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Dear readers!

The foundation of any structure is most often invisible, it can’t be touched and its quality and durability can’t be correctly
independently estimated. Therefore, while choosing a house the potential real estate buyer is often guided by obscure professional
opinions of experts, personal pragmatic views and aesthetic feelings caused by the exterior and convenience of a possible place to
live. In combination with dry and boring technical characteristics in such situation own subjective judgment of quite superficial
details is often brighter, more important and determinative at decision-making. And meanwhile the foundation — a main basis
— often stays out of our sight and preferences. Similarly, leaving the house every day we don’t ever look at the ground beneath our
feet... We are a priori confident in the stability of the most important thing - the bearing platform, the support, the basis holding
all the physical architecture of our existence.

Intellectual priorities are built in system of the general outlook of a man similarly: fundamental knowledge as the most priority
and significant, with the highest index of validity, is seen by the majority of people as excessively comprehensive, not interesting
and not prestigious. At the same time, we are confident in this obscure knowledge most of all! Such naturally intuitive confidence
of mankind in its achievements in physico-mathematical and chemical sciences is based on primordial nature of knowledge
of the world around, all-round and incessant interaction of the person with material objects, and on the evolutionary status of
the fundamental sciences predetermining rates and quality of the social progress in many ways. Probably, such situation isn’t
absolutely logically and ideologically fair. But at the same time — it is quite organically built-in into the mental structure of modern
mankind. The fundamental basis of activity of global society must evolutionarily become more and more stable, predetermine
social progress and steadily inspire the mankind with confidence in the future — this is the most significant thing.

Thomas Morgan

Head of the IASHE International Projects Department
September 20, 2013
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Anpnpeesckas U.H.,
ACTIHPAHT,
YenstOnHCKUH
rOCy/1apCTBEHHBIN
YHUBEPCHUTET,

Poccus

YuacTHUK KOH(pepeHIHH,

HanuonansHoro nepeHcTaa
10 Hay4HOI aHAJIUTHKE

N3YUYEHUE CTPYKTYPHOI'O COCTABA
®OCDOOPOCYPEMSIHOU KUCJIOTHI

NMOHHO20 npoeodHuKaA

BHOCJ’IG[{HI/IG JnecaTuiaeTHs chopmu-
pOBajIOCh U AKTHBHO pPa3BUBACTCS
HarpaBlieHHe — (PU3MKAa U XUMHS TBEp-
JIBIX AJIEKTPOJIMUTOB, CTONb K€ BaKHOE B
TEOPETUYECKOM U IPAKTHYCCKOM IIIaHE,
KaKk CTaBIIee KIACCHYECKHMH (pU3HKa
METaJJIOB, MOJTYTIPOBOJHUKOB H JIMAJICK-
TPHUKOB.

OnHUM U3 IPHOPUTETHBIX HAIpaBIIc-
HUI B 00JIACTH MCCIIEOBAHUIT TBEPBIX
SIIEKTPOJIIMTOB SIBISIETCS ITOUCK MaTepH-
QJIOB C MIPOTOHHOU TIPOBOIMMOCTBIO, 3TO
CBSI3aHO C TEPCHEKTHBAMM HX HPaKTH-
YEeCKOTO HCIIONB30BAHMS, a TaKXkKe HO-
BU3HOH TMOy9aeMbIX HayIHBIX TAHHBIX,
XapaKTEePU3YIOINX HEH3BECTHBIC paHee
CBOMCTBA KPUCTAJLIOB.

Bonbmioit uHTEpEec mpeAcTaBIAIOT
OKCHJHBIE COCJUHEHUS C IPOTOHHOU
MIPOBOAUMOCTBI0. [IpOTOHHBIE TPOBOA-
HUKA TI0 WX pabounM TeMmepaTypam

MOXKHO TOJPa3eNUTh Ha HU3KO-, CPE.-
He- 1 BBICOKOTEMIIEPATyPHEIE.
M3nayankHO  BBICOKOTEMIIEpPATyp-

HbIE IPOTOHHBIC TPOBOJHUKH HE UMEIOT
B CBOEM COCTaBe IPOTOHCOIEPIKAIIUX
IPyNnHUpoBOK. BomopoaHslie aedeKTs
00pasyloTcst B pesysbrare B3amMOAekc-
TBHSL OKCHJIOB C BOJIOPOAOCOACpIKALIEH
arMocdepoil. B cBa3u ¢ 3Tum Gombioe
BHUMAHUE yAGJISETCS  UCCIICOBAHU-
M B3aMMOJCHCTBUSL MEXIY BOISHBIM
mapoM, KHUCJIOPOAHBIMU BaKaHCUSIMHU U
IPOTOHAMH.

HaunGosnbIeil mpoBOAMMOCTBIO HPHU
CPaBHUTEIBHO HU3KUX TEMIIEpaTrypax
obnazaror

COJTH U TETEPOTIOIUKHCIOTHL. J[0 CHX 1op

HEOPraHUYECKUue  KHCIble
OCTaeTCsl OTKPBITBIM BOIPOC O CTPYKTY-
pe IPOTOHIMIPATHON MOIPELIETKU Mpo-
TOHHBIX IIPOBOJIHUKOB U MEXaHU3M IIpO-
TOHHOT'O TPAHCIIOPTA.

OmuuM u3 Haubolee IepCIeKTHB-
HBIX COCJMHEHUI, Ha OCHOBE KOTOPOTO
MOTYT OBITh CO3AHBI NIPOTOHHBIE IIPO-
BOJHUKH, SBIISETCS  IOJHCYpbMSHAs
KpHCTAJUTIYeCKasi KHCIIOTa.

[NomucypeMsiHBIE  KHCIOTEI  00Ma-
JIAl0T MOHOOOMEHHBIMH ~CBOMcTBamMu'.
Cremyer OXuzaarh, 94TO JONHPOBAHHE B
TIOUCYPBMSIHYIO KHCIIOTY HOHOB (ocC-
(dopa yBEIMYNT KOHIEHTPAIUIO «KHC-
JIBIX» TPOTOHOB M YITYYIIUT IPOTOHO-
MIPOBOJSAIINE CBOWCTBA JTHX COCIHHE-
Huil. OMHAKO, TaHHBIE 00 YCIOBHUSX TIO-
nmyqeHust pocopoCypbMIHON KHCIIOTHI,
ee CTPYKType HEMHOTOUHCIICHHBI.

Jnsg  momydeHuss MOAMCYpPbMSHOM
KHCIIOTHI B KadecTBE MCXOJHBIX pea-
TeHTOB ObUT B3T xyopun cypbMer (111)

IUIOTHOCTBIO 2,542 T/CM®, K KOTOpOMY

TIpuopumemuvim Hanpagienuem 6 obnacmMu UCCIEO08AHUT MBEPOLIX ILEKMPOTUNOS 65
emcs NOUCK MAMepuanos ¢ npomoHHoU nposooumocmoio. Haubonvueti nposooumocmsio npu
CPABHUMENLHO HUSKUX MEMNePAmypax 001a0aion HeopeaHuieckue Kucivle Colu U 2emepono-
aukucaomel. OOHUM U3 Hauboree NePCneKMUHbIX COCOUHEHUU, HA OCHO8e KOMOPO20 MO2yn
Obimb CO30aHbI NPOMOHHbBIE NPOBOOHUKU, ABNACMCS NOTUCYPOMAHASA KPUCIALIUYECKAS, KUCIOMA.
Ee oonuposanue ¢ghocghopom mooicem cnocobcmeosamn YiyuumeHurO cOUCME NOLYUAeMO20 NPo-

JOOABISUIM  PacTBOP KOHIIEHTPHPOBAH-
HOI a30THOI KHCIIOTHI 10 00pa3oBaHMS
MTHBAJICHTHBIX MOHOB. K momyunsime-
MycCsl pacTBOpY INPWINBAIH JNUCTHILIU-
pOBaHHYO BoAy. BrinmaBiumii ocanok or-
MBIBAJIM ¥ BBICYIIBAIH.

SbCI+HNO, +H,0—
— HSbO,nH,0|+NO,T+HCI, (1)

Jia nonyuenuss ®CK ¢ pasnuuHbl-
MH cooTHomeHussMH Sb/P k pacTtBopy
J00ABIISUTH PA3INIHOE KOJIMUYECTBO KOH-
LEHTPUPOBaHHON (pocdopHON KUCTOTEI
¢ wiotHocThio 0,8615 r/cM® U ipoBOIHU-
mm ruaponns. [lomydeHHsIH ocagoK BBI-
CYIIHBANN.

SbCI+HNO, . +H,PO,+H,0—
— HSb,P_0,nH,0|+NO,1+HC, (2)

Taonuma

CooTHoIIeHH e HCXOTHBIX PeareHToB, COCTAB H THII CTPYKTYPbI

odpasyrommuxes gas’

COOTHOIIEHNE UCXOAHBIX
TBOPOB
Cocras a3 HLPO, ach gi S P/Sh CTP;I:THYPH (OFEY]
(monb) | (moub) | (OT. ex.)

HSbO,nH,O 0 1 0 P Kpucrammaeckas

HSb0 00P0.100; n1H,0 0,10 0,90 0,11 P [Tnox0 KpucTamIyecKkas
HSbO xOPO 500, nH,0 0,20 0,80 0,25 P [Inoxo kpucramauecKkas
HSb, P0 ,,0,nH,0 0,29 0,71 0,41 P [Tnoxo Kpucramnyeckas
HSbO 67P0330 nH,0 0,33 0,67 0,49 P [Tnoxo kpucrananyeckas
HSb, 52P0.35 OnH,0 0,38 0,62 0,61 P [l1oxo KpucTamTHIecKas
HSmeO 1+ O,nH,0 0,42 0,58 0,71 P [Tnoxo kpucramMyeckas
HSbO 53047 OnH,0 0,47 0,53 0,89 P ITinoxo kpucramyeckas
HSb, P0 1+ 0,nH,0 0,49 0,51 0,96 P ITox0 Kpucramnyeckas
HSbO 00, ,,0,nH,0 0,52 0,48 1,08 P TTox0 KpucTamindeckas
HSbMSP0 ;,0,nH,0 0,55 0,45 1,22 P [Tnoxo Kpucramnyeckas
HSbO 36P0 0,nH,0 0,64 0,36 1,78 P [Tnoxo kpucramyeckas
HSb,,,P,,,0,nH,0 0,71 0,29 2,45 - Amopduast
HSb,,.P,,.0,nH,0 0,75 0,25 3,00 - Amopdnast
HSb,,P,,,0,nH,0 0,78 0,22 3,55 - AmopdHas

P — cmpyxmypa muna nupoxnopa

1 Bypmucrpos B.A CrtpykTypa, HOHHBIH O0MeH M NPOTOHHAS HPOBOAMMOCTb MOJHCYPbMSIHONH KPHCTALIMYECKOH
Yeasonnck: U3n-so Yensiod. roc. yn-ta, 2010. — 247 c.

MoHorpadus / B.A. Bypmucrpos. —

KHCJI0TBI:

2 Amngpeesckasi .H., Bypmucrpos B.A. Oopa3oBanue nporoHnmpoBoasmux ¢a3 ¢ocopocypbMsHOli KHCIOTHI HPH THAPOJIH3E
pacTBOpOB XJopHaa cypbMbl M (ochopHOii KucaoThl // BpicokMe TexHOMOrMH, (yHAAMEHTAJbHbIE HCCJIeI0BAHMS, JKOHOMHKA.
— T. 2: coopHuK cTareii /[BeHAANATOH MeKIYHAPOIHONH HAay4YHO-NPAKTHYeCKOl KoH(pepeHuun «PyHIaMeHTAIbHbIE U NMPHUKJIAJAHbIE
HCC/IelOBaHMs, Pa3padoTKa U NPUMeHeHHe BBICOKMX TeXHOJIOrMii B nmpombliuieHHocT». 08-10 nexadps 2011 roga, Cankr-IlerepOypr,
Poccus / nox pea. A.Il. Kynunosa. — CII6.: U3n-Bo IonmmrexH. yn-ta, 2011. — C. 140-142.
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B pesynbrare, ObutH TOMy4YCHBI 00-
pa3ibl MONUCYPBMSHON KHUCIOTHI JOTMH-
poBaHHOIT (dochopoM B COOTHOLICHHUH
P/Sb ot 0 o 3,55. CocTaB momy4eHHBIX
00pas3IoB OMpPeeIsTH METOIOM JIepHBa-
Torpaduy B MHTEpBalie TEMIEpaTyp OT
60° mo 800°C (Derivatograph Q-1000
system: E. Paulik, J. Paulik, L. Erdey).
®Da3oBbIii cOCTaB 00pa3LOB KOHTPOIH-
poBaIM Ha PEHTIEHOBCKOM IH(paKTo-
metpe JIPOH-3.

ITomydyeHHbIE Pe3ynbTaThl CBOMATCS
K CIEyIOIeMy: IpU HarpeBaHUH 00pas3-
1[0B HaO/II0/Ia€TCsI U3MEHEHHE MACChI, 3TO
OOBSACHSCTCS yNaJICHHEM H3 BEIIeCTBa
nerydeil Qpaxunu
25 no 100 °C.

Ha nepuBatorpammax MOKHO Bblzie-

B UHTEpBaje oOT

JUTh 5 cTaguil ¢ MaKCUMalbHOW CKOPO-
CTBIO yHANEHMS Ta3000pa3HBIX MPOTYK-
ToB mpu Temmeparypax 100, 210, 380,
550, 760°C. Haubonpmias moTepst Macchl
HaOIIOmaeTCs pH cooTHOIEeHUU P/Sb =
0, mpu yBenmueHnn coaepkanust pocdo-
pa B 0o0pasIax, moTepst Macchl yMEHbINA-
eTcs. MI3MeHeHne Macchl, Mo-BUANMOMY,
00yCIOBIEHO IpOLECCaMH JeTHapara-
MM, BOCCcTaHOBIeHHEM Sb™ no Sb* m
yAaneHneM KHUCIOpoza.

Jlnteparypa:

1. BypmuctpoB B.A  Crpykrypa,
WOHHBI OOMEH M IPOTOHHAsI IPOBOMH-
MOCTb TIOJHMCYPBMSIHOH KpHCTaJLTHYeC-
Koif kuciaoThl: MOHOTpadus / B.A. Byp-

MHUCTpOB. — Yensounck: Nsn-so Yensob.
roc. yu-Ta, 2010. — 247 c.

2. Anppeesckas W.H., Bypmuctpos
B.A. OGpazoBanue MpOTOHITPOBOASAIINX
a3 pochopocypbMIHON KHCIOTHI MPH
THAPONU3E PACTBOPOB XJIOPHUAA CYypPHMBI
u pochopHoit KucIoTH // Bricokue Tex-
Hooruu, (pyHAaMEHTanbHBIE HCCIENO-
BaHMs, SKOHOMHKA. T. 2: cOOpHUK cTaTel
JIBeHa11aToN MEXyHapOAHON HAayyHO-
MpakTHYecKol koHpepenunn «DyHna-
MEHTaJIbHbIE U TIPUKIIAHbIE UCCIIE0Ba-
HHA, pa3paboTKa M MPUMEHEHHE BBICO-
KUX TEXHOJOTHH B MPOMBIIUIEHHOCTH.
08-10 nexabps 2011 roga, Cankr-Iletep-
oypr, Poccust / mox pen. A.IT. Kyaunosa.
— CII6.: U3n-Bo IlonutexH. yH-ta, 2011.
—C. 140-142.
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Conference participant

olymers are now well-accepted for a

wide variety of applications, and for
mass-manufactured as well as one-off
speciality products. The growth in their
use has continued in the last two decades
or more, despite the effects of several
recessions in industrial activity . In the
same period the demand for traditional
materials like metals,
glasses has remained static or even fallen.
Polymers the basic materials of the rubber
and plastic industries and important to

ceramics and

the textile, petroleum, automobile, paper,
and pharmaceutical industries as well
exhibit viscoelasticity to a pronounced
degree.
determine the mechanical performance
of the final products of these industries,
and also the success of processing
methods at intermediate stages of
production. Whilst the behaviour of
many real materials does approximate to

Their viscoelastic properties

these idealised models, that of polymers

deviates markedly from them. In
particular, their solid state deformation
is time-dependent and nonlinear and
so resembles some combination of
elastic and viscous responses, whilst
their melt rheology is also significantly
nonlinear.
In this

mathematical

paper we propose a

model of destruction
(the relations connecting parameters
of efficiency at the time of fracture
characteristics material), based on the
relationship of both these approaches
to allow for the dependence of the
limiting critical conditions at which
the destruction, the time of stress,
temperature environmental exposure,
exposure, etc. This is especially typical
for polymers [1].
of these experimental data one can
draw conclusions that should be taken
into account when constructing the

mathematical the

An examination

correlations  for
conditions of fracture:

4

1. Mechanical properties and the
process
materials substantially depend on time
and operating conditions.

2. Destruction is a two-stage
process. At the first stage the degradation
of the properties of the material, the
accumulation of damage, microcracks

of destruction of polymer

occur. The stage ends at a time when
the merger of microdamage formed
macroscopic crack [2].

3. At the failure of the material from
effect of aggressive media, corrosion or
caused by visco-elasticity the value of the
first stage is so large that when evaluating
time of destruction the destruction
process can be generally described as the
accumulation of damages and degradation
properties of plastic.

4. Because of the irreversibility of
the process of destruction is determined
not only the current values of parameters
characterizing it, but the entire prior
history change of these parameters.

5. Because of the private nature
of the experimental data on the effect
of medium on behavior of plastic the
composition of the general mathematical
for all materials the phenomenological
based on
mechanical ideas due to the difficulties

description of fracture

and serious shortcomings. Therefore

it is necessary and the molecular

VIIK 539.3

ITEMS DURABILITY FOR VISCOELASIC POLYMERS

In this paper we propose a mathematical model of destruction, based on the relationship of
boththese approaches to allow for the dependence of the limiting critical conditions at which the
destruction, the time of stress, temperature environmental exposure, exposure, etc.

Keywords: deformation, vickoelasticity, mehanicheskie properties, degradation

interpretation of macroscopic changes in
the material. Thus, the phenomenological
theory of time dependence as would
provide a common framework, which
must fit the theory of material behavior,
and that put a detailed mechanical
theory of change of macroscopic and
microscopic properties of the polymer.
This need arises in the interpretation of
the parameters of the phenomenological
equation, allowing you to identify not
only the common features, as well as the
difference between the materials.

time
effects for polymers the process of their

6. Because of significant
destruction more difficult than traditional
materials, the phenomenon of viscous
and brittle fracture occur simultaneously.
Fracture criterion in this case must take
into account the achievement o, € of the
instantaneous and destructive values G p,
€, at the time LI and their dependence
on the development of degradation of
material properties o (t).

7. When the stresses are removed
before
fracture, the strain recovery path is

from a polymeric material
not necessarily identical to that of the
loading part of the deformation cycle.
So energy must have been dissipated
during the deformation of such materials
— another indication of deviation from
perfect elasticity [2, 4]:

S0 7
o s | |
= B - : | 1 |
=
2 30 _
£ INR (erystallizing)
= L | 1 .
a " I HIPS_~
- mf f-— SBR |
o 4_,-“’/—/_’_ | LT“.;—rym;nl[lz ing) |
] 0.5 3 4 3 (]

Tensile strain

Fig. 1. Tensile stress-strain curves for some rubbers and plastics
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Analysis of experimental data
suggests  characteristics  of  the
temperature dependence of relaxation
processes and fracture for viscoelastic
polymers with the same value of energy
activation for each material.Both aspects
of the strength of polymers (short-term
and long-term loading) depend on the
local structural changes that primarily
can be linked with the process of
accumulation of damage, education
grid  hairline cracks. Combining
different approaches to describing these
processes, i.e. formulation of a general
mathematical theory of deformation
and fracture of polymers depends on the
study of the relationship of deformation,
destruction and action of strain,
temperature, aggressive factors in the
whole time interval of operation of the
element.

Viscoelastic behavior reflects the
combined viscous and elastic responses,
under mechanical stress, of materials
which are intermediate between liquids
and solids in character. Viscoelastic
Properties of Polymers examines, in
detail, the effects of the many variables
on which the basic viscoelastic properties
depend. These include temperature,
pressure, and time; polymer chemical
and

composition, molecular weight

weight distribution, branching and
crystallinity; dilution with solvents or
plasticizers; and mixture with other
materials to form composite systems.
With guidance by molecular theory, the
dependence of viscoelastic properties
on these variables can be simplified by
introducing certain ancillary concepts
such as the fractional free volume, the
monomeric friction coefficient, and the
spacing between entanglement loci,
to provide a qualitative understanding
and in many cases a quantitative
prediction of how to achieve desired
results. The phenomenological theory
of  viscoelasticity =~ which  permits
interrelation of the results of different
types of experiments is presented
first, with many useful approximation
procedures for calculations given.
A wide variety of experimental methods
is then described, with critical evaluation
of their applicability to polymeric
materials of different consistencies and
in different regions of the time scale
(or, for oscillating deformations, the

frequency scale). A review of the present
state of molecular theory follows, so
that viscoelasticity can be related to the
motions of flexible polymer molecules
and their entanglements and network
junctions. The dependence of viscoestic
properties on temperature and pressure,
and its descriptions using reduced
variables, are discussed .

Relaxation properties influence the
process of destruction, enhancing the
growth of

microdamages. This is explained by
the fact that in the process of development
forced highly elastic deformation near
the damage is occurred the transition
mechanical energy into heat [3].

According the survey of the literary
sources for the analyzing of long-term
durability of materials and elements
made of them two alternative approaches
are  basically exist:  mechanical
(benchmarking) and kinetic.

According the first approach we
model the generalized condition for
material destroying:

$(01,02,03)=¢ p.

Here ¢ — the functional is some
combination of the components of the
stress or strain. The functional ¢ depends
on the accepted theory strength or given
empirically and then the functional

contains parameters determined
experimentally.
1. The strain tensor can be

represented as a sum of tensors of elastic
deformation of inelastic deformation:

eij=¢ij* teij%

2. For description the strain state
and fracture in the framework of a
generalized model of inelasticity is
necessary to consider the history of
deformation of the sample depends
on the loading path and on time. For
different loading paths for the processes
of varying duration results will be
different. We give a physical explanation
of the above stated hypothesis. Usually
characteristics of any model of a
medium  mathematically
depend of state parameters. The number
of state parameters can be infinite,
but the state of a thermodynamic
system is defined by a finite number of

continuous

parameters:

g(t)=o/E+ j.K(t, T,0)c(t)dT.
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heory of  quasi-phase-matched

generation of second harmonic
in a laser resonator in a dissipative
medium at the phase mismatch has been
developed by us in [8]. It is shown that
by choosing layers lengths with regard
for corresponding values for coherent
lengths and optimal phase relationship
between interacting waves, it is possible
to receive more higher efficiency of
conversion at the outlet of RDS (regular
domain structure) -crystal in comparison
with case without resonator.

Let us consider a practical example
of  quasi-phase-matched  generation
of optical harmonic. Up to present,
intracavity  generation of second-
harmonic has been realized. Therefore,
for this case, i.e. for the generation of
second-harmonic in RDS-crystal Nd:Mg:
LiNbO, arranged in a laser cavity, we
will make our estimations. Apparently,
in this compound the crystal LiNbO,,
responsible for mnonlinear properties
of a structure, plays the role of matrix.
They use ee-e¢ interaction in lithium
niobate, what is connected to nonlinear
coefficient d,,, ranking practically above
the rest nonlinear coefficients of the
given crystal [3, 4, 9]. In crystal Nd:
Mg:LiNbO,, the most intensive laser
generation has a wavelength 1.084 mcm
[10]. In the process of quasi-phase-
matched doubling, the generation of
radiation in green light on a wavelength
in 0.542 mcm takes place.

Let us estimate the maximum
efficiency of conversion to this
wavelength for experimentally realized
value of laser generation intensity
equal to 2:10" W/cm? [3]. The
numerical calculation of the analytical
expressions got in the constant-intensity
approximation on the optimum length
of the first domain equal to 58.75 mcm
gives a value of efficiency n,= 0.1248.
At optimum length of the second domain
equal to 59.8 mcm, maximum efficiency

6

OPTIMAL LAYER STRUCTURE
AT QUASI-PHASE-MATCHED INTRACAVITY
SECOND HARMONIC GENERATION

field approximation.

at the outlet of the second domain is
equal to 0.3967, at the outlet of the
third domain nz(llom_ = 62.5 mcm) =
= 0.6115, after the fourth domain
nz(lmpt_ = 65.66 mcm) = 0.833, after
the fifth domain ny(, = 1)
= 0.8751, and after the sixth domain
Nyl o = Ly o) = 0-8936.

From the analysis in the constant-
intensity  approximation it follows
that the length of each domain, at
which conversion efficiency in the
RDS-crystal is maximum, depends
on a value of pumping intensity at the
entrance to a domain. As far as laser
radiation is being extended in a structure,
there takes place a gradual decrease
of pumping intensity on the account of
transfer of fundamental radiation energy
to second-harmonic energy.

Application  of  the
intensity approximation to a layer taken
separately, permits to take into account
the given fact and make more strict
analysis of nonlinear interaction in the
process of frequency conversion [12-13].
Hence, with an increase in the number of
domains, pumping intensity diminishes
at the entry to each subsequent domain,
while the optimum length of domains
increases, what is just observed in our
case.

As a result, the optimal dimension
of the considered domain structure
from the active-nonlinear crystal Nd:
Mg:LiNbO, is equal to 246.7 mcm in
domain structure period in 123.35 mem.
For comparison, [3] examines a similar
structure at crystal length equal to 0.5 cm
with nonlinear period of 7 mem. In [4]
such structure is considered for quasi-
phase-matched intracavity mixing of
frequencies at length of 7 mem and
period in 4 mcm. At consideration of
linear absorption in crystal Nd:Mg:
LiNbO, conversion efficiency, as it
should be expected, decreases. For the
loss values 26,=5,=0.1 cm™ [3], the fall

constant-

Intracavity conversion of frequency presents the most efficient way of frequency conversion.
At intracavity conversion phase changes of interacting waves within one and the same cavity
will strongly influence on conversion efficiency [1-5]. Therefore, it is expedient to carry out
the investigations of quasi-phase matched intracavity interaction [6] in the constant-intensity
approximation [7] taking into regard the changes of all interacting waves in contrast to constant-

of efficiency makes up about 20%.

With elaboration of similar frequency
intracavity converters on the basis of new
nonlinear crystals with mixtures of rare
earth elements it is possible to realize
compact sources of coherent radiation.
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MATEMATUYECKHUE I10/1XO/1bl K BPEMEHHbBIM

[MPOLECCAM B ITPOU3BO/ICTBE

Cmamus noceaujena ananuzy cmouMOCMHbIX XAPAKMEPUCIIUK BPEMEHHbIX NPOYECco8 pas-
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This article dedicate of analyze of periodical social progress into Russia and other market
countries. It is determined across initial points of economy cycles, when it is result of exchange

of produce forces, using versions of Kondratjev's cycle, theory of Laplace and theory of complex

alteration.

Keywords: Analyze. Social progress. Initial points. Produce forces. Kondratjev's cycle.

Laplace’s theory. Complex alteration.

1. Bo3BpaTHoe BpeMsi 000POTHBIX
AKTHBOB.

HeobOparumsblii pacxox BpeMEHHOTO
pecypca B OpraHu3ally 3a/1aeTcsi BeIU-
YUHOM JUIMTEJIBHOCTU  ONIEPAlITMOHHOI'O
LMK, CKJIAbIBAIOIIETOCS U3 TPYIOeM-
KOCTEW omnepanuil 1Mo W3roTOBJICHUIO H
peanuzanuu npoxykuuu. [lpu mponaxe
MPOIYKIMKA Ha PHIHKE TOBApOIPOU3BO-
JIUTENN C BBIPYUKOH MOIY4aroT BO3MOXK-
HOCTb JJIsl BOCIIPOM3BOJICTBA ITOCIIEYIO-
MIUX ONEPALMOHHBIX IUKIOB. OT HaKOM-
JICHUsI BBIPYYKH 3aBHCHUT Cama BO3MOXK-
HOCTh Hayajla OINEepaliOHHBIX IIMKJIOB.
TpebyeTcst cHavana MPOU3BECTH PACXO-
Ibl Ha NPHOOpETEHHE CBIPbs, MaTepua-
JIOB, KOMIUICKTYIOIMX, WHCTPYMEHTOB.
Tononusttotrcst 00OPOTHBIC AKTUBBI 110
UX CTOMMOCTH, @ ITOTOM YK€ BBITIOJHS-
I0TCSl TEXHOJIOTHYECKHUE Ollepanuy. DTh
pacxonsl 007aaloT HECKOJIBKUMH OCO-
Oennoctsivu. IlepBast U3 HHUX 3aKiIOdYa-
eTCsl B TOM, 4TO OHH HOTPeOISIoT 60
BEIPYUYKY NPEABIIYIINX ONEPAIOHHBIX
LUKJIOB, JINOO UyXHe NEHBIH (3aiiMbI
WU KPEAUTHI), OO BKIAABI ydpeIuTe-
neit (ycraBHbIM Kanurain). Bropas oco-
OCHHOCTBH OIIPENEeNSICTCSl TeM, YTO ITU
pacxobl MOTYT CHOBAa IMPEBPATHUTBCS B
JICHBI'H, €CIIM PaHHee KyIUICHHbIE 000-
pOTHBIC AaKTHBBI IPOJAATh Ha pBIHKE,
Kak wu3numHue. Tpeths O0COOEHHOCTD
BKJIFOUaeT B ce0s (hakTop KadecTBa 000-
POTHBIX akTHBOB. ECii MEHEKephl Op-
raHU3alUi CBOIO pPabOoTy BBIMONHSIOT
Ka4eCTBEeHHO H 3()(EKTHBHO, TO OHH
o0ecrednBarOT MPHOOPETEHHUE TaKOTO
CBIPbs, MATEPUATIOB M KOMIUICKTYIOIIHX,

KOTOpPOE MOTYT OBITh IIPOJIAHEI TAK CKOPO
U 10 TaKOH IIeHe, YTOOB! HOBasl BHIPYYKa
OT JTOH pealn3aluy MOKphUIa paHHee
C/ICJITaHHBIE PAcXO/bl HA HUX WM HPHHEC-
na mpubaBouHyr0 cromMocTh. Cieno-
BaTeIbHO, TOJ00HBIE 00OPOTHBIE aKTH-
BBl JIOJDKHBI OBITH CTPaTerHueCKUMH,
4yTOOBI 32 HMMH Bcerna OblIa odepenb
3a Orpajiofl CKJIaJ0B OpPraHM3alluK U 3a
HHX TNPEIOIUIaTHO OIIauyMBain ObI erie
JI0 TOTO, KaK MX BBIBE3YT C TEPPUTOPUH
CKIIaJIOB U CTOJIbKO, CKOJIBKO 3allpOCHUT
mpojaser. 3HA4YHT, 3TH OOOPOTHBIC aK-
THBBI C TaKUMH OCOOCHHOCTSIMH HECYT
B cebe 0COOyH0 CTOMMOCTHYIO XapakTe-
PHCTHKY OOpaTHMOCTH BPEMEHH Ha Ta-
kue o0opoTHBIE aKkTWBBL HeoOxommmo
OLICHUTh CTOMMOCTHYIO XapaKTePUCTHKY
00paTUMOCTH BpeMEeHH dYepe3 000poT-
HbIC aKTHBBI U JUIS 9TOH Liean Tpedyercs
HCIIONB30BaTh OoJee CIOKHBIN Marema-
THYeCKHH anmnapar. Onpeieaum BpeMeH-
HYIO 3aBUCHMOCTb CTOMMOCTH PAcXOZI0B
— p Ha mpuoOpeTeHne 0OOPOTHBIX aKTH-
BOB — OA B 3aBUCHMOCTH OT BPEMEHHBIX
HU3MEeHEHHH BeIpydku B(t)

1 Tou
=BT+ ! B(tyd:, (1)

rae T — TpYAOEMKOCTb CIlyXKObl MapKe-
THUHTA,

K — noinst ctpaterudyHOCTH B 000pOT-
HBIX aKTHBaX,

[B(t)dt — makornenue BBIPYYKH 32
ONEPALIMOHHBIN LUK Tou.

IIpumenum k ypasHenuto (1) uarer-
panbHOe npeodpaszoBanue Jlamaca [1]

. 1 .
5=BxT - j—B=
p ™M .]KW.

1 ). .
=T -j— |B=wB, 2
N 2

w

rIe P — KOMIDIEKC pacXooB Ha IPHOO-
perenue OA,

B — KOMILIEKC BEIPYUKH,

1/K = OA /OA — nons ctpateru4Hoc-
TH B OOOPOTHBIX aKTUBAX,

OA — ctp. 290 GamancoBoro ordera
(®D,) opranuzanuu, TeiC. pyo.

OA, — cymma 00OpOTHBIX aKTHBOB,
UMEIOINX OCOOEHHOCTH  CTpaTerHd-
HOCTH, TBIC. PYO0.

® = 27f — KpyToBas 4acToTa IMPOJax
TOBapa Ha PBIHKE,

UT,, = f — 4acrora peanusauun
ToBapa, ¢,

W — nnuTenbHOCTh SKBHBAJICHTHOTO
nukia (ypaBHeHHE 3)

T — IIUTETbHOCTH ONEPAIIOHHOTO

o
LHKIIA, C

¢ _on

.OA
Wo=To=J :
04 2p
YeM MEHbIIE TPYAOEMKOCTh CITY)KOBI
MapkeTuHra — 7, Tem Omwke MOmyib
JUIMTEIIBHOCTH SKBUBAJICHTHOTO LMK K
JUIUTEITBHOCTH ~ OMEPALIOHHOTO  IIUKJIA.
Yem Ommke CTpaTernuyHOCTH OOOPOTHBIX
aKTHBOB KO BCEil CymMMe OOOPOTHBIX aK-
THBOB, TeM OiKe MOZY/b JUTUTENHHOCTH
SKBUBAJICHTHOTO LHKJIA K JUIATEIHHOCTH
OIEPALIOHHOTO LHKIA. M3 BbIpakeHUs
(3) umeem 3HaueHus (asbl ITUTETBHOCTH
(-1Ho4, T,

=arct < 4
Po=arete oot @

oM

v
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Ecmu masmawemns 7, — 0, To
¢,,— (—m/2). TlooTOMY, Yem cTparerud-
Hee O0OpOTHBIC AKTHBBI, TEM MEHBIIIE
TPYAOEMKOCTh CITy)KObl MapKeTHHIa H
TEeM OJKBHBAJICHTHOE BpeMs OIKke K

oOpaTuMomy.

2. Bo3BpaTHoe BpeMsi OT BHe00O-
POTHBIX AKTHBOB.

OT HanM4usl CKOPOCTH HAKOIUICHUS
BBIPYUKH 3aBHCAT BO3MOXHOCTH Op-
TaHW3alMd 10 TPHOOPETEHHI0 HOBOM
TEXHUKH M TEXHOJIOTHH, MO MOJEPHH-
3alMM  UMEIOIIerocss  000pynoBaHMSI.
OTu 3arparhl BCErJa 3HAUMTEIbHBI U
KOHLIEHTPUPOBAaHbI BO BpeMeHH. Yem
BBIIIE CKOPOCTH TIOMYYEHHUS BBIPYUKH,
TeM Oosiee BEpOSITHA CIIOCOOHOCTH Op-
raHu3aluu Ha an/lo6peTeHMe OCHOBHBIX
npou3BoACTBEHHBIX (hoHIOB — OIID u
OCYIIECTBJICHUS 3aTPaT Ha CMEHY TEXHO-
JIOTUH.

Hcnonw3osanue OII® naer rmaBHOE
JUISL OpTraHM3alli¥ — BBIMYCK MPOAYK-
UM TI0J] M3MEHSIONIHECs] MOTPEOHOCTH
nokynareiaeid. B Takom cimydae Goinb-
masi 4acTb HEOOpaTHMO PacXOayeMOoro
pecypca BpeMEHH OpraHH3alud Tpa-
TUTCS HA TPOU3BOJACTBO TPOXYKIHH H
skcruryaranuio OIID u B pauTensHOCTH
OIePalMOHHOTO IUKJIA OCHOBHAsI 4acTh
NPUXOJUTCSI Ha TPYAOSMKOCTb IIPOM3-
BOJCTBEHHBIX mporeccoB. OpHako 3a-
tparsl Ha OII® MoryT OBITH 0OpaTHMBI-
Mu. Bce 3amaercss mporpeccHBHOCTBIO,
pecypcocOeperaeMocThio
MOH TEXHOJIOTHU ¥ PEBOIOIHOHHOCTHIO

HCTIONB3Ye-

TIpUMEHsIeMoro o0opymoBaHus A -
(DeKTUBHOTO BOIUIOIIECHHS TEXHOJOTHUIL.
B Takom cirygae MeHeKephl OpraHm3a-
IUH 00S3aHBI TPATUTHCS] HA TEXHOJIOTHH
VI n VII TexHonornyeckux nepeenos,
olepeskaromue BpeMs, U Ha 000pyHo-
BaHHE C BO3MOXKHOCTSAMH IBOWHOTO WU
TPOMHOTO MX Ha3HAYCHUS.

OT0 maeT BO3MOXKHOCTH MEHEIXKe-
paM TIpH yCTOHYHBOM TpEHJIE CHaaa B
peann3anuy ToBapoB, OBICTPO OPTaHHU30-
BaTh MPOAAXY MMEIOIINXCS TEXHOIOTHI
u 000pyHOBaHHA IO I[EHAM 3aTpaT Ha
UX TMOKYIKY, 00 ¢ MprOaBOYHOH CTO-
MUMOCTBIO, 3aBUCSIIEH OT UX HOBH3HBI HA
JEHB MIPOIAKN «H3ITHIIKOB).

Torma cromMoCTh TIPHUOOPETEHUS
Ol -C_ 4> BO BPEMEHN OyzeT 3aBUCETh
OT TPYIOEMKOCTH TPOM3BOJCTBEHHBIX
onepaiit — T, BBIPYYKH, MEHSIOLICH-
cs Bo BpeMeHH — B(t), a Tak ke OT CKo-

8

pocTH ToNmy4deHus: BeIpyukd — dB(t)/dt,
KOTOpast MOXET ObITh HampaBieHa Ha
npuoOpeTeHne 00OpYyIOBaHHS MHOTO-
KpaTHOTO

C,y =B x T, + K, Bt/dL,  (5)

e K = C /C — KpaTHOCTb CTOMMOCTH
nporpeccuBHoro obopynosanns — C K
croumoctu umetromuxcs OI® — C
[Ipumenum k ypaBHeHuto (5) npeod-
pasoBanue Jlamiaca M HOIy4MM KOMII-
nexc crouMoctu npuodperenus OID

Comi,:TaxB+ijn><B=
=B(T,+ jwK,)=wB,  (6)

rae Womj) — JJIMTCJIIBHOCTH 3KBUBAJICHT-
HOTO MPOU3BOJICTBEHHOTO LHUKIIA (ypaB-
HeHue 7)

Wond) = T3 +jWKn’ (7)

CJ'Ie)IOBaTeJ'IBHO, MOAyJIb JIUTEb-
HOCTHU 3KBUBAJICHTHOI'O ITPOU3BOACTBECH-

HOTO LIMKJIa —
wK
Qg = arctg| +—— |, ®)
T
|W0mb\ 3aBUCUT KaK OT JKBUBAJCHT-

HOU TPYHOEMKOCTU IPOU3BOJCTBEHHOIO
uukia — 7, Tak U OT KPYroBOW 4acrto-
Thl IIPOAAXK — O U JOJIU IPOrPEeCCUBHOM
Texuuky B OII® — K .

®da3a IUTENBHOCTH 3KBHUBAJICHT-
HOI'O IPOU3BOJACTBEHHOIO LHUKIA — U3
ypaBHeHus (7) UMeeT CICTYIOMIHil BUJL:

3. DkBHUBaJIeHTHAsI JINTEJIbHOCTH
npoiecca MoAroTOBKH, MPOU3BOACTBA
W peaiu3aluf MPOLyKIIHH.

W? :WCM +Won¢ =

= 7::.\/1_j0)i +(]-‘3+ij11)7

K
(-1
W’):(Z:?L1+T))+.] +(DK|1 2
‘ oK

-1
W =T +j|—+nK | 9
3 o J((DK nj ()

Becp mporiecc MpOW3BOACTBA OT
HOJTOTOBKH JI0 PEaJU3alii TOBApOB Ha
PBIHKE [OCJICZIOBATENICH C TOUYKH 3PCHUS
opraHuzauuu. I109ToMy 3KBHBaJICHTHAs
theory of complex alteration.

Takxum 06pa3oM, TPYLOEMKOCTb OIle-
palMoHHOro 1uukiaa — 7. paBHa cymme

TPYHAOEMKOCTEH CITyXKOBI MapKeTHHTa

— T, ¥ IPOM3BOJCTBEHHOIO 1MKIa — 7.
A B 00paTHMOIl 4acTH SKBHBAJICHTHOM
JUTUTETLHOCTH

BO3MOXXEH  PE30HAHC,

Koraa:

—ivhu)Kn =0.
®

(10)

[Ipu xpyrosoii yacToTe npoaax, om-
peneneHHoi u3 ypasuenus (10),

1
KxK

n

op = (11)

JUINTCJIbHOCTb HAKOIIJICHUA U HUCIIOJIB30-
BaHUS CTPATErnYHBIX O0OPOTHBIX AKTH-
BOB CTAQHOBHTCS PaBHOW JUIMTEIBHOCTH
paboThl MPOTPECCUBHOTO  00OPYIOBa-
HUS.

B sToMm cityuae sKBUBaJICHTHAs JUJTH-
TEJILHOCTB BCETO MPOLecca paBHA TOJb-
KO CyMMapHOH TpYIOEMKOCTH ¥ HeET
nepepacxojia BBIPYYKH Ha IpuoOpere-
HHE 00OpOTHBIX akTHBOB. He Tpebyert-
Csl M3JIMIIHUX HAKOIUICHUH Ha MOKYIKY
OIlD.

Eciam wacrora mpomax BhIIIEe pe-
30HAHCHOM YacTOTBI, TO MeEHeKepaM
HEOOXOMMO YMEHBIINTH JIONIO IIPO-
TPECCUBHOCTH 00OpYyHOBaHMsS. 3a cuer
Clla4d B apeHy, JIHOO MPOIaXH TaKoro
00opy0oBaHUs HauMHAETCs MpUoOpere-
HHE JIOMOJIHUTEIIBHBIX CTPATErHIECKUX
00OPOTHBIX AKTHBOB JJISI IMTOBBIIICHHUS
3arpy3Kd IPOrPECCUBHOTO 000pynOBa-
HUESI, YTOOBI 00ECIICYUTh BBIIYCK IOJb-
3YIOLIEHCS PACTYIIUM CIIPOCOM IPOIYK-
LM JUTS YIOBJIETBOPEHUSI TIOTPEOHOCTEN
PBIHKA.

Ecnu wactora mpomax HMKE pe-
30HAHCHOM, TO MEHE/KEPBl JIOJDKHBI
HAYaTh MPOAAXy CTPATErHYECKUX 000-
POTHBIX AKTHBOB U MOJYyYCHHBIE CPEJIC-
TBa AuBepcUHUINpoBaTh. JINOGO CpovHO
yJIydIate MPOTPECCHBHOCTH  0OOpPY-
JIOBAHUs UISl TIOJHOTO HCIIOIb30BAHHS
CTPATErHYHOCTH OOOPOTHBIX AKTHBOB U
3aMEeHbI MTPOAYKIIUH, CIIPOC HA KOTOPYIO
naaaeT, Ha HOBYIO, TUBEPCU(UIIMPOBAH-
HYIO.
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RCFOURis a

number generator known as RC4.
The name RC4 is a trademark, so RC4
is often called ARCFOUR or ARC4
(Alleged RC4) to avoid trademark
problems. [1]

pseudorandom

Pseudorandom number generator
RC4 was designed by Ron Rivest of
RSA Security in 1987. The RC acronym
usually understood by Ron’s Code. [1]

Initially RC4 was a RSA company’s
property, but In September 1994 a
description of it was anonymously posted
on the Cypherpunks web page and in sci.
crypt newsgroup. Then this information
spreaded in the Internet.The posted code
providedthe same output sequences that
licensed RC4 did, so posted code was
considered to be genuine. [2]

RSA hasn’t officially published the
algorithm yet. [1]

RC4 use is very wide because of
such features as speed and simplicity.
It’s a part of standards like TLS, WEP
and WPA. [2]

ARCFOUR s a set of pseudorandom
number  generators. It’s  internal
state  depends on n  parameter.
ARCFOURwithn = § isusedinpracticala
pplications.

LetV, =Z x Z, x S, be an internal
state set, where Z is a ring of integers
modulo N, S is a symmetric group and
N = 2". So the internal state for n = 8 is
V256 = 2256 X Z256 X S256'

Atapointoftimet ARCFOURinternal
state is V, = (i, ji, 5), Where v, € V.

ARCFOURIinclude stages,
called Key Scheduling Algorithm

two

(KSA) and Pseudorandom Generation
Algorithm (PRGA). The first one is
an algorithm, which derives the initial
state of ARCFOURfrom a key. PRGA

UDC 51-74

ARCFOUR FINITE STATE
MACHINE MODEL

sequence period are calculated andprovided.
Keywords: ARCFOUR, pseudorandom, generator, machine, model

isanalgorithm, whichgeneratesoutputdat
aoninitialstatebasis.

Initial state of ARCFOUR is derived
from internal state achieved after KSA
and equals v, = (i, j,, s,) = (0, 0, s),
where s is a permutation in internal state
achieved after KSA.

At every moment t € [1; ) of PRGA
ARCFOUR turns into the new internal
state V, = (i, j,, s,) and one output number
Y, is generated:

=i, @1

jt :ju ® Sl—l(it);

SiT S ° (Stfl(il)’ St—l(it));
Y = s6G) D 50)),

where @ — is addition modulo
N operation, s(z) — is a z-th number
in permutation s, ° — permutation
composition operation in symmetric
group S, and (x, y) — is a transposition
of x-th and y-th elements in symmetric
group S, (if x =y, then (x, y) — is identity
permutation).

Let Z, of possible
internal states of Moore machine A,
8: Z, — Z, is its transition function,
A Z, — Z, is its output function.
Let B to be the Mealy machine, X is
its input alphabet, > is its state set,
(h), . y are its partial transition
functions, (f), ., f. : X — Z are
its partial output functions, Y is its
output alphabet. We will use o, &
hoo B O vees B B B
a B internal states sequence, derived
from initial state ¢ and input sequence
x(1), x2), .., x(K).

divides u.

be a set

1>
... to denote

clu means ¢

We would remind that sequence b,,
by, ..., b, ... of some alphabet elements
is called periodic if there is a natural

number d which fulfills the condition

Pseudorandom number generator ARCFOUR is modeled by two consecutively connectedfinite
state machines. Using this modelsome characteristics ofARCFOUR internal permutation

that b= b,,,, for any natural numbers t,
k. Minimal 4 that fulfills this condition is
a period of the sequence.

Finite-state machine PRGA model
is a consecutively connected machine 4
and B. Machine 4 input parameters are
8(i) =i @ 1, Mi) =i @ 1. It’s clear,
that A = 8. We should note, that if the
initial state of machine 4 is i = 0, then
its output sequence is Q = 1, 2, ...
N -1, 0, ... with a period of N. Machine
B parameters are

X=2,Y=2,%xS,Y=2,
h:Z xS, —Z, xS,
f:Z,%xS,—>Z,

where x € Z,; and

h(j5) = ( @ s(x)),
8 © (5(x), 5( @ 5(x))),
JU58) = s(s(x) @ 5(/))

Further B with
parameters will be denoted as B*.
The initial state of PRGA is
Vv, = (i Jp» ;) = (0, 0, s,). So the output
sequence is y, = s(s(i) @ s(j)) where
te {1, 2, ...} and equals output sequence

machine such

of machine B*, generated from the
initial state (0, s;) and input sequence
Q=1,2,...N-1,0,1,2....

We are in possible
and impossible periods of B* output

interested

sequence t(y). The information about B*
internal state permutation s, € {1, 2, ...}
sequence T(s) is also important. It’s
clear that t(y)|t(s) and t(s) divides
internal state sequence period (j, s,),
te {1,2,...} of machine B* with internal
state s, and input sequence Q.

Statement 1. Sequences y, € {1,2, ...},
s, te {l1,2,..} are periodic.

Statement 1 proving. If we prove
that B* internal state sequence (j,, s,),

9
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t € {1, 2, ...} corresponded to initial
state s, is periodic we will prove the
Statement 1. The proof that B* is a
permutative machine (means that (hx),_,
are bijective) is enough to prove it.

Let’s prove that machine B* is
permutative. Let’s assume that B* is not
permutative machine. So for some input
symbol x € Z, and some internal states
G, s), (*, s*) from Z, x S the equation
h (G, s) = h (G*, s*) is true. So

(@ s(x)), s ° (s(x), s( D (5(x)))) =
= (7* @ s*(x)), 5% ° (s%(x), 5¥(x)))

and consequently

J @ s(x) =j* @ s*(x),
5 (s(x), sG @ (s(x)) =
= 5% o (s*(x), s*(j* D s*(x)).

Let

J'=J @ 5(x) = j* @ s*().

So

50 (s(x), SG") = 5% © (s*(x), ().

It means that s = s* and consequently
j = J* [ltisacollision, whichproves
Statement 1.

Most valuable result of current
article is contained in further theorem.

Theorem. If input sequence is
Q=1,2,.. N-1,0, 1, 2... then the
permutation s, t € {1, 2, ...} sequence
period
of 2! for any initial permutation s,.
If inequality s(1) # 142 is satisfied
then the
permutation s, t € {1, 2, ...} sequence

of machine B* is multiple

for substitution 5,

period of machine B* is a multiple of
N=2"

We provide two lemmas in order to
prove the theorem.

Lemma 1. There are two natural
n(l), n(2), which satisfy
a(l) - b(2) = d, for any two natural
numbers a, b satisfied equality (a, b) =d.

Lemma 1 may be proven with the
well-known statement about existence
of two integers n(l), n(2) fulfilled
condition given above.

Let’s look at machine B defined
earlier. Let B(c) be a connected
component of machine B which
contains state ¢ € 2 and B(c, P) is
an output sequence of permutative
machine B with initial state ¢ and input
sequence P. Denote P = x(j), x(j + 1), ...
for P =x(1), x(2), ... .

10
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Lemma 2. If P = x(1), x(2), ...,
x(L), ... is periodic input sequence of
permutative machine B = (X, Z, Y,
(h). . (f)..) with period (P) and if
W(o, P) is period of machine B output
sequence B(c, P) =y, y,, ..., ¥,, ... then
for any multigram with length L system
PH* L = X s X, yyps - Where Ke {0, 1, ...},
P! =P, d = (o(P), W(c(P))) always exist
states Sia’ >1k+2d’ s Tw«z’
component B(c,), which satisfies

s s ... of connected

B(G, Xl, xza e XL) :yp )/2, ceey yL =
= B(G;‘id, Pl+d) = B(Gi.ch P1+2d) =
=B(c*, , P1H)....

Lemma 2 Proof. Machine B is
permutative so for any machine B state ¢
and any periodic sequence P the output
sequence B(c, P) = y,, ¥, w0y V), o 08
periodic.

Denote o(P) = o, W(, P) = W
further in this proof. It’s evident that if
(w, W) = w then lemma 2 is true.

Assume that (w, W) = d*w. Let k is
non-negative integer. In according to
lemma 1 there are integers n(l), n(2)
satisfied kn(1)w — kn(2)W = kd. So

B(c, P)=B(o, PY) =
=B(c Pkd—kd+1) _
=B(o, pd (e Im(Z)W+1) _

— B(G Pkd +kn(2)W+1). (1)

Let’s  choosenaturalnumbern  (3)
which fulfisthe condition w|n(2) + n(3)
andrewrite (1) (notethat w(P ) = w):

B(c, pi +1<n(2)W+l) _

= B(hx(kd+kn(2)W'+n(3)W)"’ -

Kd+n(QW +n ()W A1y _
= o Mty 0> P )=
= B(hx(kd+n(2)w+n(3)w)~-~ -

kd+1
e hx(kd+;1(2)W+l)G’ P,

Evidently, the state

c h

* =
ka+1 hx(kd+;1(2)W+n(3)W)"' harnw 1O

belongs to machine B connected
component B(c). So existence of the
% k 1
states s* ., .., st and machine B
connected component B(c) satisfied

B(c.P)=B(c,,,,P ") =..>
0= B(G},, PO

is proven. Solemma 2 isproventoo.

Let’s prove theorem 1. In order
to apply lemma 2 to B* permutation
s, t e {1, 2, ..} (generated from input

sequence Q =1, 2, ..., N-1,0, 1, 2, ..)
sequence period research we will review
permutation s, t € {1, 2, ...} sequence
of machine B* generated from input
sequence Q =1, 2, ..., N-1, 0, 1, 2, ...
as output sequence of machine B¥
differed from machine B* only by
partial output functions (F)__,, F'(j, s) =
=5 ° (s(x), sG D (s(x))) for any
permutation s € S. Let’s review internal
states sequence

B ((0,5,),0) =

= (ji’sl)’(jlasz)""a(jyasy)"“
of machine B* generated from initial
state (0, s) and input sequence

Q=12 .,N=-1,0,1,2, .. witha
period of N. Note that there is a shift

(B1((0,54),0)) =5,,5,15.=

= 505815 Sy500r S pene
of Bff output sequence

B ((0,5)),0) = 5,,850055, ...
which generated from initial state (j, s)

and input sequence Q%' =0, 1, 2 ...
because

(B: ((0,5,),0))" =

=y UyarsSysn ) =

=B (j,.5,).0" )=
=(0,50),(J155)5(J2552)se05 (Jy 55, )5

Evidently sequence BX(0, s), Q)
period W equals its shift BX(j, s), Q") =
= Sp Sp Sy e S, e period. Denote
o=N=2"d=2" L =2 Assume that
(2", W) = 2", m < n. Applying lemma 2
to sequence

B;((jﬂs‘)rQNil) = S0>s17527"'75«/9~"7
we can see, that for any bigram from
sequence Q%! =0, 1, 2, ... like (0,1);
(d, 1+d); (2d, 1+2d); ...; (kd, 1+kd);

. where d = 2" will be found states
G5 59 G S5 o G SE) o Of
connected component BX0, s,) satisfied

B;((],S),O,l) = Soasla

Bi((Ji5y)rd1+d) = 54,5,

........................................... 2

B ((ra»S1a)-kd 1+ kd) = 5,5,

ke{l,2,..}.

From (2) weget:

Fy(ras$) =
=550 (8,(1+kd), (5,(Jiy @ 5,(1+kd))) =5,
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8.0 (85 (1), 5, (so(1) =

=5, 0 (So(L+kd), (5, (Jirg @ 5,1+ kd)));

(5o (1), 50(s, (1)) =

=(s,(I+ kd),SO(j;d D s(1+kd))).

If kd is not a multiple of N then from
last equality we get:

$o(1) = 5, (g © 5,(1+kd));

80(8o(D) = 5,(1 + kdl).

So:

1=, ®s,(1+kd);

sy() =1+ kd. ®)

Equality (3) is possible just if
d =2"". So the assumption (2", W) = 2",

m < n is possible just if s (1) = 1+2"".

The theorem is proven.
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Kynpssues A.B.,

JIOLICHT,

Bricmas mxomra
COIHAIbHBIX TEXHOJIOTHA,
JlatBus

YuacTHUK KOH(pepeHIHN,

HammonansHoro nepseHcTBa
10 Hay4HOI aHaJIUTHKE

0ecKoHeuHOCMbIO U HYTEM.

napajaurma, 3akoHsl Mupo3aanusi.

OCHOBBI MATEMATHKU — IOI'MA WJIA ITAPAIUT'MA?

Paccmampusaemces 6onpoc npueedenus nepeooCHoOs MamemMamukiL 6 COOmeemcmeue ¢ co6-
PeMeHHbIMU HAYYHbIMU npedcmasienusimu 06 octosax Muposoanus. Obcysicoaemcs ces13b K-
uegblX NpoodNeM MAMeMAmuKU ¢ NPUMEHAEMbIMU OA306bIMU NOHAMUAMU: HENPEPbIBHOCbIO,

KiioueBble c¢j10Ba: OCHOBEI MaT€MaTUuKu, HEIPEPLIBHOCTD, 6CCKOH6‘IHOCTB, HYJIb, norma,

The issue of matching of fundamental principles of mathematics in compliance with modern

scientific view on the fundamental principles of Universe is being considered. The connection of

key issues of mathematics with its basic notions (continuity, infinity and null) is being discussed.

Keywords: basis of mathematics, continuity, infinity, null, dogma, paradigm, the Laws of

Universe.

Beenenue

Kazasock 051, BceM OHATHO, YTO Ye-
JIOBEK HaJIeJIEH pa3yMOM U JJapoOM TBOp-
4YecTBa, HApUMep, OH MOXET CO371aTh
KomIptoTep. HUKTO He craHeT yTBepiK-
JIatb o0paTHOE: YTO KOMIIBIOTEp CIIO-
cobeH co3zate cBoero asTopa. [louemy
)K€ TOIZla MHOTHMH OTpPHIAETCS CaMoe
JIOTUYHOE OOBSCHEHNE BO3HUKHOBEHHS
Mupa u momnepkuBaroTcst aHTacTH-
YEeCKHE THIIOTE3bI O «OO0JIBIIOM B3pHIBEY,
«IIEPBHYHOM OYIILOHE», O MPOHUCXOXK]IC-
HUHM BBICIIHX ()OPM MaTepuH (CO3HAHUS)
W3 HU3IIUX?

Kaxxnpiii coracurest ¢ Tem, 4ro pa-
3yM 4eJOBEeKa BBIIIE Pa3yMa >KMBOTHBIX.
Otyero e TOTAAa MHOTHE HE JKeNaroT
JlaXke JIOMyCTUTh BO3MOXKHOCTH CYyIIECT-
BoBaHus Bricmero Pasyma, npeBsmmaro-
IIETo pa3yM denoBeka?

Ceilfyac KaXIblii OCBEIOMIEH O Cy-
IIECTBOBAHMM HEBUINMBIX OOBEKTOB
M SHEPruil TOHKON MpHUPOIBI: BUPYCOB,
aTOMOB, 3JIE€KTPOHOB, PAJHOBONH, pa-
JMOAKTHBHOCTH... YTO *e Toraa Merma-
€T JOMYCTUTH MBICTh O CyIIECTBOBAHUU
CBEpX TOHKUX (BBICIINX) MHPOB, B KOTO-
pBIX U obuTaet Bricmuit Pazym?

HamnBHo 1ymaTh, 4TO OTpOMHOE YHC-
70 Jofiel, He JIOMYCKAIOMUX MBICTH
0 CyIIECTBOBAHMU BBICIIHNX MHpPOB (TO
€CTb MPOCTPAHCTB BBICIIEH pa3MEpHOC-
TH), JEUCTBYIOT 10 YbUM-JIMOO yKa3aHU-
SIM, BOIIPEKH COOCTBEHHBIM YOIKICHUSIM
u coBecTH. COBEPIIEHHO OUEBUIHO, YTO
BCE ITU JIIOM MPHUJIEP>KUBAIOTCS aTenc-
THYECKUX B3MIAN0OB 0€3 MPUHYKJICHUS,
HUCKPEHHE BEPS B UX UCTUHHOCTb.

Torma 4To ke MpHBENO BCEX 3THX
JIIOJIEH K CTOJIb CTPAaHHBIM, JUISI MHOTHX,
yoexx1eHusIM?

[IpuuuH 3TOMY, HaBEpHOE, MOKHO
Ha3BaTh HEMaJIO, HO BaKHellIel u3 Hux,

12

[0 MHEHHIO aBTOpa, SIBJISIETCS Mpooiie-
Ma J0rMaru3Ma, Kak B PeIUruu, Tak U B
nayke [1]. Hayke B coBpemMeHHOM Mupe
3aCIy’)KEHHO NPHHAIJICKUT CTaTyc Ha-
nboiee aBTOPUTETHOW W BIHATEIBHON
CHJIBI O0IIEeCTBa, IIOATOMY OCTAaHOBUMCS
Ha IpoOJjeMe MMEHHO HAy4HOTO JO0rMa-
TU3MA.

1. B muieny ApeBHHX HJLTIO3HIL

W3 unpniickoit penuruu, punocopun
U KyJIBTYPbI IIUPOKO HU3BECTHO TAKOE T10-
HATHE, KaKk Maiis (BUIMMOCTD, WILTIO3HS
— CAaHCKp.), BBICTYIAIOIEe CHHOHHIMOM
UTPEl  BOOOpaXEHHS, HILII030pPHOCTU
BCETO BOCIPHHIMAEMOTO W MBICIIFIMOTO,
3aBECHI, 3aKPHIBAIOIICH OT dYeIoBedec-
KOTO B30pa BBICIIYIO CYIIHOCTH OBITHS
U JeUCTBUTENBHBIH CMBICI OOBIIEHHOTO
CYIECTBOBAHUSL.

Jlpyrumu  cioBaMH, HCTHHHOE YC-
TpOWCTBO Mupa CKpBHITO OT ueloBeKa,
no3Haromero Mup, a ero TeKymue mnpen-
CTaBJIEHMS 0 MUpe HILTI030PHBI, TO €CTh,
Janeku oT ucTuHBL. CKa3aHHOE CIIpaBe-
JMBO OTHOCHUTENBHO BceX (opm mo3Ha-
HHUA Mupa, B TOM 4ucie, CIIPaBeyInBO U
M0 OTHOIIEHHUIO K HAyKe.

OpHako Hayka (B OTIIMYMU OT pe-
JUTUH, HampuMep) CHOocoOHa ycreml-
HO TPEOJONEeBaTh  HECOBEPIICHCTBO
COOCTBEHHBIX NpenacTaBieHnit o Mupe,
MOCTOSIHHO HAKarlIMBas HOBBIE 3HAHUS,
OCMBICITHBAsl UX M OOHOBIAS yCTapeB-
MIMEe Hay4HblE KOHLEMLIUH U TEOpHU
Ha HOBbIe, 0oJee TOYHO COIIACYHOLIH-
€Cd C TIOCICAHUMU OMIMNPHUICCKUMHU
JaHHBIMH.

ITpu 5TOM OT HayKH MOXET MOTpebo-
BATbhCA KAaK HC3HAYUTECIIbHAA, YaCTHYHaA
KOPPEKTUPOBKA TEOPETUUYECKUX TTOJIONKE-
HUH, TaK U KapAXHAJIBHOE, TO €CTh MPU-
HIMIHAIBHOE WX OOHOBJIECHHE BIUIOTH

JI0 CMEHBI Hay4YHOH IapaurMel. Pasyme-
€TCs, YTO IIPU OTCYTCTBHU JIIOOOTO Iie-
pecMoTpa ycTapeBIIUX MPEICTaBICHUM
0 Mupe, mpouecc HaydyHOro IO3HAHMS
BBIPOXKJIAETCSI B CBOI QHTHIION, WIN B
JIOTMaTH3M.

BommronuM  npuMepomM  HaydHOTO
JIOrMaTH3Ma MOTYT CIIY>KUTb IEPBOOCHO-
BBl MaTE€MaTHKH, KOTOPEIE HE MepecMar-
PHBAINCE M HE KOPPEKTHPOBAIHCH [BE
C TIOJIOBUHOM TBICSYH JIET, TO €CTh C TeX
JIPEBHUX BPEMEH MO3AIpPOIUION SIOXH,
Korza 3eMJIst CUuTaIach HeHTpoM Mupo-
3[0aHUS U YACPKUBAIACh OT ITAJACHHUS TH-
TAaHTCKUMH MU(QHIECKUMHU KUBOTHBIMU:
4yepemnaxoi, cionamu, kutamu. OCHOBO-
noJoXHUK uocodun Danec B kayec-
TBE TAKOH OIOPHI BHUJET €CTECTBEHHBIH
00BEKT — MHUPOBOI OKeaH. AHAKCHMEH,
Amnaxcarop, JleBkunm cyutand 3eMIiro
IUIOCKOM M KBaJpaTHOH. AHaKCHMaHID
mosaraj, 4to 3emiisi uMeeT (popMy IH-
JMHZpA W HaXOAUTCS B IeHTpe Bceenen-
HOl 03 KaKoi-11nb0 OMOPHI.

ITonsiTHO, uTO Yy NMIOzIEN TOM ApeBHEH
STOXH He ObIJIO HU TEIECKOIOB, HU MHUK-
POCKOTIOB; OHH HE 3HAIU HU O KBAaHTAX,
HU 00 3JIEKTpOHAX, HU 00 aroMax, IMoj-
TOMY BCE TPEAMETHI IPEACTABISINCH
UM CIUIOIIHBIMHU, TO €CTh HENPEepPBhIBHbI-
mH. MM He OblM M3BECTHBI HU 3aKOHBI
JUANeKTUKH, HU 3aKOHBI COXPAHEHUS,
HH 3aKOHBI IBMKEHUS, JIa ¥ CAaMHX HayK
Torna emé He cyuiectBosajio. [loaromy
MBICITHTEH TOTO BPEMEHH HAUBHO TMOJIa-
raju, 4TO YUCIIOBAsi OCh MPSAMOIHMHENHA,
HenpepbiBHA U OeCKOHEeYHa, a 0ol eé
OTPE30K MOXKHO OECKOHEYHO JeNIUTh Ha
YaCTH BIUIOTH 10 €T0 IOJTHOI'O BBIPOXKAC-
HUSI B HUYTO, TO €CTh B O€3pa3sMepHYIo
TOYKY, WId HyJb. CaM MUp IIpH 3TOM BU-
JCJICA APEBHUM JIFOASAM, UMEIOLIUM BCE-
0 JIMUIb TP U3Mepenus (puc. 1, a).
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Puc. 1. Tpu cronma B oCHOBaHHM TPEXMEPHOI: @) U MHOTOMEPHOIL; 0) MaTeMaTuku

CrpaBeaiMBOCTH pajy Hago OTMe-
THUTB, YTO BEJTMYANIINHA MBICIHTEIb TOTO
BpeMeHH — 3eHoH Duelickuit (V Bek 10
P.X.) He To1BKO OCO3HaBaN abCypIHOCTD
Jormara OECKOHEUHOCTH M WKe C Heil,
HO ¥ CyMeJI OCTPOYMHO 000CHOBATb CBOE
MHEHHE Yepe3 TaK Ha3bIBaeMbIe allOpUH,
WM Napajiokesl [2].

OnHako MareMaTHKa He IPUCIY-
Ianach HU K KPaCHOPEUUBHIM J0BOJAM
3eHOHa, HU K IIPEAOCTEPEIKEHUSIM ApHC-
totens. boiee Toro, ona He 3agymanach
0 IEepPecMOTpe CBOMX OCHOB HH IOCIE
OOHapy)Xe€HHsl HapymIeHWH IPUHIUIA
COM3MEPUMOCTH OTPE3KOB, HU TPH BO3-
HUKHOBEHHH TIpOOIEMBI  OeCKOHEYHO
MaJIbIX B AU (epeHnnaaIbHOM HCHHCIIe-
HHH, HHU, J1a)Ke, B CBS3H C IOSBICHHEM
MapagoKCoB TEOPUH OECKOHEUHBIX MHO-
skectB Kanropa.

Janee, BMECTO TOTO, YTOOBI MPUBEC-
TH OCHOBBI MAaTEMAaTHKH B COOTBETCTBUE
C OTKPBITHSIMH B JAPYIMX HayKax, Ipe-
JKIe Bcero, B (GuiIocopuu, KBAaHTOBOH
¢usuke u acrpoduzmke, Oe3HAIEKHO
yCTapeBIINEe MaTeMaTHYECKHE JIOTMAThI
CTaJIM IPEIo/IaBaThCsi BCeM 0e3 MCKIIIO-
YEHHMS Ha MPOTSHKCHUH BCEX JIeT y4EObI B
IIKOJIE M TIEPBYIO ITOJIOBUHY CpPOKa 00y-
YEHHUS B By3e.

Camoe ke reyaabHOE BUIUTCS B TOM,
YTO C BHEAPEHUEM MATeMaTH4YeCKHUX Me-
TOJIOB MCCIIEIOBaHMS OyKBaJIbHO BO BCE
OTpAacii HayKH, IPEBHHUE JOTMAThI HOJTy-
YMIJIM CBEPX IIMPOKOE PACHPOCTPAHEHUE
U KOCBEHHO (Ha ypOBHE MOJCO3HAHHS)
3QJI0KHIIN OCHOBBI «HAYYHOTO» aTeu3Ma.

JlaHHBIN BBIBOJ BBITCKACT M3 TOTO (ak-
Ta, YTO JIOTMAThl HEMPEPBIBHOCTH, HYJIS
U OSCKOHEYHOCTH HE MO3BOJIIIOT JaXke
NpUOIM3UTECS K HOHMMAaHWIO MHOTO-
MEpHOCTU IpocTpaHcTBa [3] u, cieno-
BaTeNbHO, YBUJIETH MecTo bora B peaib-
HOM MHOTOMEPHOM MHUpE.

Wrorn 2,5 ThicSYeneTHEro nepuoaa
NpeObIBaHUS HAYKH B OKOBaX JIOTMaTH3-
Ma OOIIEeH3BECTHBI:

— HayKa JI0 CHX IIOp UMeeT JIeJIO UC-
KIIFOYNTEIBHO C TPEXMEPHOH MOJEIbI0
Mupo3sganus;

— JIO0 CHX TIOp HE CO3/IaHBI aJeKBaT-
HBIE MOJIEIIH TIPOCTPAHCTB BEICIICH pa3-
MEpHOCTH;

— BCE NPOSIBICHUS TOHKUX MHPOB
HayKo# MO0 OTPHLAIOTCS, OO 3amMa-
YUBAKOTCS, JTMOO O€310Ka3aTeIbHO OTHO-
cATCS K chepe «IynecHBIX» SBICHUIA;

— Hay4YHble PAaOOTHUKU HEMPOU3-
BOJILHO (B CHIIy TOJyYCHHOTO 00pa3o-
BaHUsI) CTAHOBSTCS CTOPOHHHKAMH are-
H3Ma;

— TIPUBEPKEHIIBI PEIUTHO3HBIX
B3IISZIOB 110 TOW K€ TPUYUHE OOpeKa-
FOTCS Ha CIIeTyIo Bepy B Bricmme ocHo-
BBl Mupo31aHus.

2. Lleas onpasabiBaeT cpeacTBa?

Ilenpr0 MaTemMaTuWKH, Kak BCSIKOU
HayKH, SBISIETCA TIO3HaHWE 3aKOHOB
Mupoznanus. MartemaTuka CTPEMUTCS
K JIOCTHKEHHIO 3TOH IETH C TMOMOIIBIO
CBOMX CIIENU(HUIECKUX CPEACTB U METO-
JIOB HCCIEIOBaHUS: abCTparupoBaHUEM

1 CO3aHHEM JIOTHUECKUX MOJIEIICH.

K Gomprmiomy coxaneHuio, MaTeMa-
THYecKkoe abcTparupoBaHue Oazupyer-
Csl HA YCTApeBIINX TNPEACTABICHHUAX O
Mupe. [ToaToMy npeBHHE AOTMbI BXOIAT
B IPOTUBOPEUHE C COBPEMEHHBIMHU Hay4-
HBIMH JJAHHBIMH M TEM CaMbIM OTKPBITO
JIEMOHCTPHUPYIOT IpeHeOpekeHne 3aKo-
HaMH Mupo3aHus, K MO3HAHUIO KOTO-
pPBIX MaTeMaTHKa MJOJKHA CTPEMHUTCS.
OcTaHOBHMCS Ha 3TOM MOApOOHEe.

2.1. JlormMa HenpepbIBHOCTH (KOHTH-
HYYM)

Maremaruka OEpKHUTCS 3a JApeMy-
YUl JOrMaT HENpepbIBHOCTH, IPOTH-
Bopeqamm‘/i HAay4YHbIM JNOCTHXXCHUSAM B
obmacTi XuMHUH, (U3UKH, KBAHTOBOU
MEXaHHUKU ¥ HH(GOPMATUKH, SKOOBI pajan
o0ecIeueHHs TOYHOCTH BBIYMCIICHHIA.
B o6ocHoBaHuE 3TOr0 10BOA IPUBOIAT-
sl IPUMEPHI BBIYUCICHUH ¢ OECKOHEUHO
BBICOKOI TOYHOCTBIO OECKOHEUHBIX JIPO-
Oeit, MppaloHANBHBIX Ynced... Yncno 7,
HanpuMmep, 1o coctosiHuto Ha 2011 rox
BBIYHCIICHO 3a4€M-TO C TOYHOCTBIO JI0
10 TpWILIMOHOB 3HAKOB. DTOMY HEBO3-
MOXXHO JaTh pa3yMHOE OOBSICHEHHE,
MOTOMY 4TO Jlake pazmep BceneHHoil B
CaHTHMETPaX HMEeT MOPSIOK MEHbIIEe
TPUALATH.

ITpm 5TOM THIATENBHO 3aMaduBa-
eTcsl TOT (aKT, 4TO caMi OCCKOHEYHBIE
IpoOM M HppalMOHAIBHBIE YHCIIA SIB-
JISTFOTCST HUYEM MHBIM, KaK MOPOXKJICHHU-
€M HEBEXKCCTBCHHBIX IIPEACTaBICHHUN
JIPEBHUX JIFOEH O SIKOOBI HENIPEPHIBHOM
mupe. QakTHIecKH, COBpEMEHHAsT Mare-
MaTHKa M3y4aeT MUP TAaKUM, KAKUM €ro
BUJIENIN B JalEKOW JipeBHOCTU. B uact-
HOCTH, MHp 3TOT TPEXMEpPEH, B HEM HET
MecTa TOHKHM MPOCTPAHCTBAM BBICIINX
pa3MepHOCTeH U, KaKk CIIEICTBUE, B HEM
HeT Mecta bory.

HecocrosTensHOCTh 10BOJA O TOU-
HOCTH HETIPEPHIBHON MOJETH BBIYHCIIC-
HUN celyac MOHATHA Jla)Xe HIKOJIbHUKY
MJIQJIIIUX KJIACCOB, KOTOPOMY JIOBENIOCH
XOTs1 OBl pa3 CPaBHUTh KaueCTBO aHa-
JIOTOBOH (HETIPEepBIBHOH) U LU(POBOI
(IMCKPETHOH) TEXHONOTHH TIepenadn
nHpOpPMAIMK, HAampuMep, B CB’s3H,
3BYKO3allUCH, TENEBUACHUH, B (HOTO U
KMHOCBhEMKe. SpualiiiM  npumepom
OyZeT cpaBHEHHE TOYHOCTH HEIPEPHIB-
HOU JorapupMudecKoil MuHenku (2 3Ha-
Ka) C TOYHOCTBIO JUCKPETHOTO KabKy-
nsaTopa (20 IecsTUYHBIX 3HAKOB).

Jlorma HenpephIBHOCTH MpHMeYa-
TeNbHA eII€ U TeM, YTO OHa TOPOXKAAET
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MPEJCTABICHHE O POACTBEHHBIX MHU(HU-
YECKHX TOHATHUSX, KaK-TO: IIOTCHINAb-
Hoii Oeckoneunoctu (I1B), axryampHOM
Oeckoneunoctu (AB) u myne. CrenoBa-
TEJIbHO, JIOTMa HETPEPBIBHOCTH KOCBEH-
HO OTBETCTBEHHA TAK)Ke U 32 BCE TE Ha-
pyuieHns 3akoHoB MUpPO31aHust, K KOTO-
PbIM NIPUBOAMT HCIOJIb30BAaHHE B HAyKe
MPOM3BO/HBIX MO OTHOLICHUIO K HErpe-
puiBHOCTH nonsTui (116, AB u nyms).

2.2. JlorMa MOTeHUHMAJBLHOWH Oec-
KOHEYHOCTH

[lox moreHunanpHON OECKOHEYHOC-
THIO TIOHMMAIOT HUYEM HE OTpaHHYeH-
HOE MPUMEHEHHE KaKOro-aub0 MpaBuia
(popmyunbl), WiIM TpUHOMOA JUIS BbI-
HECCHUS YMO3AKITIOUCHUH O pa3sBUTHU
TOTO JIM MHOTO Ipolecca B Oyayliem.
Taxo#t moxxo MOJIHOCTBIO UTHOPUPYET
BKHEHINMNA 3aKOH THAJCKTHKU — 3aKOH
nepexosia KOJMMYCCTBEHHBIX W3MECHCHHN
B KauecTBeHHbBIC. MIMeHHO 3a 3T0 [erenp
Ha3bIBaJl MOTEHIHAIbHYI0 OECKOHeY-
HOCTh «IypHOIi». Pazymeercs, B apeB-
HEM MHpE He ObLIO M3BECTHO O 3aKOHAX
JTUATICKTUKHU, OTHAKO TI0 HEOOBSICHUMBIM
NpUYMHAM JlaHHAs JIorMa 0e3 KaKHX-
71100 OTOBOPOK JIO CHX IOP SIBIISICTCS Of1-
HUM 13 0a30BBIX MOHSATHIA COBPEMEHHOM
MaTEMaTHKH.

Ha mnpocrtom mnpumepe moKaxem
HENPaBOMEPHOCTh HEOTPaHUYCHHBIX
KOJIMYECTBEHHBIX HM3MEHEHUIl, TO €CTh
abcyprHOocTh camoit uneu [1b. [pencra-
BUM HEOOJNBIINX pa3MepoB (puzndeckoe
Teno: OyCHHKY, opex, si0J0K0. MbIciieH-
HO YBEIUYUB pazMep Tela B CTO MIUI-
JMOHOB pa3, Mbl MPUIEM K Macmrady
HebecHbIX el — 108 cM. IMeHHO TaKoi
pa3smMep COOTBETCTBYET HAIlleil IUTaHeTe
(Tabn. 1). VYBenwywmB pasMmep IUIAHETHI
B CTO MWJIITHOHOB a3, MBI MEpeiaéM K
MmaciuTaly 3BE3aHBIX cucteM — 10 oM.
JlanbHeliliee  yBeIMUEHHE pa3MeEpOB
B CTO MWIJIHOHOB pa3 TMpHUBEAET HAC K
rajaktuyeckuM cucremam (10% cm) u,

nanee, — K Macmrtaly BceneHnoit B 1e-
aom (10%2 cm).

Hudpsl, purypupyromue B npumepe
[4], oTpaxkaroT MOPSIOK pa3MEpoOB pac-
CMOTPEHHBIX OOBEKTOB ISl BHIUMOMN
yactu Bceenennoit. Jlornuno Oymer mo-
TBITATHCSl BBIIBICHHYIO aHAJIOTHIO Cpe-
11 00BEKTOB BUANMOTO MUPA MBICIEHHO
PacIpOCTPAHUTh M B CTOPOHY YMEHBIIIE-
HHS Pa3MepoB, TO €CTb Ha OOBEKTHI He-
MPOSIBIEHHOTO MHUpA, B TOM YHCIIE, M Ha
00BEKTHI MOKAa HE MPU3HAHHBIX ocbm_m—
aJbHOW HAayKOH MHPOB TOHKOHM U CBEpX-
TOHKOH CTPYKTYPBI.

W3 Tabmuisl BHUIHO, 4YTO Jr000€
U3MEHEHHE Pa3MepoB Ha 8§ MOPSIKOB,
BCEI/la MPUBOAUT K KapJAWHAJIbHBIM Ka-
YEeCTBEHHBIM NepemenaM. Hanpuwmep, u3
MHKpPOMHpA MBI TI0IIaJaeM B MUP BELICH,
a M3 MHUpa [pPeIMETOB I0NaaeM B MHUP
KOCMHYECKHX Tell M Tak jpanee. Ciexc-
TBHEM KaueCTBEHHBIX [IEPEMEH SIBIISIETCS
TO, YTO Ha KaXKJJOM HOBOM YpPOBHE pac-
CMOTPEHHSI MaTepHu NEepPecTaloT BBIIIOJI-
HSTBCSI OJIHHM 3aKOHBI ¥ BCTYTAIOT B CHIIY
Ipyrue 3akoHbl Muposnanus. 3aBep-
IIAeTCsl OJIVH IMKJI Pa3BHUTHS Ipolecca
W HA4YMHACTCSl HOBBIM LUKJI, WIH BHTOK
CIIMPAIN Pa3BUTHSI.

2.3. Jlorma akTyajabHOH Oecko-
HEYHOCTH

Ecmu cymecrBoBanue IIb mpeamno-
narajaoch B OymymieMm, To Ab SkoOBI Cy-
HICCTBYET B HACTOALIEM BPEMEHH. JTO
«CBOMCTBO» MHOAYEPKUBAETCS  CaMHUM
TepPMUHOM «aKTyasibHas». Ho B Takom
Cllyyae, HEIPEMCHHBIM YCIOBUEM Cy-
mectBoBaHns Ab Oymer coBMmemieHue
JIByX HECOBMECTHBIX MOHSATHH: «HACTOS-
IIETO» U «OymyIIeroy.

Takoe 49ym0 BO3MOXKHO JHINb HPH
YCIIOBHHU NCYE3HOBEHHUS CAMOTO TOHSTHS
«BpeMeHn». OIHAKO 3TO HE TakK: MHD,
MO3HAHUIO 3aKOHOB KOTOPOTO ITIPH3BaHA
CIOCOOCTBOBATh MaTeMaTHKa, CYIIecT-

ByeT Bo BpemeHu! C HCYE3HOBEHHEM

Taomuua 1
1. DnekTpoH 107" cm
2. Atom 108 em
3. Bycunka 10° cm
4. 3emist 12,7-10% cm
S. 3BE31Has cucrema 102... 10Y cm
6. lanakTHyeckas cucrema 10% cm
7. MeraranakTuka 10% cm
8. Bcenennast 102 cm (?)
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K€ BPEMEHH HEMEJJICHHO TPEKPATUTCS
MPOTEKAHWE BCEX IPOIECCOB CMEHBI
COCTOSIHHH MaTepHu/>HEPTUH, UTO MpH-
BeJIET K NCUE3HOBEHMIO BCEX (POPM U BH-
JIOB JIBHKEHHUS [5].
Takum 00pa3oM, CylIecTBOBaHHE
ADb HEe COBMECTHMO € CYyLIECTBOBAHUEM

Bcenennoii.

2.4. Jlorma 0Ge3pa3MepHOll TOYKHU
(yan)

Maremarudeckas TOUKa, HIIH «HYIb)
SBJIAETCS TPSAMBIM MOPOXKIEHUEM TOHS-
TSI «OeCKOHEYHOCTh». M3 momycTumoc-
tu IIb caenyer nmomyctumMocTh Oecko-
HEYHOTO JIeJIeHHUs OTpe3ka (YHCIOBOTO
UHTepBana). M3 mnpenmonoxeHus BO3-
MOYKHOCTH CyIllecTBOBaHUSI AB BbITeKa-
€T BO3MOXKHOCTB 3aBEepIICHHUS Ipolecca
OECKOHEUHOTO JIeNICHUsI OTPe3Ka, TO €CTh
BO3MO)KHOCTbB CYIIECTBOBAHHUS aKTyallb-
HOT'O «HHYTO.

Takum ob6paszom, gorma Gespasmep-
HOHM TOYKH HE TOJBKO MPEMSTCTBYET Jie-
JICHUIO Ha HYJb, HO M PUBOJUT K Hapy-
HICHHIO 3aKoHa (IPUHIUIIA) COXPAHEHHUS
MaTepHU/SHEPTHH, MTOCKOJIBKY B PE3yiTb-
Tare aKTyaJbHO OSCKOHEYHOTO JETICHHS
OTpe3Ka IPOUCXOAUT €ro IOJIHOE HCUe3-
HOBeHHUE N3 BcenenHoil n npespamieHne
B «HHYTO», HJIM B KHYIIBY.

IlyTéM nsneMeHTapHBIX BBIYMCICHHN
MOJKHO IOKa3aTh, 4To yke Ha 30-M miare
JeTIeHus. OTpe3ka momnoyiaM OymeT Io-
Jy4eH pe3ynbTar, Ha 8 MOPSAKOB MEHb-
mre ucxogHoro. To ects 3a 30 maros (a
BOBCE HE 3a OECKOHEYHOE KOIMYECTBO
Iar0OB) C OTPE3KOM IIPOHM30HIYyT Kadec-
TBCHHBIC M3MEHEHHS W OH M3 OTpe3Ka
MpPEeBPaTHTCSI B TOYKY. MarepuaibHbIN
00BbeKT, HalpuUMep, S0I0K0, mocie 30-Tu
oTiepanuii JIeNeHNUs TOI0JIaM IOCTUTHET
pa3MepoB aroma (TO €CThb HEAENUMOH
MaTepHaNbHOH TOUKH).

3. Kak moctynutb?

Jlnst 3aga4 TpEXMEPHOTO MHUpa MOXK-
HO BC& OCTaBHTh, KaK €CTh, TO €CTh PH-
COBaTh CIUIOIIHBIE JINHUH, OIEPHUPOBATh
TEPMUHAMH «HYIb» U «OECKOHETHOCTHY.

OnHako TpPH 3TOM HEb3sl BBOJIHUTH
B 3a0My’/I€HNE IIKOJBHUKOB M CTyHEH-
TOB; HA/I0 OOBSICHATH UM, UTO HYIb — 3TO
BOBCE HE CHUYTO», a HEIENHMAas TOUKa.
B ¢usnueckom Mupe HyIIO COOTBETCTBY-
eT atoM (usnyeckoro mupa. B apuprHom
MHpe — 371eKTpoH. B acTpanmbHOM Mupe
— acTpajbHbII aTOM U TaK Jajiee.
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Heo6xonumo 0OBACHATE ydaniuMmcs,
YTO «OECKOHEYHOCTHY» — JIMIIb YCJIOB-
HOCTB, YTO Ha CAMOM /[IeJI¢ OHA KOHCYHA.

BecrpeneabHOE MOBBILICHHE «TOY-
HOCTH» BBIYMCIICHHIl JIMIICHO CMBIC-
Ja, TOCKOJBKY OOBIYHO IPU KOJIHYEC-
TBEHHBIX M3MCHCHHUAX Ha 8 IOPSIKOB
HACTYNAIOT KayeCTBEHHBIC IEPEMEHBbI,
u pacu€rhbie GopMynbl TpeOyrOT 00s-
3aTeJIbHOM 3aMEHBI B CHIIy TOTO 00CTO-
ATEIbCTBA, YTO BCTYNAIOT B JEHCTBHE
COBEpIIEHHO Jpyrue 3akoHbl Muposna-
HUA.

Jlt060e uucno He W3MEHseTcs OT
nobasneHus (ynajleHus) Hyns, TO €CTb
OJIHOM TOYKH, MJIM aToMa:

x+0=ux.

Takum 00pa3oM, BBIYUCICHHS MOX-
HO OCYUIECTBIISITh C TOYHOCTBIO JI0 OI-
HOU TOYKH, HJIM aToMa.

Pe3rome

Ecnu  tpéxmepnas  aHasioronas

«Tpouna» (puc. 1, a) sBusercs Henpu-

KOCHOBEHHOM JI0TMOM, TO B TaKOM CIy-
yae MaTeMaTHKy HaJ0 U3ydaTh U MOKJIO-
HSTBCS €1 B IEpKBH, a HE B IIKOJIE!

Ecnn ke 3Ty «Tpouily» MOXKHO BCE-
TaK1 NPU3HATh HAYYHOH NapagurMoiu, To
HE Mopa JIM, HAKOHEI[, PACCMOTPETh BOII-
poc o e€ 3aMeHe COBpeMEHHOIl u bonee
aJIeKBaTHOM MHOTOMEpPHON THCKPETHOM
Tpoiikoii (puc. 16)?

Xouercss HaAEATHCS, UTO JalbHEH-
Iee pa3BUTHE COOBITHI MOWAET MO BTO-
pOMy CIIEHapHIO; OCHOBBI MaTeMaTHKH
nepecTaHyT NMpebbIBaTh B CTaTyce CBs-
MIEHHBIX JIOTMaroB M OOPETyT J0Jro-
JKAaHHBIM CTaTyC Hay4HOW MapagurMbl.
MaremaTrka k€ M3 MKOHBI M NpeAMeTa
KyJbTa (IIapulbl HAayK) CTAHET MPOCTO
MeTaHayKoH, INpemocTaBisoniell CBoi
YHHUBEpCaJbHBIH anmapar ¥ MeETOJ HC-
CJICZIOBAHUS BCEM JIPYTUM HayKaM.

Jluteparypa:

1. Anexcanup Korun.

— adopr3Mbl. — [DIEKTPOHHBII pecypc] —
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2. Pycman Xasapsap. Amopun 3e-
HOHA. — [DNeKTpoHHBIN pecypc — http://
warrax.net/88/zenon.html

3. KynpsBues A.B. Amanramus oc-
HOB MaTeMaTHKH K 3aJia4yaM HOBOW 3II0-
xu // Theory and Practice in the Physical,
Mathematical and Technical Sciences:
Materials digest of the XXIV International
Scientific and Practical Conference and the I
stage of Research Analytics Championship
in the physical, mathematical and technical
sciences. — London, May 3-May 13, 2012.
—pp. 18-21.

4. Cyxonoc C.U. Macmurabuas rap-
MoHus Beenennoit. — M.: HoBblii ieHTp,
2002.-312c.

5. Kynpssues A.B. Tpu aprymen-
Ta NMPOTUB AKTyaJbHOH OCCKOHEYHOCTH
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ITPOBJIEMBI ITPOCTBIX UMCEJI U TEOPEMA O KPUTEPUU

[MTPOCTOI'O YHUCIIA

Muposas nayunas obujecmeeHHOCIb Cuumaem peuleHue npoonembl NPOCMbIX Yuces u 2Uno-
me3vl Pumana o nynax 0zema-@yukyuu, mecHo c8a3aHHOU ¢ NPOCMbIMU YUCIAMU, HAUboLee npu-
omumenviMu 3a0auamu cospemernol Hayku. Tak, /lasuo 'unvbepm, evicmynaswuti Ha Meoic-
oynapoonom Ilapudsicckom mamemamuyeckom xonepecce ¢ 1900 200y ¢ noodgedenuem umozos
PA3BUMUS HAYKU U PACCMOMPEHUEM NIAHO8 HA Oyoyujee, GKIIOYUIL NPOOIeMy NPOCIBIX Yucel 6
cnucox 23 npobnem, NOONEHCAUUX PEULEHUI) 8 HOBOM CIOAEMUL U CHOCOOHBIX NPOOBUHYNIb HA-

YKy Oanexo eneped. Oonaxo Hu npobiema npocmulx uucel, Hu eunomesa Pumana 3a npoweouiue

YuacTHUKH KOH(EpeHINH,
Hanmonansnoro nepseHcTBa
10 HAyYHOH aHAJIMTHKE,
Ortkpertoro EBpomneiicko-
A3HaTCKOro NMepBeHCTBA 110
HAy4HOH aHAJIUTHKE

100 nem He Ovina pewena. Muposas HayuHas 0OWECMBEHHOCMb CUUMAen peweHue npobiembl
npoOCMubIX uucen u eunomesvl Pumana o Hyisx 03ema-@yHkyuu, mecHo C8A3aHHOU ¢ NPOCMbLMU
yucaamu, Haubonee NPUOMUMEHbIMU 3a0adamu cogpemenHou Hayku. Taxk, /Jaeud Tunbbepm, 6bi-
cmynaswutl na Medxcoynapoornom Iapusicckom mamemamuyeckom konepecce 6 1900 200y ¢ noo-
Be0eHUeM UMO208 PA3BUMUS HAVKU U PACCMOMPEHUeM NIAHO8 Ha Gyoyujee, 8KIOUUL NPOOLEMy

npocmslx ducei 6 CNUCOK 23 npodvaw, nodﬂeofcau,;uxpemeHmo 68 HOBOM CmoNemul U CnOCOOHBIX

npoosuHymv HayKy oanexo eneped. OOHAKo Hu npodrema npocmolx yucen, Hu eunomesa Pumana

3a npoweduwine 100 nem ne dvina pewiena.

Baenenue.

Ha pyOexe BekoB, moaBOmS HUTO-
“The
Mathematics Institute” um. Kiest Bkitio-

TH, aMEpPHKaHCKHH WHCTHUTYT

g runoredy Pumana B omHy u3 7 npu-
OPHUTETHBIX 32/1a4 COBPEMEHHOCTH.

T'unore3a Pumana csizana c mpo-
OneMoii pacripeeNIeHUsT MPOCTHIX YHCEI
B HaTypajbHOM psizie. Jlo cux mop He
YCTaHOBJICHA MPOCTasi 3aKOHOMEPHOCTh
pacrpeneneHus MpOCThIX YHCeN, HET 3¢-
(heKTHBHOTO METONa OIpPEACTICHUS Mpo-
CTOTHI YHCTIa, HET yIOBICTBOPUTEIBHON
(hopMyBI KOIMYECTBA MPOCTBIX YHCEN,
1 BooOIIe, CyMMa 3HAaHHI O CBOWCTBax,
MPU3HAKaX, XapaKkTepe MOBEACHUS Mpo-
CTBIX YHCEJI SIBIISETCA OYCHb CKYJHOH U
MO3TOMY HET MOJTHOW KapTHHBI 3TOTO SIB-
JIeHHs. DTO CBA3aHO B MIEPBYIO OUEPEAb C
HX UCKIIOYHUTEIbHOMN CII0KHOCTBIO.

Teopema 0 KpuTepuu NpoOCTOro
yuca.

[Ipencrasisiem Bam Hamy teopemy
0 KpHUTEpUM MPOCTOTO YHCHIA, ABTOPBI
— VYmrenoB Eecenbex PuckynoBuu u
MawmapanmoB Myxuaun TamOyaaTtoBud.
ABTOpCKOE CBHJETEIBCTBO 3apETHCTPH-
POBaHHO B Komurere 1o InpaBaM HUHTE-
JICKTyaJIbHOM COOCTBEHHOCTH MHUHHC-
TepcrBa roctuin Pecriyonuku Kasaxc-
TaH 3a Ne 067 ot 19.01.2012 rogx.

Bragane mpuseneM HamOosiee Bax-
HbIC M3 MPU3HAKOB M CBOMCTB MPOCTHIX
qHCeI:
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1. Besxoe mpocToe yucio, 6ombiee
3, npezncrasumo B Buge 6k+1 mmm 6k—1,
obpaTHOe yTBEepIKACHHE HEBEPHOE.

2. Ecnu p gucno mpoctoe, 10 p>— 1
KpaTHO 24; oOpaTHOE yTBEpXkJICHHE He-
BEpHOE.

3. Ecnu p-ducino mpocroe, To BEpHO
cpaBHeHue: a®™ = 1 (mod p), (a,m) =1,
4TO O3HA4YaeT, OCTAaTOK OT JeJeHHe
a’™ = 1 Ha p paseH 1. (Teopema Diine-
pa). O6paTHOe yTBEp)KICHHE HEBEPHOE.

4. Eciu p ymMcno mpocToe, TO Bep-
HO cpaBHenue: a’!' = 1 (mod p), (a,p)
=1, u a’” = a(mod p), (a,p) = 1, ur0
03HAYaeT, OCTATOK OT JCNICHHs a’ ! Ha p
paBeH 1, 1 COOTBETCTBEHHO OCTATOK OT
neneHus a” Ha p paBeH a. (Mamnas Teo-
pema depma), OOparHOE yTBEpX ICHUE
HEBEpHOE.

Ectb u npyrue xpurepuu ( npusHa-
KH) TPOCTOTHI YWCIAa W OHHU SBISETCS
HEOOXOVMBIMH YCIIOBHSIMH, HO HE JO-
CTAaTOYHBIMH.

HeoOxomuMBIM 1 OCTAaTOYHBIM
YCIOBHEM HPOCTOTHI YHUCIA SIBISIOTCS
B OCHOBHOM J[BAa KpHUTEpHs: Teopema
Bunbscona n MeTon onpeneneHus 9ncia,
OCHOBaHHBIH Ha pemere DpoToceHa.

1. Teopema Buibcona: Ecnu p nipo-
CTOE YHUCII0, TO UMEET MECTO CPaBHEHHE

(p-D'+1=0 (modp). (D

Tak sxe cmpaBemmBa oOparHas Te-
opema: Ecmm 1i1s 1e710TO ITOJIOKHUTEITh-
HOTO p MMEeT MecTo coorHomenue (1),
TO p YHCIIO TPOCTOE, T.C. €CIU CyMMa

(» — D! + 1 nenurcs Ha p 6e3 ocTaTka,
TO YHCIIO p ABJSIETCS MPOCTHIM YHCIIOM.

OpHako!... 7€I0 B TOM, YTO [Jaxke
HeOONBIINX yucen n, yucio (n—1)! + 1
O4YeHb OO0JIBIIOE YUCIO!

Ecnu Ob1 MBI IIpU TOMOIIM YKa3aH-
HOTO KpUTEepHs 3aX0Telau Obl y3HATb,
HampuMep, sBiasgercs Ju uucio 997
MPOCTBIM, TO Hago ObLIO ObI MPOBEPUTH
JeMMMOCTh uncna 996! + 1 (uucno, co-
nepxamiee 2556 HecATUUHBIX 3HAKOB)
Ha 997. A npoBepUTh MHOI'O3HAYHBIE
YHClla HA IPOCTOTY JIaXke HA COBPEMEH-
HOM KOMITIBIOTEpE HE IPEACTABISETCS
BO3MO>KHBIM.

2. Takxe BepHBIM CHOCOOOM orpe-
JIeJICHHe YHCla Ha TIPOCTaTy SIBISETCS
JIeJICHHE OIPEe/eNIsIeMOro 4HhciIa X Ha
BCE IPOCTBIC YUCIA P, P,y Py .. P, < Vx.
Ecnm B pesynmbrare dTHX onepaunuii He
OyzeT HOJIy4eHO HU OJHOro uucia 0Oe3
ocTatka, TO 3TO OINpPEAeNSeMOe YHCIIO
X-SIBJISIETCSI IPOCTBIM. DTOT METOJ TOXeE
SIBJIICTCSl TOYHBIM, HO HE MMEeT Mpak-
THYECKOTO NpUMeHeHus. B camom nene,
€CIIM OIPEAEISIeMOe YHCIIO X SBISCTCS
32-X JEeCATU3HAYHBIM, TO €ro HEO00XO-
VMO JIQJIUTH HA BCE IIPOCTHIE YHCIIA,
MeHbIINE Vx. DTO KOJIMYECTBO OIepa-
it OyeT NpUMepHO paBHO

Jx
ln\/; ’
YTO 3HAYUT OOJIBIIOE KOJIHYECTBO CIIH-
TeJIEN ¢ YhciIaMH 10 16-TH JeCATHYHBIX
uudp.
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Ha OCHOBaHHMHM BBIIICH3IOKEHHOTO
cyMTaeM BOCTPEOOBAHHOM HaIly Teope-
MY O KPUTEPHH IIPOCTOTO YUCIIA.

Teopema 0 KpuUTepuH MPOCTOro
yuciaa.

Ilycts n — HeueTHOE HaTypallbHOE
ycao. HeoOXoauMBIM M 10CTaTOYHBIM
YCJIOBUEM IPOCTOTHI YMCIA 71 SIBIAETCS
YCIJIOBUE BBIIIOJIHEHUSI CPABHEHUS:

2
nt. (”—_1]' +1=0 (mod n),
2 2

Jokazamenscmeo.

Ha ocHoBanun teopemsl BuibcoHa:
€CJIM UMEET MECTO CPaBHEHHUE!

(n—DI+1=0(modn), (1)

TO BEPHO YTBEP)KEHHE, YTO YHUCIO 1 —
poCTOE.

[Ipeobpasyem uien (n — 1)! B creny-
FOLLAI BU:

(n-1)1=1-2-3-4-..-(n—-1)=

:1.2.3.4.,,_.(EJ(H,L_1)X
2 2

x.x(n=4)n-3)(n-2)(n-1)=
=l(n-D(n-2)(n-3)(n-4)x

=(n-1)2n-2%3n-3*)(4n-4)x

n-1 n-1Y
X...X Tn_(T) . 2)

Tax kak, WICHBI, coiepiKamue 7,
PaBHBI HYJIIO IO MOJYJIIO 71 , TO BEIpaXe-
Hue (1) MOXKHO 3amucarh B BUE:

(=1)-(-2%)-(-3%)- (-4%)x
2
x...x(—%j +1=0 (mod n). (3)
TIpeobpasyem mocienHee BbIpaKe-
uue (3):
(=1 (=127 ()3 (-1)(-4) x

x...x(—l)[n—z_lJ +1=0 (mod n). (4)

U oxoHvarenpHO CpaBHCHHC BBITIISA-
JHUT Tak:

2
(_1)”7—1. ("T‘lj' +1=0 (mod n). (5)

[locnennee BolpakeHue (5) Takxe
MOXKHO MTPE/ICTaBUTh B BUJIE:

[”glj! E(—l)% (mod n). (6)

Teopema 1oka3zaHna.

Cnedcmeus us meopemoi.

W3 namell TeopeMbl MOXEM MOIY-
YUTh JIBA PE3YIIbTATA:

1.

2
(%1}! +1=0 (mod p).

ecmup =4k + 1,
DTOT pesynbraT W3BECTEH KaK Teo-

pema B. CeprrCKoOTO.
2.

(pT_lj' —1=0 (mod p).

ecmu p =4k + 3.
BTtopoii pesynbrar paHbliie B TEXHU-
YEeCKOH JTUTepaType He BCTPEJaICs.
Tlocnennee cpaBHEHHe 3HAYHT, YTO

-1 (+1)=0 (mod p), tne

()

OTcroa BEITEKAET YTBEPKACHHUE:
3.

-1
(ij' =g, (mod p); g,="1%l,

JUISL TIPOCTBIX ymcen Buaa p = 4k + 3,
7€ MOJOXKUTEIbHBIA U OTpULIATEIbHbBIN
€, ONHOBPECMEHHO MpPH OJXHOM H TOM
K€ MPOCTOM YHUCIIE MECTO HE HMEeT.
[Ipumeps! MOKA3bIBAIOT, YTO AL OZHUX
= +1
M JUIs JIPYTUX €, = —1. Kpurepuit npu

MPOCTBIX YHUCEI BBINOJIHACTCA Sp

KaKMX MPOCTBIX 4ucinax & = +1 u nmpu
KaKHX g = —1 moka HaMu HE yCTaHOB-
JIeH, BEPOATHO, YTO 00a cirydas OyayT

BCTPEYAThCsI OECUMCICHHOE MHOKECTBO
pas.

3akaioueHue.

Merton ocHOBaHHBIH Ha perieTe Jpo-
Toc(eHa MpenoaaraeT JeJIeHie JaHHO-
IO 4KCIIa X Ha BCE MPOCThIE uncia < \x u
MOTOMY OH HE IMPAKTHUEH.

Teopema JleiiOnuna ¢axTndecku
BBIBOAUTCS U3 TeopeMbl BuibcoHa u
TIOBTOPSIET €€.

Teopema B. CeprninHCcKOro nMeet He-
JOCTATOK 4TO OHA AEHCTBUTEIbHA TOINb-
KO Ha yucia Buaa 4k + 1, Ha yucia Buga
4k + 3 oHA He IPUMEHHMA.

B ommume or 3THX Teopem Hala
TeopeMa KpPUTEpUs MPOCTOro 4HCia
SIBISICTCSL  OOJiee MPOTPECCHBHOM, YeM
BCE MpPEABIAYIIHE U OHA OTIMYAaeTCs OT
TeopeMbl BunbcoHa, uTo B Heil B 2 paza
MEHBIIIE COMHOXHUTEJICH, M COOTBETC-
TBEHHO B 2 pa3a MEHbIIe ONepanuii mo
OIIPE/IeJICHUIO IPOCTOTO YHCIIA.

Jluteparypa:

1. BunorpagoB 11.M. OcHOBHI Teo-
pum uncen. Usnarensctso «Jlarby, 2009 T

2. Turmapmr E.K. Teopust n3era-
¢ynknun Pumana. M3n. mHOCTpaHHOU
nmurepatypsl. Mocksa, 1953 .

3. Cepnuuckuii B. Yto MBI 3HaeM
U YTO MbI HE 3Ha€M O NMPOCTBIX YUCIAX.
l'oc. nznar.gus-mar. mureparypsl. Mock-
Ba, Jlenunrpaz. 1963 .

4. Tpoct D. Ilpocteie umcna. Ioc.
u3gar. Qus-mar. gureparypsl. Mocksa
1959 .
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APPLIED HYBRID METHODS TO SOLVING

INITIAL-VALUE PROBLEM TO INTEGRO-DIFFERENTIAL

EQUATIONS OF VOLTERRA TYPE

In the chronology of scientific papers is noticeable that scientists study integro-differential
equations involved later than the study of differential and integral equations. Consequently,
the differential equations are fundamental investigated, than integral and integro-differential
equations. Therefore, many experts are replace the solving of integral and integro-differential
equations to solving of differential equations. Extending this idea, constructed here a general
hybrid method for solving integro-differential equations, and investigates the equivalence of
the above-mentioned equations. Constructed here the concrete stable hybrid method with high

accuracy by using mesh points in a minimal amount, but rather k =1 (by using one mesh point)

constructed one step method of the degree p = 6.
Keywords: nonlinear integro-differential equations, hybrid method, ordinary differential
equations, multistep methods, relation between order and degree for hybrid methods.

onsider to solving of the following
Volterra integro-differential equation
of first order: B}
V= FE )+ A K (x5, 9(5)ds,

XpSs<x<X. @))]

Suppose that equation (1) has a
unique solution defined on the segment
[x,, X] and satisfying the following initial
condition:

Wx) =Y, 2

To determine the numerical solution
of the problem (1)—(2) assume that the
continuous on totality of arguments,
functions f{x, y) and K(x, s, y) defined in
the domains

G={x,<x<X,pt+yl<a}
and

G= X, <s<x<X,p-yl<a}
respectively, and also have continuous
partial derivatives to up some order
ptl, inclusively. The segment [x;, X]
with a constant step-size h > 0 is divided
into N equal parts and mesh points define
in the form:

x=x,+tih(i=0,1,2,.,N).

To calculate the approximate values
of the solution problem (1)—(2) used
certain formulas for, which are denoted
by y, an approximate, but through y(x)
the exact value of the solution of problem
(1)—(2) at the mesh points

x=x,+ih(i=0,1,2,.,N).

Beginning with V.Volterra: s work
(see [1]), 1887 to
present time, scientists engage for the

published in

investigation of approximate solutions
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of problem (1)—(2), constructed methods
for the solving of equation (1) (see,
for example [2]-[7]). But construct
an effective method satisfying certain
requirements is one of the based

questions of modern computational
Therefore,
are often turning to the construction
of numerical methods for the solving
of problem (1)—(2), which has some
additional properties. One of such
methods is the hybrid methods, which
applying to solve the problem (1)—(2)
offer by Makroglou and developed in the
works [8]-[9]. Here be in progress these
researches constructed of stable hybrid
methods with high accuracy and also
constructed the specific methods with a
certain accuracy, which are illustrated on
the model problems.

In the case A = 0 the equation (1) is
converted to a differential equation to
the study, which engaged many well-
known scientists: N.Tusi, I.Newton,
A.C.Clairaut, G.W.Leibniz, L.Euler,
J.L.Lagrange, A.L.Cauchy, J.C.Adams,
W.XKutta, etc. For the
investigation of numerical solution of
equations they
was construct numerous methods with
different properties.
solving integral and integro-differential

mathematics. scientists

C.Runge,
ordinary differential
Therefore, for
equations are often used numerical

of differential
This approach is explained with the

methods equations.
present of ordinary differential equation
by the integral equation of the next
from:

Y0 = () + [ £ (s, ())ds,

X, <x< X,
which is obtained from the differential
equation by integrating on the segment
[x

» X]. If equation (3) rewrite in a more

general form:

Y0) = (@) + [K(rs.y(s)ds, (4)
then we can receive equation of type (1)
from it by differentiation. Given these
connections between the equations (1),
(3) and (4), here to consider application
of the following hybrid method

k k k
Z(x’iyn+l = hzﬁiy:ﬁ»i + hzyiy:z+f+x', 4

i=0 i=0 i=0

(v,|<1 i=0,1,...k) (5)

to the solving of the problem (1)—(2).
Note that the method (5) is applied to
the solving of initial value problem for
ordinary differential equations of first and
second order (see [10]-[12]), and also to
the solving of equation (4). The hybrid

Vi

method used by Makroglou to solve the
problem (1)—(2), may be received from
the method (5) in particularly for y, = 0
(i<m),y,#0,v,=0(m<j<k).

1. Application of hybrid methods
to solving Volterra integro-differential
equations.
first
numerical methods for solving equation

As is known, one of the
(1) is constructed and investigated by
V.Volterra. For this purpose, Volterra
used the method of quadratures, is
consisted in a replacement an integral by
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some integral sum, which in one variant
has the following form:

[ K 5. (s =

:hzaiK(xl1’xi9yi)+Rn’ (6)
i=0

here the quantities a, (i = 0, 1, 2, ..., n)
are the real numbers, but R — is the
remainder term. If to the solving of the
problem (1)—~(2) apply k-step method
with constant coefficients and taking
into account the method of quadratures
defined by the formula (6), then we
have:

k k
za’iynﬂ' = hzﬁL wai T

=0 i=0
+hzZk:iﬁ(”a/’K(xmnxj’yj) (7)

i=0 j=0
Here, B9 (i, j =0, 1, 2, ..., k) are the
coefficients make up coefficients of the
quadrature formula, and coefficients of
k-step method, but o, B, (i = 0, 1, ..., k)
the coefficients of the k-step method. It
is easy to remark that the while crossing
from the current mesh point to the
next amount of computational work
is increased, since the second sum in
method (7) depends on the variable n.
For the relieve from these lack in [9] for
solving of the equation (4) proposed the
following method:

K K
zaiynﬂ' = hzaig;m +
i=0 i=0

k k
+hZZB§’/)K(Xﬂ+/’x’”"’y"“)- (8)

J=0i=0

Note that the
properties of the integral kernel some of
the coefficients % (i, j = 0, 1, 2, ..., k),
will be equal to zero. If suppose that, the

depending on

kernel of the integral is defined in the
the
the
solving of equation (4). Otherwise, the
coefficients B (i, j = 0, 1, 2, ..., K) must
satisfy the condition %= 0 (i > ). Note
that for using of the method (8) must be
known quantities y,, y,, ..., y, ,- By the
method (8) one can calculate the values
of variables y . It is known that usually
for solving problem (1)—(2) uses stable
methods, but among the stable multistep
methods the implicit methods are the
most popular. However, when using
them are meet with finding solutions of
nonlinear equations, which is not always
succeed. Usually in such cases, experts
use iterative methods, or methods of
predictior-correctior. It is easy to show

g-expansion of domains G then
method (8) can be applied to

that the predictior-correctior methods
in particular, may also receive from
the iterative methods. But to relieve of
these shortcomings of implicit methods
here is proposed to use the explicit
hybrid methods. Therefore, we consider
hybrid methods, and their applications
to the solving of the integro-differential
equations. Hybrid methods can be
constructed by different ways. In the
work [9] consider the following hybrid
methczd with constkant coefficients:

za’iynﬂ' = hZB[yrIHHV, 2
i=0 i=0

(v,| <1; i=0,12,....,k). ©)]
For the v, = 0 (i =0, 1, 2, .., k)
from the formula (9) follows a well-

known multistep methods with constant
coefficients. Here we consider the case
when there is vZ + vZ + .. + vz 0.
Usually, in the concrete methods with the
maximum degree the quantity v, satisfies
the condition ~1 < v, < 0. However,
in this case we obtain explicit hybrid
methods. For example, from the method
(9) receive the next hybrid method with
the maximum degree for k = 1:

yn+1 = yn + h(y:,+ﬁ +y:’1+1—ﬁ)/2v
(B=1/2-+3/6).

As the remark above explicit method

(10)

(10) is obtained from equation (9) for
k = 1 and have order accuracy p = 4.
This method is unique in a class methods
which has the degree of accuracy
p = 4. For the construction of hybrid
implicit methods, consider the following
generalization of the method (9):

k k k
DY =hY By A Y Y Ve s
i=0 i=0 i=0
( (11)

Obviously, if B, # 0, and -1 <v, <0
then the method (11) is implicit. Appling

v,|<1;i=0,1,2,...k).

implicit methods to solve scientific
and engineering problems has some
difficulties. Therefore, usually for
the construction of concrete methods
considered the case B, = 0. Now consider
the applications of the method (11) to the
solving of problem (1)—(2). To this end,
consider the following difference:
YOa) = (%,) = 8(x,.0) — 8 (x,) +

+h[ KU(&,.5,(5))ds +

o
Xns1

+ [ K(x, e 5,2 1(5))ds,

X,

herex <& <x ..

(12)

It is obvious that from the equality
(4), one can be write the following:

V'(x) = g'(x) + K(x,x, y(x)) +

+[ K (x5, (9))ds, x, <x<X. (13)

Here we replace x by the § iex=¢ .
Then we have:

B[ K15 ()ds =

=h(y'(§,)-g'(€,)) -
~hK (g8, 7(8,)) ~

&u
~h[ K(E,.5,1())ds.

If taking into account obtained in
(12), then receive the following:

V(x,0) = y(x,) =
=g(x,,)—glx,)+
+h(y'(€,)-g'(E,) -
—hK(&,.8,. () +

g,
+I K(x,,s,y(s))ds +

+ j K(x,.,.5,y(s))ds. (14)
Sn

As is well known to the calculation
of the integral one can apply different
quadrature formulas as a method of
the rectangle formulas and a trapezoid
the method of
quadratures can be defined as a linear

method. However,

combination of these methods. Then,
generalizing the proposed scheme, we
can write:

LECEDY AT R

Xo

(

<1;i=0,1,2,..,n). (15)

Vi

If we take v,.=1/2 (=0, 1, 2, ..., n)
then the
coefficients from (15) we obtain a
linear combination of generalized
of the rectangle formulas
and trapezoids (see, for example, [13,
p. 184-186]. Similar schemes for the
solving of ordinary differential equations
are used by many authors (see, for
example [14], [15]). Replacing the
derivatives of functions by its values
at different mesh points, applying
interpolation  polynomials Lagrange
to calculation quantity K(§,, &, ¥(€)).
By using them and formula (15) in
equality (14) one obtains the following
formula:

after choosing suitable

methods
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k k
Zaiy:m = hz(xign+i +
=0 i=0

Kk
+hY Y BK (X, V) +

j=0i=0
k k
+hzzyf/)K(xn+j+m s Xsivy, s Vurivy )5
=0i=0 ! ' '
(m | <1 j=0,1,2,...0. (16)
The coefficients o, BY, W (i, j =
=0, 1, 2, ..., k) are some real numbers,
but o, # 0. Consider the determination
of the coefficients. For this purpose
we consider a special case and put
K(x, s, y) = z(s, y). Then from (16) we
have:

k
Za’f(y)1+i _gn+[) =

- therH»l + hZszrHHv >

i=0

(17)
where

B Z (/)

Y, = ZYj.f)(i =0,1,2,....k). (18)
j=0

From equations (4) we have:

Y —g =zx,y).

As is follows from here the method
(17) coincides with the method (5).

To determine the coefficients o,
B,v, (i,/j=0,1,2, .., K) of the method
(17) using the method of undetermined
coefficients and in the result receive the
following nonlinear system of algebraic

equations (see, for example [10]):
k

Zai =0;

i=0

Sy it i+v,)"
Z[Zla’_ B+( ) Yi]=07
i=0 .

a-n -

I=12,..,p. (19)

In this system number of equations is
equal p+1, and the number of unknowns
is equal 4k+4. The quantity k is known,
so determining the values of the quantity
p used the values of the quantities k. One
can show that between the quantities k

and p has the following relation:
p<4k+2. (20)

For the application of the method
(16) to the solving of problem (1)—(2),
the problem (1)—-(2) rewrite in the
following form:

V=10 9) @ (0, 9(x) =y, (21)

20

00) = [ K(xs.y()ds.  (22)

Then the method (16) is apply to the
solving of equation (22), and to solving
problem (21) we apply the method (5)
and choose the coefficients so that the
coefficients in these methods coincides
by the taking into account conditions
(18). Note that if the method (5) is
converges, then its coefficients satisfies
the following conditions:

A: The coefficients o, B, v, v,
(i=0,1,2,.., k) are some real numbers,
moreover, o, # 0.

B: Characteristic polynomials

k

P =Y a "
k

o(h) = ZB[}J;

k
Y =Dy A
i=0

have no common multipliers
different from the constant.
C:o(l)+y(1)#0and p>0.
Consider the construction of specific
methods and put kK = 2. Then for the
determining of the coefficients we
obtain the following system of nonlinear

equations:

By 4B, +By+ 7,47, +7, =20, + 0t

2, +B, + Ly, + 1y, +ly, = (2 o, +0,)/2

228, +B, + Ly, + 1Py, + 1y, = (o, + ) /3
B, 4By + By, + Py + By, = (2o, 0 4
2B+, + Ly, +ly + 1y, = (e, + )5
2 ﬁ7+BI +15,Y2 +15Y1 +1|)Y(i (260‘2+a1)/6’
2B, +B, + By, + 1%y, + 1y, = (20, + 0/ T;
2B, +B, + 0y, + 1y, + 1y, = (2P, +0,)/8;
28ﬁ2+ﬁ1+lsy7+lsyl+ls (29(1 +a,)/9. (23)

By solving these system, we find the
values of the coefficients of the method
(5), and the coefficients of the method
of the type (16) determined from the
system (18). Consequently, if the method
of the type (16) has the maximum degree
and its coefficients are defined by the
solution of the system (18), then it will
not be unique with the maximum degree,
because the system (18) has the solution
more than one.

If put a,, =0, a, = —1 in this
system, then by solving the received
system of nonlinear algebraic equations,
we have:

=1, 0,

B,=64/180, B, =98/180, B, = 18/180,
v,= 18/180, v, = 98/180, , = 64/180,
L=1+21/14,1,=1,1,=1-\21/14.

"">nce we get the following method:

=y, +h(64y,,,+98y,, +18y")/180+
24)

yn+2
+h(18Y!,, +98y),,+64y", )/180.

Remark, that this method is
symmetric (so that v, = —v,). But there
is the nun symmetric method with the
degree p =9.

It is clear, that for using the method
(24), it is necessary to determine the
values of the quantities Vo and Yy TO
illustrate the above mentioned, consider
B, = 0. Then
by solving the system (23), we obtain

the case k = 1 and put B, =

By using this solution in the formula (9),
one receive the method (10), for using
which can be suggested the following
algorithm, if is known the value y, ,.
Step 1. Calculate the values y
(o =3/6) by the following method

yn+1/2+y = yn+]/2 +h ((4Y3 + 6'}’2)y,,,+1 -
—(87° = 247), ., + (47" 7)) ) 24,
for g = +3/6.

Step 2. Calculate the value of the
quantity y ., by the method (10).

n+1/2+a

Step 3. Calculate the values of the

quantity y ., by the following methods

n+3/2
j’\ma/z =Y th(23y,, - 16)’:”1/2 + 5)’,',)/24,
Vnege =V T h (99,'”3/2 19y, =5y t y,:)/48~

Note that for solving some problems
by this algorithm for calculating values
of the quantity y,., can be used the
following method:

Yurgz = Varye T

+h(y:r+3/2 + 4y:1+1 + y;z+1/2)/6'

To illustrate applying this algorithm
to solving problem (1)—(2) consider the
following examples:

1.y =1+y—xexp(—x*)—
—2jxr exp(—y2(1))dt,
0
10)=0,0<x<1.

The exact solution is y(x) = x.
2.y =—x*[3+4exp(-y)/3+

+(4/3)[ (1) exp(y(5))ds,

W(1)=0,1<x<2.

The exact solution is y(x) = In x.
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3. y'='fcossds,
0

y(0)=-1, 0<x<2,

the exact solution is y(x) =— cos x.
4.y = st cos s’ds,
0

»(0)=-1/4, 0<x<2.

The exact solution is y(x) = — cos x?/4.

For solving these problems, we are
using above mentioned algorithm. Note
that the example 1 is solved in the work
[2], the examples 1-3 are solved in the
work [7], the example 3 is solved in the
work [3], and the example 4 is solved
in the work [3]. Here all the examples
solved by the hybrid method (10) and the
receive results are putting in table 1 and
also to solving some of these problems,
here used the trapezoid method and
the receive results are putting in the
table 2, in which we used the next
notation:

Method 1 -
method consist is Euler and Trapezoid

Predictor-corrector

method applying to solving system
consists only of ODE.

Method II — The same predictor-
corrector method applying to solving
system consists only of the integral
equations.

Method III — The same predictor-
corrector method applying to solving
system consists of ODE and integral

Conclusion. By the above mentioned
are shown some of the advantages of the
hybrid methods. Constructed concrete
hybrid methods with the high accuracy.
And also, in the simple case, have
constructed an algorithm for using to
solving of the problems of type (1)—(2).
Note that the proposed algorithm for the
using of the method (10) has a simple
structure, which makes easy to using and
to modifying it. Naturally, each method
has some advantages and shortcomings.
The main advantage of hybrid methods
is their high accuracy, and the main
shortcomings is the using of variables
with the values y . in irrational points
(withy =+1/2—\3/6, or y = +1 —\21/14).
To overcome these shortcomings, here are
using the methods of predictor-corrector
type. It is easy to understand that the
proposed algorithm can be modified by
using more precise methods. We here
describe a scheme by which to ensure
applying of the hybrid method to solving
problem (1). We believe that the study of
hybrid methods is one of the promising
directions, for the construction most
accurate numerical methods, which also
confirms by the above solved problems.
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FORMATION OF THE METHODICAL SKILLS
OF FUTURE TEACHERS OF MATHEMATICS

In Uzbekistan teacher of mathematics is to carry out different kinds of activities during his
practical work. We should consider teaching activity as a totality of specific activities including

the following items: analyzing of various literature together with programs, handbooks,
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educational-methodical complexes and other means of teaching and on this basis, considering
age possibilities of school-children, processing of the needed material and designing of subject
contents of the lesson or any other kind of practical work with school-children from it; planning
of your work and teaching the children how to plan their study; organizing of different kinds of
activity of school-children, rendering them help and in some way managing them; appreciating

of your activity and activity of the children and finally teaching them how to appreciate others

and themselves in a proper way.

he noted kinds of activity, of course,

do not cover all kinds of activity that
can be needed by teacher in his practical
work. But, first of all, all kinds of activity
cannot be foreseen beforehand as practice
is more varied than any systematization.
Secondly, in the beginning of his career
a person should possess some basic
skills and form self-estimation and then
continue and develop his education and
professional skills.

Orientation to the basic kinds of
activity of a teacher of mathematics is
considered the main principal of forming
of his professional skills. The second
factor that makes an essential influence
on the primary level of formation of
the professional skills is marking out
of the main unit of organization of the
educational process — a lesson. Actually,
on the lesson teacher forms all sides
of educational activity of a student.
This is why teaching activity should be
concentrated in the framework of the
lesson.

There are different ways of
interpretation of the concept “skills”:
a) skills as a mastered action; b) skills
as an ability to use available knowledge;
c) skills as a totality of abilities; d) skills
as an incomplete technique or one of the
essential steps in developing of skills
etc. [1, p.164]

The most up-to-date and prospective
approach to study of this concept is
considering it in the practical framework.
The structure of educational activity
includes the following components:

educational-cognitive ~ demands and

motives; educational-cognitive goals;
activities and operation meant to realize
educational-cognitive goals; reflection

and analysis and on their basis effect

of estimation and self-estimation of the
realized educational-cognitive activity.
As it was mentioned before, teaching
activity should be considered as a
totality of activities where many of these
activities have in their basis educational-
cognitive activity. Therefore interpreting
the concept “skills” we should proceed
from the structure of educational activity.
Educational activity is realized with
the help of some educational-cognitive
actions. That’s why skills can naturally
be interpreted as a mastered action. At
this time level of mastering the action is
an objective fact. It can be determined
by task, directive, recommendation or
question. Skill is a subjective fact i.e.
characteristics of mastering activities
of a certain person. Activities are in
degree
teaching material, skills — with a person.

significant correlated  with

Nevertheless, pointless interpretation
of skills as mastered actions does not
give a good idea of the structure of this
concept. Activities can be estimated
through operations, and the latter have
different nature. Operations can be
mechanical — as operations in twisting
in screw-nuts and intellectual - selection
of knowledge for proving a theorem,
operations in planning of teaching
material, operations in substantiating of
existence of some object etc. Educational-
cognitive activities have intellectual
structure and this is where their essential
feature. The other essential feature of
educational-cognitive actions is their
double basis. From one side, there are
some activities that refer directly to the
studied subject. For instance, activities
on expansion of square trinomial into
multipliers, constructing of triangular

similar to quantity, providing of the

similar or items etc. Such the activities
are often called specific or subjective.
From the other side, there are general
educational and general cognitive
activities which are not connected
directly with study of one or another
educational subject, however they must
be formed in a certain degree and be used
at teaching certain educational subjects.
Such the activities include: analysis and
synthesis, comparison and classification,
proving and bringing to conception
etc. To form educational activities it
is necessary, as V.V. Davidov says,
“...provide educational activities with a
certain form of subject, and moreover,
educational skills of students are formed
on the basis of carrying out activities
in “the process of prolonged learning
of certain subjective knowledge.” [2,
p-202-207.]

Thus, learning skills of students are
formed during study of the subject of
mathematics on the basis of synthesis
of subjective and general educational-
cognitive activities in the process of
prolonged learning of the mathematical
knowledge.

Levels of the formed skills may be
different.
skills they usually point out three levels:

For  educational-cognitive
1) level of reproduction; 2) level of
usage of the skills in a similar situation;
3) level of creative usage of the skills in
a new non-standard situation.

Educational activity will be formed
when a student is involved in self-
study. This means he must be able to
do activities of motivation, statement of
educational tasks, selection of substantial
means and educational activities for
solution of educational tasks, activities
of estimation and self-estimation. [3]
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Thus, educational skills are activities
on realization of the educational activity,
these activities being a synthesis of
general  educational-cognitive  and
subjective actions.

To find out the contents and an
appropriate set of methodical skills of a
teacher of mathematics it is necessary to
clear up essence of professional actions
of a teacher.

Among methodical skills there are
also such general educational-cognitive
activities as analysis and synthesis,
generalization and concrete definition,
comparison and classification.

The contents of activity of a teacher
of mathematics is based upon the certain
professional knowledge: knowledge
of different aspects of the matter of
statement of the goals in teaching
mathematics (goals of themes to be
studied, units, methods, working out of
tasks, proof of mathematical statements
etc.); knowledge of ways of acceptation
of the goals of the educational material
to be
specificity of educational, mathematical

studied; knowledge of the

and methodical tasks and ways of their
formulation and statement; knowledge
of actions and appropriate operations
for working out certain classes of
mathematical and educational tasks;
knowledge of means of teaching, ways
of their usage during teaching different
aspects according to the goals and
methods of teaching; knowledge of ways
of organization of students’ activity
and managing this activity; knowledge
of different forms of control and ways
of estimation of activity of students
and formation of self-estimation of
students. [4]

We provided the
professional  theoretical knowledge.
Previously we called the basic actions
of the professional character. To change
these actions into professional and
methodical skills one should work out

have basic

educational and methodical tasks for a
long period of time.

The first level of formation of the
methodical skills comes to understanding
of the aim of carrying out of one or
another methodical or educational-
cognitive action, comprehension of its
operational structure, search of ways of
carrying out on the basis of the pattern
offered in the instructions. [5]

The second level is a transfer of
separate formed methodical skills and
sometimes of the whole complexes
to the basic subjective and bigger
blocks, transfer of educational material
to the mathematical method, theme,
type of mathematical tasks etc. This
transfer is usually used on the basis of
realizing of the goals and by way of
usage of general recommendations and
heuristics.

The third highly
developed methodical skill which is
determined by realizing of not only

level is a

the goals but also motives and means
of selection of ways of activity. This
level is characterized by usage of
different means and methodical skills
according to a certain pedagogical
situation.

According to the levels of
formation of the methodical skills,
their  subjective

specificity of application in teaching

complication and
practice these skills can be divided into
several groups. Here we provide one of
possible sub-groups of the methodical
skills. [6]

The first group of the methodical
skills is in a degree
connected with the first level of their

significant

formation: ability to make a logical-

mathematical analysis of definitions

of the  mathematical  concepts,
mathematical statements, formulas,
algorithms, subjective mathematical

tasks; ability to make a logical-didactic
analysis of a concrete, the most
minimum, substantial, completed item
or paragraph of the educational material;
ability to organize a search of working
out of the mathematical task, proof of
a mathematical statement; ability to
select tasks for teaching concepts, proof
of mathematical statements, formation
of a rule or construction of algorithm;
ability to make elementary teaching
aid, materials for slide;
ability to select literature for studying

or visual

of a certain aspect (theorem, task,
paragraph of a handbook) and make
up a proper card index; ability to make
up a system of questions for frontal
check up of comprehension of a certain
(concept,
etc.), ability to estimate written or
control work, tests and to analyze their
results; ability to place the material

knowledge theorem, rule

on the blackboard, to put into shape
solution of a subjective task, proof of
the mathematical statement, value of
numerical expression with a variable
quantity etc.

The second group of the
methodical skills considers the second
level of their formation with regard for
the pedagogical specificity of study
of the educational material: ability to
determine the goals of study of a certain
educational material  (determination
if a concept, theorems etc.); ability to
make a logical-didactic analysis of the
educational material on the basis of
the goal to be set (point out the nuclear
material, main ideas of the theme, to
typify mathematical tasks etc.); ability
to set clearly educational objective and
select appropriate educational activities
and operations; ability to organize
activity of students and manage it
in the process of solution of educational
task
selection of means for solution of the

(examples of question set,
educational task, set up of organizing
and managing questions and variants
of the same question, ways of reaction
to an answer, etc.); ability to make up
a calendar plan of the theme on the
basis of its logical-didactic analysis;
ability to analyze a lesson with
regards for its goals and a teaching
material; ability to analyze student’s
answer, to estimate it; ability to
summarize and review articles (teaching
aids) of the didactic, pedagogical and
psychological contents; ability to make
up a card for a report, for study of a
certain theme.

The third group of the methodical
skills synthesizes all previously formed
skills and is realized on any educational
material: ability to make a logical-
didactic analysis of the school handbook
as well as analysis of realization in the
handbooks of a certain mathematical
idea, line; ability to determine a hierarchy
of the goals of teaching a certain theme,
course, subject and to construct a system
of its realization; ability to make up
variable methods of teaching depending
on the goals and real conditions of
teaching.

To form the upper-called skills there
is needed a system of theoretical and
practical training. It is provided through

a cycle of methodical subjects.
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Laser-induced fragmentation and desorption of fragments of PTCDA films vacuum-deposited
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or the last decades thin organic

films attract much attention due
to their wide ongoing and potential
applications in science and technology
[1-4]. Particularly interesting are the
photoinduced effects governing the
properties of photochemical, opto-
and nanoelectronic devices, chemical
sensors, light-emitting diodes, field-
effect transistors and solar cells based
on such films [5-7]. In relation to this the
aim of the present study is elucidation
of the character and the mechanism of
interaction of pulsed laser light with
the films of PTCDA — material which is
widely explored in various applications
[1-5]. Unlike the vast majority of works
in this direction when the main effect is
laser ablation of polymer films [5-9] the
focus of the present work is to investigate
the low laser fluence effects when the
properties are presumably determined
by valence electronic transitions. For
this purpose nanosecond pulsed laser
light with fluence in the range of
0.5 — 7 mJ/em? and photon energy of
2.34 eV exceeding PTCDA band gap
(2.1 eV) to generate hot carriers was
used. The photoinduced effect was
investigated by time-of-flight (TOF)
mass  spectroscopy  which allows
possible
desorption of the molecule and its

monitoring photoinduced
fragments. The TOF mass-spectroscopy
technique has an advantage to detect the
desorbed specie not altered by an electron
impact used for example in quadrupole
mass-spectrometer. Moreover it allows
simultaneous detection of wide range of
masses for a single laser shot, as well as
determination of the velocity distribution
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Fragments formed are perylene core C, H

2008

of desorbing specie. Using of the laser
light with well defined photon parameters
offers an advantage of gaining the
most straightforward and unambiguous
information about the photoinduced
phenomena under investigation.

The measurements have been carried
in ultra high vacuum chamber (base
pressure: ca. 10 Torr) with the aid of
TOF mass spectrometer equipped with a
flight tube of ca. 1 meter long as shown
in Fig. 1. The advantage of the time-of-
flight technique used is that it allows
distinguishing between the fragments
produced on the sample and the artificial
fragments produced by electron impact
in an ion source (4). Desorbed specie
moving along the surface normal pass
through the two drifting regions (2 and 3).
In the first region the neutral specie
are separated according to their initial
kinetic energy and reach the ion source
(4) of time-of-flight mass-spectrometer.
The groups of specie of different mass

of the fragments formed, whereas no desorption of intact PTCDA molecule was detected.
its half C WHa carbon dioxide, carbon monoxide and
atomic oxygen. All desorbing fragments have essentially different kinetic energy. The mechanism
of photoinduced molecular fragmentation and desorption is discussed.

Keywords: PTCDA, Photochemistry, Laser-induced desorption, Surface dynamics.

but with the same initial kinetic energy
formed in the ion source are additionally
supplied with the same amount of
energy. The specie are mass selected in
the second drifting region (3) and are
detected by secondary electron amplifier
(5).

The laser fluence was kept as low as
0.5-7 mJ/cm? to avoid possible thermal
effect which might obscure the effects
produced by photoinduced electronic
transitions. Pulse duration and the
photon energy of the laser beam were
10 ns and 2.34 eV, respectively. The laser
beam was focused on a sample to a spot
of ca. 103 cm? area at incidence angle of
45°. The sensitivity of the spectrometer
corresponds to (2-5)10° monolayer.
The PTCDA film of 100 nm thick was
formed by thermal evaporation in high
vacuum on widely used for this purpose
GaAs(100) crystal [10], after which the
specimen was transferred into the UHV
chamber (base pressure: c.a. 10~ Torr)

5

Fig. 1. Schematic view of experimental setup for photoinduced time-of-flight
measurements: 1 —specimen; 2, 3 — first and second drifting spaces where
the desorbed specie move; 4 — ion source, where the desorbed specie
are ionized by electron impact; 5 — detector, 6 — laser beam
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for laser induced measurements. The
film thickness was measured by quartz
microbalance and verified ex-situ by
atomic force microscope (Ntegra-Aura,
NT-MDT). The typical scan and height
profile are shown in Fig. 2 revealing
rather uniform lateral large-scale film
thickness and absence of open substrate
regions.

To clean the surface of the PTCDA
film from the residual gas molecules a
number of laser shots of fluence lower
than the PTCDA fragmentation and
desorption threshold was applied. The
corresponding mass spectrum of the
residual gas molecules at low laser
fluence (0.8 mJ/cm?) is shown in Fig. 3.
Subsequent
increase (2 to 7 mJ/cm?) leads to dramatic

curve 1. laser fluence
transformation of the spectra due to
PTCDA molecular fragments desorption
(Fig. 3, curves 2, 3). The features at
m/z = 28, 44 correspond to CO and
CO,, respectively. Almost similar signal
intensity in both cases suggests that
extraction and decomposition of PTCDA

carboxylic terminals with subsequent

CO and CO, desorption occurs upon
laser light effect. At the same time, as
seen in Fig. 3, curves 1, 2, slightly higher
CO signal intensity over that of CO, and
especially appearance of atomic oxygen
desorption signal (m/z = 16) points at the
dissociation of part of CO, molecules
during photoinduced decomposition of
carboxylic terminals.

Another dominant feature seen in the
spectra (Fig. 1. curves 2, 3) is appearance
of heavier molecular fragments at
m/z = 248 and 124 which correspond to
perylene core of the molecule C, H, and
itshalfC, H,, respectively. No desorption
of an intact PTCDA molecule (m/z = 392)
detected at all
conditions studied. The latter provide

was experimental
an evidence that the photofragmentation
and desorption mechanism is non-
thermal. This assumption is based on
the fact that the sublimation temperature
of PTCDA is in the range of 350 to
450°C which is not enough to brake
the intramolecular chemical bonds [11].
The lowest bonding energy in PTCDA
molecule (3.6 eV) corresponds to single
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Fig. 2. AFM image and height profile of PTCDA film on GaAs(100)
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Fig. 3. Mass-spectra of PTCDA fragments desorbed under laser irradiation.
Laser fluence, mJ/cm? 1 —0.8; 2 — 4; 3 — 7. Detail spectral features
in (0 — 60) a.m.u. region are shown in an inlay

C—C bonds between perylene core and
carboxylic group. The single C—O bond
has about the same energy (3.75 eV),
whereas the C-C bonding energy in
aromatic ring is 5.3 eV and the double
C-O bond has energy of 7.8 eV [10].
Two naphthalene molecules are bound
to each other with two C—C bonds of
energy of 4.2 eV which is lower than the
corresponding energy in aromatic ring
(5.3 eV) [12]. Comparing these PTCDA
chemical bond energies with the photon
energy used (2.34 eV) one can assume
that the fragmentation and desorption
mechanism is due to the photoinduced
electronic transitions rather than to the
thermal effect. One can suggest the
following mechanism. Photon irradiation
of PTCDA effectively produces electron-
hole pairs since the photon energy is
higher than the PTCDA band gap (c.a.
2.1 eV) [13]. Subsequent electron-hole
recombination is more efficient at the
defect and electron density gradient
sites [5], among which are the region
of carboxylic terminals due to charge
transfer from carbon to oxygen atom.
The latter may cause the corresponding
C,,H;—C,0, bond breaking and carbon
mono- and dioxide desorption, as
observed in Fig. 3, curves 2,3. However,
the recombination energy (c.a. 2.1 eV)
than the
intermolecular bond energy between

is  lower corresponding
perylene core and carboxylic group
which is 3.6 eV. Therefore one can
expect that the multi-electron and multi-
photon effects are operative, when the
bond braking occurs upon simultaneous
recombination of two electron-hole pairs
at the same site or deexcitation of an
electron-hole pair excited to an energy
multiple to 2.34 eV due to multi-photon
process, as discussed for instance in [14,
15]. In favor of this assumption is the
observed fact that the fragmentation and
desorption intensity notably grows with
increase of laser fluence which leads to
increase of electron-hole concentration
and multiphoton effect cross-section
(Fig. 3, curves 2, 3). Even at two-photon
process the deexcitation energy (4.68 eV)
is enough to break the bond between
the carboxylic group and the molecular
core (3.6 eV) to release CO, CO,, and
C,,Hy, as well as to cleave the core into
C,H, fragments. It should be noted that
the observed PTCDA photoinduced
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fragmentation path is essentially different
from that observed upon heating when the
dominant feature in thermal desorption
flux is an intact PTCDA molecule [16].
Additional evidence of non-thermal
mechanism of PTCDA fragmentation
and desorption is provided by time-of-
flight measurements. The corresponding
TOF spectra reflecting distribution of
initial kinetic energies of desorbing
fragments are shown in Fig. 4.

The main evidence provided by these
distributions is that the kinetic energies
of the desorbing specie are essentially
different from each other: In case if the
energies of the fragments are the same one
should expect longer flight time for heavier
species. In the present, case as follows from
Fig. 4, the kinetic energy of the desorbing
fragments increase in the sequence:

0-CO-CO,-C,H,-C,H,

This trend is in lines with the possible
energy deexcitationpathwayswhichoccur
after photoexcitation of the molecule.
The
of the perylene core producing the
electron-hole  pairs.
energy  breaks  the
intermolecular bonds of zn-conjugated
PTCDA molecule and the bonds between
the perylene

photon excites the mw-system
corresponding

Deexcitation

core and carboxylic
terminals. Since the energy of the multi-
photon (or even two-photon) excitation
than the

intermolecular

is  higher corresponding

binding energies
the excess energy is supplied to the
fragments in the form of kinetic energy
causing their desorption from the surface
of PTCDA film. Another deexcitation
pathway is cleavage of entire perylen
core ConB 1004
which case lower energy is supplied to

into two fragments C, H,, in

cause desorption of the C, H, fragments,

10774
in lines with the observed lower energy
of desorbed C, H, compared to C, H,.
Regarding the CO and CO2 specie, one
can assume that they are formed as aresult
of destruction of unstable dicarboxylic
group C,0, released into vacuum after
photoinduced fragmentation of PTCDA
molecule. The evidence is provided
by almost identical TOF distribution
of CO and CO,, as seen in Fig. 4, as a
result of essentially the same velocity
of CO and CO, fragments. Slightly
lower CO, intensity is presumably
due to its dissociation into CO and O,

28
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Fig. 4. Time-of-flight spectra of fragments photodesorbed from PTCDA film, a.m.u.:

16 — atomic oxygen, 28 — CO, 44 — CO,, 248 and 124 — perylene core C, H

and its half C, H

107742

of which evidence is appearance of
signal corresponding to atomic oxygen,
m/z = 16 (Fig. 3). The fact the atomic
oxygen has lowest kinetic energy, as seen
in Fig. 4, can be reconciled assuming
that initial photoexcitation which occurs in
n-system of the perylene core efficiently
quenches within the perylene core itself
and perylen-carboxylic groups before it
reaches the peripheral region of oxygen
specie.
considerations the photofragmentation

Taking into account above
scheme of PTCDA molecule is shown in
Fig. 4.

Pulsed nanosecond laser light of
photon energy of 2.31 eV and low
fluence ranging from 0.5 to 7 mJ/cm?
cause fragmentation of PTCDA 100
nm thin film vacuum-deposited onto
GaAs(100) and desorption of fragments.
Measurements carried out by time-of-
flight mass spectroscopy reveal that the
main photoinduced fragments formed
are perylene core C, H,, its half C, H,,
carbon dioxide CO,, carbon monoxide
CO and atomic oxygen. No desorption
of an intact PTCDA molecule was
detected whereas, according to literature
data, this is the main feature observed
for thermal desorption of PTCDA.
Time-of-flight measurements reveal that
the fragments photodesorbed from the
film have essentially different kinetic
energies indicating that the dominant
bond breaking mechanism is essentially
non-thermal, presumably induced by
valence electronic transitions.
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he problem of a gyrostat motion in

a magnetic field with the Barnett-
London effect describes the motion
of neutral ferromagnet (not initially
magnetized) in a magnetic field, which
is the rotation of the magnetization along
the axis of rotation, which is magnetized
along the rotation axis in the rotation [1].
This effect is called the Barnett effect and
is characterized by the appearance of the
magnetic moment, which depends on the
angular velocity. A similar phenomenon
appears when rotating superconducting
solid at fast rotation in the magnetic field
(the London effect). The mechanism
of magnetization in both cases due to
various reasons, but the motion equations
can be presented in the same form [1-3].

The motion equations of a gyrostat
with variable gyrostatic moment in a
magnetic field with the effect of Barnett-
London have the form [1]

X =Xxxax+Aoxax—Ao+ axx
XBV+sxv+vxCyv,

V=VXax. (D

Here we introduce the notation:
X = (x,, X,, X,) — a moment-of-momentum
body-transmitter; v = (v,, v,, v,) — an
unit vector indicating the direction of
the magnetic field; A = A(t) — the value
gyrostatic moment A(t)ai; o = (at,, o, QL)
— constant unit vector; a = (aﬁ) — gyration
tensor; s = (s, 5,, §,) — a constant vector;
B = (B,./.), C= (C{./.) — constant symmetric
matrix of the third order; point above the
variables denotes differentiation at time.

A case is examined when

§=(5,0,0, a=(1,0,0),a=diag (@, &, a,),

VJIK 531.38

ON THE THREE INVARIANT RELATIONS OF MOTION’S
EQUATIONS OF THE SYMMETRIC GYROSTAT

IN A MAGNETIC FIELD

B = diag (B, B, B,), C = diag (C,, C,, C)).
Then from equations (1) will get
expressions

(x + X+ Byvy)' =0, )

Xy = (ay —ap)xyx3 —
— ayhxz + Byayxgvy —
—Biayx vz —sva +
+(C,—Cy)vyvg, 3)

X3 =—(ay— ap)xx, +

+ ayhx, + Biayx v, —

— Byayxyvy + 51V, +

+(G = Cvyvy, 4)
V1 =y (x3v, — XpV3),
Vp = 41XV — dpXaVy,

V3 = dyXoVy — 41XV . (5)
Equation (2) allows to specify the

first integral of (2)—(5)
x, A+ B,v, =a, (6)

here o, — an arbitrary constant.
Define relations  of
equations (2)—(5) as

invariant

x, =by+bv,,
Xy =¢y+CyVy,
X3 =d+d;v;. )
Equality on the parameters of
equations (1) and invariant relations (7)
oy —a,0,) =0,
dy(ab, —a,0,)) =0, (3)

byay(dy —c,—B)) -
—a,dyo, =5, =0, O]

The problem of the gyrostat motion in a magnetic field with the effect of Barnett-London is
considered. It is assumed that gyrostatic moment depends on the time. The conditions for the
existence of the motion equations of three invariant relations of a special kind are defined. These
solutions of the motion equations are characterized by the elliptic functions of time.

Keywords: symmetric gyrostat, invariant relation, magnetic field.

bya(dy—c, +B) +

+a,c,0, + 5, =0, (10)
dy(ayby + aycy +2a,By) —
—ab(c, +B)+C,—-C, =0, (11)
cy(ayby + ayds +2a,B,) —
—aby(ds+B)+C -C, =0, (12)

are the conditions for the existence of
invariant relations (7).
Consideration of  the case

a,b, — a0, # 0 leads to the relations

1
vt
¢, —d,
X (Bzvl2 -V, +k —dy),
1
vt
¢, —d,

x[(dy —¢, —Bz)vl2 +a,v, +¢, -k, (13)

¥ = 4y (BYVE -0, + ko —dy)... >

o [(dy =, = BV + v, +¢, — k] (14)
Function v,(t) is found from integral
K dv,

VO \/(Bzvlz — 0V, +h —dy)

-

m[(d3 -¢, —Bz)\/l2 +a,Vv, +c, —k] N

=t-t,, (15)

which is reduced to elliptic integral in
the Legandre form. Thus, v, = v (1) is an
elliptic function of time. According to
the formula

_ b,(2a, —a,) B,
a, &

A (& —a,)v,
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A1) is also an elliptic function of time.
The other variables of the problem
v, = V1), v, = v (1), x, = x(t) (i = 1.3)
can be determined respectively from
(13), (7). The above functions describe a
new solution of system (1).
To reduce the problem of integrating

the motion equations in case ¢2 + @2 # 0
to quadrature we introduce new variables
0 and ¢ instead v,

v, = cos0,

v, = sinBcoso,

Vv, = cosOsing. (16)
The equation
i sin0d0 B
o\ 4a2(c? +d?)sin’ 8- F2(6)
1
=§(t*to), 7

is obtained for the finding of function
0 = 0(t). On the basis (16) one can
determine a function o(t)

o(t) =@, +
FO) "
2a,\[c2 +d? sinb(r) L

+arcsin

The functions 6(t), o(t) in (17),
(18) can use in (7), (16) to obtain the
dependence main variables x,, x,, x,, v,,
v,, v, from time. Because of the structure
of formula (17), all of the functions are
elliptic functions of time.

Thus, in the paper, we obtained
conditions for the existence of the
equations (1) of three linear invariant
relations of a special form (7). Two
partial of motion

classes solutions

equations, which are expressed in the
form of elliptic functions of time, are
specified.
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Donetsk region of Eastern Ukraine
contains several major industrial
agglomerations with large metallurgical
plants, coal mines, etc. which generate

the
raises

serious technogenical load on
This

critical issues on monitoring of all

environment. situation

components of ecological hazard.
Particularly, one considers the pollution
of waters. The similar problem in Europe
has resulted in a creation of special
water monitoring systems intended
for detecting the hazardous events and
generating early warnings to minimize
the damage. The information provided
by such systems also makes it possible
to develop the mathematical models of
pollution propagation in river basins,
which are useful for the forecasts of the
situation. The solution of this problem
is the establishment of a network of
distributed

over a particular river basin or a whole

test points and stations
region. The samples periodically taken
at these points are analyzed by several
techniques to get the information of the
water quality and possible origins of
pollutions. These tests may be performed
automatically by means of special
equipment installed at remote measuring
stations, with subsequent transfer of
the data to the central server. Such
networked monitoring systems already
exist in the states of the European
Union and have proved their value
and efficiency [3]. Indeed, the creation
of such a system is very expensive, it
should be carefully planned. First, it is
reasonable to establish a network of test
points for periodical water sampling
with subsequent laboratory analysis
to generate an optimized concept of a

future automatic monitoring system.

Such project is currently in progress
at Donetsk National University in the
framework of the State Program for
University Science of Ukraine (Contract
NU/6-2011). The project has the
following goals:

1) development of the network of
test points;

2) implementation of several
analytical methods including
bioindication;

3) creation of the concept for optimal
layout of the automatic monitoring
system;

Development of application-specific
measurement equipment and software is
also carried out in the framework of this
project. This report deals with the initial
objective of the project, the development
of test points network together with the
choice of the set of analytical methods.

First, a typical water resource, which
concentrates all pollutants and represents

The system for monitoring water resources currently under development in the Donetsk
region of eastern Ukraine is described.The use of algae chlorophyll fluorometry is discussed

Keywords: chlorophyll, fluorometry, water monitoring.

general trends of the ecosystem self-
regeneration in a technogenically
should be
chosen to determine an integral effect

transformed  conditions,
of pollutions [1, 2]. The Kalmiusriver,
the main water stream of the city of
Donetsk is chosen as such representative
The
monitoring system is based on the known

resource. layout of the water
principles already proven in existing
monitoring systems of the European
Union, operating in the framework of
the EU Water Directive [3]. This is one
of first monitoring systems of such kind
in Ukraine.

The
currently under development in the

water monitoring  system
Donetsk region of Ukraine contains
82 test pointsgrouped into base and
supplemental network. Some of these
points are shown in Fig. 1. The tests
at base network points are regularly

performed every 10days, those at the

Fig. 1. Location of some test points within Donetsk city
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supplemental points within the city of
Donetskare done every month, and the
supplemental points placed within the
Donetsk region are examined once per
season. The base points are positioned
within the Donetsk City to monitor the
water state near the major pollution
the industrial objects
community wastewater outlets as well.
The supplemental monitoring scheme
also covers the pollution sources of
different nature, together with water
reservoirs and streams

source, and

of various
functions, from recreation ponds to
wastewater storage of industrial objects.
Finally, there are some reference points
in the region, chosen in relatively clean
environment. These points are needed
to generate the basis for comparison of
waters affected by environmental factors
of different strength.

The tests performed on each water
sample include the following:

1) hydrochemistry;

2) microscopy;

3) spectrophotometry;

4) chlorophyllfluorometry.

Let one discuss in detail the latter,
the method of fluorometry, which reveals
such information as chlorophyll content
and state of the photosynthetic systems
in phytoplankton [4]. The experience
currently gained during the development
of water monitoring systems in various
states of the European Union,particularly
to fulfill the goals of the EU Water
Directive, reveals that the convenient

physical and chemical tests alone are
not sufficient for reliable detection of
ecological hazards. Now the significant
part of water quality monitoring consists
of various bioindication and biotesting
techniques.Single celled algae are
recognized as very sensitive and fast
responding bioindicators. There exist
quite flexible and simple methods for
obtaining the bioindicationinformations
from them. Chlorophyll fluorometry is
a method revealing the response of the
photosynthetic system at the molecular
level, it is the reason for its wide
application in biomonitoring systems.
This
implemented in our project using the
Walz PHYTO-PAM algae fluorometer
(compact version), which is intended
for both the
measurements. This instrument utilizes

method  is currently

laboratory and field

the method of pulse-modulated spectral
fluorometry with four wavelengths of
measuring light (470, 520, 645 and
665 nm) as well as saturation pulses at
655nm. Such excitation allows one to
differentiate several algae classes and,
hence the monitor of the phytoplankton
variations under the influence of various
environmental factors.

The
samples is the fast and informative
method the
chlorophyll content, but it is indeed

fluorometryof native water
of determination of

considered a semi-quantitative one and
needs a calibration by several other
the described

techniques. Therefore

Idea by - B.Zhytnigor
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monitoring system also incorporates
the microscopic determination of algae
cell counts for different classes and
measurement of chlorophylls and other
pigments contents by spectrophotometry
of sample extracts. The photometric
analysis of algaeextracts is performed
according to the standardized techniques
and provides the following content data:

1) chlorophylla;

2) chlorophyllb;

3) chlorophyllc,+c,;

4) yellow substance;

5) pheophytina.

Also the followinghydrochemical
tests of water samples are carried out
to take into account the effects of the
environment on the fluorometry results:

1) pH;

2) various nitrogen forms (NH,,
nitrites, nitrates);

3) phosphates;

4) synthetic
compounds;

surface — active

5) phenolic acid.

The samples are taken observing the
specific requirements for respective tests.
The tests are carried out at the dedicated
laboratory of the Donetsk National
University. The further development
of this monitoring system foresees the
creation of the network of automated
test stations and implementation of the
methods of automated data acquisition
and analysis.
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KAK HEOPTAUHUYECKHWE BOJIHBIE PACTBOPBI
1 OKCHUJIHBIE PACIIJIABBI [TPOBOJIST
SJIEKTPUYECKUIM TOK

B cmamve usnazaromcs pesynvmamul uccne006aHULl O ONPEOeNeHuIo Mund npoeoouUMocmi
DHCUOKUX CUCTEM, KOMOPble 8 COBPEMEHHOL HAYKe PACCMAMPUBAIOMCS 8 KAYECMEe SNeKMpPOIUNos.
B kpamxoii ¢hopme npeocmasnennvl pesynomamol KOMIIEKCA UCCLEO0BAHULL, KOMOPbILL NPOBOOUTCSL 6
Kasaxcmane ¢ meuenue 6onee vem 30nem. Ananusupyomes cospementbvle HayuHble NPeoCcmasieHus
HA NOHAMUS (INEKMPUYECKULL MOK» U «NeKMpOnposoOHocmy snekmponumosy. Ilokasana abco-
JIOMHAS HENPULOOHOCIb CYUECEYIOUUX MEOPEMUIECKUX 632T51006 HA NPOYecchl PopMUPOSans
MUKPOCIPYKIYPbL JNEKMPONIUNOS U HA SNEKMPONPOBOOHOCHTb HCUOKUX XUMUHECKUX CUCTIEM OIS UH-
mepnpemayuu PAKMUYeckux ceotcme smux cucmem. IIokasana HEOOCMAMOUHOCb COBPEMEHHBIX
HAYUHBIX SHAHUL 0 NpUpoOe Xumudeckoll peakyuu. TTokasano, umo cywecmsyrowue meopuu nexmn-
PONPOBOOHOCU ICUOKOCTU MOTBKO 8 HEDOILULOU Mepe OMBEUaron peamuam U PAKmuyecKu mop-
MO3SIM BHEOPEHUEe HAYKOEMKUX MEXHONO2ULL 8 MEMAIYPSULECKOe U XUMUYECKOe NPOU3BOOCEO.

Coenan 6b1600, Umo MeKMPONUMUYECKAs OUCCOYUAYUS ABTACICS DE3VIbIMANMOM 6030€tiCIBUs
NEKMPUYECKOU FHEPSULL HA CIPYKIMYPY KOHOEHCUPOBAHHBIX CUCTEM. DNEKMPOIUMUYECKds OUCCOYU-
ayus Mo u ecmv COOCMBEHHO NEKMPONU3.

Results of the research in the question of defining the type of conductivity of liquid systems,
which are considered as electrolytes in modern science, are presented in the article. The results of the
battery of studies, which had been carried out in Kazakhstan for more than 30 years are presented
in the article in brief. Modern scientific views on concepts of «electric currenty and «electrolytic
conductiony are analyzed. Absolute inapplicability of the existing theoretical views on the processes
of the electrolyte microstructure forming and liquid chemical systems electroconductivity for the
purpose of the interpretation of practical properties of these systems. Insufficiency of modern scientific
knowledge about the nature of chemical reaction is shown. It is shown that the existing theories
of the electroconductivity of liquids only partially represent the reality and in fact slow down the
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implementation of the science intensive technologies in metallurgic and chemical production.
The conclusion is made that the electrolytic dissociation is the result of the influence of the electric
energy on the structure of condensed systems. Electrolytic dissociation is in fact the electrolysis.

COBpeMeHHmﬁ MyTh Pa3BUTHUSI XHMH-
YECKUX U METAJUIyPIHYEeCKUX TeX-
HOJIOTHH 0a3MpyeTcs Ha «KaHOHU3AL[HN
[Hampumep, 1] HEKOTOPBIX MpeacTaBie-
HUH B TCOPHUHU HEOPTAaHUYCCKUX BOJHBIX
pacTBOPOB U paciuiaBoB. TONBKO 3TH
JKUAKOCTH I10 COBPEMEHHBIM IMPEACTAB-
JICHUSIMU pacCMaTpUuBarOTCAd B Ka4€CTBE
2eKkTpoauToB [2, 3]. Taxxke uccnenosa-
HUSI XUMHYCCKUX M METaJUTypPrHUeCKUX
CHCTEM; 3a4acTylo 0a3upyercs Ha «clie-
nuanu3anuny  (QyHIaMEHTaIbHBIX HC-
CJICZIOBAHUI, KOTZa MHKPOCTPYKTypa U
COCTOSTHHE BEIIECTBA HE SIBISICTCS OCHO-
BOW U 00OOIICHHS JKCIICPHMCHTAIb-
HBIX JIAHHBIX, & BO IJIABY yIVIa CTABUTCS
XUMHAYECKHI COCTaB TEXHOJIOTUYCCKHUX
MponyKToB. B To Bpemst kak mMexdazHoe
pacrpe/ieJicHie KOMIIOHCHTOB, 3aBHCS-
niee OT CTPYKTYPHBIX U KHHETHUCCKUX
YCIIOBUH WX CYIIECTBOBAHHS, SBISACTCS
OCHOBOIOJIATAIONIMM B XHMHYECKUX H
METAJUTYPIHYCCKHX TEXHOIOTHSIX.
O0o001IeHNE CYIIECTBYIOMIETO TPO-
MaJIHOTO JKCIIEPUMEHTAIBHOTO MaTepu-
ajia ¢ HEeCKOJIbKO MHBIX TO3UIHIA TT03BO-
10 GBI OCMBICITUTH HOBBIE MOIXOIbI K
pa3BuTHIO (YyHIAMCHTAIBHBIX HCCIEI0-
BaHHUN XUMHKO-METAJLTYPrUIeCKUX 00b-
€KTOB. DTO 00YCIOBICHO JJOCTHKCHUSIMU
U OTKPBITUSIMU B 00JIACTH €CTECTBEHHBIX

HayK: OOHapy)Ke€HHE CBEPXIPOBOAUMOC-
TH CIIOKHBIX OKCHIOB METAJUIOB, MOJIs-
pH3aIMs TBEPJIBIX U KUIKUX BKIFOUEHHIH
B Macce AMAJICKTPUKA MPU HAJIO0KESHHU
pa3HOCTH TIOTEHLMAJIOB, OOHApYKECHHUE
AQHOMAJIUH TIOBEICHHS TBEPABIX BEIIECTB
npu 00pabOTKe IJIEKTPHYECKUM TOKOM
yBEJIMYEHHE 4YHUCIAa MyONIuKamui 1o
000CHOBAHHIO MOJICKYJISIPHON HPUPOJIBI
JKUAKOCTH [4 U np.] u T.. MHoroe u3
HOBBIX M HOBEHIIMX MyONUKAIMH Iie-
PEKIIMKACTCSl C TIOJIOKCHUSIMH, Pa3BH-
BaBmMucs akagemukamu AH Ka3zCCP
ITonomapeseiM B.JI. u Yeanosuuem M1,
KOTOpBIe BBEITEKaIM W3 pador [leBn n
MenyienieeBa HECKOJIBKO OTTECHEHHBIMH
Ha 000YMHY HAyKH IpU Pa3BUTHH (yH-
JTAMCHTAIILHBIX HMCCIIEIOBaHUN B oOiac-
TH CTPOCHHUS JKUIKHX CHCTEM.

AKTyaJIbHOCTb IIONBITOK HaiTH 1
000CHOBATH PEIICHUE CIIOPHBIX TOJIOXKeE-
HUH B MHKPOCTPYKTYpE DSJIEKTPOIIUTOB
C IIeBI0 MHTCHCH(HUKAUN TEXHOJIOTHI
OIIpEeNIeIISIETCS PIIOM MOMEHTOB!

— OOJNBIIMHCTBO XHMHYECKHX pe-
aKIWii TIPOBOJMTCS B pacTtBopax [2] u
paciutaBax [Hampumep, 5, 6], a B TeOpUH
JKUJIKOCTH HET €ANHOM TOUKHM 3pEHHS Ha
ee CTPYKTYypY U TPAaHCTIOPTHBIE CBOICTBA;

— pa3iH4He B HOIX0/aX K CTPOCHUIO
JKUJKOCTEH PAa3sHOTO XHMHYECKOTO CO-

CTaBa BHOCHUT Pa3HOUYTEHHUS B HCCIIE/I0BA-
HHS MEXaHH3Ma PeaKluil, MPOBOANMBIX
B KUAKOCTH, ¥ HETaTUBHO CKa3bIBAaeTCS
Ha aHajM3e MyTell MHTEHCH(pHKALNU U
opraHusalui XUMHUYCCKUX MPOLECCOB B
KUJIKOCTAX;

— HESICHOCTb MHMKPOCTPYKTYPBI JKHI-
KUX CUCTEM MOPOJKAAET HECOOTBETCTBUS
B aHAJIN3€ YHEPreTUYECKUX BO3AEHCTBUN
(TerIoBbIX, KoNeOaTeNbHBIX W T.II.) Ha
JKUJIKHE CUCTEMBI M BEIE€T K HEIOHHMa-
HUIO NPUYMH U CICICTBUS XUMHUUYECKUX
[PEBpALICHUM 10X BIMSHUEM pa3Iud-
HBIX BUJIOB 9HEPTUH B JKUAKOCTHU, KOIJa
3a4acTyl0 CIEJCTBUE IMPUHUMACTCS 3a
HPUYHHY;

— 3TU PpA3HOYTCHUS HAIPABIAIOT
aHaJU3 JUarpaMM COCTOSIHUSL XUMHYEC-
KUX BEILECTB IO IIyTH CTaTUCTHYECKOIO
BapbUPOBAaHUs KOMIIOHEHTOB [7];

— TpeACTaBIeHHsT 00 WOHM3AIHUN
aTOMOB M MOJICKYJ, IIpH BCEH UX IMOJb-
3¢ U YHUBEPCAJIbHOCTH, MEIIAIOT BUIETh
pasinuus B aTOMHOM M MOJEKYISIPHOM
B3aUMOJICICTBUY;

— HCIOJb30BaHUE IOIydMIUpUYEC-
KX METOJIOB OIpEJENICHHUs] aKTHBHOCTH
KOMITOHEHTOB B XXHAKOCTH M JKCTpAIo-
JSIIUM 5THX BBIBOJOB Ha 0OImne B3IIIS-
I HA MEXaHW3M XHMHYECKHX IpeBpa-
HIEHUH 3aTPyAHSIOT aHAJIW3 peakuuil 1
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OTPaHMYMBAIOT HCCIEOBAaTeIed B TIO-
TIBITKAX PEeATN3alNU (yHIAMEHTATbHBIX
yYpaBHEHHI B pacueTax U KOPPEKIUH
JUarpaMM COCTOSTHUSI XUMUYECKHX CO-
ennHeHNH 1 (ha30BBIX MPEBPAICHUSAX B
CHCTEMaX.

IIpunATHE TEOPETHYECKUX TOIOXKE-
HHHI ¥ B3IVIAA0B Ha (PU3HUECKYIO XUMHIO
TEXHOJIOTUUECKHUX PeaKLuii ampruopu 6e3
aNbTePHATUBHOTO OOCY)KAEHHs CTalo
CYIECTBEHHBIM TOPMO30M B Pa3BUTHU
METAJUTyprUYeCKON U XMMHUYECKOU Ipo-
MBIIIJICHHOCTH.

Ha 1 Bcecoro3HOM coOBelaHuu IO
(U3NUECKOI XUMHUH PACIIABICHHBIX CO-
neit v mtakoB akagemuk A.H. dpymkun
TOBOPUII: «...CaMO CTPOEHHE BBICOKO-
TEMIIEPATYPHBIX CUCTEM Iropa3lo MeHee
HCCIIE0BAHO, YE€M CTPOEHHE BOIHBIX
pacTBOPOB, U H3YyYCHHE €O SBIACTCS
O4YEeHb HMHTEPECHOH 3ajadyeil, a Takxe
HEOOXOAMMOM MPEAMOCHUTKON ISl TIOCT-
poeHust 00IIIel TEOPHH KUIKOTO COCTO-
sHus». Unen-koppecnongent AH CCCP
S.U. TepacumoB nomyepknys: «Ydacr-
HUKH... CIPaBEMIMBO IIOJIATAKOT, YTO
OJIHA N3 BYKHEHIINX Mpo0iieM (GH3NKH 1
XHMHH — TIpo0JieMa PacTBOPOB, T.€. TEO-
pHsL pacTBOPOB MOXKET OBITH pa3pelnieHa
TOJIBKO IIyTE€M BCEMEPHOIO Pa3BUTHSL...
MOJICKYJISIPHO-CTaTUCTUYECKOM U Tep-
MOJUHAMHUYECKOH TEOpHU OTAENBHBIX
KJIacCOB pacTBOpOBy. Temeps uccieno-
BaHMsA 110 YCTAHOBJICHUIO IPUHIIUIIOB
(hOpPMHPOBAHUS KHUAKOCTH MEPEIKHUBAIOT
HOBBIII BUTOK B KOppeALUHM BO33pe-
HUI Ha CTPYKTYpy BOJHBEIX PaCTBOPOB H
BBICOKOTEMITEPaTyPHBIX PacIIaBoB [8, 9
u ap.].

B3aumHoe BnusiHMe TeOopuil OKCHI-
HBIX PacIUIaBOB U BOJAHBIX PAaCTBOPOB 3a-
CTaBIsAeT yuuThIBaTh padotsl B. /1. [ToHo-
mapeBa 1 M.U. YcanoBuua npu uccie-
JOBAaHUH CTPYKTYPHl XHUAKHX CHCTEM.
B Teopun aMccomoONMOHHON TenTH-
3aiuu B.JI. TloHomapeB ucnonb3oBai
TIPUHIUIT PABHOIIPABHS OKCHJOB pas3-
JUYHBIX D2JIEMEHTOB TIpH (opMupoBa-
HUM JKHUAKOCTH, HO HE paccMaTpHBal
TPaHCIOPT MEKTPUUECKOTO TOKa depes
skuakocts. M.M. YcaHOBMY yCTaHOBUI
MpPaBUIO AHOMATBHOCTH JIEKTPOIPO-
BOAHOCTH JKHJKHX CHCTEM, B KOTOPOM
MPEIBOCXUTUII MHOTUE TO3IHHUE JKCIIe-
PHUMEHTAbHBIE JaHHBIE. DTO TOCIYKH-
JIO OTNpaBHOW TOYKOM HCCIIEN0BaHUN
OKCHJIHBIX PacIlIaBOB JJIsl YCTaHOBIIE-
HHSI, HACKOJIBKO CYIIECTBYIOIHE MOJETH
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CTPOCHHUS JKHIKHUX CHCTEM OTBEYArOT
npupose. DTH MOAENHU JeXaT B Ipeje-
J1ax OTPAaHMYEHHBIX KpalfHUMM TOYKaMH
3pEeHHs: MOJEIb COBEPIICHHOTO WOH-
Horo pacruiaBa (pactBopa) TemkwmHa u
MONeKyIsipHasi — MeHzeneesa, mpoMe-
JKYTOUYHBIE MPEJICTABIISIIOT COOOH MOTBIT-
KN TIPUMEPUTh HECOMHEHHOE HaIM4He
CTPYKTYPHBIX 3JIEMEHTOB B >KHUIKOCTU
CO CIOCOOHOCTBIO KMIKHX CUCTEM TIPO-
BOJUTH 3neKTpudeckuil Tok. Tak, B [10]
3TO MPSMO CBSA3BIBAETCSI C 0COOEHHOCTSI-
MU (OPMUPOBAHMS CTPYKTYPHBIX 3JIe-
MEHTOB JKHJKUX CHCTEM — IOSIBICHUEM
TOJIOKUTENIBHO 3apSDKEHHBIX KaTHOHOB
¥ OTPHUIATENBHO 3apsHKEHHBIX aHHOHOB,
4TO0 OO0YCJIOBJICHO TIOSIBIICHHEM TEO-
pHU AIEKTPOIUTHYESCKON AMCCOLUALINH
AppeHnyca 1 MOHSTHS «ITPOBOJIHUK BTO-
poro poxpa». TecHeiimas B3aUMOCBS3b
MEXIYy TPAHCIHOPTOM AJIEKTPUYECKOrO
TOKAa M TPAHCIIOPTOM BEIIECTBA IOPO-
JIMJI0, Ha TEpBBIH B3I, HEONPOBEp-
JKMMOE  JIOKa3aTeJbCTBO CIOCOOHOCTH
JKHJIKOCTH IIPOBOJHUTH TOK TOJIBKO Iie-
pEeMEIIeHNEM CTPYKTYPHBIX JJIEMEHTOB.
Otcrona J0Ka3aTenbCTBa  CaMOIPOM3-
BOJIGHOH 3JIEKTPOIUTHIECKOH JNCCOLU-
aIlMU CTPYKTYPHBIX JJIEMEHTOB TBEPIBIX
TEJI TIPH NIePEXO0JIe B KUAKOE COCTOSTHHE.
ba3oBoil XapaKkTepHCTHKOH CTPYKTYpHI
JKHJIKOCTH CTAHOBHUTCS SJIEKTPOIPOBOJI-
HOCTb. VICTOKM Takmx TEOPEeTHYEeCKUX
BBIKJIAJIOK B CIIEYIOIIEM.

B wusBecTHON HayyHO-TEXHUUYECKOH
JIUTepaType M MATEHTHBIX HCCIIENOBa-
HHUSX OTCYTCTBYET IIOHSITHE «DJIEKTPH-
YEeCKHl TOK», BEPHEE — «ANIEKTpHIecKast
sueprus». CormacuHo [11-17] anextpu-
YEeCKHIl TOK — 9TO MOTOK JIEKTPHUECKUX
3apsnoB. Ilpm sTomM Takoe Qynmamen-
TaNbHOE OIpEeNeHHe H300MIyeT pas-
HOYTEHHAMHU: SIEKTPHIECKHUI TOK — 3TO:

— yIopsIo4eHHOe (HarpaBIeHHOE)
JBIDKEHHUE SJICKTPUIECKH 3apsHKCHHBIX
YaCTHUI] WJIM MakpocKormaeckux ten [11];

— TIepeMeleHne HOCHUTeNeH 3apsaa
[12];

— TIOTOK
[13];

— BHYTPEHHEE ABIDKCHHE DIEKTpPO-

OJICKTPUYECCKUX  YaCTHIL

HOB B BemecTe [14];

— ymopsiiodeHHoe (T.e. HMeroIee
OIpe/ieNieHHOe  Ipeolnajaroniee  Ha-
NpaBJCHHE) JABMIKCHHE ODIIEKTPHICCKUX
3apsinoB [15];

— TMPOBOJHUK JIIEKTPUYECTBA — ITO
TBEpJIOE TEJO, B KOTOPOM €CTh MHOTIO

«CBOOOIHBIX) AIEKTPOHOB [16].

Bce atu ompenenenuss He orpaHu-
YUBAIOT TOYEK 3peHHs. B Tom ke [16]
JNEKTPUIECKAM TOKOM Ha3BaH M IIOTOK
Karens JOKAA. B GonbIIiHCTBE cryuaeB
JMEKTPUIECKUH TOK TPAKTYeTCsl KaK Ha-
MPaBJIEHHOE JABIKEHUE SNIEKTPUIECKUX
3apsnoB. YTo jke MOHMMAETCsI IO eK-
TPUUECKHM 3apsIIOM:

— MCTOYHHUK >IEKTPHUUYECKOTO MOJ,
CBSI3aHHBIA C MarepHanbHBIM HOCHTE-
neM;

— BEIMYMHA, ONpeJeNsomas HH-
TEHCHUBHOCTb JJIEKTPOMArHUTHOTO B3aH-
MOJICHUCTBUSI 3aPSKSHHBIX YaCTHIL;

— «KaXJ0€ 3apsKEHHOE TeJI0 — 3TO
cucrema 3apsaos» [13];

— HMCTOYHUK  DJICKTPOMArHUTHOTO
TIOJIsI, CBSI3AHHBIA C MarepHalbHBIM HO-
CHUTENIeM; BHYTPEHHSS XapaKTepUCTHKa
3JIEMEHTapHON YacTUIBI, ONpeaelsto-
11as ee MEKTPOMarHUTHOE B3auMOzeHC-
TBUE [11];

— (usnueckas BeIMUMHA, OIPEeIs-
IOIIAst SHEPTUIO B3aUMOJICHCTBHUS DICKT-
pHYECKH 3apsDKEHHBIX YacTHIl (DIEKT-
POHOB, IPOTOHOB, MO3UTPOHOB U JIp.) C
2JIEKTPOMAarHUTHBIM 1oJsieM [15];

— B3aUMOJICUCTBHE  JJIEKTPHUYECCKU
3apsDKEHHBIX vactull [12];

— B [16] aTOT BOIIPOC OOXOAUTCS «B
CHJIy €r0 U3BECTHOCTH»;

— (OIEKTPUYECKHIl 3aps] YacTUIBI
SIBISIETCSI OJTHOM M3 OCHOBHBIX, IT€pBHY-
HBIX €€ XapakTepHcTHK. Emy mpucynm
cremytonye (GyHIaMeHTAIBHBIE CBOICTBA:

a. DJIEKTPHIECKUH 3apsi| CYIIECTBY-
€T B JABYX BHJAX: KaK IOJOXHUTEIbHBIMH,
TaK M OTPHIATEeIIbHBIH;

0. B Ir000M 3MEKTPUIECKH H30JIUPO-
BaHHOH CHCTeMe anredpandeckas cymma
3aps0B HE U3MEHSIETCS, ITO yTBEpIiK/e-
HHE BBIpa)KaeT 3aKOH COXPAHEHHMS K-
TPHUYECKOTO 3apAma;

B. DIEKTPUUCCKHUI 3apsf SBISETCS
PETSATUBUCTCKH MHBAPHAHTHBIM: €TO Be-
JUYMHA HE 3aBUCHUT OT CHCTEMBI OTCUETa,
a 3HAYUT HE 3aBHCHUT OT TOTO, ABMKETCS
OH WJIH MTOKOUTCs» [17].

T.e. B 00mmem Buje MOHITHE «AJIEK-
TpHYecKHuii 3apsi1» - 3TO Hekasi Mepa
B3aHMOJICHCTBUSI  MEXKAY
AILHBIMH ~ 00beKTaMH.

MarepH-
QOueBHIHO,
YTO COMOCTABIEHHE MOHATHH <QJIeKT-
PHMYECKHIl TOK — JJIEKTPHYECKHil 3a-
Ps1» TIPUBOAUT K hU3NUECKO OeccMbIC-
JHIE: JIeKTPHYeCKUil TOK sIBJisieTcsl
HANpaBJIeHHBbIM JIBUKEHHEM Mephbl
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B3aNMOJIEHCTBHSI MeXKIy MaTepHa b-
HBIMH O00beKTaMHu. Takoe NMOHHUMaHHE
KaTerOPUYCCKU HEMPUEMIICMO JUIS WH-
JKCHEPHOTO HCTONIb30BaHus. [loaToMy
B XMMHUU TPUMCHSIOTCS OoJiee MPOCTHIC
OTIPEICTICHUS: <«AIIEKTPOH — CTaOMIBHO-
JJIEMEHTApHAsl YacTHIla, O0OJagaromas
QJIEMEHTAPHBIM 3aPSIOM H HaNMEHBIIECH
M3 M3BECTHBIX MACCOW TOKOSI, SIBIISICTCS
OCHOBHBIM BEIIECTBEHHBIM CyOCTpaToM
S410)
nepekiukaeTcss ¢ [13], roe amekTpoH

XHMHYCCKOTO B3aHMMOJIECHCTBHS.

paccMarpuBaeTcs B KadecTBE JJIEMEH-
TApHOTO DJIEKTPHUYECKOTO 3apsja, T.e.
MHHUMAJIBHOTO 3JIEKTPUYECKOTO 3apsiya,
KOTOPOMY KpaTHBI BCE JJICKTPUYECKHE
3apaapl. M3 3TOoro Moxer ciemoBath H
TaKOM BBIBOJI: DJIEKTPUUYECKUI TOK — 3TO
MOTOK >1eKTpOHOB. C TakuM MOHSTH-
€M MOXXHO ONEpHUpOBaTh MPU CO3AAHUU
TEeXHUYECKUX PEIICHHH  Pa3IuIHOTO
HazHaueHuss. Ho 3ta dopmyauposka
HAXOAMTCSl B MPOTHBOPEYHH € Cyliec-
TBYIOLIUM TOHHMAaHHEM MeXaHH3Ma
TOKONepeIay B 3J1eKTPOIUTaX.

Mexmy TeM, 10 COBPEMEHHBIM MO-
HSTHUSIM 31€KTPONPOBOAHOCTD KUAKOCTH
obecrieynBaeTcs TPAHCIOPTOM MOHOB
(aHHOHOB W KAaTHOHOB) K JIIEKTPOAAM
[2, 3]. XapakTepHBI U MOAXOIBI K 000C-
HOBAHHIO Tepelaul TOKa NOHAMHU-HOCH-
TENSIMU 3apsijia B HAay4YHO-TEXHHYECKOM
mureparype. Tak, B [18] roBoputcs:
«IIpsAMBIM JOKa3aTENbCTBOM 3NEKTPOIIH-
TUYECKOM JHMCCOIMALIMN JKUIKHUX IIlIa-
KOB SIBJISICTCSI BO3MOXKHOCTD JJIEKTPOJIH-
32 B HUX U BEJIMYMHA YCIBbHOM IEKTPO-
npoBoxHOCTH» (cTp. 4). B [11]HecmoTps
Ha JIOCTaTOYHO OOJbLIONH BpEMEHHOH
MPOMEXYTOK IPOIIEIINHA Mocie omyo-
nukoBanus [ 18], npuBoauTces eme 6onee
poctoii 1oBox: «IIpsiMbIM 0oKa3aTesbe-
TBOM CYIIIECTBOBAHMS HOHOB B PacTBOpE
SIBIIICTCSl TO, YTO PACTBOP MOXKET IIPO-
BOJIUTH JIICKTPUUECKUI TOK» (CTp. 366).
W B TOM, M B Ipyrom ciydae MpOHCXO-
JIUT TIOJIMEHA TE3UCa, U JI0KA3aTelIbCTBA
TAKOTO Pojia HOCAT CKOPEe YMO3PHTEIIb-
HBII XapakTep, HEKEIH CTPOroe JKCIIe-
pPUMEHTAIbHOE WIM MaTeMaTHIecKoe
000CHOBaHHE TOYKHU 3peHus [3].

Ha npotsixennu 6onee 30 et Hamn
MIPOBOJWINCE  (DyHJAMECHTAIbHBIE HC-
CJICIOBaHUSI B OOJACTH CTPOCHUSI MHK-
POCTPYKTPBI DIEKTPOIUTOB (OKCHIHBIX
pacIulaBoB ¥ HEOPTaHMYECKHUX BOJHBIX
pPacTBOpPOB) € IETBIO COBEPIICHCTBOBA-
HUSI METaJUTypTHYeCKHX TEXHOJIOTHIA.

B pesynsrare anammsa HaydHO-TEXHH-
YeCKOI JTUTepaTypsl U CyIIECTBYIOIIETO
SKCTIEPHIMEHTAIBHOTO MaTepuana IOJ
pyxoBoacTtBoM akajnemuka B.JI. Ilono-
MapeBa ObIITH MPEANPUHATH HCCIIeI0Ba-
HHS 110 BIMSHUIO SIEKTPHYECKOTO TOKA
U 7IeKTPOMATrHUTHBIX TONeH Ha KUIKHUE
CHCTEMBI.  YCTAaHOBIEHHWE PEAIUCTH-
YeCKMX TPEACTaBIEHHH O NPUHIHUMAX
(opMUpOBaHMS KUAKUX CUCTEM (M CBS-
3aHHBIX C 3THM MeXaHHu3Ma (a30BOro
nepexozia epBOro poja) ye BBIILIN 3a
pPaMKM YHCTO aKaJeMHYeCcKOro HHTepe-
ca. DTO NPOJUKTOBAHO HEU30EKHBIM yC-
JIO)KHCHUEM MUHEPAJIBHOI'O ChIPbS IS
METaJTypruuecKoro IMpou3BOACTBA, U
TaKkue HCCIEeJOBAaHUS CTAHOBATCS Ipak-
THYeCKH HeoOxoammbIMu. Jlpyroit ac-
HEeKT MPOOJIEMBI: IIUPOKOE PacIpocTpa-
HEHUE HAyKOEMKHX TEXHOJIOTHU B IpO-
M3BOJCTBE (DYHKIIMOHAJIBHBIX MaTepua-
JIOB (IIOJIyIIPOBOJHUKOBBIX YCTPONCTB,
JKUJKUX KPUCTAJUIOB | T.I1.) AEMOHCTPH-
PYeT BaXXHOCTb YHPaBJICHHS CTPYKTYPOi
KOHJICHCHPOBAHHBIX CHCTEM (0COOEHHO,
CTPYKTYpOIl KHIKOCTH) B LEISX ONTH-
MU3ALUU TEXHOJIOTHUECKUX IIPOLIECCOB,
B YaCTHOCTH, IPOLECCOB IIPOU3BOACTBA
(DyHKIMOHATBHBIX MaTepHaJIOB Ha OCHO-
BE KOHCOJIMMPOBAHHBIX HAHOCTPYKTYP.

Ha nam B3msi KiTroueBbIMH ITpo0IIe-
MaMH B pEUICHHH 33/a4 O CTPYKType U
CTPYKTYPHBIX MpPEoOpa3oBaHMsIX B KOH-
JICHCHPOBAHHEIX CHCTEMax B COBPEMEH-
HOM €CTECTBO3HAHHU SBIISIOTCS:

1. YcraHoBneHue OOIIEro MPUHIIHU-
na (OPMHPOBAHHS XHUIAKHX CHCTEM H
CTPYKTYPHBIX 3JIEMCHTOB JKH/KOCTH.

2. YcraHoBieHus MeXaHHM3Ma
TPAHCIOPTA JJIEKTPHYECKOT0 TOKa
yepe3 ;KUIKHe CHCTEMBI.

Pemrenne nmaxe wactu 3THX (yHHAa-
MEHTAIIBHBIX IIPOOJIEM BEChbMa aKTyaIbHasI
HayJHO-HCCIIEI0BATENbCKAs 3a/[ada, KOTO-
past nMeeT OONBIIOE 3HAYCHHE HE TONBKO
JUIS CO3TQHUS TEXHOJIOTHH, HO U SIBIIACTCS
CyIIECTBEHHBIM MOMEHTOM B Da3sBUTHI
COBPEMEHHOTO €CTECTBO3HAHMSL.

B mpomecce  dynmameHTansHBIX
HCCIEAOBAaHUH  MHOTOKOMIOHEHTHBIX
KHUJKUX CHCTeM (OKCHIHBIX PacIIaBOB
¥ HEOPTaHWYECKHX BOAHBIX PACTBOPOB),
UX TOBEICHHS MOJ BIUSHUEM HECTallH-
OHApHBIX 3NIEKTPOMArHUTHBIX MONed u
SNEKTPUYECKOr0 TOKa, (ha3oBBIX Iepe-
XOJIOB B PA3IMYHBIX YCIOBHUSX C IETBIO
yCTaHOBJEHHs NpHHIMIA (HopMUpOBa-

HHUS MHKPOCTPYKTYPBI 3JIEKTPOIUTOB

OBUTH TONYYEHBI CIEAYIONINE pPe3ylb-
TaThI:

1. DKCIepUMEHTaIbHO — TOKa3aHo,
YTO TEOpHs AHCCONONMOHHOW IIENTH-
3anun, pazpaboTanHas akagemMukoM AH
KasCCP B./l. IlonomapeBsiM B pa3-
Butne B3mAnoB /.M. Mengeneesa Ha
CTPYKTYPY BOAHBIX PAaCTOBPOB, PEATBHO
OIUCHIBAET MPOLECC PACTBOPEHHUS TBEP-
JIBIX OOBEKTOB B BOZIE U 1O CYIIIECTBY SIB-
JIIETCSI TapaiurMoi.

2. DKCIIEpUMEHTAJIIFHO  IIOKa3aHo,
YTO TPAaBUIO AHOMAIBHOCTU 3IEKTPO-
MPOBOAHOCTH JKHMJKOCTH, yCTaHOBJIEH-
Hoe axagemukomM AH Ka3CCP M.U.
VYcaHoBHYEM, CTIPABEUINBO ISl BBICOKO-
TEMIICPATYPHBIX OKCUIHBIX PACIIaBOB 1
IS JTFOOOTO THIIA YKUIKOCTH.

3. OOHapyXeHO sIBJICHHE KoallepBa-
WX BBICOKOTEMIIEPATYPHBIX OKCHUAHBIX
pacIuIaBoB IMOJ BIMSHHUEM IMEPEMEHHBIX
JJIEKTPOMArHUTHBIX TOJNEHl W MeXaHH-
YeCKUX KoJeOaHui

4. DKCrepUMEeHTaIbHO MOKa3aHa
QHM30TPOIUSI IIPOBOMMOCTH BBICOKO-
TeMIIepaTypHbBIX PacIUIaBOB M MOKa3aHO
BIMSIHAE OPHMEHTAIlMH  MOJEKYJISIPHBIX
JIUIIONEI Ha BEMYHMHY IIEKTPONPOBO-
HOCTH pacIuiaBa.

5. DKCIIepUMEHTAIBEHO OOHapyKeH
PSLI pa3NIMUHbIX SK30THYECKUX SIBICHUH
B 2JICKTPOIPOBOIHOCTH PACILIABOB, IIPO-
UCXOSIINX IO BIMSHIEM dJIEKTpoMar-
HHUTHBIX IOJIEH M XapaKTePUCTHK DIEKT-
PHUECKOTO TOKa (HarpuMep, IIOHIKSHUE
SIIEKTPONIPOBOJHOCTH pacIulaBa C II0-
BBIIICHHEM TEMIIEPATypHI, ITTOBHIIICHHE
SIIEKTPONIPOBOJHOCTH paciulaBa ¢ II0-
HIDKCHHEM TEMIIepaTyphl, CKagkooOpas-
HOE M3MEHEHHE SIEKTPONPOBOJHOCTH U
T.J.).

6. DKCIIEpUMEHTAIIFHO YCTaHOBIIC-
Ha BO3MOXXKHOCTH aHOMAJIBHO BBICOKON
MEKTPOPOPETUISCKON  TTOABHKHOCTH
TBEPJBIX YACTWII B pacliiaBax. YcTa-
HOBJICHA BO3MOXKHOCTb ~XHMHYECKOTO
B3aNMOZACHCTBHSA OKCHIHBIX PAaCIIaBOB
¢ KOMIIOHEHTaMH Ta3oBoi (a3sl mmpo-
KOr0 XHMHYECKOTO COCTaBa IO BIH-
SHHEM HMITYIbCHOTO 3NIEKTPHIECKOTO
Toka (Meannap). Ilpu sTom ra3z — Boccra-
HOBHUTEIIb MOXKET BHICTYTIATh B Ka4eCTBE
OKHCITUTENS], @ CTPYKTYPHBIC H3MEHEHHUS
B pacIuIaBe MPUBOAAT K MOTEPE MIaBKOC-
TH OKCHJHBIX CHCTEM.

7. DKCIIEpUMEHTAIIFHO  TOKa3aHa
BO3MOXKHOCTb PacTBOPEHHs MeTaJllu-
YEeCKOTO MOJHMOJEeHa B BOIHBIX PAaCTBO-
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pax mieno4yed HU3KOM KOHLEHTpaluu U
pSa APYTUX SBICHHUH.

Becp ykasaHHbI Bbllle KOMILJIEKC
HCCIIEA0BAaHNHN, TIPOBECHHBIX B TEUCHUH
33 ner, mokasai abCOTIOTHYIO HEMTPUTOI-
HOCTh CYIIECTBYIOIIHX TEOPETHIECKUX
B3IVIAI0OB HA MPOIECCH (hOPMUPOBAHUS
MHKPOCTPYKTYPBl KHUAKOCTH (B YacT-
HOCTH, BOJHBIX PACTBOPOB M OKCHJIHBIX
pacIIaBOB) M Ha 3JIEKTPONPOBOAHOCTD
KUJKUX XUMHYECKUX CHCTEM JUIsl MH-
TEprpeTalu MPAKTHYECKUX CBOWCTB
9THX CHUCTEM (TEOpHsl JIEKTPOIUTHYESC-
KOW JMccoLlManuu AppeHuyca, MoHsITHE
AKTUBHOCTH XHUMHYECKHX BEIIECTB B
JKHJIKOCTH, pa3JINuHbIe TEOPHU IPOBO-
JIMMOCTH KHUJIKOCTH W T.I1.). [lokazana
HEJIOCTaTOYHOCTh COBPEMEHHBIX Hayd-
HbBIX 3HAHUH O MPUPOAE XUMHUYECKOH pe-
aKInuu, 0 MCXaHU3MEC pa6OTbI aToOMOB B
X0JIe XMMHYECKNX MPOLECCOB, O MPUYIH-
Hax U BEJIMYMHE DHEPreTHIECKHIX MPOSIB-
JICHUH B XOJ€ XMMHYECKHX IIPOIECCOB.
B wacTHOCTM mOKa3aHO, YTO CyIIECT-
BYIOII[€ TEOPUH DJIEKTPOIPOBOIHOCTH
JKHJKOCTH TOJBKO YacTHYHO OTBEYa-
I0T peamusiM U (aKTHYECKH TOPMO3ST
BHEJPEHHE HAyKOEMKHX TEXHOJOTHH B
METAJUTypTUUeCcKOe U XUMHYECKOE IIpo-
H3BOZCTBO.

Hwxke mnpuBeneHs! HEKOTOpBIE pe-
3yJIBTaThl MHOTOJISTHHX HUCCIICIOBAHMUIA.

MBI DBITaINCH OOHAPYKUTH aHAJIOT
rporecca 3JIeKTPOIN3a CPEeAN PeaKIuid
00pa30BaHUsT HaMOJEKYISIPHBIX (OpPM.
Tlonck anamorum tem Ooisiee ompaBnaH,
YTO UIMEHHO COOTBETCTBHE XHMHUYECKOTO
TIpeBpameHust (MEKTPOJIN3) U KOIUIEeC-
TBa MPOIIEAIIETO Yepe3 KHUIAKOCTH lIeK-
TPUYECKOTO TOKA IIPEACTABISAET COOOM
OIMH M3 KPaeyTOIbHBIX KaMHEH TeopHn
UEKTPOTUTHYCCKON THCCOIMAIINH.

B kagecTBe 0CHOBHOTO 00BEKTa HC-
CJICIOBAHUH HCIIONB30BAIUCH MHOTO-
KOMITOHEHTHBIE OKCHAHBIE pACIUIABHI.
D10 Hanbomnee MOIXOAAIINNA OOBEKT IS
TaKOTO POJA WMCCIEAOBAHHH, TTOCKOIBKY
W3 PAacIIaBOB TOIBKO OHU CUHUTAIOTCS
JIIEKTPOIUTaMH [2] ¥ B HUX MOXXHO Ha-
TIAIHO 3a/IeprKaTh MpoIeccs 00pa3zoBa-
HUSI HOBBIX (a3.

HccnenoBanock IBMKEHHE CTPYyK-
TYPHBIX 3JIEMEHTOB pAacIUIaBOB IO
JEUCTBUEM JNEKTPUYECKOTO TOKa H
MarHuTHeIX nosiei. Ham ynanoch ckoH-
HEHTPHPOBATh CTPYKTYPHBIE SMEMEHTHI
pacIIaBoB, OTIMYAIOLIMECS TIO CBOUM
MEKTPOPU3NUECKUM CBOKMCTBAM, M 3a-
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(buKCHpOBaTh 3PHUMYIO KapTHHY IIEPEX0-
Jla MUKPOHEOJTHOPOAHOCTEH B OKCHJTHBIX
pacmiiaBax B MaKpOHEOJHOPOIHOCTH
(T.e. TONYYUTh HEKUH aHaJOT BIEKTPO-
nu3za). VccnenoBanuch paciiiaBbl IIa-
KOB CJICZYIOIIET0 XHMHUYECKOTO COCTaBa
(Tabm. 1).

BbUIO YCTAQHOBICHO SBJIEHHE KO-
alepBalMy BBICOKOTEMIIEPATYPHBIX OK-
CHAHBIX paciuiaBoB. Ha pucynke 1 Buj-
Ha KapTHHA JEJICHHs PacIulaBOB Ha J(BE
KUJIKOCTH TI0Jl BIMSHHEM KOMOWHUPO-
BAHHBIX JIEKTPOMArHUTHBIX TOJICH.

B Tabnuue 2 mpuBeneHs! pe3yibra-
Thl 10 ()a30BOMY M KOJHYECTBEHHOMY
JICTICHUIO TICEBIOTOMOTEHHBIX BBICOKO-
TEMIICPATYPHBIX OKCHIHBIX pacIiljlaBOB
o BJIHUAHHUEM IEPEMEHHBIX OJJICKTPO-
MarHMTHBIX TTOJICH.

OTH JaHHbBIE YK€ TOBOPSAT O TOM,
YTO SJIEKTPUYECKUH TOK (dJIEKTpUUec-
Kasi YHEprHsi) MOTyT IPHUBECTH K pac-

CJIOCHHIO pacIuiaBOB, YTO MOYKHO CYH-
TaTb CBOCOOPA3HBIM <«AIIECKTPOITH30M.
Te.,
NPUBOANTH K pa3pyIICHUIO MOJIEKYIISAp-

OJICKTPUYECKAsA DJHEPIUs MOXKET

HBIX 00pa30oBaHUil B 00beMe KUIKOCTH.
Taxoke yCTaHOBJIEHO SIBJIEHUE KalleJIbHOM
JMKBAllU B yKa3aHHBIX PACIIaBax MpH
BO3IEHCTBUM MEPEMEHHBIM JIEKTPUUEC-
KHUM TOKOM B XoJie (ha30BBIX IEPEX0a0B
(puc. 2).

OTO sBIEHHE paHee OBbLIO M3BECTHO
TONBKO JUISl PAcTIaBOB OKCHIOB, COAEP-
JKAIMX IIEeJTOYHbIe MeTanibl (HaTpui,
Kanui, nutuid). Jpyrumm criosamu,
JIEKTPUYECKUI TOK MOXET BO3JEHCTBO-
BaTh Ha MEXaHU3M (Da30BBIX MIEPEXOIOB.

Taxke ObBUIO YCTaHOBIEHO, YTO
UIEKTPUYECKUI TOK (B JTAaHHOM Cllydyae
MeaH/Ip) MOXET MPOMOTHPOBATh XHMH-
YECKYI0 PEaKIHUI0 MEXIYy OKCHIHBIM
paciulaBOM M OKHCIIUTEIbHBIM Ta30M,

YTO IPUBOAUT K TIIOTEPE IUIABKOCTU

Tabauna 1
XHMHYECKHIi COCTAB CHHTETHYECKHX OKCHIHBIX IIJIAKOB

I.HJ]I\[':lzKa SiO, ALO, e CaO Fe . | T, °C nnaenenus
1 24,73 8,02 52,20 14,80 0,24 1160
2 38,70 10,38 35,92 14,55 0,20 1220
3 41,44 10,48 17,04 32,37 0,32 1250
4 46,38 18,18 10,15 25,26 - 1120
5 44,18 20,23 5,73 29,83 - 1200
6 42,02 18,65 - 39,25 - 1220
7 41,10 14,10 4,78 39,50 - 1175
8 37,70 13,55 12,08 36,80 - 1200
9 31,40 16,70 23,56 27,45 - 1230

Puc. 1. Kpucramm3amnus ¢a3sl B MEKIIIEKTPOJHOM POCTPAHCTBE
Ha MOBEPXHOCTHU pacIijiaBa oA BIIUAHUEM TIEPEMEHHBIX dJIEKTPOMAarHUTHBIX TOJICH:
a —1utak 7, cBeTI0e OOJIBIIOE MATHO — OJIMK OTPaKCHHOTO CBETA, BHHBI TPACCHI
TIPOXOKICHHS MEKTPHUIECKOTO TOKA; 6 — IIIaK 9, MPOCMaTpUBAIOTCA KPUCTAIIEL,
1o (opme npubImKaronMecs K Kyonueckon
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Taoauma 2

KoanepBanusi CHHTETHYECKHX OKCH/IHBIX PACIIJIABOB MO/ BIAMSHHEM
nepeMeHHBIX 31eKTPOMarHuTHoIX noJieid (MII — ¢aza B Mesk3JIeKTPOIHOM
npocrpancrse, OM — o6uiast Macca paciiasa)

Howmep uuiaka u ¢asza Sio, ALO, Fe i o CaO
1 (MIT) 22,78 13,74 36,20 14,17
1 (OM) 22,70 15,07 35,70 12,90
2 (MIT) 35,0 23,20 22,27 11,30
2 (OM) 28,64 33,15 19,30 10,20
7 (MIT) 36,10 20,60 3,86 35,90
7 (OM) 37,94 15,80 3,62 37,66
8 (MIT) 32,76 20,45 9,60 33,60
8 (OM) 33,50 18,03 9,16 34,00
9 (MIT) 30,30 20,70 17,30 25,80
9 (OM) 22,96 36,30 13,00 20,30

it f’i@'ﬁf T

e

Puc. 2. KanenpHast TMKBaLyst IpY KPUCTAJUIN3AIMN pacIljiaBa IuIaka 6

pacmiaBa 1 00pa30BaHHIO HOBBIX (a3 B
TBepAoM cocTosHuU. Ha pucynke 3 npu-
BOJUTCS KapTHHA PA3JI0KCHUs OKCUIHO-
TO pacIulaBa B PE3ylbTaTe XUMHYECKOH
peakuuu 1oj BO3JeiicTBUEM IIyJIbCUPY-
JOIIET0 MEKTPHYECKOTO TOKA.

Vxe OSTHX JaHHBIX JIOCTAaTOYHO,
YTOOBI CHENATh 3aKIIOUCHHE O HEH3Me-
pUMO OOJIBIIEH CIIOKHOCTH ITPOLIECCOB,
MPOUCXO[SIUX B JKUAKOCTH, Y€M 3TO
BO3MOJKHO HOSICHUTh C TOUKU 3PEHUS
CYLIECTBYIOIIUX TCOPUI CTPOCHHUS DIICK-
TPOJIUTOB U TEOPHHU HICKTPOIUTHUECKOM
Jqucconanuy. MakpokapTuHa (ha3oBBIX

Puc. 3.

NpeBpalieHnii B pacIiaBe HAIISIHO Jie-
MOHCTPHUPYET MOJIEKYJISIPHYIO CTPYKTYPY
OKCHJIHBIX pactuiaBoB. OTcrona cienyer,
YTO pAaCIUIaBbl, KaK M METAJUINYECKHE
JKHJIKOCTH, HMEIOT DJIEKTPOHHBIH THII
nposoaumoctu. [Ipu co3mannm TOOBIX
TEeXHUYECKUX PELICHUH M aHaJIHu3e BcexX
THUIIOB METAJUTYPIHYECKUX ¥ XUMHUEC-
KHX IIPOLECCOB HEOOXOAMMO HCXOIUTH
W3 IPU3HAHMS CTPYKTYpPBI HEOPraHUIeC-
KHX JKHJIKOCTEH MOJICKYIIPHBIMH CTPYK-
Typamu. W yduTeIBaTh pazHOOOpasme
SIBIICHHH, TTPOHMCXO/SIINX TIPH BO3EHC-
TBUH JJICKTPHIECKOH SHEPTUH HA XKHI-
KOCTb.

Jis Gonpliell HATMISTHOCTH TIONY-
YEHHBIX pe3yJbTaToB [.X.H., K.(-M.H.
Cyneiimenos 1.D. mocraBui npsiMoi u
HaIAHBIA SKcriepuMeHT [19] mo on-
pEIEeNCHHI0O MHKPOCTPYKTYPBI BOJIHBIX
pacTBOpPOB MEHTAOKCHIA BaHAIUs. YCTa-
HOBJICHO, YTO HA PA3IMYHBIX 30HAAX W3
BOIHBIX PACTBOPOB IEHTAOKCHA BaHa-
IIAsT MOYKHO OCaIUTh THIPOTENlb COCTaBa
- 12V,0, 480H,0O. IIpu sToM cocTas
MOJICKYJIBI MOYKET MEHSTHCS B 3aBHCH-
MOCTH OT (hakTopoB Bo3delcTBusA. Ha

PHCYHKE HIIKE NPHBEJCH 00pasell Tako-
ro ruzaporens (puc. 3).

BriBoabI:

1. Tloka3zana aOcoJIOTHasE HEMpH-
TOIHOCTh CYIICCTBYIOIIMX TEOpETHYEC-
KHX B3DIAZOB Ha TPOLECCH (OPMHUPO-
BaHHUS MHKPOCTPYKTYpPBI 3JIEKTPOIUTOB
1 Ha 3JIEeKTPONPOBOJHOCTD KUIKUX XH-
MHYECKUX CHCTEM JUIl WHTEpIpETallu
MIPAKTHYECKUX CBOMCTB 3THUX CHCTEM.

2. Iloka3aHa HEZOCTATOYHOCThH COB-
PEMEHHBIX Hay4YHbBIX 3HAHUH O MpUpoIe
XMMHMUYECKON PEeaKLUu.

3. Iloka3aHo, YTO CYILECTBYIOLIHE
TEOPUH DIIEKTPOINPOBOTHOCTH KUJIKOC-
TH TOJBKO B HEOOJBINOW Mepe OTBeva-
10T peanusiM U (pakTHIECKH TOPMO3ST
BHEJPEHUE HAYKOEMKHX TEXHOJOTHH B
METaJLTyprUuecKoe U XUMHYECKOe Ipo-
W3BOJICTBO.

4. TlokazaHO, YTO IJIEKTPOJIUTUYEC-
Kasi AUCCOLMALNS SIBISETCS PE3y/IbTaTOM
BO3JICHCTBYSI JJIEKTPUUECKOH YIHEPTUH Ha
CTPYKTYpPY KOHJICHCHPOBAHHBIX CHCTEM
(B 9aCTHOCTH HEOPTaHUYECKHX JKUJIKOC-
Tei), T.e. TO M eCTh JIEKTPOJIHN3.

Jluteparypa:

1. XKwmoiigun I'U., Yarrepmxu A.K.
Hlnaku g paduHUpOBaHHS MeTal-
J10B. JlUHAMHMKa CBOMCTB  CHCTEMbI
CaO-ALO,~CaF. — M.: Meramnyprus,
1986. —296 c.

2. DIeKTPOXUMHUSL. IIpomenmue
30 smer m Oymymme 30 ner. Ilom pen.
P. biyma u @. I'yrmana. — M.: Xumus,
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3. KpectoB I'A., HoBocenos H.A.
u n1p. Monnas compBaranus. (IIpo6aemsr
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4. CmupHoBa H.A. MornekyisipHble
Teopuu pactBopoB. — JI.: Xumus, 1987.
—336¢c.

5. Bjorkmann B. Ouenka Cu-Ni—Zn
CHJIMKaTHBIX cucTeM. 2. [IpuMenenne
MHOTOKOMIIOHEHTHBIM CHCTEMaM Scan.
J. Met. — 1986, 15. — Ne 4. — C. 191-198.

6. boxusak P., lomGposcku JI. ®u-
3MKO-XVMHUYECKAEC CBOWCTBA OKCHIHBIX
pacIIaBoB M UX MPOTHO3HMPOBAHME TIPH
nomontu  Mmozenei.  Cos.-Uexocnos.
CHMIL. [0 TEOPUH METaJUIypPrHYeCKUX
npoueccos, 10-12 okr. 1989: Te3. moxi.
q. 1. — M.: 1989. — C. 33-39.

7. Xapud S.JI., Kosrynenko II.B.,
Maiiep A.A. Pacuer nuarpamm coctos-
HUS C IPUMEHEHHEM MOJISIH KBaIUUIe-
aJbHBIX PacTBOPOB. — M.: Mertamnyprus,
1988, — 86 c.
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International Union of Commerce and Industry (London, UK) — a union of commercial
enterprises, businessmen, scientists, public figures and politicians from different countries.
The union combines the social and commercial elements of
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support the effective development of businesses and satisfy “Ceeqe

e field of settlement of

commercial disputes, establishment of quality standards and
defining of factual qualitative parameters of goods and services;

M Legal and consulting promotion of business;

M Establishment and development of activities of the international commercial arbitration;
M Exhibition activities;

H Holding of business and economic forums.
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GISAP Championships and Conferences
September - December 2013

Branch of science Dates Stage Event name
SEPTEMBER
Pedagogical Sciences 26.09-01.10  1Il  Forming and qualitative development of modern educational systems
Economics, Law and The state, corporation and individual: correlation of rights, economic
26.09-01.10 1 . . o
Management interests and ways of their realization

OCTOBER

Culturology, sports and art

Place of the cultural heritage, art and conception thinking in the modern

10.10-15.10 I

history information-oriented society

Historical and philosophical Yesterday-today-tomorrow: historicaland philosophical comprehension
- 10.10-15.10 1 . .o .

sciences as the basis of the scientific world view

Biological, veterinary and 24.10-29 10 Issues of conservation and reproduction of the consumed biological

agricultural sciences ' ' resources

Medical and pharmacological resources and a healthy life-style as

Medicine and pharmaceutics 24.10-29.10 111 means of the quality and length of human life increasing

NOVEMBER
Philological Sciences 07.11-12.11 Il Language means of preservation and development of cultural values

Development of modern psychology in a conditions of a permanent

Psychological Sciences 07.11-12.11 1 - -
social crisis

Sociological, Political and The necessity, admissibility and adequacy of measures for overcoming
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