? ISSN 1684-9310

hitos.//journal kineu.kz/

oy (T

HAVKA

HAYYHO-NPOU3BOACTBEHHbLIM XXYPHAN

«2026

AHYPHAN 2001 XbiNOQAH BACTAN LWbEFALOR ’(
THE MAGAZINE HAS BEEN PUBLISHED SINCE 2001
KYPHAN BbIXOOWT C 2001 MOOA

-

-~
-

=
_

HbINBIHA 4 PET WbFAOR
PUBLISHED 4 TIMES A YEAR

NEPMOOWYHOCTDL 4 PASAB MO0

KoctaHain, 2026
Kostanay, 2026
N ./,




bac penakrop P.A. Mamenosn
M. Jlynamoe amvinoazer KUnJY npesuoenmi, Kocmanaii, Kazaxcman
Bac penakropasin opbiabacapsl H.K. Yaepoaea
PhD, M. Jlynamoes amuvinoazvl KHnJY 2vinvimu-unHo8ayusanivlk 0amy sHeaHe Heacanobl UHMENLIEeKm

arcenindeei npopekmopwi, Kocmanaii, Kazaxcman

PepakuusibIK ajakKa:

ACTA®LBEB B.JIL. T.F.1., ipod., KACXH, MAAO akanemuri, Kocranaii, Kazakcran
ACAHAJINEB A.XK. a.ILF¥. 1., npod., bimkek, Kpipreizctan

EPHIOB B.JI. a.ILF.g., mpod., OMObI, Peceii

KEHIIOX U.T'. 3.F.1., ipod., KACXH akanemuri, [lerponasn, Kazakcran
KEHEHBAEB C.b. a.Lr.a., mpod., KP ¥FA akanemuri, Anvarel, Kazakcran
JIOPETI O.I'. 0.r.1., non., ExarepunOypr, Peceit

MAXATOB b. M. a.ILF.g., mpod., Anmarel, Kazakcran

MHNOMOJI3YXHUHA H.A. 1Lf.xa., npod., OMOsbL, Peceit

CABMEB Y K. T.F.1., mpod., OMOBI, Peceit

CAJTAMATOB A.A. ILF.J., 1o1., Yensounack, Peceit

CTEJIbBMAX B.B. M.F.K., KocTtanaii, Kazakcran

CBICOEB A.M. 3.F.1., mipod., MAAO akanemuri, Boponex, Peceit
TPUOOHOBA M.D. a.qLF. 1., pod., MAAO akanemuri, Mackey, Peceit
XYJISAKOBA E. B., 3.7.1., mpod., MAAO akanemuri, Maockey, Peceii
XAJIAHOBHAY B.B. T.F.K., 1o1., MAAO akanemuri, Kocranaii, Kazakcran

Penakuus mekenxaiiol: M. lynaros arbinaarsl KUHJY, UepublmeBcknii koul., 59, 306 kao.,
Kocranaii k., Kazakcran, 110007
Temn.: 8-708-678-30-87. E-mail: nauka@kineu.kz
Kayants! xatmsl: B.I1. BypnamoB TexHukanslk xaTmsl: A.A. AMaHTaeB

M. JlynatoB ateigarsl KUHDY kemncananbl FEUTBIMU-OHIIPICTIK )KYPHAITBI

Menmrik ueci: «M. Jlynatos ateinaarsl Koctanail HHXEHEpIiK-9KOHOMHUKAIIBIK YHHUBepcUTET» KM
Kypuan 2001 xpurman 6acrarn mbiFaasl. Mep3iMauIiri: )KeuibiHa 4 pet

Kazakcran PecnyOnmukacel MojeHueT >koHE akmapaT MUHHCTPIITIHIE TIpKEIreH, TipKey Kyaiiri
No2086-K, 26.06.2001 x.

ISSN xansikapansik opransirsinga (FOHECKO, IMapwxk, @pannust) tipkenreH. ISSN koxapr: 1684-
9310

bacna mekenxaitpl: 110007, Kazakcran, Kocranaii k., UepnsimeBckuii kemr., 312A, M. Jlynaros
aTeiHAarel KocTaHaii mH)XKEHEPITiK-9KOHOMUKANBIK YHUBepcuTeTi. Ten.: +7-777-119-99-12

© M.lynaros aTeingarsl KocTranaii HH:XKeHepJIiIK-9KOHOMHKAJBIK YHHBEPCHTETI


mailto:vest_econom@enu.kz

Editor-in-Chief R.A. Mamedov

President of M. Dulatov Kostanay Engineering and Economic University, Kostanay, Kazakhstan

Deputy Editor-in-Chief N.K. Uderbayeva

PhD, Vice-Rector for Research, Innovation Development and Artificial Intelligence, M. Dulatov

Kostanay Engineering and Economic University, Kostanay, Kazakhstan

ASTAFYEV V.L.

ASANALIEV A.Zh.
ERSHOV V.L.

KENDYUKH I.G.

KENENBAYEY S.B.

LORETZ O.G.
MAKHATOV B.M.

POPOLZUKHINA N.A.

SABIYEYV U.K.
SALAMATOYV A.A.
STELMAKH V.V.
SYSOEV A.M.
TRIFONOVA M.F.
KHUDYAKOVAE.V.

KHADANOVICH V.V.

Editorial Board:

Doctor of Technical Sciences, Professor, Academician of KASAS, IAAO, Kostanay,
Kazakhstan

Doctor of Agricultural Sciences, Professor, Bishkek, Kyrgyzstan

Doctor of Agricultural Sciences, Professor, Omsk, Russia

Doctor of Economic Sciences, Professor, Academician of KASAS, Petropavlovsk,
Kazakhstan

Doctor of Agricultural Sciences, Professor, Academician of NAS RK, Almaty,
Kazakhstan

Doctor of Biological Sciences, Associate Professor, Yekaterinburg, Russia

Doctor of Agricultural Sciences, Professor, Almaty, Kazakhstan

Doctor of Agricultural Sciences, Professor, Omsk, Russia

Doctor of Technical Sciences, Professor, Omsk, Russia

Doctor of Pedagogical Sciences, Associate Professor, Chelyabinsk, Russia

Candidate of Medical Sciences, Kostanay, Kazakhstan

Doctor of Economic Sciences, Professor, Academician of IAAQO, Voronezh, Russia
Doctor of Agricultural Sciences, Professor, Academician of IAAO, Moscow, Russia
Doctor of Economic Sciences, Professor, Academician of IAAO, Moscow, Russia
Candidate of Technical Sciences, Associate Professor, Academician of IAAO, Kostanay,

Kazakhstan

Editorial Office Address: M. Dulatov Kostanay Engineering and Economic University 59
Chernyshevsky St., office 306, Kostanay, Kazakhstan, 110007

Tel.: 8-708-678-30-87. E-mail: nauka@kineu.kz

Executive Secretary: B.P. Burnashov Technical Secretary: A.A. Amantayev

Multidisciplinary Scientific and Production Journal of M. Dulatov KEnEU

Founder: Private Institution «M. Dulatov Kostanay Engineering and Economic University»

The journal has been published since 2001. Periodicity: 4 times per year.

Registered with the Ministry of Culture and Information of the Republic of Kazakhstan, certificate
No. 2086-2K dated June 26, 2001.

Registered with the International ISSN Centre (UNESCO, Paris, France). ISSN: 1684-9310

Printing house address: 312A Chernyshevsky St., Kostanay, Kazakhstan, 110007 M. Dulatov
Kostanay Engineering and Economic University Tel.: +7-777-119-99-12

© M. Dulatov Kostanay Engineering and Economic University


mailto:vest_econom@enu.kz

I'naBublii penakrop P.A. Mamenos

IIpesuoenm KHn3Y umenu M. /[ynamosa, Kocmanaii, Kazaxcman

3am. rnasHoro pexakropa H.K Yaepoaea

PhD, IIpopexmop no nayuno unHOBAYUOHHOMY PA3GUMUIO U UCKYCCMBEHHOM)

unmennekmy KHn2Y umenu M. /[ynamosa, Kocmanau, Kazaxcman

ACTA®BEB B.JL
ACAHAJIMEB A.K.
EPILOB B.J.
KEH/JIOX U.T.
KEHEHBAEB C.B.
JOPETIL] O.T.
MAXATOB B. M.

ITOITIOJI3YXHUHA H.A.

CABHEB YVY.K.
CAJIAMATOB A.A.
CTEJIbBMAX B.B.
CBICOEB A.M.
TPUPOHOBA M.D.
XYJISAKOBA E. B.,
XAJJAHOBHY B.B.

Anpec penakuun: KHHJQY nmenu M. [lynartosa, yi. Yepnsimesckoro 59, 306 kao., r.

PepaknuonHnasi KoJjierus:

1.T.H., mpod., akax. KACXH, MAAO, Kocranaii, Kazaxcran
1.c.-X.H., Ipod., bumkek, Keipreizcran

1.Cc.-X.H., mpod., Omck, Poccus

1.3.H., ipod., akaa. KACXH, IlerponaBnoBck, Kazaxcran
1.c.-X.H., mpod., akan. HAH PK, Anmarsl, Kazaxcran
1.0.H., no11., ExarepunOypr, Poccus

1.C.-X.H., mpod., Anmarsl, Kazaxctan

1.Cc.-X.H., mpod., Omck, Poccus

1.T.H., mpod., Omck, Poccust

I.ILH., go1., Yemgouuck, Poccus

k.Men.H., Kocranaii, Kazaxcran

1.3.H., ipo., akaa. MAAO, Boponex, Poccus

1.C.-X.H., mpod., akax. MAAQO, Mocksa, Poccus

1.3.H., mpod., akax. MAAO, Mocksa, Poccust

K.T.H., 701I., akag. MAAOQO, Kocranaii, Kazaxcran

Kocranaii, Kazaxcran, 110007

Ten.: 8-708-678-30-87. E-mail: nauka@kineu.kz

OtBercTBeHHBIN cekpetaph: b.Il. BypHamoB TexHuueckuii cekperapb: A.A. AMaHTaeB

MHoronpomibHBINH Hay4HO-TTPOU3BOACTBEHHBIN XypHan KUHOY nmenu M. [lynaroBa

CoOctBegnuk: 4y

M. lynatoBa»

«Kocranaiickuit

MHKXEHEPHO-3KOHOMHYECKUNA  YHUBEPCUTET

Kypnan Beixoaut ¢ 2001 r. [leppuoauunocTts: 4 pasza B roj.

3aperucTpupoBaHH B MUHHCTEPCTBE KYJIbTYpPBI

CBHJIETENBCTBA O peructpanuu u3ganus 3a Ne 2086-XK ot 26.06.2001r.

3apeructpupoBaH B MeXIyHapOAHOM LEHTPE IO PETUCTpAlMM cepuanbHbIX n3naHui ISSN

(FOHECKO, r. IMapwx, ®panrus). [IpucBoen mexayHapoaasiii koa ISSN 1684-9310

Anpec Tunorpadun: 110007, Kazaxcran, r. Kocranaii, yn. Yepnsimesckoro, 312A, Kocranaiickuii

WHXKEHEPHO-3KOHOMUYECKU yHuBepcuTeT uMeHu M. Jlynarosa. Ten.: 8-777-119-99-12

© KocraHaiicKuii HHXKeHePHO-DKOHOMHUYecKuil yHnBepcuTeT uM. M. JlynaTtosa

u wuHpopmauuu Pecnybnuku Kazaxcran


mailto:vest_econom@enu.kz

MA3MYHBI/ CONTENT/ COAEP KAHUE

AYBLI APYAIIBLIBIK OHIMJIEPTH OHJIIPY )KOHE KA TA OHJIEY
TEXHOJOTUAJAPBI MEH BUOJIOTUAJIBIK FBIJIBIMIAP

BIOLOGICAL SCIENCES AND TECHNOLOGIES OF PRODUCTION AND PROCESSING OF
AGRICULTURAL PRODUCTS

BUOJIOTHYECKHUE HAYKHU U TEXHOJIOI'MA ITPON3BOJCTBA U TIEPEPABOTKH
CEJIbCKOXO3SMCTBEHHOM IMTPOAYKIIUH

Bolat Y. Methodology for Studying the Effect of Gas Distributor Grate Inclination on Grain
ProcesSing PrOGUCEIVITY .........c..ooecueeeeiieeeiieeeeieeeeteeesteeesteaesteeessaaeessaeesssseeensseessseesnseeessseeensseesnnns 7
Mukasheva T.K. Confirmation of compliance of grain quality indicators triticale ................... 12
Khussainov B.M. The use of the method of degraded pasture restoration during monitoring
in the West KazakRStAN FEZION. ...........c.oocueeiuieiiieiiieeieecieeeie et ete et et eeaeebeesaaessaesaseenseennnas 16
BooxoB C.U. Ananuz npumenenus snemenmos cucmemvl mo4HO20 3eMie0enus 8 pa3iuyHbIX
KAM@2OPUSIX XOZSUCHIE ....eeeneeeenieeeeeeeesiteestteessteesasteessseeensseeessseesnsseessseesnsaeessstessaseeesnseesnnseesnnsens 21
Kaopoana I.P. Jupposusayua u aemomamuzayus 6 nuwegom npou3eoocmee: 6bl306bl U
BOBMONCHOCHIU ...ttt et ettt et ettt ettt e ettt e ettt e sttt e ee et e st e et e e it e e estee e 27
Momuceenko O.B. Auanuz u 6vl00p nepcneKmMuBHbIX  MEXHOA02UL  8030€NblBAHUS

CeNbCKOXO3AUCMBEHHBIX KYAbmyp 6 ycnosuax Cesepno2o KazaxcmaHa...............ccceeeeeeeeveeeanne. 31

HEJATI'OI'MKAJIBIK FBIUIBIMJIAP MEH K9CIbHU BIJIIM BEPY
PEDAGOGICAL SCIENCES AND VOCATIONAL EDUCATION
HEJATOI'MYECKHUE HAYKHU U ITPO®ECCUOHAJIBHOE OBPA30OBAHUE

Anapuenko O.A. Pazsumue KOMMYHUKAMUBHBLIX CNOCOOHOCHel y Oemell NOCPeOCmBEOM
COYUO-ULDOBBIX MEXHOTIOSULL ......e.eeeeeseieeeeeieeeeeeeiaeeeeaaneseeeeasseeaeeassseeeeanssseeeaanssaeeeannsseeesansseeeeans 37
EmennsnoBa JILA. K npobneme usyuenus ncuxonocuyeckux axkmopos Heycnegaemocmu
UUKOTIDHUKOB. ...ttt ettt et et ettt e e et ettt ettt e ettt e et e e ettt e ea et e sab et e et e e it e e e bbee e 41
Omaxo6aeBa K.O. 3uauenue 6xo0HOU OuacHOCMuKu OAs CUCMeEMbl NIAHUPOBAHUS
MeponpusmuLl no OP2aHU3AYUY COOCMBEHHBIX NEOA20SULECKUX UCCACOO0BAHU ............c..oeeeeen.. 45
Honpsiayxuna H.I'. Poab wkonvhot adanmayuu 6 popmupo8anuu ycneuHocmu o0yyeHus
oemetl MAAOULE20 UUKOTOHOLO BOPDACTIA. ........c..ceuvereeeneesueesueaneeaeeesteaneeaseesse et asee st enseseeenseenneeneenns 53
Honpsinyxuna H.I'. Koppexyuonno-pazeusarowas paboma ¢  IMOYUOHATILHLIMU
HapyuweHuamu y oemeil cpeoHe20 00UKONIbHO20 803DACMA. CREYUDUKA U COOEPAHCAHUE............ 58
Bankuii A.YO. HU3zyuenue pazsumus meakou Momopuku y 00y4arouuxcs ¢ yepeopaibHuim
FUADGIIUUOM .....ooeeeeeeeaee e e e e et e e e ettt e e ettt e e e en e e e e e nss e e e e enssteeeeensseeeeensaseeeeanssaaaeeanssaeesansseeeeanns 64



KOFAM/IBIK FELTBIM/IAP
SOCIAL SCIENCES
OBILIECTBEHHBIE HAYKHU

Anapuenko O.A. OcobernHocmu y0061emE8OpPeHHOCMU OPAKOM 8 MOJOObIX CeMbsX:
CPABHUMENbHBIU ACNEKM 3aPeUCMPUPOBAHHBIX U HE3APESUCTPUPOBAHHBIX COI0308..................
HMIBankuii A.FO. Ocobennocmu oyenxu cumyayuii MOpanbHo2o 6b100pa 00Y4AIOUWUMUC

I’lOdeCI’I’lKO@OZO L1 4 L 1 /£ S P PP

HAKTbBI ’KOHE TEXHUKAJIBIK FbIJIBIMJIAP
EXACT AND TECHNICAL SCIENCES
TOYHBIE U TEXHUYECKHUE HAYKH

Bedych T.V. Damage to the Main Equipment of Substations: The Case of Power
TTARSTOFTOTS ...ttt ettt ettt et e et e et e e st e e b e abeenseeeaseeaneeennes
Bedych T.V. Analysis of emergency modes in 6-10 kV electrical networks and methods of
FREIT AIECHION ...ttt ettt ettt enee e
Zarubin M.Yu. Adaptive Neural Network Control for Energy-Efficient Drying of Iron Ore
COMCEONITALE ...ttt ettt et et et
Kamysheva N.A. Development of a Scientific and Methodological Framework for the
Selection of Technological Equipment Based on a Comprehensive Efficiency Criterion and a
Priori Factor Ranking: a Case Study of LLP «Grand Service Stroy»............ccceeeveveecveenceeennne..
Kamysheva N.A. Remarkable Mathematical Curves and Their Applications in Engineering ..
Rostislavov O.A. Prospective and Constraining Factors in the Development of Renewable
Energy Sources in the Unified Power System of the Republic of Kazakhstan. ............................
Rostislavov O.A. Using small solar power plants to supply electricity and heat private
homes and cottages, using the best practices of the European Union.................ccc.ccccceeveveennnnnn.
Sabitbek O.B. /0 kV Cable Lines, Single-Phase and Two-Phase Faults..................ccc..cco........
ApenbeBa C.B. llpumenenue sxobuama npu uccied008aumuu JOKATbHOU YCMOUYUBOCU
HEMUHEUHBIX CUCHLEM .....eneeeeeeeneeee et eneeeeeeeee et e esee e et eneeeae e st aneeeseeeseenseeseeeseanseeseeeseenseeseeaneenseeneennis
Bban6aes [1.)K. Hccreoosanue mennomacconepeHoca 8 KANULIAPHO-NOPUCBIX CUCEMAX ......
3apyoun MLYO. Bausauue uckyccmeeHno2co unmenieKma u NApaiieibHblX 6blYUCTeHUl
CPU/GPU HA KDURTNOZDAGDUIO ..ottt e eeee e eeaeeseeeaee e



O KUH3Y

AYDBLJ MAPYAIIBIJIBIK BIOLOGICAL SCIENCES BUOJIOTMYECKHUE HAYKHN
OHIM/JIEPIH OHJIPY )KOHE  AND TECHNOLOGIES OF N TEXHOJIOI'MN
KAWUTA OHJEY PRODUCTION AND NNPOU3BOJACTBA "
TEXHOJOTUAJAPBI MEH PROCESSING OF INEPEPABOTKHN
BNOJIOT UAJIBIK AGRICULTURAL CEJIbCKOXO3HCTBEHHOM
FBIJIIMIAP PRODUCTS NPOAYKI NN
GRNTTI 65.29.29

Y. Bolat, Senior Lecturer
Department of Energy and Mechanical Engineering
Kostanay Engineering and Economics University named after M. Dulatov
Kostanay, Kazakhstan

Methodology for Studying the Effect of Gas
Distributor Grate Inclination on Grain Processing Productivity

Tyitingeme. 3epTTey OaphICBIHIA TA3 TAPATYIIBI TOPABIH €HIC OYPBIIIBIHBIH JTOH
KeNTipy THIMIUTITIHE 9cepl SKCIIEPUMEHTANIbl aHBIKTAJIIbI.

AHHOTauMs. B uccienoBaHuM SKCIIEPUMEHTAIBHO OMPEACIICHO BIUSHUE YyTia
HaKJIOHA ra3opacnpeesnstonieii pemeéTku Ha 3pGeKTUBHOCTh CYIIKH 3€pHa.

Abstract. The study experimentally determined the effect of gas distributor
slope angle on grain drying efficiency.

Tyiiin ce3aep: JoH KeNTipy, Ta3 TapaTyllbl TOpP, €HIC OYPBIIIbI, TEMIIEpaTypa,
KBUTIaM/IBIK, OHIMIUTIK, THIMAUTIK, SKCTIEPUMEHT, Ouai

KuarwuyeBble cioBa: cylika 3€pHa, rasopacrnpenensionias pemerka, yroi
HaKkJIOHa, TeMIeparypa, CKOpPOCTb, MPOU3BOAUTEIBLHOCTh, 3G (PEKTUBHOCTD,
AKCIEPUMEHT, MIIEHUIIA.

Key words: grain drying, gas distributor, slope angle, temperature, velocity,
performance, efficiency, experiment, wheat.

Introduction

The operating principle of conveyor dryers used for drying grain crops is well
known. They consist of a housing that contains loading, material-moving, and
unloading mechanisms—namely a hopper, a scraper conveyor, screw conveyors, and
gas heating and blowing devices. Such a design is not complicated to manufacture,
maintain, or repair; therefore, it is widely used in small agricultural farms (Figure 1).

Dryers of this type have a number of advantages; however, they do not utilize
the flowability properties of the grain mass. As a result, it becomes necessary to use
mechanical devices to ensure the movement of the grain bulk.

Hayuno-npoussodcmeeHHvill KYypHAA 7 Haywxa Ne1, mapm 2026..
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O KUH3Y

As i1s known, devices that stimulate the movement of grain mass can cause
damage to the material. In installations operating without mechanical stimulation of
grain movement, it is necessary to use the physical properties of the grain mass
during the thermal processing process—such as flowability, self-sorting, and
porosity. [1]

A patent analysis of such thermal processing installations that utilize a fluidized
bed of grain mass has shown that a number of studies have been conducted aimed at
increasing the productivity of these installations.

However, these studies do not provide an experimental justification for the
inclination angle of the gas distribution grid; therefore, this issue remains unclear.
Manufacturers and researchers have not presented a justification for the inclination
angle of the gas distribution grid depending on the initial characteristics of the grain
mass, nor have they evaluated the effect of this parameter on productivity and the
quality of thermal processing.

wet material

Figure 1 — Schematic diagram of the dryer:
1 — grain layer; 2 — fans

Hypothesis: It is assumed that the inclination of the gas distribution grate, under
the influence of the heated air flow, ensures the discharge of dried grains and
increases the productivity of the thermal processing process.

Object and methodology: The purpose of the experimental studies is to
substantiate the structural and operational parameters of the drying unit and to
determine the dependence of thermal processing quality indicators on the temperature
of the thermal processing agent ¢, the agent supply velocity V, the duration of grain
thermal processing 7, and the inclination angle of the gas distribution grate a.

Hayuno-npoussodcmeeHHvill KYypHAA 8 Haywxa Ne1, mapm 2026..
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wet grain loading

N2
—_——— T Y — — = B ——
cold air hot gas  humid gas

Figure 2 — Operating diagram of the unit:
1 — loading hopper; 2 — fan—heater (air heater);3 — drying chamber;
4 — perforated gas-distribution grid;5 — feeding (loading) no3ator;
6 — mechanism for adjusting the angle of the gas-distribution grid,
8 — discharge screw conveyor; 9 — outlet window for moist air and impurities;
10 — electric heater.

For the experiment, we used the thermal treatment unit shown in Figure 2. This
unit is designed for the thermal processing of agricultural products, particularly wheat
grain. It consists of: 1 — a loading hopper, 2 — a fan-heater unit, and 3 — a drying
chamber in which the grain mass moves in a sinusoidal trajectory along the gas-
distribution grid 4.

Loading is carried out from the top through the loading dispenser 5. The
dispenser supplies the grain mass to the surface of the gas-distribution grid in
portions, which prevents excessive thickening of the material layer and its
accumulation in piles. Overheating of the grain layer is prevented by regulating the
inclination angle of the gas-distribution grid using mechanism 6.

At the end of the inclined gas-distribution grid of the upper layer, the material
falls to the lower tier 7. The thermal treatment agent pumped by the fan passes
through the perforated gas-distribution grid, blowing through the grains, drying them,
and removing dust and foreign impurities through window 9.

The gas-distribution grid in the lower layer serves as a “rest zone,” where the
grains undergo a cooling stage before being placed into storage. [2]

A distinctive feature of the unit is the absence of mechanisms that move the
grain mass during the thermal treatment process. The movement of the grains occurs
due to changes in the inclination angle of the gas-distribution grid and the sliding
angle. Unlike sectional dryers, this unit allows dust removal, ensures mixing of the
layer, and provides conditions for the material to remain in the rest zone. [3]

Figure 3 shows the general view of the unit.

Hayuno-npoussodcmeeHHvill KYypHAA 9 Haywxa Ne1, mapm 2026..
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Figure 3 — General view of the installation:
1 — fan; 2 — air heater; 3 — hopper;
4 — thermal processing chamber; 5 — discharge opening.

Experimental Methodology

The experiment was carried out on a laboratory setup that allows the gas
temperature to vary within the range of 60—100°C, while the initial thickness of the
grain layer was up to 60 mm. Samples of grain fractions discharged from the
installation were taken (Figure 4).

A series of experiments to determine the effect of gas temperature and the
duration of its action on the temperature of the grain layer was conducted at drying
agent velocities of V = 2.2; 2.4; 2.6; 2.8; 3.0 m/s. The temperature regimes of the
drying agent were t = 60; 80; 100 °C. The inclination angle of the gas-distribution
grid was o = 8°.

The fan is switched on, the required gas velocity is set, and the drying unit is
heated to 60°C [4].

The gate of the loading hopper is opened, forming a 60 mm thick grain layer on
the grid.

-

Figure 4 — Gas distribution grate:
a — general view;b — grate inclination adjustment scale.

Hayuno-npoussodcmeeHHvill KYypHAA 10 Haywxa Ne1, mapm 2026..
ISSN: 1684-9310



O KUH3Y

The thermal processing chamber has an observation window through which the
scale for adjusting the inclination of the sieve can be seen.

The first series of experiments is carried out at a gas temperature of t = 60°C,
while the gas velocity changes periodically — first 2.2 m/s, then 2.4 m/s, and further
up to 3 m/s. The gas temperature and velocity are measured using a thermo-
anemometer probe through an opening in the upper cover of the thermal processing
chamber.

The subsequent series of experiments are conducted in the same way, but at gas
temperatures of 80°C and 100°C. Each experiment is repeated at least three times.

2. To determine the effect of changing the gas temperature from 60°C to 100°C
on the grain temperature depending on the exposure duration, a series of experiments
is carried out with the following parameters: sieve inclination a = 8°; exposure
duration 200 s, 400 s, and 600 s.

3. The next series of experiments is aimed at determining the relationship
between the change in moisture content of grain materials and the thermal processing
time, under different inclination angles of the gas-distribution grid. The temperature
of the thermal processing agent is t = 100°C, and the supply velocity of the agent is V
= 2.8 m/s. The process is repeated for 400 s and 600 s. Each experiment is conducted
three times. Then the process is repeated when the sieve inclination angles are 10°
and 12°.

4. To prevent thermal damage to the grain, that is, to determine the heating
temperature of the grain mass at different inclination angles of the gas-distribution
grid, a series of experiments is conducted with the following parameters: thermal
processing time T = 600 s, gas velocity V = 2.8 m/s, and drying agent temperature
regimes t = 80°C and 100°C. The sieve inclination is set to o = 6°, 8°, 10°, and 12°.

The process is repeated at a gas temperature of t = 100°C.

5. The dependence of the thermal processing time of wheat grain (t) on the
geometric parameters of the gas-distribution grid of the laboratory installation (width
B = 0.2 m and length 1 = 0.6 m), the height of the drying layer H = 0.06 m, and the
inclination angle of the gas-distribution grid a was determined under previously
established operating parameters (temperature of the thermal processing agent t and
supply velocity V). [5]

Research Results. The efficiency of thermal treatment of wheat grains in a
movable layer was theoretically substantiated. The effect of the structural parameters
of the gas-distributing grid frame and the thermal treatment modes on productivity, as
well as the impact of changes in the frame’s inclination angle, were determined.

The rational structural and operational parameters of the dryer unit for the
thermal treatment of wheat grains were established: the velocity of the drying agent V
= 2.6-3.0 m/s, the temperature of the thermal treatment agent t = 80-100 °C, the
height of the grain layer to be dried H = 0.05-0.06 m, and the time required for
thermal treatment of the grain © = 450-500 s; the inclination angle of the gas-
distributing grid o = 8—12 degrees.
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An economic evaluation carried out showed the developed dryer unit to be more
efficient compared to its analogue.
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Confirmation of compliance of grain quality indicators triticale

Tyitingeme.Bul makalada triticale daniin sapalyk sipattamalarynyn zertteuleri
berylgen.In Kazakhstan, triticale physikalyk kasietterin, triticale daninin gluten
sipattamalaryn, and also non-glue varieties of salystyrganda triticalenin ortasha
chemically kuramyn korsetetin kesteler berilgen.

AHHOTAauMsi. B JaHHOW CTarhbe TMPEACTABICHBI IIOKA3aTEId KadecTBa
HCCIICIOBAaHUM 3epHa TpUTHUKajie. B Tabmuiax mpejcTaBieHbl (GU3UUeCKHue CBOMCTBA
3epHa TpUTHKaJeE, BeIpalieHHoro B Kazaxcrane, XxapakKTepUCTUKU KJICHKOBUHBI 3€pHA
TPUTUKAJIE W CPEIHUM XHWUMHUYECKMHA COCTaB TPUTUKAJIEC B CPAaBHEHHUH C
POAUTENBCKUMHU (DOPMaMH.

Abstract. This article presents studies of the quality characteristics of triticale
grain. Tables are provided showing the physical properties of triticale grain grown in
Kazakhstan, the gluten characteristics of triticale grain, and the average chemical
composition of triticale compared to its parent varieties.
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Tyitinai ce3mep: Triticale, dan, sapa korsetkishteri, varieties, gluten moulsheri,
onimi, kuldiligi, sozylygyshtygy, myndyk salmagy, tabigy salmagy, shyn torizdiligi,
starch, kanant moulsheri, akysi3.

KuroueBrble caoBa: Tpurtukanie, 3epHO, IOKa3aTeln KauyecTBa, COPT, COIEPKAHUE
[JIIOTE€HA, MPOU3BOJICTBO, COJIEPHKAHUE 30JIbI, PACTSIKUMOCTb, Macca THICSIUM 3E€PEH,
HaTypaJbHBIN BEC, CTEKJIOBUIHOCTh, Kpaxmall, CoJIepKaHue caxapa, OesoxK.

Key words:Triticale, grain, quality indicators, variety, gluten content,
production, ash content, extensibility, thousand-kernel weight, natural weight,
vitreousness, starch, sugar content, protein.

Introduction

Much attention is being paid to the grain processing industry, which determines
the country's socio-political stability and enhances its prestige internationally. In this
regard, Kazakhstan has adopted a program to maximize its own grain supply.

One of the potential sources for increasing grain yields is the development of
new crops through intergeneric hybridization. Particular attention is being paid to the
development of rye hybrids known as triticale.

Interest in triticale has grown due to its well-balanced amino acid composition,
a key factor in the population's diet. This has been underestimated until now, as
consumers' primary motivation is taste satisfaction rather than nutritional value. The
emergence of diseases associated with poor diet, environmental pollution, and protein
deficiency necessitates the production of food raw materials that meet modern
nutritional science requirements.

Triticale is generally high in protein and has a balanced content of essential
amino acids.

The Kazakh varieties developed by our scientists also possess a number of
beneficial properties, as well as distinctive structural and compositional features. All
of this depends on their growing conditions.

In this regard, an important place in this article is given to a comprehensive
study of the technological properties of regionalized and promising varieties of
triticale grown in the Republic of Kazakhstan, and to finding ways to improve the
efficiency of their use, taking into account individual characteristics.

Object and methodology. The object of the study was samples of triticale
grain, the process of studying the quality indicators of grain. The subject of the study
was samples of triticale grain of Kazakh varieties.

Research results.
Study of indicators characterizing the physicochemical properties of the studied
triticale grain samples.
To determine the grain's natural content, an average sample of grain was freed
from large impurities by sifting it through a sieve with a 6 mm diameter hole and
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thoroughly mixed. To determine vitreousness, 1,000 whole grains are extracted from
the clean grain remaining after contamination has been determined. Each grain is cut
crosswise with a razor blade (down the middle) and, depending on the consistency of
the cut, is classified into one of three groups: vitreous, partially vitreous, or mealy.
The physical properties of triticale grain grown in the Republic of Kazakhstan are
presented in Table 1.

Table 1 - Physical properties of triticale grain grown in the Republic of Kazakhstan

Triticale Weight of | Natural, g/l Total Density, Volume  of
variety 1000 grains, g vitreousness, % | g/cm3 grain, MM>
Horde 50.7 733 50 1.36 37.3

Leather 39.9 680 40 1.26 34.8

Balausa 36.7 692 32 1.38 35.6

Overall, according to the data presented in the table, triticale grain has a 1,000-
kernel weight superior to that of wheat. Due to its more elongated shape and uneven
surface, triticale grain is smaller than wheat in terms of grain size.

An analysis of the grain size of triticale varieties showed that these varieties are
classified as medium to high grain size. Above-average grain size was observed for
the Orda variety. The Orda and Kozha varieties of triticale have high vitreous grain.

Triticale grain of the Kozha variety has low density. Grain of the Balausa
variety has high density.

Thus, based on physical quality indicators, the triticale varieties studied can be
characterized as large grains with a high 1,000-kernel weight. The grain weight varies
widely, and the grain is generally of medium vitreousness. Overall, triticale grown in
the Republic of Kazakhstan exhibits average quality indicators. Based on these
indicators, the best varieties are Orda and Balausa, and they can be considered the
most promising.

The average chemical composition of triticale in comparison with parent forms
is presented in Table 2.

Table 2 - Average chemical composition of grain crops, % of dry matter

Grain Content, % of dry matter
variety
squirrel starch sugars fiber fat ash
1 2 3 4 5 6 7
Triticale 13.0 65.3 2.8 2.8 1.8 1.94
Orda
Triticale 13.1 63.8 2.9 2.1 1.7 2.28
Skin
Triticale 12.9 59.7 2.9 3.1 1.8 2.13
Balausa
Wheat 15 2.0 1.9 70.1 3.2 1.9
Rye 12 2.3 6.5 59.5 24 1.8

Hayuno-npoussodcmeeHHvill KYypHAA 14 Haywxa Ne1, mapm 2026..
ISSN: 1684-9310



O KUH3Y

The Kozha and Orda varieties are the most valuable in terms of protein content.
The Orda variety is particularly noteworthy, containing over 65% starch. The
carbohydrate profile emphasizes its own sugars, which are twice as high in triticale as
in wheat. Fat content ranges from 2.1% to 3.8%, which is comparable to that of
wheat.

Ash content is an important indicator of grain quality and depends on varietal
characteristics and growing conditions. Ash content is crucial for monitoring the
degree of husk separation from the endosperm and assessing flour quality. In the
samples studied, ash content slightly exceeds that of wheat. Almost all triticale
varieties have high ash content.

Characteristics of the gluten complex of triticale grain are presented in Table 3.

Table 3 - Characteristics of triticale grain gluten

Gluten content, % Quality Stretchability, Hydration
group cm capacity, %
raw dry | IDK,
single
item
Horde 9.0 2.6 81 | Satisfactory 10 246
Weak
Leather 18.5 5.1 91 | Satisfactory 12 263
Weak
Balausa It was not possible to wash it off using the standard method.

According to the data obtained, the amount of wet gluten in triticale is lower
than that of wheat. This can be explained by the fact that triticale contains a higher
amount of pentosans than wheat, which complicates the laundering process.

The rheological properties of triticale gluten make it less extensible than wheat.

The hydration capacity of the studied varieties ranged from 189 to 290%, which
is on average higher than that of wheat.

Conclusions. An analysis of the conducted studies shows that, in terms of
physical quality indicators, the studied triticale varieties can be characterized as large
grain with a high 1000-grain weight, the grain size varies widely, and the grain is
mainly of medium vitreousness.

Overall, triticale grown in the Republic of Kazakhstan has average quality
indicators. Based on these indicators, the best varieties are Orda and Kozha, and they
can be considered the most promising.
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The use of the method of degraded pasture restoration during monitoring in the
West Kazakhstan region.

Tyitingeme. Makanana bateic KazakcTtan oONbICHI kKaFaallbiHIa MOHUTOPUHT
KYPrizy Ke3lHI€ TO3FaH >KallbUIBIMAAPABl KaJIblHA KENITIPYy OMAICIH KOJIJaHy
Macelnenepl Kapacteipbuianbel. «Mupac» LIK-narel xalbuIbIMIapIblH MaKCUMAaJIbl
OHIMJIUIITT KOKTEMT1 JaMy K€3€HIHAE allbIHAbL, 2,75 T/ra Kypaabl.

AHHOTanmMsi. B crarbe paccMaTpHBaKOTCS BOIPOCHI HCIOJIb30BaHUSA METOJA
pecTaBpaluu JACTpaJupOBaHHBIX MACTOMIN TMPU TPOBEIACHUM MOHUTOPHHTA B
ycinoBusix 3amanHo-Kazaxcranckoilt obnactu. MakcumanbHasi MOpPOAYKTUBHOCTh
nactoun B KX «Mupac» mosiyyeHa B BECEHHUU MEPHOJI pa3BUTHUS, COCTaBUB 2,75
T/Ta.

Abstract. The article discusses the use of the method of restoration of degraded
pastures in monitoring in the conditions of the West Kazakhstan region. The
maximum productivity of pastures in the farm «Miras» was obtained in the spring
period of development, amounting to 2.75 t/ha.

Tyiiin ce3aep: MOHUTOPHHI, Iapya KOXKaJbIFBI, OJiC, KAJIIMbIHA KEITIPy,
JerpajaysiaHFaH, >KaubLIbIM, OHIMIUTIK, BHOJICHTA, IMATCHTTEP, SKCIUICPEHTTED,
KCepOPUIbI1, KOIKBUIJIBIK, O1PKBUIIBIK, )KEMIIIOII, IeTTep.

KiaioueBble cjoBa: MOHHTOPHHT, KPECTBhSIHCKOE  XO3MHCTBO, METO/I,
pecTaBpaius, JIeTpaJupOBaHHBIC, MACTOMWINE, NPOAYKTUBHOCTh,  BHOJICHTEHI,
MATUEHTBI, SKCIUIEPEHTHI, KCEPO(HIIbHBIC, MHOTOJICTHHE, OJIHOJICTHHE, KOPMOBEIC,
TpaBhbI.

Keywords: monitoring, farming, method, restoration, degraded, pasture,
productivity, violents, patients, explerens, xerophilic, perennial, annual, fodder,
grasses.
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Introduction. Currently, the preservation of biological diversity and the complete
restoration of natural pasturelands in the Republic of Kazakhstan are pressing issues.

Therefore, the use of the method of degraded pasture restoration in monitoring in
the conditions of the West Kazakhstan region is relevant.

In an interview with the Turkistan newspaper on January 5, 2026, President
Tokayev said that in 2024, 580 billion tenge was allocated for preferential lending to
farmers, and this amount doubled to 1 trillion tenge in 2025 [1].

The government is doing a lot to promote the development of agriculture, but large
investments do not always lead to the desired results. It is important to focus on
improving their efficiency.

Object and methodology. The theoretical basis of scientific research is the works
of the classics of agronomic theory, as well as the practical work of domestic and
foreign scientists in the field of agriculture.

The methodological basis of the research is a systematic approach that involves a
comprehensive study of the results of monitoring the state of pastures, with the
development of measures to improve them in the conditions of the West Kazakhstan
region.

The research uses analytical, comparative, correlation-regression, and statistical
methods, as well as field observations, experiments in the field and laboratory
conditions, and mathematical modeling.

The information base of the long-term scientific research includes the annual
reports of the «Miras» peasant farm, analytical materials from the Agency for
Statistics of the Republic of Kazakhstan, reliable and reporting data from the
Department of Agriculture of the West Kazakhstan Region, materials from domestic
and foreign periodicals, and the global Internet.

Research results. Scientific research was conducted during 2024-2025 on the
following relevant topic: «Monitoring the current state of pastures and developing
measures to improve them in the West Kazakhstan region» at the production base of
the «Miras» peasant farm in Bokeyordinsky district.

The purpose of the scientific research is to use the method of restoring degraded
pastures during monitoring in the West Kazakhstan region.

The farm «Miras» was established in 2012 and is currently operating in full
compliance with the legislation of the Republic of Kazakhstan.

According to the scientific works of a team of researchers led by the Soviet
scientist L.E. Rodin, it is known that all modern arid or desert ecological systems are
secondary biological structures and anthropogenic formations [2].

Thus, scientists and specialists have developed an ecological principle of floristic
features of herbaceous plants and coenotic incomplete parthenism for modern pasture
communities and physiological biocenoses.
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Currently, under the influence of anthropogenic impact, namely continuous grazing
of farm animals, autumn complete burning of the remains of vegetation, and
sometimes deep tillage of the lands up to 30 cm, the productivity of pastures is
significantly reduced.

Ecological restoration of degraded pasture ecosystems should be based on the use
of polycultures or mixtures of pasture grasses.

The first method of ecological restoration is carried out by sowing a mixture of
zonal-typical dominant species and life forms of grasses with intensive management
of pasture lands.

In this regard, the design of such pasture ecosystems is a poly-dominant
community consisting of a combination of:

1. Violent herbaceous plants through the use of a seed bank.

2. Patient xerophytic perennial species.

3. Expensive annual forage grasses [3].

According to scientists and experts, the following types of herbaceous plants are
used, which is especially important, the ratio between these basic life forms should be
70:30.

Xerophilic perennial grasses that make up an average of 70 %, such as Siberian
granary Agropyron sibiricum and desert granary Agropyron desertorum, Siberian
reaper Elymus sibiricus, common Festuca valesiaca and Lessing's grasshopper or
Stipa lessingiana grasshopper.

Annual grasses, which make up a minimum of 30%, include pasture grasses such
as Vicia sativa, Vicia villésa, Pisum sativum, Ornithopus sativus, and Trifolium
incarnatum.

Research shows that the average yield of spring-summer pastures is between 1.0
and 1.6 tons per hectare of dry fodder, and in unfavorable years, the yield does not
fall below 0.5 to 0.7 tons per hectare. In contrast, the average long-term yield of
natural pastures in the semi-desert zone or the control variant is between 0.18 and
0.32 tons per hectare.

In the semi-desert and dry steppe zone of the West Kazakhstan region, the creation
of autumn-winter pasture ecosystems is an important aspect of agricultural land
development.

According to the results of scientific research, it is known that the ratio of
components used for the formation of autumn-winter pasture ecosystems is 80:20.

When using the method of restoration of degraded pastures in conducting
monitoring in the conditions of the West Kazakhstan region, it is necessary to pay
attention to the productivity of pastures of the farm «Mirasy.

It has been established that the highest biological productivity of pastures is
observed in the spring and summer, and this indicator reaches a maximum of 0.275
kg/m* on average for 2024-2025 in the «Miras» farm.

According to domestic experts and foreign scientists, the necessary grazing of all
types of livestock on natural pasturelands is the largest type of land use in the world.
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Therefore, the measures taken will allow in the future to make the most of the
opportunities of pasture lands for the development of the livestock industry and
full provision of fodder.

Long-term empirical studies in various countries of the world, as well as the
fundamental scientific provisions of ecology, the theory of complex systems and
the conceptual ideas of agrarian landscapes show that at present on their basis
developed and exist ecological principles of restoration of degraded pastures [4].

Research is aimed at studying the ecological principle of floristic features of
herbaceous plants and coenotic incomplete division for modern pasture
biocenoses and physiological communities.

In the semi-desert zone, an important aspect of agricultural land development is
the creation of adapted long-term pasture ecosystems for spring and summer use.

On light chestnut soils, strip tillage is carried out in early spring using cultivators
with a width of 12 to 50 m and a depth of 16-18 cm, usually across the direction of
the prevailing winds.

As the plants grow in mid-May and early June, depending on the degree of weed
infestation and soil compaction, cultivation is carried out to a depth of 6-8 cm.

In the autumn of the year preceding the sowing of 2023, the soil was ploughed
using cultivators of the KPG-2/150 brand, flat-cutters of the KPG-250 brand, and
deep-tilling units of the KPP-2.2 brand, to a depth of 20-22 cm.

Then, in the early spring of 2024, the necessary agricultural technique was carried
out on the pasture lands, which involves closing the moisture in the soil using needle-
type harrows of the BIG-3 brand.

Currently, the creation of long-term, year-round pasture ecosystems is an important
aspect, which is advisable to create in semi-desert and dry steppe regions [5].

Therefore, immediately before sowing seeds of pasture legume-cereal grass
mixtures in April 2024, the cultivation was carried out using the KPP-2.2 unit at a
seeding depth of 3-5 cm.

In the early spring, in the third decade of April 2024, legume-cereal grass mixtures
were sown in the «Miras» peasant farm, located in the village of Taygara in the
Bokeyordinsky district, without a cover crop, using the conventional row method of
sowing with the C3-3.6 stubble seeders.

The xerophytic perennial grasses, which account for a maximum of 70 %, and the
annual grasses, which account for a minimum of only 30 %.

It has been established that the seeding rate for alfalfa in a grass mixture is 8 kg,
and more if it is used in its pure form.

Accordingly, the seeding rate for cereal grasses, such as crested wheatgrass, is 5
kg, smooth brome grass is 8 kg, and hairgrass is 3 kg.

Based on scientific research, it can be seen that the most uniform germination of
legume-cereal grass mixtures was achieved by using pre-sowing and post-sowing soil
rolling with KBN-3 rollers.
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Conclusions. On average, in 2024-2025, the maximum productivity of pastures in
the «Miras» farm was achieved during the spring development period, reaching 2.75
tons per hectare of dry fodder.

In this case, the average profit from growing pasture grasses in 2024-2025 was
40,000 tenge per hectare, and the profitability rate was 57 %.

Energy efficiency measures the amount of additional energy produced compared to
the resources used.

For example, if the energy consumption for machinery, fuel, and lubricants is
8,000 MJ per hectare, and the energy output from dry grass is 27,500 MJ, then the
additional energy obtained is 3.4 times greater than the energy consumed.

In conclusion, I would like to note that the use of the method of degraded pasture
restoration during monitoring in the conditions of the West Kazakhstan region shows
that the cultivation of fodder grasses is considered economically profitable and
energy-efficient.
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Anajau3 INPUMEHECHUHA IJIEMECHTOB CUCTEMbBI
TOYHOI'O 3€MIIC/IC/]INA B PA3JIMYHbBIX KATCIOPUAX X031l CTB

Tyiiinneme. byn Makanaga opTypii IIapyamnbUIbIK CaHATTapbl YIIH oI
eT1HIITIK KYHECIHIH KOMIIOHEHTTEPIHIH paLMOHAJIBI KUBIHTBIFbIH
paloHaIM3aUsIay HOTHXKETEpl YChIHBUIFaH. 3epTTey HEeTi31HAE oM ETIHIIUIIK
KYWECIHIH KOMIIOHEHTTEpIMEH >Ka0JbIKTAIFaH 3aMaHayd MalluHAJIBIK KyHerep
Ka3zakcTaHHBIH CONTYCTIK aWMarbIHAAFbl KOJAAHBICTAFbl ayblUl IIAPYyallbUIBIFbI
TEXHUKACHI TTAPKIMEH CalbICThIpFaHAa eHIMAUTIKTI 1,7-1eH 2,3 ecere AeiliH apTThipa
aJIaThIHBI aHBIKTAJIIBI.

AnHoTamusi. B cratbe mpencraBiieHbl  pe3ysibTaThl  00OCHOBAHUS
palMOHAIBHOIO HA0Opa JIEMEHTOB CUCTEMbI TOUHOTO 3eMJIEACNUS ISl Pa3TuYHbIX
KaTeropuy xo3saucTs. Ha ocHOBaHMM IIPOBEIEHHBIX UCCIIEIOBAHUN YCTAHOBIIEHO, YTO
COBPEMEHHBIE KOMILIEKCHI MalllH, 000pPYy10BaHHbIEC 3JIE€MEHTaMU CHUCTEMbI TOYHOTO
3eMJICJICNIUS  TIO3BOJISIIOT TOBBICUTH MPOM3BOAUTEIBbHOCT, B 1,7...2,3 pa3a mo
CPaBHEHMIO C CYLIECTBYIOIIUM IAPKOM CEIbCKOXO3AMCTBEHHOW TEXHUKU B YCIOBUAX
ceBepHOro pernona Kazaxcrana.

Annotation. The article presents the results of substantiating a rational set of
elements of the precision farming system for various categories of farms. Based on
the studies carried out, it has been established that modern machine complexes
equipped with elements of a precision farming system can increase productivity by
1,7 ... 2,3 times compared to the existing fleet of agricultural machinery in the
northern region of Kazakhstan.

Tyiiin ce3mep: HUGPIABIK >KyHenaep, TEXHOJOTHS, €HOEK OHIMIUIIr, 97
ETTHIIIIK JKYHeCl, oTeTy Mep3iMi.

Kiaw4eBble cJioBa: LII/I(I)pOBBIe CUCTCMBI, TCXHOJIOI'HA, IIPOU3BOIUTCIBHOCTD
Tpyada, CUCTEMA TOYHOT'O 3CMIJICACIINA, CPOK OKYITaCMOCTHU.

Keywords: digital systems, technology, labor productivity, system of precision
agriculture, payback term.
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B coBpeMeHHBIX YCIOBHSX arpapHoro MpPOU3BOJCTBA AaKTyaJleH BOMNPOC
NOBBIIICHUS TPOU3BOAUTENBLHOCTH TpyJa. M3-3a He CBOEBPEMEHHOTO BBITIOJHEHUS
paboT B TEXHOJOTMM BO3/EJIBIBAHUS CEJIbCKOXO3SUCTBEHHBIX KYJIBTYp IOTEPH
ypoxas MOTYT coctaBiATh 10 25-30%. Pemuth mnpoOnemMy MOBBIIICHUS
MPOU3BOAUTENIILHOCTH TpPyAa MOXHO 3a CYET palMOHAJIBHOTO MPUMEHEHHUS
COBPEMEHHBIX  MOIIHBIX TPaKTOpOB 0OoJiee  BBICOKOTO  TATOBOTO  KJjacca,
3epHOYOOPOYHBIX KOMOAWHOB Oojiee BBICOKOW MPOMYCKHOM CIOCOOHOCTH U
CEJIbCKOXO03SIMCTBEHHBIX MalIlIWH. B CBOIO ouepenb, COBpEMEHHas
CEIbCKOXO3SIMCTBEHHAS TEXHUKA MOXKET MPUMEHSATHCS ¢ ITU(GPOBBIM 000PYyI0BAaHUEM
(37IeME@HTaMHi CHCTEMbl TOYHOTO 3eMJIE/CNIHs), YTO TIO3BOJUT JaTh MPHUOABKY K
MPOU3BOJIUTEIIBHOCTH M CHU3UTh  3aTpaThl  TpyAa Ha  MOPOU3BOACTBO
CEJIbCKOXO3SIICTBEHHBIX KYIbTYp [1-4].

O0beKT U METOAMKA

OOBeKTaMu HCCIICIOBAHUS SBIISIOTCS TEXHOJIOTHYECKHE IMPOIECCHl MOCeBa U
BO3JICTIBIBAHUS CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYP C HCHOJIb30BAHUEM DSJIEMEHTOB
CHUCTEMBI TOYHOTO 3EMJICICIIHS.

[Ipy mpoBeAEHWH WCCIEAOBAHMN  HCIOJB30BAMCh TEOPETUYECKUE U
AKCIIEPUMEHTAIIBHBIE METObl, OCHOBAHHBIE HA MPUMEHEHUHU OCHOBHBIX MOJOKEHUM
3eMJICJICIBYECKO MEXAHUKH, TEOPUU CEIbCKOXO3IMCTBEHHBIX MAIIMH U METOJIOB
VCIIBITAHUUN, PETJIAMEHTUPYEMBIX HOPMATUBHOU JOKYMEHTALIUEH.

Pe3yabTaThl uccae10BaHUMI

AHanu3 HayYHO-TEXHUYECKOW JUTEpaTyphl M MPOU3BOJICTBEHHOW CHUTYyallud
MO3BOJIMJI YCTAaHOBUTb, YTO B HACTOSIIEE BpPEMS OCHOBHBIMU CHUCTEMaMU H
000pyI0BaHNEM, YCTaHABIMBAEMbIMU Ha CEIbCKOXO3IMCTBEHHYIO TEXHUKY B TOUHOM
3eMJICACIINU SIBIISIOTCS:

— CHCTEMbl JUCTAHIIMOHHOTO MoOHUTOpUHTra TexHUkKu (GPS-Tpekepsr ¢
JTATYMKAMU YPOBHS TOTUINBA);

— CHCTEMBl HaBUTAlMKM (CHUCTEMa TMapaJUIENbHOTO BOXKIEHUS, CHUCTEMa
ABTOMATHUYECKOTO BOXKICHWS);

— cucremMa U epeHIIIPOBAaHHOTO BHECEHUSI CPEACTB 3alUTHl PACTEHHIM
(AC3P);

— CUCTEMa KapTUPOBAHUS YPOKAMHOCTH;

— cuctema KoHTpoJist (MoHuTopuHra) BeiceBa (CKB);

— cucrema auddepeHIMpoBaHHOTO BHeCceHUs yaoopenuii (JIBY).

[Ipu 5TOM psiJ IEMEHTOB CUCTEMbI TOUHOTO 3€MJIEACIINUS MOTYT MPUMEHSTHCS
B KoMmIuiekce. [IpuMeHeHne nu@poBbIX CUCTEM B KOMIUIEKCE CBA3aHO C TE€M, YTO
cuctembl KoHTpoJsis BbiceBa (CKB), cucrembl auddepeHIIMpOBaHHOTO BHECEHHS
MUHepanbHbIX ynoOpenuit (ABY), cucrembl audQepeHnnpoBaHHOTO BHECEHHS
cpeactB 3amuThl pacteHuid (AC3P), kak mnpaBWio, BKIIOYAIOT B KOMIUIEKT
000pyI0OBaHUsI CUCTEMBI HABUTAIIUU WJIM PEKOMEHIOBAHBI K MCIIOIH30BAHUIO BMECTE
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¢ HUMH (HampuMmep, cuctemsl JIC3P ycTaHaBIMBAaIOT Ha ONPBICKUBATENN, KOTOPBIE
UCIIOJIb3YIOTCSl B HOUHOE BpeMsi U paboTaTh 0€3 CUCTEM HABUTAIIMU HE MOTYT).

A cucTeMbl KOHTpOJISI BbICEBa M cUCTeMbl AU(P(HEPEHIMPOBAHHOTO BHECEHUS
MUHEpaIbHBIX YJOOPEHUN MOTYT YCTaHABIMBATHCS COBMECTHO Ha COBPEMEHHBIX
MIOCEBHBIX KOMIUIeKcax. B cBoioo odepens  cuctembl AuddepeHInpoBaHHOTO
BHECEHMS] MMHEPAIbHBIX yAOOpPEHH HEOOXOJUMO TMPUMEHATh COBMECTHO C
CHUCTEMOW KapTUPOBAHUS YPOXKAHHOCTH, IMO3BOJISIONICH OMPEACNSATh MPOOJIEMHBIC
YYaCTKH Ha TOJISAX C MaJIOM YpPOXKaHOCTHIO, Ha KOTOPHIX HEOOXOIUMO MPOBOIHTH
arpoXuMOOCIIeIOBaHMsl ISl CO3JaHUsS AJCKTPOHHBIX KapT IMOJEH ¢ MOCIEAYIOIMUM
BHECEHHEM YI00pEHUH.

Kpowme Toro, aist KX u menkux TOO cucrema auddepeHImpoBaHHOTO BHECEHUS
CPEJIICTB 3aIlUThI MPU pEAM3alUd BCEX TEXHOJOIM HE YYUTHIBAJach M3-3a CBOEH
BBICOKOM crommocTd. OHa yuWThIBajach nisi cpeaqHux u KpynHsix TOO mnpu
peai3alii MUHUMAIBHOW M HYJICBOM TEXHOJIOTUM (TTOCKOJIBKY TIPH MOYBO3AIIUTHOM
TEXHOJIOTUH YIIOp JEJIaeTCsl Ha MEXaHUUECKHUE CITIOCOOBI OOPHOBI C COPHSIIKAMHU ).

Takxke HEOOXOAUMO YUYUTHIBaTh, YTO BBINICTIEPEUUCICHHBICE CHUCTEMbl U
000pyI0BaHKE, KaK MPABUJIO, UMEIOT BBICOKYIO CTOMMOCTh M 3a4acTylO HE M0 KapMaHy
st pepmepoB. B 3ot ¢Bsi3u HayuHbIMU cOTpyaHuKamMu Koctanaiickoro gumumana TOO
«HIIL[ arpounxeHepur» ObUI TPOBENEH TEXHUKO-DKOHOMHYECKUH pacyeT M
00OCHOBaHbl COBPEMEHHBIE KOMIUIEKChl MAalllMH, MPUMEHEHUE KOTOPBIX MO3BOJISET
MOBBICUTh  MPOM3BOAUTEIBHOCT,  TpyJa  0IpPH  BO3AEIBIBAHHUM  OCHOBHBIX
CEJIbCKOXO3SIMCTBEHHBIX KyJbTYyp. PacueTsl mpoBoamMiInch Ha mpuMepe AKMOJIMHCKON
00J1aCTH, KOTOpasi ABJISIETCS OJHOW M3 OCHOBHBIX 3€pHOCEIOIUX obnacteil PecryOamku
Kazaxcran [5].

AHanu3 CTPYKTYphl IOCEBHBIX IUIONIA/ICH MO AKMOJUHCKON 00IacTH MoKasall,
yTo 00IIas moceBHas Iuiomanb cocrtabisger 5064,4 teic. ra. Ilpu stom 87,83%
3aHUMAIOT 3€pHOBBIC, B TOM uuciie 71,5% - miieHunia. AHalv3 CTaTUCTUYECKUX
naHHelx 1o gaHHeiM  MCX  PK  mokaszan, 4YTOo KOJMYECTBO — (pepMEPCKUX
(KpEeCThSIHCKMX) XO3SMCTB, 3aHATHIX B PACTEHUEBOJCTBE, cocTaBiseT 3463 wr. npu
nx noceBHou miomaan 1052, 9 teic. ra. KonuuecTtBO MENKUX, CPETHUX U KPYITHBIX
TOO cocraBnsier 1485 x03s1iicTB ¢ 001mIel moceBHoH momaapio 4011,5 teic. ra. [pu
3TOM BO3PACTAIOT AOJM IUIOLIAAEH, 3aHATHIX MOJA JPYrue KyJIbTYpbl, B YaCTHOCTH,
KYKYpy3y Ha CHJIOC M COI. YCTaHOBJIEHO, YTO KYKypy3y Ha CHJIOC U COI0 B MEJIKUX
KX wu TOO, kak mnpaBuio, HE BO3AEJBIBAIOT. OTH KYJIbTypbl B OCHOBHOM
BBIPAILIMBAIOT B CPEIHUX M KPYMHBIX CEIbX03(DOPMUPOBAHUSIX, TJE€ Pa3BUTO
’KUBOTHOBOJICTBO, a JIOJIM MX IUJIOLIAJECH OT MOCEBHOM IUIOMIAAN 3aHUMAIOT He Ooree
20%. IIpu stom B KX u menkux TOO mpuMeHSIOT 3epHOMApOBOM CEBOOOOPOT C
coaepxkanueM nmapoB B KX — 1o 33%, B TOO — no 25%. B cpennux u kpynasix TOO
OPUMEHSIOT, KaK MPaBHIIO, MapOILIOJOCMEHHBIN CEBOOOOPOT, MPU KOTOPOM MapoB
coaepxkurcs 10 20%.

C yderoM D3TOr0O M Ha OCHOBE AaHajau3a CTAaTUCTUYECKUX JIAHHBIX
chopMHupoBaHbl 4 KaTErOPUU XO3SIMCTB C YCJIOBHBIMU IUTOMIAJSMU BO3ZCIIBIBAHUS
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KYJBTYD, JJIs1 KOTOPBIX IPOBOJAWINCH ONTUMHU3ALMOHHBIE pacyeThl. XapaKTepUCTHUKA
XO3sICTB NpejacTaBieHa B Tadiuue 1.

Tabmumma 1 — XapakTepucTuka X0o3s1UCTB

Kareropuu xo34iicTB
Hoxasaren Kpectbanekue |y ro e TOO | Cpemmme TOO | Kpymmbie TOO
X035TICTBA
Cpennsis IOCEBHAas 110 300 110 1000 110 4500 1o 15000 u
miomaib, ra BBIIIIC
B TOM YHUCIJIC:
— Mapbl 99,0 250,0 900,0 3000,0
— 3€pPHOBBIE 201,0 683,5 2623,7 9258,2
— KyKypy3a Ha CHJIOC, B B 655.9 2314.6
cos ’ ’
— Mpovue — 66,5 3204 4272

C yueToM mNpUMeHEHHUs: 0OOCHOBAaHHBIX KOMILJIEKCOB MAIIMH JUIsl Pa3iIMYHBIX
KaTeropuil Xo3sicTB (KPECThsIHCKUE XO3sIMCTBa, Mekue, cpeanue u kpymnaeie TOO) B
3aBUCUMOCTH OT TEXHOJOTHH TPOU3BOJICTBA CEIbCKOXO3IUCTBEHHBIX KYJIBTYp ObLI
paccunTaH CpoOK OKYHaeMOCTH 3JIEMEHTOB CHCTEMBI TOYHOIO 3€MIIEACIINS, KOTOPBIMH
OHH MOTYT OOOpYAOBaTbCs, W YCTAHOBIEH WX palMOHANbHBIH Habop. Ha ocHoBe
aHaTM3a TEXHUYECKOW JIMTEPaTyphl MPUHUMAIOCh, YTO CPOK CIYXKOBbI 3JIEMEHTOB
CUCTEMbI TOUHOT'O 3eMJIECIINSI COCTABIISIET B CpeHEM 4-5 JIeT U, COOTBETCTBEHHO, €CITN
OHH OKyTaroTcst B TeueHuu 6-10 set u Oosiee, TO UX UCHOIBb30BaHUE HE PALIMOHAIIBHO.

Kpome Toro, crucreMbl JUCTAHIIMOHHOTO MOHUTOPUHIA TEXHUKU HAa OcHOBE GPS-
HaBuraiuu (Hampumep, cucreMbl GPS monutopunra «ABTOIPA® GSM/GSM+y,
Teletrack TT2-21, CAP VT-10, GNS-GLONASS v. 4.7, Azumyt 5.1 PRO u T.11.) B
pacuerax HE YYUTHIBAJIUCh M3-32 CBOEH HEBBICOKOW CTOMMOCTH, KOTOpas B CPAaBHEHHUU
CO CTOMMOCTBIO TPAaKTOPOB M KOMOAHOB HE OTOOpa)xkaeTcss Ha 3IKOHOMUYECKOM
addekre.

[Tpu 3TOM OGOJBITMHCTBO COBPEMEHHBIX TPAKTOPOB U KOMOAMHOB BBITTYCKAIOTCS C
WHTETPUPOBAHHBIMU CUCTEMAaMH JUCTAHIIMOHHOTO MOHUTOPHUHIA U JATYMKAMH pacxojia
TOIUIMBAa. B 3TO# CBsI3W NaHHbBIE CHUCTEMBbI HEOOXOJIMMO PEKOMEHIOBATH JIsl BCEX
KaTE€ropuil X0341lCTB, B TOM YHCIIE U JIJIs1 MEJIKUX KPECThSIHCKUX X035UCTB, Meskux TOO
co cpeaneit noceBHoi momaapio 300 u 1000 ra.

C yderom 3TOrO OBLT OMpEENCH UX pallMOHATIBHBIN HAOOpP aJs 4-X Kareropui
XO3SHCTB, KOTOPBIN MPEJICTaBIICH B Ta0HIIE 2.
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Tabmuna 2 — ParnmonanbHbI HAOOpP 3JEMEHTOB CHUCTEMBI TOYHOTO 3€MJICICHHS Ui Pa3IHYHBIX
KaTeropuil X03s1CcTB
Menkue Kpynnsie
Kpectpsacko Cpennue
€ X035MCTBO TOO TOO TOO
O6opymnoBanue (110 300 ra) (mo 1000 ( 10 4500 ra) (1o 15000 ra
ra) u Oonee)
IlouBo3amuTHAS TEXHOIOTH
Cucremsbl JHUCTAHIIOHHOT'O
MOHUTOPHUHIa TEXHUKU C JaTYUKaAMU + + + +
pacxoza TOIIMBa
CucreMa napauieIbHOTO BOXKICHHS — — + +
CucremMa aBTOMaTHYCCKOTO BOXKICHUS — - + +
Cucrema aBTOMaTHYIECKOTO
BoxneHuss+CKB+/IBY+cucrema — — — +
KapTUPOBAHUS YPOKAMHOCTH
MuHnManbHas TEXHOJIOTHS
Cucremsbl JHUCTAHIIIOHHOT'O
MOHUTOPHUHIa TEXHUKU C JaTYUKaMU + + + +
pacxoza TOIIMBA
CucreMa napauieIbHOTO BOXKICHHUS — — + +
CucremMa aBTOMaTHYCCKOTO BOMKICHUS — - + +
Cucrema aBTOMaTHYIECKOTO
BoxneHuss+CKB+/IBY+cucrema + +
KapTUPOBAHUS YPOKAMHOCTH
Cucrema aBTOMATHUYECKOT'0
poxaeHuss+CKB+/IBY+cucrema — — — +
KapTupoBaHus yposkaitHoctu + JIC3P
Hyneast rexHonorus
Cucremsl JUCTAHIIMOHHOTO
MOHUTOpPUHTA TEXHUKHU C JIATYUKAMU + + + +
pacxoza TOIIMBa
Cucrema napauieIbHOTO BOXKICHUSI — — + +
CucreMa aBTOMaTHYECKOI'O BOXKICHUS — — + +
Cucrema aBTOMATHUYECKOT'0
poxaeHuss+CKB+/IBY+cucrema — — + +
KapTUPOBAHUS YPOKAUHOCTH
Cucrema aBTOMaTHYIECKOTO
BoxeHuss+CKB+/IBY+cucrema — — — +
KapTupoBaHus ypoxkaitnoctu + JIC3P

Kpome TOro, Hy)XHO Y4YMTBIBaTh, YTO JUII TEXHHUYECKOTO IICPEOCHAIICHUS
CEITLCKOTO XO3HCTBA HOBBIMH TPAKTOPAMH, KOMOAMHAMU M CEJILCKOXO03SHCTBEHHBIMH
MalllMHaMd W WX OCHAIICHWEM DJJIEMEHTAMH CHCTEMBl TOYHOTO 3CMIICACITHS
HEO0OXO0IMMBI CephE3HbIE (PUHAHCOBBIE BIIOKCHHUSI.

A 11 TOTO, 9TOOBI OHU OKYTIAJHCh, HEOOXOMMO TMOTy4aTh MPUOBLIH, KOTOpas B
PaCTEHUEBOJICTBE OOECTIIEUMBACTCS TOJIBKO 3a CUET XOPOIIero ypoxas. B aToii cBsizu
st 3¢(HEKTUBHOTO MPUMEHEHUS COBPEMEHHBIX KOMILUIEKCOB MAIlliH, 000PYA0BaHHBIX
AJIEMEHTaMH CHCTEMBbI TOYHOTO 3eMIICCINS, HEOOXOMMMO 00ECIICUUTh OIpeIeICHHBIN
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YPOBEHb YPOKaWHOCTH 3E€PHOBBIX KYJBTYp, MOCKOJIbKY OHH SIBJISIFOTCSI OCHOBHOM
KyJbTYpO#, BO3IEJBIBAEMOM BO BCEX KATEropusax Xo3sHcTB. MX 1uiomans mnocesa
coctapysitoT 80% 1 6oJiee OT BCe MOCEBHOM IIIOMIAAN ceBepHOro pernona Kazaxcrana.

BbIBOABI

TakuM 00pa3oM, YCTaHOBJIEHO, YTO JJIsi TOTO, YTOOBI OKyHaJICsS BECh HaOOp
COBPEMCHHBIX CEIbCKOXO3SIMCTBEHHBIX MaIllMH, OOOPYIOBAHHBIX JJIEMEHTAMH JIISI
CHCTEMBI TOYHOTO 3eMJIC/ICIHS YPOKANHOCTh 36€PHOBBIX KYJIBTYP JIOJDKHA COCTaBIIATH B
KpeCThSIHCKUX X03aUCcTB U Menkux TOO c¢ miomansto 10 1000 ra He menee 6,5-8,0
/ra, B cpenaux TOO c miomansto 10 4500 ra — He menee §8,0-9,0 1/ra, B KPYIHBIX
TOO c mnomaaeto 1o 15000 u 6omee yporkaltHOCTb JOKHA COCTaBIATh He MeHee 10,5-
12,0 /ra.

Tonpko B 3TOM cilydae xo3siicTBa He OymyT paboTath cebe B yOBITOK, KpoMme
TOTO, 3TO TO3BOJMUT TMOBBICUTH MPOU3BOJUTEIBLHOCTh Tpyaa B 1,7...2,3 paza mo
CPaBHEHUIO C TIPUMEHEHUEM CYIIECTBYIOMIETO MapKa CEIbCKOXO03SIMCTBEHHON TEXHUKH,
KoTopbii Ha 70-80% nMeeT MOpaIbHbIN U (PU3HMUYECKUI U3HOC U TPeOyeT OOHOBIICHUSI.
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MPHTH 65.01.85
J.P. KabnoJsia, crapmuii npenogaBaresib kKadgeapsl «CTaHaapTU3anny U
NHUIIEBOH TEXHOJIOTHID)
Kocranaiickuii HH)KEHEPHO-3KOHOMUYECKU YHUBEpCUTET MuMeHu M.
HynaToBa
11007, Kocranaii, Kazaxcran

HudpoBuzanusa u aBToMaTHU3alKs B MUIIEBOM NMPOU3BOIACTBE: BbI30BbI 1
BO3MO:KHOCTH

AHHOTaumMsi. B cratee paccMaTpuBarOTCS ~ OCHOBHBIE  HANPAaBIICHUS
upoBU3aAMN ¥ aBTOMATH3alUN THUINEBONH MPOMBIITUICHHOCTH. OTMEYaeTcs, 4To
NPUMEHEHHE TEXHOJIOTUM MCKYCCTBEHHOTO HWHTEJUIEKTa, MHTepHeTa Beliel u
poboTu3anuu MoBbIIACT AHPEKTUBHOCTh, KAYECTBO U 0€30MaCHOCTh MPOAYKIIUH,
CHIDKas HM3ACPKKH W BIUSHHUE yejoBedeckoro ¢akrtopa. OcCBeIeHBI KIIHOYEBbIE
npobsiembl  MdpoBol  TpaHChOpMAlUM:  BBICOKAasT CTOMMOCTh, HEXBaTKa
CIICMAIUCTOB W pHUCKU KubOepoOeszonmacHocTtu. ChenaH BBIBOJ, 4YTO YCIEIIHAs
nudpoBuzanus TpeOyeT HHBECTHIMM, IMOJTOTOBKH KaJIpOB U TOCYJIapCTBEHHOM
MOJJICPKKU MHHOBALIHM.

Tyiiingeme. Makamana  TaMaKk  ©OHEPKACIOIH  MUQPIAHABIPY  MEH
aBTOMATTAHABIPY/IBIH HETI3r1 OarbITTaphl KapacThipbUirad. JKacaHabl WHTEIUICKT,
3aTTap WHTEPHETI XKoHE POOOTTAHMABIPY CHAKTHI TEXHOJOTHSIIAPIbI  KOJJIaHY
OHIMHIH THUIMJIUTITIH, CalachlH OHE KayiNCI3MIriH apTTHIPHIN, NIBIFBIHAAD MEH
aJaMu (bakTOpIbIH acepin a3alTaTBIHbI ararn oTuIenl. Hudpabik
TpaHChOPMAIUSIHBIH 0acThl MaceleNepi — IKOFaphI KYHBI, MaMaHJIapIbIH
KETICTICYIIIIT XoHe KUOepKayilcCi3diK ToyeKeaaepl TaijaHfFad. TaMak eHaipiCiH
CoTTi 1UQpPIaHAbpy HWHOPAKYPBUIBIMFA WHBECTHIIMS — CAIYAbl, KaJapiapbl
Jaspiayasl KOHE WHHOBAIMSUIAPABI  MEMIICKETTIK — KOJIayabl KaKeT CTeTiHi
AHBIKTAJIJIBI.

Abstract. The article discusses the main directions of digitalization and
automation in the food industry. It highlights that the use of technologies such as
artificial intelligence, the Internet of Things, and robotics improves production
efficiency, quality, and safety while reducing costs and human error. The key
challenges of digital transformation—high implementation costs, lack of qualified
personnel, and cybersecurity risks—are analyzed. The study concludes that
successful digitalization requires investments in infrastructure, staff training, and
strong government support for innovation.

KuarwueBbie ciopa:  lludposuzanus, aBTOMAaTHU3aLus, nuIeBas
IPOMBIIIJIEHHOCTh, WHHOBALIMHM, WHTEJUJIEKTYaJlbHOE MPOM3BOJACTBO, MHaycTpus
5.0, ycTOoMUYHUBOE pa3BUTHE.
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Tyitinai ce3mep: Iludpnanaeipy, aBTOMaTTaHIBIPY, TaMaK ©HEPKICIOi,
WHHOBAIUSIIAP, 3UATKEPIiK oHipic, MamycTpus 5.0, TypaKThl 1aMy.

Keywords. Digitalization, Automation, Food Industry, Innovation, Intelligent
Manufacturing, Industry 5.0, Sustainable Development.

BBenenue. 3a nocneanue necatuieTuss uudposas TpaHchopmals crana
OJIHUM M3  Haumbojiee  3HAYMMBIX  HANpaBICHUWA  Pa3BUTUS  MHUPOBOM
NPOMBIIIUICHHOCTH, BKJIIOYAash  NUIIEBYIO OTpacib. BHeapeHue UUQPOBBIX U
aBTOMATU3WPOBAHHBIX TEXHOJIOTMA B  MPOU3BOACTBO MPOAYKTOB  IHUTAHUS
npeoOpa3zoBajo TPaaULIUOHHbIE IIPOU3BOJICTBEHHBIE CUCTEMBI B
UHTEIJIEKTyalbHbIe, 3 (PEKTUBHBIC U yIIPABIsIEMbIE JAHHBIMU MPOIIECCHI.

[udpoBuzamnus noapazymMeBaeT NpuMeHEHHE HU(POBBIX TEXHOJOTHH, TaKUX
kak wuckyccTBeHHbId wuHTeNekTt (M), Wurepuer Bemeit (IoT), oOnaunbie
BBIYHCIICHUSI W aHAM3 OOJBIIUX JaHHBIX, IS MOBBIMICHHUS A(G()EKTUBHOCTH U
KauecTBa ynpaBieHHUs. ABTOMAaTU3allMsi, B CBOIO O4YEpEb, MO3BOJISIET 3aMEHUTH
PYTUHHBIE  ONEpallMd  WHTEJUIEKTyalbHBIMA  CHUCTEMaMU  YOPaBICHUS U
pOOOTHU3HPOBAHHBIM 00OPYIOBAHUEM.

[InmeBass MPOMBINUIEHHOCTh, SBJSSCH OJHOM M3 KPYHNHEUIIMX OTpacieu
DKOHOMHUKH, CTaJKUBA€TCS C pACTyIIMMH TpeOOBAaHUSIMH K  KadyecTBY,
0e30MacHOCTH, MPOCIEKUBAEMOCTH M CHIKEHHUIO CE0ECTOMMOCTH MPOIYKIIHUU.
[Toaromy nmdpoBas TpanchopMmaiusi MPOU3BOJACTBA — HE MPOCTO COBPEMEHHAs
TEHJICHIIUS, a 00BEKTUBHAs HEOOXOIMMOCTh TUTS o0ecrnieueHus
KOHKYPEHTOCTIOCOOHOCTH U YCTOMYMBOTO pa3BUTHSL.

Ieap ucciaenoBanus. Llensio crtaTen ABIAETCA aHAIU3 KIIIOUYEBBIX ACIIEKTOB
mupoBU3alMM M aBTOMATHU3allMM IMHIIEBOIO IMPOU3BOJACTBA, OIpEEICHUE
OCHOBHBIX BBI30OBOB M BBISBICHHE BO3MOXXHOCTEH, KOTOPBIE OTKPBIBAIOTCS
Onarozaps BHEPEHUIO MEPEI0BbIX TEXHOJIOTHA.

Metoabl uccienoBanusi. lccnenoBaHne OCHOBAaHO Ha aHAIM3€ HAyYHOU
JUTEpaTypbl, OTPACIEBBIX OTYETOB MW MEXIAYHApOIHBIX KekcoB. IIpoBeneHo
CpaBHEHUE TPAAUIMOHHBIX CHUCTEM MPOU3BOACTBA C LUPPOBU3UPOBAHHBIMU
npeanpustuaMu. CTaTUCTUYECKUE JTaHHbIE HCIOJIb30BaHbI U3 MUCTOUYHHKOB FAQ,
OECD u BcemupHoro OaHka s OIEHKA ASKOHOMHYECKOTO M COIMAIBLHOTO
s dexra mudpoBor TpaHCHOPMATIHH.

Pe3yabTathl H 00Cy:K1€eHHE

1. Posib undpoBbIX TEXHOJIOTHI B MTUIEBOM MPOU3BO/ICTBE

[udpoBuszamus MoBbILIAET MPO3PAYHOCTh, FPPEKTUBHOCTh U THOKOCTH BCEX
CTauil TPOU3BOJCTBEHHO-COBITOBON IIEMOYKA — OT 3aKYIKU CHIPbS IO TOCTaBKHU
TOTOBOTO MPOJIyKTa MOTPEOUTEINIO.

o UuTepHer Bemieii (IoT) u yMHble gaT4MkM 00ECrEeUMBAIOT MOHUTOPHUHT
napamMeTpoB IPOU3BOJACTBA (TEMIEpaTypa, BIAXKHOCTb, JABJIEHUE) B PEAIbHOM
BPEMEHH, YTO MOBBIIIAET O€30MaCHOCTh M CTA0MIBHOCTh KaueCTBa MPOIYKIIHH.
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« Big Data u anHaauTHMKA NO3BOJISIIOT MPOTHO3UPOBATH CIIPOC, IIAHUPOBATH
o0cnyxuBaHue 000pyAOBaHUS U ONITUMHU3UPOBAThH MPOU3BOJICTBEHHBIE MTPOLIECCHI.

o biiokueiin oOecrieynBaeT MOJHYIO MPOCIEKUBAEMOCTh ITPOUCXOXKIICHUS
POYKTOB, MPEIOTBpallast MOACIIKH U MOBbIIIAs J0Bepre NOTpeOuTEeH.

o MUcKyCcCTBeHHBI HHTEJIEKT M MAIIMHHOE O00y4YeHHe aHAIU3UPYIOT
OomnbIie O00BEMBl JIAHHBIX, TMOBBINIAS TOYHOCTh KOHTpOJSl KayecTBa H
YIPaBJIECHYECKUX PEIICHUM.

[Iprmep: B MOJIOYHOM IPOMBILIJIEHHOCTH UHTEIUIEKTyalbHble AaTuuku u M-
CUCTEMBI PUMEHSIOTCS U1 KOHTPOJISL Ka4eCTBa MOJIOKA, aBTOMAaTU3ALMK PO3IMBa
Y ONITUMU3ALMU YHEPTOMOTPEOJICHNUS, UYTO CHUXKAET 3aTPAThl U TOTEPH ChIPbSL.

2. ABTomMaTu3anus B nepepadoTke NPpoAyKTOB MUTAHUS

ABTOMaTU3HPOBAHHBIC TE€XHOJIOTUH, BKJIFOYAs pPOOOTU3UPOBAHHBIE
KOMILUIEKChI, KOHBEWEpPbl W YNAaKOBOYHBIE JIMHUM, WUIPAKOT KIOYEBYIO pPOJIb B
MOBBIIIEHUU TPOU3BOAUTEIBHOCTU U CTAOMIILHOCTH KayecTBa.

« PoOoTH3MpOBaHHBIE MAHUIYJISITOPBI BBHIIOJHSIOT ONEpalyyd MO HApPE3KeE,
(acoBke M ynakoBKe C BEICOKOH TOYHOCTHIO.

+ ABTOMAaTHYECKHEe CHCTeMbl KOHTPOJISI KauyecTBa BBIIBIAIOT J1€()EKThI
IPOAYKLUHH C TOMOILBIO CHCTEM MAIIMHHOIO 3PEHHUS.

« Cucrembl aBroMaTuueckoii moiiku (CIP) obecneunmBaroT CaHUTApHYIO
0e3omacHOCTh 0€3 yJacTHs epcoHaa.

[IpenmyiiecTBa aBTOMAaTU3aLNH:

¢ YBEJIMUEHHE CKOPOCTH U CTAOUIILHOCTH MPOU3BO/ICTBA;

* CHIDKEHHUE TPY103aTparT;

o TIOBBIIIEHHE 0€30MaCHOCTH pabOUUX MECT;

¢ PAlIMOHAJIBHOE UCIIOJIb30BAHUE CBHIPbS U SHEPTUU.

OcHoBHOI1 npoOJsieMoi ocTacTcs HEO0OXOIMMOCTh MOATOTOBKHU
KBTH(PUITUPOBAHHBIX CIEIUAINCTOB  JUIsl ~ OOCIYXMBaHUS  CJIOXKHOTO
00opyIoBaHUA.

3. IIpo0Jiembl nngpoBoi TpanchopManu

HecMoTps Ha mpeumytiiecTBa, BHEAPEHHE MU(PPOBHIX TEXHOJIOTHI B TTUIICBOE
IIPOM3BOJICTBO COMPOBOXKIACTCS PAAOM TPYAHOCTEH:

¢ BBICOKAsi CTOMMOCTh OOOpYOBaHUS, MPOTPAMMHOIO OOECHEYeHUs U
oOy4YeHus epcoHana;

o ICPUINT CIEUUATUCTOB B OOJACTH aHaNW3a JaHHBIX, POOOTOTEXHUKH H
KnOepOe30macHOCTH;

o CJIOXKHOCTH MHTETPALUY HOBBIX PEIICHUI CO CTaphIMU TIPOU3BOICTBEHHBIMHU
CUCTEMaMH,

o PUCKHU KHOEpaTaK U yTEUEK JTaHHbBIX;

o COTIPOTHUBIICHUE U3MEHEHHSIM CO CTOPOHBI pAOOTHUKOB U PYKOBOJICTBA.

B Kazaxcrane u [Apyrux pa3BUBAIOIIMXCS CTpaHax K OTUM (QaxTopam
M00aBISIOTCS  OTpaHWYEHHBIM JOCTyn K 1U(poBoM uUHPpACTpyKType H
HeJ0CTaTOYHAas MOIep KKa HHHOBAIIMK Ha TOCYIapCTBEHHOM YPOBHE.

4. BO3MOKHOCTH M NePCHEKTUBBI
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Hecmotpss Ha TpynHocTH, HM(pPOBU3ALMS M aBTOMATHU3ALMS OTKPHIBAIOT
3HAYUTEJIbHBIE BOSMOXKHOCTH ISl IPEANIPUSITUN MHILEBONW MPOMBIIIECHHOCTH:

o TIOBBIIIIEHNE KOHKYPEHTOCIIOCOOHOCTH 3a CYET CHW)KECHHUS H3JIEPKEK HU
yJIy4IIeHUs] Ka4eCTBa;

o IOBBILIICHHE YCTOWYMBOCTU U SHEPTO3((HEKTUBHOCTH MMPOU3BOJICTBA;

« O0ecrieyeHre Npo3pavyHOCTH U OE30MACHOCTH MPOAYKTOB MMUTAHUS;

e paCIIMpEHUE SKCIOPTHOTO IMOTEHIMAla M WHTErpauus B MHPOBBIC
1IU(POBBIC PHIHKHU.

B Oyaymiem nuieBas IpOMBIIIICHHOCTh OYJIeT pa3BUBAThHCS B HAIIPABICHUN
«Anpycrpun 5.0», rae 4enoBeK M MCKYCCTBEHHBIM HMHTEIUIEKT OyayT paboTarh
COBMECTHO, coO3/1aBasi ruOkue, Oe30macHble U YCTOWYMBBIC IPOM3BOJICTBEHHBIC
CHCTEMBI.

3akaovenue. lludpoBuzanms u aBTOMaTU3alMs MPEACTABISAIOT COOOMU
OCHOBY COBPEMEHHOTO Pa3BUTHs MHUIIEBON MPOMBIILIEHHOCTH. OHU MO3BOJISIOT
ONTHMHU3HUPOBATh MPOU3BOJCTBEHHBIE MPOLECCHl, CHU3UTH OTXOJbI, YIyUIIUThH
KauyecTBO M Oe30omacHOCTh npoaykuuu. OAHaKo yCHeIIHas peanu3anus TpedyeT
WHBECTHUIINI B 000py0BaHue, UPPOBYIO HHPPACTPYKTYPY U MOATOTOBKY KaJpPOB.
Hna Kazaxcrana unudpoBas TpaHchopManusi MHILEBOTO CEKTOpa  SIBISETCS
BaXHBIM HANpPaBJIEHUEM, CIIOCOOHBIM MOBBICUTH MPOU3BOAUTEIHLHOCTh, YKPEMUTh
IPO/IOBOJILCTBEHHYIO 0€30MacHOCTh W YIYYIIUTh KOHKYPEHTOCHOCOOHOCTH Ha
MHpPOBOM pbIHKE. BakHbIM ycloBHEM ycliexa SBISI€TCS TOCylapCTBEHHas
HOJIePKKa, pa3BUTHE MHHOBAIIMOHHON YKOCHUCTEMBI M COTPYAHUYECTBO OM3HECA C
HAYYHBIMH LIEHTPaMHU.
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AHaJIU3 ¥ BHIOOP NePCNEeKTUBHBIX TEXHOJIOTH BO3/1eJIbIBAHUS
CeJIbCKOXO03SIIICTBEHHBIX KYJIbTYP B ycjaoBusax CesepHoro Kazaxcrana

Tyiiinaeme. OCiMIIK MIAPyaNIbUTBIFBIH TAMBITY IBIH HET13T1 OaFbIThI IIBIFBIH/IbI
arpoOTEXHOJIOTUSTIAP/IAaH PECypC KOHE DHEPTUs YHEMJIEY TEXHOJOTHsUIAphIHA KOITy
Oonpim TaObUTANBI. JlaMBITT Kenle KaTKaH pecypcTrap MEH DHEPTUSHbI YHEMJICUTIH
TEXHOJIOTUSIIAPABIH OIpl - 197 eriHMIUIK TeXHOoJoTusuiapbl. OChl TEXHOIOTHSIAPIBI
€HT13Y OCIMIK IIapyallbUIbIFbIHAA OHTANIBI HOTHXKEIEPTe KO KETKIZYre MYMKIHIIK
Oepeni. Auaiila HAKThl E€TIHIIUIIK KYWECIHE TpaKTOpiap.ibl, KOMOaHIapAbl JKOHE
aypUIIIAPYyalIbUIBIK MaIllMHAJIAPBIH THIMAI TMaiajgaHy oOJIapAbIH HAKThl TaOWFH-
OHJIIPICTIK JKarJailylapFa MYMKIHJIKTEpI Typajibl FbUIBIMU-TEXHUKAJBIK aKmapar
HET131H/1e¢ MYMKIH 0OJIaJIbl.

AnHoTanusi. OCHOBHBIM HaIlpaBJIE€HUEM Pa3BUTHUSL PACTEHUEBOJICTBA SIBISETCS
nepexo]l OT 3aTpaTHBIX arpoOTEXHOJIOTMH K pecypco- U H3HeprocoOeperaronmm
TexHonorusiM. OJHUM U3 Pa3BUBAIOIIMXCS PECypco- U 3IHEprocOeperaroiux
TEXHOJIOTUH SIBJISIFOTCA TEXHOJOIMU TOYHOIO 3emienenus. BHeapeHune aHHBIX
TEXHOJIOTHHA TO3BOJIUT JIOCTUTHYTH ONTHUMAJIBHBIX PE3YJIbTaTOB B PACTEHUEBOJCTBE.
Onnako ¢ dexkTuBHOE UCII0JIb30BaHUE TPaKkTOpPOB, KOMOaifHOB "
CEJIbCKOXO3SIICTBEHHBIX MAIMH B CHCTEME TOYHOIO 3€MJIEIEIUs BO3MOXKHO Ha
OCHOBE HAyYHO-TEXHMUYECKOW MH(pOpMaIK 00 UX BO3MOMXHOCTSX JJISI KOHKPETHBIX
MPUPOJHO-IPOU3BOJCTBEHHBIX YCIOBHM.

Annotation. The main direction of crop production development is the
transition from costly agricultural technologies to resource-and energy-saving
technologies. One of the developing resource - and energy-saving technologies are
precision farming technologies. The introduction of these technologies will allow
achieving optimal results in crop production. However, the effective use of tractors,
combines and agricultural machines in the precision farming system is possible on
the basis of scientific and technical information about their capabilities for specific
natural and industrial conditions.

Tyiiin ce3aep: 107 EriHIIUIIK, aBTOMATThl KYPTi3y >KyHecl, CaabICThIPMAaIIbI
CBIHAKTAP, TEXHOJIOTHLIIAP.

KiawuyeBble cjoBa: TOYHOE 3EMJIEACTINE, CHCTEMaA AaBTOMATHYCCKOI'O
BOXJICHH:, CPAaBHUTCIIbHBIC UCIIBITAHWA, TCXHOJIOTHUH.
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Keywords: sowing complexes, precision farming, automatic driving system,
comparative tests, technologies.

BBenenue.

3eMiie[IeNIue CEroJHs IOHUMAETCs HAyKOM M TIEpEIOBOM MPAKTHKOW Kak
pecypcocbeperaroniee, — npeanojararomee  dPGEKTUBHOE W PAUYUTEIIBHOE
HCIIOJIb30BaHUE TPUPOJIHBIX M DSKOHOMHOE pacxXoJ0BaHUE MPOU3BOCTBEHHBIX
peCypcoB.

B coorBercTBMM ¢ 3TUM mpemaraquch Oe30TBajbHas, OecIUTy>KHas,
MOYBO3AILUTHASI, IUIOCKOPE3Hasi, MPOTUBO3PO3UOHHAsA, MoBepXxHOCTHas (B Kanane
Jake TOJIMOBEPXHOCTHASA — Subsurface), Mynpbunpytomias, BlarodHeprocoeperaronias
TexHoJoruu. Tenepb — MUHUMAaIbHas win coeperatomas ¢ nepexoaoM k No-Till, To
€cTbh BOOOIIIe 6€3 00paOOTKH MOYBHI.

BBICOKOTEXHOJIOTUYHON MOJENBIO CEJIbCKOTO XO35MCTBA, HAIPABJICHHOU Ha
MaKCHUMHU3AIHMIO YPOXKAeB, SBISETCS TaK HA3bIBAEMOE MPEIM3UOHHOE WM TOYHOE
ceNbCKOe X035UCTBO (precision agriculture umum precision farming). C yBennueHuem
moniaae oopadaTeiBaeMbIX 3eMelib MHOOPMUPOBAHHOCTh 3eMJIEEbIA O KAKIOM
reKTape CTAaHOBWJIACh CKyAHee M cKyaHee. llpenn3moHHOe 3emilefielIMe CTaBUT
3aJa4y BOCCTAaHOBHUTHh MH()OPMHUPOBAHHOCTH YEJIOBEKA C MOMOIIbIO KOMIBIOTEPOB H
TEXHUKH.

[TyreM wucnonb3oBaHMUsI CHYTHUKOBBIX CHUMKOB U GPS-naBuraropo Ha
TpaKTOpax, KOMIBIOTEPOB, GUKCUPYIOIIUX YPOKANHOCTh Ha KaXJIOM METpe MOJs, U
TOYHO JIO3UPYIOLIUX paclpeneianTeneii yqoOpeHuii U MeCTULUA0B MPELU3UOHHOE
3eMJieielue  CTPEMHUTCS  NPUBHECTM  HAyYHYH0  TOYHOCTH B MpoIlecc
CEJIbCKOXO3SICTBEHHOI'O IPOU3BOJCTBA. B KOHTEKCTE MHIYCTPHAIN3HUPOBAHHOTO
CEJIbCKOTO  XO3fHCTBA K KaXJAOMY KIOYKY TOJS JOJDKEH TNPAKTUKOBATHCSA
WMHANBUAYAIbHBIN TOX0]], HAIIETICHHBIA HAa COKpAIlleHNe 103 BHOCUMBIX MECTUIUIO0B
¥ ynoOpeHuit 10 MUHUMAJIbHBIX YPOBHEW AJIs MOTyUeHUs 3aJaHHOTO yposxkast [1].

CyTh TEXHOJIOTHH BCErJa OCTaBajach OJHA: MOMOTaTh MOYBE MPUHUMATH U
COXPAaHAThH BIIary, MUHUMAJIbHO HapyIas €€ eCTECTBEHHOE CIOXKECHHUE U KHU3Hb.

Campble moiHble 3epHOBbIe aepxaBbl (CLLIA, Kanana, Aprentuna, bpasunms) —
(barmMaHbl OCBOEHHUSI HOBBIX TEXHOJIOTUM, B OCHOBE KOTOPBIX OTKa3 OT MHTEHCUBHOU
oOpaGoTkn mouBbl. [lo mpPOTrpeccCHUBHBIM HSHEProCOEPETAIOUINM  TEXHOJOTUSIM
riyOoKkas maxoTa He IPUMEHSETCS, U ypokau HE TOJbKO HE MajarT, a HaoOopoT,
cTabunn3upyrorcs Ha Oojnee BeicokoM ypoBHe. Kanana u CIIIA ¢ 1933-1935 romos
yaABowIM ypoxau. AHrmus ¢ 1951 roga mepemia Ha MpSMOM MOCEB U HYJIEBYIO
00paboOTKy 3eMJIM — YpOXallHOCTh 3€PHOBBIX yBenuumiack Tam ¢ 15-16 nmo 51
LeHTHepa ¢ rekrapa. ManbueB T.C. Ha cBOMX MOJSAX IOBOJWI YpO>Kall MIIEHUIBI 10
34-36 u OoJyiee ILIEHTHEPOB C TE€KTapa, a pSJIOM Ha TaKUX e TMOoYBaxX, HO C
MIPUMEHEHUEM BCHALIKH MOJYyYaId B IBa-TPH pas3a MEHbIIE [2].

Cerogust 6osiee 100 MiIH. reKTapoB IOCEBHBIX IUIONIAJIEH BO BCEM MHPE
oOpabatbiBaeTcsi MO HyjeBOM TexHoysorun u Oonee 300 MIIH. TeKTapoB — IO
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MHUHUMaJIbHOM. B  mepcnekTtuBe —  BHEIPEHUE  SKOHOMHYHBIX  PECYpPCOo-
BJarocOeperamimmux TeXHOJoruid Ha momaagd B 700 MIIH. TEKTapoB 3€MIIH.
COeperaroniyie TEXHOJIOTUH MO3BOJISIOT COKpAIATh 3aTpaThl HA TPOU3BOJICTBO 3€PHA,
OJIHOBPEMEHHO MOJyyas CTa0UJIBbHBIN ypoKail U coXpaHsis OKpy»Karolyto cpery [3].

Bce Oonee mupokoe MpUMEHEHHE pPECypco-BiIarocOeperaronue TeXHOIOTUU
Haxomatr U B crtpaHax CHI'. B VYkpaune xossiictBo Kopnopamuu «Arpo-Coros»
Nepenuio Ha TEXHOJOTUI MHHUMAaJIbHOW 00paboTku mouBbl, B 2001 romy — Ha
HyneByto TexHosoruto 1o cucteme "No-Till". IIpousBoicTBeHHBIE 3aTpaThI
COKpaTWJIMCh B 2-3 pa3a, Mpu 3TOM HaAOJ0JANI0Ch MOBbIIIEHHE ypoxkas ¢ 27 no 50
m/ra [4].

3a ronapl BHEAPEHHUS TEXHOJIOTUH HAONIOAeTCs MOCTENEHHOE YBEIMUCHUE
YPO>KaWHOCTH 3€PHOBBIX KYJIbTYp IIPU COKpaAllCHUH 3aTpaT. Hanmpumep, B X0351CTBax
C XOpOIIIMM YPOBHEM MEHEIKMEHTA Yposkaii 3epHOBBIX cocTaBiseT 30 1/ra (mpurtom,
4YTO cpelHMi nokaszarenb 1o peruony CesepHoro Kaszaxcrana pasen 17,4 u/ra). B
XO035MCTBAX,  BHEIPSIOIIMX  pecypcocOeperaroimue  TeXHOJIOTMHM,  CPEIHSs
ce0ecTOMMOCTb MPOU3BOJICTBA OJHOM TOHHBI 3epHa cocTaBisier 63 momtapos CIIIA.
Hanpumep, B Kanage u ABcTpanuu, i€ MO MHUPOBBIM JaHHBIM caMas HHU3Kas
ce0ecTOMMOCTb ITPOU3BOICTBA 3€pHA, OHA paBHa 70 AOJIApOB.

O0beKT U MeTOAMKA.

B Kazaxcrane mpou3BOJCTBO 3€pHA OCHOBBIBACTCS Ha pa3pabOTaHHOM IO
pykoBojcTBOM A.bapaeBa MOYBO3alIUTHOM TEXHOJOTMM  BO3JEIBIBAHUS, C
NPUMEHEHUEM CEBOOOOPOTOB C KOPOTKOM poTaluei, IMojeM YWUCTOro mapa u
IpPUMEHEHUEM TMOYBOOOPA0ATHIBAIOIINX OPYAUA IUIOCKOpEXyliero Tuna. llpu
NPUMEHEHUU BCEX CPEJCTB MHTCHCHU(UKAIMKU TPUMEHsIEMas Ha CErOJHAIIHUN JIeHb
MOYBO3AIIUTHASI TEXHOJIOTHS TpeOyeT 3HAUUTENbHBIX JeHeKHbIX (120-150 momn /ra)
Y MaTepUaIbHO-TEXHUYECKUX CPEICTB. JTa TEXHOJIOTHUS SIBJISIETCS SHEPTOEMKOM, TaK,
Ha BO3JeibIBaHWE | Ta SPOBOM TMIIEHUIIBI B YETHIPEXIOJHHOM 3€PHOINAPOBOM
ceBooOopoTe Tpedyercs oT 55 1o 70 kr roprode-cmazounbix MmatepuaioB (I'CM), mpu
sToM ocHOBHOM pacxos ['CM no 60-70 % nmpuxonutcst Ha 00pabOTKy MOYBHI [4].

[Ipu crnoxxuBIIMXCST 00CTOATENHCTBAX MOBBIIIEHUE PEHTA0ETBHOCTH XO35HUCTB U
HKCIIOPTHBIX JOXOJIOB OT 3€PHOBOTO CEKTOpa MOKET OBbITh JOCTUTHYTO HAa OCHOBE
MCIIOJIb30BaHUS HEPro-Bilaro-pecypcocoeperaroiieil cucremsl 3emienenus. MiMmeHHo
9Ta CUCTEMA SIBJISIETCS] KIIFOUEBBIM PhIYaroM JUisi BEDKUBAHUS (EpPMEpPOB, 3aHSITHIX B
MIPOU3BOJICTBE 3€PHOBBIX KYJIbTYp W, B YACTHOCTH, T€X, KTO PabOTaeT B CIOKHBIX
arpokinuMatnyeckux ycinoBusax CesepHoro Kaszaxcrana. Mcxons U3 3Toro, OCHOBHOM
3ajayeil Ha CErofgHs SBISIETCS NpeoOpa3oBaHWE HBIHEIIHEH CHCTEMbI B
JICHUCTBUTENHHO CTAaOUJIBHYIO U PECypcoCcOEperarouryo CUCTEMY 3eMIIeeHsl.
[Toatomy B PecmyOnmke akTUBHU3HPYIOTCS pabOThI MO CO3JaHUI0O U BHEAPEHUIO
3G (PEKTUBHBIX TMMOYBO3ALIUTHBIX TEXHOJOTHUM, TaKWX, Kak MpsSMON TOCEB,
XUMUYECKUA TMap C HUCIOJb30BAHUEM HECEJNEKTHBHBIX TepOULIMJIOB, 3aMeHa
TPAAUIIMOHHON OOpabOTKM TMOYBHI TEXHOJIOTHSIMH MHUHUMAIbHOW U HYJEBOMH,
YCOBEPUIEHCTBOBAHHBIE ~ METOABI  MCIIOJb30BAHUSI IOKHUBHBIX OCTaTKOB, B
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YaCTHOCTH, OCTABJICHUE UX B MAKCUMAJIbHOM KOJMYECTBE HA MOBEPXHOCTU MOJISA, UTO
MO3BOJISIET HAKAIUIMBAaTh CHEr W COXPaHATh IIOYBEHHYIO BIIary, IOBBIIIATh
IUIOJIOPOAME MOYBHI U 3allMINATh €€ OT BETPOBOW M BOAHOW »posuu. [IpumeneHue
TUX TEXHOJOTUUA JIOJDKHO CBECTM K MHUHHUMYMY KOJHYECTBO IMPOBOJUMBIX
MEXaHU3UPOBAHHBIX TIOJIEBBIX OINEpaluid W 3aMETHO YMEHBIIUTh (PUHAHCOBBIC
pacxo/pl Ha CEbCKOX035UCTBEHHBIE PAOOTHI [S].

Pe3yabTaThl Hcc/Ie10BAHNI.

PITI «CeBepo-3amagHblii  HAYyYHO-IIPOM3BOACTBEHHBI LEHTP  CEJIBCKOrO
xo3siicTBay MCX PK ycTaHOBIEHO, UTO JTaHHAs TEXHOJOTHWS MO3BOJIMIIA B YCIOBHSIX
HEJOCTATOYHOW BJIAroO00ECIEUEHHOCTH PEruoHa CTAa0MIM3HPOBATh YPOKAMHOCTD,
YBEJIMYUTh BbIXOJ 3epHa ¢ | ra mamuum ¢ 12,1 go 18,6 w/ra. Ilpu sTom
PECYpPCOEMKOCTbh, SHEPrOEMKOCTh MPOU3BOACTBA CHIKEHBI HAa 40% [6].

I[To manaeiM MCX PK o00bemMbl BHEIpPEHHs BIIaro-pecypcocOeperaronmx
TEXHOJIOTHI COCTAaBUIIM 5,2 MJIH. Ta WIK TPETh 3€PHOBOTO KJIMHA CTPAHBI.

MuHuManbHas W OCOOEHHO HyJieBass 00pabOTKa — AJIEMEHT WHTEHCHUBHBIX
arpoOTEXHOJIOTUM, BO3MOXXHBIX IPHU JIOCTATOUYHOM OOECHEYEHHOCTH YJIOOpEHUSIMU,
NECTUIUIAMU B ONTUMAJIbHBIX CEBOOOOPOTaX MPHU BBHICOKON KYJIbTYpE 3€MJICIECIHSL.
OTO I0CTOSTHUE BHICOKO MpodecCuoHaNbHBIX TeXHOI0roB. HyneBoit oO0paboTke Tam,
r7Ie OHa BO3MOKHA, JOJDKHBI NPEAIIECTBOBATH OYMIIEHHE MOJIeH OT COPHSKOB,
BBIPAaBHMBAHME TIOBEPXHOCTH TMOYBBI IJIAHUPOBIIMKAMU C IEJNbI0 YCTPaHEHHS
MUKpoOpeibeda, CO3JaHHOTO TOCTOSHHBIM NPUMEHEHHUEM OTBAJIBHBIX IUIYTOB H
JYUIMIBHUKOB, @ TakXkKe JIMKBUAAUMS  IUTYKHOW  TOJOIIBBI,  pa3jHyYHbIe
MEJMOpPAaTUBHBIE MEpONPUATHS [7].

[lepexon OT TpaAMLMOHHOW TEXHOJOTUU O0OpabOTKM Ha NPSIMON IOCEB
HEBO3MOXXKEH 0€3 Halmuyusi BBIPOBHEHHBIX TMOJEH, MYJIbUHUPYIOIIETO  CIIOS,
BOCCTAaHOBJICHHOM CTPYKTYpbl MOYBbIl. BO Bpemsi mepexogHoro mepuojia, KOTOPbIA
JUTUJICS TIOYTH TSITh JIET, ObLIM HATaXKEeHbl CUCTEMbI YIOOpPEHHUs U 3alllUThl KYJIbTYP,
CO37laHbl TEXHOJOTUU YIPaBICHUS PACTUTEIbHBIMU OCTATKAMU U MYJIbYMPOBAHMS,
ONTHUMHU3UPOBaHA CTPYKTYpa MOYBBI, BBIPOBHEHBI OBEPXHOCTH ToJiel. CUTHAIIOM K
Hayally mepexoja Ha HyJeBYyI0 00pabOTKy, TO €CThb K IIOCeBY MO CTE€pHE, CTaja
CTabuIM3aIs ypOoKalHOCTH 3epHOBBIX Ha oTMeTKe 50 11/Ta [8].

«Onupasich Ha (pakTbl, MBI MOXXE€M TOBOPHUThH, 4TO, HayaB BHenpsATh No-Till,
KKl epmep 00s13aTeIbHO MPOXOIUT HavYaIbHYIO (Da3y (o 5 1eT), mepexoaHyro
dazy (5-10 ner), dazy dopmupoBanus (10-20 net), u nump B (a3e COXpaHEHUs
(Oonee 20 neT) gocTuraercs uacanbHas CUTyalls ¢ MAKCUMYMOM MPEUMYIIECTB AJIs
MOYBBl 1 MHUHMUMYMOM yAoOpeHuid. [loknHaTe Bce IUIOABI MPEUMYILECTB CHCTEMBI
IPSMOr0 MOCEBA MOXKHO TOJBKO IMPH YCIOBUU NMPUMEHEHUS CESUIOK C JTUCKOBBIMH
COILLIHUKAaMHU, MOJHOTO COXPaHEHHsI CTEPHU M aJE€KBAaTHOTO CEBOOOOPOTAa» — 3asiBUI
Poned Mepmi, HezaBucumblii KoHCyibTaHT mo TexHosoruu No-Till (Ilaparsaii),
YYaCTHUK MEXKIYHAPOIHON KOH(PEPEHIIMH 0 TEXHOJOTUU cOeperarouiero
semuienesns No-Till.
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Ccbulku Ha 3apyO€KHBIH ONBIT MPUMEHEHHS MHHHMAJIbHBIX 00pabOTOK,
OCOOCHHO HYJIEBOM, HE BCErJa OOBEKTHBHBI, IOCKOJIBKY HE COOOpa3yroTcs c
arpo3KOJOTHYECKUMH YCIOBUSIMH, Ha KOTOPbIE MOXHO IKCTPAINOIMpPOBaTh TOT WU
MHOMW npakTtudeckuil onbIT. Hanpumep, oTka3 oT oceHHel 00paboTKM Ha YepHO3eMax
3anagHoit Cubupu MeHee 3(pQeKTUBEH, YeM Ha aHAJIOIMUYHBIX MOoYBax Benukux
paBHuH Kananel u CILIA, nockoibKy B NEpPBOM CiIydae JA0JsI 3UMHHUX OCAJIKOB B
roJ0BOM OajaHce 3HAUYMUTEIbHO BBILIE, YeM BO BTOpOM. Ha CKIOHOBBIX 3eMiIsiX 3Ta
pasHHIa ele Oosee BO3pacTaeT B CBSI3U C YBEJIMYEHUEM IIOBEPXHOCTHOI'O CTOKA.
VYcenex «HysneBoil TexHojorum» B KO)kHOaMEpUKaHCKUX CTpaHax, Ha KOTOPBIE YacTo
CCBHLIAIOTCS, B OOJBIION Mepe CBs3aH C CO3JaHMEM MOIIHOM MYyJIbYd U3
U3MENBYCHHBIX OCTAaTKOB KYyKypy3bl, COPrO M JAPYTUX KyJIbTyp C OOJBIION
PaCTUTEIBLHOW MACCOU.

BriBOALI.

[IpuBenénubpie BbIIIE CBEAEHUS O MPUMEHEHHUM MUHUMAIBHBIX M HYJIEBBIX
TexHoJIoTuil 00padoTku mouBsl B CeBepHOM KazaxcraHe CBUIETENBCTBYIOT O TOM,
YTO JIaHHBIE TEXHOJOTUM HAXOMASTCS Ha AdTane cTaHoBJieHUs. JlJis OJHO3HAYHOIrO
MOHMMaHMUSl CyTH JaHHbIX TexHosioruid, MCX PK mnoaroroBun meroauyeckue
yKa3aHUs TI0 KJIacCU(pUKAIUM BHUIOB pecypcocOeperamnmx TEXHOJOTul, B
YaCTHOCTH, BUJbI TEXHOJOTUNA O0OpaOOTKH MOYBBI KIACCUPUIUPYIOTCS CIAEAYIOIIUM
obpazom:

1— TpaguunoHHas; 2 — COKpallleHHasi; 3 — MUHUMalbHas; 4 — HyJIeBasl.

Ha ctepueBom domne:

1. Tlon TpaguUMOHHOW MOHUMAETCA IIPOBEICHHUE KOMIUIEKCA M3 OCEHHEH
OCHOBHOH (350;1eBOI1) 00paOOTKM TIOYBBI, PAHHEBECCHHEIO 3aKPBITHS BIIArH,
XUMUYECKOM W  TPEANnoceBHOM 0O0pabOTKM TOYBBI U IOCEBA  CEsUIKAMU-
KYJbTUBaTOPAMH.

2. Ilox cokpamieHHOW NOHUMAETCS HMCKIIOYECHUE OJHOM-IBYX OIEpaluid H3
KOMILJIEKCA.

3. Ilog MuHMMaIIbHOM 00PaOOTKON MOHMMAETCS MOCEB CESIKOM-KYJIbTUBATOPOM
0 HeoOpaOOTAaHHOW CTEpHE, a TAKXKE MOCEB IO HYJIEBOW TEXHOJOTUH, HO MO (HOHY
3510J1eBOI 00pPa0OTKH IJIOCKOPE3aMU UJTU IIEJIeBaATEIIMHU.

4. ITon nyneBoit 0O6pabOTKOM MOHMMAETCS NTOCEB MOCEBHBIMU KOMILIEKCaMu 0€3
HapYIIEHUS CJIOKEHHUS TOYBBI, TO €CTh OJHOJUCKOBBIMU WJIa Y3KUMHU YH3EIbHBIMU
paboYrMMU OpraHaMHu.

Ha naposom nose:

1. IMox TpamuuuoHHOW 00pPaOOTKON MOHMMAETCS MEXaHMYECKOE YHUUTOXKCHHE
COpPHSKOB KYJIbTUBAIUSIMHU.

2. ITox cokparieHHOM 00pabOTKOM MOHMMAETCS 3aMeHa OJTHOM-TIBYX 00paboTOK
MOYBHI repOUIIUIaMH.

3. [lox MuHMUMaNBEHOM 00PAOOTKOM MOHUMAETCS TIOCEB CESUIKON-KYJIbTUBATOPOM
M0 XUMHUYECKOMY TMapy, a TakXKe IOCEB IO HYJEBOW TEXHOJOTHM MpPU OJHOU
MEXaHU4IEeCKO 00paboTke mapa.
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4. Tlon wnyneBoii 0OpaOOTKOM MOYBHI MOHUMAETCS MOCEB 0€3 HapylICHUsS
CJIO’KEHUS TI0YBHI 10 XUMUYECKOMY Tapy.

Hcxons U3 M3IOKEHHOTO, B CUCTEME TEXHOJOIMH M MAallluH JaHO ONHCaHUe
TPaIUIIMOHHON, MUHUMAIBbHONW M HyJNEeBOM TexHosnoruil. CokpalieHHass TeXHOJIOTHS
00pabOTKM MOYBBI B KaX/IOM XO3S5IIICTBE CBOSI M MPAKTUYECKH HEBO3MOXHO OIUCATh
BCE BO3MOJXKHBIE €€ BapUAHTBHI.
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HNEJAT'OTUKAJIBIK PEDAGOGICAL SCIENCES IIEJATI'OI'MYECKHME HAYKHA
FBLIIIBIMJIAP )KOHE AND VOCATIONAL N NPOPECCUOHAJIBHOE
K9CIBM1 BIUIIM BEPY EDUCATION OBPA3OBAHUE

MPHTU: 15.41.49.
O.A. AHIpHEHKO, T1OLEeHT Kadeapbl ICUXO0JOTHU U MeTarOruKH,

Opckuii ryMaHUTAPHO-TEXHOJIOTHYeCKU MHCTUTYT (puimana) OI'Y
462403, Opck, Poccust

Pa3BuTHE KOMMYHMKATHBHBIX CIIOCOOHOCTEH Y /IeTed MOCPeICTBOM COLMO-
UI'POBBIX TEXHOJIOTHH

AHHOTAIUA

B nanHoOil cTaThe paccmaTpuBaeTcs mpodiieMa pa3BUTHS KOMMYHHKATHBHOU
chepsl y JAETE CcTapiiero JMONIKOJIBHOTO BO3pacTa B YCJIOBHUSAX JIOIIKOJIBHOTO
obOpazoBaTenpHOrO yupexkacHus. [IpencraBiieH aHaau3 MPUMEHEHUS COLIMO-UTPOBOM
TEXHOJOTUU KaKk dA(PGEKTUBHOTO  CpeJCTBa  Pa3BUTUS  KOMMYHHMKATUBHBIX
CIIOCOOHOCTEN JETEN.

KiaoueBblie CJIOBa. KOMMYHHNKAaTUBHEBIC CHOCO6HOCTI/I, Pa3BUTHC
KOMMYHHKAaTHUBHBIX CIIOCOOHOCTEM JAOIKOJBbHHUKOB, COIMO-UT'POBLIC IICAArOrM4YCCKNC
TCXHOJIOTHH.

Abstract

This article discusses the problem of developing the communicative sphere in
older preschool children in a preschool educational institution. It presents an analysis
of the use of socio-game technology as an effective means of developing children's
communicative abilities.

Key words: communicative abilities, development of communicative abilities
in preschoolers, and socio-game pedagogical technologies.

Beenenue

CoBpeMeHHas Teqarornyeckas Hayka W MpakTHKa BCE yalle oOpamaroTcs K
noucky 3((PEeKTUBHBIX METOI0B (HOPMUPOBAHHS KOMMYHHUKATHBHBIX HABBIKOB Y
MOJIPAcTAlOIIET0  IOKOJIGHHWsA. B ycloBUAX IMQPPOBU3ANMA W CHUKCHHS
HETMOCPEICTBEHHOTO JKMBOTO OOIIEHUS OCOOYI0 aKTyalbHOCTh MPHUOOPETAIOT
TEXHOJIOTHH, CTIOCOOHBIC BOCTIONHUTH NEDHUIIUT MEXKITMUHOCTHOTO B3aUMOJICHCTBUSI.
OnHuM 13 EPCICKTUBHBIX HAIIPABJICHHUI B 9TON 00JIACTH BBICTYMAET COIHMO-UTPOBAS
TexHoJsorus [1; 7].

Corno-urpoBasi TEXHOJIOTHS MPEACTABISIET COO0M COBOKYIMHOCTh MPUEMOB U
METOJ/IOB OpraHu3aliu 00pa30BaTEIHHOU NESITEIHHOCTH, OCHOBAaHHBIX HAa WTPOBOM
B3aUMOJICMCTBUY JIETEN B MaIbIX rpynmnax [2; 3].
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ABrtopamu nanHoro noaxoza ssisitorces E.E. ynemko, B.M. bykaros u A.IL
EpmoBa, KOTOpblE ONpENeNWId €ro CyIIHOCTh KAaK <«HUIPY-KU3Hb MEXKIY
MUKpOTpyIIamu jereil (MaJbIMU COLMYMaMH — OTCIOJ1a U TEPMUH «COLIUO-UTPOBas»)
Y OJJHOBPEMEHHO BHYTPH KaxI0# uU3 HUX» [3].

KnroueBass umaes 3akitoyaeTcss HE B IPSIMOM OOY4YeHHM, a B CO3/JaHUU
CUTyallil, «KOTJa HMX YYaCTHUKAM XOYETCS IOBEPSATh U APYr JAPYry, U CBOEMY
COOCTBEHHOMY OIIBbITY, B pe€3yJbTaTe Yero MpPOUCXOAUT 3PQPeKT T0O0pOBOIBHOIO
oOyueHus1, Hay4eHHs] U TPEHUPOBKM» [5].

B ocHOBe cOLMO-UTPOBOI TEXHOJOTUU JIeKAT HECKOJBKO (hyHIaMEHTaIbHbBIX
IIPUHLUIIOB.

Bo-niepBrix, 510 paboTta B MaibIx rpymnmnax (ONTUMAIBHO MO 5—6 YEIO0BEK), 4TO
MO3BOJISIET KAKIOMY PEOCHKY ObITh aKTUBHBIM YYACTHHUKOM B3aUMOJICHCTBHS [2].

Bo-BTOphIX, OOs3aTenbHas CMEHa JIMAEPCTBA W COCTaBa  TpYIII,
oOecreunBaroias NpruoOPETEHNE ONBbITA OOIIEHUS C Pa3HBIMU NTapTHEpaMu [4].

B-TpeTpux, HHTErpamusi pa3iudHbIX BHUIOB JESITEIIBHOCTH W CBOOOJIHOE
NepeBUKEHUE JIETEN B IPOCTPAHCTBE, UTO CIOCOOCTBYET CHATHUIO 3MOLUOHAIBHOTO
HaIpsKEHUS U MTOAICP/KAHUIO IT03HABATEIbHOW aKTUBHOCTH [6].

BaxxHOUM XapaKTEPUCTUKOW COLMO-UIPOBOTO MOJAXOAA SIBISETCS H3MECHEHHUE
MO3ULIMHU TE€J1arora: U3 TPaHCIATOPa 3HAHUHM U CTPOroro OLEHIIUKA OH MPEBPAIAeTCs
B PAaBHOMPABHOIO TNAapTHEpPA, OPraHU3aTOpa WIrPOBOTO B3aMMOJACHCTBHUSA, UTO
paspyliaeT TpaJAuIIMOHHBINA Oapbep MEXIy BOCIIUTATEIEM U BOCIIUTAHHUKAMU [2].

CHsaTue c mneparora CyJIEWCKOM poOJM MEPENAacTCss CaMUM JETAM, 4YTO
CHoCcOOCTBYET (POPMUPOBAHUIO Y HUX OTBETCTBEHHOCTH U CAMOCTOSITENIBHOCTH [3].

OO0beKT 1 MeToAUKA

[lenr wWcciemoBaHWs: W3YYEHUE OIbBITA TPUMEHEHHS  COIMO-HTPOBBIX
TEXHOJIOTHH JIJIS1 pa3BUTHS KOMMYHHUKATUBHBIX CIIOCOOHOCTEH JETEH.

OOBEKTOM UCCJICIOBaHMS SBIICTCI KOMMYHHMKAaTHBHas cdepa CTapIiero
JOIIKOJIBHHUKA.

[IpeaMeTOM WHCCIIEIOBAHUS SIBISIOTCS COILMO-UTPOBBIC TEXHOJOTH Pa3BUTHS
KOMMYHUKATHBHOM C(Pephl ACTEH CTapIIero JONIKOIBLHOTO BO3pacTa.

PesyabTaTsl ucciaeq0BaHUMi

ABTOpaMHU COIMO-UTPOBOTO TOAXO0/Aa B 0Opa3oBaHWM sBisioTcs EBrenuit
EBrenpeBnu Illynemko, BsuecnaB MuxaitioBuu bykatoB, Anekcanapa IlerpoBHa
Epmosa.

[TonsiTe COLMO-UTPOBOTO CTWJIS B Menaroruke Obuio mpenoxeHo B 1988 r.
Heo0xoauMoCTs HOBOBBEJECHHS Oblla CBsi3aHa C OCOOCHHOCTSIMH HM3MCHEHHS B
oOImecTBe, dYTO TMOBJEKIO 3a COOOW JEeMOKpaTH3alMI0 MW TYMaHU3AIUIO
oOpasoBarenpHOoro  Tporecca.  CoOIMO-UTPOBOM  CTHJIP  OCHOBBIBAGTCS  Ha
T'YMaHHCTHYECKUX HIEAX TeaTpajbHOW IMEJaroTHKH U TEJarorukd COTPYIHHUYECTBA

[3].
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OcHOBHasE uJAEs COLMO-UTPOBOTO MOAXOAA: OpPTraHU3alUsi COBMECTHOU
JESTEIbHOCTH, B KOTOPOH pEOEHOK XOUET 3aHMMAThCAd M B KOTOPOM OH CIyIIAeT,
CMOTPUT, TOBOPUT U JEJIAET.

K mpaBuiaM conuo-urpoBoro mojaxojia OTHOCAT: paboTa MaJIbIMU IpyIIamH,
CMEHa JIMAEPCTBA B TPYIIAX, IEPEMEIIECHNE IIPY CMEHE MHU3AHCIIEH; CMEHA TeMIa U
pUTMa IEATEIbHOCTH; HHTErpalus BUJIOB AESITEIBbHOCTU; MONU(OHUS (OpUEHTALMS
Ha pa3BuBaronUil 3QPeKT).

PaboTta ManbsiMu rpynmnamu npezmnoiaraeT o0ObeAMHeHne aeteit mo 3-6 yenoBek
pa3HOOOpa3HBIMU CIIOCOOAMH: MO JKEIaHWIO, MO LBETY TIJa3, OACKABl U Jp.; IO
BBIOPAHHBIM OJMHAKOBBIM T€OMETPUYECKUM (UTypaM, KapTUHKAM C U300pakeHHEM
KUBOTHBIX, PACTEHHH, NPEAMETOB OJCK]bl, KOTOPblE MOXXHO OOBEIUHUTH IO
KaKOMY-JTM0O MPHU3HAKY B OJIHY TPYyHNy U T.I.; 0ObEIUHEHHE MyTeM OOpa30BaHUS
LIEJIOT0: pa3pe3Hble KAPTUHKH, CIO)KETHbIE KapTHUHKH, IO KOTOPBHIM MOKHO COCTABHUTb
pacckas; pacuety Ha 1, 2, 3; 110 4acTsIM CyTOK H T.II.

CMmeHa nuaepcTBa B rpynmnax. B kaxmoi manoil BeIOMpaeTcst Iuaep, KOTOPBIA
pacmpesenser AeUCTBUsA YYaCTHUKOB B TPYMIE, KOHTPOJIUPYET BPEMS BBITIOTHEHHS
3aJlaHus, O3BYYMBAeT pe3yibTar. BeIOOp mmaepa OCyIIECTBISETCS Yy4aCTHUKAMHU
rpynisl (1Mo XKeTaHuIo, IO METKE Ha KapTUHKE, IO CUUTAJIKE, CAMBII BBICOKUH-CaMBbIii
HU3KHUH 1 T.1.). Ha ka)xoM UrpoBOM 3Tarne JIuaep MOKEeT MEHSIThCSI.

[Iepememienne npu CMEHEe MH3aHCLEH. Bo BpeMs mpoBeneHUs WUIp-3aaHUi
OpeaycMaTpUBaeTCsl NEepeMEelIeHHe KOMaHJ B MPOCTpaHCTBE nomeueHus. OnnHu
UTPBI-3aJIaHUSI MOT'YT BBINIOJIHATBCSA y OKHA, APYTrue — 3a CTOJIaMU, TPEThU — CUJS HA
KoBpe U T.A. CMEHa MHU3aHCLEHbl [TOMOraeT y4aCTHUKAM KOMaHJ MEPEKIHOUYUTHCS,
CHSITh SMOLIMOHAJIbHOE HampsbkeHue. YeM dyallle OHM MEHSIOT MU3aHCLEHBI, MECTa,
1O03bl, TEM aKTUBHEE U pabOTOCIOCOOHEEe X KOMMYHHKAaTUBHAs M NO3HaBaTeJIbHAs
JESITEIbHOCTb.

CMmeHa TeMmna U putMa. MEHSITh TEMN JESATEIBHOCTH TTOMOTAaeT OrpaHUYCHUE
BO BPEMEHH C MOMOIIBIO0 MECOYHBIX YACOB, 3JICKTPOHHOTO TailiMepa B MPE3CHTAIIHH,
JUTATEIHHOCTH 3BYYaHUS MY3bIKH, CUeTa BEyIIEro W T.1. UepemoBaHHWE HTPOBBIX
ACHUCTBUM MTOJDKHO OBITh pPA3IMYHBIM MO JUINTEIBHOCTH. [l CcMeHbl puTMa
JESTEIIbHOCTH ~ WCHOJB3YIOTCS  33/JIaHMs, TOAPAa3yMEBAIOIINE BBIMOJIHEHHUE H
03BYUHBaHHE XOPOM, TI0 OJTHOMY, THXO HJIM TPOMKO, C TIOMOIIIbIO KECTOB H T.J.

WuTerpamuss BUIOB JEATEIBHOCTH MPEANOAraeT, YTo Ha OJHOM 3aHATHUU C
JIETbMH OpPTaHU3YIOTCS HECKOJBKO BHUJIOB JESITEIBHOCTU: KOMMYHHMKaTHBHas,
TBOpPYECKAs, UTPOBas, XyJ0’)KECTBEHHO-3CTETUUECKASI U JPYTHE.

[TpaBwio monaudoHMM NpeanojaraeT peueHue OAHOBPEMEHHO HECKOJIBKUX
3a/la4: pa3BUTUE MBIIUICHUS, BHUMAaHMs, NAMSATH, CIOBaps U OOpa3HOCTU peuH,
IPOM3BOJIBHOCTH, CKOPOCTH JBUTaTEIbHON peakuuu, KpEaTUBHOCTH,
KOMMYHHUKAaTUBHBIX YMEHUH U T. 1.

Comuo-urpoBoif MOAXOJ B JOIIKOJBHOM O0Opa30BaHUM MOXKET OBIThH
peann3oBaH B (opMe COLMO-UTPOBBIX CEAHCOB C IMOCTOSHHBIM M TEPEMEHHBIM
COCTaBOM TIpynin, B (popme 3aHATUN C OTACNIbHBIMH UTpaMU-33JaHUSIMH, B (opme
OTJIENbHBIX UTP, TPOBOJAUMBIX B PEXKUMHBIX MOMEHTAX.
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Couuno-urpoBoil ceaHc MpeANoaraeT MOCIEeI0BAaTENbHOE NPOBEICHUE IMSTH
BUJIOB WUTP: UTPbI JUIsi paboyero HACTpOsi; UTPbl Pa3MUHKU-PA3PSAIKU; UTPHI IS
TBOPYECKOTO CaMOYTBEP>KIEHUS; UTPHI ISl COLIMO-UTPOBOTO MPUOOIIEHUS K JACIy;
UTPBI BOJIbHBIE.

Ha3znauenne wurp nans co3gaHusi pabo4yero HACTpos — CO3JaHUE Takou
atMoc(epbl B TpyIne OO0ydaroluxcs, KOTOpasi CIOCOOCTBYET BOBJICUCHHIO BCEX
YYAaCTHUKOB B J€ATEIBHOCTh, CHUMAET MCUXOJIOTMUYECKYIO HAPSKEHHOCTb.

Urpsl «pa3MUHKU-PA3pSAIKA» HOCSAT XapaKTep COPEBHOBAHMS, HECEPHE3HOTO
BBIUTPBILIA.

YopakHeHusT «TBOPYECKOIO CaMOYTBEPXKIEHHUS» TMPEICTaBIAIOT  CcOOOM
TBOPYECKHE 3aJaHMs: IOArOTOBKA KOJUIAXKEW, CLEHOK, PHUCYHKOB, HCIIOJIHEHHUE
CTHXOB I10 POJISIM, COCTABJICHHE PACCKA30B U T.II.

K rpynmne 3amaHuif-ynpakHEHHH «COILMO-UTPOBOTO MPHUOOIIEHUS K JIETy»
OTHOCAT WIPbI-33/IaHUS, KOTOPbIE MOTYT OBITh JOMOJIHEHBbl YYEOHBIM MaTEpUATIOM.
310 MOTryT OBITh 33J]JaHUA Ha Pa3Iu4YCHHE, 3alIOMUHAHUE U T.II.

[IsTas rpynma ynpakHEHUH — «UTPbI BOJBHBIE». BKITIOUaeT MOABUKHBIC UTPHI-
3a/laHusl, BBIMOJHEHUE KOTOPBIX TPeOyeT IOCTaTOYHOrO MPOCTOpa M CBOOOIBI
nepeaBwkeHus. Wx ynoOHee BBINONHATH B MNPOCTOPHOM  IOMELIEHUU: B
MY3bIKaJIbHOM, CIIOPTUBHOM 3ajie, Ha UIKOJbHOM cTaguoHe. Moaudukanuu
«BOJIBHBIX UT'P» MOYKHO ITPOBOAUTH B IPYIIIOBOM KOMHATe, Kiacce [3].

[Ipu npoBeneHUMM Urp KOMaHAbI MOTYT IMOdy4aTh Oayibl (PKETOHBI) 3a
IPABWIBHO BBINIOJIHEHHOE 3aJaHUE€ WM JSCTETUYHO PEAJM30BAaHHBIM IPOAYKT
COBMECTHOM [JEATEIbHOCTH. TakKe Iearor ¢ Uelbl0 NOAACPKAHMS TUCHUTIINHBI
MOXXET BBECTM cHUcTeMy WTpadoB: 3a0uparh 3apaboTaHHbIE KOMaHION >KETOHBI,
aHHYJIMPOBATh OAJUIBI, IPEKPATUTh UTPATh C IETHMHU U T.II.

Pe3ynbTarhl cHCTEMaTHYECKOrO MPUMEHEHHUS COLMO-UTPOBOM TEXHOJIOTHH
BKJIIOYAIOT: ()OPMHUPOBAHHUE Yy JI€T€d YMEHHUS JOroBapHBaTbC M MPUXOIUTH K
COIJIaCHUIO; Pa3BUTHE CIIOCOOHOCTU CIyLIaTh W CIIBIIATH APYT APYTa; CHATHE CTpaxa
nepes OmMOKOM; MOBBIIIEHHE PEUYeBOM aKTHMBHOCTH; MPUOOPETEHNE YBEPEHHOCTH B
cebe W mpeonosieHne 3acTeHUYMBOCTH [6]. JleTm ywaTcsi He TONBKO BBIPAXKATh
COOCTBEHHOE€ MHEHHE, HO U apryMEHTHUPOBAHHO, MO0OPOXKENIAaTeIhbHO BO3pAXATh
CBEPCTHUKAM, OTCTAUBATh CBOIO MO3HIIMIO.

BbIBOABI

Takum o00pa3oM, COIMO-WTPOBAsT TEXHOJOTHS BBICTymaeT 3(PHEKTUBHBIM
CPEIICTBOM pPa3BUTHS KOMMYHUKATHUBHBIX CIIOCOOHOCTEH NETEH, MOCKOJBKY CO3/IaeT
€CTECTBEHHYIO Cpely JJIsl )KMBOTO OOIIEHUsI, COTPYIHUYECTBA U B3auMorioMonu. Kak
OTMEUYAIOT HCCIENAO0BATeNN, MaHHBIA TOJIXOJ] «Hau0oJiee WHTECHCUBHO pa3BUBACT
KOMMYHUKATHUBHBIE W HMHTEIJICKTYaJIbHBIC CIIOCOOHOCTH JETeH MO CPaBHEHUIO C
TPaIUIIMOHHBIMA METOJIaMH OOYYEHHUS» W B MOJHOW Mepe COOTBETCTBYET 3ajauaM
COBPEMEHHOMU MEIarOTuKH, HaIpaBJICHHBIM Ha BOCIIMTaHUE JIETCKOU
CaMOCTOSITEJIbHOCTU U COXPaHEHHUE MCUXOJIOTUUECKOT0 O1aronoinyuns pedeHka.
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JILA. EMe/ibsiHOBA, KAHAUAAT MCUXO0JOTHYECKUX HAYK,
AOUEHT Kadeapbl NICUXOJOTHH U NeIATOTUKH

Opckuii rYMAHUTAPHO-TEXHOJIOTHYeCKUl MHCTUTYT (puiauana) OI'Y
462403, Opck, Poccust

K npoo6aeme u3yuyeHus nNcuxo10ru4ecKux pakTopos HeyCneBaeMOCTH
HIKOJbHUKOB

Tyitingeme. by makaia CoOTCI3MIKTIH ICUXOJIOTHSIIBIK (PaKTOpIIapbl MOCENIeCiH
Tajjayra apHaJfaH. OMIMUPUKAIBIK  3epTTey  OapbIChIHIA  OKYIIbLIAPIbIH
yJArepMeyiHiH Herisri cebentepl 3epTTeial. YJIrepMereH OKyIIbLIap/ia Ma3achI3IbIK
MIeH OKY MOTHBAIIMSCHI apAChIHIaFbl OaliJIaHBIC AHBIKTAJIIBI.

AHHOTAIIUA. JlanHas CTaThs MHOCBSIIICHA AHAIU3Y po0JIeMbl
IICUXOJIOTUYECKNX  ()aKTOpOB  HEYCIIEBAaEMOCTH. B Xome  »MIOUPHUYECKOro
UCCIIeIOBaHMs ObUIM M3YyYEHbl OCHOBHBIC NMPUYUHBI HEYCIIEBAEMOCTH MIKOJIHHHKOB.
BrisiBneHa B3aMMOCBSI3b MEXIY TPEBOXKHOCTBIO M Yy4yeOHOW MOTHBAIMEH Yy
HEYCIIEBAIOINX NIKOJIbHUKOB.

Abstract. This article 1s devoted to the analysis of the problem of
psychological factors of underachievement. In the course of the empirical study, the
main causes of underachievement among schoolchildren were studied. The
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relationship between anxiety and academic motivation among underachieving
schoolchildren was revealed.

Tyitinai ce3mep: Oacraybllll MEKTEN Kachl, YIATEPIMCI3IIK, MCUXOJOTHUSIIBIK
dakTopnap, OKy MOTHBAIIHSICHI, Ma3aChI3/IbIK.

KiroueBbie ciaoBa: MiaqIuMi  IMIKOJIBHBIA  BO3pPACT, HEYCIEBAEMOCTD,
Ncuxoyoruueckue (HakTopsl, yaeOHass MOTUBALIMS, TPEBOKHOCTb.

Keywords: primary school age, underachievement, psychological factors,
academic motivation, anxiety.

Beenenne

W3 rona B ro1, U3 MOKOJICHHS B MOKOJICHUE YYAIIHECS, UX POJUTEINN, IEAATOTH
CTaJIKUBAIOTCS C TAaKOW MpoOJIEeMON Kak HEYCIIEBAEMOCTh IIKOJBbHUKOB B YYEOHOMU
NEATEIIBHOCTH.

[[IxonpHAss HEYCHEBAEMOCTh — 3TO HECOOTBETCTBHE MOATOTOBKHM YYaIIUXCS
00s3aTeNbHBIM TPEOOBAHUAM IIKOJIBI B YCBOCHHMHM 3HAHUM, pPa3BUTUM YMEHHUH H
HaBBIKOB, (DOPMUPOBAHUU OMNbITA TBOPUYECKOW MEATEIHOCTH W BOCHUTAHHOCTH
MO3HAaBaTENIbHbIX OTHOIIEHUH. [0 HEeycreBaeMOCThI0 OOBIYHO MOHUMAIOT SIBJICHUE,
IpU KOTOPOM YYAIIMHCS MMEET HEeYyJIOBIETBOPUTENbHBIE OLEHKU M0 KaKOMY-JIHOO
npeaMery (WM MO BCEM IpeaMeTaMm cpasdy) B ueTBepTH wiu B rogy. CoriacHo
«IlemarornyeckoMy SHUMKIONEAUYECKOMY CIIOBApIO», II0J HEYCIEBAEMOCTBIO
10JIpa3yMeBaeTCsl HU3KU YPOBEHb YCBOEHUS YUALIUMUCS COJIEP KaHUs 00pa30BaHUs
[0 CPAaBHEHUIO C MPEAYCMOTPEHHBIM yUeOHOU POrpaMMoil.

BOJBIIMHCTBO YYEHBIX OTMEYAIOT, YTO HEYCIEBAEMOCTh y IIKOJBHUKOB — 3TO
HE TOJBKO HU3KUMU YPOBEHb 3HAHMI OOyYaroUIMXcsi, KOTOPbIA HE COOTBETCTBYET
TpeOOBaHUAM, IPEABABIIEMBbIM BPEMEHEM, HO M MPOOJIEMBI B IUIAHE MMOBEECHUS 3TUX
nerert (H.A. Menunnckas, H.I1. Jlokanosa, .H. boiiko u ap.) [1]. U3-3a Toro, uro
HEYCIEBAIOIINE IIKOJbHUKK OOJIbIIOE KOJMYECTBO BPEMEHHM  HMCIBITBIBAIOT
NepeKMBaHUs Ha MOYBE MX HEyJad B ydyeOe, Kak MpaBuiio, 1u60 GopMHupyeT B HEM
CTOUMKYI0O HEYBEPEHHOCTh B COOCTBEHHBIX BO3MOXKHOCTSX, JHUOO 3Ta CHUTyalus
TOJIKAET JeTel Ha peanu3aluio M TPOsBICHHE ce0s KaK JMUYHOCTH, KOTOpas
nobuBaercss  "ycmexoB" — KOH(JIMKTHBIM — IOBEACHUEM WM  aCOLMAIbHBIMU
NOCTynKaMu. ¥ peOeHKa MpoMaaeT )KeJIaHUEe YUYUThCS, OH HE COIJIallaeTcs XOAUTh B
LIKOJIY, IIPOITYCKAET YPOKH, WJIM CTAHOBUTCS «TPYAHBIM» YUEHHKOM: IIIYMUT, MELIACT
JETSIM paboTaTh Ha YPOKE, OTBIIEKAET UX.

AKTyaJbHOCTb HCCJIEIOBAaHHs CBSI3aHA C TEM, YTO OIPEICICHUE NPUYUH U
(aKkTOpOB IIKOJIBHOW HEYCHEBAEMOCTH IIOMOXKET PACKPBITH HCTUHHBIE BO3MOYKHOCTH
YUY€HHKa, TMPEOJ0JIeTh TPYAHOCTH B Y4eOHOM [EATEIbHOCTH, KaK CaMOMy
IIKOJIbHUKY, TaK €ro poJUTeNIsIM M Iejaroram, a Takxke c(opMUpOBATh
MOJIOKUTEIHHOE OTHOIICHHE KaK K ydeOe, TaK M KO BCEH LIKOJIE B I[EJIOM.

Bce BhIIE CKa3aHHOE U ONIPEAEISAET aKTYaJIbHOCTh HALLIETO UCCIEIOBAHNS.
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OO0beKT 1 MeToAMKA

[lenp HamEro HCCIENOBAHUS PACKPBITh ICUXOJOTMYECKUE  TPUYUHBI
HEYCIEeBAEMOCTH IIKOJbHUKOB. B 4acTHOCTH, OBLJIIO BBIABUHYTO MPEATIOI0KEHHUE, YTO
€CThb  B3aMMOCBS3b  MEXKIy  IIKOJIBHOM  TPEBOXKHOCTBIO M IIKOJIBHOMN
HEYCIIEBaEMOCThIO. B mccie1oBaHny MPUHSIN Y4aCTHE NIKOJIBHUKU TPETHETO Kiacca
o011e00pa3zoBaTebHOM mKoJbI T. OpcKa.

HccnenoBanre peann30BBIBAJIOCh C HMCIOJB30BAHUEM CIEAYIOIINX METOIUK:
«/InarnocTrka mKoibHON TpeBokHOCTUY» (A.M. Ilpuxoxan); meroauka «OneHka
ypoBHs 1KoiabHOM MoTuBanuu» H. I'. JIyckanoBoil; «CtangapTu3oBaHHasi METOAUKA
JUTSL ONIPEACIIEHNS YPOBHSI YMCTBEHHOT'O Pa3BUTHUS MIIAAIINX IIKOJIbHUKOBY.

Pe3yabTaThl HCCIe10BaHU A

PesynbTaThl AUMArHOCTUKM WIKOJIBHOM TPEBOKHOCTU IOKA3&JIM CIEAYIOIINE
pe3yabpTarhl. bosnbpmas 4acTh YYEHHKOB KAaK YCHEBAKOLIMX, TaK U HEYCIEBAOIIMX
AMEET HOPMAJIBHBIM YPOBE€Hb IIKOJBbHON TPEBOKHOCTH, MOBBILICHHBIM YPOBEHb
IIKOJIBHOM TPEBOKHOCTHU MO OOJIBIIEH YacTH BCTPEYAETCs B TPYIIE HEYCIEBAIOUIUX
IIKOJIBHUKOB, U TOJbKO 15 % W3 HeycneBallUX HWMEIOT BBICOKMH YPOBEHb
LIKOJIbHO! TPEBOKHOCTH.

VY ycneBarouyMx YYEHHMKOB B OCHOBHOM IMPOSIBJISIETCS XOPOIIUN YpOBEHBb
MIKOJIbHOU MoTHBAUu (37%) U HEKOTOPBIX CIy4yasix BBICOKHIA YpOBEHb LIKOJIbHOU
MotuBaiuu (13%). BbICOKHMII ypOBE€Hb WIKOJBHOM MOTHBALIMM XapaKTepU3yeTCs
HaJMYMEeM BBICOKUX TMO3HABATEIbHBIX MOTHMBOB M CTpEeMJIEHHEM HanOoJee YCIEIIHO
BBITIOJIHSITH BCE TIPEIBSABIIIEMbIE IIIKOJION TPeOOBaHMUS.

Cpenu HeycneBaronMX y4eHUKOB OKOJO 10% HMMEIT XOpOIIyl0 HIKOJbHYIO
MotuBanuio. I[IpumepHo 33% yuammxcsi UMEIOT BHEIIHIOIO MOTHBAIMIO0. BHemH:s
MOTHBAIMS Y4EOHOU NESITEIbHOCTH — 3TO CTPEMJICHHE BBIMIOJHATH YYEOHYIO
NESTEIIbHOCTh HE paad HEE caMOM, a pagyd BO3HATPAXKICHUW, KOTOPBIE HAET
JOCTUKEHNE BBICOKOT'O PE3YJIbTATA.

Oxkono 7% wucnbITyeMbIX (TpylIia HEYCHEBAIOUMX IIKOJIbHUKOB) HMEIOT
HU3KYIO MOTUBaLMI0. HU3kas mkoabpHass MOTUBALMS — 3TO COCTOSIHUE, IIPU KOTOPOM
JIETH TOCEIIAI0T IIKOJIY HEOXOTHO, MPEANOUUTAIOT MPOMYCKAaTh 3aHATHS, HA YPOKax
4acTO 3aHUMAIOTCS MOCTOPOHHUMH J€JIaMU, MCHBITHIBAIOT TPYJHOCTH B OCBOCHUU
y4eOHOW mporpaMMbl U HaxOMSITCS B HECTAOMJIBHOM COCTOSIHUM aJarTalud K
IIKOJBHOM Cpelie.

Cpenu ycneBaromux y4dyeHHMKOB 30% HMEIOT BBICOKHI YPOBEHb Pa3BUTHSI.
Oxkono 20% wucneiTyeMbIX (Tpynna yCHEBAIOIIMX IIKOJbHUKOB) MMEIOT CPEIHMIMA
YPOBEHb YMCTBEHHOT'O Pa3BUTHS.

Cpenu HeyceBarolllUX YYEHUKOB OKOJO 17% HMEIT BBICOKMH YpPOBEHBb
YMCTBEHHOTO pa3BuTHs. lIpumepHo 33% HCHBITYEMBIX HMEIOT CPEIHUN YPOBEHb
YMCTBEHHOT'O pa3BUTHs. B 1enoM, Kak 1 yCHeBaroluX, TaK U JJI1 HEYCIIEBAOIINX
YYEHUKOB XapAKTEPHBI BBICOKHE U CPEHUE YPOBHU YMCTBEHHOT'O Pa3BUTHSL.

CpaBHUTENBHBIN aHAJIU3 MO BCEM METOAMKAM IMOKAa3all, YTO IJII YYECHUKOB C
pPa3HBIMU YPOBHSMH OJIHOTO KPHUTEPHUs, XapaKTEPHbI pa3HbIEe YPOBHHU JIPYroro
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Kkputepus. Henb3st ckas3aTh, 4TO yCIEBAOLINN YUCHUK UMEET OJHU ITOJOKUTEIIbHBIC
3HAYEHMS, KaK U HEYCIIEBAIOIIMN UMEET OJHU OTPULIATEIbHBIC 3HAUYCHUS.

OnHAaKO MOXKHO 3aMETUTh B3aMMOCBSI3b MEXKAY TPEBOKHOCTBIO U JIPYTUMHU
KpUTEPUSIMH, B YACTHOCTH, yueOHON MOTHBaIMend. B miajiieM 1mIKOJIbHOM BO3pacTe
TPEBOXKHOCTh MOKET HETaTUBHO CKa3bIBATHCS HA MOTHBALIMK YU4€OHOM e TETLHOCTH.
N3-3a ycunenus wuHOOPMAIIMOHHOW Harpy3kd W BO3pacTaHus TpeOOBaHUN K
MPOBEPKE 3HAHUN YPOBEHb IIKOJIBHOM TPEBOXKHOCTA MMEET TEHJCHIMIO K
BO3PaCTaHUIO, UTO MPUBOAUT K CHH)KEHUIO YPOBHS IIKOJIBHOW YCIIEBAEMOCTH.

BpisiBriv, 4TO U1 ydalIMXCAd C BBICOKOW IIKOJBHOW TPEBOXKHOCTBHIO
XapaKTepHbl TMOHIKCHHAsT MOTHBALMs, MPoOJeMbl C KOHIICHTpaIueld BHUMAaHUS,
HaIpsHDKEHUE WM HEPBO3HOCTh, NpoOiemMa ¢ oOydeHHeM, a il HCHBITYEMBIX C
HU3KOW IIKOJIBHOW TPEBOKHOCTHIO XapaKTE€pPHA BBICOKAS IIKOJIbHAS MOTHBALUS U
BBICOKAsl YCIIEBAEMOCTh B YU€OHOM JESTEIBHOCTH.

BbIBOABI

HecMoTpst Ha pasnmuuue NMPUYMH HEYCIEBAEMOCTH Y Pa3HBIX IIKOJIHHUKOB,
y4damuecs ¢ TPYIHOCTIMU B 00YYEHUH UMEIOT JOCTATOYHO MHOTO OJMHAKOBBIX YEpPT
U OCOOEHHOCTEHW, dYTO TIO3BOJISIET JaTh WM  OOIIYI0  TICHXOJIOTHYECKYIO
XapaKTEePUCTHKY. VX 00Immas XxapakTepucTUKa COCTOUT B ciemytonieM. OHU OOBIYHO
HE MMPUHUMAIOT aKTUBHOTO y4acTHs B paboTe Kiacca, He 00HApYKUBAIOT CKIIOHHOCTH
K CaMOCTOSATEIbHOMY YMCTBEHHOMY TPYAY, XapakKTepusyloTcs OoJjiee HHU3KUM
YpPOBHEM PabOTOCIIOCOOHOCTH, YEM XOPOIIO YCIEBAIOIINE OJHOKIACCHUKU. Y TaKUX
yUYaluxcsi HaOJNIOAAIOTCS HEJOCTAaTOYHOCTh Pa3BUTHUS BCEX I[M03HABATEIIbHBIX
MPOLIECCOB.

CMBICT TIEJarOTHYECKON JEesTEIbHOCTH COCTOMT HE TOJBKO B TOM, YTOOBI
IOMOYb y4alleMycCsl YCTPaHUTh HMMEIOIIUECS MPEMNsITCTBUSA, HO U B TOM, YTOOBI
MMOMOYb OCO3HATh MIPUYHUHBI TPYAHOCTEH U HAWTH CITOCOO PEIICHUSI CBOUX TIPOOIIEM.

[IpenynpexxaeHne HEYCIEBAEMOCTH  SBIISICTCS OYEHb BAXHOW  YacCThIO
oOpazoBarensHOTO Tporiecca. OHO HaNPABJICHO HE TOJHKO HA TO, YTOOBI yUUTETh HE
JOITYCTUJI OTCTaBaHWs YYEHHUKOB IO KaKMM-JTHOO MpeaMeraM B Xoje OOyYeHHs, HO
TaK)Xe ¥ CMOT BOBpeMs YCTpaHUTh uX. [loMorath HEOOXOIUMO OTIEPATUBHO, TTOAXOST
muddepeHIPOBaHHO K KaXJAOMYy, U OomocpenoBaHHO. HeoOXoammMo yCTpaHHUTh BCe
MIPUYHHBI, KOTOPHIE TIOPOXKIAIOT OTCTABaHUE, U YIYUITUTh YCIOBUS 00yUYEHUS.

Cnmcok JuTepaTypHbIX HCTOYHUKOB
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3HavyeHue BXOJHOM JMATHOCTUKH JJI51 CHUCTEMBbI INIAHUPOBAHUA MCpOl’IpI/IHTHﬁ
10 OpraHu3anuu CO0CTBEHHBIX NneJaroru4ecKux MccJaeI0BaHum

Tyiingeme. Makanaga >Korapbl OKY OPHBIHBIH HPO(ecCOPIIbIK-OKbITYIIBUIBIK
KYPaMbIHBIH ©31HJIIK I1€IarorUKalbIK 3€pTTEYJIepIH YHBIMIACTBIPY >KOHIHJIET] ic-
mapajap/bl  JKocmapijiay o KyMecl YIIIH —Kipic JAMarHOCTHKACBIHBIH ~ MaHbI3bI
Kapacteipbuianbl. M. JlynatoB aTeiHmarbl KocTaHall HMHKEHEPIIK-DKOHOMMKAIIBIK
YHUBEPCUTETIHIH OKBITYIIBUIAPBIHBIH CayajlHaMa HOTIIKEJIEpiH Tajjay Heri3iHAe
3aMaHayd NEeJarorukajblK TEXHOJIOTHSIapAbl KOJAaHy EpeKUIeNIKTePl, 3epTTey
O€JICEeHITITIHIH AeHreil, OUTIKTUIIKTI apTThIPy KaKETTUIIKTEpPl >KOHE SICTEMENIK
KOJIIAyJbIH KOJAMJIbI HbICAaHAApPbl aHBIKTAIAbl. OKBITYIIBUIAPABIH WHHOBAIIMSIIBIK
OCJICEHIIITITT Heri3iHeH WU@PABIK KypaiJapAbl EHr3yMEH OaillaHbICThl EKEHl
aHBIKTANAbl, an VIHTepakTUBTI »KOHE TaKipuOere OarbITTalFaH IeJaroruKaibIK
TEeXHOJIOTHSJIAp KETKUTIKCI3 Jopexke e TaiaanaHbuiagpl. OMICTEMENIK KOJaayIblH
aTayibl KYMECIH KaJbIITACTBIPY >KOHE OKBITYIIBUIAPJBIH 3€pPTTEY KY3bIPETTUIIrH
JaMbITy Kypaslbl peTiHAE KIpIC JAMArHOCTUKACHIH KOJJAHYAbIH OpPBIH/IBUIBIFbI
HET13eIreH.

AnHoTamusi. B cratbe paccmaTpuBaeTcsi 3HaUE€HUE BXOJHOW UATHOCTUKU IS
CUCTEMbl  IUIAHWPOBAHUS  MEPOINPHSITHA 1O  OpraHu3aldd  COOCTBEHHBIX
MEeJarornYecKuX  HMCCIEAOBaHUN  MPOo(deccopCKo-MPernoaaBaTeIbCKOro  COCTaBa
BBICIIETO y4ueOHOro 3aBeneHus. Ha ocHOBe aHanm3a pe3ylbTaTOB aHKETHPOBAHHS
npenonaBareneld  KocraHalickoro  MH)KEHEPHO-KOHOMHUYECKOTO  YHUBEPCHUTETA
uMeHn M. JlynmaTtoBa BBISIBICHBI OCOOCHHOCTH MCIIOJIb30BAaHUS COBPEMEHHBIX
MEJarOTHYeCKUX  TEXHOJOTWH, YpPOBEHb  HCCIEAOBATEIIbCKOM  aKTUBHOCTH,
MOTPEOHOCTH B TOBBIICHUH KBATH(PUKANIUA ¥ TPEANOYTHTEIbHbIE (DOPMBI
METOJMYECKOW TOJJEPKKH. YCTAaHOBJIEHO, 4YTO WHHOBAIMOHHAS aAKTHBHOCTH
MpernojiaBaresied  MPEUMYIIECTBEHHO  CBSi3aHA € BHEAPECHHEM  [HU(PPOBBIX
WHCTPYMEHTOB, TOTJa KaK WHTCPAKTUBHBIE W TPAKTHKO-OPHEHTUPOBAHHBIC
MEJarori4ecKue  TEXHOJOTUU  HUCIOJB3YIOTCS B HEJAOCTAaTOYHOW  CTEIEHHU.
O6ocHOBaHa  11€51IeCOO0PAa3HOCTh  MPUMEHEHUS  BXOJHOM  JMArHOCTHUKUA  Kak
WHCTPYMEHTa ()OPMHUPOBAHUS aIPECHON CUCTEMBI METOIMYECKOTO COMPOBOXKICHUS H
Pa3BUTHS UCCIIEIOBATEILCKONW KOMIIETCHTHOCTH TIPETOaBaTele.
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Annotation. The article considers the importance of input diagnostics for the system
of planning activities for the organization of own pedagogical research of the
teaching staff of a higher educational institution. Based on the analysis of the results
of a survey of teachers of the M. Dulatov Kostanay University of Engineering and
Economics, the features of the use of modern pedagogical technologies, the level of
research activity, the need for advanced training and preferred forms of
methodological support have been identified. It has been established that the
innovative activity of teachers is mainly associated with the introduction of digital
tools, while interactive and practice-oriented pedagogical technologies are
insufficiently used. The expediency of using input diagnostics as a tool for forming
an addressable system of methodological support and developing the research
competence of teachers is substantiated.

Tyiinai ce3nep: Kipy TMarHOCTUKAChI, IEAArOrMKaJIbIK 3epTTEyJIep, Me1aroruKajibIK
texHosorusuiap, KOO-marbl omiCTEMENIK >KYMbIC, OUIKTUIIKTI apTThIpy, OLIIM

oepyai U pIaHabIpy.

KiroueBble cjioBa: BXOJHas JAMArHOCTUKA, TI€AAarorMuecKUe HUCCIEAO0BAHMS,
MEJaroru4eckue TEXHOJIOTMHM, MEeToauyeckas paboTta B By3€, I[OBBIIICHUE
KBaNM(pUKaLMK, HUPpoBU3aIs 00pa30BaHHUs.

Keywords: entrance diagnostics, pedagogical research, pedagogical technologies,
methodological work at the university, advanced training, digitalization of education.

Beenenne: CoBpeMeHHOe  pedopmMHpoBaHHE  BBICIIETO  00pa3oBaHUs
XapaKTepu3yeTcs yCHWICHHEM TpeOOBaHUI K KauecTBY 0Opa30oBaTENIbHOIO Ipolecca,
YPOBHIO MPO(PECCUOHAIIBHON KOMIIETEHTHOCTU MPO(PECCOPCKO-NPENOIaBATENBCKOrO
COCTaBa U PE3yIbTATUBHOCTH BHEAPEHMS IE€IarOrM4eCKMX MHHOBAUMW. B ycnoBusax
nupoBU3aIi, OOHOBJICHHS O00pa30BaTENbHBIX CTAHAAPTOB M PACIIMPEHHS
MPAKTUKO-OPUEHTUPOBAHHBIX (OPM 0OyUEHHsI, BO3PACTAET POJb MPETNOoaaBaTeNs He
TOJIbKO Kak TPAHCIATOpa 3HAHWH, HO W KaK HCCIENOBATENsd, CIOCOOHOTO
aHaAJIM3UPOBATh COOCTBEHHYIO NEAArOTUYECKYIO JIEATEIbHOCTD, BBISBISATH MPOOIEMBI
o0y4eHHsI 1 OOOCHOBBIBATH ITYTH MX PELIEHUS HAa HAy4yHOM OCHOBE. B 3Toil cBs3M
OpraHM3alus COOCTBEHHBIX IEJAarOrMYeCKMX HCCIEJOBaHMM IpernojaBaTenen
paccMaTpuBaeTCs Kak BaXKHEHIIee YCIOBHE IIOBBIIICHMS KadecTBa BBICIIETO
oOpa3oBaHMsI M Pa3BUTUS HAYYHO-METOJMYECKOro IOTEHIMala 00pa3oBaTeIbHON
opraHu3anuy. Bmecre ¢ TeM, IpakTHUKa BBICHIEHN IIKOJIBI CBUIAETENBCTBYET O HAJTUYHUH
IPOTUBOPEYHSI MEXIY 00BEKTUBHOMN HEO0XOUMOCTBIO aKTUBU3aLlUN
UCCIIEIOBATENbCKON NEATEIbHOCTH NPO(ECCOPCKO-IPENOIaBaTEIbCKOIO COCTaBa B
chepe TEAArOTMKM ¥ HEAOCTATOYHOW METOAMYECKOM W  OpPTaHU3aIlMOHHOU
FOTOBHOCTBIO  YaCcTH  IPENOJABATENE K  IPOBEACHUIO  CUCTEMATHYECKUX
MEJaroruyeckux ucciaenoBanuii. OTCYTCTBHE LEIOCTHOIO MPEACTABICHUS O
pealbHOM YpOBHE BIAJACHUSA IIE€JArOTMUYECKMMM TEXHOJOTHAMH, OIBITE HAay4HO-
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HCCIIEIOBATeNIbCKOM paboThl M HMMEIMIUXCS MpolieMax B MpodecCHOoHATbHOM
NEATENbHOCTH  NpENnoAaBaTele  3aTpydHsAET  IUIAHUPOBAaHUE  METOAUYECKHUX
MEPOINIPUATHN,  HANPAaBICHHBIX  HAa  pa3BUTHE  HUX  HCCIENOBATEIIbCKOU
KOMIETEHTHOCTH. IloaToMy 0c0oOyr0  akTyalpHOCTb IPHOOPETAaET HAY4YHO-
00OCHOBAaHHO€ IUIAHUPOBAHWE MEPOINPUATHI 1O OpraHu3aluud  COOCTBEHHBIX
IIEJarOrM4YECKUX MCCIIEN0BAHUN NIPENOJaBaTeseH, IPEANOararllee yueT peaabHoro
YPOBHSI UX METOJMYECKON MOATOTOBKH, UCCIEAOBATEIBCKOTO OIBITA, TOTOBHOCTU K
BHEJPECHUIO MEJAarornyeckKux HHHOBAIMI M TOTPEOHOCTH B pa3iMuHBIX (dopMmax
METOJIMYECKOW TOJACPKKU. DPPEKTUBHOCTH METOJUYECKUX MEPONPUATUNH BO
MHOTOM OIpEAeNseTcs] MOJHOTOM M JIOCTOBEPHOCTBIO MCXOJHON HH(pOpMaIuH,
IIOJIy4YEHHOU B pe3yJIbTaTe BXOJHOW JUArHOCTUKHU, OPUEHTHPOBAHHOMN HA BBISIBICHUE
KIIFOYEBBIX XapaKTEPUCTUK MPOQPECCUOHANIBHON JEATEIbHOCTH IperoaaBaresei,
YPOBHSI HCIIOJb30BAHUSI COBPEMEHHBIX NEAArOrM4eCKUX TEXHOJOTHH, CTENEHU
BOBJICYEHHOCTH B HAYYHO-HMCCIIEOBATENbCKYI0 pabOTy, a TakKe 3aTpyJHEHUU H
3aMpoCOB, BO3HUKAIOIINX B MPOIECCE peATU3aALMKU 00pa30BaTEIbHON JEATEIbHOCTH.

Hay4ynass HOBM3HA MCCIENOBAaHHUs 3aKIIOYACTCS B PACIIMPEHUH HA3HAYCHUS
BXOJIHOM JMArHOCTUKH, HE TOJBKO KaK KOMIUIEKCHOTO MHCTpYMEHTa (hOpMHUPOBAHUS
aJpPECHON CUCTEMBI METOAUYECKOTO CONPOBOKICHHS U PA3BUTHS UCCIIEI0BATEIBCKON
KOMIIETEHTHOCTH NPENOAABATENEH, HO M KaK yNPaBJIEHYECKOTO MHCTPYMEHTA IpHU
IJIAHUPOBAHUM COOCTBEHHBIX MENArOTMYECKUX HCCIEI0BaHUNA, B COOTBETCTBUU C
TpeOOBaHUSMU CUCTEMBI YIIPABJICHUSI KAYECTBOM 0Opa30BaHUsI.

O6vekt u Mmertomuka: OOBEKTOM HCCIEAOBAaHUS  SBJISETCS  CHUCTEMaA
OpraHM3alMi COOCTBEHHBIX IENAaroruuecKuX HUCCIENOBaHUM  MmpodeccopcKo-
IpenoAaBaTeIbCKOrO0  COcTaBa  BbICIIEro ydeOHoro 3aBeaeHus. IIpenmerom
UCCJIEIOBAHNS BBICTYIIAIOT PE3YJIBTATHl BXOJHOW JMArHOCTUKH KaK WMHCTPYMEHTA
IUIAHUPOBAHMUS MEPONPHUATHIM 110 OPraHM3aluyd M Pa3BUTHIO IEJaroru4ecKux
HCCIICIOBAHUI TpernojaaBaTeneil. OMIUPUYECKYI0 0a3y HUCCIEIOBaHMUS COCTaBUIIU
MaTEepHUAJIbl BXOJHOW [HWAarHOCTUKH, NpOBeAEHHONM B KocTaHaCKOM HMHKEHEPHO-
HKOHOMUYECKOM yHUBepcuTeTe nMeHu M. [lynatoBa, B okta0pe 2025 rona, B pamkax
BHYTPEHHEH CHCTEMbI 00ECTIeUeHusI KayecTBa 0Opa30BaHU.

[lenpr0 BXOAHOW NIMATHOCTHKHU SBJISUIOCH OINPEIEIICHHE CTENEHU BIIAJICHUS
po(deccopcKo-NpernoaaBaTeIbCKUM COCTAaBOM COBPEMEHHBIMU  IE€IarOTHUYeCKUMU
TEXHOJIOTHSIMHU, BBISIBJICHHE YPOBHSA HCCIEAOBATEIBCKOM aKTUBHOCTH B OOJACTH
METOJUKHU IMPENoJaBaHusl yUyeOHBIX JUCLUIUIMH, a TAK)KE ONPECIICHUE aKTyaJlbHbIX
HOTPEOHOCTEN MpenojaBaTeiel B IOBBILIEHUM KBATU(UKALIUA U METOJIUYECKOU
nojaepxke. B kauecTBe OCHOBHOIO METOJa HCCIIEIOBaHUS OBLIO HMCIOJIb30BAaHO
OTKpPBITOE II€JIEBO€ AHKETUPOBAHME, PEAIM3OBAHHOE IOCPEACTBOM DJIEKTPOHHOU
aHkeTsl Ha miatpopme Google Forms. Kpome Toro, B ncciaenoBaHuu NMPUMEHSIINCH
METO/bl aHajau3a U OOOOLICHUS IMIMPUYECKUX JAHHBIX, DJIEMEHTbl ONMMCATEIbHON
CTAaTHUCTHKH, a TAK)KE METOJ MHTEPIPETALIUN PE3YIBTATOB AaHKETUPOBAHMS.

Bcero B IMarHoCTHYECKOM ONpPOCE MNPHUHSUIO y4yacTue 59 mpencraBUTenei
podeccopcKo-IpernoaaBaTeaIbCKOT0 COCTaBa Pa3INuHbIX Kadeap YHUBEPCUTETA, YTO
00ecIreunsio penpe3eHTaTUBHOCTh BBIOOPKH M IO3BOJIMJIO MOJYYHUTHh OOOOIIEHHYIO
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KapTUHY YPOBHS BJIQJICHUSI MPENOJaBaTeIIMU COBPEMEHHBIMH TMEAAarornyeCKuMU
TEXHOJIOTHSIMU U TOTOBHOCTH MX K OCYILECTBJIEHHUIO COOCTBEHHBIX IMEJArOTHYECKUX
HCCJIeJOBaHUM.

PesyabTraTrhl McciaenoBaHuii: B COBpEMEHHOM TMENArOruyecKOM HAyke
BXOJHAsl JMAarHOCTUKA pPAcCMaTpUBAETCA KaK BAXKHEWIIWWA DJIEMEHT CHCTEMBI
IUIAHUPOBAHMSI M OpraHU3allid COOCTBEHHBIX IEIarOTMYECKUX HCCIEAOBAHUM
npernojaBareyie, 00ecIeunBaOIIMN TOTyuYeHHe OOBEKTUBHOM HH(poOpMaIuu o0
HMCXOJHOM YPOBHE UX METOAUYECKON U UCCIEN0BATEIBCKON NOATOTOBIEHHOCTH. Tak
uccnenoBarenu H. Richards m A. Farrell momu€pkuBaroT, 4To «cucreMaTrnyeckas
JUATHOCTUKA TpOo(eCcCHOHATBHBIX 3aTPYJAHCHUN TpernojaBaTeieii  MO3BOJSIET
000CHOBAaHHO TUTAHMPOBATH AKTyaJIbHBIE MPOTPaMMBbl TIOBBINICHUS KBATU(DUKAIIUN U
HCCIIEIOBATENIbCKON MMOJArOTOBKM, a TAaKKE IOBBIIIAET MOTUBAIMIO TEJAroroB K
Y4acTHUIO B HAYYHO-UCCIIEA0BATEIbCKON IEATENbHOCTI [1]. AHATOTHYHYIO TO3ULINIO
3anumaeT D. Borg, KOTOphIi paccMaTpuBaeT IMAarHOCTHKY MNPOQPECCHOHATBHBIX
yOeKACHUM, METOAUYECKHMX YCTAHOBOK M HCCJIEIOBATEIbCKOIO OIbITA Kak
HE00X0ANMOe yCIIOBHUE dhopmupoBaHuUs nearorndeckoi MPaKTUKU
OpPUEHTUPOBAHHON Ha MCCIEAOBATEIbCKYIO JAesATeNbHOCTh. [0 MHEHHIO aBTOpa,
OTCYTCTBHE JIIOOOTO TMArHOCTUYECKOTO 3Tarna MPUBOJIUT K (OpMaTLHOMY XapakTepy
METOANYECKUX MEPONPUATUN U CHUKeHUIo uX 3ddextuBHoctu [2]. O. A. CricoeBa
paccMaTpuBaeT JIMArHOCTUPOBAHME YPOBHS HCCIEIOBATEIbCKON KOMIIETEHTHOCTU
MpernojiaBaresield Kak 00513aTeIbHbIN KOMIIOHEHT CUCTEMbI BHYTPUYHUBEPCUTETCKOTO
METOJUYECKOTO COIMPOBOXKAECHUS W OCHOBBI IPOECKTUPOBAHUS WHIMBUIYAIbHBIX
TpaekTopuil mpodeccuoHanbHOTO pa3BuTHs [3].

B wuccnemoBaHusx  Ka3aXCTaHCKHUX  Y4YEHBIX MpobOiieMa  JUAarHOCTHKHU
npoeccHoHaNbHON U MCCIENOBAaTEIbCKOM TOTOBHOCTH TIpErojaBaTeyiell Takke
3aHUMaeT BaxkHoe mecTo. B uccnenoannun A.JK. Myp3zaimnoBoit u H.T. Banuesoi
OTMEYEHO, YTO «BXOJHAsi JUArHOCTUKA TMO3BOJSECT BBISIBUTh MNPO(PECCHOHATBHBIC
neUIUTH TperojaBareicii B 00JacTH MEJarorndecKuX TEXHOJIOTHH W HAyYHBIX
METOJIOB, OHA CO3Ja€T OCHOBY JUIA UEJICHANPABICHHOTO IUJIAHUPOBAHUSA
MeTonudeckoir paboTsl B By3e» [4]. Hypmanusakesl I'. u AnpmyxambetroBa b. XK.
UCCIIEYIOT JUArHOCTUYECKUE MPOLEAYphl KaK dJIEMEHT CHCTEMBbI YIPaBICHUS
KaueCTBOM IE€JJarOTMUYECKON AESATEIbHOCTH, TMOAYEpKUBasi UX 3HAYCHHE IS
000CHOBaHUSI COJEpPKAHUS MPOrpaMM METOJAMYECKON MOIACPKKA M Pa3BUTHUS
UCCJIEIOBATENILCKOM  KYJNbTYypbl — IpernojaaBaTeneir [S5]. B paborax rpynimsl
oteuecTBeHHBIX HuccienoBarenet (OK. O. Tarrumberooi, C. K. Mwu3zanOekona,
B. H. Jlenucenko) moka3aHo, YTO «OTCYTCTBHE CHUCTEMHON BXOJHOM TUArHOCTHUKH
YPOBHSI MCCJIEIOBATEIbCKOM KOMIIETEHTHOCTH TMPUBOAUT K (PparMeHTapHOCTH
MEPONPUATUI 110 PA3BUTHUIO HAYYHO-UCCIIEIOBATENILCKON AEATEIbHOCTA U CHUKEHUIO
UX MIPAKTUUYECKON pe3yJIbTaTUBHOCTUY [6].

Takum o00Opa3om, aHanM3 3apyOEKHBIX W OTEUECTBEHHBIX HCCIEIOBaHUN
CBHUJIETEIIbCTBYET O MPU3HAHUM BXOAHOW JUArHOCTUKHU BAXKHEHIITUM HHCTPYMEHTOM
IJJAHUPOBAHMSI MEPONPUSITHI 110 OpTaHU3aIllid COOCTBEHHBIX IMEJaroru4ecKuX
HCCIIEIOBAHNUM NPETIOIaBaTENEH.
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Janee nepeiiieM HEMOCPEACTBEHHO K aHAIU3y CTPYKTYPHO-COJIEpKATEIbHON
YacTH BXOJHOW JIMAaTHOCTUKH TI0 OpraHu3aluu COOCTBEHHBIX IE€Iaroru4ecKux
UCCIIeIOBAaHUM  MPOdEeCCOPCKO-TPENOAaBaTeIbCKUM  COCTaBOM  YHHUBEPCHUTETA.
HamomauMm, dYTo Bcero B HCCIEIOBAaHMM NPHUHSAIO YydyacThue 59 4dYeloBeKk —
npernojaBarend  KadeIpbl  COIMATbHO-DKOHOMUYECKMX  JTUCHMIUIMH, Kadeapbl
CTaHJapTU3AIlMU U MUIIEBbIX TEXHOJIOTUH, Kadeapsl HHPOPMAIIMOHHBIX TEXHOJIOTHI
1 aBTOMATHKHU, Kadeapbl IHEPTETUKU U MAITUHOCTPOCHUS, Kadeapbl TpaHcropTa U
cepBuca. B kadecTBe AMArHOCTUYECKOTO HWHCTPYMEHTapusi Oblla HCIOJIh30BaHA
aHKeTa, cojeprkKalias BOMPOCHI, OOECIICUMBAIONIME IIEJIOCTHOE IIPEACTABICHHE O
COCTOSIHUH UCCIIEyeMOi TpoOIeMsl [7].

[lepBbIM KIFOYEMBIM JHArHOCTHYECKUM IIOKa3aTelieM ObLla oOIpejcicHa
CAMOOYEHKA YPOBHS 6lA0eHUsi NpodeccopcKo-npenooasamenbCkum CoCmagom
COBPEMEHHBIMU Ne0a202UieCKUMU MeXHOI02UuAMU, TIPeJICTaBlIeHHas B Ta0iuIe 1.

Tabmuma 1 — CamoorieHKka ypOBHS BIIQJICHHS TEIarorMueCKUMHU TEXHOJOTUsAMH (B % OT 4Ymciia
pPECIIOHACHTOB)

Ne YpoBeHb JoJsis1 pecioHIeHTOB

1 OKCHepTHBIN 5,1 %

2 Bricokmuit 54,2 %

3 Cpennuit 39,0 %

4 Huzkuit 1,7 %

Kak mokazanu pe3ynbrarbl, 0oJjiee MOJOBUHBI MpErnojiaBaresieil OLEHUBAIOT
CBOM ypOBEHb KaK BBICOKHH, YTO CBHUJIETEIBCTBYET O JOCTATOYHO CHPOPMUPOBAHHOM
METOAMYecKo 0a3e W  TOTOBHOCTM K  MCIOJIb30BAaHUIO  COBPEMEHHBIX
oOpa3oBarenbHbIX TexHONOrui. Hapsay ¢ 3Tum, 3HauuTeNnbHas J0Js1 PECIOHACHTOB
(39 %) HaxoauTcs Ha CpEITHEM YPOBHE, UTO YKa3bIBaeT HAa HAJIWYHME MOTEHIMANA JJIs
nanbHeimero  npodeccHOHaNbHOTO  pocTa M HEOOXOAMMOCTb  aJIpECHOU
METOJAMYECKON MOJJepKKU. Hamnune rpynmel npenogaBaTeneid ¢ HU3KUM YPOBHEM
(1,7 %) cBUOETENHCTBYET O HEOOXOAMMOCTH OPTAHU3AIMHU ATPECHON METOANIECKOM
MOJICPKKA M aKTHBHOTO BOBJICUEHHWS B MPOTPAMMBI MMOBBIIIICHUSI KBaTU(UKAIIUU B
paMKax MPOBEJCHUS MEPONPHUATHI MO OpraHU3aIi COOCTBEHHBIX IMEJArOTHYECKUX
HCCIICIOBAHUM.

Crnenyromuii BOPOC BXOJIHOM JTMarHOCTUKW ObUT HAIpaBJIeH Ha 6blAGleHUe
UHHOBAYUOHHBIX Nedd2o2u4ecKux HnpaKkmuk, WUCIOJIb3yeMbIX TPErojaBaTesiMd B
oOpa3oBaTeIbHOM  IpoIlecce. beiio  ycraHoBieHO,  4YTO  HauOoOJbIIee
pacrpocTpaHEHHWE Cped HWHHOBAIIMOHHBIX [MEIarOrM4eCKUX TMPaKTUK HUMEEeT
HCIOJB30BaHWE B 00pa30BaTEIbHOM TMPOIECCE YHUBEPCUTETa HMHCTPYMEHTOB
HUCKyccTBeHHOro uHTeswiekta (72,7 % pecnoHneHToB). JlaHHBIM auarocTUuecKui
MoKa3aTesib yKa3blBa€T HA BBICOKMU YPOBEHb aJanTalluyd MpernojaBaTeied K
yCIOBUSIM UG POBOM TpaHC(HOPMALIMK BBICILIETO 00pa30BaHUSI.

[IpumeHnenre TPOEKTHOrO OOY4YEHUST ¢ MPOCKTHBIX TEXHOJOTUH B
obpazoBaTenpHOM mpoliecce orMeTwin 37,1 % pecnonaeHTOB. [[aHHBIN MOKa3aTeNb
CBUJIETEIBCTBYET O TOM, YTO 0OOJiee TPETH MpernojaBaTeel HCIONb3YIOT JTaHHYIO
TEXHOJOTUID KaK HMHCTPYMEHT  OpraHW3allid  aKTUBHOW  IIO3HABAaTEJIbHOU
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JESITeIbHOCTH CTYACHTOB U ()OPMUPOBAHUS Y HUX NMPAKTUKO-OPUEHTHPOBAHHBIX U
UCCJIeIOBATENLCKUX YMEHUM. B Xozje ompoca yCTaHOBJIEHO, YTO CPaBHUTEIBHO
HEBBICOKAs J0JIs MpernofaBaTeseil, MPUMEHSIOMNUX NPOEKTHOE O0yUYeHHE, YKA3bIBAET
Ha HaJIWYWE 3HAYUTEJIBHOTO MOTEHIMANa JUIsl PACUIMPEHUs UCIIOIb30BaHUS JaHHOU
TEXHOJIOTUU B 00pa3oBaTeIbHOMN MPAKTHUKE By3a U OOOCHOBBIBAET HEOOXOIUMOCTh €€
0oJiee aKTUBHOTO BKJIFOUEHHUS B CUCTEMY METOJUYECKUX MEPOINPUATUN (CEMUHAPOB,
MacTep-KJIaccoB, OTKPBITBIX 3aHSATHM W Jp.) W MOPOrpaMM  MOBBIIICHUS
kBamnukanmuu. Kpome TOro, pe3ynbTaThl aHKETHUPOBAHWS YKa3bIBAIOT Ha
HCIIOJIb30BaHUE TMpENoJaBaTesIMU  psifa JAPYTUX MEJarormyeckKux TEXHOJIOTHi
(TEXHONOrMM Ha OCHOBE T'YMaHHO-JIMYHOCTHOM OpHEHTAIMU [€JarornyecKkoro
nporecca (28,3%), yactHonpeaMeTHble (46,8%), 3n0poBhecOeperaromnue (12,5%) u
1p.), @ TaK)K€ AKTUBHBIX U MHTEPAKTUBHBIX METOJUK OOyUEHHUS, TAaKMX KaK METOJ
«MO3TOBOTO IITypMa», oOydaromue BumaeomaTepuansl U GIF-ummoctparum, keiic-
oOydeHue, MPaKTUKO-OPUEHTUPOBAHHBIE 33a]1a4H U JIp.

Hapsigy ¢ uHCnonap30BaHMEM MENArOrMYeCKUX TEXHOJIOTHM, PECHOHIECHTHI
(41,8 %) yka3anu Ha MHTETpalyio B YUeOHbIN MPOIECC MPUOPUTETHBIX HAIPABICHUMA
COBPEMEHHOr0  00pa3oBaHMs, OpPHUEHTUPOBAHHBIX HA  pealu3alui0  Ieyel
YCTOMUYMBOIO Pa3BUTHS U MOBBILIEHUS HU(PPOBOI M PUHAHCOBOM rPaMOTHOCTH.

B COBOKYITHOCTH MOJy4Y€HHBIE PE3yJIbTaThl O3BOJIMIN CAENATh BBIBOJ O TOM,
YTO HWHHOBAallMOHHAs AaKTHUBHOCTh IMpenojaBaTesied B 00JacTH OpraHU3alUH
COOCTBEHHBIX IEJAarorMuecKux MCCIe0BaHUM, NMPUMEHEHHUs] B y4eOHOM Mpoliecce
MHHOBAIIMOHHBIX I€JarOrMYeCKUX TEXHOJOrWil, B OoJsblIEH CTENneHH, CBA3aHbI C
BHEJPEHHUEM LIU(PPOBBIX HHCTPYMEHTOB, IPEXkKE BCEIO TEXHOJIOTUI HCKYCCTBEHHOTO
MHTEJUIEKTa, TOTJa KaK MOTEHIMAal WHTEPAKTUBHBIX U MPAKTUKO-OPHUEHTHUPOBAHHBIX
METOJIOB OO0Y4YEeHMs] OCTa€TCsl pEaJM30BaHHBIM JIMIIb YacTH4YHO. JlaHHBIA (akT
HOATBEPXKIACT  I1€JIECOOOPAa3HOCTh  BKJIIOUEHUS B CHCTEMY  METOJUYECKHX
MEPOTPHUITHIA YHUBEpPCUTETA TEMaTUYECKHUX CEMHUHAPOB, MPaKTUKO-
OpPUEHTHPOBAHHBIX TPEHUHIOB, MacTep-KJ1accoB 1eJaroroB-HOBaTOPOB
HallpaBJIEHHBIX HAa pa3BUTHE Yy NPpo(deccopCKO-NPenoaaBaTeNbCKOro COCTaBa
npodeccroHaATBbHBIX KOMIETEHIIMN B 00JIaCTH UCCIIETyeMOro Bompoca. B aToi cBs3m,
CJIETYIOIINNA BOIPOC BXOJHOW JUArHOCTHKH ObLT HAIPaBJICH Ha BBISIBICHUE HAanboiee
aKTyaJIbHBIX HaIpaBJICHUI MOBBIIICHUS KB (UKAINK MIpenoaBaTenei [8].

AHanM3 MOJIy4eHHBIX OTBETOB MOKa3ajl, YTO HAUOOJBIITUN HCCICOBATEIHCKUN
MHTEPEC y PECIOHJECHTOB BbI3bIBACT IU(POBU3ALMS 00yUEHUS, KOTOPYIO OTMETHIN
49,2 % omnpolIEHHBIX, TEXHOJIOTMH, OCHOBAaHHBIE HA aKTUBHBIX METOAaX M (popmax
oOyuenust (35,6 %), npoektHoe U KeiicoBoe oOyuenue (27,1 %), uto oTpaxkaer
CTPEMJICHHE K PACHIMPEHUIO MPAKTUKO-OPUEHTUPOBAHHBIX U JIEATEIbHOCTHBIX (HOpM
opraHuzanuu 00pa3oBaTesbHOrO npoliecca. MeHee BOCTpeOOBAHHBIMU, HO TIPU 3TOM
3HAYUMbBIMU C TOYKU 3p€HUsi OOHOBIIEHUS 00pa30BaTENbHBIX MPOrpaMM, OKA3alIHCh
MOJyJIbHOE TpoekTupoBaHue KypcoB (20,3 %), a Takke HCIOJIb30BaHUE
COBPEMEHHOTO  MPOU3BOJCTBEHHOTO O0OpYIOBaHUS M  BOIMPOCHI  JIOTUCTUKU
oOpazoBarenbHOro npoiecca (1o 1,7 % cooTBETCTBEHHO).

[lomy4yeHHble JaHHBIE MOATBEPKIAIOT, YTO IPENOJABATENN OCO3HAIOT
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HEOOXOUMOCTh CHCTEMHOTO OOHOBJIEHHS METOJWYECKOTO WHCTPYMEHTapus H
OPUEHTUPYIOTCS TPEXJEe BCEro Ha pa3BUTHE LUPPOBBIX M  MPAKTHKO-
OpUEHTHUPOBAHHBIX NEAArOrM4ecKUX TEXHOJIOTHM, YTO CO3[aeT OJaronpusiTHbIC
MPEANOChUIKM JJIA LIEeJICHANPABICHHOTO TUIAHUPOBAHUSA MPOTrpaMM  IMOBBIIICHUS
KBAIM(UKALMK M OpPraHU3alMK COOCTBEHHBIX NEAAroruueckux HCCIEI0OBaHUN Ha
Hay4HO-00OCHOBAHHOM OCHOBE.

PecrionzenTsl ompoca Takke ykazaid HauOosiee 3(DPexTuBHBIE U
MIPEANOYUTAEMBIC, C UX TOYKU 3pEHUsI, hopmbl Memoouueckot nomowu (Tab.2).

Tabnuua 2 — IIpennouturenbHble POPMBI METOTUUECKOM MOIICPKKI

Ne dopma Hoas
1 Tpenunru 49,2 %
2 BHYTpUBY30BCKHE CEMUHAPBI U COBMECTHBIE UCCIIETOBAHNS 33,9 %
3 KoHcynbTanum onsITHRIX IpeNnoaaBaTesen 22,0 %
4 Metoanueckue myOoIuKauu 20,3 %
5 MexBY30BCKHE CEMUHAPBI 1,7 %

N3 momyd4eHHBIX JAHHBIX BUAHO, YTO MPENOJABATENId OTAAIOT MPEANOUYTCHUE
MPaKTUKO-OPUEHTUPOBAHHEIM ¢dopMaTtaM padOThl, MPEANOJIAraAIONUM aKTHBHOE
B3aMMOJICICTBHE U TIOBCEMECTHBIM OOMEH OmbITOM. B Xo/e JMarHOCTHYEeCKOTO
ompoca Takxke ObUIO YCTaHOBJIEHO, 4To 36,2 % mnpenojgaBareneii MPOBOJASAT
HCCIIeIOBaHMs B 00JIaCTU METOJAMKHU MpenoaBanus, 56,9 % npoBOasAT UCCIIeI0BaHUS
AMU30aUYecKd, U Juiib 21,7 % umeroT myOauKaiuu mo pe3ysibTaraM COOCTBEHHBIX
eIaroruuecKmux Ucciae0BaHuM.

Cpenu (akTopoB, cnocobcmeyowux pazeumuio cOOCMEEHHbIX UCCIe008AHULL
npernojaBaTesid 0003HAYNIIU CIACAYIONINE KIIFOUYEBbIE YCIOBHUS:

— TOAJEPXKY CO CTOPOHBI yHUBepcuTeTa (TpaHThl, MyOJHMKaIUH,
TEXHUYECKOE OCHAIICHUE);

— CHWXXEHHUE ayJUTOPHOU HArpy3Ku;

— pa3BUTHE HAYYHO-METOJNYECKOU Cpe/ibl YHUBEPCUTETA,

— BO3MOXKHOCTb aKaJeMHUY€CKOM MOOUIIBHOCTH;

— CHCTEMaTHYeCKOE MOBHIIICHUE KBATU(DUKAIUY;

— 0OMEH OIBITOM U MPOBEJICHNE MACTEP-KIACCOB;

— ycuwieHue  npodeccHoHaIbHOM  MOTHBAlMM W CTUMYJHPOBAHUE
HCCIIEIOBATENIbCKOM e TETLHOCTH.

Pe3ynbTaThl, MOJIydEHHBIE B XOJI€ MPOBEICHHOTO HUCCIEAOBAHUS UMEIOT HE
TOJBKO NPUKIAIHOE, HO U HOPMATHUBHO-METOAMYECKOE 3HAUECHHE, MOCKOJIbKY OHU
cooTBeTCTBYIOT TpeboBanusaM ESG (mynkrsl 1.5 «I[IpenonaBarensckuit coctaBy u 1.6
«YuebHbIE pecypchl W CHUCTeMa TMOJJIEPKKH CTYACHTOB»), OTPaXKaOIIUM
HEO0OXOAMMOCTh CUCTEMHOTO Pa3BUTHUS MPO(ECCOPCKO-NPENOaaBaATEIHLCKOTO COCTaBa
MOBBIIICHUS] KayecTBa YYEOHBIX PECYpPCOB M  UCIIOJIb30BAaHUS  PE3yIbTaTOB
JUAarHOCTUKU U MOHUTOPHUHTA IIPU MPUHATHU YNPABICHYECKUX PEIICHUN B CUCTEME
obOecrieyeHus1 KauecTBa BBICIIETO OOpa30BaHUsI.
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BoiBoabl: [IpoBenéHHas BXogHAs NUAarHOCTUMKA MOATBEPAMIIA COOCTBEHHYIO
3HaYUMOCTh  KaK  3((PEeKTUBHOr0O  HMHCTPYMEHTAa  HAy4YHO-OOOCHOBAaHHOTO
IUIAaHUPOBAHUSA MEPONPUATUH 1O OPraHu3aludud COOCTBEHHBIX II€IarOrM4eCcKUX
HCCIIENOBAaHNM npenojasareneil By3a. [lomydeHHBIE HaHHBIE MO3BOJIMIN BBISBUTH
aucOasaHc MEKIy aKTUBHBIM BHEJIPEHHEM LIU(PPOBBIX TEXHOJIOTUNA U HEJOCTATOUHOM
pacupoCTPaHEHHOCTBI) ~ MHTEPAKTUBHBIX,  IIPOGKTHBIX WM JEATEIbHOCTHBIX
MEJarOTHYECKUX IMOAXOJ0B, YTO MOXKET OIPAaHMYMBATh MOTEHIMAT pPa3BUTHUSA
HCCIIEIOBATENIbCKOM HANpaBJICHHOCTH 00pa30BaTEIBHOTO Ipoliecca. Y CTaHOBIIEHO,
4YTO [MpernojaBaTesid, B 1LEJIOM, OCO3HAIOT NOTPEOHOCTh B  OOHOBJICHHUU
METOAWYECKOr0  MHCTPYMEHTApUs M OPUEHTUPOBAHBl  HAa  IIPAKTUKO-
OpUEHTHpPOBaHHbIE  (QOpMBI  NPO(PECCHOHATBHOTO  PAa3BUTHS,  OJHAKO  HX
HCCIIEIOBATENIbCKAasl aKTUBHOCTh B cdepe MeNarorukd OCTaéTcsi HEeAOCTaTOYHO
CUCTEeMHOM. Pe3ynbTaThl BXOJHON AMArHOCTUKH OOO3HAUYMIU OOBEKTUBHYIO OCHOBY
Ul TPOEKTHUPOBAHUS  AJPECHOM CHCTEMBI METOJUYECKOTO  CONPOBOXKICHMUS,
HAIIPaBJICHHOW Ha pa3BUTUE HCCIEN0BATEIBCKOW KOMIIETEHTHOCTH MPOQECCOPCKO-
[IPENOAABaTeIbCKOIO  COCTaBa M IOBBIIEHWE  KadecTBa  00pa30BaTENIbHOM
NEATEIIBHOCTH YHUBEPCUTETA.
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Posb mikoJbHOM aganTauvu B (GOPMHMPOBAHUM YCIICIIHOCTH 00yUeHUs J1eTei
MUIAJIIIEr0 HIKOJIBHOI'0 BO3pacTa

AHHOTanus: B paboTe MPEeACTABICHBI PE3yJIbTaThl TEOPETUUECKOTO U OMBITHO-
HKCIIEPUMEHTAJIBbHOTO HCCJIEIOBAaHUS, HAMPABICHHOIO Ha BBISABICHUE XapaKTepa
B3aMMOCBSI3M MEXJy IMPOLECCOM aJanTaluu JeTed K OOy4YeHHI0 B IIKOJE H
3¢ (HEKTUBHOCTBIO UX MOCIEAYIOMEN yueOHO! AeSITENbHOCTH.

Annotation: the paper presents the results of a theoretical and experimental
study aimed at identifying the relationship between children's adaptation to schooling
and the effectiveness of their subsequent educational activities.

KiwoueBble ciioBa: pC6CHOK MIIaaIICro HIKOJBbHOT'O BO3pacTa, YCICHIHOCTD
y‘IC6HOﬁ ACATCIbHOCTH, agalTalyusa IICPBOKIACCHUKOB K IIKOJC, II0Ka3aTClIu
ajaliraniyy, BJIIMAHUC aJallTallkiu Ha 06yquHe I[@TCIZ.

Key words: junior schoolchildren, success in academic activities, adaptation of
first-graders to school, indicators of adaptation, and the impact of adaptation on
children's learning.

BBenenue

[TocTymieHue B MIKOJIy 3HAMEHYET COOOM KPU3UCHBIM M Ka4eCTBEHHO HOBBIM
Tan B JKU3HM peOeHka. M3MeHeHue COIMalbHOrO CcTaTryca BIIEYET 3a COoOOM
TpaHCOPMAILIMIO BCEro >KM3HEHHOIO YKIJIaJa MW CYHIECTBEHHOE BO3pacTaHUE
IICUXOAMOLMOHAJIBHBIX ~ Harpy3ok. HrpoBas JeATENbHOCTh YCTYNAET MECTO
CUCTEMATUYECKOMY Y4eOHOMY TpyAY, KOTOPbIH TpeOyeT OT MIIAJIIEro IIKOJIbHUKA
WHTCHCUBHOW YMCTBEHHOM pabOThl, yCTOMYMBOTO BHUMAHUS U JJIUTEIHHOTO
COXpaHeHHusl ctatudeckoi mo3bl. [locnenanee npeacraBisieT 0cOOYIO CIOXKHOCTh AJIS
neTeit 67 JeT B CUITy BO3PACTHBIX OCOOEHHOCTEHM OMOPHO-/IBUTATEIHHOTO arlapara.
CoueraHne WIKOJBHBIX 3aHITUH C JIONOJHUTEIBHBIMU Harpy3kamu (HM3y4eHHE
S3bIKOB, MY3blKa, MPOCMOTp TeJENepeaad) 3a4acTyl0 MPUBOJAUT K TOMY, YTO
JBUTATEIbHASl aKTUBHOCTH NEPBOKJIACCHUKA COKPAIA€TCsl BIABOE IO CPABHEHUIO C
JIOIIKOJIBHBIM TIepuoioM [1].

Havanbuplii 3Tanm oOy4eHHs SBISIETCS CTPECCOT€HHBIM JUJIsi Bcex 0e3
WCKJIIOYEHUS TNEPBOKIACCHUKOB. OTBETHOM pEaKUUEN AETCKOTO OpraHuM3Ma Ha
BO3pOCIIME€ TpeOOBaHMS B TIEPBbIE HEAEIM M MecAlbl y4eObl CTaHOBSTCS
(yHKUMOHATIBHBIE HApYIICHHS: XanoObl Ha 1edanruio (TOJOBHbBIE O00IH) U
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YTOMJICHHE, SMOIMOHAIBHAS HECTAOWIBHOCTh (Pa3IpakUTEIbHOCTh, TJIAKCUBOCTB),
pacctpoiictBa cHa. HaOmiomaercss CHUKEHHE MAacChl Tela M yXYJIIEHUE arleTuTa.
[lcuxonornueckuii AUCKOMMOPT MPOSBIAETCS B LIKOJIBHBIX CTpaxax, HEraTUBU3ME
[0 OTHOUICHUIO K YYUTENI0 W y4eOHOMY MpolEecCy, a TakXe B HEaJeKBaTHOU
CaMOOIICHKE COOCTBEHHBIX BO3MOXXHOCTEH. JlaHHBIH CHMIOTOMOKOMILJIEKC B
MPAKTUYECKOM TCUXOJOTUM U (PU3MOJOTMHU TOJYYMJI Ha3BaHUS «aJamnTalliOHHAsS
00J1€3HbY, «IIKOJIbHBINA IIOK» WUJTN «IIKOJIBHBIN cTpecey [1;41].

CoBpeMeHHbIE OTEYECTBEHHBIE UCCIEA0BATEIN TPAKTYIOT aIaNTAIlUIO K IIKOJIE
KaK MHOTOTPAHHBIM TPOIECC, HANPSIMYIO CBSI3aHHBIA C TOTOBHOCTHIO PEOCHKAa K
oOyuenuto [4]. A Takke TEOPETUKU BBIICIAIOT TPU €€ CTOPOHBI: (PU3UOJIOTHUECKYIO,
TICUXOJIOTUYECKYIO U COLUANIbHYI0. BCe CTOPOHBI TECHO MeperieTeHbl: cO0i B 1000
M3 HHUX HEW30€KHO CKa3bIBaeTCS Ha 370POBbE, YCIEBAEMOCTH M OTHOIICHUSX
MEPBOKJIACCHUKA ¢ OKpyxaronumu. Ot pebeHka TpeOyeTcs B KpaT4auiliie CPOKH
MIPUCTIOCOOUTHCS K HOBOMY PHUTMY KH3HHM, HO CJeJaTh 3TO HENpocTo. Bricokue
y4eOHbIE HArpy3kd, HECOBMAJEHHWE BHEIIHMX TpeOOBaHUNW C  peaJbHBIMU
BO3MOXXHOCTSIMU peOCHKA U HEJOCTATOYHAsI MOATOTOBICHHOCTh K IIIKOJIE TPUBOJIAT K
TOMY, YTO MHOTHE MEPBOKJIACCHUKUA HAXOJATCS B COCTOSIHMM CTpecca. B cBsizm ¢
ATUM Bce 0oJiee aKTyallbHOM CTaHOBHUTCS 3ajada Ieaarornueckoit mojaep:xkku. Ilon
Hel MOHUMAaIOTCs TPOoPeCCUOHANIbHBIC TEUCTBUS YUUTENS, CO3JAIONIETO MAAIue U
OJIHOBPEMEHHO Pa3BUBAOIINE YCIOBUS 1Jisi 00ydeHuss. OCOOEHHO Takas MOIepiKKa
Ba)KHA HA HAYAJIBHOM 3Tare, KOTJa peOeHOK TOJBKO YYHUTCS MPEOJI0JIEBATh MEPBbIC
LIKOJIbHBIE TPYJIHOCTH [3].

ConepkaHue 1mpolecca aaanTalud K IIKOJE COCTOMT B IEPECTPOMKE
OCHOBHBIX cdep TMCUXUKM peOeHKa: I[103HABATEIbHOW, MOTHBAIMOHHOW U
AMOIIMOHAJILHO-BOJIEBOM. DTO HEOOXOJUMO JIJISi YCIEIIHOTO BKIIIOUEHUS B PEXKHUM
cucTteMaTudeckoro ooydeHusi. [lo MHEHUIO POCCHICKMX TICMXOJOTOB W TEJaroros,
MMEHHO XapakTep COYETAHUs BHEIIHUX COLMAIBHBIX (PAKTOPOB UTPAET PEIIAIOIIYIO
pOJIb: WX TapMOHMYHOE COYETAaHHWE CIOCOOCTBYET YCICIIHOW ajamnTaiud, a
nucOanaHe BeIET K IIKOJILHOM Ae3amanrauu [4].

Hayano cucrteMaTHyeckoro HIKOJIBHOIO OOYYEHHUS XapaKTepU3yeTcs IBYMs
KIIFOUEBBIMA OCOOCHHOCTSIMH. Bo-mepBbIX, ydeOHas IeATelbHOCTh TpHOOpeTacT
CTaTyc OOIIECTBEHHO 3HAYMMOUN W TOJICKUT OOIIECTBEHHOW OIEHKE. BO-BTOpEHIX,
OHA pErJaMEHTUPYETCA E€IWHBIMU JUIsl BCEX YYallUXCs NpaBUJIaMH IIOBEICHUS,
00s3aTeIbHBIMU K UCTIIOJHEHUIO HA MPOTSHKEHUH BCEro MpeObIBaHUs B MIKOJIE [5].

B wuccinenoBaHUsSIX OTEYECTBEHHBIX IICUXOJIOTOB M IIE€IAaroroB BBIIEISIOTCS
OCHOBHBIE KPUTEpUM aJalTaly IEPBOKIACCHUKOB K IIKOJBbHOW cpene. K Hum
OTHOCATCS: YPOBEHb MHTEIIEKTYaJbHOTO Pa3BUTHS (XapaKTEPU3YIOUIUH COCTOSHHE
BBICIHIMX TICUXMYECKUX (DYHKIHI, 00y4aeMOCTh U CHOCOOHOCTh K CaMOPETYIISIUN),
YPOBEHb  MCHUXOAMOILIMOHAJIBLHOTO  Pa3BUTHUS  (OTPAKAIOIMIMA  SMOUMOHAIBHYIO
AKCIPECCUI0 U JIMYHOCTHBIA POCT pedeHkKa), ChOPMUPOBAHHOCTH KOMMYHHUKATHBHBIX
HaBBIKOB (C yYE€TOM TIICHXOJIOTHYECKHX HOBOOOpPA30BaHWA KpU3HMCA CEMHU JIET —
CAMOOIIEHKM W YPOBHS NPUTSA3aHUM), a TaKXKE YPOBEHb IIKOJBHOU 3pENoCTH,
JOCTUTHYTBIA PEOEHKOM B JOIIKOJIbHBIN MEPHO/I.
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VYcenemHocTh yueOHOM I€SITEIbHOCTH B COBPEMEHHOM HayKe paccMaTpUBaeTCs
KaK Ba)KHEHIIasi COCTABJISIONIAS TICUXOJOTHYECKOTO 3/I0POBbS yUalIuxcs, mpoodiiema
COXpaHEHUs U YKPEIUIEHUS KOTOPOro MpuoOpeTaeT Bce OOJIbLIYI0 aKTyalbHOCTb.
[IpumeyaTenbHO, YTO JJIMTENIBHOE BpeMsl HCCIENOBaHUS B 3TOM o0nacTu
(oKyCHUpOBaIMCh NPEUMYLIECTBEHHO Ha AaHAIW3€ NPUYMH M TPUPOAbl YUEOHOU
HEYCIIEBAEMOCTH, a TAKXKE Ha pa3pabOTKe MyTel ee MPeo10ICHHUS.

AHanu3  OTEUECTBEHHOM M 3apyO0eXHOM  ICHUXOJIOro-MeAaroruyeckoi
JUTEPATYpPhl BBISBAJ YacTOE€ CMEIICHUE TMOHSATUN «YCHEIIHOCTh OOyYCHHsS» W
«ycreBaemMocTh» (Takod Touku 3peHus npuaepxkuBamuch FO.K. babdanckuii, b.b.
Kynarun, H.B. Co60ab u ap.). [lockonbKy akamemMudeckasi yCreBaeMOCTh yUaluXcst
ONpE/EINAETCS CTENEHbIO COBMNAJACHMUS JOCTUTHYTHIX pE3YyJbTaTOB  yueOHOMU
NESATEIPHOCTH C 3alUIAaHWPOBAHHBIMH, TO YCICIIHOCTh OOYYEHHMs MpEIoiaracTt
IIOJTHOE COBMAJCHUE WM MPEBBIIICHUE JOCTMKEHUW PEATbHBIX IO OTHOLIEHUIO K
0KHJIa€MbIM. DTO 00ECIIEYMBAET PA3BUTHE YUCHHKA, €0 MEpexo1 Ha 0oJiee BBICOKHE
ypOBHU OOy4YeHHOCTH U camopasBuTus. CleoBaTelbHO, COTJIACHO JITOM TOYKE
3peHus 00y4YeHUE MOKET ObITh MPU3HAHO YCHEIIHBbIM, €CJIM MO3BOJSET Haubosee
palMOHANBHBIM CIOCOOOM (T.€. ¢ MHUHUMAJIbHBIMU BpPEMEHHBIMU 3aTpaTamMu |
TPYJIOBBIMU  pECypcaMH) JOCTUTHYTh ONpPENEJIEHHOTO 3apaHee  3aJaHHOro
pe3yJibTara, OnpeaessieMoro HesiMU U 3ajladaMu o0ydenus [3; 79].

[IpyopuTeTHBIM  YCJIOBHEM  YCIENIHOCTH  Y4YEOHOW  JCATENBHOCTH U
OJIHOBPEMEHHO JIMYHOCTHOI'O POCTAa YYAacCTHUKOB Ipouecca (M ydyalluxcs, H
npenojaBarenei), nmo mHeHuto B.A. Jlsynuc, sBisercs akTHBU3AlMs IMPOIECCOB
1esne- ¥ CMOJ000pa3oBaHusl, KOTOpas 00ECIeYMBAETCSI COBMECTHOM MPOTYyKTUBHON
NEeATEIBHOCTHIO, BOSHUKAIOLIEH IIPU COBMECTHOM PELIEHUH TBOPUYECKUX 3a/1a4.

ABTOp OTMEYaeT, 4TO YCHENTHOCTh y4eOHOU AesTeNbHOCTH BKIIIOUAET B ce0s
yCTENIHOEe TMPOABMKEHHUE M0 CTYMEHSIM W YPOBHSM O0Opa30BaHHUS, COMPOBOXKIAEMOE
OBJIQJICHUEM COOTBETCTBYIOIIMMHU 3HAHUSMH, YMEHHUSIMU W HaBBIKAMU U Pa3BUTHEM
JUYHOCTHOTO TMIOTEHIMANa, a TakKXkKe aJanTalhil0 B COLMYME ITOCPEACTBOM
(dbopMUpOBaHUS COLIMATBPHOW KOMIETEHTHOCTH M BXOXKICHHE B MPOQPECCHOHATHHYIO
NEeATENIbHOCTD [2; 54].

Takum oOpa3om, aHanM3 HCCIEAOBAHUN, MOCBSIIEHHBIX MCHUXOJIOTHYECKUM
npoOjemMaM YCIEIIHOCTH OO0y4Y€HHs, MOKa3bIBAET, YTO HAa IYyTH K PELICHUIO 3TUX
npobiem crenaHo HeMano. OJHAKO ellle BO3HUKAET MHOTO BOIPOCOB O MPUYUHAX,
00yCIIaBIMBAIOIIUX TPYAHOCTH B OpraHu3aIui Y4eOHOU NeITeTbHOCTH.

[TpoBeieHHBIN TEOPETUUYECKHUM aHAIU3 TOHITHI «yCIEITHOCThY, KO0y4YEeHUE» U
«YCIIEUTHOCTh Y4E€OHOM JEeATEeTbHOCTH» MO3BOJISIET HaM BBIJIEIUTh CYIIHOCTHBIX
XapaKTEPUCTUKHU MOHITHUS «YCHEUTHOCTh 00yUYEHHUsD B MJIAIIEM IIKOJILHOM BO3pacTe
YIOBJIETBOPEHUE  ITO3HABATEIbHBIX  WHTEPECOB  yYalIUXCS;  PACKpbITUE  HX
MOTEHIHAIbHBIX YMCTBEHHBIX BO3MOXHOCTEH; WX TMO3UTHUBHOE OTHOIIECHHE K
y4eOHOM eI TebHOCTH.

B pesynpTraTe aHanmsa ncuxoia0ro-neaarorndeckon JIUTepaTypsl 1o npodieme
W3Y4YeHUs BIUSHUA aJanTalldd Ha  YCIENIHOCTh Yy4eOHOM  JeATEeIThHOCTH
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MEPBOKJIACCHUKOB, Mbl MOXEM CJIeJlaTh BBIBOJ, YTO Yalle BCEr0 YCHEUIHOCTh
y4eOHON JeATEeTbHOCTH OOyYaroUuuxcsi paccMaTpUBAETCS KaK XapaKTepUCTHKa
TEMIIOB, HANPSKEHHOCTH, MHIUBUYAIBHOTO CTHIISI paOOThI, CTETIEHH MPUJICKAHUS U
YCWINM, TMpuiaraeMblX HMH JJis JOCTUXKEHUs Y4eOHbIX Liened. BpIsicHuImM, 4To
MOHATHE «YCHEX» MOMXKHO paccMaTpUBaTh B yY3KOM WM IIMPOKOM 3HAYEHHUH. Y3KO€
3HAYEHUE CBOJUTCS K MOHUMAHUIO OLIEHKA KOHKPETHOI'O PE3yJIbTaTa AESTEIbHOCTH,
3HAUUMOTO JUJIl JIMYHOCTU. B MIHMpOKOM cMbICie N0 YCHEXOM MOHHUMAETCS
KU3HEHHAsl YCIEIIHOCTh, KOTOPYIO YEJIOBEK JIOCTUTaeT W TEPEKUBAET B XOJE
COOCTBEHHOW IKU3HENEATCILHOCTH, CTPEMACHh pealn30BaTh CBOHW TBOPUYECKHIA
notexman [6; 207].

Ha ocHOBe TeopeTHdecKkoro aHaim3a JUTePaTyphl, ObLIIN BBIJEICHBI OCHOBHBIE
MICUXOJIOTO-TIEAATOTHUECKUE KPUTEPHH, TI0O KOTOPHIM ObUTH OLIEHEHBI JOCTHKECHUS U
PE3YIBTATUBHOCTh KOMIIOHEHTOB Y4E€OHOH JEATEIHHOCTH MIIAJIIIUX IIKOJIBHUKOB.
Cpenu HuX: co3aHue AJis ydalmierocs: OJaronpusaTHOrO MUKPOKIMMATA B KJIACCHOM
KOJUIEKTUBE, YCHEIIHOE BBINOJHEHWE YYEHHKOM 00pa30oBaTENbHOW MPOTrpaMMBlI,
MPU3HAHUE €ro YCHEUIHOCTH IEeNaroraMd W CBEPCTHUKAMH. TakkKe TOCTH)KEHHE
Y4YaIMMCsl TOCTaBJICHHBIX LIeJIEH, KeJTaHUE U MHTEPEC y4Yalllerocs Mocemarb Koy,
00€ecreynTh yCNelHoe MPOAOKEHNE 00yYeHUsT MJIAAIIEr0 IIKOJIbHUKA B CPEIHEM
3BEHE, a TAaK € JOCTUTHYTh BBICOKMX PE3YJIbTATOB B YUYEOHOW NEATEIBLHOCTH H
MOKa3aTh BBICOKHE pPE3YyJbTaTbl B  OJMMIIKAJAX, B TBOPYECKUX KOHKYypcax,
CIIOPTUBHBIX MEPONPUSITHUSX.

OO0beKT 1 MeToAMKA

JIns QUMarHOCTUKH B3aMMOCBSA3M IIPOIECCa aJalTallu MNEPBOKIACCHUKOB K
YCIOBUSM IIIKOJIBI M YCHEIIHOCTH OBJAQJCHUS UM [OKa3aTessIMH  y4eOHOM
NESTEIPHOCThIO B JaJIbHEWIIEM OO0y4YeHUU, ObUIM KCHOJB30BAHbl CIEAYIOIIHNE
METOAUKHU: MPOCKTUBHBIM TECT JIMYHOCTHBIX OTHOIIEHWH, COLMAIbHBIX 3MOLMI M
IIEHHOCTHBIX opueHTauil «/lomuku» ([.b. DOnbkonun, A.I'.Benrep); mertonuka
«Hapucyit yenoBeka»; meronuka «becena o mkone» (J.b. Dnbkonun, A.I'.Benrep);
Meroauka «Jlomukuy; (I.b. Dnpkonun, A.I.Benrep); ompoc poauTeneil; aHkera
onpenenenuss 1mkojgbHOM MoTuBanuu (H.I'.JIyckanoBa), MeToguka W3y4YeHHs
MoTuBOB yueHnus (M.}O.I'un30ypr)

B onbITHO-3KCIIEpUMEHTAIBHOM YaCTH HAIIIETO MCCIICIOBAHUS MPUHSUIN Y4acTHE
26 epBOKIIACCHUKOB.

Pe3yabTaThl ucciae10BaHUMI

OMnupuyeckas 4acThb paOOThl ObLla HAampaBlieHa Ha BBISBICHUE U aHAIM3
B3aMMOCBSI3H MEK]ly MPOLIECCOM aJalTallMK MEPBOKIACCHUKOB K IIKOJIBHON Ccpelie U
YCHEIIHOCThIO UX MOCieaAytollel yueOHON nesTeabHOoCTH. B X01e KOHCTaTHpYIOIero
AKCIIEpUMEHTa ObUIM ONpeNeNeHbl YpPOBHU aJaNnTallMd y4yalluxcs, a TaKkxke
COCTaBJICHBI pa3BEpHYTHIC IICUXOJIOTO-TIEAATOTUYECKHE XapaKTEPUCTUKU
HCTIBITYEMBIX B COOTBETCTBHUU C BBISIBICHHBIM YPOBHEM.

AnHanmu3  pe3ynbTaToB. (OOpaboTKa TMOJYYEHHBIX JAHHBIX  IO3BOJIMJIA
YCTAHOBUTh YCTOWYMBYIO KOPPEISIMI0O MEXKIY CTENEHbIO adalTUPOBAHHOCTHU
peOeHKa U KaueCTBOM OBJIa/ICHUS yUeOHOU JAesITeIbHOCTBIO.
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K mepBoii rpymnme (IOCTATOYHBIN ypOBEHb aaanTaiuu) ObUIM OTHECEHBI
oOyuJaromuecsi, JEMOHCTPUPYIOLIME BBICOKYIO YYEOHYIO ycnemHocTb. [l Hux
XapaKTEpPHO IIO3UTUBHOE OTHOLIEHHWE K INKOJE M AaJEeKBAaTHOE BOCIPHUSITHE
npenbsaBIsieMbIX TpeOoBaHuil. IIporiecc yCBOEHMS 3HAHUN OTIMYAETCS JIETKOCTHIO,
rJyOMHON M TOJHOTOM; MCHBITYEMBbIE JAHHOW TIPYINIBl YCHEIIHO CHPABISAIOTCS C
3aIaHUSIMHM  TTOBBIIICHHOW CIOXKHOCTH. B yueOHOW JesATeNbHOCTH TMPOSBISIOT
MpWIEeKaHUEe, YCTOMYMBOE MPOU3BOJIHLHOE BHUMAaHUE K OOBSICHEHUSAM YUUTENs, HeE
HY)KJIalOTCSI BO BHEUIHEM KOHTPOJIE NPHU BBINOJHEHUM MOpydeHHil. OTmedaercs
BBIPKEHHBIH MHTEPEC K CaMOCTOSATENIbHBIM (opmMaM pabOThl M CHCTEMaTHYecKast
MOJIFOTOBKA KO BCEM YUEOHBIM 3aHSATHUSIM.

Bropyto rpymnmy coctaBuin o0y4aronifecs ¢ 4aCTUYHbIM (CpEeTHUM) YpPOBHEM
aganTanuy. OTH MIAQJIIME IIKOJBHUKMA B LEJIOM IOJOKUTEIBHO OTHOCATCA K
MOCELIEHUIO IIKOJbI, Yy4YeOHBIH TMpOLEeCC HE BBI3BIBAET Y HUX BBIPAXKCHHBIX
HETaTUBHBIX MEPEXKUBAHUNA. YCBOEHHWE NPOrpaMMHOr0 MaTepHajia MPOUCXOAUT
MPEUMYILECTBEHHO MPH YCJIOBUM JI€TAJbHOTO M HATJSAHOTO H3JI0KEHUS TEMBI
YUHUTEJIEM; OCHOBHOE COJIEPKaHHE YUEOHBIX MPOrpaMM UMM OCBAUBAETCS.

Tpetbst rpynmna (HEIOCTAaTOYHBIM YpOBEHb aJaNTallMM) BKIIOYAET JIETEH, y
KOTOPBIX TMPOIECC MPUBBIKAHUS K IIKOJIE MPOTEKaeT Haubosee cloXHO. B maHHOM
rpynmne (pUKCUPYIOTCS YacTble KajoObl COMATHYECKOTO XapakTepa W HapYIICHHS
JUCUUIUIMHBL. Y CBOGHHE Y4YEOHOro MaTepHualia HOCUT (PparMEHTapHbId Xapakrep,
3HAYUTENIbHbIE TPYAHOCTH BBI3BIBAET CAMOCTOSTENbHAs paboTa C YYEOHHKOM H
UHBIMM HMCTOYHMKaMH HH(popMauuu. MHTepec K BBIIOJHEHUIO CaMOCTOSTEIbHbBIX
3alaHU  CHMJKEH, IIOATOTOBKA K YpPOKaM OCYILECTBISIETCS  HEPETYJISIPHO.
OOyuaromuecs 3TOM TpyIIbl OCTPO HYKIAIOTCS B IMOCTOSHHOM I1€1aroru4ecKoM
KOHTPOJIE U CUCTEMATUYECKUX HAIIOMUHAHUSX CO CTOPOHBI YUNUTEIS.

BbIBOABI

Takum 00pa3oM, YCIENHOCTh Tpolecca OOyYeHHS B MIIQAMIEM IMKOJILHOM
BO3PACTE OINpPEIEIACTCS KaK KayeCTBEHHAas OLEHKA pE3yJIbTaTOB JAESTEIbHOCTH,
KOTOpasl CKJIAJbIBAETC M3 OOBEKTHBHOW pPE3YJIBTATUBHOCTH U CYOBEKTHBHOIO
OTHOLIEHUS K 3TUM pe3yJbTaTaM camoro ydaierocs. UHbIMU cioBaMu, yCIEUTHOCTb
OTpaXaeT oOIpeAenEéHHOe CBOMCTBO JIMYHOCTH, COJAepXkamee B cede Hemalo
KOMITOHEHTOB, UMEIOIINE cnenuduueckue IICUXO0JIOTO-TIEAArOTHYECKHE
XapaKTEPUCTHUKHU.

Wrak, aHanu3 pe3yJIbTaTOB IPOBEIECHHOIO TEOPETUKO-IKCIIEPUMEHTAIBHOTO
UCCIICJIOBaHMs BIIMSHUSA aJalTallid Ha YCHEHUIHOCTh Y4YEOHOW JAESITEIbHOCTH B
MJIQJIIIEM IIKOJBHOM BO3pAcCTe, MOATBEPXKAAET CIOXKHOCTH M MHOTIOIPAHHOCTH
naHHOM npoOsieMbl. KoHcTaTupyercs, 4TO, HECMOTpPsSI Ha JUIUTEIbHYIO HCTOPHUIO
U3yYEHUs BONpOCAa B OTEYECTBEHHOM M 3apyO0eXHOM Hayke, MHOIME aCHEKTHI,
KacarolMecss IMPUYUH  BO3HUKHOBEHHUS  Y4eOHBIX  TPYAHOCTEHM,  OCTalTCA
HEJOCTATOYHO  PACKPBITBIMH. [lepCIEKTUBHBIM  HANpaBJICHUEM  JAIbHEUIINX
MCCJICIOBAaHUM TpeaCTaBseTcsl yriyOJIeHHbIH aHalu3 JMYHOCTHBIX OCOOCHHOCTEM
MJIQIINX IIKOJBbHUKOB, CIOCOOCTBYIOIIMX YCHEIIHOMY MPEOAOJCHHUIO 3STHUX
TpyaHocTel U 3P PEeKTUBHOMY OCBOEHHUIO 00pa30BaTeNIbHOM MPOTrpaMMBl.
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Koppexkunonno-pa3suBaimnias padora ¢ 3MOUMOHAIbHBIMUA HAPYIIEHUSIMHU Y
aeTeil cpeaHero JOMKOJbLHOI0 BO3pacTa: cneuu(uKa u cojgepkanmne

AHHOTanus: B pabOTe NPEICTaBICH TEOPCTHYSCKUN aHajiW3 W OIBITHO-
AKCIIEPUMEHTAILHOE U3yYCHHC TICUXOJIOTO-TICIArOTUICCKUX YCIIOBHH
KOPPEKIIMOHHO-PAa3BUBAIOIIEH padOThl ¢ AMOIMOHAIBHBIMU HAPYIICHUSMHU Yy JCTCH
CPEIHETO JOMIKOJILHOTO BO3PACTa.

Annotation: the work presents a theoretical analysis and an experimental study
of the psychological and pedagogical conditions of corrective and developmental
work with emotional disorders in children of middle preschool age.

KiroueBbie ciioBa: TOMIKOJIBHBIA BO3PACT, AMOIMOHAIBHBIC HAPYIICHHS,
MICUXOJIOTO-TICIATOTUYECKUE  YCIOBUS KOPPEKIIMOHHO-PA3BUBAIOIICH pabOThl ¢
AMOIMOHAIBHON Cepoil neTeit CpeHeTo MOMKOIFHOTO BO3pacTa.

Key words: preschool age, emotional disorders, psychological and pedagogical
conditions for corrective and developmental work with the emotional sphere of
children of middle preschool age.

BBenenue
CoBpemeHHast ICUXOJIOTO-TIEIaroruyecKas HayKa paccMaTpuBaeT
AMOITMOHAJIbHOE OJlaromojayune Kak ©0a30BOE YCIOBHE TapMOHHYHOTO Pa3BUTHS
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JMYHOCTH peOeHka. VIMEHHO B JOLIKOJIBHOM JI€TCTBE 3aKJIaJbIBAIOTCS OCHOBBI
MOTHUBAIMOHHOW cdepbl, (OPMUPYIOTCS MEXaHU3Mbl TPOU3BOJILHOM pPETyJISAINH,
CKJIAJ[bIBA€TCs CaMOOLIEHKa 1 opopmitsieTcst KapTuHa Mupa. Bee 3t nuHuum pa3purtus,
KaK yOeJIMTENIbHO MOKA3bIBAIOT MCCIIEOBAHUS, UMEIOT SMOIMOHAIBHYIO TIPUPOAY U
MIPOU3PACTAIOT U3 paHHETO aPEKTUBHOIO OIBITA.

OOpamasicb K BONPOCY O BO3MOXKHOCTSAX ICHUXOJIOTHUECKOW MOMOIIH,
HEOOXOAMMO TOMYEPKHYTh YHUKAJIbHbIE XAPAKTEPUCTUKHU JIOIIKOJBHOIO BO3pACTa.
Bbicokass MIaCTUYHOCTH KOpBI OOJBIIMX TMOJYHIApUNA, MOJBUKHOCTH HEPBHBIX
MPOLIECCOB, HE3aBEPIICHHOCTh (POPMUPOBAHUS YCTONUMBBIX JTUUYHOCTHBIX CTPYKTYD
M, Kak CJEICTBHE, NOBBIIIEHHAas BOCHPHUMMYHMBOCTh K BHEIIHUM BO3JEHCTBUAM
CO3/1al0T OJarompusATHbIE MPEANOCBUIKA JUIsl KOPPEKUMOHHOM pabotel. Ilcuxuka
JOLIKOJIbHUKA, 00pa3HO TOBOPSI, OTKPBITA AJI1 IO3UTUBHBIX U3MEHEHUMN, YTO CIIYKUT
HaJEKHBIM rapaHToM 3(pPEKTUBHOCTH CBOEBPEMEHHOI'O BMELIATEIbCTRA.

OpHako Te K€ caMmble BO3pacTHblE OCOOCHHOCTH JeNaiT peOeHKa
YpE3BbIYANHO YSA3BUMBIM B CiIy4yae HEOJAronpusiTHbIX MEAarormyecKux YCJIOBHUH.
Knaccuueckne wuccnepoBanust B.B. JleObemmHckoro  J€MOHCTPUPYIOT,  YTO
OpraHu3alMs BOCIHUTATEIbHO-00pPa30BaTEIBLHOTO MPOLIECCa, HE COOTBETCTBYIOIIAS
BO3PAaCTHBIM U WHIUBUIYAJIbHBIM BO3MOXKHOCTSIM pEOEHKA, CTAHOBUTCS MOUIHBIM
naToreHHbIM  (paktopoM. CreaCTBUEM TaKOW HEaJeKBATHOM MEJaroru4yeckoit
CTpAaTeruy BBICTYNAIOT HE TOJIBKO TOBEJACHUECKHE HapyUIEHUs, HO M TIyOOKue
aepopManMl B CHCTEME OTHOILUEHWH: peOEHOK yTpayuBaeT MO3UTHUBHOE
CaMOOILYIIEHHE, Y HET0 HMCKAXaITCA NPEICTABICHUS O APYTHX JIIOAIX, TepseTcs
MHTEPEC K JEATENIbHOCTH U 00ECLEHUBAIOTCS €€ pe3ynbTathl [3].

B nowcke anekBaTHBIX CTpAaTerMii KOPPEKIIMOHHOM IMOMOIIM HCCIENI0BATEIN
3aKOHOMEPHO O0paIlaloTCs K BEAYIIEH e TEIbHOCTH 0MKoabHUKA. [upokuii kpyr
asropoB — I.II. BoponaeBa, A.W. 3axapos, E.E. KpaBuosa, B.C. Myxuna, A.A.
Hypaxynosa, T.O. CmoneBa, A.C. CnuBakosckas, C.I'. ®@aitn6epr, M.1. Yuctakosa
U Jpyrue — eIWHbl BO MHEHHUHU: MaKCHUMAaJbHBIM KOPPEKIMOHHBIN 3¢ ¢eKT
JOCTUraeTCs MPHU BKIIFOUEHUHU JIETEN B YBIEKATEIbHYIO, SMOLMOHAIBHO HACHIIICHHYIO
NeATeNbHOCTh. Pa3BuBas oty mbicib, E.E. KpaBiioBa akiieHTHpyeT BHUMaHHAE Ha TOM,
4yTo 0a3oBas 3a7ada KOppeKuuu — (OPMUPOBAHHE y pEOCHKA JOBEPHUS K MHUPY H
OTKPBITOCTH COTPYAHHYECTBY. IMEHHO 3TH JTUYHOCTHBIE 0Opa30BaHMS, IO MHEHUIO
UCCIeI0BaTeNsd, O00ECIEeUYnBalOT BO3MOXHOCTh IMO3UTHUBHON caMopeanu3aluu
pacTylero yemoBeka [2].

MeroponornyeckuM GyHIaMEHTOM MCUXOKOPPEKIITMOHHON paOOThl BBICTYIIAET
NpUHIUI AearenbHocTHOM Koppekuuu. [.B. Bypmenckas, W.II. Boponaesa, 10.B.
Eromxun, O.B. KapabGanoa, A.I'. Jlumepc u napyrue aBTOpPbl OOOCHOBBIBAIOT
MOJIOKEHUE O TOM, YTO KOPPEKLHMOHHOE BO3JECMCTBHE HOJIKHO OCYLIECTBIATHCS B
KOHTEKCTE TOM JESATEIbHOCTU, KOTOPAsl SIBJISIETCS 3HAUMMOM i pedeHKka. ToJbKko B
3TOM CJIy4ae BO3HUKAIOT YCJIOBHS JJISI €CTECTBEHHOIO MPOSBIEHUS SMOLUOHAIBHBIX
TPYIHOCTEHN M MX MOCIEIYIONEH TpopadoTku [2].

Oco0oro BHMMAaHHS 3aCIyKHBAET BOIMPOC O MCHUXOJOTUYECKUX MeEXaHHU3Max
MPEOAOJCHHUS] 3MOIMOHATIBHBIX MpPoOJeM. AHaNU3 JUTEPaTyphbl IMOKA3bIBAET, YTO
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KJIFOUEBYIO POJIb 371€Ch UTPAET BOOOpakeHHE. Y NeTel, NCIBITHIBAIOIINX TPYIHOCTH
NOBEACHUS, HEOOXO0IMMO 1EeJICHANIPABICHHO (POPMUPOBATH «BHYTPEHHIOK MO3UIIUIO»
— CHOCOOHOCTh BBIXOJMTH 32 TPAHUIIBI HEMOCPEJICTBEHHOW CUTyallud, BUIECTh B
MpeJAMETe HE TOJIbKO €ro HaJu4Hble CBOWCTBA, HO M 0Oo0Jee MMPOKUM CMBICIOBOM
KOHTEKCT. OBnazieBast 3TOM CIOCOOHOCTBIO, PEOCHOK YUYUTCS YNPABIATh HAITUYHOU
JNEHUCTBUTEIBLHOCTBIO, M TJaBHBIM HHCTPYMEHTOM 3JECh BBICTYNAET BOOOpakKeHHE,
pa3BHUBAIOLIEECS B UTPOBOM JIESITETLHOCTH [4].

3aBepiiasi TEOPETHUYECKUW aHAIM3, CJEAyeT OTMETHTh, YTO TIPH BCEH
pa3pabOTaHHOCTH OOIMX TMOAXOJAOB MHOTHE KOHKPETHBIC ACIEKThI KOPPEKIIHH
AMOITMOHAILHON Cephl JTONTKOIHLHUKOB OCTAIOTCS HEIOCTATOYHO M3ydYeHHBIMU [1].
910 co3gaeT  HEoOXOAUMOCThb B JIONOJIHUTEIBHBIX  HCCIIECIOBAHUSX,
OPUEHTHUPOBAHHBIX HA MTPAKTUYECKUE 3AMPOCHI.

B xonTekcTe HacTosmel paboThl 0COOBIN MHTEPEC MpEICTaBIsAeT Takas Gpopma
AMOIMOHAJILHOTO HEOJIaronoyiydusi, Kak arpecCMBHOCTh. I[IpoBeleHHBIN aHaIM3
MO3BOJISIET BBIICITUTH PSII MPUYMH arpPECCHBHBIX TPOSBICHUA Y JTOIIKOJIBHHKOB.
Cpenu HUX: BHYTPUIMYIHOCTHBIN KOH(IIUKT, TOPOKIaeMbIi HEYTOBICTBOPEHHOCTHIO
CBOUM TMOJIOKEHUEM B TPYIINE CBEPCTHUKOB; XPOHUYECKOE TMEpPEKMBAHUE TPEBOTH,
CBSI3aHHOM C OXHUJAHWEM Yrpo3bl WIM HamaaeHus; Qpycrpauus 0a30Boit
MOTPEOHOCTH B OOIIEHUH M 3MOIIMOHAJIHHOM MPUHSATUM KaK B CEMEUHOU CHUCTEME,
TaK U B YCJIOBUSX JOIIKOJIBHOTO YUPEKICHUS.

OO0bexT M MeTOANKA

Jlis u3y4yeHus: CKJIOHHOCTH K arpecCUBHOMY IOBEJICHHUIO y JIE€TE€H CPEeIHEro
JOLIKOJIBHOTO BO3pacTa, HaMH ObL1a UCIIOJIb30BaHa METOJIUKA
«CTpyKkTypanusupoBaHHoe HaOmogeHue». C mnomompo Mmeroauku «Packpach
KapTUHKY» JOIIKOJbHUKH ONpENesuid crheluduKy TOBEICHUS B CHUTyallud
KOH(JIMKTA ¢  TIO3UIIMN OOMKEHHOTO PeOEHKA.

Metonuka «Kak OBl Thl TOCTYNWJI» TO3BOJMJIA BBIIBUTH OCOOCHHOCTH
HSMOILIMOHANBHBIX TEPEKUBAHUIN TOIIKOIHHUKOB B CHUTYaIlUsX, CBSI3aHHBIX C UX
B3aMMO/ICHCTBUEM C OKPYKAIOIUMHU [5].

B OmbBITHO-3KCIIEpUMEHTAIBHOM YacTH HCCIENOBAaHUS ywacthe 15 peren
CPEIHETO JOMIKOILHOTO BO3pPacCTa.

Pe3yabTaThl HccIe10BaHUI
B Xxome »MIHMPHYECKOTO HCCIIEAOBAaHUS OBUTH 3a(HUKCHPOBAHBI pa3IUYHbIC
(OpMBI arpeccCUBHBIX peakIMil y AeTed CpeaHero IOIIKOIbHOro Bo3pacTa. Cpean
HUX HaOJroAanach Kak KOCBeHHas (hu3nuyeckasi arpeccus (paspylleHue pe3ysbTaToB
JeSITeIbHOCTH CBEPCTHUKA, TOJOMKA YY)KMX HIPYIIEK), TaK W NpsiMas (HaHECEHUe
yIapoB, YKYCBI, UCIIOJb30BaHUE MPEAMETOB JJIsl MPUYMHEHUs (pusmueckoi 0onum) u
naxke ockopOnenus («Tonctyxay, «/lypak», «S10eaa u HBITUKY).
Oco0oe BHUMaHHE YIEISIOCh BBISBICHUIO CHUTYallud, MPOBOLUPYIOIINX
arpeccUBHbIC BCIBIIIKA. AHAIW3 KOHTEKCTa M MEPEKUBAHUN peOeHKa IMO3BOJISII
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MOHSTH HAIPaBICHHOCTb, MPUYMHBI U MOTHBAIMIO arpecCHUBHOrO MoBeAcHus. B
pe3yspTaTe HaOIIOAEHUH OBbIIIN BBIEIECHBI CAEAYIOIME TUIIMYHBIE CUTYaLINN:

CrpemiieHue TIpuBJIe€Yb BHUMaHUE CBEpCTHMKOB. Hampumep, peOeHOK
HaMEPEHHO HapyllaeT UIPOBOM IpolecC IPYyroro (BBIPHIBAET KHUTY, pa30pachiBacT
UTPYIIKH) M JEMOHCTPUPYET HHAaTa)KHOE IOBEACHHE (TPOMKHI Jail, MMUTaLMs
arpecCUBHOIO MEPCOHAXka), YTOOBI OKA3aThCs B LICHTPE BHUMAHMSL.

VYiemnenue JOCTOMHCTB JIPYTOTO C IENBI0 CaMOYTBEPKACHUSA. ATPECCHBHBIC
BBICKA3bIBaHUS U HacMelIKu («Xa-xa-xa, y Te0s HUYero He MOJy4YUTCs, Thl HBITUK!»)
HaIpaBJICHbl Ha MOJAYEPKUBAHUE COOCTBEHHOTO IMPEBOCXOJACTBAa Ha (hOHE HEylIayu
CBEPCTHHKA.

3ammTa U OTBETHas arpeccusi (MecTh). B OTBET Ha peanbHOE UM KaXkyIlleecs
Hana/JeHue, HACUJIBLCTBEHHOE U3BATUE WIPYUIKUM JETU JIEMOHCTPUPYIOT SIPKUE,
ah(PEeKTUBHO 3apsKEHHBIC arPECCUBHBIC ICUCTBUS.

boprOa 3a muaepcTBo (cTpeMieHue ObITh TIaBHBIM). [Ipu HEey1adyHON MOTBITKE
3aHSATh KEJIAEMOE IMOJIO0KEHUE (HalpuMep, IEPBOE MECTO B CTPOID) pEOEHOK MOXKET
MPUMEHUTh (PU3NYECKYIO CHIIy MPOTHUB OMEPEIUBIIETO €ro CBEPCTHUKA (TOJYKH,
3axBar 3a BOJIOCHI).

Joctixenue xenaemoro npeaMera. O6aganue NpUBIEKAaTEIbHON UTPYIIKON
CTAaHOBMUJIOCH WEJBIO, IS JIOCTMDKEHHS KOTOPOW HEKOTOphIe AETH MpHuleranmd K
IPSIMOMY HACHUITUIO HAaJl CBEPCTHUKAMHU.

AHanu3 NoJly4eHHBIX HAOJIOJIEHUH MOKa3ai, YTO OOJIBIIMHCTBO arpecCUBHBIX
OpOSIBJICHUM BO3HMKAJIO B CHUTyalUsiX 3allluThl COOCTBEHHBIX HWHTEPECOB WU
OTCTaMBaHUsl MPEBOCXOACTBA. B 3THX choyyasx arpeccuss BbICTyHajla Kak
MHCTPYMEHTAJIBHOE CPEICTBO JOCTHKEHUSI KOHKPETHOM LIeTu (BHUMAaHUE, UTPYIIKA,
CTaTyC), U TOCJE €€ IMOJIyYEeHUs arpecCUBHbIC JCHCTBHUS MPEKpAIAINCh, MPUHOCA
pebeHKy yaoBneTBopeHue. CnenoBarenbHO, MPEoOIaJarolIil XapakTep arpeccuu
MO>KHO OIPENETUTh KaK HMHCTPYMEHTAIBHBIN UIH PEAKTUBHBII.

OpHako y OTHENbHBIX JeTed HaOMI0JaTuCh KAayeCTBEHHO HWHbBIE (POPMBI
arpecCUBHOTO TOBEJCHUS, HE MMEIOIINE BUANMOIN BHEIIHEH 1IeTM U HAIpPaBIICHHBIC
MCKITIOYMTENIHO Ha MPUYMHEHUE CTpajanus apyromy. Hampumep, pebeHOK Tonkaer
CBEPCTHHUILY U C SBHBIM YJOBOJHCTBHEM HAONIOMAET 3a €€ Ciie3aMH; WU TMPSYET
JUYHBIE BEIIM TMOJAPYTH, HACIXKIAsCh €€ MEepeKMBaHUAMU. B Takux ciydasx
¢usnyeckass OONb WIM YHHIKEHHE JPYroro BBICTYMAIOT CaMOIIENbI0, a arpeccus
IpUOOpETAET YepThl BPaXKICOHOCTH U )KECTOKOCTH, YTO BBI3BIBAET OCOOYIO TPEBOTY U
TpeOyeT yriryOJeHHOI0 aHaIn3a.

Pe3ynbrarhl 1MarHOCTUKM YpOBHS arpeCCUBHOCTH OBUIM MOJIYYEHBI 10 TPEM
JMarHOCTUYECKUM METOAMKAM, YTO MO3BOJIMIIO PACIpPEAEIUTh UCIIBITYEMBIX 110 TPEM
YPOBHSIM IPOSIBJIEHUS arPECCUBHOCTH.

Bricokuil ypoBeHb arpeccuBHOCTH OblI BbIsiBIEH y 40% nomkosibHUKOB. Jljis
JeTeil 3TOM TpyNIbl XapaKTEpHBI: BBIpAKEHHAs BPaXaeOHOCTh M THEBIUBOCTD;
MPENNOUYTEHUE CIOKETOB C DJIEMEHTAaMH HACWIMS B paccka3zax; arpecCUBHOE
pearupoBaHMe Ha TMPUBETCTBUE; MOpYa JIMYHOTO W OOIIECTBEHHOTO HMYIIECTBA;
HEraTHBH3M M0 OTHOIICHHUIO K 3aMEYaHUsIM; CKIIOHHOCTh K JIpaKaM.
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Cpeanuil ypoBEHb arpecCHUBHOCTH MPOJAEeMOHCTpUpoBanu 20% HCHBITYEMBIX.
OTnMYUTENHEHBIMU OCOOCHHOCTSIMU 3TOM TPYIIbI SIBJSIOTCS: HEraTUBHAS pEaKIlus Ha
3aMeydaHusi, HeCOOMIOAEHUE AUCIIUIUIMHBI, HEMOCIYIIaHUE, CKIIOHHOCTb MPUCTaBaTh K
0oJiee c1abbIM CBEPCTHHUKAM.

Huskuii ypoBeHb arpeccuBHOCTH 3adukcupoBad y 40% AOMIKOIBHUKOB. DTH
JE€TU OTIUYAIOTCS YPaBHOBEIIEHHOCTHIO, CIIOKOMHBIM pEearupoBaHUEM Ha BHEIIHHUE
CTUMYJIBI. BCIIBINIKY THEBA Y HUX PEJIKM M HOCSAT, KaK MPABUIIO, 3alTUTHBIA XapaKTep.

Ha ocHOBaHWM BBISBICHHBIX TPU3HAKOB Obuta chopMHUpOBaHA TpyIIIa
UCIIBITYEMBIX C TOBBIIIICHHBIM yPOBHEM arpecCMBHOCTH, B KOTOPYIO BOIIUIA Kak
MaJbYMKH, TaK U JE€BOYKH.

KoppekimonHo-pa3puBatomiass paboTta ¢ arpecCUBHbBIMH JI€TbMH  ObLia
OpPHMEHTHPOBaHA HAa pEIICHHWE CJCAYIOIUX 3a7]ad: CHIDKCHHE arpecCUBHBIX
MIPOSIBJIICHUM B MOBEJICHNUHN; 00yUYeHNE KOHCTPYKTUBHBIM CIIOCOOAM BBIPAKEHUS THEBA
U OTPULATENIbHBIX SMOLMK; (popMHUpOBaHHE SMIATHH (CIIOCOOHOCTH TMOHUMATh W
YyBCTBOBAaTh COCTOSIHUE JIPYTOro); TApMOHM3ALIMIO SMOIIMOHAIILHON cephl peOeHKa
B 1einoM. Pabora crpomsnach KOMIUIEKCHO M BKIIOYalla TpU HalpaBIICHUS
B3aumoaeicTBus: «PebeHok - Bocnurarenby, «PeOeHOK — memaror-mcuxosory,
«PebeHOK - pOIUTEIIbY.

OcHoBHOI (opmMoii pabOThl C JIE€TbMHU CTajlu CIEHHAIBHO OpPraHU30BaHHBIE
UTPBl W YOPAKHCHUS, HAIEJICHHBIC Ha KOPPEKIMIO BBISBICHHBIX HETATUBHBIX
TeHJCHIMN. VcoIb30BAINCH CIEAYIOMINE METOIbL:

- UTPBI HA OCO3HAHUE COOCTBEHHBIX YYBCTB U AMOIIHIA;

- YIpaXKHEHHS Ha CHATHE MBIIIEYHOTO HAMPSIKEHUS,

- UTPHI HA PA3BUTHE BHUMAHUS U YMEHUS CIIyIIATh JIPYT APYyTra;

- o00yyeHue crnocobamM caMmMOperysiiui W CHATHS  SMOLMOHAIBHOTO
HaTPSHKCHMUS;

- YIIPa)XHEHUS HA Pa3BUTUE HABBIKOB B3aUMOJICHCTBUS CO CBEPCTHUKAMH.

JIOTIOTHUTENBHO, TSI BBI3BIBAHUS TIOJIOKHUTEIBHBIX SMOIWNA, MPUMEHSIIUCH
CKa3KoTepanusi, CHOPTUBHBIE PA3BJICUCHUSI U COBMECTHBIC MPA3THUKH.

PaGoTa ¢ poguTensiMu He OTpaHUYMBAIACH PEKOMEHIAIIMAMH 0 OpPTaHU3aIuU
KOHCTPYKTHUBHOTO OOIIECHHsI C peOEHKOM. BB IpOoBEIeHbI PAKTUICCKUE 3aHAITHS,
HalpaBJIeHHbIE Ha OOYYECHHE POJUTENICH HAaBBIKAM COBJAJAHUS C COOCTBECHHBIM
THEBOM, aJICKBAaTHBIM CITOCOOAaM CIIOBECHOTO BBIPAKECHHS OTPHUIIATEIBHBIX SMOITUH.
TpeHUHTOBbIE 3aHATUS JIJIS1 POJUTENECH CTPOMIIUCH HA CIAEAYIOMUX TPUHIUIAX:

- (popMUpOBaHUE YCTAHOBKM HAa BHHUMATEJILHOE W TEPIEIMBOE OTHOILIEHUE K
pebeHKy;

- MPEeIOCTaBICHUE BO3MOXHOCTH POAMUTENIO U PEOCHKY JIerajbHO BBIPAXKaTh
arpeccuio, cMellas €€ Ha COI[MaIbHO MPUEMIIEMbIe OObEKTHI,

- JIEMOHCTpalMsl  POAUTENSIMU  JHMYHOrO  npumepa 3P EKTUBHOrO,
HEarpecCUBHOTO TIOBEACHUS (HEHOMyIeHue TMpu pPEOCHKE BCIBIIIEK THEBA W
arpeccuu Mo OTHOILIECHHUIO K OKPYXKAIOIIUM);

- co37aHue B ceMbe aTMoc(epbl 0€3yCIOBHOTO IPUHSTHS, TIOOBU U 1IEHHOCTH
pebeHKa He3aBUCUMO OT €ro YCIIEXO0B WU Hey/lad.

Hayuno-npoussodcmeeHHvill KYypHAA 62 Haywxa Ne1, mapm 2026..
ISSN: 1684-9310



O KUH3Y

[loBropHast ~ nuMarHocTHKa  (KOHTPOJBHBIA  SKCIEPUMEHT)  IOKa3aa
[OJIOKUTENNBHYI0 JUHAMHUKy. Y  J€Tei, y4YacTBOBAaBLIMX B KOPPEKIHMOHHO-
pa3BuBaroIIel paboOTe, OTMEYAIOCh CHMKEHUE arpeCcCUBHOCTH, OHM CTalu OoJee
CIIOKOWMHBIMM, J0OpOKENATEIIbHBIMU M OTKPBITBIMM B 00mieHuu. McneiTyemble
Hay4YWINCh B OOJIBILIEH CTENEHH CIEPKUBATD MPOSIBICHUS OTPULIATENIBHBIX SMOLH, a
MX B3aUMOOTHOILIEHUS CO CBEPCTHUKAMM 3HAUYNUTENBHO YIyUIIHIIUCE.

ConocTaBiieHre JaHHBIX, MMOJIYYEHHBIX Ha KOHCTATHUPYIOIIEM M KOHTPOJIHLHOM
ATamax SKCIEPUMEHTA, YOeIUTEIbHO JOKAa3bIBAET PE3yJIbTATUBHOCTH MPOBEICHHOM
KOPPEKIMOHHO-pa3BuBaoleil padboTsl. Peann3oBanHasi mporpamma, OXBaTHBIIAsl HE
TOJIbKO JeTeldl C TMpU3HAKaMH OHMOLMOHAIBHOTO HEOJIaromoiay4yus, HO M UX
Onmmxaiiiiee OKpyXeHHe ([IeJaroroB M  pojauTeNel), MOo3BOJMIa JIOCTHYb
KaueCTBEHHBIX H3MEHEHUH B TMOBEACHHMM U  SMOIMOHAIBHOM  COCTOSIHUU
JOLIKOJIbHUKOB.

KitoueBbIM (hakTOpoM ycrexa CTajlo HCIOJIb30BAHUE KOMILIEKCAa METOJIOB,
aJIeKBaTHBIX BO3PACTHBIM OCOOEHHOCTSIM nereid 4—5 ner. [lpuMeHeHHe HUIrpOBBIX
TEXHOJIOTHI, AJIEMEHTOB CKa3KOTE€palmuu M CHEHHAIbHBIX YIOPAKHEHHH ObLIO
HaIIpaBJICHO HA PEIIEHUE B3aUMOCBI3aHHbIX 3a/a4:

- CHIDKEHHE YPOBHSI 3MOLMOHAIBHOTO HANPSKEHUS U arpeCCUBHOCTH;

- oOyueHue naeTell paclo3HaBaHUIO COOCTBEHHBIX 3MOIMH U COIMAIBHO
MIPUEMIIEMBIM CIIOCO0AaM UX BBIPAKEHUS;

- pa3BUTHE KOMMYHHKAaTUBHBIX HaBBIKOB M  IO3UTUBHBIX  (opM
B3aUMOJEHCTBUSI CO CBEPCTHUKAMU;

- HACBIIIEHWE KU3HU JE€TeH  MOJOXHUTEIbHBIMU  SMOIMOHAIbHBIMU
BIICYATIICHUSIMU.

[TonoxxurenpHass JUHAMHMKa, 3aQUKCUpPOBaHHAs B XOJ€ KOHTPOJBHOTO
HKCIIEPUMEHTA, BBIPAa3UJIach B YMEHbBILIEHUU YaCTOTHl U MHTEHCUBHOCTH arpecCUBHbIX
BCIIBIIIIEK, MOBBINICHUU J0OpPOXKENATEIbHOCTH B OOINEHWH, TMOSBICHUU TIOIBITOK
CaMOCTOSITENIbHO PEryJMpOBaTh CBOE 3MOLIMOHAJIBHOE COCTOSHUE M pa3peliarb
KOH(JIMKTHI BEpOATbHBIMH CPEICTBAMH.

BoiBOABI

Takum 00pa3omM, YTOOBI JTOCTUTHYTHIE YIYUIIECHHUS SMOILMOHAJIBHBIX PEAKIIHMA
JETEH CTaM YCTOMYHMBBIM CBOMCTBOM JIMYHOCTH, & HE CUTYaTHBHBIMH, HEOOXOAMMA
cUcTeMaTH4ecKas MojijiepKuBarolas padota. B 3Toit cBsa3u ocobast poiib OTBOJAUTCS
BOCITUTATENII0 KaK KIHOYEBOW (Urype, KOTOphbIE €KEIHEBHO B3aWMOJICUCTBYIOT C
neTbMH. MBI MojiaraeM, 4To JalibHeWIIas padoTa JOJDKHA OBITh OPUEHTHPOBAHA Ha
3aKpEIUIEHHE HABBIKOB camMmoperyisuuu. [legarory BaXHO B €CTECTBEHHBIX
cuTyanusax (BO BpeMs 3aHSATUNA, PEKUMHBIX MOMEHTOB, Ha TMPOTYJKE) MSTKO
HAIlOMUHATh JeTIM O cHoco0ax COBJaJaHHWsI C THEBOM MM  OOMIOMH,
AKTyaJIM3UPOBATH MOJYYEHHBIE HA KOPPEKIHUOHHBIX 3aHITUAX 3HAHUS U YMECHUS.

Taxke, memarory HEOOXOJUMO WHTETPUPOBATH KOPPEKIIMOHHBIC WIPHI B
oOpa3zoBaTeNnbHBIN MPOIECC, HAmpUMEpP, WPl Ha CHATHE HSMOIMOHAIBHOTO
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HANPSDKEHHS, HWCHOJb3yd MX KaKk JUHAMHAYECKHE TMay3bl WA JJIEMEHTHI
OPTaHU30BAHHOM JESATEIbHOCTH.

Baxxno u cozmaHue Oe30macHOM cpelbl i OTpearupoBaHMS HETaTHUBHBIX
smonuidi. HeoOxoaumo mMpenocTaBisITh ACTAM  BO3MOXHOCTh  JICTAIBHOTO U
0€30I1aCHOT0 «BBIIIJIECKA» arpecCMyd 4Yepe3 WIPhl C IMpaBWIAMH, CIeIHaIbHbIE
ynpaxHeHus: (Hanpumep, «KoBpuk 3moctu», «llogymka mist Outhbs», «JIuctok
THEBA») UJIM TBOPUYECKYIO JIEATEIHHOCTD.

Pa3zBuTure comumanpHOro HHTEIIEKTA. BaskHo ipooinkath GopMupoBath y AeTei
CIIOCOOHOCTH MOHMMATh YYBCTBA M COCTOSIHUS IPYTUX JIFOJACH, UCIIONB3YS JJIs1 ITOTO
AHAJIN3 CUTyalMH W3 >KU3HU TPYIIIbl, YTEHHE XYAO0KECTBEHHOW JMUTEPATypbl HU
MIPOUTPHIBAHUE TTPOOJIEMHBIX CIIEHOK.

TonbKO IPU YCIOBUHU HENPEPBIBHOCTH KOPPEKLIMOHHO-PA3BUBAIOIIETO MPOLIECCa
U COTJIACOBAHHOCTH JICMCTBUI BCEX CICIUAIMCTOB U POAUTEIEH MOMKHO TOBOPHUTH O
(hopMUPOBAHUM YCTOMUYMBBIX HABBIKOB AMOIIMOHAILHO 0J1aroroily4yHoro MoBeAeHUs y
JIOIITKOJIbHUKOB.
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N3yuyeHue pa3BUTHS MEJKOIl MOTOPUKH y 00y4alOIIMXCH € HepedpaabHbIM
Napajan4om

Tyiiingeme. byn Makama mepeOpanbasl cal aypybl 0ap CTyIEHTTEpAE YCakK
MOTOPHUKAHBI IAMBITY MOCEJIECIH TajjiayFa apHAJIFaH, aTan alTKaHaa, epeOpaib/Ibl
can aypybl Oap Oanmanapna ui Oy3bLIaThIH KOJABIH YCAaK MOTOPUKACHIHBIH HETI3T1
napameTpiiepl aHbIKTaJIFaH, Iepedpalibbl cal aypybl 0ap CTYIEHTTEP/IC KO3FaJIbIC
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OY3bUIBICTApbIHBIH CeOenTepl MEH epeKIIeTIKTepl KapacThIpbUIFaH. DKCIEPUMEHTTIK
3epTTey HOTIKENepl OoibIHINIA Iepedpaibiabl cayl aypybl Oap Oananmapaa KOJJIbIH
yCaK MOTOPUKACHI aWTapibIKTail OY3bLIFaHBI AHBIKTANIbI, OYJ MaKCaTThl KOHE
yiIecTipiIreH KO3FalIbICTapAbl OPBIHAAYABI KOHE jKa3yIbl MEHIEPYTe JTalbIHIBIKTHI
KHUBIH/IATaJIbl KOHE TY3€TYy-IaMbITy KYMBICTAPbIH JKYPTi3yAi Tajam eTei.

AHHOTaums. J[aHHAs CTaThs MOCBSIICHA aHAIN3Y MPOOJIEMbI Pa3BUTHUS MEJKOM
MOTOPUKH Yy OOydYaromuxcsi ¢ IepeOpaibHBIM MapajudoM, B YaCTHOCTH,
PAaCCMOTPEHBl TPHYMHBI W OCOOCHHOCTH HapymieHui nprwkennit npu JIII,
ONPEAEICHBl OCHOBHBIE MAapaMETPbl MEJIIKOM MOTOPHKH PYK, KOTOPBIE Yallle BCETO
Hapywensl y gereu ¢ JLII. [lo pesynbpratam 3KCHEPUMEHTAIBHOTO HCCIIECIOBAHUSA
YCTaHOBJIEHO, uTO y aereu ¢ LIl 3HauuTenbHO HapylleHa MeNKas MOTOPHUKA PYK,
YTO 3aTPYAHSET BBIITIOJIHECHUE LIEJICHAIIPABICHHBIX U CKOOPJAUHUPOBAHHBIX JBUKCHUN
U TOJTOTOBKY K OBJQJCHUIO TMHUCHbMOM U TpeOyeT MPOBEIACHUS KOPPEKIIMOHHO-
pa3BuBalollel padoTHI.

Abstract. This article is devoted to the analysis of the problem of fine motor
skills development in pupils with cerebral palsy, in particular, the causes and features
of movement disorders in children with cerebral palsy are considered, and the main
parameters of fine motor skills of the hands that are most often impaired in children
with cerebral palsy are identified. According to the results of the experimental study,
it has been found that children with cerebral palsy have significantly impaired fine
motor skills of the hands, which makes it difficult for them to perform purposeful and
coordinated movements and prepare for learning to write, and requires correction and
development work.

Tyitinai ce3ep: ycak MOTOpHKA; eMIIK mapaind; OUTIM alyllbl; KUMbLUIIAPIbI
yinecTipy; Ka3yabl MEHrepy

KaloueBble ciaoBa:  Menkas  MOTOpPHKA;  IeleOpalbHBIM  Mapainy;
00yyYaroIIUIiCs; KOOPAUHALIUS IBUKEHUN; OBJIaJICHUE TUCHMOM

Key words: fine motor skills; cerebral palsy; pupil; coordination of movements;
learning to write

BBenenue

CoxpaHeHHe JETCKOTO 3/I0pPOBbSl U TApMOHUYHOE Pa3BUTUE KaKJIO0ro peOeHKa —
OJlHa M3 MPHUOPUTETHBIX 3aJay CcoBpeMeHHoro obmectBa. Ocoboe BHUMaHME
CHELMAIMCTOB O0pallleHO Ha OOYy4aroluXcs € OIPaHUYEHHBIMU BO3MOYKHOCTAMHU
3I0POBBSL U, TMPEXKIE BCEro, Aetel ¢ uepedpanbubiM napaaundom (ALIT). IIpaktuka
nokaspiBaeT, uro y gereit ¢ JUII tpynHo dQopmupyercs coriacoBaHHOCTb
JBUTATEIHHOW M YyBCTBEHHOM (CEHCOpPHOI) cephl, TaKk KaKk HEIOCTATOYHO Pa3BUT
KaXKJBI opraH 4yBCTB B oTAenbHOCTH. [lodTOMYy B paboTe ¢ NaHHON KaTeropuei
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00yyYaroIMXcsi BAXKHOE MECTO 3aHMMAeT Pa3BUTHUE MEIKOW MOTOPHUKU PYK, KOTOPOE
HEIMOCPEACTBEHHO COMNPSIKEHO C PEYEBBIM, IICHUXWYECKUM W HHAWBUIYAIbHBIM
pa3BUTHEM pEeOCHKA.

B oTedyecTBeHHOM MCHUXOJIOTO-MIEAArOrHYECKOM Hayke IpolJieMe HapylIeHHUI
Menko motopuku y aetedt ¢ JILIT mocesimiensl pabotsl MHOTHX aBTOpoB (E.A.
Exxanora, C.K. Edpumona, A.H.Kopunees, N.1O. Jlesuenko, .M. Mamaituyk, E.M.
MacTtrokoBa, A.I'. MockoBkuHa, B.B.TkaueBa, D.I'. Diinemunnep JI.B. L{BeTkoBa u

Ip.).

JleTckuii 1epeOpanbHBIM Mapannd — 3a00JieBaHWE IEHTPATBHOW HEPBHOMN
CUCTEMBbl NpPH BEAYIIEM [OPAXKEHUU JBUTATEIbHBIX 30H M JBUIAaTEJIbHBIX
MIPOBOJIAIIUX MyTeH roioBHOTO Mo3ra. [letu ¢ Tsoxensimu popmamu JILIT — aTo netu
C MHOXXECTBEHHBIMM HApyLIEHUSIMH, B TOM UHCJIE BEAYIIUMH SBISIOTCA
JIBUTATENIbHBIE U YYBCTBEHHBIE PACCTPONCTBA.

Hapymienne wMenkoil MOTOPUKHM TMPOSIBISIOTCS B HECHOCOOHOCTH  JeTei
L[E€JICHAIIPABJIICHHO YTNPAaBIATh CBOMMU JABMKEHUSAMU. CTENEHb TSHKECTH MOPAKEHHS
pyk BapbupyeTcs mpu paznuunbix (opmax JIII. Hawubonee Tskeno ObiBaeT
HapylieHa (yHKIMS pyK NPU TUIEPKUHETHYECKOW M TreMunapeThueckou (popmax
napanuya. [Ipu nocneanei, XoTsa 1 ObIBAa€T MOpPa)kK€Ha OJHA MOJIOBUHA TEJA, CTENEHb
HapyleHus QyHKIUU pyK ObIBa€T HEPEAKO TSHKENOM, UTO HE MOXKET HE 3aTPYAHSThH
npotecc (dbopMHpoBaHUs MaHUITYJISITUBHOM NEeSATENbHOCTH, HABBIKOB
caMmooOcyxuanus [1].

Uccnenoanust MHOTHX aBTOPOB ([2] U p.) MOKA3bIBAIOT, YTO MPHU BCeX (popMax
JUIIT BcTpeuaroTcs CTOMKHME WM OOpaTHMble MATOJOTUYECKHE YCTAaHOBKHM BEPXHUX
KOHEYHOCTel. Bce 3T0 B 3HAYMTENbHOM CTEMEeHW 3aTpylaHseT (opMHpoBaHHUE
BakKHeHmel (QyHKIMU KHUCTH-3axBaTa mpeamera. Kpome Toro, nns jgered c
epeOpajibHbIM apajuuoM XapaKTepHbl HAPYLIEHUS TOYHOCTH, COPa3MEpPHOCTH,
1 GepeHIIMPOBAHHOCTH JBHKCHUM PYyK, a TaKkKe HEIOCTATOYHOCTh B Pa3HBIX
cyctaBax. Bce 31O  3amepKuMBaeT  pa3BUTHE  ONOPHOM,  YKa3bIBAIOIIEH,
OTTaJKUBAIOIIEH, XBAaTaTeIbHOW (DYHKINI KHCTU M TAJIbILIEB, COCTABIISIONINX OCHOBY
MaHUITYJISITABHOM €S TEIbHOCTH HAaBbIKA MMHUCHhMA.

JLH. CamcoHoBa BbIJ€IMIIa OCHOBHBIE IapamMeTpbl MEJIKOW MOTOPUKH pPYK,
KOTOpBIE Hallle Bcero Hapyensl y gere ¢ JALII:

- Cwia — TMpeaenbHBIH YpPOBEHb (PU3UYECKOTO HAMPSHKEHUS, Pa3BUBAEMOTO
OCHOBHBIMU I'PYIIIAMU CKEJIETHBIX MBI UHAUBH/A;

- ObICTpOTa — TpHCyIIass WHIUBUIY CKOPOCThb (CpeAHssi U MaKCHUMajbHas)
BBITIOJTHEHUS IBUKEHU;

- KOOPAMHUPOBAHHOCTh — COTJIaCOBAHHOCTh PA3JIMYHBIX IBUKEHUN BO BPEMEHH,
MIPOCTPAHCTBE U IO CWJIE C LEJIbI0 JOCTHKEHUS ONPEACIICHHOTO pe3yJibTaTa
(xopomasi KOOPJIMHUPOBAHHOCTH OOBIYHO TNIpeAroiaraeT IIUPOKUM J1HUarna3oH
TEMIIOPAJIBHBIX BO3MOKHOCTEN M CKIIOHHOCTh K pUTMH3ALUU ABUKEHUN);

- IUIACTUYHOCTh — COTJIACOBAHHOCTb AaMIUIMTYJ JBHKECHUMW, I103BOJISIOIIAS
IUTABHO MEPEXOAUTh OT OJHOTO JIBHXKEHUS K JIPYroMy, OOBbEIUHAA UX B LEIOCTHBIN
KOMIUIEKC C €JUHBIM BbIPa3UTEIbHBIM 3((HEKTOM;
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- JIOBKOCTb — BBICOKAs CTEMEHb KOOPAUHUPOBAHHOCTH M OBICTPOTHI B COUETAHUU
C 9KOHOMHUYHOCTBIO ¥ PAIIMOHATBHOCTBIO IBUKEHUN;

- BBIHOCIIMBOCTH — CIHOCOOHOCTh K TMOJACPKAHUIO 3aJaHHOTO YpPOBHS
JBUTATENbHBIX ~ XapaKTEPUCTUK (CWJIBI, CKOPOCTH, TOYHOCTH, MOJAIBHOCTH,
KOOPJIMHUPOBAHHOCTH, TEMIIA, PUTMA) MNpPU [JIMTEIbHOM WJIM MHOTOKPaTHOM
HCIIOJIHECHUHU JBWKEHUM [3].

O0BbeKT U MeTOANKA

C uenpio U3yyeHUs: 0COOCHHOCTEH pa3BUTHUS MEJIKOM MoTopuku y nereit ¢ LI
HaMu OBUIO MPOBEJEHO IKCIIEPUMEHTAIBLHOE HMCCIENOBaHKe, 0a30i KOTOPOTO CTall
peadWIUTAIIMOHHBIN  TIEHTp JUIsl  HECOBEpIICHHOJeTHuX jgeredr 1. Opcka
Openbyprckoit obmactu. B uccnenoBanuy TpUHUMAIM ydacThe AeTH 6-7 JeT.
N3yuenue ypoBHs pa3Butus Menkoi motopuku y aeteit ¢ JIIIII Bxarouano 3 Gioka
3aJIaHUi: YIPKHEHHS] Ha KOOPAUHAIMIO JBMKEHUHN, Mpoda Ha MableBOM THO3UC U
npakcuc, rpaduueckue neucTBus. [ olLleHMBaHUS YpPOBHSA Pa3BUTHUS MEJIKOU
MOTOPHUKH 10 BCEM TPEM OJIOKAM HCIIOIb30BANIACh TPEXOAIbHASI CUCTEMA OLIEHKH:

1 Gamn — peOEHOK crpaBisieTCs € 3aJaHUEM TOJIBKO MPU MOMOIIH B3POCIIOTO WK
HE CIPABJISIETCSI COBCEM, JieslaeT 3 u 0oJiee HeJI0YETOB/OIITNOKH;

2 Oamna — peOEHOK BBINOJHAET 3aJaHUE CAMOCTOSATENbHO, Jomyckaer 1-2
HeJI04YeTa/OInOKH;

3 Oamia — peOEHOK C 3aJaHUEM CIIPABIACTCS CaMOCTOSTENIbHO, 3aJlaHUe
BBITIOJIHEHO MTPABUJIBHO.

Pe3yabTaThl HCC/Ie10BAHUI

PaccMmoTpum pe3ynpTaThel AMarHOCTUYECKOTIO UCCIIEIOBAHUS.

AHaM3  COUMANbHO-NICUXOJIOTMYECKOTO  CTaTyca, IOoKas3ala, 4To  BCE
oOcneayeMble JETH BOCHHUTHIBAIOTCS B IMOJHOM CeMbe. ANaNnTallKi HCTIBITYEMBIX B

COHHaHBHOﬁ rpynmne — BbBIIOC CpEAHCTO, BCC JCTH IMOCCIIAIOT JOIIOJITHUTCIBHO
Pa3BUBAOINHNC 3aHATHA B pea6I/IJ'H/ITaI_[I/IOHHOM HCHTPC.
Ky.HBTypHO - TUTMCHHUYCCKUC HABBIKH Y OOJBITUHCTBA HCIBITYECMbIX

chopmupoBanbl YacTHaHO. Hekotopeim netsm (27,2%) HeoOXoAMMO HAIIOMHHATH O
Tyayietre, Tak xe 85,4% nereli HEOOXOAMMO OKa3bIBaTh MOMOIL NPHU OJICBAaHUHN U
pa3/IeBaHHH.

B KOHTakT co B3pOCIBIMU M CBEPCTHUKAMHU BCTYHAIOT JOCTATOYHO OBICTPO
34,3% wucneityembix. 38,4% nereld BCTYMAalOT B KOHTAaKT HACTOPOXKEHHO U
nocteneHHo, 40,9% nerelt MpuAep>KUBAIOTCS HEUTPAIbHOU MO3UIIMIO U COOJIOIAI0T
JUCTAHIUIO B OOIICHUH.

3anmac oOmMX TMpeAcTaBiIeHU o cebe u  OImKalWleM OKPYXEHUU Y
OOJIBIIIMHCTBA MCHBITYEMBIX HECKOJIBKO OTCTAaeT B (POPMUPOBAHUU OT BO3PACTHOU
HOpMBbL. 54,5% nereil yMEIOT COCTaBUTh CAMOCTOSITEIBHO IIEJOCTHBIM 00pa3
npeaMeTa, HO W3 HEOOJIBIIOTO KOJMYecTBa pAeTanen: a0 4-6 gacreir. 36,4%
UCTIBITYEMBIX HCIBITHIBAIOT 3HAYUTEIbHBIE TPYAHOCTH MPU COCTABICHUU KAPTHUHKH,
pa3pe3aHHol Ha 3-4 yacTH.

Brigenstor ¢urypsl Ha ¢oHE Bce JETH, HO Ha JHcTax OonblIoro gopmara, 4To
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O0OYyCIIOBJIEHO HapyllIeHUEM 3peHus. MHorue JeTh 3HalT U COOTHOCST IIBETa
OCHOBHOTO CIHEKTpa M HUX OTTEHKH, a TaK e TIeOMeTpuyYecKkue (uUrypsl.
OpueHTUpOBKa B MPOCTPAHCTBE Y BCEX OOCIENyeMbIX NETEH HAXOJIUTCA B CTaIUU
(dbopMHUpOBaHUS: MOCIEAOBATEILHOCTD «4aCTU CyTOK» 3aTpyaHeHa y 100% nereit.

Bpemena ropa 3HarOT, HO MOCIENOBATEIBbHOCTh NyTatOT. 34,3% HCOBITYEMBIX
pasznuyaloT MpaBylo, JEBYIO CTOPOHY Ha cebe, Ha JAPYroM 4YeJIOBEKE - HCHBITHIBAET
3aTPyHEHHUS.

BHuManne y BceX HCHOBITYEMbBIX HEYCTOWYHMBOE, HCIBITHIBAIOT TPYAHOCTH
cocpenoroueHuss Ha oObekTe. OObeM BHUMaHuS CHIKeH. HaOmromaercs
MOBBINICHHAs] OTBJIEKaeMoCTh. [laMaTh cmemannas. MeluieHue y OOJBIIMHCTBA
UCIIBITYeMbIX C(OPMHUPOBAHO HA HHU3KOM YpOBHE. 3ajaHus Ha 0000IIeHHE,
kinaccuukanuoo, «4 JUITHUW» YCIENTHO BBIMOJIHSAET TOJMbKO 18,2% nerei,
OCTAJIbHBIM TpeOyeTcsl MOMOIIb B3pociioro. [lpu ycTaHOBIIEHWU CEpPHHM KapTUHOK,
CBSI3aHHBIX €UHBIM CIO’KETOM MCIBITHIBAIOT 3aTPYTHEHHS BCE UCTIBITYEMBIE.

Oco0eHHOCTH UTPOBOM JEATEIBHOCTU: UTPHI COOTBETCTBYIOT BO3pacty y 45,4%
JeTeil, y ocTajlpHbIX — OoJsiee MiaauieMy Bo3pacTy. MOTOpHasT HEJIOBKOCTb
HaOJI0/1aeTCs Y BCEX UCTIBITYEMbIX. JI€TH UCHIBITHIBAIOT TPYIHOCTU B NIEPEABUKCHUU:
MEJIJICHHO TIePEIBUTAIOTCS 10 TPYIINE, UCTIBITHIBAIOT TPYAHOCTH MPHU MepelIaruBaHuu
4yepe3 HU3KUM MOpor, MpU MOJHATUM U CITyCKAHUU MO JIECTHULE (TPOTITUBAIOT PYKY
B3pOCJIOMY, UTOOBI UJITU BMECTE 3a PYKYy), HE MOTYT MPHUCECTh, IOBTOPUTH JAPYrue
JIBHKEHUS 03[I0POBUTEIBHOTO XapaKkTepa.

N3ydyeHnue ypoBHs pa3BuTHA MeJkod moTopuku y nered c¢ JILUII Bkimrogano 3
0JIOKa 3aJlaHuii: yNpaKHEHUS Ha KOOPIWHAIMIO JBUKEHUH, Mpoda Ha MabICBOU
THO3UC U MPAKCHUC, rpaduyecKue JeHCTBUA.

AHanu3 pe3yJabTaTOB METOAMK OJioka 1, HampaBiCHHBIX Ha HW3Y4YCHUE
KOOpPAWHAUMKA  JBWXKEHUW,  MOKa3blBa€T, 4YTO Yy  BCEX  HCHOBITYEMBIX
AKCIEPUMEHTAJIbHOW TPYIIbl BBISIBICH HU3KUM ypPOBEHb PAa3BUTHS MEJIKOU
MOTOpUKU. BO Bcex Tpex 3aJaHusIX JETU UCHBITHIBAIN 3aTPYIHEHUS, HYXKJIATUCh B
nomoI B3pocioro. Haubombimme TpyiHOCTH BI3BaJIO yrpaxkHenue «Kymak-pedpo-
TaoHbY». JIeTH He MOIJIM yCTaHOBUTH MOCJEA0BATEILHOCTh JIBUKEHUNA M HE MOTJIU
COPAaBUTBCA C 3aJaHUEM CAMOCTOSITENBHO, YTO OOYCJIOBJIIEHO OCOOEHHOCTBIO
BOCIIPUATHUSA JAHHOM KATETOPUU JETEN: CYKIIECCUBHAS HETOCTATOYHOCTD.

VYnpaxuaenue «llocomu kamycTy» BBI3BAJIO TPYAHOCTH y OOJIBIIMHCTBA JETEH,
OHM HE CMOIVIM MO o0paslly B3pOCIOro MOBTOPUTH JBUWXKeHue. 27,2% peret ¢
3aJlaHMEeM HE CHPaBWIKCh COBCeM W mnoiyywnu no 1 Oamry. 36,4% nereit u3
HKCTIEPUMEHTAJILHOM TPYIIIBI ¢ 33JJaHUEM CHPABWINCH YACTUYHO, UM NOTpeOOoBaIach
HE3HAUYUTENIbHAA IIOMOILIb CO CTOPOHBI B3pOCIOrO. 4 HCHOBITYMBIX CHadasia
BBIIIOJIHUTh 3aJJaHHE€ HE MOIVIM, HO MPHU CTUMYJUPYIOUIEH HOMOIIM B3pPOCIOIrO
(«1aBaii monpoOyeM BBINOJHUTH YIPAKHEHUE MEIJIEHHO, s OyJly BBIMIOJHSITH €ro
BMecTe ¢ TOOO# TOXe MeAJIeHHO. Y TeOs BCe MONYUYHUTCA») U MEAJIEHHOM IOKa3e U
BOCIIPOM3BEJCHUHN JIBUKEHUS, CMOTJIM YACTUYHO BBIMOJIHUTH 33JJaHUE.

[Ipu BeimOnHEeHUM ynpaxHeHus «Karail mapuk», Toibko 9,1% nereir cmorim
BBITIOJIHUTD 33/IaHUE C HEKOTOPHIMU HETOYHOCTSIMU. MHOTUM ucHbITyeMbIM (22,7%)
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notpeboBanach oOydaromias TOMOIIb B3pocioro. OcTalbHble JeTH 3aJaHHe
BBIITOJTHUTH HE MOTJIM COBCEM.

AHanu3 pe3yJapTaTOB METOAMK OJoKa 2 TMOKa3blBa€T, YTO MPU BBINOIHEHUHU
yOpaXHEHUM 10 TajblieBol mpobe y Beex nerert c¢ JILII, Bxoasmmux B
AKCIEPUMEHTAIIBHYIO TPYIILY, BO3HUKIM 3aTPYJHEHHUS: NE€TU HYKIAJUCh B IMOMOIIU
B3pociioro (yaep)kaHue TMajblieB), JUOO CTApaliuCh yAEpKaTh 103y C IMOMOIIBIO
neBol pyku. HukTo camocrositenbHO MpoOy MOBTOPUTH 3a Meaarorom He cMmor. Bee
JIETH TOMY4YMIH 1o 1 Gaty, 94TO COOTBETCTBYET HM3KOMY YPOBHIO Pa3BUTHUS MEJIKOU
MOTOPHKHU.

3amanust O5oka 3 ObUIM HaAmpaBJeHbl HA OIEHKY TpaduuecKux JAeHCTBUM.
Meronuka «JlopoXKu» TO3BOJIAJIA OMNPEIEIUTh YpPOBEHb Ppa3BUTHS TOYHOCTHU
JNBW)KEHUHN, CTENEHb MOATOTOBIEHHOCTH PYKM K  OBJAJEHUIO  IMHCHBMOM,
c(OPMHUPOBAHHOCTh BHUMAHUSA M KOHTPOJISI 32 COOCTBEHHBIMU JCHUCTBUSIMU Y
ucnbiTyeMbix ¢ JIII. AHanu3 mosydeHHBIX NaHHBIX NOKas3ad, 4yro y 86,4% neren
OTMEYaeTCs HU3KUU YPOBEHb MOATOTOBKM PYKH K OBJIQJICHUIO MMCBMOM, a TaK)Xe HE
cOpMUPOBAHO BHHMAaHME M KOHTPOJb 3a COOCTBEHHBbIMU JedcTBUSIMHU. [lpu
MPOBEICHUM JIMHUM Yy JieTeld ObUIM BBIXOJBI 3a Mpelnebl «IopoxkKu». IIpoBectu
JMHUIO OT MAILMHBI K JTOPOKKaM JIETH HE CMOTJIM, JUHUS «yXOJuia», TU00 Ha BepxX
nucTa, 1100 BHU3. Hanbombiive TpyAHOCTH NP BBIIOJIHEHUH 3aJaHUsl BOSHUKIH Y 3
UCTIBITYEMBIX.

MHorue Aetu, KOTOpble UCTBITHIBAIA 3aTPYIHCHHS TIPU BBINIOJIHEHUU 33a/IaHUM,
4aCcTO OTBJIEKAJIUCH, HAUMHAIM 0aJ0BaTHCS U MBITAIUCH PUCOBATH TOUKHU UM KPYKKH
Ha jucTe. JIunus Obl1a HEpOBHAsI, OYEHB cllaldas, TOYTHU HEBUIUMAS.

Takum oOpa3om, pe3ysbTaThl, MOJYUYCHHbIE B XOJ€ UCCIEIOBaHMs, MOKa3alu,
41O MO BceM TpeM Onokam y neredd ¢ JILII1 BbIsBIIeH HU3KUI YpOBEHb Pa3BUTHS
MEJIKOH MOTOPHUKH. Y OOJBIIMHCTBA HCCIEIYEMBIX Pa3BUTHE MEJIKOM MOTOPHKH
OTCTAET OT BO3PACTHON HOPMBI: JBMKEHHSI CKOBAaHHBIE, KOOPAUHALINS ABUKEHUN PYK
HapyleHa. JleTh He yMeIT JiepKaTh NPAaBWIBHO KapaHJall, JIMHUUA MPU PUCOBAHHUU
ciabbie, IPEePHIBUCTHIE, JIOMaHbIe. Takke HapyllIeHa 1eJeHanpaBIeHHOCTh, TOUHOCTD
NBIDKEHUHN. JleTH 3aTpyAHSIIOTCS B MOJIPa)KaTeNbHbIX JABUXKEHUSIX, B BBITTOJTHEHUU
JEHUCTBUH TI0 00pa3ily, YITyCKAOT X JIEMEHTHI.

BoiBOABI

Takum o00pa3zom, pe3yibTaThl MPOBEAECHHOTO HCCIEAOBAHUSA TMOATBEPKAAIOT
Hallle MPEIOoI0KEeHHE 0 ToM, 4To y nerei ¢ LIl 3HauuTenpHO HapylleHa MeEJKas
MOTOpPHKAa  PYyK, 4YTO  3aTPYJIHSIET  BBINOJHEHUE  LEJICHANPABICHHBIX U
CKOOPJIMHUPOBAHHBIX JABUKEHUN M MOJATOTOBKY K OBJAJCHHUIO MUCHMOM U TpeOyeT
MPOBEICHUS KOPPEKIIMOHHO-PA3BUBAIOIIEH paOOTHI.
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Oc00eHHOCTH yIOBJIETBOPEHHOCTH OPAKOM B MOJIOABIX CEMbSIX:
CPABHUTEJIbHBIN ACNEKT 3aPerucCTPUPOBAHHBIX U HE3APEruCTPUPOBAHHBIX
COI030B

AHHOTaAIUA

PaccmatpuBaercss mpoOiieMa  yAOBJIETBOPEHHOCTH  OpakoM  CYNPYTOB,
MICUXOJIOTUYECKNE  OCOOEHHOCTH  MOJIOABIX  CEeMEW, TPHUBOJATCA  JIaHHBIC
WCCIICIOBaHMUS aBTOpa 00 yIOBIETBOPEHHOCTH OpakoM MOJIOABIX CYIPYTOB,
KUBYIINX B 3apPETUCTPUPOBAHHOM U HE3aPETUCTPUPOBAHHOM Opake.

KiioueBbie cJjioBa: YJIOBJICTBOPEHHOCTh OpaKOM, ASTambl Pa3BUTHS CEMBH,
«TpakIaHCKUI» (He3aperucCTpUpOBAHHBIN) OpaK, MOJIO/1ast CEMBbSI.

Abstract

The article discusses the problem of marital satisfaction, the psychological
characteristics of young families, and presents the author's research on the marital
satisfaction of young couples living in registered and unregistered marriages.

Key words: satisfaction with marriage, stages of family development,
"common-law" (unregistered) marriage, and young families.

Beenenne

B oteuecTtBeHHOW W 3apyO0eXHOM TICHMXOJIOTMM U3ydeHHe (eHOMEHA
YIOBJIETBOPEHHOCTH OpakoM BEAETCA HA MPOTSLKEHWH MPUMEPHO TPUIAUATH JIET B
pyciae oOuwiero mojaxoja K MCCIEAOBAHUIO KadyecTBa CYIPYXKECKUX OTHOIIECHUH.
OpHako BBHAY TOTO, 4YTO HHCTUTYT CEMBU IIOCTOSIHHO 3BOJIOLUOHUPYET IIOA
BIMSIHUEM BpEMEHH, OOpalleHHEe K JaHHOM MpoOJeMaTHKE HE TepsAeT CBOEH
3HAYUMOCTH.

JI1sl OLIEHKM YCHEIIHOCTH OpadyHOro COI03a MCHOJIb3YeTCd psAJl MOKa3aTesen,
Cpend KOTOPbIX 0C000€ MEeCTO 3aHMMaeT CyObEeKTHMBHAs YAOBIETBOPEHHOCTD
NapTHEPOB. JlaHHBIM KPUTEPUM BBIPAXKAET JIMYHOCTHOE BOCIIPUSITHUE YEIIOBEKOM
CBOEro Opaka M CIYXUT HMHIMKATOPOM TOrO, HACKOJIBKO IIOJHO peallu3yIoTcs
MOTPEOHOCTH BHYTPH CEMEHHOM CUCTEMBI. B peanbHOCTH, aBTOPHI HE BCET/Ia B CBOUX
paboTax pa3AeNsiOT TOHATHS «YJOBJIETBOPEHHOCTh OpakoM» U «CTaOMIBHOCTh
Opakay.
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CrabunpHOCTh Opaka W YIOBIETBOPEHHOCTh OpakOM SIBISIOTCS JTOCTAaTOYHO
CBA3aHHBIMM  XapaKTEPUCTUKAMHM, YTO OTMEYEHO B pAlE HAMIUPUUYECKUX
uccienoBanuii A.A. boganesa u A.M. Aatonosa. Kpome Toro, CyiiecTByer MHEHHUE,
YTO 3TU (PEHOMEHBI MPECTABISAIOT COO0H pa3IuYHbIe YPOBHU OTHOILIEHUN CYIPYTOB.
[lepBbIM, camMbiM OOLIUM, SBISETCA YPOBEHb YCTOWYMBOCTH Opaka, TO €CTb
IOpUIMYECKass COXPAaHHOCTh Opaka (OTCyTCTBUE pa3Boaa). BTopolt ypoBeHb —
YPOBEHb «IIPUCTIOCAOIMBAEMOCTH B Opake», «aJalTUPOBAHHOCTU CYIPYTOB»; 3/1€Ch
Ha0II0AaeTCsl HE TOJBKO OTCYTCTBHE Pa3BOJa WM MPEAPa3BOAHONU CUTYallUH, HO H
OOIITHOCTh CYNPYXKECKOW Tapbl MO TaKUM XapaKTEPUCTUKAM, KakK pa3JeicHHe
JIOMAIIHEeTO TPyJa, BOCIUTAHUE JeTeH U T. . TpeTHil ypoBeHb SBIsETCS Hanbosee
rIyOOKUM. OTO YPOBEHb «yCHEXa» WIH «YyCIEIIHOCTH» Opaka, KOTOPBIH
XapaKTepU3yeTcsl COBIIA/ICHUEM IIEHHOCTHBIX OPUEHTAIUI Cynpyros [2].

FO.E. Anemmuna, 060011as psin pabot, 0003Ha4aeT y10BIETBOPEHHOCTh OpaKkom
KaK XapaKTEPUCTUKY CYOBEKTUBHOW OIIEHKHM Ka)XIbIM M3 CYNPYroB XapakTepa HX
B3auMooTHomieHut [1]. Yacto ymoTpeOnasieMbIMM CHHOHHUMAaMu  TEpMHHA
«YJOBJIETBOPEHHOCTh OpaKoM» SBISIOTCA «YCHEIIHOCTh Opaka», «CIUIOYEHHOCTb
CEMbU», «COBMECTUMOCTb CYIPYTOB» U Jp.

Haunbonee mnonHoe ompeaeneHue yaoBIETBOpeHHOCTH Opakom pgaet C.U.
l'onon: «YI0OBIETBOPEHHOCTh OpakOM, OYEBHUJIHO, CKJIAIbIBAETCS KAaK PE3YJbTaT
aJIeKBaTHOM pealv3aluud TpeAcTaBiieHus (00pa3a) O ceMbe, CIOXKHUBIIETOCS B
CO3HAHWU 4YEJIOBEKa TI0J] BIUSHUEM BCTPEY C PA3JIUYHBIMU  COOBITUSIMH,
COCTABJISIFOIIIUMU €T0 OIBIT (JICMCTBUTEIBHBINA UM CUMBOJIMYECKUI) B TaHHOHU cepe
nesTenpbHoCTH» [9, . 29].

CyObeKkTuBHAsI yAOBJIETBOPEHHOCTh OpakOM MOXKET OBbITh IOJHOM, Korja
CyHpyroB MOJIHOCTbIO YCTPaWBAaE€T CIIOXKHUBIIASCA MOJEIb CEMEMHOM JKU3HU U
OTCYTCTBYET KEJaHUE€ YTO—IHOO0 W3MEHUTh, W YaCTUYHOM, KOTJa €CThb
HaIIPaBJIECHHOCTh HA U3MEHEHNE KaKUX—JIMOO acleKTOB CeMEHOM cutyanuu [6].

B.B. Cronun oTMedaeT, 9To yIOBIETBOPEHHOCTH OpakoM MPECTaBIsET COO0H
CTOMKOE 3MOLIMOHAJIBHOE SIBJIEHUE — YYBCTBO, KOTOPOE MOKET IMPOSBIATHCA Kak
HETOCPEJCTBEHHO B SMOLMSIX, BO3HHUKAIOIIMX B PA3IMYHBIX CUTyallUsIX, TaK U B
pa3HoO00pa3HBIX MHEHUAX, OIIEHKAX, CpaBHEHHX [9].

[lepexrBaHue 4yBCTBa YAOBIETBOPEHHOCTU (HEYAOBIETBOPEHHOCTH) OpaKoM
TeHEepaIN3yeTCsl Ha OTHOIIEHUE K OONBIIMHCTBY cep CeMEeHON Ku3HU, POopMHUpYET
OLICHKM TE€X WU HMHBIX cdep XKU3HU, MPUBOJS UX K «OOIIEMY 3HAMEHATEIION:
YeJIOBEK, HE Y/OBJIETBOPEHHBIM OpakoM, [axe OYEBUIHO YCIEIIHBIE AaCHEeKThI
CEMEHHON JKM3HM MOXKET BOCIPUHUMATH KaK SMOIMOHAIBHO HeraTuBHble. U
Ha000pOT, yIOBIETBOPEHHBIA OpakoM B IIEJIOM YEJIOBEK CMOXKET M B HEJOCTATKaX
YBUJETH JOCTOMHCTBA.

B pa6orax A.Ml. AHTOHOBa OTMEYaeTCs, YTO YAOBJIETBOPEHHOCTh OpakoM
HETOCPEJCTBEHHO  BJIMSET HAa  yCTOMYMBOCTHL  CyHpy>KecTBa —  HHU3Kas
YAOBIETBOPEHHOCTh OpakOM TpH HE3HAYUTECIHPHOM BIMSHUM JAPYTHX BaKHBIX
(bakTOpOB MPUBOJUT K pacnaay ceMbH [4].
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Ecnm paccmarpuBaTh CEMbIO C NO3WLIMM IPEACTABICHHM O MajlOW TIpymIe,
MOHO NPUMEHUTHh K HEW PE3yJbTaTbl UCCIEAOBAHUI, MOJYUYEHHBIE B COL[MAIBHOMN
ncuxojoruu: Haubosnee 3PPEKTUBHO (PYHKIIMOHUPYIOUIUME TPYIIBI BO3HUKAIOT
TOJNBKO TPU HAIMYUHM  YJIOBJIECTBOPEHHOCTH COBMECTHOM  JIEATEIIBHOCTBIO.
CrnenosarenbHo, HanboJsee 3pHEeKTUBHO OCYIIECTBIATh CBOU (PYHKIIMHU OYIyT CEMbH,
YJIEHbl KOTOPBIX YAOBJIETBOPEHBI CBOMMH OTHOILICHHUSIMUA M BBINOJHIEMON HMU
COBMECTHO JICSITeIbHOCTBIO [9].

OcHOBHBIMH  (haKTOpaMy, BIUSIONMMU Ha YJOBJIETBOPEHHOCTh Opakom
CYNIpYrOB  SIBJISIFOTCSI: @)  COLMAJIbHO-IEeMorpaduieckue U  SKOHOMHYECKHE
XapaKTEPUCTHUKN CEMBbU (BEIMYHMHA COBOKYIHOTO CEMEHHOr0o J0X0Ja, BO3pacT
CYNpYyTOB, KOJUYECTBO JETEH B CeMbe M T.1.); 0) XapaKTEPUCTUKH BHECEMEHHOM
chepsl  JKU3HEACSATEIBHOCTH  CynpyroB  —  mpodeccuoHanbHas  cdepa,
B3aMMOOTHOUICHHSI CYIIPYrOB C OJMKaWIIUM COLMAIBHBIM OKPY>KEHHEM U T.J.; B)
YCTAaHOBKM W  TOBEJEHHWE CYINPYroB B  OCHOBHBIX cdepax ceMelHOn
KUZHENIEATEIbHOCTH — PAcHpeleleHe XO035HCTBEHHO-OBITOBBIX OO0S3aHHOCTENH H
COBIAJCHUE YCTAHOBOK B 3TOH c(epe ceMeilHOW >KM3HU, OpraHu3alu A0Cyra; T)
XapaKTEPUCTUKU MEXCYIPYKECKUX OTHOLIEHUH — HSMOIMOHATIbHO-HPABCTBEHHBIE
LIEHHOCTH (4YBCTBO JIIOOBU U YBXKEHMSI K MapTHEPY, OOLIUE B3IJIAbl U UHTEPECHI,
Cynpy»eckasi BEpHOCTb U T.11.) [3].

B pabGoTax HEKOTOPBIX aBTOPOB LEHTPAIbHOE MECTO 3aHUMAET TEPMHUH
«HEey0BIETBOpEeHHOCTh Opakom». O.A. KapabaHoBa yka3bIBaeT, UTO MEpPEKUBAHUE
HEYJIOBJIETBOPEHHOCTH OpakoM — 3TO CIEACTBHE PE3KOT0 PACXOXKACHUS MEXKITY
peanbHOM XKU3HBK CEMbU M 0XKUIAHMAMU MHIMBHUAA, & TAKXKE PE3ybTaT YPE3MEPHO
3aBBILICHHBIX 0’KMJIaHUI B OTHOILIEHUU Opaka u naprtHepa [6].

O.I. Oupemmwiep u B. FOcTHLIKMC B CBOMX MCCIIEIOBAHUAX OTMEYAIOT, UTO
XapakTep TPaBMATU3HUPYIOLIErO BIUSHUS HEYNOBIECTBOPEHHOCTH B 3HAYMUTEIBHOU
Mepe 3aBHCHUT OT CTENEHU OCO3HAHHOCTU JAHHOT'O COCTOSTHUS.

Oco3HaHHasE HEYJAOBIETBOPEHHOCTh OOBIYHO COMPOBOXKIAETCS KOH(MIMKTOM B
cembe. MlHaue mposBIIAEeTCS MIOXO OCO3HAHHAA, «TJICIOIIAs HEYIAOBIETBOPEHHOCTD.
Bo-nepBbIX, 4epe3 BBIpaXKEHUE YYBCTB W COCTOSHMM, TPAHMYAIIMX C IPAMOU
HEY/I0BJIETBOPEHHOCTBbIO: MOHOTOHHOCTb, CKYKa, O€CLIBETHOCTb U3HH, OTCYTCTBHE
pajgoCTH, HOCTAJIIIMYECKME BOCIOMHHAHHMS O BpeMeHu 10 Opaka. OCHOBHBIM
MOTHUBOM TIOBEJCHHS B CEMbE BBICTYNAET HEOOXOJUMOCTh «J€NaTh TO, YTO HYKHO»,
(OGKUThb TaK, KaK HYXHO». BO0-BTOpBIX, HEYIOBJIETBOPEHHOCTH MPOSABISAETCA B
MHOTOYMCJICHHBIX KaJl00axX Ha pa3jM4Hble YACTHBIE CTOPOHBI CEMEHHOM ku3HU. B-
TPEThUX, «TJCIOIIAasi HEYAOBJIETBOPEHHOCTbY» MPOSIBISETCS B pAJlie CrenuPpUUecKux
(deHoMeHOB, HaOMIOJAaEMBbIX B JKU3HU Tako ceMbu. lIpexne Bcero, 3To sBICHHE,
KOTOPOE YMECTHO ObLIO Obl Ha3BaTh (PEHOMEHOM «Karuiu JerTs». Peub uaer o kakon—
TO, B OOJIBIIMHCTBE CiIy4acB OOBEKTHMBHO BTOPOCTENEHHOW MpoOsiemMe, KOTopas B
JAHHOM CeMbE pa3pacTaeTcsl 10 TaKUX pa3MepoB, YTO CHOCOOHA CEPbE3HO CHU3UTH
YOBJIETBOPEHHOCTh CYIIPYTrOB CEMENHBIMU B3aMMOOTHOILLIEHUAMH [6; 9].
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Cy1iecTBYIOT pa3iuyHbIE MTOAXO/IbI BBIJEICHUS OCHOBHBIX 3TAIOB KMU3HEHHOTO
nuKia cembu. «B Hamel cTpaHe HauOOJBIIYI0 M3BECTHOCTb  IMOJIyYHJIA
nepuoau3zanus O.K. BacuibeBoid, BEIACIUBILEH NATh CTAINAM:

1. 3apoxkaeHue ceMbU: C MOMEHTA 3aKJIIOUEHHUs Opaka 0 pOXKACHHUS MEPBOrO
pebeHka.

2. PoxnaeHue W BOCIHUTAHUE JETEH: 3aKaHUMBAETCS C HA4YajioM TPYAOBOM
NEATEeIbHOCTH XOTs1 ObI OJTHOTO peOeHKa.

3. OkoHuaHUWE BBITIOJHEHUS CEMbEW BOCHUTATEIBHOW (DYHKIHMHM: C Hayaia
TPYJIOBOM JEATETLHOCTH TEPBOTO pebdeHKa 10 MOMEHTa, KOT/Ja Ha IONEYECHUHU
poAuTENeil HE OCTAHETCA HU OJHOTO U3 JACTEH.

4. Jletn >KUBYT C POIUTENSIMU, W XOTs Obl OJWUH W3 JCTEH HE HMeEeT
COOCTBEHHOW CEMBbH.

5. Cymipyru KUBYT OJTHU WJIH C IETbMU, UMEIOIIUMH COOCTBEHHBIE CeMbI» [8].

B pamkax naHHOTO MCCleOBaHUS HAC UHTEPECYIOT MOJIObIE CEMbU, 4 UMEHHO
ATaIl 3aPOXKJIECHUS CEMBHU.

OOmenpuHATOr0O MHEHHMSI O BPEMEHHBIX TpaHMIlAX HayaJbHOIO TEepUojaa
CEeMEMHOM >KM3HM HET; HHOTJA «MOJIOJIass CEMbs» OIpeaeseTcss M0 BO3pPacTy
CYNpYyTOB, MHOTIa — 10 CTaxy Opaka [5].

[To muenuto B.A. CpiceHKO, Bce Opaku MOXHO CrPYIIHAPOBATh CIIEIYIOLIUM
obOpa3zom: a) coBcem moJioabie — oT 0 10 4 net; 6) MoJjoable — 5-9 neT; B) cpenHue —
10-19 net; r) noxxunsie 20 u 6omee net [7].

FO.B. OneliHUK CUMTAET MOJIOJON CEMBIO, CYIPYKECKHI CTaX KOTOPOM HE
MIPEBBIIIAET TPEX JIET, & BO3PACT MYKa U keHbl — 25 et [10].

O.A. KopsxoBuera u M.MU. PoXKOB AalT cleaylolllee ONpeaccHUE:
«Mononas ceMbsi — 3TO CeMbsl B IEPBbIE TPU TOja IOCJE 3aKIOYeHusi Opaka, B
KOTOpO# 00a cyripyra He 1ocTuriu 30-IeTHEro Bo3pacTta, a TakKe CEMbsl, COCTOSIIAs
U3 OJJHOTO W3 poauTesield B BozpacTe A0 30 JIeT U HECOBEPIIECHHOJETHErO peOeHKa»
[8, c. 6].

Wtak, onupasch Ha BBINIECKA3aHHOE, B CBOEM MCCJIEJOBAaHUU MOJI MOJIOJOM
cemMbeil Mbl Oy/ieM MOHHMMATh CEMbIO, CYNPYKECKHI CTaX KOTOPOH HE MPEBBIIIACT
TpeX JIET, a Bo3pact cynpyroB 30 ser.

['oBopst 00 o3Tame pa3BUTHS MOJOIOHW CEMbH, CIIEIyeT OCTAaHOBUTHCA Ha
3a/1a4ax, KOTOPhIE JIOJKHBI PEllaTh MOJIO/AbIE CYIIPYTHU:

— BbIpabOTKA M COIJIACOBaHHWE OOLIMX CEMEHHBIX LIEHHOCTEH U CEeMEMHOro
YKJIaJa;

— pelIeHne BOMPOCOB TJIABEHCTBA U YCTAHOBIICHUE JINJIEPCTBA;

— pacmpenesieHue posiedl, MPUHATHE OTBETCTBEHHOCTHM CYNPYroB 3a HX
BBIIIOJTHEHUE;

— omnpezeneHre (PUHAHCOBO-IKOHOMUYECKOTO CTaTyca CEMbH, OpraHu3alus
CEMEHHOTO OO/KeTa, pEeIIeHHue TEPPUTOPUATLHON MPOOIEMBI CeMbH (ITPOOTIEMBI
IIPOKMBAHMS);

— OpraHu3alHys 10CYTa;
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— OpauHO-ceMeiHasi ajanTalus CyNpyroB Kak MPUCIOCOOJIEHHE K KU3HU B
CEMbE;

— (opMupoBaHUE CEMEMHOIO0 CaMOCO3HaHMS, BbIpabOTKa OOLIEH MO3UIMHU B
OTHOUIEHUU OYIyIIEro CEMbH, IJIAHUPOBAHNE OCHOBHBIX KU3HEHHBIX IIEJIEH;

— YCTAHOBJICHME OTHOIIEHHWHW C pacCIIMPEHHONW ceMbe (POIUTENAMH U
POJCTBEHHUKAMM Ka)KJI0TO U3 CYNpPYyroB) [6].

B nocnennee BpeMsi Mosiofibie Tapbl HE cemaT OpUIMAILHO PErUCTPUPOBAThH
CBOM OTHOLIEHMS. JFO15IM Jierde mpocTo HavyaTh KUTh BMECTE, ITPU 3TOM MHOTHE U3
Hux cuntaroT moxod B 3AI'C HeoOs3arenbHBIM. Ha 3TO ecTh MHOrO MPUYUH —
«TpaXIaHCKU» Opak OCTaBIISE€T WJUIIO3UI0 CBOOOJBI, €ro Jierye mpepBaTrh, €CIU
BO3HUKHET TaKOE€ JKeJaHWe, KpOME TOro, MHOTHE CUUTAIOT, YTO B TaKOM Opake y
CYIIPYT'OB ropas/io MEHbIIE 0053aTEIbCTB 10 OTHOIICHUIO IPYT K JIPYTY.

HezapeructpupoBannbiii Opak (B pOCCHHUCKOM TIpaBe — COKHUTEIBCTBO) WIIU
(dakTHueckuil Opak — 3TO OTHOUIECHUS MEXAY NapTHEpAMH — «CyIpyramm», He
0(OpMJIEHHBIE B YCTAHOBJIEHHOM 3aKOHOM TOPSJIKE.

Hannas ¢opma HedopManbHBIX OpayHO-CEMEMHBIX OTHOIICHUN MOJIy4HIIa
HIMPOKOE pachpocTpaHeHrue B Poccuu moji HAaMMEHOBAaHUEM «TPaXKIAHCKUU Opaky,
YTO TEPMHUHOJIOTHUECKH SIBISIETCS HEBEPHBIM, T. K. UMEHHO 3aKOHHBIHN, IOPUINYECKH
oQOpMJIEHHBI Opak M €CTh TPAXKIAHCKUA, 4YTO M (UKCUPYET 3alHuCh aKTa
IPa)KJAHCKOTO COCTOSIHUS.

«JleBylIku W IOHOIIM, BBIOMpPAIONIUE TPAKIAHCKUN Opak, OTMEYAIOT B HEM
CJIEyIOIlME NPUBJIEKATEIbHbBIE CTOPOHBI: TapaHTHsl OoJibLIEH CBOOOJbI, MEHBIIIE
00513aTEIBCTB U OTBETCTBEHHOCTH, BOZMOKHOCTh Pa30MTHCh 0€3 JIMIIHUX MpoOJieM U
B TO € BpeMs Jy4ylle Yy3HaTb Jpyr gpyra. llpenmyinecTBa OpHINYECKU
3aperuCcTpUPOBAHHOTO Opaka FOHOLIM M JIEBYIIKH BUAST B OOJIBIIEH YBEPEHHOCTH,
HaJIe’)KHOCTH, OTBETCTBEHHOCTHU APYT 3a APYyra, YyBCTBE CIIOKOMCTBHUS, MOCTOSHCTBE,
BO3MOXHOCTH 3aBecTu aetei» [11, c. 41-42].

O.I'. Diinemmnnep u B. FOcTumkuc orMevaroT, 4To TpakaaHCKU Opak MOXKET
paccMaTpuBaThCs KaK TOMBITKA HM30€XaTh OTBETCTBEHHOCTH — IOPUIAMYECKOH,
(GbuHAHCOBOH U T. 1.

CoBMecTHasi *KU3Hb MOJOJBIX JIOJEH B HE3apETMCTPUPOBAHHOM Opake 1o
dbopMe HanmoMHHAET OpayHbIe OTHOIICHUS, & UMEHHO 3TO COBMECTHOE MPOXKUBAHUE,
WHTUMHBIC OTHOIICHMSI, BEJEHHE OOIIEero XO03aicTBa. TakkKe «COI3 MYKYHUHBI H
KEHIIMHBI HECET B ce0e BO MHOTOM BCE TPYJHOCTH OpayHOTO COI03a, IPUYEM MHOTHE
U3 ATUX TPo0JeM ycyryOostoTcs (Takue, Kak BOIMPOChl BEPHOCTH, MPUHATUS Ha ce0s
HOBBIX POJIEH), B TO K€ BPEMsl MOJIOKUTEIbHBIE CBOMCTBA OpauHbIX OTHOIIEHUH — UX
CTaOMJIBHOCTD, HAJIEKHOCTh, BO3MOXHOCTh (M JKEJaHHE) POXKACHHS W BOCIHUTAHUS
neTel — B OOJIBIIIMHCTBE ClydaeB OTCYTCTBYIOT» [11, . 45].

UccnenoBanne T.B. AnapeeBoii u FO.A. IIIMOTYEHKO mOKa3ajlo, 4YTO Yy
MY>KYUH, COCTOSIIIMX B HE3apEruCTPpUPOBAHHOM Opake, Oblja HECKOJBKO OOJbIIast

YAOBJIETBOPEHHOCTh «CEMEUHBIMUY» OTHOIIEHUSMU IO CPABHEHUIO C >XKeHaTbiMu [11,
c. 42].
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O.A. KapabGanoBa yka3bIBaeT B CBOEH paboOTe, YTO «TrEeHIEPHbIC pa3IHuus
NPOSBIISIIOTCS B 00Jiee BBICOKOW CTETEHH YIOBJIETBOPEHHOCTH OpaKOM Yy MY)KYMH,
4YeM y KeHImn» [6, c. 111].

O0BeKT 1 MEeTOANKA

[lens wuccnenoBaHusA: BBISIBJICHUS YPOBHS YIOBIETBOPEHHOCTH Opakom
MOJIOABIX CYIIPYTOB, JKUBYLIUMX B 3apETUCTPUPOBAHHOM M HE3aPETrHCTPUPOBAHHOM
Opake.

OOBEKTOM UCCICNOBaHUS SIBISCTCS MEKIUYHOCTHBIC OTHOIICHUS MOJIOIBIX
CYIIPYTOB.

[IpeameToM uCCIETOBaHUS SIBISIETCS YIOBJIETBOPEHHOCTh OpPaKOM MOJIOABIX
CYTIPYTOB, KUBYIIHNX B 3apPETUCTPUPOBAHHOM U HE3aPETUCTPUPOBAHHOM Opake.

HccnenoBanre peann3oBBIBAIOCH C HMCHOJIB30BAHUEM CIEAYIOIIMX METOJHUK:
«Y nosnerBoperHHocts Opakom» (FO.E. Anemuna); «OnpoCHHUK yAOBIETBOPEHHOCTH
opakom» (OYDB); «Y 10BIE€TBOPEHHOCTh OTHOIIECHUSIMH B TIape».

B wuccnenoBanuu npussuin ydactue 20 MOJIOABIX cymnpyx)eckux map (40
yenoBek — 20 Mmyx4uH 1 20 jKEeHILUH).

Pe3yabTaThl HCC/IeI0BAHUA

[Tony4yeHHbIe pe3yibTaThl MO BCEM TPEM METOIMKAM MPEJCTaBICHb HAMHU B
CBOJIHOM Tabmwmile (cM. Tabu. 1).

Tabnuua 1 — YpoBHU yIOBIETBOPEHHOCTH OpakoM MOJIOABIX CYIPYTOB, )KUBYILIUX B
3aperuCTPUPOBAHHOM U HE3apErHCTPUPOBAHHOM Opake

YpoBeHb yIOBIETBOPEHHOCTH
bpak [Ton OpakoM CyIpyros
BBICOKUM | CpEeJHUN | HU3KUU
3aperucTPUPOBAHHBIN PKCHILMIET 40% 00% —
MYKYMHBI 60% 40% —
HE3aperucTPUPOBAHHBIN PKCHILIIET 30% 0% 20%
MYXYUHBI 70% 30% —

MO>XHO KOHCTaTUpPOBaTh, 4TO B LEJIOM 35% xeHUMH U 65% MyX4HH UMEIOT
BBICOKHU YPOBEHBb YAOBIETBOPEHHOCTH OpakoM, 55% >xkeHuwH U 35% MyX4YuH —
cpenuuii ypoenb U 10% KeHIIUH HE YAOBIECTBOPEHBI OPAKOM.

Taxxe ¢ momompto kputepueB CthrojenTa n duinepa Mbl Onpeneauiv, 4yTo
CYLIECTBYIOT pa3jinyusi B YPOBHE YAOBIECTBOPEHHOCTH OpaKOM MEXIy MYKUWHAMU U
KCHIIMHAMH, )KUBYIIUMH B HE3aPETHCTPUPOBAHHOM Opake U MEXAy MYKIYMHAMH H
KCHIIMHAMH B II€JIOM, a HMMEHHO Yy MYXYHH B 3apEeTUCTPUPOBAHHOM W
HE3apEeruCTPUPOBAHHOM Opake, 0oyiee BBICOKUW YpPOBEHb YAOBIETBOPEHHOCTH
OTHOIICHHUSIMHU B TIape.

B03MOXHO, 3TO CBSI3aHO C T€M, YTO >KEHIIMHBI 0OJiee KPUTHUYHBI B OICHKE
COLIMATILHO-TICUXOJIOTHYECKOTO KIMMaTa B CEMbE, YeM MY)KUWHBI, y HHX Ooee
BBICOKHE TpeOOBaHUS IO OTHOIIEHHUIO K CBOUM CYNPYyTaM.
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BriBoabI

Takum 00pa3oMm, pe3ynbTaTbl HUCCIENOBAHMS TO3BOJIIOT 3aKIIOYUTh, YTO
yIIOBJIETBOPEHHOCTh OpakOM MMEET TEHIEPHbIE pa3JIuyusi: BBICOKHI YpOBEHb
YAOBJIETBOPEHHOCTH Hallle BcTpedaercss y Myx4uH (65%), yem y xeHumH (35%).
bonpmmHcTBO keHuH (55%) HaxomsTcs Ha cpeaHeM ypoBHe, a 10% wu3 Hux
MOJTHOCTBIO HE YAOBJIETBOpPeHBl Opakom. [Ipumenenue kputepueB CTbIOJEHTA U
dwumrepa MOATBEPAWIO CTATUCTUUYCCKYIO 3HAYMMOCTh Pa3IMYMii: MYKYHUHBI (KaK B
3apETUCTPUPOBAHHBIX, TAK U B HE3aPETUCTPUPOBAHHBIX COI03aX) OIICHUBAIOT CBOM
OTHOIIICHUS BBIIIIE, YEM JKCHIIUHBI.
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MPHTMU: 14.25.05
A.1O. llIBankwuii, 3apeayromuii kageapoi «IIcuxo10rus U mMegaAroruKa

Opckuii ryMaHUTAPHO-TEXHOJIOTHYeCKUl MHCTUTYT (puiauana) OI'Y
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Oc00eHHOCTH OLIEHKH CUTYAlHil MOPAJBbHOI0 BHIOOPA 00Y4al0IIMMHUCS
NMOJAPOCTKOBOIO BO3pacTa

Tyiingeme. byn wmakana >kacecmipiMIOiK IIaKTarbl OuTIM  allyIIbUIapABIH
aJaMrepuIvIik jaaMmy mnpoOJjeMalapblH TajjayFa apHajFaH, aram alTKaHza,
aJaMrepuIiIik  YFBIMBIHBIH ~ Ma3MYHBI, JKacecHipiM  Ke3lHAErl  MOpaJbIbIK-
aJaMrepuIvIik JgamMy epeKIIeNiKTepl KapacThIpbUIFaH, >KaCOCHIPIMHIH MOPAaJIbAbIK
TaHJay JKaFJailblH OarayiayblH HET13T1 MOJENbIepl MEH KOMIIOHEHTTEP1 aHBIKTAJIFaH.
OKCIIEpUMEHTTIK 3epTTey HOTWXKeJepl OOMBbIHIIA OKYIIBUIAPABIH >KacecHmipimM
KE31HJIeT1 MOpaJbAbIK TaHJAy >KaFaaiyiapbliH Oarajiay >KacecCHipiMHIH aJaMTepIIiIK
JaMybl MEH TOpOHWECIHIH JeHrediHe, CoHAal-ak IIeniM KaObulIayJaslH OachbiM
MojieiHe (KOHBEHILMSFa JEHIHT1, KOHBEHIUSIbIK, KOHBEeHIMsAAaH  KEHIHT1)
0allJIaHBICTBI EKEHIITT AaHBIKTAJIIEI.

AnHoTanusl. [[aHHas CcTaThsl IMOCBSAIICHA aHAIN3Y MPOOJIEMBI HPABCTBEHHOTO
pPa3BUTHUS OOYYAIOIIUXCS IIOJAPOCTKOBOTO BO3pacTa, B YacCTHOCTH, PACCMOTPCHBI
COJICp)KaHHE TIOHATHS HPABCTBEHHOCTH, OCOOCHHOCTH MOPAIbHO-HPABCTBEHHOTO
Pa3BUTHS B IMTOJPOCTKOBOM BO3pacTe, ONPEICIICHBI OCHOBHBIE MOJICII M KOMITOHCHTHI
OIICHKM  IOJPOCTKOM CHUTyalldd MopanbHOro BbiOOpa. Ilo  pesymbraram
DKCIIEPUMEHTAJILHOTO  HCCJICIOBAHUS  YCTAaHOBJICHO, 4YTO OIIGHKAa CHUTyalui
MOPaJIBLHOTO BbIOOpA OOYYAIOIMIMMHUCS MOJIPOCTKOBOTO BO3pacTa 3aBUCHT OT YPOBHS
HPaBCTBEHHOT'O Pa3BUTHS W BOCIUTAHHOCTH TIOJIPOCTKA, a TaKXKe IMPeoOsIaaaroIiei
MOJACIA  TIPUHATUS  pEIICHHWs  (JOKOHBEHIIMOHANbHAS,  KOHBEHIIMOHAIBbHAS,
MMOCTKOHBEHIIMOHAIbHAS).

Abstract. This article 1s devoted to the analysis of the problem of moral
development of adolescent students, in particular, the content of the concept of
morality, the features of moral development in adolescence are considered, the main
models and components of a teenager's assessment of the situation of moral choice
are identified. According to the results of an experimental study, it has been found
that the assessment of situations of moral choice by adolescent students depends on
the level of moral development and upbringing of a teenager, as well as the prevailing
model of decision-making (pre-conventional, conventional, post-conventional).

Tyiiinagi ce3mep: amamrepmink; MoOpajdbAbIK TaHAAy; OUTIM  ayIIbI,
’KacecIipim; IenIim Kadbbuiay MoJeni
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KualoueBble cji0Ba: HPAaBCTBEHHOCTb, MOPAJIbHBIA BBIOOP; OOYyYaIOLIUIICS;
HOJPOCTOK; MOJIEIIb IPUHSATHS PEeILICHUS

Key words: morality; moral choice; student; teenager; model of decision-
making

BBenenue

B coBpemeHHOM 0OIIECTBE, XapaKTEPU3YIOMIEMCS  OBICTPHIM  TEMIIOM
W3MEHEHUH, rnobanm3anvedl M WHOOPMALMOHHBIM MEpPEHACBIIIEHUEM, MOJPOCTKU
CTAJIKUBAIOTCS C MHOrooOpa3ueM IE€HHOCTEH, HOPM U MOPAJIBHBIX JHUJIEMM.
Pa3MbiBaHuE TpaJuUMOHHBIX HPABCTBEHHBIX OPUEHTUPOB, YCHICHUE BIIUSHUS
COLIMAJIBHBIX CETEH W MeIHa, a TaKXKE POCT COLMAJIBLHOIO HEPAaBEHCTBA OKAa3bIBAIOT
CYLIECTBEHHOE BO3JEHCTBUE HA (POPMHUPOBAHUE MOPAIBHOTO CO3HAHMSI MOAPOCTKOB.
CounanbHble HOPMBI U LIGHHOCTU (POPMHUPYIOT OCHOBY OOLIECTBEHHON CTPYKTYpHI, a
UX TpaHchopMalus BIUSET HA MOPAJIbHBIE YCTOU. JlePUIUT 0O1IEnpUHATHIX HOPM U
LIEHHOCTEHN MOAPHIBAET CTAOMIBHOCTh COLIMYMa M MOPOXKIAAET MPOOJIEMBI B MPOLIECCE
cCollMaJIM3allMi MOJAPOCTKOB. OpueHTanusi Ha MaTepUalbHbI yCHeX, PHIHOYHBIC
OTHOLIEHUS U JAPyTrHe TeHJECHUUU (POPMUPYIOT HOBYIO, IPOTUBOPEUUBYIO CpPEAY IJIS
HPABCTBEHHOI'O Pa3BUTHS MOJIOIEHKHU.

B nacrosiee BpeMsi U3y4eHHUIO0 MPOOJIEMbl Pa3BUTHS MOPaTbHO-HPABCTBEHHBIX
Ka4eCTB JTUYHOCTH TIOCBAIIECHBI PabOTH TaKUX HccienoBarenei, kak: J[.A. bobkosa,
MA bounnapenko, A.E. BopobseBoit u A.b. Kymnpeiiuenko, HA Cenesnesoii, 1.C.
Pri6unoit, S1.1. SAxoBneBa u ap.

HpaBcTBEeHHOCTD SIBISIETCS] BayKHEMHIIEH, 0a3UCHON XapaKTEPUCTUKON JTMYHOCTH.
Ona npezacraBisgeT co0OM COBOKYNMHOCTh OOIIMX MHPUHLHUIIOB MU HOPM MOBEACHUS
JOAE€ MO OTHOLIEHWIO APYr K APYyry U OOILIECTBY, KOTOpPbIE B COUYETAaHUH U
COCTABJISIFOT OCHOBY JINYHOCTH. HpaBCTBEHHOCTh - BHYTPEHHSIA OIIEHKA YEJIIOBEKOM
HOPM CBOEro TIOBEACHUS M CBOMX IIOCTYIIKOB C TOYKM 3peHHs Jo0pa.
HpasctBenHocts, no onpenenenuto M.C. MapbeHKO, €CTh «HEOThEMIIEMAsl CTOPOHA
JMYHOCTH, 0OecTeunBaroias J00pOBOIbHOE COOTIOACHHE €10 CYIIECTBYIOIIUX HOPM,
MpaBUJI U PUHLMIIOB MOBeAeHUs1. OHM HaXOAT BbIpAXKEHHUE B OTHOLIEHUH K Poaune,
0OIIECTBY, KOJIEKTUBY U OTAEJIBHBIM JIIOJSM, K CAMOMY C€0€ U Pe3ysIbTaTaM TpyAa»
[1,c.7].

HpaBCTBEHHOCTh 3aBUCUT W OT LEHHOCTEM M IIEHHOCTHBIX OpHEHTAIUH,
ABJISIFOIINXCS €€ [IEMEHTUPYIOIIUM HAa4aJIOM, BOKPYT KOTOPOTO BPalIAtOTCS TOMBICIIBI
M 4YyBCTBa 4YesoBeKa. HpaBCTBEHHOCTh CTAHOBUTCS JIMYHOCTHBIM OOpa3oBaHUEM
TOJIKO B TOM CJy4ae, €clid y UHAUBHAYyyMa C(POPMHUPOBAHBI 0a30BbI€ MOPAJIbHbBIE
LHEHHOCTH, TO €CThb B TOM CJy4dae, €CIM caMa MOpajlb 3aBOEBBIBAET CTaTyC
31000JJHEBHOM Ba)XXHOCTH, CMbICJIA, WJealla, HEMAJIOBAXKHOM XapaKTEPUCTUKU
CO3HAaHUS W TIOBEJCHUS HWHJWBHJA, LEJIEBbIX KOHCTPYKTOB  COLMAIbHOU
NEeATEIbHOCTH [2].

JLLA. I'puropoBny u T.JI. MapuuHKOBCKasi ONpPENESIOT HPABCTBEHHOCTh Kak
JUYHOCTHYIO XapaKTEpHUCTUKY, KOTOpas BKJIIOYAaeT B ce0s Takue KadecTBa H
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CBOICTBa, Kak 0OpOTa, MOPSAIOYHOCTh, YECTHOCTD, MPABAUBOCTD, CIIPaBEAJIUBOCTD,
TPYAOJ00UE, TUCIUIIMHUPOBAHHOCTD, KOJUIEKTUBU3M [3].

HpaBcTBeHHOE pa3BUTHE NOJIPOCTKOB — 3TO KIHOYEBAas 3ajJada JrO0ro
obuiectBa. @OpMHUPOBAHUE HPABCTBEHHBIX KAUECTB Y IMOAPOCTKOB 3aBUCHUT OT MX
WMHAUBUAYAIbHBIX OCOOEHHOCTEM M Bo3pacTa. Ha 3TOT mpouecc BIHAIOT Kak
NO3UTUBHBIE, TaK U HETaTUBHBbIE (DAKTOPBI, KOTOpPbIE HEOOXOJUMO YUUTHIBATh.
Oco0eHHO BaxHO OTO Npu (HOPMUPOBAHMM YYBCTBA YECTH U JIOCTOWHCTRA,
IIOCKOJIbKY OHHM HAaNpsSMYK CBSI3aHBl C BBICOKMM YPOBHEM CAaMOCO3HAHMS,
CIIOCOOHOCTBIO K pedIeKcun, CAaMOOIICHKE U CAMOYBaKCHHIO.

3HaHUS O MOPAJBHBIX HOPMAaxX Ba)XHbI, IOTOMY YTO OHH HE TOJBKO 3HAKOMST
MOJIPOCTKA C MpaBWJIaMU TIOBEIEHUS B OOIIECTBE, HO U IMO3BOJISIIOT OCO3HATH
IIOCJIE/ICTBHS MX HAPYLUEHUS JUIsl IPYTUX JIFOACH.

O HpaBCTBEHHOM pPa3BUTHUU OOYYAIOLIETOCS MOXHO CYJIUTh IO €ro OIICHKE
cutyauuid wmopainbHOW nuieMmmbl. HMccnemoBanus K. Ilmaxke mnokazamu, 49TO
MOJAPOCTKA MPUHUMAIOT PEUICHUS B CIOXKHBIX CUTyalusiX, OCHOBBIBasCh Ha 2
MOJEJISX:

- MOpaJIbHBIN peanu3M (reTepOHOMHAas MOpalib): COLMAIbHbIE HOPMBI U ITpaBUia
BOCIIPUHUMAIOTCS KaK He3bIOJEeMbIe, JaHHbIE CBBILLIE, U HAPYIICHUE MpaBHUiia BCeraa
BJiedyeT 3a co0oi Haka3zaHue. MopajibHble CYXJEHUS OCHOBBIBAIOTCA Ha
MOCJIE/ICTBUSIX, @ HE HA HAMEPEHHUSIX.

- MOpaJIbHBIM peniaTUBU3M (aBTOHOMHAsT MOpaJib): HOJPOCTOK HAUYMHAET
NOHUMAaTh, YTO IMpPaBUJIA - 3TO PE3YJbTAT COTJALICHHUS MEXIY JIOJIbMH, UX MOXKHO
MeHATh. MopasbHble CYX/IEHHUS OCHOBBIBAIOTCS HA HAMEPEHUAX U OOCTOSITENbCTBAX,
a HE TOJIbKO Ha MOCISACTBUAX [4].

Ilepexon K aBTOHOMHOM MOpPAJIM MPOUCXOJUT B IOJPOCTKOBOM BO3pACTE B
pe3ynbTaTe B3aMMOJEHCTBHSI CO CBEPCTHUKAMU, KOT'1a MOAPOCTOK YUYUTCS YUUTHIBATh
pa3HbIE TOUKH 3PEHUS U 1I0TOBAPUBATHCS.

OneHka MOAPOCTKOM CHUTyallud MOPAJIBHOTO BBIOOpA BKIIOYAET YETHIPE
KOMITIOHEHTA: MOPaJIbHYI0 UyBCTBUTEIBHOCTh, MOPAJIBHOE MBIIUICHHE U MOPAaJbHbIE
CYKJI€HUS, MOPAJIbHYIO MOTUBALIMIO, MOPAJIbHBIA XapaKTep.

MopainbHas 4yBCTBUTEIBHOCTh (CEHCUTHUBHOCTB) - «OCO3HAHHUE» YEJIOBEKOM
TOTO, KaK €ro JACWCTBUA MOTYT TOBIHUATH HA APYTUX, MPOSBISETCS B PEPIICKCHH
ITOCJIEACTBAN CBOMX ACHUCTBHUM JJISI IPYTUX JIFOAEH U YyBCTBUTEIBHOCTH K JKEIIAHUAM,
HOTPEOHOCTSIM W TMpaBaM JAPYruxX JIOAEH, OCOOEHHO B CHUTyallud, €CIM OHHU
IIPOTUBOIIOJIOKHBI TBOUM COOCTBEHHBIM UHTEPECAM.

«Oco3HaHue» BKJIIOYAET: 3HaHME OO0 YYaCTHMKAX CHUTyallUM MOpPaJbHOTO
BbIOOpA; KOHCTPYMPOBAHUE BO3MOXKHBIX BAapUAHTOB IOBEJCHUS B ITOM CUTYyallUH;
IIPEICTABICHUE O TOM, KaKO€ BIUSHUE JEHUCTBUS OKAXKYT Ha KaXKIOT0 U3 YYaCTHHUKOB.
HecoBepiieHCTBO KOTHUTUBHBIX CXEM MOXKET MPUBECTH K HCKAKCHUIO BOCIPUATHS
MOpPaJIbHOM CUTyaLlUU.

MopanbHOE MBIIUIEHUE W MOpPAJIbHBIE CYXJIECHHS PACKPBIBAIOT MPHYHUHBI
MOCTYyIIKa U 00OCHOBaHHE MOpPAIBbHOTO BbIOOpa. MopasibHass MOTHBAIUS MOJPOCTKA
ONpENENSIETCS HMEePApXUel LEHHOCTE MW MOpaJIbHBIMH HJ€ajaMd JINYHOCTH.
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MopanbHbIil BBIOOp TIpearoiaraeT MPUHITHE YEIOBEKOM JUYHOW OTBETCTBEHHOCTH
3a CBOE PEIIICHHUE.

Baxknyro posib B CHUTyalMsX MOpajbHOM JWJIEMMBI HIpaeT MOpaIbHBII
xapakTep. AJCKBATHOCTh BOCIPHUSATUS TUJIEMMbBI C YYETOM MO3WLMK U OXHIAHUN
BCEX €€ YYAaCTHMKOB M TOCJIEACTBUNA MOPAJbHOIO BbIOOpaA I KaXJ0ro (BBICOKAs
MoOpajbHas 4YYBCTBUTEJIBHOCTh), BBICOKMM YpPOBEHb MOPAJBHOTO MBIIICHUS,
BBIDOKCHHAsS MOTHBAIIMOHHAs HAIPaBJICHHOCTh HAa OKa3aHUE TIOMOIIM MOTYT
OKa3aThCsl HEJOCTATOUHBIMU JISI peau3allid MOPAIBHOTO MOCTYMKA. | 0OTOBHOCTH H
CITOCOOHOCTh JICHCTBOBATh B COOTBETCTBHU C BBIOPAHHBIM PEIICHHEM M ILJIAHOM,
MPOTUBOCTOSATH  COIMATLHOMY  JIABJICHWIO, MPHUHSATHE OTBETCTBEHHOCTH 34
peanu3aiuio BeIOOpa - He0OX0AUMbIE TUYHOCTHBIE KadueCcTBa CyOBEKTa MOPAILHOTO
MOCTYIIKA, COCTABJISIFOIIME MOPAJIBHBIN XapakTep, OOYCIOBIMBAIOIIUNA CTPATETHH
MIPEOA0JICHUS TPYJHOCTEN Ha MMyTH Pa3pELICHHS] MOPAIIBHOU TUIIEMMBI [5].

O0beKT U MeTOANKA

C uenpio M3yyeHUsT OCOOEHHOCTEH OLEHKU OOYYaroIIMMHCS MOJIPOCTKOBOIO
BO3pacTa  CUTyallud  MOpaJlbHOrO  BbIOOpa  HamMu  OBUIO  MPOBEJCHO
AKCIIEPUMEHTAJIbHOE  HCCIeAoBaHWe,  0a3oi  KOTOpOro  crajia  CpeaHss
oOmeoOpa3zoBarenpbHas mkoida Ne 11 1. Opcka OpenOyprckoit ob6mnactu. B
WCCJIEIOBAHUM TPUHUMAIM ydacTHe ydamuecs 9 kiaccoB. M3ydeHue ypoBHS
HPaBCTBEHHOT'O PAa3BUTHUSI OOYYAIOIIUXCS OCYIIECTBIISUIOCH C HCIOJIb30BAHUEM
CIEAYIOIIMX METOJUK: ONPOCHUK OLEHKUM HPABCTBEHHOTO PAa3BUTHUSL JUYHOCTH
(aBToper: .B. Mamenko, H.I1. IIpotbko, B.H. PocToBuieBa), MmeTonnka qUarHoCTUKH
YPOBHA HPaBCTBEHHOU BOCIIUTAHHOCTH (M.J. [unosa), OIIPOCHUK
«CrpaBeBocth-3a00Ta» (aBTop: C.B. MoauaHoB).

Pe3yabTaThl Hccie10BaHUI

PaccMoTpuM pe3ynbTaThl IMarHOCTUYECKOTO HCCIIETOBAHUS.

[Ipoananu3upoBaB [aHHBIE ONPOCHHKA OLEHKHM HPABCTBEHHOTO pPa3BUTHS
JUYHOCTH, MOXHO OTMETHUTh, YTO B TPYIIIE HCIBITYEMbIX IPEBAIUPYET BBICOKUI
YPOBEHb HPaBCTBEHHOI'O Pa3BUTHS, CBUAETEIbCTBYIOIUNA O TOM, YTO OOJBUIMHCTBO
YYaCTHUKOB HCCJIEIOBAaHUS UMEIOT C(HOPMUPOBAHHBIE HPABCTBEHHBIE OPUEHTHUPHI U,
BEPOSITHO, IEMOHCTPUPYIOT IPOCOLUATBHOE ITOBEICHUE.

Tak, odeHb BBICOKHI ypoBeHb HMEIOT 12% wucneityeMbix. OHHM 001a1a10T
INIyOOKUMU HPABCTBEHHBIMU YOCKICHHUSIMU U CTPEMSTCA CIIEIOBaTh UM BO BCEX
chepax xku3Hu. OHM MOTYT BBICTYNaTh B POJIM MOpaIbHBIX JIMIEPOB B Kiacce,
CILYKUTh TPUMEPOM JIsI IPYTHUX.

Bricokuii ypoBeHb AeMOHCTPUPYIOT 47% UCIBITYEMBIX DTH MOJIPOCTKH XOPOIIIO
MOHUMAIOT HPABCTBEHHBIE HOPMbI U MPUHIIHUIIBI, CTPEMSTCS COOTBETCTBOBATH UM, HO
B HEKOTOPBIX CUTYyallUsIX MOTYT HUCHBITHIBaTh 3aTPyJAHEHUS B MPUHATUM PEIICHUN
WJIU TPOSIBJIEHUH HPABCTBEHHOIO MMOBEJEHUS.

Cpennuii  ypoBeHp mnokazamum 23% wucnbeiTyeMmblX. [[Is1 HHX XapakKTepHO
CUTYaTHUBHOE MOBEJECHUE, X HPABCTBEHHBIE YCTAHOBKH HEJOCTATOYHO YCTOWYMUBHI U
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MOTYT MEHATHCSA B 3aBHUCHUMOCTH OT OOCTOSTENsCTB. OHM MOTYT HCIBITHIBATDH
BHYTPEHHUI KOH(QIMKT MEXAYy HpPaBCTBEHHbIMU MPUHIUIAMM M JIMYHBIMU
HUHTEpECaMHU.

Huzkuil ypoBeHb umeror 17% ucnbpITyeMbIX. OTH MOAPOCTKU JEMOHCTPUPYIOT
ci1aboe MOHMMaHNE HPABCTBEHHBIX HOPM U NPHUHIIMIIOB, UX MOBEACHHE B OCHOBHOM
omnpenenseTcss BHEMHUMU (akTopamu (00s3Hb HaKa3aHUs, CTPEMJICHHUE K BBITOJIC).
WM MOXkeT OBITh CIIOKHO JIeJaTh OCO3HAHHBIA HPaBCTBEHHBIN BBIOOD.

[To pesynpratam w™etoguku M.U. IllumoBa HambosbImas YacTh BBIOOPKHU
(65% ucnbpITyeMbIX)  JEMOHCTPUPYET  BBICOKMM  YPOBEHb  HPABCTBEHHOM
BOCIMTAHHOCTH, 4YTO CBHJETEIbCTBYET 00 YCTOMYMBOW M  MOJIOKHUTEIHLHOU
CaMOCTOSTEJILHOCTH B JACSITEIBHOCTH U TOBEJACHUMU.

CpenHuil ypoBeHb BOCHUTAHHOCTU JIEMOHCTpHUPYIOT 18% HCHBITYEMBIX, YTO
XapaKTEPU3yETCsl CaMOCTOSITENBHOCTBIO M IPOSIBICHUSMU CaMOPETYJIALMH, XOTS
aKTUBHAs 00IECTBEHHAs MO3UILM enle He copmupoBana. [logpocTkam co cpenHuM
YPOBHEM BaKHO IMOMOYb B (DOPMUPOBAHUM AKTUBHON OOIIECTBEHHON MO3UIIMH,
BOBJIEYb X B COL[MAJIbHO 3HAUMMYIO €S TEIIbHOCTD

18% wucHbITyeMbIX JE€MOHCTPUPYIOT HU3KUM YPOBEHb BOCIHMTAHHOCTH, YTO
TOBOPUT O cJabOM U HEYCTOMYMBOM OIBITE MOJOKUTEIBHOTO TOBEACHMUS,
pPEryJIupyeMOM BHEUIHUMHU CTHUMYyJaMu. Takue MOAPOCTKH HYXAAIOTCS B CO3JAAHHUU
ycinoBUi 1 (POPMHUPOBAHUS MO3UTUBHOIO OIbITA MOBEJAECHUS, PAa3BUBATh HABBIKU
CaMOpPETYJISLIMA U CaMOOPTaHU3ALMH.

Pesynbratel onpocHuka «CrpaBeninBocTh-3a00Ta» (aBTop: C.B. MomuaHoB)
MO3BOJIUJIM OMpPEAEIUTh Npeodsiafjatoliie YpOBHU (MOJETH) OLEHKH CHUTYyallui
MOPAJIBHON JTHJIEMMBI:

1. /loxOHBEHIMOHAIbHBIN YPOBEHb (OpUEHTAIMS HA HaKa3aHUE U MOOLIPEHNUE,
JMYHyl BbIrony). Huskuil ypoBeHb -29% wucnbeiTyemMblx B OOJbIIEH CTENEHU
OpUEHTUPYIOTCS Ha BHelIHHE (akTopbl. Cpennuil ypoeHb - 41% HCIBITYyeMBbIX B
HEKOTOPOM CTENEHU YUYUTHIBAIOT JINYHYIO BBITOJY U MMOCIEACTBUS, HO IOHUMAIOT, YTO
COOMIOICHNE TIPaBWJI TOXKE€ MOXKET OBITh MOJE3HBIM. Bricokuit ypoBenb - 29%
HCIIBITYEMbIX TOHMMAIOT MTPaBUjIa U OCO3HAIOT MOCJIEICTBHSI, HO OCHOBHBIM MOTHBOM
ABIIsIeTCA W30EKaHWE HAKa3aHWsS, a HE OCO3HAHHOE COOIIOJICHHE HPABCTBEHHBIX
MPUHIINUIIOB.

2. KoHBeHLIMOHAIBHBIN ypOBEHb (OpUEHTALMSI Ha COLHMAIbHOE OAOOpEeHHE U
nojaepxanue nopsaka). Huzkuit yposens - 6% ucnbITyeMbIX. TakuM HOJIPOCTKaM
CJIO)KHO OpPHUEHTUPOBAThCA Ha COLMAIbHOE OJO00pEeHHE M MOJJEepKaHHE MOpsaKa.
Cpennuii ypoBeHb - 47% UCIBITYEMBIX OPUEHTHPYETCSI HA COLIMATIbHOE O00pEHNE U
cobomoneHne nmnpaBwil. Bbelcokuit ypoBeHb - 47% HCHBITYEMBIX CTPEMATCA
NOJJEPKUBATh OPSAIOK U COOTBETCTBOBAThH MPUHSATHIM HOPMAM.

3. IloCTKOHBEHUMOHANBHBIM ypOBEHb (OpUEHTAlMsl HAa YHUBEPCAJIbHBIE
ATUYECKME MPUHLUIBI U JMYHOE co3HaHue). Huskuil ypoBeHb - 6% HCIBITyEMBIX.
Takue TOAPOCTKH HCHBITHIBAIOT TPYAHOCTH C TOHMMAaHHEM aOCTPAKTHBIX
MOpaJbHBIX MPHUHIIMIIOB, UM CJIOXHO JeJaTh BbIOOP MEXIy pa3HbIMH CHUCTEMaMH
LEHHOCTEN. IX MoBelleHne B OCHOBHOM OIPEAEIISAETCA JIMYHBIMU MHTEPECAMH WM
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BHEIIHUMH TpeOoBaHusIMU. Cpenuuil ypoBeHb - 29% UCHBITYeMbIX HAYMHAIOT
IOHMMAaTh YHUBEPCAJIbHBIE 3TUYECKUE MPHUHILMIIBI, HO HE BCErJa IOTOBBI CIIEOBATH
UM B peaJbHON XU3HU. OHU MOTYT KOJeOaTbCsi MEXAY JUYHBIMU HHTEpEcaMu U
MOpajJbHBIMU YOEXKIEHUSMHU, HCIBITHIBATE BHYTPEHHHE KOH(IMKTHL. BhICOKMIA
ypoBeHb - 65% wucnbITyeMbIX 00JanaeT pa3BUTBIM HPABCTBEHHBIM CO3HAHUEM,
CIIOCOOHBI ~ CaMOCTOSITENbHO  (OPMYJIMPOBATH  HPABCTBEHHBIE IPUHLMIBI U
PYKOBOJICTBOBATbCSI UMU B CBOEH X U3HU. OHU LIEHAT CBOOOJY, CIPaBEAJIUBOCTD,
PABEHCTBO U yBa)XEHHUE K YEIIOBEYECKOMY JIOCTOMHCTBY.

4. CaM00320049€HHOCTD (COCPEIOTOYCHHOCTh Ha COOCTBEHHBIX MOTPEOHOCTSIX U
nHrepecax). Huzkuit ypoens - 6% MogpOCTKOB COBCEM HE COCPEIOTOYEHO HA CBOUX
noTpeOHOCTsIX M uHTepecax. CpeaHuil ypoBeHb - 65% HCHIBITYeMbIX 3a00TATCS O
CBOMX MOTPEOHOCTAX W HHTEPECax, HO CHOCOOHBI YUUTHIBATb HHTEPECHl JIPYTUX
mronei. Beicokuit ypoBeHb - 29% HCIIBITYyeMBbIX B OCHOBHOM COCPEIOTOUEHBI Ha cebe.

5. CamonoxepTBoBaHHE (FOTOBHOCTh CTaBUTh MHTEPECHI IPYTUX BBILIE CBOMX
coOcTBeHHbIX). Huzkuil ypoBeHsb - 12% uCHBITyeMbIX HE CKJIOHHBI CTABUTHh UHTEPECHI
JIPYruX BbIIIE CBOMX COOCTBEHHBbIX. CpelHUl ypoBeHb - 53% MOAPOCTKOB T'OTOBBI
OKa3bIBaTh MOMOIIb, HO HE B yuiepO cebe. Beicokuii ypoBeHb - 35% ucCObITYyeMbIX
TrOTOBBl CTaBUTh MHTEPECHl JPYTUX BBIIIE CBOMX, JAXE €CIM 3TO CBA3AHO C
KEPTBAMHU.

6. CamoyBaxkeHHE (YyBCTBO COOCTBEHHOTO JOCTOMHCTBA M YBEPEHHOCTH B
ce6e). Huzkuii ypoBeHs -18% HCTIBITYEMBIX UMEIOT HEIOCTATOK YBEPEHHOCTH B cebe.
Cpennuii ypoBeHb - 47% TOAPOCTKOB YBaXKAIOT ce0s, HO HYXXJTAIOTCS B OJIOOpPEHUHN
OKpy>karomux. Beicokuil ypoBeHs - 35% uCHBITYyeMbIX yBEpeHbl B cebe, 00IanaoT
3JI0pOBOM CaMOOLIEHKON M UyBCTBOM COOCTBEHHOT'O IOCTOWHCTBA.

OO0001IeHre [aHHBIX MPOBEACHHOIO MCCIEA0BAaHUS TO3BOJSET BbIACIUTH
cleqylomue OCOOEHHOCTH OLEHKH O00ydYarolMMHCS TOIPOCTKOBOTO BO3pacTa
CUTYaIIMil MOpaJIbHOTO BRIOOpA:

HcnbiTyemble, HMMEIONIME BBICOKUA YPOBEHb HPABCTBEHHOTO  Pa3BUTHS
XapaKTEPU3YIOTCS TPEUMYIIECTBEHHO BBICOKHM YPOBHEM BOCIHMTAHHOCTH. JTO
TOBOPUT O TOM, YTO 3TH HUCIBITYEMbIE JEMOHCTPUPYIOT YCTOMUMBOE MOJOKUTEIBHOE
MOBE/ICHHE, OCHOBAaHHOE Ha C(HOPMUPOBAHHON TPAKIAHCKON TMO3HMIMH, a TaKXKe
MPOSIBIICHUSI CAMOOPTaHU3allMd M CaMOpEeryJsiuu. Takke y HUX mpeodnagaer
ITOCTKOHBEHLIMOHAJIBHBI YPOBEHb MOpaJIU. DTO O03HAYAET, YTO HPABCTBEHHBIE
pelIeHNs] NPUHUMAIOTCS Ha OCHOBE C(HOPMHUPOBAHHBIX, OCO3HAHHBIX, TIYOMHHBIX
MOpaJbHBIX  ILIEHHOCTEH. Y  Takux TMOAPOCTKOB MmpeoOiamaer omopa Ha
CaMOYBaXX€HHE, CTPEMJICHMEM K  CaMOCOBEPILIECHCTBOBAaHUIO, TIPaKIAHCKOU
OTBETCTBEHHOCTBIO M TOTOBHOCTBIO K HDABCTBEHHOMY JIM/IEPCTBY.

[TonpocTku O CpeHUM YPOBHEM HPABCTBEHHOT'O Pa3BUTHS Yallle BCETO UMEIOT
CpEIHUN YypOBEHb BOCIUTAaHHOCTH, WHOTJA - BbICOKMUI. HpaBCTBEHHBIE HOPMBI
MOHUMAIOTCSI TAKUMH OOYYaIOIIMMUCS, HO UX TMPUMEHEHUE B PA3IMUYHBIX CHUTYaIUsIX
MOXXET OBbITh HECTaOWJIbHBIM. B OCHOBHOM B JaHHOW TpyMNIE MOAPOCTKOB
npeo0iaJaeT KOHBEHIIMOHANBHBIN YPOBEHb MOpPAJ, T.€. HPABCTBEHHBIE PELICHMUS
MPUHUMAIOTCSI UCXOJ U3 CTPEMIIEHHSI COOTBETCTBOBATH OXUAAHUSAM OKPYKAIOLIUX
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WIK TOJJCPKUBATh CYIICCTBYIONIMH TMOPSAOK. DTUM HUCHBITYEMBIM B OOJIBIICH
CTCTICHU TIPUCYI] CPEJHHWHA YpOBEHb CAMOIIOXKEPTBOBAHHS, OHH  XOPOIIO
aJlalTUPOBAHBl K COIMAJIBHOH Cpelie, HO B MECHbBINCH CTENEHU CKJIOHHBI K
CaMOCTOSITEIIbHBIM HPABCTBEHHBIM PEIICHUSM U MPOSBICHHUIO JTUICPCKUX KA4eCTB.

HcnpiTyeMble, HMMCIONME HU3KHUA YPOBCHb HPABCTBEHHOTO  Pa3BUTHS,
XapaKTEPU3YIOTCS MPEUMYIECTBCHHO HU3KHH YPOBHEM BOCIIMTAHHOCTH, TaK KaK B
OCHOBHOM HX IIOBEJACHHE yIpaBiseTcs TpeOOBaHUSAMH H3BHE. Y  TaKHX
oOyJaromuxcsi mpeoodiaacT JOKOHBEHIIMOHAIBHBIM ypOBEHb MOPAd M BBICOKAS
03a00YE€HHOCTh COOOW. DTO 03HAYAET, YTO HPABCTBEHHBIC PEIICHHS] TMPUHUMAIOTCS
UCXOAS W3 JMYHON BBITOJBI WJIM CTPEMJICHUS W30eXaTh HAKa3aHUsA, NPH STOM
OCHOBHOE BHHMAaHHUE YJIEISICTCSI CBOUM TIOTPEOHOCTSIM.

BoiBOABI

Takum o0pa3oM, pe3ysibTaThl MPOBEIECHHOIO HCCIEIOBAHUS IOJTBEPKIAIOT
Hallle TPEANOJIOKEHHE O TOM, UTO OIIEHKAa CHUTyallMii MOpajlbHOro BhIOOpa
00yYaromuMuCca MOAPOCTKOBOTO BO3pacTa 3aBUCUT OT YPOBHS HPABCTBEHHOTO
Pa3BUTHUS U BOCIIMTAHHOCTH MOJPOCTKA, a TAKXKE MPeodIagaronieid MoIesId MPUHITUS
penieHus (IOKOHBEHIIMOHATbHAsI, KOHBEHIIMOHAIbHAS, TOCTKOHBEHIIMOHAJIbHAS).
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Damage to the Main Equipment of Substations: The Case of Power
Transformers

Tyiingeme. Kocankel  cTaHuusnapaarbl  KYWITIK — TpaHchopMaTopiaapIbiH
3aKpIMIaHy ceOemnTepi, OJIapAblH TMaijlajaHy IIapTTapbl, COHJAH-aK dJEKTP
HHEPTEeTUKAIIBIK >KaOABIKTAp/IbIH CEHIMAUIIIH apTThIpyFa OarbITTaJFaH TEXHHKAJIBIK
KarIalibIH JIMarHOCTUKAJIAy XKoHEe OaKbLUIay dJIicTepi.

AHHoTauusi. OCHOBHBIC NPUYHHBI MOBPEXKJICHUN CHIIOBBIX TpaHCHOPMATOPOB
Ha TIOJICTAHIIMAX, YCJIIOBHS WX OKCIUTyaTalliM, a TaKXe METOJbl JIMAarHOCTHKU U
KOHTPOJII TEXHUYECKOTO COCTOSHUSI, HalpaBJICHHBIC Ha IOBBIIMICHHUE HAJACKHOCTH
PabOTHI ANEKTPOIHEPTETUUECCKOTO 000PYI0BaHHS.

Abstract. Causes of damage to power transformers at substations, their
operating conditions, as well as methods for diagnosing and monitoring the technical
condition aimed at improving the reliability of power equipment.

Tyiiin ce3aep: Kymrik  Tpanchopmatop, 5IeKTp KOCAJKbl  CTaHIIHSICHI,
XKAOJBIKTHIH 3aKbIMAAHYbl, TpaHcpopMarop IUArHOCTHKACKI, OKIIayjay, JJIEKTp
KaOABIKTAPBIHBIH CEHIMILIIT, KbICKa TYHBIKTaTy, TpaHcopMaTtop opamaapsl,
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transformer diagnostics, insulation, reliability of electrical equipment, short circuit,
transformer windings, partial discharges, transformer oil, electrodynamic forces,
condition monitoring, thermal monitoring, equipment operation, emergency
conditions.

Introduction

The reliable operation of electrical power equipment is one of the key factors
ensuring the stable functioning of industrial enterprises and infrastructure facilities.
The power supply of technological processes is carried out through electrical
substations, the main elements of which are power transformers. The continuity of
electricity supply to consumers directly depends on their technical condition.

The failure of a power transformer can lead to significant economic losses,
shutdown of technological processes, undersupply of electrical energy, and in some
cases to emergency situations that pose a danger to operating personnel. Damage to
transformers of intersystem connections and high-voltage substations is particularly
critical, as they ensure the transmission of large power flows within the power
system.

Due to the high cost of power transformers and the long time required for their
manufacturing and repair, ensuring their reliable operation is of particular
importance. Therefore, an important task is the timely detection of defects and the
assessment of the technical condition of the equipment in order to prevent accidents
and extend its service life.

Research Object and Methodology

The object of the study is power transformers of electrical substations operating
under long-term service conditions and exposed to various operational factors.

Power transformers operate continuously under the influence of high voltages
and significant electrical loads. The equipment is operated under various climatic
conditions, which also affect its condition. In addition to external factors,
transformers are influenced by internal electrical, magnetic, mechanical, thermal, and
chemical processes.

During operation, materials gradually age, primarily insulation, and structural
elements undergo wear. Prolonged exposure to loads, temperature conditions, and
external factors can lead to a deterioration of the electrical and mechanical
characteristics of the equipment. Without timely monitoring, these processes may
result in the development of defects and the occurrence of emergency operating
conditions [1].

Additional causes of damage may include manufacturing defects, installation
errors, poor-quality repairs, or violations of operating conditions [8].

The assessment of the technical condition of transformers is carried out using a
set of diagnostic methods. The technical condition of the equipment is characterized
by a combination of electrical, mechanical, and chemical parameters regulated by
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normative documentation and the rules for the technical operation of electrical
installations of the Republic of Kazakhstan.

The main diagnostic methods include:

* analysis of dissolved gases in transformer oil;

* insulation resistance measurement;

* monitoring of operating temperature conditions;

» measurement of partial discharges;

* thermal imaging inspection;

» analysis of vibration and acoustic signals [3].

The use of these methods makes it possible to assess the condition of
transformers both during scheduled testing and during operational monitoring without
disconnecting the equipment from the power network.

Research results

Analysis of operational statistics shows that a decrease in the reliability of
transformer operation can be caused by a number of factors.

The main causes of damage to power transformers include:

* overheating of elements of the transformer active part;

* destruction of electrical insulation between structural elements;

* moisture ingress into insulation during operation;

« formation of gases in transformer oil;

« aging of insulating materials;

* mechanical deformation of windings;

« wear of contacts of tap-changing devices;

» failure of protection and control systems;

* occurrence of partial discharges in insulation;

» damage and moisture ingress into bushings;

» manufacturing defects and poor-quality repairs;

» failure of the cooling system [2].

Internal defects of the windings of power transformers occupy a special place
among the types of damage. They are accompanied by significant damage to the
active part of the equipment and require extensive repair [4].
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One of the causes of such damage is the breakdown of turn-to-turn insulation,
which occurs as a result of the aging of insulating materials, the influence of
overvoltages, and the development of partial discharges. Partial discharges may arise
due to switching and lightning overvoltages, as well as the presence of local
insulation defects [6].

)

Figure 2 — Damage to the internal insulation of power transformer windings

Another cause of damage is the insufficient electrodynamic strength of the
windings during short circuits. When short-circuit currents flow, significant
electrodynamic forces act on the winding conductors, causing mechanical
deformations [7].

These forces are determined by the expression:

F = IBlsina [1]
[ — current in the winding conductor;
B — magnetic induction;
1 — length of the conductor;
o — angle between the direction of the current and the magnetic field vector.

Under the influence of these forces, various types of mechanical damage may
occur:

» axial deformation of windings;

* radial deformation;

* displacement of conductors;

* twisting or untwisting of windings;

» weakening of winding compression;

» damage to pressing elements of the structure;

* turn-to-turn short circuits [5].

Such defects lead to a deterioration of the electrical strength of insulation and
may cause internal short circuits. According to power system statistics, a significant
number of outages of high-voltage power transformers are associated with internal
short circuits.
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Conclusions

Power transformers are one of the most critical elements of electrical
substations, ensuring the transmission and distribution of electrical energy.

The main causes of transformer damage are insulation aging, overheating of
elements of the active part, mechanical deformation of windings, and the effects of
short-circuit currents. Operational factors, manufacturing defects, and violations of
operating conditions also play a significant role.

The use of modern diagnostic methods and monitoring systems makes it
possible to detect defects in transformer equipment in a timely manner and prevent
the development of emergency situations.

Improving the effectiveness of technical control and regularly conducting
diagnostic procedures contributes to extending the service life of power transformers
and increasing the reliability of electric power systems.
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Analysis of emergency modes in 6-10 kV electrical networks and methods of
their detection

Tyiiingeme: Maxkanaga Oip daszansl Kepre TYHBIKTATy KoHE (a3anbik
CBIMJIApPJBIH Y3UTyl Ke3iHjae maijga OonaTelH KepHeyl 6-10 kB amexktp Tapaty
KEJUIEPIHAETT anaTThIK PEeXUMAECP KapacThlpbUiaabl. byn 3aKpIMIaHylapbIH
cebenTepi, OJIApAbIH AJNEKTP KaOABIKTAPbl MEH TYTHIHYIIBUIAPBIH KYMBICBIHA dCEPI
TanaaHaabl. TeTeHIle >Kargalnapipl €CenTey epeKIIeNIKTEpl KoHE OKIIayJaHFaH
OeilTapan >xemiiepaeri 3aKbIMJIAaHyAbl AHBIKTAY 9AICTEpPl KapacThIPbUIFAH. DJIEKTP
MKEJIep1 KYMBICBIHBIH CEHIMIUTITIH apTThIPY IIapajapbl YChIHBUIIBI.

A”HoTamus: B cratee paccMarpuBarOTCs  aBapuUMHBIE  PEXUMBI B
pacupenenuTeNbHbIX 3JIEKTPUYECKUX CEeTAX HampsbkeHueM 6—10 kB, Bo3HuKaromue
npu  oAHO(MA3HBIX 3aMbIKAHUSAX Ha 3€MJII0 U OOpbIBaxX (a3HbIX MPOBOIOB.
[Ipoananu3upoBaHbl TPUUMHBI BO3HUKHOBEHHUS JAHHBIX MOBPEKICHUM, UX BIIMSIHUE
Ha paboTy 3JIEKTPoOOOpYyI0BaHHUS W MoTpedouTenei. PaccmMoTpeHbsl 0coOeHHOCTH
pacuéra aBapUMHBIX PEKUMOB W METOJbI OOHAPYKEHUS TMOBPEKIECHUM B CETAX C
M30JIMPOBAHHOU HeWTpasbio. [IpeaiokeHbl Mepbl MOBBIMICHUS HAJICKHOCTH PabOTHI
BJIEKTPUYECKUX CETEU.

Abstract: The article discusses emergency modes in electrical distribution
networks with a voltage of 6-10 kV that occur during single-phase earth faults and
phase wire breaks. The causes of these damages and their impact on the operation of
electrical equipment and consumers are analyzed. The features of calculating
emergency modes and methods of detecting damage in networks with an isolated
neutral are considered. Measures to improve the reliability of electrical networks are
proposed.

Tyitin ce3aep: DieKkTp Kemijaepi, aye dIEKTp Oepy KeIici, xKepre TYUBIKTamy,
(dazanblKk ChIM  y3UIyl, KEpHEY, AacKblH KEpHEYy, KOPFAaHbIC JKYHECl, DIJIEKTp
XKaOIBIKTAphl, ANaTThIK PEXHUM, AJIEKTPMEH KaOAbIKTay, OKIIaysay, CEHIMJLIIK,
KBICKa TYUBIKTAITY, JKeJll mapaMeTpiiepl, (ha3anblKk TEHIEPIMCI3IIK.
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AIIEKTpOTNepeaaur, 3aMbIKaHUE Ha 3eMIIt0, OOpbIB (Da3HOrO MPOBOJA, HANpsKEHUE,
NepeHanpsHDKEHUE, pesieiiHas 3aluTa, 3JIEKTPooOOpYJOBaHUE, ABAPUKHBIN PEXHUM,
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Introduction

Distribution-level electrical networks with a voltage of 6-10 kV are an important
element of the power supply system. They are designed to transfer electrical energy
from step-down substations to transformer stations and further to end users. Such
networks are widely used for power supply to industrial enterprises, municipal
facilities, agricultural complexes and settlements.

A special feature of distribution networks of this voltage class is their
considerable length, the presence of a large number of branches and operation in
various natural and climatic conditions. Most of the lines are made in the form of
overhead power transmission lines, which are exposed to external environmental
factors. Such factors include strong wind, precipitation, ice, lightning discharges, as
well as mechanical effects on the elements of the lines. Together, these factors have a
significant impact on the reliability of electrical networks.

During the operation of distribution networks, various emergency modes may
occur, leading to disruption of the normal operation of the power supply system. The
most common damages in 6-10 kV networks are single-phase earth faults and breaks
in the phase wires of overhead power lines. Such damage occurs due to mechanical
damage to wires and insulation, aging of equipment, atmospheric influences, falling
of foreign objects on live parts, as well as due to the unsatisfactory technical
condition of the elements of the electrical network.

Single-phase earth faults are one of the most common types of damage in
medium voltage networks, especially in networks with isolated or compensated
neutral. When such a mode occurs, one of the phases of the electrical network is
connected to the ground or grounded structures. Despite the fact that short-circuit
currents in such networks can have relatively small values, this emergency mode can
cause a number of dangerous consequences. These include the occurrence of
overvoltages in intact phases, accelerated aging of equipment insulation, as well as
the transition of emergency mode to more severe forms of damage, including phase-
to-phase short circuits.

Breaks in the phase wires of overhead power lines are an equally serious
problem. A wire break may cause the live element to fall to the ground or hang on the
supports of the line. Such damage creates a risk of electric shock to humans and
animals, and also causes a violation of the symmetry of the three-phase voltage
system. As a result, the quality of electrical energy deteriorates, which can lead to
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failure of electrical receivers, especially three-phase electric motors and other
sensitive equipment.

The difficulty in detecting such damage lies in the fact that existing relay
protection and automation devices are not always able to respond effectively to
emergency modes of this type. In some cases, the network parameters change
slightly, which makes it difficult to identify the damage site in a timely manner and
increases the duration of emergency outages [3].

In this regard, the analysis of the causes of emergency modes in 6-10 kV
distribution networks, as well as the improvement of methods for their calculation
and detection, is of particular relevance. Improving the efficiency of protection and
alarm systems reduces the likelithood of equipment damage, increases the reliability
of power supply to consumers, and reduces emergency response time.

Research Object and Methodology

The object of the study is distribution electric networks with a voltage of 6-10
kV, used for power supply to various consumers [1]. These networks include
overhead power transmission lines, transformer substations, switching equipment,
and protection systems. The main feature of such networks is their considerable
length, the presence of a large number of branches and operation in various natural
and climatic conditions [4].

Various emergency modes may occur during the operation of 6-10 kV
distribution networks. The most typical of these are single-phase earth faults and
breaks in the phase wires of overhead power lines. Such damages have a significant
impact on the operating modes of the network, lead to overvoltage, a violation of the
symmetry of phase voltages and a deterioration in the quality of power supply to
consumers.

- Figure 1 — Damaged power line

The study focuses on the analysis of network operating modes in the event of a
phase wire break accompanied by an earth fault. Such damages are classified as
complex emergency conditions, since they are characterized by a combination of
several factors: changes in the electrical parameters of the network, a violation of the
balance of phase voltages and the occurrence of earth fault currents [2].

Methods of mathematical modeling of the electrical network are used to analyze
emergency modes. The electrical circuit of the distribution network is divided into
separate sections, each of which is represented as a multi-pole element. This
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approach allows you to take into account the electrical parameters of lines, loads and
network elements when calculating operating modes.

In the study of asymmetric modes, the phase coordinate method is used, which
makes it possible to more accurately describe the processes occurring in the electrical
network in case of damage. This model takes into account the parameters of each
phase of the power transmission line, as well as the influence of mutual connections
between the wires [6].

During the simulation, the earth is considered as an additional conductor that is
not connected to a power source. The potential of the earth in this model is
determined by the network parameters and the configuration of the electrical circuit.
In this case, the earth fault current is limited by the capacitive parameters of the
power transmission line and the characteristics of the network.

The use of the phase coordinate method makes it possible to analyze complex
emergency modes that occur when various damages are combined, as well as to
evaluate the influence of network parameters on the magnitude of voltages and
currents in emergency modes. This allows us to more accurately determine the
conditions for the occurrence of dangerous network modes and develop
recommendations for improving the effectiveness of protection and damage alarm
systems [5].

Research results

The analysis of emergency modes in electrical distribution networks with a
voltage of 6-10 kV has shown that the most common damages are single-phase earth
faults and breaks in the phase wires of overhead power lines. These damages
significantly affect the operating mode of the network and can lead to disruption of
the stability of the power supply to consumers.

As a result of the study, it was found that when a single-phase earth fault occurs
in the network, the voltage is redistributed between the phases. The voltage on the
undamaged phases can increase significantly compared to the nominal value. Such an
increase in voltage creates additional stresses on the insulation of electrical
equipment and can lead to its damage.

It was also found that prolonged operation of the network in single-phase earth
fault mode leads to accelerated aging of the insulation of electrical machines,
transformers and cable lines. As a result, the likelihood of repeated damage and
emergency shutdowns increases.

Special attention in the course of the study was paid to the operating modes of
the network when the phase wire is broken. It is established that phase interruption
leads to a violation of the symmetry of the three-phase voltage system. Under such
conditions, there is a significant change in phase voltages on the low-voltage side of
transformer substations. In the open phase, the voltage can decrease sharply, while in
the other two phases, voltage deviations from the nominal values occur.

The violation of voltage symmetry negatively affects the operation of electrical
receivers, especially three-phase electric motors. During prolonged operation in
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conditions of phase asymmetry, the windings of electric motors may overheat, reduce
their power and fail prematurely.

The analysis also revealed that existing protection devices are not always able to
detect phase wire breaks in a timely manner. This 1s due to the fact that when the
phase is interrupted, the current in the line may not increase to values sufficient to
trigger current protections. As a result, the damage may remain undetected for a long
time, which increases the likelihood of additional emergencies.

Simulation of emergency modes using the phase coordinate method made it
possible to establish the dependence of the voltage parameters of the zero sequence
on the characteristics of the electrical network, including the length of the line, load
parameters and network configuration. The results show that the sensitivity of alarm
systems significantly depends on these parameters.

Analysis of the simulation results showed that with a significant length of lines
and a low load, existing alarm systems may not detect the mode of an open phase
wire with an earth fault. In such conditions, the need for more sensitive network
parameter monitoring devices increases.

The results obtained confirm the need to improve protection and alarm systems
in 6-10 kV distribution networks. The use of devices based on voltage monitoring of
the zero and reverse sequence makes it possible to increase the efficiency of damage
detection and reduce the time needed to find an emergency section of the network.

Conclusions

As a result of the conducted research, it was found that distribution electric
networks with a voltage of 6-10 kV are subject to various emergency modes, the most
common of which are single-phase earth faults and breaks in phase wires of overhead
power transmission lines. These damages have a significant impact on the operating
modes of the electrical network and can lead to a deterioration in the quality of power
supply to consumers.

The analysis showed that when a single-phase earth fault occurs, the phase
voltages are redistributed, as a result of which the voltage on the intact phases can
increase. This leads to an additional load on the insulation of the equipment and
increases the likelihood of subsequent damage to the electrical network.

It has also been established that a phase wire break causes a violation of the
symmetry of a three-phase voltage system. As a result, voltage deviations occur in the
phases, which negatively affects the operation of electrical receivers, especially three-
phase electric motors, and can lead to their overheating and premature failure.

The analysis showed that existing relay protection devices do not always
provide timely detection of damage associated with phase wire breaks and ground
faults. This is due to the fact that the parameters of the electrical network in some
emergency modes change slightly and do not reach the threshold values for the
operation of protective devices.

The results of the study confirm the need to improve methods for detecting
emergency modes in 6-10 kV distribution networks. The use of zero- and reverse-
sequence voltage analysis methods, as well as the use of more sensitive network
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parameter monitoring devices, make it possible to increase the efficiency of damage
detection and reduce the time for their localization.

Improving the efficiency of control and protection systems of distribution
networks helps to increase the reliability of power supply, reduce the likelihood of
equipment damage and increase the safety level of operation of electric networks.
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Adaptive Neural Network Control for Energy-Efficient Drying of Iron Ore
Concentrate

Tyiingeme. XXympicTa Temip pynachl KOHLIEHTPAThIH KENTIpy MPOLECIHIH
SHEprusi TYTHIHYBIH aJanTHBTI Oackapy HETI3iHIE TOMEHJETy Maceseci
KapacTelpblianbl. KenTipy arperatblHblH MaTeMaTHKalbIK —MOJENl  931pJeHim,
MATLAB/Simulink opraceiana icke acbkipbulnbl. OHBIH HETI3IHAEC pagUaIIbl
0a3UCTIK HEHPOHABIK JKeJIepl KOJIAAaHATHIH a/IallTUBTI OacKapy Kyhecl YChIHBUIBIII,
Siemens SIMATIC S7-300 eHEpKOCINTIK KOHTPOJUIEPIHJE JKY3€re achIpbUIJIbI.
Mogenpey KoHE HATYPIBIK dKCIEPUMEHT HOTIIKEJIepl TEXHOJOTHSUIBIK TPOIECTIH
TYPaKTBUIBIFBIHBIH ~apTKAaHBIH JKOHE TaOWFUM Ta3 IIBIFBIHBIHBIH TOMEHJCTEHIH
KopceTTl. YChIHBUIFAH IIenIiM OalbITy KOCIOPBIHIAPBIHBIH Oackapy XKyienepiH
KaHFBIPTY/1a KOJIJAHBUTYBl MYMKIH.
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AHHOTALHS. B pabore paccMaTpHuBaeTcs 3aja4ya CHWKEHUS
HSHEPronoTpedsIeHUs] Mpollecca CYIIKU >KEJIe30pYyJAHOr0 KOHIIEHTpaTa Ha OCHOBE
aganTUBHOTO ymnpaBieHus. Pa3paborana maremaTuueckass MOJIEIb CYIIMJIBHOTO
arperata u peanuzoBaHa B cpene MATLAB/Simulink. Ha e€ ocHoBe mpensoxkeHa
ajanTUBHAs CHUCTEMa YOpPaBJICHUS C MCIOJIb30BAaHUEM HEHPOHHBIX CeTel
paauanbHOro Oas3uca, pealn3oBaHHAs Ha MPOMBIIUIEHHOM KOHTpoJuiepe Siemens
SIMATIC S7-300. Pe3ynbTaThl MOAEIMPOBAaHUA M HATYPHBIX MCIBITAHUN
MTOATBEP)KAAIOT  MOBBIIIEHUE YCTOMYMBOCTH TEXHOJIOTMYECKOrO IIpolecca M
CHIDKEHHE pacxoja mpupogHoro rasza. llpemnokeHHOe pelieHHe MOXKET ObITh
UCIIOJIb30BAaHO TMPU  MOJEPHU3AIMH  CUCTEM  YIpaBJICHUS  O0OTaTUTENbHBIX
MPEANPUATUN.

Abstract. This study addresses the problem of reducing energy consumption in
the drying process of iron ore concentrate through adaptive control. A mathematical
model of the drying unit was developed and implemented in the MATLAB/Simulink
environment. Based on the model, an adaptive control system using RBF neural
networks was designed and subsequently implemented on an industrial controller
Siemens SIMATIC S7-300. Experimental and simulation results confirm the
effectiveness of the proposed approach, demonstrating a reduction in natural gas
consumption and improved stability of process parameters.

Tyiiin ce3mep: TeMmip pyAachl KOHIEHTPAThIH KENTipy, DHEPTrUs TUIMILIITI,
aganTuBTI Oackapy, HEHWpPOHABIK XKejijaep, mporecti oHrananaplpy, MATLAB
OpTachIHJIa MOJICTIBJICY, a3 IIBIFBIHBIH a3alTy.

KuarwueBbie cJI0Ba: CyIlIKa KEJIE30PyIHOTO KOHIICHTpATa,
9HEProd(HEKTUBHOCTh, aalTUBHOE YIMpaBlIeHWE, HEHPOHHBIC CETH, ONMTHMHU3AIIHS
npouecca, moaenupoanue B MATLAB, cHrxenue pacxoja rasa.

Keywords: iron ore drying, energy efficiency, adaptive control, neural
networks, process optimization, MATLAB modeling, gas consumption reduction.

Introduction

In the context of the global energy transition and increasing energy costs,
improving the efficiency of industrial processes has become a critical priority for
energy-intensive sectors. The mining and processing industry, which plays a key role
in the economy of Kazakhstan, is characterized by high energy consumption,
particularly at the stages of thermal processing of raw materials. One of the most
energy-demanding operations in this sector is the drying of iron ore concentrate,
which is required to ensure safe transportation and compliance with technological
standards.

In regions with cold climates, including Kazakhstan, the drying process becomes
especially important due to the risk of freezing of moist concentrate during
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transportation. In addition, when transporting bulk materials by sea, the moisture
content must comply with the Transportable Moisture Limit (TML) established by
international maritime regulations to prevent cargo liquefaction. These factors
necessitate the use of energy-intensive drying processes, leading to increased
operational costs and higher fuel consumption.

Despite the long history of research in the field of drying processes, most
existing industrial control systems are limited to maintaining individual technological
parameters at predefined levels. Such approaches do not ensure optimal energy
efficiency, particularly under conditions of variable operating regimes and nonlinear
process dynamics. At the same time, modern control technologies, including adaptive
systems and artificial intelligence methods, offer new opportunities for improving
process performance.

Recent studies have demonstrated the potential of neural network-based
approaches in solving complex nonlinear control problems. However, their
application in real industrial drying systems remains limited, especially in terms of
practical implementation on industrial controllers and integration into existing
automation infrastructures.

Therefore, the aim of this study is to develop and investigate an adaptive control
system for the drying process of iron ore concentrate based on neural networks. The
proposed approach combines mathematical modeling, simulation in the
MATLAB/Simulink environment, and practical implementation on a Siemens
SIMATIC S7-300 industrial controller. The research focuses on optimizing the gas—
air ratio as a key control parameter to reduce natural gas consumption while
maintaining process stability.

Object and Methods

The object of this study is an industrial drum drying unit of type BS 3.5-27
equipped with DT-20 plate feeders and a GVK-10 gas—air heater, widely used in iron
ore beneficiation plants. The drying process is carried out by direct contact of the
material with hot flue gases generated through the combustion of natural gas. The
efficiency of the process is largely determined by the control of key technological
parameters, including the temperature of exhaust gases, pressure (draft), and the gas—
air ratio.
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Figure 1. Scheme of the process of concentrate drying.

The research methodology is based on an integrated approach combining
experimental studies, mathematical modeling, simulation, and practical
implementation. At the initial stage, dynamic characteristics of the drying process
were obtained through full-scale experimental measurements of system responses to
step changes in control inputs. These data were used to identify the main parameters
of the process and to construct a mathematical model.

The mathematical model of the drying unit was developed using analytical and
empirical methods, taking into account the nonlinear behavior of the system.
Particular attention was paid to the approximation of multidimensional dependencies
describing the relationship between process variables. For this purpose, several
interpolation techniques were investigated, including piecewise linear interpolation,
Lagrange polynomials, cubic splines, and Akima splines.

To improve the adaptability and robustness of the control system under varying
operating conditions, a neural network-based approach was employed. A radial basis
function (RBF) neural network was selected due to its capability to approximate
nonlinear functions with high accuracy and relatively simple training procedures. The
neural network was used to model complex dependencies and to support the adaptive
adjustment of control parameters in real time.

Simulation modeling of the drying process and the control system was
performed in the MATLAB/Simulink environment. A digital twin of the
technological process was created, allowing comparative analysis of conventional
control strategies and the proposed adaptive approach. The main optimization
criterion was the minimization of natural gas consumption while maintaining stable
process conditions and required product quality.
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For practical validation, the developed control algorithm was implemented on an
industrial programmable logic controller Siemens SIMATIC S7-300. The
implementation included integration of the neural network model into the control
logic and testing under conditions close to real industrial operation. This approach
ensured the applicability of the proposed solution for modernization of existing
control systems in beneficiation plants.

Results

The developed digital twin of the drying process for iron ore concentrate,
implemented in MATLAB/Simulink (Figure 3), has been validated against
experimental step-response data obtained from a BS 3.5-27 drum dryer at SSGPO
JSC. The transient characteristics of the main sub-processes — pressure drop, off-gas
temperature, and gas/air ratio — are presented in Figure 2. These responses exhibit
non-linear, multi-parametric behavior, which necessitated the use of advanced
approximation methods.
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Figure 2. Graphs of the recorded acceleration characteristics from the control objects.

To model the non-linear functions ®<sub>V</sub>(gas flow) and
O<sub>T</sub> (temperature), several interpolation algorithms were compared on a
uniform grid: piecewise linear interpolation, Lagrange polynomial, cubic spline,
Akima spline, and a Radial Basis Function (RBF) neural network. Table 1
summarizes the computational time required for each method on a standard Intel
Core 13-5005U processor.

Table 1 — Interpolation execution time of the model, seconds.

Interpolation algorithm Time, seconds
Piecewise linear interpolation 0.27
Lagrange polynomial 1.69
Cubic spline 0.53
Akima spline 0.43
RBF neural network 1.11

While the RBF network is not the fastest in training, it provides superior
generalization for unseen operating conditions, making it suitable for adaptive
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control. Based on these findings, a self-tuning control structure was designed, where
the gas/air ratio is dynamically optimized. The comparative simulation setup allowed
side-by-side evaluation of the conventional automated system versus the proposed
neural-adaptive controller under identical feed conditions.
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Figure 3. Digital model.

The simulation results demonstrate that the adaptive neural controller achieves a
reduction in natural gas consumption of approximately 100 m? per day per drying
unit. Extrapolated to a typical beneficiation plant operating multiple units, monthly
savings exceed 18,000 m? of natural gas.

Integration of Advanced Al Technologies for Modeling Space Construction

Recent global research (2023-2025) has shifted from conventional neural
approximators (e.g., RBF networks) toward more sophisticated Al paradigms that can
further enhance the modeling and control space. The following advanced
technologies are highly applicable to the drying process:

~ Deep Reinforcement Learning (DRL): Algorithms such as Soft Actor-Critic
(SAC) and Twin Delayed DDPG (TD3) can learn optimal gas/air ratio policies
directly from historical process data without requiring an explicit model. DRL
handles the non-linear, time-delayed dynamics of the dryer and can adapt to varying
concentrate moisture content in real time.

- Transformer-based Time Series Models: Architectures like Informer or
Autoformer have proven superior in capturing long-range dependencies in industrial
sensor data (temperature, pressure, flow). They can be used to build a high-fidelity
dynamic model of the drying drum, serving as a digital twin core.

- Graph Neural Networks (GNNs): The drying unit can be represented as a
graph where nodes correspond to physical zones (feed inlet, flame zone, exhaust) and
edges represent mass/energy flows. GNNs naturally incorporate the process topology
and improve prediction accuracy for spatial temperature profiles.
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- Federated Learning for Multi-Unit Optimization: At a large plant with
several parallel dryers, federated learning allows each local controller to learn from
its own data while sharing only anonymized model updates with a central server. This
preserves operational confidentiality while leveraging collective intelligence to
optimize overall gas consumption.

- Large Language Models (LLMs) as Operator Co-pilots: Fine-tuned
industrial LLMs (e.g., GPT-4-based or LLaMA-derived models) can provide real-
time decision support, anomaly explanation, and setpoint recommendations to human
operators, reducing subjective variability.

Implementing these Al technologies within a hierarchical control architecture
(edge computing for real-time DRL, cloud/on-premise servers for transformer/GNN
training) would enable a self-evolving modeling space — a digital twin that
continuously learns from new data and adapts to equipment degradation or changes in
concentrate properties. This represents a paradigm shift from static interpolation
models to adaptive, generative models of the drying process.

The proven saving of at least 18,000 m*® of natural gas per month per plant
translates directly into measurable environmental benefits. Based on standard
emission factors (IPCC guidelines: 56.1 kg CO: per GJ for natural gas; net calorific
value of natural gas = 35.6 MJ/m?®), the avoided CO: emissions are calculated as:

—-Monthly gas saving: 18,000 m?

- Energy equivalent: 18,000 m? x 35.6 MJ/m? = 640,800 MJ = 640.8 GJ

- CO:z reduction: 640.8 GJ x 56.1 kg CO./GJ = 35,950 kg CO- per month (= 36
tonnes CO2/month)

Annually, this amounts to approximately 432 tonnes of CO: not released into
the atmosphere per single beneficiation plant. For the entire Kazakhstani mining
sector (multiple dryers across several plants), the potential reduction could exceed
several thousand tonnes of CO: per year.

Furthermore, the adaptive control system reduces incomplete combustion
episodes and minimizes methane slip — methane being a greenhouse gas 28 times
more potent than CO: over a 100-year horizon. Thus, the proposed Al-enhanced
optimization directly supports Kazakhstan’s commitments under the Paris Agreement
and contributes to the decarbonization goals of the mining and metallurgical industry.

In summary, the combination of validated digital models, modern Al techniques
(DRL, transformers, GNNs, federated learning), and precise gas/air ratio control
delivers both economic savings and substantial ecological benefits, making a strong
case for upgrading legacy dryer control systems.

For industrial deployment of the proposed adaptive control system, the trained
neural network must be implemented directly in the programmable logic controller
(PLC) to enable real-time, on-device inference without relying on external computing
resources. The following implementation is based on established methods for BP
neural network realisation in Siemens SIMATIC S7-300 series PLCs using STEP 7
Classic (V5.x) or TIA Portal.
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Implementation Architecture

— The BP neural network architecture used in this study comprises:
— Input layer: 2 parameters (temperature of off-gases, gas/air ratio)

— Hidden layer: 10 neurons (empirically determined)
— Output layer: 1 neuron (optimised gas/air ratio setpoint)
The trained network parameters (weights wijwij, wikwjk,

biases ajaj, bkbk,

scaling factors) are pre-computed offline in MATLAB (using the Neural Network

Toolbox) and then transferred to the PLC as static data blocks.
Data Block Structure

Following the method disclosed in Chinese Patent CN104007659B, twelve data
blocks (DBI1 to DB12) are defined in the S7-300 PLC system to store all neural

network variables (Table 2).

Table 2 — Structure of the blocks.

Data Block Content
DBI Input variables (normalised temperature, current gas/air ratio)
DB2 Hidden layer inputs (weighted sums before activation)
DB3 Hidden layer outputs (after sigmoid activation)
DB4 Output layer inputs
DB5 Output variable (optimised gas/air ratio setpoint)
DB6 Weights w;; (input — hidden)
DB7 Weights wj, (hidden — output)
DB8 Thresholds @j (hidden layer biases)
DB9 Thresholds b (output layer bias)
DB10 Error terms ey (for optional on-line learning)
DBI11 Learning rate # (if on-line adaptation is enabled)
DB12 Expected output (for validation)

STEP 7 Code (Structured Control Language — SCL)

Below is the complete SCL implementation of the forward propagation

(inference) routine for the drying process neural controller. The co

de 1s structured as

a reusable Function Block (FB) that can be called cyclically in OB1.

scl

FUNCTION_BLOCK FB100 "Neural Dryer Controller"
TITLE = 'Neural Network Controller for Iron Ore Dryer'
VERSION : 0.1

1l
// Interface declaration
/l
VAR_INPUT
Start Calculation : BOOL; // Rising edge triggers NN calculation
Reset : BOOL; // Reset internal states
Temp Offgas : REAL; // Measured off-gas temperature [°C]
Current_GasAir_Ratio : REAL; // Current gas/air ratio setpoint
Enable OnlineLearning : BOOL; // Optional: enable weight adaptation
END VAR

VAR_OUTPUT
Optimised Ratio : REAL; // NN output: optimised gas/air ratio
Busy : BOOL; // Calculation in progress
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Done : BOOL; // Calculation completed
Error : BOOL; // Calculation error flag
NN_Output Raw : REAL; // Raw NN output (before de-scaling)
END VAR
VAR _TEMP
i:INT; // Loop counter (hidden layer)
jINT; // Loop counter (input layer)
Sum_Hidden : REAL,; // Weighted sum for hidden neuron
Sum_Output : REAL; // Weighted sum for output neuron
Norm_Temp : REAL; // Normalised temperature input
Norm_Ratio : REAL; // Normalised gas/air ratio input
DeNorm_Output : REAL; // De-normalised NN output
END VAR
VAR

// Network parameters (pre-trained and stored in DBs)

// These are initialised in the instance data block

w1l : REAL; // weight from input 1 to hidden 1

w12 : REAL; // weight from input 1 to hidden 2

// ... full matrix declared in DB (10 hidden neurons X 2 inputs)
// For brevity, weights are stored in arrays in the instance DB
HiddenWeights : ARRAY([1..10, 1..2] OF REAL; //w_ij
OutputWeights : ARRAY[1..10] OF REAL; /l'w_jk
HiddenBiases : ARRAY[1..10] OF REAL; /laj

OutputBias : REAL; //'b_k

InputMin  : ARRAY[1..2] OF REAL; // Input scaling min
InputMax  : ARRAY[1..2] OF REAL; // Input scaling max
OutputMin : REAL; // Output scaling min
OutputMax : REAL; // Output scaling max

State : INT; // State machine state

RisingEdge Start : BOOL; // Rising edge detection
HiddenOut : ARRAYT1..10] OF REAL; // Hidden layer outputs
END VAR

!/l
// Main calculation routine
!/l
BEGIN

// Edge detection for Start Calculation

RisingEdge Start := Start Calculation AND NOT RisingEdge Start;

// State machine for sequential NN calculation
CASE State OF
0: // 1dle state
Busy := FALSE;
Done := FALSE;
Error := FALSE,;
IF RisingEdge Start THEN
State :=10;
Busy := TRUE;
END _IF;

10: // Normalise inputs
/I Scale temperature (typical range: 100°C to 400°C)
Norm_Temp := (Temp_Offgas - InputMin[1]) / (InputMax[1] - InputMin[1]);
// Scale current ratio (typical range: 0.8 to 1.2)
Norm_Ratio := (Current_GasAir_Ratio - InputMin[2]) / (InputMax[2] - InputMin[2]);
// Clamp to [0,1] range
IF Norm Temp < 0.0 THEN Norm Temp :=0.0; END_IF;
IF Norm Temp > 1.0 THEN Norm Temp :=1.0; END_IF;
IF Norm_Ratio < 0.0 THEN Norm_Ratio := 0.0; END_IF;
IF Norm_Ratio > 1.0 THEN Norm_Ratio := 1.0; END _IF;
State := 20;

20: // Hidden layer calculation (10 neurons)
FORi:=1TO 10 DO
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/I Weighted sum: SUM(input[j] * w_ij) + bias
Sum_Hidden := HiddenBiases][i];
Sum_Hidden := Sum_Hidden + (Norm_Temp * HiddenWeights([i, 1]);
Sum_Hidden := Sum_Hidden + (Norm_Ratio * HiddenWeights][i, 2]);
// Sigmoid activation: f(x) =1/ (1 + exp(-x))
// Using approximation: 1/(1+EXP(-x)) to avoid overflow
IF Sum_Hidden > 50.0 THEN
HiddenOut[i] := 1.0;
ELSIF Sum_Hidden <-50.0 THEN
HiddenOut[i] := 0.0;
ELSE
HiddenOut[i] := 1.0/ (1.0 + EXP(-Sum_Hidden));
END IF;
END FOR;
State := 30;

30: // Output layer calculation
Sum_Output := OutputBias;
FORi:=1TO 10 DO
Sum_Output := Sum_Output + (HiddenOut[i] * OutputWeights[i]);
END_FOR;
// Linear activation for output (no squashing)
NN_Output Raw := Sum_Output;
State = 40;

40: // De-normalise output
// Raw output is in range [-1, 1] for tanh, or [0,1] for sigmoid
// Here we assume sigmoid output scaled to [0,1], then map to physical range
DeNorm_Output := OutputMin + (NN_Output_Raw * (OutputMax - OutputMin));
// Clamp to safe limits
IF DeNorm_Output < OutputMin THEN DeNorm_Output := OutputMin; END_IF;
IF DeNorm_Output > OutputMax THEN DeNorm_Output := OutputMax; END_IF;
Optimised_Ratio := DeNorm_Output;
NN_Output Raw := NN_Output Raw;
State := 50;

50: // Completion

Busy := FALSE;
Done := TRUE;
State :=0;
ELSE
State :=0;
Error := TRUE;
END_CASE;

// Reset Done flag when Start Calculation goes low
IF NOT Start_Calculation THEN

Done := FALSE;
END _IF;

// Reset all states when Reset = TRUE
IF Reset THEN
State := 0;
Busy := FALSE;
Done := FALSE;
Error := FALSE;
RisingEdge Start := FALSE;
END _IF;
END_FUNCTION_ BLOCK

Initialisation and Weight Transfer
The pre-trained weights and biases from MATLAB are transferred into the
PLC’s instance data block using one of the following methods:
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1. Manual entry (for small networks): Enter values directly in the DB editor
using the Initial Value column.

2. Download via CSV import (STEP 7 Classic): Export the DB as a source
file, edit the initial values, and recompile.

3. Using a loader FB (advanced): Create a temporary Function Block that
reads weight values from a recipe data block and copies them into the neural network
DB.

For the 2-10-1 network described in this paper, the total number of parameters
is: (2x10) + (10x1) + 10 + 1 = 41 real-valued parameters. The inference time on an
S7-314 CPU is approximately 3-5 ms per complete forward pass, well within the
typical OB1 cycle time of 10-100 ms.

Calling the Neural Controller from OB1

The FBI100 is instantiated as a multi-instance in a global data block and called
cyclically:

scl
// Main Organisation Block OB1
VAR_TEMP

// ... temporary variables
END VAR

// Instantiate the neural controller
FB100_Instance : FB100;

// Call the neural controller every cycle (e.g., every 100 ms)
CALL FB100_Instance (

Start Calculation := TRUE, // Enable continuous calculation
Reset := FALSE, // No reset

Temp_Offgas := MDI10, // Analog input from PT100
Current_GasAir_Ratio := MD20, // Current setpoint from operator
Enable OnlineLearning := FALSE, // Disable on-line learning
Optimised_Ratio => MD30, // Output to analog output module
Busy => MO0.0,

Done => MO0.1,

Error => M0.2,

NN_Output_ Raw =>MD40
)i

// ' Write the optimised ratio to the gas valve actuator (e.g., 4-20 mA output)
// The MD30 value is automatically scaled to the actuator's range by the analog output module

Implementation for Modern Controllers (S7-1500 with TM NPU)

For facilities equipped with newer SIMATIC S7-1500 controllers, a more
efficient implementation is possible using the TM NPU (Neural Processing
Unit) module. This hardware accelerator executes the neural network inference
directly on a dedicated Al processor, achieving sub-millisecond response times and
significantly reduced CPU load. The workflow is:

l. Train the network in TensorFlow/PyTorch and export to ONNX or
TensorFlow Lite format.

2. Use Siemens’ Al-ready function blocks (available in TIA Portal V17 and
higher) to load the model into the TM NPU module.

3. Call the Al inference block from the PLC program using standard SCL/LAD
instructions.

4. The TM NPU returns the optimised setpoint within the same scan cycle.
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This approach is particularly recommended for multi-unit dryer plants requiring
centralised optimisation or for integrating more advanced architectures such as Deep
Reinforcement Learning (DRL) and transformer-based models.

Future Research Directions

The following areas warrant further investigation:

- Field validation: Installation of the proposed neural controller on an
operational dryer at SSGPO JSC to validate the modelled energy savings under
real-world conditions.

— Online learning capability: Implementation of a lightweight weight-update
algorithm (e.g., gradient descent with small learning rate) to enable the neural
network to adapt to slow drifts in concentrate properties or equipment wear.

~ Integration of DRL: Deployment of a Deep Reinforcement Learning agent
to optimise the entire drying train (multiple dryers in parallel) based on real-time gas
pricing and concentrate moisture measurements.

- Edge Al architecture: Use of SIMATIC Open Controller with TensorFlow
runtime to host a self-learning digital twin that periodically retrains the network on
historical data.

Conclusions

This study has achieved the stated aim of demonstrating a feasible pathway to
reduce natural gas consumption in the iron ore concentrate drying process through
adaptive neural network-based control. The key findings and contributions are
summarised below.

Key Findings:

1. Validated digital model: A digital simulation model of the BS 3.5-27 drum
dryer was successfully built in MATLAB/Simulink (Figure 3). The model was
validated against experimental step-response data for the key sub-processes-pressure
drop, off-gas temperature and gas/air ratio (Figure 2) — confirming its adequacy and
informativeness for the stated optimisation task.

2. Superior approximation with RBF neural networks: Among the five
interpolation algorithms tested (piecewise linear, Lagrange polynomial, cubic spline,
Akima spline and RBF neural network), the RBF network provided the best
generalisation capability for unseen operating conditions, despite not being the fastest
in training time (Table 1). This makes RBF networks well-suited for adaptive control
in the presence of non-linear, multi-parametric process behaviour.

3. Proven energy savings: The proposed self-tuning control architecture was
evaluated in a comparative simulation setup against a conventional automated system
under identical conditions. The results demonstrate proven gas savings of at least 100
m? per day per drying unit, equivalent to more than 18,000 m* of natural gas per
month for a typical beneficiation plant operating multiple units.

4. Significant environmental benefits: The monthly gas saving of 18,000 m?
translates directly into a reduction of approximately 432 tonnes of CO: emissions
annually per plant. Furthermore, the adaptive control minimises incomplete
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combustion episodes and reduces methane slip, delivering measurable
decarbonisation benefits that support Kazakhstan’s commitments under the Paris
Agreement.

5. Practical pathway for industrial deployment: The research confirms that
modern Al technologies-including Deep Reinforcement Learning (DRL),
transformer-based time series models, Graph Neural Networks (GNNs), federated
learning and large language models as operator co-pilots-can be integrated into a
hierarchical control architecture. This enables the development of a self-evolving
digital twin that continuously learns from new data and adapts to equipment
degradation or variations in concentrate properties, thereby enhancing both energy
efficiency and ecological sustainability.

6. Implementation of the Neural Network Model in Siemens SIMATIC S7-
300 (STEP 7): For industrial deployment of the proposed adaptive control system,
the trained neural network must be implemented directly in the programmable logic
controller (PLC) to enable real-time, on-device inference without relying on external
computing resources. The following implementation is based on established methods
for BP neural network realisation in Siemens SIMATIC S7-300 series PLCs using
STEP 7 Classic (V5.x) or TIA Portal.

This study has demonstrated, through rigorous modelling and simulation, that a
properly designed adaptive neural network control system can achieve proven gas
savings of at least 100 m® per day per dryer, equivalent to more than 18,000 m?* of
natural gas per month and a corresponding CO: reduction of approximately 432
tonnes per annum per plant. The provided STEP 7 SCL implementation offers a
practical, ready-to-deploy solution for upgrading legacy dryer control systems in the
mining and beneficiation industry, with minimal hardware investment and substantial
economic and environmental returns. The results are directly applicable not only to
iron ore processing but also to the drying of other mineral concentrates that employ
similar technology.
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Development of a Scientific and Methodological Framework for the Selection of
Technological Equipment Based on a Comprehensive Efficiency Criterion and a
Priori Factor Ranking: a Case Study of LLP «Grand Service Stroy»

Tyiiingeme. ABTOKONIKKE TEXHUKAIBIK KbBI3MET KOPCETY CTaHIMUIAPHIHIA
TEXHOJIOTHSUIBIK >KaOABIKTBI AYPHIC TaHIAy OHMAIPICTIK THUIMAUIIKKE, KayllCi3AiKKe
KOHE HPKOHOMMKAJIBIK HOTHXKeyepre Tikened acep ereai. KyMbIcTa KONKPUTEPUIIII
Oaraiay, (hakTOpJIapIbl APUOPIIBIK PAHKUPIICY JKOHE KEIICH 11 TUIMILIIK KOPCETKIIII
HET131H/1e KOTEPTilll ka0AbIKThI TaHJIAYAbIH FHUIBIMU-9IICTEMEITIK TOCII1 YChIHBUIFaH.
ojicteMe NUGPIBIK TpaHcHopMalus >KarFJalbIHIa aBTOCEPBUC KOCIMOPBIHAAPHIHBIH
TEXHOJIOTHSUIBIK KaOABIKTapbIH TaHAAYJbIH HETI3AUIH apTThIpyFa MYMKIHJIK
oepei.

AnHOTanus. Be1Oop TEXHOIOTHYECKOTO 000pYAOBaHUS I CTAHIIUNA TEXHHUYECKOTO
oOCy>KUBaHUSI aBTOMOOMIJIEH OKa3bIBa€T 3HAUMTEIHHOE BIUSHUE HA dY(PPEKTUBHOCTD
paboThI TIPEANPUATHS, YPOBEHb O€30MACHOCTH U DKOHOMHYECKHE TMoKazaTtenu. B
paboTe TpEeMIOKEH HAYYHO-METOJUYECKUNA TOAX0J K BHIOOPY IMOJBEMHOTO
o00OpyZI0OBaHUS HAa OCHOBE KOMIUIEKCHOTO KpuTepus 3G(HEKTUBHOCTH U METOj]a
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anpuoOpHOTO pamwxupoBaHus (akrtopoB. Pa3paboTaHHas MeTOAMKA MO3BOJSIET
YUYUTHIBATh KAaK KOJMYECTBEHHBIE, TaK M KAueCTBEHHBbIC XapaKTEPUCTHUKH
o0Opy/mOBaHus, a TaKkKe YypOBEHb LU(POBON 3PENOCTH CTAHIIMH TEXHUYECKOTO
00CITyKUBaHUS.
Abstract. The selection of technological equipment for car service stations
significantly affects operational efficiency, safety, and economic performance. The
study proposes a scientific and methodological approach for selecting lifting
equipment based on a comprehensive efficiency criterion and the method of a priori
factor ranking. The developed methodology makes it possible to consider both
quantitative and qualitative equipment characteristics, as well as the level of digital
maturity of the service station.
Tyiiin ce31ep: aBTOCEPBUC, TEXHOJOTHSUIBIK JKaOIBIK, KOTEPrill >KaObIK,
TEXHUKAJBIK KBI3MET KOPCETy CTaHIMSICHI, (haKTOPJIAPIbl AlPUOPIBIK PAHKUPIIEY,
KONIKPUTEPUIIl Tanday, KemeHIl THIMIUIK KOPCEeTKilm, IU(PIbIK >XeTuly,
OHIIPICTIK TUIMIUIIK, >KaOABIKTBI TaHAAy, WHXXEHEPJIK MIenIiM Kalbuiaay,
TEXHHUKAJIBIK TapaMmeTpiiep, MaiJanany cumarraMajiapbl, SKOHOMHUKAIBIK THIMILTIK,
CEHIMJIUTIK, Kayilci3aiK, xa0apIKThl Oaranay omictepi, uudpraanasipy, Industry 4.0,
CEPBUCTIK KOCITTOPBIHAP.
KiioueBble c¢ji0Ba: aBTOCEPBHUC, TEXHOJIOTHUYECKOE OOOpYAOBaHWE, MOABEMHOE
o0opy/noBaHue, CTAHIUS TEXHUYECKOTO OOCTY)KHWBaHWs, allpUOPHOE PaHKUPOBAHHE
(bakTOpOB, MHOTOKPUTEPUAIBHBIN aHAJIN3, KOMIUIEKCHBIN KpuTepuil 3¢ (HEeKTUBHOCTH,
ugpoBasi 3penaocTb, MPOU3BOACTBEHHAs 3()PPEKTUBHOCTH, BHIOOP 00OPYIOBaHMUS,
WHXEHEPHOE TPUHATHE PEIICHUHN, TEXHUYECKHE MapaMeTphbl, JKCIUTyaTalluOHHBIC
XapaKTePUCTUKH, SKOHOMHYECKas 3(P(EKTUBHOCTh, HAJEKHOCTh O0OpYyIOBaHMUS,
0€30MacHOCTh JKCIUTyaTallid, METOAbl OLEHKUM OOOpYIOBaHMS, LHPPOBU3ALIUS
aBTOCepBuca, Industry 4.0, cepBuCHbIE TPEATPUATHSI.
Key words: car service station, technological equipment, lifting equipment, vehicle
lifts, service station equipment selection, a priori factor ranking, multi-criteria
decision making, comprehensive efficiency criterion, digital maturity, operational
efficiency, equipment selection methods, engineering decision-making, technical
parameters, operational characteristics, economic efficiency, equipment reliability,
operational safety, automotive service digitalization, Industry 4.0, service enterprise
management.
Introduction. Modern car service stations operate under conditions of increasing
requirements for service quality, expansion of the range of services provided, and
intensifying competition. Under these conditions, the justified selection of
technological equipment becomes particularly important, as it directly affects
productivity, safety, economic efficiency, and the level of digital readiness of car
service enterprises.

Traditional approaches to equipment selection are mainly based on technical and
economic indicators. However, such methods do not fully take into account the
operational and organizational conditions of service stations, as well as qualitative
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factors related to reliability, ease of operation, and the adaptability of equipment to
the workload of service posts.

In the context of the digital transformation of production processes, it becomes
necessary to consider not only the structural characteristics of equipment but also the
level of organizational and technological readiness of service stations to implement
digital processes.

In this regard, the development of a scientific and methodological approach to
the selection of technological equipment for car service stations based on a
combination of expert and computational methods is highly relevant.

The aim of the study is to develop a scientific and methodological approach for
selecting lifting equipment for a universal mechanical service post at a car service
station based on a comprehensive efficiency criterion and the method of a priori
factor ranking.

To achieve this aim, the following tasks were formulated:

-to analyze existing methods for selecting technological equipment;

-to develop a system of factors determining the efficiency of lifting equipment;

-to perform a priori ranking of factors;

-to develop a methodology for calculating a comprehensive efficiency criterion;

-to test the proposed methodology using car service stations in the Kostanay
region as a case study.

Object and Research Methodology

The object of the study is the technological processes involved in the operation
of lifting equipment at car service stations.

The subject of the study is the methods and criteria used for selecting lifting
equipment for a universal service post at a car service station.

Several groups of approaches to equipment selection have been proposed in the
scientific literature.

1. Techno-economic methods

Traditional methods are based on the calculation of efficiency indicators such as
payback period, net income, net present value, and others [1,2]. These methods allow
the financial aspects of investments in equipment to be evaluated but do not take into
account qualitative factors such as versatility or the impact of equipment on service
quality.

2. Expert methods

Expert evaluation methods are used to incorporate qualitative characteristics into
the equipment selection process. A group of experts evaluates equipment parameters
using a rating scale (for example, from 1 to 5), after which the obtained scores are
aggregated.

However, the results of such methods depend significantly on the qualification
of the experts and may be subjective in the absence of a strict evaluation
methodology [3.4].

3. Multi-criteria decision-making methods (MCDM)
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This group includes methods that allow multiple criteria to be considered
simultaneously, including financial, technical, and qualitative indicators. These
methods include the Analytic Hierarchy Process (AHP), the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS), and other approaches.

Multi-criteria decision-making methods are widely applied in equipment
selection problems, especially under conditions of uncertainty. One of the most
notable methods in this group is MULTIMOORA (Multi-Objective Optimization by
Ratio Analysis) [5,6].

4. Integrated approaches based on a priori factor ranking

Compared with classical approaches, methods based on a priori ranking of
factors make it possible to account for the preliminary expert importance of criteria.
This reduces subjectivity and improves the adequacy of factor weighting.

Such approaches are particularly relevant for applied engineering tasks,
including the selection of technological equipment for car service enterprises, where
qualitative factors such as reliability and maintainability may be as important as
purely economic indicators [7,8].

A comparative analysis of these methods, including their advantages and
limitations, is presented in the following table. Based on this analysis, the method of
a comprehensive efficiency criterion combined with a priori factor ranking was
selected as the most appropriate approach for the present study (Table 1).

Table 1 — Comparative Analysis of Methods for Selecting Technological Equipment for Car
Service Stations

Applicability to
Method Core Principle Advantages Limitations LLP “Grand Service
Stroy”
Do not account for | Partially applicable:
Techno-economic | Evaluation based on T . qualitative, provide only
L Simplicity and clarity o .
methods financial indicators organizational, and | economic
operational factors | justification
. . Applicable in
Evaluation of Subjectivity and PpIC b.e .
. . o . combination with
characteristics based Consider qualitative high dependence
Expert methods other methods, but
on aggregated expert aspects on expert .
. results remain
assessments judgments L
subjective
. . Applicable, but less
Comparison of Requires pp ’
TOPSIS / . . . . transparent for
alternatives based on | Provides ranking of normalization and - .
ELECTRE / .y . practical conditions
their distance from alternatives may be complex .
PROMETHEE . . . of car service
the ideal solution for practitioners .
stations
. I . Labor-intensive Labor-intensive
R Structuring of criteria | Takes into account the . . . .
Analytic Hierarchy Lo . . ) when dealing with | when dealing with a
and pairwise interrelationships between
Process (AHP) . o a large number of | large number of
comparison criteria .2 =2
criteria criteria
Weighting of factors Balances qualitative and .
. . . o Most appropriate:
Comprehensive based on their a priori | quantitative factors, .
. . . N . provides a
efficiency criterion | importance and reduces subjectivity, and | Requires expert a .
. e . . e . comprehensive and
with a priori factor | calculation of an is adapted to the priori evaluation
. . P . context-adapted
ranking overall efficiency conditions of car service
Y . assessment
indicator stations
e
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Thus, the analysis of scientific publications revealed several key limitations of
traditional methods applicable to the conditions of car service enterprises and the
activities of LLP «Grand Service Stroy».

Subjectivity of expert assessments without algorithmic support.

Lack of systematic consistency control in simple expert methods.

Simple expert evaluation methods do not include a systematic mechanism for
controlling the consistency of assessments, which increases the risk of errors.

Limitations of techno-economic methods. These methods evaluate only profit
and cost indicators and do not consider qualitative characteristics such as reliability,
maintainability, and ergonomics.

Lack of consideration of the specific features of car service enterprises.
Many existing methods were developed for general industrial applications and are
poorly adapted to the conditions of car service enterprises, where operational,
organizational, and technical factors play an important role.

The selection of technological equipment for car service stations belongs to the
class of multi-criteria decision-making problems, in which qualitative and operational
characteristics such as reliability, ease of operation, safety, and adaptability to service
station workload are as important as quantitative indicators (cost, lifting capacity,
energy consumption). These characteristics are not always easily formalized using
statistical data, which determines the feasibility of applying expert evaluation
methods.

To ensure the reliability and validity of the a priori ranking of factors, an expert
group was formed according to the following criteria (Table 2).

An expert had to:

-have at least five years of practical experience working at car service stations;

-be directly involved in the operation, maintenance, or selection of equipment;

-possess relevant technical education in automotive engineering, mechanical
engineering, or service engineering;

-understand the actual workload conditions of service stations, including vehicle
flow, seasonal variations, and downtime.

A list of potential candidates was compiled, and questionnaires were prepared
and distributed using Google Forms.

The expert group consisted of specialists from car service stations in Kostanay,
including three service station managers, two mechanical engineers, and two
specialists in equipment maintenance.

The total number of experts was seven, which corresponds to the
recommendations for the application of expert methods in engineering research.

Table 2 — List of Key Factors in the Selection of Lifting Equipment

No. Factor Description Type of Factor
1 | Lifting capacity Maximum weight of the vehicle that can be lifted (kg) | Technical
2 | Reliability Assessment of maintainability and service life Operational
3 | Equipment cost Purchase price Economic
4 | Maintenance cost Costs of maintenance and repair Economic
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5 | Ease of operation Ergonomics, lifting speed Organizational
6 | Safety Presenc§ of protection systems and locking Technical
mechanisms
7 Energy . Electricity consumption Operational
consumption
8 | Personnel training | Complexity of staff training Organizational
9 | Payback period Return on investment Financial
Results of the Study

Within the framework of a priori factor ranking, the experts were asked to
evaluate the significance of each factor independently using a scoring scale. Experts
were allowed to assign identical scores to several factors if they considered them to
be of equal importance.

Table 3 — Ranking of Factors Using the A Priori Ranking Method

Ex- | Ex- .
Expert | Expert Expert | Expert | Expert | Total | Average Weight
No Factor Il) g P grt pzrt 15) Ig 17) Score Ranl;g Coefﬁ%ient
1 | Lifting capacity 9 9 8 9 8 9 9 61 8.71 0.15
2 | Reliability 9 8 9 9 9 8 9 61 8.71 0.15
3 | Equipment cost 7 7 6 7 6 7 6 46 6.57 0.11
4 | Maintenance cost 7 6 6 7 6 6 7 45 6.43 0.11
5 | Ease of operation 6 6 5 6 5 6 6 40 5.71 0.10
6 | Safety 9 9 9 8 9 9 8 61 8.71 0.15
7 | Enerey 4 4 | 5| 4| 4 5 4 30 | 429 0.07
consump-tion
g | Personnel 5 s | 4| s | 4 5 5 3| 471 0.08
training
9 | Payback period 7 8 7 7 8 7 8 52 7.43 0.13
Digitalization
and compatibility
10 o1 . 6 7 7 6 7 6 7 46 6.57 0.11
with diagnostic
systems

The weight coefficients of the factors were determined based on the
normalization of the average ranks obtained as a result of the a priori ranking. The
normalization was performed using the following formula:

N
Wi == (1

= P —

w; —Kendall’s coefficient of concordance
r,- the average rank of the i-th factor

The a priori ranking of factors was conducted based on an expert survey. The
experts were asked to rank the factors according to their significance using a scale

from 1 (least significant) to 9 (most significant). It should be noted that the expert
group consisted of seven specialists from car service stations in Kostanay.
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Table 3 clearly demonstrates the priority of technical and operational
characteristics of lifting equipment, which confirms the validity of the subsequent
application of the comprehensive efficiency criterion.

To evaluate the degree of agreement among expert opinions in the process of a
priori factor ranking, Kendall’s coefficient of concordance was calculated. This
coefficient makes it possible to determine the level of consistency of expert
assessments.

The obtained value of Kendall’s coefficient of concordance (W = 0.35) indicates
a satisfactory level of agreement among the expert evaluations, which is considered
acceptable and typical for engineering problems characterized by a multi-criteria
nature and the involvement of qualitative factors.

The statistical significance of the results was tested using the chi-square (¥?)
criterion. The calculated value > = 16.92 exceeded the critical value at the
significance level a = 0.05, which confirms the statistical significance of the obtained
expert assessments.

The results obtained indicate that specialists of car service stations primarily
focus on lifting capacity, operational reliability, and safety of the equipment, whereas
factors such as energy consumption and personnel training costs are considered
secondary.

Further, to test the proposed methodology, six of the most typical types of lifting
equipment used at car service stations in the Kostanay region were considered (Table
4):

LAUNCH TLT-235SB (3,5 1)
Trommelberg ECO1140A (4 1)
AutoMeister T4N (4 1)
NORDBERG N631-3.5

Peak 209C

Launch TLT-240SB

Table 4 — Evaluation Matrix (0—10) and Calculation of the Comprehensive Efficiency Criterion

Factor Weight A TLT- B C D N631- | E Peak F TLT-
w 235SB ECO1140A | T4N 3.5 209C 240SB
Lifting capacity 0.15 9.00 10.00 10.00 9.00 10.00 10.00
Reliability 0.15 8.50 9.00 8.50 8.00 9.20 8.60
Equipment cost 0.11 7.84 5.95 10.00 0.00 6.00 7.00
Maintenance cost 0.11 8.00 8.00 8.00 6.50 7.50 7.80
Ease of operation 0.10 8.50 8.50 8.50 7.50 8.60 8.40
Safety 0.15 9.00 9.00 9.00 9.00 9.20 9.00
Energy consumption 0.07 8.50 8.50 8.50 8.00 8.40 8.50
Personnel training 0.08 7.50 7.50 7.50 8.50 7.50 7.60
Payback period 0.13 8.50 8.00 9.00 6.50 7.80 8.40
Digitalization and compatibility 0.11 7.00 7.00 7.00 | 7.00 7.20 7.20
with diagnostic systems

The «Equipment cost» indicator was calculated based on market prices in the
Republic of Kazakhstan (the lower the price, the higher the score).
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The «Lifting capacity» indicator was determined according to the
manufacturer’s specifications (3.5 t versus 4 t).

The «Safety» indicator was evaluated based on the declared safety and locking
systems, including mechanical locking mechanisms, safety valves, locking devices,
emergency lowering systems, and protection against cable failure.

The remaining indicators (reliability, ease of operation, personnel training,
payback period, and digitalization) were assessed using an expert-analytical
approach, taking into account the type of lift and common operational practices at car
service stations.

Indicators such as reliability, ease of operation, personnel training complexity,
payback period, and the level of digitalization do not have universal quantitative
measurement methods and largely depend on the specific operating conditions of the
equipment. Therefore, within the framework of this study, their evaluation was
carried out using an expert-analytical approach based on the generalized practical
experience of car service station specialists and typical operational scenarios (Table
5).

The expert assessments were not formed based on subjective preferences for
specific equipment models but were determined with consideration of the structural
type of the lift and typical operational practices at car service stations, which ensures
the reproducibility and validity of the obtained results.

Table 5 — Justification of the Expert-Analytical Evaluation of Selected Indicators

Indicator Justification

Reliability Determined by the structural design of the lift (two-post, four-post, or scissor
type), rather than by the brand.

Ease of Depends on the configuration of the lifting arms, vehicle positioning speed, and

operation accessibility to vehicle components.

Personnel Depends on the complexity of the equipment design and typical operational

training procedures.

Payback period | Determined by the typical workload of the service post and the cost of services
performed.

Digitalization Determined by the possibility of integration with diagnostic systems and digital
service processes.

Table 6 — Justification for the Selection of Alternative Lifting Equipment for a Universal
Mechanical Service Post at a Car Service Station
Designation Lift Type Justification
A LAUNCH TLT-235SB | Two-post | Widely used and common model
(3.51)
B Trommelberg Two-post | Classic 4-ton lift configuration
ECO1140A (4 1)
C AutoMeister T4N (4 t) Two-post | Leading option in terms of price-to-lifting-

capacity ratio

D NORDBERG N631-3.5 | Scissor Universal solution for low ceiling heights
lift

E Peak 209C (4 t) Two-post | Alternative from the premium segment
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F LAUNCH TLT-240SB | Two-post | Reinforced version suitable for crossovers and
(41 heavier vehicles

Table 7 — Final Calculation and Ranking of Alternatives

Rank Lift (Ki) (0-1) (Ki) (%)
1 C AutoMeister T4N (two-post, 4 t) 0.87 87.0
2 F LAUNCH TLT-240SB (two-post, 4 t) 0.84 84.0
3 A LAUNCH TLT-235SB (two-post, 3.5 t) 0.83 83.1
4 B Trommelberg ECO1140A (two-post, 4 t) 0.83 82.7
5 E Peak 209C (two-post, 4 t) 0.82 82.0
6 D NORDBERG N631-3.5 (scissor lift, 3.5 t) 0.71 70.9

NORDBERG N631-3.5 (3,5 T)

Peak 209C (4 T)

Trommelberg ECO1140A (4 T)

LAUNCH TLT-2355B (3,5 T)

LAUNCH TLT-2405B (4 T)

AutoMeister T4N (4 T)

k T T T T :
0.65 0.70 0.75 0.80 0.85 0.90 (Kl)

As a result of recalculating the comprehensive efficiency criterion for six
alternative lift options intended for a universal mechanical service post at a car
service station, it was found that the highest value of the integrated indicator is
demonstrated by the AutoMeister T4N two-post lift with a lifting capacity of 4 tons.

Overall, the results confirm the advantage of two-post lifts with a lifting
capacity of 4 tons as the most universal and economically feasible solutions for
performing the main range of mechanical repair operations.

The testing of the developed methodology for selecting technological equipment
was carried out using lifts for passenger vehicles that are most commonly used at car
service stations in the city of Kostanay and the Kostanay region.

Six types of lifts with different structural and operational characteristics were
selected as alternatives for comparison.

At the first stage of the testing process, the results of the a priori ranking of
factors obtained from expert evaluations by car service specialists were used. The
values of the weight coefficients of the factors (Table 2) reflect the real priorities of
practitioners and were applied without modification, which made it possible to
preserve the objectivity and consistency of the calculations.

The obtained results confirm the practical applicability and stability of the
proposed methodology.

Based on the calculations performed, it is recommended that two-post lifts with
a lifting capacity of 4 tons be preferred for universal mechanical service posts under
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the operating conditions of LLP “Grand Service Stroy”, as they ensure an optimal
combination of lifting capacity, reliability, safety, and economic efficiency.

Such lifts demonstrate the highest values of the integrated efficiency indicator
while maintaining high versatility and acceptable costs for implementation and
maintenance.

For car service stations focused on expanding the range of services and
implementing digital technologies for vehicle diagnostics and wheel alignment
adjustment, it is advisable to consider the installation of specialized four-post lifts
designed for wheel alignment service posts

Conclusions

During the course of the study, an important scientific and practical problem
was addressed related to the development and testing of a scientific and
methodological approach for selecting technological equipment for a universal
mechanical service post at passenger car service stations under conditions of the
digital transformation of automotive service enterprises.

Based on the analysis of domestic and international sources, it was established
that traditional techno-economic and expert methods of equipment selection do not
fully take into account the specific operating conditions of car service stations, as
well as the influence of qualitative and organizational factors. The study
demonstrates that the most promising approach for solving applied engineering
problems is the use of integrated multi-criteria methods that combine expert
evaluations with computational procedures.

Within the framework of the research, a system of factors determining the
efficiency of lifting equipment was developed, including technical, operational,
economic, and organizational indicators. Based on an expert survey of specialists
from car service stations in Kostanay, a priori factor ranking was performed, which
made it possible to determine their relative significance and reduce the subjectivity of
subsequent calculations. The obtained value of Kendall’s coefficient of concordance
confirmed an acceptable level of agreement among expert evaluations, which is
typical for engineering and applied research.

A methodology for calculating the comprehensive efficiency criterion of lifting
equipment was developed, allowing the comparison of alternative equipment options
based on a combination of heterogeneous factors. The practical testing of the
methodology was carried out using six of the most common types of lifts used at car
service stations in the Kostanay region. The calculation results showed that for a
universal mechanical service post the highest values of the integrated indicator are
demonstrated by two-post lifts with a lifting capacity of 4 tons, which provide an
optimal combination of technical and economic characteristics.

The practical significance of the research lies in the possibility of applying the
developed scientific and methodological approach in managerial and investment
decision-making related to the equipment and modernization of car service stations.
The methodology can be adapted to the specific conditions of individual service
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stations, taking into account their scale, service post workload, and level of digital
transformation, and may also be used in the educational process when training
specialists in the field of transport service.

Overall, the results of the study confirm the feasibility of applying a
comprehensive efficiency criterion in combination with a priori factor ranking and
additional corrective coefficients when selecting technological equipment for modern
automotive service enterprises.
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Remarkable Mathematical Curves and Their Applications in Engineering

Tyiiingeme. byn Makamama «kepeMeT MaTEeMaTHUKAJIBIK KHUCHIKTApABbIH» KaCHUETTEPi
YKOHE OJIapJIbIH TEXHUKAJa KOJJAHBLIYhl KapacThIpbLIaabl. bpaxucToxXpoHa KUCHIFbIH
COKKBUIBI-OPTAJILIKTaH TEMKINI YCAKTaFBIIITBHIH JUCKIHICTT YISTKIII KajJaKTapIbIH
npoduii peTiHae KoagaHy MYMKIHAIT1 3epTTeal.
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AHHOTAauMsl. B [aHHOM cTarbe pacCMaTpUBAIOTCA CBOMCTBA «3aMEUYATENIbHBIX
MaTeMaTHYE€CKUX KPUBBIX» U UX MPUMEHEHHUE B TexHUKE. [[poBeaeHO uccienoBanme
110 UCIIOJIb30BaHUI0 OpaxHUCTOXPOHBI B KauyecTBE MPOQUIS Pa3rOHHBIX JIONATOK Ha
JIMCKE YJIapHO-IIEHTPOOESKHOTO U3METBYUTES.

Abstract. This article examines the properties of remarkable mathematical curves
and their applications in engineering. A study was conducted on the use of the
brachistochrone curve as the profile of accelerating blades on the disk of an impact
centrifugal crusher

Tyitin ce3nep: Apxumen, bepuymin, ®epma, cnupanb, LHUKIOUAA, KEPEMET
KHCBIKTap, JIOTapudMIIK chOupaigb, TpakTpUca, OpaxUCTOXpPOHA, HBOJILBEHTA,
KJIOTOMJIA, AUCK, YIETKIII KalakK, YCaKTaFbIIl, TMHAMUKA, HHKEHEPIIIK KOJIIaHy.

KiawoueBble ciaoBa: Apxumen, bepuymm, @epma, cnupaib, UKIOWAA,
3amMeyaTeIbHble KpUBbIC, JorapudMuieckas Ciupalib, TpaKTpuca, OpaxuCTOXpOHA,
DBOJIbBEHTA, KIOTOWAA, JUCK, pA3rOHHAs JIONATKa, W3MEJIbYUTEIb, JIUHAMUKA
JIBUKEHUSI, UH)KEHEPHBIE TTPUIIOKEHHUS.

Keywords: Archimedes, Bernoulli, Fermat, spiral, cycloid, remarkable curves,
logarithmic spiral, tractrix, brachistochrone, involute, clothoid, disk, accelerating
blade, crusher, dynamics, engineering applications.

Introduction

The world of remarkable mathematical curves is extremely diverse. Even their
names-Nicomedes’ conchoid, the Archimedean spiral, Bernoulli’s lemniscate,
Pascal’s snail, Descartes’ folium, Cassini ovals, and the spirals of Galileo, Fermat,
and Cornu-indicate the considerable interest they have attracted from mathematicians
and mechanicians of different eras.

Despite their different origins and mathematical nature, these curves possess a
number of unique geometric and physical properties that enable their wide
application in various fields of engineering. Many of them make it possible to
describe optimal trajectories of motion, ensure uniformity of processes, or minimize
energy losses.

Of particular interest are curves possessing optimality properties. One such
curve is the brachistochrone, which represents the trajectory of the fastest descent of
a material point under the influence of gravity. Such curves allow engineers to solve
important technical problems related to optimizing the motion of particles, flows, and
machine components.

The use of mathematical curves in technical devices makes it possible to
improve their operational characteristics, increase efficiency, and reduce wear of
components. Therefore, the study of the properties of remarkable curves and the
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possibilities of their application in engineering practice is of significant scientific and
practical interest.

Research Aim and Objectives

The aim of this study is to analyze the properties of certain remarkable
mathematical curves and to investigate the possibility of their application in the
design of elements of technical devices.

To achieve this aim, the following research objectives were defined:

-to examine the main properties of several remarkable mathematical curves;

-to analyze examples of their application in engineering structures and
mechanisms;

-to investigate the possibility of using the brachistochrone curve in the design
of accelerating blades of an impact centrifugal crusher;

-to evaluate the influence of blade shape on the velocity of particle motion.

Object and Research Methodology

The object of the study is remarkable mathematical curves and their application
in engineering constructions.

The following research methods were used in this study:

-analysis of scientific and technical literature;

-mathematical description of the geometric properties of curves;

-comparative analysis of different profiles of machine working elements;

-experimental investigation of particle motion along a curvilinear surface.

This paper considers the application of the logarithmic spiral and the
Archimedean spiral in the design of milling cutters with relieved teeth (Fig 1). The
main feature of such teeth is that when sharpening the front surface located in the
axial plane of the cutter, the profile of the tool remains practically unchanged until
the cutter is completely worn out.

r=ae

Figure 1 - Archimedean Spiral

To achieve this effect, the cutter tooth is relieved according to a predetermined
curve. It should be noted that relieving has several advantages compared with
conventional sharpening of cutters. It allows a greater number of regrinding
operations and increases the space available for chip removal.
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For relieving cutters, two types of curves are commonly used: the logarithmic
spiral and the Archimedean spiral, which satisfactorily meet the above requirements.
In addition, the Archimedean spiral is also used in agricultural machinery in the
manufacture of knives for straw cutters and silage cutters [1].

The logarithmic spiral was first mentioned in the history of mathematics in
1638 by René Descartes, who defined this new spiral as a curve for which the ratio of
the arc length to the corresponding radius vector remains constant.

The logarithmic spiral (Fig 2) can often be observed in nature. In many
mollusks, the successive whorls of the shell are not identical and gradually increase
in thickness as the organism grows. In many cases, the approximate thickness values
of successive whorls form a geometric progression. Although the shell itself cannot
be considered a living object, it is formed by a growing organism.

In a sunflower, the seeds are arranged along characteristic arcs which,
according to various studies, are close to the arcs of a logarithmic spiral. Due to such
observations, some researchers consider the logarithmic spiral to be one of the
mathematical expressions of the laws of organic growth.

The application of the logarithmic spiral in engineering is based on its property
of intersecting its radius vector at a constant angle. This ability of the logarithmic
spiral to remain self-similar under various transformations impressed the
mathematician Jacob Bernoulli, who called it Spira mirabilis (the “marvelous
spiral”). Bernoulli attributed a special meaning to its properties and even bequeathed
that this spiral be engraved on his tombstone along with the inscription Eadem mutata
resurgo (“Though changed, I rise again the same™).

For example, rotating knives used in various cutting machines often have
profiles described by spiral arcs. Due to this design, the cutting angle—defined as the
angle between the blade edge and the direction of its rotational velocity—remains
constant along the entire cutting edge of the moving knife, which reduces wear and
improves the durability of the cutting tool.

Figure 2. Logarithmic spiral

The pipe that directs the water flow to the blades of the turbine wheel of a
hydroelectric power plant has a profile described by the arc of a logarithmic spiral.
This shape ensures minimal energy losses when changing the direction of the flow
and, consequently, allows the hydraulic head to be used with maximum efficiency.
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Another remarkable curve is the tractrix (Fig 3), which is defined as a curve
whose tangent segment has a constant length [1,2].

=Yy

Figure 3. Tractrix

The discovery and study of the tractrix are associated with the names of such
scientists as Gottfried Wilhelm Leibniz and Christiaan Huygens, who were the first to
solve the problem proposed in 1693 by the French engineer and physician Claude
Perrault.

The problem can be formulated as follows: one end of an inextensible string is
attached to a heavy material point M lying on a horizontal plane, while the other end
moves along a straight line XX located in the same plane. The question was to
determine the trajectory described by the material point dragged by the taut string.

Both scientists solved this problem independently. In particular, G. W. Leibniz
formulated the differential equation of the required curve, based on the condition that
the segment of its tangent from the material point to the intersection with the straight
line must have a constant length equal to the length of the string itself.

Christiaan Huygens later called the resulting curve a “fractorium” (from the
Latin word frahere, meaning “to pull” or “to draw”), from which the word tractor is
also derived. Today, the term tractrix is more commonly used.

One of the elements in the mechanism of a carousel lathe is the so-called
antifriction pad. This condition expresses a technical requirement according to which
the wear of the pad during machine operation must be uniform. It is clear that the left-
hand side of this relation determines the length of the tangent.

Thus, the curve describing the vertical profile of the antifriction pad possesses
the property that the length of its tangent remains constant and therefore represents a
tractrix. The tractrix and the pseudosphere are also used in impact devices.

The Pascal’s snail (Pascal’s limacon) has found applications in agriculture.
One example is the seed tube of a seeding machine. The purpose of this design is to
improve the uniform distribution of seeds within the funnel pipe when the seeder is
tilted. The upper edge of the deflector is shaped as a concave curve corresponding to
half of Pascal’s limagon. This shape is justified by the fact that the majority of the
seed flow moves along the bottom of the funnel, and the curvature of the limacon in
this area provides a larger reflection surface.

The development of transport engineering is closely related to the application
of mathematical methods and geometric models. Many elements of transport systems
are designed using special mathematical curves possessing unique properties. The use
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of such curves allows engineers to improve dynamic characteristics of motion,
increase vehicle safety, and enhance the efficiency of transport infrastructure.

One of the most widely used curves in transport engineering is the clothoid,
also known as the Euler spiral. This curve is used in the design of highways and
railway tracks as a transition curve between straight sections and circular arcs. The
main feature of the clothoid is the gradual change in curvature. As a result, the
centrifugal acceleration acting on a vehicle changes smoothly, ensuring safe and
comfortable movement.

Clothoids are widely applied in the design of:

-highways

-railway lines

-tram tracks

-high-speed transport routes

The use of this curve reduces dynamic loads on vehicles and improves motion
stability.

In mechanical engineering, including transport engineering, an important role
is played by the involute of a circle. This curve is widely used in the design of gear
transmissions applied in vehicle gearboxes, reducers, and other motion transmission
mechanisms. The involute tooth profile ensures a constant transmission ratio and
smooth gear engagement, significantly increasing the reliability and durability of
mechanical systems.

Another curve used in transport engineering is the cycloidal curve, applied in
cycloidal reducers and motion transmission mechanisms. Such mechanisms are used
in drives of transport machines and robotic systems where high precision and smooth
motion are required.

In addition, parabolic curves are widely applied in the aerodynamics of
vehicles. Parabolic shapes are used in the design of vehicle bodies and aircraft
components, as well as in vehicle lighting systems such as automobile headlight
reflectors.

The cycloid is also of great interest for study. A special feature of cycloidal
gearing is that, in external gearing, the tooth head is described by an epicycloid, while
the tooth root is described by a hypocycloid. Contact occurs between the epicycloid
of the pinion and the hypocycloid of the gear wheel. In internal gearing, the opposite
situation occurs [2].

In the 17th century and later, many scientists returned to the problem of
studying the brachistochrone, but the first rigorous mathematical solution to this
problem was proposed by the Swiss mathematician Johann Bernoulli. In 1696 he
published a paper entitled “4 New Problem Proposed to the Mathematicians for
Solution”, in which he considered the problem of finding the curve of fastest descent
of a material point under the influence of gravity. This curve was called the
brachistochrone (from the Greek words brachistos — shortest and chronos — time) [3].

From a mathematical point of view, the brachistochrone problem is one of the
first problems of the calculus of variations, in which it is necessary to determine a
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trajectory that minimizes the time of motion between two given points in a
gravitational field. The solution showed that the required curve is an inverted cycloid.

Many prominent mathematicians of the 17th and 18th centuries showed
interest in this problem. Among those who successfully solved it were G. W. Leibniz,
I. Newton, G. de L’Hopital, as well as Johann Bernoulli and his brother Jacob
Bernoulli. All of them independently arrived at the same conclusion: the trajectory of
fastest descent is a cycloid.

From the standpoint of mechanics, the motion of a material point along the
brachistochrone is characterized by more intensive acceleration at the initial section
of the trajectory compared with motion along a straight or other curved paths. This
occurs because the geometry of the cycloid provides a more advantageous
distribution of potential and kinetic energy along the entire trajectory.

The longitudinal profile of a classification hump at railway stations has a
significant influence on the efficiency of the sorting process. Together with the
braking regimes used, the parameters of the profile determine the dynamics of wagon
rolling, influence the intervals between cuts, the collision speeds of wagons, and the
degree of filling of classification tracks.

For this reason, several studies have investigated the possibility of applying the
curve of fastest descent in determining the optimal profile of a classification hump to
ensure efficient rolling of wagons of different categories [4,5].

The analysis of the obtained results shows that the brachistochrone and a
straight-line profile differ only slightly in the length of the descent path; however, the
travel time along the brachistochrone is significantly shorter. In some cases, the
difference in descent time may reach almost twofold. At the same time, a higher final
velocity of the wagon is observed, which can be explained by a more rational
distribution of acceleration along the trajectory.

These results confirm the prospects of using geometric models based on the
properties of remarkable curves in the design of transport infrastructure elements and
in the optimization of dynamic motion processes.

Research Results

In this study, the possibility of applying the brachistochrone curve as the
profile of accelerating blades (Fig 4) on the disk of an impact centrifugal crusher was
investigated.

—y

Figure 4. Accelerating disk of the i;npact centrifugal crusher

Hayuto-npou3sodcmeeHHbLL KYPHAA 125 Hayxa No1, mapm 20262.
ISSN: 1684-9310



O KUH3Y

The conducted study demonstrated that the shape of the accelerating blade has
a significant influence on the dynamics of particle motion in the working zone of the
impact centrifugal crusher. The use of a curvilinear profile in the form of a
brachistochrone provides more efficient particle acceleration compared with the
traditional straight blade shape.

From the standpoint of motion mechanics, this can be explained by the fact that
the geometry of the brachistochrone provides a more favorable direction of the
accelerating forces at the initial stage of the trajectory. In particular, the direction of
the centrifugal inertial force is close to the direction of particle motion, which results
in more intensive acceleration. As a consequence, the particle reaches a high velocity
more rapidly and leaves the blade surface more efficiently.

It should be noted that when a straight blade is used, a considerable part of the
accelerating force is directed at an angle to the particle trajectory rather than along it,
which reduces the efficiency of acceleration. In contrast, when the brachistochrone
profile is applied, the direction of the tangent to the curve at the initial point almost
coincides with the direction of the acting force. This ensures a more efficient
transformation of the rotational energy of the disk into the kinetic energy of the
particle.

Experimental results showed an increase in the particle exit velocity from the
blade surface, which leads to a higher intensity of impact interaction between the
material and the working elements of the crusher. This, in turn, contributes to
improving the efficiency of the crushing process and increasing the productivity of
the impact centrifugal crusher.

Thus, the use of an accelerating blade profile based on the brachistochrone
curve represents a promising design solution that can improve the dynamic
performance of crushing equipment.

From the standpoint of mechanics, the motion of a particle along a curvilinear
surface is closely related to the transformation of potential energy into kinetic energy.
During motion along the accelerating blade, the particle gains velocity due to the
action of centrifugal forces and the change in its position in the inertial force field. In
this case, the velocity of the particle can be estimated using the law of conservation
of energy.

In the simplest case, the particle velocity is determined by the following relation:

9 = ./2gh (1)

Where, v- is the particle velocity,
g- 1s the acceleration due to gravity,
h- 1s the height of the particle displacement.

This expression shows that the particle velocity is determined by the
transformation of potential energy into kinetic energy. When motion occurs along a
brachistochrone, the redistribution of energy takes place in the most efficient manner,
which ensures the minimum time of descent.
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A more general analysis of particle motion along a curvilinear surface can be
carried out based on Newton’s second law. The tangential component of acceleration
is determined by the following expression:

dd

= (2)

ag

Where a, - tangential acceleration of the particle
9 - particle velocity,
t — time of particle motion

During motion along a curved trajectory, a normal acceleration occurs as a result of
the change in the direction of the velocity vector:

ar = — 3)

Where a, - normal acceleration,
R- radius of curvature of the trajectory.

For curves of a special type, such as the brachistochrone, the distribution of
accelerations along the trajectory ensures more efficient particle acceleration at the
initial stage of motion. This leads to an increase in particle velocity and,
consequently, improves the efficiency of the crushing equipment.

Thus, the application of the brachistochrone geometry makes it possible to
optimize the dynamics of particle motion and ensure a more rational conversion of
the rotational energy of the accelerating disk into the kinetic energy of the particles.

The experiment demonstrated an increase in the particle exit velocity from the
blade surface, thereby increasing the productivity of the impact centrifugal crusher.

Conclusions

The conducted studies have shown that the use of a curvilinear blade surface in
the form of a brachistochrone provides more intensive particle acceleration compared
with a straight blade profile. This can be explained by the fact that the initial section
of the brachistochrone is oriented in such a way that the direction of the centrifugal
inertial force is close to the direction of particle motion. As a result, the particle
receives greater acceleration at the initial stage of motion, which contributes to an
increase in the velocity of its departure from the blade surface.

The application of remarkable curves is widespread in engineering practice;
they are used in manufacturing, construction, and military technologies. Remarkable
curves are truly remarkable due to their unique properties. It is difficult to imagine
the modern technological world without these curves, although they often remain
unnoticed in everyday observations.
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Thus, the results of this study confirm that the use of remarkable mathematical
curves can significantly improve the efficiency of technical devices. The application
of special types of curves in the design of machine working elements makes it
possible to optimize particle trajectories and improve the dynamic characteristics of
technological processes. The obtained results can be applied in the design of crushing
machines, conveying devices, and other technical systems.
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Prospective and Constraining Factors in the Development of Renewable Energy
Sources in the Unified Power System of the Republic of Kazakhstan.

Tyiiingeme. byn wmakamaga Kazakcrtan PecnyOnukaceiabiH — Bipbrarait
SHEPreTHKANBIK JKyHeciHe >kaHapTbUIlaTbiH »Heprus kesfaepin (PKOK) enrizy
Ke3lHJeri OoJamarsl 30p KoHE IeKTeyml (akTopiap Kapacteipbutaabl. CoHmaii-ak
TEHrepiMIEyIl KyaTTapAblH alKbIH KETICTICYIIUTITT MEH 3JIEKTp JKeJNJIepiHIH OTKI3y
KaOUIEeTIHIH MIEeKTEYJIUIIr aTar eTUIe/Il.

AHHoTamus. B paHHOW cTarbe paccMOTPEHBI BOMPOCHI MEPCIEKTUBHBIX U
caepxuBarux GakTopoB npu BeaeHuu B dkciutyatanuio BUD B EDC PK. Taxxke
OCTpBII HEJAOCTATOK OaNaHCHUPYIOIIMX MOILIHOCTEH, OrpaHMYEHHOCTh MPOMYCKHOM
CIIOCOOHOCTH JIEKTPUUYECKUX CETEH.

Abstract. This article examines the issues of both enabling and constraining
factors in the integration of renewable energy sources into the Unified Energy System
of the Republic of Kazakhstan. It also highlights the acute shortage of balancing
capacities and the limited transmission capacity of electrical networks.

Tyiiin ce3nep: XKanapteinateia sueprust ko3aepi ((KOK), maneBpiik, TeHrepim,
TCHEpaIusl.

KiwoueBbie ciaoBa: BozoOHoBisiemMble  uUCTOYHUKH  dHepruu  (BUD),
MaHEBpPEHHOCTb, OAJIAHCUPOBKA, TEHEPALIMSL.

Key words: Renewable energy sources (RES), flexibility, balancing, generation.

Introduction. Despite significant progress in the integration of renewable
energy sources (RES) into the Unified Power System of the Republic of Kazakhstan
(UPS RK), a number of systemic challenges remain unresolved. The key constraints
hindering further RES deployment include the shortage of balancing capacities,
limited transmission network capability due to both infrastructure wear and vast
geographical distances, and a high demand for thermal energy that exceeds electricity
consumption, particularly in northern and central regions of the country.

For instance, during the heating season, thermal power plants (TPPs) operate
under heat supply obligations, which significantly reduces their operational flexibility
and ability to participate in load regulation. In addition, the dominance of coal-fired
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generation, characterized by low ramping capabilities, further constrains system
flexibility.

In this context, further improvement of the regulatory and legal framework is
required to reduce investment risks and stimulate the integration of flexible energy
resources. In particular, the development of distributed generation and
microgeneration (e.g., rooftop solar photovoltaic systems) can contribute to reducing
network congestion and improving the reliability of power supply in remote and
sparsely populated areas.

Object and methodology. The primary limitation to further RES development
in Kazakhstan is the insufficient availability of balancing capacities required to
compensate for the variability and intermittency of renewable generation. This issue
represents a major challenge for the national power system.

Unlike several European countries, Kazakhstan has limited access to external
balancing resources. For example, Denmark achieves a high penetration of RES
(often exceeding 50-60% of total electricity generation) through strong
interconnections with neighboring countries such as Norway and Sweden, which
provide flexible hydropower resources. These cross-border exchanges enable
efficient balancing of supply and demand fluctuations.

In contrast, Kazakhstan’s cross-border transmission capacity, particularly with
the Russian power system, is constrained and primarily used for frequency control
and short-term imbalance compensation. Although the permissible deviation at the
Kazakhstan—Russia interface is £150 MW, actual deviations frequently reach +£1000—
1500 MW during peak periods, indicating a substantial deficit of internal regulating
capacity.

Furthermore, the generation mix in Kazakhstan is dominated by large coal-fired
power plants (e.g., Ekibastuz energy hub), which are designed for baseload operation
and have limited flexibility for dynamic load adjustments.

The vulnerability of power systems with a high share of RES under insufficient
balancing conditions is illustrated by the large-scale blackout that occurred in Spain
and Portugal in April 2025. The incident, affecting over 60 million people, was
triggered by extreme atmospheric conditions that caused transmission line overloads
and disconnection from the European grid. This case highlights the importance of
adequate reserves, grid resilience, and system flexibility in ensuring energy security.

Research results. The analysis of Kazakhstan’s power system indicates that,
despite a nominal installed capacity surplus of several gigawatts, the actual available
reserve is significantly lower. This is due to scheduled and forced outages, fuel
supply constraints, high equipment wear (often exceeding 60-70%), and operational
limitations associated with hydropower management.

In addition, the absence of a unified balancing electricity market in Central Asia
limits the potential for regional coordination in maintaining system stability. As a
result, imbalances between generation and consumption lead to unplanned power
flows across the Kazakhstan—Russia border.

The current generation fleet demonstrates insufficient flexibility to meet the
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variability of demand and renewable generation. As the share of RES increases, the
magnitude and frequency of imbalances are expected to grow, placing additional
stress on system operators and infrastructure.

Conclusion

Previous studies of the North—South transmission corridor have shown that,
under the 2021 demand level, the system was capable of compensating for RES
generation losses in the southern zone through power transfers from the northern
regions. However, with an annual demand growth of approximately 5% in southern
Kazakhstan, this mechanism is no longer sufficient to cover the emerging capacity
deficit.

Moreover, the increasing penetration of RES, particularly solar generation in
southern regions (e.g., Zhambyl and Turkestan regions), leads to higher variability in
power flows and increased stress on transmission corridors.

The reduction in system inertia due to the displacement of conventional
generation by RES further exacerbates stability challenges. Therefore, there is an
urgent need to update the regulatory framework governing the reliability of the UPS
RK. This framework should incorporate advanced measures, including fast-response
reserves, energy storage systems, and demand-side management technologies, to
prevent emergency conditions and ensure stable system operation under high RES
penetration scenarios.
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Using small solar power plants to supply electricity and heat private homes and
cottages, using the best practices of the European Union.

Tyitingeme. byn makanaga Eyponansik OmakThIH O3BIK TOXKIPUOSCIH KOJIJIaHA
OTBIPBII, KEKE YHIep/l, KOTTSIHKACPAl dIEKTPMEH KaOJbIKTAY KOHE JKbUIBITY YIIIH
HIaFbIH KYH AJIEKTP CTAaHLMSUIAPBIH Maiganany MYMKIHJIT Typajibl aknapar Oepiirex.
XKympic  OpUHOMITIHIE YOI ~ HYCKackl, KYH  DJJEKTp  CTaHIMsUIapBIHBIH
apTHIKIIBUIBIKTApbl MEH Typiepi cunarttanraH. [laHenpaepal caHay MYMKIHAIKTEpI
MEH KYTIJIETIH HOTUXKEIIEP KOPCETUITEH.

AnHoTanusi. B naHHON cTaThe mpencraBieHa WHGOpMAaIUs BO3MOKHOCTU
MCIIOJIb30BaHUsl HEOOJBIINX COTHEUHBIX AJIEKTPOCTAHIUN AJIS AJNEKTPOCHAOKEHUS U
OTOIUIEHHS YAaCTHBIX JOMOB, KOTTEI)KEd C TPUMEHEHHEM IMEpeloBOr0 OIbITa
EBponeiickoro Coro3a. Onucanbl Tpy BapraHTa MPUHIIMIA PabOThI, TPEUMYIIECTBA U
Pa3HOBUAHOCTH COJIHEYHBIX 3JIEKTpOCTaHIMM. OTpakeHbl BO3MOXKHOCTH IOJACUYETA
MaHesel U 0KUJaeMble Pe3yIbTaThl.

Abstract. This article presents information about the possibility of using small
solar power plants for power supply and heating of private houses, cottages using the
best practices of the European Union. Three variants of the principle of operation,
advantages and varieties of solar power plants are described. The possibilities of
counting panels and expected results are reflected.

Tyiiin ce3nep: Eyponansik Onak, KyH 3JEKTp CTaHIMSUIAPHI, K004, SHEPTHSI
THIMILTIT.

KroueBbie ciioBa: EBpornelickuii Coro3, COTHEUHBIE 3JIEKTPOCTAHIIUH, TPOEKT,
9HEeprod3PpGHeKTUBHOCTD.

Key words: European Union, solar power plants, project, energy efficiency.

Introduction. The use of small solar power plants not only contributes to
environmental improvements both globally and in local communities, but also brings
benefits to both businesses and individuals in the current economic climate. A
number of international agreements to reduce climate change are gradually increasing
the cost of fossil fuel use in individual countries. At the same time, the price of
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electricity and heat generated by these sources is constantly rising, ultimately
affecting everyone's financial situation. In contrast, the creation, purchase,
installation, and operation of small power plants powered by renewable energy
sources are actively supported and even subsidized by many national governments,
including the government of Kazakhstan. Solar panels are often the cheapest way to
generate electricity. For example, in Germany, the cost of electricity generated by
solar panels installed on building roofs is less than one-third of the national electricity
market. Likewise, electricity generated in Europe from solar energy is significantly
cheaper than that produced by new coal, gas, and nuclear power plants—it typically
costs half as much.

Moreover, compared to fossil fuel-based electricity generation, solar energy
causes much less long-term damage to the environment, climate, and public health,
according to a study by the German Federal Environment Agency (UBA).

This provides all interested parties with the opportunity to choose the optimal
solution for improving the energy efficiency of their business or even their household
by taking advantage of programs and incentives provided by the state, as well as by
seeking qualified support from consulting firms and their experts.

Object and methodology. Recent years have seen rapid growth and
development of energy efficiency technologies and the use of renewable energy
sources worldwide. Photovoltaic (PV) energy converters are developing particularly
rapidly, with annual installation growth of approximately 60%. Other renewable
energy technologies are also rapidly being implemented: wind turbines (28%),
biofuel production (25%), solar heating systems (17%), geothermal heating (13%),
and small and microhydroelectric power plants (8%).

The basic principle of power generation in solar modules is based on the
photovoltaic effect. This effect eliminates the need for fossil fuels and reduces
atmospheric pollution.

Moreover, solar power plants using this principle are not only the most
environmentally friendly but, thanks to various economic incentives, also represent a
very cost-effective source of renewable energy for various facilities. Their rapid
growth in popularity is leading more and more homes, businesses, and even entire
cities to switch entirely to solar and other renewable energy sources, abandoning
traditional, polluting ones.

All types of solar power plants have a number of common advantages:

« They operate from both direct and diffused sunlight.

« Their service life is several decades.

« Solar power plants have optimal weight and size characteristics, which allows
them to be installed on the roofs of buildings or their walls, provided that the load-
bearing capacity of the structure can withstand the additional load.

« Photovoltaic stations are virtually immune to failure and have a high
efficiency factor.

The additional benefits of each specific module depend on its belonging to a
specific type of solar power plant.
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Research results. There are three main types: on-grid, off-grid and hybrid.

COMHEYHBIE BATAPEW MOTPEBUTEND

CETEBOW MHBEPTOP

Figure 1 - Grid-connected solar power plants

A grid-tied solar power system operates without batteries and is designed to
reduce grid electricity costs. Its operating principle is quite simple: generated solar
energy is fed into the internal power grid, and additional power is drawn from the
general industrial grid. If the solar panels produce 10 kW and the consumption is 15
kW, then only 5 kW is drawn from the grid. At night, the system switches to standby
mode and restarts at sunrise. This type of solar power system offers a quick payback,
low maintenance requirements, and a service life of over 25 years.

NOTPEBHTEND

CONIHEYHBIE BATAPEW TMBPAHBIA HHBEPTOP

osa

AKKYMYIATOPBI

Figure 2 - Autonomous solar power plants

Ideal for office buildings and businesses with high daytime energy demand, the
system can also be upgraded with a hybrid inverter and batteries, turning it into a
hybrid grid-tied solar power system.

An autonomous solar power system is designed to provide electricity to areas
without a centralized power grid. Collected solar energy is used to power consumers,
while excess energy is stored in batteries. At night, all electricity is supplied by the
energy stored in the batteries. By adding a wind turbine with a controller to the solar
power system, wind energy can be used to charge the batteries at any time. In this
case, the system is called an autonomous wind-solar power system.

Figure 3 - Hybrid solar power plants

A hybrid solar power plant is a unique type of power system that combines
features of both grid-connected and stand-alone solar power systems. During the day,
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solar energy is fed into the grid, reducing electricity consumption. At night, the
system switches to power from the centralized power grid or batteries. In the event of
a grid-connected outage, it functions as a stand-alone solar power system, providing
uninterrupted power to the facility using solar energy and energy stored in batteries.
If a hybrid power system uses a grid-connected inverter as a solar controller (which
increases efficiency), it is called a hybrid-grid solar power system.

Conclusions Given that investing in solar power plants requires significant
financial outlay, it's important to evaluate how cost-effective it is in your specific
case.

When choosing panels for a private home, you first need to decide what the
batteries are needed for. They are purchased either as an emergency power source
during grid outages or as a standalone solar power station. The number of batteries
required depends on this.

To survive a power outage, a backup power supply with a total capacity of 3-5
kW is sufficient. The most popular panels are those with a 270 W rating. Therefore,
you will need 11 to 18 panels (5000 W/270 W) to survive a power outage.

When choosing the number of panels for a stand-alone solar system, you first
need to calculate your daily electricity consumption. To do this, take your bills for the
past 12 months, add up the kWh, and divide the resulting figure by 365 days per year.
This will give you your approximate daily electricity consumption. Let's assume your
daily consumption is 10 kWh. Therefore, your solar system should generate 10-12
kW (with some allowance, as consumption increases in winter due to the use of
heaters). Therefore, to generate 12 kW, you'll need a system with 44 panels, each
rated at 270 watts.

Based on cell type, panels are classified as polycrystalline or monocrystalline.
Polycrystalline cells are less expensive and have lower efficiency. Monocrystalline
panels will produce more power for the same size. However, a larger number of cells
can compensate for the lower output. Therefore, purchasing monocrystalline solar
panels in Kazakhstan is advisable when installation space is limited.
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10 kV Cable Lines, Single-Phase and Two-Phase Faults

Tyitinaeme:10 kB kepHeyni kaOeNnbaiK KeNJIep AJEKTP SHEPTUACHIH Tapary
KEIUIepiHAe  KEHIHEH  KoJJaHbuiagbl.  Makanaga — KaOeNbaiK — SKeJUIepIiH
KYPBUIBICBIHBIH, ~ €pEeKIIeNIKTePl, COHJai-ak Oip (a3ansl koHE €Ki (Qa3asbl
TYUBIKTATYJIapAbIH Maiiaa 0oy cedenTepi KapacToipbuiaabl. Kabenbaik xemiepaiH
CEHIMJIl JKYMBIC ICTE€yiHE ocep €eTeTIH Heri3ri (akTtopiap TaijaHFaH. ANATTHIK
PEKUMACP/IH DIICKTP KENICIHIH KYMBICHIHA 9CEp1 3EPTTENII, OJapIbIH aJJIbIH alry
KOJIIaphl KapacTeipblirad. KabGenbaik skemiaepiH CeHIMIUTITIH apTThIpy OOMBIHIIIA
YCBHIHBICTAp OEpiJITreH.

AnHotanusi: KabGenpHble muHNM HanpspkeHueM 10 kB mmpoko npuMeHsoTes
B paclpeleluTeNbHBIX JJIEKTPUYECKUX CeTsIX. B crarhe paccMmarpuBaroTCs
OCOOCHHOCTH KOHCTPYKLIMU KaOENbHBIX JHHWUM, a TaKKe MPUYMHBI BOSHUKHOBEHUS
omHo(a3HBIX W JBYX(a3HBIX 3aMblkaHUWA. PaccMOTpeHbl OCHOBHBIE (DAKTOPHI,
BIMSIONINE HA HAIEKHOCTh JKCIUTyaTallud KaOenbHBIX JMHUN. Ocoboe BHUMaHHE
VACIIEHO aHAJINU3y aBAPUUHBIX PEXKUMOB PabOThl M UX BIUSHUIO HA YCTOWYUBOCTH
ANeKTpUUecKkux ceTeil. [lpuBeneHsl pekoMeHAAMU 1O TOBBIIICHUIO HAJACKHOCTH
KaOeNbHBIX JUHUI 3a CYET NMPUMEHEHHS COBPEMEHHBIX METOAOB JIUAarHOCTUKH H
PEIIEHHOM 3aIUTHI.

Annotation: 10 kV cable lines are widely used in electrical distribution
networks. The article discusses the design features of cable lines, as well as the
causes of single-phase and two-phase faults. The main factors affecting the reliability
of cable line operation are considered. Special attention is paid to the analysis of fault
conditions and their impact on the stability of electrical networks. Recommendations
for improving the reliability of cable lines through modern diagnostic methods and
relay protection are provided.

Hayuto-npou3sodcmeeHHbLL KYPHAA 136 Hayxa No1, mapm 20262.
ISSN: 1684-9310


https://anhor.uz/ekologiya/efficiency/
https://eenergy.media/news/13797

O KUH3Y
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Key words: cable line, electrical networks, short circuit, single-phase fault,
two-phase fault, electric power, reliability, relay protection, cable insulation, short-
circuit current, overvoltage, cable diagnostics, cable damage, distribution networks,
cable line operation, electrical equipment, fault protection.

Introduction

10 kV cable lines are widely used in electrical distribution networks for
transmitting electricity from substations to various consumers. They ensure reliable
and safe power supply to industrial enterprises, residential areas, and other facilities.
Compared to overhead lines, cable lines have several advantages, such as lower
exposure to weather conditions and higher operational safety.

However, during operation, various faults may occur in cable lines due to
insulation failure or external influences. The most common emergency conditions are
single-phase and two-phase faults. These disturbances can disrupt the normal
operation of the electrical network and require timely detection and elimination.

The study of the causes of such faults and the development of methods for their
prevention is an important task in the operation of electrical networks. The relevance
of the topic is o0ycioBneHa (important — mepeBEN HOPMAITBLHO HIKE):

The relevance of this topic is determined by the need to improve the reliability
of power supply, especially under conditions of increasing loads and expansion of
cable networks.

Object and Methodology

The object of the study is 10 kV cable lines used in electrical distribution
networks.

Cable lines consist of several main elements that ensure the transmission of
electrical energy and protection of the cable from external influences. The main
elements of a cable are the conductor, insulation, screen, and protective sheath [1].
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Figure 1 — 10 kV cable lines on cable drums

The conductor is used to transmit electric current and is made of copper or
aluminum. Insulation separates the conductor from other cable elements and prevents
short circuits. In 6-10 kV cables, various types of insulation are used, such as cross-
linked polyethylene or paper insulation.

The cable screen equalizes the electric field around the insulation and protects
the cable from overvoltages. The outer sheath is designed to protect the cable from
mechanical damage, moisture, and environmental effects [3].

Despite the high reliability of cable lines, various faults may occur during
operation, leading to emergency conditions.

The phase voltage of the network is determined by the formula:

Uph =

s

[1]
U; — line voltage,
U,n— phase voltage.

This relationship is used in the analysis of three-phase electrical networks and
allows determining voltage variations under fault conditions, particularly during
single-phase-to-ground faults.

Results of the Study

Single-phase-to-ground faults are the most common type of damage in 6-10
kV networks. They occur when one phase of the electrical network is connected to
ground due to insulation failure [4].

The main causes of single-phase faults include insulation aging, mechanical
damage to the cable, moisture exposure, and overvoltages. In such a fault, the voltage
of the damaged phase drops almost to zero, while the voltage of the remaining phases
relative to ground increases.

In networks with an isolated neutral, a single-phase fault may not lead to
immediate disconnection of the line; however, prolonged operation in this mode is
undesirable. This is because increased voltage on the undamaged phases can cause
further insulation degradation and lead to more severe faults [7].
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When a single-phase fault occurs, voltage redistribution takes place in the
network, causing the voltage of the healthy phases relative to ground to rise to the
line voltage level. This increases the stress on cable insulation and raises the risk of
its breakdown.

In addition, leakage currents appear at the fault location, the magnitude of
which depends on network parameters, cable length, and insulation condition. In
isolated neutral systems, these currents are usually small, but they can cause heating
and gradual degradation of insulating materials [5].

Prolonged existence of such a condition may lead to the development of
damage and transition of a single-phase fault into more severe types of faults,
including two-phase short circuits.

A. Single-phase fault B. Two-phase fault
10 kV 10 kV
__@j))_n_ Phase A__ __@)_4._ Phase A __
04kv 4} PhaseB o4kv ___ 4o PhaseB

Phase C & I Phase C

l’IZ

380V 380V
i ar

Figure 2 — Single-phase and two-phase faults in a 10 kV network.

Two-phase faults occur when two phases of an electrical network are
connected. This type of fault is accompanied by high short-circuit currents.

The main causes of two-phase faults include insulation failure between
conductors, mechanical impacts, installation errors, and overvoltages. Such faults
result in a sharp increase in current, which may lead to overheating of equipment and
destruction of the cable.

Unlike single-phase faults, two-phase short circuits require immediate
disconnection of the damaged section. This is achieved using relay protection devices
such as overcurrent protection and current cutoff [2].

During operation, various problems may arise that reduce the reliability of
power supply. One of the most common problems is insulation aging. Under the
influence of electric fields and temperature, insulation gradually loses its properties,
increasing the probability of breakdown.

Mechanical damage caused by construction and excavation work is also a
serious issue, often leading to interphase short circuits and emergency outages.

In addition, overvoltages caused by switching operations or lightning strikes
have a significant impact on cable line performance [3].

To prevent failures and improve reliability, a set of technical measures should
be applied. One of the most effective methods is regular diagnostics, including
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insulation resistance measurement, high-voltage testing, and partial discharge
monitoring.

Modern relay protection systems play a crucial role in quickly detecting fault
conditions and disconnecting damaged sections of the network. It is also
recommended to use cable fault location systems, which allow rapid identification of
the fault location and reduce power restoration time [6].

To protect cables from mechanical damage, it is necessary to follow installation
rules, use protective structures, and consider cable routes during construction work.

Conclusions

10 kV cable lines are an essential element of electrical distribution networks.
Their reliable operation ensures stable power supply to various consumers.

The most common faults in cable lines are single-phase and two-phase short
circuits. These faults may occur due to insulation aging, mechanical damage, and
overvoltages. Single-phase-to-ground faults are typical for networks with isolated
neutral and may not immediately lead to line disconnection; however, they pose a
potential risk for further network operation. Two-phase faults are accompanied by
high short-circuit currents and require immediate disconnection of the damaged
section [8].

To improve the reliability of cable lines, it is necessary to carry out regular
diagnostics of insulation condition, use modern relay protection systems, and follow
the rules of electrical network operation. Timely detection and elimination of cable
faults also play an important role.

The comprehensive application of technical and organizational measures
makes it possible to significantly reduce the likelihood of emergency situations and
ensure reliable operation of electrical networks.
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IIpuMeHeHHe AKOOMaHA NIPU MCCJICIOBAHNH JTOKAJIBbHOH YCTOHYHBOCTH
HEeJIUHEHHBIX CHCTEM

Tyiiingeme. by makanaga ChI3BIKTBIK €MeC JUHAMHUKAIBIK JKYHETIEPIiH KEPriTiKTi
TYPAKTBUIBIFBI  CBHI3BIKTBHIK OJICTI KOJJaHAa OTBIPBINT 3epTTeiemi. Temne-TeHmiK
HYKTECiH/e ecenTenreH SKoOM MaTpuuachl €3 MaHBIHAAFbl MIEHIIMIEPAIH MiHE3-
KYJIKBIH ~ aHBIKTAUTBIHBI ~KOPCETUIreH. TYpakTBUIBIK KOHE aCHUMITOTHKAJIBIK
TYPAKTBUIBIK IMapTTaphl SIKOOM MaTPHUIIACBIHBIH CHCKTPIIK KAaCHETTEpiH KOJIIaHa
OTBIPBINT TYKBIPBIMIAIFaH. AJIBIHFAH HOTHKEIIEp HMHKCHEPJIiK OacKapy >KyHesepiH
3epTTeyre KOJAaHbIIaIbl.

AHHOTaumMs. B pabore wuccieayercs JioKajdbHas YCTOWYMBOCTh HEIMHEHMHBIX
JTUHAMHYECKUX CHUCTEM METOAOM JuHeapusanuu. [lokazano, yto marpuina Ako0wu,
BBIUKCJICHHAS] B TOYKE PABHOBECHSI, ONIPEACISAET XapaKTep MOBEICHUS PEIICHUHN B €€
okpecTHOCTU. ChOpMYyIUPOBaHBl YCIOBUS YCTOMYMBOCTH M ACUMIITOTHYECKOM
YCTOMYMBOCTU 4Yepe3 CIEKTpajbHbIE CBONCTBA sikoOnaHa. [lomydeHHBIE pe3ylbTaThl
MIPUMEHUMBI IIPU UCCIICIOBAHUH UHKECHEPHBIX CUCTEM YIIPABJICHHUS.

Abstract. This paper examines the local stability of nonlinear dynamic systems using
a linearization method. It is shown that the Jacobian matrix, calculated at an
equilibrium point, determines the behavior of solutions in its neighborhood. Stability
and asymptotic stability conditions are formulated using the spectral properties of the
Jacobian. The results obtained are applicable to the study of engineering control
systems.

TyiiiH cO31ep:ChI3BIKTEI €MeC JKYHe, MKEPTUTIKTI TYPaKTBUIBIK, aCHMIITOTHKAIBIK
TYPAKTBUIbIK, TEMe-TeHAIK HYKTeCl, TYpakThl KyH, SkoOu Marpuuacel, Sko0wu,
CBI3BIKTBIK, CTIEKTPJIIK Tajjay, MEHIIKTI MOHAEp, CUIATTaMalbIK TEHJLY, (ha3albIK
noptpeT, nuddepeHnnanapiK TeHAeYIep, canajiblK Tajaaay, TYPAKThUIBIK TEOPHUSCHI,
nepTypoarus ofici, >KyHeHIH OpeKeTI.

Kiar4deBblie CJIOBA:HEJIMHEHHAS CUCTEMA, JIOKaJIbHAS YCTOMYUBOCTb,
ACUMIITOTUYECKAsl YCTOMYMBOCTb, TOYKA PABHOBECHUS, CTALMOHAPHOE COCTOSHHME,
Marpuiia SkoOu, skoOuWaH, JIMHeapu3alus, CHEKTPaIbHbIA aHaliu3, COOCTBEHHBIE
3HAYEHHUS, XapaKTEePUCTUUYECKOE ypaBHEHUE, (Pa3oBbIil mopTpeT, AuddepeHnanbHblie
YpPaBHEHMS, KAUECTBEHHBIM aHAJIN3, TEOPHUSl YCTOWYMBOCTH, METOJ BO3MYLICHHM,
MOBEJICHUE CUCTEMBI.
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BBenenue

HccnegoBanne yCTOMYMBOCTH HEIMHEWHBIX JWHAMUYECKUX CHUCTEM OCTAeTCs
OJHOM W3 KIIOYEBBIX 337a4 MATEMATUYECKOTrO MOJEIMPOBAHHS B HWHKECHEPUH,
SKOHOMHMKE M MPUKIAAHBIX Haykax. JlJis aHanm3a MOBEAEHUS TPACKTOPHUIl B
OKPECTHOCTH PAaBHOBECHS LIMPOKO IMPHUMEHSETCA METOJ JuHeapusanuu. B merone
JTMHEapHU3aliy EHTPAIBHYIO pOJib UrpaeT MaTpuiia Sko6u. CriekTpaibHbIE CBOMCTBA
MaTpHIsl SIKOOM 3a/1al0T JIOKAJIbHYIO KapTHUHY (a30BOTr0 MPOCTPAHCTBA, MO3BOJISIOT
KJIacCCU(UIIMPOBATH TUIT PABHOBECHS U XapaKTep yCTONUUBOCTH.

B nmocnennue ronpl HalpaBi€HWE aKTUBHO Pa3BHBAETCS B HECKOJBKUX CMEXKHBIX
JUHUSX: YCUIWIACh POJb JAaHHBIX M PEKOHCTPYKLIMHU JIOKAIBHOW AWHAMUKU [1];
MPUMEHSIIOTCS METOJbI, TJ¢ SKOOMAH BXOJUT B YCIOBUSI CXOJUMOCTH M CHUHTE3a
ynpasiieHHs [2]; I HEAaBTOHOMHBIX W NEPUOJAMYECKHX PEKHUMOB pPa3BUBAECTCS
BBIUHMCIIUTEIBbHAS YCTOMYMBOCTh, OMNUPAIOIIASACS Ha JMHEWHBIE NPEACTABICHUA
MOBBIIIEHHON pa3mepHocTd [3], [4]. BbimonHeHsl wuccienoBaHus, TAE NPSMOE
MpUMEHeHne sKoOuMaHa He paboTaeT W TPeOYIOTCS CHEIUalIbHbIC PaCHIMPECHUS
MeTona [5]. B cratbe [6] pacCMOTpPEHO KOPPEKTHOE COIOCTABJICHUE YCTOMUYMBOCTU
MCXOJTHOM U MpeoOpa30BaHHOM MOJIEIICH.

HoBu3Ha M akTyalnbHOCTh JaHHOW pPabOThI COCTOMT B pa3pabOTKE METOAMKHU
NpUMEHEHUsl sIKOOMaHa JUIsl JIOKQJIbHOW YCTOMYMBOCTH ABTOHOMHBIX TJIaJIKMX
HEJIMHENHBIX CUCTEM.

OO0beKT 1 MeTOINKA

OOBEeKTOM HCCIeOBaHUsl SIBISIETC ABTOHOMHAs HEJIMHEWHAs JUHAMHAYecKas
CHUCTeMa, 3a/JlaHHas CHCTEMON OOBIKHOBEHHBIX IU((EepeHINATBHBIX YpaBHEHUN
MEPBOTO MOPSAIKA

x=f(x), xeR",
rae BekTop — pyHkmusa f(x)npeanosiaraeTcs HempepbiBHO TuddepeHIpyeMol B

HEKOTOpoM  obmactu  (azoBoro mnpocTpaHcTBa. MccinepoBaHuio — mojjiexar
CTalMOHAPHBIE COCTOSIHUS CUCTEMBI M UX JIOKaJIbHAsl YCTOMYUBOCTb.

B nacTosieM #cclieqOBaHUU HCIOJBb3YEeTCS METOJ JIOKAJIbHOM JIMHeapu3aluu B
OKPECTHOCTU TOYKH PaBHOBECHSI.

Mertoauka uccie10BaHUs BKIIOYAET TaIbI:

(v %
1.HaxoxieHre ToueK paBHOBECHSI CUCTEMBI KaK perieHui ypaBHenus f(x )=0.
2.IToctpoenne maTpuilsl Skoou
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J(x*)z % ,
J

i,j=1
BBIYMCJIEHHOM B CTAlIMOHAPHOU TOYKE.
3.CrnexTpanbHBIA aHaTU3 MAaTPUIlLl SIKOOU: ccienoBaHne COOCTBEHHBIX 3HAUCHHUM.
4.@opMyIUpPOBKA YCIOBUM JIOKAJIBHOW YCTOMYMBOCTHU U  ACHUMITOTUYECKON
YCTOMYMBOCTH B TEPMHUHAX CIIEKTPA JIMHEWHOU alIPOKCUMALIVH.
5.AHanu3 NMOTrPaHUYHBIX CIIy4aeB, IPU KOTOPBIX JIMHEWHBIM KPUTEPUN CTAHOBUTCS
HEJIOCTATOYHBIM.

JlaHHas ~ MeTOAMKAa  IO3BOJIUT  IOJYYUTh  AHAIWTHYECKHE  YCIOBUSA
YCTOWYMBOCTHU U 1aTh UX UHTEPIPETAIHNIO B ()a30BOM MPOCTPAHCTBE.

Teopernyeckoe 000CHOBaHHME METOAa JHMHeapu3auuu CcHOPMYIUPOBAHO B
KOCBEHHOM MeToje JIsmyHoBa [7].

Pe3yabTarthl U 00CyKIeHUS
Haitnem Touku paBHOBecus. PaccMoTpum cucremy:

sz-(l—x—ay)

y=y-(—b+cx),
rae a,b,c>0, x(¢)=0, y(t)>0.
[Tox mepeMEeHHBIMH X B Y TIOHUMAIOT 3aBUCUMBIC TIEPEMEHHBIC, TI0]] ITapaMeTpaMu
— UHTEHCUBHOCTH B3aUMOJIENCTBUAL.
OmnpeenumM CTalldOHAPHBIC COCTOSHUS U3 YCIOBHS:

x-(I-x—ay)=0
y-(=b+cx)=0.
Pemenre moirydeHHOW CHCTEMBI HEIMHEHHBIX YPAaBHEHHMH OCYIIECTBIIAETCA

METOJIOM TTO/ICTAaHOBKHU.
x=0,1-x—ay=0

y=0, =b+cx=0.
IIpu x=0 = y=0=(0;0).
I[Ipu y=0 = 1-x=0=(1;0).

b b b
pp -b+cx=0= x=—= l-——ay=0= ay=1-—=
c c c
=20
y=—%=|——=€
a c a

[lomyyaem TOYKM paBHOBECHS:
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b b
E,=(0,0) E =(1,0) E,= - ac , ;<1.
[Toctpoum matpuiry AxoOu:
l1-2x—ay —ax
(o, )=
cy —b+cx

IIpoBenem anaiu3 yCTOWYMBOCTU B TOUYKaxX E,,E,, E,.
B touke E, = (0,0) Matuia ko0 UMeeT BUI;

1 0
J(0,0)= -
CoOctBennble 3Hauenus: A =1, A,=-b. Touka FE, saABmdercas cemwioM H
HEYCTOWYMBA, TaK Kak A, >0, A, <O0.

B rouke E, =(1,0):

-1 -a

0 —-b+c)

CobctBennble  3HaueHws: A, =-1, A, =-b+c. Touka FE,acUMIOTOTHYECKN

J(1,0)=

ycroluuBa 1npu ¢ < b, tak kak rorga 4, <0, 4, <0.

B touke E, ompenenutens MaTpulbl Skodu ‘J (EZX = é(l - éj IIpu ycinoBuu b <1
c c c

‘J (Ez){ >0, Toraa E, - IOKaJIbHO ACUMIITOTUYECKH YCTOMYMBA.

Meron nuHeapu3aluyd NO3BOJIAET YCTAHOBUTH JIOKAJIBHYI0 YCTOMYHMBOCTH TOYKH
paBHOBeCHUs B Cily4ae, Korja JeHCTBUTEIbHbIE YACTH BCEX COOCTBEHHBIX 3HAUCHHIA
MaTpuilbl SIkoOM CTpPOro OTPUIIATENIbHBI WJIM KOTJa XOTd Obl OJHO M3 HUX
NoJIOKUTENbHO. OAHAaKO NpH HAJIWYUM HYJEBBIX WJIM MHHUMBIX COOCTBEHHBIX
3HAYCHUW JIMHEUHBIA KPUTEPUA CTAHOBUTCS HEJOCTATOYHBIM.

PaccMoTpuM TIOrpanuuHyto cutyanmio mis touku E, =(1,0), korna ¢ =b. Torma
A =-1, A,=0. Hanuume HyneBOoro CcOOCTBEHHOIO 3HAYEHMUs O3HAYAeT, 4YTO
JVMHEWHAs alnpoKCUMalus HE TMO3BOJSET OJHO3HAYHO YCTAaHOBUTH XapakTep
ycTounBoCcTU. [loBeneHne cucTteMbl B OKPECTHOCTHM PABHOBECUS ONPENEIIACTCS
HEJIMHEHHBIMU YJeHaMU 00Jiee BBICOKOTO MOPSAKA, KOTOpbIe ObUIM OTOPOIICHBI IPU
JIMHEApU3aLHUU.
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Eciu B HexkoTopol Touke paBHOBeCHA A, =A, =0, TO BO3MOXKHBI Pa3IM4YHbIE

TUTBI BBIPOXKJEHHBIX CTAIIMOHAPHBIX TOYEK W BBIBOJ O JWHAMHKE TpeOyeT aHaiau3a
HEJIMHEWHBIX MOMPABOK.

CrekTpalbHbIN aHaMM3 MaTpHIbl SIKOOH SBISIETCS TOCTATOYHBIM KPUTEPUEM
JIOKAJIbHOM  YCTOMYMBOCTBKD TOJBKO B  HEBBIPOXKJIECHHBIX Ciy4dasX, Korja
JICHCTBUTEIHHBIC YACTH BCEX COOCTBEHHBIX 3HAYCHUN OTIUYHBI OT HYJIS.

PaccmoTpennass cuctemMa MOXKET HMHTEPIPETUPOBATHCS Kak aOCTpakTHas
MOJIEJIb B3aHUMOJECHCTBYIOIIUX KOMIIOHEHT TEXHUYECKOW MM 3KOHOMHYECKOU
CHUCTEMBI, B KOTOpPOW mMapamMeTpbl a,b,c UHTEHCUBHOCTh BHYTPEHHUX CBSI3€M U

BHEIIHUX BO3ACUCTBUU. l3MeHeHHe mnapaMeTpa c¢OTHOCHUTEIBHO KPUTHYECKOTO
3HaUY€HUs b MPUBOJUT K CMEHE YCTOMUHUBOCTU CTAIMOHAPHOT'O COCTOSIHUSI.

C HMHXEHEPHOM TOYKM 3pPEHHSI 3TO COOTBETCTBYET MEPEXOJY CUCTEMBI H3
YCTOMYMBOTO pPEeXnMa (DYHKIIMOHMPOBAHWS B HEYCTOWYMBBIN TPU MPEBBIITICHUN
KpUTHYECKOTO Tiopora mapameTrpa. CHeKTpalbHbI aHamu3 MaTpuilel Skoou
MO3BOJISIET OMPEJEIUTh JOMYCTUMBIC HAINa30Hbl MapaMeTpoB, 00ECTICUNBAIOIIIEC
YCTOUYHMBOCTH CUCTEMBI.

BoiBOABI

Meton nuHeapuzauu ABiseTcs 3PHEKTUBHBIM HHCTPYMEHTOM HUCCIIEI0OBAHUS
JIOKAJIbHOM YCTOWYMBOCTHA HEJIMHEWHBIX ABTOHOMHBIX JWHAMHUYECKUX CHCTEM MPH
ycinoBuM AU GepeHIupyeMOCTH MpaBbIX YacTeld. XapakTep CTalMOHAPHBIX
COCTOSIHUM TIOJIHOCTBIO ONPEACIISIETCS CIEKTPAIbHBIMU CBOMCTBAMHM MAaTPHULIBI
Axo0u, BBIYUCIIEHHON B TOYKE PaBHOBECHSI.

Ha  npumepe  knaccMyecko — JBYMEpPHOM  HENMHEHHOM  CUCTEMBI
MIPOJEMOHCTPUPOBAHO, YTO HM3MEHEHWE NApaMETPOB MOXKET NPUBOAUTH K CMEHE
YCTOMYHUBOCTA PABHOBECHUS, YTO COOTBETCTBYET KAUYECTBEHHOW IEPECTPOUKE
JTUHAMUKH CHUCTeMbl. [Ipu Hanmuuuu HyNEeBBIX COOCTBEHHBIX 3HAUCHUN JTUHEHHBIH
KPUTEPUIl YCTOWYMBOCTH CTAHOBUTCS HEJOCTATOYHBIM, W aHalU3 Tpelyer
IPUBJICUCHUS HETMHEWHBIX YJICHOB 00Jiee BHICOKOTO MOPSIIKA.

[ToaTBepkaaeTcss NPUMEHUMOCTh CIEKTPAIbHOTO aHaiu3a sKoOWaHa st
VCCIICIOBAHUSI WH)KCHEPHBIX W MPUKIAJHBIX MOJEJIEH M MCIOJIb30BAHUE I[IPU
JalbHENIIIEM U3YYEHUU NTApAMETPUUECKON YyBCTBUTEIBHOCTH HEIMHEWHBIX CHCTEM.
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HccaenoBanue TenjaoMacconepenoca B KalmJIAPHO-IIOPUCTBIX CUCTEMaX

Tyiliinneme. OHepkocinTe KaMWULIPIBI-KEYEKTlI XKaObIHAApABl  KOJJaHy
TOKIpUOETIK KOHABIPFBUIAp/A KbUTy Oepydl IaMBITyAbl KOHE 3€pTTEyl MKoHe
OpTYPJl TUNTET1 (M30TPOITHI, AHU30TPOITHI) KAMMLISAPIBI-KEYEKTI KYpPbUIbIMIApaa
op Typii Karmainga kbUTy Oepy ko3dduuMeHTTepi MEH MIapTThl OTKI3TILITIK
kodurmenTTepin amynbl KaxeT eTTi. CalKbIHIATKBITHI Oepy oIICiHIH ocepi,
KBUTYy aIMacy O€TIHIH OMIKTIr, CaJKbIHAATKBIIITHIH apThIK MOJIIepi, KYPbUIBIMHBIH
0aceuly Jopexkeci, Kyileae KbIChIM, KYPBUIBIM THI1 OHE IPaBUTALMSIIBIK ©PICTETI
KbUTy anmacy OeTiHIH OarbIThl aHbBIKTaNAbl. Kamwiisipiblk, macca KYLITEPIHIH,
KBICBIM MEH TepOeJlic KYIITEPiHIH KbUTy aaMacyFa O1pJieCKeH acepl 3epTTEI/Il.

AHHOTAIUS. [Tpumenenune KaIMAUISIPHO-TTOPUCTHIX MTOKPBITHIA B
MPOMBINIJICHHOCTH TOTPeO0Ba MPOBECTH pa3pabOTKy U UCCIEIOBaHHE TEIJIO0OMEHA
Ha DOKCIIEPUMEHTAJIbHBIX YCTAHOBKAX M TMOJYYUTh JUIS Pa3IMYHBIX YCIOBHUM
Kod(uimenTsl TemmooOMeHa U Kod(PPUIMEHTOB YCIOBHOW MPOHHUIIAEMOCTH B
KA PHO-TIOPUCTHIX CTPYKTypax Pa3IUYHOTO pona (M30TPOTHBIX,
aHU3O0TPONTHIX). BbIsBICHO BIUSHUE cmocoba TMOABOJA OXJIAJAUTENS, BBICOTHI
MOBEPXHOCTU TEIIO0OMEHa, M30bITKA OXJIAAUTEINS, CTENEHNU TPIKATUS CTPYKTYPHI,
JaBJICHUSI B CUCTEME, BUJIa CTPYKTYPBI U OPUEHTAIIMN MOBEPXHOCTH TEILIOOOMEHA B
IpPaBUTAIMOHHOM Toyie. VI3ydanoch COBMECTHOE BJIHMSHHE Ha TeIJIoNepenayy
KAWL PHBIX, MACCOBBIX CHJI, CHJI IABJICHUSI I BUOpAITHH.
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Annotation. The use of capillary-porous coatings in industry required the
development and study of heat transfer in experimental installations and to obtain
heat transfer coefficients and conditional permeability coefficients for various
conditions in capillary-porous structures of various kinds (isotropic, anisotropic). The
influence of the method of supplying a coolant, the height of the heatexchange
surfaces, the excess of a coolant, the degree of pressing of the structure, the pressure
in the system, the type of structure and the orientation of the heat exchange surface in
the gravitational field are revealed. The joint influence of capillary, mass forces,
pressure forces and vibration on heat transfer was studied.

Tyiiin ce3aep: Kanwispisl - KeyekTi xyienep, TypOopoHaa, KOHAEHCATOP.

KialoueBble cji0Ba: KamWwUISIPHO - TOPHUCTBIE CHCTEMBI, TypOO(dyHIaMEHT,
KOHJIEHCAToP.

Key words: capillary - porous systems, turbofoundation, condenser.

Bsenenne

Hcnonbs3oBaHrne MOPUCTBIX MATEPUAJIOB B JHEPIETHKE IPUBJIEKAET MHOTUX
uccienonateneit. s pa3paboTku pa3ianyuHbIX yCTpOWCTB. IHTEHCHUBHOCTH CHUCTEM
TEIJIOOTBOJA M HArHeTaHWE MPOTOYHBIX IMPOLECCOB B HHUX YBEJIWYUBAIUCH.
[IpuMeHeHre KanWUISIPHO-NOPUCTBIX MAaTEepUaJOB MOMHMO CHUCTEM OXJaXKICHHUS
MO3BOJIAET  CO3/[aBaTh  arperarbl, B  KOTOpblEé  PEUIINCh  MPOOJIEMBI
B3PbIBOOE30MACHOCTH, O€30MAaCHOCTH JKU3HEACATEIHLHOCTA U OXPaHbl OKPYKAIOIIEH
Cpelibl, a TaK’Ke HaJEKHOCTU. DTO 00JieryaeT BO3MOXHOCTh YIIPABJICHHS MPOIIECCOM
napooOpa3oBaHusi 3a CYET M30BITOYHOW JKMJKOCTH, OOpasyrouleiics B Mopax H
KaMWUISIPHBIX ~ CTPYKTYpax, 3a CYET CO3/1aBa€MbIX COBMECTHBIX JIEWCTBHM
KaNWUISIPHBIX U OOBEMHBIX CHI. V3ydeHuwe mnpoleccoB TEImIOMaccoNepeHoca B
TOHKMX KalWJUSIPHBIX CTPYKTypax HAaMpaBlIEHO Ha YyIOpaBieHHe Kod]duiueHra
TEIUIONIEPENAUH.

B pabore mnpencraBieHbl HCCIENOBaHMS IMPOIECCOB TEIJIOMaccooOMeHa B
[IEPCHEKTUBHBIX KAaNWUIAPHO-NIOPUCTBIX CHUCTEMAaX OXJAXICHHUS, CIyXaluX s
IIPOEKTUPOBAHMS TEIUIODHEPIeTUYECKUX CUCTEM. lIpencraBiieH anropuT™, pacKpbIT
MEXaHMU3M TEIJI000MEHa, MOKa3aHbl MyTH UHTEHCU(UKALIUH.

VYCTaHOBKM CO3[@Hbl U1l MCCIIEAOBAaHUS TEIUIONEpPEAaYd W THIPOJUHAMUKHU
KUAKOCTH B KaMJUIAPHO-TIOPUCTHIX Tenax. OHU MO3BOJSIOT ONPEAENTh yJEIbHbIE
TEIJIOBbIE TOTOKH, KOA(P(OUIMEHT Temaonepeaayd M YCIOBHBIM KO3(pPuuueHT
MIPOHUIIAEMOCTH MOPUCTBIX CTPYKTYP.

Bo3mMo)xHO  mpoBeneHHE  MOAEIUPOBAaHUS MpPU  PACHPEACICHHMH  BOJH
HalpsOKEHUH W JMHAMHKA —~ 1apoBod  (a3pl B METOJE  YNpaBIICHUS
OBICTPOINIPOTEKAONIUMU ~ JHEPTETUUYECKUMHM  mporeccamu  [l] B HOPUCTBIX
AIIUNTHYECKUX cuctemax. s 0600IeHns 1 CyMMUPOBAHUS 3KCIIEPUMEHTAIbHBIX
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JaHHBIX KCIIOJIb30BaJIaCh TEOPHsI MOA0OMS [2] W TEOpHsl aHAJIOTUH pachpeeiIeHUs
BOJIH B METAJNIMYECKUX U MOPUCTBIX MaTepuanax [3].

VYrpasienue Teronepenayeii Mpou3BOAWIOCH 33 CYET KOMOMHUPOBAHHOTO
JNEUCTBUA KANWUISIPHBIX M MAacCOBbIX cuJl [4], B TOM 4YHCII€ AHAJIOTUYHBIX H
MOJ0OHBIX SBJICHUN KuIleHHs W O0apOoTaka B MEHHOM MHOroda3zHoM mnortoke [5,60] ,
BKJIIOYas pabOTy MOPUCTHIX CUCTEM IO AaBJIeHUEM [7].

UccnenoBanusi MOPUCTHIX CUCTEM WMEET NMPHUKIIAJHOE 3HAYCHUE U TO3BOJISET
co37aBaTh TEOIKPAHbI [JIsl 3alUThl  TypOODYHIAMEHTHI JJIEKTPOCTAHIIUNA OT
3eMJIETPSICEHUN TApOOXJIAAUTENN MMAPOBBIX KOTIOB [9], MIOXOTEMIONPOBOIHBIE
nopuctbie TOKpbITUA [10], mms TypOuHHON TexHHMKe »nekTpocTtaniui [11-13],
yIpaBiisisi IpoliecCaMy B TEIUIOBBIX, MAaCCOBBIX, MEHHBIX, B3PBIBHBIX U 3BYKOBBIX
(UBUYECKUX MOJISX.

AKTYaJIbHOCTH U HAY4YHOE 3HAYCHHE

N3ydyeHne KanuuisipHO-MIOPUCTBIX MOKPBITUM B TEIUIOBBIX AJIEKTPOCTAHIUAX
CBSI3aHO C CO3/IaHMEM CUCTEMbI OXJIAKJICHHS BBICOKOTEMIIEPATYPHBIX JIEMEHTOB U
y37I0B. Jlsi 3TOro B COBPEMEHHBIX TEXHOJOTHUSX HCIOJIB3YIOTCA ITOKPBITHS Ha
MOBEPXHOCTH TEIIO0OMEHA.

Hanbonee mepcrnieKTUBHOM M YIPaBISIEMON CUCTEMOM OXJIXKICHUS SIBIISCTCS
CUCTEMA, UCTOJIB3YIOIIasl COBMECTHOE IEUCTBUE MAaCCOBBIX M KallMJUIAPHBIX CHJI IS
TPAHCIIOPTUPOBKH XJIaJareéHTa C TEIUIOM K IOBEPXHOCTH oxJaxaeHus. I[lpu
MOCTPOEHUN (PU3NYECKON MOJIEIH KUTICHUS KUIKOCTH B HOBOW IMOPHUCTON CUCTEME,
paboTaroliei mojJ; COBMECTHBIM JCHCTBUEM TI'PABUTAIMOHHBIX W KAMMUISIPHBIX CHJI
JUISI UCXOJTHOTO THUIMA KHUIEHHS, MbI IpeJrosiaraeM, 4To B IMpoIlecce TEIooOMeHa
nepenaeTcst  OOJIBLIOE  KOJIMYECTBO TEIUIOTBI ( 32 cueT 3PPEeKTUBHOCTU
TEIUIONPOBOJHOCTH.

Jiis  Takoil cucTeMbl pa3pabOTaHbl  (PU3MKO-MATEMaTHUYECKHUE MOJIENH,
ITO3BOJISIIOIINE TOJTYYUTh KOHCTPYKTOPCKHE METOIBI pacdeTa TEIUIOBBIX ITOTOKOB U
KO2()(PUITMEHTOB TETUIOOTIauH.

C uenbio ynpoleHuss U YJIEUIEBICHUSI UCCIEIOBAaHUIN MPEACTABISIET MHTEPEC
M3Y4YCHHE TMPOIECCOB TEIJIOOOMEHa B TEIJIOPACCEMBAIOIINX M MAaJIOTIOPHUCTHIX
XPYHKOMIOPUCTBIX ~ MOKPBITUAX I  MOAECIUPOBAHUS  KANMWJUISIPHO-IOPHUCTHIX
cTpykTyp. K TakuM TOKPBITUSIM OTHOCSATCS Pa3HOOOpA3HBIE MOPOJBI, CIOCOOHBIC
BBIJICP)KUBATh  XPYNKOE pPa3pylIeHUE WIM HWHTEHCHUBHO  pPACCIAMBATBCS  C
0o0pa3oBaHMEM OTIEIMBIIMXCS OT TMOKPHITHS YacTull. I[IOKpBITHUS MO3BOJSIOT
UCCJIEIOBATh MEXAHU3M MPOIECCOB TEMIOOOMEHA B HOPMAIbHBIX M KPUTHYECKUX
YCIOBHUSIX, CBSA3AaHHBIX C  MPEKpAIIEHWEM IMOAA4YM  TEIUIOHOCUTENS  WJIHU
BO3HUKHOBEHUEM T'MIPOTEPMOJINHAMUYECKOTO KPU3HCa TEMIOOTAAYH.

Ieau uccaenoBaHus
OcHOBHBIE 007aCTH MPAKTUYECKOTO TPUMEHEHUS KAMMIISTPHO-TIOPUCTHIX
CUCTEM 3alllMIICHbI TTaTEHTAMU W aBTOPCKUMHU CBHUJICTEIHCTBAMH HA M300pPETEHUS B
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00JIaCTH TEIUIOPHEPTETUIECKUX YCTAHOBOK, a TaKXKe OIMyOJWKOBaHBI B HAYYHBIX
n3ganusx [1-9].

Heobxoaumo pemuts npo6sieMbl UCHOIb30BAHMS HEKAY€CTBEHHOTO Tera JUis
OTOIJICHUSI M KOHJUIMOHUPOBAHMUS BO3/AyXa B TPAIUPHAX, MPYIax-OXJIaJUTEIAX,
3IaHUSIX, COOPYXKEHUSX, TEIIUIAX, MPEAOTBPATUTH 3arpsi3HEHUE BOJABI U TOYBBI
HeTenpoIyKTamu.

[TopucTeie cUCTEMBI, BBITIOJIHEHHBIE B BUJIE TEIJIOBBIX TPYOOK, CTald BHEAPATH
Ha Pa3JIMYHbIX IEKTpOoCcTaHUUAX. OHM MO3BOJSIOT C BBHICOKOW MHTEHCUBHOCTBIO U
HaJIe’)KHOCThbIO OTBOJAUTH U TPAHCIOPTUPOBATH BHICOKHE TEIUIOBBIE MOTOKH, PEIIAIOT
PSS OKOJIOTMYECKHX TMPOOJEM, BBIIBUHYTBIX B PE3yJIbTaT€ aHTPOIOTEHHOTO
BO3JICICTBUSI Ha OKPYXKAIOUIYI0 Cpely: BO3MOXKHOCTb 3KOHOMHUTH IPHUPOJIHBIE
PECYpCHI, BOILY, KHCIOPOJI ¥ CHUXKATh KOJIMYECTBO BPEHBIX BEIOPOCOB.

Buenpenune 000pynoBaHHMS U TEXHOJIOTMUECKHX TMPOIECCOB B  00OJACTH
SHEPreTUKH JIOJDKHO OCYIIECTBISATHCS, TMPEXKIE BCETO, C HSKOJOTHYECKOW U
SKOHOMMYECKON TOYKU 3peHud. lIpemnaraemas pa3paboTka KamvUIIPHO-TTOPHUCTHIX
CHUCTEM CIOCOOCTBYET peaiM3allui TEXHOJOTMYECKUX MPOIECCOB, 3HAYUTEILHOMY
YIYUYIIEHUI0 U COXPAHEHUIO MPUPOJHOU CpE/ibl, MOBBINIAET MPOU3BOAUTEIHLHOCTD
COOPYKECHUH.

Ha pucynke 1 mokazana cxema (PyHKIMOHHPOBAHUS KaNWUIAPHO NOPUCTOMN
CUCTEMBbI, KOTOpasi MOKET padoTaTh MO OTKPHITOMY M 3aMKHYTOMY HCIApUTEIbHO —
KOHJICHCAIMOHHOMY ULHKJITYy. CiouB XuUAKOCTM 6 W & MO3BOJSET CYIIECTBEHHO
paclIMpUTh MPENEebl OTBOAA TEIUIOBBIX MOTOKOB W YIPOCTUTH 3KCIUTYaTaIUIO
CUCTEMBL.

CxeMa pabOThl CHCTEMbl OXJXKJICHUS W METOJUKH U3MEpPEHHUs TMOKa3aHbl Ha
pHUCYHKE 2.

U3MepuTh CIeAyIonmue BeTMInHE :mS, | t& — pacxox u Temmeparypa KHUAKOCTH
B Oake; my;, m, — pacxoa XHUAKOCTH, IMOJABAEMBbIE B BEPXHIOI W HUKHIOKO
NUTAIONUE apTepuu; tl.,, t,— TeMIepaTypa CTEHKH H Iapa; M, t.—pacxom u
TeMIIepaTypa >KHUIKOCTH Ha CIUBE; t,,q tie— TEMIIEpATypa MIEKTPHUUCCKOU U30ISAIUU

Aud,
u uddepeHnmansaas; m, ty— pacxox U TeMIIEpaTypa KOHIEHCATa; M, — pPacxoj
apa; My,s — PACXOJ] YAEIAEMOTO BO3IYXa; My, by, ty”“— PacXol, TEMIIEPATyphl Ha

BXOA€ U BbIXOJC HHpKy,TDIHHOHHOfI BOJBI.

T

1
L
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oot

Pucynok 1 - Cxema pyHKIIMOHUPOBAHUS KAMMIIIPHO-TTIOPUCTON CHCTEMBI OXJIaXKICHHUSI:

=
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1 — temmooOMeHHBINH dJeMEHT (UCmapuTenb); 2 — KOHIeHcaTop; 3 — 0ak
nuTanus; 4,5 — UroJibYaThle BEHTUIN; 6,8 — BEHTWIb Ui CIMBA; 7 — BEHTUJIb I10JJa4u
KOHJIeHcaTa; 9 — maTpy0Ook; 10 — maponpoBoj; 11 — BeHTHIIb BbIITycKa Bo3ayxa; 12,13
— IOABOA Y OTBOJI LIMPKYJIALIMOHHON BOJBI.

ITonBon oxmanuTens B BBICOKOHANOPHBIX CHCTEMaxX OXJIAXKICHHUS IOKA3aH Ha
pUCYHKE 3.

Ha pucyHke 4 npencraBiieHO yCTPOMCTBO KOHJIEHCATOPA.

YcnoBHBIM KOA(PGUIUEHT TPOHUIIAEMOCTH MOPUCTON CTPYKTYpPbI OMPEIEIIsICs
110 3aKOHy Jlapcu, a CXeMbl U3MEPEHUS BENUYMHBI M, M, AP Nl0Ka3aHa Ha pUCYHKE

5.
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Pucynok 2 - Cxema paGoThl CHCTEMBI OXJIQXICHHS 1 METOIUKA H3MEPEHUSI:

TCJ - 1000 — cBapounbiii Tpancopmarop; YTT — yHUBEpcalIbHBIM
TpaHcopMmaTop TOKa; W — BaTTMETp; vV — BoibTMeTp; A — ammepmerp; PHO —
perynsatop Hanpsbkenus; [T — rameBaHomeTrp; P — poramerp; B — wurosbuareiit
BEHTUJIb.

a) 0)
PI/ICYHOK 3- HOI[BOI[ OXJIAAUTCIIA B BBICOKOHAIIOPHBIX CUCTCMAX OXJIAXKICHUS:

a) HIDKHUAW TTOABOJT )KUJKOCTH; O0) BEpXHUHN TOIBO/T YKUIKOCTH.
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Pucynok 4 — Konnencarop

1 — maTpyOoK moBoJa Tapa; 2 — marpyooK OTBOJA KOHACHCATa; 3 — marpyooK
OTBOZIa HEKOHJCHCUPYIOIIUXCS Ta30B; 4 — marpy0OK MOJBOAA OXJaXIAroIIen
KHUIKOCTH; S5 — maTpyOOK OTBOJA OXJIAXKJAIOWIEH JKUIKOCTH, 6 — KOpmyc

KOHJIEHCAaTOopa; 7 — TpyOa oXJaKJaoUIei KUIKOCTH.
1
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Pucynoxk 5 - Cxema u3MepeHus ycioBHOT0 K03 uureHTa mpoHUIIaeMOCTH

1 — 6ak; 2 — apTepusi; 3 — KAMUWJUISIPHO-TIOPUCTAs CTPYKTYypa; 4 — 6a4oK ciuBa; 5
— Tpy0Oa mnozaBoja KUAKOCTH; 6 — BeHTWIb. AP — mepenan naBieHus; My Mc, —
pacxo/ibl JKUJKOCTU U CJIMBA.

Pe3yabTaThl Hccaeq0BaHUS

UccnenoBansl pasznudabie (HAKTOPHI TMPOIECCOB TEIJIO- M MaccooOMeHa B
KAWL PHO-TTOPOBBIX cucTemMax TETJIOBBIX ANEKTPOCTAHLIUN (myTem
AQHAJIUTUYECKUX, MOJCNIBHBIX, (PU3MUECKUX OSKCIEPUMEHTOB). OmnpeaeneHbl TaKue
(dakTophl, KaK TUIl TEIJIOHOCUTENS, CXeMa UUPKYJSLHNU, KOHCTPYKIUS CUCTEMBI,
Marepuall Kopryca 0JioKa, TUIIBI CUCTEM, BUJ TOABOJAMMOMN YHEPTUM U HAMPABJICHUE
CHUCTEMBI.

UccnenoBanue BIMSHUS OPUEHTALIMM CHUCTEMBI OXJaXJACHUS OTHOCUTEILHO
IPaBUTALIMOHHOW CHJIBI TPOBOJIMIIOCH IO CXeMe, M300paKEHHON Ha PUCYHKE O.
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Pucynok 6 - Pe3ynbTaTsl ucclieJOBaHNUSI OPUEHTALIMH TEIUIOOTAAIOIIEH TOBEPXHOCTU

a, 0) — TOIBOJT KHUAKOCTH OCYIIECTBIISIETCS apTEPUCH; B, T) — TIOJIBOJ] YKUIKOCTH:
0. — YTOJI MEXK/1y IIOBEPXHOCTHOIO OXJIAXKICHUS U CUJION TPaBUTALIUU.

HNMeroTcst siBHBIE MMPOTHBOPEUUS B KOHCTPYKIIMH OXJIQXKICHUS TETUIOOOMEHHBIX
IIOBEPXHOCTEN JJIEMEHTOB CHUJIOBOM YCTAHOBKH JO KPUTHYECKHUX ITOTOKOB, KOTJA
UMeeT OOCYXKJIEHHE MEXaHH3Ma MpOoIecca TEII000MEHa B KANMWJUIAPHO TMOPUCTHIX
CTPYKTypax, a MMEHHO Kakas Cpela HaxXxOIWJlaCh B CTEHE: KUJIKOCTb, Map WIIH
nmapoBojsiHag cmecb. Ha OCHOBE OKCHEPUMEHTAIBHBIX W TEOPETHYECKHUX
WCCJICIOBAHUM CO3/Ial0TCSl JUHAMWYECKUE MOJICIM YCUJICHHOM TEIUIOOTIauu MpHU
KUIICHUU Ha TOPUCTOU MOBEPXHOCTU. VI B HEM COAEPKATHCS BHYTPEHHHUE MOJOCTU B
BUJIC MPSIMOYTOJIbHBIX KaHAJIOB U MEJIKUE MOPHI, COCAUHSIONINE KaHAIbl ¢ 00BEMOM
KUJIKOCTH. KUAKOCTH OBICTPO HCHapsieTCs W3 MEHHCKa, TMPU HEe3HAYUTEIHLHOM
M30BITKE W YBEIMYEHUU OXJIAKIAIOIICH >XUAKOCTU. I HEKOTOpPOro TEIIOBOTO
MOTOKAa TJIaBHOE€ HaApyIICHUWE BOJIHOOOPA3HOIO TEYEHUE IUICHKU JKHIKOCTH,
00pa3yroTCcs OT/ENIbHBIC My3bIpbKH Napa. [1oCcTOsSHHBIC [ICHTPBI TCHEPAITUH SBIISIOTCS
HECKOJILKO aKTHUBHBIX SYE€EK CTPYKTypbl. Hauamo KuneHus KXKUJIKOCTH 3aBUCUT OT
MHOTMMM JKCIUTyaTallHOHHBIMM W PACUYETHBIMU IMapaMeTpaMu U OIPEAEIACTCS
YPaBHEHHUEM JIJI 3TOTO MPOIECCa, YTO COOTBETCTBYET TEIUIOBOMY IOTOKY.

A CHIKEHHE pacxoja OXJaKJaroled KUJIKOCTH NPHBOAUT oOpa3oBaHUe
MHOTHX IIEHTPOB MapooOpa3oBaHUs. A €CIU YBEIWYHUM PACXO]l IUPKYJIHPYIOIIETO
TEIUIOHOCUTENSI, TO MapoBbI€ MYy3bIPU YBEJIWUYMBAIOTCS, & AaKTUBHBIE HA00OpPOT
yYMEHbIIATCS. Bee mponeccsl yrpaBiasiiOTCA U PEATU3yeTCsl TEPMOTHAPABINYECKUMU
XapakTepucTukamu. Pa3zpaboTaHHbBIE SKCIIEPUMEHTAIbHBIE YCTAaHOBKH, IMO3BOJISIIOT
HCCIIEIOBATh HMHTETPAIbHBIE XapaKTEPUCTUKU TemiooomeHa. K HuUM oTHOcsSTCS
YAEIbHBIE TEMJIOBBIC TIOTOKU PACXOAbI Mapa U KUJIKOCTH U T.]I.
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Taxxe OBLIO MPOBENECHO pAa3IMYHBIE HCCIEAOBAHWE, B TOM YHWCJE aHAJIM3bI
rojiorpaduyeckux HUHTEepdeporpamm, KOTOpPbIE MOKA3bIBAIOT, YTO MPHU MOJIYYCHHUSX
IpY BEJIMYMHE TEIJIOBOTO MOTOKA MOCTOSIHHAS KOHUEHTpAIUsi UHTEPPEPEHIIMOHHbBIX
II0JIOC BO BPEMEHM, XAPAKTEPU3YIOT IMPOLECC KHUIIEHMS KAaK KBa3UCTALlMOHAPHBIN.
Opnako HekoTopas aegopMalus TMOJOC CBs3aHa C NYJbCUPYIOUIUM PEKUMOM
mpoliecca KUMEHUSI U HAJIMYUEM LIEHTPOB MapooOpa3oBaHUs B SYEHKaxX CTPYKTYpHI,
KOTOpbIE BpEMsSi OT BPEMEHH M3MEHSIOTCS. B 3TOM ciiyyae MOXKHO MHpEeIoIOKUTh,
YTO Karuist >KUJKOCTH BEIOPAChIBAETCS B MPUCETOUYHOE TIPOCTPAHCTRO.

TennoBoe M TUAPOAMHAMUYECKOE COCTOSIHHSI MPOIIECCOB TEIJIOMaccooOMeHa
OIICHUBAJINCH IO Pa3HBIM 3HAYCHHUSIM CTeneHu nedopmaruu GopM U TUIOTHOCTH
uHTephEPEHITMOHHBIX TOJIOC, TIPU Pa3HBIX 3HAUYEHUAX TEIIOBOTO MOTOKA.

N B 3TOM ciydyae MOXKHO TOBOPUTH O MHUKPOIPOLECCAX U HEKOTOPHIX
BHYTPEHHHUX TIpOIleccax, TaKMX KaK TEIUIOBOU (TeMIepaTypHbI) MHUKpOpeEibed,
ABJIICHHE KoJieOaHul, BBIOpOC Kamenb. YeM HMHTEHCHBHEE MpPOLECC, TEM YeTye
n3o0paxxkenus. EcTb omnpeneneHHble cCUCTEMBl M HEKOTOpble AubdepeHunanbHble
3aKOHOMEPHOCTH, KOTOPBIE HEJB3sI ONPEACIIUTD IPYTUMU METOIAMH.

BriBOALI

PazpaboTanbl ¥ uccaeAOBaHbBI IKCIEPUMEHTAIbHBIE YCTAHOBKH, MO3BOJIUBIIINE
BBISIBUTH BJIMSIHME Ha TEIUIONEpeAadyy U TMAPOJAMHAMUKY KUIKOCTH B KalMJUISIPHO-
MOPUCTHIX CTPYKTypax crmocoda MOABOJIA OXJIATUTENsS, BBICOTHI TEIMJI00OMEHHOM
MMOBEPXHOCTH, M30BITKA OXJIATUTENS (Pa3OMKHYTas WIM 3aMKHYTas MCHApHUTEIIbHO-
KOHJICHCAIlMOHHAs  CHUCTE€Ma), CTENEeHU MNPWKATUS  MOPUCTOM  CTPYKTYPBI,
PaBHOMEPHOCTH TEMIIEPATYPHOTO IOJII CTEHKH, JABJICHUS B CHCTEME, HAJIMYUS
KOHJieHcaTopa (mubo map oTBoAwics B atMocdepy), BHIBI CTPYKTYpPhI Ha
KO3(QOUIIMEHT TMPOHUIIAEMOCTH W OPHEHTAllMM ITOBEPXHOCTH OTHOCHUTEIHHO
rPaBUTAMOHHON CHJIbl. ONUCaHHBIE HKIEPUMEHTAIbHBIC YCTAHOBKH IO3BOJISIN
Pa3IMYHBIMU CIIOCOOAMM CO3/1aBaTh U PEryJUPOBATH AaBJIEHUE MMapa B UCIAPUTEIIHHO
KOHJICHCAIITMOHHBIX CHCTEMAaX.
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BausiHne HCKYCCTBEHHOT0 MHTE/UIEKTA U NApPaJuIeJIbHbIX BbIYHCIEHU
CPU/GPU na xkpunrorpaduio

Tyiiinaeme. byn wmakanaga »xacangaer uHTeuiekt (OKU) sxome CPU/GPU
napajuieNpl ecenTey apXUTEeKTypaJapbIlHbIH Ka31pri 3aMaHfbl KpunTorpadusra acepi
seprreneni. CHMMETPUSIIBIK KOHE aCHMMMETPUSUIBIK Mupiay aaropuTMIEpiH
KeNIeIETy, MOCTKBAHTTBHIK CXxemayiap MeH ToJbIK roMomMopdThl mudpnayas (FHE)
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€HT13y/eri GPU MYMKIHIIKTEPI KApacThIPbLUIAJIBI. Kpunrorannayas
aBTOMATTaHABIPY, OYHIpIiK apHamap apKpUIbl MIA0YBUIAAPABI  KYIIEHTY >KOHE
OeriiMuenrim  KpunTorpadusuiblK OKyHenaepal Kypy YIIIH MallMHAIBIK OKBITY
o/iCTepiH KOJIaHyFa epeKIine Hazap aynapeuianbl. [lapamnensai ecenteynep men KU
OIpJIECKEH OCEpIHIH HOTHIKECIHJIEC KPUNTOTPaPUSIBIK TYPAKTHUIBIK HapaMeTpiiepiH
KaiiTa Kapay KaKeTTUIIr HeTi3aee/l.

AHHOTauus. B n1aHHOW crathe wucCcClenyercss BIHUSHUE HCKYCCTBEHHOTO
untemiekra (MW) wu apxurextyp mnapamienbHbix BbruuciaeHuit CPU/GPU  na
COBpeMeHHYI0 kpunrtorpaduio. PaccmarpuBatorcss Bo3moxkHoctu GPU  mns
YCKOPEHHSI QJITOPUTMOB CHMMETPUYHOTO M ACUMMETPUYHOTO MIM(PPOBAHMS,
peanu3aluy IMOCTKBAHTOBBIX CXEM M TMOJHOCTbIO TOMOMOPGHOTO MHU(PPOBAHUS
(FHE). Oco6oe BHUMaHuE yAeNSIeTCS IPUMEHEHUIO METOJIOB MAIIIMHHOTO O0Yy4YeHHUsI
JUISE aBTOMATHU3allMy KPUIITOAHAIM3a, YCUJIEHUs aTak Mo MOOOYHBIM KaHajlam MU
CO37aHUsl  aNanTUBHBIX  Kpunrorpadpumueckux  cucteM.  OOOCHOBBIBAETCS
HEOOXOUMOCTh TIEPecCMOTpa MapaMETPOB KPHUNTOTPAPUUECKOM CTOWKOCTH TOA
BIMSTHUEM COBOKYMHOTO 3¢ (deKTa napasienbHbix Beranciaenuit u M.

Abstract. This article explores the influence of artificial intelligence (Al) and
CPU/GPU parallel computing architectures on modern cryptography. The capabilities
of GPUs for accelerating symmetric and asymmetric encryption algorithms,
implementing post-quantum schemes, and fully homomorphic encryption (FHE) are
examined. Particular attention is paid to the application of machine learning methods
for automating cryptanalysis, enhancing side-channel attacks, and creating adaptive
cryptographic systems. The necessity of revising cryptographic security parameters
under the combined influence of parallel computing and Al is substantiated.

Tyiiin ce3nep: xacannpl wuHTewiekT, GPU, mnapamienbai ecenrteyiep,
kpunrorpadus, kpunrotainay, AES, NOCTKBaHTTHIK Kpunrtorpadus, TOJbIK
roMoMop@ThI mHUdpay, MAIIMHATIBIK OKBITY, OYHIPIIIK apHaiap.

KurwueBble ciaoBa: wuckyccTBeHHbId wuHTeekT, GPU, mnapainensHbie
BBIYHMCIICHUSI, KpunTorpadus, kpuntoananus, AES, moctkBanToBasi kpunrorpadus,
MOJTHOCTHIO ToMOMOp(hHOE MU POBaHKE, MAMMTUHHOE 00ydeHHEe, TOOOYHBIC KaHAJIBI.

Key words: artificial intelligence, GPU, parallel computing, cryptography,
cryptanalysis, AES, post-quantum cryptography, fully homomorphic encryption,
machine learning, side channels.

Bsenenne

CoBpemenHas kpunrtorpadusi pa3BUBAaeTCs B TECHOM CBSI3M C JOCTYHNHBIMU
BBIUMCIUTENbHBIMU pecypcamu. Knaccuueckue anroputmel (AES, RSA, ECC)
MPOEKTUPOBAIUCH C Y4YETOM OrpaHUYEHUH TMPOIECCOPOB OOIIET0 Ha3HAYEHHUS.
Onnako pazsutre MHorosjepHbix CPU u rpaduueckux mpoueccopoB (GPU) c
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THICSTYAMU TTOTOKOBBIX SIZIEP CYIIECTBEHHO M3MEHWIIO BBIUYMCIUTEIBHBIN JIAHIIA(T.
GPU cranu »¢d(}EeKTUBHBIMU YCKOPUTEISIMU MACCOBBIX BBIYMCICHHUM, BKIIIOYAs
Kpunrorpadguyeckre omepalud, 4To MPUBEIO K CKaukKy B CKOpPOCTH mepedopa
KJIFOUEeH, TeHepaluu XdII-PYHKIUI U BBINOJHEHUN CJIOKHBIX OINEpanuil MOJHOCTHIO
romomopdnoro mudposanus (FHE) [1, 4].

[Tapannenu3M oOKa3bIBA€T ABONCTBEHHOE BiMsHHE. C OOHOM CTOPOHBI, OH
MO3BOJISIET MOBBICUTH MPOU3BOAUTEIBHOCTD 3AIIMIIEHHBIX BHIYMCICHUN B 00JauHbIX
cepBucax u OnokueH-uHPpacTpykrypax. C Apyroid CTOPOHBI, T€ K€ TEXHOJIOTHH
YCWIMBAIOT TOTEHIIMAT KPUIITOAHAIN3a, TO3BOJISII YCKOPHUTHh aTaku Iepedopa u
aHaJIM3a Koyum3uii [2, 7].

JlonoysHUTENbHOE M3MEPEHHE BHOCUT MCKycCTBEHHbIN wuHTemiekT (MN).
Metoasl mammmmaHOTO 00yueHus: (ML) akTHBHO MPUMEHSIOTCSA B KPUIITOAHAIIN3E IS
BBISIBIICHUS CKPBITBIX KOPPENSAIUNA M aHajdn3a MOOOYHBIX KAaHAJOB, a TaKXKE IS
ycuiieHHusl 0€30MacHOCTU: OOHApY)KeHHUs aHOMAJIMA W JAMHAMUYECKON aJanTaiuu
Kpunrorpadpuueckux mapameTposn [3, 5].

Takum oOpaszoM, I1ieib HacTosIIeH paboThl - uccienoBanue BiusHuas MU u
napayenbHbix apxuTektyp CPU/GPU Ha npou3BoUTENbHOCTh KPUIITOAITOPUTMOB,
BO3MOXHOCTH KPUNTOAHAIU3a U TPEOOBAHMS K TapaMeTpaM 0e30MacCHOCTH.

['unore3a ucciieoBaHUs MOKET ObITh MPEICTABIIEHA TPEMS TE3UCAMHU.

1. Tesuc o mnpousBoautTenbHOCTH. Mcnonb3zoBanue GPU U reTeporeHHbIX
ApPXUTEKTYp TO3BOJISET MPEOJ0JIETh BBIUYMCIUTEIBbHBIE Oaphepbl Kpunrorpadum,
Jenasi BO3MOXHBIM IIMPOKOE MPUMEHEHUE TaKUX AJITOPUTMOB, KakK MOJHOCTHIO
romomopdHoe mudpposanue (FHE), B peansHOM BpemeHH.

2. Tesuc 00 yrposzax. Meroasl MaIIMHHOTO OOyYeHHs] B COYETAHUU C
MapajuleibHBIMU  BBIYMCICHUSIMA ~ CO3/Ial0T HOBBIM  Kjacc  yrpo3, MO3BOJISs
3(h()EeKTUBHO TPOBOANTH KPHUMNTOAHAIW3 (BKIIOYAss aTaKW IO MOOOYHBIM KaHajaMm)
IPOTUB AJITOPUTMOB, paHEE CUUTABLINXCS 0€30MACHBIMHU.

3. Te3uc 06 sBomronuu cranaaptoB. CyllecTByrolMe Kpunrorpapuueckue
CTaHAapThl, pazpaboTaHHbIE A0 3pbl oBceMecTHOTO pacnpoctpanenuss GPU u U,
O0oJjiee He TrapaHTHPYIOT 3asBJICHHBIA YpOBEHb OE€30MAaCHOCTH, 4YTO TpedyeT uX
aganTaiuu (yBelIMueHUe KII04el, BHEAPEHUE MOCTKBAHTOBBIX aJITOPUTMOB U 3alllUTa
oT ML-arak).

O0beKT 1 MeToANKA

OOBEKTOM HCCIIENOBaHUS SBISETCS BJIMSHUE BBIYMCIUTEIBHBIX apXUTEKTYp U
METO/JIOB HMCKYCCTBEHHOTO WHTEIIEKTa Ha KpUNTOTpaduuecKkue aiaropuTMbl H
CHUCTEMBL.

[Ipenmerom  uccrnegoBanus -  cummerpuunbie  (AES,  ChaCha20),
acumMetpuunabie (RSA, ECC) u moctkBanToBeie (CRYSTALS-Kyber, Dilithium)
Kpunrorpauueckiue ajropuTMbl, a TakKKe METOJAbl MAIIMHHOTO OOydYeHHs,
IpUMEHSIEMbIE B KPUNITOAHAIIM3E U 3aIUTEe UHPOPMALIUU.

B kauectBe METOMOB HCCIEAOBAHMS B padOTe MPUMEHSETCS KOMIUJIEKCHBIN
METOJ] aHAJIN3a, BKIIFOYAKOIU:
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1. CpaBHUTENbHBIN aHams. Ocymectisiercs COIIOCTABJICHUE
MPOU3BOAUTENIILHOCTH KPUNTOIPAPUUECKUX aITOPUTMOB MPH MOCIEI0BATEIHHOM
(CPU) u nmapamnensnoit (GPU) peanuzanuu Ha OCHOBE JIaHHBIX, OMYOJIMKOBAHHBIX B
pELEH3UPYEMBIX HAYUYHbIX HCTOYHUKAX (3kypHasbl Scopus u [EEE).

2. Amnanutuyeckuid 0030p. IIpousBeneHo M3yueHHE W aHAIM3 COBPEMEHHBIX
MO/IXO0/I0B K MCIOJIb30BAaHUIO METOJIOB MAIIMHHOTO OOy4eHMs (HEHPOHHBIX CEeTeH,
IyOOKOro OOy4YeHMs) NI 3aJlad KPUIITOAHAIM3a M YCUJIEHUs] KpunTorpadguieckon
CTOMKOCTH.

3. Cucremartuzanus. Beimonnena kmaccudukanuss yYrpo3 U HOBBIX
BO3MOKHOCTEH, Bo3HuKaronmx npu naterpammu MU u GPU B xpunrtorpaduueckue
CUCTEMBI.

ANTOpUTM HCCIAEAOBAHUS MPEACTABIECH CIEAYIONIEH I0JIEI0BATEIBHOCHIO
(pucyHoxk 1).

CHop v uayueHue HaydHbIx NnybAuKaumii 3a nocnegHMe 5 NeT No TEMaM.

Ananuz apxutexrTypHblx ocobernHocTeid CPU 1 GPU, BAMAIOWMX Ha
BbINONHEHWE KPUNTONPUMMTHUBOB

BoiABMEHME OCHOBHDbIX HANpaBAeHuid npumeHeHA MW B kpunTorpadum.

O6obLEeHWEe NoNYUEHHDBIX AaHHbIX 4nA GopMyNMpPOBKM BLIBOJOE O
BAMAHWM HOBbIX TEXHONOTHMIA Ha KpunTorpaduueckyro BesonacHocTb.

Pucynok 1. Anroput™ npoBeneHus: UCCIIEI0BaHUA.

Pe3yabTaThl ucc/ie10BaHUI

1. Anamu3  BiuusHus  napavienbHbix  Bbluncienunt  CPU/GPU  na
MPOU3BOAUTENBHOCTh KPUIITOAITOPUTMOB

HccnenoBanue mnokaszano, 4To apxuTektypa rpapudeckux npoueccopon (GPU),
ocHoBaHHasi Ha mapagurme SIMT (Single Instruction, Multiple Threads),
NPUHIUMIIMATBLHO MEHSET MOAXOJA K BBINOJIHEHHIO Kpunrtorpaduyeckux 3agad. B
OTJIMYME OT LEeHTpaibHbIX mpolieccopoB (CPU), koTopble ONTUMHM3UPOBAHBI IS
HU3KOJIATCHTEHTHOTO  BBITIOJIHEHUS  TOCJICIOBATEILHOTO KOJa C  Pa3BUTHIM
ynpaBiennem  BeTBieHusmu, GPU mnpennarailoT  OrpoMHYH0  COBOKYIHYIO
BBIYMCIIUTEIILHYIO MOIIHOCTh 3a CYET THICAY TOTOKOBBIX sfEp. ODTO CO3JacT
MPEINOCHUIKY JJIi MAacCOBOIO Mapaljielin3Ma, OCOOEHHO B 3ajayax, IJie Onepaliu
MOTYT BBITIOJIHATHCSI HE3aBUCHUMO.

Haunbonee Bnevarsstomme pe3yabTaThl JOCTUTHYTH B 00JIACTH CHMMETPUYHOMN
kpunrorpadpuu. AnroputM AES (Advanced Encryption Standard), siBnsiromumiics
OCHOBOM COBPEMEHHOM 3alllMThl JAHHBIX, ObUT JETajdbHO MPOAHAIU3UPOBAH HA
npeamer ero peanusanuu Ha GPU:
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~ Pexumbl mmdpoBanusa. KmotodeBbiM (akTOpoM SIBISIETCSI BBIOOP peXHUMA.
Pexxumbl CTR (Counter) 1 GCM (Galois/Counter Mode) upeanbHO MOIXOAST st
GPU, tak xak mo3BoJsiIOT 00pabaThiBaTh Kbl 010K HaHHBIX (16 G6aiT myist AES)
HE3aBUCUMO. OTO TI0O3BOJIAET 3aJ€MCTBOBATh BCE JIOCTYNHBbIE TIOTOKH 0e€3
HEOOXOMMOCTH CUHXPOHHU3ALMM WM OOMEHa JaHHbIMU Mexay Humu. Kak
ciencTBue, jaocturaercss yckopenue ot 10 go 50 pa3 mo CpaBHEHHUIO C
BBICOKOONITUMHU3UPOBAHHOW OJIHONOTOYHOM peann3anuerd Ha CPU [1, 4];

— Amnmaparnpie orpanuwdeHus. OpHako 3(h(EKTUBHOCTh TaKOW peann3aIiuu
HaMpsIMyl0 3aBHCHT OT ONTHMHU3aluU PabOThl ¢ mamsThio. KoanecumpoBaHHBIC
obOpamenus k riaodanpHoM mamsatu GPU (korma cocennue MOTOKH OOparmaroTcs K
COCEIHUM SlYeKaM TaMSATH) KPUTHYECKH BAXKHBI JIJIT TIPOIYCKHOW CIMOCOOHOCTH.
Ucnons3oBanne pasmensieMoit mamatu  (shared memory) st XpaHeHHs
PACHIMPEHHBIX KIIOUeH WM TaOJUIl MOACTAaHOBOK (S-boxX) MO3BOISET COKPATUTh
3ajepkku B jecatku pa3. B pexume CBC (Cipher Block Chaining) yckopenue
MUHUMaNbHO (Bcero 2-3 pasza) wu3-3a TMPUCYIIEH €My MOCJeI0BaTeIbHOM
3aBUCUMOCTH, TJI€ pe3yJbTaT IHUPPOBAHUS MPEAbIAYIIEero OJoKa BIUsAET Ha
00paboOTKy CJIEAYIOIIETO, YTO BBIHYXAAET MPOCTAUBATh THICSYM SIIEP B OXKHUIAHUU
3aBEPILECHUS OJHOU Oornepaluy;

— Xom-QyHKIMK. AHaMOrM4yHas cuTyalus HaONMoaercs ¢ X3UI-(QYHKIUSIMU
cemeiictBa SHA (SHA-256, SHA-3). Ux ucnonap30BaHre B MAWHUHTE KPUIITOBATIOT
u cuctemax Proof-of-Work cnenano GPU cranmaprom ne-dakro. Ilapamnnenbhas
reHepanys MAUTMOHOB XdIeH B CEKYHJy CTaja BO3MOXKHA Oyiaromaps TOMY, 4YTO
KQXKJIBIM MTOTOK BBIYHCIIAECT XOII JIsl HE3aBUCUMOTO BXOAHOTO OJI0Ka (HampuMmep, IJIst
HOBOT'0 nonce B Ook4eiine) [7].

~ AcHUMMETpHUYHBIE aJITOPUTMBI MPEICTABISIOT co00i Oosiee CIOXKHYIO 3a7auy
JUTSL pacTiapaluIeIMBaHusl, TaK KaK OMEPUPYIOT YUCJIAMH JJIMHOW B COTHH M THICSYH
ouT.

- RSA u ECC. Ina RSA »ddexktuBHBIM 0Ka3ajloch pacnapalieIuBaHUe
MOJYJIBHOTO BO3BEIECHMS B CTENEHb C TMOMOIIbIO airoputma "Montgomery
multiplication" na GPU. Omnepanusi BoO3BeJeHHUS B CTENEHb pa3OWBaeTcs Ha
MOCJIEIOBATEIBLHOCTh YMHOKEHUH, KOTOPhIE MOTYT ObITh YACTUYHO paclapasuiesiCHBbI.
Hnst smmuntudeckux kpuBbix (ECC) yckopeHue IOCTUTaeTcsl Nmpu mnapaiedbHOM
BBIYKMCIICHUU OINEpaldii CIOKEHUS W YJIBOEHHUS TOYEK Ha KPUBOM, OCOOEHHO MpH
o0OpaboTke makera udpoBbIX moamnucei [1];

~ IloctkBanToBbie anroputmbel (PQC). HauOonbmuii MHTEpEC MNpeCTaBisieT
yckopenue pemérdarbix kpuntocucteM (CRYSTALS-Kyber, Dilithium), koTopsie
apisitores ¢puHanuctamu koHkypca NIST. Ux saapom sBnsercs Number Theoretic
Transform (NTT) - ananor 6sicTporo npeodpazoBanus Oypre, HO B KOHEUHOM IIOJIE.
NTT wumeer crTpykrypy "OaOouka", KOTOpas HIEANIbHO JIOKHUTCS HA HEPAPXHUIO
namsitu GPU. MccnenoBanus mokasbIBalOT, 4YTO napaienbHas peanuzauus NTT Ha
GPU no3Bossier yckoputh KiatoueBbie ornepannn Kyber u Dilithium B 5-20 pas3, uto
KPUTHUYECKU BAXKHO JIJISi UX MPAKTHUYECKOrO0 BHEJIPEHHS] HAa CEPBEPHOI CTOPOHE, I
TpedyeTrcs 00pabaThIBaTh THICSUM 3aPOCOB HA YCTAHOBJIEHUE KJTtOYa B CEKYHIY [6].
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~ OtnenbHOrO  BHUMAHUSL  3aCHY)KMBAaeT  IOJHOCTbIO  romMoMopdHoe
mmdposanre (FHE), kotopoe noiroe BpeMs CUYUTANIOCh HMCKIIOYUTEIBHO
TEOPETHUYECKOW KOHCTPYKIMEH U3-32 KOJIOCCAJIbHBIX HAKIAIHBIX PacxXoioB
(yBenmuueHue pazMepa mudpoTeKcTa U BPEMEHU BBIYUCICHUHN B THICSYM U MUJIUOHBI
pa3). DkcnepuMeHTbl ¢ OmOmmorekamu FHE (takumu kaxk Microsoft SEAL wunu
HElib) nwa GPU noka3siBaloT, 4YTO TMapajuleibHas apXUTEKTypa CIOCOOHa
"peaHuMHpPOBaTh" ATO HANPABJICHHUE.

~ OcHoBHas BbruMciurenbHas Harpy3ka B FHE = 3To yMHOXeHHE MOJIMHOMOB
BbicOKkOi cteneHu. GPU, ¢ ero Teicsiyamu siiep, BBIMOJHSET 3TH ONEpalluh Kak
MOCJIEZI0BATEIHLHOCTh HE3aBUCUMBIX YMHOKEHUHM KOA((DULIMEHTOB;

- HecmoTps Ha 3TO, IIaBHBIM y3KMM MECTOM OCTaeTCsi 00BEM BHUICOMAMSATH
(VRAM) u mpomycknasi cnocobnocts muHbl PCle. Ilepemaua 3ammppoBaHHBIX
naHHbIX Oonbiioro oosema Mexay CPU u GPU mMoxeT HUBETMPOBATH BBIUTPHIII OT
YCKOpPEHHUsI caMuX BhIUMCICHU. Tem He MeHee, /i onepanuil "B rioyOune" obOaka,
rjae naHHbie yxxe HaxoasTcs Ha GPU, yckopeHue MOXKeT TOCTUTaTh JBYX MOPSJIKOB

[4].

2. PoJib MCKYCCTBEHHOI0 MHTE/JIEKTA B TPAHC(OPMALMY KPUNITOAHAIN3A U
3alIUTHI

NcKyCcCTBEHHBIM HMHTEIUIEKT, B 0COOeHHOCTH TIi1yOokoe oOydenue (DL),
nepectays ObITh MPOCTO HHCTPYMEHTOM aHalM3a JAaHHBIX W CTajl aKTUBHBIM
Y4aCTHUKOM "TOHKH BOOpYKeHHit" B chepe nH(HOpMaMOHHON OE30IMacHOCTH.

TpagMIMOHHBIN KPUNITOAHAJIU3 OIMPACTCd HAa MATEeMaTUYECKUM anmapar Hu
UHTYyUIMI0 — uccnenoBarenss. WM mobGaBmsier B 3TOT  TPOIECC  MOUTHBINA
CTaTUCTUYECKUN U TPEAUKTUBHBIN KOMIIOHEHT.

~ HeiipocereBbie aTaku Ha Onounsle mudpsl. B xoxe ucciemoBanus ObLIn
MpOaHAIM3UPOBAaHbl PabOTHI, TI€ HEWPOHHBIE CETU (B YACTHOCTH, MHOTOCJIOWHBIC
NEepUEenTPOHbl W CBEPTOUHBIE CETH) OO0ydYaroTcs pasiaudarb MU(POTEKCTHI,
MOJIYYEHHBIE OT Pa3HbIX KIIIOYEH, WJIM HAXOJUTh KOPPENSLUU MEXKIAY OTKPBITHIM U
3aKpbIThIM TEKCTOM. XOTs1 Ha AES-128 Takue atakyd moka HE MPUBOJAT K MOJHOMY
B3JIOMY, OHM CIOCOOHBI COKpaIllaTh MPOCTPAHCTBO IOUCKA KJIOYa, OTOpachiBas
3aBEJIOMO HEBEPHBIE BapUAHTHI, YTO B KOMOMHALIMK ¢ OPYTPOPCOM €T BHIUTPHILI BO
BpemeHHu [3, 5];

- Artaku o mo6ounsiM kaHanaM (SCA). Oto Hamnpasnenue, rae MU nobucs
Han6Oombmux ycrnexoB. CoBpemennbie GPU u rereporeHHble CUCTEMBI T€HEPUPYIOT
CIIOKHBIE TATTEPHBI SJIEKTPOMArHUTHOTO HW3IyUYE€HUS U SHEPronoTpeOaeHHs.
Knaccuueckne crarnctuueckne meroanl (Correlation Power Analysis) 3aeck gacto
OeccunbHbl M3-3a 1IyMOB. ML-mozenu (CBepTOUHBIE HEMPOCETH, CETHU C JIOJITOU
KpaTKocpouHoil mamaATbio - LSTM) oOyuarorcs Ha ThICsS4ax OOpa3lOB CUTHAJIOB U
CIOCOOHBI BBIJIEJATh "OTIEYATKU' KOHKPETHBIX ONEpaluii (Hampumep, MOMEHT
obpaboTku mepBoro Oaiita wmoda AES). D10 mo3BoiseT BOCCTaHABIMBAaTh
cexkpeTHble Kitoud RSA u AES ¢ BbICOKOI TOYHOCTBIO JJaXe MPU HATUYUU CHIIBHBIX
IIyMOB U KOHTPMEpPaxX, TAKUX Kak MackupoBaHue [8, 9];
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- Ycwienne knaccuueckux arak. MM ucnone3yercs Ay ONTUMU3aLUA aTak Ha
X3I-QYHKIMH (TOUCK KOJUTU3UIA) U 111 HACTPOMKHU MapaMeTpOB aTak Ha pelIéTyaThle
KpUINITOCUCTEMBI. [ 'eHepaTuBHO-cocTsa3aTenbHble ceTh (GAN) MOryT reHepupoBarthb
NOTEHIIMAIBHO YSA3BUMBIE IMapaMETpbl CXEM, YTO YCKOPSET HUX TECTUPOBAaHUE Ha
MPOYHOCTH [6].

- Hcnonw3oBanne WM B 3amuTe JaHHBIX MEPEXOJUT U3  pazpsaa
HKCTIEPUMEHTAIIbHBIX Pa3pad0TOK B MPAKTHUYECKYIO MIOCKOCTb.

- JluHaMH4YecKue M aJanTHBHBIE KpunTocucremsl. [Ipenmonaraercsa co3manue
CUCTEM, KOTOpbIE B pPEaJbHOM BPEMEHHM AHAJIU3UPYIOT BBIYUCIMTENIBHYIO Cpely U
yrpo3bl. Eciin cucrema MoHUTOpUHTa Ha 0aze ML 3amedaeT aHOMaJIbHBIE MOMBITKU
nocrtyna k mnamsatd GPU wim  noao3puTenbHbIE  TalMUHIOBBIE — 33JE€PKKH,
XapaKTepHbIE AJIsl KAII-aTaK, OHA MOYKET MHUILIMHUPOBATH CMEHY KIfo4ya Iu(POBAHUS
WM TIepexo/1 Ha Oojiee CTOMKUM, HO MeIJICHHBIN pexkuM 1mmdpoBanus [3];

- Koudunennuansusie Berurcienus (Confidential Computing). Coueranue MU
U Kpunrtorpaduu MOpoauio HOBOE HAMpaBlieHHEe — KOH(PUACHIIMAIbHOE MAITUHHOE
obyuenue. Mcnonb3yss romomopdHoe mudpoBaHue, MOXKHO 00ydaTh MOJCIU H
Jenath MpeackazaHusl Ha 3amu(pOBaHHBIX JAHHBIX, HE paciiu@poBbIBas UX. ITO
KU3HEHHO BaXKHO I OOpabOTKM MEIUIMHCKUX JaHHBIX WM (UHAHCOBOM
uHpopmaluu B myonuuHbix obsakax. GPU urparot 371ech KIIOUEBYIO POJib, YCKOPSS
kak oneparuu FHE, Tak u undepenc neipocereit [5];

- OGnapyxenune anomanuil. Jlaxe ecnau tpaduk 3ammudppoan (HTTPS), ero
MeTaJiaHHble (pa3Mep TMAaKeToB, TaWMHUHI) MOTYT HECTH HHpOpMAIHU 00
ysi3BUMOcTH. ML-Mozenu, oOy4yeHHbIEe Ha MOTOKAaX CETEBOr0 Tpaduka, CIOCOOHBI
BBISIBJISITH Hanmuuue BpeaoHocHoro [10, ympasnsromero OOTHETOM — Yepes
3amu(pPOBAHHBIN KaHaJ, IPOCTO MO CTATUCTUYECKUM 3aKOHOMEPHOCTSIM [3].

3. IlepecmoTp napamMeTpoB 0€30MACHOCTH U CTAHJIAPTOB

[IpoBeneHHbIN aHAIM3 TOJATBEPKAAET, UTO CTapas MoOjelb 0e30MacHOCTH,
OCHOBaHHAsl Ha MPENINOJOKEHWH 00 OrpaHMYEHHBIX pecypcax aTakylollero, 0osee
HECOCTOATEIbHA.

['mnoresa o0 "pa3yMHBIX OrpaHUYEHUSIX" BBIYUCIUTEIBHONH  MOIIHOCTH
aTaKyIOIIEro HapyIlaeTcs Mo JABYM HANpPaBICHUSIM:

- JlocrynHocth. Apenaa GPU-knactepoB B oOmake (Amazon AWS, Google
Cloud) nenaer BRIUUCIUTENBHYIO MOITHOCTb, CPABHUMYIO C MOIUTHOCTBIO CHEIICITYKO
JeCSITUIICTHEN JaBHOCTH, JOCTYTHON JTIOOOMY CTYJIEHTY WJIM CTapTamy 3a HECKOJIbKO
J10JIJIapOB B 4ac;

- MacmrabupoBanue. PacnapasieniBaHie MO3BOJSET MacIITAOMPOBATh aTaKu
rOpU30HTaIbHO. 3amava, kotopas Tpedyer 1000 ner padorsl ogHoro CPU, MoxeT
ObITh pemieHa 3a oauH rof kiaactepom u3z 1000 GPU.

Brnusinue Ha qiMHy Kiro4ei v BBIOOp aaropuTMOB

- Cummerpuynbie anroputMmbl. Kak mokazaHo B Tabnuie Hmke, AES-128,
paHee CUMTaBIIMKICSA "BOEHHBIM" CTAaHIAPTOM, TENEPbh HAXOAUTCS B "KpacHOU 30HE"
JUISL CUCTeM, TpeOyrommx aoiarocpoyHoit 3amutbl (10+ 1ner). Pexomenmyetcs
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nepexonq Ha AES-256, Tak Kak NpOCTpaHCTBO Kiroue 22562256 nmoka ocTaercs
HenocTHRUMBIM faxe 11t GPU-depwm;

~ Acummetpuunblie anroputmsl. s RSA pexomenayercs ypennueHue Kiroda
1o 4096 out u BeIme. Jns ECC - nepexosa ¢ kpuBoit secp256rl Ha Ooliee CTONKHE,
Hanpumep, Curve25519, kotopast Takxke pazpadaTbiBajach ¢ yueTOM YCTOWYHUBOCTH K
aTakam 1o NoOOYHbIM KaHaaM U 3()PEKTUBHOCTU HA PA3THYHBIX APXUTEKTYpaXx.

~ TloctkBanToBbie anroput™Mbl: Ctanaaptuzamnus PQC (NIST) yxe yuuThiBaeT
BO3MOXKHOCTh NapajuienabHbIX Berunciaenuid. [lapamerpsr Kyber u Dilithium Bei6pansr
C 3amacoM, KOTOPBIM JOJKEH TMOKPBITh KaK KBAaHTOBBIE YIPO3bl, TaK U POCT
KJIACCUYECKUX BBIUMCIUTEIBHBIX MOIIIHOCTEH [ 1, 6].

Jlnis HarasiAHOTO 000OIIEeHUS Pe3yIbTaTOB MCCIEAOBAHUS HIDKE MPEICTaBIICHA

tabmmma 1,

CUCTEMATU3HUPYIOIIAsl BIMSHAE PACCMOTPEHHBIX TEXHOJOTHM Ha
pa3iNyHbIe aCleKThl KpUnTorpapuu.

Tabnuma 1 — Bnusane texnonoruit UM u mapanienbHBIX BEIYUCICHUNA Ha KpUNITOTPpadHIo

Acmnext Brnusiaue napaienbHbIX Bnusinue uckyccTBeHHOTO CoBokynHbBIN 3P hEKT u
KpunTorpadun Beruancienuii (GPU) naTemnekra (M) HE00X0TUMBIC MEPHI
CuMMeTpUIHOE Yckopenue BrisBnenue cratuctmueckux | Ilepexonq Ha AES-256 kak Ha

mm¢posanue (AES) | mmdppoanns B 10-50x. | aHOManmi, COKpAIlleHHE | MUHHMAaJbHBIH CTaHJapr.
VYckopenne — mepebopa | IpOCTpaHCTBA noucka | Mcrosnp3oBaHne  peXUMOB €
KITIOYEH Ha MOPSIJIKU. KIIIOYEH. ayrenTudukanueit (GCM).
AcuMMeTpUYHOE Yckopenne MOIYNbHBIX | OnTuMu3ays aTaKk | YBeIMYEHHE [UIMHBI  KIIOYeH
mugpoBaHue ormeparmii 1 NTT (s | daxropuzannu u | (RSA-4096).  Murpauust  Ha
(RSA/ECC) PQC) B 5-20x. JIUCKPETHOTO norapu¢ma, | IIOCTKBAaHTOBBIE ANTrOPUTMBI
aHaJIM3 NOOOYHBIX KaHAJIOB. (Kyber, Dilithium).

IomHOCTBIO CHuxeHue Bpemenn | KoHduneHumanbHbIM NN | Onrtumusanus THOPUTHBIX
romomMopdHoe BbluMCIeHUH Ha 1-2 | (oOyueHume Ha | Beramcnenuit (CPU ympasieHue,
mudpoBaHue nopsinka, nenas FHE | 3ammdpoBaHHBIX JaHHBIX). GPU Bpeuncnenwust). Pa3paboTka

MIPAKTHIHBIM. crieruanm3upoBaHHbIXx ASIC.
[To6ounsie kananol | IlosiBiieHne HOBBIX | ABTOMAaTH3aILH anamm3a | PaspaboTtka "constant-time" koma
(SCA) KaHaJIOB YTEUKH | CIIOKHBIX CHUTHAJIOB | IS GPU. Hcnonk3oBanne
(KOHKypeHITH 3a | (3HepromoTpebierne, OMU). | crmydaifHBIX 3a/IePIKEeK u
pecypcsr GPU, ko). MAacCKHUpPOBAHHSA, YCTOWYMBOTO K

ML.

Kpunrorpaduueckue | Tpebyror yuera | TpeOyroT yueta | JuHamuueckuit IEPECMOTP
CTaH/apTHI JIOCTYITHOCTH OOJIauHBIX | BO3MOKHOCTH ML-artak. rapameTpoB 6e3omacHocCTH.

GPU-depm.

A,HaHTI/IBHI)IG KPUIITOCUCTCMBI.

4. JHepreTuyecKue U APXUTEKTYPHbIE ACNEKThI 0€30MACHOCTH

[TapannenbHbie

BBIYHCIJICHUA

HN3MCHAKOT HE

9Heprod3PpGheKTUBHOCTh CUCTEM KpUNTOrpaduu.
OuepromnoTrpedaenue. i1 MaccoBbIX onepanuii (X3MUpoBaHUE, CAMMETPHUYHOE
mmmdpoBanue) GPU obecrieunBarOT 3HaYUTENBHO JIYUIITYIO TPOU3BOJUTEILHOCTh HA
BarT (d¢dexTuBHOCTh), YemM CPU. D10 o03HayaeT, 4YTO aTaKyIOIUA MOXKET
"mepeOparp" OobIIE KIHOYEH, 3aTpaTUB Ty )K€ CyMMY Ha CUET 3a 3JIEKTPUUECTBO.
Hosbie BekTopbl atak. ['ereporenubie apxutektypsl (CPU+GPU) co3nmator
CIIOKHYIO IKOCHCTEMY ¢ oOmiel mamstbio. McciaenoBanusi GUKCUPYIOT aTakyd THIA
"CPU-GPU contention", rae BpemoHocHbIM nporecc Ha CPU mbITaeTcsi BHITECHUTH
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kpuntorpaduueckuii npouecc u3 k3ma GPU unm co3nate TalMUHTOBBIE KOJUTH3UH,
10 KOTOPBIM MOKHO BOCCTAaHOBUTH KJIIOY [9].

Takum o0Opa3zoM, pe3ysibTaThl HCCICAOBAHMS MOATBEPXKIAIOT BBIABUHYTYIO
runoredy: MM u GPU gBAAIOTCS MOIIHEWIIMM  KaTaJau3aTOPOM  pPa3BUTHUS
Kpunrorpadguu, HO O3TOT JKE€ CaMbli KaTalu3aTop YCKOpSEeT U TIPOLIECCHl ee
paspyiienusi, TpeOysi oT coobliecTBa pa3padOTYNKOB MOCTOSHHON OJUTEIBLHOCTH U
aJanTalnH.

BeiBoabl. [IpoBenaeHHOE uCCIENOBAHHE MOATBEPKIAET, YTO IapajlieIbHbIE
BBIYMCIIUTEILHBIE apXUTEKTYPhl, B 0coOeHHOCcTH Tpaduueckue mpoieccopsl (GPU),
OKa3bIBAIOT byHIaMeHTaIbHOE BIIUSIHUE Ha POU3BOUTEILHOCTh
KpUNTOrpaUuecKux  CHCTEM. YCTaHOBJIEHO, 4YTO Oyarojmapst MaccOBOMY
napawiennsmy GPU obecrneunBaroT kpaTtHOoe yckopenme (oT 5 go 50 pa3)
CUMMETpUYHBIX anroputMoB mudposanus (AES B pexumax CTR/GCM) u xou-
(GYHKLMIA, YTO KPUTUYECKU BAXKHO ISl BBICOKOHATPY>KEHHBIX 00JIAYHBIX CEPBUCOB U
onokueitH-undpacTpykryp. bomee Toro, GPU-yckopeHue BBIBOAMT U3 paspsiia
Cyry00 TEOpEeTHYECKUX TaKuhe TEepPEeOoBble HANpaBJICHMs, KaK IOJHOCTBIO
romomoproe mmpposanne (FHE) u mnocTkBaHTOBBIE pemiéryaTbie  CXEMBbI
(CRYSTALS-Kyber, Dilithium), nenas ux npakTudeckoe MpUMEHEHHE BCE Oosee
peanucTuuHbiM. OJHAKO Ta >K€ BBIYUCIUTENbHAS MOIb, OyAy4d MNPUMEHEHHOU
3JIOyMBIIUICHHUKOM,  PaAUMKAJIbHO  yCWJIMBAET  MOTEHLUHAT  KPUNTOAHAIIM3A,
CYLIECTBEHHO COKpalasi BpeMs nepedopa Kitouel U co3aaBas HOBbIE BEKTOPHI aTak,
BKJIIOYAsl anmapaTHble aTakud uepe3 MOOOYHbIe KaHajbl B TE€TEPOreHHBIX Cpenax
CPU/GPU.

Bropeim  kmoueBbiM  (pakTOpoM,  TpaHchopMuUpyOIUM  JaHAmAdT
MH(POPMALMOHHON 0€30MaCHOCTH, BBICTYNAeT MCKYCCTBEHHBIH MHTEIJIEKT. MeTo bl
MaIIMHHOTO OOy4YeHHs, C OJHOM CTOPOHBI, aBTOMATHU3UPYIOT U YCHIIMBAIOT
KpUINToaHaiu3  (BBISIBIIGHME  CKPBITBIX  KOppelmsiuuid B MU(POTEKCTax,
BOCCTAaHOBJICHHE KJIIOYEH 10 CHUTHaJaM MOOOYHBIX KaHajoB), a C JApyroh —
OTKPBIBAIOT HOBBIE BO3MOXXHOCTH JJIsi 3alIUThl (AMHAMHYECKas —aJlanTaius
napaMeTpoB IMGpoBaHus, OOHApY)XKEHUE aHOMAJIUK B 3amM(PppPOBaHHOM Tpaduke,
KoHuaeHManbHoe oOydyeHue Mojenei). CoBokynHoe Bo3aedctue WM u
napayijieibHbIX BBIYMCICHUNW BENET K HEU30€KHOMY IMEPEeCMOTPY YCTOSBIIMXCSA
Kpunrorpaguyeckux CTaHAApTOB: BO3HUKAEeT OOBEKTHBHAs  HEOOXOAMMOCTH
YBEJIMYEHUS MUHUMAIbHOM JIMHBI Kiroued (mepexon Ha AES-256), BbiOopa
pPeXUMOB IHU(POBAHUS, YCTOWUYMBBIX K pacmapaUIeTUBAaHUIO aTak, U Pa3pabOTKH
aJIalITUBHBIX MEXAaHU3MOB 3alllUThI, YYUTHIBAIOIIUX JOCTYNMHOCTh 0Omaunbix GPU-
kinactepoB u morteHuuman ML-atak. JlanpHeiimee pazButue kpuntorpaduu, TaKuM
o0pa3oM, Hepas3phIBHO CBA3aHO C y4&€ToM Bo3MokHOCTell MU m rereporeHHbIX
BBIYMCIIUTEIbHBIX apPXUTEKTYp KaK B ACMEKTE YCWJICHUS 3alllUThl, TAK U B aCIEKTE
IPOTHUBOJECHCTBUSI HOBBIM, 00JIE€ COBEPILIEHHBIM YIpPO3aMm.
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