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BIOLOGICAL SCIENCES

CHANGES IN FREE HEPARIN AND PROTHROMBIN COMPLEX IN DIFFERENT LIGHT
CONDITIONS

Ibragimova S.S.

Ph.D., Acting Assoc. Prof. of the Department of Zoology and Physiology

Baku State University

NU3MEHEHHME CBOBOJHOI'O 'EITAPUHA 1 MIPOTPOMBHUHOBOI'O KOMIIVIEKCA B
PA3JIMYHBIX YCJIOBUSX OCBEIIEHHOCTH

Abstract

Hoparumosa C.III.
K.6.1., u.0.00y. kagedpul 3o00n102us u Qusuonozus
baxunckui F'ocydapcmeennvitl Yuueepcumem

The importance of the epiphysis in the neurohormonal regulation of the physiological function of the body
and the factors of hemocoagulation are comprehensively studied at the Department of Human and Animal Physi-

ology of Baku State University.

It was found that with prolonged activation and inhibition of the function of the epiphysis, the anticoagulation
potential of the blood increases and decreases. In response to this, there is a reflex increase and decrease in clotting
factors - the activity of clotting factors - factors of the prothrombin complex, free heparin, resulting in hyper- and

hypocoagulation.
AHHOTAN NS

3HaveHue dnudu3a B HEHPOrOPMOHAIBEHOMN PeryJisiiuy GU3HOJIOrHIecKor (YHKIUH OpraHu3Ma U (haKTophl
reMOKOaryJsilil BCECTOPOHHE M3YydaroTcsl Ha Kadeape (hU3HOIOTUM YeloBeKa M XMBOTHBIX bakmHCKoro rocy-

JTApCTBEHHOTO YHUBEPCUTETA.

YcTaHOBIIEHO, YTO ITPU JUTUTEIBHOM aKTHBHPOBAHWH M HHTMOMPOBaHUH (DYHKIMH S1H(U3a MPOTUBOCBEPTHI-
BAIOIIMI MOTEHIIMAT KPOBH BO3pAacTacT M CHIDKacTCs.B oTBeT Ha 3T0 HacTymaeT pedpiaeKTOpHOE HapacTaHHE U
CHIXeHHE (DaKTOPOB CBEPTHIBAHMS -aKTUBHOCTH (PaKTOPOB CBEPTHIBaHUS — (HPAaKTOPOB NMPOTPOMOMHOBOTO KOM-
IUIEKCa, CBOOOTHOTO TellapiHa, B Pe3yJIbTaTe Yero HabIroJaTcs THIIEP- ¥ THIIOKOAT YIS,

Keywords: epiphysis, dark phase, light phase, prothrombin complex, free heparin.
KuaroueBbie cioBa: sndus, TeMHOBas (a3a, cBeToBas (a3a, IPOTPOMOHHOBEIN KOMIDIEKC, CBOOOIHBIN Te-

HapUH.

[Ipob6nemsl, CBsI3aHHBIE CO CBEPTHIBAHUEM KPOBH,
0COOEHHO TKaHEBHIX (HaKTOPOB T'e€MOKOATYIISIIMH,
OBUIM U OCTAlOTCA OJHUMH M3 Haubojee yBIIEKaTellb-
HBIX, CJIOKHBIX M aKTyalbHBIX IPOOJIEM TeopeTHue-
CKOW OMOJIOTHH W COBPEMEHHOH KIMHUYECKOH MeIu-
LUHBI

HecmoTps Ha BcecTOpoHHee HCCIENOBaHHE
HEPBHO-PE(PIEKTOPHOTO M TyMOPAILHO-TOPMOHAIb-
HOTO MEXaHM3Ma PEryJLAU arperaTHOro COCTOSHHS
KPOBH, TKaHEBBIE (PaKTOPHI TeMOKOATYJISIIIUN B pa3iIHy-
HBIX OpraHax M TKaHAX W3y4eHBI OYeHb CKYAHO, 0CO-
O6eHHO poJb AnH(H3a B PETYISIAN reMocTasa.

C mo3unmii COBpEMEHHOW OHMOPHUTMOJIOTHH BO-
mpocaM aJanTalnd, HOPMBI M remMocrasa 0e3 ydera
pomu 3mrdu3a He BO3SMOXKHO HE NPUAABATH 3HAYCHHUS,
0COOCHHO B 3aBHCHUMOCTH OT JIOJTOTHI CBETOBOIO M
TEMHOBOI'0 PEXHMMOB, a TaK)Ke MOCIE yNaleHUs dIH-
¢uza. [TosToMy ncciaenoBaHNe TKAaHEBBIX (PAKTOPOB Ie-
MOKOAryJIsIUH Ha ()OHE AECSATUCYTOYHOT'O CBETOBBIX U
TEMHOBBIX peXHMMaX, a TAKXKe MOCIe YAAICHUs DIIH-
(u3a B pa3NMUHBIX OpraHax M TKAaHAX SBISETCS aKTy-
aJbHBIM BOIIPOCOM HEMPOTOPMOHAIBHON pEryisuuu

XPOHO(HU3UOIOTHIECKUX IIPOLIECCOB, 00ecednBaio-
IIMX arperaTHOEe COCTOSHHE KPOBU B OPTaHU3ME.

Ienbio HACTOAIIETO HCCIIEOBAHUS SIBIAIIOCH U3Y-
YeHUE M3MEHEHHH (haKTOPOB reMOKOAryJsIUU B TKa-
HSIX CEJIe3E€HKH, MEYCHH, CEpACYHON MBIIIIbI, B3pOC-
JIBIX KPBIC TIPU PA3IMYHBIX (YHKIIHOHAIBHBIX COCTOS-
HUS 31132 CBETOBOM M TEMHOBOM PEXXHMaXx, a TAKKe
TI0CIIE €T0 YAaJICeHUs.

Marepuaj 4 MeTObI UCCJIEAOBAHUA. DKCIIEPU-
MEHTHI TIpoBoAWIuCh Ha 100 B3pOCHBIX KpbICax-cam-
nax auHuM Bucrap.

HccnenoBamm TkaHeBBIe (PAKTOPHI TE€MOKOATYIIS-
IIUU B CEJE3CHKE, MEUeHH, CePeUYHON MBIIIIE B3pOC-
JIBIX KPBIC B HOPME U yCIOBHUSAX JECATUCYTOYHOTO CBE-
TOBOTO U TEMHOBOTO PEXHMOB. DMUGU3 yAaJISIIH MO-
mudunupoBanHeiM - MetosoM  J[.M.AynoBa (1969).
CBoOoanblii TenapuH omnpeaenssan no Cupmau, 1po-
TPOMOHMHOBEINH MHJEKC ompenensun no Ksuky. Ycimo-
BHS OCBEIIEHHOCTH: B TeueHue 10 qHel )KUBOTHBIE CO-
JIep>Kaluch B OCTOsIHHAN TeMHoTe U 10 qHei npu no-
CTOSIHHBIX CBETOBBIX YCIOBUSIX.

OKCIIepUMEHTAIIBHPBIA MaTepuall CTaTHCTUIECKN
obpabotaH.
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Pe3yabTaThl HCCJIEIOBAHUS U UX 00CY:KIeHUeE.
DKCTIepUMEHTABHEIC TAHHBIE TIOKAa3bIBAIOT, YTO Y WH-
TAKTHBIX )KMBOTHBIX CBOOOJHBIN TeNapyuH B TKAHU CE-
ne3enku 7,0+0,3 cek, B Tkanu nedenn — 14,0+0,4 cek,
B TKaHU cepaeuyHoil Mprmsl — 5,0+0,3 cek.; mpoTpom-
OMHOBEII UHAEKC — B cenesenke - 213,0+4,9%, B me-
yenu - 123,0+5,2%, cepaeunoit mpiie - 105,0+6,4%.

B nmanepHeifimeM uccienoBaHUS MPOBOIWINACH Yy
JKUBOTHBIX, HaXOJWBIIMXCS B Pa3IMYHBIX YCIIOBHIX
ocsenieHHOCTH. ConepKaHne >KUBOTHBIX B IOCTOSIH-
HOM TemHOTe B TeueHue 10 mHEH mokasamu, 4ToO CBO-
OOIHBIN TemapyH B Celle3eHKE, IMEYeHH W CEepACIHON
Mmeimine  ymeHbmaetcs  (5,0+0,3cex; 7,040,4  cex;
3,0+0,1cek coorBercTBeHHO, P+0,001); mpoTpomMOuUHO-
BBl WHJEKC B TKAaHU CEJC3CHKH YMCHBIIACTCS Ha
21,3%, B TKaHU TMIEYE€HU HE U3MEHSETCS, a B CEPIICUHON
MBIIIIle  TOBBIIIaeTcs Ha 63,8%  (113,0+1,2%,
123,0+1,8%, 172,0+3,6% cootBetcTBento,P +0,0001).

[pu conepxanuu KUBOTHBIX B 10 JHEBHOU CBe-
TOBOH (paze HaOIFOAaeTCS OBBIIICHUE CBOOOTHOTO Te-
mapuHa 11,0+0,4cex (ma 57,1%), B medeHH-
12,0+0,3cex (Ha 24%), B CepACYHON MBIIIIE
6,0+0,2cex (Ha80%). B m3mMeHeHNHN IPOTPOMOHMHOBOTO
WHJIeKca HAOomaeTcs WHas KapTHHA: B TKaHU Celle-
3¢HKH  TNPOTPOPMOMHOBBIH  WHAEKC  COCTaBIISACT
255+12,6%, B meuenu 190,0+7,0%, B cepacuHOM
mbrime 300,043,2%. [TonydeHHbIe pe3yabTaThl JOCTO-
BEPHBIC.

VY 3nu(U33KTOMUPOBAHHBIX JKUBOTHBIX CBOOOJI-
HBIN TemapuH B cene3eHke coctaBua 13,2+0,2 cek, B
neueHn — 200,0+14,2 cek, B cepHeYHON MEBIIIE -
9,040,2cek,; MpOTPOMOWHOBEIN WHAEKC B CEJIC3CHKE
422,0+7,0%, B meuenu 300,0+4,2%, B cepredHoi
meime - 146,0+2,0%. Pesynerath ncciaenqoBanus oo-
CTOBEpHEIE.

B pe3ynbTare uccienoBaHus BEISBICHO, YTO SIIH-
(U3 ygacTByeT B CyTOYHOM PHUTME OpraHu3Ma. DHIO-
TeHHBIH pUTM QYHKIMH 1H]H3a KOHTPOIUPYETCS Cy-
NMpaxua3MaTHUCCKUMHU  SiIpaMH  THIOTajaMmyca, B
HOPME CBSI3aH C KOHKPETHBIM BPEMEHEM CYTOK 3a CUET
MPEBATUPYIONIETO CYTOYHOI'O IMHKJIA OCBEIICHHOCTH,
UTPAIOIEro CYIIECCTBEHHYIO POJib B FEMOCTa3e Opra-
HH3Ma.

BeiBoabl: 1. B ycioBHSX TEMHOBOrO pexnuMma
cBOOOTHBIH TeTIapHUH BO BCEX HCCICAYEMBIX TKaHAX 0~
BBIIIACTCS,AKTHBHOCTh  (DaKTOPOB MPOTPOMOMHOBOTO

HHJEKCa HapacTaeT B CeJIC3CHKE U CepACHHOM MBIIIIIE,
B IICUCHHU- JCPKUTCSH HA YPOBHK MHTAKTHBIX JKUBOT-
HBIX.

2. B ycnoBusixX CBETOBOTO pexkuMa CBOOOIHBII Te-
MIApUH ¥ aKTHBHOCTH (PaKTOPOB MPOTPOMOMHOBOTO MH-
JIeKca TOBBIIIAETCS BO BCEX TKAHSX.

3. Y snudu33KTOMUPOBaHHBIX )KUBOTHBIX B OTJIU-
YHe OT MHTAKTHBIX )KUBOTHBIX HAaOII0JaeTCsI CHU)KEHHE
CBOOOTHOTO TemaphHa, aKTUBHOCTH (PaKTOPOB IIpo-
TPOMOHMHOBOTO HHIEKCA B CEJE3CHKE M CepACYHOM
MBIIIIIE, OcTabeBaeT B ICUCHN.

4. Dmuuz sABIAETCA PETYIATOPOM CYTOUHOTO
pHUTMa OpraHu3Ma BO B3aUMOJCHCTBUH C XPOHO(U3HO-
JIOTHYECKUMH PEaKIMIMHI IT'eMOKOAryIISIH.
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UDC 544.4.554.47;544.344
COMPUTER MODELING OF POLYPHENOLSULFIDES DURING CUMENE OXIDATION

Kashkay Aybeniz Mir-Ali
Institute of Catalysis and Inorganic Chemistry named after acad. M.Nagiyev of Azerbaijan National Academy
Science, Doctor of chemical sciences, chief scientist, AZE-1143, Azerbaijan, Baku, H.Javid Avenue-113

Abstract

The kinetic features of the decomposition of cumylhydroperoxide (ROOH) catalyzed by phenolsulfides (PS),
experimentally studied earlier, have been investigated by computer simulation. Decomposition of ROOH in the
presence of PS is a complex multistage autocatalytic process, in the course of which an effective decomposition
catalyst is formed from the initial PS. In this process, there is a concentration effect of decreasing the time of
complete decomposition of ROOH with increasing initial concentration and more complete utilization of PS at

higher concentrations of ROOH.

Keywords: phenolsulfides, hydroperoxide, computer modeling, autocatalytic process.

The nature of transformations of hydroperoxides -
the primary products of hydrocarbon oxidation has a
strong influence on the kinetics and mechanism of the
oxidation process as a whole, so studies on the effect of
inhibitors and catalysts on the peroxide behavior pay
much attention [1-3]. Additives that stimulate decom-
position of peroxides with formation of free radicals
catalyze the oxidation process, where as compounds

that promote heterolytic breaking of the peroxide bond
can have an inhibitory effect [3,4]. The latter include
sulfur-containing compounds, known peroxide reduc-
ing agents [4,5]. Of great practical and theoretical in-
terest are sulfur-containing antioxidants which com-
bine different inhibitory functional groups in one mol-
ecule and under certain conditions exhibit significant
synergistic effects in antioxidant action.

ol H H OH OH H
@—ss SS‘Q@ @—SCHZS‘@—SCW‘@

C(CHy); C(CH3)3 C(CH3)3

Polyphenolsulfides, combining several phenolic
groups and sulfur atoms in the molecule, effectively in-
hibit the oxidation of hydrocarbons of different classes.
A characteristic feature of the antioxidant action of pol-
yphenolsulfides is their high catalytic activity in the de-
composition of cumylhydroperoxide (ROOH) [6].

Decomposition of ROOH in the presence of PS is
a complex multistage autocatalytic process, which in-
dicates the formation of an effective decomposition cat-
alyst (P) from the initial PS during the reaction with hy-
droperoxide. It was found that the transformation prod-
ucts of PS in this reaction inhibit the initiated oxidation
of cumene, i.e., they have antiradical activity [6]. Thus,
the antioxidant effect of PS includes chain breaking on
the parent compound and the products of its oxidation
by hydroperoxide, catalytic decomposition of hydrop-
eroxide proceeding by a complex autocatalytic mecha-
nism, a possible chain breaking on the products of PS
transformation.

C(CHz)s

C(CHg)3 C(CHg)s

At present, data on the reactivity of many hydro-
carbons and inhibitors in radical reactions have been
collected and generalized in the literature, presented in
the form of rate constants and temperature coefficients
[7,8], and programs have been developed to solve sys-
tems with a large number of differential equations
[9,10]. With the use of computer modeling, this makes
it possible to conduct a kinetic analysis of the mecha-
nisms of complex processes.

The kinetics of ROOH decomposition catalyzed
by polyphenolsulfides has been analyzed in this work,
taking into account the experimental results presented
in [6,11] and obtained subsequently. Computer model-
ing was performed using the program [9], which has
proved itself well for analyzing the kinetics of inhibited
oxidation of hydrocarbons [12].

Typical S-shaped mutually intersecting ROOH
catalytic decay curves obtained experimentally are
shown in Fig. 1. The simplest scheme reflecting the au-
tocatalytic action of PS is as follows [6]:
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[ROOH], mons/n
0.6 \‘

0.5¢

04}

10 20 30 1, Mun

Fig. 1. Kinetic curves of ROOH consumption
in the presence of PS: [PS]0=1-10-%, M;
110°C; initial concentration of ROOH in M:
1-06:2-045:3-0.3

Scheme 1

A) ROOH + PS —P;1 + npoaykrsi Ka

B) ROOH+P; — P1+ npoayktst Ky

provided that the second stage of reaction (2) pro-
ceeds much faster than the first one, i.e. kp>> Ka. ky is

[ROOH],
0.6

0.5}

04+

0.1}

0 10 20 0 40
I, MUH
Fig. 2. Calculated kinetic curves of ROOH con-
sumption according to (1): [PS]0=1-10-%, M; ini-
tial concentration of HPC inM: 1-0.6:2-0.4: 3
-0.3

the effective rate constant of stage B, ka is the effective
rate constant of stage A; P: is the catalyst obtained in
the reaction.
The equation for the rate of ROOH consumption
can be obtained in analytical form

d[ROOH]/dt=ks[ROOH]o[PS]o[{1+ka/ks-exp(-kKa[ROOH]ot)}. 3)
From when t — 0 : Wy = Ka[ROOH]O[PS]o in the diluted process after leaving exp(-KA[ROOH]ot) <<1,
Wmax = kKB[ROOH]o[PS]o. (4)

Figure 2 shows the calculated ROOH consump-
tion curves for reactions A and B at the values of the
constants ka=0.01 and ks=16 (Ms)-1. Here,
ke=Wmax/([ROOH]o[PS]o) is the effective rate constant
of ROOH decay and ke> ka. It can be seen that the cal-
culated curves are S-shaped, the time-mass scale is the
same as in the experimental curves. However, the hy-
droperoxide consumption time is almost the same for
different initial concentrations, while the experimental
curves clearly show that with increasing initial concen-
tration of ROOH, the consumption time decreases and
the curves mutually overlap.

Comparison of the calculated and experimental
curves shows that the real catalytic system provides a
more intense increase in the rate of ROOH consump-
tion in the course of the process than the simplest
scheme (1). This may be related to the formation of the
sequence of catalysts of increasing activity. Synergistic
effect of phenol and sulfo compounds in both inhibition
of oxidation processes and decomposition of hydroper-
oxides is noted in literature [4,5,13]. Therefore, if a pri-

mary catalyst is added to reactions A and B of the reac-
tion with phenol, which is formed from ROOH, the new
scheme will have the following form:

Scheme 2

ROOH + Ps — P; + Alk k=0.002 (Mc)*

ROOH + P; — P; + PhOH + ac k=10 (Mc)™!

PhOH + P; — P, k=20(Mc)?

ROOH + P, — P, + St k=100 (Mc)™!

In this scheme Alk denotes alcohol formed during
reduction of hydroperoxide with sulfide sulfur, PhOH
and ac are phenol and acetone formed during acid-cat-
alyzed decomposition of ROOH, St is a-methylstyrene,
a large amount of which (>50%) was found along with
phenol in the decay products of ROOH, catalyzed by
PS (analysis was performed by GC-MS on a chromato-
mass spectrometer Nermag). Fig. 3 shows the calcu-
lated curves corresponding to the previous scheme. The
curves mutually overlap, but not so clearly and at
greater depths of transformation than the experimental
curves (see Figs. 3 and 1).
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[ROOH], monw/n
0.6}
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Fig. 3. Calculated kinetic curves of ROOH consump-
tion according to Scheme 2. [PS]o=1-10*, M; initial
concentration of HPC inM: 1-0,6;2-0,4; 3-0,3

The curves (Fig. 4) calculated according to the fol-
lowing scheme in which the oxygen stoichiometry of
PS transformation and the wide range of sulfide sulfur
oxidation from S? to S5* are taken into account are clos-
est to the experimental data.

Scheme 3

ROOH + PS + ROOH — P; + Alk k=0,05 (M%)

ROOH + P; + ROOH — P; + PhOH + ac k=0,2
(M%)

PhOH + P1 + ROOH — P; k=20 (Mc)™*

ROOH + P, — P, + St k=80 (Mc)™!

From Fig. 4 it is clear that these curves mutually
intersect at points corresponding to relatively small de-
grees of transformation. Calculations show that by the
end of hydroperoxide consumption, when [ROOH] =

[ROOH]. M
0.20

0.15 F

0.10 -

0.05 L

I W— ' ) |

[ROOH], M
0.64

0 10 20 30 40
f, MHH

Fig.4. Calculated kinetic curves of ROOH con-
sumption according to Scheme 3. [PS]o=1-10", M;
initial concentration of HPC in M: 1 -0.6; 2 -0.4,
3-0,3

0.01 M, a considerable amount of initial PS remains in
the reaction mixture.

The amount of unexpended PS is the greater the
lower the initial concentration of ROOH:

Table 1
[ROOH]0 0,6 0,4 0,2
% remaining 2,4 9,0 30,0

The initial PS remaining after ROOH decomposi-
tion can make a significant contribution to the antioxi-
dant activity of the decomposition products noted in the
literature [6,14]. Calculations show that new portions
of hydroperoxide added after the end of ROOH decom-
position are consumed without an induction period at
the maximum initial rate (Fig. 5), which was also ob-
served in the experiment [6].

| 1 J

0 5 10 15

> .
20 25 30 35

40
/. MMH

Figure 5. Calculated kinetic curves of ROOH consumption according to Scheme 3. Arrows marks moments of
new ROOH injection: [ROOH],=0,2M; [PS]o=1-10"* M; 1 - consumption of initial amount of ROOH; 2 -
consumption of the first additive 0,2 M ROOH; 3 - consumption of the second additive 0,2 M ROOH
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The table 2 shows the values of the maximum rates
of ROOH consumption at different initial concentra-
tions of hydroperoxide and PS.

The amount of unspent PS is the greater the lower
the initial concentration of ROOH:

Table 2
[ROOH], M [PS]-104, M Kef = Winax/([ROOH]0[PS]o) Wmax - 10*M/C
0,6 1 33,7 20,2
0,4 1 26,75 10,7
0,3 1 21,6 6,47
0,2 1 15,25 3,05
0,3 0,5 28 4,2
0,3 0,2 37,3 2,24
0,3 2 15,8 9,5
0,3 5 10,1 15,2

The calculation of the effective constant ke =
Whax/([ROOH]0[PS]o) shows that for the last variant
(Scheme 3) the effective constant changes in a fairly
wide range 23.3 12 (Ms). Nevertheless, it is close to
the experimental value of 16 (Ms)-! [6].

Thus, the simplest scheme 1 is not suitable for de-
scribing the kinetics of polyphenol sulfide-catalyzed
ROOH decomposition. The closest agreement with ex-
perimental data is achieved if decomposition catalysts
are formed during the reaction of PS with ROOH, in the
formation of which phenol formed during the decom-
position of ROOH takes part (Scheme 3).
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The article is devoted to the issue of digital modeling of the analytical continuation of gravitational anomalies,
the solution of which plays an important role in the separation of a complex observed field and determining the
location of a geological source. On the example of a two-dimensional homogeneous horizontal cylinder lying at a
certain depth, with using the SURFER program, an analytical continuation of the gravitational field to the upper
and lower half -space was performed and built 2D and 3D maps, which gives the most complete picture about the

location of the geological object - source of anomaly.

Keywords: vertical gravity component, modeling, gravity model, digital modeling, two-dimensional cylin-

der, grid.

Introduction: The gravimetric method of explo-
ration based on studying the distribution of gravita-
tional fields created by individual geological structures
and bodies having an excessive density of the rocks.
This method of exploring is an important in the process
of study the geological structure of areas promising for
oil, gas and ore deposits. An important role is assigned
to process modeling, synthesis at all stages of pro-
cessing and interpreting gravity data.

At the stage of transformation of gravimetric data,
a very important task is solved - the identification of
local and regional anomalies associated with the corre-
sponding geological structures and bodies. There are
various methods for transforming gravity fields, among
which the method of analytic continuation of fields in
the upper and lower half-space plays an important role
(Kerimov, 2015; Ermokhin, 2007; Michael et al., 2011;
Maurizio et al.,2001; Strakhov,1990). At present, digi-
tal gravimeters are used in gravity prospecting and
these devices measure the value of gravity with high
accuracy. Therefore the transformation task is solved
with using modern graphics programs in two-dimen-
sional and three-dimensional versions based on the re-
sults of computer calculations of theoretical gravita-
tional fields by means of the developed algorithms and
programs which provides the most accurate field sepa-
ration  (Iskandarov,  2018(No.l); Iskandarov,
2018(No0.1(21)); Iskandarov, 2006; Bychkov, 2005;
Kadirov, 2000; Iskandarov,1991). This explains the rel-
evance of scientific research ongoing in this direction.
The purpose of these studies is digital modeling of an-
alytical continuation of gravitational fields .

Means and methods: There are various methods
of analytic continuation of potential fields, such as the
method of analytic continuation to the upper half-space
with respect to the Poisson integral, the method of ana-
lytic continuation into the lower half-space using the

Gauss formula etc.. And also have been developed var-
ious algorithms and programs . Let perform an analyti-
cal continuation of the gravitational field from a homo-
geneous two-dimensional cylinder lying at a certain
depth. As is known, the vertical component of gravity
Vz from a horizontal circular cylinder is calculated by
the formula (Mironov,1997) :

_ 2GAh

£ ox*+h*’ @
where G - the gravitational constant; A - linear
density of the cylinder, [A] = g/ sm; h - the depth of the
cylinder axis in km unit; x - the coordinate of the ob-
servation point along the profile in km unit. As known
A=S-Ac=n-R?Ac, where Ac- the volume excess density
in g/sm?® unit; S - the cross-sectional area of a circular
cylinder in sm? unit; R-radius of the cylinder in km unit.
Let us take the radius of a circular cylinder, occur-
ring at a depth of h = 4 km, equal to 1 km, Ac = 0,2
g/sm®, that is typical of sedimentary deposits of the east-
ern part of the Middle Kura depression for Azerbaijan.
With using modern graphics program, analytical con-
tinuation of the gravity field will be performed. At pre-
sent the SURFER program is widely popular (Silkin,
2008) and one allows not only to represent the results
obtained in a modern graphical interface, but also per-
form various mathematical calculations in the “Func-
tion” mode. In the beginning, it is necessary in the
above formula to introduce an additional variable Z -
the depth (or height) of the analytical continuation of
the field from the model of a two-dimensional horizon-
tal circular cylinder, which will not affect the form of
the formula itself, but will only characterize the param-
eter of the analytical continuation of the field. Using
this parameter, it is get the following formula:

_ 2GA(z+h)

= (2
* X*+(z+h)? @
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Where the parameter Z takes on a negative value
if it is performing the analytical continuation of the
field to the lower half-space, and takes on a positive
value if it is performing the analytical continuation of
the field to the upper half-space.

Results: In the beginning, the analytical continu-
ation of the field was performed into the lower half-
space. For this purpose with using the SURFER pro-
gram in the “Function” mode, the Vz values were cal-
culated at different depths Z, starting from zero (obser-
vation surface) to a depth of 6 km with a step of 0,3 km,
as a result, it is obtained a “grid” of the calculated data
based on which, various maps were built in 2D and 3D
versions (Fig.1-4). As can be seen from the presented
drawings, the analytical continuation of the field into
the lower half-space allows you to emphasize the "spe-
cial point™ associated with the source of gravitational
disturbances in the modern interface of the graphical
editor. The intensity of the anomaly changgs fr‘om‘zer(‘)

to 18 mGal in the case of approaching to source (h =4
km) and increases from -25mGal to zero in case of
passing through a "special point" (see fig.1). The source
of disturbances in various forms and variants clearly in-
dicate on the remaining figures (see fig.2-4).

An analytical continuation of the field to the upper
half-space to a height of Z = 4 km was carried out. To
do this, the VVz values were calculated at various alti-
tudes, ranging from zero (observation surface) to a
height of 4 km with a step of 0.3 km, and as a result, a
“grid” of the calculated data was obtained, on the basis
of which, various maps were constructed in 2D and 3D
versions (Fig.5- 6). As you can see from the color pat-
terns of the analytical continuation of the field into the
upper half-space constructed using the SURFER pro-
gram, the intensity of the anomalies decreases sharply
from 2.1 mGal to 0.8 mGal. And if you subtract this
field from the observed on surface of the earth one, you
can get the desired local anomaly.
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Fig.1. Analyticél continuation of the gravitational field in the lower half-space (2D)

Fig.2. Analytical continuation of the gravitational field in the lower half-space (3D)
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Fig.3. Polar vectors map of analytical continuation of the gravitational field in the lower
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Fig.4. Vectors map of analytical continuation of gravitational
fields in the lower half space

Fig.5. Analytical continuation of the gravitational field
in the upper half-space (2D)
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Fig.6. Vectors map of analytical continuation of gravitational
fields in the upper half-space

Conclusion:

1. Using the SURFER program in the “function”,
“grid” and “map” modes, a digital modeling of analyt-
ical continuation into the lower half-space of the grav-
ity field of a homogeneous horizontal cylinder, lying at
a certain depth, was performed, which allowed us to de-
termine the location of the source of anomalies.

2. The analytical continuation of the digital model
of the two-dimensional horizontal cylinder gravity field
to the upper half-space was also performed on the com-
puter, which made it possible in the modern interface
visually to trace the decrease gravitational field inten-
sity with distance from the source.

3. Completed research show the effectiveness of
the analytical continuation of gravitational fields in
finding local anomalies associated with geological
structures and possible mineral deposits.
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of state regulation of capital exports are a key factor in increasing its role in capital exports.
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One of the methods of regulating capital exports -
the investment policy of the state - is a form of behavior
of government structures, which is calculated to be sub-
ject to a balanced economic load for a certain period of
time and to achieve the set goal through capital invest-
ment. It consists of two components [3, p. 138]:

Direct participation of the state in the investment
process - public investment is 1 percent of gross domes-
tic product (GDP) (33 percent falls on the social sphere,
20 percent on the stimulation and support of private in-
vestment, and 10 percent on important areas of produc-
tion);

» State regulation of the investment process - is to
stimulate investment activity and, as a result, economic
growth.

» Factors determining the role of foreign capital
and key issues of investment policy include:

» Administrative-legal methods of influence of
state bodies and organizations on investment activity in
the country.

» Expanding the volume and increasing the effi-
ciency of investments by improving their structure;

» Transformation of public investment into a lo-
comotive of management of increasing investment ac-
tivity in the country and structural transformation of the
economy.

» The object of the state's investment policy is all
complex sectors of the economy that ensure the process
of reproduction and scientific and technical develop-
ment.

» The methods of regulating investment activity in
the conditions of market relations are as follows:

» Establishment of investment regulators in a mar-
ket economy;

» Economic methods of stimulating investment
activity by the state;

Factors that enhance the impact of capital exports
on innovative activities can be divided into two groups
- passive and active.

The passive method is related to directing entre-
preneurs to choose the most efficient investment op-
tions by developing indicative investment plans. At the
same time, there is a problem of determining the effec-
tive structure of investments in the country's economy.

Means of substantiation of effective investment
plan and priority directions of capital investments: dy-
namic model of inter-sectoral balance; other dynamic

and semi-dynamic models of development of the coun-
try's economy; Investment processes are determined by
a system of balance sheets that reflects its various as-
pects, including documents such as the balance of fixed
capital, the balance of capital investments.

The active method is related to direct public in-
vestment, as well as measures taken by the budget and
tax authorities, which are also aimed at expanding the
investment activity of entrepreneurs.

Ways to increase the efficiency of investment ac-
tivities are:

» Creation of favorable conditions for entrepre-
neurial activity;

» Direct participation of the state in effective and
important projects for the country;

» Actual value brought in international practice,
the same norm of profitability; application of criteria of
financial efficiency of investments as a cost recovery
period;

» Stimulation of the system to strengthen the in-
vestment activity of the special unit through tax incen-
tives.

It should be noted that the main factors influencing
the export activity of capital exports and foreign invest-
ment activity include: centralization and distribution of
foreign capital; activation of new productive forces in
the economy; integration of production activities of lo-
cal and foreign economic entities; organizational fac-
tors of implementation of investment programs; use of
direct and port verb investments.

It should be noted that characterizing a market
economy from the point of view of what issues it can
and cannot solve, it regulates economic and social pro-
cesses in terms of entrepreneurship and, in particular,
the innovative activities of enterprises, as well as the
interests of society and individuals does not have the
ability. The market economy does not provide a so-
cially equitable distribution of income, does not guar-
antee the right to work, does not focus on protecting the
environment, does not support the vulnerable, and so
on.

Private business is not interested in investing in ar-
eas that do not bring high returns to this organizational
structure, but these areas are simply necessary for soci-
ety and the state (for example, geological exploration,
academic science, agriculture, ecology, etc.). It should
be noted that the market economy does not solve some
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pressing problems. That is, the impact of capital exports
on these areas is negligible. A very serious issue for the
state - the protection and enforcement of the rights of
producers and consumers in existing markets. Entities
must be protected by law in order to carry out normal
economic activity. First of all, property rights must be
ensured. An owner who is not sure of the inviolability
of his property will not use his creative and material
potential to the full, fearing that he will lose his prop-
erty. Therefore, it is very important to have legislation
that guarantees property rights. Ensuring the necessary
rule of law in the country is the duty of the state, which,
in turn, is the basis for the development of investment
and innovation activities.

If the state does not provide the necessary condi-
tions, the country's economy will not be able to develop
and function innovatively, and the economy will not be
able to export capital in this regard. In other words,
state regulation allows the removal of insurmountable
obstacles using the market mechanism.

The world experience of developed market econ-
omies shows that the role of the state in economic con-
ditions, especially in times of crisis, decreases in con-
ditions of stability and revival, but never stops. In all
cases, the state must maintain the basic rule, that is, to
influence entrepreneurship, investment activities and
the country's economy in such a way that the founda-
tions of the market are not violated and crises are not
allowed.

In order to perform the functions of regulating the
economy, the state innovates or influences the country's
economy through economic (indirect), administrative
(single) methods through the issuance of existing legis-
lation and decrees and improvements, as well as certain
economic, as well as capital export.

Economic methods of state influence on capital
exports and investment activities are more useful than
direct (administrative) methods for the implementation
of state regulation measures, although sometimes it is
difficult to distinguish between these two methods. The
economic policy used by the state as a key factor in reg-
ulating the economy, as well as the innovation process,
is quite diverse, but its main tools are: taxes; state par-
ticipation in investment activities; creation of free eco-
nomic zones; redistribution of income and resources;
hard work; use of credit and financial mechanisms to
create favorable conditions for attracting foreign capi-
tal, etc.

Administrative methods of influence are used by
the state in cases when economic methods are not use-
ful or sufficiently effective in solving this or that prob-
lem. In order to create normal conditions for entrepre-
neurship and investment activities, stabilization of the
economy and freight traffic, the state must pursue ap-
propriate fiscal, investment, scientific-technical, price,
depreciation, credit-financial and other policies, in the
implementation of which the state but also uses a com-
plex of administrative methods.

The international movement of capital has a mul-
tifaceted impact on the economies of exporting and im-
porting countries. State regulation in this area includes
the following:

» Regulation of inflow of foreign investments into
the national economy (size, shape, territorial and area
distribution);

» Regulation of capital outflow from the country.

> It should be noted that entrepreneurial capital
can do the following by penetrating the national econ-
omy:
» Significant depletion of national resources in-
sufficient for investment;

» Introduction of new technologies, equipment
and thus increase active participation in innovation;

» Improving the quality of products and the skills
of the workforce by inviting foreign specialists, experts
and consultants.

But at the same time, first, when foreign entrepre-
neurial capital is invested in the national economy, the
repatriation of income continues and the moment of
"investment depletion™ comes, ie the amount of capital
inflow and outflow is equal; second, foreign entrepre-
neurial capital is invested in areas of the national econ-
omy where income is maximized and therefore the sec-
tor develops proportionally; Third, ecologically “dirty”
foreign production imported from developed countries
with its strict environmental standards to less devel-
oped countries may also enter the country.

In modern conditions, the state takes the following
measures to regulate foreign capital inflows, which ac-
celerate the development of innovation:

» Foreign direct investment in economic areas
where the participation of foreign capital is considered
either wasteful, dangerous competition for national
producers, or a threat to national security is either pro-
hibited or restricted;

»Organizes the stimulation of foreign capital
flows by creating a favorable general investment cli-
mate in the country or in specific areas or regions where
foreign capital is needed.

The conditions for foreign investment, which in-
crease innovation activity, are assumed to be: joint par-
ticipation of national and foreign capital; Mandatory
conduct of research and development work; creation of
additional jobs, etc.

At the same time, the state seeks to attract foreign
capital by providing various benefits, including tax
benefits. Sometimes, many regions with strong eco-
nomic potential do not ensure its effective use today.
However, one of the key issues in increasing the inflow
of foreign capital to stimulate the country's innovation
activity is the inventory of assets of local organizations
(natural, financial, production, social and other poten-
tials) and the current monitoring of resources. How-
ever, attention should be paid to the state and municipal
property of the country, as well as the development of
priorities for its efficient use.

It should be noted that the development of market
economy relations requires a direct impact on socio-
economic processes. Because the issue of more effi-
cient use of regulatory elements in the context of mar-
ket economy or relations is on the agenda.

It should be noted that there are objective contra-
dictions between the interests of capital importers and
exporters. The former are interested in allocating their
free funds in the most profitable way, while the latter
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try to obtain the cheapest, if possible, on preferential
terms or free of charge.

Capital imports for host countries have the follow-
ing positive effects [5, p.125]:

» Problems of local production, limited resources
and their efficient use are eliminated;

» create new jobs;

»foreign capital brings new technologies, effec-
tive management;

» accelerated the pace of scientific and technolog-
ical progress;

» exports of goods expand capital exports become
a site that promotes the export of goods abroad;

» capital inflows help improve the country's bal-
ance of payments.

Negative effects of capital imports:

» The inflow of foreign capital removes local cap-
ital from profitable areas. This could threaten the coun-
try's unilateral development and economic security;

» Uncontrolled import of capital may be accom-
panied by environmental pollution;

» Capital imports are often associated with the en-
try of obsolete goods into the market of the recipient
country, as well as goods produced as a result of poor
quality;

» Imports of credit capital increase the country's
foreign debt.

Impacts for capital-exporting countries include:

»the export of capital abroad without attracting
foreign investment slows down economic develop-
ment;

> capital exports have a negative impact on em-
ployment;

> capital flows have a negative impact on the
country's balance of payments.

It should be noted that the loss of workers means
the export of foreign direct investment jobs from the
country. Taxpayers find themselves less profitable be-
cause it is more difficult to tax the profits of the NSC,
and the government is forced to transfer lost tax reve-
nues to other taxpayers or reduce social program costs.

However, in order to conclude that the country as
a whole has won, investors must be considered to be-
long to this country. If investors do not have the right
to vote as authorized citizens of their homeland, their
investment income must be deducted from direct in-
vestment in the amount of the nation's earnings. In this
situation, the home country suffers losses as a result of
the inflow of direct investment and, of course, must
limit it.

Conclusion

The export of capital from Azerbaijan means an
artificial decrease in investment reserves and demand
for foreign loans, a decrease in tax revenues, a decrease

in foreign exchange earnings and income from foreign
economic activity, and a decrease in the country's for-
eign exchange reserves. The outflow of capital from the
country does not take advantage of the profit, and as a
result, the total money supply in the country decreases.
This process leads to a decrease in stability in all seg-
ments of the money market, money circulation and ag-
gravation of the problems of the national economy.

At the same time, it can be said that the relevant
ministries and departments of Azerbaijan are not able
to fully address the problem of the threat of foreign cap-
ital outflow. The current situation necessitates the in-
volvement of additional state forces and financial re-
sources in order to prevent the negative effects of the
export of Azerbaijani capital abroad.

Given the extremely weak impact of the capital
export process on the economic situation in Azerbaijan,
the development and adoption of a program aimed at
organizing its flow in accordance with the trend of ef-
ficiency and creating conditions for national entrepre-
neurs to return capital abroad is becoming a priority. In
order to identify ways to solve this problem, we think it
is necessary to identify the main features, causes,
forms, dimensions and development trends of this pro-
cess. Of course, the design of this program should take
into account the factors that affect the development of
innovation. As a result of our research, these factors in-
clude innovation potential, human capital, management
potential of government agencies, access to education
abroad, etc.
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Abstract

This article studies the increase in the share of intangible assets in comparison with the tangible assets of the
company due to the introduction of the latest technologies in the modern economy. The purpose of this article is
to discuss the development trend of the use of digital assets like software and the conditions accompanying their
growth, such as digital transformation and tax incentives. The first prerequisite for the emergence of the concept
of digital assets dates back to 1990, when the second stage of the digital revolution began in the period of 1990—
2000, the emergence of digital interconnections. (Alf J. Isakssona, liro Harjunkoskib, Guido Sandd, 2017) [1]. The
first section discusses the main ways to invest in digital assets when creating a new business model. The second
section describes the role and place of intangible assets as elements of intellectual property in the tax system of
the country. The third section discusses the most significant areas of tax incentives for investment in the integrated
development of an organization's intellectual capital in the field of IT innovation. The experience of Western
countries in the development of methods of external tax assistance to expand investment in intangible assets and
the development of digital companies is analyzed.

The information base is based on: scientific articles of specialists on this topic, regulatory documents in the
tax area, and data from monitoring assessments of experts from the world community, published in international
scientific journals. To reveal the topic, the methods of empirical analysis were used: observation and comparative

analysis.

Keywords: intellectual property, digital technologies, digital economy, digital assets, software IT innovation,

tax incentives.

Introduction

The impact of the pandemic on the digitaliza-
tion of economic sectors around the world

The current trend is that various areas of business
continue to recover from the effects of the COVID-19
pandemic. It is well known that every management of
the company, despite the potential assistance from the
state, tried to mitigate the negative impact on its busi-
ness. Unfortunately, the impact of the virus was too
strong for many companies, leaving thousands of un-
employed workers and a large number of businesses
shutting down. Especially the consequences of the pan-
demic were more strongly reflected in certain industries
such as airlines, tourism, and the hotel business. Where
the basic principle of the conceptual requirement in ac-
cordance with IFRS 1 was broken, the recognition of
the transaction is taken into account on the basis of go-
ing concern [2]. As a result of such negative influences
- disrupted customer turnover, lack of future cash
flows, and depreciation of assets, companies and other
consequences of the pandemic were forced to close
their businesses.

On the other hand, as entire countries faced re-
strictions and general social distancing measures, and
consumers around the world avoided contact with peo-
ple, due to the spread of the virus, the retail industry has
struggled to adapt by implementing digital transfor-
mation in business. This current situation arose primar-
ily as a result of retailers' efforts to retain customers by
meeting the growing online demand for products and
goods. As a result, they were implementing large
changes at a rapid pace and required new technical so-
lutions to help them cope with the transition. Since they
had no choice but to serve customers almost exclu-
sively digitally, they had to adapt quickly—and they

did. Consumers have become active users of accessible
mobile applications such as Allegro, eBay, or software
such as Retail Cloud, etc. Nowadays, the success of a
business depends on the degree of digitalization of the
existing company.

These changes are not limited to sales, that is,
those companies that stayed afloat had to act quickly to
support their remote workforce and all the accompany-
ing business operations. Digital operations are more
important than ever, and many transformative changes
have been made over the past year. As mentioned
above, although "the pandemic has led to a 4.4% con-
traction in the global economy," [3]. At the same time,
one trend is gaining force around the world: digitaliza-
tion.

According to the scorecard: "conditions of sup-
ply, conditions of demand, institutional environment,
innovation, and changes in digitalization over time
(measured by the growth rate of the digitalization score
over 12 years, 2007-2019). It offers an analysis of the
economies of 90 countries in terms of the level of
achievement of digital progress in their economies.
Where the digital planet results in an "atlas" and divides
the economy into four distinct zones: "Stand Out, Stall
Out, Break Out, and Watch Out" [4].

According to the analysis, it is determined that the
area of «Outstanding Economies» includes both econ-
omies with a high level of digitization and with a strong
impulse to further develop their digital capabilities. The
leading economy in this category in Singapore. The US
is also showing significant impetus for an economy of
this size and complexity, ranking second in digital evo-
lution after Singapore. In turn, Germany ranks sixth in
this World Ranking and demonstrates both adaptability
and public support for innovation.
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The Economy «Rip Zoney is characterized by an
economy with limited existing digital infrastructure,
but which is rapidly digitizing. China has a special
place in this group: its digital evolution is significantly
higher than that of all other economies, thanks in large
part to a combination of rapidly growing demand and
innovation. According to the DESI (Digital Economy
and Society Index 2020), Germany is ranked 1st among
EU countries for 5G launch readiness, has already
launched many measures to promote digitization, and
stimulates IT security initiatives, supercomputers, arti-
ficial intelligence, and blockchain [5].

Faced with new challenges and constraints, com-
panies are working to increase their maneuverability
and mobility, increase automation, and maintain more
operations in real-time. Booming digital technology is
also likely to require a renewed focus on business
model transformation and ecosystem development.

1.Keyways to invest in digital assets when cre-
ating a new business model

In the global community, due to the current situa-
tion and the continuing trend of growth in the process
of digitalization. Such as the need to use a reliable in-
frastructure and platform, the cloud to maintain a user
base for remote communication, equipped with con-
nected devices, effective and mobile management of
business processes - this opens the way for investment
in software and services. Therefore, while IT compa-
nies worked with employees, partners and stakeholders
to scale up digital adoption long before the virus hit,
"the pandemic has served as a positive catalyst that has
helped significantly accelerate the transition to remote
working"” [6]. Nowadays, the role of IT companies in
terms of implementing a business model is growing, on
the one hand, as a representative of business consulting
- how to use a cloud basis (IT programming) to auto-
mate organizations, on the other hand, as a developer of
the same software, in order to reduce costs and effi-
ciency gains. This business can be classified as a
knowledge-intensive business service (KIBS). KIBS
provide knowledge-intensive inputs to the business
processes of other organisations [7].

However, in practice, such digital transformations
require the fulfillment of serious financial conditions,
such as a change in the income statement, due to huge
investments in technology to support the online busi-
ness model. A company may run into big financial trou-
ble in the pursuit of big monetary innovations. Since it
is difficult for the financial system to evaluate intangi-
ble assets as liquid assets, in the case of unjustified in-
vestments, those who invested in intangible assets do
not have physical assets left to sell to recover costs.
Therefore, it is difficult for companies with a large

share of such assets to attract bank loans, especially if
such firms have just entered the market and their reve-
nues are not very high. As a result, the "intangible econ-
omy" may be cut off from debt markets and traditional
bank lending and forced to finance investments from
other sources, such as retained earnings or attracted
capital [8].

Hence, it is necessary to determine the attraction
of direct investment in technology development and
economic efficiency, on which the calculation depends
(return on investment). The most successful businesses
will be those with the balance sheets and analytical in-
sights to let boom through smart tech investment or by
reinvesting equity capital. Accordingly, the digital
transformation should be perceived as a project and not
as business growth, as all the steps and procedures for
organizing its implementation are inherent in the reali-
zation of something new. A company cannot start a
transformation without defining a deadline and an ex-
pected level of return on investment, respectively, the
calculation of which depends on the type of investment,
i.e., attracted or reinvested. The implementation of the
above-mentioned ways requires compliance with the
Law on Accounting of Intellectual Assets and other
forms of approval by states in accordance with the legal
provisions of the country (Poland, Germany, Kyrgyz-
stan).

2. The role and place of intangible assets as ele-
ments of intellectual property in the business model

Nowadays innovative companies, including those
engaged in IT programming, know that changes in the
economy, including globalization and digitization,
have increased the importance of an intellectual prop-
erty. Previous studies show advanced technologies as
elements of intellectual capital from the detailed
presentation of E. Brooking [9]. In addition, Research-
ers such as (Kaufmann and Schneider 2004) fully ex-
plained most definitions (indications) about IC (l1A)
provide a good account of the variety of terms and def-
initions for each kind of 1A in their literature [10]. Nev-
ertheless, the role and classification of intangible assets
still have not been properly recognized in the tax sys-
tem.

The bulk of technology spending is related to pur-
chases made by companies or corporations, which can
be classified by certain types of technology purchases
as exclusively supporting the business model. “Soft-
ware and services account for 12%, communication
services (telecom services) - 26%, the remaining 19%
cover various developing technologies that include
items of hardware, software and services such as the
Internet of Things ( 10T), drones and many automation
technologies, etc., ” [11] as illustrated in Picture 1.
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Picture 1. The main elements of the information technology industry [12].

The picture clearly shows that whatever area it co-
vers, any business nowadays needs assets (digital, in-
tangible, tangible) to work. In this new uncertain envi-
ronment, across the global market economy, demand
for devices such as laptops and other networking infra-
structure, as well as other crucial components, has in-
creased.

In the digital business, companies seek to take ad-
vantage of any technological advantage that can pro-
vide efficiency and innovation supported by cloud ser-
vices — software — as - a - service (SaaS), platform- as
— a - service (PaaS), or infrastructure — as - a - service
(laaS) [13]. These intangible assets are usually non-
physical assets that are used in the long term, are often
intellectual assets, and as a result, it is difficult to assign
value to them because of the uncertainty of future ben-
efits. For example, digital assets act as a type of intan-
gible asset, which is due to the registering of infor-
mation about objects that do not have a tangible form,
as a result, digital businesses create market value in the
online environment without having a physical presence
in it. And their scale is due to the fact that their intellec-
tual property can have a country of origin as well as a
country or even an entire development network, such as
Amazon and others.

Nowadays, each company, especially aimed at
business, focused on the implementation of IT pro-
gramming, defined as intangible assets, both in ac-
counting and in tax accounting, covers the entire large
part of the business value and the value of transactions
that the company conducts, which represents the intel-
lectual property of the enterprise. Nevertheless, accord-
ing to Rudner (1966), the value of classification is re-
lated to its ability to act as a heuristic that is useful for
the interpretation of a substance [14]. For business and
tax purposes, it is necessary to define the role of intan-
gible assets. Since once a project is completed or a
transaction is completed, and therefore income is gen-
erated, taxation never lags. So, understanding what in-
tangible assets are and how to value them is a key part
of business valuation. Why is it difficult to define what
intangible assets are? Perhaps it would be more appro-
priate to classify them instead, as classification is less

stringent than definition. Nevertheless, classification
also implies defining it. Next, before explaining their
role and ways of valuation in the business process, let
us look at their basic specifics:

-First type of classification (identification) of in-
tangible assets by their physical nature.

It is common knowledge that assets can be physi-
cally appreciable—tangible, like the equipment or
computer you use for business or office equipment, and
intangible, like intellectual property—software, know-
how, copyrights, patents. In practice, some intangible
assets may be contained in (or placed on) a physical
medium, such as a CD-ROM (in the case of computer
software), legal documentation (in the case of a license
or patent), or a tape [15]. As a result, most standard
computer software is classified as an intangible asset
because of its non-physical nature. However, account-
ing rules specify that there are certain exceptions where
software acquired by a firm meets certain criteria and
allows computer software to be classified as PP and E
(property, plant, and equipment). For example, if the
software is part of a weapon system, it would not be
capitalized but would be included in the value of the
investment in that weapon system.

-Second type of identification of intangible assets
by their capitalization nature.

Intangible assets that have not been acquired can-
not be capitalized on the tax balance sheet and, there-
fore, are not subject to amortization as the costs of cre-
ating intangible assets have been capitalized in accord-
ance with IAS 38. They are amortized through profit or
loss, but at the same time, they are taken for deduction
for tax purposes at the time of their origination. Accord-
ingly, if a company creates an intangible asset inter-
nally, its costs are expensed immediately and not amor-
tized.

Consequently, before generating the company's fi-
nancial statements, it must be taken into account that if
the business creates an intangible asset, all expenses on
the way to creating the intangible asset is expensed, and
the intangible asset is not shown on the balance sheet
and does not have a registered book value. Intangible
assets appear on the balance sheet only if they have
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been acquired and are shown on Form No. 1 under in-
tangible assets, which will appear under non-current as-
sets. That is, it all depends on whether the software was
acquired for use or developed for sale.

Upon acquisition, the assets should be shown on
the balance sheet in terms of their liquidity, or their
ability to quickly turn into cash by their grouping. Also,
a company can calculate its profitability (rentability) by
the intended use of its assets. The financial ratio, called
the net return on assets, is a good indicator of how effi-
ciently a company is using its assets in the business pro-
cess. And the depreciation expense for the current year
is shown in the company's statement of comprehensive
income or on Form No. 2, "Income Statement."

3. The specifics of tax incentives for digital as-
sets as intellectual capital objects in developed coun-
tries

In the context of such a digital transformation,
strategic ways have been developed for the effective
development of intellectual property in the form of dig-
ital assets that need to be tested. However, in practice,
it is impossible to determine how fast digital assets are
developing in the economy.

In developed countries, this problem is solved by
the state through direct financing or the provision of tax
incentives. It is tax incentives that should be considered
as the most promising, providing conditions for the de-
velopment and active use of the intellectual capital of
organizations without significant restrictions on market
freedoms.

For intellectual capital objects, different countries
apply different tax concessions or incentives by type of
expenditure, on existing projects to activate IT innova-
tion.

For example, Poland-provided employees creating
new programs or apps may take a 50% tax-deductible
expense meaning that only half of their income will be
subject to taxation. It is a significant reduction, used
widely by software developers to attract specialists
with higher net earnings while mitigating gross em-
ployment costs. Importantly, the company using this
tax regime must implement a policy regarding the 50%
tax-deductible expense.

Sole traders (B2B)

Sole traders performing services as sole traders in
Poland can benefit from a newly introduced law, 'IP
Box'. The concept of IP Box is preferential taxation of
income achieved from the creation or improvement of
qualified intellectual property rights (e.g. web-based
apps, new functionality to existing programs, develop-
ing software). The preferential tax rate in case of sale
of such qualified intellectual property right is only 5%
instead of 19% or 18/32% where progressive rates ap-
ply. In order to benefit from these incentives, taxpayers
must fulfill certain conditions including retaining doc-
umentation of the projects [16].

Chinese tax policy stimulates domestic innovation
and competitiveness of the economy in high-tech sec-
tors, through the provision of enterprises and projects
that produce intellectual property tax holidays. «Key
enterprises engaged in intellectual property design and
software development may be exempted from income

tax for the first five years and then subject to a 10%
income tax rate in the following years» [17].

Thus, international experience speaks of the pro-
vision of a number of tax incentives by countries, such
as tax holidays at a tax rate of 0% or 50% tax deduc-
tions in terms of the creation and use of intangible as-
sets. This trend is determined by the fact that tax incen-
tives are assessed as state assistance to business entities
in promoting themselves in the market through mod-
ernization and the use of digital technologies. That is,
the tax policy of each country is aimed at supporting
innovation.

To choose the right tax regime for a company or
an individual, it is necessary to amend tax legislation
on the part of the state tax services of the countries. By
the type of intellectual property, new lightened forms
of tax requirements are applied in the taxation system,
which makes it possible to dispense with additional tax
burdens for digital business owners. This is important
primarily for the control of legal problems, that is, for
legal regulation on the one hand of tax services
(agents), and on the other hand, for compliance with le-
gal norms on the part of taxpayers (companies). As a
result, when deciding on emerging issues of taxation of
intellectual property, special attention should be paid to
the analysis of all the facts and circumstances, and tax-
payers should often contact the necessary authorities to
solve tax problems. Such problems occur in many
countries: for example, "Development of judicial prac-
tice on the inclusion of payments for know-how in the
customs value of imported goods” [18] (RF). "The
waiver of the amortization claim for intellectual prop-
erty rights due to tax base disregard is not sustainable”
[19]. (India), etc. Unlike the countries mentioned
above, in the United States, the Taxpayer Advocate
Service (TAS) is actively supporting the resolution of
such issues. TAS is an independent organization within
the IRS that helps taxpayers and protects taxpayer
rights. Their job is to ensure that each taxpayer is
treated fairly, and TAS can help you solve problems
that you cannot solve with the IRS. And most im-
portantly, their service is free [20]. Kyrgyzstan has
lagged behind other countries on these issues. For in-
stance, when completing a tax return, cell 255 of the tax
declaration indicates the number of depreciation
charges calculated by Article 200 of the Tax Code of
the Kyrgyz Republic. Notably, fixed assets and intan-
gible assets owned by the organization and put into op-
eration to generate income, whose value exceeds 100
units of account, are subject to depreciation. As a result,
the minimum unit of account in Kyrgyzstan is 4782
KGS [21], which means that depreciated assets whose
value reaches the threshold equal to 4782*100 =
478200 have a value 0f 4371 € when converted to Euro.
At the same time, there are no relevant characteristics
regarding the useful life and nature of the use of these
assets, and there is no main criterion in the tax code of
the Kyrgyz Republic, the most important for taxation,
which determines the object of intangible assets [22].
Also, there is no such developed tax policy of the coun-
tries that are aimed at supporting innovation as men-
tioned above.
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Consequently, modern fiscal policy is important
for each state in enhancing innovation, i.e. in such an
environment of effective incentives, there is an expan-
sion of digital business and, accordingly, an increase in
the number of companies focused on the productive use
of IA objects.

Conclusion

This article discussed that during the pandemic,
there was an increase in the share of digital intangible
assets compared to the tangible assets of the company
due to the introduction of the latest technologies into
the modern economy. As a result, in the world, because
of the effects of the COVID-19 pandemic and due to
innovation in practice. There was an increase in the use
of various intangible assets such as cloud enterprises,
multifunctional software, and software for developing
and sharing between departments, which requires de-
termining the identifiability of intangible assets to in-
crease economic benefits and skillfully using tax incen-
tives to thrive in a digital business environment. Also,
the main ways of investing in digital assets when creat-
ing a new business model, which is implemented by at-
tracting or reinvesting capital, are considered. An inter-
national experience of tax incentives for innovation-
oriented enterprises is given.

Hence, the following situation has now emerged:
there are a large number of different options for de-
scribing digital assets in the works of such scientists as
(T. Stewart, 1997) [23], and (E. Brooking, 2001) [24],
as elements of intellectual capital, while there is no gen-
eral, systemic classification of digital assets. This un-
certainty raises a question when determining tax goals
for the tax service and, on the other hand, when obtain-
ing tax benefits for a company. Accordingly, the need
for tax incentives from the state is determined by the
fact that such components of intellectual property as
digital assets are difficult to accurately assess, are sub-
ject to investment risk, and are quite costly. A general
conclusion can be drawn about the need for further de-
velopment of digital businesses to increase and effec-
tively use the intellectual property of organizations, de-
velop a new systemic approach to solving this problem,
and create an appropriate legislative framework, which
requires further study and research.
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DIRECTIONS TOWARD VALUE-ADDED TAX IMPROVEMENT IN GEORGIA
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On the basis of modern literary resources and factual materials, current article focuses on a value-added tax
(VAT) due to the fact that the country follows the strategy of approaching European Union and further - gaining
membership of it. One of the fundamental requirements of EU intergration is existance of a value-added tax (VAT).
Another circumstance that should be taken into account is the fact that there is Assosiacion Agreement formed
between European Union and Georgia that will strengthen relationship between Georgia and EU from the point of

development of optimal payment policy.

Association agreement consists of 8 titles. The article draws our attention upon articles of chapter 3 of title 5
which are concerning taxation, in particular, Article 282 whcich implies that parties are obliged to cooperate in
terms of tax collect and monitoring, mechanisms of tax avoidance, especially, the issue of tax evasion (carousel

fraud).

Keywords: payment policy, indirect payment, value-added tax, carousel fraud, fiscal functions, regulatory

function.

Introductions: Taxation is important instrument
and has a fundamental effect on economic activity per-
formers and social life levels as well(Shanava & Van-
ishvili, 2021).

From the functional viewpoint, taxes are divided
into two parts: fiscal and regulatory. Fiscal function is
essential one which implies formation of necessary
financial ~ resources  for  implementation  of
governmental functions and their accumulation in the
budget and other central funds of bankroll finances.
Regulatory function of taxes is expressed via payment
by government for influence on social production
process.

Consequently, there are two functions derived:
incentive and disincentive. Disincentive function is
performed by taxes directly as a result of influence on
request provisioned while incentive one — through other
tax benefits (subsidy, grants etc.).

There direct and indirect taxes. Value-added tax
belongs to the direct one which finally puts a burden on
a costumer(Gechbaia et al., 2017).

Taxation regime can vary in different countries,
for instance, value-added tax in two countries may be
20%, however, in one country taxation may occur on
everything while in another, there could be some
subsidies provided on different products and services.

In case implementation of scientifically proven tax
policy, successful country will be the one which could
establish taxes with the least negative pressure on eco-
nomics and enable business development in the country
(Vanishvili & Sreseli, 2022).

Results and discussion: It is proven through re-
search and economic practices that value-added tax
(VAT) is indirect tax imposed commonly by govern-
ment which is collected on every stage of distribution
and production of products and services in the budget.
For every country, VAT is one of the important taxes
introduced by French economist Maurice Lauré in
1954(Vanishvili & Lemonjava, 2016).

VAT was established in Georgia in 1992.
Unfortunately, at that period our country did not have

experience of tax functioning mechanism and particular
problems occurred during the starting stage of its ad-
ministration. After that, many changes were introduced
in calculation and collection of VAT, tax rates and
determination numbers of deductible amount of VAT
(Vanishvili et al., 2021).

As a result of experience of European Union, each
country can prioritize particular product/service and
government imposes subsidies on them. For instance,
in Germany tax is not charged on international transport
(automobiles, railway and submarine). Likewise, there
are no taxes on international and sea transport, daily
and weekly press editions in Belgium etc(Vanishvili &
Lemonjava, 2017).

In accordance with current Georgian Legislation
physical (natural) or legal person is able to register
voluntarily or through obligatory rule as a taxpayer if
the total amount of taxable transactions carried out
exceeds 100 000 GEL during 12 consecutive calendar
months. Georgian legislation differentiates three types
of taxpayers who possess: Deductible value-added tax;
VAT with the right of deduction; VAT without right of
deduction.

According to the current Tax Code of Georgia
exemption from value-added tax is divided into two
groups: a) exempt without the right of deduction b)
exempt with the right of deduction (so called VAT at
“zero percent”);

In addition, there are operations in the country that
are not considered to be granted value-added tax,
consequently, the issue of their exemption does not
exist. They include: a)money provision; b) any service
which implies transfer of the ownership rights over
money; c¢) working on hiring; d) providing products
(services) out of Georgia; €) operations of temporary
import, export, re-export and import out of Georgia
(article 13, article 16, article 161).

An excise taxable transaction is excisable object
of value-added tax such as import, export, re-export etc.
Current calculation is specific. For instance, in
accordance with the Tax Code of Georgia, during
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import process products with the value of 300 GEL and
over are granted value-added tax while during
temporary import 0,54% per each incomplete month
but not more than 18%.

In order to mobilize amounts of money in the
budget of government, one of the most important taxes

is VAT and this is the reason why its mobilization and
administration is fundamental in the budget. The fol-
lowing table gives information about mobilization of
Tax revenue in the Joint budget of Georgia.

Table 1
Indexes of mobilization of tax revenue in the Joint Budget of Georgia during 2020-2021
(Thousands of GEL)
Title/years 2020 2021
Total tax revenue 10 964 4125 13 379 960,6
Tax revenue 3326 735,1 37756738
Profit taxation 919 440,6 1015 296,1
Property tax 483 665,9 510 729,7
VAT 4 837 233,4 6 029 547,0
Excise tax 1619 392,3 1 868 783,7
Import duty 74 369,0 86 361,9
Other taxes - 93 568,3
Current statistical analysis present the figures correct method for tax burden distribution.

which reveal the fact that in 2020 value-added tax com-
posed 44,1% in the Joint Budget Tax revenue while in
2021 the figure increased up to 45,2%. Also, an im-
portant part is played by tax revenue while the third
place is obtained by the excise tax. It should be noted
hereby that 90% of tax revenue is derived from these
three taxes into the Joint budget of Georgia.

It should be taken into account that in order to
reach solid improvement in economic processes and
taxation environment, Georgia has signed Association
Agreement which gives obligations and our country
faces great challenges. In particular, obligation
mentioned above is connected with Value-added Tax
and implies that since January 1,2022 on EU territory,
main directive of value-added tax 2006/112 EG was al-
tered by a new one. These new regulations refer to trade
among companies of EU countries only while direc-
tives of companies of non EU countries are regulated
unaltered (Vanishvili & Katsadze, 2021).

As a result of taxation principles, there are three
types of taxes differentiated: progressive, regressive
and proportional. As a consequence of taxation revenue
maximization, we assume that value-added tax should
be transformed from proportional to progressive not
through shock therapy but gradually. In as much as
value-added tax is indirect tax, taxable turnover should
be considered as an initial base, for instance, in 12
months. For the purpose, it is necessary to establish lim-
its for regulating bound of value-added taxpayer regis-
tration. This type of bound varies in EU. For instance,
in Greece it consists of 10 000 € for small enterprise,
17 500 € in Germany, 6 713 € in Denmark etc. We as-
sume that it is considerable to lower VAT registration
limit of 75 000 GEL for small businesses in Georgia.

As for the VAT deduction, example of Great Brit-
ain can be followed in this case, particularly, VAT Flat
Rate Scheme. In compliance of this scheme, there are
relevant rates established for economic activity types,
for example, advertisement 11%, computer services
10,5% etc.

Conclusion: Nowadays, middle class does not
actually exist in Georgia due to the fact that lower class
is spender and that is why proportional tax system is not

Consequently, it is necessary to work out progressive
tax system which will enable to heighten well-being
level without increasing tax burden.
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Abstract

In this paper, we consider a difference problem for a mixed-type equation, which reduces the problem of
integral geometry for a family of curves satisfying certain regularity conditions. The study of difference analogues
of integral geometry problems has specific difficulties associated with the fact that for finite-difference analogues
of partial derivatives, the basic relations are performed with a certain shift in the discrete variable. In this regard,
many relations obtained in a continuous formulation, when transitioning to a discrete analog, have a more complex
and cumbersome form, which requires additional studies of the resulting terms with a shift. Another important
feature of the integral geometry problem is the absence of a theorem for the existence of a solution in the general
case. Inthisregard, it is assumed that the solution of the problem of integral geometry and its differential-difference
analogue exists, i.e. the problem is conditionally correct. The stability assessment obtained in the work is of great
practical importance in solving problems that are important in applied terms.

AHHOTAUUA

B nanHoii paboTe paccMoTpeHa pa3HOCTHAs 3a/1a4a JIJIsl YpaBHEHUS CMEIIaHHOTO TUTIA, K KOTOPOW CBOJIUTCS
3a/laya UHTErpajbHOM I€OMETPUU JUUIsl CEMENUCTBA KPUBBIX, YAOBIETBOPSIIOUIMX HEKOTOPBIM YCIOBHUSAM PETyJIsip-
HocTu. VcenenoBaHue pa3HOCTHBIX aHAJIOTOB 3a/1a4 MHTETPAIbHOM TeOMETpHH MMeeT crieludruiecKie TpyaHO-
CTH, CBS3aHHBIC C TCM 06CTO$[TCJ'II)CTBOM, YTO 11 KOHEYHO-PA3HOCTHBIX aHAJIOTOB YaCTHBIX MPONU3BOJHBIX OCHOB-
HbIC COOTHOIICHU BBIIIOJHAOTCA ¢ HCKOTOPBIM CABUI'OM I1O Z[I/ICKpGTHOﬁ HCpCMeHHOﬁ. B cBs13u ¢ 3THM MHOTHE
COOTHOILICHUS, NTOJTy41acMbIC B HerepLIBHOP'I MOCTAHOBKE, IPHU NEPEXO0JAC K ATUCKPETHOMY aHAJIOr'y UMECT Oosee
CJIOXHYIO U IT'POMO3JKYIO Q)OpMy, qTO Tpe6yeT JOINOJIHUTCIIbHBIX I/ICCJ‘IGI[OBaHI/Iﬁ BO3HHUKAONUX cCjiara€MbIX CO
CABHUI'OM. EH.[G OZ[HOI>'I Ba)KHOH 0COOEHHOCTBHIO 3aJa4u I/IHTGFpaHBHOﬁ TCOMETPHU SABJIACTCA OTCYTCTBUC TCOPEMBI
CYLIECTBOBAaHUA pCHICHUSA B O6H.IGM cjiy4ace. B cBs13u ¢ aTHM MMpEeAIoJ0racTcs, 4To peuIeH1e 3aJiauu HHTeraHBHOﬁ
TeOMETpUH M ee An(epeHINaIbHO-PA3HOCTHOIO aHajiora CYIMIECTBYeT, T.e. 3ajada SBIAETCS YCIOBHO
KoppekTHO#. [lomyueHHass B paboTe OIEHKAa YCTOWYMBOCTH HWMEET OOJBIIOE MPAKTUYECKOe 3HAUCHUE MPH
PCUHICHUHN BAXXHBIX B IPUKIIAAHOM OTHOINCHUH 3a1avax.

Keywords: ill-posed problem, boundary value problem, mixed-type equation, stability estimation, differen-
tial-difference problem, quadratic form.

KiroueBble ciioBa: HEKOPPCKTHAd 3aJa4da, KpacBasd 3aJiadya, YpPaBHCHHC CMCIIAHHOI'O THUIIA, OIICHKA
ycroWunBoCTH, ndepeHnaIbHo-pa3HOCTHAS 3a/1a4a, KBaapaTuiHas popma.

Beeoenue I1.), OTIpEZIeJICHHON Ha HEKOTOPOM MHOTI000pasuH, de-

3agaunl MHTETPAIILHON T'E€OMETPHM COCTOST B PE€3 €€ MHTErpajbl 0 HEKOTOPOMY CEMEHCTBY ITOIMHO-
Hax0XJICHUHU (PYHKIMH WIK OOJIee CII0KHOHM BEJIMUMHBI  To00pa3uii, 4epe3 ee MHTerpajbl 10 HEKOTOpOMY ce-
(muddepennmanbHON GOPMBI, TEH30PHOTO IMOJSA M T.  MEHCTBY MOAMHOT000pa3uii MEHbIEH pa3MEpHOCTH.
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Hekotopble oOpaTHble 3aaui ISl KHHETHICKHUX
YpaBHCHHIA, MIMPOKO WCIIONB3YeMBIX B (H3HUKE W
actpodu3Mke, TECHO  CBfA3aHBl C  3aja4aMu
HUHTErpaIbHON reOMEeTpUH. 3a1aull HHTETPaIbHOMN reo-
METPHH OTHOCSTCS K HEKOPPEKTHBIM 3a/1a4yaM MaTeMa-
THYECKON (DH3UKH, OCHOBBI KOTOPOI OBLIH 3aI05KCHBI B
pa6orax [1]-[3] u 3TH 3a1auH CBSI3aHBI ¢ MHOTOYHCIICH-
HBIMH MPUIOKEHUAMH (337a4a KOMITBIOTEPHOU TOMO-
rpaduu, oOpaTHBIE 3afaddl aKyCTHKH H CcericMopas-

BEJIKH).

OTMeTHM, YTO HEOOXOAUMOCTh HCCJICIOBAHHS
Qg depeHIraTbHO-Pa3HOCTHRIX u KOHEYHO-
pPa3HOCTHBIX ~ QHAJOTOB  3a4ady  HMHTErPaIbHOMN

TE€OMETPUH BIIEPBbIE OBUIO BBICKA3aHO aKaJAEMHKOM
M.M. JlaBpeHTbEBBIM M COOPMYJIMPOBAHO UM Kak
HOBOE TIEpPCIEKTUBHOE HampasieHue. Ilostomy,
uccienoBanve  auddepeHnnaIbHO-pa3HOCTHBIX U
KOHEYHO-Pa3HOCTHBIX AHAJIOTOB 3aJad MHTErpaIbHOMN
TEOMETPUH SIBJISIETCS aKTyaJlbHOM NPOOIIEMOii.
Bnepseie M. M. JlaBpentbeBsiM U B. I'. PomaHo-
BEIM B pabote [4] OBIIO MOKa3aHO, YTO Psi 0OpPaTHBIX
Ilocmanoska 3adauu

3amad s THIEepOOTMYecKnX ypaBHEHHH CBOTATCS K
3a7la4aM MHTETpaibHOM reomeTpun. B nanpueiimem B.
I'. PoMaHOBBIM OBLIH MMOJTyYEHBI TECOPEMBI CAMHCTBEH-
HOCTH U OIICHKH YCIIOBHOW YCTOMUMBOCTH PEILIEHUS 3a-
Jlad MHTETPabHON T'€OMETPUH IS JOBOJIBHO OOIIEro
ceMelCTBa KpUBBIX Ha TUIOCKOCTH, MHBAPUAHTHOTO OT-
HOCHUTENIBHO TPYyNbI BpamieHus [5], a Takxke st ce-
MEUCTB KPHUBBIX U TUIEPIOBEPXHOCTEH B N-MEPHOM
MIPOCTPAHCTBE, MHBAPUAHTHBIX OTHOCUTENIBHO Mapai-
JIENBHBIX TIEPEHOCOB ATHX 00BEKTOB BIOJIE HEKOTOPOH
miockoctu [6].

Becpma o0mmii pe3ynpTaT 1o eINHCTBEHHOCTH U
OLICHKaM YCTOWYMBOCTH AJISl CIIELIMAJIbHOTO CEMENCTBA
KpuBbIX Obul mmodydeH P.I. MyxomeroBeiM. Ot
OIICHKH YCTOWYMBOCTH OCHOBAHbI Ha CBEJICHUH 3a1a4l
WHTETPAIbHOM TE€OMETPUM K DKBHUBAJIEHTHOM ei
KpaeBOM 3ajmade [ YpaBHEHHS B  YaCTHBIX
MPOM3BOIHBIX CMEIIAHHOTO THMA [7].

HYCTB D- IIJIOCKasd, OrpaHNvdCHHAA, OAHOCBA3HAA O6J'IaCTB, uMeromad riakyro rpanuny I:
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BKIIFOUHUTCIIBHO.

ycts U (X, y) € CZ([_))H
V(r.2)=

K(r.z)

IU (x, ¥)p(x,y,z)ds;

yel0,1], ze[Ol] (3)

3ajiaua uHTErpasbHOI reomMetpu (3) 3akmouaercs B otbickanuu Gynkuun U (X, Y) B o6nactu D 1o nan-

HBIM KPpUBBIM K(j/, Z) 1 GyHKINH V (]/, Z) .

Ecmu cemeiicteo K ()/ , Z) YAOBIETBOPSET YCIOBHAM a)-T), TO 3a7a4a (3) SKBHBAJICHTHA CJICTYIOIIEH rpa-

HUYHOM 3aja4ue

o oW cos@+8W sin@

=0,

o\ ox p

o p

(x,y,2)eQ, (4)
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W(EN.n().2)=V(r.2), V(z2)=0 y,z€[0]] ®)
rie P(X,Y,2)-  mexotopas  mseectmas  Qymkmna, €2 =Q\ {(f(Z),n(Z), z):z €][0, |]},
Q=Dx][0,1],
K (X, Y, ) - uacts kpusoii u3 cemeiicrsa K (¥, 2) , coemmmsiomas touxu (X, Y) € Du (&(2),n(2)),
W(x,y,2)= IU (X, y,2)p(X,y,2)ds
K(XYyYZ)
O(X, Y, Z) - yron mexny xacaremsnoii k K(X, Y, Z) BT1ouke (X, Y) # ocbio X, nepemMeHHEIH napameTp
S - JUIMHA KPUBOIL.
OyHKIIH W(X, Y, Z) u Q(X, Y, Z) obyazarot crneayroumMi quddepeHuransHBIME cBoiicTBaMH [7]:
Jdemma 1. Oynkuus W(X, Y, Z) € C(Q) U MMEET HENpPEPHIBHBIE NMPOU3BOAHBIE J0 BTOPOro MOpPSIKa
BKJTIOUHTEIbHO Ha MHOKeCTBE (.

Jemma 2. TIpoussoansie W, W, , W, orpannuensis Q,a W, W,,. W, B okpectHOCTH 060# TOUKNH

BHA (f(Z), 77(2), Z) MOTYT UMETh OCOOCHHOCTD THIIA [(X - 5(2))2 + (y - 77(2))2 ]% .

Jemma 3. Oynkuus 49(X, VY, Z) nuddepeHnupyemMa Ha MHOKECTBE Ql Y IPOU3BOAHAS HZ B OKPECTHOCTH

1
mo0oi# ToukH BUIA (5(2), 77(2), Z) UMEET 0COOEHHOCTh TUIIA [(X - g(Z))z +(y— 77(2))2 ]¥2 :
Ipeamonoxkum, uTo TpeGoBaHusa K cemeiicTBy kpuBpix K (]/ , Z) u miockoctu D, HeoOXoauMmeble Iist

npuBeaeHus 3a1a4u (3) k 3amaye (4), (5) BoinonHeHsl. [IpeanonoKuM Takxke, YTo Tr00as npsmMasi, mapauieIbHas
ocH abCIMCC WM OPANHAT, MOXET MepecekaTs rpaHuily obaactu D He Oosee ueM B ABYX TOUKax.

Ilycts
= inf 1 by = sup {x}
8, = inf 1y} b, = sup {y}

h =(b,—a)/N;, j=12h,=I/N,
rae N i J = l, 2, 3- HATypaJbHEIC YHCTIA.
Ilycte & yIOBIETBOPSET YCIOBUIO
O<e<min{(b—a,)/3,(b,—a,)/3},
D* = {x,y)eD: min p((x.y).(@.B))> ¢}

R, ={(%.¥;). x =a,+ih,y; =a, + jh,, i=0,1,..,N;; j =0,1,..., N, }.
Oxpectrocteio [ZI(1h, JN,) rouxn (a, +ih, @, + jh,) Gyaem naseiats Muoxkectso, cocrosmee us
camoii Toukn (8, +1ih,a, + jh,) u uersipex Touex Buma (a, + (i =1)h,, a, +(j +1h,).

D? — MHOXECTBO BCEX TOUEK +ih,a, + jh,) nexaumx B D ~ R, BMecTe co CBoeil OKPECTHOCTBIO
h y Ao 2 h

LIk, Jhy).

I"¢ — MHOXKeCTBO Beex Touek (8, +ihy,a, + jh,) e D} , raknx, uro nepeceuenne L1/ @i hl’ th) C MHO-

xectBoM (D M Rh) / D;" Henycto. Torna,

A, =J(h,ih), D, =R, ND.

B nmanpHeiiiem npeanonaraeM, uto koddduimentsl u pemienne 3aaadn (4)-(5) o0mamgaoT ClieayonmMu
CBOMCTBAMM:

W (x,y,2) e C3(Q), O(X,Y,2) eC3(C¥), Q°=D x[0,1],

p(x,y,2) eC*(Q), p(x,y,2) >C” >0,%> o9 1
oz |01 p
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IMocTaBuM CJIeIyOINYI0 PA3HOCTHYIO 3a4a4y (3aBUCAILIYI0 OT Mapamerpa Z): HaWTd (QyHKIHA
D, ; (2), U, j » KOTOPBIC YIOBICTBOPAIOT YPABHCHUIO

CDoéJrCDOg:Ui,j' (8, +ih,a, +ih) e D,z €[0,1] ©)
y

X

1 rpaHUIHOMY YCJIOBUIO
@ ;(2)=F;(2), (&, +ih,a, + jh,) e A}, z<[0,1] (7)
371eCh
@i,j(z):@(xi’yjiz):@(al-i_ihl’aZ_'_th’Z)’
U| i :U(Xi’yj):U(a1+ihl’a2 + jh2)1i :rNy J =0,—N2;
( (RN i—l,j)/2hl’ cpg = (cpi,j+1 _@i,j—l)/th;

A=cos,(2), B=sm9i,,-<z), 6,,(2)=6(a +ih,a, + jh,2), C=pla+ih,a,+ jh,2).
OTMeTI/IM, 4yTO B 3T0171 IIOCTAaHOBKC I/IH(i)OpMaIII/IH 0o peHIeHI/II/I 3a1acTCA HEC TOJBKO Ha rpaHHue F, HOHU B HeKOTOpOfI

ee & - OKPECTHOCTH, 4YTO CBSI3aHO C HalMdMEM OCOGEHHOCTEH Tuma [(x—é(z))2+(y— 77(2))2TE

npoussonnbix 6,,\W,,,W,,,W, B okpectrocT moboii Touku suna (£(2),77(2),2) [7].

Ouyenka ycmouuugocmu peuienus ougpepenyuanbHo-pasnocmuoll 3a0auu
Teopema. [Ipeononooicum, umo peuiernue 3aoauu (6)-(7) cywecmeyem. Ilycmv npu écex (Xi, yj) € Dh

@yukyus
D; ; (z)eCo,1], D, ; 0)= D ; 0,

F.i(2eCol], F;(0)=F;(®,
a pynxyuu C = p(a1 + ih, a, + jhz, 2). (9” (Z) YO08IEeMBOPAIOM YCIOBUAM

6,0=6,0),22,% 1]
oz p

Tozoa npu ecex Ni>9, j = 1,2 umeem mecmo oueHm

ZU.,hlh <CIZ Fhl+Fh+( j (h,+h,) d ®)

0 Aj

20e €3 — HeKOmMopas NOJONCUMENbHA NOCMOAHHAA, 3a8UCAUas om QYHKYuu p(X, Y, Z) u cemeticmsa

KpUebvlx K(}/, Z) .

B omienke npemonaraeTcs, 4to npu yMeHbiieHun hiu hy mapamerp € Takke MOKET YMEHBIIATHCSI, TOCKOIBKY
C3 HE 3aBUCHUT OT € (IapameTp € BbIOpaI HCKITIOUUTENIBHO JUIsl YCTPaHEHUs] 0COOCHHOCTEH, PUCYTCTBYIOIIEH B
HCXOIHOH HenpepbIBHOM 3a1aue). [loaToMy, ueM Menbue OyeT CeTKa, TeM yXKe MOXKET ObITh 00J1acTh, B KOTOPOIi

COCpenoToYeHa OCOOCHHOCTb.
Joka3zareabcTBo. [1ob3ysich METOMUKOHN, MpeAtokeHHO# B padore [8] ymHOXuM 00e wactu (6) Ha

2C (— Bo, + Ad, ) 8_ , 3aIlAIIEM ITOJIyYUBILIEECA PABEHCTBO B BULIEC
Z

J,+J,=0. ©)
31ech

0 A B
J,=J,=C(-BD, + AD,)— (D, —+D, —).
,=J, =C( o y)82( c yC)

X

Hcnomns3ys popmyny nuddepenimpopanns npousseeHus GpyHkuuii mpeobpasyem J,
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J; :EK—BCI)0 + AC[)O)(ACD0 + BCDDH+
52 X y X y

ABE@@O2 laCAzq)CD +
Coz x Coxz Xy

410 BZ<DOCDO SELCHN-N L
C oz X C oz y 82

A2<D +
0 00 0 (10)
+AB<DO—(<D ) — ABD, @, — A’D, (cbo}r
x OZ X oz Xy x OZ y
aeAB(D cD +B? a( O)CDO+
oz\ x/) y
66 —B’®,’ AB@OQ(cDO)

82 y yoz\ vy
PackpsiBas ckoOkH B J» uMeeM

( j—%ABCDCD +l@82q>oq>o—
oz x v C oz Xy
(®0j+8952® 1§AB®

(y) 0z x C oz 1)

—%ABQDOGDO 18CA2®<1> +
0z x v Coz Xy

+ ABD, 3(®0)+—A2®02 _lac AB®D,*
y OZ y 0z y Coz y

MoxcraBnsis 5ti Bepaxenus Ji, Jo B (9) u obosmauas D =SIiN2@0 =2sin@dcos@d =2AB,
E =c0s26 =cos” @ —sin® 8 = A*> — B?, u3 (10), (11) nonyuaem

%0 1) g0, LCE (2 LLp)y 2,
0z C oz X x yC oz oz C oz y
0 0 0
+ @, (CI)O)—CDO—(QJOJ+ K Bd, +A®O)(A®0+B®0ﬂ:0
yaz X x OZ y 0z X y X y

HerpynHo 3ameruts, 4To
2o)-(2), Ia)-(2),
oz\ «x or )5 0L\ vy az )y

(12)

2
(V) =uv+uv, +hl?[uxvx] ,
rie
f fi+1_ fi , f = fi — f|—1
" hy ' hy

Torna
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u3 (12) moayuaem

J3+£H—BCDO+A<DO)(A<DO+B(I>OH {CD 82} {(D 62} -
oz x y x y y 0L |3 x OZ

2 oD h? o 3
Ao 4 3] -
2 y\oz) |- 2| xwlad), |
X y
B KOTOPOM
Jy= (% l§chb : 20,0, = CE 4 (%—E@qu)oz
oz C oz X x yC oz oz Coz y
PaccmarpuBas BeIpaskeHHe J3 Kak KBaJIpaTHIHYIO GOPMY OTHOCHTEIHHO (DO " q)o , HEeTpyIHO yOenuTcs B

X y
TOM, YTO OTIPEACIHUTENb ITOH KBaIpaTUIHOH (HOPMBI paBeH

2 2
06 10C
oz C oz

00 S 10C
oz |C oz

BBITEKAET ITOJIOKHUTENbHASI ONPEICICHHOCTh KBaJPAaTHIHOMH (HOPMEI J3.

Hcnonb3yst HEpaBeHCTBO

Torz[a H3 yCJIOBUA

2(ac—b?)

(X* +y?),
a+c+4/(a-c)’+4p?

KOTOpOE CIPaBEIIMBO IS IMOJOXKUTEIBHO-OIIPEACTICHHON KBaIpaTHIHOW (HOPMBI ax’ + 2bxy+ Cyz,
j(op o (14)
X y

2
q)02+q)02:Ui2,jC2+(Bq)o_AcD0j (15)
X y X y

YuureiBas, 4To

ax® + 2bxy +cy® >

HNMEEM

oz |C oz
Yuuteas (6) u A = C0SE, B =Sin@ naxomum

3> (ae 14C

* 1
C=p(x,y,2), p(xy,2)>C >0, 00 _|L& >0, (16)
oz |C oz
HETPYIHO yOeIUTCsI, YTO CYIECTBYET TaKoe ¢2>0 u UMeeT MecTO HEPaBEHCTBO
J. 0_|LoC C2d22%>0 17)
oz |C oz c,

Masee, cymMmMupyst 110 |, j ¢ UcroNb3oBaHueM yciioBus (7) U uHTErpupys 1o z ¢ yuerom dopmyi (14), (15),

(16), a Taxke MEPHUOAMYHOCTH (YHKIIMN (Di j(Z), 0,1 (Z) no z u HepaseHctea | @b |< (az +b2)/2’ u3

paBenctBa (13) mocie HECIOKHBIX npeo6pa303aHm71 MOJTy9aeM OIICHKY

ZU,Jhlh <cjz F/ hl+F h, +( j (h +h,) [dz,

0 Aq

B KOTOPOH €3 3aBUCHT OT (DYHKIIMH p(X, Y, Z) U CeMENCTBa KPUBBIX K(}/ , Z) . Utak, Teopema nokasaHa.

Ha ocHoge HOqueHHOﬁ OLICHKHA YCTOIZQHBOCTH
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Abstract

Aim of the study. To determine the impact of comorbidities in new Non-Hodgkin's lymphoma patients.

Materials and methods. The descriptive study was performed on a group of 57 new patients with age>18
years diagnosed with indolent and aggressive non-Hodgkin Lymphoma (NHL) established according to the Inter-
national Histological and Cytological Classification of Hematopoietic and Lymphatic Tissue Pathologies (2016),
in the Oncological Institute of the Republic of Moldova during the 2020 year. The lymphoma stage was assessed
according to the Ann Arbor staging system.

Outcomes. Studying the clinical data of the outpatient records, we observe that the aggressive NHL has a
significant impact on the level of function and capacity of self-care which in association with different types of
comorbidities than indolent NHL. Comorbidities are influence in the success of treatment, and the quality of life.
The BMI (Body Mass Index) of the patients does not determine a significant impact on the course of the disease.
Patients with comorbidities have a longer hospitalization than those without. Moreover, patients with more than 2

comorbidities have the longest hospitalization which significantly increases the costs of care.

Conclusion. Comorbidities on patients with NHL have a significant impact. By its presence dependent treat-
ment option, patient compliance, the quality of life and mortality as well. So it is important to diagnose the patient
in the early stage of cancer and to improve the evolution of chronic diseases as much as possible.

Keywords: Non-Hodgkin's lymphoma, comorbidities, chronic diseases, quality of life.

Introduction.

Non-Hodgkin's lymphoma is a group of malign
lymphoid diseases with varied biologically, morpho-
logically structures. They present one of the most wide-
spread malignancies of the haematopoetic system,
which occupies a high place in the structure of all ma-
lignant tumours, the incidence of which is constantly
increasing [1, 2]. As the population ages, chronic
comorbid diseases significantly decrease cancer patient
quality of life. The concept of quality of life has become
important in establishing health strategies for patients
with hematological malignancies. It has a negative im-
pact on aged populations, influencing the diagnosis of
cancer and its treatment [3]. More and more studies
show that the number and severity of patient's comor-
bidities with cancer strongly increases the risk of death
from non-cancerous causes and may also influence can-
cer-specific survival [4]. In comparison with other be-
nign haematopoetic desorders and chronic myeloprolif-
erative neoplasms, NHLs are the high stage of DALYs
(disability-ajusted life-years). With age, the NHL mor-
bidity increases, with the maximum incidence being 45
and 65 years old, which significantly affect the work-
ing-age population.

Materials and methods. The study included 57
patients with indolent and aggressive NHLs treated in
the Oncological Institute of the Republic of Moldova
during 2020 year.

Results. The impact of comorbidities in patients
with non-Hodgkin lymphoma was evaluated at 57 new
adult patients diagnosed with indolent and aggressive

NHLs: men-25 (44%) and women-32 (56%). The ratio
between women and men was 1.7: 1. According to the
results of our study, people older than 50 years were
diagnosed more frequently with NHL. Regarding the
age of the patients, it is observed that most of them were
between 61-70 years old (31.5%) and 41-50 years old
(19.5%). Females predominate in most age groups
especially 18-30 and 61-70 years then men who have a
higher incidence in the age categories 31-40 and 41-50
years. Analyzing the clinical data of the outpatient rec-
ords, it was determined the predomination of the ad-
vanced stages (Il and 1V) of NHL (75.5%) then early
stages (I and I1) of NHL (24.5%).

Moreover, 67% of patients show B symptoms of
intoxication (fever, weight loss more than 10% in the
last 6 months, night sweats), which demonstrates the
high aggressiveness of this malignancy.

We did not notice the significant numerical differ-
ence in the stratification of patients according to the
place of residence (village/town), which confirms the
results of the latest studies on the structure of morbidity
due to hematological malignances in the Republic of
Moldova.

According to the results of our study, we did not
find significant alterations in the capacity of self-care
in patients with indolent NHLs (80% of them have
ECOG status 0 and 1), but in patients with aggressive
NHL, a significant difference was determined espe-
cially in patients with ECOG 4 status, which proved to
be higher in aggressive NHL (24.5%) than in indolent
NHL (4%). So we determined that the aggressive type
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of NHL has a significant impact on the level of capacity
of self-care which in association with different types of
comorbidities will influence the success of treatment,
and the quality of life as well.

Analyzing the BMI of the patients included in the
study we observe that 51% of patients had a normal
BMI (BMI = 18.50-24.99), which demonstrate that the

Aggressive NHL

0 1

level of BMI as comorbidity does not determine a sig-
nificant impact on the disease. About 31.5% of patients
who had an overweight (BMI = 25.00-29.99) we can
suspect that in these patients, there will be a significant
impact on the treatment option, on the quality of life,
and mortality as well [5].

Indolent NHL

Figure 1. Distribution of patients according on ECOG performance status and NHL type.

It was determined that the incidence of comorbid-
ities increases from the age of 41. (Figure 2) Cardiovas-
cular and digestive systems comorbidities marked the
highest incidence. Diabetes tends to affect more pa-
tients aged 61-70 years (39%). Respiratory system pa-
thology has been identified in most patients except
those aged 18-40 years, more prevalent in those aged
51-60 years. Obesity has also affected 17% in the 51-

80%
70%
60%
50%
40%
30%
20%
10%

18-30 31-40 41-50

M Respiratory system

Obesity EHIV

>70

60 and> 70 age groups, and the human immunodefi-
ciency virus tends to affect the young population with
age among 41-50 years.

We also aimed to determine the impact of comor-
bidities on the average duration of hospitalization.

According to the results, patients with comorbidi-
ties have a longer hospitalization than those without.
Moreover, patients with more than 2 comorbidities
have the longest hospitalization which significantly in-
creases the costs of care.

51-60 61-70

B Cardiovascular system M Diabetes

M Digestive system

Figure 2. Comorbidities distributions by organ systems and age categories on patients with NHL.

Discussions and conclusion

Depending on gender, we found that NHLs have
developed more frequently in women (56%) than in
men (44%) with a mean age of 59 years, with the pre-
dominance of NHL patients in the advanced stages was
appreciated (75.5%). The incidence of NHL is increas-
ing and is even higher among the elderly population [6].
A major importance in treatment decisions in advanced

malignancy is the performance status, which is basi-
cally the assessment of the level of function and the pa-
tient's ability to self-care. Because many clinical deci-
sions, especially those related to treatment, are based
primarily on this status, it is very important to carefully
evaluate the performance status of each patient. ECOG
(Eastern Cooperative Oncology Group) performance
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status uses 5-points score to assess the performance sta-
tus and is considered a simple tool to use in daily clini-
cal practice [7]. In our study, patients with indolent
NHL showed better independence (40% had ECOG 0
status and as many ECOG 1) than patients with aggres-
sive NHL (24.5% detected with ECOG 4). The inci-
dence of comorbidities increases starting with the age
of 41 years. Comorbidities from the cardiovascular sys-
tem (Hypertension, Atrial fibrillation) and digestive
system (Duodenal and Gastric ulcer, Hepatitis) marked
the highest incidence affecting more females than
males. Diabetes tends to affect more patients between
the ages of 61-70 (39%). Pathology of the respiratory
system has been found in most patients except those
aged 18-40 years, mostly affecting the male sex. Pa-
tients with obesity (14 %) and Overweight BMI
(31,5%) have a significant impact on the treatment op-
tion, on the quality of life, and mortality as well. The
human immunodeficiency virus tends to affect the
young population aged 41-50 years. Of these, all were
diagnosed with HIV ware male. Patients with comor-
bidities have a longer hospitalization than those with-
out. Moreover, patients with more than 2 comorbidities
have the longest hospitalization which significantly in-
creases the costs of care.

Comorbidities on patients with NHL have a sig-
nificant impact. By its presence dependent treatment
option, patient compliance, the quality of life and mor-
tality as well. So it is important to diagnose the patient
in the early stage of cancer and to improve the evolu-
tion of chronic diseases as much as possible.
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AHHOTaNMSA

JlaHHasl cTaThsl MOCBSIIEHA OJHON M3 CaMbIX aKTYaJIbHBIX IIPOOIEM COBPEMEHHOTO 3APaBOOXPAHEHUS - HC-
KyCCTBEHHOMY IpepbIBaHuI0 OepeMeHHOCTH. OOCYKIatoTCsl IPUYUHEI IpephIBaHUsI OEPEMEHHOCTH Y JeBYIIEK-
CTYZIEHTOK, 4aCTOTa PaclpoCTPaHEHHUS U IyTH NPO(UIAKTHKH abOPTOB.

Keywords: abortions, contraception, high educational institutions of the Udmurt Republic.
KaioueBble ci1oBa: a0opThl, KOHTpALENIUsL, BY3bl Y IMypTcKol PecryOnuku.

XapakTtep poxkaaemoctu B PO onpenensieTcs pac-
MIPOCTPAaHEHUEM MAJIOIETHOCTH, OTKIJIABIBAHIEM POK-
JIeHUs TepBoro pebeHka Ha OoJiee MO3THUN BO3pacT,
COKpAIlleHHEM YHUCIIa KCHIIMH W CEeMEH, KEeJaIoImnX
UMETh AeTeid. B Takol comuaibHo-IeMorpaduiecKon
cutyanuud abopt mpuodperacT 0coOyH 3HAYUMOCTH
[1]. UckyccTBeHHBIH abOPT B LIEJIOM OCTACTCS TPAIH-
LMOHHBIM METOJIOM PEryJisiliuM poxkaaemMoctu B Poc-
CUH, YTO OOYCJIOBJICHO COIMATbHO-3KOHOMHUYECKUMU
(hakTopamu, OOIIMM YPOBHEM KYJIBTYPhI HACCJICHUS,
COCTOSIHUEM CITYKOBI TUTAHUPOBAHUS CeMbH [6].

[Toxazarenu abopToB MO YIMYpPTCKOH peciyo-
muke Ha 1000 >xeHIKH (GepTHILHOTO BO3pacTa CHUXa-
rorcs. C 2018 mo 2020 rr. coctaBunu: 19,4; 16,4; 14,2
COOTBETCTBEHHO.

AOODT sIBIsIETCS OHOHM U3 HanOOJIee YaCThIX MPH-
YUH MaTePUHCKOW CMEPTHOCTH W 3a0ojeBaeMocTH. B
P® ynenbHBII Bec ymepiuux mocie abopta B CTPYK-
Type MaTepHHCKON cMepTHOCTH cocTtamiseT 13—-25%,
YTO MPEBBIIIAET MOKA3aTeN YKOHOMUYECKH PA3BUTHIX
ctpad. YactoTa TMHEKOJOTUYECKUX U PENPOAYKTHB-
HBIX OCJIOHEHMH TIOCJe XHUPYPTHUECKHX BHJIOB
abopra nocturaet 53% u 6oee. Heocrmopum ToT (haxr,
YTO, KaKiM OBI HH OBLIT a00PT, OH HETATHBHO BIIHSICT Ha
COCTOSIHHE 370POBBS )KCHIIUHBL, B TOM YHCJIE U Ha pe-
MPOAYKTHBHYIO QYHKIHIO [4].

K coxanenuto, cioBo «abopT» TBEpIO CTOWUT B
CBSI3KE CO CIIOBOM <KEHIIHHAY». [louemy-TO OTBET-
CTBEHHOCTbD 32 JIAaHHOE JICSTHUE JIS)KUT Ha KEHCKOU MOo-
JIOBUHE HACENEeHUs, XOTsI B TMPOIECCE YYYBCTBYIOT
nBoe. YacTo >KeHIIMHA, MOHUMAsl, YTO PUCKYET, UAET
Ha HE3all[UIICHHbIE CEKCYyaJIbHbIE OTHOIICHUS UMEHHO
MOTOMY, YTO MY>KYMHA HE XO4eT JyMaTh O KOHTpaIem-
MU ¥ HE XeJlaeT OpaTh OTBETCTBEHHOCThH 32 MOCIE-
crBus [2].

[Ipobmema HWCKYCCTBEHHOTO TpEepBIBaHUS Oepe-
MeHHocTH B XXI Beke akTyajibHa Kak HHUKOIZA, 4TO
00yCIIOBJICHO HH3KHUM YPOBHEM IIOJIOBOTO 00Opa3oBa-
HUA. JIeBYIIKH, TIpephIBaBIINEC OCPEMEHHOCTh, JTHOO
COBCEM HE MPEIOXPaHIIUCh, THOO MOJIH30BAIICH Me-
TOJIOM MIPEPBAHHOTO MOJIOBOTO AKTA.

B Poccun Tonbko 25% SKEHIIUH JETOPOIHOTO
BO3pacTa UCTIOIB3YIOT COBPEMEHHBIE METOIBI KOHTpPA-
neniuu. CrnempoBatenbHO, 75% KEHIMUH MOJABEPrarOT
cebs pucky HexenaTensHON 6epemeHHocTH. Hopmais-
HOC (YHKIIMOHAILHOE COCTOSHHE PEHpOIyKTHBHOM
CUCTEMBI - I0Ka3aTelb 340POBbs KeHIINHBI. CoxpaHe-
HUE PEIPOAYKTUBHOTO 3I0POBbsS )KEHIIIUH U 00ecIeye-
HUe 0e30ITacHOr0 MaTepUHCTBA — IMPHOPUTECTHAS 3a-
Jlaya COBpEMEHHOM MeIMLMHBI BO BceM mupe [3, 5].

B uccnenopanuu npuanmanu ydacrtue 180 mamm-
€HTOK JKEHCKUX KOHCyJbTauui r. Mxescka Yamypr-
ckoif PecrryOnmkw, panee caenaBmmx abopT B BO3pacTe
ot 18 1o 26 ner n obyyaromuecs B BHICIINX YIEOHBIX
3aBe/IeHNAX Y AMypTckoi PecnyOmukm — B MxeBckoi

rocyAapCTBEHHON MeaumuHCKon akagemun (MTTMA) —
40,5%, B YOMypTCKOM TOCYJapCTBEHHOM YHHBEPCHU-
tere (Yal'Y) — 30,5%, B xkeBCKOM TOCYZapCTBEHHOM
TexaudeckoM yauBepcutete (I TY) — 29%.

ITo pe3ynmpTaTaM aBTOPCKOTO aHOHHMHOTO aHKE-
TUPOBaHMs OBLIO YCTAHOBJICHO, YTO HamOoOJiee 4acTo
abopThl MPOU3BOAUIUCE B Bo3pacTe 19-22 net. Orop-
YaeT, YTO CUUTAIOT abopTHI NOMyCTHUMBIME 82,2% pe-
CIIOHJICHTOK.

W3 uyucna OMPOUICHHBIX B OOMICKUTHU TPOXKH-
patoT 31,1%, ¢ poautensmu 27,2%, Ha CbeMHOU KBap-
tupe 26,7% u mume 15% B cOOCTBEHHOH KBapTHpeE.
Nmerot nocTossHHOTO NoJ0BOro naptHepa 81,7%, B TO
BpeMs Kak 18,3%, )KUBYLIMX MOJOBOM KU3HBIO, NIPEJ-
MTOYUTAIOT CBOOOTHBIC OTHOIICHUS.

Kenanne umerp aeteit Brickazanu 87,8% ormpo-
IICHHBIX JIEBYIICK, B TOM guciie 65% B Bo3pacte 25-27
net, 25% - go 25 net, 10% - mocne 27 net; 12,2% - He
MJIAHUPYIOT CTaTh MaTEPHIO.

Crnenyet OTMETHUTb, uTO U1 88,3% AeByIIeK pOXK-
JeHue pebeHKa — 3TO B MEPBYIO OUepelb CO3aHHE Ce-
MbH, i1 3,9% - mrtamn B macrnoprte, 7,8% - CpecTBO
0T oauHOYeCcTBa. BoNbIIMHCTBO U3 caenaBmux abopT,
HE MMEJH MOCTOSIHHOTO TTapTHEpa.

Cryaentku B 72,3% UMEIOT BpEAHbIE TPUBBIYKY.
JIMIuPYIOIIYIO TIO3KITHIO 3aHUMAaEeT allkoroib — 42,3%;
pu 3ToM cTyaeHTKH UTMA B cpenHeM yHoTpeOsoT
ajkoroib 1-2 paza B mecsl, a ctyaeHTku Yial'V u
WNxI'TY 3-4 paza B Hegemo. Taxoxke 24,4% xypsrt, o-
HOH MayKy cUrapeT UM XBaTaeT Ha 2 s, T.e. 10 cura-
PET B JICHB; U3pEIKa YIOTPEOISAIOT HAPKOTUIECKHE Be-
mecTBa — 5,6%. Y 48% neByIiex BpeaHbIe MPUBBIYKI
nostBUIIACH 70 18 net, y 52% - mocne 18.

Ilepas OepemMeHHOCTH B Bo3pacTte 10 16 Jer
Hactynmia B 6,1%, 16 — 18 mer — 12,2%, 19 — 22 ner —
46,1%, 23 -26 netr — 35,6%. Kaxxgas Bropas xaineer o
CBOel mepBoil OepeMeHHOCTH. Yarie BCEro pPecroH-
neatkn u3 VDKIT'TY menamu abopT B cpoke 10 6 HeJels,
cryneHtku u3 YAI'Y u UII'MA - B cpoke ot 6 1o 12
Henenb. 25,5% onponieHHbIX BOCIIOIB30BAIUCH METU-
KaMEeHTO3HBIM aboptoMm, 74,5% - XUPYyprHUECKUM
abopTOM.

C menwto koHTpamenmuu 51,7% pecrmoHAEHTOK
HCTIONB30BaM Tpe3epBaTuBEl, 27,7% - mpepBaHHBINA
MOJIOBOM akT, 12,6% - ropMoHaIIbHBIE METOBI, 6,6%
M0JI30BANIUCH KaJleHAapHbIM MeToaoM. Y 61% neBy-
IIEK MOJIOBBIC TAPTHEPHI OBLIHM MPOTHB KOHTPALICIIIIHY,
y 39% - 3a.

Ha Bonpoc o Bpene abopra st opraHu3Ma >KeH-
muHbl 80% pECrOHAECHTOB 1Ay MOJIOXKHUTEIbHBIA OT-
BeT, 15% - 3aTpyAHAIUCH OTBETUTH, 5% CUUTAIOT, YTO
JTAHHOE BMEMIATEILCTBO HE BPEIHO.

[Ipoananu3upoBaB 3HaAHUS 00 OCIOKHEHUSIX TO-
cine abopTOB MbI BBISICHWIHM, 4TO 62,3% neBymiek
3HAIOT O OECIUIOANH, HEBBIHAITUBAHUY MOCIICTYIOIIEH



German International Journal of Modern Science N229, 2022 37

OepeMEHHOCTH, HApYIICHHH MEHCTPYaJbHOTO IIMKIIA,
BHeMaTouHo# OepemenHoctH, 30,1% - mMeroT mpen-
CTaBJICHHE O HECKOJNBKHAX OCIOXHCHUSIX, OJHAKO
17,6% He 3HAIOT HUA OJHOI'O M3 HHX.

Ha Bonpoc: «B ciyyae Hactyruienust y Bac Oepe-
MEHHOCTH B OJmKaiiliee Bpemsi, KakoB OyzaeT eé wuc-
xo01?» 48,9% neBy1Iek OTBETUIH — poabl; 27,8% - pe-
pbIBaHKe OepeMeHHOCTH, 23,3% - 3aTpyAHSAINCH C OT-
BeTOM. OCHOBHBIMH TNPHYUHAMH, TIO0 KOTOPBIM
BEIOMpAIOT abopT B ciydac HACTYIUICHUS OepeMEHHO-
ctH, sBiaroTes: 32,8% - Monomoi Bo3pacT (IICHXOJI0-
THUYecKas He3penocTsh), 28,1% - m3-3a HEXBaTKU Bpe-
MeHH, B BUAY y4ueOs1, pabotsl, 10,3% - ¢buHaHCOBBIE
00CTOATENBCTBA, 9,5% - He XOTAT AeTei, 7,9% - UMeroT
HEXKENNATSILHOTO TapTHepa Uil POXKACHUS peOcHKa,
7% - He yCTpaWBarOT KIIUIIHBIC YCJIOBUS, 5,4% -
OCYXJI€HUE POJUTENEH.

Yro kacaeTcs OCBEJOMIICHHOCTH B (PHMHAHCOBOW
MOJIICPKKE TOCYIapCTBa, TAKHE KaK MAaTCPUHCKUHN Ka-
MIUTAJ 3a IEPBCHIIA, 32 POXKACHHE PeOCHKA B CTyICHYC-
ckoit cembe, 39,8% - 3Hakombl ¢ HuMH; 60,2% - He
3HaT 00 3TOM. [locne o3HaKoMIeHUs ¢ (HYUHAHCOBOU
cTOpoHOHN Bompoca, 83,9% nAeByIIeK U3MEHWIH CBOE
MHeHHe 00 aboprax, o ux mpodmiakruke, 16,1% -
OCTAJIUCh TIPH CBOEM MHEHHWH; 8% CUHTAIOT, YTO PO-
kKaroT peOEHKa Uit ceds U It 3TOro He o0si3aTenbHa
noJiJiepKKa rocyaapersa; 4,3% yBepeHsl, 4TO rocyaap-
CTBO HE HCIOJHUT CBOU (PMHAHCOBBIC 00A3aTCIILCTBA;
3,8% neBylieK HE XOTIT UMETh JETEH.

ITocne comocTaBieHus pe3yIbTaTOB OMPOca CTY-
JICHTOK BY30B T. VeBcka 00 X OTHOIICHUH K abOpTy
OBIJIO BBIABICHO, YTO HEOOXOIMMO Oojiee MUPOKOE
MIPOCBEIICHUE MOJIOAEXKH O BpeIe abopTa u 00ydIeHHe
METOAaM W CII0CO0aM IUIaHHPOBAaHUS OEPEeMEHHOCTH.
[IpodmnakTuka aOOPTOB U MX OCIOKHEHUH — Ba)KHas
MeINKO-COIMaIbHas mpobieMa. HeoeHnMyIo pois B
3TOM OTHOIICHHWH WIPACT pallMOHAajbHAs KOHTpAIel-
1Us], 3HAYCHUE KOTOPOM I MPOQIIAKTHKU HEXKelia-
TEJBHOW Ha ONpEJCICHHOM JTane OepeMEHHOCTU
TPYHO MEPEOLIEHUTD.
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Introduction

Currently, teaching disciplines using computers is
of great importance [1-3]. The possibilities of computer
technology can be effectively used in student-centered
development, creative abilities of students. Teachers
use the computer not only when preparing methodolog-
ical materials for the lesson, but also when using the
necessary computer programs for teaching the subject,
in the course of individual work with students. It should
also be noted that the distance learning method based
on videoconferencing technology is one of the methods
financially requiring a little more money than other dis-
tance learning methods, since it requires a high-quality
channel, special devices.

Theoretical basis

Many countries use modern distance learning
(DL) based on Information and Communication Tech-
nologies (ICT) to train quality personnel in the educa-
tion system [4]. The experience of the education system
shows that the opportunities for a radical improvement
in the quality of personnel are expanding through the
use of the Internet and ICT in the learning process as a
means of acquiring, storing, transferring new
knowledge and practical decision-making [5]. Tashkent
State Transport University "keeps up with the times"
and makes it possible to overcome the abyss in the form
of territorial remoteness for the student to gain
knowledge. The distance education system is inextrica-
bly linked with information technology [6]. It is thanks
to them that the student receives the necessary infor-
mation, supplements and improves the already accumu-
lated knowledge, contacts with teachers and classmates
[71.

There are also organizational and economic ad-
vantages of distance education, for example, no rooms,
blackboards, tables and other educational supplies are

needed for learning. Financial expenses will be mainly
spent on the production of teaching materials and Inter-
net traffic. Naturally, the costs will decrease over time.
The more understandable and detailed the educational
and methodological materials, the more useful it is for
the student [8].

The distance learning system at TSTU appeared in
2020 due to the pandemic. Currently, at TSTU, educa-
tion can be obtained remotely through training pro-
grams, including information, technical, economic sci-
ences and logistics services, etc.

TSTU mainly uses systems, Moodle (dynamic
learning environment for Object-Oriented Dynamic
Lear modules, focused on the object-module Environ-
ment) and HEMIS (Higher Education Management In-
formation System, higher education management infor-
mation system). The Moodle system is an educational
platform that provides the creation of individual train-
ing courses with the integration of teachers, administra-
tors and students into a single secure and integrated sys-
tem. Used by universities, schools, companies and in-
dependent educators in over 200 countries.

HEMIS (Higher Education Management Infor-
mation System) - Higher education management infor-
mation system provides electronic educational services
to administrative workers, professors and students by
automating the main activities of higher educational in-
stitutions. The information system performs the func-
tions of an information bridge between higher educa-
tional institutions and the Ministry of Higher and Sec-
ondary Specialized Education and contributes to a
sharp reduction in the amount of various information
received from higher educational institutions, the rejec-
tion of paper forms and the digitalization of the man-
agement system.
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Fig 1. Home page of the HEMIS system account
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It should be noted that, like the advantages of the
distance education system, there are a number of sig-
nificant disadvantages. The main disadvantage is the
lack of a "live" dialogue between the professor and the
student, which, in turn, has a significant impact on the
completeness of knowledge.

In general, distance learning at the Tashkent State
Transport University gave students the opportunity to
work independently, gain independent knowledge and
gain self-control. This, in turn, will help them become
professionals in their field in the future. There were also
opportunities to study teaching methods in foreign uni-
versities and exchange experience with them.

Conclusion

In general, introduction of a complex of distance
education in TSTU is a comprehensive benefit. Educa-
tion system of TSTU has all conditions for the imple-
mentation of this complex and is provided with com-
puter, information and communication technologies,
connected to the Internet. The widespread introduction
of these technologies into the education system will
help to solve many problems in a timely manner. It
should be noted that the use of ICT in the education
system at the Tashkent State Transport University has
produced both economic and social benefits. Therefore,
the improvement of theoretical, methodological and
other aspects in this direction based on the requirements
of the time is one of the urgent tasks of today.
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Introduction

The only way,
leading to knowledge is an activity...
Bernard Shaw

The modern education system is being updated
and this is happening along with various social
changes. In accordance with the requirements of mod-
ern society, there is a need to improve the quality of
knowledge, as well as the level of education of the stu-
dent. The purpose of modern technologies is to increase
the efficiency of the educational process. Today, the
main task of a modern English teacher is to develop the
student's personality and critical thinking, to activate

creative development and, at the same time, the skills
of mastering certain language means. According to this,
the educational institution needs research and develop-
ment, implementation and effective use of the latest
teaching technologies. In terms of implementation, the
"project methodology" is one of the effective methods
of teaching English [3].

This technique is characterized as one of the most
effective ways of teaching English by searching for in-
formation from authentic materials, as well as improv-
ing intercultural communication skills, which allows it
to be used in all areas of the educational process.

In the era of information communication, the abil-
ity to communicate and understand each other in the
real world is becoming increasingly important. One of
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the advantages of the lesson-project is cooperation,
which allows you to form a student's personality as an
active participant in communication. Project activity is
a great way to motivate students to work with the out-
side world, connections and materials, as well as to in-
crease motivation for cooperation.

According to N.I. Myron, "The great goal of edu-
cation is not only knowledge, but above all actions"
means "project methodology" in high school will re-
quire a creative approach from the teacher and students.
The main idea of the project work is active communi-
cation in the studied language in an individual or group
form, through research activities. This is the organiza-
tion of the English language learning process. The work
on the implementation of the project makes it possible
to develop the creative approach of each student, for
example: to create an individual presentation, draw a
poster, make a film or design a paper model. [10]

According to Yu.V. Ryndina, this method is "a
flexible model for organizing the process of teaching a
foreign language, since it allows students to focus their
attention not on the language itself, but on the problem,
shift the emphasis from the linguistic aspect to the sub-
stantive one: independently identify the problem, for-
mulate a hypothesis for its solution, search for the nec-
essary information using various information re-
sources, plan possible solutions to the problem, draw
conclusions, analyze the results obtained in a foreign
language" [12].

When using the project method, such forms of
work as: thematic educational projects; Olympiads,
contests; thematic conferences are used. Special meth-
odological techniques such as "brainstorming”, "judg-
ing weaknesses", debates, writing essays with their re-
vision, editing and publication, conducting various
problem seminars, debates, discussions in the form of a
"round table", mathematical and economic "battles",
performing various types of tasks requiring analysis,
comparison, comparison, exercises, constructing mate-
rial [1] are effective and allow students to acquire inter-
personal and business communication skills, business
interaction and mutual understanding. The components
of the use of the project method in the learning process
are "a system of acts of mutual action of training and
trainees; the activity of the teacher to regulate the inter-
action of individual students and groups in order to cre-
ate positive interpersonal relationships, the creation of
an emotional fund [4].

Working on a project in English lessons is a com-
bination of independent work with a pair or group form
of project activity, assumes knowledge from different
fields of education, penetration of the English language
into other activities.

The use of the project method in the process of
teaching English allows students to form linguistic and
regional knowledge, simultaneously develop skills and
abilities in the process of listening, speaking, reading,
writing, as well as improve various aspects of the lan-
guage, teach speech etiquette, and also provides many
opportunities to think and talk about yourself, your life,
interests, hobbies.[2]

The process of communication in the English les-
son allows students to improve the skills of foreign lan-
guage communicative competence. Educational pro-
jects allow us to work together, which carries the cohe-
sion of the collective spirit, the activation of cognitive
activity, the development of successful communication
skills (the ability to listen and hear each other, build a
dialogue) and learn from the experience and knowledge
of student leaders.

The implementation of project work leads to the
purposeful use of the English language, a successful ap-
proach to learning includes:

1. increasing the level of motivation of students;

2. integration of four types of speech activity: lis-
tening, speaking, reading and writing;

3. autonomous study of the project topic disposes
students to become more responsible for their learning;

4. the presence of the final result of training, where
students clearly demonstrate the final product;

5. implementation of the project objectives and,
consequently, work on authentic text material as a pro-
cess of teaching English;

6. improving interpersonal relationships through
working in a group or in a microgroup.

Thus, both the fundamental principles of commu-
nication and language learning are combined in the
learning process [5].

The advantage of working on a project is its adapt-
ability. Every project is the result of hard work.

* collecting information and preparing texts;

* selection of visual material and design of draw-
ings and diagrams;

* selection of visual sources;

* conducting interviews and surveys.

Project work brings a sense of achievement, which
makes it personally oriented. This feature of the project
makes it ideal for the teaching of English in mixed clas-
ses, which allows each student to work at their own
pace [1].

I. A. Fateeva identifies the following requirements
that need to be considered while working with the
method of projects:

- consideration of a significant problem, which re-
quires integrated knowledge for its solution (for exam-
ple, the creation of a number of reports from different
parts of the world, United by a common theme; the
study of the problem

- demographic growth of the world's population;
the impact of precipitation; the impact of slang on the
state of modern English);

- theoretical, practical, moral, cognitive signifi-
cance of the results obtained after applying the project
method (for example, the publication of a newspaper,
magazine or other printed publication with reports;
writing an essay)—

- independent work of students;

- structuring the main part of the work on the pro-
ject with an indication of the results;

- application in practice of research methods that
are based on the use of a certain sequence of actions:
finding a problem and determining the resulting re-
search tasks (it is possible to use such methods as a
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"round table" and "brain attack"); putting forward pos-
sible hypotheses for solving these problems; joint dis-
cussion of research methods (statistical, observations,
experimental); discussion and selection of the design of
the outcome of the work (protection of the abstract,
presentation, report, etc.); systematization of the col-
lected results and their analysis; registration of results,
summing up; voicing conclusions obtained as a result
of the work done [7].

Many projects allow students to work together,
which not only develops individual skills, but also im-
plements the process of cooperation in groups. In group
work, everyone should bear their own burden of re-
sponsibility and, equally, participate in a joint project
in order to achieve the best results for the team. Another
advantage of group projects is the opportunity for stu-
dents to apply their knowledge of English in life situa-
tions. It is recommended to use a wide range of com-
munication skills in project activities, which enables
students to use all areas of knowledge, as well as the
opportunity to develop comprehensively [6].

With the help of the project methodology in the
lesson, several goals can be achieved at once: to expand
the vocabulary of students, consolidate the studied lex-
ical and grammatical material, create a festive atmos-
phere in the lesson and decorate the foreign language
classroom with students' works.

The variety of means of expressing meaning leads
students to free creativity. This is a successful method-
ological finding in terms of simplicity — the key to the
construction of project tasks, where the language ele-
ment is presented sparingly - to an advanced level,
where it plays a leading role. At the same time, the pro-
ject work has unique opportunities for truly communi-
cative teaching of a foreign language, even when rely-
ing on minimal language material.

Mastering a foreign language in the process of
project work gives students the true joy of learning, fa-
miliarization with a new culture. When performing pro-
ject work, which can be presented orally or in writing,
itis necessary to adhere, in my opinion, to the following
recommendations:

Firstly, project work gives students the oppor-
tunity to express their own ideas, it is important for the

teacher not to control and regulate too explicitly, it is
desirable to encourage students' independence.

Secondly, project work is mainly open, so there
can be no clear plan for their implementation. During
the execution of project tasks, you can also enter some
additional material.

Thirdly, most projects can be carried out by indi-
vidual students, but the project will be as creative as
possible if it is carried out in groups. This is especially
important, for example, when selecting images for col-
lages and other work of this kind. Some projects are
carried out independently at home, part of the lesson is
spent on some of the project tasks, the whole lesson is
spent on others, so it is also advisable to keep old mag-
azines, scissors, glue in the classroom. The third rec-
ommendation once again emphasizes the importance
and effectiveness of educational cooperation

Also, when working on a project, all the student's
analyzers are involved, which makes training more ef-
fective. In addition, awareness of the actions performed
with the active position of the child contributes to the
development of independence and better assimilation
of the material [2].

The main stages of the training project:

1. Search engine.

2. Analytical.

3. Practical.

4. Presentation.

5. Control.

If we step by step consider the project activity of
students, the product of which is a monologue, then we
can note the coincidence of most of the project actions
with the actions necessary to create a monologue at
each stage. At the search stage, it is necessary to deter-
mine the problem of the project, from which the theme
and purpose of the project follow. At the same time, the
theme and purpose of the project will be the theme and
purpose of the monologue [9].

At the next — analytical — stage, students are di-
vided into project groups, the tasks of project activity
are determined, which will coincide with the action
plan when creating a monologue. In addition, a teacher
plays an important role in this tap, whose task is to in-
form students about sources that may be useful to them.

Table 1
Comparative characteristics of the stages of work on the project and on the creation of a monologue
Project activity St\?v%?skof Monologue statement

Definition of the topic, problems and | 1. Search | Definition of the topic and purpose of a monologue state-
objectives of the training project engine ment

2. Analyt- Drawing up a plan for a monologue statement, defining the
Distribution to project groups iéal tasks of the project activity of the statement and the action

plan for the preparation of a monologue statement
Collection and analysis of infor-| 5 b0 Collecting and processing information, making a mono-
mation, registration of work results,
. . cal logue statement

preparation of the project product
Public presentation of the project | 4. _Presen— Public speech with a monologue
product tation
Eva_luatlon of project activity and 5. Control | Evaluation of a monologue utterance
project product
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At the practical stage, the main work of students
on the project takes place. It is the longest and most
time-consuming. Students work with information
sources, collect and process the material that they plan
to use when composing their monologue, turn to per-
sonal experience, and then draw up the results of the
work. In addition, one of the tasks of the student is to
choose the appropriate means of communication so that
his monologue is coherent and sounds logical, and
check the grammatical design of the text. Students are
also preparing for the presentation of the product of
their project activities, that is, a monologue. The next
stage of the training project is presentation. At this
stage, the finished product of project activity — a mon-
ologue - is presented to the attention of students and
teachers [4].

The main features of the project activity is the ori-
entation towards achieving a specific practical goal — a
visual representation of the result, whether it is a post-
card, a wall newspaper or the compilation of puzzles,
crosswords, etc. The guys enthusiastically start work-
ing on the project, discuss its content and nature, goals.

The work on the project pursues the following
goals:

- formation of respect for the language and culture
of native speakers;

- fostering activity in solving communicative and
cognitive-search tasks;

- introduction to the independent performance of
tasks, work with reference literature, foreign sources of
information;

- introduction to active participation in the dia-
logue of cultures;

- development of language skills and sustained in-
terest in learning a foreign language;

- development of general academic skills (work
with a textbook, a collection of exercises, a reading
book, reference literature, a dictionary);

- formation of skills to analyze and compare infor-
mation and facts of native and foreign-language cul-
ture.[13]

Currently, there are some criteria for determining
the types of projects:

-by the nature of the dominant activity: research
(to solve a research problem or problem), applied - with
a clear result of activity and telecommunications - with
the use of computer telecommunications.

-by nature-subject-content area-mono and meta-
subject projects

-by the number of participants-individual and
group

-by duration of execution - short-term, medium-
term and long-term.

Work on each project involves going through 5
stages:

- Problem

- Design

- Information retrieval

- Product

- Presentation. Sometimes there is a sixth stage-the
project portfolio.

In teaching a foreign language, the project method
can be used in close contact with the curriculum on al-
most any topic.

In my work, | often use the project method, start-
ing with the simplest in junior grades and ending with
a more meaningful one in high school. For example, in
senior stage, my students created projects about world-
famous stadiums, where they not only presented unu-
sual and interesting stadiums, but also presented sam-
ples of various architectural forms in their game. The
students were also interested in a project about various
musical styles. Of course, preparing for projects in high
school does not require one day, but students like to
work on projects, because everyone can not only show
their knowledge of the language, but also express them-
selves creatively. This type of work allows students to
exercise independence, and the role of the teacher is re-
duced to providing assistance in planning work, moni-
toring and advising students during the project. It is
considered important that the project activity that intro-
duced generation training has become an effective part
of the time and effort spent.

Conclusion

The use of the project method in educational ac-
tivities has proved its effectiveness in the practice of
teaching a foreign language in all types of activities:
reading speed increases, the quality of text translation
improves, oral and written language skills improve, the
horizons of students expand, communication skills de-
velop, the desire to independently acquire and use new
knowledge. Practice shows that learning together is not
only easier and more interesting, but also much more
effective. Active involvement of students in project ac-
tivities, in particular, contributed to the achievement of
positive educational results.

The essence of the project methodology is that stu-
dents are given the opportunity to design the content of
communication themselves, starting from the very first
lesson. These classes are not limited to the acquisition
of certain knowledge, skills and abilities, but are aimed
at practical actions of students, affect their emotional
sphere, create a psychological climate, relaxed and nat-
ural behavior of students and provides motivation for
learning. It is also very important that children learn to
cooperate while working on the project, and learning in
cooperation brings up in them such moral values as mu-
tual assistance, desire and ability to empathize; im-
proves the general culture of communication and social
behavior in general, forms the creative abilities and ac-
tivity of students, i.e. there is an inextricable process of
learning and education, and leads students to practical
knowledge of a foreign language. The project method
is an integral part of teaching English to schoolchildren
at the initial stage, and during further mastering it. One
of the main tasks of teaching foreign languages is to
solve such an important problem as the development of
independent work of students, focusing them on active
creative assimilation of material, the ability to think
logically and make decisions on their own promptly.

The use of innovative technologies in teaching not
only develops children's motivation, not only makes
lessons more diverse and interesting, but also promotes
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self-development. The design methodology is an effec-
tive innovative technology that provides:

1. a significant increase in the level of proficiency
in language material and speaking as one of the types
of speech activity;

2. increasing the level of internal motivation of
students;

3. increasing the level of independence of stu-
dents, the level of team cohesion;

4. improving the overall intellectual development
of students.
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ORGANIZATION OF THE ENGLISH LANGUAGE LESSON TAKING INTO ACCOUNT THE
PSYCHOLOGICAL AND PEDAGOGICAL PECULARITIES OF THE MIDDLE STAGE OF THE
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In this article, an attempt was made to consider the psychological and pedagogical peculiarities of students
and their consideration in the organization of foreign language lesson at the middle stage of the secondary school.
A brief psychological and pedagogical characteristic of the students of the middle school age is given.

At the middle stage of educational process, basic knowledge and skills in the field of a foreign language are
formed, on the basis of which further learning will be based, as well as great attention is paid to maintaining interest
in the subject, which is also the key to its subsequent successful assimilation.

Adolescence is characterized by the desire to communicate with peers, the manifestation of their independ-

ence. This is the period when children's dreams about the future are replaced by reflections about it, taking into
account their own capabilities and circumstances in life.

The main new formation of this period is a change in the relationship between concrete-figurative and abstract
thinking, in favor of the latter, which is manifested in the fact that emotions are often stronger than the impact of
words. Therefore, when organizing the educational process, the teacher needs to create a situation of success and
maintain students' interest in the subject, thereby creating conditions for effective learning of a foreign language.
The article presents some types of success situations and techniques for their creation, also the analysis of meth-
odological literature allowed us to note which points need to be taken into account in order to support the interest
of adolescents in learning a foreign language.
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Introduction

Knowing the main object/subject of one's activity
- the student and the use of this knowledge when plan-
ning and conducting a lesson, bearing in mind at the
same time: knowledge of training, learning ability, ed-
ucational opportunities in the zone of immediate devel-
opment of a particular student, interests in a certain pe-
riod of study, health status, social and psychological
status in the group is one of the main requirements for
a modern lesson. That is, it is absolutely necessary to
know your student. The effectiveness of educational
process depends on how much the teacher takes into ac-
count the psychological, pedagogical, individual and
age characteristics of students in the learning process.

Each student has individual personal characteris-
tics (individual personal abilities, intellectual activity,
level of self-esteem, working capacity, etc.). Neverthe-
less, all students in each age period are characterized by
common features.

There are many age-related periodizations. Their
authors are P.P. Blonsky, L.S. Vygotsky, D.B. Elkonin,
J. Piaget. This paper describes the features of the mid-
dle stage of education - adolescence in the process of
teaching foreign languages in a general school. There is
no clear definition of the boundaries of adolescence in
the psychological and pedagogical literature, they are
not defined equally by different researchers and cover
the period from 10 (11) to 16 (17) years (L.S. Vygotsky,
A.V. Mudrik, I.S. Kon, G.S. Abramova, V.S. Mukhina,
D.B. Elkonin, D.I. Feldstein, etc.). Traditionally, ado-
lescence is associated with the education of children in
the middle school. These are children from 10-11 to 14-
15 years old.

The main part

Teaching a foreign language in primary school en-
sures continuity with the preparation of students in sec-
ondary school, on the one hand, and, on the other hand,
provides opportunities for continuing secondary educa-
tion both within the walls of the school and in special
vocational secondary educational institutions. This
stage of learning a foreign language is characterized by
the presence of significant changes in the development
of middle stage students.

L.S. Vygotsky attributes to the main psychological
formations of this age the arbitrariness and awareness
of all mental processes, as well as their intellectualiza-
tion and internal mediation. "Due to the transition of
thinking to a new, higher level, all other mental pro-
cesses are being rebuilt, memory becomes rational, and
perception becomes thoughtful," writes D.B. Elkonin.

Psychological and physiological features of this
age:

— The need for "adult communication™. The emer-
gence of a sense of adulthood in a teenager is one of the
central psychological formations of this age. It is deter-
mined by shifts in physical and puberty, the develop-
ment of social functions, the expansion of rights and re-
sponsibilities in the family. Conditions that require in-
dependence from the child, assistance to adults, and a

respectful tone of treatment from adults contribute to
this.

— Transformation of teenagers' communication
into an independent type of activity. Communication
goes far beyond studying, it becomes much more mean-
ingful, more complex, more diverse than that of
younger schoolchildren. Communication with peers is
more valuable for teenagers than communication with
parents, loved ones. Frank conversations occupy a large
place in the communication of teenagers.

— The need to assert yourself, to take a worthy
place in the team. This is one of the most important,
fundamental needs of teenage childhood. If for pre-
schoolers the opinion of parents was the most authori-
tative, then for teenagers the opinion of peers, the col-
lective of the class is the most significant. Teenagers
react very painfully to every fact that harms their pres-
tige in the eyes of their comrades.

— The emergence of the need for active cognitive
activity. The transition in teaching from one to several
teachers makes it possible for a teenager to compare
them with each other and develop new criteria for eval-
uating their activities. If the attitude of younger school-
children and younger teenagers to the subject depends
on the attitude to the teacher and getting marks, then
older teenagers are attracted by the content of the sub-
ject, the ability of the teacher to present it and the ability
to create a situation of success.

The leading pedagogical idea in working with ad-
olescents is to create a situation of success in the most
significant activities that enable positive self-affirma-
tion of the individual; the formation of value attitudes,
the prevention of deviations in behavior and moral de-
velopment.

How to prepare a modern English lesson for mid-
dle-stage students? In order for the level of preparation
of the lesson to be high enough, it is necessary that the
teacher during the preparation tried to make it a work
of art, so that the lesson would give students not only
knowledge and skills, but also arouse genuine interest
in children and form their creative consciousness. It is
necessary to think over the forms of organization of
work in the lesson. In a modern lesson, individual,
group and pair work should be present to a greater ex-
tent. When planning a lesson, it is necessary to take into
account the differentiation of students in order to create
a success situation for each of them.

Mastering a foreign language at school involves
intensive activity of the student. One of the factors of
ensuring the student's working capacity is the appropri-
ate motivation. Among the aspects that increase the
level of motivation, it is necessary to highlight, first of
all, the constantly maintained interest of students in the
process of mastering a foreign language, its effective-
ness, as well as the use of various teaching methods that
meet the needs of middle-level students in the novelty
of the studied material and the variety of exercises per-
formed. The use of various teaching methods contrib-
utes to the consolidation of language phenomena in



German International Journal of Modern Science N229, 2022 45

memory, the creation of more persistent visual and au-
ditory images, maintaining the interest and activity of
students.

A.S. Belkin, doctor of pedagogical sciences, pro-
fessor, indicates several types of success situations. The
most effective type of success situation can be consid-
ered a situation of the type "Joy of knowledge". Of
course, it also occurs in younger schoolchildren, but it
is most effective in adolescents and older students.

The joy of learning is devoid of any secondary,
momentary, ambitious moments, it is inherently altru-
istic. Educational work is related to the activities of the
student and the student. Cognition as an independent
process can also be based on self-education, self-
knowledge. The most ideal from a pedagogical point of
view is when knowledge and educational work inter-
penetrate each other, rely on each other.

The deficit of the joy of learning is born first of all
by the deficit of the joy of teaching, when the teacher
sees the meaning of his activity only in the final result,
and not in the process of achieving it.

There are three approaches of a teacher to
knowledge: 1) considers them as an illustration; 2)
transmits, transforms; 3) sees them as an important
source of self-development, interaction with students.
In other words, knowledge is needed by a third, truly
erudite group of teachers in order to develop children
and improve themselves.

Teenagers have a lot of techniques for creating a
"joy of learning" situation. We can single out some of
them, the most interesting, promising and non-stand-
ard.

"Eureka"

The essence of the reception is to create conditions
under which a student, while performing an educational
task, unexpectedly reveals previously unknown possi-
bilities to him. He should get an interesting, original re-
sult that opens up a new perspective of knowledge for
him. The merit of the teacher is not only to notice this
deeply personal discovery, but also to support the stu-
dent in every possible way, to set new, more serious
tasks for him, to inspire him to solve them.

"Deliberate mistake"

"While presenting the proof of the theorem, | de-
liberately make a mistake in the entry, add a line and,
after pausing, run my eyes through the class in the hope
of seeing someone who discovered this error. The at-
tention of the guys is still riveted to the notebooks: they
are finishing a line. But then a hand was raised. This is
Lena, she very rarely answers from the spot. But here,
apparently, she decided...

"You've made a mistake," she says timidly.

- Well done, Lena, - | praise her, - please tell us
the line in which you found a mistake, and we'll all look
for it together.

The entire class is included in the search. But this
is not the main thing, the main thing is that the guys will
continue to listen to the proof even more carefully, try-
ing not to miss another "mistake". After all, we are used
to the fact that only a teacher can point out mistakes to
students. When such an opportunity is given to a stu-
dent, you need to see how proud his face shines: | found
a mistake with the teacher himself!"

The "Deliberate mistake" technique can be ap-
plied, taking into account age, only on the material
known to students, which is used in the proof as a ref-
erence knowledge.

The situation of ""Imaginary success"

We are talking about those students who are quite
satisfied with their low results, although their capabili-
ties allow them to have more serious successes. The sat-
isfaction of the child in such a case may indicate either
a clearly underestimated level of claims, a persistent
lack of confidence in his own strength, or a weakness
of cognitive interests, a mental retardation of the indi-
vidual, a desire to be content with minimal results
achieved with minimal effort.

It is hardly necessary to prove that the "joy" of a
slacker or a student with an intellectual complex who
does not believe in his own strength (not to be confused
with mental retardation, with mental development de-
lays, "with the complacency of a moron™ - according to
L. S. Vygotsky!), have nothing in common with a really
pedagogically significant situation of success.

Overcoming the situation of imaginary success is
not connected with the condemnation of the student,
but with the creation of real conditions under which the
student achieves real results. In other words, where real
success is created, there are no illusions.

Every teacher understands, along with creating
success situations, how important it is to constantly
maintain interest in the subject. Often he is faced with
the fact that students, not seeing the need to study this
subject, not imagining the possible scope of its applica-
tion, ask: "Why do I need a foreign language?" or they
claim that you can live without a foreign one. Here is
my father, for example...”

It is necessary to build the educational process in
such a way that the disclosure of the significance of the
subject permeates, firstly, the educational process it-
self, that is, exercises, texts for reading and listening,
conversations for the semantics of new lexical units and
the presentation of grammatical structures, served as
the basis for the production of handouts and so on, sec-
ondly, was an integral part of extracurricular work
through various kinds of extracurricular activities; and
most importantly, in both cases, it is necessary to use
the professional intentions of students.

If, for example, in a lesson on improving speech
skills, texts are given about how people spend their free
time, then one of them may be about a Moscow engi-
neer who devotes all his free time to learning foreign
languages. And the preliminary question to the text will
be: "Is it worth spending free time on a foreign lan-
guage?” When completing the task "Tell us what hob-
bies famous people had”, which is being prepared at
home, you can include information about how great
people studied a foreign language.

The differentiation of students' interests by fields
of knowledge, which appears in adolescents already in
grades 6-7, provides an additional opportunity to intro-
duce them to a foreign language. Knowing, for exam-
ple, that Miras N. is fond of music, in conversations
about theater, cinema or free time, you can offer him a
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clipping from a foreign newspaper about one of the
most popular ensembles for individual reading. Know-
ing that Dias A. loves technical modeling, but at the
same time has a completely negative attitude to a for-
eign language, you can do otherwise - leave a clipping
from a magazine about a new model on the teacher's
desk (or start reading in front of everyone), pre-
equipped with some creative task. Having seen and be-
come interested in this, the student will not refuse to
read and complete the task.

Each student is an individual. Each of the students
has properties that are different from the other.
Knowledge of all these properties is accumulated by the
teacher. An experienced teacher always knows how a
student treats a foreign language, what subjects he
likes, what he does outside of school, what his profes-
sional intentions are, his status in the classroom, etc.
These data are included in the special methodological
characteristics of the class, which the teacher always
has at hand.

Conclusion.

Foreign language lessons at the middle stage of
educational process have a certain specificity, which
follows from the age characteristics of students, and
from the tasks facing this period, and from the content,
and from the psychological and pedagogical fact that
this period begins studying. The middle stage, being in-
termediate, on the one hand, retains the features of the
primary school (especially in the fifth grade), and on
the other hand, it represents a new stage in the develop-
ment of students' skills and abilities in a foreign lan-
guage.

The process of teaching a foreign language should
take into account the personality of the student, his
needs, motives, intelligence and other individual psy-
chological characteristics. Taking into account the psy-
chological, pedagogical and individual characteristics
of students makes it possible to introduce new technol-
ogies into the educational process with greater effi-
ciency, increase the effectiveness of learning, form
strong and deep skills, develop students' creative abili-
ties, increase the level of independent activity of stu-
dents in the classroom, develop students' personal qual-
ities.
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Teaching reading involves achieving a de-
tailed/complete and accurate level of understanding of
the main and secondary facts contained in the text.
These reading proceeds slowly, as the school student,
having a mindset for long-term memorization, resorts
to repeated reading, translation, and sometimes to the
written fixation of the content, delves deeper into the
essence of the communicative situation.

It is advisable to conduct a learning reading on
texts that have cognitive value and informative signifi-
cance, which are quite difficult in terms of language.
Analysis plays an auxiliary role. The language form of
the text contains many guidelines and hints, using
which the school student can overcome language diffi-
culties independently in the future.

Research in the field of age psychology suggests
that school students in grades 7 and 8 have more mature
thinking than school students in grades 5-6. Seventh
and eighth graders are eager to find out the cause of
certain phenomena, they are not inclined to take
everything on faith as willingly as it was before.

Grade 7 can be conditionally called transitional
from the initial stage of language learning to the senior.
If in grades 5-6 the leading role belongs to oral speech,
and in grades 9-10 — reading, then in grades 7-8 oral
speech and reading occupy an equal position. This is
possible primarily because students already possess
significant language material that allows them to use
narrative and descriptive texts for reading that
correspond to the age characteristics of school students.
Reading in the 7th grade acquires features that bring it
closer to reading the wvernacular: school students
receive new information as a result of reading [4].

Understanding words in context requires a certain
number of sentences so that the meaning of a given
word is clearly manifested. The ability to guess the
meaning of a word from its description in the language
being studied is often useful when reading popular
science literature, where a description of a device,
instrument, phenomenon, etc. may occur. Sometimes,
in both narrative and descriptive texts, there is a need
to explain the reality. In this case, the situation itself
should prompt the correct choice of the meaning of the
word.

According to the methods of orientation to the
communicant, texts are divided into discontinuous-
fable and continuous-fable.

The plot is the underlying material of the text, the
plot is what is made of this material and how it is
reflected in the text [7].

In continuous-plot texts, the development of the
topic is not interrupted by author's digressions and is
minimally provided with background information.

In discontinuous plot texts, the development of the
plot is interspersed with background information and
author's digressions.

Researchers  distinguish
discontinuous plot text:

- background - includes the background of the
event, various background information, explanations;

- plot - conveys the development of events,

- author - offers author's assessments, associations,
digressions.

When creating a translation text, the translator has
to make a decision about choosing a functional and
semantic type of text: description, narrative, reasoning.
Description answers the question: which one?,
narration answers the question: what did you do?,
reasoning answers the question: why?

The plot text allows you to apply the following
control technique: describe the appearance of a
particular actor, the place where the action takes place,
say a few phrases about the people who appear in the
story, etc. This technique is intended to clarify to what
extent students have understood the facts set out in the
text.

If the text is fable and not very long (20-25 lines),
then school students can convey its main content in a
foreign language. In this case, however, there is a
danger that weaker school students will not cope with
the retelling of the text, but not because they did not
understand it well, but because they do not have
sufficiently developed expressive oral speech skills.
Therefore, this technique should be used carefully.

The main requirement for texts is that texts should
be informative, entertaining, accessible, and reflect an
adequate picture of the world. They should correspond
to age characteristics; they should set a meaningful

three plans of a
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speech plan and ensure the implementation of practical,
educational and developmental learning goals. On their
basis, the analytical and synthetic phase of reading
activity is carried out.

Practical recommendations on the use of plot
texts

Types of exercises for mastering reading skills

Pre-text stage

Exercises in working with the title of the text.

1. Read the title and tell me what (about whom),
in your opinion, will be discussed in the text.

2. Read the title and tell me what, in your opinion,
is the main content of the text.

3. Translate the title and answer the questions:

A) By what word of the title can it be established
that we are talking about ...?

B) What phrase suggests that ...?

C) By what word did you determine that this is
information about ...?

4. Translate the title with the dictionary and tell me
which prefix gives the words a negative meaning.

5. Read the titles of the texts. Suppose what
specific facts can be discussed in the texts. Review
them.

6. Tell me what, in your opinion, the author's goal
was, including in the title words that are not repeated in
the text.

7. Come up with a title that can combine the three
named facts.

8. Read the title of the following text and think
about what it is associated with in your view. If you are
interested in the title, read the text further [1].

An approximate algorithm for school students to
work with the title before reading any text.

1. Carefully read the title and highlight the
keyword in it (most often it is expressed by a noun).

2. Review the text and pay attention to how often
the dominant title word you have highlighted occurs in
the text.

3. Find substitute words for the dominant word
and the entire title in the text.

4. Rephrase the title using synonymous words
from the text.

5. Find in the text of the sentence with varying
repetition of the dominant word in the title.

6. Tell me if the keywords you have highlighted
and their substitutes are the most informative elements
in the text.

7. Re-read the title and tell me what will be
discussed in this text.

Exercises for mastering the structural and
compositional features of journalistic and scientific
(popular science) texts.

Mastering the structure of newspapers and
recognizing genres of newspaper materials

1. Find the main information message in this issue
of the newspaper. Tell me what event is described in it.
Find other materials on this issue in the newspaper.

2. Find the second most important information
message of the issue; tell us what event it tells about

and what other newspaper materials are devoted to this
event

3. find non-commented informational articles in
the newspaper (informational articles with commentary
elements, commented informational articles); tell us
what issues they are devoted to.

4. Find editorial articles in the newspaper (articles
by specialists, regular columnists of the newspaper);
tell us what issues they are devoted to.

5. Find interesting materials for you that the
newspaper publishes under the headings ....

. 6. View the page of the newspaper, magazine, set
of texts and select texts on the topic ....

7. View the newspaper (magazine). Tell me in
your native or foreign language the content of the most
interesting text on the topic.

8. Make a selection of articles on this issue from
several newspapers.

Mastering the structural and compositional
features of scientific (popular science) texts.

1. Review the text. Determine its character
(description, reasoning, narration).

2. Review the text and tell me if it contains, from
your point of view, interesting information.

3. Read the opening sentences of the first and last
paragraphs. Formulate the question that is covered in
the article.

4. Check whether the border of the introductory
part of the text is correct; if not, correct the errors.

5. Select the introductory, main and final parts of
the article from the texts printed on separate cards.
Make an article out of them.

6. Highlight the introductory and main parts in the
text.

7. Determine whether the main idea is repeated in
the text, how many times, in which structural
components (title, introductory or main part) it is
formulated.

8. Check whether the border of the final part of the
text is correctly marked. If not, give your own version.

9. Highlight the introductory, main and final parts
in the text.

10. Find the final part of the text. The title and the
introductory part of the text are given; the main part is
divided into separate semantic pieces.

11. Make a general idea of the content of the text
by title (table, drawing, formula, introductory and final
parts).

12. Read the first sentences of the paragraphs and
name the issues that will be considered in the text.

13. Read the last paragraph of the text and tell me
what content can precede this conclusion.

14. Read the first paragraph (introduction) to
yourself and try to guess what will be discussed in this
text.

15. Review the text, familiarize yourself with the
drawing (the table described in the text), make a plan
of the main content of the text.

16. Review the text and draw a sketch of the object
under construction described in the text.

17. Skim through the text. Match the first sentence
of the text with the title. Install:
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1. do they express the same thought

2. whether they express the general content of the
text [3].

18. Read the second sentence of the first paragraph
and the first sentences of all subsequent paragraphs.
Exclude from them those that do not express a new
thought.

19. Make a structural and semantic scheme of the
text according to the following sample:

1. The purpose of the message (first-order
predication)

2. elements of the general content:

a) the main stating theses
predication)

b) secondary elements (predications of the third,
fourth and subsequent orders)

Such schemes of the semantic structure of the text
can also be the basis for writing abstracts [2].

(second-order

Text stage.

Exercises to determine the topic of the text.

1. Without reading the text, specify the structural
component in which the theme is expressed. Read this
part of the text, name the topic. In the row of titles,
underline the one that is taken from the message about

2. Distribute the titles according to the specified
topics.

3. Tell me if the topic is expressed in the title of
the text.

1. Determine the structural component of the text
that contains the topic (introductory part, main part)

2. Determine which problem is discussed in the
text.

3. Read the title and tell me what the text is about.

4. Name the issues that are considered in the
editorial articles and articles of specialists in this issue
of the newspaper.

5. list the topics of information messages placed
on the ... newspaper page (under the heading ...) [5].

Exercises for semantic prediction of the text
content.

When composing exercises of this group, it should
be remembered that there are two categories of signal
words that contribute to anticipating the movement of
the author's thoughts:

A) words indicating the movement of the author's
thoughts in the narrative;

B) words indicating a change in the direction of
thought, a turn of thought, a denial of the previous
statement.

1. Write out the signal words from the text and
determine which part of speech they belong to.

2. ldentify the signal words from the following,
followed by the development of the previous position.

3. Identify the signal words from the following,
followed by a presentation of the new material.

4. Establish to which semantic category these
signal words belong:

a) repetition of thought;

b) clarification of the thought;

c) output;

d) change of point of view.

5. Come up with the end of the sentence after
identifying the signal word.

6. Determine which of these signal words are
followed by information that can be skipped if the
reader's goal is to understand only the most important
information.

7. Determine which of these signal words can be
followed by the main idea in the text.

8. Review the words highlighted in the text.
Assume what the text is about.

9. To better understand the text, review it. Match
the subjects given in the left column with the
corresponding predicates from the right.

10. Review several articles on the topic.. and prove
that ...

11. Review the text again. Determine its
compositional-speech form (it can be a message,
narrative or reasoning).

12. Supplement the information obtained from the
text. For this purpose, look through the relevant
newspapers and magazines in the foreign language
being studied [8].

The post-text stage.

Exercises to control reading comprehension

1. Tell me what issues are addressed in the text.

2. Tell me what problem arises from the content.

3. Put a few questions to the text and ask them to
your friend, then answer his questions.

4. Confirm the point of view stated in the text
using your own example.

5. Express your opinion about what you have
read,. Please provide additional information that you
know. Give examples, facts similar to those described
in the article.

6. Think about how and where you can use the
information extracted from the text.

7. Determine whether you need to familiarize
yourself with the text in more detail in order to use the
information received in your future professional
activity [6].

In order to work with the text to become produc-
tive, it is necessary:

-Carefully build the algorithm of the lesson, think
over its course to the smallest detail.

- Clearly set tasks for students.

-Focus on the level of readiness of students and
their educational motivation;

-Do not forget about a differentiated and person-
ality-oriented approach.

The listed techniques of working with text are the
main ones, but far from the only ones. Their use is
largely determined by the teacher's experience, his de-
sire to work creatively and look for new effective ways
to solve problems in the classroom. The choice of cer-
tain techniques also depends on the level of prepared-
ness of students and their educational motivation.
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Reading is a speech activity aimed at visual per-
ception and understanding of written speech.

To understand a foreign language text, it is as-
sumed that you have a set of phonetic, lexical and gram-
matical informative features that make the recognition
process instantaneous.

In the real act of reading, the processes of percep-
tion and comprehension proceed simultaneously and
are closely interrelated, the skills and abilities that en-
sure its process are conventionally divided into two
groups: a) related to the "technical” side of reading
(they provide perceptual processing of the text (percep-
tion of graphic signs and their correlation with certain
meanings or the transcoding of visual signals into se-
mantic units) and b) providing semantic processing of
the perceived - the establishment of semantic links be-
tween linguistic units of different levels and thereby the
content of the text, the author's intention, etc. (these
skills lead to the understanding of the text as a complete
speech utterance).

It is known that the reader's eye normally performs
short jumps, between which there are stable fixations
on the object in order to extract information. Observa-
tions of eye movements show that they are divided into
two types:

1) search, installation and corrective movements;

2) movements involved in the construction of the
image and recognition of the perceived object.

If we turn to the speech mechanisms of reading,
then, as well as in oral communication, speech hearing,
prediction and memory will play a huge role here, alt-
hough they manifest themselves somewhat differently.
The role of speech hearing in the reading process is de-
termined by the peculiarity of the sound-letter system
of printed text.

Probabilistic forecasting - "mental overtaking in
the process of reading” - as an integral component of
active mental activity also determines the success of
perception and understanding in any kind of reading.

Forecasting contributes to the creation of an emo-
tional mood among students, readiness for reading.

The success of probabilistic forecasting depends
on the relationship between known and unknown
words, on the degree of familiarity with the topic, on
the ability to use an instant choice of solutions from a
number of probabilistic hypotheses. Hypotheses are
one of the search mechanisms.

Understanding of the content occurs on the basis
of a number of complex logical operations, the result of
which is the establishment of links in the text and the
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transition "from expanded words to semantic mile-
stones".

The stepwise nature of understanding in relation to
a foreign language was described by 3.1.Klychnikova,
which identified four types of information extracted
from the text and seven levels of understanding [3].

The first two levels (the level of words, the level
of phrases) indicate an approximate understanding. By
learning the meaning of words and phrases in context,
the reader gets an idea of the topic to which the text is
dedicated. The operations performed by a novice reader
are distinguished by a certain complexity. It arises not
only because of the quantitative discrepancy between
the reader's vocabulary and the vocabulary present in
the text, but also because many words are used figura-
tively and do not have motivation. Polysemous words,
homographs, antonyms and synonyms are also very dif-
ficult.

The third level (understanding sentences) is more
perfect, although it is also fragmented. Perceiving a
sentence, the student must dissect it into separate ele-
ments, establish a connection between them and their
role in the utterance, identify grammatical homonyms,
especially in service words, etc.

The author associates the fourth and fifth levels
(understanding of the text) with the types of reading and
with what types of information the content extracted
from the text belongs to.

The sixth level is the understanding of meaningful
and emotional-volitional information, the seventh is the
understanding of all four types of information, includ-
ing motivational-volitional.

The last two levels should indicate that the tech-
nical ones are fully formed. To fulfill this last commu-
nicative task, the reader must be able to generalize, find
a connection between semantic pieces, highlight the
most important, "go into the subtext", achieve com-
pleteness, accuracy and depth of understanding. As a
result of all these operations, the reader evaluates the
text in a broad social and cultural context, and the read-
ing itself is characterized by maturity.

Reading is considered as a receptive speech activ-
ity, which consists of the perception and comprehen-
sion of written speech. Unlike the perception of oral
speech, when reading, information comes not through
the auditory, but through the visual channel. Accord-
ingly, the role of various sensations also changes. Vis-
ual sensations play a crucial role in reading. Both lis-
tening to speech and reading are accompanied by pro-
nouncing the perceived material in the form of internal
speech, which becomes a full expanded speech when
reading aloud. Therefore, motor sensations play an im-
portant role in reading. The reader hears himself, there-
fore, auditory sensations are a mandatory element of
reading. They make it possible to check the correctness
of your own reading. However, when reading, they play
a subordinate role in contrast to listening to speech,
where they dominate [4].

Simultaneously with the perception of what is be-
ing read, its comprehension also occurs. These two
sides of the reading process are inextricably linked. The
availability of conditions for understanding the text de-
pends on the quality of perception of the text. Errors in

perception, such as the assimilation of words similar in
form, incorrect reading of words, lead to distortion of
meaning. At the same time, a wrong understanding of
the meaning leads to a false guessing of the form of the
word, etc.

Understanding the content of what is being read is
based on the same psychological processes as under-
standing when listening.

But some features peculiar only to reading still
need to be noted. Reading comprehension is carried out
in somewhat more favorable conditions, which are de-
termined by the greater distinctness of visual images
compared to auditory ones and the longer duration of
their impact. At the same time, the content of the mate-
rial when reading is usually more complicated. The
topic of oral speech usually covers subjects close to the
speaker, directly related to him. When reading, the
range of questions is much wider, especially at the mid-
dle and senior stage of learning a foreign language. For
texts borrowed from popular science, political and fic-
tion literature of the country of the studied language, it
is characteristic, in particular, to turn to topics reflect-
ing the life and history of this country, which leads to
familiarization with facts, subjects that are not in the
reader's experience.

At the present stage of society's development, the
role of reading in English is clearly increasing.

Thus, reading today is not only one of the means
of learning — a source of new words entering the
student's vocabulary and a starting point for a variety of
statements of a dialogical and monological nature.
Reading in English has also become perceived as one
of the main goals of learning — a source of new
intellectual and aesthetic information that will
significantly enrich the student's personality if the
learning process develops his ability and habit to use
this source.

Knowing this, many scientists, such as Harold
Palmer ("Oral Method"), Michael West ("Direct
Method", which allows you to accumulate a dictionary
and create a base for the development of reading and
oral speech skills), Charles Fries, Robert Lando tried to
understand the mechanisms of reading, to come up with
a universal method by which it would be easy and fast
to teach a child to read in a foreign language.

It is necessary to understand what methods exist at
the moment and what practical results they lead to.

The first method is linguistic. This method
involves learning to read based on words that are often
used and that are read the way they are written.
Bloomfield (the discoverer of this method) suggests
first learning to read in words that are often used and
that are read as they are written. By reading words that
are read as they are written, a child who learns to
determine the correspondence between letters and
sounds [8].

The second method is the so-called "whole-word"
method (whole-word method). The method of "whole
words" is that children are taught to recognize words as
whole units without explaining to them the letter-sound
relations. The training here is based on the principle of
visual recognition of whole words, without dividing
them into letters and syllables. In this method, neither
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the names of letters nor the letter-sound ratio are taught.
This method is known as the Doman method — Glenn
Doman builds all learning to read only on it [5].

The third method is "whole-language". It is very
similar to the whole word method. One of the
characteristic features of this method is that phonetic
rules should not be explained to the learners to read.
The connection between letters and sounds is learned
through the process of reading, implicitly. If a child
reads a word incorrectly, it is not corrected. The
philosophical view of this teaching is that learning to
read, as well as mastering a spoken language, is a
natural process and children are able to comprehend it
themselves [2].

The fourth method is the Pitman Alphabet. This
method is based on the English alphabet, expanded to
44 letters. Each letter of this alphabet is pronounced
only in one way, that is, all words are read as they are
written. Capital letters in this extended alphabet are
written in the same way as small ones, only in a larger
font. As the child learns to read, the letters are replaced
with ordinary ones [10].

The fifth method is the Moore method. Here it all
starts with the fact that the child is taught letters and
sounds, using a computer with special software that
"pronounces” sounds or names of symbols. After the
child learns the names of letters and symbols
(punctuation marks and numbers), he is shown certain
letters on the screen, he types them on the keyboard and
the computer "pronounces"” these letters, converting
them first into short simple words, and then composing
sentences from them. This method also includes oral
speech, listening and dictation writing[9].

The sixth method is the Montessori method.
Montessori gave children letters of the alphabet and
taught them to identify them, write and pronounce.
Later, when the children were already able to connect
sounds into words, she taught them to connect words
into sentences [3].

Recognizing that there is no general methodology
for teaching reading in English, proponents of the
phonetic method say that there are important elements
that make up reading, and they need to be mastered by
everyone who wants to learn to read well. These
elements turn out to be the same for the English
language — this is the sound-speech code and the letter-
sound correspondence [1].

Summing up, we can say that reading in a foreign
language as a type of speech activity and as an indirect

form of communication is, according to many
researchers, the most necessary for most children at the
initial stage of learning. That is why learning to read in
English acts today as a target dominant.

Researchers note the particular importance of the
process of learning to read at the middle stage, since at
this stage the child has the basic skills and abilities to
learn English. It is also impossible not to admit that all
of the above methods of teaching reading are not ideal,
they all have some drawbacks. When these methods
cease to be difficult linguistically, they often lose their
relevance in terms of content and do not fit into the
problems of educational material.
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This paper investigates Kazakhstani English instructors’ perception of communicative language teaching at
English classes. For such purpose, interview questions were designed and conducted among 10 English language
teachers. These instructors were interviewed in order to define their perspectives on communicative language
teaching and how they use it in classes to help learners improve their speaking skills. The most popular CLT
approaches, according to a case study, are role plays, dialogues, group and pair work; however, the usage of CLT
is still should be improved in Kazakhstan, since this methodology requires a lot of efforts from teachers as well as

learners.

Keywords: CLT (communicative language teaching), FLT (foreign language teaching), CLT approach, GTM

(grammar translation method)

Introduction

CLT (communicative language teaching) is a sec-
ond language teaching method that has become popular
in recent times across the world. When questioned
about their curriculum in their classrooms, the majority
of language instructors claim to employ communicative
curriculum. However, further examination of the spe-
cifics reveals that CLT is interpreted differently by each
of them, and they regard it as a technique that incorpo-
rates discussions rather than grammatical instruction.

A lot of research on CLT misconceptions have
been conducted in past few decades (Wen Wu, 2008;
Thompson, 1996). The new research, on the other hand,
looks at how Kazakhstani language instructors see
communicative language teaching. The justification for
the approaches, methodology and activities they utilize
in class is explored in perspective of this study topic.

Overall, "communicative competence" is the fo-
cus of CLT (Jack C. Richards, 2006; Hymes, 1972; Sa-
vigon, 1972). In this field of research, communicative
language teaching might play the role of an approval
seal placing on the path CLT had ahead in order to
achieve the goal of a new coming method called CLT
to emerge in the 1970s.

CLT and its background

Numerous experts asserted achieving communica-
tion skills as the primary issue of the novel approach,
such as Christopher Candlin, Henrry, and Widdoson,
based on Chomsky's approach, which shows language
features of creativity and the upcoming requirement of
focusing on communication in language learning in-
stead of language structure. The art of state approach is
known as communicative language teaching (CLT),
and it takes a discussion and humanity-focused ap-
proach to English teaching methods and lan-
guage learners. They searched for an acceptable curric-
ulum that might satisfy the objective of CLT as articu-
lated by several researchers: "communicative
competence” (Jack C. Richards, 2006). As a result,
they've changed the definitions of the teacher's func-
tion, the learner's role, language learning and teaching

the target language, the classroom setting, and the pro-
cedures that must be used to maximize the learning pro-
cess.

Yalden (1983) divided the growth of various types
of curriculum content into eight categories. The inter-
active method that outlines skills like integrated pro-
cess of training, offers meaningful context in language
classes, and highlights learners' needs and interests is a
common theme in all of these communicative language
teaching curriculum (Michael P. Breen and Christopher
N. Candlin, 1980; Munby, 1976). Even though primary
focus is on target language exposure (Finocchiaro and
Brumfit, 1983; Jack C. Richards, 2006), teachers are al-
lowed to utilize native language to facilitate communi-
cation or maintain learners' motivation. Furthermore,
there are still a lot of misconceptions concerning com-
municative curricular ideas, such as the idea that using
your native tongue in English classrooms is not allowed
(Wen Wu, 2008; Geoff Thompson, 1996; Prabhu,
1987). Learners are not expected to remember dia-
logues, but rather to use them as models. A communi-
cative curriculum also includes stimulations, role plays,
group and pair work and task-based activities that are
aimed at developing communicative skills (Jack C.
Richards and Rodgers, 2001; Stemler, 2001; Erdem,
2010).

Class size, grammar-based assessments, and
teachers' limited access to actual language were all
highlighted as barriers to utilizing CLT in a research
done in Vietnam. Another study revealed that EFL
countries like South Korea need to consider changing
their fundamental approach to teaching before CLT can
be incorporated, because the high prevalence of using
grammar-translation method in Korea does not provide
a foundation for the learner-centered, problem-solving
and fluency-focused activities necessary by CLT (Li,
1998:66, as mentioned in Wei, 2011). Many decades
have passed since the CLT approach was introduced in
Korea, according to Vasilopoulos (2008), despite edu-
cational reform and the passing of time, many people
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remain suspicious about communicative methodology's
efficiency in Korean English language classrooms.

The urge for CLT adoption in China was not coin-
cidental; it sprang from a pressing educational need.
This issue stemmed from the old grammar-oriented
method's poor teaching results (Liao, 2000). The CLT
method was met with several obstacles in China, ac-
cording to Liao, who quotes Hird (1995) as noting that
instructors thought it was impossible to embrace CLT
due to China's unique characteristics. Instructors' un-
willingness to teach communicatively and test pressure
centered on grammar were among these traits... And
then perhaps it's for the best, since China's English lan-
guage education environment is significantly different
from the one that originated and developed the commu-
nicative method. According to the facts mentioned
above, to plan and deliver successful lessons that im-
prove learners’ speaking skills completely depend on
instructors’ level of knowledge and communicative
competence.

According to Akram and Mehmood (2011: 175),
an experimental research was undertaken in Pakistan to
determine the value of including the communicative
method into ELT teacher training programs. They
claim that CLT boosts students' confidence and offers
teachers a sense of accomplishment in that they were
effective in getting pupils to utilize the foreign lan-
guage in their conversations. CLT clarifies the expres-
sion... The communicative approach approach is supe-
rior to all other language teaching methods in general,
and the Grammar Translation Method (GTM) in gen-
eral, because the GTM focuses on teaching about lan-
guage rather than language itself, whereas the commu-
nicative language teaching creates a direct link between
experience and expression.

Despite the fact that some issues remain, the anal-
ysis of linked literature on CLT gives adequate confir-
mation of its utility in English language instruction. In
this case, it is necessary to assess the viability of using
a communicative approach in non-native nations where
conventional ELT technique is still in use.

The Research Method and Participants

This study used a qualitative research, namely a
case study. To get a more in-depth understanding of
English instructors' perspectives on communicative
language teaching in Kazakhstani context. The descrip-
tive research method was created to quantitatively ana-
lyze the research topic underlying the work. It was con-
ducted among ten English teachers from ten different
schools in Almaty city. All of the teachers work in sec-
ondary schools and have a significant experience. All
of them were female. The teachers were interviewed
about the use of CLT in their classes. Pseudonyms were
utilized for the teachers. During the interview, the
teachers were not asked any theoretical questions. The
questions were neutral as followings:

1. What is the place of CLT (communicative lan-
guage teaching) in your teaching?

2.What kind of communicative methods(ap-
proaches) do you use to conduct effective lessons?

3. What issues do teachers have to face developing
learners' speaking skills?

4.What kind of approaches are beneficial to de-
velop learner's speaking skills?

5. What features do teachers need to improve
learners' communicative competence?

The idea was to get their thoughts and see if they
complied with the findings in the literature review. The
data from the interviews were thoroughly collected and
analyzed. In the last section of the study, the interview
evaluation was discussed and debated.

Results

The teachers in the study asserted that CLT is a
part of each updated English lesson, but this depends
on teacher’s language and methodological competence.
Nowadays, the state program and textbooks are based
on CLT methodology. Each lesson requires detailed
planning and choosing effective methods.

The first question about the place of CLT in teach-
ing did not surprise the respondents, but some of them
challenged to answer that question, because todays FLT
methodology mostly use integrated methods of teach-
ing foreign language. Therefore, textbooks are de-
signed using mixed types of approaches. That’s why
they could not differ CLT methods from other ap-
proaches of FLT.

The second question about the types of communi-
cative methods made the topic more understandable,
because the respondents started to differentiate the fea-
tures of CLT and gave clear answers. According to the
interview results the most popular kinds of CLT are role
plays, dialogues, information gap activities and sur-
veys. However, some of the respondents claimed they
did not know that they had been using CLT methods.

The third question about the problems in develop-
ing learner’s speaking skills defined several issues as
followings:

- lack of confidence in making speech;

- lack of language level of both learners and
teachers;

- lack of responsibility in learning language;

- lack of time and language resources.

The forth question about beneficial approaches for
developing learner’s speaking skills showed that each
teacher has methods which they use repeatedly at each
lesson. The usage of CLT in FLT is still needed to be
improved.

The fifth question of the interview revealed that
teachers need some special features to improve learn-
ers' communicative competence. They are as the fol-
lowings:

-teachers should have high language competence;

-teachers should be competent in speaking them-
selves;

-teachers should be competent in CLT methodol-
0gy;

-teachers should be able to create cozy speaking
environment;

-teachers should be able to organize each commu-
nicative activity with effective strategies.

There are a lot of features which should have a
teacher to improve communicative competence of
learners, the mentioned reasons above are taken from
the answers of respondents of the study.

Conclusion
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Despite the fact that CLT methodology has a long
history in FLT it still needs to be introduced to teachers
in Kazakhstan. Language teachers use some of CLT
methods not recognizing its methodological back-
ground. The study showed that the most popular com-
municative methods are role plays, dialogues and group
works in the target country. These findings point that
the other CLT approaches and strategies should be im-
plemented in FLT lessons by Kazakhstani teachers, be-
cause the effectiveness of CLT methodology has long
been proved by different scientists all over the world.
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The concept of "culture” in the philosophical encyclopedic dictionary is interpreted as a specific way of or-
ganizing and developing human life, represented in the products of material and spiritual labor, in the system of
social norms and institutions, in spiritual values, in the totality of people's relations to nature, to each other and to
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Anmerkung

Der Begriff ,,Kultur* im philosophischen Lexikon wird als spezifische Art der Organisation und Entwicklung
des menschlichen Lebens interpretiert, dargestellt in den Produkten materieller und geistiger Arbeit, im System
sozialer Normen und Institutionen, in geistigen Werten, in der Gesamtheit der Beziehungen der Menschen zur

Natur, zueinander und zu sich selbst.
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Die grundlegende Position Usbekistans ist - ohne
alles Nitzliche, das durch die Welterfahrung
angesammelt wurde, abzulehnen - die Wahl seines
eigenen Weges der soziodkonomischen Entwicklung.

Eine Analyse des Standes des Problems der
Herausbildung der Wirtschaftskultur von Kindern und
Jugendlichen ermdglichte es, eine Reihe von Méangeln

zu identifizieren. Dies liegt daran, dass die
Wirtschaftskultur der Schiiler im Prozess
aullerschulische  Arbeit wurde von der

Wissenschaft nicht untersucht. Eine Reihe von Fragen
bleibt offen und noch nicht vollstindig entwickelt.
Beispielsweise werden die Interaktion von Lehrer und
Eltern bei der Bildung der Wirtschaftskultur von
Schiilern und die Mdglichkeit einer zusétzlichen
Ausbildung von Kindern im Bereich Wirtschaft nicht
beriicksichtigt.

Es bestehen also Widerspriiche zwischen:

- gestiegene Anforderungen der Gesellschaft an

Wirtschaftskultur der Schiiler, und unzureichende
theoretische und

praktische Entwicklung von Formen und Mitteln

diese Art von Kultur;

— eine  zunehmende
Weiterentwicklungen auf

wirtschaftliche Bildung der jiingeren Generation
und unzureichend

ihre  wissenschaftliche  und
Begriindung.

Die Frage ist, welche Wege und Methoden sowie
auf der Grundlage von

welche Inhalte die
Schulkindern zu bilden

der Prozess der auBerschulischen Arbeit bleibt
offen.

Der Problemstellung entsprechend  wurden
folgende Aufgaben festgelegt: 1. Den Begriff
Wirtschaftskultur  eines  Schulkindes® in der
psychologischen und pédagogischen Forschung zu
beriicksichtigen. 2. Untersuchung der psychologischen
Aspekte  und  Merkmale der Bildung der
Wirtschaftskultur bei Schulkindern in
auflerschulischen Aktivititen. 3. Entwickeln und testen
Sie ein zusitzliches Bildungsprogramm, das in
auBerschulischen Aktivititen implementiert wird.

Kultur (lat. cultura) bedeutet wortlich ,,Anbau*,
»Verarbeitung®. Es wurde erstmals von dem antiken
Philosophen  Cicero in die  wissenschaftliche
Zirkulation eingefiihrt und implizierte den gezielten
Einfluss des Menschen auf die Natur sowie die
Erziehung und Bildung des Menschen selbst.

Derzeit gibt es mehr als 250 Definitionen von
Kultur [2], was von der realen Komplexitit dieses
Phédnomens und seiner Einbettung in zahlreiche
gesellschaftliche Kontexte und damit letztlich von
seiner Universalitit zeugt.

Der Begriff ,, Kultur” im philosophischen Lexikon
wird als spezifische Art der Organisation und
Entwicklung des menschlichen Lebens interpretiert,
dargestellt in den Produkten materieller und geistiger
Arbeit, im System sozialer Normen und Institutionen,

Zahl

methodischer

methodische

Wirtschaftskultur  von

in geistigen Werten, in der Gesamtheit der
Beziehungen der Menschen zur Natur, zueinander und
zu sich selbst[3].

Aus bildungskulturwissenschaftlicher Sicht ist
Kultur die Summe der geistigen Errungenschaften der
Menschheit, das Ergebnis und der Prozess der
Kreativitdt, der schopferische Selbstausdruck des
Menschen, das Gedichtnis der Menschheit, die
Gesamtheit der Zeichensysteme, die Gesamtheit
materieller und geistiger Werte, der inneren
Errungenschaften des Einzelnen, die an die Summe der
Errungenschaften der Gesellschaft ankniipft. Unser
Forschungsgebiet ist die Wirtschaftskultur jlingerer
Schiilerinnen und Schiiller. Um sein Wesen zu
bestimmen, ist es notwendig, den Inhalt des Begriffs
"Wirtschaftskultur" zu kldren.

Eine Analyse der philosophischen, soziologischen
und piddagogischen Literatur zum Problem der
Entstehung der Wirtschaftskultur zeigte
unterschiedliche Ansétze zur Definition des Wesens
des Begriffs "Wirtschaftskultur” in Bezug auf seine
Merkmale, die unterschiedliche Richtungen in der
theoretischen Entwicklung widerspiegeln Forschung
auf dem Gebiet der allgemeinen Kultur.

Fiir die Anhénger des ,,personlichen* Ansatzes ist
Kultur der personliche Aspekt der menschlichen
Existenz, der Prozess der schopferischen Tétigkeit, die
Erschaffung der menschlichen Welt durch den
Menschen. Ausgehend von der Interpretation der
Kultur als einem bestimmten Maf3 fiir die Bildung,
Entwicklung und Verwirklichung der wesentlichen
Krifte eines Menschen in seiner sozialen Aktivitit wird
auch seine Rolle in der Entwicklung des Individuums
offenbart. Kultur wirkt nach diesem Ansatz als Mittel
zur Bildung von Fahigkeiten, Bediirfnissen, Gefiihlen,
also den sozialen Kriften einer Person. Dieser Ansatz
Sysoeva A.A. betrachtet Wirtschaftskultur als ,.eine
Reihe von intellektuellen, praktischen und emotional
wertvollen Komponenten, die es dem Individuum
ermdglichen, sich in wirtschaftlichem Handeln und
Verhalten selbst zu verwirklichen, sich anzupassen und
sich in bestehende und vorhergesagte
soziodkonomische Bedingungen zu integrieren, unter
Beriicksichtigung der moralischen und moralischen
Einstellungen der Gesellschaft.” [11]L. N. Ponomarev
betont, dass die Wirtschaftskultur das wichtigste Mittel
der Selbstentfaltung ist, da ein Mensch mit einer
wohlgeformten Wirtschaftskultur nicht nur kulturelle
Werte schafft, bereichert und konsumiert, sondern im
Prozess seiner Entwicklung auch zu einem hoheren
Mal an Freiheit aufsteigt [1].

Der ,.technologische® Ansatz betrachtet Kultur im
Gegensatz zum personlichen als Weg (Technologie)
und als Ergebnis von Aktivitit. Diese Position spiegelt
sich in der Bezeichnung der Wirtschaftskultur als
organisch wider (Wissen, Uberzeugung und
schopferische praktische Tatigkeit, sowie die
Ergebnisse dieser Tatigkeit, die von Menschen im Zuge
der gesellschaftlichen Entwicklung geschaffen werden.
Einige Forscher in der Definition der Wirtschaftskultur
betonen, dass sie eine der Arten der allgemeinen Kultur
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ist und aufgrund spezifischer Unterschiede inhaltlich
gemeinsame generische Merkmale aufweist: Wissen,
die humanistische Ausrichtung der Assimilation und
Entwicklung von Wissen, ihre Anwendung in der
Praxis Aktivititen. So versteht M. Vladyka
Wirtschaftskultur als eine Reihe von Wegen, Formen
und Ergebnissen der Tétigkeit eines Individuums im
Bereich der Wirtschaft, die kulturelle wirtschaftliche
Werte schafft und eine universelle Form der
menschlichen sozialen Entwicklung darstellt. A. S.
Kondykov, der die Bedeutung des wirtschaftlichen
Denkens betont, definiert die Wirtschaftskultur als die
Einheit von wirtschaftlichem Wissen, wirtschaftlichem
Denken, Uberzeugungen, Fihigkeiten und Fertigkeiten
mit aktiver Arbeit[9].

Eine detaillierte Definition der Wirtschaftskultur
findet sich in seinem Werk von T. N. Skiba. Ihrer
Meinung nach ,,gehdrt die Wirtschaftskultur zu den
Bereichen der Berufskultur, die einen historisch
gewachsenen Bildungs-, Erziehungs- und
Entwicklungsprozess darstellt, der auf von Menschen
geschaffenen  wirtschaftlichen Normen, Regeln,
Anforderungen und Methoden beruht, die mit
Tatigkeiten zur Erzeugung von Leben verbunden sind (
Erndhrung), verankert im 6konomischen Bewusstsein
(theoretisches Wissen, praktische Fertigkeiten und
Fahigkeiten — die das ,,Fundament” der 6konomischen
Bildung darstellen), sowie in direktem Zusammenhang
mit  der Umsetzung dieses Wissens im
sozio6konomischen Bereich.

Diese Herangehensweise an die Definition von
Wirtschaftskultur halten wir fiir nicht gerechtfertigt, da
es unserer Meinung nach nicht hinnehmbar ist,
Wirtschaftskultur auf ein Subsystem der Berufskultur
zu reduzieren.

Im Lichte moderner Trends sind neue Ansétze zur
Definition ~ von  Wirtschaftskultur  entstanden.
Wissenschaftler L.Sh. Losowski, B.A. Raizberg, E.B.
Starodubtseva interpretiert Wirtschaftskultur als ein
System von Werten und Anreizen fiir wirtschaftliche
Aktivititen, Respekt vor jeder Form von Eigentum und
kommerziellem  Erfolg als  groBe  soziale
Errungenschaft, Schaffung und Entwicklung eines
sozialen Umfelds fiir Unternehmertum [1].

Diese Definition der Wirtschaftskultur wird
unserer Meinung nach unter Berilicksichtigung
moderner soziodokonomischer Bedingungen
interpretiert und spiegelt die marktwirtschaftliche Seite
der gesellschaftlichen Beziehungen wider.

Unter Beriicksichtigung des Vorstehenden halten
wir es daher fiir moglich, die Wirtschaftskultur als
qualitatives Merkmal einer Person zu definieren, das
den Grad der Bildung wirtschaftlicher Kenntnisse,
Féhigkeiten und Fertigkeiten der praktischen
Wirtschaftstitigkeit, die Entwicklung des
wirtschaftlichen Denkens und Bewusstseins, die zeigt
Grad der Verwirklichung wirtschaftlich bedeutsamer
Eigenschaften einer Person im Bereich der
gesellschaftlichen Produktion, Verteilung, Tausch und
Konsumtion[7].

Eine detaillierte Beschreibung der
Altersmerkmale jiingerer Schulkinder ist in den
Arbeiten der prominenten Psychologen L.I. Bozhovich,

V.V. Davydova, A.N. Leontjew, V.A. Krutetsky, N.S.
Leitis, A.A. Lublinskaja und andere. Es ist bekannt,
dass sich mit zunehmendem Alter nicht nur die
korperlichen Merkmale von Kindern qualitativ
verdandern, sondern auch ihre Psyche, Merkmale der
Wahrnehmung, des Denkens, des Gedéchtnisses, der
Lernaktivititen, der Beziehungen zu anderen und
schlieBlich das Niveau und die Tiefe des eigenen
Wissens und Verstindnis der umgebenden Realitét.

Betrachten wir den Einfluss und die Bedeutung
der Altersmerkmale jiingerer Schulkinder auf die
Bildung der Grundlagen der Wirtschaftskultur, wobei
wir uns bewusst machen, dass das Wirtschaftsleben
ihre natiirliche und alltigliche Umgebung ist. Darauf
aufbauend sollte die Okonomische Bildung und
Erziehung darauf ausgerichtet sein, neben der
Vertrautmachung mit &konomischen Begriffen und
Kategorien die von ihnen im Alltag erworbenen
eigenen Lebenserfahrungen zu systematisieren, zu
vertiefen und nachzuvollziehen, um eine in sich
addquate  Wirtschaftskultur zu  formen  den
psychologischen Fahigkeiten eines jiingeren Schiilers
entsprechen.

Der Bildungsprozess an einer allgemeinbildenden
Schule sollte daher eine individuelle Ansprache und
Differenzierung der Schiilerinnen und Schiiler nach
Altersgruppen unter Beriicksichtigung der Komplexitét
der zu losenden Aufgaben vorsehen. Die
Notwendigkeit,  diese ~ Merkmale  bei  der
wirtschaftlichen Bildung zu beriicksichtigen, bedeutet
die  Verwendung solcher Organisationsformen,
Methoden und Mittel, die den Bediirfnissen und
Fihigkeiten eines bestimmten Alters entsprechen [8].

Als Ergebnis der gemeinsamen Aktivititen von
Familie, vorschulischen Einrichtungen und
zusétzlichen Strukturen der vorschulischen Erziehung
haben Kinder zu Beginn der Schulzeit ein aktives
Interesse an den Phanomenen der soziodkonomischen
Realitét. Sie sind in der Lage, wirtschaftliches Denken
zu zeigen, ein gesundes Interesse an Geld, sie sind
bereit, das Verhiltnis "Arbeit - Geld", die
Unmoglichkeit, alle Bediirfnisse zu befriedigen, zu
erkennen, sie erkennen die Fakten des Kaufens und
Verkaufens, sie bekommen erste Vorstellungen iiber
einige  Berufe im Zusammenhang mit dem
Wirtschaftsleben  der  Gesellschaft  (Kassierer,
Verkdufer, Manager, Buchhalter usw.).

Eine wichtige Voraussetzung fiir den Erfolg der
Umsetzung der wirtschaftlichen Bildung sowie jeder
anderen Richtung des pddagogischen Prozesses ist die
Aktualitdit der Umsetzung des pidagogischen
Einflusses, die Einbeziehung des Kindes in Aktivititen
zur Erreichung bestimmter padagogischer Ziele. "Man
kann kein Fach zu friih unterrichten, ... man kann kein
Fach zu spét unterrichten, es gibt immer das beste Alter
zum Lernen.

Moderne Psychologen und Pédagogen sind
einhellig zu dem Schluss gekommen, dass das Interesse
und die Neigung zu 6konomischen Kenntnissen und
Fahigkeiten stark vom Alter der Kinder abhdngen (im
Alter von 13-14 Jahren nimmt das Interesse an
systematischer Arbeit ab, wihrend mit 7- 9 Jahre ist das
Kind voller Arbeitsbegeisterung), ist es sinnvoll,
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jiingere Schulkinder aktiver in die Arbeitsbeziehungen
einzubeziehen und dabei ihren wirtschaftlichen Aspekt
bewusst zu beriicksichtigen. Das kdnnen Elternarbeit
rund ums Haus, im Garten, auf der Post, in der
Biicherei, Besorgungen im Laden, andere gemeinsame
Arbeiten sein, erginzt durch Gespriche, Gespriache
iiber Wirtschaftsthemen, Erkldrungen von
Wirtschaftsbegriffen etc[13,14].

Es bilden sich auch elementare personliche
Manifestationen: Zum Zeitpunkt des Schuleintritts
haben Kinder bereits eine gewisse Ausdauer, kdnnen
sich entferntere Ziele setzen und diese erreichen
(obwohl sie die Aufgabe oft nicht erfiillen), die ersten
Versuche unternehmen, Handlungen von der zu
bewerten Sie sind von ihrer gesellschaftlichen
Bedeutung her durch erste AuBerungen eines
Pflichtgefiihls, einer Verantwortung gekennzeichnet.
Es besteht ein groBer Wunsch nach niitzlichen
Aktivititen, seine  soziodkonomischen  Motive
entwickeln sich.

Die eigene Erfahrung mit der Beobachtung des
objektiven realen Lebens ist ebenfalls ausreichend und
beinhaltet sicherlich die Vertrautheit mit einer
betrachtlichen Anzahl wirtschaftlicher Konzepte und
Phianomene. Die Moglichkeiten der Kinder bis zum
Schuleintritt sind daher grof genug, um mit einer
systematischen  wirtschaftlichen  Bildung  und
Erziehung zu beginnen.

Es ist bekannt, dass die Wahrnehmung von
Schiilern zu Beginn des Grundschulalters erstens
dramatisch ansteigt, unterstiitzt durch die praktischen
Aktivitdten des Kindes, und zweitens Emotionalitit der
wichtigste Katalysator fiir Wahrnehmung ist.

Daher ist es notwendig, in der wirtschaftlichen
Vorbereitung von Kindern visuelle, anschauliche,
lebendige Informationen zu verwenden, die besser,
deutlicher, emotionaler wahrgenommen werden als
beispielsweise symbolische Schemata und Bilder, es ist
notwendig, praktische Methoden anzuwenden, die das
aktivieren Aktivititen des Kindes, verschiedene
Spielformen, nicht-traditionelle Aufgaben, die es Ihnen
ermdglichen, die Aufmerksamkeit des Kindes auf die
studierten  Wirtschaftskonzepte zu konzentrieren.
Verweise auf die eigene wirtschaftliche Erfahrung des
Kindes sollten als sehr ergiebig angesehen werden.

Das Hauptmerkmal der Aufmerksamkeit ist die
Schwiche der freiwilligen Aufmerksamkeit. Ein
jiingerer Schiiler kann sich nur dann zu konzentriertem
Arbeiten zwingen, wenn eine gute Motivation
vorhanden ist (Aussicht auf eine Eins, Lob des Lehrers,
Bestes zu tun usw.). Die unwillkiirliche
Aufmerksamkeit ist in diesem Alter viel besser
entwickelt .

Daher ist die wichtigste Bedingung fiir die
Organisation von Aufmerksamkeit im Prozess der
Okonomischen Bildung die Sichtbarkeit des Lernens,
die Verwendung neuer, heller, auffilliger visueller
Hilfsmittel. Die Bekanntschaft mit solchen abstrakten
Konzepten wie "Budget”, "Plan", "Gewinn" und
anderen erfordert die umfassende Verwendung von
[lustrationen, Zeichnungen und Plakaten. Wir miissen
uns jedoch daran erinnern, dass jlingere Schiiler sehr
beeinflussbar sind. Sehr lebhafte visuelle Eindriicke

koénnen mitunter einen derartigen Erregungsherd in der
GroBhirnrinde  erzeugen, dass dadurch jede
Moglichkeit des Verstindnisses der Erkldrung
gehemmt wird.

Ein  weiteres  wichtiges  altersbedingtes
Aufmerksamkeitsmerkmal ist seine relativ geringe
Stabilitit. Daher miissen miindliche Erkldrungen
komplexer und abstrakter wirtschaftlicher Konzepte
mit praktischer Acrbeit, Wettbewerben,
Problemlosungen usw. abgewechselt werden. Eine
abwechslungsreiche Arbeit weckt die Aufmerksamkeit
der Schiiler und steigert das Interesse an
wirtschaftswissenschaftlichen Kenntnissen.

Dadurch, dass sich das Gedichtnis im
Grundschulalter unter dem Einfluss des Lernens in
zwei Richtungen entwickelt: Die Rolle und das
spezifische Gewicht des verbal-logischen,
semantischen Geddchtnisses (im Vergleich zum
visuell-figurativen Gedéchtnis) wird verstérkt, das
Kind ergreift die Fahigkeit, seine bewusst zu steuern
Gedédchtnis und Regulierung seiner Manifestationen
(Memorieren, Reproduzieren, Erinnern) zwingt den
Lehrer, die Einfiilhrung abstrakter Konzepte und
konkretes Material verniinftig und ausgewogen zu
korrelieren, miindliche Erkldrungen und visuelle
Hilfsmittel zu verwenden.

Die Neigung jiingerer Schiiler zum mechanischen
Auswendiglernen, durch einfaches Wiederholen, ohne
die semantischen Zusammenhidnge innerhalb des
auswendig gelernten Materials zu verstehen, erfordert
eine konsequente und verniinftige und vor allem
logische Einfithrung neuer 6konomischer Konzepte,
die Bildung von okonomischem Wissen bei den
jiingeren Schiilern ein System.

SchlieBlich ist die wichtigste Voraussetzung und
Bedingung fiir die dkonomische Bildung, dass im
Grundschulalter eine intensive Denkentwicklung
stattfindet. Die Entwicklung des Denkens fiihrt zu einer
qualitativen Umstrukturierung von Wahrnehmung und
Gedichtnis, zu ihrer Umwandlung in willkiirliche,
geregelte Prozesse. Ein Kind im Alter von 7-8 Jahren
denkt normalerweise in bestimmten Kategorien,
wihrend es sich auf die visuellen Eigenschaften und
Qualititen bestimmter Objekte und Phénomene
verldasst, was es ihm letztendlich ermdéglicht, ein
ernsthaftes und konsequentes Studium wirtschaftlicher
Phinomene zu beginnen, die fiir ein Kind schwierig
sind. Dieser Umstand zwingt auch dazu, eigene und
konkrete Erfahrungen und Spiele im Prozess der
6konomischen Bildung einzusetzen.

So kann die Bildung der Grundlagen der
Wirtschaftskultur als qualitatives Merkmal einer
Person, die den Grad der Bildung wirtschaftlicher
Kenntnisse, Fahigkeiten und Fertigkeiten praktischer
wirtschaftlicher —Tétigkeit, die Entwicklung des
wirtschaftlichen Denkens und Bewusstseins zeigt,
durchaus in der Grundschule umgesetzt werden
Schulalter, da es alle notwendigen psychologischen
und padagogischen Parameter dieses Alters erfiillt.

In sozialer Hinsicht ist die personliche
Konsumkultur ~ ein integraler  Bestandteil der
allgemeinen und wirtschaftlichen  Kultur. Als

besonderes kulturelles Phédnomen integriert es die
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soziale und individuelle Qualitdt eines Menschen, die
seine Einstellung zur umgebenden wirtschaftlichen
Realitdt widerspiegelt und sich in der individuellen
Teilnahme an praktischen Aktivititen manifestiert, um
zu lernen, zu meistern, die Erfahrung seines Verhaltens
im Prozess zu transformieren sozialaddquate
Anwendung 6konomischen Wissens.

Sozialpddagogisch gesehen ist die Herausbildung
einer personlichen Konsumkultur ein
sozialpsychologischer Prozess, der sowohl unter dem
Einfluss objektiver Einflussfaktoren des sozialen
Umfelds als auch subjektiver Bedingungen fiir die
zielgerichtete Gestaltung des Miteinanders und des
geistig-praktischen Handelns abléuft das Individuum
selbst im  Bereich des soziodkonomischen
Verhaltens[6].

Die besondere (gezielte) Einbeziehung des
Bildungssystems in die Losung des Problems der
Erziehung einer personlichen Konsumkultur bei
jiingeren Schulkindern ist auf das gesellschaftliche
Bediirfnis  zuriickzufiihren, von Kindheit an
Féhigkeiten und ein emotional angemessenes und
rationales Konsumverhalten zu vermitteln, um eine
Werteposition zu bilden, a verantwortungsvolle
Einstellung des Einzelnen zur Arbeit und ihren
Ergebnissen.

Die padagogische Gestaltung eines Systems der
zielgerichteten =~ Erziehung  einer  personlichen
Konsumkultur sieht eine klare Definition spezifischer
Aufgaben fiir die Entwicklung eines kulturell

gebildeten Verbrauchers vor, einschlieBlich der
Entwicklung seines personlichen
Bewertungsbewusstseins (Positionen und

Beziehungen) und des Erlebens von Verniinftigem
Verhalten, in der Einheit von Inhalten, Formen und
Methoden, um einer Person die Methoden
angemessener (Okonomisch gebildeter) Handlungen
und Interaktionen mit der Objektwelt beizubringen.
Eine solche Erziehung kann von einem jiingeren
Schiiler sowohl in der Arbeitswelt als auch in der Welt
des rationellen Konsums von Arbeitsprodukten, in der
Einheit dieser beiden Welten in sozial und
wirtschaftlich orientierten Aktivitdten, sinnvoller

Kommunikation und  Selbsterkenntnis  erfolgen
Bildungsraum.
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Abstract

The article elaborates elision which is characterized by the omission of vowels and consonants, even syllables
from the word. It has been noted that there is a subtle difference between elision and contraction. Though both of
them are observed with apostrophe, contraction may sometimes not be used with apostrophe. There is usually an
apostrophe instead of the missing letter in an elision. The article underlies that contraction usually serves to form
one word from two successive words while elision does not have such a function. The goal of both elision and
contraction is the same- shortening of the words or phrases. The phenomenon of elision may happen in some styles
of speaking including rapid speech, spontaneous speech, allegro speech, casual speech. Therefore, lyrics of rap
hits and hip-hop songs are abundant with elisions. Besides, it should be noted that elision may emerge by omission
of initial, middle and final letters or syllables of words or phrases.

AHHOTAN NS

B cratbe pa3p8.6aTI>IBaeTC§I OJIN3U, KOTOpas XapaKTEpHU3yECTCA NPOITYCKOM I'IaCHBIX U COTJIACHBIX, AK€ CJ10-
TOB B CIIOBE. BBIJIO OTMEUEHO, UTO CYIIECTBYET TOHKAs pa3HUIA MEXKIY dITU3UEH U COKpallieHueM. XO0Ts 00a OHU
Ha6J‘IIOZ[a}OTC$[ C aHOCTpOCI)OM, COKpAalICHUC MHOTAa MOKET HE UCITIOJIb30BATHCS C aHOCTpO(l)OM. OOBIYHO BMECTO
HpOHyH.[eHHOfI 6y1(BLI B 3JIM3UH CTaBHUTCs aHOCTpO(I). B cTathe MOAYCPKUBACTCS, UTO COKPAILICHUEC 00BIYHO CIIYKUT
JUIA 06paSOBaHI/IH OJHOTO CJIOBA M3 ABYX CICAYIOIIHUX APYT 3a APYroM CJIOB, B TO BPEMS KaK 3JIU3US HC UMCECT
Takoi (1)YHKLII/II/I. HCJ'IL KaK MCKJIIOYCHHA, TaK U COKPAIICHNUA OJHA U Ta )K€ — COKpALLICHUC CJI0B U (I)pa3. SIBne-
HHUEC DJIM3UU MOKET BOBHHUKATHh B HEKOTOPBIX CTUJISIX PEYU, BKIIHOYAA 6BICprIO peUb, CIIOHTAHHYIO pE€4b, aJJICTPO,
ciIydaitHyIo peub. [103TOMy TEKCTBI PAII-XHTOB M XHIT-XOII IeCeH H300mIyIoT oroBopkamMu. Kpome Toro, ciuemyer
OTMETHUTD, YTO 3JIM3UA MOXKET BOSHUKHYTH ITYTEM NPOITYCKAa HAYaJIbHBIX, CPDEIHUX U MOCICITHUX 6yKB WJIN CJIOTOB
CJIOB WJIA CJIOBOCOUYETAHUM.

Keywords: elision, contraction, omission, consonant, vowel, syllable, apostrophe
KiiroueBble cjI0Ba: 3J1M3Hs , COKPAIICHUE, OIYIICHUE, COTJIACHBIH, [JIACHBIH, CIIOT, allOCTPOd.

Before starting to focus on the subject matter of
the topic to be researched in the article, we had better
identify the definition of “elision”. An elision or dele-
tion is broadly defined as the omission of one or more
sounds such as a vowel, a consonant, or a whole sylla-
ble in a word or phrase [2] Analyzing the definition of
elision, we revealed that an elision is the omission of
unstressed vowels, consonants from a word or phrase
in order to decrease the number of letters or syllables
while mixing the words together. There is usually an
apostrophe instead of the missing letter. In general, the
initial or the final letter or the middle letter is omitted
or two words are merged together and an apostrophe is
put between the remaining letters. Shokey claims in his
book: “Elision is not an all-or-nothing process: Elision
is more likely to occur in some styles of speaking and
less likely in others” [7, p.14].

In fact, elision is often found in rapid speech,
spontaneous speech, allegro speech, casual speech [1].

This is one of the reasons why the lyrics of rap hits and
hip-hop songs are rich in elisions.

Sometimes contraction may be confused with eli-
sion. At the first glance, they are both the same though
there is a noticeable distinction among contraction and
elision. Contraction serves to combine two successive
words to form a shorter word. For example, “aren’t” is
the contracted form of “are not”. In other words, it is
possible to guess this as “are + not = aren’t”.

Unlike contraction, an elision is a more specific
term which is observed with the elimination of letters
or sounds and substitution of them with an apostrophe.
For instance, “o’er” is the elided form of the word
“over”. The same rule may be imposed to the word
“ne’er” which is the elided form of “never”. As obvi-
ous, the letter “v” has been eliminated from the word
and replaced with the apostrophe.
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In fact, the purpose of both contraction and elision
is to shorten the words. If we explain the difference be-
tween the contraction and elision, it is possible to claim
that two independent words generate one word in con-
traction while the shortening process occurs within one
or two combined words in an elision. E.g. “wanna” in
American English is the contracted form of the word
“want to”. Likewise, “gonna” is the shortened form of
“ going to”. Unfortunately, “gonna” is mistreated as a
contraction in some “reliable” sources. Apostrophe
may not be used in a contraction. As we see, there is not
any apostrophe in the formation of the word “gonna” or
“wanna” while elision is characteristic with apostrophe.
However, we can sometimes encounter elisions formed
from the combination of two words as well. Such eli-
sions are usually used in song lyrics and in poems in
literature.

Except colloquial language, it is possible to take a
myriad of examples for elisions both in poetry and
prose in literature. Therefore, some words in the poem
“The Rime of ancient mariner” by Samuel Taylor Co-
leridge” are characterized with the phenomenon “eli-
sion. For instance,

And now the STORM-BLAST came, and he

Was tyrannous and strong:

He struck with his o’ertaking wings,

And clashed us south along [6].

In the third line of the poem, the word “o’ertaking”
is the elided form of “overtaking”.

In the sonnet 141, William Shakespeare used an
elision which can be seen in modern song lyrics as well.
For instance,

In faith, I do not love thee with mine eyes,

For they in thee a thousand errors note;

But ‘tis my heart loves what they despise,

Who, in despite of view, is pleased to dote; [3].

As can be seen from the third line, the word ‘tis is
the elision of “it is”. This elided word is often used in
current song lyrics,too.

Elision is not seen only in literary language. The
examples for elision can also be taken for song lyrics,
especially, the lyrics of the popular rap hits which are
rich in elisions. A song named “Runnin’ (Lose it all) ”
by Beyonce contains elisions. For example, [5]

I have been callin’ you

I have been missin’ you

Where else can | go?

Chasin’ you, chasin’ you

As seen from the above-mentioned lyrics of the
song, the letter “g” has been omitted from the end of
the word. Even the name of the song “Runnin’ (Lose it
all)” has been elided.

Another song lyrics by name “Don’t cha” by the
Pussy Cat Dolls host elision as follows; [4]

Shortly all on me ‘cause it’s hard to resist the kid

I got an idea that’s dope for y’all.

In the first line of the lyrics of the song shown
above, there is an elided word ‘cause in the middle of
the sentence. As known, the first two letters “be” have
been eliminated from the word. Hence the word “be-
cause” has been shortened and formed an elision. In the
second line “y’all” is an elided word derived from “you
all”

In conclusion, it is possible set forth an idea that
the most omitted letter is “v” often from the middle of
a word or a phrase. But other consonants and vowels,
as well as syllables can also be omitted and form an eli-
sion.

References

1. Cruttenden, Alan (2014). Gimson’s Pronuncia-
tion of English. Routledge. p.314

2. Harman, William; Holman,C.H. (1999). A
Handbook to literature (8™ edition) Pearson. P 512

3.https://www.amazon.com/William-
Shakespeare-Husband-Boyfriend-Girl-
friend/dp/BO7WQRV5XS

4. https://www.azlyrics.com/lyrics/pussy-
catdolls/dontcha.html

5. https://genius.com/Naughty-boy-runnin-lose-it-
all-lyrics

6.https://www.poetryfoundation.org/po-
ems/43997/the-rime-of-the-ancient-mariner-text-of-
1834

7. Shokey, Linda (2003). Sound Patterns of spo-
ken English. Blackwell. pp.14-29


https://www.amazon.com/William-Shakespeare-Husband-Boyfriend-Girlfriend/dp/B07WQRV5XS
https://www.amazon.com/William-Shakespeare-Husband-Boyfriend-Girlfriend/dp/B07WQRV5XS
https://www.amazon.com/William-Shakespeare-Husband-Boyfriend-Girlfriend/dp/B07WQRV5XS
https://www.azlyrics.com/lyrics/pussycatdolls/dontcha.html
https://www.azlyrics.com/lyrics/pussycatdolls/dontcha.html

62 German International Journal of Modern Science Ne29, 2022

PHYSICAL SCIENCES

PRINCIPLES OF CONSTRUCTION AND DESIGN OF DEVICES FOR CONVERSION OF SPECTRA
AND IMAGE SCALE

Abstract

Ibraev A.,

Doctor of Physical and Mathematical Sciences
Professor of the Al-Farabi Kazakh National University
Kazakhstan, Almaty

Duisenbek A.

student of Al-Farabi Kazakh National University
Kazakhstan, Almaty

The article discusses the principles of construction of electron-optical converters of spectra and scales of
images, the description of their structures and methods of theoretical research. It is noted that electron-optical
converters are used to visualize images from the infrared or ultraviolet regions of the light spectrum invisible to
ordinary vision, and electron microscopes are used to transfer images from invisible micron or submicron sizes to
the area of sizes convenient for visual studies. The paper also notes possible ways to improve these devices.
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Electron-optical conversion of spectra and image
scales is currently widely used to solve various scien-
tific and technological problems. For example, to visu-
alize images from the infrared or ultraviolet regions of
the light spectrum that are invisible to ordinary vision,
electron-optical converters (EOCs) are used [1, 2].
Electron microscopes are used to transfer images from
invisible micron or submicron sizes to the size conven-
ient for visual studies [3]. The solution of problems in
the technology of production of nano- and microelec-
tronic products is carried out using the processes of ion
lithography, ion implantation, etc., in which the pro-
cesses of focusing charged particle beams or converting
their energy are also widely used [4]. Examples can be
continued, see, for example, [5-11]. Further in the pa-
per, the principles of operation of some of these devices
and note possible ways to improve them will be consid-
ered.

As noted above, an EOC is an electrovacuum de-
vice for converting an image invisible to the eye (in the
vicinity, infrared, ultraviolet or X-ray range) into a vis-
ible one or to enhance the brightness of the image. An
EOC contains: a photocathode, an electric field and a
luminescent screen on which an intensified image is re-
produced.

By means of a photocathode in EOC, there is a
double image conversion: an optical image or an X-ray
image will be converted into an electronic one, which
on a luminescent screen will be further converted into
a visible or brighter image. The electrons emitted by the
cathode are accelerated by the electric field and receive
energy sufficient to excite the screen section. Thus,
there is an increase in the brightness of the image. The
scheme of a flat electron-optical converter is shown in
Figure 1 [1].
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Figure 1 - Scheme of a flat electron-optical converter:
1-photocathode; 2-electric field; 3-luminescent screen.

The spectral features of the sensitivity of the pho-
tocathode and the brightness of the glow of the lumi-
nescent screen can have maxima in different wave-
length ranges, therefore, there is a transfer of image
transmission from one area to another.

If the electrons that are released by a separate
small element of the photocathode are transferred by an

electric field to the corresponding small element of the
luminescent screen, then an image is created on the
screen, consisting of a number of bright elements, geo-
metrically similar to the image.

Since the current from each element of the photo-
cathode is proportional to the light flux incident on it,
and the brightness of the glow of the screen elements
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(at a moderate current density) is linearly related to the
size of the current coming into it, the distribution of the
brightness of the glow on the screen rather accurately
reproduces the distribution of illumination on the pho-
tocathode. Then the image on the screen, both in form
and in brightness, reproduces the image projected onto
the photocathode.

With the method of transmitting an electronic im-
age from a photocathode on a luminescent screen, an
EOC can be divided into three types: an EOC with par-
allel image translation by a uniform electrostatic field,
an EOC with electrostatic concentration, and an EOC
with magnetic concentration.

An elementary EOC with a plane-parallel photo-
cathode and a screen and image transmission by a uni-
form electrostatic field was not widely used due to
many shortcomings: a rather small conversion coeffi-
cient, insufficient resolution, and low picture contrast.
The increase in he and the increase in R of the acceler-
ating (anode) intensity are limited by the possibility of
electrical breakdown and the appearance of field emis-
sion from the cathode. The decrease in contrast is ex-
plained by optical feedback: the radiation from the
screen illuminates the photocathode, and the contrast-
reducing electrons excite the scattered cross section of
the screen.

The largest distribution was obtained by EOC with
electrostatic focusing, in which the image is transferred
by an inhomogeneous electrostatic field, i.e. field of the
electronic lens. In these EOC, the field of the immer-
sion (cathode) lens is formed between the photocathode
and the anode, which is usually made in the form of a
truncated cone with its smaller base facing the cathode;
the potential of the anode is equal to the potential of the
screen located directly behind the anode. The lens col-
lects the electrons that are released by each point of the
photocathode in narrow bundles, which on the screen

create a bright image, geometrically similar to the im-
age projected onto the cathode.

An EOC with focusing systems produce fairly
good images with a resolution of several tens of line
pairs/mm. The lens transmits the image with a reduc-
tion several times, which increases the brightness of the
screen by 10 times; the existence of an anode electrode
with a small hole from the cathode significantly reduces
the optical feedback, protecting the cathode from being
exposed to radiation from the screen.

The resolution of an EOC with electrostatic focus-
ing and a flat cathode and screen is limited by the devi-
ations of the electronic lenses: two geometric ones -
astigmatism and curvature of the image surface - and a
chromatic one, caused by the speeds and angles of
emission of electrons emitted by the photocathode.

Reduction of deviations, diaphragming in the
EOC is impossible, starting with the transmission of the
image, which is made by a wide electron beam emerg-
ing from the cathode surface and perceived by the en-
tire screen surface. Deviations reduce the resolution
limit on the peripheral part of the screen; when removed
from the axis, the resolution decreases by 10-15 times.

EOCs have been greatly improved with the use of
flat-concave fiberglass plates. The image projected on
the flat side of the input fiber optic plate without distor-
tion passes to its concave side, on which the photocath-
ode is created. A scheme of EOC with electrostatic fo-
cusing is shown in Figure 2.

On the concave side of the output FOP, the image
is transferred to the screen by means of an electronic
lens and will be observed relative to its flat side. The
concave shape of the cathode and the screen allows to
transmit an image with minimal distortion. A single
EOC with an FOP at the input and output is referred to
as a modular EOC and is widely used in night vision
devices.
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Figure 2 - Scheme of an EOC with electrostatic focusing:
1-input fiber-optic plate (FOP); 2- photocathode; 3 - output FOP; 4-screen; 5 - anode.

X-ray EOCs are significantly different from opti-
cal ones. They have a triple image transformation: the
optical image received on the main luminescent screen
due to the X-ray, which passed through the studied ob-
ject, excites the photoelectron emission of the photo-
cathode; the electronic image is transferred by an elec-
tric field to the output luminescent screen, exciting its
glow.

The main luminescent screen is formed on a thin
transparent film, on which a photocathode is created on

the reverse side, which provides image transmission
from the main screen to the photocathode with minimal
distortion. The electronic image from the photocathode
is transmitted to the screen with a tenfold reduction.
The overall enhancement in the X-ray EOC reaches
several thousand cd/m?Ix.

It should be noted that the principle of operation
of the image intensifier tube and other electron-optical
and ion-beam devices and instruments is based on the
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properties of electric and magnetic fields to exert a fo-
cusing effect on the flows of charged particles.

In the general case, the motion of charged particles
can be described by equations that allow one to describe
the coordinates of the motion of an arbitrary particle by

the radius vector R(t). The Lagrange equation for an
arbitrary particle has the form

d( oL oL
afot)_t o 1
dt(an R @

d
where t—time, V = —, L - Lagrangian.

dt
For a charged particle with charge e and mass M,
in an electric field with a distribution of electric poten-
tial ¢ and vector potential A the Langrangian has the
form

2
L=—m0c2\/1—\clz+e(ﬂ\7—(p). )

In the last expression: ¢ is a value equal to the
speed of light, v is the modulus of the velocity of a
charged particle.

In the Cartesian coordinate system x, y and z, the z
axis of which coincides with the main optical axis of
the studied electron lens or electron-optical (ion-opti-
cal) unit, without taking into account the relativistic ef-
fect, the following equations can be obtained from the
above Lagrange equations

_E0p _ e
m ox m oy’

.2 .2 22 28

X“+y +12 __F(¢+g)' 4

Here, e and m are the charge and mass of the par-
ticle, ¢ = p(x, y, z) is the distribution of the electrostatic
potential, the dots denote time differentiation, and & is
the value of the initial energy of the charged particle.

In the case of an EOC, the initial conditions of
equations (3) and (4) must take into account that the
beginning of the movement of charged particles is the
moment of their emission from the photocathode. Thus,
the initial conditions for a cathode lens have the form

X(t) |t:O: Xy s y(t) |t:O: Yk z(t) |t:0: Zy, ()

X(t) o= \/—%gx = \/—%ssin dcosa, (6)

Y(0) | = J—z—nf

(t) |t_0=\/—%gz =\/—%g cosd, (8)

where @ - the angle between the direction of
emission of the particle emitted by the cathode and the
main optical axis, a - the angle between the projection

2e ..
&y =\/—Egsm osina , (7)

of the initial velocity vector of the particle emitted by
the cathode onto the xy plane and the x axis; the index
“k” denotes the value of the quantity at t=0, i.e. on the
cathode.

In the first approximation, we find solutions to lin-
ear homogeneous equations, therefore, we take the
right parts of these equations equal to zero, then they
will take the form:

2dx, +D'X, +[%—2¢2jxl =0, (9)

" o D
20y, + D'y, +(7+2¢2jy1 =0, (10)

2dD,, - d'D,, =0.  (11)
Index "1" means that the values of quantities are
determined in the first approximation, ¢, is a function

characterizing the quadrupole component of the field,
primes denote differentiation with respect to the z coor-
dinate.

Taking into account condition (8), the solution to
equation (11) will be

2
D,, =—A®.Je,. (12
®K

It can be seen from (12) that D,, is a quantity of
the first order of smallness. General solutions of linear
homogeneous differential equations of the second order
(9) and (10) have the form

X =aU, +bV

Ve Yo =alU, +bV,, (13

where ay, by, ay and by are arbitrary constants de-
termined from the initial conditions; Uy, Vx Uy, and Vy
are particular linearly independent solutions of equa-
tions (9) and (10).

Further taking into account not only the paraxial
components of the focusing field and setting the condi-
tions corresponding to the design problems to particular
linearly independent solutions of equations (9) and
(20), it is possible to determine the main parameters of
the EOC or other designed electron or ion beam de-
vices.

The use of the approaches noted above and taking
into account the peculiarities of the distribution of
fields makes it possible to further improve the instru-
mental and technological base of the electronic, radio
engineering and a number of other high-tech industries
of the modern economy.
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The article discusses the results of numerical studies of new electron-optical elements that provide small

aberrations, at least in one direction. A comparative analysis of the corpuscular-optical parameters of electrostatic
4-electrode and 6-electrode immersion lenses with two planes of symmetry, which consist, respectively, of four
and six pairs of plate electrodes, located in planes equidistant from the middle plane and parallel to it, was carried

out. The studied electron lenses can be used to upgrade

analytical electron-optical instruments.
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The technical and operational characteristics of
electron-optical and ion-beam devices and devices, as
is known, depend on the focusing parameters of the
electronic lenses included in their composition [1-7].
Therefore, the study of new electron-optical elements
with small aberrations, at least in one direction, is an
important task in the design of particle-beam technol-
ogy [8-11].

In this work, we studied the corpuscular-optical
parameters of an electrostatic 4-electrode immersion

X :Pr 501
L]

lens with two planes of symmetry, which consists of
four pairs of plate electrodes located in planes equidis-
tant from the middle plane and parallel to it. The lens
electrodes are separated from each other by slots along
the circles, the centers of curvature of which lie on the
main optical axis and are located on different sides from
the middle electrodes.

The projection of the electrodes of the 4-electrode
immersion electron lens onto the xz plane of the Carte-
sian coordinate system X, y, z is shown in Figure 1.
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Figure 1 - Projections of the electrodes of a 4-electrode immersion lens
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The distribution of the electrostatic potential along the main optical axis @(z) is determined by the formula

D(2)=p @)+ (R +1,+2)+ B (Ri+ 1+l +2) + 0, — + 90, . (1)

Here
D =(0 -0 R[5, (23 @
) Ch(
2
Pu@ =~ 0 R [ 23, (R, +1, +2))04 @
ch 2)
,B”,(Z)=(¢3—¢4)RSI&/;3)J0(/1(R1+|2 +|3+Z))d/1 , (4)
0 ch j
2

R;, R,, R;- radii of curvature of the circles along

which the electrodes are separated by slots; 1,1, - di-

mensions of the width of the second and third (middle)
electrodes along the line of its intersection with the yz
plane; d - the distance between the planes on which the

lens electrodes are located; ¢,, @, - the potential val-

ues of the middle electrodes; @, , @, - the values of the

potentials applied to the extreme electrodes of the lens.
The total aberrations of the calculated lenses in the
vertical and horizontal directions have the form

AY? = Y3Cy1 + Yo YoCyz + Yo¥o Cya + Yo Cya + YoX5Cys + YoXoXoCrys +

2 2 S L2 :
+ Yo% Cy7 + YoXoCys + YoXoXoCyg + YoXo Cyio + Yo&,C i1 + Y0E,C 10

®)

3 _ 3 2y 2 '3 2 '
AX - XOCxl + X0 XOCXZ + XOXO Cx3 + XO Cx4 + XO yOCX5 + XO yOyOCXG +

2 v ' ' ) '
+X0Yo Cur + X Y0Crs + X0 Y0 YoCxs + X0 Yo Crao + %0, C a1 + X0€,Cr-

Here, C,1—Cy12, Cu-Ci12 - the aberration coeffi-
cients, and Xy, Yo, X, Y, - the initial values of the dis-

placement and inclination of charged particles.

The focusing parameters of the studied lenses
were calculated using the results of [7, 10] for the mode
of formation of a single focus at a point located on the

main optical axis, i.e. at a point O1 (Figure 1). To im-

(6)

plement this condition, the necessary values of the ra-
tios of the potentials ¢, and ¢;the second and third

electrodes of the studied immersion lens were calcu-
lated. The results of calculations for the values of

R =R,=1, ¢ =¢,=1, 1, =1, =Iare shown
in Figures 2—7 (line 1 for 1 =0.02 and line 2 for
| =0.025).
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Figure 3 - Plots of aberration coefficients of Cxzand Cys
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Figure 7 - Plots of aberration coefficients of Cyi; and Cy12

For a comparative analysis of the focusing proper-
ties, the aberration coefficients of a 6-electrode lens
with a similar configuration of electrodes were also cal-

culated. In this case, it was assumed that ¢, = @ =1
, and the ratios of the potentials of the middle electrodes

were determined from the condition for the formation
of a single focus at a point specified on the main optical
axis. Just as in a 4-electrode single lens with two planes
of symmetry, in the studied lens the values of aberra-
tions in the horizontal direction are noticeably smaller
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than the aberrations in the vertical direction. Compari-
son of the calculation results for a 6-electrode lens with
the results of calculation of the aberration characteris-
tics of a 4-electrode doubly symmetric single lens al-
lows us to conclude that an increase in the number of
lens electrodes leads to an increase in the parameters of
influence on the focusing properties and provides more
opportunities for regulating and optimizing the focus-
ing parameters of the corpuscular- optical devices.

The investigated electron lenses can be used to up-
grade analytical electron-optical devices, as well as
electronic and ion lithography installations, and to im-
prove their resolution in the production of nano- and
microelectronic products.
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The article analyzes the concept of "ether" - a medium consisting of material formations that have mass and

fill the entire space of the Universe.

The article analyzes the concept of "ether" - an all-pervading medium, from ancient times to the present day.
The materiality of the medium filling the space of the Universe is proved. On the basis of experimental data, the
internal structure of formations that fill the interstellar and intergalactic spaces of the Universe is determined. It is
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proved that these formations are non-nuclear. The masses of these formations are determined depending on their
own wavelength (frequency). The process of transmission of impulses in the material medium that fills the space
of the Universe is determined. The analysis of the background cosmic radiation spectrum is carried out and the
causes of its inhomogeneity in the entire range of the background cosmic radiation spectrum are determined. The
value of the cosmological constant is calculated. It is proved that the cosmological constant is constant, but only
within certain areas of the space of the Universe.

AHHOTANHSA

B craTtbe HpOBe,Z[éH aHaJIUu3 IIOHATHA «3(1)1/Ipa» - Cpeanl, COCTOHIHeﬁ 13 MaTCpUaJIbHbIX 06paSOBaHPII7I, HUMCHO-
LIMX MaccCy U 3al0JIHAIOLUX BCE IPOCTPaHCTBO BeeneHHo.

Ha 06a3e skcrmepiMMeHTaNBHBIX AaHHBIX OIpeesieHa BHYTPEHHSS CTPYKTypa oOpa3oBaHWH, 3aNOTHSIONINX
MEX3BE3THOE M MEXKTAIaKTHIECKOe MPOCTpaHcTBa BeemenHo. JlokazaHo, 9To 3TH 00pa30BaHus SABISIOTCS 0e3b-
saepHbIMU. OTpeieNIeHbl BETMYNHBI MacC 3TUX 00pa30BaHU B 3aBICHMOCTH OT COOCTBEHHOI UTMHBI BOJTHEI (da-
ctoThl). OnpenenéH mporecc nepeaaynl UMIYIbCOB B MaTepHaIbHOM cpele, 3aloIHsAomell mpocTpancTBo Bee-
JIEHHOM. HpOBe)IéH aHaJiu3 CIICKTpa (bOHOBOFO KOCMHYCCKOTO U3JIYYCHUS U OINPCACIICHBI IPUYNHBI €0 HEOAHO-
pPOAHOCTU BO BCEM JAuaria3oHe CIEKTpa (l)OHOBOFO KOCMHUYCCKOTO U3JIYyYCHUS. Paccuutana BennuuHa
KOCMOJIOTHYECKOM MOCTOSIHHOM. HOKEBE[HO, YTO KOCMOJIOI'HYECKas IIOCTOAHHAA ABJIACTCA HOCTOHHHOﬁ, HO TOJIBKO

B IIpcaciiax OHpeﬂeHéHHLIX Y4aCTKOB IIPOCTPAaHCTBA Bcenennoit

Keywords: "Ether", solar wind, stars, galaxies, emission spectrum, background cosmic radiation, wave-

length, frequency, cosmological constant.

Karouesnie ciioBa: «3¢up», COTHEUHBIN BETEP, 3BE3/bI, TAIAKTHKH, CIIEKTP U3IIy4eHNUs, (HOHOBOE KOCMHIE-
CKO€ M3ITyUIeHHE, JUTMHA BOJIHBI, YaCTOTa, KOCMOJIOTHYECKAs! IOCTOSHHAS.

1.9KCKYPC B HCTOPHUIO IIOHATHUA
IOUPA

PaccMoTprM OCHOBHBIE KOHIIETIIMHY (Hpa, CylIe-
CTBOBABIINE B €CTECTBO3HAHUH, U ITPOAHATIU3UPYEM HX
MOJIOXKUTETBHBIE CTOPOHBI U HEOCTATKH, [2].

Tepmun «3¢up» ynoTpedsur emé B aHTUYHBIC
BpeMeHa APHCTOTENb I 0003HAYCHHUS MATEPHH, H3
KOTOpPOH COCTOUT BCE, B TOM YHUCIIE «H3 YETO COCTOUT
He0Oo M 4TO Ha HeOe». B Te BpemeHa ApeBHHE I'peKd
BKJIQJbIBAI B TOHATHE 3(Hpa BCEIPOHHUKAIOIIYIO
cpeay - caMoe TOHKOE IEPBOBEIIECTBO, KOTOPOE OBLIO
HEJIOCTYIIHO YyBCTBEHHOMY HalOmonenuro. JlpeBHue
TPEKH Ha3bIBAIIM 3P «CBETOHOCHBIM.

B 6osee mo3nHue BpeMeHa (u3MK, MaTeMaTuk P.
JlekapT B cBOEM 3HaAMEHUTOM MpPOU3BEIECHUM «Jlnom-
tpukay («La Dioptriquey, 1637) usnaraet uaeu 3dupa,
Kak mepeHocumka cBeTa. X. ['lolireHc B cBoel pabore
«Tpakrar o cBere» («Trait de la lumiere», 1690) onu-
CBIBaET BOJHOBYIO TEOPHIO CBETa, I/ie BHICKA3BIBAET
UJICI0: CBETOBBIE BO30YXKIEHHS SBISIOTCS YHPYTHMMH
uMIynbcamu B d¢upe. Y. HerotoH B cBoéM Tpyne «Ma-
TEeMaTHYeCKHe Hadaja HaTypalbHOH ¢uimocodum»
(«Philosophizz Naturalis Principia Mathematicay,
1687) takxe ynomuHan o0 3THX 3HaHHsAX, [1]. Mate-
MaTuk, Mexanuk, pusuk XVIII cromerus JI. Ditep B
CBOMX TPYyJAax IHCal O TOM, YTO BCE ONTHYECKHUE, HIICK-
TPUYECKUE, MarHUTHBIE U JIPYTUE SIBICHHUS OOBSCHS-
FOTCSI B3aMOACHCTBHEM «Tpy00il» MaTepuu.

JexapT yTBepkKaaj HaJudue y MHPOBOTO 3dupa
OOBIYHBIX MEXaHIMYECKUX CBOMCTB BeliecTBa. [lonsaTue
MHpOBOro 3¢upa B HHTEpHpeTanuu Jexapra yuepxu-
BaJIOCh B HAyKe BIUIOTh 10 Hauana XX Beka, [7].

B cootBercTBHM co cBoell Harypduiocopuet,
Jexapt paccmarpuBain Bcio BeeneHHyro, kak Heompe-
JIENEHHO TPOTSKEHHYIO MAaTEpUI0, NPHUHHUMAIOIIYIO
paznuuHble (GopMBI TOA JEHCTBHEM NPHCYLIEro ei
JIBIDKEHUSL.

JexapT cauTai, 9To BcE MPOCTPAHCTBO 3AII0THEHO
nepBoMarepueil nim e€ MPOU3BOAHBIMU. JTa MaTepHs
croco0Ha K JAEJICHUI0 Ha YacTH JI000H (opMBI MOJ

JefcTBUEM MPUIIOKEHHOM cuiibl. Kaxxaas u3 e€ wacreit
MOXKET 00NamaTh JOOBIM JOMYCTHMBIM JBIKCHHEM.
YacTuilpl MaTepUU COXPAHAIOT CBOIO (opMy, MOKa y
HUX UMEETCS MPHOOPETEHHOE ABIIKCHHE.

B XVIII, XIX Bekax u naxe B Hadaie XX BeKa
3¢up ObUT OIHON U3 LEHTPAJBbHBIX TeM OOCYXKICHUS
(U3MKOB, MATEMATHKOB, XMMHUKOB U HCCIICAOBATENCH
JOPYTUX TUCHHIUTHH. AHTIHACKAN (QU3UK, MaTEeMaTHK
J. Makcemr, Omaromapss MOJCIBHBIM TIpEICTaBIIC-
HUSAM 00 d(upe, Co3Mal TEOPHIO AIEKTPOMAarHUTHOTO
mons [8]. B «Tpakrtare 00 3NMEKTpUYECTBE M MarHe-
tu3me» («A Treatise on Electricity and Magnetismy)
OH Hamwmcal cieayroiee: «B HacTosmee BpeMst MBI He
MOXKEM TIOHSTh PACTPOCTPaHEHHE BO BPEMEHU MHAYE
4yeM-1100, KaKk MOJET MaTepHalIbHON CyOCTaHIIMK de-
pe3 MpOCTPaHCTBO, JHOO KaK COCTOSHUE JBUKCHHS
WJIM HANIPSDKEHUS B Cpefie, YKe CYIIECTBYIOIIEH B MPO-
CTpaHCTBE ... [[elicTBUTENIbHO, KaK OBl DHEPTHS HE Tie-
penaBaiach OT OJHOTO Tela K APYroMy BO BPEMEHH,
JIOJDKHA CYIIECTBOBAThH Cpella IIU BEIIECTBO, B KOTO-
pO¥i HaxXOIUTCS PHEPTHs, MOCIE TOrO KaK OHA ITOKH-
HyJla OJTHO TEJIO, HO emI€ He JOCTHIIIA Apyroro... Cie-
JIOBaTEIFHO, BCE ATH TEOPHH BEAYT K ITOHITHIO CPEEI,
B KOTOPOH MMEET MECTO PacIpOCTPAaHECHHUE, U €CITH MBI
MpUMEM 3Ty Cpely Kak THIOTe3y, s OyMaio, OHa
JIOJKHA 3aHSTH BBIJAIOIIEECS MECTO B HAIIIUX UCCIIEO-
BaHUSX, U CJIEJTyET MOMBITATHCS IOCTPOUTH MBICJIEHHOE
TpejcTaBiIeHne e€ NeHCTBUSI BO BCEX MOAPOOHOCTSX;
3TO U ABJISIIOCHh MOEH TOCTOSHHOM 11€JIbI0 B HACTOSIIIIEM
TpaKTaTe».

lomnannckuit pusuk-reopernk X. Jlopenn, a
Taioke (paHIy3ckuit Maremaruk, pusuk A. [lyankape,
CUMTAJIM DJIEKTPOMArHUTHBIE SIBIICHUS JUHAMUue-
CKUMH CBOMcTBaMU 3¢upa.

Ha cpe3ne 86-ro Konrpecca Coro3a HeMeUKHX
€CTEeCTBOUCIIBITATENICH U Bpaueit ObLIIO OOBSBICHO, KaK
(bakTt, 9TO Takoe MOHATHE, KaKk d(PHUpP, OKOHYATEIHHO
yIpa3IHEHO.


https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B1%D1%81%D1%82%D1%80%D0%B0%D1%82_(%D1%84%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F)
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@DuU3MKOB CTaMy AEIUTH HAa TEX, KTO OBIT CTOPOH-
HUKOM HOBOH TEOPHH M TEX, KTO CTOSUI Ha MO3UIMAX
CyIIeCTBOBaHUs dpupa.

IIpuBoaMM OTPBIBKY U3 peur DHHIITENHHA. TPOU3-
HeceHHOU 5 mast 1920 r. B JleliieHCKOM YHUBEpCUTETE:
“ ... OUEBUJHO, C TOUKH 3PEHUs CIELUAIBHON TeOpUHN
OTHOCHUTEJIFHOCTH THIIOTe3a 00 3(hupe nuiieHa couep-
JKaHMA. ... DIEKTPOMArHUTHOE I0JI€e SIBJISETCS NepBUY-
HOM, HY K YEMY HE CBOIUMOM PEaIbHOCTBIO, U TIO3TOMY
COBEpIICHHO M3JMIIHE MOCTYJIMPOBATh €IIe M CyIIe-
CTBOBAHUE OJAHOPOIHOTO U30TPOIHOTO 3(pHpa U Ipe-
CTaBIATH ceOe IMoJIe KaK COCTOSTHHE 3TOTO0 dhupay, [9].

B Hacrosmiee BpeMs B HayKe CYyIIECTBYIOT IIBE
TOUKHU 3pEHUs Ha B3aMMOCBSI3b NIPOCTPAHCTBA U MaTe-
pun.

Cy6cTannuajibHasi KoHIenuus. B pamkax sToi
KOHLICMIIIUY IPOCTPAHCTBO U MAaTepusl CYLIECTBYIOT
HE3aBUCHMO U PAacCMAaTPUBAIOTCS KaK CaMOCTOSATEINb-
HBbIE CYIIHOCTH. B 3TOl KOHIENIUN MPOCTPaHCTBO U
MaTepusi CYUTAIOTCS CYMIECTBYIOIIUMH H3Be4HO. OT-
HOIIIEHHE MEXIy MPOCTPAaHCTBOM M MaTepued mpen-
CTaBJIAE€TCA KaK OTHOLICHHWE MEXIY CaMOCTOSTEINb-
HBIMH, HE3aBUCHMBIMH CyOCTaHIIUSIMU.

PeassumonHasi koHenuusA. B pamkax 3Toi KOH-
LENIUN yTBEP)KIACTCS 3aBHCHMOCTH CYIICCTBOBAHHUS
MPOCTPAHCTBA U MaTepuu. B paMkax 3Toil KOHLIETLIUU
MPOCTPAHCTBO U MaTePUs paCCMaTPUBAIOTCS KaK B3au-
MO3aBHCHUMBIE CYITHOCTH. B 3TOii KOHIIENIUU MOCTPO-
€Ha CHUCTEMbI OTHOIIEHUH, B KOTOPOH MPOCTPAHCTBO U
MaTrepusi B3aUMHO BIIUSIIOT JAPYT Ha Apyra.

2. MPOIECC TNEPEJAYM W3JIYYEHUA
3BE3JI TAJAKTUKH

2.149TO U3JIYYAET COJIHIE?

Uznyuenne CoiHIA COCTOMT M3 MaTepUAIBHOU
COCTaBJISIOLIEN U UMIYJIbCHONW BOJHOBOW COCTaBJISIO-
1IeH ¢ AJMHAMHU BOJIH B IIMPOKOM JIMara3oHe.

MarepuanbHas — COCTaBJISIONIAsi, Ha3bIBaeMas
«COJIHEYHBIH BETEP) - 3TO MMOTOK HOHU3UPOBAHHBIX Ya-
CTHII T'eJINEBO-BOJIOPOIHON IMIa3Mbl, UCTEKAIOUINHA 13
COJIHEYHOH KOpPOHBI co ckopocThio 300—1200 xm/c B
OKpy’Karolllee KOCMHUYECKOE IPOCTPAaHCTBO. ITO
aTOMbl TeIHs M BOAOPOJA, O3JECKTPOHBI, IPOTOHBHI,
HEWTPOHBI W KOMOWHALIMK 3THX 4YacTHll. MiynscHO-
BOJIHOBAsI COCTABIISIIONIAS IPEICTABIAET COOOH CIIEKTP
(OTOHOB OT raMMa M PEHTTEHOBCKOTO H3IJIydCHUS N0
PaIMOBOJIHOBOTO M3ITY4EHHS.

COMIE WATMALT 4 MV IA TONN BEUICCTRA & CERYNRY

Puc. 1 Hznyuenue Coanyem mamepuanivHol cyocmanyuu

Wznydyenne CosiHIla B BUAMMOI YacTH CIEKTpa
COCTaBIIIET HE3HAYUTEIBHYIO YacTh BCETO CIEKTpa U3-
Jy4eHUsI.

HMnyabCHO-BOJIHOBOE HU3IIy4eHHUE Nepenaércs B
MEK3BE3THOM Cpelie CO CKOPOCTBIO «CBETA», PaBHOMN
300000 xm/c.

«ConHe4HbI BeTep» ABHKETCA B Cpele, a MM-
MyJIbCHOE U3JTydeHHE NepenaéTcsi MaTepruaibHOi cyo-
CTaHLMEN caMOil MEK3BE3THON CPEJIbI.

Hccaenyem CTpyKTypy MaTepHalbHOW CyOCTaH-
LMA MEX3BE3IHOM Cpelbl M MPOLECC Nepenadn 3Tou
MaTepHaATIbHON CyOCTaHIIMEeH UMITYIbCHOTO M3ITy4eHHs
Comnxua.

ITpu Temneparype HarpeBa GoTtocdepsl (TToBepX-
HocTh Coutaiia) 6000 CO Bce aTOMBI HAXOJIATCSA B BO3-
Oy>KIEHHBIX COCTOSIHUSX.

ITpn KBaHTOBBIX MEpexoaax MeXIy BO30YXIEH-
HBIMU COCTOSIHUSIMHM IIPOMCXOJIUT IIE€PEX0] aroma H3
OJIHOTO JHEPreTUYecKoro cocrtosHus Ej, B apyroe
sHepreTuueckoe coctosHue E;. Ilpu sHepreTmueckux
Mepexoax MPOMCXOINT H3JIydeHHe KBaHTA (TIOPIHS
SHEpTUH) - POTOHA.

Oueprus m3mydaemoro ¢orona E, paBHa pasHo-
ctu sHepruii AE sHepreTndeckux yposHel Ej u E;:

E, = Ey - E; = AE=hv (1)

Bennuuna ummynsca 13; n3ydaemMoro (oroHa,
OIPENENAETCs BEIPAXKEHHEM:

= AE _h h
Pv:T:?V:EV (2)

Takum 06pa3zom, ummyJischl B potochepe Comria
00pa3yloTcs IpH KBAaHTOBBIX MEPEXoJiaX MEeXIy BO3-
OyXIEHHBIMU COCTOSTHUSIMA ATOMOB.

IIpn KBaHTOBBIX MEPEX0Jax B OKPYKAIOIIYIO
cpeay HepenaroTCsl UMITYJIbCHI C SHepTuel paBHOI pas-
HocTH SHepruit AE Mex 1y Bo30yKIEHHBIMH COCTOSTHH-
SIMH aTOMOB.

O6pazyercs cnektp n3nydeHus CoiHua.

HmnysnbecHOE M3iIydeHue, momajgas B atMochepy
3emJIH, BCTyMaeT BO B3aUMOJICHCTBHE C aTOMaMHM aTMO-
ctepsl 3emun. UmnynbcHOE mM3nmydeHue B aTMocdepe
3emin BO30YXIaeT KojiebaHHE AJIEKTPOHHBIX 000JI0-
YeK aToMOB aTMocdepbl B IIMPOKOM JHaIa3oHe — OT
KOPOTKOBOJIHOBOH PEHTTC€HOBCKOM M ramma obiacteit
JI0 JUTMHHOBOJIHOBOT'O pajuoauana3ona. Beisoa: Ceer
He n3iay4aercs CoJsiHLeM, cBeT BO30Y:K1aeTcs B aT-
Mocgepe 3emiau.

Ha Puc.2 noxazan cnektp usnydeHus ComnHia
IIpU Temmeparype okosuo 6 Teicsiu rpanycos[14]. B
HacTosllee BpeMs NPHHATA ClEAyIoUas TIpaganus
cnektpa ComnHia:

Jlnana3oH JUIMH BOJH yIAbTPadHOIETOBOTO CIEKTpa

A=(38-105 + 3-10~7 )cm ©)
HI/Ial'la?:OH JUJIMH BOJIH BUAMMOTI'O CIICKTpa
A=(73-1075 + 3,8-1075 ) cm @)
I[I/IaHEBOH JJIMH BOJIH I/IHd)DaKDaCHOFO CIICKTpa
A=(7,3-10"5 + 3-1072)cm (5)

HI/IaHaBOH JUJINH BOJIH PAAVMOU3JIYUYCHU S
A> 3-1072cm (6)



https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%BE%D0%BD%D0%B0
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Puc. 2
Cnexmp usnyyenus Connya

Hccnenyem nmpouecc 00pa3oBaHus CIEKTpa U3Iy-
YeHUS M TIOSABJICHUE BUJIMMOM YacTH CHEKTpa INpHU
HarpeBe Tena. Ha Pue.3 mokazaH cHexkTp H3IydeHUs

CIMpaly 3JEKTPUUYECKOM JaMIbl HaKalUBaHUS INPH
Harpese 10 TeMiepatypsl 1500K.

CMEKTP M3NMYYEHWA NAMMBI HAKANTMBAHWA

f

-t

| BUAUMbIA CNIEKTP

e = 3 om 2
TS S

GNEKTPANBHAA NNOTHOCTE, MBI

TENNOBOW CNEKTP

Puc.3
Pacnpeoenenue snepeuu 6 cnekmpe 1amnvl HAKAIUBAHUS

ITo Mepe HarpeBa cniMpany MOSBISETCS BHIUMAs
9acTh CIIEKTPA.

Ob0pamaemM ocoboe BHHMaHHE, YTO Tpaduk Ha
Puc.3 nemoHCcTpupyeT mpoiecc 00pa3oBaHus CIEKTpa
m3nyuerus ot OK mo 1500K, a He ¢puHANBHEINA CTIeKTp
n3nyuyenust Connua npu 6000K.

Ha pucyHke MBI BUIUM: IPH HarpeBe CIIUPAIH 10
temreparypbl 700K wu3nydaercs TOJBKO TEMJIOBOM
criekTp ¢ nanuHamu BoiH oT OuM go 700HM =
700-10"7cm = 7-10"%cm.

Buanmoro cniekTpa n3imydeHns enié Her.

IIpu naneHeimem Harpese crnmpanu xo 1500K,
MOSIBIIICTCS BUAMMAst 4acTh CIIEKTPA B MHTEPBaJIC JUIMH
BomH (7-107° +4-107°) cm.

CpaBHUM CIIEKTp HM3Iy4YEHHs HarpeBaeMoOW CITH-
panu co criekTpoM m3nydeHus ConHia:

- BUOUM, 9TO JJIMHA BOJIHEI 7-105cM TerIoBoro
M3TY4YEHHUS CIUPANIN Teja COBIANaeT C KOHEYHOH Irpa-
Huel il BoaH 7,3 - 1073¢M TemoBoro W3IIy4YeHUs

Comama. Dta [rHA BOJHBI SABJISACTCSA HAYAJIOM Tpa-
HUIIBI BUIUMOTO criektpa Connna 7,3 - 10 3¢cMm.

- BHANM, 9TO JyIrHa BOJIHBI 4-10 3cMm H3ITyYEHUs
HarpeTo Crupaiu COBMAJaeT ¢ KOHEYHOM IpaHuIEei
anmuH BonH 3,8 - 1075cM BUAMMOTO CIEKTpa H3ITyde-
Hus CoJHIA.

DTOT SKCIIEPUMEHT MMOKa3all, YTO BUIUMAS YaCTh
CIEKTpa W3JIYYCHHUS MOSBISCTCS IIPH HArpeBe Teja
BoIme 700K u ucuesaet npu Harpese a0 1500K.

CriekTp BHIOMMOTO CBETa HaXOIHTCS B OYCHB Y3-
KOM JUara3oHe JJIUH BOJIH.

B mpupone Her BuamMoro ceera. [losiBneHne BU-
JUMOTO CTEKTpa M3JIYYeHHUS B OTOM JAMANa3zoHe JINH
BOJIH CBSI3aHO TOJIBKO C BOCIIPHSITHEM TJ1a30M YeJIOBEKa
9TOTO MHTEpPBAaJa U3IYICHUS.

3a mpeaenamu 3TOTO JAMana3oHa JJTUH BOJH YeJo-
BEK HE BHJUT CIIEKTpa m3rydeHus Puc.4.

CMEKTP WU3NYHEHWA NPW PA3NUYHBIX TEMNEPATYPAX
(700K, 1500K, 3500K:0,400K,6000K)
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CBeT CTaHOBUTCS BUANMBIM TOJBKO B PE3yIbTaTe
BOCHPUSATHUS TJIa30M U aHAJIM3a MO3TOM OIpeeIEHHOM
YacTH CIeKTpa n3inydeHus. OnpenenéHHbIM 4acToTaM
(MHAM BOJIH) CIIEKTpa M3JIy4EeHUS YEIOBEK IPHCBOMII
MOHSTHE LIBETA.

Buanmblit quana3oH 4acToT (JUIMH BOJIH) IIPHUCYT-
CTBYeT B cniekTpe usnydeHus Connua, [14].

HmenHO 5TOT Muamna3oH u3mydenns ConHia omnpe-
Jenui (GOpMHPOBaHUE OpPTaHa 3PEHHS YEIOBEKa B IIPO-
1iecce MpUCIIOCOOIeHNs K OKpYKaroIei cpeze.

ITpupona c MOMOIIBIO T71a3a M MO3Ta KaK ObI «I10.1-
CBETHJIa» YaCTOTy KOJICOAHUH B Y3KOH 00NIacTH JITUH
BOJIH M3JIy4aeMoro criektpa CoJHLEeM /ISl OpUeHTAIUT
yejoBeka B npupoae Puc.4.

Hccnenyem mpouecc mnepepayd HUMITYJIbCOB B
cpesie C MOMOIIBIO 3KCIEpHMEHTa ¢ OWIUIHapAHBIMU
mapamu Puc.S.

Pacrionoxum OwinmuapaHble IIAphl  BILIOTHYIO
IpyT K apyry (monoxenue |) . [Ipmmoxxum uMmymibe K
nepBomy mapy (monoxenwue ).

[apsr ocTaHyTCs Ha MecTe, HO MMIIYJIEC OymeT
nepenad OT MEpPBOTo IIapa K mocieaHemy mapy. ITo-
cienHuUi map nepemectutcs. Ilepemernenne mapa no-
Ka3bIBaeT MepeMelleHHe HMITYJIbca B CpeJie apoB.

AHAJOTMYHO  TNPOMCXOIUT  B3aUMOJACHCTBHUE
MEXKIY DJIEKTPOHAMH AIIEKTPOHHBIX 000JI0YEK aTOMOB
BelecTBa cpesl (atMmocdepa 3emin).

NmMrtyiibe, TIPHIIOKEHHBIH K 3JEKTPOHHOW 000-
JIOUKe aToma, co3aaéT 00bEMHOE KoslebaHue IToi 000-
JIOYKH € 4acToToH V (cepudeckuii ocmuisTop) (mo-
noxenne [11).

KoneGanus 2:1eKTpOHHON 000JIOUKH C YaCTOTOH V
MePEeIAIOTCsl OKPYKAMOIIMM 3JIEKTPOHHBIM 000J09KaM
aTOMOB, KOTOpPBIE TEPeaaloT KoJieOaHHs B OKPYKaro-
1ree mpocTpancTio (ronoxenwue V).

Hccnenyem nepenady UMITYJIbCOB B Cpejie.

3ammmrem Gopmyiry sHeprun [Tnanka:

E=hv
h — moctostaHas [1nanka
V — 4acToTa

U]

-

Beipasum ummysbc P yepes sHepruio E, gactory
V U JIIHHY BOJHEL 4, (8).

BoE_hv_h _h
P==T=cVv=3 )
3anmmreM GopMyITy SHEpTHH DUHIITEIHA.
E=mC(C? 9)
Omnpenenum UMITYJIbC P (10).
2_E_m c? _
P = E = T =mC (10)
M —Mmacca MHKpPOYACTHIl cpeasl (IIOTHOCTH

cpebl), epenaronasi UMITyJibc (hoToHa
C — cKOpOCTh cBeTa

—

P — uMIynbc MUKpOYaCTHIIBI

NEPEOAYA MMNYNbLCA B CPELE MUKPOYACTAL,

ol

BOMH
ATOMOB CPEQbI

OBONOYEK

PA0

WAPOB

" HBIOTOHA)

Yy P

NEPEAAUA MMITYILCA MEWLY BUNNMAPHBIMM LIARAMA

NEPEQAHA MBNYNILCOB MEXOY 3NEKTPOHHBIMK
OBONOYKAMN ATOMOB CPEMbI

Puc.5
Ilepeoaua umnynvcog 6 cpede

3anumemM GopMyJy SJHEPTHHU B BUJIE:
E=m(2=mC-C=P-C (11)
U3 dpopmyasl (11) cnenyer: sneprus E - ecth cko-
pocts C nepenaun umiyisea P B cpese.
Sanumem popmyy ummysbca (12):
P=mC (12)
CpasauBas popmyinsl (8) u (12) nmmynbeca P 3a-
MUIIEM PaBEHCTBO:

(13)

I/IMHyHLCLI P (bOTOHOB CO31ar0TCsd KBAHTOBBIMH
nepexogaMu MeExay BO36y)K,HéHHLIMI/I COCTOSAHHUAMUA
AaTOMOB B HIMPOKOM JIHUAIIa30HE CIICKTPAJIbHbIX YaCTOT
V.

f’)=2v=mC
c

-

U3 dopmyier (13) cieayer 94To UMITYIbCH P Ire-
PENaroTCs ANEKTPOHAMHE IIEKTPOHHBIX 000JOYEK aTo-
MOB Cpe/Ibl , CIIE0BATENBHO, OMPEACISIOTCS YacTOT-
HBIMH MapaMeTPaMH V U A DJIEKTPOHOB aTOMOB B BO3-
Oy IEHHBIX COCTOSHUSX.

U3 dopmynsr (13) cienyer: tak kak h u C sBis-
I0TCS] KOHCTaHTaMH, CIIeZI0BAaTeIbHO, Macca M 3IeKTpo-
HOB 3JIEKTPOHHBIX 000JI04€K aTOMOB CPE/Ibl, B KOTOPOii

o

CO3/IAI0TCSI U MEPEAAlTCS UMITYJIbChl P, IpONopuuo-
HaJIbHA YaCTOTE UMITYJILCOB V.

Takum 00pa3oM, CIIEKTP MUMITYJILCOB, IeperaBac-
MBIX aTOMaMH CPeJbl ONpenesseTcss MacCOl AIEKTPO-
HOB 3JIEKTpOHOC(Ep aToMOB, NEPEeAaOIINX 3TH HM-
MYJIBCBHL.

Macca m, Bxozsimas B popmyity (13), aTo macca
9JIEKTPOHOB BJIEKTPOHHBIX 000J0YEK aTOMOB CpPEJH,
MepeIatoIUX UMIYIIbCHI.

BoiBoj: (poTOH - 3TO He MUKpoUacTHnA. DOTOH
—3TO0 Npolece Nepesavu HMITYJIbCa MEKAY 3JIeKTPo-
HAMH Maccoii M 3JIEKTPOHHBIX 000/104eK aTOMOB
cpenbl.

Jis mepenadn MMITyJIbcoB, n3imydaeMblx CoiH-
LEM B OKPYXAaIOLIEe MEeX3BE3THOE NPOCTPAHCTBO,
HyXHa cpena. J11 nepenauu UMITyJIbCOB B aTMochepy
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3emun Ha paccTosiHre 150 MHJUTHOHOB KHMJIOMETPOB OT
CoJHIIa HY’)XKHA cpena.

CoBpeMeHHasi HayKa He TIOHMMAaeT Ipoliecca Iie-
penady CBETOBBIX MMITYJIBCOB B cpene. Hayka npeamno-
Jlaraet rnepejady UMIYJIbCOB B BUJE JBHKCHUS B TIPO-
CTpaHCTBE 0€3MacCOBBIX YacTHIl — (POTOHOB.

Panee 3Ty mpennonaraemylo cpeay, B KOTOpPOii
pacnpoctpanstorcsi (OTOHBI, Ha3plBAIK 3¢upoM. B
HacTosIIee BpeMs Cpedy, B KOTOPOIl pacmpocTpaHs-
10TCs (POTOHBI, HA3BIBAIOT TOJeM. [Ipu 3TOM BHyTpeH-
HSS CTPYKTYpa u 3(Hpa U oIS He OTpeieIeHa U HOCUT
TUIIOTETUYECKUM XapakTep.

W3 mpoBeneHHOTO aHamm3a CIEAYeT, YTO HMEHHO
cpena H SIBIISIETCS TPOBOAHUKOM MMITYJIbCOB. Hannune
CpeBbI SIBISIETCSl HEOOXOIUMBIM YCIIOBHEM JIJISl PacIpo-
CTpaHEHHs] UMITYJIbCa.

2.2 OBHAPY)XEHHME MEX3BE3JHOI'O
N3JIYUYEHUA

BriepBrie KocMUUECKOE pagHon3IydeHHe 0OHapy-
skun B 1932 r. Ha BonHe 14,6 M aMEpUKaHCKUI MHXKe-
Hep K. SIHckuil. SIHCKMH yCTaHOBWI, YTO PaiUOU3ITY-
YeHHE MPUXOIUT U3 KocMmoca - oT Mueunoro Ilyrw,
npuuéM HanOoJbIasi MHTCHCUBHOCTH €ro HaOuozaa-
€TCsl B HAIpaBICHUU IIeHTpa Hamell ['amaktuku. B
1939 r. npyroii aMmepUKaHCKUI paguouHxeHep, 1. Pe-
6ep, 3aperucTpupoBai paguou3IydeHHe MileqHOro
ITytu Ha BonHe 1,87 M.

B cepenune XX Beka odpununanbHas actpodusuka
CYHTaJIa, YTO KOCMHYECKOE MPOCTPAHCTBO 3aMOJIHEHO
HEUTpaJbHBIM aTOMapHbIM BoJopoaoM. B 1945 roay
Xroncer, a B 1948 rogy U. C. LlkioBckuii paccuutanu
OKHJAEMYIO JUIMHY BOJIHBI M3JIy4CHHS aTOMaMU MEX-
3BE3MHOrO0 BemecTBa paBHyr0 21,1 cM (wacrora
1420,40575 MTI'n), [2].

B 1951 roay usnydeHue ¢ Takol IJIMHOM BOJIHBI
6b10 obOHapyxeno [. FOsnom, K. Mriomnepom u Sl.
Ooptom.

B 1964 roay ¢usuk A. Ilensuac u paanoactpo-
HOM P. Yuicon oOHapyxuian GpoHOBOE KOCMHUYECKOE

M3Iy9YCHNE, KOTOPOE TI03KE HA3BaJH «PEITUKTOBBIM
n3MydeHneM. Ha ocHOBaHMHM SKCTIIEPHMEHTOB IO H3Y-
YEeHUI0 (POHOBOTO KOCMHMYECKOT0 M3JIy4eHus Oblia mo-
CTpPOEHa KapTa PelIUKTOBOro u3nydenus Puc.7, [12].

PenukToBOE H3ITyUeHHE - 3TO KOCMUYECKOE (hOHO-
BOE M3JIydEHHE, paBHOMEpHO 3amoiHsmomee BceeneH-
uyto, [3], [4].

OHo 001a1a€T BBICOKOH CTEIEHBIO H30TPOITHOCTH
W CIIEKTPOM, XapaKTepHBIM JJIsi aOCOIIOTHO YEPHOTO
Tela ¢ Temmneparypoit 2,726K.

Benmumaa paszHOCTHM TeMmmepaTypbl Uit BCETro
HAOIIOMaeMOro TPOCTPAHCTBA COCTAaBIIET MEHEe
0,0001%.

B skcnepumenTax Ilensunaca u Buibcona uzmepe-
HUS IPOBOAMIIMCE TOJIBKO Ha OJHOM YacToTe.

B nmocnenyromue rojipl qanbHEHIINE U3MEPEHUS
MIPOBOAMJIMCh HA JAPYrHX 4actorax. B pabore [14]
OBUIO MOJATBEPKACHO, YTO ITO H3IIyUEHHE SIBIISIETCS U3~
JIy4eHUEM UYEPHOTO TeJla U UMEET TUIMUYHYIO KOJIOKO-
71000pa3HyI0 KPUBYIO HHTEHCHBHOCTH, KOTOpas MOKa-
3ana Ha Puc.6, [11].

[TockonbKy BO3MOKHOCTH Ha3eMHBIX HaOIOJe-
HUI B MEKPOBOJHOBOM JIMANla30HE OTPaHWYCHBI N3-3a
aTMOC(EepHOT0 NOTIIONICHNS, OblIa 3aITyIleHa CITyTHH-
kxoBas muccusi COBE.

I'padyik MHTCHCUBHOCTHU PEITUKTOBOTO U3IYUCHUS
Puc.6 npencrapiser co00il KOMIIISLNIO PE3yJIbTaTOB
HCCIICIOBAHUs, MOJYYCHHBIX U3 Pa3IMUHBIX KCIIEPHU-
MEHTOB.

HcTouHukn 3KCHEpPUMEHTaJIbHBIX JTAHHBIX YKa-
3aHbBl Ha pucyHke Puc.6 [11] u B Tekcte HacTosmiei
ctateu. Hanbomnee moapoOHast KapTa peITMKTOBOTO H3-
TydeHHs ObLIa MMOCTPOSHA B pe3yiabTaTe PadOTHI amma-
pata «Penukr1», kocmudeckoro ammapata « WMAP» u
SKCIIEPUMEHTOB, IIPOBEJICHHBIX HA CIyTHHKE «[1maHk».
WMAP (Wilkinson Microwave Anisotropy Probe) —
kocmuueckuii anmapatr HACA, npenHa3zHaueHHBIN 15
U3y4YCHHs PEIMKTOBOro m3nydeHms. WMAP mpomon-
KU U 3aBepimi kocmuueckyro muccuio COBE.

AnuHa BosHbI (CM)

10

1 0,1

Apkocts (sprem? ¢! erp’ ry’)
)

10

Yacrora (Iru)
Puc.6
Hsmepenue cnekmpa peiuKkmoeo2co U3iy4erust

WMAP c oktsi6pst 2001 mo 2009 rox nepenasan
Ha 3eMJII0 pe3yiabTaThl CKAHUPOBAHHS HEOECHOU
cdepsl.

Ha ocHoBe naHHBIX ObLIa COCTaBJICHA PaIHOKAPTA
He0a Ha HECKOJBKMX JUIMHAX BOJH: OT 1,4 cM 110 3 MM.

[Mocne nesatu et pa6oTel WMAP OBLUT OTKITIOUCH
B 2010 roxy mocie 3amycka 6oJiee COBEpILIEHHON KOC-
Muueckoii obceparopun «llmaHk», 10 MHULIMATHBE
EBponeiickoro kocmuueckoro arenrcrsa B 2009 rony.

B pesynbrare paboThl OBUIN MTOTy4EHBI pacipesie-
JICHUS THTEHCUBHOCTH PEIMKTOBOTO M3ITYYEHHUS C BEI-
COKuM paspemreHuem Puc.7, [12].
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Kapma peruxmogoeo uznyuenus no oannvim cnymuuxa WMAP

Ha Puc.8 nokasan cnexmp KocCMu4ecko20 peiukmosoco UsiyueHus,, NOJIY4eHHO20 KAK HaA3eMHbIMU
paouomeneckonamu, max u OAHHbIMU CO Cnymuuxos, [13].
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3asucumocms niomuocmu PETUKMOB020 U3TYUEHUS Bcenennoit om onumvt 60mbl.

OroT rpaduK TaK ke SBISeTCS KOMIUISALUCH TaH-
HBIX U3 Pa3JINYHbIX HICTOYHUKOB.

MakcuMyM H3JIy4eHHs MPUXOAUTCS Ha YacTOTy
160,4 I'T1. DT0 COOTBETCTBYET AJMHE BOJHBI 1,9MM.

Hu 3BE371b1, HU PAMOTAIAKTHKY, HI MEXKTaJIAKTH-
YeCKuil ra3, HU Mepen3iyueHHe Ha MeX3BE3THOM MbLTH
HE MOTYT JaTh HU3JyYCHHs, HPUOIMKAIOMIEIOCS IO
CBOMCTBAM K MHUKPOBOJHOBOMY (OHOBOMY H3Iy4e-
HIt0. CyMMapHasi SHEpPTHUsl TOT0 U3IYUSHHUS CIUIIKOM
BEJIMKA [0 CPABHEHHIO C IPYTHUMHU BHIAMHU U3TyUCHHH.

CHexTp pesIMKTOBOr0 U3JIyYeHHUs He IMOX0XK HH Ha
CIEKTp 3BE3/, HU HA CIIEKTP PaJJUOMCTOYHUKOB. DTUM,
a Tak k€ BBICOKOIl CTENEHbI0 MU30TPOINHUH, JOKa3bIBa-
€TCsl KOCMOJIOTHYECKOE TIPOUCXO0XK/ICHNE MUKPOBOJIHO-
BOTO ()OHOBOT'O M3ITy4EHHSL.

23 AHAJIN3 CTPYKTYPBI n
JEMEHTOB CPEJbI, 3ANOJHSIOIIENA
IMPOCTPAHCTBO KOCMOCA

CoryacHO opHUIMaTBHON TOUKE 3peHHs acTpodu-
3UKH CYMTAETCS, YTO MEX3BE3HOE MPOCTPAHCTBO 3a-
MOJHEHO HEUTpPaldbHBIM OJHOATOMHBIM BOJOPOJOM,
(5], [6].

MartepuanbpHas cyOCTaHINSA, 3aMOTHSIOMAs MEX-
3BE3HOE MPOCTPAHCTBO, TIEPEIAET UMITYIIbCHI HAa3bIBa-
emble ()OTOHAMH, KOTOPBIE CO3JAF0T MUKPOYACTHIIEI,
M3ITy4aeMble 3BE31aMU. DTH UMITYJIECHI TIEPEJA0TC B
Cpezie Co CKOPOCTBIO CBETa, B TOM YHCIE B aTMoc(hepe
3emun.

IlepexoauM K OHpENENEHUIO CTPYKTYPBI CPEbl,
3aMOJHSIOIEN KOCMUYECKOE IPOCTPAHCTBO U Mepena-
I0LIE€e ATU UMITYJIbCHI.

Jis aroma BOAOpOJa B OCHOBHOM COCTOSTHUM
JUIMHA BOJIHBI 3JICKTPOHA B 3€MHBIX YCIIOBHSX, paBHa A
=2.4-101° cM (KOMITOHOBCKAs JJIMHA BOJIHEI).

VYcToluuBble COCTOSHUA SIIEP AaTOMOB ONPEIEIIs-
IOTCSI SHEPTHEH CBA3M HYKJIOHOB (IIPOTOHOB U HEUTPO-
HOB) B SIIpe aTOMOB.

Jnst smpa Bojopona yIenbHas SHEPTUS CBSI3U
pasHa 1,1 MaB/uykioH.

OrnpenennM BeTUUYMHY SHEPTUU CBSI3U MCXOJIS U3
4acToThl V=1429MI'11 ¥ [yIMHE BOJHBI M3IYUYCHHS A
=21,1 cm Puc.6. Onpenenum Tak k€ BEIUYUHY SHEP-
THM CBSI3U, UCX0AA M3 4acToThl v=160,4I'Tm u qIuHBI
BoutHE m3mydeHust A=1,9 mm Puc.8.

DHeprus onpexaensercs popmynoit [Iranka
E=hv
h=6,58-10"1%3B"¢ - nocrosunas [1nanka
v=1,42-10°1/c
[Mocuntaem 3HEPTHIO CBSI3U ISl BOZOPOLOTION00-
HOTO 00pa30BaHMs C YACTOTOU V =1,42-10°1/c u mu-
HOM BOJHBI A =21,1cM.

(14)

E=6,58-1071¢ -1,42-10° [3B-¢c- 1/c]=9,34-10775B.(15)
OmnpenenuM, BO CKOJIBKO pa3 dSHEPrus CBS3U
(E=9,34-10775B) Bo0p010110100HOr0 06Pa30BAHMS C
JUTMHOW BOJIHBI A =21,1 cM MeHbIle SHEPTrHH CBS3U
aToMa BOJIOPOZA B 3€MHBIX YCIOBHSX, paBHOi E=1,1

Mb»B/HyKIIOH.
9,34-1077 _12
ETET 107'= (16)

PacuéTel MOKA3BIBAIOT, YTO SHEPTHS CBS3U BOJIO-
poorno00HOr0 00pa3oBaHus C THHOM BOJIHBI A=21,1
cM B 1012 pas meHble, ueM B aTOMe BOJIOPOAA B 3€M-
HBIX YCIIOBHSIX.

[Mocuntaem 3HEPTHIO CBSI3U ISl BOZOPOAOTION00-
HOTO 00pazoBaHus ¢ yactoTon v=160,4I'T11 u amuHOM
BOJIHBI A=1,9 MM.

E=6,58-1071¢.1,6-:101! [3B-c- 1/c] =
10,79-107° 5B. (17)

OnpenenuM, BO CKOJBKO pa3 JHEPrHs CBS3H
(E=10,79-107°3B) Bo10p01010106HOT0 06pa30BaAHMS
C JIMHOW BONHBI A=1,9 MM MEHbBIIIE PHEPTUU CBSI3U
aToMa BOJOpPOJAa B 3eMHBIX ycioBusx paBHoit E=1,1
M>B/HyKII0H.
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10,79-1075 -
11106 10 10-(@

Pacuérhl mokaszanu, 4To SHEPrusi CBSI3U_BOJOPO.I0-
MoI00HOT0 00pa3oBaHMs C JUIMHON BOJHBI A=1,9 MM B
101° pa3 menslue, yeM B aTOMe BOAOPOJA C ATHHOM
BonHBI A = 2.4-1071% cM B 3eMHBIX yCIOBHSX.

CdhopMynupyeM ycIOBHE YCTOHYHMBOIO COCTOSI-
HHS THHAMHAYECKON CHCTEMBI.

VYCTONYNBOCT, JUHAMUYECKOM CHCTEMBI — 3TO
CIIOCOOHOCTh TMHAMHYECKOW CHCTEMBI HAXOIUTHCS B
HCXOJIHOM YCTaHOBHUBILIEMCSI COCTOSIHUU TIPH MTOCTOSH-
CTBE M HEM3MCHHOCTH BHEIIHUX BO3JICHCTBUM.

Jns cymecTBOBaHUS yCTOWYNBOW CUCTEMBI, B TOM
qyclie aTOMa, YCIOBUEM TWHAMUYECKOI'O PaBHOBECHS
SIBIIIETCSL PABEHCTBO JHEPIHM siipa W DSJICKTPOHHOM
000JI0UKH.

U3 pacu€roB ciienyet, 9TO B BOJOPOIONIOT00HOM
PEJIMKTOBOM 00pa30BaHUU BEIIECTBA, SHEPTHs DIEK-
TPOHHOI1 060JIOUKH HE MOXKET 00ECEUMTh TMHAMUYE-
CKOE YCTOWYHMBOE COCTOSIHME HEHTPaTbHOTO aToMa BO-
7I0poJia, TaK Kak SHEPTHs CBA3U B BOJOPOAONOI00HOM
o6pazosanuu B (101° - 10'?) pa3 MeHbIIe, ueM B aTOMe
BOJIOpO/IA.

Taxum 06pa3zom, B BOZOPOZOTIOA0OHOM 00pa3oBa-
HHUH HE MOXET OBITh A1pa.

U3 pacuyéroB crenyer, 4To 3T0 00pa3oBaHHeE Ipe-
CTaBISIET COOOI 3IIEKTPOH, NBWXKYIIEHCS B 00BEME
cdepsl.

besbpsnepHoe 0Opa3oBaHHE COCTOUT W3 OIHOTO
9JIEKTPOHA U SIBIISIETCS] MATEPHANIBHOM CyOCTaHIIMEH.

Puc.9
besvsaodeproe snexkmponnoe obpazosanue

Ha3o0BéM 3Ty MarepHalbHYI0 CTPYKTYpY «0e3b-
SJICPHBIM DJICKTPOHHBIM 00pa30BaHUEM.

BbeswsinepHOe 3nMEKTpOHHOE OOpa3oOBaHME MOKa-
3aHo Ha Puc.9.

Pa3zmeps! ¥ MIOTHOCTH 3THX OE3BSNEPHBIX JJICK-
TPOHHBIX 00Pa30BaHUH ONPEEISIFOTCS NX MECTOIIOJO-
JKeHHEM B 0003puMoii BeeneHHOM.

Jlrobast T'anmakTmka WMeeT OrpaHWYEHHbBIE pa3-
MEphI, ONpeAeIsieMble B3aMMOJACHCTBHEM TaJaKTHK
MEXTy COOOH.

[ToaTomy Ge3bsiiepHBIe JIEKTPOHHBIE 00pa3oBa-
HUSI, 3alIOJHSIOMINE TaTaKTHYeCKOe U MeKrajJaKTHue-
CKO€ IPOCTPAHCTBO, UMEIOT HAUOOJIBIIIYIO INIOTHOCTH B
MIPOCTpAaHCTBE ralakTUKH Puc.6 u Puc.§.

Tax kak ©3MepeHus TPOBOIMIINCE B HAIIISH raiak-
THKEe «MJICUHBIA ITyTh», MOKHO CAENaTh BBIBOJ, YTO
JHa BoyiHbI 1,9vMM Pue.6 u Puc.8 coorBercTByer
6e3bs/1epHBIM AJIEKTPOHHBIM 00pa30BaHMAM HaIleH Ta-
JIAKTUKH.

B MexramakTHuecKOM IPOCTPAHCTBE, 3aHUMAIO-
ieM OoJbIUi 00bEM, OE3bsICPHBIC BOIOPOIONOI00-
HBIE 00pa30BaHMs, 3aMONTHAIOMINEG MEXIAJTAKTHIECKOEe
MIPOCTPAHCTBO, MMEIOT MEHBUIYIO IIOTHOCTh, TO €CTh
GoJbIIINE Pa3MEpHI.

HmeHHO o3TOMY (PUKCHPYIOTCS M3ITy4eHHUS B pe-
JIMKTOBOM ()OHOBOM H3JIyYE€HHH C Pa3INYHBIMH JJIH-
HaMH BOJIH, B TOM YHCIIE€ C JIuHAMK BONH A=21,1 cM,
A=32 cM u apyrue Puc.8.

[IpoctpaHcTBO, 3amodHEHHOE Oe3bAIEePHBIMU
3IEKTPOHHBIMH 00pPa30BaHUAMH, MEPEAAIONIIMH HM-
IIyJIbChl B MEX3BE3/IHON cpejie, SBISIETCS TOU «CBETO-
HOCHOH Cpelloil», KOTOPYHO B pa3iU4YHbIE UCTOpHUYE-
CKHE TIEPHO/IbI HA3BIBAIH «3(QHPOM» HITH IIOTEM.

Cpena, 3anoissomnias npocTpaHcTBo BeeneHHOH,
SIBIISIETCS. MAaTE€pPUAJIbHOM Cpesioi, MoJiydarolmen u ne-
penaroniei UMITyJIbChl B IIPOCTPAaHCTBE 47 cTepaauaH
Puc.10.

Mamepuanvuas cpeoda, 3anoauawwas npocmparncmso Beenennou

Pagmyc mHaGirogaeMoil B HacTosIIee BpeMsl 4aCTH
Bcenennoii coctapnset 46 MHITHAPIOB CBETOBBIX JIET.
Wndopmanns B mpocTpaHCTBE B MHTEpBane 46
MHJUIMAp/I0B CBETOBBIX JIET EpeaéTCsi CO CKOPOCTHIO

«cBetay 300000xM/c 6e3pAACPHBIME IIEKTPOHHBIMH
00pa30BaHUAMH, 3aONHAIOMINMHU 3TO IPOCTPAHCTBO.
2. KOCMOJIOTHMYECKAS TOCTOSIHHASL
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Kocmonorndeckass mocTossHHAs - 3TO BEJMYMHA,
XapaKTepu3yromas IUIOTHOCTh MAaTepHANIbHOW CyO-
CTaHIIMU B Pa3IMYHBIX 00JacTsIX HAOJII0NAEMOro Ipo-
cTpaHcTBa BeenenHoit.

B mpocrpanctBe BceeneHHONM paclonoXKeHbl ra-
JIAKTHKH, TPYIIIIBI TATAKTUK, ¥ CBEPXCKOIUICHUS rajlak-
THK.

B 1990 — ¢ romst acTpo(U3KUKH BRISCHUIIN, YTO Ha
MacmTabax mopsnka 300 wmeramapcek Bcemennas
MPaKTUIECKH OJHOPO/IHA.

O0BeM mpocTpaHCTBAa MEXIY 3BE3IaMH B rajlak-
THKaX, 00BEM TPOCTPAHCTBA MEXIY TaJaKTUKaMH B
CKOIUICHUAX TaJIAKTHUK ¥ 00BEM MPOCTPAHCTBA MEXKIY
CKOIUICHHSIMH TaJIaKTHK Topa3io Oosbliie o0bema Ipo-
CTPAHCTBa, 3aHMMAaeMOro 3BE3/laMH, TaJaKTHKaMU U
CKOILUICHUSIMH TaJIaKTHK.

Mex3BE31HOE MPOCTPAHCTBO TaJlaKTHK, MEXIa-
JIAKTUYECKOe MPOCTPAHCTBO U IMPOCTPAHCTBO MEXKIY
CKOIICHUSAMU TaJlakTUK BceleHHOH 3amosiHeHo mare-
pHambHOHN cyOcTaHIMEH, cocTosImel 3 0e3bsIIepHBIX
JJIEKTPOHHBIX 00pa30BaHUiA.

PasMepsl 0e3bsIIEpHBIX AIEKTPOHHBIX 00pa3oBa-
HUH, 3aIONHAIONINX STH IPOCTPAHCTBA, SBISIOTCS TIe-
PEMECHHBIMU B Pa3IMYHBIX YacTsIX BceneHHOM.

B npupoze Het nmpocTpaHCTBa 6€3 MaTepHH, KaK U
HET MaTepuH 0e3 MPOCTPAHCTRA.

OmnpenenyM IUIOTHOCTh Cpefbl, 3alONHSIOIIEH
MpOCTPaHCTBO BceneHHoi, B 3aBUCUMOCTH OT IJIOTHO-
cTi (DOHOBOTO M3IYYEHUs, MPEJCTaBICHHOTO Ha Tpa-
¢uxe Puc.8.

Ha rpa¢uke Puc.8 npuBenés cuexTp [IMH BOJH H
WHTEHCUBHOCTH (DOHOBOTO KOCMHIYECKOTO H3IYUCHUS.
Hauboinpiras HHTEHCHBHOCTD M3ITYUSHHS TIPUXOIUTCS
Ha JUTHHY BOJHBI A = 1,9MM (dactoTa v = 160,4I T).

MaxkcuManbHas ITIOTHOCTH O0e3bsAepHBIX BOAOPO-
JOTTOTOOHBIX (TIEKTPOHHBIX) 00pa30BaHUA PETHCTPH-
pyeTcs B rajakTuke. Pe3ynbTaTsl HCCIETOBaHUSA, IPH-
BeJieHHbIE Ha Tpaduke Puc.8, mpoBoannuce B Hamei
rajakTHKe.

CrenoBarenbHO, IUIOTHOCTh M3IYYEHUS C JUIMHON
BOJMHBL A = 1,9MM xapakTepu3yeT IUIOTHOCTb MEX-
3BE3AHOM Ccpebl Halllel TalakTUKKU «MJIeUHBINA ITyTh».

U3 mpoBeneHHOTO aHamW3a CIeIyeT, YTO Oe3b-
SIEPHBIC BOJIOPOIOTIOIO0HBIE (AIIEKTPOHHEIE) 00pa30-
BaHUS TEpPENalOT BECh CHEKTp (DOHOBOTO KOCMHUYE-
CKOT0 M3IYYCHUS, IPUBEICHHOTO Ha Tpaduke Puc.8.

Ocobo oOpaTiM BHHMaHHE, YTO Cpela, COCTOS-
mIast U3 O0e3bsAePHBIX AMEKTPOHHBIX 00pa30BaHUH, SIB-
JsieTcs MepeaaTIKoM BCETO CIeKTpa (pOHOBOTO KOC-
MHYECKOTO U3TyUICHHUS.

JlnmuHa BoHBI A = 1,9MM COOTBETCTBYET IIJIIOTHO-
CTH cpefbl 0e3bAIepHBIX MIEKTPOHHBIX 00pa3oBaHUit
BHYTPH IIPOCTPAHCTBA HAIIECH T'aJIAKTHKH.

[TocunTaem maccy O0e3bSIEpHOTO BOAOPOJOMNO-
JIOOHOTO (3JICKTPOHHOT0) 00pa30BaHUs C ONpEACIEH-
HOHM 4acToTe V, 3aIlOJIHSIONIEr0 IPOCTPAHCTBO HaIIei
TaJIAKTHKH.

Bocnone3yemcst ypaBHEHUEM, MPUBEACHHBIMU B
cTartke:

E=mcC?=hv (19)

W3 3T0T0 YpaBHEHUS ONpe/IeNIuM Maccy Oe3bsiiep-
HOTO JJIEKTPOHHOTO OO0pa30oBaHMSA, 3aMOITHSIONIETO
MIPOCTPAHCTBO HaIllEH TaJIaKTHKH.

(20)
[Tocuuraem Mmaccy 6C3LH,Z[€pHOFO QJICKTPOHHOI'O

o0pa3oBaHus C JUIMHOM BOJIHBI A =1,9 MM (yacTora v =
160,4I'T'm).

_h
m—;v

_h _662607015x 10" %73pr-c 9
m= zV= (310100m/0) 2 160,4 -10°T1x
_ 6,616 10727.102-10° _36
(1/¢)= 5 020 ~ 107°°r (21)

[Mocuutaem maccy Oe3bSIIEPHOTO 3JICKTPOHHOIO
oOpa3oBaHusI ¢ ITUHON BOJHBI A =21,1 cM (dacToTa v =
1420,40575 MI'm).

_h _662607015x10"*7spr-c 116
m = =V= 310100m/0) 2 1420,40575 -10°T'1x
_ 6614 10727103105 _38
(l/c)= 5 To20 =~ 107°°r (22)

W3 ananmza criekTpa MPHUBEICHHOTO Ha rpaduke
Puc.8 u dpopmyn (21) u (22) MOXHO chenaTh BBIBOJ,
YTO IUIOTHOCTH MaTepUANbHOW cyOcTaHINN Oe3baaep-
HOTO D3JIEKTPOHHOTO OOpa30BaHUS, 3aIlOJIHSIOIIETO
MPOCTPAaHCTBO HaOmogaeMoil BcenenHoi, sBnsgeTcs
NIEPEMEHHOM, HEOZHOPOHOM.

Kocmonornyeckas mocTossHHAs SBISAETCS MOCTO-
SITHHOM TOJIBKO B Tpejesax IMPOCTPaHCTBA COJTHEUHBIX
CHCTEM, TaJIaKTHK, ¥ B CKOIUICHUSX TaaKTUK B HAOIIIO-
JlaeMoi yactu BeeneHHol.

Jloxa3zarenbcTBOM MEPEMEHHOM IIIOTHOCTH Bellle-
cTBa BcenenHolf, oOpa3oBaHHOrO 0e3bAICPHBIMU
AIEKTPOHHBIMH OOpa30BAHUSAMH, SIBISIOTCS PE3YIb-
TaThl UCCIICIOBAHUSA, MOTYICHHBIC C MMOMOIIBIO CITyT-
HUKOB «Bosmxkep-1» u «Bosxep-2».

CorimacHO TMONYYCHHBIM JKCIEPUMCHTAIBHBIM
JAHHBIM, CPETHSS IUIOTHOCTH MHUKPOYACTHI[ COJTHEU-
HOTO BeTpa (DJEKTPOHEI, MPOTOHBI W HEHTPOHEI) Ha
paccrossauu 150 miH kM ot ConHIA B mpejaenax op-
6uTHl 3eMIIHM COCTaBIsIEeT §, § YacTUIl Ha KyOMYEeCKHH
CaHTUMETP.

II10THOCTP MUKPOYACTHI] HA TPaHMIE TeIHOIa-
y3bl (19 mapa kM ot ConHia) MOMydeHHas AETEKTO-
paMB MHKpOYACTHUII, YCTAHOBJICHHBIMHU Ha CITyTHUKAaX
«Bosymxep-1» u «Bosmkep-2», coctaBuna 0, 002 ya-
CTHIIBI HAa KyOMYECKUI CAaHTHMETD.

Jerekropamu ObITH OOHAPY)KEHBI TOJBKO MPO-
TOHBL. DIIEKTPOHBI U HEHTPOHBI B palflOHE TeIHOMay3bl
He OBLITH 3apeTUCTPUPOBAHEL.

B npupone Hudero He Mcye3aeT M HE BO3HHUKACT.
BemiecTBo B pupo/ie MEPEXOTUT U3 OJHOTO COCTOSTHUS
B IpyToe.

Onektponsl, u3nydaemble CosHueM, TpaHcdop-
MHUPYIOTCS B 0€3bsepHBIC JIEKTPOHHBIE 00pa30BaHu,
3aM0JIHSSI MPOCTPAHCTBO MEX3BE3IHON Cpe/pl Hallek
TaJIaKTHKH.

ITockonbKy €IUHCTBEHHBIMH MCTOYHHKAMHU MHK-
pOYACTHIl B TaJaKTHUKaxX SBISIFOTCS 3BE3[BI, CIEI0Ba-
TENbHO, 3BE3/IbI SBJIAIOTCS NCTOUHHKAMH DJIEKTPOHOB,
o0pasyromux Oe3bsIepHbIC IIEKTPOHHBIE 00pa3oBa-
HUSI MEX3BE3THON Cpenbl TallakTHK M MEeXXTralaKTHde-
CKOTO IIPOCTPAHCTBA.

CymMmapHOe W3Iy9eHHe 3BE3/ TallaKTUKH 00pa-
3yeT MEXTaTaKTHIECKYI0 Cpeny, 3aloJHIeMyo 0e3b-
SZIEPHBIMH 3JIEKTPOHHBIMH 00pa30BaHUSIMH.
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[TnoTHOCTh MaTepHadbHOW CYOCTAHIIMH, COCTOSI-
el 3 0e3bsAePHBIX JIEKTPOHHBIX 00pa30BaHUH, SB-
JSIeTCsl IepEeMEHHO BeIMYMHON B HAOJII01aeMOM IPO-
cTpaHcTBe BeenenHoit.

HaGmonaemoe npoctpancTBo Beenennoii Ha pac-
crostHud 46 MIIpA CBETOBBIX JIET B MPOCTpPaHCTBE 47
CTepaJyaH 3alloJIHCHO MaTepHAIBLHON CyOCTaHIMEH,
cocTosiiedl W3 0e3bsAepHBIX BOJOPOJIOIOJOOHBIX
(37eKTpOHHBIX) 00pa30BaHHIA.

HNmMnynbebl, nepegaBaeMble 3TOW cpenoH, MO3BO-
JSTFOT HaOonaTh BeeneHHy 0 Ha TAKUX PACCTOSTHUSX.

Ha ocHoBaHuM NpuBENEHHBIX PacYETOB MACChl U
CTPYKTYpPBI O€3bAIEPHBIX BOJOPOIOIOAOOHBIX (IIEK-
TPOHHBIX) 00pa30BaHUIl MOXKHO YTBEPKIaTh, YTO 3TH
00pa3oBaHys 3aMOIHSIIOT MEX3BE3THOE IPOCTPAHCTBO,
MEKTaJakTHYeCKOe MPOCTPAHCTBO TO €CTh IPOCTPaH-
cTBO BceneHHOM.

VimMeHHO  Oe3bsiiepHBIE  BOAOPOJONOAOOHBIE
(3nexTpoHHBIE) 00pa30BaHUs, 3aMONHAIONINE IPO-
CTPAHCTBO, NIEPEAAIOT UMITYJIbCHI U IPEICTABISIOT CO-
6011 TO, YTO Ha3BIBAIOT «APHUPOM) HITH KIIOTEM.

BriBoabI

1.JloxazaHa MaTepHaIbHOCTh CPEJbI, 3AIOJHSIIO-
el npoctpancTBo Beenennoi

2.Ha 0a3e 3KcliepUMEHTaIbHBIX TaHHBIX OIpesie-
JIeHa BHYTPEHHSS CTPYKTYpa 00pa30BaHuUH, 3ar0IHSI0-
IUX MEX3BE3THOC U MEXIaJaKTHYecKoe MPOCTpaH-
cTBa BcenenHolt 1 noka3aHo, 4TO 3TH 00pa30BaHUS SB-
JSI0TCA 6€3bsIepPHBIMU.

3.OmnpeneneHsl BEIMYUHBI MacChl ATUX 00pa3oBa-
HHUH B 3aBHCHMOCTH OT JJIMHBI BOJHBI (YACTOTHI).

4.Omnpenenén mpouecc Hepegaddl HUMITYJIbCOB B
MaTepUAIbHON Cpele, 3aNOJHSIOMEN MPOCTPAHCTBO
Bcenennoil.

5.I1poBenéH aHanu3 criekTpa GOHOBOTO KOCMHUUE-
CKOTO M3JIyYEeHHS U OIpeeSeHbl IPUUNHBI €r0 HEeOJ-
HOPOJHOCTH BO BCEM [HMAala3oHe CIEKTpa (OHOBOTO
KOCMHMYECKOTO H3JTy4eHHs.

6.Paccunrana BeaM4YMHA KOCMOJIOTMYECKOW II0-
cTossHHOM. JloKa3aHo, YTO KOCMOJIOTUYECKast TTOCTOSH-
Hasl SIBIAETCSl MOCTOSHHOM, HO TOJBKO B Tpenenax
OIpeNIeNEHHBIX IPOCTPAHCTB BeeneHHoM.
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Abstract

The article discusses some of the possible parameters of the freight market that influence management deci-
sions when choosing options for using the fleet of a shipping company. Based on the analysis of parameters, a
generalized scheme is proposed for the development of an analytical model of managerial decision-making.

AHHOTAN NS

B craTbe paccMaTpuBaloTCs OHU U3 BOZMOXHBIX TAPaMETPOB (PaXxTOBOTO PhIHKA, BIUSIONIMX HA IPUHSTHE
YIPaBJICHYECKUX PELICHUI pU BEIOOpPE BapHAHTOB MCIOJIB30BaHUs (IOTa CyO0XOAHON KoMmmanuu. Ha ocHoBe
aHaJIN3a IApaMeTPOB MIPeIoKeHa 0000IIeHHas cxeMa U1 pa3pabOTKH aHAIUTUYECKOH MOAENHU IPUHATHA yIIpaB-

JICHYECKUX PELICHUM.

Keyword: freight market, demand, supply, analytical model, shipping company
KiroueBble c10Ba: (PanTOBLIi/'I PBIHOK, CIPOC, MPCATIOKCHUC, aHATUTHICCKAA MOJCIIb, CYJOXOAHAas1 KOMIIa-

HHUA

Beenenne. DdHeKTUBHOCTE MCIOIB30BAHUS CY-
0B (priota MEXITyHAPOMHON CYNOXOJHON KOMITAHUS
GN Group LTD (Typmwust) [1] 3aBUCHT OT KauecTBa
MPUHUMAEMBIX PYKOBOJICTBOM KOMIIAHUH yIIpaBlIeHYE-
CKHX pEIICHUI, OCHOBAHHBIX Ha pe3yJbTaTe aHajIu3a
W3MEHEHHs] KOHBIOHKTYPbI MEXIyHapOIHOTO (paxTo-
BOTO DPBIHKA, a TaK JX€ y4eTa COOTHOILICHHS MEeXIy
CIIPOCOM U TIPEUIOKEHNEM YCIyT Ha TPaMIIOBbIH TOH-
HaX, ONpPEAeISIONMX KoyiebaHne (PpaxTOBBIX CTABOK
BOKPYT LIEHbI Npou3BojacTBa [2]. 3MeHeHHs ypOBHs
(hpaxToBOI KOHBIOHKTYPHI Ha PhIHKE 00yCIOBICHO 00-
M COCTOSTHHEM MHPOBOTO IIPOM3BOJICTBA, OJHAKO
CYIIECTBYET psifl crienu(UIecKux 0OCTOSATENBCTB, KO-
TOpble HEOOXOMMO YYUTHIBATH MPH NPUHATHH YIIPAB-
JeH4eckux pemeHnid. Kak npasuio, npuHUMaeMsle pe-
HIeHus1 0a3upyroTcs Ha 0OO0OIICHHON aHAaTUTHYECKOI
MO/IENTN TTOJTYYeHHSI IPUOBUIH TIPH HCTIOTIH30BAHNH Ma-
TepUaJIbHBIX aKTHBOB, KOTOPAsi IPUHSTA B KOMIIAHUH U
MO3BOJISIET YYUTHIBATh HA0OP KPUTHUECKH BayKHBIX I1a-
paMeTpoB (KOJIMUECTBEHHBIX U KAUECTBECHHBIX).

OcHOBHAas1 YaCThb.

B cootBercTBUM ¢ pucyHKkoM 1 mpu aHanmse oco-
OGeHHOCTEHl (paxTOBOrO PHIHKA HEOOXOANMO YUHTHI-
BaTh TUII pbIHKA M reorpaduuecKuii ceKiys padoTsl Cy-
JoB (iota. DTO CBSI3aHO C TeM, YTO Treorpaduveckne

CEKIIMH MHUPOBOTO (hpPaXTOBOTO PHIHKA U BUABI IEPEBO-
30K TECHO B3aUMOCBs3aHbI. biarogapst MOGHMIBHOCTH U
YHHMBEPCAJIBHOCTH CYAOB cynoxoaHas kommanus (CK)
MOJeT OBICTPO pearnpoBaTh Ha U3MEHEHHUS KOHBIOHK-
TYpbl B OJJHOH Kakoi-1100 reorpaduyeckoil cexuy,
YTO MPUBOJIUT K TIOCTETIEHHOMY TIepepacipe/ieIeHII0
TOHHAKa JI0 TeX I0p, OKa He OyIeT JOCTUTHYTO OTHO-
CHUTEJIbHOE BBIPAaBHMBAaHHWE CPEJHEr0 YPOBHS pPEHTa-
O0empHOCTH paboTHI (DIIOTa MO BCEH TPAHCIIOPTHOH CH-
cTeMe, M0JIeJICHHO! Ha reorpaduueckre CEeKIIMN MUPO-
BOTO ()paxTOBOTO PHIHKA.

ITomuMo reorpadueckoro CeKnuH, Cya0X0aHast
KOMIIaHMS JIOJDKHA YUUTHIBATH BIUSHHE HA CBOIO pa-
60Ty 0COOEHHOCTEH OTKPHITOTO MK 3aKPBITOTO (hpax-
TOBOTO PBIHKOB, a TaK K€ MX BIISHUE JPYT HA IpyTa.
3aKpBITEIA PRIHOK, KaK MPABHIIO, 00CTYKHBAET TPy30-
MTOTOKH, HAXOJAIIMECS MOJX KOHTPOJIEM TOCyHapCTBa,
peryisipHbIe TMEpeBO3KH KPYIMHBIX IMPOMBIIUICHHBIX
KOMIIAHUH U JIMHEIHOE Ccy0X0ACTBO. OTKPBITHIN PbI-
HOK BKIIHOYaeT MEXIYHapOIHble MOpPCKHE Ipy30I0-
TOKH, T'JIe y4acTHe B IIEPEBO3KaxX HE JIMMUTHPYETCS Ka-
KAMH-TH00 OIpaHWYEHHMSIMH U OCYIIECTBISIETCS B
YCIIOBUSIX OTHOCUTEIBHO CBOOOIHON KOHKYPEHIIHH.
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| PbIHOK NMHE MHOTO TOHHA XKa |<—|

| PbIHOK KabOTaXHbIX NEPBO3OK |<—

3aKpbITbIA PBIHOK

PbIHOK MOHOMO/IbHbIX
nepeBo30K COBCTBEHHOTO
Cbipbs

« ]

TOHHaXKHble PbIHKM TPaMMoBOTO

A

cyaoxoacTsa no

Ccreumanmsaumm cyaos

OTKpbITbIA PbIHOK

CyXOrpy3Hblii

TaHKepHbIN

*

4>| CeBepoamepuKaHcKast |
4" TuxooKeaHcKas |
il
-y
4" O Hoame prKaHcKas |
. Feorpaduyeckune
®paxToBbIN PbIHOK —>| CeBepoeBponeiickas
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KoHTeMHepHbIN u e |
. 4>| HOMMCKan
4" AscTpasmiickan |

Puc. 1. Obwas cmpyxmypa gppaxmogozo pvinka [4]

OTKPBITHIN U 3aKPBHITHIHA PHIHKA TECHO B3aUMOJICH-
CTBYIOT JpyT ¢ ApyroM. Tak, B meprnoj HU3KOTo crpoca
Ha TOHHaXX MHOTHE TPAMIOBBIC CYIOBIAEIbIIbI MIPHU-
HUMAIOT y4acTHE B IMHEIHBIX NIEPEBO3KAX: B KAUECTBE
ayrcaiinepoB nuO0 cmaBas CBOW (IOT B TaiMYapTep
wieHaM KoH(epeHInn. B ciydae, ecnu cutyanust us-
MEHsIETCs, HallpuMep, B TepuoJi Oyma cripoca JIMHeu-
HBIf TOHH@)X IIUPOKO MCIOJB3YETCS I MEpEeBO30K
MAacCOBBIX TpPY30B, OCOOCHHO B MaJlo3arpy>KEHHBIX

MEX Ty TeorpadMuecKUMA CETMEHTaMH M THITOM PBIHKa
MPOMCXOJIHUT IO POJTY IEPEBO3MMOTO TPY3a, UTO B 3aBH-
CHMOCTH OT CIIOXKHBIIEHCS KOHBIOHKTYPBI (PPaXTOBOTO
PBIHKA OKa3BIBAET BIMSHHUE Ha 3Q(PEKTUBHYIO 3aTPY3KY
cynoB. Hampumep, 6ajikepsl MOT'YT HCIIOJIB30BATHCS HA
MepeBO3Kax Y, PYIbl, 3epHa WM YyIOOpeHHit, a
HedTeOaNKepsl U HEPTEPYJIOBO3bI - HA MEPEBO3KAX
HaJIMBHBIX WX HABAJIOYHBIX I'PY30B. COBpeMeHHbIe JIe-
COBO3BI - TAKETOBO3BI - HA MEPEBO3KAX Jieca, HABAIOY-
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Puc. 2. Ocnognvle noxkazamenu 06006weHHOU AHATUMUYECKOU MOOEIU 051 AHATU3A KOHBIOHKINY Db
@paxmosoeo pvinka

CynoxonHo#t komnanust GN Group LTD (Typ-
1Hs1) SBJISIETCS YYaCTHUKOM OTKPBITOrO (hpaxToBOro
PBIHKA, KOTOPEIHA cocTaBiseT 15-20% ot obmiero oob-
eMa MeX/yHapOJIHBIX MOPCKHX IIEPEBO30K, YTO B a0CO-
JIOTHOM  BBIp@KEHHHM cocTaBiter okoino 500
MJIH.T/TOJI, WM JIECSTKU ThICSY (DPAXTOBBIX CHENOK B
rox [3]. B cooTBeTCTBUM C PUCYHKOM 2 K OCHOBHBIM
MOKa3aTesIM OTKPHITOrO (hPPaxTOBOTO PHIHKA MOXHO
otHectH: cripoc (D), nena (P) u npenoxenue (S). 3Ha-
YeHHE JTUX IIOKa3aTelell OTpaKaroT KOHBIOHKTYPY
MEKIyHApOIHOTO (paxTOBOI'O PHIHKA, KOTOpas pac-
CMAaTpUBAETCsl KaK COOTHOIIEHHWE MEXIY CIpPOCOM M

MPEUIOKEHUEM YCIIYT Ha TPaMIIOBBIA TOHHAX, KOTO-
poe ompezensercs: kojaebanueM GpaxTOBBIX CTABOK BO-
KpYT LIEHBI IPOU3BOACTBA [2].

B 00001eHHOM BHIE, HA 3HAYEHUS IOKa3aTeIeH
OKa3bIBAaET BIUSHUE psAJ MapaMeTpoB (HAIpUMep,
HalpuMep IeHa JIOKALHOTO (PPaxToOBOTO PBIHKA), KO-
TOpBIC OTPAXKAKT OCOOCHHOCTH MPOU3BOJICTBA TPAHC-
MOPTHBIX YCIYT Ha TIO0AIBHOM MEXIYHAPOTHOM
(dpaxToBOM phIHKE. TpaHCIOpTHAS MPOAYKIMS HE MO-
JKET TPOM3BOJMTHCS B 3allaC U XPAHUTHCSA HA CKIIAZax
JI0 TIOBBINIICHUS HA Hee crpoca. B ciaydae kpusuca cy-
JIOBJIaJIeJIel] BEIHYKJICH MPOJI0KATh IKCILTYaTHPOBATh
CBO# ()JIOT 710 TEX MOP, IMOKA CBSI3aHHBIE C 3TUM YOBITKH
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HIDKE, €M PacXoJbl MO COACPIKAaHMIO CyAHA Ha IPHU-
kone. IlosToMy B mepmox M30bITKAa TOHHaXkKAa CTAaBKU
(paxTa najaroT HHOTAA HUXKE CE0ECTOMMOCTH MEPEBO-
30K, YTO SBJISIETCS] IPUYMHON CMEHBI reorpaduieckoi
CeKIMH paboTHI Cy0B (IIoTa.

BeiBoabl. Mcnons3oBanne 0000IIEHHON aHAIN-
THUYECKON MOJENIN JUIS aHajh3a KOHBIOHKTYPHI (pax-
TOBOT'O PHIHKA MIO3BOJISIET ONPENIEIIUTD TOUKY pPaBHOBE-
CH MEXAY TPeMs MOKa3aTeNsIMH B 3aBHCHUMOCTH OT
obwemoB TepeBosumMoro rpysa: S(Q), P(Q), D(Q). B
COOTBETCTBHH C PUCYHKOM 2, TOUKOI PaBHOBECHS CUH-
taet Pg(Q), kKoTOpass oTpakaeT CIOCOOHOCTH CYIOB
(hoTa mepeBecTH ONpPEAEICHHOE KOINIECTBO Ipy3a 3a
MaKCHMaJIbHYIO LEHY B CIOXHBIIUXCS PBIHOYHBIX
YCIOBUSIX. AHAJIN3 MTOKa3aTeeld u mapaMmeTpoB, OIpe-
JEISIIOIINX KOHBIOHKTYPY (PpaxToBOTO PBHIHKA, TIO3BO-
JSIET YCTaHOBUTH TEHJICHIIUIO PA3BUTHS CIIPOCaA U P~
JIO)KEHHsI TOHHa)Ka, a TaK)Ke OLECHUTh CHUTYAIMIO0 Ha
(paxToBOM pBIHKE B CPEIHECPOYHOM IEPCIEKTHBE.
OT0 mO3BONISIET CHOPMHUPOBATH HEOOXOIUMYHO 0azy
JUTSL IPUHATHSL 0OOCHOBAHHBIX PEIICHHH 0 TAKHM BO-
mpocaM, Kak crava ((ppaxToBaHHE) CyJOB B TaiiM4ap-

Tep, 3aKIMIOYECHHE JOJITOCPOYHBIX KOHTPAKTOB, MPO-
JaXka WIN TOKYIKa CyJ0B, OBIBIINX B AKCILTyaTaIHuu.
Tem He MeHee, IpHU ONPEAENEHUU CTPATETUU U IMPO-
TpaMMBI CTPOHTEIBCTBA HOBOTO (JIOTA JJISL CYNOXO/-
HOW KOMIIaHWHU, HEoOXoxuMmo (opMHpOBaTH IOJrO-
CPOYHBIi TPOTHO3EI (Ha 5 niet u 6onee). list aToro Tpe-
Oyercsl y4YMTHIBaTH BO3PACTHOHW coOCTaB (uioTa IO
THIIaM 1 TOHH)XHBIM IPYIIIIaM CyA0B, HOPTQeIb 3aKa-
30B Ha 3-5 JeT, TEHAEHIUH Pa3BUTHs IPOU3BOJCTBA U
9KCTIOpPTa AaHHOW T'PYIIIBI TOBAPOB M U3MEHEHUS T'€0-
rpaduu OCHOBHBIX I'PY30TIOTOKOB.
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IMPROVING THE ACCURACY OF OBJECT RECOGNITION BY REDUCING THE SCALING
ERRORS OF PATTERN
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Azerbaijan State Scientific-Research Institute for Labor Protection and Occupational Safety
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In robotics, when recognizing objects by their images, errors arise associated with changing the image scale.

This error is due to the minimum change in the distance between the reference object or recognizable image and
the camera. The article outlines known methods for scaling images and describes their shortcomings. An algorithm
for scaling object images is proposed. It is shown that the reliability of pattern recognition in this case increases
by minimizing errors in estimating the measure of proximity between objects with equally accurate measurements.
The article presents the results of computer simulation of the proposed algorithm in the form of tables and analyzes
the additive, multiplicative and scale errors in measuring the parameters of objects. The simulation showed the

advantage of using this algorithm over others.

Keywords: recognition, accuracy, proximity measure, scale errors, invariance

1. Introduction. Intelligent or adaptive robots can
be used in nuclear power stations, rescue operations,
chemistry, oil-gas and mining areas, counter-terrorism,
when inspecting the area during the protection of ob-
jects and other extreme conditions, as well as space re-
search. Under these conditions, people may not be
within the object, or their presence within the object is
dangerous for their life. Moreover, in conditions of high
danger, a person begins to make mistakes, his working
capacity and efficiency of work are reduced [1].

Remote control robots by operators cannot be con-
trolled when they enter radio-shadows. That is why it is
very important for them to work autonomously, at least
for a short time. In addition, the management of robots
requires constant attention, which is very tiring. In
some environments (fog, smoke, night, etc.), operators
often lose direction.

Unlike robots controlled by radio and television
communication channels, intelligent and adaptive ro-
bots can work very effectively even during strong radio
interference, in a wide area of radio shadows (high-rise
buildings, mountains, mines, underwater area, shielded
rooms), as well as at a distance from the control station.

The main reason that prevents the development of
high-performance robots is the lack of an accurate con-
cept of the construction, organization and operation of
such systems. Modern robots are poorly adapted to
changing real conditions because they are based on ex-
isting automatic control and regulation theory.

2. Problem Statement. There are two directions in
the development of intelligent robots.

The first direction is to create completely inde-
pendent systems to solve more complex problems in
conditions of different levels of certainty. The com-
plexity of the conditions is determined by the presence
of priori information about the external environment.
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This direction is used in the development of robots op-
erating in a high-precision environment.

The second direction is an integrated human-ma-
chine system, in which the number of functions per-
formed by the machine increases exponentially. Re-
moving the operator from monotonous work and direct
control significantly reduces the amount of information
sent through the air, and the ability of the operator to
intervene in complex situations expands the range of is-
sues to be addressed. Thus, the intellectual capabilities
of the robot depend on the intelligence and professional
training of the operator, and during the performance of
simple operations, the machine provides tirelessness,
reliability and error-free performance. As this is more
important for the military, a number of remote-con-
trolled robots have been developed for military pur-
poses.

One of the main organs of robots in both directions
is technical vision systems. Technical vision systems
perform the functions of adaptive robots, together with
manipulators, when visual sensing organs are provided
with devices that technically enliven and adapt individ-
ual human intellectual functions. However, there are
currently a number of reasons that limit its widespread
use. The most important of these is that it is not yet suf-
ficiently effective. Therefore, increasing its effective-
ness is one of the most important issues facing science
and technology [2,3].

During the operation of technical vision systems,
its effectiveness is mainly determined by 3 parameters:
recognition accuracy, working speed and functional re-
liability. Therefore, in order to increase the effective-
ness of technical vision systems, it is necessary to in-
crease one of them, depending on the field of applica-
tion, and at least keep the others unchanged.

There are real opportunities to increase the work-
ing speed of technical vision systems. Examples in-
clude the use of accelerating elements and blocks using
the latest advances in electronics and microelectronics,
the use of modern computer hardware and technology,
the use of parallel-type matrices, artificial neurons and
optical structural computing devices. Thus, there are
theoretical methods and tools to increase the working
speed of technical vision systems. This problem has
been solved theoretically. The practical solution is de-
layed due to insufficient technical means and technolo-
gies.

The reliability of technical vision systems remains
a very important issue in all areas of application. How-
ever, the issue of its increase depends on the develop-
ment of electronic and microelectronic equipment,
computer equipment and technology, and their reliabil-
ity is currently at a very high level [4].

As for the recognition accuracy of technical vision
systems, the problems have not been fully resolved. Be-
cause as technique and technology develop, the com-
plexity of objects and processes increases, and the need
for their automation becomes more rigorously. At the
same time, the size of recognizable images is reduced
and further complicated. In this case, the issue of in-
creasing the accuracy of recognition becomes even
more relevant.

The reliability of technical vision systems means
correctly determining the compatibility of recognition
and standard images with each other. When determin-
ing the proximity of these images, the proximity of the
measured values of the parameters that characterize
them is checked. Therefore, the closer the real values of
these parameters are, the greater the demand for their
measurement errors. Because in this case, the effect of
measurement errors on the accuracy of recognition is
stronger. If the true values of the parameters are signif-
icantly greater than the measurement error from each
other, then an error in recognition is not allowed. It
should be noted that, the latter case is more widespread
in technical issues. That is, the parameters of recogni-
tion and standard images compare very little from each
other. Therefore, minimization of measurement errors
of parameters of images is a very actual issue [3,5].

3. Problem solving. One of the harmful factors
that increase the measurement errors of the parameters
of patterns is the scale change of recognized patterns.
When recognizing patterns, the scale of the recognized
pattern does not remain constant relative to the scale of
the standard image and is constantly changing. The rea-
son for this is the constant change in the distance be-
tween the object and the field of vision of the technical
vision system. In this case, even the same objects will
not be recognized correctly when using formulas to es-
timate the measure of proximity between existing pat-
terns. Therefore, invariance of scale changes in the de-
scriptions of recognizable objects must be ensured [6].

There are many formulas, methodologies, and ap-
proaches for estimating the measure of proximity (z)
between recognition and standard images during pat-
tern recognition: Euclidean distance, Chebyshev
distance, Minkowski distance, standardized Euclidean
distance, Hamming distance and more [1]. However,
the listed formulas partially eliminate additive errors
and multiplicative errors when estimating the measure
of proximity between objects. Errors resulting from the
change in the scale of the images are not eliminated in
these formulas. The latest errors can be partially
eliminated by the Canberra formula. Therefore, another
method or algorithm should be used to eliminate the
dependence of image recognition on scale changes.

The measure of proximity (z) between recognition
and standard patterns can be measured using various
formulas. The most common of these are the Manhattan
(1) and Canberra (2) formulas [1,3,5]:

n
Z= Z Xi_yi (1)
i=1
X. =Y.
7 = | I‘
i

@

I ™M=

1 Xi + yi‘

Where x; and y; are the current parameters of
recognition and standard patterns, respectively.

As can be seen, the Manhattan formula is com-
pletely unsuitable for scale variations of recognizable
images. The Canberra formula is partly suitable for
scale changes of the recognizable images. However,
experiences show that this is not enough for the effec-
tive operation of technical vision systems.
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Various structural and algorithmic methods are
used to create more effective invariance of technical vi-
sion systems to scale changes of recognition patterns.
However, they do not completely solve the problem, as
they complicate the structure and operation of the sys-
tem. Therefore, the issue of ensuring the invariance of
the scale changes of recognition patterns during image
recognition remains a topical issue. In recent studies, it
has been suggested to determine the measure of prox-
imity between objects using the following formula to
eliminate scale errors in patterns [7,8]:

n ‘ X:
Z= Y !
I = 1‘ Xaverage yaverage‘

Where Xgperage aNd Yaperage are the mean values
of the parameters of the recognition and standard im-
ages, respectively.

The dependence on the change in the size of prox-
imity between objects during recognition depending on
the scale of the image was checked by computer mod-
eling. In computer modeling, this formula was com-
pared with the known Canberra formula [1] and other
formula proposed by the author [4].

However, studies have shown that there are some
shortcomings of this formula. Disadvantages of this
formula:

The number of image parameters should not de-
pend on the scale. In general, the number of image
points and recognition parameters changes when the
scale of the image changes and the value of the scanned
pixel is constant. Therefore, in this case, the character-
istic points as parameters should be taken so that the
number does not change. Because in this case, not the

Y |

®3)

point of the image, but the point next to it can be taken
by mistake.

When the value of a parameter changes, the mul-
tiplicative error also changes, which creates an addi-
tional error [9,10].

Therefore, 2 options should be considered to solve
this issue.

1.The number of image parameters does not de-
pend on the scale. In this case, the scaling coefficient of
the image must be found. This coefficient should be
found as the ratio of perimeters, pixels or areas of ref-
erence and recognition images. After that, from the
Ximeasure = K * Xi req1(1 + 6x) + Ax formula x;, the
real value should be found. Here x; ,oq; , 6x Vo Ax are
the real value, multiplicative and additive errors of the
image parameter, respectively. Multiplicative and
additive errors of image parameters can be determined
a priori.

Then the final formula is as follows:

Z=z1F 2+ +zy Z; = Xireal — Vi

2. The number of parameters of the image depends
on the scaling. In this case, 2 methods can be used:

a. Characteristic points should be taken as a pa-
rameter.

b. After the scaling coefficient is found, the scale
of the image is artificially changed to equal the humber
of pixels in the reference image. After that, by taking
k = 1inthe above formula, z should be found with that
formula.

Taking into account the mentioned innovations,
computer modeling was carried out.

The obtained results during the study are given in
the tables.

Table 1
The dependence of the measure of proximity between objects on the change depending on the scale of the
image
Multiplicative error | Additive error | K- scale change Azy (for Az,*10* Azz*10*
of measurement of y- of of recognizable Manhattan (for (for Canberra
Xi measurement image formula) proposed formula)
of 4- xi formula)

0.01 0.5 1 0 0 0

0.01 0.5 1.1 0.5 2 2.48
0.01 0.5 1.2 14 3.7 4.5
0.01 0.5 1.3 2.31 5.1 6.2
0.01 0.5 1.4 3.18 6.3 7.7
0.01 0.5 15 3.99 7.4 9.02
0.01 0.5 1.6 4.72 8.3 10

0.01 0.5 1.7 5.4 9.1 11

0.01 0.5 1.8 6.04 9.9 12

0.01 0.5 1.9 6.63 10.5 12.8
0.01 0.5 2.0 7.18 11 13.5
0.01 0.5 2.1 7.7 11.6 14.2
0.01 0.5 2.2 8.18 12.1 14.8
0.01 0.5 2.3 8.64 12.5 15.3
0.01 0.5 2.4 9.07 12.9 15.8
0.01 0.5 25 9.47 13.3 16.2
0.01 0.5 2.6 9.85 13.7 16.7
0.01 0.5 2.7 10.21 14 17

0.01 0.5 2.8 10.55 14.3 17.4
0.01 0.5 29 10.88 14.5 17.7
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In Table 1 when estimating the measure of prox-
imity between the images the multiplicative and addi-
tive errors are assumed to be constant, the proposed
method appears to be more effective than the Canberra
and Manhattan methods when the scale change of the
recognizable image increases to 0.1.

Az;, Az,and Az;in the table are calculated as fol-
lows:

Here, Z,,,Z,, and Z;,— respectively, the ob-
tained values by using (1), (2) and (3) formulas of the
measure of proximity between the recognizable image
and the standard image in n current scale change of rec-
ognizable images; Z; o, Z, o and Zs , — respectively, are
the obtained values using formulas (1), (2), and (3) to
measure of proximity between the standard image and
recognizable image when the scale of the recognizable

Z Z Z —-Z image is equal to the scale of the standard image. The
AZ = kn kO . A7 = M . dependence of the measure of the proximity between
1 Zk0 $T2 Z2 0 ' objects during recognition on the change of the multi-
! plicative error in the measurement of the parameters of
23 n_ 23 0 the recognizable image was checked by computer mod-
A, = — ! eling. The obtained results are presented in Table 2.
3 z
3,0
Table 2
Dependence of the change in the measure
of the proximity between objects depending on the multiplicative error
Multiplicative error | Additive error of | K- scale change of Azy -( for Az,*1078 Az3*10°6
of measurement of | measurement of 4- | recognizable image Manhattan (for (for Canberra
7= Xi Xi formula) proposed formula)
formula)
0.01 0.5 1 0 0 0
0.011 0.5 1 3.97 2.59 2.37
0.012 0.5 1 7.94 4.48 4.82
0.013 0.5 1 119 6.64 7.73
0.014 0.5 1 15.8 8.72 10.3
0.015 0.5 1 19.8 11.1 12.9
0.016 0.5 1 23.7 13.5 15.5
0.017 0.5 1 27.7 15.1 18.1
0.018 0.5 1 31.6 17.6 21.08
0.019 0.5 1 35.5 19.6 23.66
0.020 0.5 1 39.5 21.8 26.1
0.021 0.5 1 43.4 24.0 28.7
0.022 0.5 1 47.3 26.2 31.2
0.023 0.5 1 51.3 27.8 33.9
0.024 0.5 1 55 30.4 36.6
0.025 0.5 1 59.1 33.1 39.1
0.026 0.5 1 63 35.1 41.6
0.027 0.5 1 66.9 37.1 44.1
0.028 0.5 1 70.8 39.1 47.1
0.029 0.5 1 74.7 40.8 49.57

In Table 2, when estimating the measure of prox-
imity between the images the additive error and the
scale change of the recognizable image made are taken
to be constant, the method proposed at increasing val-
ues of the multiplicative error appears to be more effec-
tive than the Canberra and Manhattan methods.

The dependence of the measure of the proximity
between objects during recognition on the change of the
additive error in the measurement of the parameters of
the recognizable image was checked by computer mod-
eling. The obtained results are presented in Table 3.
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Table 3
Dependence of the change in the measure
of the proximity between objects depending on the additive error
Multiplicative error Additive K- scale Az;*10 Az,*107* Az5*10*
of measurement of y error of change of (for Manhattan | (for proposed (for Canberra
- Xi measuremen | recognizable formula) formula) formula)
t of A- X image

0.01 0.5 1 0 0 0

0.01 0.55 1 18.5 2.2 2.7

0.01 0.6 1 37.1 4.4 5.4

0.01 0.65 1 55.7 6.6 8.1

0.01 0.7 1 74.3 8.86 10.7
0.01 0.75 1 92.8 11.06 13.4
0.01 0.8 1 111.0 13.2 16.1
0.01 0.85 1 129.0 15.4 18.8
0.01 0.9 1 148.0 17.6 21.5
0.01 0.95 1 167.0 19.8 24.2
0.01 1.0 1 185.0 22.0 26.8
0.01 1.05 1 204.0 24.2 29.5
0.01 1.1 1 222.0 26.4 32.2
0.01 1.15 1 240.0 28.6 34.9
0.01 1.2 1 259.0 30.8 37.5
0.01 1.25 1 277.0 33.0 40.2
0.01 13 1 296.0 35.2 42.8
0.01 1.35 1 314.0 37.4 43.5
0.01 14 1 333.0 39.5 48.1
0.01 1.45 1 351.0 41.7 50.8

In Table 2, when estimating the measure of prox-
imity between the images the multiplicative error and
the scale change of the recognizable image made are
taken to be constant, the method proposed at increasing
values of the additive error appears to be more effective
than the Canberra and Manhattan methods.

The analysis of the values obtained as a result of
modeling is shown in the following results.

4. Conclusion

1.The proposed algorithm gives less error than the
Canberra formula, which is the best of the existing for-
mulas for determining the invariant to scale changes of
recognizable image when estimating the measure of the
proximity between objects.

2.The proposed algorithm gives less error than the
Canberra formula, for the multiplicative error of meas-
uring the parameters of the recognizable image

when estimating the measure of the proximity be-
tween objects.

3.The proposed algorithm gives less error than the
Canberra formula, for the additive error of measuring
the parameters of the recognizable image when estimat-
ing the measure of the proximity between objects.
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Abstract

The article analyzes the problems of construction and determination of the basic properties of three-dimen-
sional numbers, as well as exploring opportunities to use them, along with quaternions, in modeling physical pro-
cesses and digital processing of three-dimensional signals and images. It is noted that the algebras of quaternions,
octaves and other hypercomplex numbers are actively used in various branches of science and technology for
mathematical and computer modelling of complex physical processes and designing high-tech technical devices
and systems.

The main part considers the peculiarities of using modified multidimensional numbers for modelling pro-
cesses and designing high-tech devices. The main attention is given to the possibility of using hypercomplex num-
bers in modelling multidimensional signals. It is suggested to use three-dimensional variables represented as hy-
percomplex humbers for the processing of three-dimensional signals.

On the basis of the analysis of features of algebraic bases for multidimensional and three-dimensional num-
bers offered in the paper it is shown that they form, in general case, noncommutative on multiplication algebra
with division over the field of real numbers. Moreover, the functions of the considered hypercomplex variables
satisfy the Laplace equation. This means that the functions of hypercomplex variables are harmonic functions.

It is concluded from the mentioned results that the development of the theory of functions of hypercomplex
variables will considerably enlarge the instrumental base of applied mathematical research.

Since in practice one has to solve problems in three-dimensional space most often, more detailed considera-
tion of the properties of three-dimensional hypercomplex numbers will follow.

In conclusion, it is pointed out that the algebraic properties of hypercomplex numbers, including the proposed
three-dimensional numbers in this paper, allow using them for mathematical and computer simulation of complex
physical processes and designing of high-tech technical devices, as well as effectively conduct research in the
processing of multidimensional signals, the dimensionality of which coincides with the dimensionality of hyper-

complex numbers.

Keywords: hypercomplex number, quaternion, transformation, multidimensional signal, harmonic function.

At present, vector algebra, algebras of quaterni-
ons, octaves and other hypercomplex numbers are ac-
tively used in various fields of science and technology
for mathematical and computer simulation of complex
physical processes and design of science-intensive
technical devices and systems [1-5]. For example, in
the design of modern control systems of moving ob-
jects, communication and information transmission
systems much attention is paid to the problems of digi-
tal processing of multidimensional signals and images
[6,7]. When solving particular problems of multidimen-
sional signal transformation, different authors use the
most suitable sections of mathematics in their opinion.
The method of using hypercomplex numbers [8] can
also be considered as one of the effective methods of
processing complex structured signals. It should be
noted that in recent years, a number of scientific papers
also propose new modifications of hypercomplex num-
bers, which expand the theoretical possibilities of re-
search works.

In this paper we will consider some basic proper-
ties of three-dimensional numbers and their use, along
with quaternions, in modelling and digital processing
of three-dimensional signals and images.

As it is known, Fourier transforms, Laplace trans-
forms and Z-transforms are most commonly used in the
processing of one-dimensional signals. With increasing
spatial dimension of signals the above mentioned trans-
forms are considered depending on relevant number of
variables. For example, when studying two-dimen-
sional signals, extended Fourier transform of two vari-
ables is used and considered. The use of hypercomplex
numbers gives a good toolkit for research and pro-
cessing of complex multidimensional signals and im-
ages.

Recall that the most developed systems of hyper-
complex numbers are obtained by first doubling the
complex numbers, which are usually written in the
form

Z=X+ly, (1)
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and then obtained four-dimensional and other dou-
bled further hypercomplex numbers. Note also, the au-
thor of this paper has shown the possibility of construct-
ing an algebra of three-dimensional numbers [9].

In [9] it was pointed out that the best known ex-
tension of complex numbers forming a noncommuta-
tive algebra with division are quaternions, which have
the form

X=X, +i% + JX, +KXg @)

where X,, X, X,, X3 — real numbers, i,j u k —im-
aginary units satisfying the following rules
i°=j°=k>=-1,ij=—ji=k,
jk=—ki=i,  ki=—ik=]j.
In the same paper it was noted that in the general

case, the hypercomplex number g can have the follow-
ing form

N
q=2i%, )

where X, — real number, i, — unit guiding factor.

For a complex number, if it is treated as a special
case of a hypercomplex number, in formula (3) the con-
ditions for the unit guide coefficients must be fulfilled

iozigslyioil=il @)

-2

iy =-1 7 (5)
where a - random real number.

For multidimensional hypercomplex numbers, the
unit guide coefficients can satisfy the conditions

i0 = Ig =1 iOin = in (6)

(7)

Values o i define the properties of hypercomplex

i, =0

numbers. Formulas (4) and (6) mean that io is the unit

coefficient of the real number axis and i,X, = X, is a

real component of a hypercomplex number.

In order for the hypercomplex numbers to form a
division algebra, accept unit guiding coefficients i, mu-
tually orthogonal and establishing an orderly relation-

ship of direction to either of X ¢ X,, T.e. with points
on the real number axis, as follows
X,
l,=—".
oX,
It follows from (8) that i, are unit vectors. There-

fore, given the properties of the vector product and us-
ing (8) without transformations, we have

i =—i i, =-1,i7=-1. (9)

(8)

N
Any hypercomplex number ¢ = X, +Zinxn :

n=1
can be geometrically represented as point A in space
with coordinates X;, X;, X,,...,Xy . In this case, the

coordinate X, characterizes the scalar component of

the hypercomplex number, and the set of other coordi-
nates describe its vector component. A hypercomplex

number can also be represented as a vector with the
starting point at the origin and the end at point A. When
representing a hypercomplex number in this way, the
scalar component and the total vector component can
be seen as scalar and vector projections of the hyper-
complex number, respectively.

The basic principle of limit theory for hypercom-
plex numbers is based on and proceeds from the as-
sumption that there exists a single point belonging to all
spaces of a given sequence. The concept of a limit point
for hypercomplex numbers is similar to the concept of
a limit point for complex numbers.

P=f (q) is a single-valued function defined by

the area G hypercomplex variable spaces g. Derivative
of a function f(q) at the point g (mark

f'(g)= ﬂ) is defined as follows
dq

£1(q)= lim 2P — jim 10+A0=1(@)
Ag—0 Aq Ag—0 Aq
Equation (10) can be represented as
. AP . AP, +AP, ,
lim —= lim ——~=f'(q), (11
Aa—0 Aq 23538 Aqs + Aqv

Aqs = AXO ! Aqv

N
A X,
n=1
N
AP, = Afy, AP =AY i f,
n=1

As of Aq—0, as in the case of a separate Aqs—0,
and when the condition is separately fulfilled Aqy—0,

Af, +iinAfn

fim =25 PAR ey f*(a),
Aug—0 AXO AXy—0 AXO
(12)
N
Afy + i AF,
lim ——= = f'(q) (13)

N

Ag,—0 .
E 1,AX,
=1

From (12) and (13) it follows that the Cauchy-Rie-
mann conditions for hypercomplex numbers are

N
Ay My oy, =Zaf” (14)
oX, Ox,  OX, ox,  Sox
afj —_ 8f0 afk —_ afo
X, OX; X, 0%
atn=1,2,...j,...k,...,N, (15)
afi afk
—L =", (16)
OXy  OX,

Equation (16) follows from (15). Equation (14)
takes expression (16) into account.
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By differentiating (14) with respect to X, taking
into account (15) we get
2 N 2
0 f2° +za f2° =0.
OXy  na OX;
Equation (17), as we see, is the Laplace equation.
This means that the function f0 is a harmonic function.

From equations (14) - (16) we also obtain

(17)

o°f N, o2 f
L4y ——1=0. (18)
OXy ma OX,
From the last equation it follows that the functions
f, are also harmonic functions.

To summarize the first and main points above.

1.Hypercomplex numbers of the form (3) satisfy-
ing conditions (6) and (9) form in general a noncom-
mutative multiplicative algebra with division over the
field of real numbers.

2.Functions of the hypercomplex variables con-
sidered satisfy the Laplace equation. This means that
the functions of hypercomplex variables are harmonic
functions.

It can be concluded from the mentioned results
that the development of the theory of functions of hy-
percomplex variables will make it possible to consider-
ably extend the instrumental base of applied mathemat-
ical research.

In view of the fact that we have to solve problems
in the three-dimensional space most often in practice,
let us dwell on the study of the functions of three-di-
mensional hypercomplex numbers.

Restricting expression (3) to the first three terms
of the expansion, let us write the three-dimensional hy-
percomplex number in the form

g=Xx+iy+jz ,
where X=X,, Y =X,Z=X,,i =1, ]=1,.

Thus, condition (9) for three-dimensional hyper-
complex numbers in these notations will take the form

i2=j7=-1ij=—ji=-1

(19)

(20)

F(q) =I f (z)exp(—qz)dz =I f(2)exp[ —(s+ix+ jy)z |dz.

In this equation Z and Qare three-dimensional
variables of the form

g=S+IX+]}y. (26)

At the value of $=0 and condition ij =0 from

(25) one can obtain an analogue of the two-dimensional
Fourier transform, which has been investigated in suf-
ficient detail and is widely used in practice. A more de-
tailed analysis is not given here due to space limitations
of the paper.

Summing up, we note that the algebraic properties
of hypercomplex numbers, including the three-dimen-
sional numbers proposed in this paper, allow using
them for mathematical and computer simulation of
complex physical processes and design of science-in-
tensive technical devices, as well as effectively con-
ducting research in the processing of multidimensional

The value of the radius vector of a three-dimen-
sional variable is determined by the expression

R:|q|:\/ﬁ:«/x2+y2+z2 . (21)

In expression (21), R is a module of a three-dimen-
sional hypercomplex number.

Note that these three-dimensional numbers do not
form a normalized algebra similar to the algebra of qua-
ternions, but can be used to solve a number of applied
scientific and technical problems.

Angle between the radius vector and the axis x
mark 6, and the angle between the projection of the ra-
dius-vector on the yz plane and the y-axis denote ¢, then

x=Rcosd
y =Rsin@cosg
z=Rsingsing

A hypercomplex three-dimensional number in a
coordinate system R, 0, ¢ takes the form

a=Rcosd+(icosp+ jsinp)sin6]

B (22) R —module, 8 and ¢ — arguments of a three-
dimensional hypercomplex number.

In addition to the representation in the form (19),
a hypercomplex three-dimensional number can also
have the following form

q= R[cosé’X +icoso, + jCOS@ZJ. 23)

where 6y - angle between the radius vector and the
axis x, 6y - angle between the radius vector and the axis
y, 6, - angle between the radius vector and the axis z.

Using the representation of a three-dimensional
number in the form (19) one can construct a three-di-
mensional version of the Laplace transform as well.

The Laplace integral, as it is known, has the form

F(p)= _[ f(z)exp(—pz)dz. (24)
Here integration is performed on some given con-
tour in the plane of the complex variable z, which puts
the function f(z) defined on L in agreement with the an-
alytic function F(p) of the complex variable
p=X+ly.

In case of use a three-dimensional variable instead

of a complex variable in (24), you can get

(25)

signals whose dimensionality coincides with the di-
mensionality of hypercomplex numbers.
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In practice, some cases are available, when due to a small sample, measuring the accuracy of proximity meas-

ure values estimation between recognizable and reference objects is low because of the increased random error. In
order to reduce random errors, it is necessary to carry out repeated measurements of the parameters. However, this
reduces the performance of the pattern recognition system, which is undesirable in many cases. Therefore, methods
are needed not to have little effect on the performance of the system by reducing the values of random errors in
the measurement of parameters. The article considers an algorithm for increasing the reduction of random errors
in estimating the measure of proximity between objects by using the minimum number of repeated measurements
and a priori information on the distribution of random errors. The algorithm is based on the use of computer

resources and fuzzy set theory.

Keywords: geometrics, measurement, small sample, object recognition, random errors, fuzzy set theory,

membership function.

1. Introduction. When recognizing close images,
proximity measure values between objects turn out to
be in the same order as the value of the errors in its as-
sessment. Therefore, the recognition reliability of close
images is low, and in order to improve it, great efforts
are required to improve the accuracy of estimating the
proximity measure values between objects [1,p.198],
[2].

Increasing the recognition reliability of close im-
ages provides for a number of measures to minimize
errors in estimating the proximity measure values be-
tween objects. However, the existing measures are de-
signed to minimize systematic errors in estimating the
measure of proximity between objects. The situation is
different with the minimization of random errors. The
only effective way to minimize random measurement
errors is the statistical processing of measurement re-
sults. However, this requires a large number of meas-
urements, which significantly degrades the operation
speed of the system. Therefore, the development of new
methods for minimizing random errors in estimating
the proximity measure values between objects that do
not significantly degrade the operation speed of the sys-
tem is relevant [3,p.325-330], [4,p.223].

2. Problem statement. The used method suggests
the use of fuzzy set theory. The theory of fuzzy sets is
based on the concept of a fuzzy set, which is character-
ized by a membership function [3,p.215-219], [4,p.150-
153].

The basis of the method for obtaining the mem-
bership function is the estimation of the probability
density f(z) of proximity measure values between ob-
jects z from small sample size. There is often a sharp
reduction in the amount of information, which is the
reason for the search for ways to make better use of
limited information. This leads, first of all, to the need
to create effective statistical methods for analyzing lim-
ited data. In limited conditions information is usually
operated with a small sample, which is realized as a
small number of observations over proximity measure
values between objects that describes the phenomenon
under study. The insignificant efficiency of traditional
methods of statistical analysis with a limited amount of
data leads to the need to search for new methods of data
processing.
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The main tasks of statistical analysis of a small
sample are: estimation of the distribution law; estima-
tion of the moments of proximity measure values be-
tween objects; testing statistical hypotheses.

3. Problem solving. The definition of a small sam-
ple can be approached from information positions.
Since a random sample carries information about the
image under study, statistical processing is nothing
more than extracting information from the sample. If
we apply the term “small sample” to the method of es-
timating the proximity measure values between objects
between fuzzy sets, then we get the following defini-
tion. A small sample is recognized as a set {z1, ...zn} of
experimental values of z; obtained during appropriate
tests, and n is so small that it is impossible to use clas-
sical methods for determining the distribution law Z.

For small n= 3,8, in order to obtain an estimate for /{z),

it is possible to use the method of rectangular contribu-
tions. This method is aimed at constructing an estimate
for the distribution density /{z). It is based: in addition
to the sample itself {z1,...zn} on the use of additional a
priori information about the value of the proximity
measure values between objects z; on an individual ap-
proach to each individual implementation of the sam-
ple; on a uniform “smearing” of information obtained
from a separate implementation of the sample; on a fi-
nite interval d [6,p.130] .

As additional a priori information, the knowledge
of the interval [zmin, Zmax] Of the change in the value of
the proximity measure between objects z is assumed. In
this case, it is assumed that the estimated distribution
function f(z) being continuous, does not have very steep
leaps in a given interval, and

f(Z)ZO’Z E[Zmin’zmax]; (1)

f(Z)EO’Z g[Zmin'ZmaX]' (2)

The presence of such a priori information, even in

the absence of implementations of z, makes it possible

to construct an estimate for the density /{z). At the cur-

rent level of the knowledge, none of the possible imple-

mentations within the interval [Zmin, Zmax] can be given

preference. Such a feature has a uniform distribution on

[[Zmin, Zmax]. Therefore, in the absence of a small sample,
the density estimate is presented as:

f(2)=12) o

The function fO(z) is called a priori distribution
density.

The rectangular contribution is the result of
‘smearing’ each z; value over some 2d interval from z-
d to zi+ d. The width of the contribution 2d can be se-
lected subjectively [7,p.191-201].

If only the limit values of zZmin,and Zmax are known,
and none of the possible values of z within these limits
can be given preference in terms of probability, then the
initial approximation of the probability density is as-
sumed to be as follows:

- ;,ze[z

fo (Z):

min? Zmax] ;

Zrmax ~ Zmin (4)
0,z¢|zmm2

min? max] '

The presence of the experimental value of zi makes
it possible to specify the estimate by adding a rectangu-
lar contribution

1 :
o.(2)= E,ZE[Zi—d,Zi-l-d], -
0z¢lz —d,z, +d].

The rectangular contribution is set symmetrically
about the point x=x; on a finite interval of length d,
which is a “smearing” the information about the prox-
imity measure values between objects obtained from
this implementation.

Linear summation with equal weights of a priori
density (4) and contributions (5) for all n sample ele-
ments {zi,...zn} eventually leads to the desired density
estimate [4,p.186].:

)= 6@+ o) o

where a = (n+1)* is weight coefficient.

In equation (6), through the weight coefficient a,
the density estimate f{z) is normalized. When construct-
ing a density estimate by the method of rectangular con-
tributions according to equation (6), for contributions
that go beyond one of the interval boundaries [zmin,
Zmax], it iIs recommended to discard the parts that go be-
yond these boundaries. Above the remaining part of the
contribution, which lies inside the interval [Zmin, Zmax],
as above the base, a rectangle should be evenly built up,
the area of which is equal to the discarded one.

On condition

Z,0inZ2(Z,€ - {2, {Z ax )

It is possible to accept
d= maX(Zi ~ Zin i — Zigr Zimax — £ ) 8)
For the extreme contributions ¢1(z) and ¢n(z), go-

ing beyond one of the boundaries of the interval
[zmin,Zmax], the following equations can be accepted:

1

(01(2): d+ Z; = Zpin e [Zmin’ Zl], )
O’ Z¢ [Zmin’ Zl] ,
1
0, (2)=10d+ 2,0 — 2, zelzn znel, (10)
0,z¢ [Zn , Zmax]'

If the boundaries zmin and zmax are known, then in-
stead of (6) the following equation of taken

f<z>=nlg(pi<z>,

where instead of (8) the following equation can be
written

(11)

d =max(z, -z,,). (12)

As a result of the analysis of a small sample any
proximity measure values between objects can be rep-
resented by the relevant discrete fuzzy set. For this,
firstly, a small sample should be obtained, i.e., several
proximity measures value between objects z; should be
found. Secondly, it is necessary to obtain a subjective
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estimate of the probability density 7(z) from the imple-
mentation values of Z, using the analysis of a small
sample, i.e., continuous membership function
ua(zi)=F(2). The subjectivity of f(z) is determined by
the subjectivity of the selection of n and d. Thirdly, we
need to discretize Z into Zmin, Zmax and move from 7(2)
to the subjective probability function pa(z), i.e. to the
trellis membership function wa ( zi)) = pa(z) = ua
[8,p.111-114].

Based on the above-mentioned, the procedure for
obtaining the membership function ua (zi) for a fuzzy
set is as follows: a small sample z1,2,,...,zn is experi-
mentally determined; the width 2d and the height h of
the rectangular contributions are selected; the contribu-
tions (4),(5) are determined; an estimate of the proba-
bility density (6), (8) is determined and its graph is con-
structed; discretization Z is carried out, the values of z;
and their subjective probabilities are determined; the
trellis membership function and the fuzzy set are fixed.

4. Example. As a result of the research, several im-
plementations (from 3-15) of the random variable of the

2d =2max{z, —z,, }=2max{2 -1 4 -2} =2max{l; 2} = 2*2 = 4,

6) the height of the rectangular contribution h so
that 2dh = 1(d=2):
h= 1 = 1 =0,25
2d 4
3. According to formula (5), rectangular contribu-
tions are determined in the range from zi-d mo zj+d:

(15)

0,25, zel-2,1+2];
(pl(z)z{o; ze¢[l-2,1+2]; (o
0,25 z€[2-2,2+2];
¢2(Z)={o;z¢[z—2,2+2]; 4
0,25 ze[4-2,4+2];
7a( )Z{O;ze[4—2,4+2]. (1)

6

-1

4. The range [-1;6] of the continuous value of
proximity measure between objects Z is assigned in ac-
cordance with seven values z; of the discrete value of
the proximity measure between objects Z

zi=-0,5; 0,5; 1,5; 2,5; 3,5; 4,5; 5,5

with subjective probabilities the following equa-

tions are obtained

P.(2) =T 22 =0083=P,(2,) =P,(2)) ()
P.(2) =15 0167 =P.(2.) = P.(2) 29

P,(z,)= 1*2’75 =0,25

(25)

Z =0,083/1+0,083/2+0167/3+0,25/4+0167/5+0167/6+0,083/7.

Simulation of the program algorithm showed that
with an increase in the number of repeated measure-
ments NK, the proximity measure values between ob-

jects decreases to zero [11,p.30-33]..

[ F(z)dz = %(3*1*0,25 +2*1*0,5+1*1*0,75) = 0,83

recognized and reference objects parameters were ob-
tained. It is required to obtain the relevant fuzzy set and
the trellis membership function for the proximity meas-
ure values between objects. For this, it is necessary to
perform the following algorithm [10,p.125]..

1. Let us be given some small sample: a) with the
initial values of the recognized object x1=99; x,=98;
xs=97; b) with the reference values of the object
y1=100; y»,=96; ys=101. According to the Manhattan

formula
n
2= % -V
i=1

the proximity measure between the recognized
and reference objects is calculated. After the calcula-
tion, a new small sample is formed: z1=1; 2,=2; z3=4.

2. The followings are selected:

a) the width of the rectangular contribution 2d, de-
termined as the maximum of the subsequent values dif-
ferences z; from the previous ones zi1

(13)

(14)

Simplifying formulas (16) - (18), the following
equations are obtained:

0,25 ze[-13];
‘”1(2):{0; rel 13 (19)
ke
0,25,z € [2; 6];
(Ps( ): {0; 7 ¢ [2; 6]. (21)

_ 3
Accordingto (3.11) f (z) = %ngi (z) is found
1

according to which the following is obtained

(22)

,
where Z P, (Zi ) =1
i-1

6. We get the membership functions of the prox-
imity measure values between objects z:

0,083,i =127
u,(2,)=10167,i=35,6; (26)
0,25,i=4

and a discrete fuzzy set of proximity measure val-
ues between objects

@7)

5. Conclusion. The analysis of the obtained results
showed that the universal division of the range of ran-
dom errors variation into intervals is achieved by se-
lecting the interval width b=¢/. This is due to the char-
acterization of random errors. Testing various input
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data showed full compliance of theoretical research
with experimental results. This means that the devel-
oped algorithm has sufficient reliability. Therefore, it
can be used to improve the reliability of RO by reduc-
ing random errors in estimating the proximity measure
between objects. The final results showed that the opti-
mal selection of the interval width can more accurately
estimate the proximity measure between objects.
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Abstract
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This paper presents the results of numerical studies of a three-electrode cathode lens with axial field symmetry

and analyses its paraxial parameters and spatial aberrations. The resultant calculations and analysis of the focusing
properties of the lens show that the values of lens aberrations become greater the greater the negative modulo value
of the applied potential of the focusing electrode. The results of this work can be used in the design of electron and

ion-probe technology nodes for micro- and nanoelectronics and a wide range of analytical devices.

Keywords: cathode lens, beam, charged particle, focusing, parameter, aberration, crossover.

The cathode or emission lens is one of the main
elements of electron- and ion-beam process units in mi-
cro- and nanoelectronics, charged particle accelerators
and a range of analytical instruments and devices. The
quality of focusing in a cathode lens directly determines
the main technical characteristics of high technology
devices and the resolution of analytical instruments [1-
6].

In this paper, we numerically investigated and an-
alysed the paraxial parameters and spatial aberrations
of a three-electrode cathode lens consisting of a planar
cathode and two cylindrical electrodes with equal di-
ameters that are arranged in series and coaxially. Note

that there has been much research on the focusing prop-
erties and aberration characteristics of various lens
types, e.g., [7-11].

Introduce a cylindrical coordinate system I, Z,
. The cathode in this coordinate system is perpendicular
to the main optical axis Z and the cathode surface is
used as the reference for this coordinate. The for-
mations of the cylindrical electrodes (bodies of rota-
tion) are parallel to the axis z . For cathode potential,
the value of potential of the first and second cylindrical

electrodes is assumed to be zero., @, u @, .

Due to the rotational symmetry of the electrodes,
the parameters of the lens in question are independent
of the coordinate i/ .
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The electrostatic potential distribution along the
main optical axis of such a lens can be calculated with
sufficient accuracy using the formula

®(z)= ¢1th(1.318%) + %((pz - (pl){th(l.318 . +Rzl j +th(1.318 . _Rzl ﬂ | M

where Z; - is the length (formative size) of the

first cylindrical electrode (i.e. focusing electrode); R -
is the radius value of the cylindrically shaped elec-
trodes. The dimensions of the gaps between the elec-
trodes are considered small and can be neglected.

In the paraxial approximation, the motion of
charged particles in the lens in question satisfies the
equation [2]

(Dr”+ECD'r'+ECD”r =0. )
2 4

The general solution to equation (2) is
(o) = Ru(@} oo V2R . @
k

where I, - coordinate of the point of departure of
the charged particle from the cathode, d)'k - value of

electrostatic field strength at the cathode, &, - radial
component of the initial energy of a particle escaping
from the cathode, S - the angle between the planes,

one of which passes through the axis z and the parti-
cle's point of departure, the other through the initial ve-
locity vector and a line parallel to the axis Z, starting
at the point of departure of the particle, U(Z) u V(Z) -
YaCTHBIE JINHEHHO-HE3aBUCUMBIE peuIcHuA ypaBHCHU
).
The solution U(Z) satisfies equation (2) under in-
itial conditions
u0)=1, u'(0)=0. @)
Due to the resultant Z = O the singularity in equa-
tion (2) the second partial linear-independent solution

V(Z) is defined from the expression

v(z)=Jo(zw(z) ©)

where \N(Z) is a solution to the equation

@W"+§®'W'+§CD"W:O (6)
2 4

under initial conditions

w(0)=1, w(0)=0. %
The cathode lens parameters were calculated as-
suming it formed a crossover, i.e. under the condition

u(z) -, =0 ®
here Z. denotes the crossover coordinate of the

charged particle beam generated by the lens in question.

As a result of numerical calculations carried out
using computers, the ratios of the lens parameters (elec-
trode sizes, electrode potentials) at which the condition
(8) is fulfilled were determined. The results are pre-
sented as a graph (Figure 1). In carrying out the calcu-
lations it was assumed R =1. In the figures hereafter,

line 1 corresponds to the value Z, = 5R, line 2 - value
z, =10R, line 3 - value z, =15R, line 4 - value
z, =20R.

The coordinate of an arbitrary particle with non-
zero initial energy in the crossover plane can be deter-
mined by the formula

2 .
r(zc): (D_'\/g_rv(zc )elﬁ ' ©)
k

From expression (9) it can be seen that the beam
crossover size in paraxial approximation for different

values Z, depends on the values @, and V(Zc).
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Figure 1 - Graph of crossover formation conditions.

The individual aberrations of the lens in question can be determined by analysing the charged-particle trajec-
tory equation [2]

re'*?) = ru(z)+bv(z)+ 1, \/£,Cpi(2) + b, C,p(2) +
+ rk3C31(Z)_+ rk261C32 (Z)_+ r’b,Cs, (Z)+
+r b12C34(Z)+ I b1b1C35(Z)+ b12b1036(2)+ N&,Cq; (Z)"' blng38(Z) - (10)

Aberration coefficients C, (n =23 ] :l,2,...,8) have the form

C, =B, -u'¢;, Cy,=B,,~V'{,, Cyy =By, —U'S,,
C32 = Bsz _u,é/zz ' Css = Bss _U’gzz _V'é/Zl ,
C34 = B34 _Vlgzz ) C35 = Bss _u,gzs _Vlgzz ,

Css = Bse _V’é/zs ' C37 = Bs7 _U’§z4 ) Css = Bss _V’§24 : (11)
here
2 ) S. Zg S.
B, =——| u|—=vdz, —v|—=udz, |, 12
’ ch'UJE : !@ °J (2
where
S, = Jo o"'u, (13)
20, '
Sy = Jo o"'v (14)
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%1:2;u3—%%qu

S, = qig uzv—%[g”zzu +V&y],
S, = CI:;;/ uv? —%vézz ,
gszigth-%gmgn+VQJ’
S, = CI;IZV ve _%gza\/
Sggz—%vgm—%ﬁv.

Included in the latter expressions ¢, - {,, are determined according to the following formulas

1
421—§

uu Tuu
—— o [—dz
PR W
‘\/620 n 1 1
=—j(u v-u'vz,
2 0
Joi 1 (@7 , @,
_ —avi- 2y g
4/23 jq)\/_k 4 \ 4 \Y ZO ’

_lof j ‘leL - (2@@"—@'2)}&0.

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

The results of the calculations of a number of aberration coefficients are shown in the graphs below (fig.2 to

fig.7).
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From the data obtained, it can be seen that the ab-
erration values of the investigated lens become larger
in cases where the focusing electrode has a larger mod-
ulo negative value of the applied potential. In this case,

the lens field is more curved, impairing the ability to
focus at high quality. The compensating effect of one
or more additional focusing electrodes can be used to
overcome this factor.
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Abstract

Solovei O.

Candidate of Technical Sciences (PhD),

Kyiv University of Civil Building and Architecture
Kyiv, Povitroflotsky Avenue, 31, 03680
ORCID:0000-0001-8774-7243

Widely used metrics to evaluate binary classification model include Fj score, which for unbalance datasets

may give overoptimistic evaluation points. There are conducted research which recommends using Matthews Cor-
relation Coefficient (MCC) for binary classification model’s evaluation with unbalance datasets. However, a per-
formance goal of model’s evaluation may treat with different priorities the model’s ability to be correct for all
objects versus to be correct only for objects from “positive” class. In this case, MCC can measure only 1% aspect

but Fj; score - both aspects of model’s performance.

Keywords: binary classification model, F score, Matthews Correlation Coefficient (MCC), confusion ma-

trix.

A binary classification model for each object from
dataset predicts it’s class. The class of the binary clas-
sification model is always described by a set of two val-
ues, e.g., "+1" or "-1". Regardless of the class’s name,
one class is considered as "positive” and the other -
"negative"”. For example, a model of binary classifica-
tion in medicine must be able to determine the presence
or absence of a disease then in the first case the object
will be assigned to the "positive" class, in the second -
to the "negative". Most classification algorithms are su-
pervised learning, i.e., input dataset includes ‘“real
world” class for each object from the dataset. Once the
model is built, it’s predicted class is compared with
available “real world” class and each object is assigned
to one of 4 categories:

TP — includes object(s) which “real world” class is
"+1" and model’s predicted class is "+1";

FP - includes object(s) which “real world” class is
"-1" and model’s predicted class is "+1";

TN - includes object(s) which “real world” class is
"-1" and model’s predicted class is "-1";

FN - includes object(s) which “real world” class is
"+1" and model’s predicted class is "-1".

The number of objects per each category is in-
TP FN )

FP TN
and binary model’s quality is evaluated by metrics cal-

culated on matrix M. The most often used metrics are
Accuracy, Recall, Precision, Fg score (1), Matthews
Correlation Coefficient (MCC) (2), area under ROC
and PR curves [1,2,3].

cluded in model’s confusion matrix M = (

_ (1+8%)TP )
B (1+B3)-TP+B2-FN+FP
MCC = TP-TN—FP-FN @)

(TP+FP)-(TP+FN)-(TN+FP)-(TN+FN)

In formula (1) the value of B determines whether
Precision or Recall has more impact on over all Fg
score. When g € [0,1) then the value of Precision has
the bigger impact; when 8 > 1 - the value of Recall.
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When g = 1 then both metrics are equally considered.
The values of Fj score belong to interval [0,1]; when
Fp is equal to 1 then binary model correct 100% of
times and identifies correctly all of objects from posi-
tive class.

The values of MCC per formula (2) belong to in-
terval [—1,1]; when MCC is equal to 1 then binary
model has no misclassified objects.

Despite widely used metrics Accuracy and Fz met-
rics for measuring a binary classification model’s qual-
ity in works [2,3] is recommended to use MCC metric
instead, especially for unbalanced datasets, emphasiz-
ing that the F; produces more optimistic quality score
than actual model's ability to predict object’s class. The
examples in favour of MCC given in [2,3] include:

1. for a "positively" unbalanced dataset that in-
cludes 91 objects of class "+1" and 9 objects of class "-
1", the model classifies 99 objects to class "+1" and 1
object from positive class is included to class "-1", i.e.
the matrix M consists of values: TP =90, FN =1, TN
=0, FP =9. According to formulas (1) - (2) is obtained:
Fg—; =0.95, MCC =-0.03.

2. for a "positively" unbalanced dataset that in-
cludes 75 objects of class "+1" and 25 objects of class
"-1", the model classifies 11 objects to class "+1" and
89 objects — to class "-1"", i.e. the matrix M consists of
values: TP =5, FN =70, TN = 19, FP = 6. According

to formulas (1) - (2) is obtained: Fg_; =0.12, MCC = -
0.24.

3. for a "negatively" unbalanced dataset that in-
cludes 90 objects of class "-1" and 10 objects of class
"+1", the model classifies 98 objects to class "+1" and
2 objects - to class "-1" i.e. the matrix M consists of
values: TP =9, FN =1, TN =1, FP = 89. According to
formulas (1) -(2) is obtained: Fz_; = 0.17, MCC = -
0.19.

4. for a "negatively" unbalanced dataset that in-
cludes 89 objects of class "-1" and 11 objects of class
"+1", the model classifies 3 objects to class "+1" and 97
objects to class "-1", i.e. the matrix M consisted of val-
ues: TP =2, FN =9, TN = 88, FP = 1. According to
formulas (1) - (2) is obtained: Fg_; =0.29, MCC =0.31.

The summary of model’s evaluation from exam-
ples 1-4 is presented in rows “Fg_;” and “MCC” from
Table 1. The value of MCC is lower than “Fg_,”, how-
ever as it was specified at the beginning, MCC is meas-
ured by interval [-1,1] whereas Fj - by internal [0,1] so
to have a correct comparison the received values of
MCC must be normalized fist as specified by formula
(3) and only after compared with Fg.

McC! = Mcc+ 3)

2
The normalized MCC is presented in line MCC'’
from Tablel. The comparison of MCC' vs Fjg show:

Table 1
Binary classification models evaluated by Fgz_, and MCC’
1 2 3 4
Fp_q 0.95 0.12 0.17 0.29
MccC -0.03 -0.24 -0.19 0.31
MccC' 0.49 0.38 0.41 0.66

Example Nel: for "positively" unbalanced dataset
the model failed to classify correctly objects from class
“-1” (TN=0) but Fg_, is high (the higher than MCC")
because the number of objects included in FP and FN
is relatively small compare to the number of objects are
included in TP (formula (1) doesn’t take into consider-
ation models’ failure for TN but MCC formula (2)
does).

Examples Ne2, Ne3, Ne4: MCC' is higher than F_,
because formula (1) has more penalty for big values in
FN and FP compared to formula (2).

The results from Tablel demonstrate that for the
unbalanced datasets (examples Ne2, Ne3, Ned) the re-
ceived MCC' is more optimistic than Fg_; and may lead
to incorrect conclusions regarding the model’s perfor-
mance and only for the unbalanced dataset (example

Nel) when ration "™ _ > 1 McC' metric is signifi-
FP+FN

cantly low and Fg_; looks overoptimistic.
Let’s now measure models’ correctness for all ob-
jects against models’ correctness for only objects from

positive class. For models from example 1-4 set g = 2
to estimate’s model Recall and set $=0.0001 to esti-
mate’s model Precision. The new summary is presented
in Table2. The received scores to be read as:

Example 1 — model is correct 97% of times and
identifies correctly 91% of objects from positive class,
so if the goal is model’s correctness, then model from
example 1 is quite good.

Example 2 — model is correct 8% of times and
identifies correctly 45% of objects from positive class,
so both model’ precision and recall are low and model
isn’t good.

Example 3 — model is correct 9% of times and
identifies correctly 33% of objects from positive class.
so both model’ precision and recall are low and model
isn’t good.

Example 4 — model is correct 67% of times and
identifies correctly 21% of objects from positive class,
so if the goal is model’s correctness, then may be model
can be considered as good.
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Table2
Binary classification models evaluated by Fg_¢ 901 and Fg_,
1 2 3 4
Fp—q 0.95 0.12 0.17 0.29
Fg=0.0001 0.91 0.45 0.09 0.67
Fp—p 0.97 0.08 0.33 0.21
Mcc' 0.49 0.38 0.41 0.66
The results from Tablel and Table2 allow to con- References

clude the following: for unbalance dataset Fg_; looks

. . TP
overoptimistic when ration > 1 so as recom-
FP+FN

mended in [2,3] MCC' to be considered for model eval-

. - TP
uation; when ration —— < 1 then Fg_; score doesn’t
FP+FN

tend to be overoptimistic and can be used for model’s
evaluation. When binary model needs to be evaluated
for is ability to correctly classify object from only “pos-
itive” class then metric Fg score to be utilized with cor-

responding value of  parameter.
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