOUEYHBIC KpaeBble 3aJaud Ha KOHEYHOM WHTEPBAIC IS CHHTYJISIPHBIX
KpaeBBIX 3aj1a4 JUIA HEJIMHEWHBIX O0OBIKHOBEHHBIX AU(QepeHIINATBFHBIX YpaBHEHH Ha Bcel ocu. MeTo b
1 pe3ynbTatHl [11] mpuMEHSIOTCS I HaXOXKIASHHUS YCIIOBUI CyIIeCTBOBAHMS OTPAaHWMIEHHBIX HA BCEH OCH
pemenuii ypaBHeHus (1) M UId TOCTPOEHMS ANMPOKCUMHPYIOMINX PETyJSIpHBIX KpaeBbIX 3aqad Ha
KOHEYHOM HHTEpBAaJIE.

Hcnone3ytoTes cneayromniie 0003HaYeHNS:

C(J,R") — mpocTpaHCTBO HENpPEPBIBHBIX W OTpaHUYEHHHbIX HAa J C R ¢ynkuuid x:J - R" ¢

HOPMOH | ; C(J,R") — MHOKeCTBO HENpPEPHIBHLIX Ha J (yHKIWH;

A, =supl()

SCxo (1), J, )= {x(t) e C(J,R"): (x(t) — x, (1)) € C(J,R"), |x = x, ||, <7}, rae x, (1) e C(J,R");
G(x, (1), J,r)={t,x):teJ, || x—x,(®) |l<r};

Gy (x, (@), J,r) ={t,v_, v, it €, ||V, =x,(0) |I<r, k =—m,m}.

BosbsMem HenpepbiBHO quddepeHnupyemMyto Ha R QyHKIMIO X, (f) Tak, 4To

(%xo ()= f (6, x0 (D) = fo(£,x(0_,), X0 (0_,41)s-- -5 X4 (6, ))j € G(R,R") 2

OrpannueHHoe Ha R pelleHHe CHCTEMBl HarpyXeHHbIX auddepeHmanbHpx ypaBHeHHd (1)
omnpezeseTcs Kak Mpeell NociIe0BaTeIbHOCTH (DYHKINH, COCTABICHHON C TIOMOLIBbIO OTPAHUYEHHBIX Ha
BCEH OCH peleHU TMHeapu30BaHHBIX CHCTEM HarpyKeHHBIX nuddepeHnnansueix ypaBaeHuid. [loatomy
paccMOTpUM JIMHEHHOE HAarpykeHHOe 0OBIKHOBeHHOE AuddepeHanbHoe ypaBHeHNE

% = AW)x+ Y A, (X0 + (1), xeR', teR )

J=—m

—moer

rZie MaTpULBI A(t), A i (t) (j =—m,m) u Bexktop-QpyHKUHs f(f) HENpepbIBHBI U OTPAaHUYCHBI HAa R.

OrpanndeHHoe pelieHne ypaBHeHus (3) Ha3pIBaeTcs peleHneM 3a1auu 1.
Omnpenenenue 1. 3amaya 1 Ha3bIBaeTCs KOPPEKTHO paspelIMMOM, €ciy Ui JIt000i HempephIBHON U

orpannuenHoi Ha R ¢yuxkuuu f(¢) € C(R,R") ypaBHenue (3) UMEET eMHCTBEHHOE OrPaHUYEHHOE Ha

R pemenne x (f) ¥ BBIIONHSACTCS HEPABEHCTBO || X~ IL<7Il fll,, Tae koncTanta y He 3aBUCHUT OT f(f).

— 14—
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Omnpenenenue 2. HenpepeiBHO nuddepenHuupyemas Ha R ¢(yHKius x(#) Ha3bIBaeTcs NpeJeabHbIM
npu ¢t — Foo pemenueM ypaBaenus (1), ecnu

lim | %0 () = f(t,x, (D)) = fo (£, %0 (0_,), % (0_,.1 )5, %, (6,)) ||F 0.

t—Fo0
HYCTL BBITTOJIHCHBI CJICAYIONINC YCIIOBHUA:

0
(A). @yukuust f(¢,X) HempepbIBHA K HMEET PABHOMEPHO HETIPEPHIBHYIO TIPOU3BOIHYIO P f(t,x)
X

B G(x,(?), R,r), tne x,(t) — npemenvHoe mpu ¢ —> Fo0 peuienue ypaBHenus (1), U crpaBeIUBbI
CIIE/LYFOLIHME TPEIENbHBIE COOTHOIIEHUS

lim f(6.2)= /(). Tim f(.x)= 1. (x) @
lim X, (¢)= ., Timx () = x,. )

A X_, X, SBISIOTCS PEIICHHSMH CHCTEM HEIMHEHHBIX ypaBHEHHH f (x)= 0, f. (x)= 0,
COOTBETCTBEHHO.

(B). ®yuxums f,(¢,V_,,,...V, ) HEUPEPHIBHA M MMEET PABHOMEPHO HENPEPHIBHBIE IPOU3BOHBIE
o I
gfo t,v_, ,v,) (k=—mm) B Gy(x,(t), R,r) n mns Beex (t, Vo eV, ) eG, (xo (Z),R, r)
k

HUMCIOT MECTO COOTHOIICHMSA

sup ]||f0(t,v7m,...,vm)||s50(—T), sup ||f0(t,v7m,...,vm)||s50(T),

te(—o0,~T te[T ,0)
, . e —
lim 8,(T)=0, lim |[— f,(t.v_,s....v, )| =0, k=—m,m.
T—>Fx© t—>Foo 8Vk
(C). 3apaya 1 muis TMHEAPU30BAaHHOTO HATPYXKEHHOTO AU (HepeHIHaTbHOTO ypaBHEHUS
dy 0 | 0
—=—flt,x,(t))y+ —foltv,v, ) L -J , eR", 6)
di ox ( 0( ))y k;n ov, fo( * w0, Yo (Ve Y

Vi =X (6,,)
KOPPEKTHO paspeumma, tie J, 0, y(t ) = y(@k ), k=—-—m,m.

(B). @yuxumu f (x), f,(x) B S(x_,r), S(x,,r) coorBercTtBeHHO MMeroT npousBoaubie f'(x),

f(x) v paBHOMEPHO OTHOCHTENBHO X CIPABEUIUBBI IPEIEIbHBIE COOTHOLICHHS

lim if(t,x) = f'(x), xeS(x_,r),
t—>-0 Ox

im < fex)=f(x)  xeS(x.r)

t—>+0 ax
n fi(x:)= A, Ref;_' #0,rae Zj;_’ - COOCTBEHHBIC 3HAUCHHS MATPULL A (3, J = 1,n.
Teopema 1. ®ynkumm f(t,x) wu  f,(t,v_,,....v,) HENPEPBIBHBI M HMMEKT DPABHOMEPHO

0 0

HETIPEPBIBHBIE MPOU3BO/IHBIE P f(t,x) u o fo@,v_,,...v,) coorBerctBenno B G(x,(?), R,7) u
X v,

G,(x,(?), R,r). Tlpu mobom x(¢) € S(x,(t), R,7) 3amaua 1 ;is IMHEAPU30BAHHOTO HATPYKEHHOIO

nmudhepeHInaTbHOTO YPaBHEHUS

— 15—
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dy _ 0 . |9
T f(t,x<r>)y+k;m .

Ly V), o J, |+ f@), yeR", teR, (D
Vi =.f;£6’m)
KOPPEKTHO pa3pernmMa ¢ KOHCTAaHTOH ) .
Toraa npu BLINOJIHEHUN HEPABEHCTBA
7 1%, @) = f @& x0(0) = fo (6, X0(0.,), X% (0.,,11)s-- > X, (O, || <7
CYIIECTBYET YUCI0 & > 1 Takoe, 4TO MOCIIEA0BATEIBLHOCTh HEMPEPHIBHO M depeHnnpyemMpix Ha R
GbyHKIHANA
X, () =x,()+Ax, (), n=0L.., ®)

rae Ax, (f) — orpanuuenHoe Ha R pelleHHe TMHEHHOTO YPABHEHHS

dy 0 |9
E_a (t’xn(t))y+k;m afO(t’vm""’vm*vm—x"(gm) .']Hk y_

Vi :’;;,.(9,”)
1(d "
- ;(Exn 0= f(tx,0)= £, (t,x,(0.,,).....x, (6, >)} yeR', teR, ©
no nopme C(R,R") cxomurcss k X () pewenuto ypasterus (1) B S(x,(8), R,r).
JlokasarenbctBo. B ypaBuenuu (1) cnenaem sameny u = X — X, (¢) , nonyuum
du d
Z = f(tﬁu + xO(t)) + fO(tﬁu(g—m) + xO(e—m)""ﬁu(gm)+ xO(em)) _E

3amauy HaxoxieHus pemienus ypaBuenus (10), mpunamiexamtero mapy S(0, R,7) C C (R,R")

x,(t), ueR", teR,(10)

3aIyIIeM B BUJE ONIEPATOPHOTO ypaBHEHUS

A(w)=Hu+Fu)=0, ueSO,R,r),
rae H:%, F(u):—f(t,u(t)+xo(t))—fo(t,u(H_m)+xO(H_m),...,u(é?m)+x0(6’m))+%xo(t).

YuuteiBas, 9YTO KOPpPEKTHAas pa3pemnMoCTh C KOHCTaHToW ) 3amaun | jus ypaBHenus (7)
o6ecnieunpaer ouenky | (H + F'(u))” l.r.)S 7 mpu Beex u € S(0,R,7), a coornomenus (8), (9)

SKBUBAJICHTHBI HTeparmorHoMy mnporeccy (1.18) [11, c. 18], Ha ocHOBe Teopemsr 5 [11, c. 18] momygaem
YTBEP)KICHUE TEOPEMBI.

Hanee mccienytoTcsi BONPOCH ampoKCUMAalul OTPaHMYEHHBIX HA BCEH OCH pelleHHH HeTMHEHHOTo
Harpy»XeHHOTro ypaBHeHHUs (1) pelmieHUsAMHU PeryispHBIX KpaeBbIX 3a7ad Ha KOHEYHOM WHTepBaie. s
3TOM 1eJM paccMaTpuBaeTcsi HeJMHEHHas [BYXTOYEYHAsh KpaeBas 3afada Ul HarpyKeHHOTO
I QepeHInaNbHOT0 YpaBHEHHS

%=f(t,x)+fo(t,x(e_m),x(e_m+l),...,x(em)), te[-T,T], xeR", (11)
BS_fL(x(=T)+BS, [ (x(T)) = 0. (12)

3mece S, S, — BellecTBeHHbIE HEOcOOble (71X 7) - MaTpHIbl, NPUBOAAIIME MATpULBl SkoOH

S (x), f', (x,) K 06061EHHO-)KOPAAHOBBIM (hopMam

A, 0

- - A 0
A=8S71 (x)S'= - |, A =S f. (x)Hs!=|""" |
=S (x0)SE (o A—,zzj L =8 (xS (o i
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rne A, u A;, cocrosr u3 00OOLIEHHO-)KOPAAHOBBIX KIETOK, COOTBETCTBYIOIIMX COOCTBEHHBIM

3HA4YCHUAM MaTpull f 'jr (X1) C OTpHULATCIIbHBIMHU W IOJIOKUTCIIbHBIMHA HeﬁCTBHTeJ’ILHLIMH HacCTsIMU,

1

_ _ 0
F F -
YUCIO KOTOPHIX 00O03HAYMM 7, W M, COOTBETCTBeHHO. BBemem (7 X n)-matpuupr P :( 61 o)

0 0
o - +
P2 = [0 J , TJE In_ R [n,, — CAUHUYHBIC MaTpPHUIIbl Pa3MEPHOCTEH I’ll , nz COOTBCTCTBCHHO.
. 1 2
ny

CysKeHHe OrpaHHYeHHOro Ha R pemenus X (f) ypasuenus (1) Ha nHTepBan [— T,T ] obo3Hauaercs
uepe3 x; (t) u BBOAMTCS DYyHKIMOHANBHBI IIap
S(x;(t)a[_TaT]ap*) = {X(t) € C([_TaT]aRn)H X = x; ”O,T< p*} :

Teopema 2. Ilycts Boimonnens: ycnosust (A)-(D) u x () € S(x(¢),7) — orpannuennoe na R
pellieHre HETMHEIHOro HarpykeHHoro audQepenuuanbHoro ypasaenus (1). Torma cymiecTByioT duncia

T, > 0, p* >0 Takue, uro mus Beex 1 >T; o DeryispHas AByXToueuHas Kpaepas 3amada (11), (12) B
S(x;(8),[=T,T], ") umeer emuucTBenHOE pemenne X, (), W CIPABELTHBA OLEHKA
<27 {ls_|- (/- )+ 6 D)+ .- (11, " @y + 8, (D))

HokazatenscTBo. HenuneliHyto nByxToueuyHylo KpaeBylo 3amady (11), (12) 3amumem B BuIe
OIIEpPaTOPHOTO YPaBHEHHUS

],
X, —x H
H r 0,7

AxEHx+F(x)=0, (13)
rae
. 4 o v (6,x()~ £, (6, x(0.,, ) x(6.,101 ), X(6, )., X(6,))
o PS_f (x(-T)+ S, f,(x(T)) |

Onepatop A  orobpaxkaer ©GanmaxoBo mpoctpanctBo X =C([-7T,T],R") ¢ nopmoii

| x|lo;= max [|x(#)|| B 6amaxoBo mnpoctpancteo Y = C(-T,T],R")+R" ¢ wopmoit
(e[-T.T]

|y 1ly = max{ll £ l[or» Il I}

W3 ycniosus Teopemsl ciiefyet cymectsoBanne O, > 0 takoro, uro S(x(¢), p,) < S(x,(£),7), a

byrxmmm f(¢,x), f, (t, V_seees Vo ), f (x), f.(x) uMeroT paBHOMEPHO HENPEPBIBHBIC IPOU3BOIHBIC:

P -
S (6,x), gfo (t, Vo, ,...,vm) (k=-m,m), f' (x), f',(X) B COOTBETCBYIOIINX MHOXECTBAX.
k

Otcrofia BBITEKAIOT CYIIECTBOBAHWEC M PABHOMEPHAs HEMPEPHIBHOCTH Tpom3BoxHoi Ppeme F'(x) B
£ *
S(xT(t)o[_ToT]ap )
ITo ycnosuro (C) 3amaya 1 qyisa nuHeapru3oBaHHOTO ypaBHeHHs (7) KOppeKTHO paspemmma. Toraa us
TeopeMsl 1 cnenyer cymectBoBanue /; > 0 Takoro, 4ro JMHEHHas peryJispHas ABYXTOUYEUHAas Kpaepas
3aj1a4a

d: 0 . nolh
_Zzaf(t,x (I))Z-I- Z —fo(l‘,me,...,Vm v =2 (0.,) .Jgk Z+(D(l), IE[—T,T], ZER”,

k=—m 6vk

v, =x"(6,)

PS_f' (x"(-T))-z(-T)+BS, f', (x'(1))-2(T)=d, deR",

— 17—
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s Bcex 1 > 7T, KOppekTHO paspemrnma ¢ HesaBucsmieil or 7' koHcrantoif K,. DTO SKBHBaJICHTHO

obpatumocTn  JuHeiHOro  omeparopa H +F '(x;) :X =Y u BbINOIHEHWIO HEpaBEHCTBA
Coe
” (H+F (xr)) ||L(Y,X)SK1'

B xauectBe X, BO3bMEM (PYyHKLUIO x; (t) u x oneparoproMy ypaBHeHHIO (13)
npuMeHuM teopemy 6 [11, c. 18].
ITepBoe ycoBHe TeOpeMbl BBIIONHSIETCSI ¢ ¥, = K| .

1

BozepmeMm uncno & =—— u, B CWJIy paBHOMEPHOW HENpephIBHOCTU Mpou3BoaHOI Dpeie, BoiOepeM
1

Ps €(0,p,] Tak, 4T0GBI BBIIONHAIOCH HEPABEHCTBO

F'(x)-F'(x <g=—r.
” () (O)HL(X,Y) 2K1

Torma ¢y, Zi-l{l =%<1 Y TaK KaK
1

| Hx, + F(x,) Iy =l BS_f (x"(<T)+P,S_f.(x"(T))]

(3meck yunThIBaeTCs, YTO (QYHKLUS x*(t ) ynoBietBopseT auddepeHtmansHoMy ypapHenuo (1) mpu
Beex £ €R), lim x'(t)=3%., f(X)=0, f.(%,)=0, 10 Bri6epem T, > T| Taxoe, uto

>+
2K, || Hxy + F(xo) ||y < ps-
Bce ycnosus teopemsl 6 [11, c. 18] BrINOIHEHBI, OTKY/1A CIEIYET YTBEPKIACHUE TEOPEMBI.
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O0X: 517.956.223, 519.62
JI.C. Kymabaes'?, C.M. TemenreBa'”

'KP BFM Maremaruka xoHe MaTeMaTHKAIBIK MOJEIIEY HHCTHTYTHI, AJMarth! K., Kazakcran
> s s
2Xam;n(apanbm aKMapaTThIK TEXHOJIOTHSIAp YHUBEPCUTETI, AnMartsl K., KasakcraH,
3On-®apabu atsimars! Kasak yiTTeIK yHHBEpCHTETI, ATMATHI K., KasakcTan

CBI3BIKCBI3 )KYKTEJITEH JUO®O®EPEHIIMAIALIK TEHJIEYJIEP )KYMECIHIH
BYKLJI OCTE IIEKTEJTEH HIEIIIMIH TABY ECEBIHIH ATIITPOKCUMALHSICBI

AnHoTtamms. ChI3BIKCHI3 XKYKTeNTreH I depeHInalabIK TeHaeyIep Kyieci Oykin ecte KapacTelpbuiaasl. KapacTeIpbuibin
OTBIPFaH TEHJEYJIep JKYHeCiHiH HIeKTeNreH MeniMiHiH 6ap 60Jysl MEH OHBI alpoOKCUMAaNusuIay Macesenepi 3eprreinesi. ChI3bIK-
ChI3 JKYKTeNreH audhepeHuanibk TeHaeyiep xyiecinin « f —> $00 GoiraHiarbl WEKT» WeliMiHiH aHbIKTaMachl CHII31Ie.
CBI3BIKCHI3 JKYKTENTeH IuddepeHIranpK TeHaeyIep KYHEeCiHIH MIeKTeIreH MenriMiHiH 6ap OOIyBIHBIH >KOHE CBHI3BIKTaHIBI-
pBUIFaH XYKTenreH IuddepeHuanipK TeHAeyIep KyHeCciHiH MeKTeNreH meniMaepi KoMeriMeH Kypbsurral GyHKuusuiap Ti3oe-
FiHIH OCBHI HICHIIMIC JKUHAKTHUIBIFBIHBIH KETKITIKTI mapTrapbl anbiaFad. JKykrenreH auddepeHnnanablK TeHACYIEpIAiH Oac-
TamKbI XKYHECIHIH HIEKTEJreH enriMiH Taby eceOiH anmnpoKcHMalUsIIalTbIH aKbIPIIbI apaJIbIKTAFbI ChI3BIKCHI3 XKYKTereH audde-
PEHLHANABIK TEHICYJIEp KYieci YIIIH peryispibl ChI3BIKChI3 €KIHYKTENI INETTIK ecell TYPFhI3bUIFaH. bacTamnkel CHHIYISPIIbI
€CEeMTiH IIeIiMi MEH allpOKCUMALMSUIAY Bl PEryJISpIbl eKiHYKTEIN MIETTIK €CEeNTiH MICTIMiHIH apachIHIAFbl albIpMaHbIH Oara-
Jlaybl TaralbIHAAIFaH.

TyiiiH ce3aep: CHHIYJSPIBI €Cell, ChI3BIKCHI3 KYKTENreH auddepeHunaiaplk TeHaeY, MEeKTeIreH MeNliM, alIpoKcHMa-
usiay.
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TRACE COEFFICIENTS OF COMPONENTS OF SOME NATURAL
GASEOUS MIXTURES DIFFUSING INTO THE AIR

Abstract. Multicomponent mass transfer process is described by an effective diffusion coefficient (EDC).

Effective diffusion coefficients Dfﬁ ~ are introduced similar to the binary diffusion coefficient. Dfﬁr is the

diffusion coefficient characterizing the diffusion rate of component i in the mixture of other gases. It is shown that
the effective diffusion coefficient is a complex value. It changes when transferring from a certain point of system to
another one. This is due to the fact that the flow j; of each component depends on the concentration distribution of all
components. The sign of the EDC will depend on the component distribution within the system. The dependence of
the EDC on the concentration of components is considered weak. Therefore, a known solution of the corresponding
diffusion problem for binary systems is used. We consider the special case diffusion of small impurities, i.e. the trace

diffusion wherein Dfﬁ = Dil. The obtained expressions for the EDC will not depend on the initial concentration

distribution of components. This method is used to study the effective diffusion coefficients of trace components in a
number of natural gas mixtures diffusing into the air. These gases are following CH,, CoHg, C3Hg, n-Cy4H1o, n-CsH,
CO,, N,.

The experiments were carried out at 7 = 298.0 K and P = 0.101 MPa. The calculated effective diffusion
coefficients were compared with those obtained on basis of the solution of a system of Stefan-Maxwell equations
and the experimental data. In the numerical experiment, the EDC of components are determined on basis of the
Stefan-Maxwell equations and the approximate methods. Application of the EDC method gives the best quantitative
agreement with the experimental data for the examined systems. The comparison results indicate that the calculation
procedure of the EDC proposed by authors greatly simplifies the analysis of multicomponent mass transfer.

Key words: diffusion process; multicomponent mass transfer; gas mixture.

YK 533.15; 536.25

10.U. Kaspun, B.H.Kocos, M.C. MoaiadexoBa,
M.K. AcembaeBa, O.B. ®enopenko, B. MykameaeHKbI3bI

Kazaxckuit HannoHaIBHBIA YHUBEPCUTET UM. alb-Dapadwu, r. AnMarsl
HUU 3T npu KazHY um. ans-Dapadu, r. AnMaTs

CJIEIOBBIE KOD®OUIUEHTHI KOMIIOHEHTOB
HEKOTOPBIX ITIPUPOIHBIX T'A30BBIX CMECE,
TU®OYHIUPYIOIMX B BO3YX

AnHotanusi. [Iporiecc MHOTOKOMITIOHEHTHOTO MaccorepeHoca onuchiBaercst 3pdexTuBHbIM K03 dumeHToM

muddysun (OKI). DddexrnBuble kodddummentsr nuddysun Dla 4 BBOJUITCS AHAJIOTUYHO KO3 HUINEHTY

OmHapHO! MTUdPy3un. D;{p — ko3¢ ¢unmeHT muddy3un, XapakTepu3yOMHud cKOpocTh (G Qy3un KOMIOHEHTA i B

CcMech OcCTalbHBIX Ta3oB. [lokasaHo, uTo 3¢ ¢exTHBHBIN KodhdunmeHnt auddy3un NpPEACTaBISIET CIOXKHYIO
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BenuurHy. OH U3MEHSETCS NPU NEepexoie OT OJHOM TOYKH CUCTEMBI K APYTrod. DTO CBSA3aHO C TEM, UTO MOTOK j;

KaXJOr0 U3 KOMIIOHEHTOB 3aBUCHUT OT pacCHpeleeHHs KOHLEHTpalUWh BCeX KOMIOHEHTOB. OT pacmpeleneHus
KOMIIOHCHTOB BHYTpPHU CHCTeMbI OyneT 3aBuceTs u 3Hak DKJI. 3aBucumocts IK]I OT KOHIICHTpallMu KOMITIOHEHTOB
cunraetcs cinabor. [1o3TOMy HCHONB3YyeTCsl M3BECTHOE PEHICHWE COOTBETCTBYIOLICH MUPPY3HMOHHOHN 3amaud JUIs
OmHApHBIX cucTeM. PaccMaTprBaeTCst YaCTHBIA ciaydaid quddy3un ManbIX MpUMecei, T.e. ciuenosas quddysus. [Tpu

op _
9TOM Di —D“. [Monyuennsie Boipaxenust st OKJ[ He OyayT 3aBUCETh OT HA4yalbHOTO pacHpe/ielIeHHs

KOHLICHTPALMi KOMIOHEHTOB. JIaHHBIH METOJA HCHONb30BaH Ul MccienoBaHus 3()(exkTHBHBIX K03 GHLIHNEHTOB
I dy3un CIeJOBBIX KOMIIOHEHTOB B Psiieé NPHPOAHBIX Ta30BbIX cMecei, Au(pdyHAMpyOmUX B BO3LYX. OTO
cnenytomue ra3sl: CHy, CoHg, C3Hg, n-CyHyg, n-CsHyp, CO,, N,.

OkcnepumMenTsl poseaensl pu 7 = 298,0 K u P = 0,101 MITa. Beruncnennsie s dexTrBHbIe KOIDHHULINEHTHI
Juddy3un ObLUTH COMOCTABIIEHBI C JAHHBIMH, TIOJIyYeHHBIMH HAa OCHOBAaHHUH PELISHHs CHCTeMbI ypaBHeHui Credana-
MakcBenia, U ¢ 3KCIIepUMEHTAIbHBIMU JaHHBIMU. B uncneHHom skcniepumente DK/[ KOMIOHEHTOB onpenensoTcs
Ha ocHOBe ypaBHeHWi Credana-MakcBemia ¥ npuOIMKEHHBIMH MeronamHu. llpumeHenue meroma DK/l nmaer
HaWTyullee KOJUYECTBEHHOE COIJIacHe C JKCHEPUMEHTAIbHBIMHM AAHHBIMU JUISI PACCMOTPEHHBIX CUCTEM. Pesynb-
TaThl CPABHEHUSI CBUAETENILCTBYIOT, YTO, IPEAJIOKEHHAs aBTopamMu Metonuka pacuera DKJI, cymecTBeHHO ympo-
IIaeT aHaJIM3 MHOTOKOMIIOHEHTHOTO MacCoIepeHoca.

Kirouesble ciioBa: 1udQy3noHHbIH IpoLiecc, MHOTOKOMIIOHEHTHBIH MacCOIIepeHOC, Ta30Basi CMECh.

Beenenue

[IpupoaHslii ra3 Mo CpaBHEHHIO C IPYTMMHU BUAAMH UCTOYHHKOB SHEPTUU UMEET PSAJ CYIIECTBEHHBIX
MPEUMYIIECTB U IIMPOKO HCIOIB3YeTCS B PA3IUYHBIX OTPACIAX MPOMBIIUIEHHOCTH, a TakKe B OBITY.
OCHOBHBIM €T0 KOMIIOHEHTOM siBisierca metaH CH,y. Kpome Toro, B IpUpOTHOM raze MOTYT COAEP KaThCs
MpUMECH BOJOPOAA, a30Ta, BeICHINX yriaeBogopoaos C,H,,, okcuaa u n1uokcuaa yriaepoaa. s onucanus
TEIUIO-MacCOOOMeHa, HampuMep, BO3IyX — YIJIEBOAOPOIHBIE CMECH Tra3oB (B JallbHEHUIIEM IOX
YTIIEBOIOPONHBIMA CMECSAMH Ta30B OyneM TOHHMATh HPUpOOHble YTIEBOAOPOIHBIE CMECH Ta30B
pa3IMYHOTO cOCTaBa) HEOOXOAWMO 3HATH WX TEIUIOPH3MYECKHE CBOWCTBA B HIMPOKOM HHTEpBaie
TEeMIIepaTyp U AaBieHUH (yAeIbHbIH 00beM, SHTAIBINS, SHTPOIHS, BI3KOCTh, TETIONPOBOJHOCTD H T.1.).
OpnHako Ha JaHHBIH MOMEHT B OOJIBIIMHCTBE CIPAaBOYHHKOB M PYKOBOJCTB NpPUBEICHA OYEHb KpaTKas
(im6o BoOOIIE oTcyTcTBYeT [1]) MHpOpMaIUs 0 MacCOOOMEHHBIX CBONCTBAX IPHPOMHBIX Ta30B, XOTS
Takue JaHHBbIE KpaiiHe HE0OXOIWUMBI Ui MPOEKTUPOBAHUS TEXHOJOTMYECKUX IHUKIOB M PalMOHANBHON
SKCIUTyaTallly MPOU3BOACTBEHHOT0 000pyaoBaHUs. COBPEMEHHBIH YPOBEHb Pa3BUTHS BBIYMCIUTEIHLHON
TEXHHUKH MO3BOJISET IMOJIy9aTh B OOJBIIMHCTBE KOHKPETHBIX CIIy4aeB HEOOXOAMMYIO HH(OPMANHIO O
MEPEHOCHBIX U JPYTUX CBOWMCTBAaX ra30B W UX cMecell B KOMIAKTHOW (opme B BuAe (PyHKIIMOHATHHBIX
3aBUCHUMOCTEH, o0OecrieunBasi BBIOOD  palMOHAIBHBIX  PEKUMOB  pabOThl  00OpynOBaHUS B
TEXHOJIOTHYECKUX Tporieccax. [Ipn 3ToM 3HAYNTENFHO CHIDKAIOTCS 3aTpaThl HA BECH MMPON3BOICTBEHHBIH
UKL

Wnorna cioxHble (QyHKIUOHAIBHBIE 3aBUCUMOCTH TPH TEIJIO-MacCOOOMEHHBIX MPOLEccax MOMXKHO
3HAYUTENFHO YIIPOCTUTh, HCIIONB3Ysl pa3yMHBIE IOMYIMIEHHUS, HE HCKaxKarome (U3NYECKY0 KapTHHY.
DT0, HaIIprMep, OTHOCUTCS K MHOTOKOMITOHEHTHOMY MacCONEPEHOCY B Ta30BBIX CMECSAX M €r0 OMHCAHUI0
yepe3 apdpextuBHbie K0d3GPuumentsr auddy3un (OK/). Ha nmaHHbIH MOMEHT TakOH MOAXOI SBISICTCS
OJIHUM M3 TIPOCTHIX U TOCTATOYHO TOYHBIX CTIOCO00B [2-8].

MeToasb! uccjieN0BaAHUSA

OKCHepUMEHTalbHBIIl ~ MaTepuad 10 U3yYEHHI0O MHOTOKOMIIOHEHTHOTO MaccollepeHoca ¢
ucnonb3oBanneM OKJI wmmeercs g cambIx o0mmx ciay4daeB. Ero MOXKHO NPUMEHUTH UIs
nporHozupoBanust 3HaueHWit OKJ| mpum pacdere pa3nmyHBIX MacCOOOMEHHBIX MPOIECCOB B Oolee
NIMPOKKMX  O0JIACTAX  TEPMOJMHAMUYECKHMX  MapaMeTpoB.  llapauienbHO ¢ MpoOBeIEHHEM
OKCIIEPHUMEHTAJILHBIX PaboT pa3pabaThIBaIMCh METOIBl pacueTa MHOTOKOMIIOHEHTHOH nuddysuu, B
OCHOBE KOTOPBIX, B OOJBIIMHCTBE clydaeB, Jiexkanun ypaBHeHus Credana-Makcsemra. Bech
ABOJTFOITMOHHBIN TIPOIIECC, CBI3aHHBIA ¢ Pa3pabOTKOI ITOW METOMMKH, IMOKa3aj, YTO TaKOW ITOAXOM aeT
BO3MOXXKHOCTb TPENBUACTH pa3BUTHE MTU(PPY3HOHHBIX MTPOIIECCOB B MHOTOKOMIIOHEHTHON Tra30BOi cMecH
[7,9]. Merog OKJI Takxe NO3BOJSIET IYyTEM IMPOBENCHUS YHUCIECHHOIO S3KCHEPUMEHTA IOJy4aTh
KHMHETUYECKHE XapaKTEPUCTUKH MHOTOKOMIIOHEHTHOTO MacCONepeHoca.

Oco60 ormerum: Meron DKJ[ ocHOBaH Ha TOM, YTO MPOIECC MHOTOKOMIIOHEHTHOTO MaccollepeHoca
MOXHO onmucaTh 3(pdektuBHBIM KodpPuuuentoM nuddys3un, KOTOpHd B cilyyac OWHApHOWH CHUCTEMBI
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OyIeT TOXKIECTBEHHO paBeH OObIdHOMY Ko3(dumumenty B3ammuo#i muddysun (KBJ). dopmanbhHo 310
YTBEPKACHNE 11 OHOMEPHOTO CITydasi 3aITUCHIBAETCS B BHJIE TIEPBOTO 3aK0oHa DuKa
ji =_Di3‘1’ﬁ’ (1)
Tae j;, ¢; — INIOTHOCTH AUQ(HY3UOHHOTO IMMOTOKA ¥ KOHIICHTPAINS { — TO KOMIIOHEHTa COOTBETCTBEHHO.
Taxkum oOpa3oMm, j; TOTOK { — TO KOMIIOHEHTa B # — KOMITOHEHTHOHW T'a30BOW CMECH OTPEACIISICTCS

TOJIBKO T'PaJIM€HTOM JaHHOro KommoHeHTa u ero ODKJI, KoTopblil xapakTepusyeT ckopocTh auddys3uu
KoMIOHeHTa I B cMeCh OCTaJIbHBIX Ta30B.

B muteparype mpuBomutcs psn 3ammced BeipakeHuid ans OKJl (cMm., Hampumep, [3,8]), B ocHOBe
KOTOpBIX JNiexkar ypaBHeHUs Credana - Makcpemna. Mpl OyleM HCHONB30BAaTh BBHIPAKEHHE W3 PaOOTHI
[5,10], koTopoe erko nposepsiercsi B UG PY3HOHHBIX IKCIIEPUMEHTAX.

n—1 dc.
D?*=D.+) D,—
P =D 2Dy @)

J#i

rae D' D*,-j = f(Di; yi», yj) — TNIaBHBIE U TEPEKPECTHBIE «IPAKTHYECKHE» KOdPduuuenTsl auddysun
(ITIKJ1) mnmu wx WHOTHA HA3bIBAIOT MATPUYHBIMH KOA((UIIMEHTaMH MHOTOKOMIIOHEHTHOHW nuddy3uu
(MKMQ); dc; / dc; — oTHOIEHHE, CBA3BIBAIONICE W3MEHEHHE KOHLEHTpPALMU j— IO KOMIIOHEHTa C
U3MEHEHHWEM KOHLEHTpaluu i-ro Kommonenta; Dy — KBJl mapel ra3oB i u j; y;, yj — MOJBHBIE JIOIH
KOMITOHEHTOB I U j.

Bripaxkenne (2) B JOKaNbHBIX BEIMYMHAX JOCTATOYHO CJOXHO B TNPHUMEHEHWH, TOITOMY €ro
YIPOLIAIOT, Tepexois K NPUOIMKEHHOMY BBIYHCICHUIO HMHTErPajJbHOrO (yCPETHEHHOMY IO BCEMY
muddysnonnomy cioro) DK/l i — ro KOMIoHeHTa B n KOMIIOHEHTHON cMmecu. BemuuuHb D" D*ij
paccuuTHIBAlOTCSA [UIS YCPEOHEHHBIX (cpemHee apu(METHYeCKoe) MOJBHBIX JIOJIeH, a OTHOIIEHHE
TPaJMEHTOB 3aMEHAIOT OTHOIIIEHUEM PAa3HOCTEN KOHIIEHTpAIluii KOMIIOHEHTOB MeXay Toukamu 0 u L Ha
rpanuiax audQy3uoHHOTO CIIos

_ . n—1 . c .
D =D;+) D;|— 3)
Jj=1 Cc. —C

W3 (3) caenyet, 9TO B 3aBUCHMOCTH OT paclpeAesieHHs] KOMIIOHEHTOB BHYTPH CHCTEMBI 3aBHCHUT 3HAK
OK/l, koTopblii MoOkeT OBITh KakK TIOJIOKUTEIbHBIH, Tak W OTpUUATeNbHBIA. Mg mpocTedeit
MHOT'OKOMIIOHEHTHOM CHCTEMBI — TPOMHOI cMecH BrIpakeHue 1 pacueta DK/ umeet Bua

D’ =

14

3 _ _ ( . c; c?
(l_yi)DijDik +y; DDy +y; DikD]k_Diijk 0

.viDjk + ijik + ykDij

tae V;sY;s Vi — ycpennenuoie (cpenHee apupMETHUECKOE) MOJIbHBIE JIOJIM KOMIIOHEHTOB.

B 4YacTHBIX cilydasix MHOTOKOMIOHEHTHOW HW30TEepMHYECKOW AUPQPYy3Ur MOXKHO IOTYYUTh
BelpakeHns st OKJI, kotopsle He OyayT 3aBHCETh OT HAYAJIBHOTO PACIPENeNICHHS KOHIIEHTPALUH
KOMIIOHEHTOB [2,5]:

1. CnenoBast muddys3us (quddysus mansix npumeceil) KOMIOHEHTA i B OZHOPOIHYIO CMECh OC-
TaJIbHBIX I'a30B
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1

>'x,/D;; (5)
j=1

J#Ei

B -

2. Hnsa cucteM, TAe KOMIIOHEHTHI, KpDOME KOMIIOHEHTHI i, HEIIOJBIKHBI JIHOO IEpeMenIarTcs ¢
TOCTOSIHHOM CKOPOCTBIO
— 1-xXx,
ap __ i
S —
x;/D; ; (6)
j=1
J#i
3. g cucteM, B KOTOpbIX kKodddumuentsl B3ammHoU auddysun (KBJl) map ra3os, BXOOAmuX B

CMECh, Dij OJIM3KH WM OAMHAKOBEI, T.€.
D’ =D;. (7

Wurerpansubie 3HaueHust DKJ[ B 7- KOMIIOHEHTHOW Ta30BOM CMECH MOXKHO pacCUUTHIBATH IO
dopmyne (3), a mnsg auddy3un Tpex KOMIOHEHTOB 1o (4). OdmmM npu pacuere nHTErpanbHbix DK/
SIBIIIETCS TO, YTO OHU TPOBOJATCS AJII PABHOBECHBIX KOHIIEHTPAIMHi KOMIIOHEHTOB C HCITOJIb30BAaHHUEM
koa(pummentoB B3anmHou nuddy3un (KBJl) map ra3os, Bxomsmux B cucteMy. [Ipexe, 4eM HauYMHATH
pacuetsl DKJI B cMecsax ¢ OONBIIUM YHCIIOM KOMIIOHEHTOB, PAlIMOHAIBHO OOBEIUHHUTD a3kl ¢ OJIM3KUMHU
KB/l 1 cuntaTh WX OJTHUM ra3oM C KaKUM-TO cpeqHuM kodddummentom muddysun. Takas oneparus He
MIPUBEIET K CEPhE3HOM IMOTPENTHOCTH, a MAaTeMaTHIECKYIO 00pabOTKy TaHHBIX CePhE3HO O0JICTUHT.

[Ipu obpamiennu k Tod winu uHOH dopmyne s pacdera K] HE0OXOAMMO MOMHUTH JAJIsI, KAKOTO
ciyuast qudQy3uu oHa mosryueHa. MHaue, eciiv HapyIIEHBI 3TH YCIOBHs, TO KOHEUHBIH pe3ynbTaT Oyaer
HeBepeH. B wacTtHOCTH, 3TO OOnbIe Bcero OTHOCUTCS K (opMmyie (5), KOTOPYIO H3-32 €€ MPOCTOTHI
NPUMEHSIOT TIPH BCEX BUAAX pacyera MHOTOKOMIOHEHTHOW au(Qy3uH, HE 3aJAyMBIBasICh O TeX
OrpaHUYEHHSAX, KOTOPbIe OBUTN 3aJI0’KEHBI IIPH €€ BBIBOJIE.

IIpu wmsmepermn OKJ| B OONBIIMHCTBE 3a7a4 HAMH HCIOIB30BAICS METOJH JBYXKOJIOOBOTO
muddy3mnonnoro mpubdopa [11]. Korncrpykmus muddy3unonHOTO ammapaTa, IpruOOpOB U y3JI0B, BXOISIINX
B OKCIICPUMEHTAJIbHYIO YCTAaHOBKY, a TaKXe MeToJuka paldoThl JeTaibHO omucansl B [12]. B
MPEJICTABIIEHHBIX pacdeTaX HCIOJIb30BAIUCh T€OMETPHUYECKHE mMapaMmeTpsl aud@y3noHHOTO ammapara,
(TocTosIHHAs IPHOOPa) KOTOpOro Gbita pasHa 2500 cM”.

Panee Hamu [13] depe3 UMCIICHHBIH dKCIIEPUMEHT ObuIa McchenoBana UG Y3us MSATH TPUPOIHBIX
YIJIEBOJIOPOJIHBIX ra30BbIX cMecelt B Bo3ayx npu 7' = 298,0 Ku P = 0,101 MIla. CoctaB 1 KOHIEHTpaIH
KOMIIOHEHTOB B CMECSX OBUIH B35THI U3 crpaBoyHOro mocodus [1]. IIpu atom BEIOOp TOTO WM MHOTO
Ta30BOTO MECTOPOXKACHHSI HE OBUI CBSI3aH C KiaccupUKarme mpemmoxkeHHoi B [1], a oOyciaoBIuBaics
TOJIbKO KOHIIGHTpAalKeld OCHOBHOTO ra3a — MeTaHa. DTOT JAWAaa30H COCTaBIsUT OT MUHMMAIIBHBIX €TO
3HaYEHUI B CMECH JI0 MaKCUMAIIbHBIX. B pacyeTax HaMH yYWTHIBAIUCH BCE KOMITOHEHTHI, XOTSI MHOTHE U3
ra3oB TPHUCYTCTBOBAIHM B BHIE «ciefoB». (B moHATHE «clemoBOi» KOHIEHTPAIMH BKJIAJIBIBACTCS
CIIEAYIOMIMA CMBICI: KOTJa MOJEKYJbl JaHHOTO Ta3a He HCIBITHIBAIOT COYIapeHHH MEXIy coOOH, a
CTaJIKUBAIOTCSA TOJBKO C MOJIEKYJIAMH JPYTHMX Ta30B. B KOJIMYeCTBEHHOM OTHOIIEHHH (CMOTpS, Kakue
ra3bl B CMECH) — 9TO MOKET OCTUTATh 10 5-7 %).

Pe3yabTarhl Hccaeq0BaHUT

B naHHOM MyOmUKaIMy TPEICTaBICHBI HCXOIHbIC TaHHbBIC U TIOYUYCHHBIC PaHee SKCIIEPUMEHTAIbHBIC
pe3yIbTaThl IO TPEM M3 MSATH NMPUPOAHBIX cMmeceit [13]. Huke mepednciieHbl ra30Bbie MECTOPOKIACHUS,
NpPUBEAEH MX COCTAB U KOHLEHTPAIMM KOMIIOHEHTOB B MOJBHBIX AOJSAX (OTMETHM, YTO B JajJbHEHIIEM
JUTs yI00CTBa HAMHU OYAyT MCIONIb30BATHCS HE XMMHUYECKAE CUMBOJIBI Ta30B, a MX IHU(pOBas HyMepaus,
MIpUBEICHHAS TIOCTIE HUX), a TAKOKE PE3yIbTaThl UX 00pabOTKU:

1. Mapxogsckoe (bansixtuackuit miact) ([1] c. 182). Uccnenyemas cuctrema: Air(1) — 0,7240 CH,2) +
0,0930 C>,Hg(3) + 0,0780 C3Hg(4) + 0,0490 n-C,Ho(5) + 0,0305 n-CsH5(6) + 0,0100 COy(7) + 0,0155 Ny(8);
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2. Vpenrotickoe mectopoxaenue ([1] c. 182). Uccnenyemas cucrema: Air(1) — 0,8531 CH,2) + 0,0581
CoHg(3) + 0,0536 C;:Hg(4) + 0,0200 n-CH;o(5) + 0,0018 n-CsH5(6) + 0,0044 CO,(7) + 0,0090 N(8);

3. I'azmu-X1I mecropoxaenue (cpemumii coctaB) ([1] ¢. 178). Hccnemyemas cucrema: Air(l) — 0,9444
CH,2) + 0,0258 C:Hg3) + 0,0031 CsHy(4) + 0,0015 n-C,Ho(5) + 0,0039 n-CsH;»(6) + 0,0020 CO(7) +
0,0193 N(8).

st mpoBeneHns pacdeToB ObuTH HeoOxomuMbl KB/l map ra3oB, BXOASIIMX B CUCTEMBI. BerauciaeHus
KB/ npoBoaunuck corjacHo Teopuu YenmmeHa-DHCKOra C HCIOJIb30BaHHMEM IMOTeHIMana JleHHapna-
Hxonca [2] mpu T = 298,0 K, P = 0,101 MIIa. Tak kak 3KCIEpUMEHTaJIbHBIX JAHHBIX OYEHb MAJo,
MO3TOMY ISl CO3[aHMs OOBEKTHBHOTO ITOAXOJIa WCIIONB30BAINCHh TOJNBKO pPacdYeTHBIE 3HAa4YeHHS (Ipu
JKEJTaHUHM YUTATENIb MOXKET COIOCTABUTH ITH PE3YJIBTATHI C IKCIEPUMEHTOM, €CJIM TaKOBOH OH HMMEET).
3nauenus KBJI cnenyromue: D, = 0,217; D;; = 0,144; Dy; = 0,151; D;y= 0,111; Doy = 0,121; D3, =
0,077, D;s=0,079; Dys = 0,105; D35 = 0,066; Dys = 0,050; D;s= 0,082; Dys= 0,092; Ds3s= 0,057, Dys=
0,043,’ D56 = 0,036, D]7 = 0,]51, D27 = 0,]65, D37 = 0,]04, D47 = 0,079, D57 = 0,067, D67 = 0,058, D]g =
0,203,’ Dgg = 0,2] 7,' D38 = 0,144, D48 = 0,]]2, ng = 0,096, Dgg = 0,083, D78 = 0,15] CMz/C.

Taxoke BO3IyX ImoJiarajics Kak OJWH KOMITOHEHT. JTO BIIOJIHE ONPaBIaHO, €CIIM CYUTATh, YTO COOTHO-
IeHNE KOHTICHTPAITAH KUCIIOpOAa U a30Ta B BO3yXe HE MOIBEPTraeTCs CHIILHBIM H3MeHeHUsM [16].

Tak kak nup@dy3UOHHBIM MPOIECC B JBYXKOJOOBOM ammapare SBISETCS HECTAllMOHAPHBIM, TO,
€CTEeCTBEHHO, MpeicTaBiseT uHTepec noseneHne JKJ/| KOMIIOHEHTOB B cHCTeMaX C TeUEHHEM BPEMEHU
[13]. 3a waTepBanm BpemMenn B 360 MHHYT OHHM TIPAKTHYECKH HE W3MEHWINCH, XOTS H3MCHCHHE
KOHIIEHTpallMid B KoJj0axX ammaparta JOCTUTIO 3HAYSHHWH OJIM3KUX K PaBHOBECHBIM. Takoe TMOBelCHHE
ra3oB BIOJHE O00BsiICHUMO TeM, 4To WX KBJl B BO37yX OTIMYAIOTCS HE3HAYUTENBHO. AHAJIOTHYHOC
MOBeIEHUEe KOMIIOHEHTOB OBLITO MOyYEHO U JIJISl BCeX APYTUX UCCIIEOBAHHBIX CHCTEM.

Hwxe mnpusenensl BorumciieHHble 3HadeHuss DK/ ocHoBHbIX kommoneHTOB (mist Air u CHi) m
cienoBbie K03 duireHTs! (Cro1a ObUTM OTHECEHBI OCTABHBIC Ta3bl) UCCIEAOBAHHBIX CHCTEM.

1.MapkoBckoe (banbIXTHHCKHIA TUTACT):

Tabnuma 1 - DKJ] koMIIOHEHTOB, TIOTy4YEHHBIC HAa OCHOBE ypaBHeHH CTedana-Makcpesia [9]
1 npuOnxeHHbIME MeTonamu (popmyrst 1.20 u 1.21)

KoMItoHeHTsI cMecH ra3oB Air CH4 C2H6 C3Hg H-C4H10 n-C5H12 CO2 N2
Pacuer mo [9] 0,181 0,206 0,138 0,107 0,068 0,079 0,144 0,193
Pacuer mo 1.20 u 1.21 (aus 0,172 0,188 0,141 0,110 0,0849 0,0793 0.140 0.190
Air u CHy)
2.YpeHroiickoe MeECTOPOKICHHE:
Tabnuna 2 - DKJ] KOMIIOHEHTOB, TOTy4YEHHbBIC HAa OCHOBE ypaBHeHH CTedana-Makcpesia [9]
u npubaxeHHpIME Metonamu (popmyisr 1.20 1 1.21)
KomMmoneHTsl cmecH ra3oB Air CH, C,Hg CsHg n-C4Hq n-CsH, CO, N,
Pacuer mo [9] 0,199 0,212 0,141 0,107 0,0645 0,077 0,146 0,198
Pacuer mo (1.20) u (1.21 0,194 0,201 0,146 0,115 0,088 0,082 0.149 0.198
quist Air u CHy)
3. I'azmu-XII MecTopoxaeHne (CpeIHruid COCTaB):
Tabnuma 3 - DK/] KOMITOHEHTOB, IOTy4YeHHBIE Ha OCHOBE ypaBHeHH Ctedana-Maxkcpema [9)]
1 npuOmxkeHHpIMEA MeTonamu (popmyrst 1.20 u 1.21)
KoMImoHeHTsI cMecH ra3oB Air CH4 C2H6 C3Hg H-C4H10 n-C5H12 C02 N2
Pacuer mo [9] 0,212 0,201 0,142 0,107 0,061 0,075 0,148 0,202
Pacuer mo (1.20) u (1.21 0,211 0,216 0,148 0,115 0,090 0,090 0,140 0,190
st Air u CHy)
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3akJouenue

Taxum 00pazoM, TpemIoKeHHBIE METOABI pacdera kKodddunuentoB auddysun (K] u ciemossie
K03 PUIIMEHTBI) UIS MPUPOJHBIX MHOTOKOMIIOHEHTHBIX T'a30BBIX CHUCTEM IIPH CTPOTOM MOJXOJE M MO
MPHUOIMKEHHBIM METOIMKAM, YIOBICTBOPUTEIBHO COTJIACYIOTCS MEXKAY CO00M M MOTYT B3aUMHO
JIOTIOJTHATH JIPYT JPYyTa, YTO CBHJETENHLCTBYET O MPUHIMITHAIBHON BO3MOKHOCTH MX HCIIOJIb30BaHUS IS
MPAaKTHYECKUX TIIeNIeH, a TakkKe CIYXUTh B KadecTBe CIPABOYHOW WH(OpPMAIMU TIPH OMUCAHHUU
MacCOOOMEHHBIX MPOIIECCOB.
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M.K. AcembaeBa, O.B. ®enopenko, B. MykaMeneHKbI3bI

On-Oapabu ateiHnarsl Kasak yITTEK yHEBEpcHTETI, AnMaThl K., Kasakcatan

AYAMEH APAJIACATBIH KEUBIP TABUFU
I'A3 KOCITACBI KOMIIOHEHTTEPI KOO®OUIIUEHTTEPIHIH TABbI

Annoranusi. Kenkypamael MaccaraceiMaiay npouecci auddy3usHbiy d3pPekTuBTI K03(GHULNEHTI apKbUIbI

cunarrranaasl. Judpdy3usasH dhdextuBTi K03 dummenTi Dl:)d) I GY3UIHBIH OMHAPIBI KO GUIIHMEHTI CeKiIIi

E] .. . . o
KOPBITBUIBIIT INbIFapbLIaIbI. Di ¢ - OCr€HIMI3 KocClaaarbl KOMIIOHCHTTIH I[I/ICI)CI)}GI/I}I KbUIOaMIBIFbIH CHUIIATTAUTBIH

muddysust koapdunmenti. Juddysusapin 3pPekTuBTI KOAPPUIMEHTIHIH KypAesl maMa ekeHairi kepcetinred. On
0ip HYKTe/EH eKiHII HYKTere ©TKEHJIE ©3repill OThIpaabl. by koMnoHeHTTepaiH opOip jarbIHBI OapIIbIK KOMIIO-
HEHTTEP/IiH KOHIICHTPAIMACHIHBIH TapalyblHa TOyeNnuTiriHe OaimaHeicThl. JKyHeHIH iOIiHIETi KOMITOHEHTTEPIiH
tapanyeiHa JJIK-HiH Tanbacel Toyenmi. An, D/IK-HIH KOMIOHEHTTEpIiH KOHIICHTPALMSACHIHA TOYENIUIIr oJCi3.
CoHpbIKTaH na, OMHAPIBI XYWenep YIIiH coikeciHine au(y3usUIBIK ecenTepi MIenTyle aHBIKTAIFaH TICLIIep
KOJaHbUIaAbl. MyHza a3 Kocnais! AudQy3usHbIH KeKeJIeTeH KaraaiblH KapacThIpaiiblK, srHH Juddy3ust koahdu-

.. g . .
HUCHTTCPIHIH TaOBbI Di = Dil . 3I[K-1 YIIIH aJIbIHFaH HITHIKCJICP KOMIIOHCHT KOHUCHTPAUHWACBIHBIH aJIFalllKbl

TapayyblHaH Toyencis. byn ojiic ayameH apanacartelH TaOuru ra3 Kocrma komioHeHrtepiHiH DJ/IK-iH 3eprreyne
naiinanansirad. Onap meiHa raspap: CH, C,Hg, C3Hg n-C,H,y n-CsH,; CO; N,

Toxipubenep 7 = 298,0 K xone P = 0,101 Mna xyprizinren. Ecenreninres agpdektusti nudpdysus kodahdu-
muenTrepi Credan-MakcBeiun TeHAeYJIep KYHECIHIH MIenTiMi HeTi3iHAe albIHFaH HOTIDKEJIEPMEH JKoHE TIXKIpHOeIiK
HOTIKeNnepMeH canblcThipbuibl. Kommonentrepain 3K-in canabik Taxipubenepae Credan-MakcBein TeHIEyIep
JKYHeCiHIH IIemimMi HeTi3iH/Ae JKoHEe XKYBIKTay 9JicTepiMeH aHBIKTaiabl. KapacThIpBUIBINT OTHIpFaH XKyHenep YIUiH
DK omiciH KOIIaHy TOKipHOeiK HOTIDKEIEPMEH COMKECTIKTIH KOFaphl eKeHAIriH Kopcerei. CalbICTBIPy HOTHXKE-
Jepi KepceTKeHAeW aBTOpIapAblH YCHIHBIT oThipraH OJIK ecenTey ofici KOIIKOMITOHEHTTI MaccaTachIMajllay lbl
3epTTeYAl e19yip KEeHUIJeTEeH N KOpPCeTIreH.

Tyiiin ce3aep: muddy3uaIBHIK IpoIece, KOIMTKOMIIOHEHTTI MaccaaaMmacy, ra3 KOCHachl.
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USE OF THE NEW VERSION OF THE PROBLEM
OF TWO CENTERS IN THE THREE-BODY PROBLEM

Abstract. For the first time, “a new version of the problem of two fixed centers” was introduced in 2016. The
main difference between the “new version” of the “traditional problem of two fixed points” is as follows:
1. The gravitational field of two fixed mass approximated gravitational field axially symmetric oblate spheroid:

A=B=nC,n=#0,n>0,

where 4, B,C — the main central moments of inertia.

2. Version unlike other involves the use of this old problem to the theory of motion near Earth satellites.

It should be noted that the problem of motion of a particle under the influence of gravity of two fixed centers
first appeared in the XIX century and has remained intact, as no one could find the corresponding analog in nature.
Finally in 1961, through the work of E.A. Grebenikov, V.G. Demin and E.P. Aksenov it was revealed the possibility
of the application of this problem to the theory of the motion of artificial satellites. So the old problem which was
first posed and solved by L. Euler came into our lives. In the article “A new version of the problem of two fixed
centers” is used to define new solutions of the restricted circular three-body problem, which is still relevant in the
Space flight theory.

Key words: Earth satellite, the problem of two fixed centers, the gravitational field, three-body problem, test-
body, the motion test body, restricted circular three-body problem.
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HCIIOJIb30BAHUE HOBOM BEPCUHU 3AJTAYM JIBYX
HENMOABUKHbBIX HEHTPOB B 3AJTAYE TPEX TEJI

AnHoTauus. BriepBrie «HOBas Bepcus 3a7adul O IByX HEMOABIDKHBIX IIEHTpax» Oplta BBeneHa B 2016 roxy [1,
c. 186-188]. I'maBHOE OTIMYNE «HOBOW BEPCHM» OT «TPAAMLIMOHHOW 3aaddl IBYX HEMOJBIDKHBIX IIEHTPOBY
3aKJIFOYAETCs B CIIC/TYFOIEM:
1. Ilone Tarorenus JBYX HCTOABWKXHBIX MacCC alllpOKCUMHPOBAaHA IOJIEM TATOTCHHUA OCECUMMCTPUYHOTO
cxaroro chepouna
A=B=nC,n=#0,n>0,

rne A,B,C —rnasnble neHTpanbHble MOMEHTBI HHEPLIUH TENA.
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2. Bepcust B OTJIMUME OT OCTAJIBHBIX IPEANOJAraeT MpUMEHEHHWE ITOW CTapoM 3ajauyd K TEOpUU IBUKECHHUS
OJIM3KHX CITyTHUKOB.

Crnemyer OTMETHTH, YTO 3afladya O JBIKCHHW MATEPHATBHOM TOYKM TOJ NCHCTBUEM TPUTDKCHHUS IBYX
HEIOJBMKHBIX LIEHTPOB BIEpPBbIE NosBUIach XIX Beke M 0cTaBajach HEUCIOJb30BaHHOM, TaK KaK HUKTO HE MOT
HAWTH COOTBETCTBYIOIIMI eil aHanor B mpupone. Hakonen, B 1961 rony, 6narogaps padoram E.A.I'pebeHukoBa,
B.I'. llemuna u E.Il. AxceHoBa, BBISCHHJIACH BO3MOMKHOCTH MPHIIOKEHUS JTOH 3adadyd K TEOPHH JIBHKCHHUS
WCKYCCTBEHHBIX CIyTHHKOB 3emiid. Tak, crapas 3ajada, KOTOopas BIEpBbIE MOCTaBieHa W pemieHa JI.Dwnepowm,
BOIIUIa B HAIly )KMU3Hb.

B IlaHHOﬁ CTaTb€ HOBAasA BEPCUA 3aJla4yU JIBYX HCIOABHIKHBIX HECHTPOB UCIIOJB3YCTCA JIA ONPCACICHNUA HOBOT'O
pelIeHHs] OrpaHUYEeHHON KPYroBOM 3ajJauM TpeX Tes, KOTopas Mo ced JeHb aKkTyajlbHa B TEOPHUH KOCMHUYECKOTO
oJieTa.

KuioueBble c10Ba: CIyTHUK 3eMIIM, 33[1a4a IByX HEMOABIKHBIX LEHTPOB, TPAaBUTALIMOHHOE MOJI€e, 3a/1a4a Tpex
Te, IpoOHOE Teo, ABIKEHHE IIPOOHOT0 Tella, OTpaHNIeHHAas! KPyroBas 3ajada Tpex Tedl.

1. BBenenue

IlycTh nBe TOUKH m| U M, 0OPAIIAIOTCSA BOKPYT X 00IIero mentpa macc O Mo KPyroBbIM opOHTaM
pamuyca a u b (puc.1).

S

(@)
4= y
b
nt m,
X
Y

Pucynok 1 - Pacnionoxenue Mmacc OTHOCUTEIBHO OJBUKHOM Oxyz

1 HenoABIKHON OXYZ cucteM KOOpOUHAT

Ha puc.1 maccer my < m, < my, npuaem my <<my u my <<m,.

PaBHOBecHE rpaBUTAIMOHHBIX U IIEHTPOOCKHBIX CUI TpedyeT[2, ¢. 21]:
mnt

=5
V4

rae f— rpaBUTallMOHHAA MMOCTOSAHHAA, N — 06]1135[ yrioBasa CKOPOCThb Bpall€HUA MacCC mj U np OTHOCHU-

=m2aa2=m1ba2, f=a+b, €))

TensHO nentpa O.
U3 (1) umeem
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myl myb

a=—L1 b=—2"

M M
B cuy BpaiieHnst OCHOBHBIX Macc 1y U 1y, CHIIOBast (DYHKIIWS M TAMUJIBTOHUAH 33]]auU SIBHO 3aBHCST

OT BpEMCHHU, IMIOOTOMY 3a/jada B HO}Z[BI/I)KHOﬁ CUCTEMC KOOPpAWHAT CTAHOBUTCA HeHHTeI'pPIpyeMOﬁ. Cuiio-
Bas (DYHKIHS 33/1a4y¥ U COOTBETCTBCHHO TaMIJIbTOHUAH HE OYIyT 3aBUCETh SIBHO OT BPEMEHH CHUCTEME
KOOPJIMHAT, TII€ MAacCHl M| U M, OCTAIOTCS HEMOIBIKHEIMH [1, ¢. 26]. [loBepHEM TOIBIKHYIO CHCTEMY
koopauHaTr OXYZ OTHOCHTENBHO OcH ZHa yroi (—nt), Toraa m; u my OyayT HEMOABIKHBI (puc. 2)

,M=m1+m2. (2)

X =xcosnt + ysin nt
Y =—xsinnt + ycosnt,, 3)
Z =z

Ecim ynacrest mpounTerpupoBath quddepeHnnanbHple ypaBHEHNS 33/1a4d B CHCTEME KOOpAWHAT
OXYZ , 10 510 *e pelieHre MOXKHO TIOTyYHTh B TIOJBUKHON CHCTEME KOOPIMHAT, TAaK KaK, IOBEPHYB Ha
yroi (nt), uMeeM

X =xcos nt— ysin nt

Y = xsinnt + ycosnt, @)
Z=z.

OTCIOZIa HAXOOUM
x =X cos nt +Ysin nt

y=—Xsinnt+Y cosnt, (5)
z=Z7.

y
> > Y
Pucynok 2 - [lepexon K HEMTOABIKHOM cUCTEME KOOPIUHAT
3neck B chepruvecKoii CHCTeMe KOOPIMHAT UMEEM
X =rcospcosh, Y =rcospsini, Z=rsing, (6)

n=[X-b)>+Y21"%, n=[(X+a)* +7]"?,
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Xl :b, }/1 :O, X2 =—da, )72 :O

2. HoBas Bepcud 3a/1a4M IBYX HEMMOABHIKHBIX HHEHTPOB U €0 IPUMEHECHUE

AHHpOKCI/IMI/IpyeM OJIC TATOTCHUA ABYX HCEIOJABHIKHBIX HCHTPOB ITOJIEM TATOTCHUA (THUIIOTECTUYECC-
KOTO Tenay, Torja (puc. 2) npumet Buja (puc. 3). [lanee npeamnonoxum, 4ro:
1. «[MIIOTETHIECKOE TEI0» TIPECTABIAET COOO0M CIKATHIN cheporn
A=B=nC,n>0,
rae A, B,C — riaBHble EHTPAIbHBIE MOMEHTBI HHEPIIHH.

2. Teno BpamaeTcs BOKPYT OCH ITWHAMUYECKOW cumMMmeTpud. Toraga cuioBasi QyHKUHUS, YUUTBIBAIO-
mas Gurypy Tena, UMeeT BUI

po ooy 30y o p Oy 3 o
U=—+—F—-———cos"o=—+—-| 1——cos . 7
r r3 27"3 ® r 7”3( 2 (P) @
rae p=f(m+my), C=m1b2 +m202, ag = fC(n-1)
z
A
Z
ms
1
— 1
r 1
1
1
1
1
O 1
! [
? : v/anad
|
1
1
X :
)
my

Pucynok 3 - «['umoTernueckoe Teno» B chepuiaeckoi cucTeMe KOOpAUHAT

B HenoaBmKHOM crcTeMe KOOPIWHAT TaMIJIBTOHUAH 3a7a9d UMEET BH/T

r 2 2

H=T-U=-1 p2+;pi+ip2 —E—ﬂ(l—écoschj. (8)
2 r“cos” @ r roor 2

rac T — KuHeTHYeCcKas SHCPIui, p,., p;, p(P — UMITYJbCBI, OIPCACIICHHBIC BLIPAKCHUSIMU

Pr=T, p, =r2p, p, =r*hcos’ p=o, —const.

VYpasuenune ['ammisToHa-SIK00M IMeeT BU

2 2 2
(an +;(8V) +L o —Z—M—ﬂ(l—%cosz(p)—&xl:m 9)

E rz cosch a r2 % r r3

oH
TaK KaK 8_ =0.B (9) a; — NOCTOsAHHAs MHTETPAa SHEPTUH.
A

[Tonuerit uaTerpan (9) npencrtaBuM TaKk
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V = oyt + W () + Wy 00 + W3 (). (10)
Hepermmenm (9) ¢ yaerom (10), yMHOXHB Ha 1°
2 2
(rdW‘j + 12 a; + a, —2w—%+3a cos’ @ —2a,r’ =0. (11)
or cos” @ op r r
W2

=L, , npubaBuM + 0(%

Baenem o003HaueHne

2 2 :
(”dWl) B 2%‘—2;!?—2051}’2 +ad |+ —2—+ Wy | e cos’p—a; [=0. (12)
or r cos"p | Op r

Hcxons u3 (12), umeem

dw,
—= =0,, W, =01,
. 2, W =0

2
ddel :\/2_6’304_2_’1'!4_2 1_0[_;’
r r

r r
3 2 2
lej-\/Zalr +2ur a3r+2a0dr,

3

dW3_3ﬂ02 0‘22 2
do

W, = j 2% cos? p+a;cos’p—a; L ,
-r cosQ

ITepenummem (10)

—+a,A+
r r

3 2 2
V:—a1t+j\/2alr +2ur” — v+ 20, dr

do
cosp

+J-\/—cos (p+0¢3 cos’ Q- 0:2 (13)

B cooTBeTcTBUU ¢ Teopemoit SIkoOou nMeemM

ov
aal_Bla a 2_B27 a 3_639
o__ ar_ o
o e TP e

Ucnone3ys (14), Haiigem siBHBIE BBIpaxeHus ¢ yuetoMm (13)

,8 e J' 3/2dl’
1 \/20511" +2ur’ — air +2a, ’

oy j % do (16)
, COSQ
3% ot @ +a; cos’ p—a;
—-r

(14)
:pq).

(15)
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1 o
- j +a I Pl , (17)
\/20511’ + 2" — air +2a, «/_ \/
“cost o+ a3 cos’ @ — 0(2
fzpr,a2=r2Xcosz¢,r2(b=p(p. (18)
a OCTAJIbHBIC TPU KBAAPATYPHI CIYKAT JJIs1 MPOBEPKH BBIPAKEHHUHN ISl UMITYTbCOB.
Ucnoneays (15), uckmounm u3 (17) uHTErpa, coaepKaiui r:
+
ﬂ (ﬂl t) J. COsS (Ddgo , (19)
a
’ 3% cogt @+ cos’ p—a;
—r
¢ apyro# ctopoHsl, u3 (16) mmeem
( =5 Jcos Q= I cos pdg , (20)
a, \/300 4 2 2 2
—COS @+a;Ccos” p—a,
-r
oTCIO/a
+1 A—
By Bien) (=B o2
03 r oy 21)

Oy = r?Lcos? 0.
U3 (21) cnemyet, 4To HamM4YMEe BRIPAXKEHUS I' CBEJIET 3a/1a4y K KBaapaTypam.
[pounterpupyem (15) mist ciydas SIUIMITHYECKOrO TUMa IBMKeHHs. B stom cmyuae o) <0,
moaToMy (15) nmeeT BUL
Nrdr

,31+z=j 3 L ,u>0,00>0. (22)
\/ 200" + 2" — a5 r -2,

ITo Teopeme Jlekapta B MOJUMHOMAX
G,(r)==2a,r" +2ur’ —a;r -2a,, (23)

G,(-r)=2a," + 2w’ + air - 2a, . (24)

B (23) nBe cmensI 3HaKa, a B (24) - o1Ha CMeHa 3HaKa, CIEA0BATEIHLHO, OJUH OTPHUIATCILHBIN U IBa
IMOJIOKUTECIIbHBIX KOPHS. HYCTB KOPHHU IMOJIMHOMA PacCIlOJIOKCHBI TaK:

dy >d, >ds,

rie d; u d, — monoXuTeNnbHbIe KOPHH, d; — OTPULIATENBHBIN KOPEHB.
[Ipeobpasyem (22) k creayromemMy BULY
N dr

=] : (25)
\/—r3+a1]"2+azr+a3
2
K a3 ]
rae =420y By +1), ay=—, ap =———, a, =——".
(Xl 2(11 al

ITonnHoM G4 (I’) IIOJIOJKUTEJICH Ha JIByX MHTEpBajax
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d, <r<d,, r<d,,

IpUYeM BTOPOI HHTEPBaJ BbINaaacT, Tak kak » > ().
Ilepetinem ot (25) x HopMaanoﬁ dhopme Jlexanmapa [3, c. 647]

2 2 dy
T=1, , THe Ho— ,0<k<1, k7 =-2L,
J‘\/l k?sin? U} d3)

_ dydy —dydy sin’y

i —dy sin?y ,HpI/I\p:OI’:dZMHpI/I\V=§,r:d1.
31~ %21

[Ipeobpasyem (27), ocTaBmsis B pa3fioKEHUSIX B PAJ BEITMUUHBI TOPSAAKA O(k5 ):

r=ds[(1+k2ag +k*ag,) +(k2ay, +k*ay,)cosy + (k2 ay, +k*ay,)cos2y],

rIe

d 1 1(3 1 1
dy=—>, apy =—(1—dy), agy =—| =—dy |, a; ==d, a;4 =—d,,
0=, 0 2( 0)» o4 4(2 oj 12 =540, 414 =gdo

1 1(1
6122 :E, 6124 :5[5610 —lj

ITpounrerpuposas (26) ¢ yuetom (28), npuHuMas Bo BHEUManue T =+/20; (B; +7), umeem

t=Lo+(Log+k200y +k o)W+ (k201 + k%0 ) sing + (k25 + k405, )sin 2y,

rae

3/2
Hod> l 3
Co=—By, Log="" oy ==2(143agy) L2 =7 Loodna,
VO 2 2

3 3 27 o 27 o, 21 3
f04=foo(zaoz TRl Tt a ——j Uy =

P} _K P}
32 64 2 256 g 0

3 27 51 3 27 3
Lig="Ly E“M"‘Raozalz"‘aalz Uy = 26124“‘12 (a12 aoz)—g

Ob6partus psn (29), nmeem

W= (yo + k) +(ya + K2y kY y e+ (KPys +kYyg)sing + (k2y5 + kyg)sin 2t

e

2
Lo, 1l !

Yo=— » Y1 = Y= V3 =LoY2, Ya=LoaY2, Vs =L12Y2s
L0 200 L0

1
Yo =Ya(lia+Lolin—l12lan), Y7 =L 0V, Vs =Y2(£24 +5ff2 +f02fzzj-

Teneps mMbl epermineM (19) B ciiexyromieM BUae
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cos Od

1
=—B3+ (B +1){(ego +hkegy +keqy) +

‘[ 60 (O
\/ 0 cos* o +a3cos? p—a3
r

+ (k2€12 + k4el4)cosw + (kze22 + k4ez4)cos 2y + k4e34 cos3y}, (31)
rae

N 2 _ _ 3.3, 2
V(Yo +Y2l), e =dy" . ey =—2eyay,, €y = eoo(gJFEalz +3agy —2ay, |,
_ _ 3
€y =—2€p0d12 , € =€, €14 =€y PE +6apa;p —2ayy |,

3, 3
€y = eyl 3ap; +5“12 —2ayy |, e =E€00012-

Ecmu yuects (30), To u3 (28) MBI MMeeM SIBHYIO 3aBUCHMOCTBH ' OT BpemeHH. [IpeoOpazyem (31),
yuntsiBast (20)

) o3
2 4 3 4 . 2 4 .
+(k“nyy +k"nyy)cos 2yt + (k7nyy + k" nyy)sinyot +(k“ngy + k" nyy)sin 2y,t 1}, (32)
rae
Moo = €00 Moy = €02> N4 = €oq» My = €3 COSY, Mg = €14 COSY, Ny =€) COS2Yy,
Npq = €4 COS2Y(, N3y = —€13SINYq, N3y = e€48INY, gy = —€p)sin 2y,
Nyy = —€4 sin 2'Y0 .
Puc. 2 cootBerctByet puc. 1 nput =0, noaromy u3 (5) nmeem
2 2 2
X +Y" =07,
C Ipyroii cTopoHsl, u3 (21) u (6)
2
di a o o
X2 +Y%=(rcoso)?, —=—22=—22, h=—t+hg,
dt  (rcose)” / 14
o2l 257!
g_2 2 |7 [77'], Ao — MOCTOSIHHAS MHTErPUPOBAHNS, CIEI0BATEIBHO, IMEEM
I

A=nt+hg, A=n.
Jlanee BBE/IEM «3010TOE MpaBuiIo». Bemmumnst mopsaaka O(k2) u O(k*) B yrioBBIX TepeMeHHBIX

2.
MOXHO HE y4nThIBaTh. Ha camom nene B Texmmueckux pacuerax k- =0,01, ucxons u3z sroro, numeem,
HaIpuMep,

cos(45° +0,01%) = 0,70698 , cos45° ~0,70711,
TOorJaa npeacibHas a6COJ'IIOTHa$I IMOrp€uIHOCThL paBHA

. 0
5= 2120% 0.018%.
co0s45,01
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Taxum 06pa3som, He yuuThiBas O(k>) HOmycKaeM ommOKy Bcero b nopsaxa 0,018%.

Jlanee Mbl, HCIIONB3YS 3TO TpaBwIIo, u3 (32) Haiiaem

_ oy B3
cos( = nit (g —By) a3+(Bl+t)”00 , (34)

Oouiee perieHue OrpaHUuEHHON KPYTrOBOM 3aauyl TPeX TeJl B COOTBETCTBUM ¢ (5) u (6) MMeeT BHI:

X =7CcoSQCcosig,
Y =rcosQsini, (39)
z=rsing,

IIE T U COS( ONPENENAITCA COOTBETCTBEHHO BhIpaxeHUsIMU (28), mpuueM y =y, +7,¢ 1 (34). 3aech Ao

3a/1a€TCsl HAYAJIbHBIMU YCJIOBUSIMHU 3a/1a4H.
3. BbIBO/IBI M 3aKJII0YEHHE
1.Ipu t=ty, A=Ag, 9=@q, ¥ =1, IPOOHOE TENO /M3 HAYNHAET JBIKCHHUE UIUNTUIECKOrO THIA

c Touku M o (7y,99,A() , OKYC «KBA3UIILIUIICA» HAXOAUTCS B IIEHTPE Macc cxkaroro chepouna O, nanee
C TEYEHHEM BpeMeHH opOHTa Ha MHTEepBale d, <r <d; , «1edopMUpysICH», PABHOMEPHO BPAIIACTCS C
YTJIOBOM CKOPOCTHIO 7 — CONSt OTHOCHTENBHO OCH Z, IPUIeM

Ao SALZ(nty +Xhg), tg St<t;, cos@y < P<CcosQy,
rue

T
to="Lo, ty =Lo+(Loo+k* oy +k4£04)5,

) Bs
cosQy = [———————| —+(B; +1()ngg |
nty+ o —PB2) | a3

Oy Bs
cosQy = [———————| =+ (B +1;)nyg
nt; + (ko —P2) | a3

2. BBenmeHa HoBasi BepcHsl 3allaud ABYX HEIOJBIKHBIX LEHTPOB, KOTOpas o0NafaeT CIeAyIOUINMH
MPEUMYIIEeCTBAMH:

— alIPOKCUMHUPYIOLINE BEIPAXKEHUS IIPOCTEHI;

— BKIIIOYaeT B ceOst yacTh Bo3mymieHnit UC3 ot coxaTus;

— 3ajlada JIOMyCKaeT MHTETPUPOBaHUE B 3aMKHYTOI opme;

— TIO3BOJISIET TOCTPOUTH PEIICHUE, KOTOPOE OJIMKE K HICTUHHOW OpOMTE, UeM «KEILICPOB 3JUIUIICY,

— TIPEOJIOJICH CEPbE3HBIN «0apbep» MeToJa pa3JelIeHUus NMEPEMEHHBIX, CBsSI3aHHAS C HEOIHOPOJ-
HOCTBIO MTEPEMEHHBIX;

— MOJYYEHO HOBOE DEIIEHWE OTrpaHWYEHHOM KPYroBOW 3ajjaud TpeX Tel B MOJABUKHON CHUCTEME
KOOPJIMHAT;

— BBEJICHO HOBOE «30JIOTOE MPABHUIIO», KOTOPOE YIPOINAET aHATUTUYECKUE PElleHNs, 3aliCaHHbIe B
YTJIOBBIX ITEPEMEHHBIX.
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M.JI. llsiabiGaes’, C.C. Ilanpﬁelconz, C.A. Kougacos?,
JI.P. Anmackapos’, I'.E. Mbip3akacosa®, C.A. IllexepGexoBa’, A.JK. CaxpiGex’

! ¥ TTBIK FapBIITHIK 3epTTEyJIep MEH TeXHOIOrusnap optanbiFb» AK, Anmare! K., Kasakcaran;
Cripmapus yHEBepcHTETI, JKeTicai K., Kasakcran

EKI JKbLJDKBIMAMTBIH HYKTE TPOBJTEMACBIHBIH JKAHA HYCKACBIH
YIII IEHE ECEBIHJIE KOJIJAHY

AnnoTtanus. «KbUDKBIMaWTBIH €Ki HYKTenep ecebOiHiH aHa Hyckacb» 2016 »xbuisl eHrizinai [1, 6. 186-188].
JKaHa HYCKaHBIH HETi3ri alpBIKIIBUIBIFBIH OCNTICHIK:

1. Exi *XpUDKBIMAUTBIH HYKTEIEPIiH KYII OPICIH 6CKe KAaTBICTH CHMMETPHSUIBIK KBICBUTFaH CEepOUITHIH KYIIi
OpICIMEH anmpOKCHUMAIUIIaHFAaH

A=B=nC,n=0,n>0,

mynga A, B,C — nenenin neHrtpiik 6ac HHEPUUAIBIK MOMEHTTEDI.

2. JKaHa Hycka OackayjapiaH aWpBIKIIBUIBIFBI, OJ1 JKaKbIH OpHAajdacKaH jxacaHabl JKep cepikTepiHiy
KO3FaJIBICTaphIH 3epTTEyre OeiiMaenTe .

AunFanikpl peT eKi KbUDKbIMaWThIH HYKTenep ecedi XIX racwipaa maiina 0onbl, 6ipak KoJIaHychi3 Kana oep/i,
oiTKeHI TaburarTa oraH aHayor TabsuiManabl. Tek 1961 xbutel E.A. I'pebenukoBtoid, B.I'. Jlemunsnin xone E.IT.
AKCEHOBTBIH 3epTTeyJIepiHiH apKachlHIa Oyl ecki ecenTi jkacaHipl JKep cepiriHiH KO3FaJIbICHIH 3epTTeyre
KOJIIaHyFa OoaThIHBIFEL Oenrini 6omabl. Ocbutaii JI.JMep KoliFaH jxoHe aJiFalll PeT IIENIiMIH aJlFaH ecell OMipIlIeH
00 IBIL.

Bi3miH MakamaMbI3a OCHI €CENTiH JKaHa HYCKACHl MIEKTENTeH MICHOEPIIiK YII JeHe eceOiHiH IIenriMia Tadyra
KOJITAaHBLUIABI, OJI IISIIIM OCHI KYHJIE J€ FAPBIIITHIK KO3FAIILICTHI 3ePTTEY J€ 6TE KAXKET.

Tipek co3aep: xacauasl XKep cepiri, €Ki )KBUDKBIMAWTHIH HYKTEJep ece0i, TpaBUTAIMSIIBIK, KYII Opici, YIII IeHe
ece01i, CBIHAK JIEHEC, ChIHAK JICHECIHIH KO3FaNIbICH], IEKTEIreH MeHOepIiK YII JeHe eceoi.
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ABOUT AN ADVANCE OF WAVES ON AN EXPLOSIVE STRING

Abstract. In this work, with the help of the spectral theory of a functional differential equation, it is studied an
advance of waves on an explosive string, in particular, the formula of coordinate of a point of discontinuity of a
string is offered.

Keywords: wave guide, functional differential equation, range, basis of Riesz, initial value problem.

00X 517.929
A.IIL. Iannan6aes ', M.M. Axkbi16aes’, M.B. Canpynosa’

'OnrycTik-KazakcTan MeMIIeKeTTiK YHHBEPCUTETI;
ZOHTYCTiK—KaSaKCTaH MIeTarOTUKAJIBIK YHUBEPCHUTETI,
*I0xu0-Kazaxcranckas rocyaapctBeHHas (hapMareBTHYeCKas akaaeMust

TOJIKBIHIAPJBIH Y3IK IIIEK BOMBIMEH TAPAJIYBI TYPAJIBI

AnHoTtanusi. byn eHOekre QyHKIMOHAN-ANGGEPEHINATIBIK TEHACYJIEPIH CHEKTPAIIIK TEOpHUsCHl  ap-
KBUIBI, TOJIKBIHAAPBIH Y3IK iIeK OOMbIMEH Tapaylybl 3epTTEINIIeH,JaJlipeK alTcak,y3uli HYKTECIHIH KOOpIMHATACHI
TaOBLIIBL.

Tyiiin ce3nep: TonkeiHeT, (yHKIHOHAN-TU(GEPEHINATABIK TEHICYIEP, CHEKTpP, CIEKTPIIAL TapaibIM,
Puccrig 6a3wuci, Kommaiyg eceOi.

1.Kipicnme.lupopmaTika FHUIBIMBI HEri3ri yII HOpceMeH aiHambicaabl. Onap WHQOpMAIUSHEI
JKUHAY, caKkTay, OHJeYy *koHe Tapary. MHdopmanusHel )KMHayMeH apHaiibl KbI3METKepiiep: Oapiayubiiap,
caparisiIap, CTaTHCTep, KIEPKTEp aifHaIbICaIbl, ajl OHJIEYMEH NPOTPaMMHUCTEp LIYFbUIIaHAAbL. JlaifbiH
WH()OPMAITUSHEI TYTHIHYIIEIFAa OalIaHBICIIIEUIAP JKETKI3e I, OVJI YIITiH, OprHE, apHAWBI Kypasl *KaOabpIKTap
KaXeT, aral aWTKaHna, dJeKkTp xeninepi. MHpopManust ocbl >kenijep apKpUIbl 3JEKTPOMAarHUTTI
TOJKBIHAAp TypiHae Tapaiapl. COHFBI Ke3lepi JKedici3 TapaTy JKOJJapbl Ja JaMu  0acTazpl.
DJIEKTPOMATHUTTI TOJKBIHAAPABIH Tapaly TEOPHUSCHIHHBIH HETi31H KaJlaFaH aFbUINIBIHHBIH KOPHEKTI
¢usuri [[xelimc MakcBemn gen caHanaabl. TONKBIHIAPABIH Tapallybl OCBI KiCiHIH TeHJAEYJepi apKbLIbI
epHekTteneni. TONKbIHOApABIH Tapaly OapbIChIHAA 9p TYpPJl Keaepriiep Ke3lecyl MYMKiH, OJapiblH
KaTapblHAa: OPTaHBIH OTKI3TIITIK KAcHeTi, KypalgapAblH (U3UKAIBIK XOHE XWMUSUIBIK KACHeTTepi,
JKayAbIH KapChl OpeKeTTepi, KypangapAblH KeiOip OelikTepiHiH ICTeH IIBIFYBl JKaraipl. bi3 e3
3epTTEYIMi3i 9N OCBHl TAaKBIPHINKA apHaJbIK, alTalbIK, iMIEKTiH TepOemnyi HOTIKECIHIe ayara KepeKTi
JIBIOBICTAP TapallbIll JKATChIH, OENTUI Oip CoTTe imIeK jkay opeKeTiHeH Y3UIN KeTCiH Aerik, Oipak o
opuHe, Oipa3 yakpIT TepOemin, o3 KeI3METIH aTkapa Oepemi. SIFHM, Oyi1 COTTE IBIOBICTBIH carachl MEH
Kypambl e3repesi. bi3aiH MakcaThIMbI3, 1IIEKTIH Y3UITeH XepiH Taly!

Ecentin KolibL1ysl. ¥1mTapel X = 0 skoHe x = 1 HyKTenepinae OalanFaH iEKTiH epKiH TepOeiciH
3epTTEHiK.
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A

y

1 —cyper

Atitanbik, Oenrim 0ip corre 0 MeH 1 apachiHaa KaTKaH X = [ HYKTECIHJE 1MIEK Y3LIil KeTTi AEiK.
Erep ne ek ochl CoTTe ©31HIH SHEPTUACHIH KOFAJITIIACA, OHJ/IA OJI MHEPLHUACHI OOMbBIHINA TepOeie Oepei.
OpuHe, IBIOBICTBIH camachkl e3repelli, OChlFaH OalIaHBICTBI MBIHAJAH CYpak TybIHAAUIbl. JBIOBICTBIH
KypaMbl OOMBIHINA iIIEKTiH Y3UIreH kepid Tabyra 0oia ma?

JnddepeHnmanaplk onepaTopIapAablH CIIEKTPIJIIK TEOPUICH MEH TapMOHUKAJIBIK aHATA3iH JKeTic-
TIKTEpl DIEKTPOMArHUTTI TOJKBIHAAPABI TapaTy TEOpHWsChIHIA OyphIHHAH Oepi KeHiHEH KOJJIaHBLIAMIbI,
MyHBI 0i3 [ 1-8] xyMbIcTapaH aiiKbIH OaiiKaIbIK.

bi3 Oy >kyMBICTa KOFaphIOaFrbl €CeliTi, apTYMEHTI ayBITKBIFaH AU(GEPSHINAIILK TECHICYICPIIH
CIIEKTPAJIIK TCOPHUSIChIHA CYHEHIN 3epTTEdIK KOHE OChI 3epTTeyiiep OaphichiHaa [9] eHOEKTIH KETiCTiK-
TepiH KeHiHeH mnaipananiaslk. COHBIMEH Oipre CHEKTPaNAiK TEOpHsHbIH xeTicTikTepi [10-24] keHiHeH
KOJIZIAHBLIIBI.

2.3epTTey aaici

Herisri xericTikTepai any yuriH 0i3 TOMEHJAEri JeMManapra cydeHeMi3, oflap Typabl TOJBIK MaJi-
METTI JKOFapbI/ia aTanraH [9-24] eHOekTepaeH Tabyra Oomab.

Jlemma 2.1.

(a) Erep a HakThl 111amMa 00Jica, OHa MbIHA,

y'(x) = Ay(a —x),(2.1)

—y"(x) = 2y(x),
Htypm — JInyBrIUT TeHACYiHIH IeIiMi O0OIaabI.
(6) XKorapsigars (2.1) TeHaeyAiH menriMaepiHiy KeHicTiri 0ip camasl.
(B) Ockl (2.1) TeHACyIiH KA IIeNTiMi MBIHATaH:
a . a
yx)=A- [cosl (x - 5) + sin A (x - 5)] (2.3)
0osambl, MyHIAFbl A - K€3 KEeJIreH TYPaKThI I1aMa.
JemmMma 2.2.
(a) Erep 0 < a < 1 6ouica, onna Kommiy MbiHa,
y'(x) = Ay(a —x), x € (0,1),(2.4)
y(0) =0(2.5)
eceOiHIH IIeKCi3 KOIl, HAaKThl MEHIIIIKTI MOH/EPI:
T 1
A, = (—1)”;(11 + 5)' n=01.2,..

TEeHACYAIH opOip MIenriMi, MbIHA!

Oap >koHE oJlapra MbIHaIa:

2 .. T 1 _
yn(x)z\/;sm;(n+5)x, n=0,1.2,..

MeHIIKTI QyHKIusnap coiikec keneni, onap L?(0, ) KeHicTiriHge opTOHOpMAajJaHFaH Oasuc Kypaiupl,
Oipak Heri3ri L?(0,1) xeHicTirinme TOIBIMCHI3.

(6)Erep a > 1 6Gonca, ouna (2.4) — (2.5) mekapanblk ecenTiH MeHmikTi ¢ynkuusnaps L?(0,1)
KEHICTITiHIe 0a3KC KYPauIbl.

(8B) Erep a =1 Gonca, onma (2.4) — (2.5) mekapanbik ecentin MeHmikTi ¢ynkuusiaapsr L2(0,1)
KCHICTITiHIe OpTOHOPMAIaHFaH 0a3uc Kypauibl.

(r) Erep a = 0 6onca, onna (2.4) — (2.5) mekapasbiK ecern BOJIBTEPIIK €cell, SFHA OHBIH MEHIIIKTI
MOHJIEPI1 JKOK.

Hoaaedi. XKorapeigarsl (2.5) mekapamislk mapTka (2.3) popMyIackH armapbin KOWcak,
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A [ Aa ) /105] 0
‘|cos— —sin—| =

2 2
eKeHiH KepeMi3, MyHaH A # 0 OoNFaHIBIKTaH,

la | A Aa
cosT— smT =0,=> tg7 =1,
Aop-a s s 1
> =Z+nn, AZn-a:E+2nn, 12n=5(2n+§>,n=0,1,...
T 1 a T 1 a
Yon(X) = Ayp [COSE(ZTl + E) (x - E) + sin— (Zn + E) (x - E)] ,n=0,1,...
MpiHa, cos 2;"“ = sin '12’21'0‘, TEHJIIKTEP ANbIHFaH (OPMYJIaHbI, MBIHA:

T 1
Uy () = Ay - sinE(Zn + E) x, n=0,12,..

KeNTipyre O0saabl.
MpriHa,
v'(x) = —Av(a — x)
TEHACYIH IICNIiMi MbIHA,

v(x) =B" [cos/l (x — %) —sinA (x — %)]
¢GyHKIMA OOJATHIHBIH KOPY COHIIAJBIKTBI KUBIH emec. OChl OpHEKTI skorapbiiarbl (2.5) ImeKapasbik
mapTKa anaphlin Koicak, oHaa
T

Mamey ==(2m—2), m=0,41,42,..,

Vom—1(X) = Byym_1 [cosg(Zm — %) (x — %) — sing (Zm — %) (x - %)],

€KeHIH KepeMi3, MYHJAFbI B,,,_1 - Ke3 KeJreH TypaKThl mamanap.
Erep ne mbiHamai,

( 1)n”( +1) 0,+1, 42
= (— —\n =1, n=4uv,xl,xys,..

u,(x) = A4, -sinu, x, n=0,+1,+2, ...
Oenrineyyep eHri3ceKk, OHJa MEHIIIKTI MOHJEp MEH MEHINIKTI (QYHKIHUSIapAbIH TaObUIFaH CepUsIIapbIH
TyTac Oip cepus eTin jkazyra Oomanpl. MHAEKcTepaiH Tepic MoHAEPi >KaHa MEHIUIKTI (YHKUIUSIIApIbI
TYBIHAATIIAN/IBI, COHIBIKTAH 0i3 Tepic eMec MHIEKCTepMeH ImeKTenemis. Ansiarad {u,(x)}, n = 0,1, ...,
CHCTEMACBIHBIH  TONBIMABUIBIFEI  {sinnt}, n =1,2,.. cucremachinbiy L?(0,7)  KeHicTirinme
TOJIBIMIBUTBIFBIHBIH canmapbl. Hopmanayiisr A, (n = 1,2, ...) K03GPUIHEHTTEPIH eCEeNnTey OHIIATBIKTHI
KUBIH EMEC JKOHE OJIap MbIHA,

2
A, = L (a>0), n=12,..

(dopmynanapMeH TaObLIAIbI.

by tadeurran {u, (x)}, n = 0,1, ... cucTemMacsl MbIHa,

—u"(x) = 22u(x),
u(0) =0, u'(a) =0

cummetpusiibl Itypm — JlnyBuwnn mekapanblk eceOiHiH MEHIIIKTI (yHKUUsIapsl OONFaHABIKTaH e3apa
opToroHai 0oabl.

(6) Erep a > 1 6onca, onma L?(0,1) c L2(0,a), an {u,(x)}, n=0,1,.. cucremacs L?(0,a)
KeHICTirinme ToibIMabl OoiraHmblktaH, on L%(0,1) kemicririnme ne TomsiMasl Oomamsl.  L2(0,1)
KeHicTiringe xatka f(x) ¢ynxmumaceE 1 < x < « apansrsiaaa (- Men xanFacThIphIn, COHAH COH OHBI

L?(0, @) KeHiCTIriHiH 2/€MEHTi €N caHaybIMbI3Fa OONafbl KOHE cOJ cebenTi OpPTOHOPMAlaHFaH
CHUCTEMaHbIH KaTapblHAa TapaTybIMbI3fa 0oianbel. by karap L?(0, @) xeHictirinin HOpMAachl OOMBIHINA
xuHaKTananel, oublH L2(0,1) KeHicTirinig HOpMAachl OOWMBIHINA Jla KUHAKTAJIATHIHBI aiijlaH aHBIK, Oipak
Oy cucrema L?(0,1) xewicririnae OTPOHOpPMAJIaHFaH eMec, coi cebenTi Oy keHicTikTe PruccTiy 6a3ucin
Kypanasl.
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(B) by Gemnimire anabpiHFHI () OeMiMINECiHIH qepOec KaFIaibl.

(r) Erep a = 0 6oxca, ouna y'(x) = Ay(a —x), y(0) =0, y'(0) =0 (A # 0); —y"(x) = 12y(x),
conbikran Kommin ecebinin memiminiy Gipereiiri Typaisl Teopema Ooiibiamma y(x) = 0.

Jemma 2.3.

(a) Erep a < 2 6onca, orna Komuain MbeiHa,

y'(x) = y(a —x), (2.6)

y(1) =0(2.7)

eceOiHiH MIeKCi3 KeIl, HAKThl MEHIIIIKTI MOH/IEPI:

, 2 .om 1 _
Yn(x) = ;smg(n +5) 1-x), n=01,2,..

MeHIIIKTi pyHKuusnaps 6ap. Onap L?(a — 1,1) KeHicTiringe oTpoHOpManaHFaH 0asuc Kypaibl.

(6) Erep a <1 6onca, onma (2.6) — (2.7) Komm ecebinin menmikti ¢ynkuusnapsl L?(0,1)
KEHICTITiHIe 0a3KC KYPauIbl.

(B) Erep @ = 2 Ooca, onna (2.6) — (2.7) Komwn ecebi BombTepIIi, SFHU OHBIH MEHIIIKTI MOH/IEP1 JKOK.

(r) Erep a > 1 6oica, ouma (2.6) — (2.7) Komm ecebiHiH MEHIIKTI (YHKIUAIAPE TOIBIMIBI, opi
OpTOroHas onap HopmanaaradHaH coH L?(1, @ — 1) KeHicTirinae opToHOpMaIaHFaH 6a3uc Kypaisl.

Janedi.

(a) byt Ty KbIpBIM NTeMMa 2.2 CeKil JoIeN IeHeIi.

(6) Erep a <1 Gonca, ouna a—1<0, cougsikran [0,1] € [@ —1,1]. Jemex, L?(0,1)
L*(a —1,1). L?(0,1) xewnicririnin ke3 kenareH f(x) ¢ynkuusicein [a — 1,0] apanbiFbiHa HeNMeH
JKaJIFaCTHIPHIT, COHAH COH OHBI L?(a — 1,1) keHicTiriHiH >IeMeHTi aen caHaybIMbI3Fa 00JIaIbl.

OcsbiHpal KonMMeH TaObutFaH QyHKOUSHBL (2.6) — (2.7) eceOiHiH MEHIIIKTI GyHKIMIAPH OOMBIHIIIA
dypbe KaTapblHa TapaThlll kascak, onaa on karap L?(a — 1,1) keHicTirinae skuHaKTanaasl. bya karap
L?(0,1) xenicTirinig HopMmachl GOMBIHINIA J1a KMHAKTAJAIbI, OipaK OyJ COTTe KaTapAblH MYIIENepi o3apa
OpTOTOHAJ eMec OoJIFaHaKTaH, oap PUcCTiH 0a3UCiH Kypaibl.

(B) Erep @ = 2 Gomnca, oHa MbIHA!

JKQHE OJIapFa CUKec:

y'(x) = Ay(a —x),
y(1)=0
teraikrepaen y'(1) = 0, —y"(x) = A2y(x) tennixrepai anamers. Conapikran Komm ecebinin memiMiig
Oipereiiniri Typaibl Teopema Golibiama, y(x) = 0.
(r) byn Gemimiie temMma 2.2 — HiH caigaphbl.

3.3epTTey HOTHEKETEPL

JKorapbimarer 2.3 — neMMaHbIH @ < 2 COTiHIETI HoTHXenepiHeH (2.6) — (2.7) mekapaiblK eceOiHiH
imektiH (o — 1,1) apanbiFslHIaFBI TEPOETICIH OPHEKTENTIHIH GaliKkaiiMbI3, MYHBI 0i3 MbIHA KalmaH J1a
Kepe anaMbI3. J{ai1 oChl ecenTiH IIeniMi TOMEHIET:

—y"(x) = Py(0),
y(1) =0, y(a)=0

typm — JlnyBuin eceOiHiy Ae mermimi Oosaasl. MEHIIIKTI MOHIACPIIH TaHOATAPBIHBIH 9PTYPJIi
0omysbl immekTiH OoifbIMeH eki Typii Typa (’KoHEe Kepi) TONKBIHIAP TapalTHIHBIH aHFapTanbl. bipak, Oy
xaiine! L typm — JImyBuiut ecebineH Oaikay oHail emec.

Erep ne 6i3 ¢ — 1 > 0 sxoHe @ — 1 < 1 GoJchIH fem xopbicak, onna 1 < a < 2 xoHe a — 1 HykTeci
(0,1) apansirbinga xataasl. Herisri [0,1] kecinmici exi Genikke Oemninin Kanansl, [0, — 1] apansirbinma
Kommumig MeIHa:

y'(x) =2y(@a—1-x),y(0) =0 (3.1
eceOiHiH MeHIIKTI (QyHKIMsUIapbl TOJBIMIBI OPTOrOHAN CHCTeMa Kypaiasl, an [a@ — 1,1] apansiFbinga
Kommiy mprHa:

y'(x) =2y(a—x),y(1) =0 (3.2)
eceOiHIH MEHIIIKTI QyHKIMSIaphl TOJBIK OPTOrOHAN crcTeMa Oonaubl. ©3apa CaIbICTBIPY MaKCcaThIHAA,
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OCBl €Ki IIeKapallblK ecenTepliH MEHIIIKTI (yHKIMUIAPBIHBIH X = @ — 1 HyKTeciHaeri MoHIepiH
ecenreriik. JKorapeimarsr (3.1) mekapansik eceOiHIH MEHITIKTI (QYHKITUSITApHI MBIHAIAM:

yn(x) = J_51n—(n + )x, n=01.2,..

0o0J1aIbl, COHIBIKTAH

. T (+1)( D=
sma_ln > a =

An (3.2) mexkapaybIK eceOiHIH MEHIIIIKTI (QYHKIUIIAPHI MBIHATAM:

yn(a -1)=

sin

s
Zp(x) = o (1-x), n=2012,..

2—«

0Oomaabl, COHALIKTaH X = a — 1 OOJIFaH CoTTE

Sin

2 1
zn(a—1) = 2—« - Zfa(n-i_E)(z_a):

Hemek, x = a — 1 HYKTeciHAET] Y3IKTiH mMamMachl MbIHA/IaM:

r = Zsin(n+2) <\/;—J7>—<1)”W<\/;—J7>

Gonasl.
Enni gom ocbl X = @ — 1 HyKTeciHAeTi MEHIIIKTI (YHKUMSUIAPABIH TyBIHABUIAPBIH €CENTEeIl KOpeiK.

®= ey (rg)m mia-n =0
Yn (X) = o _ o a_ln ZCOSa_ln zx, Yn & =U;
@) =~ [ T (n 45 cos T (m3) (-, zala—1) =0
() =~ o= s (n+|coss——(n+2 x), zp(a =0.

4. TanKpIChI
Erep ne r = 0 Gonca, oHza y3iK )OK CHSIKTBI KOpiHE i, Oipak OyJ1 ajIaMIIbl XkKaid, IBIHBIHA, KaF[ai
omaii emec. byncorre 2—a=a—1,2a=3,a=15,a—1=2—a = 0,5, cousimen Oipre

1
yn(x) = 2sin2m (n + E) x = 2sin(2nw + m)x = 2sinw(2n + Dx,n =0,1,..

Zp(x) = 2sin 2w (n + %) 1—x)=2sinnr+m)(1 —x) =
=2sint(2n+1)(1 —x),n=0,1,...
2 1\ 2 ’
"W = g () W M@ =0 v @-D=0
2 2

1 ,
—z",(x) = (Zf—a)z(n + E) Z, (%), z,(1) =0, zp(a—1)=0.

Hemexk, z,(x) = y,(1 — x), an y,(x) (n = 0,1,..) cucremacsl MbIHa,
—y"(x) = 22y(x), y(0) = 0, y(1) = 0 Iltypm — JluyBun ece6GiHiH MEHIIKTI (yHKIMSIAPHIHLIH

Tek Oip FaHa Oeuiri OOIFaHIBIKTAH, ONap L?(0,1) KeHiCTiTiHIE TONBIMIBI €Mec, Oipak oxap L? (O, E) MEH

1 .. .. o o . . . .
L2 (E : 1) KCHICTIKTCP1HIH 9PKAUCBICBIHAA TOJIBIMAbLI CUCTECMA 60.]'[21,[[]:1. B¥J'I JKarJapaa 1ICKTIH Y3UITCHIH

Oalikay MYMKIH eMec, OHbI TeK OBIOBICTBIH camachl OoiibiHINa Oinmyre Oomanpl. JKorapblaa KyprisiireH
€CenTeyJep/IeH, JIbIOBICTHIH JKUUITIHIH TEH apThICHl KOFaJNaThIHBIH KOPEMi3, SFHH ilIeK Y3LUIreHHEeH
KeWiH OYPBIHFBI JKUUTIKTEPTIH XKAPTHICHI JKOFAJIBIT KETEII.

5.KopbITBIHABI

JKorapeigarsl ecenTeyyepaiH KOPCETKEHIHACH, iLIEK Y3iITeHHEH KeWiH >KUUTIKTEp/iH aHa cepus-
napsl naiaa 6onansl. Onapabl eJen, COHAH COH OJIapAbIH albIPMAchIH TAICAK, OHJA MbIHA!
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AL = 1 1
T 2—-a a—1

(hopMyJia apKBUIBI IIEKTIH Y3UITeH X = @ — 1 HYKTECiH TaybIl ajlaMbI3.
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"HOxnH0-Ka3axcTaHCKmii ToCy1apCTBEHHBIH YHHBEPCHTET;
2}OxnH0-Ka3axcTaHCKHMil Me1arorHaecK il yHHBEPCHTET;
3fOsxH0-Kazaxcranckas rocynapcTBeHHAasA (hapMarieBTHIECKast aKaJeMHUs

O PACITPOCTPAHEHHMH BOJIH IO PA3PBIBHOM CTPYHE

AnHoTanusi. B nanHOl paboTe C MOMOIIBIO CHEKTPAIbHOW TEOpHH (YHKIHOHAIbHO-AN((HEpEHINATBHOTO
YpaBHEHUsI H3y4YEHO paclpOCTpaHEHHE BOJH II0 Pa3pbIBHOM CTpyHE, B YacCTHOCTH, NpeUIOKeHa (HopMyiia
KOOPJMHATHI TOYKH Pa3pbIBa CTPYHBI.

KuroueBsble ci10oBa: BOHOBOA, PpyHKIIOHANEHO-TH(QepeHIInansHOe ypaBHeHHE, CIIeKTp, O0azuc Pucca, 3agada
Kommn.
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ABOUT k — & , LES, REYNOLDS AND POWER MODEL

Annotation. Modelling of turbulent fluid flows Reynolds equations for unknown averaged velocities, pressure
ripple, the continuation of which are infinite systems of equations of moments of high order Keller-Friedmann, and
LES - method laid down in the impossibility of determining such a universal averaging period 7 in time, which is the
only constant in all points of turbulent flow and is the same for all the dynamic functions. This fact has led to the use
of nonphysical inherently absurd in design and semi-empirical mathematical models of turbulence, including those

based on the ideas of Kolmogorov families of K — & models that are used to determine the nonphysical "effective

coefficient of turbulent viscosity M ". Models such k — € as action contrary to the forces of friction and kinetic
energy transport equation, including the turbulent kinetic energy fluctuations. In this paper, for the simulation of

viscous liquid and gas it is justified to use physical laws of friction F,,y, :_kmf;””mzl,?,,i 7,9,..., but with odd

exponents, the choice of which depends on the component of the flow rate at a given point flow. Respectively,
derived asymmetric stress tensor and the equation of dynamics. The thus obtained does not contain the model-
poluem-empirical constants. It is shown that the law of Newton and friction Navier viscous fluid dynamics emerge
as a special case when the exponent is equal to one 7 =1 .

Keywords: liquid, turbulence, k — & , LES, power model.

VK 519.6, 532.516

K.b. I:xakynos

WucTrTyT MaTeMaTHk 1 MateMaTrdeckoro monenupoaanss MOH PK, Anmartel, Kazaxcran

O k- &, LES, PEHHOJIBJC U CTENIEHHBIX MOJEJISAX

AHHoTauus. MozaennpoBanue TypOyJICHTHBIX TEUCHHH HEC)KUMAEMOM JKUAKOCTH ypaBHEHHsIMHU PeitHonbaca
JUTSI ICKOMBIX OCPETHEHHBIX CKOPOCTEH, JaBICHUS M MPOU3BEICHNN ITyIbCAIIHA, IPOIOHKEHUEM KOTOPBIX SBIISIOTCS
OecKOHEUHBIE CHCTEMBI YPaBHEHHH MOMEHTOB BBICOKHX mopsiakoB Kemrepa-®punmana, a takxe LES - meromom,
3aJI0’KEHbI B HEBO3MOXHOCTH OMpEeNICHHs TAKOI'0 YHUBEPCAJIBHOTO Mepuojia ocpeiHeHus T BO BpeMeHH, KOTOPBIH
UMEECT CIUHCTBCHHOC IIOCTOSAHHOC 3HAUYCHHUE BO BCEX TOYECK Typ6yﬂeHTHOFO IIOTOKa M OJHMHAKOB JJIsI BCEX
JuHamudecknx (yHkuumit. /laHHOE OOCTOSITENBECTBO HPHUBENO K HMCHOJIB30BAaHUIO HE(PU3MYHBIX 1O CBOEH CyTH
aOCypIHBIX 110 KOHCTPYKLIMH HOIYySMIMPHYECKUX MaTEeMaTHYECKUX MoOjeNed TypOYJIEHTHOCTH, B TOM YHCIE H
OCHOBaHHBIX Ha mjesx KoimoropoBa cemeicTB k — & MoJelnel, ciayXamux Ajs ONpeleieHUus] HeQU3UIHOTO
“a¢ppexTrBHOrO KO3 duIMeHTa TYypOYICHTHON BSI3KOCTH Lir . Monenu Tuna k — & NPOTUBOpeUaT ACUCTBHIO CHII
TPEeHHsI U YPaBHEHHIO NEPEeHOCa KMHETHYECKOW 3HEprHH, B TOM 4YHCIIE U TypOyJIICHTHOHW KMHETHYECKOW SHEepTruu
nyJbcanyi. B nanHo# paboTte /Ui MOJAETMPOBAaHHS TEUEHUH BS3KHMX JKUAKOCTH U ra3a 000CHOBAaHO HCIIOJIb30BAHHE

(U3MYECKUX 3aKOHOB TPEHHS Fmp =—k v",m=13,5,7,9,.., HO c HeueTHBIMH TIOKA3aTEJSAMU CTEIEHH, BHIOGOP

KOTOpPBIX 3aBHCHUT OT KOMIIOHEHT CKOPOCTH TCYCHHSA B ,HaHHOﬁ Touke 1O0TOKa.COOTBETCTBEHHO BBIBCICHBI
— 44—




ISSN 1991-346X Cepusa pusuxo-wamemamuueckasn. Ne 1. 2017

HECHMMETPUYHBIC TEH30PHl HANPSKCHUA M ypaBHEHWs AWHAMUKH. llOTy4eHHBIE TakMM OOpa3oM MOJENH He
CoJIlepKaT IMOyIMIUpUIecKnX KOHCTaHT. [loka3aHo, 4To 3akoH TpeHHs HrproToHa m ypaBHeHHs HaBbe muHaMuKH
BSI3KOM JKHJKOCTH BBITEKAIOT KaK YaCTHBIN CiIydail Ipu nokasaTelie CTENEHH, PABHOM eAMHULE m = 1.

KiroueBsble ¢JI0Ba: JXUAKOCTH, TYPOYIEHTHOCTD, kK — &, LES, cTeneHHbIe Moeny.

1. O moaenn Peiinoabaca. Otkpeitie B 1882r. OpuranckuM ¢usuxom Oc- 6opHOM PeitHonbacom
JBYX PEKHUMOB TEUEHHs] BS3KOH IKHIKOCTH - JIAMUHApHOTO M TYpOYJEHTHOTro, B JaJlbHEHIIEeM
9KCIEPHUMEHTHI MOATBEPIMIH CYIECTBOBAHNE MEPEXOJHOIO PEXMMa WIN MEPEMEXKAIOIINXCS TEYEHHH,
MOJIOKUIIO HayaJlo TMOMCKY aJIeKBaTHOM MaTeMaTH4eCKOM MOJENM, B KadecTBEe KOTOpoil PelHomibic
npeanoxut Mmoaudukanyio ypasHennit HaBpre-Crokca

p[%lt/—k(IZWV]—FVP:pﬁ +4AV,i=123,(V,V)=0, (1.1)

—

C NPEeACTaBIEHUEM TUAPOJMHAMUYECKUX BEJIMYUH B BUJEe V =V, + V',P=p+ p' CyMM OCpPEJHEHHBIX BO

BpEMEHH 3HAYEHUH U MyJILCAITMOHHBIX T00ABOK:

p[a(V(; V) (47 V)47 ) VP p) = o + 1T +7), (V,F47) =0, (1)
OTKyJa crienu(pruIecKiuM OCpeTHEHUEM TTOTyJaloTCs ypaBHeHMsI PeitHombaca
dv. oy, 0 Vv ov.
v’ 161_9 =F + Vi _ ,i=1,2,3, V:O (1.3)
dt p Ox, 6xi8x ; leﬁx ; " ox,

B cucreme (1.3) PeliHoiblaca YMCIO HEM3BECTHBIX MPEBHIMIACT YUCIO YpaBHEHWH Ha 6 BENWYUH

v V', 1, j =123, 910 101KHO OBLIO 06paTHTH BHUMAHNE HA OLUIMOOYHOCTb U HEIPYEKTUBHOCTH OCPE/-

HEHHOTI'0 TOAXO0Ja K MOJEJIMPOBAHUIO TypOYyJIEHTHBIX TeueHMH. Bo-mepBbIX, mapajokcaibHa caMa uaes
ocpefHeHusl cucTeMbl ypaBHeHU# (1.2), MOTOMy Kak ypaBHEHHE JMHAMUKH €CTh BOILIOUIEHHE BTOPOTO
3akoHa Hpl0TOHA, a ypaBHEeHHE HEPA3PBIBHOCTH CYyTh MaTeMaTHYECKOTro 0(hOPMIICHHS 3aKOHA COXPaHEHHS
Macchl, T.€. Ha CaMOM JIeJI€ OCpeHeHHE IPOBeJeHO Haj 3akoHamu HpioToHa u coxpaneHus maccel. Ho
OCpeHEeHre JIF000To 3aKOHA MPUBOJMT K €r0 MCKaXEHHUIO, YTO SIBISIETCS HCTOYHUKOM HEJIOCTOBEPHBIX U
HeaJleKBaTHBIX pe3yJbTaToB. Bo-BTOPEBIX, GOpMyIia OCpeAHEHHS IO BpeMEHH

f=f+f.f== jf(JC v,z,0)dt, f'=— jf(x v,2,0)dr=0

conepxuT 3 pobuemsl. ITepBast mpo6iieMa 3aKiouaeTcs B npeaenax uaterpuposanus [(—1/2t+T/2], T
- TepHoJ OCpeNHeHHs, ¢ - TeKylee Bpems. [lomydaercs, 4ToO MpeJBApPUTENLHO HYKHO HAHTH 3HAYEHHS
(yHskumit Ha Gymymme MomeHThl BpemeHu (f,/+7/2] w 3aTem JHIIb MPOBOJWUTH OCPEHHEHHMS, YTO

HepeasbHO. BTOpoii mapagokc cOCTOUT B TOM, YTO nepuodvl OcpeoHens My nbCalui THAPOINHAMUIECKUX
(GYHKUUI ¥ TPOU3BEICHUN MyJIbCAMI Ha YK€ OCPETHEHHBIE BEIMUUHBI He MO2Ym OblMb 0OUHAKOBHIMU U
NOCMOSHHBIMU:

1 t+1,/2 H+T/2 1 t+1;/2
— j X, 9,2, 0)dr=0,— J‘v,.'(x, V,z,7)dr=0,— I\/i'(x, NZOV(%,),2,7)dr=0,i, j =123,
7;7 t+-T,/2 ]; -T2 § T2

TO €CTh MEpUOABl HE MOTYT OBITh PaBHBIMH MEXIy coOoi Z;;tY;;tT i,j =123, uro moaTBep:xmaercs

ij°

skcriepuMenTamu [2]. Tperuit mapamoke TpeOyeT BRIMOTHEHHS THITOTETHYECKOTo mocTyiaTa (eMm. [1]):
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t+T/2

f(DZ— J.f(x,y,z,f)q)(x,y,z,r)dr=f~§0 (1.4)
T t-T/2
Omaromapst uemy ypaBHeHus1 Pefinonbaca mmeror Buf (1.3). OTka3 OT MaHHOTO MOCTYJIaTa MPHUBOIUT K
COBEPILICHHO JApPYIOMY YPaBHEHHUIO Il OCPEAHEHHBIX BEJIMYMH, HEXEIM ypaBHEHHUs PeliHoublca.
JeiicTBuTenbHO, mpaBas 4acTh (1.4) Mo onpeesieHUI0 paBHA IPOU3BEACHHUIO NHTETPAJIOB

~ 1 12 +T/2
o == j f(x,y,z,7)dt- J(o(x,y,Z,T)dT,
' 3, t=T/2

a JICBAs 4acCThb IO TOMY K€ MMpaBUJTy OCPCAHCHHUA NPCACTABIISICTCA B BU/IC

— 1 z+T/2_ 1 t+T/2 1 t+T/2
fo=— J.f(xay,z,f)ﬂx,y,z,r)dr =— J‘ — jf(x,y,z,r)dr} o(x,y,2,7)d1
Tt—T/Z Tt—T/Z Tt—T/2

CJIeI0BAaTENIBHO, TOMYYaeTCss MPUHYAUTENThbHOEe paBeHCTBO (1.4), KOTOpoe HE MOXKET HUMETh MecTa B
HECTAIMOHAPHBIX TYPOYJIEHTHBIX TEYEHHUAX (OTPOMHOE YHUCIO OJKCIEPUMEHTOB [2] TOATBEpkKAaloT
HECTAIIHOHAPHOCTh TYpPOYJEHTHBIX TEYCHHWH, THIIOTETHYECKOE IPEANONIOKEHNE O CTallMOHAPHOCTH
MPOTUBOpEUUT Pru3ndeckoii cyTu siBieHus TypOynentHoctH [2], [3], [4]):

1z+T/2 1t+T/2 t+7/2 _ ~
— [ & [feyanddpxyzodez— [feyz00x.20d Jpz F-5
Tt—T/2 Tt—T/Z Tt—T/2

CrnenoBatenbHo, cuutas mocTyiar (1.4) HEBBIMOTHUMBIM, TNPaBWIBHOE HAMHCAHWE YpaBHEHHUU
PeliHonbaca JOKHO UMETh BUJ:

& _ o o, oY, o, o
—L+y.—L+y L4y —L4- —|+—=p0" + : ai:132337_l:()’
Aa o Ve e e e P aa o, (1)

T.e. noOaBisiercs enle 18 HensBecTHBIX (yHKIMA. [IpUBeAEHHBIX NPUMEPOB JOCTATOYHO IS
JEMOHCTpAaLUN aOCYypIHOCTH OCpPEIHEHHs YpAaBHEHHWH AWHAMUKM BS3KOH J>KUAKOCTH, TeM OoJee Uis

. y op .
TEYEHUH C IEPEMEHHOI MJIOTHOCTBIO C YPaBHEHUEM HEPA3PBIBHOCTH 8_ +(V,pv)=0.
t

OueBHIHO, YTO B TEUCHHUAX BA3KOM KHUJIKOCTH IEPUO]] OCPEIHEHHUS OyAET Ha caMoM Jelie QyHKIUeH
KOOpAWHAT M TEKYIIEro BPEMEHHU: r=T (X, .z, t). Cy1iecTBOBaHHE TaKOTO MOCTOSHHOTO 3HAYEHUS

nepuoaa ocpeqHeHus 7, KOTopoe ObUIO OBl MPUMEHHMO BO BCEX TOYKAX TYpOYJEHTHOTO MOTOKAa W JJIS
BCEX IyJbCalldii, B TOM 4YHCJIE€ U JUISI UX MPOU3BEACHUN Ha YK€ OCPEIHEHHBbIE THIPOJAMHAMUYECKUE
(GYHKIIMM TPOCTO HEBEPOATHO, YTO MOJATBEPXKAAETCS U3BECTHBIM (AKTOM: HHM B HATYypPHBIX
JKCIEPUMEHTaX, HM B TEOPETUYECKHX MOJCIAX TypOYJICHTHBIX TCUCHHH HE JaHbl KOHKPETHBIC
YHCIICHHBIE WM aHAJIWTHYECKUE CBEIEHUS O BpeMEeHH ocpenHeHus 7 wiu XoTs Obl O TpaHWIAX ero

M3MEHEHHUs, YTO MOATBEPKIaeT HepasencTsa nepuonos 1, # 1, # T, j = 1,2,3. Tonnoe orcyrcrBre

1_'])
KaKHX-JIN0O KpUTEpUEB OMNpeAeTeHus Iepuofa ocpeaHeHus I nenaeT OecCMBICICHHBIMU BBEICHHE
OCpPEIHEHHBIX BO BPEMEHH THAPOAMHAMHYECKMX MEPEMEHHBIX, CIEI0BATENbHO, OECCMBICICHHBI
OeCcKOHEYHbIE LIETIOYKU YpaBHEHUH IJI1 BTOPBIX, TPEThHX W 0ojiee BBHICOKUX MOMEHTOB, BBIBEICHHBIC
Kemnepom u ®punmanom. Takum o0pa3om, ypaBHeHus tuna Peiinombaca (1.3) um (1.5) sBistorcs
MUPHUECKIMH.

2.I1apanokcsl omnpenejennss kodppunuenta 3¢@PexTHBHOH TypOyJeHTHOH BSI3KOCTH B
ypaBHenusx Byccunecka B kK —& wmopensx. ®usuueckas OecCMBICIEHHOCTh CHCTEMbl ypaBHEHHMIA
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Peiinonbpaca, comepxarieil 6 HeonpeneneHHbIX (YHKINI ¢ HEM3BECTHBIM MEPUOAOM OCPETHEHHS, TaIH
Byccunecky moBoa A MOMCKa WHOWM MOJENM C TEH30pOM HaNpsiKEHWW, B KOTOPOW €CTEeCTBEHHBII
K03 PUIIMEHT MONEKYISPHON BA3KOCTH CYMMHPYETCS C MCKYCCTBEHHBIM Kod(dduimenToM “adpexTrn-

HOM TypOyneHTHol Baskoctu My ”

8\2
Ts);i =P +Cu+ﬂr)( +—)IJ 123 2.1)

B (2.1) byccuHeck  HWCHONB30BANl  cumMmempuuhslii  TeH30p  HampsbkeHmd — CTokca

_ i j .

i) ——p(i-, +(—+—")[1]. Cummerpuunbii Temsop CTOKca, a TaKkKe €ro AaHAIOT TEH30D
J T

ByccuHecka, TMOCTPOEHbI Ha MCKYCCTBEHHO 0O0pa30BaHHOM TEH30pE CKOpocTed nedopmanuii u

ov,
v _ i

MPOTHBOPEUAT — HECUMMEMPUYHOMY — TEH30py — Hampsukemnii  Heooroma 77, =—pd, + ﬂg.
j

HGCI/IMMCTPI/I‘{HBIP'I TeH30p HLIOTOHa CCThb HpﬂMOC CJIeACTBUE 3aKOHa TpCHI/ISI F = _k\_/" ,

mp
JIOKa3aTeNbCTBO TaHO Hivke. Tensop HampspkeHmit CTOKca, a Takxke ero aHajor TeHzop byccunecka, He
COOTBETCTBYIOT JJAHHOMY 3aKOHY TPEHHUsI, TOATOMY OHH (DaibIIMBEIE.

B mopenu Byccunecka onpenenenue koadduuuenta 3¢pGeKTUBHON TypOyIeHT- HOM BI3KOCTH L =PV,

OoCHOBaHO Ha uzaee Kommoroposa [5] mprMeHeHUs! HC-KyCCTBEHHBIX YPaBHEHUH MepeHoca TypOyIeHTHOM
KWHETUYIECKOI 3Hepruu Iyiascanuil u macimrada TypOyneHTHOcTH. CKalsipHOE YMHOXEHUE YpaBHEHHUS
JquHaMUKH (1.2) Ha BEKTOP MyIBCAIIHOHHON CKOPOCTH ' C IMOCTIEMYIONIHNM OCPETHEHNEM 110 PeHOIBACY

B IIPEATIOIO0KEHNN BEITIOMHEHHUS TTocTyaTa (1.4)

(p[a(V+")+((V+v) NI IP)T) =(F D) AT)T) )

COBCPIICHHO CTPOro MHNpUBOAUT K YPABHCHHAM IICPEHOCA Typ6y.]'[eHTHOI/I KHHETHYICECKOI SHEPruun

1
myJibcanuii € = EZV',» V' (em. [1], [6]) cremyroutero Bua:

& ok 4.

C Ly, I+v',.@= PZiti Tk (Hp, y( i@y 2.3)
ax, o, a2 &, p ax, ax,

(IBoitHOE TpHMEHEHHe HHJEKca O3HadyaeT CyMMHpoBaHMe). Ha OCHOBaHMHM JIOTMYHO BBIBEJCHHOTO

ypaBHeHHs1 (2.3) crnpaBemMBO YTBEPXKICHHE, Ja 3TO W OYEBHIHO, YTO ypaBHEHMS MaTeMaTHWKa (He

MmexaHuka) Koamoroposa

1/2
Uy L0 gy 0y, gy Uy Coe

ax éy Ueay ka éy lk (2.4)
3/2 1/22
y % ek _ 1 0 &7 & e C 2@y e
Xx ¥ o ¥ o ay o, Oy y

HOCSIT HCKYCCTBEHHBIN M HAAyYMaHHBIN XapakTep [6], He UMEIOT PU3NIECKOTO 000CHOBAaHHUS, TIOTOMY KaK
B KOpHE OTJIMYAIOTCS OT CTPOTrO BBIBEJIEHHOI'O YpaBHEHMsS] KMHETHYECKON 3HEpruu Imynbcauuit (2.3).
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bonee Toro mpoTUBOpCUAT (I)I/I3I/IKC SIBJICHUSI, a UMCHHO CHJIbI BA3KOI'O0 TPCHUA « — (_)( )» B

ox, Ox,

(2.3) yMeHBIIAIOT KHHETHYECKYIO SHEPTHIO TyJIbCAINHA, TOT/Ia KaK B ypaBHeHHN Konmmoroponsa (2.4) cHitel
1/2 aU 2
BA3KOrO TpeHus e ~[,(——)”, BOMCaHHBIE B cucTeMy (2.4), HA0OOPOT, YBEIMYUBAIOT KUHETHYECKYIO
y

. 172 3/2 N
sHepruto mynbcanuii! [Ipu oTpUIaTenbHBIX 3HAYCHUSIX € KOpPHH €, €~ He OyoyT AeUCTBUTEIbLHBIMU

yrcinamu. [lanee mpu oTpULIATENBHBIX 3HAYEHUSX «MacIuTald TypOYJISHTHOCTH lk TepseT QPU3NYECKHUH

cMbIcH Onunel. Ilo 3TUM mpHYMHAM B JaJbHEHIIEM INPEANOYTeHHE ObUIO OTJAHO MOJEINSAM IepeHoca
KkuHeTndeckod sHeprum mynbcauuit (IIpasnrns-Konmmoropos, Hr u Cnonmunr, Pomu u Cnonpur,
Jlayanep m Mopze, Xamxkamuk u Jlayanep um ap. [3]), cpenn HHX Haumboyiee pacHpOCTpaHEHHBIMH

SABJISIOTCA ypaBHeHHs THra kK — & - mogeneii (Gonee 90). s mpeoaoIeHus yKa3aHHBIX TIapaIoKCOB BO
Bropoii Mognenu IIpanaris-KommoropoBa mnsi BbrumcieHus kod¢p@uUIMEHTa TypOYJIEHTHOH BS3KOCTH

ﬂT = ,OVT B YpaBHCHUAX ByCCI/IHCCKa ObL/Ia UCIIOJIb30BaHa CUCTEMaA, I'’IC YK€ HCT paJrUKaJIOB THUIIA 61/2
Oe ce 1 0 pv,y“ oe ouU .,
e A e I @3
v ¥y Yoy o Y 5y

Og oe 1 0 pvy*oe £ ng
oy L PV Py ¢
/OU5 P N ( 5 4 —)+C, P ( )

Cucrema (2.5) ToXe BXOIUT B IPOTHUBOpEUHE ¢ ypaBHeHHEM (2.3), TOTOMYy Kak B ypaBHEHHUH (2.5)

oUu .
CHJIBI BSI3KOTO TPCHHS  pv, (8_)2 YBEJIMUMBAIOT KWHETHYECKYIO JHEpPrui0 myibcaiuid. B cucreme

ypaBHeHUIl byccunecka

v, :
p(—+v )+@—pF+—[(,u+,uT)( L+—2)],i —1,2,3,8i)+%:0 (2.6)

Tox, o ax, ox, ox. ot

j .1 i i
2

“a¢pexTrBHas TypOyJleHTHasi BA3KOCTH  ompenensercs GopMymon: y, = YUCINUTENb U 3HAMEHa-

B

TECIIb KOTOpOfI SIBJIAIOTCSL NCPEMCHHBIMU (byHKLII/ISIMI/I U BBIYUCIAOTCA W3 HCKYCCTBCHHO CO3JaHHBIX
ypaBHeHI/Iﬁ B HACTHBIX IIPOU3BOAHBIX

ok ok 0 (utu) ok
Aata) el o o

oe oe. O (/1+,u[)85 £

8[+vjax) ax[ S I+ (G F ~Gpe(-CRLE; leg,(

pelIeHnsl KOTOPBIX 3aBUCAT OT KpaeBbIX ycnoBuil. Ilostomy ¢yHkums € BHOMHE MOXET OBITh

|+ 1. F, — pe, (2.7)
oA—

3HaKOHCpCMeHHOﬁ " MMIPpUHUMATh B TOYKAX MMOTOKA HYJICBLIC =0 WM OTPULATCIIbHBIC 3HAYCHUA <0 ,
2

CIIeIOBATENIbHO, B TAKUX TOYKAX HMCKYCCTBEHHAs BSI3KOCTHh OyAET HeOrpaHuueHHOU Ah :Cﬂp_ —>®
&

2
WJIM OTPULIATENBHOU £, =C, p— <0, 4TO IPUBOJUT B YMCIICHHBIX pAacyeTax K (ablUIMBbIM PE3YIbTaTaM.
£

U3 ckanspHoro npousBeneHus ypasHeHns HaBbe Ha BEKTOP CKOPOCTH
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dv _ ~ - Ca
p(st) + (vpav) = ,U(AV,V) + p(F,V)
BBITEKAET /ISl KWHETHYECKON SHEPTHHU ¢ = pv” /2 ypaBHEHHE

Oe Oe 7 ov ov
—+ —+V, =—A — =)+ p(F, V),
o gy TP = Ao o ) p(FT)

cxonctBo Kotoporo ¢ (2.3) oueBuanoe. CrieZoBaTellbHO, B K —& MOJENAX ypaBHEHHE TypOYJICHTHOM
KHHETHYeCKoil SHeprun (2.7) mpotuBopednt (2.3) m AAHHOMY ypaBHeHuro. Monemn Tuma k-—g,
OCHOBaHHBIE Ha WJEAX OCHOBaTens Teopun BepositHocTed Kommoroposa [5], ¢ HedM3WYHBIMH U
HaJlyMaHHBIMH YPaB- HEHUSAMHU AJIS1 KUHETUYECKOW PHEPruu U MaciTabda TypOyJlIeHTHOCTH, IPOTHBOPe-

'

V'
yar nokazanHomy ¢axrty B (2.3), uTo cmibl Tpenuss — U(——)(—) yMeHbIIal0T KHHETHYECKYIO

Ox, Ox,
SHEPruIo, TOrAa KaK B ypaBHeHHH (2.7) 4wieH ¢ koddpduuuentom BsiskoctH yf [, yBeanmumsaer

KMHETHYeCKYI0 JHepruio k !
3akawuenne. Ocpennenue mo PeiiHombaCy MpuBOIUT K abcypaHbIM ypaBHeHUsM THma (1.3), (1.5) u
K OecKOHEYHOU Ilemouke ypaBHeHHM Kemnepa-®puamana sl pa3TudHBIX, HE UMEIONNX (DPU3UIECKOTO

CMBICJIa MOMEHTOB v'l, v'j, V'i V"V'ka V'i V'j v'k V'm , a Take ¢GopMmynaMm THa MUTHOHIIUKOBA

cBasu 4-x u 2-x momento V,V, M, =V W VIV Y 0 Y, B ey Bermenpusenenmbix

(GakTOB IPUMEHEHNE B YUCJIEHHBIX pacdeTax TypOYJICHTHBIX TEUCHMH JIFOOBIX OCPEIHEHHBIX YPaBHEHHUH
tuna Peiinonbca, byccunecka, LES u k—¢& monerneii 1 qpyrux aHaioOrnyHbIX MOIMMDHUKAINIA , KOTOPHIM
HECTh Yucla, AaeT (aibpiuBble pe3yiasTaTel. KpoMe 3Toro, B pasHOCTHBIX CXeMax ammpoOKCUMAalud KOH-
BEKTUBHBIX WICHOB JOJDKHBI ObITh BBIIIOJHEHbI HA ISITUTOYEUHBIX (B KaXKIOM HaIpaBJIEHUH) IIA0JIOHAX
BO u30exkaHue BIUAHUS “‘cxeMHON auddy3un”. “CxemHol muddy3neit” wim “anmnpoKCUMalnOHHON BS3-
KOCTBIO” 00JaJat0T TpexTO4YeyHble amnnpokcuMmauuu (IpotuB notoka) byneesa-Ilerpuiuesa n 3abuBaer
HWCTUHHYIO0 (DU3UYECKYI0 BS3KOCTh (WUJIM TEILIOMPOBOMHOCTh, AWGQGY3UI0 M T.1I.). be3 mpaBHIBLHOTO
BBIUMCIICHUS AABJIEHUS U3 YPAaBHEHUS HEPa3pbIBHOCTH YHCJICHHBIE PE3YyJbTaThl SBIISIOTCS HEIOCTOBEP-
HBIMH, OIIMOOYHBIMH. OCOOEHHO HENpHEeMIIEMBbI B YHCICHHBIX pacdyeTax pa3HECEHHbIE CETKH M AMBEp-
reaTHas (hopma, BIIEpBBIE BBEIlEHHBbIE Xapioy W Yamdem ans ypaBHeHui HaBwre-Ctokca. Bee st Bor-
POCHI TTOAPOOHO pacCMOTPEHBI B MOHOTpaduu [18].

3. O nmapagoxcax LES — meroma. Ananormunsle mpoOiieMbl coiepykarcst B ypaBHeHusix LES -
METO/a C IOJCETOYHBIMU HampsbkeHusAMH U ¢unbTpamu CmaropuHckoro [11], mpeanoXeHHBIX Kak
anpTepHaTHBA k — & MOJeNu:

ou, OGw) 1 w0,

= X 4y (3.1
ot Ox; pox,  Ox;0x, Ox
[Monobue nannoro ypaBHenus LES-merona ypaBuenuro Petinonbzca (1.3) 04eBHAHO, TOJIBKO ITYJIb-
o', v oT;
CallMOHHBIC PEHHOJNIBICOBBl HAMPSKEHUS “or oy J3MCHEHBI HA g , TIe 3aJaercs TMOJCETOYHOE

[y J

HanpspkeHne 1, =uu; —u,U; ¢ OCPETHEHHUSIMH 10 BPEMEHH H 10 MPOCTPAHCTBY:

x+0,5Ax

B(x.1) —i | e,

x—0,5Ax
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~ |

LK =g (ul—l/Z,J—l/Z,K—l/Z YU k-2 TU 2 2.k-12 T

<

M0 k12 T vz TWansvokae T ankan +u[+1/2,J+]/2,K+1/2),

C YpaBHEHHEM 71 TYpOyJIEHTHOW KHHETUYECKON SHEPTUU ksgs :

ok 0 o ok 32
—+——(wk,)=—[(v+v, )—)]+P -C, 6 —=,
ot axj( HKies) ox, [V V) ox, N+ b, —C A
1 éu Ou,
. 1/2 _ - = _ i J
vsgs - CkAksgs ’PksgY - 2VSgSSijSij’ Sl'j - E(ax + GX- (32)

Jlannoe ypaBHenre CMaropuHCKOro THHa Kk —& MOJIENH, 31€Ch OJMHAKOBBIE MPOOJIEMBI, TIOTOMY
KaK B OCHOBHOM HCIOJIE3YIOTCS muen Koamoroposa [5].
®dusnueckas adbcypaHocte LES mMopeneit cocTouT, aHaIOrMYHO k—&_mopmenu, B TOM, 4TO CHIIBI

TPEHMs YMEHBIIAIOT KUHETHYECKYIO SHEprHio K,

sgs » TOTJIa KaK B ypaBHEHMH (3.1) WIEH ¢ MCKYCCTBEHHBIM

KO3 GUITMEHTOM BSI3KOCTH B{g = 2vsgsSijSij YBEIUYUBACT KHHETUUECKYIO DHEPTHUIO ksgs !

. . 1/2
B (3.1) BxomsaT kopHu B Qopmyiie «3PPeKTUBHONH TypOYJICHTHOH BSIZKOCTHY Vigs = CkAkSgS u B

3/2
Cgksgs /A , KOTOPBIC TIPU OTPULATCIBHBIX 3HAYUCHHUAX ksgs < O HE MOIyT OBITh BBIYKCIICHEL. FZ[G

rapaHTHs TOTO, YTO pPELIeHHE Ha4YaJlbHO-KPAaeBOM 3a7jauu JUIsl HEJIMHEHHOTO JMBEPreHTHOTO YpaBHEHHUS
(3.2) 6yzmer nonoxurensHbIM? Bo-niepBrix, auddepeHnaibHoe ypaBHEHHE TYpOYJIeHTHON KHHeTHvec-
Koil sHepruu (3.2) He yIOBIETBOPsET NpUHLMITY MakcuMyma. Kpome Toro, B ypaBHeHHss CMaropuHCKOTo
BXOAAT KOHCTaHTHI, HE WMeEIomKe (U3NIECKOro cMbicia. Vcmonbp3yrorcss 3HaueHWs (QyHKIHN

Uy 2,J-1/2,K+1/2 Ha pa3HECEHHBIX CETKaX, HEMPUEMIIEMOCTh KOTOPHIX IoKka3aHa B [18]. Kpome Toro,
| o ou

_(_+_]
2 Ox. Ox

1

HCIIOJIB3YKOTCA KOMIIOHCHTBI CUMMCTPUYIHOI'O TCH30pa Hal'[pﬂ)KeHHfI Crokca Sij = ) , Toraa

KaK TeH30p HaIpsLKEHUH CIUOHOM cpenbl HecumMmetpudeH [10], [18].

owu,) -~ ou - Ou

Hcnonb3yeTcs uBeprenTHas (GopMa 3anuch KOHBEKTMBHOTO MepeHoca ———— = U, — +U; ——
X .

Takast ¢opMa 3amucu TpeanojaracT abCONIOTHO TOYHOE BBIMOJHCHUE YPaBHEHUS HEPa3phIBHOCTH
auj
Ox

JaHHOC 00CTOSITENLCTBO B Pa3HOCTHBIX U UTCPAIMOHHBIX AJITOPUTMAX HEAOCTUKHUMO, TO HpI/I6J'II/I)K6HHOG

=0 , UTO B PA3HOCTHBIX CXeMax Tpe6yeT aJICKBATHO TOYHOI'O BBIYMCJICHUA OdaBJICHHA. Tak kak
J

BBITIOJTHEHHE YPABHEHUsI HEPA3PhIBHOCTH B Pa3HOCTHOM cXxeMe ¢ ceTouHo# morpenrHocteio O(h“),a > 0

U WTEPALMOHHOM  MOTpemHOCTBI0  (J(¢)  BHOCUT  HEUCIPAaBUMYK  JOJI0  IOTPEIIHOCTEH

u,
L =0(h")+ O(&) B uucneHHOE pelIeHue TIF0O0T0 ypaBHEHHS.
X

4. OanbcupuKauMu NPUMEHEHUs] B YUCJIEHHBIX METOJaX YpPaBHEHHUIl MepeHoca B JIMBEPreHT-
HoWi (popme. JluBeprentHas (opma 3amucH KOHBEKTHMBHBIX YICHOB NpuMeHseTcs B 99% ypaBHeHHI
— |50 ——
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IepeHoca CY6CTaHHHf/'I. C menp0 1IOKa3aTh OIINOOYHOCTH MNPUMCHCHUA AOUBCPICHTHBIX ypaBHeHHfI
OCTaAaHOBHMC Ha YpPaBHCHUAX NTUHAMUKU CILTOITHON Cp€abl B HAIIPSXKECHUAX W ITPUTOKA TCILJIA:

dv, dT ov,
2 =1,2,3, c——le/I ad +7,—
p—= , P (AgradT) "

Crano oOnIenpUHATHIM MPUMEHEHHUE B YHCICHHBIX pacyeTax JaHHBIX YPaBHEHUH MepeHoca B TUBEp-
TeHTHOU (popMe (MHOE TICEBIOHAYIHOE Ha3BaHHUE: B (hOPME «3aKOHOB COXPAHEHUS)

6 or,
PV div(pvy) = pE +§ =123 c[%+dzv(pr)] div(AgradT)+7, %

J J
U T.A., 4YTO alpuopu mnOpeanojaract a0CONIIOTHO TOYHOE BBIMOJHEHHE YpaBHCHUS HCPA3PBIBHOCTHU

0 .-
ngrdzvpv =0. B pa3HOCTHBIX MeTO/ax JaBIIEHUE BBIUMCIAETCS U3 CETOYHOTO aHAJIOTa TAHHOTO ypaBHE-
it

HUA HEPA3PBIBHOCTHU HETOYHO, C TOM WJIM UHOM CTETICHBIO HpI/I6J'H/I)KeHI/I}1 IO UTCPALIMOHHBIM aJIr'OpUTMaM,
MMO3TOMY CC€TOYHOC YpPAaBHCHUC HCEPA3PBIBHOCTHU BBIIIOJIHACTCA, BO-IICPBBIX C aHHpOKCHMa-HHOHHOﬁ

0 -
HOrpemHocTb0 O(h*),c >0 BO-BTOPBIX, ¢ UTEPALMOHHONW IOTPEHIHOCTHIO 6_/; +divpy = O(h" )+ O(¢),

YTO BHOCUT HEHCIIPaBUMbIE UCKa)KEHUS B YHCIEHHOE pEIICHHE YPaBHEHUH MEPEeHOCca, U 3TH UCKAXKEHUS
3a0uBaroT BKIAIIA(DPY3NOHHBIX UYJIEHOB, TO €CTh, B AWBEPIeHTHHIX YpPaBHEHUSIX HAa CaMOM [Ieie
TIOJTy4aIOTCs YUCIICHHBIE pemeHmI HEa/IeKBaTHBIX YPaBHEHHH THUIIOB

(—+v 8_)+V [O(h*

j

3
Py, 3 §>+cvn0(h“)+0(a)]=dz‘v(zgmdn+rﬁ@
o I ax;

AnanorngHoe 00CTOSTENBCTBO U € IPYTUMH TUBEPIeHTHBIMU YPAaBHEHUSIMHU TTEPEHOCA.
Teopema. Yucnennvie pewenus nobviX ypagHeHuil nepeHoca 6 OusepeeHmuou gopme A61710MCs
Ganvuussvimu.

JleiicTBUTENEHO, B 4YHCIEHHBIX pacyeTax mnpeobmaganme norpemmsoctein  V,[O(h”)+O0(¢)],

1
¢, TTO(h*)+O(¢)] Han AuGy3MOHHBIME YICHAM THIA — AV, LAT HE BBI3BIBACT HUKAKUX

Re Re-Pr
COMHEHHH.
[TosTOMy HEOOXOAMMO B UYMCJICHHBIX METOAAaX TPHMEHECHHWE YpPaBHEHUU TOJHKO B €CTECTBEHHOM
HeougepzeHmHOM BUJIC:

av, dT ov,
— = pF =1,2,3" pc, — =div(AgradT)+7, —,
P =PE j pe, = divAgradl)+, )
dar  d |l or,
pc, % p;T—dlv(/igradT)+ 8x +p(F V)

J

Pacyerbl TeueHWi, BBITIOJHEHHBIE TUBEPIEeHTHBIMH ypaBHEHUSMH IEPEHOCA, SBISIOTCS (panmbiim-
BBIMH, TIOPTOMY HE MOTYT OBITh PUHATHI BO BHUMaHHE!

EctecTBeHHBIC HedusepeenmHble ypaBHEHHs TIEPEHOCA SBIIOTCS MAaTEMAaTUYECKUMH MOJACISAMHU OJl-
HOT'0 KOHKPETHOTO 3aKkoHa (pm3uku. Hampumep, 2-ro 3axoHa Hpl0TOHA Mt 3aKOHA COXpaHEHUsI SHEPTHH H
T.0. EcTecTBeHHBIN Ousepeenmublii BUI WMEET ypaBHEHHE HEPa3pPBIBHOCTH, SBIIAIOMIEECS 3aKOHOM
COXpaHEHUS MacChl.

Jlusepeenmmuvie ypaBHEHUs MEPEHOCAa €CTh CMEIICHHS €CTECTBEHHBIX 3aKOHOB (PM3HKH C 3aKOHOM
COXpaHEHHUS MAacChl, T.e. HCKYCCTBEHHblE THOPHIBI JBYX 3aKOHOB (m3uku. CMeleHne 3aKOHOB
HEJO0MYCTUMO B YHCIEHHBIX pacueTax!
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1
s HEJMBEPIEHTHEIE YPABHEHIIA
081
08
B IIPOJOJIbHAA CKOPOCTh
: B CCUCHHH KaBCPHEL
04 +=0.8
02
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Qurypa 3
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08
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L x=0.5
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Qurypa 5
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x=0.8
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0 0.005 0.01
®urypa 6

— 152 ——



ISSN 1991-346X Cepusa pusuxo-wamemamuueckasn. Ne 1. 2017

Ha ¢wurypax 1,3,5 npencraBieHsl KapTHHBI TeUEHUS] B KaBEpHE C BEPXHEW MBMKYIIEWCS CTOPOHOM,
MOJIyYEHHBIE YUCICHHBIM PELICHUEM HeIUBEPreHTHbIX YPaBHEHUN BA3KOH HECKUMAEeMOW XKHUIKOCTH B
MEPEMEHHBIX CKOPOCTh-/IaBIICHHE.

Ha durypax 2,4,5 npencraBineHbl KapTUHBI TEUSHUHS B TOU K€ KaBEpHE, MOJIy- YeHHBIC YHCICHHBIM
pELICHHEM AMBEPreHTHBIX YPaBHEHUH BSA3KOH HEC)KUMAEMOW JKHAKOCTH B IEPEMEHHBIX CKOPOCTH-
naByieHue. PacueTsl mpoBeneHsl Ha ogHON M ToM ke ceTke 100x100 ¢ marom mo Bpemenu 0.0005 mpu
ancie Re=10%, uTepalmOHHAS TOUHOCTh BHIYMCICHMS NABJICHWS U3 PA3HOCTHOTO AHAIOIA yPABHEHMS
HEPa3pBIBHOCTH g = [0~ . Pasnuume B pucyHKax MOATBEpPkKIAET (albIIMBOCTh PE3YJIHTATOB, TONYYEH-

HBIX 10 JJUBEPTE€HTHBIM YPaBHEHUSIM.

5. YpaBHeHHUs] IMHAMHMKHU U TeNJONPOBOJHOCTH CTENICHHbIX 3AKOHOB TPEHHUS.

VYcranosnennsiii B [9], [10], [18] ¢dakT HECUMMETPHUYHOCTH TEH30pa HANpPSDKEHHH B CIUIOIIHON
Cpele Co3JaeT LIMPOKHE BO3MOXKHOCTH AJISi KOHCTPYHMPOBAHHUS HOBBIX PEOJOIMYECKHX 3aKOHOB, W3
KOTOPBIX MOXXHO BBIOMpaTh NOAXOASAIIME MOJEJIN COOTBETCTBEHHO CKOPOCTH TeUeHMA U (puzndeckum
CBOMCTBaM Cpefbl.

Ha wactuuy M1, neiictByer cua tpenus [

oy = —kv, k>0 B unauBunyansHom 06beMe OT ¢

b
CpeIHEMAcCcOoBON CKOPOCTBIO v= ij / Zml cuna TpeHUs paBHa
i i

E, ' :Zm,EWP / Zn’% :_Zm,kvi / Zn’% =—hv, F,,p =—kV  Jlannas dopMysa HCIIONB3yeTCS IS
1 1 1 1
Malbix ckopocteit (cm.[13]), ans GONbIIMX CKOPOCTEH MpelyiokeHa KBaapaTHYHas 3aBUCHMOCTH CHIIBI
- 2 N -
TPEHUS OT CKOPOCTH Fmp =—k'v e, v= |V| €, - OpT BEKTOpa CKOPOCTH V.
b
O0600mmenre nanHoW (HopMyJibl Ha 00JIee BBICOKHE CTCICHHM 3aBHCHMOCTH C HEYETHBIMHU IICJIBIMU

o m = . . .
IOJOXKUTCIIbHBIMN 3HAYCHUAMHU ITIOKA3aTCIsd CTCIICHU Fmp = _kmv ev ,m = 1,2,3,--- HAacT yHAOBJICTBO-

PUTEIBLHOE COBMAJICHUE C IKCIICPUMEHTAIBHBIMU M3MEPEHUSIMH OCPEIHEHHONH CKOPOCTU TYypOYJICHTHOTO
TEUYCHHUS B TPYOE KPYIJIOTO CCUCHUSL.
BriBenem (opMyIibl KacaTEeNBHBIX HAIPSHKEHWH, COOTBETCTBYIOIIUX JAHHBIM CTETIEHHBIM 3aKOHAM

I m, m, m, 7.
TpeHust Fmp Z—km u"i —km V"] —kmyw "k .
. m
Mycrs u>0,v>0,w>0. Ipoekiun Ha ock x pasusi: Iy = —k u"i ua nnockoctu Vi

n —_— mu s
F 2 k m, U1 Ha IUIOCKOCTH V2 R pasHocTH

SF =F,—F =—k, "i +k, i =k, i,  sFNi

0O OHOpeACICHUIO  CpCAHCC

. SF . OF
KacCcaTCJIbHOC HAMNPs’)KCHUE PaBHO 7[)1)60]7 = JluHelHas IUIOTHOCTH CHIIBI TPCHUA f =—
0xo0z oy
MponopuruoHajJbHa KaCaTCJIbHOMY HAIIPAXKCHUIO f = k ' 7_Z:yxcp PE3YIbTAaTOM YE€TO ABJIAIOTCA PaBCHCTBA
b
m
ou™ k
_ ! — m, — _
k ﬂyx0p5y_ kou™, Tyxep = Hm, S > Hn, _kv’
y
KOTOpBIE B Tpejenie AatT GopMyIibl KacaTeIbHBIX HAIPSKECHHIA:
’ ou™ ou™ w1 OU
7 = lim —= —=u mu" —
X 5y—0 /umu 5y /Jmu 8y /Jmu u ay ?
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ov™ m 1 OV ov™ m -1 OV

o = o, T o M =, T = MY
B ow™ m -1 OW ou™ m,—1 OU
7Z-yZ - ﬂmbt - ﬂmw/ mww AL ? 7Z-Zx = ﬂmlt ﬂmu muu ?
oy oy 0 4

ow'™ m -1 OW

T = IleM - IleM m,w
ox X

®opmyust BeBeaens s 1 >0,v>0,w>(0 ¥ HeueTHbIX nokasateneit crenenn m = 1,3;5,7.9...
Jusa mevernnix m n U<0,v<0,w<0 nomyuaercs Takoii xe pesynbrar. JIas HOPMAJBHBIX

HaHpH)KCHI/If/i C YUYE€TOM JaBJICHUA MMOJTYy4arOTCA

Ty =—D+HU o =-p+u mum“la—u,
XX m, ax m, u ax
T.=—p+Uu v =—p+tu mvmv_lél,
yy m, ay m, v ay

Jny,

m,,—1
ﬁZ:—p'I'Ilew Py =—p+,umwmww

oz
O‘-ICBI/I,I[HO, HpI/I IIOKa3aTCIsIX CTCIICHU paBHBIX 1, HOHy‘{aCTCﬁ 3aKOH TpeHI/Iﬂ HLIOTOHa.
COOTBCTCTBCHHO KOMIIOHCHTaM HeCI/IMMeTpI/I‘IHBIX TeH30pOB HaHpH)KeHI/Iﬁ ypaBHCHI/IH JUHAMHUKHN H

TEIUIOIIPOBOAHOCTH B ICKAPTOBBIX KOOpI[I/IHaTaX'

p(%+z .QH@— Z—(ﬂm—) =123, ‘3’; Za’” -

ot 8x ox,
or S 6vm ov,
pe, (—+ ) Z—(ﬂ —) pdivv+) > u, ———"+pQ,
ot S o0x,  Ox; =g ; Ox,
CBs13b Koa(b(bnuneHTOB M, 51 =1,2,3 ¢ HBIOTOHOBCKHMM Koa(b(bnuneHTOB BsI3KOCTH Al ycTaHOBJICH

B [12] B BURE 1, =m, Mg i=1,2,3 e nokasatenb CTENeHH m,,i=1,2,3 ectb QpyHKuMs naHHOH

b

KOMIIOHEHThI ckopoctH V;,i =1,2,3 u BriGupaeTcsi JUCKpPETHO W3 HHTEPBala, COOTBETCTBYIOLIETO

3HAaYCHHWIO KOMIIOHEHTBI CKOPOCTH:
UG-D/9<v|<UG+D/9 m = j+1, j=0,2,4,68,..; i=12,3

U ectb XapaKTepHasa BCIMYMHA CKOPOCTU B MOJACIHNPYCMOM TCUCHUU BSI3KOH KHUAKOCTH. B O6II.[€M

ClIy4ae CXKUMaeMoi TeHﬂOHpOBOL[HOﬁ KHUIKOCTH MM Tra3a BBOIATCA MacIITaObl: IUIOTHOCTHU P+,

Temrepatypsl T+, KO3 GHUINEHTa TEMIONPOBOTHOCTH A+, TJIOTHOCTH MACCOBOW CHIIBI g,
t, = L/U, naBnenus p«. Jns 6e3pa3MepHbIX IEPEMEHHBIX ynompedieHbl npedjicHue 0003HaueHUs:
ov. 0 1< .

S, 2 B L LSO ks, v —’),z=1,2,3, (5.1)
ox, Fr Re‘z 6 ox ;

J 1

BpEMCHU

iy
o &
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opv, : 8T 3
=0, 7 -
8t ,Z; X, ( =i ’8x Re Pr Z; j)

j=1i=l

—Fu-Mk(k - 1)pdzw+RiM k(k - 1)22;1;711@ v 1( f)2+ PO
x.
J

K nmansoli  cuctemMe — 100aBIAIOTCS ~ KOHKPETHBIE — 3aBUCHMMOCTH ~ OT  TEMIIEPATypbl
A=AT), 1t = u(T) - HblOTOHOBCKAs BA3KOCTh C MacmrTaboM M. U Oe3pa3MepHOE ypaBHEHHE

1 c
cocrosuus P = —————— ,OT , K= e Oe3pa3MepHBIX IEPEMEHHBIX 00Pa3yIOTCS KOMIUICKCHI
KkEuM c,
1 1 UL . U.,_ c
——=—3 K5, ,Re= T yucno Peiinonvoca,Ks, =(a—)" La=1—,
Re, Re ™ y78 ’ m, M
* c ll’l* U2 U
Eu=—t_ pr="2

5 JFr=— M =— _gespasme e unciaa Dunepa, [Ipa Dpyna, Maxa.
p*Uz P ol P pasMepHBbIe uncia Junepa, [Ipannria, Opyna, Max

okasarenn creneneil 77}, NOMKHBI OBITH HEYEMHbIMU YeIbIMU NONONHCUMENLHIMU HUCITAMHI U3
3aJaHHBIX 0e3pa3MEepPHBIX HHTEPBAIOB
G-D/9<|v|<G+1)/9 m=j+1, j=0,2,4,68,.; i=12,3

Ha ¢wur.7 npencraBnens npoduinn oceBol CKOPOCTH TEUEHHUS BSI3KOW JKUAKOCTH B TPyOE KPyIJIOro
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®durypa 7 Odurypa 8
Crenens m = 1 cooTBeTcTBYeT ypaBHeHUI0 HaBre-CTokca, T.e. 3akoHy TpeHust Hetorona. Ilpodmib
0CEBOM CKOPOCTH IPH CTEHNEHU /M = 9 TOYTH CIMBAETCS C SKCIEPUMEHTAJIbHBIM MPO(QUIEM, KOTOPBIH
OTMEYEH TOYKAMHU.
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Ha ¢ur. 8, 9, 10 npuBenens! pacuetsl Ha ceTke 200x150 npomonbHOro o0TeKaHus IutacTUHBL. Ha
¢ur. 2 MpuUBEACHO pacIpeieieHne MyIbCAIlUil TPOAOIBHON CKOPOCTH B KOHIIE IJIACTUHBI, PACCUNTAHHOE

n

n
—n - n __ n _
g uij , Tme Ml-j = (Z Ml»j ) / (Vl no) - OCpEHEHHas MPOJOJIbHASL CKOPOCTh

k=n,

mo hopmymne U 'Z. =Uu

na moment Bpemenn {, = 0.0001n,n—n, = 105,n0 =1502590.

Ha ¢ur. 9 npencraBieHa mpojoibHasi CKOPOCTb B KOHIE IUIACTUHBI, IOJyYeHHAs YHCICHHBIM
pelleHueM ypaBHEHHH AMHAMUKU CO CTeNeHHbIMHM 3akoHamu TpeHus (5.1). Ilpu Tex ke mapamerpax
MOJIy4Y€HO penieHue ypaBHeHuiit HaBbe.

[Ipodwuns npomoNbHOW CKOpOCTH B KOHIE IutacTHHBI Ha ¢ur.10, mMomydeHHBIH YHCICHHBIM
peurenneM ypasHenuit HaBbe ¢ 3akoHom tpenust HpioTona m = 1 pasurensHo oriamyaercst ot npoduis

¢wur. 9. Tem camMbIM YHCIICHHO NOATBEPKAAETCS 3P (HEKTUBHOCTH CTENICHHBIX 3aKOHO BTPEHHS.

0025 'y T I 0.025 _y ypaBHeHlﬂﬂ ‘
L=5m U=20m/c i Happe-CTokca U:20\M/C
| 0.02F L=5u
I B
R
BA3KOCTB v=0.000001M"/c C
- . . 0.015f
NPOOONLHAA CKOPOCHB! i
- = i BA3KOCTE
g8 hGHleB naacmumsl X 0.96 } i v=0.000001ne ¢
! 0.01
CTCIICHHBIC 3 npoToMhHas
3aKOHBI TPEHHA B CKOPOCTB U
| m=1;3;5;7;9 / 0.005 F B ceueHun x=0.96 |
0 ' ——=-"'/ /] i 1
0 0.2 04 0.6 0.8 L 00 02 04 0.6 0.8 1

®urypa 9 ®urypa 10

Ha ¢ur. 5.11,6.12,7.13,8.14 mnpexacraBieHbl TMOJII BEKTOpa CKOPOCTEH OOTEKaHHs BS3KOH
HECKUMAEMON KUAKOCTHIO IWIMHIAPOB, NoJydyeHHble Ha ceTkax 400x200 B nexkapTOBOW cuCTeME
KOOpPJIMHAT, MMOTOMY KaK TIOJSpHAs CHUCTEMa 3/1eCh aOCOIIOTHO HEmpuMeHMMa. JlmaMmeTphl ITHINHAPOB
paBHbI L=1M, KuHeMaTudeckas Bsi3kocTh v= 1.06 10° M2/C, CKOpOCTh Haberatomiero moroka U=10m/c.

S
stk
5
=
s

:

sz rasny

FETERREEETRTE TR TS VRARMITR R TRTRTRTRTL

0 5 10 15 0

®Durypa 5.11 Qurypa 6.12
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dw/dy=0 dv/dy=0 ;

T T T 1 T —— s
5 du/dy=0 10 dv/idy=0 15
®durypa 7.13 ®durypa 8.14

UucneHHple pacyeThl TPOBEIACHBI IO HEAMBEPTreHTHHIM Oe3pasMepHBIM ypaBHeHUSM (4.1) mms
HEC)KUMAEMOM JKUAKOCTH MO MOJTYHESIBHOHM cxeMe 0e3 «anmnpOoKCHUMAIIHOHHOM BS3KOCTH» (IKBUBAJICHTHBIN
TepMHH - 0e3 «cxemHOU muddysum»). [locTaHOBKAa TpaHWYHBIX YCIOBHH JJISi BCEX IMIIMHAPOB, Kak
TOPU30HTATBHBIX TaK M BEPTUKAIBHBIX, YKa3aHbl Ha GUT. 7.13 00TekaHUs 2-X BEpTUKATLHBIX IHITHHAPOB.
B HavaibHBII MOMEHT BPEMEHHU JKUIKOCTH TOKOUTCH.

Ha ¢ur. 8.14 mpencraBneHo oOpa3oBaHuE Mapbl BHXpEW 3a HWIMHIPOM B HadalbHBIE MOMEHTHI
BpemeHrn. C pa3BUTHEM NOTOKAa BHXPH 32 LWIMHIPAMU OOpa3ylOTCS LENOYKH BHUXPEH, MpUYeM He
CTaIlMOHAPHOCTh TEUYCHMSI COXPAHIETCS, HECMOTPS Ha YCTAHOBHUBIIHMICS PEXHUM CKOPOCTH BHEITHETO
MmoToKa u=1.

BriBoabI

YpaBHEHUS CO CTENCHHBIMH 3aKOHAMHU TPEHHUS II0Ka3ajd YJOBJICTBOPUTEIILHOEC COBIAJCHHE C
W3BECTHBIMU JKCIEPUMCHTAIBHBIMH pe3ysibTaTaMu. OYeBHIHBIMU JOCTOUHCTBAMH JIaHHBIX YpPaBHCHHIA
SIBIIIETCSI UX €CTECTBEHHBIN BBIBOJ M3 3aKOHOB (PM3MKM M TOJHOE OTCYTCTBHE KAKUX-THOO TMOIYIMITH-
PHUYECKUX KOHCTAHT, KOUX n300MIIHE B TMMOJIYySMITMPUYICCKUX MOJCIIAX. TeOpeTI/I‘IeCKI/I n SKCIICPUMCH-
TaJbHO JOKa3aHa HEMPHUMEHUMOCTh B YUCIICHHBIX pacyerax JIIOObIX ypaBHEHUH JUHAMUKHU XKHUIKOCTH H
ra3a B HCKYCCTBEHHOH OugepeeHmHOl 3aIUCH, TIOTOMY KaK OHH UMEIOT €CTECTBEHHYIO He OUBEP2EHMHYIO
(dhopMy TIpH BEIBOJIE M3 3aKOHOB (DM3UKH.
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k—& , LES, PEUHOJB/IC )KOHE JOPEXEJI MOJEJIEP TYPAJbI

AnHoTamms. TypOyJneHTTIK aFpicTap/bl TYWBIKTaIMaraH PeHHOIbAC TEeHIeysepiMeH )KOHE JKOFapFbl TEKTI MOMEHTTEepre
Kemnep-®puaman xacaraH IIEKTeNIMETeH TeHAeylIepMeH HeMece LES — onmicen MopenbaeymiH sKalFaHIbIFbl YaKbIT OOHBIHINA
opTajaHIbIpaThIH nepruon 1 coHmai Gapiblk TypOyJICHT aFbICThIH HYKTEJIEpiHE jKoHe OapiibIK TMAPOANHAMUKA (yHKIMSIIapbIHA
TYPaKTHl OOJBIN TaObUIMalTEIHBIHAA Typ. Ochbl karmail (U3MKaIbIK MOHI JKOK JKOHE KYpacTBIPHI- JIybl aOCypA >KapThUIai
SMITMPHUKAIBIK MaTeMaTHKAIBIK MOJENbAepre oKemin cokrsl. OHBIH INIHAE aTtaiManml THIMAI TypOYJIEHTTIK TYTKBIPIBIKTHIH
eceneyimiH 4y KoIMOropoBTBIH HIIEsSChIHA HETI3NENreH k — & YHSUIBIFEL a Oap. «k — & » opicTeMeNepiHiH KaTeliri yikenic
KYLITEpiHIH OCepNiriMeH JKoHEe KHHETHKANBIK OKirep[i TachlMayjay TEHASyiMeH KaWIIbUIaHFaHBl, OJIapMEH Karap
MyJIbCalVsUIapIbIH TYpPOYJICHTTIK KMHETHKAJIBIK XKIrepiHiH TeHIeyiMeH Kaimbuianransl. OCbl MaKaiaga TYTKBIPIIBI CYHBIKTEIKTap

MCH Ta31ap/blH aFbICTaPbIH MOACIBACY YIIiH QU3MKaNbIK YHKenic 3aHnapeH F,

Heri3zeni-red. bipakra mopexesnep kepceTkimrepi nak cangap 6oy kepek. Onap oCbl HYKTeIeT] KbULAAMIBIKTHIH KOMIIOHEH-
TepineH Toyenni. OckiFaH coiikec OeTTecereH KepHeyep TEH30Pbl KYPBUIFaH )KoHE KO3FalbIc TeHaeyepi. Ochliaii xKacalbIHFaH
MOJIENbACPAC KapTHUIAHIMINPUKAIBIK KOHCTAHTalIap JKOK. HbIOTOH yiikenmic 3aHBI xoHe HaBbe TeHIeynepi xeke xarmai
perinze mera Oepeni, kepceTkim Oipre TeH 6onranma m = 1.

Tipexk ce3aep: CyHBIKTEIK, IyJIbCAIHS, TJAMHHAPIIBIK, TYPOYJICHTTIK.

=—k v",m=13,5,7,9,...malinanany KaxxeT exeHi
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THE SPACECRAFT'S ORBIT CONSECUTION BASED
ON OPEN SOURCE DATA

Abstract. This article describes how a web application for the construction of the satellite's orbit remote
sensing (RS) and the forecast of a possible shooting indicated on the surface of the Earth. For remote sensing is
important to select a suitable solution to the problem of the satellite, taking into account the criteria as optical
characteristics, the frequency of surveys.

The developed application offers a user-friendly interface and efficient calculation of the satellite position with
the help of heuristic algorithms applied the formula of spherical trigonometry. With this application the user can see
the trajectory of any available commercial satellite remote sensing for a predetermined period of time, as well as
calculate all the possibilities that meet user requirements, to capture this specific point the spacecraft. The algorithm
is based on SGP4 model using public TLE data for remote sensing satellites, the formulas of spherical trigonometry
and heuristic methods of computation reduction.

The program code is written in JavaScript and PHP programming languages using libraries Bootstrap, JQuery
and Cesiumjs. JavaScript is the most common way to create browser-based interface, new features are added to the
language. The article presents screenshots of the program and the results of test execution speed of calculations.

Key words: spacecraft, remote sensing of the Earth's orbit, the web application, the SGP4 model, TLE.

YK 004
B.M. Ma3akoBa', A.T. )Kalcbmosz, I'.b. AﬁzmlcepnMOBa3

'KasATY umenn C.Ceiipyminna, . Actana;
’Kasaxcranckuii ¢unmuan MI'Y umenu M.B.JlomoHocOBa, T. AcTaHa;
’EHY umenn JI.H.I'ymunesa, r.Acrana

HOCTPOEHHUE OPBUTBI KOCMHUYECKOI'O AIIITAPATA
HA OCHOBE OTKPbBITBIX HCXOJAHbIX TAHHBIX

AHHoTanusi. B 1aHHO# cTaThe ONKCHIBAaETCS BEO-NPUIIOKEHUE ISl TOCTPOEHHsT OPOMTHI CITyTHUKA JUCTaH-
UOHHOTO 30HAMpoBaHus 3emiu ([133) u mporao3a BO3MOXKHON CHEMKH YKa3aHHOW TOYKH Ha TIOBEPXHOCTH 3€MIIH.
Hna J133 BaxkHO pemeHue mpoOiaeMbl BbIOOpa MOIXOAAIIETO CITyTHHKA, C YYETOM KPHUTEPHEB KaK ONTHYECKHE
XapaKTe-pUCTHKH, 4aCTOTa ChEMOK.

Pa3paboranHoe npuiiokeHHE NpejasaraeT yAOOHBIH MHTepdelc ais moib3oBaTest U d(GQEKTUBHBIA pacyer
MIOJIO)KEHHSI CIIyTHHKA, C TIOMOIIBIO 3BPHCTHYECKHUX aJTOPUTMOB MPUMEHSUIUCH (GOPMYIbI CheprdecKod TPUTOHO-
MeTpud. C MOMOIIBIO 3TOTO NMPHUIIOKEHHS 110JIb30BATEb CMOXKET YBUIETh TPAEKTOPHIO JIBIKEHHUS JIFOOOTO TOCTYI-
HOTO KoMMepueckoro crmyTHHKa JI33 Ha 3agaHHBI HEepHosa BpEMEHH, a TaKKe PacCUMTaTh BCE BO3MOXKHOCTH,
YIOBIICTBOPSIONIUE TPEOOBAHMSIM [OJIH30BATENsI, Ui ChEMKH YKA3aHHOW TOYKU OIPEHCICHHBIM KOCMHUYECKUM
ammapaToM. AJTopuTM ocHOBaH Ha mozxermn SGP4, ncnone3ytromier o0menoctynHble nagapie TLE s cmyTHHKOB
133, hopmynax ceprudeckoit TPUTOHOMETPHH | SBPUCTHUECKUX METOAaX COKPAIICHHUS BRIYHCICHUH.

Kon mporpammel HamucaH Ha s3bpIkax mporpammupoBanusi JavaScript 1 PHP ¢ mpumenennem OubImoTex
Bootstrap, JQuery u Cesiumjs. JavaScript siBsieTCsi CaMbIM PacrpoCTPaHEHHBIM CPEICTBOM CO3IaHUsl Opay3epHbIX
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uHTepdeiicoB, B A3bIK J00ABISIOTCS HOBbIE BO3MOXKHOCTH. B cTaThe MPHBEACHBI CKPUHIIIOTHI CaMO# POrpaMMbl U
Pe3yJIbTaThl TECTOB CKOPOCTH BBIMOIHEHUS PACUYETOB.

KiioueBble cj10Ba: KOCMHYECKUH ammapar, JUCTAHIMOHHOE 30HANPOBAHUE 3eMITH, OpOUTA, BEO-NPUIIOKECHHUE,
monens SGP4, TLE.

B mocnennue necaTuieTys CTaI BaXKHBI CITY THUKOBBIE METO/BI HCCIIEOBAHMSI TIOBEPXHOCTH 3EMITH.
OTO CBSI3aHO KaK C AaJbHEHIINM COBEPIICHCTBOBAHUEM KOCMHYECKOW TEXHUKHU, TaK U CO CBEPTHIBAHHEM
aBUAIIMOHHBIX M HAa3eMHBIX METOJOB MOHHTOpHHTA. OCHOBHBIE OOJIACTH NMPHUMEHEHHUS CITyTHHKOBOTO
JIUCTAaHIIMOHHOTO 30HaupoBanus 3emin (JI33) — monyueHre MHGOPMAIMK O COCTOSHUU OKPYIKAIOIICH
Cpebl U 3eMJICTIONIb30BaHUs, U3YUEeHHE PACTHTEIBHBIX COOOIIECTB, OLIEHKA YPOXKasi CENIbCKOXO03SIMCTBEH-
HBIX KYIBTYp W MOCIEACTBAN CTHXUHHBIX OencTBuil. CpencTBa JUCTaHIIMOHHOTO 30HIUpOBaHUs d(hdek-
TUBHBI TIPH W3yYEHUH 3arpsi3HEHHs MOYBBI U BOJOEMOB, JBJIOB HA CYIIE W BOJE, B OKEAHOIOTHH. DTH
CpeACTBa MO3BOJIAIOT MONYYaTh CBEACHUS O COCTOSHHUHU arMoc(epbl, B TOM 4YHCie B IIOOATBHOM Macc-
mrade. [Ipu sTom yenyru /133 npenocTaBistoTcest THICSYaME CITy THUKOB, BPAIIAIOIIAXCS IO HU3KUM OKO-
JI03eMHBIM opOuTaM. B cBs3m ¢ 3TUM y mosb3oBaTeneld yermyr /133 Bo3HHMKaeT mpobiieMa BEIOOpa TOIXO0-
Jsero cnyTHuka. Kpurepusmu BIOOpa 31€ch SIBISIFOTCS, BO-TIEPBBIX, ONTHYECKHE XapaKTePUCTUKHU, BO-
BTOPBIX, BO3MOYHAsI YaCTOTa CHEMOK IPHU KeJlaeMbIX mapamerpax. Eciau U3 MHOKeCTBa BCEX AOCTYITHBIX
cryTHUKOB /(33 yCIIOBHO BBIJIENUTH KIAcC MO CXOXKECTH ONTUIECKUX XaPAKTEPUCTHK, TO ISl OKOHYATEb-
HOT'O MIPHUHSTHS pEIIeHHUs TPeOYyeTCsl OLEHNUTh: B KaKOM Mepe CMOXKET MCIIONHHUTH 3aKa3 Ha ChEMKY TOT
WIM WHOW KOCMHMYECKHH ammapaT W3 3TOro kiacca. B perreHun mocieaHed mpoOjeMbl MOXKET IOMOYb
IporpamMma, OIKChIBaeMasi B 3TOU CTaThe.

B nanHO# cTaThe ONMMCHIBACTCS BEO-TIPHIIOKEHUE TSI TIOCTPOCHHSI OpOUTHI cryTHHKA /133 u mpor-
HO3a BO3MOXKHOW ChEMKH YKa3aHHOW TOYKH Ha MOBEpXHOCTH 3emiid. C MOMOIIBIO 3TOTO TPHIIOKEHHS
MOJIb30BATENb CMOXKET YBUAETh TPACKTOPHUIO ABIKEHHS JIIOOOT0 JTOCTYIMHOTO KOMMEPUYECKOTO CITyTHHKA
133 Ha 3amaHHBIN IEpHUOT BPEMEHH, a TAK)KE pACCUATATh BCE BOZMOXKHOCTH, yIOBIETBOPSIONIHE TpeOoBa-
HUSIM TI0JIB30BaTEs, Ul ChEMKH YKa3aHHOH TOYKHM ONpeIe]IeHHBIM KOCMHUUECKUM alIapaToM.

JaHHoe npniiokeHre MOYKHO YCIOBHO pa3OHUTh Ha B KOMIIOHEHTHI: HHTEP(ENC 1 BEIYUCIUTEILHYIO
gactb. MHTEpdelic cogepuT Mo BBOAA JAHHBIX, BEIBOJIA PE3YJIHTATOB M TPEXMEPHYIO MOJENh 3EMIIA
JUTST HaTJATHOW Bu3yanm3anuu. /ia mocTpoeHns opOMTHI 3eMITM MOJB30BATENI0 JOCTATOYHO BEIOpAThH
KOCMUYECKUH amnmapar u3 CIHCKa, BBECTH CTapTOBYIO M KOHEYHYIO JaThl U Ha)aTh Ha KHONKY «Hapuco-
BaTh opOuTY» («Draw orbit») B manenu cieBa. B pesynprare OyaeT BU3yaln3upOBaHO BpallleHHEe KOCMH-
9eCcKOTro armapara BokpyT 3emin (PucyHok 1).

Prepogated tracks
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Pucynok 1 - Busyanusarnus BpameHuss KOCMHYIECKOT0 ammapara BOKPYT 3eMITH
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Prepogated tracks

Satelie

Start Date

Start Tume.

End Date:

End Time

Max Rl

View Angie

e iy e .

Ww 112016 S6.54 20 000 v 11 2016 06 5430 000 How 11 2016 98 5480 600

Pucynok 2 - OnpeneneHue TOYKH CbEMKH

CKOpOCTh BU3yalM3aluy MOXKHO PETYIUPOBATH C IIOMOIIBIO MPUOOPHO naHenu BHU3Y. /st pacuera
BO3MOJKHOW CHEMKH YKa3aHHOH TOYKH HEOOXoauMmo OyaeT erne BBEeCTH KOOPAWHATHI TpeOyeMoW TOUKH
WK BHIOPATh €€ ABOWHBIM IIETYKOM MBI 110 KapTe, yKa3aTh MaKCUMAIbHO JIOYCTHMBIN YTOJ ChbeMKH
n MuHUManbHBIN yron CosHna u HaxaTh «Propagate». B pesynbrate B maHenu crpaBa OyAeT BBIBEICH
CIIMCOK IPOJIETOB, MOJXOMSANIMX MOJ 3aJaHHble mapaMeTpbl. [Ipu BeIOOpe Kakoro-imbo dJIeMeHTa U3
3TOTO CIMCKa HA OCHOBHOM 3KpaHe O0TOOpa3sWTCS YacTh TPAEKTOPHH, C KOTOPOIl BO3MOXKHO MPOU3BECTH
ChEMKY yKa3aHHOW TOYKHU COTJIACHO 33aJJaHHBIM OrpaHu4eHusM (PucyHok 2).

BrruncnurensHas yacte ocHoBaHa Ha Mojenu SGP4 [1], ucnonp3yroiei o0Ie10CTyIHbIE JaHHbIC
TLE [2] mns ciiyTHEKOB [[33. DTa MOAENs MO3BOJISET PACCUUTATH TOJIOKEHUE KOCMUYECKOTO ammapara B
YKa3aHHBI MOMEHT BpeMeHH. TakuM 00pa3zom, AJis IOCTPOSHHUS OPOUTHI POM3BOIUTCS pacdeT MoJIoXkKe-
HUSl CIYTHHKA TI0 TOW MOJIENH C HEKOTOPHIM IIIaroM o BpeMeHW. [Ipu BBIYHCIEHHH BO3MOXKHOCTEH
CHEMKU TOYKH Ha MOBEPXHOCTH 3EMJIM MCHOJB3YIOTCS TOT K€ MOJXOJ BMECTE C IBPUCTHYECCKUMH ajro-
pUTMaMH Ui COKPAICHUs BBIYMCIHUTENBbHONW Harpy3ku. Kpome Toro, /i HOCTHIKEHUS BBICOKOHM TOY-
HOCTH OTIPEACIICHUS METPHICCKUX BEIMYUH MPUMEHSIUCH (HOPMYITBI cheprueckoil TpuroHoMeTpuu [3].
VYron ConHIa HaJ TOPU3OHTOM BBIYHCISETCS TUHAMUYECKHA U 3aBUCUT OT BPEMEHHU M KOOPJMHAT TOYKU
[4]. Ecnu monp30oBatento HHTEPECHB! HOYHBIE TPOJIETHI, TO OH MOKET 3aJaTh OTPULATENbHYI0 BEIHYHHY
yria Conaita, Harpumep -90.

Kox mporpamMme! HanicaH Ha s3bpIKax mporpammupoBanus JavaScript 1 PHP. Camo nmpuioxenne pas-
BepHYTO Ha cepepe Apache2. BriOop cpeacTB mporpaMMHUPOBaHUS MPOJUKTOBAH WX HBIHEIIHEH MOITy-
JSIPHOCTBIO B cpelie BeO-pa3pabOTOK U OTCYTCTBHEM MPOOJIEM COBMECTUMOCTH CO BCEMH COBPEMEHHBIMU
uHTEepHEeT-Opay3epamu. [Ipu co3nanum uHTEpdeiica ObUIM MCTIONB30BaHBI BCIIOMOTAaTENbHbIE OMOIHOTEKH
Bootstrap, JQuery u Cesiumjs [5]. [TocnenHss u3 nepednciIeHHBIX OMOIMOTEK OTBEUALST 332 BU3YATH3AIHIO
Mozenu 3eMJId W ToJieTa KOCMHYECKOTO armapara, M 4ero KOOPIWHATH TOJOXKEHWs CITyTHHKAa B
MPOCTPAHCTBE, OIy4YeHHBIE B pe3yibrare padoTsl Moaenn SGP4, kouseptupyorces B popmat czml [6].

Hwxke B Tabnunax mokasaHo BpeMs BBITIONHEHHS paOOTHI MPU TECTOBBIX 3allyCKaxX MPOrpaMMbI Ha
Pa3HBIX MPOOIDKUTEIHHOCTIX MPOMEXYTKA TNIAHUPOBAHMS. TecThl MPOBOAMINCEH HAa CEpBEpe, JTOKATBHO
pasBepryToM Ha [IK co cremyronmmu xapakTeprucTUKaMu, YKa3aHHBIME B Tabmutle 1.
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Tabnuna 1 - XapakTepuCTUKU CEPBEPHOTO KOMITBIOTEpa

[Ipoueccop Intel® Core™ i5-3470 CPU @ 3.20 GHz 3.20GHz
o3y 4GB
oC Windows 7 (64-bit)

Bupeokapra Intel® HD Graphics, 1696 MB

Tab6mmna 2 - [Toctpoenue opOHUTHI

Cpok IJIaHUPOBaHUs, JTHU Bpems BbINOIHEHMS, MC
1 13
3 230
7 278
14 533

Tabnuua 3 - Berancnenue ckopocTu

Cpok ILIAaHNPOBAHMSA, THU Bpemsi BbINOJTHEHHs1, MC
1 2
3 7
7 9
14 15

Kak BUJHO IIO0O peE3yJjibTaTaM MNPOBEACHHBIX TCECTOB,

OIIKMCBIBACMOC Be6—HpI/IJ'IO)KCHI/Ie nMeeT

JIOCTATOYHO BBICOKYIO CKOPOCTH PabOThl Ha CPETHECTATHCTUIECKOM KOMIIBIOTEPE, UYTO JJAeT BOBMOXKHOCTH
JUTSL €T0 TTPOM3BOAUTEIHHOTO HCIIOIB30BaHuUs B ceTH VIHTepHET mpHu OTHOCHUTENBHO HEOONBIINX 3aTpaTax
Ha amnmaparypy.
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'C. Ceiidynmun atsinmarsl KasATY Acrana K.,
’M.B.JIomoHOCOB atbiraarsl MI'Y-HiH Ka3aKCTaHIbIK (unuanel, AcTana K.,
SILHT YMUWJIEB aThIHIaFbel Y ¥ Y, AcTaHa K.,

KO3I AIBIK MOJIIMETTEPIIH HET'T3IH/IE
FAPBIII AIIITAPATTAPBIHBIH OPBUTACBIH CAJTY

AnHoTanus. byt Mmakanana KamIbIKTHIKTaH 30HATAY apKBUIBI CITyTHUKTIH OpOMTACHIH cally jKoHE JKep OeTiHmeri
OepiireH Tycipyre BIKTHMan HYKTECiHIH OoypkamMblH Oepy YVINIH o3iplieHTeH BeO-OargapiaMa CHIIATTajaflbl.
[TaiimanaHynisl OCbl KOCHIMIIAHBIH KOMETIMEH alliblH aja OeNTiIeHreH yaKbIT apajbIFbIHIa Ke3 - KelreH Kojina 0ap
KOMMEPLMSIIBIK KALIBIKTBIKTaH 30HATAY CIYTHHUKTIH TPAaeKTOPHMACHIH Kepe anaibl, COHIal-aK, HAKThl HYKTEHi
FapbIlll annapaTbIMEH TYCIpY YIIiH, aiilanaHyllbl TajantapbiHa xayarn 0epeTiH OapiblKk MyMKIHAIKTEPIH ecenTeyre
Oonaapl. ANTOPUTM KAIIBIKTHIKTaH 30HATAY jkepcepikTepiHiH Koramabslk TLE nepekrepin naipananarein SGP4
yJiricine, cdepaiblk TpUroHOMETpHsi (opMyliajiapblHa JKOHE €cenTeyiH a3aWTaThlH 3BPHUCTHKAIBIK SJiCTepiHe
HerizaenreH. barnapinama koxnbt JavaScript xkene PHP Garnapnamanay Tinpepinae, Bootstrap, JQuery xone Cesiumjs
KiTalxaHaJap/pl TaiIanaHbll jka3blUFaH. byl Makanaza OaraapiiaMachiHBIH CKPUHILOTBHL JKOHE ecenTeylepi
OPBIH/IAY JKBIJIAMJIBIFbI CBIHAKTAPBIHBIH HOTHIKEINep]l YCHIHBUTFaH.

Tipek ce3mep: FapbelIUTHIK ammapaT, JKepi KalIbIKTBIKTaH 30HATAY, OpOuTa, BeO-KochMma, Moaenb SGP4,
TLE.
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ABOUT ONE WAY OF PROTECTION
OF INFORMATION TRANSFER

Abstract. In this work, with the help of the spectral theory of a functional differential equation, it is studied an
advance of waves on a periodic wave guide, in particular, the way of creation of a white noise for the nepryatelsky
receiver is shown.

Keywords: wave guide, functional differential equation, range, basis of Riesz, periodic task.

O0X 517.929
M.B. Canpynosa', M.U. AkbL162aes’, A 1L, IllannanGaes’

'TOxHo0-Kazaxcranckast rocynapcTBeHHas (hapMareBTHYECKas aKaJeMHUs;
OnrycTik-Ka3sakcTaH ne1arorukansK yHUBEPCHTET;
*Onrycrik-KasakcTan MEMICKeTTIK YHHBEPCHTETI

"KEJIJIETT AKIIAPJIAP/IbI KOPFAY JIBIH
BIP TOCLJII TYPAJIBI

Annotanusi. Byn enbekre QyHKimoHam-guddepeHan TEeHACYIEPaiH CHEKTPIII TEOPHUICH aPKBUIBI
NEPHOATHl TOJKBIHOT apKbUIBI TAPaHTBIH TOJKBIHAAPABIH KACHETTEpl 3epTTeNi, HOTHEXECiHAe, KapChbUIaCThIH
KaObUIAaybIIIBIH 3aJIaJIChI3aHABIPY KOJIbI TAOBUIABL.

Tyiiin ce3aep:ToJKbIHOT, GyHKIMOHAT-AUbDEepeHIInan TeHaeyIep, ClieKTp, PuccTin 6a3uci, meprHoATH ecerl.

1. Kipicme.Axnapnapasl AbIOBIC TYPIHIE, CYpPET TYPIHAC *KOHE SJICKTPOMATHUTTIK TOJIKBIHIAD TY-
pinge Tapaiinel. byn tonkeimap Jxefimc MakcBemuiaiH TeHAeynepi apKbuiel epHekTeneni. Kazipri 3a-
MaHJa KQKETTi aKmapiaap KYHII Tayapra alfHaIIbI, COHABIKTaH OHBI Iep KE31HIIe opi camaibl eTill TYTHI-
HYIIBIFa JKETKI3y aca MaHbI3/Ibl HIapya OOJbIN caHasabl. BallibIK KypreH JKepjae YpIbIK Oipre sKypeTiHi
OypbIHHAH OenTiii Hopce, AalbIH acKa TiK KACBIK JAEMEKIi, KePeKTi MANiMEeTTepli KesijIepAeH ypiay-
mpUTap Na maaa 6omapl. Oxapapl Ka3ipri 3aMaH TiIIMEH alTcak «Xakkepiep» aeini. HproTOHHBIH 3aHBbI
OotlibiHIIa, 9p0Oip acepre Kapchl acep TaObUIabl, COHIBIKTAH, aKIapabl KOpFaylibuiap Ja maijaa OOk,
AKnapasl op TYpIi XKOJIMeH Koprayra 0oiansl. OHBIH €H KapamnaibiM yarici kpunrorpadus 6oica Kepek,
JKaCBIPBIH JKa3y >koyapsl epreneri Erumerrikrepre ne 6enrini Oosran neimi.

bi3 sxemimeri akmapiapasl KOpFay >KOJIIAPBIH KapaCTHIPMAKIIBI3. DJIEKTPOMATHHUTTI TOJIKBIHIAAPIBI
TapaTaThlH JKEJIIep/i, OpbICIa alTKaH/Aa, «BOJIHOBOIY JCN adTajlbl, al OChI TOJIKBIHIAAPABI TapaTyIlbl
KYpalJapAblH JKYMBICTAPBIHBIH MaTEMATHKAIBIK MOJENi IeKapanblk ecentep Oonaabl. Illexapanbik
nrapTTap KypaliFa eHreH TOJKBIH MEH OHAH MIBIKKAH TOJKBIHHBIH albIPMAIIBUIBIFBIH OLTTIpe/Ii.
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XKui ke3neceTiH BOMHOBOATAPABIH Oip TYPIH «IIEPUOAMYECKUA BOJHOBOI» el aTaiael. MyHnai
BOJIHOBO/IKA €HI'€H TOJKBIH MEH OHAH INBIKKAH TOJIKBIHHBIH aMIUIMTYyJachl Oipaeil OOmysl Kepek, TeK
JKULUTITI MeH ¢a3zachkl e3repyi MyMKiH. Byi Kypan aknapabl KaObuiarn, oHbl 0i3re 0acka >KUUTIKIIEH JKoHE
Oacka ¢aszamen Oepeni. Erep 0i3nmiy OocekenecrepiMiz Oyl Kypanabl OiiMece, oHAa ojlap ©3AEpiHiH
KaObLIIaraH aKnapiapblH OKH aiMaiiibl. MoceIeHIH MoH — jKaibl MiHe OCBIHJIA.

Keneci, mekapaibIk ecenTi IepHOATH BOJTHOBOJ TCH/I:

y'(x) = Ay(a —x), (L.
y(0) = y(2m), (1.2)

MYHAaFbl - nereHiMmi3 0 < @ < 2m apaibIFbIHAA JKAaTKaH Ke3-KeITeH HAaKThl CaH, all A- CIIEKTPOIi
napamerp.

3eprreyimiz kepcetkenaei, (1.1) — (1.2) ecenrin L2(0,27) KeHicTirinme TOJBIMIBI BEKTOPJIAp
cucteMachl 0ap, COHBIMEH Oipre, KOCAlKbl MEHIIKTI BEKTOpJApbl Oap €KeH, ojlap oIl KEHiCTIKTe
TONBIMIBI eMec. bisre kepekTi akmapiiap HETi3ri TOJNBIMIBI CHCTEMa apKbUIbI apKBUIBI JKETKI3iIemi, ai
EKIHIII CUCTeMa apHaHbl KOPFayIIBIHBIH KbI3METIH aTKapassl. O apHaia ryuiiereH TONKbIHIAp TapaThlll,
JKayJIIH OepeKeciH Kambipaabl. bi3 e TapaTyIbIHBIH CHIPBIH OLIETIH AOCTAphIMBI3 OYJI €Ki TOIKBIHIAP b
XBIPATHII, ©37IEPiHE KEPEKTi aKmapiiapApl CY3TilITeH OTKI3IM Ta3aalr ajga- ajJaibl.

Euni sxorapeimarer (1.1) — (1.2) mekapaiblKk ecenTiH MOH — JKalblHAa YHUIeHik. bipinmi
TOJIKBIHIAPABIH TEHIEYi, al eKiHmici mekapanbik maptrsl oimmipeni. Tonxkeiamap (0,27) apaibiFbiHIa
e3repicke YIIbIpaipl, OHBIH ce0emmIici @ ImaMachl, o 0i3re Oenrimi, am skayra Oenriciz. Taparymibira
SHTCeH TOJIKBIHIBI ©3TEePTYII J€ JJ OCHI Imama. bi3 oHbI TOJKBIHOTTIH KiJITI JET aTalbIK. | ONKBIHOTTIH
CHEKTpanai TeopusickiMeH [1] eHOek apKbUIbl TaHBICYFa 00abl,PyHKINOHAT-TU(GepeHInaT TeHACY AiH
CIIEKTPONTI TEOPHUSCHIHBIH ajFallKel HOTHEXkenepi [2] eHOekTe Kepinic Oepai.OmepaTopiapIsiH
CIIEKTPAJII TEOPHACHI Typanbl MomiMmertepai [3-15] enOekrepmen TalOyra Oomamel. COHFBI Ke3mepi
¢dyskiroHaN-audPepeHIan TeHaeyep aptypaii [16-23] cananapaa KOIIaHBUIBII XKYP.

2.3epTTey aaici
Anbikrama 2.1. Erep TmnsOeprrin H KeHicririniH opOip x € H sneMeHTI OCbl KEHICTiKTe
JKUHAKTAIAThIHBIH MbIHAIAM:
_
X = Zk:l CkPr-

KaTapra TapaTbUlaThiH Oosica, oHma {@,}, k = 1,2,... cucremachin ocel H KeHicTirinig Oasuci nem
aTaliMBbI3, MYHJIAFbI Cj, - JeTeHiMi3 Oenrim Oip cangap, ai Karap ocel H KeHICTiriHiH HOpMachl OOHBIHINA
JKMHAKTAIAIbI.

Jlo1t ocEI coTTe,

(@m> Pn) = S, mn = 1,2, ...
TEHJIKTEP] OpbIHIAJIca, OHIA {¢Q;} Oy 0a3UCTi OPTOHOPMANAHFAH JCHMI3, Keii[le OPTOHOPMAIII JIeTl Te
aTalabl.
TpUroHOMeTpUAJIbIK CHCTEMA:

1 1
——,—=cost,—sint,—cos 2t ,—sin 2t,

T s st

L?(0,2m) xeHicTirinae opTOHOpPMaTaHFaH CUCTEMa OOJIBIIT TaObLIAIbI.

{or} (k=1,2,..) - nerenimiz H KeHICTIiriHIH Ke3 — KeIreH OpPTOHOPMAallaHFaH 0a3uci OOJCHIH
nenik, an T - JereHiMi3 oChbl KEHICTIKTE aHBIKTAJIFaH KaUThIMbI IIEKTEYJII ChI3BIKTHIK ONEPaToOp OOJICHIH
nenik. Onfa H KeHICTIiriHiH Ke3 — KenreH f € H BEeKTOpBI YIIiH:

T =T 01) o = Zie=a (F, (T 0) - o
JKQHE 1971 OChI cebenTi
f = Zicozl(fl ek) ’ ltbkv
OoJapl, MYHIAFbI

Ve =Ty, 0, = (T D0k, (k=1,2,...).
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ConbsiMeH Oipre
(@ Pn) = S, (M,n = 1,2, ...).
0oMaTBIHBI aiJlaH aHBIK, COHIIBIKTAH, erep:
_ [e'e}
f = k=1 ¥k 2.1
Oosica, oHJa
Ck = (f ) Hk)a
arau (2.1) TapanbiMbl Giperei.
CoHbIMEH, Ke3 — KeJII'eH MIEKTeYJIi KaUThIMIBI ONIepaTop Ke3 — KeJIreH OPTOHOpMaJlaHFaH 0a3UCTi OCHI

H xeHicririnig 6acka 0ip Oasucine ayaapansl. OpTOHOpMaaHFaH 0a3WCTEH OCBHIHIAN YKOJIMEH ajbIHFaH

{or}, k =1,2,... 6asucin oproHOpManaHraH 0a3MCKe SKBUBAJIEHTTI Oasuc Hemece Puccrid Oasuci men
ataizsl [4].
Jlemma 2.1. Erep 0 < a < 2m Gosica, oHZIa MBIHA,

Pn(x) = \/% [cosn (x — g) + sinn (x — %)],
n=0+1,4%2,..

¢ynkuusiap cucremacol L2(0,21) KeHicTiriHIe OpTOHOPMaaHFaH 0a3uc Kypaubl.
Jonedi.
(a) OpToHOpMAaJIaHFAH/IBIFbI.
2n

(Qn, Om) = %f [cosn(x—%) +sinn(x—%)] [cosm(x —%) + sinm(x —%)] dx =
0

2n
= %f [cos(n - m) (x - %) + sin(n + m) (x - %)] dx =
0

21

1 |[sin(n —m) (x—%) cos(n +m) (x—%)
2n n—m B n+m

0
1 |—sin [(n —m)2r — (n — m)%] + sin(n — m)%

21 n—m

cos [(n +m)2r — (n+m) %] — cos(n +m) %]

n+m
( 1)0, m+ in;
21 . a\ |2
a 1 sm2n(x—7)

2)if cosZrc(x——)dx=—— =
21T 2 2T 2n
0
0

1
= ——|[sin(4nm — na) + sinna] = 0,=> m= —n, n # 0;
=< dnm
21
1 e . a cosZn(x—%) 1
3)Ef[1+sm2n](x—5)dx— X oo= =

0

k 2

=1m=n;

1 ( cos(4nm — na) — cos na>
21 —
2n
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0, m #* +n;
= {0, m=-—n, n # 0;
1, m=n, n*0.
1
(9o, ¢0) = o

0) ToABLIMABLIBIFBI.
L?(0,2) xewicririnin oiireyip 6ip f(x) € L*(0,2mw) siemeHTi yuIiH MBbIHa, fozn () p(x)dx =

0,n=0,%11, 42, ... TeHAIKTEp OPBIHAAICHIH AETIK, OHIA
2T

Of f(x) [cosn(x—%) + sinn(x —%)] dx=0, n=0,+1,+2,...

HEMECC Tap AaTBhIII JKa3Cak,

na na na
f(x) COS nx cos 7 + sinnx smT + sinnx cos -5~ cos nx sin 7] dx =

na na . nay .
f f(x) cos— — sm7) cosnx + (cos7 + sin 7) sin nx] dx =
2 2m
nae | na nao . na _
= (cos7 — sin 7) f f(x) cosnxdx + (COST + sm7) f f(x) sinnxdx = 0.

0 0
Conrbl TeHmeynepae n - ai (—nm) - MeH anMacthipcak, oHma f(x) ¢yHkuusceiHbH Dypbe
K03 puIeHTTeP] YILUiH CHI3BIKTHIK TeHz[eynep CHCTEMAaChIH aJlaMbl3.

(cosE - sm— f f(x) cosnxdx + (cosE + sin E) .
2 2 2

: f f(x)sinnxdx = 0,

na . na T na . na
(cos7 + sin 7) : f f(x) cosnxdx — (cosT — sin 7) :
: f f(x) sinnxdx = 0.
0
Ochl TeHIeYJIep CUCTEMACHIHBIH aHBIKTAYBIIIBIH SCENTEHIK:
A= (cos na sin na)z (cos na + sin na) = [cos na
na nza 2na nczx zna na 2na
-2 005751n7 + sin? > + cos? > +2 005751n7 + sin 7] =
=-2=+0.

Jlemek, MbIHA:
21 2m .
fo f(x)cosnxdx =0, fo f(x)sinnxdx =0, n=0,1,2, ...
TEHIIKTEp OPBIHAANA/b, OHA TPUTOHOMETPUSUIBIK CHCTEMAHBIH TOJBIMABUILIFbIHAH f(x) = 0 TeHmirin

ajambi3.
Jlemma 2.2. Erep, mbiHa

Pm (2T —x) = @ (x),m=1.2,..,

TEHJIKTEP] OpbIHIAJICA, {(Q;, } cuctemacs L2(0,27) KEHICTIriH/IE TOIBIMCHI3 GOJIaIbL.
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Haueni.
Erep

1, 0 K x KL,
fl) = {—1, T<x<K2m,

6ouica, oHza Ke3-KelreH @, (x) (m = 1,2, ...) QyHKIUsIChI YIIiH, MbIHA

BT F@m@dx = [T f)@m@dx + [27 F () pm () dx,
0 T

2m
| Feom@axr =22l = - [ r@n - gnan - 0t = [ fn - om0,
b4 s 0

21 1

[ r@ontaax = 1@+ rer - Olpn©at =0

0 0
3.3epTTey HOTHEKETEPL

Teopema 3.1.
(a) Erep 0 < a « 2m Goica, oH/Ia, MBIHA,

y'(x) =2y(a—x) (3.1)

=y"(x) = Ay(x); 3.2)
[Itypm — JImyBWILI TEHACYIHIH IIETTiMi OOJIapbL.
(6) XKorapreigars! (3.1) TeHneyain memiMaep KeHicTir 0ip caiambl.
(B) Atarrran (3.1) TeHueymiH Kambl MIENTiMI MBIHATAH:

TEeHACYAIH opOip MIeNIiMi, MbIHA,

y(x) =A4A- [cosl (x - %) +sinl (x - %)], (3.3)
Gomnajipl, MyHIaFbl A — K€3-KeJIreH TYPaKThI I1ama.
Teopema 3.2.
Erep 0 < a < 2m 6osnca, OHJ]a MBIHA!
y'(x) = Ay(a —x), (3.4)
y(0) = y(2m), (3.5)

MIEPUOTHI MIEKAPAIBIK €CENTIH MEHIMIKTI MOHAepi HAKTHl CaHmapAaH KYpaldFaH €Ki cepusmaH TYpaibl.
Omnap, MeIHaIAp:
A, =nn=0+1,+2, ..,

yu(x) = \/%[cosn(x - %) + sinn(x —%)];
2

0) tm = s (M +3),m=0,+1,42,...

2T—a

fa<m+%>(x—%)+sin2n2fa<m+%>(x—%).

Mymnparst {y,(x)} cucremacer L?(0,27) KeHicTiriHae opToHOpMallanraH 0a3uc Kypauasl, ain {Z}
CHUCTEeMAChl OYJI KEHICTIKTe TOJBIMCHI3 CHCTEMA.

4.TajakpIchl

3.1.TeopeMaHbIH AdJ1€JTi

2
Zm(x) = cos o

(a) Erep y'(x) = Ay(a — x) Gosca, oHia TeHAEYAIH €Ki xKarbiH aa quddepeHnuaniacak, oHia

y" ()=-hy' (0-x)=-A Ay )=y (x),=-y" (x) = A2y(x);
(6) Erep u(x) nen v(x) hyHKIHMIAPHI, MBIHA,
u'(x) = Aula — x) xome v'(x) = —Av(a — x),
TEHACYAIH HOJACH e3relle memimaepi 00jica, OHAA KOFapbIIarbl (a) TYKBIPHIMBI OOWBIHINA, OJIAPIBIH
ekeyl ae Oip rana (3.2) lltypm — JInyBui TeHaeyiHiH miemiMi 0onaabl. OnapasiH x = % HYKTECIHJIEeT1
BpoHCckuaHBIH ecenTen Keperik.
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- |1lj’ 11;'| = |Au(au— x) —AV(Z — x)| = —Aulx)v(a —x) + vx)u(a —x)] = =21 -u (%) .

Erep A# 0 coringe u (%) = (0 Oosca, oHIa u’(g) =0 xome —u" = A%u. Oupa Komu ecebiHiy
menriMidig Oipereitiri Typansl Teopema OGoibiaIa, U(x) = 0, anm MYHBIMBI3 KOPYBIMBI3Fa KaWIIIbI.
Jlemek, u (%) # 0, coJI CHUSIKTEI U (%) # 0. CoHBIKTaH,

Wlu,v] =0
Tennuiri Tek kana A = 0 GonFaH coTTE FaHA OPBIHAATIAIBIL.
Engi z(x) dynkuusce (3.1) TeHaeyain Ke3-KelIreH memrimMi 60J1ChIH IeliK, OHa
z(x) = Au(x) + Bv(x)
Oomankl, MyHIIaFrel A, B — Ke3-KkenreH Typakrhl mamanap. OHua
z'(x) = Au'+ Bv' = AAu(a — x) — BAv(a — x) = A[Au(a — x) — Bv(a — x)] = 2z(a — x)
= A[Au(a — x) + Bv(a — x)],
MYHaH
=>2B-v(e—x)=0,2B =0, z(x) = Au(x), A — const.
(B) Erep (3.3) epHerin (3.1) TeHueyiHe anapbin KOWcakx,

y'(x) =214 [— sinﬂ(x —%) + cos)l(x—%)],
y(a —x) =A[cos/1(a—x—%)+sinl(a—x—%)] =A[cosl(%—x)+sin/1(%—x)] =

A [— sinA (x - %) + cosA (x - %)],
Ay(a —x) = 14 [— sin\ (x — %) + cos A (x — %)] = y'(x).
JlonenmeHreH TeOpEMaHBIH JKail — JKaIlCaphIH allla TYCY YIIiH, MBIHA
u(x) = cos i (x — %) +sinA (x — %),
v(x) = cosA (x — %) —sinA (x — %)

¢byHKUMsUIapIpIH BpoHcKknaHbIH ecenTelik, ecentey OapbhIChIHAA OJapAbIH MBIHA!
u'(x) = u(a — x),
v ® = —Jv(a —x),

TEHJCYJICP/IiH HICIIIMACPl CKEHIH eCKepeHiK.

T cosA(x=5)+sina(x=5),  cosa(x=5)=sina(x-5)

v a

—sin)l(x—%)+cosl(x—%), —sin/l(x—%)—cosl(x—z)

= 2{~[cos 2 (x —%) + sin/’l(x—%)]z— [cos)l(x—%) —sina(x —%)]2} 2

a a a a a
2 - - ] I 12 - 2 — ) —
[cos A(x 2) +2cosl (x 2) sml(x 2) + sin? A (x 2) + cos A(x 2)
2cos)l(x _E) sinl(x —E) + sinzl(x —g) =-21+4+1)=-22#0,
2 2 2
(A # 0 caminoe).
3.2.TeopemanbiH maJerdi. XKorapeiga monmenaenreH (3.1) teopemacwl Ooifibiama (3.4) TeHIEYMIH
HIeIrMi
y(x) =A- [co s)l(x —%) + sinA(x —%)],A — const,
0omanbl, ockl epHEKTI (3.5) miekapaiblK MIAPThIHA anapbil KOMCaK, OHAAa XapaKTePUCTUKAJBIK TCHICY
anambiz. Ocbl TeHaey i Tyoipiaepi (3.4) — (3.5) mekapanblk eceOiHIH MEHIIIKTI MoHAEpi Oonabl.

A- (cos%a— sin%a) =A- [cosl(Zﬂ —%) + sin/'l(Zﬂ —%)],

A- [cos%—cosA(Zn —%) — sin%“—sin/l(Zn —%)] =0.
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Mynan A # 0 GonFaHIBIKTaH

Aa a . Aa . a
A(2) = cos=—-— cos A (27‘[ - E) — sin=——sin4 (2n - E) = 0. (3.6)

MpiHa,

cosA—cosB =2 sinﬂsinE

sin4d +sinB =2 sm—cosﬂ
thopmynanap apkpuisl (3.6) ©pHEKTI TYpIIEHAIpCEK, MbIHAAAN

’12“+2/1 A - ’12‘" ’12“ ’12“+2/1 Aa ’%‘"—2m1+ﬂ
2 sin > sin > — 2sin > cos > =0,

. . Aa Aa _
2 sin Am sin (An — 7) — 2 cos (7 - nl) sinAr = 0,

Aa Aa
2 sin Ax [sin (An — 7) — cos (An - 7)] =0,

TEHAIKTEePi anambi3. JleMek, exi Typiii xaraai 00aybl MYMKiH, HE
a)sinAr = 0,0o8mal, =n, n=0,4+1,+2, ..
Y(x) == [cosn(x——)+smn(x—5)] n=0,+1,42,..;
HE
0) sin ( T — %) —cos (An - %a) = 0, oHna
tgl(n—%) =1,An (n—z) —mn+ ,m=0,+1,12,.
tm =z (m+3) = = (m+z),m=0,i1,i2,....

7'[—— 2nT—-a

BipiHmi cepusHBIH MEHIITIKTI MOH/IEPIMEH MIaTacThIpMay YIIIiH OCBIHIAH Oenriney eHri3mik. XKorapsl-
narel nemMma 1.2 nemma Goibiamia, {y,(x)} menmikri ¢ynkuusmap cucremacel L?(0,27) KeHicTirinmge
OpTOHOpMaJaHFaH 0a3uc Kypauusl, ail {Z,(x)} MeHumikTi (QyHKIMIAPBI TMEPUOABI 27T - T€ TEH KYII
¢ynkuusnap. HsmeHna na,

o

(2 +x) = 2n ( +1)(2 + ) +si en ( +1)
Zm\ LT a X _COSZ am 4 T a X ) Slnzn_am 4

(2n—a+x—%)=cos[2n<m+%)+2n2fa-(m+%>(x—%)]+

. [2 ( +1>+ 2T ( +1>( a)]_ ] 21 ( +1)( a)_l_
Sin Tim 4 o — 0(2m 4 X 2 = Sin o — OLCOS m 2 X 2
T

s (m+3) (x=3) = (@),

Erep ne t = @ — x GONCHIH aecek, OHAA Z,, (2T — t) = z,,(t) Gonapsin Kepemis, aeMek 2.2 jemMMa
ooiibiama {z,, (t)} cucremacs L?(0,27) keHicTirinae TonsIMchi3. bisre keperi je ochl .

+ cos

5.KopbIThIHBI
ApPryMeHTi aybITKbIFaH TEHACYJIEPII eIl IIITHAeT] aKnapiiap/sl KOPFayIblH MaTeMaTHKAJIbIK MO
peTiHAl YChIHYFa O0Naabl.
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YK 517.929
M.B. Canpynosa', M.H. AkbL16aes’, A 1L Illainan6aes’

"HOxH0-KasaxcTanckas rocyapcTBeHHas hapMalenTHyecKas aKaJaeMus;
2}OxH0-Ka3axcTaHCKHMA MearorHuecKiii YHHBEPCHTET;
3}0xH0-Ka3axcTaHCKHil rOCYIapPCTBEHHbIH YHHBEPCHTET

00 oxHOM criocofe 3aIIUTHI lepenayu uunopManuu

AnHoTanusi. B nanHOl paboTe ¢ MOMOIIBIO CHEKTPAIbHOW TEOpHH (YHKIHOHAIbHO-AN((HEpEHINATBHOTO
YpaBHEHUsI H3YU€HO PACcIpPOCTPaHEHHE BOJIH MO MEPHOANIECKOMY BOJHOBOJY, B YaCTHOCTH, IIOKa3aH CIOCO0 co3a-
HUsL 0€JI0T0 LIyMa sl HeNIPHUSTEIHCKOTO IPUEMHHKA.

KiroueBble ci10Ba: BOTHOBO, GYHKIMOHAIBHO-TU(GEpeHIIAaIbHOE YpaBHEHHE, CIIEKTp, Oasuc Pucca, mepmo-
JudecKas 3az1aqa.
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FEATURES OF THE LEARNING TECHNOLOGIES USED
IN TEACHING PROGRAMMING

Abstract. The most important thing in teaching is to create informational programming model. Research
methodology in an information culture of students of different approaches to understanding this course the
programming course in the core to give the nature of effective planning, the choice needs to prepare students to
practically use the acquired knowledge in further allowed information modeling. In the modern world, programming
is the art and report description of the report in the form the computer will understand to solve using the computer.
In this regard, in General, the level of informatization of education and conditions, and shall be in accordance with
the directions of development of the software. For students majoring in software their future work in the field of
creation of specialized stance to consider when choosing a programming language.

C++ is still "classical languages", has not lost its popularity and is currently in the industry, and remains a
weight. The role of technical progress at the present stage the main processes associated with information
processing. Currently people on the scene, no one in the field of information technology can not be independent in
some extent of quality. Consider the main types of classification of learning methods, their use in the course of
training, from the point of view of programming.

Key words: classic, language, programming, technology, information.

JI.A. CmaryJoBa, I'.b. UcaeBa

I. XKancyripos aTerHnars! JKeTicy MEMIIEKETTIK YHUBEPCHUTETI, TalabIKOpFaH KaJlachl

MPOTPAMMAJIAYJIBI OKBITYJIA KOJJAHBLIATHIH OKBITY
TEXHOJIOTUSJIAPBIHBIH EPEKIIEJIKTEPI

AnHoTtanus. [Iporpammanaynel OKbITyZa €H OAacTBICHI aKMapaTThIK MOJAENBACP Kypy OONBIN TaObLIaibl.
BimimrepnepaiH akmapaTTBIK MOACHHETIH YFBIHYFA op TYPIi Ke3KapacTapAbl 3epTTey INporpaMmalnay KypChIH
JKOCTIapayIblH THIMII oMiCTeMeci pPeTiHAe aTalfaH Kypcka Hpoduibaik cumaTr Oepyre, OuTiMTepliepli albIHFaH
GuriMaepiH apel Kapail ic XKy3iHIe maimanaHyra JalbIHAAyBl THIC aKMapaTTHIK MOAEIBACYl TaHAayFa MYMKIHIIK
6epmi. Kazipri 3amanmarsl mporpammanay — OYJI €cenTi KOMIBIOTEpre TYCiHIKTI gopmaza cumarray eHepi >KoHe
€CeNTi KOMIBIOTEPIiH KeMerimMeH menry. OcbiFaH 0ailIaHBICTRI IPOTpaMaIayAbl OKBITY JKANIbLUIAN aKmapaTTaHIBIPy
JIeHrelll MeH [apTTapblHa, COHBIMEH KaTap IporpaMmaiay KypajlaapblHbIH JaMy OarbITTapblHa Coiikec OOybl THIC.
beitinaix MamaHAbIKTap OliMreplepi yuIiH Iporpammaiay TUIIH TaHJay/Aa oJlapZblH OoJiallakTa IporpaMMalibik
xaOIbIK JKacay CallaChlH/Ia )KYMBIC ICTEHTIHIIKTEPIH €CKePY KaxkeT.

Ocpl KyHre aeitin C++ Tl «KITacCHUKAIBIK TUIAEP» OOJIBIN KaJbII OTHIP KSHE JIe Ka3ipri yakbITTa HHAYCTpHUsiaa
©31HIH caJMarbl MEH TAaHBIMAJABIFBIH JKOFAITKAH eMec. TeXHUKaJBIK MPOTPECTiH Ka3ipri Ke3eHiHAE aKIapaTThl
OHJIeyMEH OallylaHbICTBl YpIICTEp HETIi3ri ponb aTKapansl. Kasipri Tanna opbslH ajiFaH ajaM ic-9peKeTi CaslaChIHBIH
eIIKANCHICHl KaHaal Ja Oip Jopekene aKmapaTThK TeXHOJIOTHIapAbIH calacklHaH Toyelnci3 Oona anMaiabl. OKBITY
SmiCTepiH OMapAbl TporpaMMaliayIsl OKBITY OapBICBIHAA IMalifallaHy TYPFBICBIHAH JKIKTEYIIH HETI3rl TyplepiH
KapacThIpaibIK.

Tipek ce3nep: KIacCHKalbIK, TUI, IPOrpaMMaay, TEXHOJIOTHS, aKIapaTThIK.
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OneMieri FRUIBIMH-TEXHHUKAJIBIK Tporpecc OimiM Oepy >KyHeciHiH TeXHUKANBIK >KaOJbIFbl MEH FhbI-
JBIMU-9/IiICTEMETIIK PECYpCTapbIHBIH Te3 KAPKbIHMEH ecKipyiHe anbin Keneai. OcbiMeH Oip yakpITTa 3aMa-
HAyH aKMapaTThIK TEXHOJIOTHsIIAP FHUIBIM MEH OUTIMHIH MpoOJieMallapblH IICUIyre apHAJFaH Kypaijaap-
JIBIH POJIiH aTKapanbl. bimiM MeH KOFaMipl akmapaTTaHAbIpy OLTIMrepiiep/iH aKbUI-OW JKOHE IIbIFapMa-
IIBUTBIK KaOUIeTTepiH NaMBITHIN, OKY YPAICIHIH KEHIeHJIIK aKMapaTThIK-diCTEeMENK KaOIbIFbIH JKYy3ere
aceIpyra MyMKiHIIK O6epeni [1].

AKIapaTTBIK MOJCHUETTIH Kypamjac OeiiKTepiHiH Oipi mporpammalnay Heri3ZepiH urepy OobI
TaObLIa/IbI.

[IporpaMmanayapl OKbITY 3aMaHayH aKIapaTThIK TEXHOJOTUSUIAPABI 3€PTTENETIH YPAICTepAl Tanaay
MeH IIlenriM Kabbuiaay YIliH naiiananyra KaKeTTi IepeKTep MeH OlTiMaepai peTTey, KYpbUIbIMaay, KYH-
eNeHaipy OUTIKTepiH Wrepyre, aKmapaTTBHIK MOJENbICYiH MOHIH, JepeKTep/li KOPCETYy TICLINEpiH YFbI-
HyFa MYMKIiHIK O6epei.

[porpammanaynel yiipeHy OapbIChiHIa OuTiMrepliepJe o3 OpeKeTTEpiHiH cajjapiapbliH OoinKay
Ka0iJIeTi, ©31HIH KbI3BIFYIIBUIBIFBIH KOFAMIAFbl TOPTIIl HOpMallapbiHa OaFbIH/BIpa OUTY OUTIKTEpl KaJbITa-
canpl. KoMmbproTepai ecenTep IIenry MEH op TYpJl TaOMFATThI aKlapar aFbIMIAapbIH OHJIEY VIINIH Maia-
JIaHy aKMapaTThIK MOJEIbJICY MEH MporpaMManay/ibl irepyMeH OailIaHbICTHI.

H.Bupt noctuHaycTprai bl A9yipiH €H MaHbI3bI IOHI PETiHe MporpaMMaliay il arara [2].

IIporpamManaysl OKBITYIBIH HETI3TT MakcaThl OimimMrepriepiH OOHBIHIA MporpamMManap kazy MeH
onappl cydiemensiey YPAICiH KEHULIETYre MYMKIHIIK OepeTiH mporpammainay MOJEHHETiH KaJbIITac-
TBHIPY OOJIBIIT TAOBLIAMIBI.

KoraMHBIH T'yMaHW3allUMsUIaHybl MEH T'YMaHUTApJIaHybl JKaFIalblHIIA JICHIeWIe OKBITY OuTiM Oepy
aliMaFbIH TaMBITYABIH MaHbBI3IbI OarbIThiHA alfHAIBL. by Oimim Oepyni neHreiney OimiMrepiepiiH Ta-
HBIMJIBIK OCJICEHIITIKTEPiH, KaOiNeTTepiH AaMBITYa, OKBITY Il J)KEKe TyJIFara OedimMaen YHbIMIacTrIpyaa
KOl PeJT aTKapaThIHIBIFBIMEH JIe aHBIKTaJaJIbI.

binim Gepy canacbiHIaFbl MiHACTTEP/AIH Oipi OKBITY dAicTepiH eMip TanabbiHa cail TYpIAeHIIpY OOJbIT
tabbuaael. Kasipri koram xarmaiieiHaa OiiM Oepy skeke TysiFara OarpiTTanFaH Oonybl Thic. Ocbl peTte
OKBITY/IbI KEKEIICHIIPY, JACHICHIICY, OHBIH JAMBITYIIBUIBIK XOHE TOPOUETIK MOHJICPIH KYHICHTY KaXKeT-
TIJIT1 TyBIHAANUIBL.

MamaHzb!l JalibIHIAYIAFEl TaTAanTapAbH Oipi OUTIMiIHIH HapbIKTa CypaHBICKA He OOIybl, ©31HIH OiiM,
OliK, maraplIapblH HAKTHI TpoliieManapabl MIenryre mainanana Oty Kaoireri 0ombim Tabbutambl. Ochl
opaiiaa »xaHa OUTiIMII 63 OeTiMeH ajy iC-opeKETiH OKBITYbIH MaHbI3bl aprazbl. OchlHIAH >karmaiina
OLTIMIep/IiH iC-opeKeTi KeMICTi Jen caHaazpl [3].

OKBITY/Ia TIBIHABIKTBI TAHY 9/1iCi HAKTHI 0OBEKT MOeIi 00Jbi Ta0baabl. OChl TYPFBIZA OKBITYIBIH
MaHBI3/IbI 91ici s)k00a o/1ici MeH OarnapiiaMallaHFaH OKBITY 9JIiCi OOIIBINT TaObLIA b

[Ipodunbai KockIMIIamapIel 3€pPTTEYiH YHBIMIACTHIPYIIBUIBIK MOZIENBACPIHIH IMIiHEH €H THIMJIICi
JKEKE 1C-OpeKeTTiH >KO0aNBIK Momei 0obin Tabbimampl. XKoba omicinme OumiMrepiiep »00ajbIK KYMBIC-
TapJibl OPBIHIAM OTBHIPBINT TAHBIMJBIK AKIAPATTHIK OHIMIEPI OeJICeH Il TYpae jkacail Oacraiiibl; TaHaay
JKacaJIbIHATBIH JKaraaiiapaa OWIaHbIl, IIeNM KaObUIAayabl; op TYPJIi aKIapaTThIK PeCcypCTapMeH Ky-
MBIC Kacaybl; )KaHa TeXHOJIOTHSUIapIbl UTEPYi; AePEKTep TalAaybl HEeTi3iHAe 63 OeTiMeH HIemiM KaObL-
JIAyJIbI, OPTaK MaKCcaTKa JKETy YIIiH YKbIMJIA KYMBIC icTeyi; OlmiM, OUTIK, MaFIpIapblH MaiJanaHy/ b,
OiiM ana oTeIphIn Oip-OipiHe kaHa aMaNAapAbl KOJIAAHYAb! OKBITYIBI YHpeHe i [4].

E.C.ITonar ocel omicke MBIHAHIAH aHBIKTaMa Oepemi: «..KaHmai ma Oip TocUIMEeH Oe3eHIipiIreH
HAKThl TOKIPUOCTIK HOTHXKEMEH asKTalybl THIC TNpPOOJIEMaHbl O6JIIIeKTeNl KapacThlpy apKbLIbI
JIUIaKTHKAJIBIK MaKcaTKa JKeTy Tacui» [S].

H.B.MatswmTslg mikipiHiie sxo00a o/1ici — «IIpaKTUKAIBIK MOHI 0ap jkoHe CyOBEeKTHBTI HeMece 00beK-
THUBTI JKaHAJIBIKKA W€ KaHa Tayapliap MEH KbI3METTep/li MyFaJiMHiH OaKblIaybIMEH JKacay YPIiCiHAe OKYIIbI
TYJIFACHIHBIH 63 OSTIMEH JaMyblHa OaFBITTAIIFaH OKBITY JKYiieci, OKy YpIICiH YibIMAacTeIpy Moaemi» [6].

JKorapbima alThUTFaHAAPIBIH HETi31H Ie %K00a oiCiHIH aHBIKTaMaChIH TY)KBIPHIMIANBIK:

JKoba omici — OyJ1 OKBITY YpIICiHE QJISyMETTIK JKOHE JKeKE TYJIFAJIBIK MOHI 0ap OKy KoOajapbiH
KEHIHEH CHJIIPYTe HETi3CJIeH IeIaror MKaJIbIK TEXHOJIOTHSI.

OKBITY YpAici COTTUIITIHIH €H MaHBI3/Ibl MIaPTTaPhIHBIH 0ipl XKYy3ere acblpy HOTHXKECIHE aJIbIHATBHIH
OLTIMHIH Ka)KETTLIIr MEH MaHBI3AbUIBIFBI OKYIIBUIAP/IBIH 3epECiHe KETETiH MMeJaroruKasblK KaFaanaap
JKacay OONbIN TaObUTa[bl. BYJl OKBITYIBIH JKaFbIMJbl MOTHBAIMSCHIHBIH KANBINTACYbIHA TiKEIeH acep
eTefIi, air o1 0oJica 03 Ke3eTiHae TAaHBIMABIK KKETTENIKTepIiH TybIHAaybIHa bl Kenemi. OKpITyna sko0a
QJICIH KOJIIaHFaH/1a TAHBIM/IBIK KQXKETTEIIIKTEP/IiH KAJIBIITACy YPAICIHE TOJIBIFBIPAK TOKTAIANBIK,
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bimiM any KaKeTTUTIKTepiHiH KAJBINTACy YPIICIH €Ki MO3UINAIaH KapacThIPFaH XeH: Oip >KaFbIHaH,
KOKETTLTIKTEep — OYJI )KeKe TYJIFaHBIH IICUXUKAIBIK KYHi, €KiHIII KaFbIHAH, - OYJI OKYIITBIHBIH MOTHBAITH-
TBIK, ChepachIHBIH KypaMaac Oeiri.

JKexe TyFaHBIH KYHi peTiHae KaKETTUTIK opJaiibiM aiaM OOMBIHIA aF3aFra KaKETTIHIH KETICIIeyIIiTi-
TiMeH OalJIaHBICTBI KOHUI TOJMAYIIBUIBIK CE3IMHIH OONyBIMEH OaillaHBICTBI JKeke TyiFa KaKeTTLTIK
3aThIHA TaHAaMaJIbl TYpJE *Kayar KaiTapaasl. KaxeTTunik ar3ansl OeceHACHIipe i, OHBIH KaKeT HOpPCEeH1
i3;meyre OarpITTAJIFaH iC-OpEKETiH KaHIaHBIPAIbI.

AnlaM KaKeTTUTIKTepPiHIH HETi3Ti CHIaTTaMayiaphl: KYIITUIIT, TyBIHAAY >KHLUIT JKOHE KaHaFaTTaH-
IBIpy Tocim. KockiMITia cumaTramMachl KaKETTUTIKTIH ITOHIIK Ma3MYHBI, SFHU OepUITeH KaXETTUTIKTI KaHa-
FaTTaHABIPATHIH MaTEepUAIbl JKOHE PYXaHH MOJCHHUET OOBEKTUICPIHIH >KUBIHTHIFEI OOJBIN TaOBLIAIbL.
TaHBIMIBIK KOKETTLTIK JKaFMaWbIHAa OHBIH ITOHIIK Ma3MYHBI OLTIM, all KaHaraTTaHABIPY TOCUTI TaHBIM
ypaici 6omams [7].

KakeTTumikTep i TYBIHAAYB MEH TaMybI OipHeIIe epeskere OarbIHa bl

1. Kaxkerrinik 6enrim Oip opeKeTTi KyHemi Typle OpbIHIay OaphIChIHIA FaHA TYBIHAAI, OCKU anajpl,
Oy aF3a MEH TYIFaHBIH KbBI3MET €TYIIH Oenriyi Oip TypiHe marapUIaHybIH KamMTaMmachl3 erelli. bapibik
KaHa KAKETTUTIKTED JaFabl TYpi OOHBIHINA KaIBIITACAbI, OJIAPABIH OPEKET €Ty MEeXaHU3M/IePi e Oipet.

2. KakeTTiik OHBIH KEHEHTUIIN >KaHFBIPTHUTYHI JKaFJalibIHIA TaMUIBI, OYJI OHBI KaHaFaTTaHIBIPY
KYPaIIApBIHBIH op TYPIUITIMEH KoHE IaMBIFAaHIBIFBIMEH KaMTaMachl3 eTireni. KakeTTumik ic-opekeT
OapbICBIHIA TYBIHIANBI )KOHE TaMUJIbI.

3. KaXeTTUTiKTIH KaJbIITacyhl iC-OpeKeT, acipece OacTamkpiia, KEKe TYJIFAHBIH OFaH JKaFBIMIIBI
KaThIHACHIH KaMTaMachl3 €TETIH/IeH CaNbICTRIpMalbl TYpAe KeHLT )Ky3€ere achIphUIaThIH 00JICa KBUIIAMBI-
pax OpBIHIATAIbI.

4. KaxXeTTuTiKTep JaMybIHBIH MaHBI3IBl MIAPTHI KalTa JKaHFBIPTY OpPEKETIHEH IMIBIFapMaIlblUIbIK
OpeKeTKe OTy OOJIBIN TaOBUTAIMBI, OYII KEKe TYJIFAHBIH OFaH KAFBIMIBI CE3IMIIK KATBHIHACKIH KYIIEHTIIT
KaHa KOWMaii, OepisireH i1C-opeKeTTi TYJIFaHBIH 0acThI KBI3METI PETiHAC KaObIIIaybIHa JKeTEICH i,

5. KaxXeTTUTiK OHBIH JKeKe TYJIFAIIBIK KOHE KOFaMIBIK MAHBI3IBUIBIFBIH CE31HTeH e OCKITLIe .

Byn epexenep xo0a omiciH maimanaHy HETi3iHIIe TaHBIMIBIK KKETTUTIKTEPIl KAIBIITACTRIpyAa Jo-
nen Tabamel. bipiHIIi epeke amFa KOHBUIFaH €CENTi MISNTy JKOJIAPBIH YHEMI 137ey, KEPEeKTI TEOPHSITBIK
MaTepHaNIBl 1371y MEH ©3eKTCHIIPY KaXETTUTIKTepiMeH Heri3aenemi. JKobaHbl Ky3ere achlpyra OarbIT-
TaJFaH iC-OpeKeT TAaHBIMIBIK KAKETTIUIIKTEepAl KaHaraTTaHABIPY Kypambl OOJBIT TaObLIambl (EKiHIII
epexe). XKoba xacaymarsl OKBITYIIBEIHBIH KOMETIMEH HeMece 63 0eTIMEH yKacalbIHFaH aJFaliKel KaJaaMaap
OHall opeIHIaIaabI, OYJ1 OUTIM amyIIbIFa TAIIBIHBIC Oepelli, OHBI KO00aHKI JKy3eTe acklpy YpIiciHe «Tap-
Tanel» (YIIHIN epeke). YIKEeH MporpaMMaibiK ko0aja PEempomyKTHBTI OMIiCTep TEK alFaIllKhl KE3CH-
Jiepae FaHa Kojinanbeuiaabl. Kemeci kesermepe, 6actanksl MOAETBACH aAYBITKYJIap CAaHBIHBIH apTyhl Oapbl-
CHIH/Ia, 9cipece OKBITYIIBI OiTiM alyIIBIHBI TaNANTAPABIH MUHHUMAIILI JCHTCHiH HAKTHI YKoHE OipMOoHII
aHBIKTall OTHIpa HOTWXKeNEepIi YChIHY (OpPMACBIHBIH KaTaH TalalTapbIMeH IIeKTeMereH >Karjaiiia
ANJIBIHFBI KaTapra >K0OaHBI )Ky3ere achIpyFa IIbIFapMaIlbUIBIK KaThlHAC IIbIFaAbl. OCBIHBIH callapbiHaa
OLTiM amyIIBLTAPABIH 9P TYPJII TONTApPHIHBIH kobanmapel MHTepdeicTepiMeH, Oackapy omiCTepiMeH, KO-
CHIMIIIa MYMKIHIKTEpiHIH op alyaHIbUIBIFEIMEH epekiencHeni (TepTinmmii epeke). CoHFBI, OeciHri
epeke, OipiHIIiIeH, x00a omiciHiH (opMackl MEH KYPBUIBIMBI OOHBIHINIA TTPOTPAMMICTIH KOCIOM KhI3Me-
TiHEe MEHITIHIIE JKaKbIH iC-0peKeT OOMyBIHa, SKIHIIIIEeH, OKBITYIIBIHBIH TAIKBIPIBIFGI KaFqaibIHIa O11iM
ATYIIBIHBIH, TONTHIH, MEKTENTIH, OKYy OPHBIHBIH aFbIMBIK TaJlalTAphIHA HETI3/IeNiI KacaJbIHATHIH jK00a
TaKBIPLIOBIH/TIA KOpiHiC Taba Ikl

Kenreren rameimmap (ILA.Iampnepun, H.®.Tampisunaa, B.I1.becmanpko, T.6.) OarmapiamanaHrad
OKBITY/IBI aIaMHBIH TICHXUKAJIBIK iC-0peKeTi NeHreHinme O0ackapy YpIici Jienm KapacThIphIN, Oarmapiama-
JIAaHFaH OKBITYIBIH HETi31H OKY YPIICiH OHBI IICHXOJOTTHIK-TIEIarOTHKAJIBIK OLTIMIe TOJIBIFBIMEH CoHKec-
TEHIIPY JKOJIBIMEH OacKapy Kypaubl Jien ecenreiiai. barmapiaMananfaH OKBITY SIICIHIE TaHBIMIBIK MYM-
KIHIIKTEp €H THIMJI TYpJAE allbUIaThIH MIAPTTapAbl aHBIKTAY KY3€re achIppuiaabl. barmapiaManblk OKbI-
TYABIH MOJENIH KOJNJaHy OuTiMrepmiH OULTIM KeHicTiriHe Te3 OeHiMmenir, OHBIH OOWBIHIAFBI BIHTAJIBI-
TaHBIMJBIK JKOHE WHTEIIEKTYaJIIbIK OPTAIapAblH JaMybIHA, OPBIH afaH KAaTeNKTepIiH TY3eTyiHe KaKCh
YKara xacaiapl.

Ochl opaiima mporpaMMaiayabl OKBITYZa IeNaroTHKAIBIK FHUIBIMHBIH 3aMaHayH >KETICTIKTEPiH
3epTTey KOKETTUIIT TYBIHTaH B,

IIporpammanayisl OKBITYZa €H OaCTHICH aKIMapaTTHIK MOJCIbACP KYPy OO TadbaApl. bimimrep-
JIepiH aKMapaTThIK MOACHUETIH YFBIHYFa 9p TYPl Ke3KapacTapAbl 3epTTey MporpaMmmaliay KypchlH jKOC-
mapJIayaslH THIMJI 9JICTEMEC] peTiHe aTajaFaH KypcKa MpodMiIbIiK CHITAT OepyTe, OUTIMrepiaepai aablH-
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FaH OUTIMJIEpIH aphl Kapai ic JKy3iHe MaiaatanyFa JalbIHIaYbl THIC aKITapaTTHIK MOJETBIACY I TaHIayFa
MYMKIHIIK Oepi.

IIpodunpaik AeHreHIeYy MapTTaphIHIa TPOTrpaMMaIayabl OKBITY OlTiMrepiaep i mpodiIbIik OaFsIT-
Tarel aKMapaTTHIK I1C-OpPEKETTIH KOITETeH MaHBI3NBI OUTIKTepiH WerepyiHe XaFmad Kacaimpl, ai Oy
Oomarmax MamMaHmapAbl TalbIHIAY MOCeNIeTIepiH MenryMeH Tikelel OalmansicThl. COHBIMEH KaTap TaHbIM
OIiCl pEeTIHIET1 MOIENbICY, OOBEKTITe-0arbITTAIFAH aKIapaTTHIK MOJCIBICY, KOMITBIOTEPIIE 9p TYpdi
MIOHIK alMaKTap/IaH aJIbIHFaH aKIapaTThIK MOJEIBIACP Il 3epTTEY Typalibl TYCIHIK KaybImTacamsl [8].

IlemarorukanslK FRUIBIMIA OUTIM Ma3MYHBIH JEHTEWIeyai MPOQMIBbIIK JKOHE KE3CHIIK JIeHreimey-
nepre 6eneni. IlporpaMManayapl OKBITYIa IEHTeHIeY TaKbIPBIITHIK OoliMIep MEH KypIAeiuTiK OobIHIIIA
JICHTeHIIeyIeH TYPYHI THIC.

Kaszipri 3amanmarsl mporpammaiay — OyJI ecenTi KOMIbIoTepre TYCIHIKTI GopMmana cumaTTay eHepi
YKOHE €CEeTITi KOMITBIOTEepiH KoMeTiMeH mmentry. OchbiFaH 0alIaHbICTHI TporpaMaiayabl OKBITY JKajblIait
aKnapaTTaHAbIpy JCHrelli MeH NIapTTapblHa, COHBIMEH KaTap Nporpammanay KYpalIapblHBIH Jlamy
OarpITTapbIHA COiKeC OOYHI THIC.

XKorapeina aiTeiUIFaHIapan OalKaNTHIHBIMBI3, TIpOTrpaMMaliaybl OKBITY IeJarOrHKaliblK FhIIbIM
afiMarsl peTiHAC MYKHAT JKOHE JKaH *KaKThl 3epTTEyIi Tayam erei. [IporpaMManaynbl OKBITYABIH OipTyTac
SIICTEMEIIK KYHECIH Kypy YIIH 9iCTEMENIK KXYHEeHIH OapiblK Kypamaac O6JIiKTepiH: OKBITY MaKcaTTa-
PBIH, OKBITYABIH OIICTEepiH, GopManapbl MEH KypaJlJapblH OigiM Oepyai AeHTelsney mapTTapblHma na,
OYKUTOIEeM/IIK aKIapaTTaHaLIPy MIapTTaphIHAA 1A 3ePTTEY KaKeT.

Beitinmixk eMec MaMaHIBIKTAPABIH OlLTiMIepiepl YIIiH mporpaMMainay TUTIH TaHmay Mocelleci ©3eKTi
eMeC eKCHIITIH aTall eTyre 0ojafpl. AITOPUTMILY HETI3IepiH Ke3 KeITeH Tiulme urepyre 0oiampl. Arta-
FaH >KaFJaiiza Tijl KaHIIAIBIKTE KapamaisiM 00Jica, OHBI UTEPy 1€ COHIMANBIKTHI KCHUT: OlTiMTepiepIin
OOMBIHIA ANTOPUTMIIK OMJIAYIBIH KaHIai ga O0JIMachlH MOJECHUETI MEH 0a3ajiblK KYPBUIBIMIAD TYPaIbl
TYCiHIK KQJIBIITACTRIPY KaxkeT [9].

beitiamik MamMaHABIKTap OUTIMrepiiepi VIOiH mporpamMmaiay TiTiH TaHIayma oJIapAblH OoJamrakTa
MIPOTPaMMAUTHIK YKaOIBIK JKacay cajJachIH/IA )KYMBIC ICTEHTIHAIKTEPIH eCKepy KaxXeT.

Och1 kynre aeitin C++ Tijli «KITaCCHKANBIK TUTIEP» OOMNBIN KAIBI OTHIP JKOHE JIe Kasipri yaKbITTa
WHJIyCTpHsIA 631HIH CaIMarbl MEH TAHBIMAJIJILIFBIH JKOFAIITKAH eMec.

C++ TiniH TaHmayaBIH TOPT TYPIII HETi3Ti cedebdi Oap:

1. CratukaiplK TUOTEHAIPYAl YCTAaHATBIH KOMITWIAIMSUIAHATEIH TUI. CTaTUKANBIK THITCHIIPY1 Oap
TUIAIH MBICAIBIHAA ACPEKTep THITI YFBIMBI, NEPEKTEpHi >Kapusiiay, aHBIKTAY MEH oJlapFa MoH Oepy
aMaJIapelH UTepy KON KyII-kKirepai Taman ermeimi. C++ TUTiH Malganany OChl MEXaHU3MIEpAiH Oacka
TUIAEpe Kajaai )KyMBIC ICTEUTIHIH JIe TYCIHYTe CENTIriH TUTI3eIi.

2. XKorapbel AeHrelf MEH TOMEHTI NEHTeH TUImepiHiH KypamgapbiH OipikTipeni. KepceTkimrep MeH
KaJIBIHBI TUHAMHUKAIIBIK 06Ty CHUSKTBI Kypaiaappl NaiJanany CTeK, XKUbIH CHAKTHI YFBIMIAPAbI TYCIHyTe
MyMKiHIIK Oepeni. COHBIMEH KaTap aJpecTep MEH aapecTik apu(MeTHKaHBIH TYKBIPHIMIAMAacHl iC JKY-
3iHIe OekiTimeni.

3. OOBeKTIK-OaFBITTANIFAH TIpOTpaMMaiayabl Koumanael. by Tinme oOBEeKTiK-OarbITTaJIFaH IIPOT-
paMMalayIbiH TY)KBIPBIMIAPhl HAKTHI HBICAHIApJa KOJJAHBUIAIBI: PECypcTapiibl 0akpuIay KaXKEeTTLIIri,
oJrapapl KOHCTPYKTOpAA KUHAKTAII, AecTpykTopaa 6ocaty, epkia OBII, 1.6.

4. STL — C++ maGmoHZapbIHBIH CTAHOAPTTH KiTalxaHachkl. by Jkepme HemikTeH Oip FaHa
KOHTEHHEeP-KJIaCTHIH HETi3iHae OYTiH caHmap BEKTOPHI MEH KOJIAHYIIBI OOBEKTIPiHIH BEKTOPHIH KypyFa
OONaTRIHIBIFBIH VFRIHY OHail. COHBIMEH KaTap CaJbICTHIPBUIATHIH OOBEKTEP/ll Kajai cyphInTayra 0oia-
TBIHJBIFBIH, DJIEMEHTTEPTe KaThlHAY Kanall YUbIMJIACTHIPBUIATHIHIBIFBIH TYCIHYTE OOJaJbl KOHE KaIlbl-
JlaMa TIporpaMMalIayabl VFBIHY OCKiTiIedi.

Kaszipri Tagma mporpaMMaltbIK >kKaObIK JKacay camachlHAa Oenriii Oip TeXHOJOTHsIapabl 0Ty MeH
oapApl ic XKy3iHIE KOJJIaHy OHBI VFRIHyZaH Oarambl Oomibim Typ. Kaszipri koramra KaTaH aHBIKTAJIFaH
GyHKIUSIIApBI OPBIHJAN aNaThlH MPOrpaMMUCTEp KepeK. ByFaH ambll Keie jKaTKaH TeXHOJOTHsIIap Jia
cenriria turizeni. Kypanmapapry Oenrini Oip KUBIHBIH MaigalaHa ajlaThIH jKOOaayIbuiap YFeIHY Kyp-
Jielti abcTpakIusuIapMeH eIIKaIlad TaHBICTIayhl Ja MYMKIiH. bipak jkeTekri xKo0amayIibl KbI3METiHe YMIT-Kep,
apXHUTEKTypa MEH OHTAMIIAHIBIPY CYpPaKTapbhIMEH aifHAJIBICATBIH MaMaHIap YIIiH olAeKai a TepeH Oilrim
KakeT. OCBIHBIH HETI31HAC KOMIWIAIUSIIAHATHIH, CTAaTHKAIBIK TUITEHIIPUITCH, )KaIbIMCH TOMEHTI Nei-
refe JKyMBbIC iTeyai KommainTeiH C++ Tiji 6oamrak Kocion MaMaHIap sl JailbIHIay AaFbl OHTAMIIBI Kypall.

TeXHUKaNBIK MPOTPECTIH Kasipri Ke3CeHIHAE aKmapaTThl OHACYMEH OailTaHBICTBI YpIiCTEp HETI3Ti
poib atkapanbl. Kazipri Tama OpeIH aiFaH ajgaM iC-opeKeTi CaJlaChIHBIH CIIKAHCBHICH KaHmai ma Oip
JOpekeie aKImapaTTHIK TEXHOJOTHIIAPABIH calacklHaH Toyelci3 Ooa anmaiiapl. Jom ockl cebemnTi akmma-
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paTTHI XKWHAY, CaKTay, OHACY MEH TaChIMallay Typaibl FEUIBIM PeTiHae HH(pOpMaTHKa eITeHEMEH CalbIC-
THIpyFa KeIIMEHTIH AaMy KapKbIHBIH OacTaH Kemlipy.ne, OHBIH CalJlapblHaH aKMapaTThl eHIEY cajachlH-
JaFel MaMaHIapabl JMaWbIHAAYIBl JKETIAIPY, TEXHUKAIBIK >KaOIBIKTApIbl, OKY YPIICIHIH OIICTEMEINIK
YKOHE Ma3MYHIBIK 0a3aChIH ayBICTRIPY MPoOIeMaTapbIHBIH YHEMI 03¢KTi 00JTysI OpbIH amazs [10].

byringe aknmapaTTBIK TEXHOJIOTHSIIAP aiiMaFbIHa MaMaHABIPIBl JaibIHAAY JKOFaphl OKY OpPBIHIAPHI-
HBIH OapJIBIFBIHAA JEPIiK JKy3ere acamel. Tynekrepzid alTapibikrail Oelriri mporpaMMainayabliH Oenriii
Oip marawpIIapbIH MEHIepreH HeMece, 0acka ce30eH alTKaHIa, aKIapaTThl )KHHAY, CaKTay KoHE OHIIEY YP-
JIICIH aBTOMAaTTaHABIPYIbIH KaHal xa Oip amanmapslH urepreH. bipak, ockIFaH KapamacTaH, KOTTeTreH Ka-
3ipri 3aMaHFbl XaJIBIK MTaPYalIbUIBIFBIHBIH calalaphl KYHIASTIKTI OOJBIT OTHIPATHIH aKIMapaTTHIK MpooITe-
MajapIbl MEHITIHINE THIMII KOHE YHEMII OJICTEPMEH IeIle ajJaThIH MaMaHAap TallIbUIBIFBIH OacTaH
Kemipye.

OKpBITY oMicTepiH oJlapabl IMporpaMMajiayabl OKBITY OaphICHIHIA MMaimanaHy TYPFBICHIHAH KIKTEYIIH
HET'I3T1 TYPJIEepiH KapacThIpalbIK.

1. AKnmapatThl OKBITYIIBIAAH CTYACHTKE Oepy ToclTi OOMBIHIIIA:

- Bepbanmsr;

- KepHexi;

- IIpakTuUKambIK.

IIporpammanayasl OKBITYAa BepOamap! (Iopic MaTepHaabiH OassHIayaa) )KOHE MPAaKTHKAIBIK (Jlabopa-
TOPHSIIBIK, KYMBICTAPIbI, MPaKTUKYMIApAbl OPBIHAAY, €CENTep IIbIFapy) 9MiCTepl maiaanaHaabl, COHbI-
MeH Oipre 0OacThl Hazap KOJAaHy OapbhIChIHAA CTYACHTTEp TEK JKaHa OUTIM albIl KaHa KoWMal, Ipak-
TUKaJBIK JaFAbUIapAbl J1a UTEPETiH MPaKTHKANBIK dicTepre ayaapbiiansl. OKBITYIIB OYJ peTTe HYCKay-
TBIKTap Oepeni, )KYMBICTBIH MaKCaTTapblH KOPCeTe i, OHBl OaFBITTANIbI, OPBIHAATY OaphICBIH TEKCEpE/I.
CTyneHTTepIiH ic-opeKeTTepiHae OphIHIAY OaphICHIHIA IEePEKTEPdi 13MIeMl, eCelTi IIeUTy i Ky3ere achl-
pyFa MYMKIHIIK OepeTiH ©3iHIIK Oiyiay YpHaici epeKie poJib aTKAPaThIH MPAKTUKAIBIK KYMBIC (HAKTHI
YKOHE aKbLI-0# ic-opekeTi) 6aceiM 6omamst [11].

2. Cabakra mIenIiieTiH AUIaKTHKAIBIK Tpo0ieMaiapablH HETi3T Typiiepi OOMBIHITA Kelleci 9IicTep i
epeKIeneyre 00as:

- OUTIM ay 9ficTepi;

- ICKepIIKTEeP Tl KAIBIITACTRIPY 9IiCTepi;

- OuTiMIII TTafiaTaly omicTepi;

- IIBIFAPMAIITBIIBIK JKYMBIC 9JTICTEPi;

- OUTIM, iCKepIIiK, JaFIbUIAPABI TEKCEPY SIICTEpI.

bapnbik atanran omicTepli mporpaMManayAbl OKBITy/a MaifaaHyFa OOJAaTBIHBIH €CKepTe KeTyre
Oomanpl.

3. OKBITY oficTepiHIH OLTIM aTyIIBUTAPABIH TAHBIMBIK 1C-OPEKETIHIH CUTIATHI OOMBIHIIIA JKIKTEIYI:

- TYCIHAIPY-WITIOCTPANFMSUIBIK HEMece aKIapaTTBIK-PEIENTUBTI (Iopic MaTepHalblH OasHmayza,
MIPaKTUKAIBIK cabakTap/a >KoHE JIa00paTOPUSIIBIK MPAKTHKYM YIIH eCeNTepaiH KOWBUIBIMBIHIA KOJIIa-
HBLTAIIB);

- PETIPOIyKTHBTI (€CENTep MIBIFApPy/Ia);

- IpobIIeManbIK OassHIay (Iopic MaTepraIbiH OasHaay1a);

- JepOec-i3eHICTIK HeMece OHBPUCTHKANBIK (aKmapaTThIK MOIESNbACPAi, Kyiiep MOAEIbIepiH,
ypaicTep MOIeIbACPiH KYpyIa, AePEeKTePAiH THIMII KYPBUIBIMAAPEIH TaHIAY ) ;

- 3epTTeymiunK (TMOHMIK alMakThl Tajjayaa, MOAEIBIIH KYPBUIBIMBI MEH JKYMBICBIH aHBIKTAya,
COHBIMEH KaTap KyHeHi xo0anay MeH iCKe achIpya KOJIIaHbLUIAIEI).

JKanmeImuIak THKAIIBIK JKOHE JKeKe-THIAaKTUKAIBIK 9MICTePAiH TAIIayhl OKY iC-OpeKeTiHIH oficTeMeci
OTE KU1 UTEPAIMUIBIK OPEKETTIK YPIic OOJBIN TaObUTATHIHIBIFEIH KOPCETE/I.

Wreparusasl 6inrini 6ip MakcaTka Kagamian *aKbIHAIay peTiHAe KapacThIpa OTBHIPBII, HTEPAITUS Ti-
CIH JTopic MaTepHalbIH OassHAayAa 1a, Ta00paTOPUSIIBIK )KYMBICTap bl OPBIHIAYAA 1a KOJIaHyFa OoJabl.
JlaGopaTopusIBIK TPAaKTHKyMIa OpBIHIAYyFa apHAJIFaH TallChIpMallapIblH epeKmesniri opbip kemeci
MOJEITb ANIBIHFBICBIHBIH HAKTHUIAHYBI HeMece KeHEUTITyl OOJIBIN TaObUIATHIH KaHmal Jga 0ip BUPTYaIbI
OEM-HIH MoAenbIep KaTapblH KYPYMEH OPHEKTENIETIH YASMEN HTEPaIusIbIK YPHICKe COHKec Kelei.
Ochuraiia, MeKTi MOIeIbal Kypy opOip KamamMblHIa KaHmai ma Oip e3repicTep OphIH allaThIH HTepa-
MUASITBIK, YPAIC O0BIT TabbLTanbl, OYIT 0i3re NTepalusITbIK OKBITY OIICIH MaiaananyFa MyMKIHIIK Oepei.

Hopic martepmanbiH OasHmay peri DEM-me opbIHAANATHIH MPAKTUKAIBIK JKOHE JTa00paTOPHUSIIBIK
KYMBICTAPABIH peTiHeH Toyenmi. OmapAblH HWTEepalysIIbIK CHIATBIH €CKEePEe OTBIPHIN, IOpIC KypPCHIH
OasHAAyIbl Ja WTEPANMSUIBIK OMICTIH HETi3iHAe KypyIblH MoHI Oap. Jlopic MaTepwanbslH OasHmayna
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WUTEPAIUTBIK 9MicTi GopMaiabl Keleci Typlie cumarrayra Oonansl. OKBITYABIH IIMIKI JAEHTediIepi imki
¢durypanapra coiikec KeJeTiH Oip IMEHTPI KBaApaTTap TYPiHAE OKyFa KaKETTI MaTepHaIIbIH Ma3MYHBIH
KapacTeIpaMbI3. basHmay KaHmai ma Oip OacTamkel eMec AeHTelmeH Oacranmanpl. by ke3eHie TOMEHT1
JIEHT eI TalIKpUIay OONMAaiIbl J)KOHE KOFapFhI IEHTeHIIepaiH MaTepruaiIaphl KapacTHIPhUIMAWIEI. Opoip
Kelleci KamaMia IeHTpre Kapai, HeMece ChIpTKa Kapai, Hemece KaHaai ma Oip KaThIHAcTa €Ki jKaKka Ja
KO3FaJly OpbIH anajipl. byl Mojens KypyIbIH KeJleci Ke3eHiHAe Kylere KOMbUIaThIH TallanTapiaH Toyemi
(1-mmi cyper).

1 — Gacranks! neHren

|

1 cyper - UTepannsuibiK OKBITY 9J1ici

[IporpamMmmanay Heri3zepiH OKBITYAa OCHIHIAW OaThIpy OICiH MaljanaHy j>KaHAIBIK emec, ce0ebi
OCBIHBI MH(OPMATHKAHBI OKBITYJIBIH AJFAIIKbl KE3CHEPIHAC KOMIBIOTEP/l KOJJaHy IIapTTapbl MKOYp
ereni. [Iporpammanay bl OKBITYIBIH JOCTYPIIl 9/iCTEPiH/IE TUIMIK OpTara OaThIpy Ke3eHIHEH KeiiH JepeK-
TEpJIiH HEri3ri KYphUTBIMIAPbIH, JIOTHKAIBIK XOHE allTOPUTMIIK KYPBUIBIMIApIB! OipTiHACT YHpeHy, oqaH
KeWiH mpolieypaiapMeH jkoHe QYHKIHIAPMEH TaHbICy, T.0. xypeni. JKorapsl AeHrein nporpammanay
TIJIH OKBITY JKarJMalblHIA TUINIK OpTara OaThIpy Ke3eHi YIIFasibl KoHe MPOIEeAypalblK Mporpammaliay
JKaFaibIHAAFRl 9N OCHl Ke3e€HHIH Ma3MyHbIHAH Oipmiama epekimeneHeni, cebebi OepinreH skarmaiima
nporpaMma KYPYZbIH HEri3ri OJOKTapbl KOJJAHYIIbI AHBIKTAUTHIH TUIOTEP JKOHE MpoleAypaiap MEH
GyHKIHsIIap OOIBIT TaObLTAIBL.

ATanFaH OKBITY 9/IiCTEMECIH iC-)KY3iH/Ie KOJNJaHy JKaraalblHAa OKBITY JKaHa KYPbUIBIMIAp MEH Orle-
paTopnapsl OipTiHAET 3epTTey HETi3iHIe eMec, MOAEIbICHETIH XYHeHI MPorpaMMallbIK iICKe achIpyIbIH
MYMKIHAIKTepiH KeHEUTy MeH HaKThUIAYIbIH YAESMET UTepaIVisUIbIK YPAICIHIH KOMETiMeH KY3ere acaspbl.
[Iporpammarnay TinmiHIH *aHa OepeKTep KYPbUIBIMIApHEI MEH MYMKIHIIKTEPiH €HIIpy OJapblH JXaHa
€CEMTi HIely YIIiH KaXeTTeNIr )KaFbIHaH HeTi3/IeneI.

KopbIThIHbLIAN Kelle, )KOFaphl JCHICHIl alrOpUTMIIK TULAEpE MporpaMMmanayibl OKbITyIa UTepa-
IUSUTBIK, OMICTi, )K00a SIiCiH maiganaHy KHCHIHIBI €KeHIITIH KoHe aTalfaH TULMIK KypalJap/blH CUIAT-
Tapbl OKY YPAICiHIH 0apIbIK Ke3eH epiHae 0ap 00y KaKETTUTITIMEeH HEeT13/IeTIeTIH/IITiH aliTa KETKeH JKOH.
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JI.A. CmaryaoBa, I'.b. HcaeBa
XKetbicyckuii rocyaapcTBeHHbIN yHUBepcuTeT umenu WM. Xancyryposa, r. Tanasixkopran

OCOBEHHOCTH TEXHOJIOT Wi OBYUEHUS, TPUMEHSIEMBIX
B OBYYEHUU ITPOI'PAMMUPOBAHUA

Annotanusi. Camoe Ti1aBHOe B 00y4YEHHUH SBISIETCS CO3aHie WHPOPMAIMOHHON MOAEIH MPOrpaMMHUPOBAHUSI.
Mero/yKka UcceI0BaHHS B Ka4eCTBE HHPOPMALMOHHOMN KYJIBTYPBhI CTYJICHTOB PAa3JIMYHBIX HOAXO0A0B K HOHUMAaHHIO
JIAHHOT'O Kypca Kypc IporpaMMHUpOBaHus B IPO(WILHOM NpUAaTh XapakTep 3pQeKkTHBHOrO MIaHUpOBaHMs, BEIOOD
JIOJDKEH TOATOTOBUTH CTYAEHTOB IPAaKTHUECKH HCIIOIb30BaTh MOJYyYCHHbIE 3HAHUS B JajbHEHIIEM MO3BOJIMIN
MH(GOPMALMOHHOTO MOJEIMPOBaHHUA. B coBpeMEHHOM MHpe pPOrpaMMHPOBaHHE — 3TO HMCKYCCTBO M OTYETa
ornucaHue ordera B (popMe, MOHATHOM KOMITBIOTEPY PEINTh C MOMOIIBI0 KOMIIbIOTEpa. B CBs3M ¢ 3TUM, B 11€JI0M,
ypoBeHb MH(OpPMATH3aUUK OOy4YeHHsS W IporpaMaiaylbl yCIOBHSIM, a TAaKXKe JOJDKHO OBITh B COOTBETCTBUH C
HaIlPaBJICHUSIMH PAa3BUTHUSL CPEJICTB IPOrpaMMHUpOBaHuUs. [ CTYZEHTOB CIIELMANbHOCTEH MporpaMMHoOe obec-
nedeHue ux paboTel B OyAyIIeM B OOJIACTH CO3MaHHS MPOQIIEHON ICTEUTIHAIKTEPiH HEOOXOAUMO YIUTHIBATh MPH
BBIOOpE SA3bIKa IPOIPAMMHPOBAHHSI.

S3pik C++ 10 CHX TOp «KIIACCHYECKUE A3BIKNY», HE IOTEPSUIM CBOEH IOIMYJIIPHOCTH M B HACTOSIIEE BPEMs B
MHIYCTPUM, TaK U OcTaeTcs Bec. Poib TEXHMYECKOro mporpecca Ha COBPEMEHHOM JTalleé OCHOBHBIE IIPOLIECCHI,
CBsi3aHHBIE ¢ 00paboTkoil MH(popmanuu. B Hacrosiiee BpeMs 4elOBEK Ha MECTO JEHCTBUS, HHKTO U3 cepsl
MH(OPMALIMOHHBIX TEXHOJIOTHH HE MOXET ObITh HE3aBHCUMON B KaKOH-TO CTENeHHW KadecTBa. PaccMoTpum
OCHOBHBIE BH[bl KJIAacCH(HUKAIUK METOAOB OOy4YEeHHS, UX HCIIONBb30BAaHHE B XoJe OOY4YEHUs, C TOYKH 3PEHHs
POrpaMMHUPOBAHUSL.

Ki1ioueBble ¢10Ba: KJIACCHYECKUMH, SI3BIK, TPOTPAMMHUPOBAHNS, TEXHOJIOTHsI, TH(OOPMALIMOHHBIH.
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BOUNDARY ELEMENT METHOD FOR THE APPROXIMATE
SOLUTION OF THE PROBLEM CAUSED BY THE ACTION
OF A LOADED ELEMENT

Abstract. The essence of the boundary element method (BEM) is to reduce the boundary value problems for
differential equations to integral equation on the boundary.

In this paper, the boundary element method is applied to the solution of the plane problem of the theory of
anisotropic elasticity of the body. Using BEM was calculated tense-deformed condition of the vehicle near an array
of cavities. Elastic constants are given for the case of plane strain, and elastic constants are expressed through the
technical constant. We used the formula of transformation of the elastic constants at the turn of the coordinate
system. The complex potential is obtained by integrating along the single element AB respective capacities for
concentrated loads.

We consider the approximate solution of determining the stresses and displacements caused by the action of a
single element in a loaded anisotropic body with a cylindrical cavity bounded by two closed curves.

According to the boundary element method (BEM) boundary of the body can be approximated by a broken line,
called boundary elements. Performing outline conditions at the centers of these elements is achieved by applying to
the boundary elements in a continuous plane of some dummy loads. Stresses and displacements at any point of the
plane caused an element, expressed in terms of two complex building, as well as detail the mechanics and
mathematical expressions of these potentials.

Key words: elasticity, plasticity, parameter, potential, cavity, algorithm, iterations, system.

VK 622.831.332
M.E.EckaiueB

Kazaxckuii rocy1apcTBEHHBIN )KEHCKUH NIeIarornueckuii YHUBEPCUTET, ropol AIMaThl

METOJA I'PAHUYHOI'O JIEMEHTA JJIA ITPUBJINKEHHOI'O
PEINIEHUA 3AJAYNA, BBI3BBAHHOU JTEMCTBUEM
HATI'PYKEHHOI'O 3JIEMEHTA

AnHotanus. CyTp MeToJa rpaHHYHBIX 3JeMeHToB (MI'3D) cocTouT B cBeIeHHMH KpaeBOH 3amaun aust aud-
(hepeHIMANBHBIX YPaBHEHUI K HHTETPAJIbHOMY YPaBHEHHIO TI0 TPaHHLE 00IacTH,

B nanHoii pabote MeTON rpaHUYHBIX AJIEMEHTOB ITPUMEHEH ISl PELICHHS IUIOCKOW 3aJaull TEOPUH YIPYTOCTH
aHuzoTponHoro tena. C ucrionpzoBanreM MI'D ObuT IPOBEAEH pacyeT HaNpsHKEHHO-1e(POPMUPOBAHHOTO COCTOSHHS
TPAaHCTPOIIHOTO MaccHBa BOJIM3M MOJIOCTH. [IpuBeaeHb! ynpyrue NOCTOSHHBIC [UIsl CITydasl IUIOCKOH JeopManny, a
YIPYrHe KOHCTAHTHI BBIPXKAIOTCSA 4Yepe3 TeXHHYECKHe KOHCTaHTHL lcrosnb3oBaHbl (opMynbl npeoOpa3oBaHUs
YIPYTHX HOCTOSIHHBIX IPH IIOBOPOTE KOOPAWHATHOM cucTeM. KoMIIeKCHBIN.MOTeHIHall Moy4aeTcss HHTerpUpoBa-
HHUEM BJIOJIb OJMHOYHOTO JIEMEHTa AB COOTBETCTBYIOIIUX ITOTEHIIMAIOB JJIS1 COCPEOTOUEHHBIX CHII.

PaccmarpuBaercst mpubIIDKeHHOE pereHre 00 onpeeNieHHH HalpsDKeHUH U epeMeIeHNH, BRI3BAaHHbBIX Jei-
CTBHEM OJMHOYHOTO HAarpy>XEHHOT'O 3JIEMEHTA B aHW30TPOITHOM TeJIe C LMIMHIPUYECKOH MOJIOCTHIO, OrpaHNYEH-
HYIO IByMs 3aMKHYTBIMU KPUBBIMH.
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B cooTBeTrcTBUM C METOIOM TpaHWUYHBIX 3ieMeHTOB (MI'D) rpaHmma Tema ammpoKCHMHPYETCsS JOMaHON
JIMHUEH, Ha3bIBAEMbIX I'PaHUYHBIMH 3JIEMEHTaMH. BBINONHEHNE KOHTYPHBIX YCIOBUH B CEpeIMHAX yKa3aHHbIX dJIe-
MEHTOB JIOCTUTaeTCsl MPUKIAAbIBAHUEM K TPAaHWYHBIM 3JIEMEHTaM B CIUIOIIHOM IIOCKOCTH HEKOTOPBIX (PMKTHBHBIX
Harpy3ok. HampspkeHus u mepeMelneHuss B HMPOM3BOJIBHON TOYKE IUIOCKOCTH, BBI3BIBAEMBIE TAKUM 3JIEMEHTOM,
BBIPA)KAETCSI Yepes [[Ba KOMIUIEKCHBIX MTOTEHIHAlIa, a TAKXKe MOJAPOOHO MPEICTAaBICHbl MEXaHUKO ~-MaTeMaTHYEeCKHe
BBIPAKEHUSI 3THX [TOTECHIIUAJIOB.

KiroueBnbie cjioBa: yIpyrocrb, INIACTUYHOCTD, [IapaMeTp, IIOTEHILMAN, IIOJIOCTh aJITOPUTM, CUCTEMA,
JJIEMEHT.

BBenenune. MeTon rpaHHYHBIX 3eMeHTOB (MI'D) MOXKET ¢ yCIIeXOM NPUMEHSATHCS IS PEIICHUS
pa3Ho00pa3HbIX WHKEHEPHBIX 3a/1a4 — IUIOCKUX U MPOCTPAHCTBEHHBIX, CTAI[MOHAPHBIX, HECTALIMOHAPHBIX.
C moOMOMIPID 3TOTO METOJa paccMaTPHUBAIMCH 33/a4yl, BO3HUKAIOIIMe B Teopuu ynpyroctu[l , 2] u
IJIACTUYHOCTH[3-4], B MeXaHWKE pa3pyIIcHHI[S5], B MEXaHWKE TOPHBIX IOPOi, B THAPOIWHAMHUKE, B
TEOPHUH TEIJIONPOBOIHOCTH, B CIUIOIIHBIX cpeaax[6].

Crnenmyer OTMETHTh, YTO MATEMAaTUYCCKHI armapar MEeTOoAa TPAaHUYHBIX WHTETPATbHBIX ypaBHEHHIA
SIBIIIETCS TIOJIHOCTHIO KJIACCHYECKHM W JOCTAaTOYHO CHIIBHBIM. BhImarommiics BKIIAJ B €ro pa3BUTHE
BHecnu coBerckue yuenwsle H.I1.Bekya, B.J.Kympamse, C.I'Muxmuu[7] , H.U. MycxemumBumm[8] ,
A .1epman. Bapuant MI'D, ucnonb3yeMslil B JTaHHOH CTaThe, MO3BOJISET ONPENEIUTh HANPSKEHUS U
MepeMeIIeHNs, BEI3BaHHbBIE IEHCTBUEM OJMHOYHOTO HATPYKEHHOTO AJIEMEHTA.

Metoabl ucciaenoBaHusi. llpyu pemenny yka3aHHBIX TpoOiieM B cTaThe OYyIyT HCIOIH30BAHO
¢usnueckoe, MaTeMaTHIECKOE M KOMITLIOTEPHOE MOJETUPOBAHNE, OCHOBAHHOE Ha TOYHBIX YPaBHEHHSX
TEOpUU YIPYTOCTH aHHM30TpPOnHOro Ttena[9], Teopum TIACTHYHOCTH [3], MONYyOOpaTHBIA METOX
[1.N.ITepnuua[ 10] Teopun pa3pymieHnst TBEPABIX TEll, a TAKKE HA COBPEMEHHBIX T'€0JI0T0-TeOPU3NIECKUX
JTAHHBIX TOPHOTO MAacCHBa CIOUCTOW CTPYKTYpHl. ByayT Mcmonb30BaHBl KJIACCUYECKHE W COBPEMEHHBIE
METO/bl MEXaHUKH AehOPMHUPYEMOr0 TBEPAOTO Tela, TEOPUH YNPYTOCTH, MEXaHUKH pa3pylieHHs U
BBIYMCITUTEIHHON MaTEMaTHKH.

PesyabTaThl ucciaenoBanus. B manHoi paboTe paccMaTpuBaeTCs CIIOMCTOE aHM30TPOITHOE TEJO C
MPOTSHKEHHOM IWIMHAPUYECKON TOJIOCTHIO, MOMEPEYHOE CEUYEHHUE KOTOpPOTOo HAaXOAATCS B YCIOBHSX
wiockoi  gedopmanun. [IOCKOCTh MONEPEYHOro CeveHws 3aHuMaeT oOmactb €), OrpaHHYEHHYIO
3aMKkHYTHIMA KpuBbiMH ['l u I2 (Puc.l). HanpspbkeHHoe cocTosiHME IUIOCKOCTH JByXocHoe. Ha
MTOBEPXHOCTH TeJIa 33/Iaf0TCS YCIOBHS, COOTBETCTBYIOIINE KOPPEKTHO MMOCTABIEHHON IPaHUYHON 3a/1ade.
Tpebyercs onpenenuTh HAIPSHKEHUS U TIEPEMEIIECHHUS B TNIOCKOCTH MPH 3aAaHHBIX YCIOBHAX.

n Ay

Y
=

Pucynoxk 1
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B coorBercTBUM ¢ MI'D rpaHuna Tena ammpoOKCUMHUPYETCS JOMAHOM JMHHUEH, COCTOSILEd U3 n
HOPSMBIX OTPE3KOB, HAa3bIBAEMBbIX I'PAaHUYHBIMU 3JIeMEHTaMH. JIOKalbHBIE OCH KaXIOTO 3JIEMEHTa
(ropmanpHas N u kacaTenbHas L) mpoxoasaT depes cepeiuHy dJIEMEHTA.

ITycTe Ha seMeHT AB neHCTBYET PaBHOMEPHO Paclpe/iejieHHas Harpy3ka g, KOTOpas NPUBOANUTCA

X

K IVIaBHOMY BEKTOPY 162 = |AB|§Z c npoexuusmu P u P, Ha ocsix Ox n Oy coorserctBeHHO(Puc.2).

Pucynok 2

JnmmHa oTpe3ka ¢ KpalHeIME TOUKaMu A (X;, X;) U B(x, y,) paBHa

4= b, —x, P+l -y P

Hampspkenuss 1 mepemernieHusl B TIPOM3BOJIBHOM TO4YKe IUIOCKOCTH D (X,)), BBI3bIBA€MbIE TaKUM
AJIEMEHTOM, BRIPAXKAIOTCA Yepe3 ABe KOMIUIEKCHBIX noTeHnuana C.I'.Jlexauikoro

(Dj (ZJ) (j=L12) 3mecw Zj =x+ ,uj Y, M- KODHM XapaKTEPUCTHYECKOIO YPAaBHEHHS

yeTBepTOM cTeneHu [9, 15]
Byt =2py > + 0+ B i ~28, By =0 M
11 16 12 66 26 22

Bce xopHU 3TOTO ypaBHEHUSI KOMIUICKCHBIE.

a.a.
373
My WM M, - OTO KOPHH C NONONHUTENLHBIMI MHUMBIMH HaCTSAMIL ﬂlj =a ——‘], (i, j=1, 2, 4, 5,

i as,

6), - IpUBEJICHHBIE YIPYTHE NTOCTOSIHHbIE IS Cilydas IUIOCKOH aedopMalny; a; — ynpyrue nocTossHHbIe
BBIPKAIOTCS Yepe3 TEXHUUECKUE KOHCTAHTHI[9] Ei ,G ki’vmn (i, j,k,Lmn=123)

31ech  WCMONB30BAINCH  (POpPMyIBI  TpeoOpa3oBaHUsl YNPYrUX TOCTOSHHBIX TIPH  ITOBOPOTE
KOOPIMHATHOM CHCTEMBI, TaK KaK TEXHUYECKHE KOHCTAHTHI 3a/1aHbl B ocsix o7 (em. Pucl), roe @ - yron

HaKJIOHA IMJIOCKOCTHU U30TPOIINU K OCHU OX, (' - yroJl HaKJIOHA 3JIEMCHTA AB x ocu Ox.
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[ToreHunansr CD]. (z j) MOJYYar0TCsl UHTETPUPOBAHUEM BIIOJIb AB COOTBETCTBYIOLIMX MTOTEHIIUATIOB

JUTISL COCPEAOTOYEHHBIX CHII. [loTeHIanel ke UId i1 COCPEeIOTOYEHHOM CHITBI, IPHJIOKEHHOW B Hadase
KOODP/IMHAT CIDIOIIHON OECKOHEYHON aHM30TPOITHOM TIIOCKOCTH, IMEFOT BH/T CD]. (z j) =4 ; Inz i U=1,2).

O06e 3T ®YHKHHH JUIA aHHSOTpOHHOﬁ IIJIOCKOCTH ABJIAIOTCA MHBAPHUAHTHBIMU IIPU MApaICIIBHOM
MEPEHOCC HaYala KOOPAUHAT B HOBYIO TOUKY . HOSTOMy, €CJIk cuJia IMPUJIOKCHA B HpOI/IBBOJlLHOI;'I TOYKE C

KoOpIWHATaMHu  (xg, , To ® . (z.)=A.In(z.—-z,.), tne z,.=x,+U. - TOYKH,
p (xo,  ¥o) ]( ]) J (] 0]) 0] 0 ;u]yo

COOTBETCTBYIOMIHE TOUKE Z ) =X ) +iy () TIPHJIOKEHHS CHIIbI B (pM3IYIECKON TUTOCKOCTH.

Teneps, ecmu MHTETPUPOBATH COCPEAOTOUYCHHBIE CHIIBI BIIONb OTpe3ka AB, TO Ui KOMIUIEKCHBIX
MOTEHITUAJIOB OT PABHOMEPHO PacCIpe/ICICHHBIX CHII HA 3TOM OTpe3Ke coriacHo padot|1]:

AJ.|AB|
O (z.)=——|(z.—z, )In(z.-z, )-D)—(z.-z,.)In(z.-z, )= | @
B L T LI e e B AR TGRS
2j
BICCh Zy, = Xy + [y, Zy; =Xy F ALY, J=12,
(x, y )(x,, y,)— KOOpOUHATHI KPAHHBIX TOUEK OTpe3ka AB, kodaddumenTsr A , HaxozsTes

U3 CHCTEMbl YpaBHEHUH

A +A,—A —A, =—2>—,

L7271 72 27]4Bi
A+ iy Ay A~y Ay ~ 2alaBli”

P p. P ®

2 2 2= 2~ Pie Bx Pty |1

A +psA, —urA - a4, =- X g1z 2 :
Hpap Ty Ay A Ty p,, 21 B, 21 ||4B

_ _ (B, P BT

LAI_FLAZ_—LAI_—LAZ: 12_x.+ 26_y. 1
| # | ) By 27 By, 2 ||4B]

Hampspkenuss u mepeMeriieHuss B TNPOM3BOJIBHOM TOYKE IJIOCKOCTH C KOOpaWHaTamMu (X, Y),
BBI3BIBAEMbIC OJIMHOYHBIM HArpy>KEHHBIM 3JIEMEHTOM, BBIPAXKAIOTCS (OPMYIaMU:

_ ' 2 ' 2
o =2Re [CI)1 (zl),u1 +d)2 (zz)yz} ,
Uy =2Re [CI)1 (zl)+CD2(22)]
Txy =-2Re [CI)1 (zl)y1 +CD2 (Zz)yz:l , 4

u :2Re[CI)1(zl)p1 +CD2(22)p2 ,

F=2Re CI)l(zl)q1 +CI)2(22)q2

3aKCh
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_ 2 _
py =By + By = By

_ 2 _
Py =Py Hy + By = Brghys
B
_ 2
Q=P+ p Bye:
1

B
_ 22
Ay =Pipty + P B
2

Hcnonb3yst npUBENCHHBIE BBILIE BBIPAKEHUS, MOKHO HAlTH B JIOKaIbHOU cucteMe koopauHaT NCL
HaIPsHKCHUS W TIEPEMEIICHIS B JIF000H TOUKe OECKOHEUYHOH aHM30TPOIHON TIJIOCKOCTH TSI PAaBHOMEPHO

pacnpeneneHHbIX BIOJIb OTpe3Ka AB HOpMalIbHON Harpy3ok gn u g, (Puc.3).

AY AY

-
>

0 X 0

>‘<V

Cyper 3
Ecam Touka, B KOTOpO¥ HY>KHO ONPEACIINTS, HEM3BECTHBIC BEIMUMNHEI, HAXOAATCS Ha oTpe3ke AB , (To
ecth 9T0 Touka C), TO NMPU HHTETPUPOBAHUU KOIUIEKCHOT'O TOTEHIHMANA ISl COCPEIOTOYCHHOU CHIIBI

BO3HHMKAeT OCOOEHHOCTh. B 3TOM Ciyyae MHTErpUpOBaHUE NPOU3BOAUTCA HE 10 OTPE3KY AB, a 1o
aomanoit ADEFGBpu € >0, 0 —>0 3recbe =DC=CG, o6 =DE),

L a

B-_

L1 |
2y

oQ

Pucynoxk 4
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UccnenoBanus mokaszaid, YTO B 3TOM Cly4yae MOKHO ()OpMaJbHO NPUMEHHUTH BBIPAKEHHE MJIS
KOMIIJIEKCHOTO IIOTEHIIMANA B JIOKaJIbHBIX 0ocsiX NCL.

C ucnonszoBanneM MI'D B BapuanTte pa0boT[1] MOXKHO pemnTh Psj 33134 O MpeleIbHOM PaBHOBECUH
TPaHCTPOITHOT'O MACCHBa C OTBEPCTHEM 0€3 HaJIOKEHUSI OTPaHUYEHHs Ha CTENeHb YIPYrol aHU30TPOIHH
B ympyromiactudeckoii mocraHoBke[ll, 12], 4To KayecTBEHHO YyIydIlaeT IONyOOpaTHBIH METO.
[1.N.ITepnuua[ 10] 1 paboTe! Apyrux aBTOpoB[17-19] B mO00HBIX HCCIIETOBAHUSIX.

OO0cy:xkaeHue pe3yabTaToB. MareMaTH4ecKHi ammapaT MeToJa TpPaHWYHBIX HHTErPaTbHBIX
ypaBHeHut (MI'MY) sBIsSETCSA MOTHOCTHIO KIIACCHYECKUM U TOCTATOYHO CHIIBHBIM. BBITAarommiicst BKIa
B ero passutue BHecnu coBerckue yuenole H.IL.Bexya, B.J{.Kympamze, C.I'Muxnun, H.HU.
Mycxemumsunu [8] , J.M.1lepman. Bapuant MI'O, ucnons3yemblil B JaHHOM CTaThe, MO3BOJISIET
OTIpENICTUTh HANPSHKEHWST W IEepPeMENIeHHs, BBI3BaHHBIE JCWCTBHEM OAMHOYHOTO HArpy>KeHHOTO
alieMeHTa. B mpakTHdeckoM MPUMEHEHUH K 3aJadaM MEXaHUKU W B pa3paboTKe alrOPUTMOB JJISl €ro
YHICICHHON pealn3alliy MPUHAUIEKUT aMepukaHnckuM uccaenoBaTtensiM T.A.Kpysy, @./x.Pu3zo[13] u
coBeTckuM yueHbIM A.S.AnekcanapoB y u B.K.Kocentoky[14.].. B cratbe ucnonp3oBaHa aHM30TPOIHAS
Mozaenb [9, 15 -20], rae y4HWTHIBAIOTCS BCE KOMILIEKTHI MEXAaHUKO-TEOJOTHIECKUE XapaKTEPUCTHKH
pealbHOr0 TOPHOT'O MAacCHBA U UX HATYPHBIE CTPYKTYPBHI.

BouiBogpbl. [IpuBieuenne Momenn aHM30TPOITHOTO TIOPOJHOTO MAacCHBA K 3aJjadaM MEXaHHKH TOPHBIX
mopoz camo 1o cebe He HoBo. OHO OepeT Havano eme ¢ padot I'.H.Casuna [20]. 3aTtem C.I'.JIeXxHATIKIM
[9] Obuta paccMoTpeHa BepTHKaidbHas BbIpaOOTKa (IMAXTHBIA CTBOJI) B MAacCHBE C TOPHU30HTAIbHOMN
IUIOCKOCTBIO M30TPOIUU. BnMsHue yria 3Tol MIOCKOCTH Ha YCTOWYMBOCTH CTBOJIA BIEPBBIE M3YUYEHO
JK.C.EpxanoBeim u A.S1.CunseBeiM[16]. B cTatbe nana o6ocHoBaHHAs moctaHOBKa MI'D mist pemenHwus
3aJa4d TPAHCTPOMHOTO Tella C UWIMHIPUYECKOW MoyocThio. IlomyueHHble Hay4HBIE pe3yJibTaThl B
HEKOTOPOW CTENEHW MOXKET BIUATH Ha Pa3sBUTHE NPHUKIAAHON Te€OPHU3UKH, T€OMEXaHUKH, MPUKIAIHON
MaTeMaTHKH U Ha MEXaHHUKY CIUIOIIHBIX CpPe.

HcTouHuk puHAHCHPOBaHUS HccaenoBanuii. OTaebHbIC JIFOAH (aBTOPHI TaHHOW CTaThH).
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O0X: 622.831.332
M.E. EckanneB

Ka3aI< MEMJIEKETTIK KbI3JIap negaroruKaibIK yHI/IBepCI/ITeTi, Anmartel K., Ka3aKCTaH

KYKTEJITEH 3JIEMEHT 9CEPIHEH BOJIATBIH ECEIITI )KYBIKTAII INENTY YIITH
HIEKAPAJIBIK 3JIEMEHTTEP 9ICI

Annoranus. [lexapansik smementrep omicinig (III20) marHacH JKuEKTiK ecentepiaeri muddepeHIanIbK
TEHJCYJIep YIIIiH, OJap/Abl aiiMak IIeKapachl OOHBIHIIA WHTETPAIIBIK TEHACYJIEepre KenrTipy Oonbin Tadbutansl. Ka-
PaCTHIPBLIBIN OTBHIPFaH KYMBITA MICKAPATBIK 3JICMEHTTEP JJIiCi CepIiMIi aHU30TPOMUSIIBIK JICHEET] JKa3bIK edop-
Marust ecebi ymriH KoimaHeUFaH. 1130 KoimaHa OTHIPBIT TPAHCTPONTHI JEHEHIH KybIC MAaHAWBIHAAFBl KEpHEYIIi-
nIedopManrsIIbIK KyiiHe ecenteyinep xKyprizuireH. JKa3pIk qedopMartus YIIiH ceprmiMIi TYpaKTbUIapsl Oepiiin, omap
TEeXHUKAJBIK TYPaKThUIAp apKbUIBI epHekTenreH. Cepmimai TYpaKThUIapAbl KOOPIUHATTHIK JKYHEHi OypyHarsl TYp-
neHaipy ¢opmynanapsl naipanaHsuirad. [lapa snemeHT AB GoiblHIA MHTErpaliiay apKbUIbl KOMIUIEKCTI HOTEH-
[IUAIIBIH OPHET1 abIHFaH.

HunmuHapinik KybIChl 0ap €Ki KUCBIK ChI3BIKTAPMEH TYWBIKTAIFAH aHU30TPOITHI JIEHEAEr Japa KYKTeJIreH
ocepieH OoJiFaH AIIEMEHTTErl KepHeyJep MEH JKbUDKYJAp/bl aHBIKTay[blH JKYbIKTaMa >KOJIapbl KOpCETLIreH.
[exapansik 3mementrep dmiciner (IIIDO) coiikec neHe mieKapachl MICKAPAIBIK 3JIEMEHTTEP JCI aTajJaThlH ChIHBIK
chI3bIKTApMeH OcitHeneneni. KepceTiireH a3jieMeHTTEp OpTAChIHAAFbI MIMIHIIK [IAPTTAPAbIH OPBIHIATYBI TYTAC
JKA3BIKTHIKTA IMICKPAIBIK JIIEMEHTTEpre KeWOip KalFaH ocepliepiiH >KYKTeIyiMeH OpbIHAanaasl. JKa3bIKTHIKTHIH
KE3KEIITeH HYKTECIH/IE OCHI JJIIEMCHTTEP/ICH TYBIHIIAFaH KEPHEYJICp MCH KBUDKYJIap €Ki KOMIUIEKCTI OTCHIAAIIAD
apKBUTBI ©PHKTEIII, OHBIMEH KOCa OCBI TOTCHIMAIIAP IBIH MEXaHUKA-MaTEeMaTHKAIBIK OPHET1 KENTIPUITeH.

Tyiiin ce3aep: cepmiMIiTiK, UKEMILTIK, TapaMeTp, dEYeT, IYHKBIP allTOPUTMI, XKYHe, SIIEMEHT.
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CREATION OF THE OF A SOFTWARE COMPLEX FOR
EXTRACURRICULAR ACTIVITIES ON INFORMATICS

Abstract: The extra-curricular work on informatics is aimed on the development of intellectual, creative,
personal qualities of pupils, taking into account individual and age features within educational system of school.
Extra-curricular work is characterized by the variety of forms and types: group lessons, quizzes, parties,
competitions, clubs, conferences, seminars, etc.

This article discusses the information and software system, which combines theoretical foundations of
information extra-curricular activities and samples, created by a type of extra-curricular activities.

Keywords: extra-curricular activities in informatics, electronic educational resources, information and
communications technology.

O0XK 372.104:004.9

A.A. Mungerb6aeBa, M.A. MycaxaHoBa
Koxxa Axmer Slcaym aTsiHIarsl XalbIKapallblK Ka3ak-Typik yHuBepcuTeTi, Typkicran, Kasakcran

HUH®OPMATHUKA BOUBIHIIA CHIHBIITAH ThIC )K¥MbICTAP/bI )KYPI'I3YI'E
APHAJIFAH AKITAPATTBIK-BAFJAPJIAMAJIBIK KEHIEH K¥PY

Annoranusi: MapopmaTika OOMBIHIIA CHIHBINITAH THIC KYMBICTAp MEKTEINTIH TOpOUe KyleciHiH meHOepinme
OKYIIBUIAPIBIH JKEKe JKOHE JKac ePEeKIISNITiH €CKepe OTBIPHII, 3UATKEPIIIK, IIBIFAPMAIIbLIBIK, TYJIFAIBIK KACHETTEPIH
JAMBITYFa OaFBITTAJBII JKOHE aKMapaTThIK TEXHIOTHSUIAPABl KOJJaHA OTBHIPBHIN JKYprisiiemi. CHIHBINTaH ThIC
’KYMBICTap TONTHIK cabakTap, BUKTOpPUHANAp, KEITep, ONUMITHafanap, yiipMenep, KoHpepeHuusIap, ceMIUHapiap
JKOHE T.0. CHAKTBI KOII TYPJTi (hopMaiapMEH CHUIIATTAIa bl

byn makanana nadopmarika OOMBIHINA CBIHBIITAH THIC dKYMBICTAP/IbIH TEOPHSIIBIK HETi3/1epiHeH KociOu OarbIT-
Oarnap OepeTiH MaiMEeTTep JKOHE CHIHBINTAH THIC ic-1apaap TypJiepiHeH KYpbUIFaH YJITijIep JKHHAKTaIFaH aKnapat-
TBIK-0aFAapiIaMalibiK KeIeH JKaliibl OasHiana bl

Tipek ce3mep: nHpopmaTnka OOWBIHIIA CHIHBINTAH THIC )KYMBIC, SJIEKTPOHIBI OUTIM OachlUIbIMIApHI, aKknapaT-
TBHIK-KOMMYHUKAIUSUIBIK TEXHOJIOTHSL.

«Kazakcran PecnyOnukacbinna OuniM Oepy/ii *oHE FhUIBIMIBI JaMbITyabiH 2016-2019 xeuinapra
apHaJIFaH MEMJIEKETTiK OargapiaMachbiHBIH», OopTa OiliM Oepy Ma3MyHBIH >KaHapTy Oemiminae Oinmim
Oepy mpoleciHie aknapaTThK-KOMMYHHKaIUsUIBIK TexHomorusuiapasl (AKT) KonpganaTeiH MeKTenTep-
nig yueci 2015 xbputet 15% xypan otsiprasabirbiH, an 2017 xemer 6yn kepcetkim 50%-ra, 2019
KbITBI 90%-Fa JKeTy XKoclapiiaHFaHbl KenTipiiareH [1].

AKnaparThIK-KOMMYHHUKAIUSUTBIK TEXHOJIOTHSIIAp/Abl — MEeNarorTepIiH KY3bIpeTTUTIKTEpiH KaMTama-
ChI3 €Ty YUIIH YHBIMAACTBIPY, DJEKTPOHIBIK OKBITY JXKYWECIH NaliJalaHyllbliapAbl Aaspiiay >KoHe
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ONapIIbIH OLTIKTUIITIH apTThIpy KaxkerTimiri skoHe 2011 kpurman Oactam memarorTapIblH JIEKTPOHIBIK
OKBITY JKYHECIH Maiiiaianybl MEH KOJJaHybl OOWBIHIIA OUTIKTITITIH apTTBHIPYy MOcelieci iCke achlll Keie
JKaTKAH/BIFBI 0opiMi3re OenTii.

Kasipri Tanma MyramiMHIH KociOM KY3BIPETTLIIr callackl )aHa Tocinnep aschiHna keHeroae. Om —
MIOHAPANBIK KoHE KOOaJBIK KbI3MET, OKBITY MEH 0acKapy/aa aKmapaTTHK-KOMMYHUKAIHSIIBIK TEXHOJIO-
TUSUIapAbl Naianany skoHe T.0.

E.bl.bunaitbexorThiH, K.M.bepkiMOacBThIH 63 €HOCKTEPIHAE IEKTPOHIbI OLTIM 0achUIBIMIAPBIHBIH
(OBb) epexurenikTepin aTan kepceTe Kene, OimiM Oepy xyhecinae MaMaHAapAbl AaibiHnayna Dbb xacay
MEH Ma3MYHBIHA KOHE OHBIH KbI3MET €Ty epeKIleliriHe Oipiiama meKTeysiep KOHbUTaThIHABIFBIH aiThII
oTKeH [2].

JKorape! oKy opbiHIapbIHAa KongaHbuiaTeiH DBb sxoFapel kKacinTik OiniM OepyAiH MEMIIEKETTIK O11iM
Oepy cTaHmapTHIHAA KOPCETIITeH MaMaHAApALIH OiTiMiHe KOWBUIATHIH TaJalTapabl €CETKe ana OTHIPHIT
JKacanaipl.

OBb okymibiFa )oFapbl KocilTik OuTiM Oepy cTaHIapTHIHBIH TaJalTapblH OPbIHAAYA eJeysi KOMEK
Oepyi kepek. MbIcaibl, Ka3ipri 3aMaHFbl aKIapaTTHIK TEXHOJIOTHS HET131HIe op TYp:i KOCINTiK KI3METiHIH
TUIMIUTITIH apTTBIPY, COHBIMEH KaTap, OKbITYAa KoJMaaHbe1aThiH Dbb-1a KoMITbIoTepitik rpadMKaHbl KoHe
aHUMAIHSHBI KOJJIaHy apKbUIBI IpoIleccTep MEH KYOBUIBICTAp KAMIBI TOJNBIK TYCIHITIH KaNbIITACTHIPY.
Erep OBbb-na mnpobnemanblk »oHE 3epTTey TanchlpMaliapbl, HHTEIUIEKTyalbdi OKBITY XKyHenepi
KOJIZIaHbIIICA, OH/Ia OMJIay MOIGHUETI MEH oiijiay KaOiIeTTUIITiH JaMbITyFa 00Iabl.

binim Gepy kyitecinge Obb KypacTelpy MEH OHBI jKacaylla, MaTEMaTHKAIBIK KOHE WMHUTAIHUSIIBIK
MOJIENTBACP/IE JKOHE HAKTHI (PU3UKAIBIK CTEHITEP/IE, MapaMeTPIIiK 3epTTey MEH ONTHMHU3AIHIIAY OTKIZyAe
OKBITBUIATHIH OOBEKTI MEH IMPOIECTIH KACHETTEePiH TePEHIpEeK TAaHBIN OUTyTe aJIBIH ajia )KaFaai JKacarysl
JKOHE KOCINTIK TYPHEri OKy >KYMBICTapbIH aBTOMATTaHIBIPY €CelKe ajlbIHybl Kepek. OcbuiapMeH Katap,
aBTOMATTaHABIPY KYHWECIH OMIIAHBIN KOJIaHy OKYIIBI 9Jli jKeTe KOWMaraH HEFYPJIBIM YKOFAphI KOCINTIK
MaMaHZIBIKTH Tanan ereai. Onap xebiHece TeK KaHa aBTOMATTaHIBIPBUIFaH KYHEHIH allapaTThIK >KOHE
OaraapiaMaibik KOMIOHEHTTepl MeH DBb ©3iH FaHa TaOBICTHI MEHTEPE/I.

Korapeina aiiTeuFaHmapabl KOphITa KeJe, Kasipri OiniM Oepyle akmapaTThlK KOMMYHHKAIHSIIBIK,
TEXHOJIOTHSJIAp/Abl TMaijananyra OailIaHBICTHI TMEAAarOTUKAaNBIK >KOFapbl OKY OPBIHAAPHI CTYACHTTEPiH
KociOM maiibIHIay ABIH HET13T1 MaKcaTTaphl MBIHA A JCT aTall KopceTeMis:

e OKYy OpBIHAAPBIHAA aKNapaTThIK KOMMYHUKAIMUIBIK TexHonorusHel (AKT) keHiHeH KojmaHa
OTBIPBII, OKY cabaKTaphIH 9MIICTEMENIIK cayaTThl TYPIE OTKI3yTe XKoHe YHBIMIACTRIpYyFa NalbIHaAY;

® OPTYpIi OKYy JXKoHE TopOmeney KbI3METI TypiepiHae, opTypii TunTti cabakrap eTkisreHme AKT
KYPaJIapblH KOJIJaHYIbIH Ka3ipri 3aMaHFbl 9/1iCTEPl MEH TACI/ICPIMEH TaHBICTBIPY;

e OuriM Oepy xyieciHae *KYMBIC iCTeWTIH MaMaHHBIH ©3iHiH kacibu KpiMeTiHge AKT kypangapeiH
THIMIII KOJIaHyFa YHpeTy;

e OeOiHTEH aKMmapaTTBIK pecypcTapMeH KYMBIC icTererne oKy ypaiciaae AKT xypammapbiH THIMITI
KOJIZIAHYFa OKBITY;

® AKNapaTThIK JKOHE TEJIEKOMMYHHMKALMSUIBIK TEXHOJIOTHSI KYpajlapblH ITaMbITy MEH >KETUIIpy
JKargaiibiHAa Oojamak WHpOpMaTHKa MyFaliMiHE ©3MiriHeH OKy, ©3IHAIK JaMy XOHE O3IriHeH icKe
achIpyFa KaKeTTi HIBIFapMAIIbLUIBIK TOTEHIIMAIBIH JaMBITY OOJIBIN TaObLIa bl

ConbiMeH Katap xorapblga atanrad 2016-2019 xeimmapra apHanFaH MEMIICKETTIK Oarmapiamazna
OKBITYIBIH MHHOBALMSUIBIK TEXHOJIOTHSIIAPH! TOJBIK KOJieMAe KOJJaHbUIMAl KeNreHAiriH, OKyIIbliap-
JIBIH aKMapaTTHIK TEXHOJOTHIApFa KOJ KETKI3y MYMKIHIIT] IEKTEYJi €KeHIT1H, 2JIEKTPOHIBIK OKBITY
Kyi#ecine Tek 1075 MekTen KaHa TapTBUIFAHABIFBIH KENTipe Kelle, MeKTenTeri OiiM Oepyni akmapar-
TaHJIIBIPY MAcCEJIeCl aKMapaTThIK TEXHOJOTHSIIAPAbl OKBITYFa OJIaH 9pi €Hri3y IICHOEpiHIe MEMJICKET-
TiK-)KEKEIIeNK 9pPINTECTIK TeTiri apKbIJIbl XKY3€re aChIphLUIATHIHBI SHTi31ITeH.

Barnapnamana kentipinrenneil, DKOHOMUKAIBIK BIHTBIMAKTACTHIK JKoHE AaMy yibiMbl (ObIJI¥) en-
Jlepi )KOHE OHBIH OpINTecTepiHiH 36-CHIHBIH 27-CIHIE IMeIaroruKaiblK MaMaHIBIKKA 1PIKTEYIiH CeJIeK-
TUBTI ejIeMmapTTapsl Koagansutiansl. ObIJI¥-upH 32 eniHae menarordkajiblK MPaKTHKa MiHAETTI
oonpin TabbuIanbl. JKOO OKBITYIBIIAPEl CTYASHTTEPAIH MeNaroruKalblK MPAaKTUKACHIHA KAThICATHIH-
IIBIFBI J)KOHE MEKTEell MEHE/KMEHTI ac MYFalliMIepre KoJliJay KepceTyre jkayamnThl eKeHJIri Oaca
alTBUIBIN KenTipiiarex [1].

«bimim OepymiH Ka3ipri HETi3ri MakcaThl OULTIM ajbll, OLTIK IEH MaFabiFa KOJ KETKI3y FaHa eMec,
coJlapAbIH HeTi3iHme nepbec oJeyMETTIK KoHe KOCiOM OLTIKTIIIKKE — aKmapaTThl e31 i3memn Tady, Ttaimgay
YKOHE YTHIMJIBI Takanany, KbIIIaM e3repil jKaTKaH OYTiHTI JYHHETe JaHBIKTHI OMip CYpy JKOHE KYMBIC
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ictey OonbIll TaOBUIAAB» - NEN KOPCETUIreH MeMJIEKeTiK OiliM OarmapiaMachblHAA >KOFapbl OUTiM MEH
FBUIBIM/IBI YINTACTBIPA JKYPri3y *KaH-KakKThl alkpiHAanFad. Ocbl MiHAECTTEpAl XKy3ere acslpyaa, OipiHii-
JeH NeNarorThlH KociOm OUTIMIH apTTBIpy, SFHU aKMapaTThIK-KOMMYHUKALMSUIBIK TEXHOJIOTHSIIAP.IbI
KoCiOM ic-opeKeTiHAe KOMAaHy apKbUIl OLTIKTUTITIH JKeTUINIpY, eKIiHIIIIeH, CHIHBINTAH THIC )KYMBICTapIbl
YHBIMAACTHIPY /A )KaHA TEXHUKAJIAp MEH TEXHOJIOTHSIIAP/IBI KOJIJaHy MaceleNeNiepiH JaMbITy KaxeT[1].

Ocprran GaitmansicTel O0i3aiH enmimizge 2016-2017 oky »xputblHaH Oactam «Oimim» OarbITHI 0O-
WBIHINIA TaJanKepiepai Kadbuigay Ke3iHae 0JIapJblH KaOileTTepl MEH bIHTaJapblH Oarajay YIIiH OHTI-
Menecy eoTkizinai. Kasipri Tanga nmegaror MamMaHAapAbl Jaspiiay ici )KOFapbl IeHrele KOJFa albIHBII
keneni.lleqarornkanbik MpakTHKA MICeNeci Jie TYPhIC KOJFa KOHbUIFaH.

Ocbl MacenenepAl Heri3re ajga OTBIPHIN, MEAaroruKajblK MPAaKTUKa Ke3iHJe CTyAEHTTepre KOMEeKIIi
Kypan peTiHzae maiaaiayra OolaThIH HEMece jKac IeJaror MaMaHIapra a KeMeK OepeTiH, mHdopMaTuka
OOMBIHIIA CBHIHBINTAH THIC JKYMBICTAPBIH JKYPri3yre KociOuW Typae yHpeTyre apHaifaH 3JIEKTPOHIBI
aKMmaparThlK KEIIeH JKacay KOJIFa allbIHIBL. OIeKTPOHABl akmaparTelk kemmeH Adobe Flash
OarmapiamMachlHAa JaWbIHIATIBL.

AKmapaTThIK KeuleH 5 OeiikTeH Typaabl. bipinmi Oeniri THTYnAbIK OeT, ekiHIi - OargapiaMaliblk
KeIIeHre cumnarrama OepeTiH aHgaTy Oediri, YIIIHII - TeOPWSUIBIK MAIIMeT Oediri, TepTiHmm OelikTe
cabaKTaH THIC iC-IIapalapbIH TYpJIEpiHe colikec AalbIHIaiNFaH OarmapiiaManap >KAbIHTBIFBL, a1 OeciHiIi
Oedmirinae aBTOpIapaaH MajimMeT OepeTiH Oaiimanbic O6iMi KeNTipiireH.

AKMapaTThIK KEIICHHIH HeTi3ri OCTiH/e KeIIEHHIH aThl MEH aBTOPJIAPHI JKAHIIbI MAJIIMET OEpLUITeH.

AHOATY TEOPWMA YNrinee BAMNAHBLIC

Teopusnblk MaimMer Oemnirinne MHGOpMaTHKa MaMaHIBIFBI CTYIEHTTEPI XKOHE MEKTENl MyFalimaepi
yuriH nHpopMaTHKa OOHBIHIIA cabaKTaH THIC KOCBIMIIIA OKBITY KYMBICTAPBIHBIH TEOPHSUIBIK HET13/IepiHeH
KociOu OarpiT-Oarmap OepeTiH MoniMeT XHHaKTanraH. Teopusulblk Mamimer Oeri 2 Oerikke OeiHTEH.
Anramikpl Oeniri skocmapAaH Kypaica, eKiHmi Oefiiri jkocmapra coiikec MoniMeT OepeTiH 3KpaH
ayMarbIHaH TYpaJbl.

Kemenniy teprinmi Gemiri (1 cyperke colikec) - 6armapiaManap KHUbIHTHIFBIHAH KYPBUIFaH YJTiJIep
Oeuiri.
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HudopmaTuranan JHCITYT

VIHGOpMATHKAIAH ANCAYT — Gy CHHBINTAP APATKFBHIANL CYPAKTAD MCH MayaNTapea KypLFaH

epexute oiiie JHCTYT Kedisiae ATAMMEN HETERAIKTEN KYPASHl CYpaKTap KoMAaan. Bapmuru

AWCITYT MATEPHATLIHAAFE CYPAKKa SallauscTsl, By Cypak AHCIYTTaH GYPHH KOMBUIFAH MAKCATTAH
Tayencis memineai. Myiaail MAKCATTAPALIT MANMIAN KYPATE — GYT OTKCH 0Ky ALUTMIAATS MaHIiK
MaTepuangapaM  kaiitamay.  Mysaaii waraaiiza  OKYIMAAPAMH  ANAMEA  KONMNATEE  MiNgeT:
HHGOPMATHES AHLIKTAMANAPLIH, Epesenenit, a3iie TaH KacueTin Giny YiH #aHe MaTepHaniapra
GailnaHLICTLl  TANCLIPMANAPTA wayan Oepin, weme any yunn Genritenred  yaxwm  Gemirinae
uOpMaTIKa  MaTepHaniapuy Kaftanay. En a3 xonesci Tanan  Goiikomma, apoip amcnytra
OKYHILTAPAAH OKYIMIKTA TIKeTeH KepeeTiaren GYTiH, HAKTHI, HATHAEST GUIIMI, TYAKMPEIMILL Ofi6

TYCIHYMEH GUlIM ATyahl Tanan ¢reii. Tek ochllaH KeiH FaHA OKYIIBIFBH OKYIBK MATEPHATBIMEH

HILIFAPMABILITEE AYMEBICE KYPLUTYRE MYMETH

b b st btk e

HEI3ri BAMNAHBLIC

1 cypert - CTX typrnepine coiikec OarmapiamManap *KUbIHTHIFbI

2-3 cypertepae Oaraapiiamanap JKUBIHTHIFBIHAH KypajFaH OeTTep KOpiHici KeNTipiIreH.

Q MACROMEDIA FLASH BAFAAP/IAMACHI 9 MACROMEDIA FLASH BAFAAP/IAMACHI

KaapnbiKk aHHWMaLHAa Kagpnbik aHumauma

BacTanku Aane
comrb KT Kap

2
[ pom &
wig

w
.
19
s

1ars

-
l' -~
4 &80 = w  u| = Apanuk ki kazp |8
- 7 o wrepiciepi
=]
o [
| -

(CBFmCTATY )

( KOPIHICTI KABY )

2 cypert - Undopmatrka yitipmenik cabaktap O6esiMiHe )KUHAKTaIFaH MaTepHaILap

IKAJIbI OPTA MEKTENTE HHOOPMATHKAHDI OKBITY DTICTEMECT 2d
Opta mekTenTe Photosho_p nporpammachbiq T
OKbITY afiicTemMeci
AnNropuTM YFbIMbI XaHe Komnsiotepae ecen
ANTOPUTMHIH Ka3biny Wwkirapyra aaibiHaay
Tacinpepi KeaeHaepi
ManimeTtrep Tunimen ChizbIKTLIK anroputmaepai
HYMbIC icTey nporpammanay
TapmakranraH KauranavateiH
anroputmaepai anropuTMaepai
nporpammanay nporpammanay
Tapmakrany xeHe LUMKnAIK
anroputmaepai
nporpammanay
BACMS3IP | 0 TAPUX | [FNGCCAPUR|  [CABAKTAP ) [ TECT

3 cyper - Undopmatrka GoitbiHina dakyapraTus cabakrap GeniMiHe )KHHAKTAIFaH MaTepuasiiap
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by Oerre xuHaKTanFaH MolliMETTepre colikec MyFaiimiaep MHpOpMaTHka OOWBIHINA caOaKTaH ThIC
ic-mmapamap eTkize amanpl. MyHzaa naiieiH chavnarap (uH(pOpMaTHKa Kemri, WHPOpMAaTHKa OOWBIHIIA
BUKTOpHHA, MH(QOpMaTHKaIaH JUCITYT, CHIHBII CaFaThl, KIIYOTHIK KbI3MeT), html opTackiHIa NaiibIHIAFaH
Oarmapnamanap (Oarmapiamanay TinAepl FalbIMAapbIMEH TaHBICY, SKCKypcus, Mekren Oacmachl), flash
opTachlHAa 93ipiieHTeH Oarmaprnamanap (ickepiik oWbIHIAp, MHPOpMATHKagaH yiipMerik cabakrap [3],
nH(popMaThKa Oo¥BIHITA (DaKyIbTaTHB cabaKTap, OJIMMITHAIAIap) kKoHe excel opTrachiHAa AalbIHAAFaH
napax (ce3:xymoOax) OipiKTipijirex.

KopsiTa kerne, 93ipieHreH KelleH MEeKTel MYFaliMJIepi YIIiH Je, CTYACHTTep YIIiH e KeMeTiH Oepe
ajajpl IeT CeHEMI3.
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YK 372.104:004.9
A.A. Munaer6aeBa, M.A. MycaxaHoBa
MesxayHapOaHBIA Ka3aXCKO-TYPELKNi YHUBEpCUTET MMeHN Xomka Axmena Scasu, Typkecran, Kazaxcran

CO3JAHUE UHOOPMAIIMOHHO-TPOTPAMMHOI'O KOMIIVIEKCA JJIS1 TIPOBEJEHUSA
BHEKJIACCHBIX PABOT 11O HH®OPMATHUKE

KaroueBble ciioBa: BHeKacCHas paboTa 1o nHPOpPMaTHKE, 3JIEKTPOHHBIE 00pa3oBaTelbHbIe pecypchl, HHGOP-
MalMOHHO-KOMMYHHKAIIHOHHAS! TEXHOJIOTUSI.

AnHotanusi: BHeknaccHas pabora o nHpOpMaTHKe HalpaBlieHa Ha Pa3BUTHE MHTEIUIEKTYAJIBHBIX, TBOPYEC-
KHX, THYHOCTHBIX Ka4eCTB YYAIIUXCs, C YYETOM HHINBHIYaJIbHBIX U BO3PACTHBIX 0COOCHHOCTEH B paMKax BOCIIUTA-
TENBHON CHCTEeMBl MIKOJBL. BHekiaccHas pabora XapakTepusyercss MHOrooOpasmeM (opM W BHIOB: TPYIIIOBEIC
3aHATHS, BUKTOPUHBI, BeUepa, OJUMIHNABI, KPY)KKH, KOH(QEPEHIINN, CEMUHAPHI H T.JI.

B at0ii cTatbe paccmaTpuBaeTcss HHPOPMAITMOHHO-IIPOTPAMMHBIN KOMITJIEKC, B KOTOPOM COBMEIIIEHBI CBEACHUS
TEOPETHYECKIX OCHOB BHEKJIACCHBIX PabOT M 00pas3Iibl, CO3AaHHBIC U3 BUIOB BHEKIIACCHBIX MEPOIIPHATHH.
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