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K¥PMETTI OKBIPMAH!

Ciznepre «Kaparanapl YHUBEPCHUTETIHIH XaOapIibi-
Chl» KypHaJbIHBIH 100-111 MepekeniK CaHbIH YCHIHBII
OoTBIpMBI3. «KaparaHIpl YHHUBEPCUTETIHIH XaOapIIbICh»
FBUIBIMH Mep3iMai OacbuibiMbl Kazakcran xoHe Oacka
enjiep FalbIMAAPBIHBIH P TYPJIl FHUIBIM CalajlapblHAAFbI
3epTTEYJCpiHIH  HOTIDKENEpiH  amblK  Oacraces3ne
xapusnayra OarpiTTanFad. JKypHalJIblH MakcaTtbl —
XaJIBIKAPANbIK FHUIBIMH KAaYBIMJIACTBIKTBI KaHA oJicTep
JKOHE HUJESUIapMEH TaHBICTBIPA  OTBIPHIN, MAaHBI3AbI
FBUIBIMU JKOHE OumiM Oepy akmaparTapbIMEH aiMacyFa
THIMAI Karmaid ckacay. JKypHanm FbUIBIMH KBI3METTIH
Heri3ri HoTwkenepin sxapusmay ymidn KP BFM rbuisim
JKoHE OUTIM cayachiHIarbl OakpuIay OOMBIHIIIA KOMHUTET-
NICH YCHIHBUTFaH 0achUIBIMIAP Ti3IMiHE €HTi31IreH.

Kypuan 1996 kbputbl anFambiHAA €Ki cepus
(«'yMaHUTApIBIK FRUIBIMIAP CEPHSCHD» kKoHE «OKaparbl-
JBICTaHY FBUTBIMAAP CEPUSCHI») OONBIHINA JKAPBIK KOP/I.
2004 xpuiman Oactan «MaremaTukay, «DPusukay, «Xu-
musi», «buonorus. Meaumnuna. ['eorpadus», «IxoHomukay, «llemarorukay, «®dumonorusy», «Ta-
pux. ®unocodpusi. KykpIk» CHAKTBI ceri3 cepus OoiibIHIIA MaTepuanaap xapusuiaca, 2010 >Kbuibl
«KyKbIK» 03 anjpiHa 6eseK ceprs PeTiH e MIBIFAPBUIBII, KaIbl CAHbI TOFbI3Fa JKETTI.

2015 xbuinan Gacran «KaparaH/ibl YHUBEPCUTETIHIH Xa0apIIbICHD» >KYPHAIBIHBIH «XUMHUS»,
«Dusukay, «Marematuka» OarbIThIHAAFE cepusmappl Web of Science Core Collection
xanbIkapanslk 0azacbiHblH «Emerging Sources Citation Index (ESCI)» mnardopmaceina eHpmi.
Kazipri yakeitra «Kaparanapl yHUBEPCUTETIHIH  Xa0apIIbIChl»  KYpHAJIBIHIA  OTAHJBIK
FAJIBIMAAP/BIH ©3€KTi Macenenep OOibIHIIA FHUIBIMM 3epTTeynepineH Oacka, TMJI engepi xoHe
I'epmanmus, [Tonbura, Kerrait, Eruner, Typkust Yaumicran, [TokicTan cekini aeMIiK FRUIBIMU OpTa-
na 9 cepust OOMBIHINIA FHUTBIMU JKYMBIC HOTIDKENIEPIH XKapUsUTalThIH Oefenai OachbulbIMFa aifHaIBII
otelp. JKypHanablH XaJbIKapajblK TajanTapra CoWKeC KeneTiH 3 Tulmeri jKeKke CaWThIHaa
PEMaKIMUTBIK allka casicaThl, OHJIAMH Makaia jki0epy MEH OHJIAWH peleH3UsIay TaJanTaphbl
kepceTinreH. JKypHanna skapusjiaHFaH OapiblK Makamajapra MUPPIIK 00ObEKT HUIAECHTH(DUKATOPHI
Oepineni. XypHan anbIHFBI KaTapiibl OTaHJBIK JKOHE MIETENIIK KiTalxaHaJbIK XKYHeIepMeH KoHe
JepEeKKOpIapMeH BIHTBIMAKTACTBIK Jacall, Ka3aKCTaHJBIK Joiiekce3aep 0a3zachl OOMBIHIIA WMIIAKT
¢dakrTopra ue. by o3 ke3erinze xapusUIaHFaH MaTepHajiapFa KbUIIaM KOHE alllbIK KOJI JKeTKi3yre
MYMKIHIIK Oepei.

Toyenci3 eniMi3AiH FBUIBIMBI MEH OUTIMIHIH JaMybIHAA alIIBIKTHI KOJTAaHOAMBI3 KaJbIITACTHI.
OchiHmait abbIpoil OMITIHE KOTEPUTY Y3aK KBUIFBI KaXKbIP-KAMpaTThIH, Y3/IKCI3 13/ICHY/IIH, TaJMai
alFa YMTBUIYABIH HOTIXKeci jaen OureMiH. Ajamzar anjplHOa TYpFaH aca JUIrip Mocesenepmi
eIyl ©31HIH MOHTUIIK MEXeCi, UT1 MaKcaThblHa alWHAJIbIpFaH OachLIBIM OJii JI€ COHBI FBUIBIMH
KaHAJIBIKTApIbIH JKapIIbIchl Oona OeperiHiHe Oek ceHimaiMiH. JKypHanJIblH FBUIBIMH QJI€YETiHIH
apTybIHA yJIeC KOCKaH OapJIbIK aBTOpJIap MEH FalbIM-3€PTTEYIIIepre PU3AIbUIBIFBIMBI3IBI OLIIIpe
oteIpbi, 100-mi Mepekenmik OachUIBIMHBIH INBIFYbIHa oOpail OaplIaHbI3[bl IIBIH KYPEKTEH
KYTTBIKTalMbIH!

Peoaxyusnvix xenecmiy mopazacut
KP YFA koppecnonoenm-myuieci,
3aH LIILIMOAPLIHbIY OOKMOPbI,
npogeccop H.O. /lynamoexos
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Preparation of powder coatings on the surface of steel balls
by mechanochemical synthesis

This work presents the results of the study of tribological and corrosion properties of powder coatings based
on VN, TiN, SiC and Cr,N obtained by mechanochemical synthesis on the surface of steel balls ShKh15. The
idea of this method is using the impact energy of moving balls to apply coatings on metal surfaces. Based on
the conducted research, it was proved using the method of mechanochemical synthesis possible to obtain a
coating of VN, TiN, SiC, and Cr,N on the surface of steel balls. The optimal parameters for coating were
chosen: amplitude of the oscillation 3.5 mm; frequency of the oscillation 50 Hz; volume of filling of the
chamber 50 %, the diameter of the ball 6 mm; ratio mass of the powder to the mass of the balls m,:m,=1:30,
processing time by mechanochemical synthesis is 1 hour. It is established that the change in the characteris-
tics of coatings directly depends on the stiffness and physical and mechanical properties of the source materi-
al (substrate) and surface roughness. The results of the tribological study showed that a wear-resistant coating
was formed on the surface of the steel balls.

Keywords: mechanochemical synthesis, steel ShKh15, coating, coefficient of friction, wear resistance, corro-
sion, vibration stand, bearing.

Introduction

The machines longevity and mechanisms are mostly determined by the wear resistance used in their
construction of bearing units. Wear of bearing units is followed by changes in the size of all components of
their construction the rubbing detail. Feature of the work friction bearing units is the impact of: working
pressure, temperatures, changing speeds of relative sliding or rolling, environmental aggression which leads
to a certain type of wear (fatigue, abrasive, water-abrasive, corrosion-abrasive, etc.) and as a result of de-
crease in performance and reduce the durability of the friction bearing unit. The wear resistance of friction
bearing units is largely determined by the quality of the lubricant material, the parameters of the contact sur-
faces of the details (shape deviation, waviness, roughness), and the physical-mechanical properties of the
surface layer, which are formed during production and change during exploitation.

The application of the mechanical alloying (MA) method to obtain coatings on the metal surface is a
new direction of surface treatment. Special attention is paid to the surface treatment of steel balls using the
MA method. Steel bearing balls used in mechanical engineering, construction, etc. are exposed to rapid wear
under various loads and have a negative impact on production. A significant role is played by improving the
physical and mechanical properties of the surface by applying various powders to the surface of steel balls
[1-4]. Methods such as electrochemical, ion implants, chemical and physical coatings, and electron beams,
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which are widely used in practice, always do not give good results. Therefore, in this direction, it is more
effective to increase the surface properties of the material by using MA. This process has been the object of
intensive research confirming the importance of its application in various industries. Recently, processes
activated by mechanical action (mechanochemical synthesis, mechanical activation, mechanical alloying)
have become the subject of intensive research in connection with their prospective application in various
industries, as they provide the creation of new non-traditional, ecologically pure and less expensive
technologies compared to existing methods of coating metal surfaces such as chemical and physical vapor
deposition, self-propagating high-temperature synthesis, thermal spraying, sol-gel method, etc. Exists needs
to develop new methods of deposition coating the surface of metals and alloys [5-9]. In this regard, the aim
of this work is to obtain coatings on the surface of the ShKh15 steel balls by method of mechanochemical
synthesis.

Methods and materials

A thin coating of Cr,N was obtained on the surface of the bearing balls made of ShKh15 steel by the
method of mechanochemical synthesis on the vibration stand IV-50. The optimal parameters for coating
were selected: amplitude of the oscillation 3.5 mm; frequency of the oscillation 50 Hz; volume of filling of
the chamber 50 %, the diameter of the ball 6 mm; ratio mass of the powder to the mass of the balls
m,:m,=1:30, processing time by mechanochemical synthesis is 1 hour. Figure 1 shows a scheme of the MA
method. The essence of this method is that steel balls and powder of a specific chemical composition are
placed in a chamber, and in a particular range of frequency form a coating on the surface of the material
processed under the influence of the shock energy of the balls, exposing the mechanical vibration accelerator
to vibration in a specific frequency range. The frequency of mechanical vibration is determined by the
composition of the applied mixture and in accordance with the mechanical properties of the treated material.

a) | b)

| l VN coating
# = C1plieoating

[ =

Balls O SO £ l
| O O g ; N @
—.‘O 2 O. O O =
Powder QPO ol o
e : =
Vibration =
chamber -E
[S]
v 2
a

Without coating

a — scheme the method of mechanical synthesis; b — steel balls with coating
Figure 1. Vibration stand IV-50 for the obtained coatings

VN, TiN, SiC, Cr,N coatings obtained by MA method on the surface of steel ShKh15 was selected as
the object of research. The diameter of the ball is 6 mm, the fraction of selected powders is 2040 mp. The
mass of the balls (my,=36 g) and the powder (m,=12 g) which placed in the chambers were stable. The
volume filling of the chamber with balls was about 80—85 %, depending on the size of balls It was selected
that the distance between the surface of the ball layer and the treated material was close to the value of the
oscillation span (two amplitudes) to obtain the maximum impact force of the balls. It should be noted that by
varying the filling volume of the vibration chamber with balls, possible changes character of the impact on
the treated material. At low filling coefficients, the movement of the balls occurs at the maximum speed, but
the interaction of the balls with each other and the treated surface is minimal, which leads to low values of
the intensity of the bringing energy. With an increase in the filling volume the chamber with balls, the
frequency of collisions increases significantly, but due to the reduction in the length of the free path, the balls
do not have time to accelerate to high speeds.

Turning medium unbalanced vibration stand relative to the two extremes unbalanced was adjusted
working amplitude oscillation 3.5 mm. Considering the technical characteristics of the installation, the set
value of the amplitude provides a sufficient intensity of the bringing mechanical energy of the impact of the
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balls for coating. A significant increase in the amplitude (about 5 mm) with a high degree of loading leads to
a sharp rise in the consumption of energy. On this basis, an excessive increase in the amplitude is not always
effective, in addition, it influenced the construction of the used installation.

The oscillation frequency of the three-phase asynchronous motor (SA80MA2UZ) was regulated by the
frequency Converter MG.02.C2.50-VLT (Danfoss). Using the tachometer TCh10-P, the oscillation
frequency was measured by direct connection to the asynchronous engine. At a nourishing frequency of
50 Hz, the oscillation frequency of the asynchronous engine was equal to 2688 + 69 rpm.

Results and discussion

The tribological properties of the balls are determined on the TRB® tribometer. The rotation radius is
5 mm, the speed is 5 cm/s, the installed load is 15 N, the path length is 75 m. Figure 2 shows the coefficient
of friction of coatings VN, TiN, SiC, Cr,N applied to steel balls ShKh15. The friction coefficient of steel
ShKh15 is pshknis = 0.488, for pyn=0.416, prin=0.562, psic=0.563, pcon=0.476 (Table 1). A thin and
strong coating is formed on the surface of the balls by using MA. According to the tribological research, the
greatest friction coefficient was observed with TiN and SiC balls. Based on the results of the study of the
wear intensity by weight loss, we can say that balls with TiN and Cr,N coatings have a high wear resistance.
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Figure 2. The friction coefficient of the samples

Table 1
The results of tribological research of steel ShKh15 and coatings
Sampl Steel VN TiN SiC CrN
pies ShKh15 coating coating coating coating
the middle of the friction coefficient, Wpg. 0,488 0,416 0,562 0,563 0,476
Standard deviation 0,064 0,071 0,070 0,083 0,081

With a view to improve the durability and reliability of gas turbine engine bearings by increasing their
corrosion resistance, various methods are being developed to extend the service life of bearings in situations
when may occur lubricating oil pollution with the salt water. If water or aggressive environments penetrates
in the bearing to such an extent that lubricants cannot protect the steel surfaces and corrosion occurs. In work
[10], the influence of heating on the corrosion properties of TiN and CrN coated steels was investigated. The
results of the research showed that samples coated with Cr,N showed better anti-corrosion properties than
TiN-coated steels. The corrosion of steel ShKh15 before and after the application of a thin film coating Cr,N
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by mechanochemical alloying was determined by the method of potentiometric. The method of
potentiometry is based on the dependence of the concentration/activity of ions in a solution with an electrode
on the equilibrium electrode potential, i.e. the EDS of a reversible galvanic cell consisting of electrodes im-
mersed in the test solution was measured, where the potential depended on the concentration of the determin-
ing ions. Corrosion tests were performed on a potentiostat-galvanostat P150, in a 4 % solution of nitric acid
(HNO:3). The corrosion test results of samples are shown in Table 2.

Table 2

Corrosion test results of samples

S’ ECOIT) M7 nﬂ p7 RCOKT’
Sample cm’ | mV le(1) g/mol | g/mol b g/em’ cm/year

Shhl5 initial | 0.45 | 926 |-2.32| 56 56 | 3.15E+07 | 7.8 ]10.0047| 1.06E-02 |1.563|0.445| 0.445

ShKhIS with | 45| 1008 |-3.11| 118 | 60 |3.158+07 | 5.8 |0.0008| 1.728-03 |0.498]0.191| 0.191
Cr,N coating

iCOﬂ”) A jCOITﬂ A/Cm2 m7 g 17 cm

The corrosion behavior of samples was estimated by the size of their electrode potentials, by measuring
and regulating the currents and voltages at the working electrode during electrochemical research. The test
results showed that after applying the Cr,N coating, the corrosion rate was 0.191 cm / year, which is twice as
less as that of uncoated steel ShKh15.

Conclusion

Tribological and corrosion characteristics of chromium-based thin-film coatings applied by
mechanochemical method on the surface of steel balls were researched. It is established that the mechanical
alloying of nitride coatings depends on the process parameters that determine the flow of energy bringing.
The growth rate of the coating is determined by the processing time and the intensity of the energy brought,
the latest depends on the size and mass of the balls. The thickness of the coatings, uniformity and structure
can be adjusted widely by changing the process parameters. The thickness of the coatings, uniformity and
structure can be adjusted widely by changing the process parameters. The developed method of
mechanochemical alloying allows obtaining VN, TiN, SiC, Cr,N coatings on bearing balls at room
temperature, in a short processing time and with minimal energy expenditure. The improvement of
tribological and corrosion characteristics of ShKh15 steel was identified after applying thin-film coatings
based on TiN and Cr,N applied by mechanochemical method..

This paper was performed within the grant financing of scientific research for 2018—2020 of Committee
of Science of the Ministry of Education and Science of the Republic of Kazakhstan. Grant BR05236748
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Bb.K. Paxagunos, /I.b. byittkenos, XK.b. Carnonnuna, JI.I'. XKypepona, B. Bene6a

MexaHOXMMUSUIBIK CHHTE3 d1iciMeH 00J1aT IapJjapabiH 0eTiHe YHTAK
JKaOBIHAAPBIH aJTy

Maxkanana LIIX15 Gonar mapnapbIHbIH OeTiHIE MEXaHOXUMILUIBIK cuHTe3 oniciMeH anbiaFaH VN, TiN, SiC
xoHe CroN Heri3iHAeri yHTaK >kaOBIHIAPBIHBIH TPHOOJIOTHSUIIBIK JKOHE KOPPO3USIBIK KAaCHETTEpiH 3epTTey
HOTIDKENepl KenTipiareH. By omicTiH Herisi — COKTHIFBICKAH IIapiiap SHEPTUSICHIH IaiifagaHa OTHIPHII,
Metayu OerTepiHe >kaObIHIap »kary. JKypri3iireH 3eprreyiep HeETi3iHIe MEXaHOXHMMISIIBIK CHHTE3 OJiCiH
Kosmana oTeIpein, Oonar mapnapaslH Oerine VN, TiN, SiC, Cr,N xaOBHIBICHIH aimyFa OOJaTHIHIBIFBI
nenesnaenai. XKabbiH any yIIiH OHTalIbl mapaMeTpliep TaHJalabl: TepOenic aMIIuTyAack 3,5 MM; Tepbenic
xuimiri 50 I'm; kamepanel TonTelpy mopexkeci 50 %, miapiaslH AuaMeTpi 6 MM; YHTAaK MacCachIHBIH
IIapIapAbIH MacCachlHa KAaTBIHACKI My:ny, = 1:30, MEXaHOXMMUANBIK CHHTE3 d/liCiMEH OHIEY YaKbITHI 1 car.
JKaObIHOapabIH cUNATTaMaIapbIHBIH ©3repyl OacTanmksl MaTepHaliblH (CyOCTpPATThIH) KATTBUIBIFBI MEH
(U3HUKaNBIK-MEXaHUKAIBIK KAacHeTTepiHe jkoHe OeTiHIH Kexip-OyJbIphlHA Tikened OalIaHBICTHI EKeHMIri
aHBIKTAIIBL. TpHOONOTHSUIBIK 3€PTTCYAIH HOTIDKENEpi OOJIaT HIapiapAblH OCTIHIE TO3YFaTe3iMIl kKaOblH
naiina OOJFaHBIH KOPCETTI.

Kinm ces3oep: mexanoxuMusutsIK cunTe3, LIIX15 Gonatsl, sxalbiH, yiikenic koaQQuImenTi, To3yFaTe3IMILIIK,
KOppO3usi, Aipii CTeHATEp, TOAIUITHHK.

Bb.K. Paxagunos, /I.b. byittkenos, XK.b. Carnonnuna, JI.I'. XKypepona, B. Bene6a

l'[onyqe}me MOPOUIKOBBLIX l'lOKprTI/lﬁ Ha MOBEPXHOCTHU CTAJIBHBIX LIIAPOB
METOA0OM MEXAHOXUMHYECCKOI0O CHHTE3A

B crarse npuBeneHb! pe3yabTaThl HCCIEOBAHUS TPHOOJIOTHIECKHX H KOPPO3HOHHBIX CBOMCTB IOPOIIKOBBIX
mokpeitiii Ha ocHoBe VN, TiN, SiC u Cr,N, momy4eHHBIX METOIOM MEXaHOXMMHUYECKOTO CHHTE3a Ha MO-
BEpXHOCTU cTaibHBIX MmapoB IIIX15. Mpmest maHHOTO MeToJa COCTOUT B HCIIONB30BAHHU JSHEPTHH YIApOB
JBIDKYIUX MIapOB JJIsI HAHECEHHUsI IIOKPBITHI Ha MeTa/uIMdeckue noBepxHocTu. Ha ocHOBaHMM IPOBECHHBIX
UccleIoBaHui OBLIO JJOKa3aHO, YTO, C HCHONB30BAaHUEM METOJa MEXaHOXHMUYECKOTO CHHTE3a, MOXKHO
nony4uuth mokpbiTust VN, TiN, SiC, Cr,N Ha HOBEepXHOCTH CTaJbHBIX IapoB. ONTHMaIbHBIMH [TapaMETPaMH
JUI. HAHECEHUS IOKPHITHH ObLIM BHIOpaHBl aMIUIMTyda KosebaHus 3,5 mwm; yactora kojebanus 50 I'm;
CTerneHb 3amonHeHust kamepsl 50 %, anamerp mapa 6 MM; OTHOIIEHHE MAcChl MOPOIIKA K Macce ILIapoB
my:my = 1:30; Bpemst 06pabOTKH METOZIOM MEXaHOXMMHYECKOTO CHHTE3a COCTaBIO 1 4. YCTaHOBIEHO, YTO
HM3MEHEHUE XapaKTEePUCTUK MOKPHITUH HAPSIMYIO 3aBUCHT OT JKECTKOCTH U (PU3UKO-MEXaHHYECKUX CBOUCTB
HCXOMHOTO Marepuana (MOIJIOKKH) U IIepOXOBaTOCTH HOBEPXHOCTH. Pe3ymbTaThl TpHOOIOTHUECKOTO
HCCIIE0BAaHMS TIOKa3aIt, YTO Ha OBEPXHOCTH CTAIBHBIX IAPOB 00pa30BaJIOCh H3HOCOCTOHKOE MOKPHITHE.

Kniouesvie cnosa: mexanoxumudeckuid cuHte3, crainp IIX15, mnokpeitie, Ko3)(GHUUMEHT TpeHus,
HN3HOCOCTOMKOCTB, KOPPO3Usl, BUOPALIMOHHBIN CTEH, MOJIIUITHUK.
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Experimental characterization of firebrand ignition
of some wood building materials

Paper presents investigation on behaviour of wood construction material samples (plywood, oriented strand
board, chipboard) in laboratory conditions as a result of a heat flux effect from naturally occurring flaming
and glowing firebrands. The data of comparing ignition delay time of pine wood and wood-based construc-
tion materials (plywood, oriented strand board, chipboard) depending on the size and quantity of firebrands,
initial temperature of samples, as well as the presence of air flow in firebrands falling zone is obtained. Igni-
tion probability and conditions of wood construction materials as a result of the thermal effect of flaming and
glowing pine firebrands are also studied. The obtained data allowed one to judge that according to chosen ex-
perimental parameters, the ignition time decreased with increasing air flow, as well as with an increase in the
size and number of particles. It was experimentally confirmed that particle size plays a significant role in ig-
niting of building structure. If the characteristic particle size is less than a certain characteristic value, which
can be defined as the ratio of its volume to the surface area in contact with wood, then ignition mode with an
abrupt maximum of temperature near phase boundary is not appear.

Keywords: firebrands, fire exposure, wood construction materials, ignition.

Introduction

Wildfires are one of the most serious problems of the world. The scale of the damage caused by wild-
fires around the world is catastrophic [1]. It can be the cause of wooden bridges, oil product depots, buildings
in cities ignition. Flaming and glowing firebrands, which are formed due to the burning of forest combustible
materials, cause particular interest. These firebrands can be carried away over long distances by falling into a
convective column that forms above the fire zone and lead to a new fire. Moreover, in flight they burn in
flameless conditions [2]. Thus, one of the damaging factors of wildfires is the burning elements of forest
combustible material, which can be also carried away to a territory of urban environment [3]. This problem is
actively researched in Australia, USA, Canada, Portugal, and Greece.

Large-scale wildland and wildland-urban interface (WUI) fires have happened more frequently in re-
cent years. Direct flame contact, radiant heat, and burning firebrands (or embers) have been identified as
three principal ways that cause fire spread in the wildland and WUI [4—7]. However, only burning firebrands
can initiate a new spot fire at distances further than 60-m away from the main fire front [8]. Spotting due to
firebrands also referred as the firebrand phenomenon can overpower fire suppression efforts and becomes the
dominant fire spread mechanism [9]. The spotting process includes three phases: firebrand generation, trans-
portation, and ignition of the recipient fuel.

The ability of a firebrand to travel far way and start a new fire is a function of its physical properties
and the environmental parameters [10]. Primary physical properties of a firebrand include mass, size (aero-
dynamic) shape, surface temperature, heat flux, and the heat of combustion of the fuel. The shape and di-
mensions are critical factors in firebrand transport. The mass and heat of combustion determine the total
available heat energy from the firebrand. Surface temperature and heat flux play an important role in heat
transfer from the firebrand to the recipient fuel. Environmental conditions influence all three phases of the
firebrand phenomena. Key parameters include relative humidity, environmental temperature, wind speed,
terrain conditions, and the condition of the recipient fuel. Among the environmental parameters, wind speed
is critical effecting breakage of burning fuel leading to the generation of firebrands, transport mechanism
(e.g., travel distance) and the burning behavior. Softwood is usually used in construction as a load-bearing
structure, and hardwood is used as a finishing material. One of the factors determining fire hazard of wood
[11] is its capacity to ignite and to stimulate fire propagation. Aim of this work is to study behaviour of wood
building material samples in laboratory conditions as a result of heat exposure from a point source.
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Experimental

The following laboratory setup was used to study the ignition probability of wood construction materi-
als from flaming and glowing firebrands (Fig. 1).

1 — laboratory autotransformer; 2 — heating element; 3 — pallet; 4 — wood sample; 5 — cell;
6 — stopper; 7 — heat gun; § — burner; 9 — tripods; /0 — particle samples; // — bracket

Figure 1. Scheme (@) and photo (b) of the experimental setup

Experimental equipment involves the following devices: a scientific infrared camera JADE J530SB
equipped with an optical filter whose operating wavelength is 3.1-3.3 um which allows one to record the
temperature in the range of 300-800 °C; a video camera Canon HF R88 applied for estimating the ignition
delay for considered samples made of wood construction materials; a moisture content analyzer AND
MX-50 for controlling moisture content of the studied samples; AND HL 100 scales to control the initial
particle mass and the mass of wood sample.

The wood sample was preheated with a heating element to a temperature of 200220 °C for 4 minutes
[12]. Thus, the conditions were simulated when a wooden structure is exposed to heat flux from an approach-
ing front of wildfire [13, 14]. Concurrently, particles were placed in the cell 5 mounted on the tripods 9,
which had openings in the base sufficient for uniform heating of the particles, but excluding the possibility of
particles falling out during the experiments. The volume of cell allowed one to place single particles in it, as
well as groups of particles. Particles fell onto the wood sample when the sliding bottom of the cell was
opened. Bottom parts were attached to the cell walls with hinges and were fixed in a horizontal position by a
stopper 6. Two halves of the bottom fell under their own weight and firebrand fell when the latch was pulled
out.

Particles were ignited and carried to a smoldering state with two gas burners 8. One burner was placed
under the cell 5, and the other above it (Fig. 2) for uniform heating. After reaching the required temperature
on the surface of sample, the substrate with sample was moved under the cuvette with particles preheated
using gas burners, and they were discharged.

Plywood, chipboard and oriented strand board (OSB) are used as the samples of wood construction ma-
terials which are popular in the market.
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The main parameters of samples are presented in Table 1.

Table 1

Sample parameters of construction materials

Plywood OSB Chipboard
Size, [mm] 150150 150150 150150
Thickness [mm)] 21 18 18
Density, [kg / m’] 650690 570+590 570+590

The samples were isolated from the environment with a heat-insulating material so that one of the sur-
faces remained exposed to heat from falling particles. A photo of the sample before the experiment is shown
in Figure 3.

Figure 2. Photo of the flame effect on particles Figure 3. Photo of the sample before the experiment

The temperature during heating on the wood surface was controlled using an infrared camera. Figure 4
shows the thermogram of a wood sample as a result of heating by tubular heating element and the minimum
(441 K), maximum (505 K), and average (479 K) temperatures on the surface of sample (in selected area 1 in
the thermogram) obtained using Altair software. Previously in [17], it was found that firebrands of bark and
branches were formed more often in a large wildfire. In current experiment, we used rectangular laths as par-
ticles that coincide in size with the typical particle sizes determined during field experiments [15]. Photos of
the samples are shown in Figure 5.

Label | Min (K) | Max (K) | Mean ...

Figure 4. Thermogram of a wood sample after heating Figure 5. Model particles

The particle length in this experiment was: (20£2; 404+2; 60+£2) mm. The moisture content of particles
did not exceed 10 %, for samples of wood construction materials it was 6—8 %.
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Glowing firebrands, which effects the surface of sample, are of particular interest in current research.
The case when glowing firebrands that form during a wildfire can accumulate on the roof and in corners of
buildings, fences, or find a way to get inside premises and ignite it is simulated in these experiments.

The optimal particle ignition time was preliminarily selected (Table 2), at which the particle smoldering
phase was achieved [18—19]. Particle burner time depended on particle size and quantity. Particle tempera-
ture was monitored using a JADE J530SB infrared camera.

Under natural conditions, the effect of firebrands on various wooden structures is accompanied by a
number of natural factors, in particular, the action of a heated air stream from the front of a wildfire. Glow-
ing firebrands discharged in the experiments onto wood samples were blown using a heat gun, Interskol
FE2000-E brand, with a stream of heated air at a speed of 1.5 m/s, 2 m/s and 2.5 m/s with corresponding
temperatures of 40 °C, 60 °C, and 110 °C. An air flow was directed to the surface of the wood sample into the

particle discharge region using a nozzle. The ignition moment was recorded using a Canon LEGRIA HF R86
video camera.

Table 2

Exposure time depended on particle size

Length, [mm] | Exposure time, [s]
Rectangular slats 20 1>
40 20
60 25

A series of experiments began with one glowing firebrand, then two and so on up to 10 particles, there-
by simulating the ignition of wood from one particle, as well as in the case of «fire rain». Three repetitions
were performed for each experiment. If ignition occurred in at least one of the three cases, it was believed
that the wood sample ignited. Ignition was understood as the appearance of a flame on the surface of samples
of wood construction materials with subsequent steady burning.

Results and discussion

It was found that ignition of the samples was not observed in the range of wind speeds of 0+1 m/s.

The probability of ignition of a preheated surface of plywood, chipboard, and OSB samples depending
on the size of flaming and glowing firebrands and their amount interacting with this surface at various wind
speeds was estimated as a result of a series of experiments (Fig. 6).
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Figure 6. The dependence of wood samples ignition of construction materials on the size and quantity of glowing fire-
brands at air flow rates of 2 m/s and 2.5 m/s, where a is plywood, b is oriented strand board, ¢ is chipboard

Analysis of the graphs shows that with increasing wind speed; the probability of wood ignition by parti-
cles of the same size increases. In particular, with an increase of wind speed from 2 to 2.5 m/s, the minimum
number of particles with a length L = 40 mm, sufficient to ignite the wood, decreases from 7 to 3 particles.
The number of particles also affects the ignition process of wood.

Figure 7 shows a typical group of images on particle ignition of a chipboard sample, on the surface of
which glowing firebrands of length 40 mm in the amount of 6 pieces were discharged. The air flow rate was
2 m/s. It should be noted that the transition of particles from the glowing phase to the flame occurs due to the
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influx of the oxidizing agent from the heat gun. In particular, the transition occurred already at the 8th se-
cond in this case (Fig. 7), which subsequently led to the burning of chipboard over the surface.

1 min. 1 min. 30 sec.

1 min. 50 sec. 2 min. 10 sec.

Figure 7. A group of images on the effect of particles on a chipboard sample

Previously in [18—19], the experiment was conducted on the ignition of wood samples from a pine con-
struction board as a result of exposure to flaming and glowing firebrands of pine bark. The experimental
technique is similar. It was concluded that the probability of ignition of wood samples increases with increas-
ing particle size, as well as with increase in air flow rate. The size of rectangular slats (40 mm long) was cho-
sen based on this, which is close in size to particles of pine bark, which has the highest incendiary potential
for the chosen experimental parameters (30%30 mm and 5 mm thick).

Figure 8 shows graphs comparing the ignition delay times of pine wood and construction materials
(plywood, OSB, and chipboard) depending on the number of particles at air flow rates of 1.5 m/s, 2 m/s and
2.5 m/s.

v Ptywood
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. 751 ® Chipboard % - Oriented strand board
& ©  Pine (D. Kasymov etal., 2017) O Pine (D. Kasymov et al., 2017) 604 -A- Pine (D. Kasymov et al., 2017)
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Figure 8. The ignition delay times of pine wood and construction materials
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There is a tendency to decrease the ignition time of samples with an increase in the number of particles
according to the analysis of graphs (Fig. 8). It can be seen that in the cases with plywood and chipboard
samples, the ignition times are close to the times of pine wood ignition in the case of bark particles, and in
the case with OSB, a large number of particles (8—10 particles) are observed, the ignition time is significantly
reduced, more than 2 times compared to a similar experiment with pine. The obtained data allows one to
judge that, at the chosen experimental parameters, the ignition time decreased with increasing air flow, as
well as with an increase in the number of particles.

Conclusion

The behavior of samples of wood construction (plywood, OSB, chipboard) was studied as a result of
heat exposure from flaming and glowing firebrands.

It was found that ignition of the samples was not observed in the range of wind speeds of 0~1 m/s. The
considered construction materials from wood (plywood, OSB, chipboard) were more resistant to ignition
with the chosen experimental parameters. Apparently, this is due to the composition of studied samples,
which contains additional binding components (synthetic resins). In addition, the presented construction ma-
terials have a lower surface roughness, unlike a standard building board.

The use of IR diagnostics made it possible to estimate the temperature on the samples surface and to se-
lect the optimal heating time. Moreover, this made possible to control the phase of glowing firebrands before
discharge.

This study was supported by the Russian Science Foundation (project No. 18—79-00232).
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B.A. Tapakanosa, /I.I1. KaceimoB, O.B. I'ansuesa, H.B. Unuepuna

Keii6ip aram KypbLibic MAaTepHAIAAPBIHBIH TYTAHYbIHBIH
IKCIEPUMEHTTIK CHIIATTaMAChI

Makanaza 3epTXaHalbIK LIapTTapAa TaOWFU JKarjaiiapia jkaHy jKOHE OBIKCY OOIIIEKTEPiHIH >KbUTYJIBIK
SCepiHiH cajjapblHaH arall KypbUIBIC MaTepHanaapbl yiaritepiHin (¢aHepa, jxocmapibl Typje ajiblHFaH
JKOHKa TaKTachl, CYPEK-)KOHKA TaKTachl) O€TalbiChl OOMbIHIIA 3epTTey Kypriziiren. JKaHbIn »KaTKaH
OeJeKTepiH Memepi MeH CaHbIHA, YIATLIEpAiH OacTamKbl TeMIepaTypachblHa, COHIal-aK OenmeKkTepain
KyJlay aiiMarblH[a aya aFbIHBIHBIH OOJybIHa OailJlaHBICTHI Kaparail MEH arall KYpbUIBIC MaTepuasiapblHbIH
(danepa, sxocmapibl TYpAe ajblHFAH JKOHKA TAKTachl, CYPEK-)KOHKA TaKTacChl) TYTaHY YaKbITBIH CaJBICTBIPY
nepexrepi anbiHabl. CoHnaii-ak, epTeHy Karaaiaapsl ®oHE Kaparaii/iblH XKaHFaH, ObIKChIFaH OeJIIeKTepiHiH
KBTIy 9CEpIHEH aralliTaH )KacaJlFaH KYPbUIbIC MATEPHANIAAPBIHBIH TYTaHy BIKTUMAIABIFbI 3epPTTEIAI. AJIbIHFaH
MONIIMETTep SKCIEPUMEHTTIH TaHJAJIFaH [apaMeTpiIepiHAe aya arbIHBIHBIH JKOFapbLIaybIMEH, COHMaK-aK
OeJIIeKTep/iH MeJIIepi MEH CaHbIHBIH apTybIMEH TYTaHy YaKbIThl TOMEHACICHIH Oaramayra MYMKIHIIK
Oepeni. BemmekrepiH Meumepi KYpbUIBIC KYPBUIBIMBIH TYTaHIBIPYIa MaHbI3Ibl POJ aTKapaTbIHIBIFbI
9KCHEPUMEHTAIBI TYpAE pactaiipl. Erep OHBIH KeJIEMiHIH aFallleH jkaHacaThlH OCTiHIH aynaHbIHA
KaTBIHACHI PETiHJe aHbIKTayra OoNaThIH OOJImIeKTiH ToH Meimepi Oenrim Oip MoHHeH a3 Ooica, oHma
(azanbIK 1IEKapaHbIH JKaHBIHAAFb TEMIICPATYPAHBIH KYPT MAKCUMYMbBIMEH TYTaHY PEKHUMi OpBIHIAIMAIBL.
MyHbl kbUTy (eHIHEH KeNeTiH JKOHE XHMHUSUIBIK pPeaKkLHsIap HOTWKECIHAe maija OoJlaThlH KbLTY
MeJILIEpIMEH  CAIBICTBIPFAHIA JKbUIYJBIH CBIPTKbI OpTara Tapalybl apKbUIbl TYCIHAIpyre Oosafpl.
Benmexrepin TOH Meulepi MOCENEHIH HAKThl TYXKbIPHIMBIHA JKOHE MAaTEPHAJIbIH TYPiHE, OHBIH JKbULY
oTKi3rimrik ko3ddunnentine 6ainaHbICThI 60IAIBI.

Kinm co30ep: *aHbII jxaTKaH OOJIIEKTED, XKBUTY dcepi, aralll KYpBUIBIC MaTepuasiapsl, TYTaHy.

B.A. Tapakanosa, /I.Il. Kacemmos, O.B. I'anbiiesa, H.B. Unuepuna

JKCINepUMEHTANbHASl XapaKTepUCTUKA BOCIJIaMeHeHUs
HEKOTOPBIX IPEBECHBIX CTPOUTEJIbHBIX MATEPHATOB

B craTtbe npoBeseHO HCCIIe0BaHUE B 1a0OPAaTOPHBIX YCIOBHAX IO MOBEAEHUIO 00Pa3L0B JPEBECHBIX CTPOU-
TEJbHBIX MaTepHanoB ((paHepa, OPUEHTUPOBAHHO-CTPYKEUHAs IUIUTA, JPEBECHO-CTPYXKEYHas IUIMTa) B pe-
3yJbTaTe TEIIOBOTO BO3ASHCTBUS OT TOPSIIUX M TIEIONIUX YacTHIl IPUPOTHOTO MPOUCXOXKAeHH. beimu no-
Jy4eHbl JaHHBIE CPABHEHUS] BPEMEHH 3aJICP>KKU 3a)KUTaHUS APEBECHHBI COCHBI M JIPEBECHBIX CTPOUTEIBHBIX
MarepuaioB ((aHepa, OpHEHTHPOBAHHO-CTPYKEUHasl IUINTA, APEBECHO-CTPYXKEUHAs IUIMTA) B 3aBUCHMOCTHU
OT pa3Mepa M KOJNYECTBA TOPSIIUX YaCTHIl, HAYaJIbHOH TeMIlepaTypsl 00pasIoB, a TakKe OT HAIMYUS BO3-
JYLIHOTO IOTOKA B 30HE NaJICHUs YacTUll. Taxke UCCIEeI0BaHbl yCIOBUS 3aKUTaHUsI U BEPOATHOCTb BOCILIA-
MEHEHUSI CTPOMUTENBHBIX MAaTEpHAlIOB M3 JPEBECHHBl B pPE3ylIbTaTe TEIUIOBOIO BO3JCHCTBHUSA TOPAMIMX U
TIEIONIUX YaCTHI[ COCHBI. IloydeHHbIe JaHHBIE TO3BOJIIOT CyAUTh O TOM, YTO IPH BBIOPaHHBIX MapamMeTpax
SKCTIEpUMEHTA BPeMsl 3aKUT'aHHs CHIDKAJIOCh C YBEITHMYEHHEM BO3JYIIHOTO MOTOKA, a TAKXKE C YBEIMUYEHHUEM
pa3Mepa U KOJIMYECTBA YaCTHL. DKCIEPUMEHTAIbHO MOATBEPKICHO, YTO CYIIECTBEHHYIO POJIb B BOCIIIaMe-
HEHUM CTPOUTENILHOW KOHCTPYKLIMU UTpaeT pazMmep vactull. Ecnm XxapakTepHblil pa3Mep 4acTHIbl, KOTOPbIH
MOXHO OTIPEIENUTH KaK OTHOLIEHHE ee 00beMa K IO i TOBEPXHOCTH, CONPUKAcAIONIeiics C IPEeBECHHON,
MEHbIIIE HEKOTOPOH XapaKTEepHON BEJIUYUHBL, TO PEKUM 3aKUTAHHUA C PE3KUM MAKCHUMYMOM TEMIIEpaTyphbl
BO3JIE TPAaHUIBI pa3zena (a3 He peanu3yercs. ITO MOKHO OOBSICHHUTH HMPEBATUPYIOMUM OTBOAOM TEIUIa BO
BHEIIHIOIO CPEy [0 CPAaBHEHUIO C KOJIMYECTBOM TeIUIa, HOCTYNAIOIIUM OT TeIUIOBOTO ()eHA M BOSHUKAIOIINM
B pE3yJIbTaTe XUMHUYECKHX peakiuid. XapaKTepHbId pa3Mep 4acTHLl OyAeT 3aBHCETh OT KOHKPETHOH IOCTa-
HOBKH 33/1a4U U TUIIa MaTepuana, ero Ko3GpdUInueHTa TeonpoBOJHOCTH.

Kniouesvie cnosa: ropAmue 4yacTulpbl, TEIIJIOBOE BO3,Z[eI‘;ICTBI/IC, JAPEBECHBIE CTPOUTEIIbHBIE MaTEpUaJIbl, BOC-
IIJIaMCHCHHE.
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Obtaining functional gradient coatings based on Al,O; by detonation spraying

The article deals with the phase composition and hardness of Al,O; coatings obtained by detonation spraying.
It was found that a decrease in the delay time between shots is leading to an increase in the hardness and elas-
tic module of Al,O3 coatings. It was found based on X-ray diffraction analysis that the main reason for the in-
crease in hardness with a decreasing in the delay time between shots is associated with increases in the vol-
ume fraction of a- Al,O; phase. A high content of the more ductile y-Al,O; phase at the substrate-coating in-
terface leads to an increase in adhesion characteristics, and a high content of the a-Al,O; phase on the coating
surface provides high hardness and wear resistance. The studies of X-ray diffraction presented that the high-
est phase content is achieved when the coatings are formed with a delay time between shots of 0.25 s. It was
found that increase in the volume fraction of the a-Al,O; phase is caused by the secondary recrystallization
vy — a, which occurs due to the heating of particles during coating formation, i.e. due to increase in tempera-
ture above 1100 °C in single spots of the coating when they are put each other.

Keywords: detonation spraying, gradient coating, aluminum oxide, structure, hardness, wear resistance,
phase, temperature.

Introduction

Currently, methods of applying powder coatings are the effective remedy of increasing the reliability
and durability of structural materials for machine parts, equipment, technological and tooling [1]. The resto-
ration and enhancing of machine parts using powder coatings has given rise to a whole family of so-called
gas thermal technological processes [2]. The current trend of increasing the adhesion properties of gas ther-
mal coatings is directed to improving the speed of sprayed particles. Therefore, there is much interested in
high-speed technologies for coating deposition, which are characterised by high performance, universality,
simplicity of automation, and almost unlimited sizes of the surfaces to be coated. Geothermal high-speed
methods for obtaining coatings include methods of detonation, high-velocity air-oxygen fuel (HVAOF) and
high-velocity oxygen fuel (HVOF) spraying [3—5]. Among them, prospective is detonation spraying [6-9].
However, widely used the detonation method for strengthening components and equipment parts for the oil
and gas industry, shipbuilding, metallurgy, gas turbine engineering, etc. requires a significant increase in the
properties of the obtained coatings. It is related to the components and parts of the above equipment operate
under the simultaneous influence of various environments and loads, the values of which in many cases ex-
ceed the maximum permissible values for existing detonation coatings. Significantly increase the properties
of detonation coatings can be achieved by spraying various materials (powders) in several layers, which al-
lows you to obtain coatings with special characteristics. This is also possible when using gradient coatings of
the same material, which structure and properties change in the depth of the coatings. Such coatings have the
necessary specified properties of the outer layers that are exposed to the direct impacts on the external envi-
ronment. Besides, compared to a multi-layer coating, they reduce the difference between the physical and
mechanical characteristics of the coating and the base. Therefore, the stress jump occurs when loading at the
border of the interface layers is reduced.

In connection with, the task was in this work to obtain and study functional gradient coatings based on
aluminium oxide obtained on a single-barrel detonation unit by changing the technological parameters during
spraying with the use of only one dispenser, i.e. one type of powder.

Methods and materials

Stainless steel 12Kh18N10T was chosen as the substrate. Before coating, the samples were exposed to
sandblasting. For the obtain coatings of zirconium oxide was used powders of corundum (a-Al,O;). Powder
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particle size is 22—45 mp. Detonation coatings were obtained by a new generation of CCDS2000 (Computer
Controlled Detonation Spraying) computerized detonation spraying system [10]. Table 1 shows the modes
for obtaining functional gradient coatings based on Al,Os.

Table 1
Technological parameters for obtaining functional gradient coatings Al,O;
. Filling volume . Number Delay time
Ratio of 0/C,H, of the barrel, % Spray distance, mm of shots fired between shots, s
1.856 63 250 20 1.00-0.25

The general view and schematic diagram of the detonation spraying process are shown in Figure 1. The
channel inside the gun barrel is filled with gases using a high-precision gas distribution system, which is con-
trolled by a computer. The process begins with filling the channel with a carrier gas. After that, a particular
portion of the explosive mixture is fed in such a way that a layered gas medium is formed, consisting of an
explosive charge and a carrier gas. Using a carrier gas stream for the powder is injected into the barrel (using
a computer-controlled feeder) and forms a cloud. The substrate is allocated at a certain distance from the
output from the barrel. After some of the gunpowder is injected, the computer sends a signal to initiate deto-
nation. is is realized by an electric spark. The duration of the explosive charge combustions is about 1 ms. In
the explosive mixture, a detonation wave is formed, which in the carrier gas passes into a shockwave. The
detonation products (heated to 3500—4500 K) and the carrier gas (heated by the shockwave to 1000—1500 K)
move at supersonic speed. The interaction time of gases with the sprayed particles is 2—5 ms. The particle
speed can reach 800 ms ™' [11].
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Figure 1. Computerized detonation complex CCDS2000 (@) and its schematic diagram ()

The phase composition of the samples was studied by X-ray diffraction analysis on an X'pert Pro
diffractometer using CuKa-radiation. The measurement of hardness and modulus of clasticity was deter-
mined by indenting on a nano hardness «NanoScan-4D compact» by state standard R 8.748-2011 and ISO
14577. The tests were performed at a load of 100 mN. Tribological tests for sliding friction were performed
on a high-temperature tribometer TRB® using the standard «ball-disk» method (international standards
ASTM G 133-95 and ASTM G 99). As a counterbody was used a 3.0 mm diameter ball made of SiC-coated
steel. The tests were performed at a load of 10 N and a linear velocity of 3 cm/s, with a wear radius of 4 mm,
and a friction path of 81 m. Tribological characteristics of the modified layer were characterized by wear
intensity and friction coefficient. All types of experimental studies were performed at the Scientific Research
Center «Surface Engineering and Tribology» of the Non-limited profit company Sarsen Amanzholov East
Kazakhstan University.

Results and discussion

In work [12], was studied the effect of the detonation spraying mode on the structure and properties of
AlLO5 coatings. Determined, a decrease in the delay time between shots brings to an increase in the hardness
and elastic modulus of AL,O; coatings. Based on X-ray phase analysis was found, the main reason for the
increase in hardness with a decrease in the delay time between shots is associated with an increase in the
volume fraction of the a-Al,O; phase. X-ray phase analysis showed the highest content of the a-phase is
achieved when coatings are formed with a delay between shots of the order of 0.25 s. It was found, the in-
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crease in the volume fraction of the a-Al,O; phase is caused by secondary recrystallization of y — a, which
occurs due to the warming of the particles during the coating formation, i.e., due to an increase in the tem-
perature above 1100 °C in individual coating spots when they overlap each other. In this regard, we studied
the possibility of obtaining functional gradient coatings, which the gradient of structure and properties is
based on a gradual increase in the volume fraction of the a-Al,O; phase from the substrate to the outer layer.
Figure 2 shows the diffractograms of a multilayer gradient coating obtained by a gradual decrease in the
delay time between shots during spraying. Multilayer coating consists of four layers. All coating layers are

contained the y-Al,O3 and a-Al,O; phases.
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Figure 2. Diffractogram of the coating

Herewith, there is a gradual increase in the intensity of the a-Al,O; phase reflexes from the substrate to
the surface. The results of the quantitative analysis showed that the volume fraction of the a-Al,O3 phase
from the substrate to the outer layer gradually increases. The volume fraction of the a-Al,O; phase in the first
layer is 24 %, in the second layer 30 %, in the third layer 31 %, in the fourth layer, i.e. on the coating surface
the volume fraction of the a-Al,O; phase is 34 %.

Figure 3 shows a graph of the microhardness distribution over the thickness of gradient coatings. The
graph of the dependence of microhardness on the depth of the gradient coating Al,O; shows an unequal dis-
tribution of microhardness: the coating near the transition layer has a lower microhardness value, indiffer-
ence the upper part of the coating. Herewith, there is a uniform increase in microhardness from the substrate
to the surface of the coating.

A layer-by-layer analysis was performed of the functional gradient coating of Al,O;. After spraying
each layer, was studied the structure and tribological characteristics of the coatings. Table 2 shows data of
layers of functional gradient coating Al,O; the structure and tribological characteristics. Experimental data
clearly illustrates the correlation between the structural and tribological characteristics of layers of Al,Os
functionally gradient coating.

The generalized data given in the Table 2, the dependence of the wear intensity, hardness, and friction
coefficient of the Al,O; coating layers on its structural and phase states is clearly traced. The wear resistance
of the first, second and third layers (delay time between shots 1 s) is significantly lower than that of the
fourth layer (delay time between shots 0.25 s). The fourth layer, consisting of y-Al,O; (66 %) and a-Al,O;
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(34 %), showed high tribological characteristics. The effects of increasing hardness and wear resistance are
directly related to the volume fraction of the a-Al,O; phase, which are formed during the spraying process
due to heating of the coating surface.
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Figure 3. Graph of hardness distribution by depth of gradient coatings Al,O;

Table 2

Experimental data on the structure and tribological characteristics
of functional gradient coating layers Al,O,

Coating layer Phase composition |Nanohardness, GPa Youn%r;lgdulus, %?ifiﬁgﬁt W;e;;}i/rzt:r:lr.llzi)ty,
First layer TR 10.87 207.70 0.42 3.83-10-°
Second layer 7_3}2?50(3?3?2/3“ 11.03 159.97 0.48 4.16-10-°
Third layer TR 11.72 206.48 0.41 3,7310-°
Fourth layer oA 1633 270.64 037 1,60-10-7

Conclusion

A method for obtaining multilayer gradient coatings based on Al,O; with various modifications, vary-
ing the technological modes of detonation spraying has been developed. The developed method allows ob-
taining gradient coating structures on a single barrel detonation installation with a unique dispenser by
changing the delay time between shots. It is determined that a decrease in the delay time between shots leads
to an increase in the hardness, modulus of elasticity and wear resistance of Al,O; coatings. Based on X-ray
phase analysis, it was found that the main reason for the increase in hardness with a decrease in the delay
time between shots is associated with an increase in the volume fraction of the a-Al,O; phase. A high content
of the more plastic y-Al,O; phase at the substrate-coating border leads to an increase in the adhesion charac-
teristics, and a high content of the a-Al,Os phase on the coating surface provides high hardness and wear re-
sistance. Therefore, we obtained a functional gradient coating in which the gradient of structure and proper-
ties is based on a gradual increase in the volume fraction of the a-Al,O3 phase from the substrate to the outer
layer.

This paper was performed within the grant financing of scientific research for 2018—2020 of Committee
of Science of the Ministry of Education and Science of the Republic of Kazakhstan. Grant BR05236748.
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JeToHauusabIK TO3aHAaTy daicimen ALLO; Herizinae
(GYHKIIHOHANABIK-TPAAHEHTTIK KaA0BIHAAPABI ATy

Makanazna neToHauusIbIK Oypky pexuminiy Al,O; jkaObIHAAPBIHBIH KYPBUIBIMBI MEH KachueTTepine acepi
3epTTeNni. ATy apachlHAAFbl Kifgipic yakbIThIHBIH a3aiobl Al,O; jkaObIHIAPBIHBIH KATTHUIBIFEI MEH CepIIiM-
IUTIK MOMYJIHIH JKOFapblUIayblHA OKEJeTiHI aHBIKTANAbl. PeHTreHnik ¢asaiblk Tanmay HeTi3iHIe Kaapiap
apachIHAFEl KiJipiC YaKbITBIHBIH a3al0bIMEH KaTTBUIBIKTBIH JKOFApbUIAYBIHBIH Herisri ce6ebi o-Al,Os
(ha3achIHBIH KOJEeMIIK YVIICCIHIH apTybIMCH OalJIaHBICTHI EKEHIIr AaHBIKTAaIabl. TeceM MeH XKaOblH
IIeKapachlHAArel IUIACTHKAIBIK Y-Al,O; (ha3achIHBIH HEFYpJIbIM KON MeJIIepi aAre3wsulblK CHIaTTama-
JapbIHBIH JKOFapbulayblHa oKeseai, an jkaObiHaap Oeringeri a-AlyOz (a3acklHBIH KON MeJIepi KOFapbl
KATTBUIBIK MEH TO3YFAaTO3IMIUTIKTI Kamramachi3 ereni. PeHTreniik ¢asaiblk 3epTTey KOpCeTKeHICH,
o ¢da3aceiHbIH eH ko Meuepi 0,25 ¢ OYpKy apachlHAAFbl KiAipicrieH xaObIHAap bl KAIbINTACTBIPY Ke3iHIae
Kon okerkizimenmi. azanbiH 0-Al,O; KeJeMaiK YIECiHIH apTybl Y — O-HbIH KalTanamainbl Kaita
KpPHCTAIJaHYbIMEH OANIaHBICTHI €KEHJIITT aHBIKTaJBI, OYJI 5kaOBIH/IBI KAIBIITACTRIPY Ke3iHAe OOIIIeKTepIiH
KBI3ybl HOTIDKECIH/E Taiiaa Oomanpl, sfHH ojiap Oip-OipiHe KabaTTackaH Ke3Je jKaObIHHBIH Oip JaKTapblHAA
temneparypansiH 1100 °C-taH >xoFaphl KeTepiryine OaiIaHbICTHI.

Kinm co30ep: neToHanMsuIBIK OYPKY, TPaJUeHTT] *aObIH, AIIOMUHIN OKCHAI, KYPBUIBIM, KaTTBUIBIK, TO3YFa-
Te31IMALNTIK, (a3a, TeMuepaTypa.
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Hony4yenne GpyHKIMOHAIBbHO-TPAANECHTHBIX NOKPBITHI
Ha ocHOBe Al,O; MeTO0M 1€TOHAIITMOHHOI'0 HANBLJIEHU S

B craTbe ObLIO U3yUEHO BIMSHHE PEKUMA JETOHALIMOHHOTO HATBUIEHHs HAa CTPYKTYPY M CBOICTBA MOKPBITHIA
Al,O;. OnpeneneHo, 4To yMEHbIIEHHE BPEMEHH 3aJICP)KKH MEXIy BBICTpENIaMU HMPUBOAUT K MOBBIMICHUIO
TBEPIOCTH ¥ MOy ynpyroctu nokpeitiii Al,O;. Ha ocHOBe peHTreH0()a30BOTro aHauM3a yCTaHOBIICHO, YTO
OCHOBHasI IIPUYMHA MOBBIIICHNST TBEPAOCTH NIPH YMEHBIICHHH BPEMEHH 3aJIePKKH MEXKTy BBICTPEIAMHU CBS-
3aHa ¢ MOBBINICHWEM 00beMHOU momu 0-Al,Oz ¢a3sl. Bonbiioe conepikanue Oonee rractuaHoi y-Al,Os3-
(ha3bl Ha rpaHUIIE MOIOKKA—TIOKPBITHE NPUBOANT K YBEIMYCHUIO are3UOHHBIX XapaKTePUCTHK, a O0JIbLIoe
copepxanue a-Al,O;3-¢ha3pl Ha TOBEPXHOCTH MOKPHITHH 00ECIEYNBACT BBICOKYIO TBEPAOCTh U M3HOCOCTOM-
KOCTb. PenTrenodasoBoe mccienoBaHue 1Mokasaio, 4To Hauboublee couepikanue o-(Gpas3bl JOCTHUraeTcs Ipu
(hopMHUpPOBaHUH TOKPBITHIA C 3a/IepKKOM MeXIy BhICTperamu nopsiaka 0,25 ¢. Y cTaHOBICHO, YTO yBEIHYCHHE
obbemHO# nommu 0-Al,O3 das3bl 00ycnoBINBaeTCS BTOPHYHON MEePEeKPUCTAIUIU3ALNCH Y — o, TPOUCXOISIICH
BCJICICTBUE OTOIPEBA YaCTHIl NMPHU (OPMHUPOBAHUN IOKPHITHS, T.€. IPU BO3PACTAHHH TEMIICPATypHI BBIIIE
1100 °C B eqMHUYHBIX ISTHAX IOKPBITUS B PE3YyNbTaTe UX HAT0XKEHUS APYr Ha Ipyra.

Kurouegvie cnosa: neroHallMOHHOE HANbUICHWE, I'PAJAMEHTHOE IOKPBITUE, OKCHUJ AIIOMHHHUS, CTPYKTYypa,
TBEPJOCTh, H3HOCOCTOMKOCTB, (ha3a, TeMIeparypa.
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Normalization of reproducibility and suitability indexes
for assessment of products or production services quality

A technique is proposed for estimating the probability of the possible appearance of defective products (or the
inconsistency of the production service) on the basis of the suitability and reproducibility indexes of the pro-
duction process. The index of reproduction is recommended to be calculated on the basis of the standard de-
viation, which can be established by the average span of the control map and the limits of the tolerance field.
At the same time, the production process must necessarily be in a state of statistical controllability. The suita-
bility index can not be calculated on the basis of the control card characteristics, but is calculated solely on
the basis of the total of the standard deviation, which is calculated on the basis of the Bessel formula and tol-
erance limits. The production process does not need to be statistically controllable. Conclusions on the suita-
bility or insufficiency of the products (production services) are based on the value of the indexes of reproduc-
tion and suitability, which can take values less than or greater than one. On the basis of the obtained values of
these indexes, the probability of production appearance or characteristics of the production process, that does
not match the established requirements, is established.

Keywords: normalization, quality assessment, product quality, quality of manufacturing services, suitability
index, reproducibility index, probability of defective product, production process.

Introduction

In order to ensure the competitiveness of enterprises products, manufacturers should apply a strategy of
continuous improvement. For the implementation of a such strategy, product manufacturers or service pro-
viders need to constantly evaluate their products [1]. It is advisable to apply the methods recommended by
the international standards of the ISO/TR 18532, ISO 13528 and ISO/TR 22514 [2-5]. For the successful
implementation of actions to continually improve the quality of products or services, it is necessary to moni-
tor the sources of the production process deviations and their stability.

In the conditions of competition for producers, not only the price of products or services should be im-
portant, but also the costs, that consumers will spend when using products (or services). Therefore, the pur-
pose of any manufacturer should be to continuously reduce the deviations of the production process parame-
ters (ensuring the stability of the production process), and not only compliance with established require-
ments. The strategy of continuous improvement will reduce the costs associated with failures, and will in-
crease the sustainability of enterprise development in a competitive environment. In addition, reducing de-
viations will reduce control costs or reduce the frequency of selective control. Quantitative evaluation of de-
viations allows us to make conclusions about the suitability and conformity of the production process to the
established requirements. For identification of deviations, the different methods, such as drawing up a
flowchart and identifying inputs and outputs of a production process, using a causal diagram, etc. can be
used.

Formulation of the problem

A number of international standards [1-5] recommend a variety of statistical methods that can be used
to manage, control and improve the production process in order to analyze data and evaluate product quality
indicators. Therefore, there is the actual problem of the development of mathematical models of the point
evaluation of the reproducibility indexes and the suitability of the production process to confirm its statistical
stability, as well as the establishment of the defective products probability appearance (or the proportion of
units that do not match the requirements), which is the purpose of this article. The description of the mathe-
matical models that can be used to evaluate the quality indexes on the basis of reproduction and suitability
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indexes is an actual scientific task, since many manufacturers of products do not understand their differences
and consequently incorrectly interpret the obtained results.

In order to achieve the set purpose of the article, it is necessary to develop methods for evaluating the
quality indexes of products (services) on the basis of the indexes of reproducibility and suitability of the pro-
duction process, as well as to formulate the criteria for normalization of reproduction and suitability indexes
for decision-making on conformity (sufficient, satisfactory, good) or non-compliance of product quality indi-
cators or production services to the established requirements.

Research results

Indicator of the reproducibility of a production process is a measure of its own change of the output
characteristics of the production process, which is in a state of statistical control, and which enables to assess
the ability of the process to maintain the output characteristics of the production process at the level of re-
quirements set for it. This measure characterizes the variability that remains after eliminating all known
causes. If the control of the production process is carried out using a control card, then the control card
shows that the production process is in a controlled state [4, 6]. Reproducibility of the production process is
often estimated by the number of products, the characteristics of which are within the tolerance field. Since
the production process in a statistically controlled state can be described by the predicted distribution law,
then the quantity of products which characteristics is beyond the tolerance field can be estimated. While the
production process remains in a state of statistical control, the manufactured products have, on average, the
same proportion of the defective products (products that do not match the established requirements).

The actions of the production process management, which are aimed to reducing the deviations caused
by accidental causes, will make it possible to improve the conformity of the production process with the re-
quirements of the quality management system. To do this, it is necessary: to determine the characteristics of
the production process and the conditions of operation (if the conditions are changed, then new studies of the
characteristics of the production process are necessary); to evaluate the parameters of short-term and long-
term deviations in the form of percentages from full changes and to minimize them; maintain the stability of
the production process and ensure its statistical control; to evaluate the own variability of the reproduction
process; select the required parameter of the reproducibility of the production process.

Also, it is necessary to check the control card, the data of which had been used for statistical control,
and the histogram data with all the established limits applied to it. In addition, it is necessary to check the
normality of the distribution law by a valid criteria, for example, such as the Anderson-Darling criteria [7] or
the y?-criteria [4]. These criteria are effective in detecting the deviation of the law of distribution from nor-
mality on the distribution tails, since this area is important in the evaluation of the indexes of reproduction
and suitability of the production process. Also, an abnormal data explanation must be found and appropriate
actions taken with the data to calculate the investigated parameter. Exclusion of data allocated to others is
unacceptable. Such deviations can be very informative about the properties of the production process and
should be investigated.

Reproducibility parameter of the production process may be a value that characterizes one or more
properties of the distribution of the input characteristic in the conditions of the production process reproduci-
bility. The general parameter of the distribution position is the mean (mathematical expectation) u, but some-
times selective median X5, is used. For a normal distribution law, the best position parameter is the median.

The best parameter characterizing the own variability of the production process is the standard devia-
tion 0 — index of reproducibility of the production process. It is recommended to evaluate it according to the

average magnitude R obtained by the control card, when the production process is stable and is in a state of
statistical control

R
d2
where d, is a constant corresponding to the sample size in the subgroup, its value is chosen from Table 1

[8].

o=

, M
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Table 1

Coefficients of the control card to estimate the standard deviation

Sample size (1) d, Cy
2 1.128 0.7979
3 1.693 0.8862
4 2.059 0.9213
5 2.326 0.9400
6 2.534 0.9515
7 2.704 0.9594
8 2.847 0.9650
9 2.970 0.9693
10 3.078 0.9727

If we use the average standard deviation for controlling deviations within a subgroup, which is deter-
mined by the data of the control card, then the own standard deviation of the production process can be esti-
mated by the formula

5=2 @
Cy
where S — average sampled standard deviation; ¢, — the constant corresponding to the sample size in the
subgroup (n), its value is chosen from Table 1.

If for each subgroup it is possible to calculate the standard deviation of a subgroup, then a formula for
assessing the standard deviation of the production process is recommended, which gives a more accurate es-
timate than formulas (1) and (2), which is described by formula

3)

were S, — sampled standard deviation of j-th subgroup; m — is the number of subgroups with n observa-

tions in each subgroup.

It is also necessary to distinguish between the standard deviation, that characterizes only short-term
changes in the production process, and the standard deviation that characterizes the long-term changes in the
production process. And the data received over a long period of time have bigger value of standard deviation
due to a more significant change in the production process. In this case, it is recommended to use the symbol
o, to denote the standard deviation — the total (full) standard deviation.

If the data are obtained from the observation of a production process that is not in a state of statistical
control or if control cards have not been used, then formula (1)—(3) should not be used to calculate the stand-
ard deviation, but it is necessary to apply the following formula

(4)

where N — total sample size; x; — the i-th value in the sample; x — average arithmetic mean.

Equation (4) should be used when the production process has a change in the average value due to the
presence of a systematic error [9], which can not be excluded, and this variability must be taken into account
with along the random variability. This variation parameter is also suitable for use in the calculation of the
suitability indexes of the production process.

With the normal distribution of the production process as an estimate of the reproducibility of the pro-
duction process, an expression can be used

=ll

tz,-6,, (%)

where X = ZJ_C ; / m — the arithmetic average of several sample meanings; x;, — selective average of j-th
j=1

subgroup; z_ is a quantile of a normalized normal distribution law.

o
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The choice of the value of z, depends on the used value of the reproducibility index of the production
process in units of production of one million. Typically, z, is assigned a value of 3, 4 or 5. If the reproduci-
bility index of the production process matches the requirements, z, = 3 means an average of 2700 units of
products per million beyond the requirements. Similarly, z, = 4 means an average of 64 units of products per
million that do not match the established requirements, and z, = 5 means an average of 0.6 such items per
million.

Reproducibility indexes of the production process are the point of estimation of their reference values.
Using the reproducibility index of the production process allows us to characterize the state of the production
process. The index of reproducibility of the production process is the ratio between the differences of the
tolerance field to the length of reference interval

c=—It (©)
X994865 % X0.135 %
where L — lower limit of the tolerance field; U — the upper limit of the tolerance field; Xj 135+, — the lower
limit of the reference interval defined as the quantile of distribution at the level of 0.135 %; Xy g¢5+, — the
upper limit of the reference interval, which is defined as quantile of distribution at 99,865 %.

To estimate the index of reproducibility of the production process the reference interval 7= Y2 — Y1 is
used [4, 5], which includes 99.73 % of the production process characteristics values, which are in the state of
statistical control. At the same time 0.135 % of each side of the distribution law is cut off [4, 5]. This interval
is recommended to apply even in the case of a non-normal distribution law of the production process charac-
teristics values [4, 10, 11]. For a normal distribution law, the length of the reference interval is six standard
deviations (Fig. 1).

Control maps are usually used to evaluate reproducibility. If the control card shows weakened control
lines or modified control lines, the actual standard deviation of the process will be greater than the standard
deviation obtained from the control card with standard control lines. These features affect the reference in-
terval, so it is important that the standard control lines were fixed in the evaluation of the reproducibility in-
dex of the production process.

A reproducible process is a production process with a reference interval 7 smaller than the tolerance
field (L, U) for a certain value, as shown in Figure 1.

Reference
interval

I 30N 0,135%

Figure 1. The length of the reference interval 7" and the lower L and the upper U limits of the tolerance field

It is also recommended by international standards [1, 3, 4] to use other indexes that characterize both
the state and the variability of the production process, for example, the reproducibility index C,. If this index
is smaller than a given value, then it can be assumed that in the manufacturing process there is a high proba-
bility of occurrence of defective products, that is, the characteristic of the production process goes beyond
the tolerance field (L, U).
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The reproducibility indexes C,; can be defined as the ratio of difference between the tolerance field and
the production process value to the difference between the corresponding limits of the production process
value and the parameter of the production process:

Uu-X.,,
Coy = = 5 @)
X99.865% _Xso%
X, —L
Cpp =, ®)

i Xso% _X0A135%

where X3, — the quantile of the distribution law of the production process at the level of 50 %.

These reproducibility indexes (C,,, , C,,, ) provide information about how tightly the characteristics
are routed around the centerline and whether product specification requirements may be violated. Even if the
value of the index C, is high, then the low values of the C,, indexes indicate that the production process is
poorly concentrated around the central line, and the probability of the appearance of quality characteristics
values beyond the established limits of the set requirements is high.

If the observed values are distributed according to the normal distribution law, the length of the refer-
ence interval is equal to 6G, and the reproducibility index can be estimated by expression
~ U-L

C . 9
P66 ©)

If the distribution of individual values is subject to the normal distribution law, then quantile X5, is
equal to the mathematical expectation p, and the upper and lower indexes of the reproducibility C,, can be
estimated from the expressions:

N U—-u
C,, = s 10
PkU 36 ( )
. -L
Cou =%. (11)
(6}

Based on the evaluation of the lower C . and upper C my reproducibility indexes, for the final evalua-
tion of the reproducibility index C,, , it is necessary to assume a lower reproducibility index

Cp, = min (éPkL Cow ) (12)

In calculating the reproducibility index of the production process, it must be taken into account that the
variability of the production process should correspond to the situation when the data has been obtained in a
state of statistical control of the production process.

If the index of the reproducibility Cp< 1 (or Cp; < 1), then the upper U and the lower L limits of the tol-
erance field are inside the reference interval T of the production process — this means that the production is
not possible without a defect, and the production process is unsatisfactory (the probability of defective pro-
duction is very high and may be higher than 0.27 %).

If the value C, =1 (or C,, = 1), then the upper U and the lower L limits of the tolerance field coincide

with the reference interval T of the production process. In this case, if the process is centered and the distri-
bution of quality indicators obeys the normal law, then the possible lack of products is 0.27 % (2700 defec-
tive products per 1 million manufactured goods). In this case, the production process is considered to be the
minimum acceptable (satisfactory, it is recognized as reproducible).

If the value of the reproducibility index C, > 1 (or C,, > 1), then the upper U and the lower L limits of
the tolerance field are outside the reference interval T of the manufacturing process — this means that pro-
duction is possible without defects, and the production process is considered to be satisfactory. If the value
C,, (or C,) lies within 1 < C,, <1.33, then the probability of occurrence of defective products will be in
the range from 0.006 % to 0.27 %. If the value of the index of reproducibility is greater than 1.33
(Cp, >1,33), then the probability of occurrence of defective products is less than 0,006 %, and the production
process is considered good.

The appropriateness of the production process regarding the quality of products is the achieved distribu-
tion of results. The only important difference between the suitability and reproducibility of the production
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process is that for assessing the suitability of the production process there is no requirement for the presence
in the production process of the state of statistical control and control cards.

In the analysis of the suitability of the production process:

a) all technical conditions, including requirements for the production environment, such as temperature
and humidity requirements et al., must be established [12—15];

b) requirements for uncertainty of measurements must be established [9, 16-20];

¢) an opportunity should be provided for the analysis of multi-factor and multi-level aspects of the pro-
duction process;

d) data must be obtained and registered within a specified time period;

e) the frequency of sampling and the start and end of time of the data obtaining must match the re-
quirements set by the quality management system [1];

f) the process may not be monitored by a control card,;

g) the process may be statistically uncontrolled, in particular, previously obtained data, which sequence
is unknown, can be used to assess the suitability of the production process.

The index of the suitability of the production process is a statistical indicator, which is determined by
the output characteristic of the production process, which used to evaluate the production process, the loca-
tion of which in the state of statistical control is not confirmed. The parameter of the suitability of the pro-
duction process may be the quantities describing one or more properties of the quality characteristic distribu-
tion in terms of suitability. To estimate the suitability parameter, in contrast to the reproducibility parameter,
under the normal distribution of the quality characteristic, we can only by expression (4). The index of the
suitability of a production process is an index that reflects the stability of the production process to the speci-
fied field of tolerance.

If the values of the parameters under study are distributed according to the normal distribution law, then
the length of the reference interval is equal to 66 [10, 11]. Therefore, the value of the index of fitness P,

can be calculated by expression
U-L

P =—-:
66,

P

(13)

The upper P, and lower P,,, indexes of the suitability of the production process can be estimated by

the expressions:
U —

=l

PpkU: 36, > (14)
x-L
P = 35, . (15)

The indexes of the suitability of the production process P,, is assumed to be equal to the lower of the
two values of P, and P, ,ie. B, =min(P,,,Fp, ). The lower the value of the index of suitability, the

greater the probability of occurrence of defective products, and the production process will not match the
established requirements.

As follows from expressions (13)—(15), the assessment of the indexes of suitability is similar to the
evaluation of reproducibility indexes (6)—(12). The difference in the evaluation of suitability indexes from
the reproducibility indices is that the production process does not necessarily have to be statistically con-
trolled, and the standard deviation that characterizes the best indicator of the suitability of the production
process can not be calculated based on the parameters of the control card.

The P,, suitability index characterizes the confirmed quality. If the production process is centered, that

Py, = P,, but when the process is shifted, the suitability index is shifted from its nominal value, and P,, be-
comes less than P,. The high P, index will only be the case when the goal is achieved with a minimum

deviation from the average arithmetic value.
In case of noncentration of the production process, the P, index can be adjusted by introducing a

noncentral correction
Psz(l—k)PP, (16)
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where k — a corrective coefficient that corresponds to the value of noncentration and is defined as the differ-
ence between the given reference value of the product characteristic and the average value of the production
process parameter.

If the process is centered, then £ = 0 and P, = P,. If the process is shifted relative to a given reference
value, then k increases and the index P,, becomes smaller than the P, index.

If the suitability indexes are equal ( P,, = P, ), the production process is within the tolerance. If the in-
dex P, <1, then this means that the production process has low accuracy and the production process is un-
satisfactory. The using of statistical methods [3—5] during the regulation will not give the necessary effect. In
this case, it is necessary to improve the accuracy of the production process by replacing (or/and repairing)
technical equipment and ensuring the quality of measurements (unity of measurements and accuracy of
measurements) [21].

If the P,, suitability index is in the range from 1 to 1.33 (1< P,, <1.33), the production process has suf-
ficient accuracy — this means that the procedure for setting it up is correct. At the same time it is advisable
to apply the acceptance control cards and to combine the procedure of manufacturing process regulation and
the acceptance of products in one common procedure of the SPC (Statistical Process Control) [22].

If the index P,>1.33, then the production process is considered to be good (with high potential accura-
cy). If P,>1 and P,, <1, then the production process is considered to have sufficient potential precision, but
there are factors that shift the manufacturing process and remain unnoticed. In this case, it is recommended
to use Shuhart's control cards to identify factors that may result in displacement of the manufacturing process
center. If the index P,>1.66, then the production process is ideally configured [23, 24].

The main properties of the normal distribution law, on which the calculation of the defect fraction is
based, are shown in Figure 2.

0.003% 05.994% 0.003%

99.73%
95.44%

je— 68 .26% —

Figure 2. Properties of the normal distribution law, on which the calculation of the defect fraction is based

As it follows from Figure 2, in order to avoid a noticeable fraction of defective products or characteris-
tics of the production process that deviates from the established requirements, the width of the tolerance field
must be not less than 66 .

Estimation of the values of p, production process characteristic or the quality parameter of products
that do not match the requirements under the normal distribution law can be found on the basis of the upper
and lower parts of units that do not match the requirements:

s L-% x-U
pzsz+pU=(D[ ~ }"'(D[ A J; (17)
Gl Gt
P, =1-0(3C,, ); (18)
py =1-®(3C, ), (19)
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where p, — assessment of the lower part of the units that do not match the requirements — the part of units

of the process or product characteristics distribution, which does not exceed the lower limit of the field of
tolerance L; p, — assessment of the upper part of the units that do not match the requirements — the part of

units of the process or product characteristics distribution, that exceeds the upper limit of the tolerance field
U; ® — the function of a normalized normal distribution law.

In order to estimate the proportion of product units that do not match the requirements of the suitability
of the production process, it is necessary to replace the reproducibility indexes and indexes of suitability in
formulas (18) and (19), and thus common part of the values of the characteristics distribution of the produc-
tion services (production process) that may go beyond the tolerance field.

Conclusions

The quality of products or services is largely determined by the effectiveness of the quality management
system at the enterprise and the proper organization of the production process. The quality management sys-
tem, built in accordance with the principles of overall quality management, involves continuous improve-
ment of the marketing activities of the enterprise, improving the quality of products and ensuring of the
needs of all interested parties, both customers and producers, through the establishment of appropriate man-
agement in the enterprise [25-30].

The application of indexes of reproducibility and suitability of the production process in the system of
quality control allows us to visually estimate the possibility of reducing the percentage of defective products
by reducing and eliminating the effects of non-random causes of the production process parameters deviation
(ensuring the stability of the production process), as well as reducing the impact of the random reasons lead-
ing to deviations of the production process parameters. This will allow timely warning and corrective actions
that will enable them to find reserves for improving product quality, reduce financial costs for defective re-
pair, and increase the competitiveness of the enterprise.

The reproducibility index and suitability index are not related to the mean of the process. That is, when
the entire distribution is shifted, the reproducibility index and the fitness index will not change, it will only
respond to the variation of the spread or sweep. The reproducibility index and the suitability index will be
equal to one when the variation of 60 is equal to the tolerance. If the indices are greater than one, then the
range is less than the tolerance, if the indices are less than one, then the variation is greater than the toler-
ance. It should be taken into account that since the indices are not related to the position of the mean, then
when the mean is far beyond the tolerance, the value of the indices may be much greater than one.

The accuracy of the proposed estimation methodology of the reproducibility and suitability index,
which includes the proposed mathematical apparatus, was estimated on the basis of the correctness index, the
method of assessment of which is carried out in accordance with the international standard ISO 5725-2:2002
[6]. The measure of correctness of the proposed method is the combined uncertainty of type B, the relative
value of which does not exceed 0.05 %, and the efficiency of the model is determined by the level of the
methodological component of probability, which was estimated by the method given in, the value of which is
not less than 95 %.
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N. Cryrnuk, U.I1. Kypeithuk, O.M. Bacunesckuii, B.1O. Kyuepyk,
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OHiMHIiH HeMece KepceTIeTiH KbI3MeTTep/iH canacbiH 0araJjay
YIIiH KaiiTa OHAIPY KoHe ’KapPaMIAbLIbIK HHAEKCTEePiH KAJIBINKA KeJaTipy

Axaybl ©Oap eHIMHIH (Hemece OHJIpICTIK KbISMETTIH COHMKeC KeJIMEyiHIH) OHMIpPICTIK MNpOIEeCTiH
JKapaM/IBUTBIFBI MEH IIBIFapbLLy HHAEKC] HeTi3iH/e naina 00y MyMKIHAITiH Oaranay oficTeMeci YChIHBUIFaH.
PenponyKTHBTINIK MHAEKCIH CTaHIApPTTHI aybITKY HETi31HIE €CeNTey YChIHBUIAABI, OHBI OaKbLIay KapTACHIHBIH
opTaima ayKsIMbI MEH TO3IMIUIK epiciHiH mmeri 6oibHIIa opHaTyFra Oonansl. byn perre eHzipicTik mporecc
MIHIETTI TYpAE CTaTUCTUKAIBIK OacKapbuly >KarmailblHaa Ooiysl THic. YKapaMAbUIBIK WHICKCI Oakpuiay
KapTachlHbIH CHIATTaMalapbl HETi3iHAE ecenTeiaMelli, TEeK JKallbl CTaHJApTThl AaybITKY Heri3iHze
ecenreneni, o1 beccenb GpopMynachlHBIH KOMETIMEH jKOHE TO3IMALTIK OPICiHIH LIeri Heri3iHAe aHbIKTaIa bl.
CoHbIMEH KaTap, ©HIIPICTIK MPOIECC MIHACTTI TYpJAe CTATHCTHKAIBIK TYPFbIAaH 0acKapbuIMaybl Kepek.
OnimMHIH (OHIIPICTIK KOPCETUIETIH KBI3METTEPiH) JKapaMAbUIGIFBl HEMECe >KapaMCBHI3JbIFbl TYypajbl
TYXKBIppIMIAp OipiiKTeH a3 HeMece OJaH [a Kem MOHJIepAi KaObUimaybl MYMKIH KailTa eHIIpy jKoHe
JKapaMIIbUTBIK HHACKCTEPiHIH MOHI HETi3iHAEe Ky3ere achipbuiaabl. OChl HHACKCTEPIiH allbIHFaH MOH/ICPiHIH
HeTi3iHAe OCNTUICHreH TajlamTapra COMKec KeIMEHTIH OHIMHIH HeMece OHJIPICTIK  Impolecc
CHUIIaTTaMaJIapbIHbIH Iaiia O0JTyBIHBIH BIKTHMAJI Yileci OenrineHeni.

Kinm ce30ep: xampllika KeNTipy, camaHbl Oarajay, ©HIMHIH camachl, ©HIIPICTIK KBI3METTEPJIH Camachl,
JKapaMm/IbUIbIK HHICKCI, PEIPOAYKTUBTUIIK HHICKC, OHIMHIH aKayJaHy bIKTUMAJIABIFbI, OHAIPICTIK IpoLecc.

N. Cryrauk, WU.II. KypsitHuk, O.M. Bacunesckuii, B.1O. Kyuepyk,
I1.U. Kynakos, C.C. Kaceimos, A.K. Xacenos, /[.)K. KapabekoBa

Hopmanu3anus uHIeKCOB BOCIIPOU3BOAMMOCTH ¥ MPUTOHOCTH
JJI51 OLEHKH Ka4eCcTBA MPOAYKIHUH WIH yCJIYyT

IIpennoxeHa METOINKA OLIEHKH BEPOSATHOCTH BO3MOXKHOTO MOSIBIEHUST OpakOBaHHOW MPOIYKIMH (WM HECO-
OTBETCTBUS MPOU3BOJCTBEHHOH yCIyru) Ha 6a3e MHAEKCOB MPUTOJHOCTH M BOCIIPOU3BOAUMOCTH IPOU3BOA-
CTBEHHOTO Mpolecca. MHIeKC BOCIPOU3BOANMOCTH PEKOMEHIYETCS PACCUMTHIBATH HA OCHOBE CTAHJAPTHOIO
OTKJIOHEHHSI, KOTOPOE MOXKET OBITh YCTAaHOBJIEHO MO CPeIHEMY pa3Maxy KOHTPOJBHON KapThl M IIpeAesaM
1oy gorycka. [Ipu 5ToM npon3BOCTBEHHBIH HPOIecC 00sS3aTENbHO IOKEH OBITh B COCTOSIHIN CTaTUCTHUE-
CKOH ympaBisieMocTH. VHAEKC TOIHOCTH HEe MOXKET OBITh ONpeieieH Ha OCHOBE XapaKTePHCTHK KOHTPOJb-
HOU KapThl, a PACCUUTHIBACTCS UCKIIOYUTEIHHO U3 OOIIETro CTaHJAPTHOTO OTKIOHEHHUS, KOTOPOE OIpesels-
eTcst ¢ momoIsio Gpopmynsl beccens u npexenos mons gomycka. IIpu 3TOM IPON3BOACTBEHHBIN IpoLece He
00s13aTENbHO JOJKEH OBbITh CTATHCTHYECKH YNpPaBIseMbIM. BBIBOJBI O NMPUTOJHOCTH MM HEMPUTOTHOCTH
NPOJYKIMH (IPOU3BOJCTBEHHBIX YCIYT) OCYIIECTBISIOTCS HA OCHOBE 3HAYEHHS MHJEKCOB BOCIPOU3BOHMO-
CTU ¥ IPUTOAHOCTH, KOTOPBIE MOTYT IPHHUMATh 3HAYEHHUsI MEHbIIE Wiy Oonblie equnuisl. Ha ocHoBe momy-
YEHHBIX 3HAYEHUH 3THX MHJIEKCOB YCTAHABIUBAETCS BO3MOXKHAsS JIOJS MOSBIEHHS MPOLYKIIMU MM XapaKTe-
PHCTHK IIPOU3BOACTBEHHOTO IIPOLIECCa, HE COOTBETCTBYIOIINX YCTAaHOBICHHBIM TPEOOBAHHSIM.

Kniouesvie crosa: HopMau3anysi, OlCHKA KAYeCTBa, KA4eCTBO MPOIYKIMH, KAY€CTBO MPOU3BOICTBCHHBIX YC-
JIYT, HHAEKC MPUTOAHOCTH, MHIEKC BOCIIPOM3BOIUMOCTH, BEPOSITHOCTh Opaka MpOIyKTa, IPOU3BOICTBEHHbIN
nporecc.
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Interaction model of low-temperature plasma with a steel surface
during electrolyte plasma nitriding in an electrolyte on the bases of carbamide

The features of the formation of low-temperature plasma and its interaction with a metal surface were studied
in this work. A qualitative model of the interaction of low-temperature plasma with the steel surface during
nitriding has been developed by summarizing the available research results and taking into account the specif-
ic features of the electrolyte plasma process. In accordance with this model, in the first moments of the inter-
action of low-temperature plasma with the steel surface in the near-surface layer, which accelerated formation
of the Fe,, solid solution occurs due to the action of directed bombardment of charged particles, which en-
hances the adsorption and diffusion of nitrogen into the interior of the material, then dispersed particles of ni-
tride of alloying elements are formed as further saturation in places with an increased level of free energy (at
lattice defects, at grain boundaries, etc.). Subsequently, transformations occur in the surface zone of the layer
when the limiting solubility of nitrogen in iron is exceeded, which leading to the formation of nitrides of the
y'-phase (FeyN) and e-phase (Fe, 3N) in it. Thus, electrolyte plasma nitriding opens up many new possibili-
ties, in particular: varying the nitriding temperature over a wide range (400-700 °C), targeted production of a
nitrided layer consisting only of a diffusion layer without a layer of compounds, while obtaining a diffusion
layer with particles y’-phase (Fe,N) of plate form and with finely dispersed nitrides MN (CrN). The use of an
electric discharge in an electrolyte (low-temperature plasma) makes it possible to increase the heating rate
and diffusion saturation of the material surface. This work is of practical importance, since the studied meth-
od of electrolytic-plasma nitriding makes it possible to obtain a modified surface layer on steels with high
physical and mechanical properties.

Keywords: plasma, electrolyte-plasma treatment, nitriding, saturation, electrolyte, steel, model, modified lay-
er, phase.

Introduction

Plasma electrolyte treatment is based on the interaction of ions, electrons, excited atoms and other ener-
getic particles obtained in low-temperature plasma with the surface of a solid [1, 2]. An electrolyte is used to
create and maintain a low-temperature plasma in nitriding, which is a source of ions for carrying out the ni-
triding process: an aqueous solution of salts containing nitrogen ions, an aqueous solution of ammonia and
other nitrogen-containing media. On the basis of experimental studies, it was found that the most effective
and promising electrolyte for electrolyte-plasma nitriding of steels is an electrolyte from an aqueous solution
containing 20 % carbamide and 10 % sodium carbonate [3]. In the developed electrolyte, the nitrogen-
containing component is carbamide, and the component that ensures the electrical conductivity of the elec-
trolyte is sodium carbonate [3—5]. Water is used as a solvent. The main advantage of this electrolyte is its
exceptional low cost, since the initial components are produced in mass quantities and are widely used in the
national economy. They also do not belong to highly toxic substances that require special safety measures.

The results obtained in work [3—5] showed that plasma electrolyte nitriding in an electrolyte from an
aqueous solution containing 20 % carbamide and 10 % sodium carbonate makes it possible to obtain a modi-
fied surface layer consisting of nitrogenous martensite, carbides MyC, MC and FeyN nitrides, CrN.

As is known [6, 7], nitriding by electrolyte-plasma heating not only shortens the time required to reach
the required temperature of the part, but also accelerate the formation of diffusion layers. The reason for this
is the positive effect of heating conditions and a saturating environment on some elementary nitriding pro-
cesses.

It is necessary to study the features of the formation of low-temperature plasma and its interaction with
a metal surface in order to gain a deeper understanding of the physical processes that determine the for-
mation of the composition, structure and properties of the nitrided layer, during electrolyte-plasma nitriding.
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Results and discussions

As it is known [8, 9], the interaction of the saturating medium with the surface of the metal being treat-
ed during CTT is usually divided into the following stages:

1. Formation of active substances in the environment or reaction volume.

2. Supply of a saturating substance to the metal surface.

3. Adsorption of active atoms or molecules by the metal surface.

4. Chemical reactions on the surface (layer growth due to chemical reaction or diffusion), as well as the

formation of reaction products in an adsorbed state.

5. Desorption of reaction products.

6. Removal of reaction products from the interaction zone into the reaction volume or environment.

Based on this, we will consider the main stages of interaction of the saturating medium with the treated
surface during the electrolyte-plasma treatment of steel in an electrolyte from an aqueous solution containing
20 % carbamide and 10 % sodium carbonate.

The workpiece is immersed in an open reactor (electrolytic cell) filled with electrolyte during the nitrid-
ing process. A rectified voltage is applied to the part (cathode) and solid electrode (anode). A gas-steam
jacket with a thickness of about 100—120 um is created near the surface of the part (Fig. 1) [10]. The gas-
vapor shell enveloping the workpiece contains electrolyte ions and, accordingly, nitrogen ions. It is a low-
temperature plasma and is an active saturating atmosphere for nitriding. This saturating medium is dense —
the pressure in the reactor corresponds to atmospheric [11].

Figure 1. The process of electrolyte plasma nitriding of a steel sample

Thus, plasma electrolyte nitriding consists in processing products in a low-temperature plasma (vapor-
gas shell) created between the electrolyte and the surface of the products.

Let us consider the features of the formation of active substances in a vapor-gas shell during nitriding of
steels in an electrolyte from an aqueous solution containing 20 % carbamide and 10 % sodium carbonate.

Near the vapor-gas shell, the components of the aqueous solution enter into a reaction, with the release
of a large amount of gases — ammonia, carbon dioxide and water vapor, which enters the vapor-gas shell:

20\IH2)2CO + N32CO3 — 2NaNCO + 2NH3,T + COQT + Hzo (1)
Sodium cyanate synthesized by fusion of carbamide with sodium carbonates is moderately soluble in
water. In water and in water vapor, sodium cyanate hydrolyzes to Na,COs3, CO, u NHs:
2NaNCO + 3H,0— Na,CO; + CO," + 2NH;' (2)
Hydrolysis intensifies at the boundary between the electrolyte and the vapor-gas shell, since the temper-
ature in it is high.

In the course of the reaction at the boundary between the electrolyte and the vapor-gas shell, the re-
leased ammonia, entering the vapor-gas shell, decomposes with the release of atomic nitrogen:

2NH; — 3H, + 2Ne 3)
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As a result, nitrogen is formed in the vapor-gas envelope, which is in an atomic state, and in this form is
very chemically active.

It is necessary to maintain the composition of the vapor-gas shell in order to ensure stable formation of
active ions of atomic nitrogen and saturation. This requires a constant supply of a saturating substance (elec-
trolyte) to the vapor-gas shell (low-temperature plasma), thereby preserving the composition of the vapor-gas
shell. It also provides a stable discharge in the vapor-gas envelope. Thus, the supply of the active medium to
the metal surface and the removal of reaction products from the interaction zone are provided by the circula-
tion of the electrolyte. The surface concentration of the element, which determines the thickness of the diffu-
sion layer, depends on the ratio of the rates of delivery of active atoms to the surface and their diffusion into
the metal. It is necessary that the rate of its adsorption exceeds the rate of diffusion to achieve a high concen-
tration of the saturating component on the metal surface [12].

The initial stage of the diffusion process is the bombardment of the metal surface of the cathode with
charged particles (H", N*, Na"), which leads to cleaning and heating of the surface at a distance of more than
100 um, as well as to the initiation of vacancies and other defects in the crystal lattice, due to which the dif-
fusion fraction increases through the crystal lattice of the metal. Avalanches of electrons arising during the
development of a discharge in the electrolyte and forming well-conducting streamer channels, along which a
current pulse runs at a high speed of ~10'-10° m/s and a backward voltage wave propagates, make a large
contribution to the heating of the metal. When the reverse voltage wave passes in the next period of time,
with a duration of about 107 s, a large amount of energy is released in the channel. As a result, an abrupt
increase in pressure occurs, and a cylindrical shock wave propagates into the space surrounding the channel,
the temperature at the front of which is about 10* K. In this case, the ionization of the particles of the vapor-
gas medium, the formation of additional branches of the channels with the involvement of charged ions in
the avalanche [13].

Atomic nitrogen released in the vapor-gas envelope during chemical reactions is adsorbed by iron and
diffuses deep into the material to form a solid solution of nitrogen in iron. In this case, the effect of directed
bombardment of charged particles enhances the adsorption and diffusion of nitrogen. Since, during the pro-
cess, there are mainly positive ions, excited atoms and electrons near the product, which is the cathode. The-
se particles bombard the surface with an energy no less than the relaxation energy [14]. Since the electrolyte-
plasma nitriding is carried out under conditions of excessive excitation of the metal surface and subsurface
layers. An important factor influencing the growth rate of the nitrided layer and its structure during this pro-
cess is the exclusion of the predominant role of boundary diffusion. Plasma, accelerating the directional mass
transfer of ions to the sample surface, creates conditions for uniform adsorption of nitrogen atoms over the
entire metal surface, rather than selectively along the grain boundaries, as is observed with conventional ni-
triding. The results of experiments carried out in [3, 5], in particular, the results of metallographic analysis,
mapping and energy dispersive analysis showed a uniform distribution of the thickness of the diffusion layer
and a more uniform distribution of nitrogen over the surface of the nitrided layer. The observed phenomenon
of uniform adsorption and uniform growth of the nitrided layer should be explained by the appearance in the
grain volume of a special defect substructure (dislocation-disclination structure of grains in the near-surface
zone), which were observed in experimental studies of the fine structure carried out in [3]. The resulting de-
fectiveness, apparently, approaches the defectiveness of grain boundaries. The possibility of forming such a
grain substructure during nitriding is provided by:

— increased energy state of the surface and subsurface layers exposed throughout the treatment to bom-

bardment with ions and neutral atoms of low-temperature plasma;

— the counter flow of metal atoms and alloying elements to the metal — saturating medium interface,

due to their high affinity for nitrogen;

— phase hardening and periodic recrystallization;

— the simultaneous diffusion of nitrogen atoms and the formation of defects in the crystal structure.

Thus, the use of an electric discharge in an electrolyte (low-temperature plasma) makes it possible to
increase the heating rate and diffusion saturation of the surface of materials. The large depth of the modified
layer is due to the intensification of the process, and the intensification of the saturation process is associated
with the formation of a defect substructure when exposed to low-temperature plasma.

We have characterized the main processes of the formation of low-temperature plasma and its effect on
a metal surface. Nevertheless, for a complete understanding of the processes occurring in the surface layers
of a metal, during electrolyte-plasma nitriding in low-temperature plasma, as well as maximum use of the
potential capabilities of the technological process, it is necessary to have its model, which would most accu-
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rately reflect the real essence of the phenomena. It is in this case that conditions are created for predicting the
results of processing parts, as well as optimizing the technology.

According to its specific features, nitriding in an electrolyte plasma belongs to the technologies imple-
mented using an electric discharge in a gas (vapor-gas shell) as an intensifier of the process. In the classical
version, the part serves as a cathode. Several theoretical models of the interaction of a gaseous medium with
a metal surface are known about this principle, which results in the creation of diffusion nitrogen-containing
layers on the surface, modifying it in order to change its properties [15]. The theoretical provisions of the
process are currently characterized by two main approaches.

The first of them was formed in solidarity by the scientists of the school of Yu.M. Lakhtin and the
German school [16]. The essence of this model is demonstrated in Figure 2 [15, 17, 18], which has already
become a classic in the theory of nitriding in a glow discharge.
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Figure 2. Scheme of plasma interaction with the cathode surface during nitriding in a glow discharge [15]

The initial premise of this model is the assumption that iron atoms in the glow discharge plasma com-
bine with nitrogen, forming iron nitrides. They, in turn, under the influence of directed bombardment by
charged particles, move in the direction of the cathode and are adsorbed by the surface. Then, already on the
surface, the nitrides are transformed under the action of the surface bombardment by the incident flow, grad-
ually transforming from the e-phase into the y’-phase, the atomic nitrogen released in this case forms a solid
solution of the a-phase and diffusing into the depth of the surface. Thus, nitrogen enters the surface not only
from the gas phase, but also as a result of the transformation of nitrides, and the driving force of the process
is a high nitrogen concentration gradient.

The fundamental second model, the scientists of the school of Arzamasov BN, formulated a different
principle of the process, which is demonstrated in Figure 3 [19]. According to this model, atomic nitrogen
ions play the leading role in the nitriding process in a glow discharge. The intensity of the process is deter-
mined precisely by the number of atomic nitrogen ions. As a result of the bombardment of the surface, it can
be sputtered, both in the form of neutral metal particles and its negative ions together with electrons. At the
same time, a layer of adsorbed nitrogen particles forms on the surface as a result of the directed motion of
particles in the field, recombination of ions directly on the surface, and also the release of some particles that
have already penetrated into the surface at the gas-metal interface. Under the influence of the incident flow,
the particles of the adsorbed layer can be sprayed or embedded into the surface, creating a solid solution.
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Figure 3. Scheme of the process of interaction of atomic particles with a metal in vacuum [15]

Thus, a fundamentally important difference between the above approaches is, first of all, the question of
the primary formation of nitrides or a solid solution in the surface layers of the metal. According to the first
model, nitrides are formed first, the transformation of which will lead to the formation of a solid solution.
According to the second model, the excessive concentration of nitrogen in the solid solution, together with
the energetic effect of the incident flow, promotes chemical transformations.

On the basis of these two models and the above-described processes occurring during nitriding, as well
as the results obtained in [3, 5], it is possible to present a qualitative physical model of the interaction of low-
temperature plasma created in a carbamide-based clectrolyte with the steel surface, due to which, the for-
mation of wear-resistant modified surface layers occurs. Since there is no unified model in the literature for
the interaction of low-temperature plasma with a metal surface during nitriding.

Thus, summarizing the available research results and taking into account the specific features of the
process, a qualitative model of the interaction of low-temperature plasma with the steel surface during nitrid-
ing has been developed. The essence of the developed model is shown in Figure 4.
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Figure 4. Model of the interaction of low-temperature plasma
with the surface of steel during electrolyte-plasma nitriding
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In accordance with this model, in the first moments of the interaction of low-temperature plasma with
the steel surface in the near-surface volume of steel, an accelerated formation of a Fe, ) solid solution occurs
due to the action of directed bombardment of charged particles, which enhances the adsorption and diffusion
of nitrogen into the interior of the material, then as further saturation in places with an increased level of free
energy (at lattice defects, at grain boundaries, etc.), dispersed particles of nitrides of alloying elements are
formed. Further, when the limiting solubility of nitrogen in a-iron is exceeded, transformations occur in the
surface zone of the layer, leading to the formation of nitrides of the y’-phase (FesN) and e-phase (Fe, ;N) in
it. And during cooling, excess y'-nitride lamellar particles can form in the diffusion layer due to the for-
mation of a highly supersaturated solid solution.

The developed model is formulated on the basis of experimental data and known regularities. So, in the
first moments of the interaction of the vapor-gas shell (low-temperature plasma) with the surface of iron
(steel), atomic nitrogen released in the vapor-gas shell during chemical reactions is adsorbed by the iron and
diffuses deep into the material. In this case, the processes of adsorption and diffusion are enhanced by the
action of directional bombardment of charged particles — positive ions and excited atoms. As a result of the
bombardment of the surface, it can be sputtered in the form of neutral particles, negative metal ions and elec-
trons. At the same time, a layer of adsorbed nitrogen particles forms on the surface as a result of the directed
motion of particles in the field, recombination of ions directly on the surface, as well as the release of some
particles that have already penetrated into the surface at the vapor-gas shell — metal interface. Under the
influence of the incident flow, the particles of the adsorbed layer can be sprayed or embedded into the sur-
face, creating a solid solution.

Penetrating into the crystal structure of steel, nitrogen can form not only solid solutions, but also chemi-
cal compounds — nitrides. The emergence of a new phase (nitrides) is accompanied by recrystallization of
the system, which begins in places with an increased level of free energy (at lattice defects, at grain bounda-
ries, etc.). There is an accumulation of diffusing elements, in particular nitrogen and the formation of a new
crystal lattice — the nucleus of a new phase — is facilitated.

According to this model, solid solution of nitrogen in iron is the formed when iron is saturated with ni-
trogen, the primary result of the interaction of low-temperature plasma and the processed material. The for-
mation of a chemical compound (nitrides) is a secondary process and occurs when the nitrogen content ex-
ceeds the maximum nitrogen concentration in a solid solution. So, Fe4N nitride (y'-phase) is formed when the
limiting solubility of nitrogen in iron is exceeded and Fe, 3N nitride (g-phase) is formed with a further in-
crease in nitrogen concentration.

It should be noted that the process of diffusion saturation of the surface of materials and the formation
of a diffusion layer occurs faster, since the rate of nitrogen diffusion in the y'-phase is 25 times less, and in
the e-phase it is 60 times less than in the a-phase due to the gradual formation of a solid solution and a layer
of compounds [20]. Also an important factor influencing the growth rate of the nitrided layer and its struc-
ture during this process is the exclusion of the predominant role of boundary diffusion. Since the electrolyte-
plasma nitriding is carried out under conditions of excessive excitation of the metal surface and subsurface
layers. Plasma, accelerating the directional mass transfer of ions to the sample surface, creates conditions for
uniform adsorption of nitrogen atoms over the entire metal surface, rather than selectively along the grain
boundaries, as is observed with conventional nitriding.

As is known, the following phases can form in the Fe—N system at nitriding temperatures: o—nitrogen
solution in iron, an intermediate y-phase of variable composition with an FCC lattice (the formula Fe,N is
attributed to it), and an intermediate e—phase with an HCP lattice and a wide region homogeneity (from 8.1
to 11.1 % N at room temperature). According to the proposed model, nitrogen initially diffuses into the
o-phase with the formation of a solid solution of nitrogen in iron (nitrogenous martensite), with further satu-
ration in places with an increased level of free energy (at lattice defects, at grain boundaries, etc.), dispersed
particles are formed nitride alloying elements. Since elements such as Cr, Mo, V and others, dissolved in the
matrix, increase the solubility of nitrogen in the a-phase and form special nitrides MN and M,N. And after
reaching the limit of nitrogen solubility in iron, the y-phase (Fe;N) and a high-nitrogen e-phase (Fe, 5N) are
formed on the surface. However, in the selected and considered modes of nitriding, a nitride layer consisting
of these phases is not detected on the surface. In this case, the formation of lamellar particles from the excess
Y-phase (FesN) is observed in the diffusion layer during cooling after nitriding. The formation of a continu-
ous nitride layer consisting of the y-phase and the e-phase is observed only at long durations of the nitriding
process in the electrolyte under consideration.
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Thus, the formation of finely dispersed nitrides of alloying elements after nitriding, as well as lamellar
particles from the excess Y-phase (Fe,N) in the near-surface layer of steel is quite natural. Since, previously
carried out by the schools of Lakhtin [17, 21], a systematic study of the kinetics and phase composition of
the nitrided layer in alloyed steels showed differences in the specificity of the layer growth on alloyed ferrite
and pure iron. The main difference is that nitrogen can interact with some alloying elements by forming spe-
cial nitrides in addition to iron nitrides. At the same time, it was found that it is these nitrides of alloying el-
ements and their degree of dispersion that ultimately determine the hardness of nitrided steel [22, 23].

Also, the formation of a y-nitride particle in the diffusion layer during cooling can be explained as fol-
lows. During cooling to room temperature, a strongly supersaturated solid solution appears due to the poor
solubility of nitrogen in the a-phase at low temperatures. And this leads to the precipitation, preferably on
dislocations, of a'"-nitride particles of plate form with a certain orientation, which are further transformed
into y-nitrides [15, 24]. The mechanism corresponds to the release of carbon and the formation of carbides
during tempering of the hardened steel.

The experimental researches carried out in this work confirm the veracity of this model. So, the nitrided
layer consists only of a diffusion solid solution (nitrogenous martensite), and an increase in the nitriding
temperature to 500—550 °C leads to the formation of nitrides in the solid solution Y-phase (Fe,N) after elec-
trolyte-plasma nitriding of high-speed steels at a temperature of 450 °C during 7 minutes. The nitrided layer
consists of a diffusion layer — o + ¥ + MN phase during the electrolyte-plasma nitriding of high-speed
steels at a temperature of 550 °C during 7 min. The formation of a nitrided layer consisting only of a diffu-
sion layer without a nitride layer in the selected modes is associated with a low nitrogen concentration in a
low-temperature plasma (vapor-gas envelope), as well as with a shorter nitriding duration. This is because
much less nitrogen is usually required to form a diffusion layer on the surface of alloy steels than to form a
compound layer (nitride layer) [25, 26]. In addition, metallographic analysis of the modified layer, carried
out in [3], showed that after electrolyte-plasma nitriding during 7 min in an electrolyte based on carbamide, a
continuous nitride layer (iron nitride layer) was observed on the surface. Similar results were obtained in [27]
during the electrolyte-plasma nitriding of structural steels in more active electrolytes based on ammonia.

The possibility of obtaining a modified layer consisting only of a diffusion layer (o + ¥ + MN phases)
on the surface of steels is the main advantage of electrolyte-plasma nitriding, in contrast to classical gas ni-
triding in ammonia, where a nitride layer is formed, consisting of two phases — y’+€, which is a source of
internal stresses at the interface and causes brittleness and flaking of the hardened layer during operation.

Conclusions

A qualitative model has been developed for the interaction of low-temperature plasma with a steel sur-
face during electrolyte-plasma nitriding. In accordance with this model, in the first moments of the interac-
tion of low-temperature plasma with the steel surface in the near-surface layer, an accelerated formation of
the Fe,) solid solution occurs due to the action of directed bombardment of charged particles, which en-
hances the adsorption and diffusion of nitrogen into the interior of the material, then, as further saturation in
In places with an increased level of free energy (at lattice defects, at grain boundaries, etc.), dispersed parti-
cles of nitride of alloying elements are formed. Subsequently, transformations occur in the surface zone of
the layer, leading to the formation of nitrides of the y’-phase (Fe,N) and e-phase (Fe, 3N) in it when the limit-
ing solubility of nitrogen in iron is exceeded.

Thus, electrolyte-plasma nitriding opens up many new possibilities, in particular: varying the nitriding
temperature over a wide range (400—700 °C), the targeted production of a nitrided layer consisting only of a
diffusion layer without a layer of compounds, while obtaining a diffusion layer with particles y-phase (Fe;N)
of plate form and with finely dispersed nitrides MN (CrN).

This paper was performed within the grant financing of scientific research for 2018-2020 of Committee
of Science of the Ministry of Education and Science of the Republic of Kazakhstan. Grant BR05236748
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P.C. Koxanosa, b.K. Paxagunos, B. Bueneba

Kap6amua Herizinaeri 3JieKTPOJIUTTE JJIEKTPOJUTTI-IIA3MAJIBIK a30TTay Ke3iHjae
TOMEHTEeMIIEPATYPAJIbI IVIA3MAHBIH 00J1aT 0eTiMeH 63apa dpeKkeTTecy MoJei

Makanana TeMeHTeMIIepaTypaibl IIa3MaHbIH Naka 60Ty epeKIIelTikTepi )aHe OHBIH MeTal1 OeTiMeH e3apa
opekerTecyi 3epTTeni. 3epTTey HOTHXKEIEePiH KOPHITHIHABIIAH Kelle KoHe 3IEKTPOIUT-IIIa3MaIbIK IIPOLECTIH
O31HMIK epeKIIEIIKTEepiH eCKepe OTBIPHIIN, JJIEKTPOIUT-IUIa3MaIIBIK a30TTay Ke3iHAe TeMEHTeMIIepaTypasbl
Ia3MaHbIH 00JaT GeTiMeH e3apa SpeKeTTecyiHiH camaibl Mojewi jkacaiapl. Ocel MOJeIIbre CoHKec, TOMEH-
TeMIlepaTypasl IIa3MaHbIH 00JIaTThIH OeTIMEH SpEeKeTTeCyiHiH allFalliKbl COTTepiHae OeTKi KabaTTarbl KaTThl
epiTinfiiHiH Te3 Tysimyi xypeni, Fe,n) 3apsaranran Genmekrepni OarbiTTanraH GoMOanayjblH OCEpiHEH,
MaTepUaIbIH TEpeHJITriHe a30TTHIH aAcopOUMsCEl MeH AndQy3UsIChH KylIedTeai, comaH KeHiH epKiH
SHEprust AeHreili Korapbl JKepiepAe OJlaH opi KaHbIFalbl (TOPIBIH akayJapblHIa, acThIK IIeKapajapblH/a
koHe T.0.). Jleripyeymni 3JIeMEHTTEpIiH HHUTPHIIHIH AucrepcTi Oenmekrepi maiga Oonmaael. OpmaH opi
KabaTThlH OCTKi aiiMarbplHIa a30TTHIH MICKTi epirimriri acein kerce, oHma y'-dasza (FeyN) xone e-aza
(Fe,_3N) nutpuarepiniy maiiaa 00aybiHa SKeNeTiH e3repictep 0onazapl. Ocbutaiiiina, IeKTPOIUTTi-IUIa3MaJIbIK,
a30TTaH/ABIPY KONTEreH jKaHa MYMKIHAIKTEpAI aluajbl, atan aWTKaHIa: a30TTAHIBIPY TEMIIEpPaTypachIHbIH
KeH aykbiMaarbl esrepyi (400-700 °C), asoTramraH KabaTThl MakcaTThl TypAe ajly, TeK AU(GQY3USIBIK
KabaTTaH TypaTbhlH KOCBUIBICTap KabaThl XkOK, an nuddy3usuisik kabarTel o'-dazansl 6emexrepmed (FeyN)
miacTHHABIK mimiaai skoHe MN (CrN) ycak aucrmepcTi HUTPUATEPIMEH airy. ODJEKTPONUTTE (TOMCH-
TeMIIepaTypaiibl I1a3Ma) 3JICKTP Pasps/blH KOJIaHy Marepuaigap OCTiHiH KbI3ABIPY koHe AU(DY3HSIIBIK
KaHBIKTBIPY JKbUIAAMIBIFBIH apTTBIpyFa MYMKIiHIIK Oepeni. Bysl »KYMBICTHIH MPaKTHUKAIBIK MaHBI3BI 30D,
OUTKEHI ANIEKTPOJIUTTI IUIa3MaJIbIK a30TTAY/bIH 3ePTTEIIeH /ici KOFaphl pU3HKA-MEXaHUKAJIBIK KaCHETTepi
6ap Gonarrapra MoAu(UKalMsIIaHFaH OSTKi KabaTThl allyFa MyMKIH/IIK Oepeni.

Kinm co30ep: mnasma, dIEKTPONHUT-IUIa3MaNbIK OHJACY, A30TTAHABIPY, KAHBIKTBIPY, JJEKTPOJIHT, 00Jar,
MozeInb, MoaudUKalsIaHFa Kabar, dasa.

P.C. Koxanosa, b.K. Paxagunos, B. Buene6a

MopneJsib B3auMoAeiic TBUS HU3KOTEMIIEPATYPHON MJIa3Mbl
C MOBEPXHOCTHIO CTAJIU NPH IEKTPOJTUTHO-TIA3MEHHOM a30THPOBAHUH
B YJIEKTPOJIATE HA OCHOBE Kapdammuaa

B craTtbe m3ydeHsr ocoOeHHOCTH 00pa30BaHMsl HU3KOTEMIIEPaTypHOH INTa3MBl U €€ B3aUMOJEHCTBUS ¢ MeTal-
JMYeCcKoi moBepxHOCThI0. O000IIas NMEIOIINECs] pe3yNIbTaThl UCCIICIOBAaHNI M YUUTHIBAsI CHEIU(PHICSCKHE
0COOCHHOCTH 2JIEKTPOINTHO-INIA3MEHHOTO Iporiecca, pa3paboTaHa KaueCTBEHHAss MOJETb B3aUMOJICHCTBUS
HU3KOTEMIIEPAaTYpHOI IIa3Mbl C MOBEPXHOCTHIO CTAIH IIPH 3JIEKTPOJIMTHO-IUIA3MEHHOM a30TUPOBaHMU. B
COOTBETCTBHH C 3TOil MOJIENBIO, B NEPBbIE MOMEHTBI B3aUMOACHCTBUS HU3KOTEMIICPATYPHOH IIIa3Mbl C IO-
BEPXHOCTBIO CTAIM B IPUIIOBEPXHOCTHOM CJIO€ IPOMCXOAUT YCKOPEHHOE 00pa3oBaHHE TBEPAOrO PacTBOpa
Feyny 3@ cuer BO3EHCTBUSA HAaNpaBIeHHOH OOMOApAMPOBKM 3apsKEHHBIX YAaCTHL, YCHIIMBAIOLIETO afcopo-
uio ¥ auddysuio azora B NyOb MaTepuaia, 3aTeM, 110 Mepe JaJbHEHIIEero HACHIIICHNUs, B MECTaX C MOBbI-
IIEHHBIM YPOBHEM CBOOOIHOI SHepruH (Ha JedekTax penreTky, Ha TPaHuNax 3epeH U T.II.) 00pa3yroTcs auc-
TIEpCHBIC YaCTHI[Bl HUTPHUJA JICTHPYIOLNIUX JIEMEHTOB. B naibHeIIeM IpH MpEeBBIMICHUN HpeIeIbHON pac-
TBOPHMOCTH a30Ta B XKeje3¢ B IIOBEPXHOCTHON 30HE CJIOSI IPOUCXOIAT IPEBPAIIEHHs, IPUBOJIAIIHE K 00pa-
3oBaHuIo B Hell HUTpUAOB Y'-daser (FeyN) n e-daser (Fe, 3N). Takum 06pa3om, 371€KTPOIUTHO-IIA3MEHHOE
a30TUPOBAHME OTKPBIBAET MHOXKECTBO HOBBIX BO3MOXHOCTEH, B YaCTHOCTH, BapbUPOBaHHE TEMIIEPaTypon
a30TupoBaHus B mUpokux npezpenax (400700 °C); ueneHanpaBiIeHHOE MOJYYEHHE Aa30THPOBAHHOTO CIIOf,
COCTOSIILIET0 TOJBKO U3 AU((DY3HOHHOTrO c1ost 6e3 cios COeqUHEHHUIT, IPH ITOM NoydeHre AndGdy3noHHOTO
ciost ¢ yactuuamu o'-¢passl (FeyN) mnactunuaroi gpopmsl u ¢ menkomucnepcHsivu HuTpugamMa MN (CrN).
[IpumeHeHme 3IEKTPUUYECKOTO pa3psiia B IEKTPONUTE (HU3KOTEMIICPaTypHOU ILIA3MBI) ITO3BOJISICT YBEIH-
YUTh CKOPOCTH HarpeBa W JU((y3MOHHOTO HACHIIIECHHS MOBEPXHOCTH MarepHanoB. JlaHHas padora mMeer
BaO)KHOE TPAKTHUECKOE 3HAUEHHE, TaK KaK M3y4aeMbIH CHOCOO SJIEKTPOIUTHO-IUIA3MEHHOTO A30THPOBAHUS
TO3BOJISIET TIOJMYYUTh MOAWU(HIIMPOBAHHBIM IOBEPXHOCTHBIM CIIOH Ha CTalsIX C BBICOKUMH (H3HKO-
MEXaHUYECKHMH CBOHCTBAMH.

Kniouesvie crosa: nna3ma, 31€KTPOIMTHO-IUIA3MEHHAs: 00paboOTKa, a30THPOBAaHUE, HACHILICHUE, JIEKTPOJIHT,
CTaJlb, MOZEb, MOAU(MUIMPOBAHHBIN CIIOH, (aza.
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Modeling of magnetic fields and signals of a ferromagnetic
pipe flaw detector induced by a through hole defect

A numerical model has been developed for interaction of the magnetizing field of a short solenoid with a fer-
romagnetic pipe exhibiting a through hole in the wall, which takes into account nonlinear magnetic properties
of the test object. This model was used to calculate spatial distribution of magnetic induction in the pipe wall
and spatial distribution of the components of the magnetic induction vector near the pipe surface with a
through hole. The validity of the numerical model was confirmed by physical modeling results. The results of
theoretical and experimental studies were used to develop a simplified analytical model that describes behav-
ior of the magnetic field of the defect and the electrical signal of the induction transducer of a magnetic flaw
detector that implements the method of magnetic flux leakage. It is shown that the dependence of the signal
of the induction transducer induced by the through hole on the gap is close to a linear one, and its dependence
on the hole diameter is close to a quadratic one. The results obtained in the study can be used for creation,
numerical modeling and measurement of magnetic fields.

Keywords: magnetic flux leakage method, induction transducer, finite element method, analytical model.

Introduction

Some of the most important traditional objects of non-destructive testing are metal pipes: heat-
exchangers, drill pipes and tubing pipes used to transport various liquids and gases, including water and gas
pipes, and others. Types of inspection to detect continuity defects include acoustic, capillary, radiation and
eddy current techniques. For ferromagnetic pipes, widely spread techniques are magnetic non-destructive
testing, primarily magnetic flux leakage testing (MFL).

MFL implies magnetization of the test object in a constant or low-frequency alternating magnetic field
and distortions of the magnetic field lines of force near continuity defects [1-3]. As a result, part of the mag-
netic flux is displaced by the defect towards the surface to form local leakage flux. Disturbance of the mag-
netic flux depends on size and shape of the defect, and its depth and orientation both in the test object and
relative to the direction of the magnetizing field.

Magnetic leakage fields are recorded using magnetic powder (magnetic particle inspection), magnetic
tape (magnetic-tape inspection), induction transducers (induction method), flux gates (flux gate inspection),
Hall sensors (Hall effect method), and magnetoresistors (magnetoresistance testing) [4].

Research objective

The induction method has proven high efficiency for in-service inspection of drill, tubing and coiled
tubing (CT). Classical implementation of the method for flaw detection in these types of pipes implies mag-
netization of the test object by a constant longitudinal magnetic field created by a short solenoid [5, 6]. In-
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duction coils are placed in the central part of the solenoid with central turns located on a cylindrical surface,
which is coaxial to the pipe surface. The number of induction coils is determined to minimize the effect of
the test object heterogeneity and to overlap the sensitivity zones of adjacent coils (eight coils are most often
used). This ensures the smallest gap between the induction transducer and the pipe surface (of the order of
several mm).

1 — pipe; 2 — hole; 3 — solenoid; 4 — induction coil
Figure 1. Ferromagnetic pipe with a through hole in the magnetic field of the solenoid

The aim of the study is to develop a mathematical model of the interaction of the magnetizing field with
a ferromagnetic pipe exhibiting a through hole in the wall. The tasks to be solved are as follows:

— development of a numerical model of the interaction of the constant magnetic field of a short solenoid

with a pipe having a through hole in the wall using the finite element method;

— experimental verification of the developed numerical model;

— finding simplified analytic expressions describing the magnetic field of the defect and the electrical

signal of the induction transducer.

Figure 1 schematically shows the geometry of the problem being solved. A test object was a pipe sec-
tion made of St3 steel of water and gas pipeline assortment: 33.5 mm outer diameter; 3.2 mm wall thickness;
500 mm length; 1.5-3 mm hole diameter. It was assumed that the pipe was magnetized by the solenoid with
a length of 100 mm, an outer diameter of 240 mm, an inner diameter of 120 mm and maximum
magnetomotive of / w; = 6 kA-turns, where [ is the current of the solenoid; w; is the number of turns of the
solenoid. The arrangement of the pipe and the solenoid was assumed to be coaxial.

Numerical Modeling Results

The finite element method (FEM) was used to develop the model. The advantages of FEM in solving
real problems are versatility, an arbitrary shape of the inspected area, no need of object approximation with
standard geometric figures, and solution of asymmetric problems with allowance for heterogeneity of the
parameters of materials and media [7-10].

The outer boundary of the study area in modeling was assumed to be a cylindrical surface. A mesh
compaction mechanism was applied to increase the accuracy of calculations (Fig. 2). The magnetic proper-
ties of steel were set by the main magnetization curve St3 [11].
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Figure 2. Numerical model after meshing
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Equipotential lines and color spectrum in Figure 3a show the distribution of magnetic induction B in the
pipe wall during its interaction with the solenoid magnetic field at / w; = 6 kA-turns and the hole diameter of
3 mm obtained in numerical modeling. Figure 3b presents enlarged distribution of magnetic induction in the
pipe wall near the hole with its center located in the transverse plane of the axially-symmetric solenoid.

/

a b
Figure 3. Distribution of magnetic induction in the pipe wall along the pipe length (a) and near the hole (b)

Figure 4a shows spatial distribution of magnetic induction near the hole at a distance of 3 mm from the
pipe surface. Figure 4b presents spatial distribution of magnetic induction for the normal component of the
magnetic field induction.

a

Figure 4. Distribution of the module of the magnetic induction vector (a) and its normal component (b)
near the hole at a distance of 3 mm from the pipe surface

05

0 2 4 Iw,, kA-turns

Figure 5. Dependence of the magnetic induction in the pipe wall
in the transverse plane of the axially-symmetric solenoid on the 7w, value

Cepus «dunsukay. Ne 4(100)/2020 51



A.E. Goldshtein, V.Yu. Belyankov

The developed numerical model takes into account nonlinear properties of the ferromagnetic material of
the test object. Figure 5 shows the dependence of the magnetic field induction in the pipe wall of the axially-
symmetric solenoid on the value of /w, obtained by numerical modeling (dashed line). The analysis of the-

se results shows compliance with experimental data that is applicable for most of practical tasks (solid line).
Induction was measured using a standard method based on the EMF integration of the external feed-through
transducer that occurs when the solenoid current changes abruptly.

Figure 6 shows spatial distribution of tangential B, and normal B, components of the magnetic field in-
duction vector at a distance of 3 mm from the pipe surface along the longitudinal axis X. Modeling assumed
that the center of the hole is located in the axially-symmetric solenoid (Fig. 1). Discrepancy between the ob-
tained results and the results of measuring the B, component using the Hall sensor did not exceed 20 %.

b)

Y=3 mm./‘\_
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Figure 6. Dependences of the tangential () and normal () components of the magnetic induction
on the X coordinate at different distances from the pipe surface

Analytical Modeling Results

The results of numerical and physical modeling were used to develop a fairly simple approximate ana-
lytical model to describe the magnetic field of the hole in the wall of a magnetized pipe. Analysis of various
versions of the model [12, 13] showed that the basic version to use can be a hole replaced with two conduc-
tors with current /, oriented perpendicular to the cross section of the test object and with the coordinates of
the axes X, =0; ¥, =0 and X,=0; Y,=-T. In this case, according to [12; 42], the components of the

magnetic field strength can be calculated by the equations:

I, Y Y+T I, X X
x = 2 2 0 7| vz 2 27 o 2 |- M
2m| X°+Y° XP+(Y+T) 2| X°+Y" XP+(Y+T)
For pipes with an outer diameter of 20 to 45 mm, compliance between the calculation results obtained
by equation (1) and those obtained in physical modeling that is applicable for practical tasks can be achieved

at T = R , where R is the pipe radius.

It should be noted that not the absolute values of the components of the magnetic leakage field strength
proportional to the magnetic field induction in the pipe wall are of interest, but their spatial distribution over
the pipe surface. Thus, in order to eliminate the effect of /. on the calculation results, we will use not absolute
but relative values of the components of the scattering magnetic field strength £, and 4, normalized by the
value of the field strength H, at the point with coordinates (0, 7):

H, y y+0,5 H, X X
he=—=—=—=- 2 7 h = T2, 2 )
H, x+y° x*+(y+0,5) Hy x"+y" x*+(y+0,5)
where x = % and y :% are relative values of the coordinates normalized by the value of the pipe radius.
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Figure 7 shows the dependences of the components of the magnetic leakage field calculated using equa-
tion (2) on the x coordinate for different values of y.

a) b)
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Figure 7. Dependences of the tangential (a) and normal (b) components of the magnetic leakage field
on the x coordinate at different distances from the pipe surface y

The h, component is used for practical implementation of the method of induction flaw detection. As-

sume that this component of the scattering magnetic field is measured by a rectangular induction winding
with the central turn of 24X2A4 located on the cylindrical surface coaxial to the pipe surface in the central

part of the solenoid (Fig. 1).
According to the law of electromagnetic induction, the EMF induced in the coil at a constant pipe ve-
locity V'is calculated as follows:
do do
e=-w,—=-w,V—, 3
Tt Pdx N
where w, is the number of turns in the coil, @ is magnetic flux passing through the central turn of the coil,
which is determined through integration of the induction of the magnetic leakage field over the surface of the

turn:
X+4

®=p,24 [ H (X,Y)dX , (4)
X-4

where [, is permeability of vacuum.

Equation (4) assumes that the magnetic leakage field is homogeneous in the transverse direction within
the coil.

As already mentioned, the behavior of the leakage field above the pipe surface and of the coil signal in-
duced by the field is of great interest. By analogy with the previous equations, we will find not the absolute
EMF value, but its relative value:

x+a

e=t=d [ heyydx Ey=-wpn,24VH, 5
dx x-a

where a :% is a relative value of the coil size normalized by the value of the pipe radius.

The normalized value of E, is numerically equal to the EMF arising in the induction coil at the velocity
of mutual displacement of the field source and the coil ¥ and an abrupt change in the normal component of
the magnetic field strength from zero to H,.

Figure 8 shows the dependence of the EMF of the induction transducer with dimensions of the central
turn of 0.8R X 0.8R on the displacement of the pipe section with the hole relative to the transducer with vari-
ous gaps. The dependence of the signal of the induction transducer on time e"(#) exhibits similar behavior.

The numerical results obtained using equation (5) and in physical modeling are similar for the proposed
model that is applicable for most of practical tasks.
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s

e

Figure 8. Dependence of the EMF of the induction transducer on the x coordinate
at different distances from the pipe surface y

Figure 9 shows a comparison of the calculated ¢"(X) and experimental e (X) dependences of the

EMF of the induction transducer with the central turn of 13x13 mm® and a gap of ¥ = 5 mm. Experimental
data were obtained for the hole 3 mm in diameter, / w; = 6 kA-turns and the pipe velocity of 0.285 m/s. For

clarity, the maximum value of the function e (X) was equalized with the maximum value of ¢"(X) .

o ®,

1
-20 0 20 X, mm

Figure 9. The calculated (1) and experimental (2) dependences of the signal
of the induction transducer on the shift of the hole along the X axis

Figure 10 shows the calculated and experimental dependences of the maximum value of the induction
transducer signal induced by the hole on the gap y. For the gap range from 0 to 0.5 R, this dependence is
close to linear.

Figure 10. The calculated (solid line) and experimental (rhomboid marks) dependences
of the signal of the induction transducer on the gap
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In addition, the dependence of the maximum value of the induction transducer signal on the diameter of
the hole was determined experimentally. This dependence is quadratic, which is due to the almost linear de-
pendence of the induction (strength) of the magnetic leakage field on the volume of a through defect detected
in the continuity of the cylindrical surface.

Conclusion

The numerical model of interaction between the magnetizing field of a short solenoid and a ferromag-
netic pipe with a through hole in the wall has been developed with regard to the nonlinear magnetic proper-
ties of the test object. The validity of the numerical model was confirmed by the results of physical model-
ing. Based on the obtained theoretical and experimental results, a simplified analytical model was developed
to describe the behavior of the magnetic field of the defect and of the electrical signal of the induction trans-
ducer with an accuracy applicable for most of practical tasks. It is shown that the dependence of the signal of
the induction transducer induced by the through hole on the gap is close to a linear one, and its dependence
on the hole diameter is close to a quadratic one.
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A.E. T'ompamreiin, B.YO. bensakos

@DeppOMarHUTTIK KYOBIPJIAPAbIH HHIYKIUAJIBIK 1e(QeKTOCKONTHIH MATHUTTIK
epicTepi MeH CUTHAJIIAPbIH OTIIEJII TeCiK TYpPiHAeri akayaaH MoeJibey

Bakpuiay OOBEKTICIHIH CBI3BIKTBI €MEC MArHHTTIK KACHETTEPiH €CKePEe OTBIPHIN, KbICKA COJCHOH/TBIH
MarHUTTeJNIeTiH OpICiHiH (eppPOMArHUTTIK TYTIKIEH KaObIpFa CaHbLIaybl apKbUIbl OPEKETTECYiHIH CaHIBIK
Mozeni ckacayasl. Ockl MOZENBII KOJJIaHAa OTBIPbIN, KYObIp KaObIPFachlHId MAarHUTTIK WHIYKLIHSHBIH
KEHICTIKTIK Tapaiybl JKOHE CaHbulay OOJFaH Ke3le KYOBIpAbIH OeTiHe J>KaKblH MAarHUTTIK HHIYKLHS
BEKTOPBIHBIH KOMIIOHEHTTEPiHIH KEHICTIKTIK Tapaiybl ecenrteneni. CaHIBIK MOICIbIIH AYPBICTHIFbI
(U3UKANBIK MOJENBACY HOTIKENEpIMEH pacTaianbl. TEOpHsUIBIK JKOHE OSKCIIEPUMEHTTIK 3epTTeylepaiy
HOTIDKENIEpiHE CyHEeHe OTHIPHIN, MAarHUT aFbIHBIHBIH LIAIBIPAY OJICIH JKYy3ere achpaThlH MarHUTTIK
Je(heKTOCKONTHIH MHIYKIWSUIBIK TYPJICHIPTilIiHIH MarHUTTIK O©piCi MEH JJIEKTPJIK JaOBUIBIHBIH ©3repy
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CHNATBIH CHIATTANTHIH KEHUACTIINeH aHATUTHKAIBIK MOIETb YCBIHBLUIABL. NHIYKUMSUIBIK TYPICHAIPTiITIH
CaHpLIAyJaH LIBIFATBIH Ja0bUIBI CHI3BIKKA JKAKBIH CAHBUIAYFa )KOHE CAaHBUIAY JUAMETPiHEe KBaApaTKa JKaKbIH
TOYeNIiliKKe He eKeHAIri KepceriireH. Makamaga KeNTIpUINeH HOTIKENEpAi MarHUTTIK —epicTepai
MaTeMaTHKAJIBIK MOJICIIb/ICY JKOHE OJIIICY MACeJIeNIepiH elyae KoJianyra 6oaapl.

Kinm coe30ep: MarHWT arbIHBIHBIH HIAMIBIPAY Ofici, MHIYKIWSIBIK TYPICHIIPTINI, COHFBI 3JIEMEHT OJici,
AQHAINTUKAIIBIK MOJIETIb.

A.E. T'ompamreiin, B.YO. bensakos

MopeaupoBaHye MATHUTHBIX OJIeH M CHUTHAJIOB MHAYKIMOHHOTO Ae()eKTOCKONa
(eppoMaruuTHBIX TPYO OT Ae(peKTa THIIA CKBO3HOE OTBEPCTHE

Pazpaborana umcieHHass MOJENb B3aMMOAECHCTBHIS HAMAarHNYUBAIOLIETO MOJISI KOPOTKOTO COJICHOUAA ¢ dep-
POMAarHUTHOHN TPyOO# CO CKBO3HBIM OTBEPCTHEM CTCHKH, YIHUTHIBAIOIIAs HEIWHEHHbIE MarHUTHBIE CBOWCTBA
o0bekTa KOHTpoisL. C HCHOJIB30BaHUEM MAHHOW MOJEIH PacCUUTAHO IPOCTPAHCTBEHHOE pacIpeiesiCHUue
MarHUTHON MHAYKLHH B CTEHKE TPYOBI M MPOCTPAHCTBEHHOE PACIIPE/ICNICHHE COCTABIISIONIINX BEKTOPa Mar-
HUTHOM MHIYKIIMU BOJIU3H MOBEPXHOCTU TPYOBI IPU HATMYMH OTBepCTUS.. KOPPEKTHOCTH YHCIEHHONH MOAENTH
HOJATBEPXKACHA pe3yIbTaTaMU (U3NUECKOro MOoenupoBanus. Ha ocHOBe pe3ysbTaToOB TEOPETHUECKHX U SKC-
MEePUMEHTANBHBIX HCCIEIOBAHUH MpEIOkKEHa YIPOLIEHHAs aHAJIUTHYECKash MOJIENb, ONUCHIBAIOIIAs XapakK-
Tep W3MEHEHUs MarHUTHOTO IOJI Ae(eKTa M 3IEKTPUUECKOr0 CHTHANa MHIYKIMOHHOTO Ipeo0pa3oBarels
MarHUTHOTO Ae(EeKTOCKOIIA, PEea3YIONIero METO/ PacCestHNsl MarHUTHOTO nortoka. IToka3aHo, 4To cHrHaNI
HMHIIYKIHOHHOTO IIpeo0pa3oBaTelsi OT CKBO3HOI'O OTBEPCTHSI MMEET 3aBHCHMOCTH OT 3a30pa, OJIM3KYIO K JIH-
HEHWHOH, ¥ 3aBICUMOCTb OT IHaMETpa OTBEPCTHS, OJIM3KYIO K KBaJpaTHIHON. Pe3ynpTaTsl, IpecTaBlicHHbIE B
CTaThe, MOTYT OBITh MCIIOIB30BAHbI IIPU PEIICHUN 33Ja4 CO3JaHus, MaTeMaTUIECKOTO MOJIETHPOBAHUS U U3-
MEpEHHs] MarHUTHBIX TOJIEH.

Kniouesvie crosa: METOA pacCesiHNsA MAarHUTHOI'O IIOTOKa, PIH,HyKL[PIOHHLIfI npeo6pa3OBaTenb, MCTOJ KOHECY-
HBIX DJIEMCHTOB, AHAJIUTHYCCKAsA MOICIIb.
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Identification of distortion of the navigator's time in model experiment

This article discusses a formal analysis of time perception made by sea transport navigators being in critical
situations while performing vessel navigation. The carried out analysis of experimental data and investiga-
tions of marine accidents provided us with valuable insights of having wide range of cases in which naviga-
tors, while performing complex maneuvers (i.e. mooring operation), are highly likely to be involved into fac-
ing challenges of getting poor time comprehension during template implementation process. It is worth men-
tioning that while having it this very issue is being influenced on by external and internal factors. It, for its
part, is noticed to considerably contribute into the increased likelihood of accidents. The main goal of this
study is reported to be the development of a concept of having formal and automated means and methods for
the identification distortion of the navigator's time (DNT) as being an indicator of negative manifestation of
human factor in critical situations. For the sake of having been able to accomplish this goal a generalized
model for the formation of t DNT was proposed as well as mathematical models and automated tools were in-
troduced to be used for DNT intervals identification when analyzing the physical trajectory of the vessel's
movement. Besides, the generating individual time codes in emergency situations system is managed to be
successfully revealed. Moreover, the carried out experiments using the certified navigation simulator Navi
Trainer 5000 are said to have confirmed the convincing cogency and to have made clear evidences of provid-
ing practical value of the proposed approaches. It goes without saying that these issues are sure to significant-
ly improve the safety-driven process of keeping a navigational watch while navigating a vessel.

Keywords: experimental data, navigator's time distortion, ergatic and automated systems.

Introduction

Contemporary being used tools for the analysis of experimental data of physical processes, getting im-
pact on the trajectory of the ship are encountering the need of having certain amount of ambiguity with re-
gard to the human- navigator fault [1]. This very circumstance is able to directly affect the accuracy of pre-
dicting the vessel movement [2]. As a result, it turns out not to provide any possibilities to determine the val-
id reasons for the deviation of the trajectories from the optimal ones calculated by the onboard information
and intelligent systems (Fig. 1).

Exercise Exercise
APRA Bosporus southbound nti APRA Bosporus southbound nfi

| Map  Satellite

-

Figure 1. Deviation from the optimal trajectory due to the influence of uncertain factors
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Consequently, the calculation of the full range of physical parameters does not authorise the on-board
computer to be using the autopilot due to the peculiarities of the port waters locations and international legis-
lation [3].

As it is vividly seen, the initial analysis of the trajectory of the maneuver on the right in Figure 1 is no-
ticed to provide significant difference from the optimal one for no apparent reason. The analysis delivers us
the opportunity to single out one of the key reasons for the following navigator’s behavior happening to be
due to the perception of the situation regarding the time range of the operation [4—7]. The parameter of time
perception by the navigator is considered to be an uncertainty a € A4 in the situation s€ S with having the
situation identifier presented in the form wt(s)=@(s,4) = U ¢(s,a), whereas the optimality € is reported to

acA4

take into account uncertainties in the following form:

Mjax(S,e):{seS|n(s)cMax(Tc(s )} {se SVxemn(s),[(x)}zsup{f(y)|yen(S)}-e=

:{seS|inf{f( JIxem(s }+£>sup{f )yen(S }}
where: a — is a set of uncertainties in the form of metadata belonging to A; S — is a set of navigator
strategies; s — is a strategy that determines the current situation; m(s) — is a situation determined by the

strategy; @ — is a mapping that determines the situation on the pair (s,a); € — is a set of optimal situa-

tions for some admissible subset of situations X, R(X ,8) c X; f — is a vector performance criterion;
x,y — 1s an element of an admissible subset of situations X defined by the dominance relation “> .

The research data and the indicated dependencies are empowered to determine the degree of influence
on the situation of information signals from the physical environment with the data of navigation sensors and
devices being used. However, the central tendency of having time recognised only as a discrete component
in the proposed above models is highly likely not to present possibilities of finding out factors of its percep-
tion [8].

Other models are certain to submit the situation as a descriptive one basing on empirical experiments of
getting clear and convincing evidences of the hypothesis of the change in the navigator's time perception in
emergency situations. Nevertheless, these issues happen not to implement an understandable patterns of the
dependences of time perception when performing tasks in a formal form. The only obvious item to be paid
attention to is having the subjective up-to-individual time calculation being significantly different from the
devices’ readings [9, 10]. This process directly affects the navigator’s behavior making an inevitable contri-
bution to uncertainty in decision making [11]. Hence, in its turn, it can affect the physical trajectory of the
vessel. It would be beneficially taken into account that the time factor a should be introduced as being the

difference between the real perception according to the i-th parameter of the navigation system a, (t),- and
the distorted one @, (At)  in the form: D (i) = |ad (A1) —a, (t)l_|

These all mentioned above issues seem to cause contradictions between the need of getting explicit
identification of the distortion or «distortion of the navigator’s time» (DNT) when performing maneuvers
and the capabilities of contemporary electronic and automated navigation systems.

Thus, the relevance of this study is said to be the necessity to determine the formal models of ship con-
trol performed by the navigator with due regard for DNT basing on experimental navigation data.

The aim of the study targeting to be fulfilled is having formal and automated means developed and
methods for determining DNT as an indicator of the negative human factor manifestation of the navigator in
emergency situations on sea transport identified.

Research objectives:

1. To develop a generalized model for the formation of DNT in order to determine the level of its indi-
vidual distortion.

2. To build mathematical models and automated means for identifying the DNT intervals on the physi-
cal trajectory of the vessel.

3. To elaborate a formal system for the shaping of individual time codes and identify the conditions for
their operation in critical emergency situations.

4. To carry out experiments evaluating the viability of the proposed means of experimental detection of
DNT when navigating a vessel by having the navigation simulator Navi Trainer 5000 involved.
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Problem statement

Research methods. To illustrate the ideas let us consider the trajectory of the navigators‘ decision-
making by way of a Markov homogeneous chain of the form:

Z:,pl-,- =lev ,1,-+Z:,qv v=p,+q, =1,
j= j= Jj=

where p, — is a probability of transition from state a; to state a;; p, — is a probability of DVN manifes-

tation, at g, =1—p ; n — is a border of possible typical states; Cg , ij — is an stochastic matrices, where

indices 1 — penalty, and 0 — not penalty.
Then in this case the mathematical expectation of the occurrence of DNT on the trajectory will be pre-
sented in the form of the following equation:

M(A’C) = ZijVj’
Jj=1

where M — is a mathematical expectation; O, — is a final probability of the state a, ; 4 — is a state autom-

aton; C — is an environ.

Nonetheless, it must be emphasised that the actual observed occurrence of DNT can be treated as being
extremely intricate to be uncovered in the form of the matrix of transition states. The reason for not being
capable of dealing with it is considered to be randomness of DNT manifestation meeting the eye. Contempo-
rary tendency of explaining it is based on the affairs of having this phenomenon dependable on the number
of information factors perceived simultaneously by the navigator. It must be especially taken into account if
he occurs to find them self in critical or emergency situations [13].

It must be added that the analysis of decision-making processes by navigators is possible to be de-
scribed by the mathematical apparatus of fuzzy systems withal. So, the reference to source [14] is providing

us with the definition of mutually mini-related quantities &,,...,&, as being introduced as follows:

Me, e (xonx, ) =c{ve T8 (¥) = x0n€, (v) = 2, = {& (0)N..NE (x, )], ¥ (%0, ) € R,

where x,,...,x, — is an observed sample values; ¢ — is the measure of the possibility; I' — is set of the
system elements; y — is an atomic element of the system; R — is the modal value of the capability of the
magnitude; & ,...,§, — is a fuzzy values.

Simultaneously, for the sake of rationing &,,...,.§, a criterion O is welcomed as the level of risk of er-

roneous distributions of the estimate. In addition, the form of distribution of possible polar values H in
terms of the coefficient ambiguity with regard to 5" the investigated parameter p” (DTN) is described by the

following dependencies [14]:

max x,— min x, 1 b
,_ 1<i<n 1<isn ’_ —minx. |+=—(H™ —H!
T P 3 e min e S (4 (-7 (@),

where b” — is a fuzzy factor; p° — is an the investigated parameter DVN; o — is a standardization crite-
rionof §,,..,§, ; H — is a distribution of possible polar values.

From these mentioned above descriptions it is vividly seen that the distribution of quantities may gener-
ally be having «normal» behaviour pattern in the form of an ellipsoid and within the framework of problem

solving & —&, — min; He e (x50 x,,p",b") = 0.. However, the latter approach happens to be complicated

enough to be appealed to in the aforementioned problem since having DNT factor poorly correlated with the
concept of normal distribution. It is worth noticing that this issue mostly depends on inhomogeneous spec-
trum of parameters (Fig. 2).

So, for the aim of getting more accurate determination of the nature of this uncertainty experimental da-
ta of navigation devices and sensors during maneuver operations in the Bosphorus is said to have been per-
formed. To meet this desired outcome the certified navigation simulator Navi Trainer 5000 located at the
Kherson State Maritime Academy had been made use of.

The peculiarity of the location can have troublesome air due to the fact of maneuvering with multiple
controlled targets [15, 16].
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The linear vertical (up/down) motion

Figure 2. Ratios of natural factors of wind «wind 1,2» and waves «heave 1,2»

With regard to the spoken above circumstances the condition of the location as well as similar natural
factors, time of day (season) and location of the port had been welcomed to pay attention to.

Despite observing similar initial conditions and high level of qualifications of navigators the graphic of
the longitudinal movement of the surge vessel is noticed to be different significantly. Besides, it was uncov-
ered that the navigator get used to choosing a maneuver being untypical for this location (Fig. 3).

Iongitucinal mavement of the vessel longitudinal movemnent of the vessel

5

10- 3
z type
2 [ surgen

8 [ e

surge type

Figure 3. Graphs of density distribution and median of the vessel’s longitudinal movement «surge».
Surge 1 with autopilot and Surge 2 with manual captain control

Thus, this situation was successfully dealt with having the accident avoided. Nevertheless, the navigator
was highly likely not to consider his actions to be erroneous ones. Therefore, a precedent associated with the
expectations of the navigator personality in emergency situations is on the point of resurfacing. It goes with-
out saying that this manner could directly be delivering huge impact on his behavior pattern when navigating
the ship [17]. So, the certain complexity of the indicated experiments and a number of having happened typi-
cal situations found out during the investigation of accidents at marine transport are leading to a real chal-
lenge and necessity in having a detailed analysis and mathematical description of these processes and phe-
nomena.

Material and method

For the sake of getting a visual determination of the individual distortion level of DNT the generalized
model is proposed to be introduced being built on the basis of a Cartesian coordinate system. Its axes are
about to be factors possible to be divided into three groups with polar coordinates (Fig. 4).

The generalized model of the formation of DNT in three-dimensional space is reported to be represent-

ed by the following coordinates: (x;—x) — environment: day/night; (y;—y) — navigation systems and

sensors: full/partial watch; (z;—z) — voice commands: native language / foreign.

It is clearly seen that points 4, B, C are displayed along each axis at nominal distance in the form of cer-
tain informational factors being able to be covered simultaneously by the navigator [18]. Meanwhile, it must

be brought up that the maximum of factors with zero DTN, ¢, is specified according to navigator's experi-

ence: 7 — inexperienced operator (1 time in the current position); 8 — average operator in experience (2-3
times in the current position); 9 — experienced operator (4 or more times in the current position).
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5 factors

-X

=

3 factors

-Z

Figure 4. Model with 12 factors determining DTN, tUA, — being depicted

The critical sum of the parameters are noticed to simultaneously affect each segment of the ABC trian-
gle and, as a consequence, the level of DNT is being increased. This interpretation of the model of the for-
mation of DNT seems close to the terms of the geometric group theory [19, 20]. Proceeding from similarities
metric and space for more specified description of the model for the formation of DNT seems highly likely
to be constructed not speaking about further provided research tasks.

Nevertheless, according to the geometric theory of groups the definition of the metric, space and gener-
ator system should be stated as being an important step. Thus, the specifics of the subject field as well as the
research tasks are making us give objectives that include engaging with determining the conditions of the
formal system process.

Appropriately, at each certain moment of watchkeeping the navigator objectively carries out only one
set of forming axes of the geometric system: (x, —x; y, —; z, —z). It is sure to be meant that all possible actions
of the navigator are about to be performed within one of the eight quadrants of the Cartesian coordinate sys-
tem. Therefore, the formal system of navigator actions of the navigator in the form of the Cayley graph
seems possible to be represented as following (Fig. 5).

Figure 5. Formations of the Cayley graph

Basing on the evidence of having this graph Cay <x, yz|x’=y'=2"= e> , built in the system of gener-

ators x, y, z there are substantial grounds for believing in its being a subject to affine transformations on the
flat, in particular, relatively to the centre e.
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Therefore, the possible rotations (displacements) of the graph are supposed to be multiples of 120°
shaping three varieties of the graph Gy, G, and Gs in the way that: G, = f(G,), G,=g(G,)=g(f(G)))-

This means that the graphs are obviously congruent with each other G, =G, = G, =G;.

Imagine a situation when a navigator is involved into performing actions along a pre-planned trajectory
of events [21]. Primarily, the navigator miscounts his actions having in mind his own experience. At the
same time, on the basis of already acquired skills an individual time frame is formed delivering the possibil-
ity to judge if it is the acceptable course of events or unable to be endured one.

Having been obtained in 2 years period data of the navigation tasks and vessel control maneuver carry-
ings out using ECDIS, ARPA and other devices let the database with an accuracy from 1 to 4 seconds track
the navigator’s actions (Fig. 6).

Database

# Mame EXEICIsE own_ship Time_interval step -
104| 2.6_Bosfar_moor_-_2019-0212_11-13-44.1 2.6 Bostor moor.nti O ship MSC ODESSA [MSC containe Time interval 00:00:00 - 00:2300 | Step - 00:00:04

H 105 2.6_Bosfor_moor_-_2013-02-12_11-32-28.1 2.8 Bosfor moor. nti Own ship M5C DDESSA (M5C containe Time interval: 00:00:00 - 00:23:00  Step - 00:00:04
106 2.6_Bosfor_moor_-_2013-04-17_11-23-51.1 2.8 Bosfor moor. nti O ship MSC ODESSA (MSC containe Time interval. 00.00:00 - 00:35:24  Step - 00:00.04

107| 26_Bosfar_moor_-_2019-10-21_11-19-35.1 2.6 Bostar moor.nti O ship MSC ODESSA [MSC containe Time interval 00:00:00 - 00:36:34 | Step - 00:00:04

(13 - 00:00:04
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Figure 6. Database of navigation events

The analysis of the data provided the opportunity to determine the temporal environs for a wide class of
actions being carried out during a navigational watch with regard to to each navigator. It is said to have been
succeeded by means of the Navi Trainer 5000 navigation simulator. In addition, the developed classification
scheme enhances having unacceptable increases or decreases in time frames. Further psychological research
has revealed that an increase in time frames can be treated as key indicator of the restructuring of strategy. In
contrast to aforementioned one, decrease indicates an increase in functional entropy, loss of control over the
situation [18].

Thus, the shaping of mathematical models, software and hardware for identifying the DNT intervals on
the physical trajectory of the ship's movement within the framework of the proposed approaches has been
highly likely to happen.

Suppose a situation when the navigator has already defined the trajectory of actions in the form of
yxyzyx. Then each point-node of the trajectory is sure to be involved into work and interaction with a finite
number of devices and objects of perception (i.e. RADAR, ARPA, AIS, ECDIS, GPS and whatever).

As previously indicated, the excess amount of perception objects on the captain's bridge would definite-
ly be leading to a loss of control, uncertainty and, as a consequence, would cause to an excess of time for the
navigation task carrying out. Thus, let the trajectory in each of its nodes have the possibility of triggering
DNT constituting to be a movable structure on flat (Fig. 7).
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Figure 7. The process of displacement of nod-points

Furthermore, initially the graph is about to correspond to the x)z scheme, an offset by an angle 2%

would provide the zxy scheme, and 4% the yzx one. The zero displacement or 2 would be denoted as ay,

respectively 2% as a; and 4% as a,:

a,-a,=a,, a,-a,=a,-a,=a,,
a,-a,=a,-a,=a,, a,-a, =a,,
a,-a,=a,-a,=a,, a, -a,=a,.

For instance, let us example a typical case from the analyzed data, to be exactly shift of ¢, along the tra-

jectory yxyzyx with regard to the scheme xyz. The transition along the fifth point of the trajectory in the form
of: yxyzyx — zyzxzx turns out to be observed. So, according to having been provided trajectory additional

time had been spent by the navigator for the aim of having visual analysis of the environment beyond the
time frame. In this case the identification of DNT is said to be obvious: yxyzzx.

The proposed model for DNT identification lets you process any possible trajectory of the navigator's
behavior within the framework of the selected system of generators of the group G.

Besides, an opportunity of getting the auto DNT identification is said to be launched. The only question
to be paid attention to is availability of experimental database of tasks performed by navigators in more than
three years period. Hence, as a result of the analysis, the individual peculiarity of the navigators’ graph shift
was said to be successfully noted. Conversely, the probabilistic options of the transition from a trajectory

node a, to the node a; in typical situations [22] were certain to be detected. It must be emphasised that the

navigator’s connections having been built on the basis of prior experience are sure to contribute to the proba-
bility of such a transition Cf/ One more essential element is the consolidation of the input parameters of the

situation taking place with probability of positive outcome highly likely to be practically guaranteed. Thus,

the navigator at each nodal point with an input probability (C’ ;1-C ,’,) is sure to carry out whatever is neces-

ij>
sary for him to be done: do not change the planned trajectory a, or perform a shift within the graph a, with
the corresponding probabilities Q, (¢) and O, (¢) at time .

Positive consequences tend to be forming a row of the matrix of transition probabilities in the form
((1 —a)+ aij; a (1 - ij )) , negative consequences succeed in having a probability row (GC;; 1- aCZ/) , then in

this case (1):

=G (0-0.(1)(1-p)(1=a) G, (1) (P + P.) = s ).

) _Q1 )(

CD=80-000-anlGO@p)-p) B G
) )
)

(1)

=C(2)z(t)_Q2(t (l_pz)(l_a)[cgz(t)(p1+p2)_p1:|» ”ng(H_l) C.éz(H'l)
Clzz(H'l =C;z(l‘)—QZ(l‘)pz(l—a)[Clﬂ(l‘)(pl+p2)—p1],

where p, — is a transition state probability.
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It must be underlined that the matrix of naviga-
tor transition probabilities is being normalized and
refined with each location being passed through
while tasks and maneuvers performing. Furthermore,
the experimental data provided in the course «The
Ship's Captain and the Pilot» [23] clearly illustrate
the idea that navigators beyond the age of 45 have
already had a formed matrix of transition probabili-
ties for the most amount of typical situations making
entanglement possibly influence to introduce chang-
es in their behavior. For example, one of the signifi-
cant factors influencing the transitions described
above can be brought out by Professor V.A. Kasya-
nov. [24], «subjective entropy» which represents the
mental state of the navigator being in a problem situ-
ation. Indirectly, the manifestation of subjective en-
tropy can be judged basing on the analysis of the
curves of the speed and course of the vessel (Fig. 8).  Figure 8. Model for the identification of DNT intervals
Its symbolizing the scale of navigator’s having con- on the physical trajectory of the vessel movement
fidence in the actions performed.

Experimental data have highlighted that the navigator is used to control the machine telegraph and the
rudder of the vessel confusedly even in straight areas of the Bosphorus. It is noticed to be a clear evidence
issued from fluctuations in the curves. Hence, it allows to have the formal perception defined as well as
software and hardware for the DNT intervals identification on the physical trajectory of the vessel’s move-
ment drawn up.

The research problem being deemed to be the most appropriate for our purposes to be reached is the

distribution entropy R(Gi) in the Shannon form. Suppose, that at the very beginning of the trajectory the

navigator is facing the difficulty of choosing a class from & ones for the aim of the problem being solved that
is included in the set S, |, . There is a finite number of alternatives L, and, accordingly, the value of the

function of their preferences ®, being in each s -class. So, taking into consideration that ® =L ®, the

navigator’s entropy would be represented in the form:

k k -
Hf=-YmInn +Y nInL;(keLN). )
s=1 s=1
1 N k k
In this case, entropy seems to reach a maximum at: = = Zn(ci) = Zn LLo=1= an =1.
i=1

s=1 s=1

HY =Ink+In4/LL,-.. I, (3)

Having been delivered formulas successfully demonstrate that experimental connections are sure to oc-
cur for only one class of problems causing significant entropy reduction. Thereby this process is involved
into defining a model of behavior in the form of the graph displacement. To a certain point, the correlation to
be mentioned is less amount of the experiential connections are bigger ti]A. and more critical the manifestation
of DNT is. Having this issue in mind we are sure to emphasise the growing focus on delivering high-quality
trainings to navigators in the educational process course being aware and using modern innovative technolo-
gies and methods [25].

For the sake of revealing the principles of individual time codes formation as well as of identifying the
trigger conditions for their functioning in critical situations the concept of «subjective time» is said to be
considered. As a component of the systemopaterna f, this concept is noticed to possess a fractal structure be-

ing able to be directly represented by information and by the energy spent on achieving the certain goal e,
or actions F={f/ “}, [26, 27]. This item is completely justified in our study. Furthermore, the analysis of

experimental data is helpful enough with illustrating that more than 47 % of navigators get used to having
the same sequence of actions/operations when performing typical maneuvers (i.e. mooring, diverging from
the vessel and whatever) [28, 29]. Although, despite mentioned above, the time intervals between the stages
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of actions (nodes of trajectories) as well as the total available energy E(¢) are expressed in an individual

capacity. For example, the energetic concept of carrying out the trajectory of actions of a fractal graph by a
navigator with an aim to achieve the intended target is possible to be represented in the following way (4):

Vi Y e (OSE(), Vels} Ie/ (r)di<e, (4)
Experienced connections of the navigator and the individual manner of the carryings out of trajectories
of actions are able to be managed by the developed system of stimuli x(f) and reactions r(f). The precise in-

formation about them can be expressed statistically and, therefore, their probabilistic nature is to be spoken
about in the way that (5):

Vi, Vx(t)e X, Z,,p(r/x)-log[p(r/x)/p(r)] —max, X,p(r/x)-e(x,r)=2, qe, (t)<E(t) (5
Thus, while having planning and anticipation the navigator is engaged into impact assessment of inter-
nal factors as well as external ones defining the trajectory to be an implementation mechanism u({d / D})

regarding the criteria K in the form: Vf /u optu:{d/ D}*f =argopty,, D}K (u ({d / D})) .

Consequently, the Cayley graph for identifying DNT enables to be represented as a set of system pat-
terns (operations) & in the form of points or nodes of the trajectory whereabouts the estimation of the situa-
tion J is performed, identification of enough energy e/ E for the implementation purposes of the plan is dis-
charged and the formation of the image (sketch) Gs o of the situation is fulfilled. Therewith, the evaluation
of the set of associations a/ 4 and situational identifiers ¢/ C for having events achieved can be expressed
in the way b/ B (6):

k={f /s, e/ Cy:{u, al 4}, 7, e E={J, b/ B, ne{u}, JUR, {Gs(f /n)} ck. (6)

Thus, at each point of the graph trajectory a situation seems to appear O and its conditions revaluation
U ({g /C }) is turning out to be done having dependable position of subjective entropy of the navigator on

satisfaction issues oV . In this case anticipation o s possible to be presented in the form (7):
o' ({a/ AU ({e/ CY=Upa{ f 10: t/ A2/ T, LI A {0 A, Jav U (fer ch)). )

The precedents mentioned above are involved into the shaping of the manifestation of DNT by the criti-
cal impulse building /mp, being a result of revealing inconsistencies between the set of associations

{J,a/ A} of an event 0. and energy consumption e/ E due to hard boosting process of information factors

which could be represented in the form: {7mp,, :{J,a/ 4}, e/E —{b/B}}, %, e/E>E.

{Imp}=

Thereby, the having been introduced of this formal system is catering for setting the mechanism for the
formation of individual time codes goals and for establishment of trigger conditions for their operation in
critical situations.

Experiments

Within the framework of the provided research an experiment managed to be carried out for the sake of
evaluating effectiveness of the proposed means of experimental diagnostics of the DNT when navigating a
vessel. It was successfully performed using the navigation simulator Navi Trainer 5000.

In order to ensure assessment of the influence of the human factor in the form of DNT an analysis of the
trajectories of the vessel was conducted at the Bosphorus location. Taking mooring operation as a typical one
11 different watches and one type of the vessel to be used the experiment was performed. Besides, while
having each experiment samples of readings are reported to have been obtained from the devices.

First of all, let us consider the influence of the autopilot (autopilot) mode on the following samples be-
ing built on numerous vessel readings: rpm_port (main rotor speed), distance (distance travelled by the ves-
sel from the very beginning of the training according to the LAS data), surge (longitudinal movement of the
vessel, sway (lateral movement of the vessel), pitch (up / down rotation of the vessel around its transverse
axis), yaw (change in course in degrees), roll (roll, inclined rotation of the vessel along its longitudinal axis),
heave (linear vertical up / down movement). Let’s construct diagrams of averages for all parameters bearing
in mind the autopilot factor (Fig. 9, 10).
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Figure 9. Diagram of confidence intervals for the rpm_port, distance parameter
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Figure 10. Diagram of confidence intervals for the parameter pitch, yaw
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Figure 11. Plot of confidence intervals for the surge parameter for samples 1, 2, 3, 7

As it clearly seen from Figures 9—11 factor “autopilot” is considered to be important only for the first,
second and seventh samples. So, for these issues we want separate diagrams to be built. Analysis of other
parameters (i.e. surge, sway, roll, heave) are unable to make a difference as well. Necessary to check for ho-
mogeneity of variances using “Levene’s test for homogeneity of variance across groups”, also necessary to
omit the check for normality as the sample sizes are noticed to be large enough. Lt's analyze on the surge
parameter.

To analyze the experimental data, Levene's Test for Homo-geneity of Variance (center = median) was
applied using RStudio.

Since F value = 47.758, p < 0.05, we are most likely to reject the null hypothesis of equality of vari-
ances. Consequently, in this case, the hypothesis of equality for ANOVA at p <0.01.is to be denied.

Let's build a two-factor model with the interaction of factors based on ANOVA. Before coming to con-
clusions let's calculate the average table for this model and the summary results.

Since F value = 18.73, p < 0.01 the impact of collaboration between the factors is turning out to be sta-
tistically significant. Let's have Tukey's 'Honest Significant Difference' method carried out for delivering
evidences which pairs are statistically significant difference.

Basing on the results of R-Project program’s carrying out a statistically significant difference was no-
ticed to have been found out between 1 and 7, 2 and 7, as well as 3 and 7 samples with the autopilot off. Be-
sides, it occured likewise between 1 and 2, 1 and 3, 1 and 7, 2 and 7 samples when autopilot was on. Hence,
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this issue is certain to be observed wherever in Figure 11 and in the table of averages. It must be made out
that for the seventh sample averages for the «off» mode of the «autopilot» factor differ noteworthy from av-
erages of all other samples as well as for the first sample averages for the «on» mode of the «autopilot» fac-
tor vary from all other samples). Thus, in experiment No. 7, DNT happened to be fixed twice. In addition,
the automation process of the shaping of the trajectory of the vessel's route is shown in Figure 12.

Exercise
6_Bosfor_moor_-_2018-11-072.6 Bosfor moor nfi z

I Map  Satelite @

Figure 12. Trajectory of movement of the vessel with the identification of DVN

Therefore, the effectiveness assessment of the proposed experimental diagnostics of DNT succeeded in
having been delivered providing experimental confirmation when navigating a vessel. The Navi Trainer
5000 navigation simulator contributed into validation process. The developed automated tools enabled to
identify at the initial steps the manifestation of DNT as well as to enhance the efficiency of cadets’ trainings
of the specialty “Sea and river transport. Navigation” while conducting such academic disciplines as: “Navi-
gational Information Systems”, “Ship Management” and whatever.

Result and Discussion

The proposed formal and algorithmic approaches as well as the developed automated tools for the sake
of getting analysis of experimental data for DNT identification are sure to encourage and help along to bring
the goal of reducing detrimental impact of the human factor in ship management field being persistent cause
for concern in the contemporary world. Besides, in the course of the study a formal model of shaping and, as
a consequence, DNT identification in the form of a model within the framework of the geometric theory of
groups are reported to have been dealt with. This issue has turned out to open the door to visual representa-
tion of the phenomenon essence and to highlight the affecting factors of distortion level of the subjective
time of the navigator. Being highly appreciated to be used in order to avoid this factor manifestation a for-
mal-algorithmic system is reported to have been developed allowing to identify the intervals of the trajectory
of the navigator's actions in the form of a fractal structure. The spoken above item concerned the possible
ways of description the full set of options for the development of a critical situation in a formal form under
the conditions of the entropy approach. Further establishment of the study is reported to be aimed at describ-
ing the principle of individual time codes shaping when performing tasks while maintaining a navigational
watch.

Furthermore, the carried out experiments when performing the high complexity task — mooring opera-
tion in the Bosphorus Strait — enable to identify the fact of DNT manifestation by means of developed au-
tomated tools. As a result of the experiment, the effectiveness assessment of the proposed equipment of ex-
perimental diagnostics of DNT during ship control management using the navigation simulator Navi Trainer
5000 was contentedly performed. Beyond any doubt, the proposed approaches also are supposed to have
been contributing to having process of navigators’ training and retraining at much higher quality level during
the course training and laboratory-practical course of disciplines “Navigation information systems” and
“Ship management”.
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I1.C. Hocos, B.B. Uepnssckuii, C.M. 3uHueHKO,
N.C. ITonouy, F0.A. ITpokomuyk, M.C. CadonoB

Moaeabaik ToKipuOeae HABUTaTOP YAKBITHIHBIH O0YPMAJIaHYbIH aHBIKTAY

Makamaga keMeHi Oackapy Ke3iHIE KHUBIH >KaFrmailapia TEeHi3 KeJIiri HaBUraTOPJIApPBIHBIH YaKbITTHI
KaObuimaybiHa (GoOpManapl Tajyjay JkacaiaFaH. OKCHEPUMEHTTIK JEPEKTepAiH Tajjaybl JKOHE TEHI3
anaTTapblHBIH 3€pTTEYl KOpCETKEHIEH, KeNTereH jariaiiiapia HaBUTaTopiap KypZAeli MaHeBp »kacay
Ke3iH/e, MbICaJbl KEMEHI apKaH/ay/a, ChIPTKbI JKoHE iIIKi (aKkTopiIap/blH SCepiHeH THITIK ONepalHsIapbl
OpbIHZAy YaKbITBIH JAYpHIC KaObuLAaMaiabl, OyJl aBapusuIapIblH bIKTUMAJIbIFBIH €19YIp apTThIpabl.
3epTTeyiH Heri3ri MakcaThl ChIHM JKarjaaiaapaa Tepic agaM (aKTOPBIHBIH KOpiHici KepceTKimn periHae
HABUIaTOP YaKbITHIHBIH OypManaHybiH (HYDB) aHbIKTayiblH pecMH jkoHE aBTOMATTaHABIPBUIFAH KypajiJapsl
MeH oxicrepin a3ipymey. Ocbl MakcaTThl opblHAay YiuiH HVYDB KajblTacThIpy/ABIH JKalalbUIAaHFAaH MOJEINI
YCBHIHBUIABL, KEMEHIH (HM3UKAIBIK TPACKTOPHACHIH Tannay kesinae HYB-HBIH apajblKTapblH aHBIKTayFa
apHaIIFaH MaTeMaTHKAIIBIK MOJEJIbACP MCH aBTOMATTaH/IBIPbUIFAH Kypaijap, COHal-aK KUbIH XKaraailapaa
JKEKe YyaKbIT KOATaphlH KaJBINTACTBIPY >KyHeci kacammsl. Navi Trainer 5000 ceprudukarranran
HABHTALMSUIBIK TPCHAXEPBIH KOJJAHY apKbUIbl SKCHEPUMEHTTED JKYPri3UIreH, YCBIHBUIFAH TOCUIACpIiH
THIMZILUTIr MEH MPaKTHKANBIK KYHABUIBIFBIH pacTaasl, OyJ1 KeMeHi Oackapy Ke3iHae HaBHIaLUsIIbIK BaXTaHbI
aTKapy Kayilci3iriH enayip Iopexene apTTeipyFa MyMKiHAIIK Oepei.

Kinm ce30ep: SKCIEPUMEHTTIK JEpPEKTep, HABUTaTOP YaKbITBIHBIH OypMalaHybl, 3PTaTHUKAIBIK >KOHE
aBTOMATTaHABIPBUIFAH XKYyHelep.

I1.C. Hocos, B.B. UepnsBckuii, C.M. 3uH4YEHKO,
N.C. TTonosuy, FO.A. IIpokonuyk, M.C. CadoHnos

HNnenTudguxanus 1IMCTOPCHHM BPEMEHH HABUIaTopa
B MO/Ie/IbHOM JKCIIEPHMEHTe

B crarbe nposezeH hopManbHbIA aHANIN3 BOCIIPHATHS BPEMEHH HAaBUTaTOPAaMH MOPCKOTO TPAaHCHOpPTa B KPH-
THUYECKUX CHUTYalUsX IPH YIPABICHUH CyJHOM. AHalHM3 SKCIIEPUMEHTAIBHBIX JAHHBIX U PacClieIOBAHUS
MOPCKUX KaTacTpo( IOKa3al, 4TO B IIHPOKOM PsJie CIydacB HaBUTaTOPHI BO BPEMs BBIIOJIHEHHS CIOXKHBIX
MaHEBPOB, Ha TPUMepEe IIBAPTOBKH CyHA, HEaJeKBaTHO BOCIPHHUMAIOT BPEMs BHIITOJIHEHHMS THIIOBBIX OIle-
paruii B yCIOBUSX BIUSHHUS BHELUIHHX M BHYTPEHHHX (pAKTOPOB, YTO 3HAYUTENIBHO IOBBIIIAET BEPOSTHOCTD
BO3HMKHOBEHHUS aBapyid. B kauecTBe OCHOBHOII L1e/IM MCCIIEA0BAHUS BBICTYNAeT pa3paboTka (HOPMAIbHBIX U
ABTOMATH3HPOBAHHBIX CPEJICTB M METOJ0B ONPEACNICHHs JUCTOPCHU BpeMeHu HaBurartopa (JJBH) kak moka-
3aTesist IPOSIBIICHHS. HEraTUBHOTO YEJI0BEYECKOTo (hakTopa B KPUTHUECKUX CUTyauusX. [yis BBINOJIHEHHS 110-
CTaBJICHHOH IieJu ObLIa MpejioxkeHa oooomennas Moaens popmuposanns JIBH, pazpaboransr matemaTnye-
CKHMe MOJIEIH U aBTOMATH3MPOBAaHHBIE CPEJCTBA I HAcHTHGUKanun nHTepBanoB [IBH npu anammse ¢pusu-
YEeCKOU TPAaeKTOPHH ABVDKCHUS CyIHA, A TAKKe CHCTeMa ()OPMHPOBAHUS WHIUBUIYalTbHBIX BPEMEHHBIX KO-
JIOB B KPUTHUECKUX CUTyalusixX. [IpoBejeHHbIe SKCIIEPIMEHTHI C HCIIOIb30BaHUEM CepPTU(GUIIMPOBAHHOTO Ha-
BuraunoHHoro Tpenaxepa Navi Trainer 5000 moAaTBepANIN pe3ysbTaTUBHOCTh M MPAKTUYECKYIO LIEHHOCTD
HPEIOKEHHBIX MOJX0JI0B, YTO B 3HAYUTEJILHON Mepe MO3BOJIUT MOBBICHTH OE30I1aCHOCTh HECEHHsI HaBUTa-
LIMOHHOMN BaxThl IIPU YIPABICHUH CYIHOM.

Kniouesvie crnosa: OKCIICPUMEHTAJIBHBIC JAaHHBIC, TUCTOPCHUA BPEMEHHU HAaBUIaTOpPa, SPTraTUICCKUE U aBTOMa-
THU3UPOBAHHBIC CUCTEMBI.
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Investigation of the effect of electro-hydraulic pulses
on the combustion process of phosphorus sludge

The article considers the influence of electro-hydraulic pulses on the combustion of phosphorus sludge. Elec-
tric discharges in the environment of phosphorus sludge are sources of shock waves, which destroying the
structure of phosphorus sludge and contribute to the intensification of the combustion process. A distinctive
feature of the electro-hydraulic effect is the ability to control the parameters of pressure waves over a fairly
wide range using the characteristics of the electric discharge circuit. For determine the optimal productivity
and purity of the final product of the electric discharge unit’s operation mode, experiments were conducted on
the effect of the discharge energy on the efficiency of the electric discharge method for extracting phosphorus
from phosphorus sludge. The efficiency of the electric discharge process was estimated by the amount of
phosphorus that was released after settling and expressed as a percentage of the total amount of phosphorus in
a phosphorus sludge’s portion. The experiments were conducted out for sludges of different structures, with
different phosphorus content and were conditionally divided into three groups: “rich” with phosphorus con-
tent — 70 %, “medium” — 50 % and “poor” — phosphorus content — 30 %.

Keywords: electro-hydraulic pulses, combustion, phosphorus, phosphorus sludge, electro-hydraulic effect,
electric discharge, charging voltage, interelectrode gap, capacitor banks.

Introduction

Sludge containing elemental phosphorus should not be disposed of not only for economic reasons, but
also for environmental reasons. As a result, at factories producing phosphorus, there is an acute question of
developing effective methods and means for processing sludge in order to eliminate the loss of a valuable
product. The most perspective method is to burning them in furnaces with a special design, thus obtaining
slime phosphoric acid in one stage of processing, which quality depends on the structure of burned phosphor-
ic sludge.

The combustion reaction is a chemical reaction in which atoms from molecules of substances (fuel) are
combined with an oxidizer (usually air oxygen) toformcombustion products. An example of a combustion
reaction is the interaction of phosphorus with oxygen, which is provided by the equation:

4P + 30, — 2P,05 (P4O6)  (when a lack of oxygen);
4P + 50, — 2P,05 (P4Oy0) (with an excess of oxygen).

Here are the stoichiometric coefficients 4, 3, 2, 5 that denote the number of moles oxygen and phospho-
rus that participate in the combustion reaction of one mole of propane. Similar equations are used to describe
molecular transformations, which are elementary stages (reactions) of a chemical process [1].

Elementary reactions correspond to real molecular events.

Cepusa «dusmka». Ne 4(100)/2020 71



A.K. Khassenov, U.B. Nussupbekov et al.

Phosphorus, which is a part of combustible substances of organic and mineral origin, oxidizes during
combustion and forms phosphoric anhydride (P,Os). Phosphorus anhydride P,Os (tetraphosphordecaoxide) is
produced from the combustion of phosphorus under conditions of free access of air.

Experimental

The combustion process of phosphorus and phosphoric sludge is considered in a number of works
[2, 3]. However, in these works, the electrophysical aspects of the combustion process of phosphorus and
phosphorus sludge were not affected, and not in all works examined the effect of the concentration of impu-
rities on the intensity of the combustion process.

Combustion is usually understood as a rapid physical and chemical redox process with the release of a
large amount of heat, which is capable of self-propagation and often accompanied by a glow and the for-
mation of a flame. A specific feature of combustion is the presence of electrophysical phenomena observed
during the occurrence and development of the flame, associated with the appearance of a spatial distribution
of charges in the flame. The consequence of this distribution is the existence of its own electric field, which
is absent in ordinary plasma.

The effect of an earlier appearance of charged particles in comparison with a significant increase in
temperature caused by non-equilibrium chemical reactions occurring during the period of self-ignition was
found in the works. This effect was detected by using the probe method. The essence of this method is that a
metal probe is introduced into the investigated point of the flame and the current-voltage characteristic is
taken [4].

Results and Discussion

To study the thermophysical and electrophysical aspects of combustion, phosphorus sludge in the form
of tablets with a diameter of 5 mm was placed in a cylindrical quartz glass reactor. For the manufacture of
phosphorus sludge samples, were used several types of initial products. The first is pure phosphorus, the se-
cond is a sludge with a high phosphorus content (about 80 %), which is an emulsion of water in phosphorus,
the third sludge with an average phosphorus content (about 50 %), which is an emulsification suspension of
phosphorus in water, and the fourth sludge with a low phosphorus content (approx. 30 %) which is also an
emulsification suspension of phosphorus in water. The temperature was measured through a chromel-copel
thermocouple. The measurement procedure was consisted of heating and self-igniting sample in the reactor,
recording the temperature and emerging electric potential.

Figure 1 shows the characteristic signals from the thermocouple and probe received by combustion the
sludge tablet. The following main stages of burning are clearly visible on the graph: combustion; 1 — drop
heating, water evaporation; 2 — pre-ignition stage; 3 — separation of volatile components of the mineral
part of the sludge, as well as particles of the armor shell of phosphorus drops (in the sludge); 4 — the stage
of stable combustion.
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Figure 1. Characteristic signals from the thermocouple and probe

In the process of heating and combustion tablets of phosphorus sludge in the reactor volume is observed
the so-called intra-furnace crushing of phosphorus droplets. This phenomenon was named microexplosion.
The microexplosion is explained by the difference in the boiling points of water (t, = 100 °C) located inside
the samples and phosphorus (t,,= 280 C). The intra-furnace crushing of drops of phosphorus sludge emul-
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sion not only increases the combustion surface, but also improves the mixture formation of phosphorus va-
pors with air. This in turn reduces the combustion time.

The effect of an earlier appearance of charged particles in comparison with a significant increase in
temperature was detected, due to nonequilibrium chemical reactions occurring during the self-ignition period
(stage 2 in Figure 1). This effect is expressed by recording the peak of the signal from the probe in the pre-
ignition stage, which makes it possible to accurately record the moment of the beginning of the phosphorus
combustion process in phosphorus sludge, and therefore, with a sufficient degree of accuracy, measure the
combustion time of a certain sample of the burnt substance

The combustion of dispersed fuel systems (suspensions and emulsions) sprayed in a gaseous oxidizer
stream in terms of basic characteristics significantly differs from the combustion of natural fuels (solid or
liquid). Dispersed fuel systems based on widely used natural fuels are essentially new energy fuels, which in
some cases are characterized by higher combustion rates than the initial. In the process of combustion a drop
of phosphorus sludge when sprayed with nozzles during the evaporation of water and the emission of volatile
(phosphorus vapors) in the droplet of the emulsion or emulsification, the intra-volume surface strongly de-
velops. As a result, there is intra-porous oxidation of the sludge with explosive evolution and combustion of
phosphorus vapor. The internal volume of the reaction surface is determined by the degree of dispersion of
phosphorus particles in the emulsification suspension, as well as by the presence of an “armor” shell of
phosphorus droplets [5].

Electric discharges in the environment of phosphorus sludge are sources of shock waves, which de-
stroying the structure of phosphorus sludge and contribute to the intensification of the combustion process.
During the passage of shock waves and compression waves, happens the destroying of the shell of the phos-
phorus droplets, the particles of the solid stabilizer break off from the phosphorus-water interface, but along
with this, since phosphorus droplets are relatively easily deformable, due to the high pressure at the front of
the shock wave, a dispersion process of phosphorus particles is possible. A distinctive feature of the electro-
hydraulic effect is the ability to control the parameters of pressure waves over a fairly wide range (hydrody-
namic characteristics of the discharge) using the characteristics of the electric discharge circuit (such as ca-
pacitance of capacitor banks, discharge voltage). In turn, the parameters of the shock wave, which is the
main tool for influencing the structure of phosphorus sludge, make it possible to control the dispersion of
phosphorus particles, thereby affecting the combustion process of atomized drops of phosphorus sludge [6].

Electro-hydraulic pulses, by destroying the structure of phosphorus sludge, contribute to the formation
of “centers” with a higher content of phosphorus, free from the shell of mineral and organic impurities. The
formation of “centers” with a high concentration of phosphorus can be effectively used in the burning of
sludge to obtain thermal phosphoric acid. The aforementioned “centers” in this case can play the role of
combustion centers. The intensification of combustion also contributes to the dispersion of phosphorus parti-
cles in the phosphorus sludge.

Next, experiments were carried out to measure the combustion time of samples of phosphorus sludge
with different phosphorus contents: “rich” — 70 %, “medium” — 50 %, “poor” — 30 % phosphorus after
processing electric discharges of various capacities. The discharge energy was regulated by the value of the
initial voltage U, the capacitance of capacitor banks C, and the value of the working interelectrode gap /.
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Figure 2. Dependence of the phosphorus combustion time on the capacity of the discharge circuit capacitor banks
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Figure 2 shows the results of measurements of the combustion time of sludge tablets with different con-
tents of P4 depending on the capacitance of capacitor banks C. The initial voltage Uy, was 30 kV, and the
interelectrode gap was /,,= 12 mm.

Next, Figure 3 shows the dependence of the combustion time on the initial voltage U, of the generator
at the capacitance of the capacitors C = 0.25 pF, the interelectrode distance /,, = 12 mm.
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Figure 3. Dependence of the combustion time on the initial voltage of the generator

The third series of experiments on measuring the combustion time was carried out at the initial voltage
Uy= 30 kV, the capacity C = 0.25 uF, the interelectrode distance /,, varied from 5 mm to 30 mm. The results
are shown in Figure 4.
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Figure 4. Dependence of the combustion time on the value of the interelectrode gap

In order to determine the optimal productivity and purity of the final product of the electric discharge
unit’s operation mode (to intensify the mass transfer of phosphorus), experiments were conducted on the ef-
fect of the discharge energy on the efficiency of the electric discharge method for extracting phosphorus
from phosphorus sludge. The efficiency of the ED process was estimated by the amount of phosphorus that
was released after settling and expressed as a percentage of the total amount of phosphorus in a phosphorus
sludge’s portion, previously determined by the results of iodometric chemical analysis.

The experiments were conducted out for sludgesof different structures, with different phosphorus con-
tent and were conditionally divided into 3 groups: “rich” with phosphorus content — 70 %, “medium” —
50 % and “poor” — phosphorus content — 30 %.

In Figure 5 shows the experimental results of the study of the ED treatment efficiency for various
sludges depending on the capacity of capacitor banks.
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Figure 5. Dependence of the degree of phosphorus extraction on the capacity of capacitor banks

With a constant charging voltage of the ED pulse generator of 30 kV and the value of the interelectrode
gap of 10 mm, the capacity varied within C = 0.1-0.5 pF. The dependence is extreme and the maximum val-
ue of the amount of phosphorus released is observed when the capacity of the capacitor bank is 0.25 puF.
¢—70%P,;m—50%P,; A —30% P,

Further, Figure 6 shows the results of similar experiments for the case of variation of the initial voltage
Uy in the range of 10-50 kV, while the capacity C = 0.3 pF, the value of the interelectrode distance /, is
10 mm. The maximum effect is observed at Uy= 30 kV.
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Figure 6. Dependence of the degree of phosphorus extraction on the charging voltage
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Figure 7. Dependence of the degree of phosphorus extraction on the value of the interelectrode distance
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The third series of experiments was conducted with the following parameters of the discharge circuit
Uy=30 kV, C=0.25 puF. The value of the interelectrode gap varied within the range of /,,=5-25 mm. The
results are shown in Figure 7 the maximum efficiency of the process was observed at /;,,= 12 mm.

Conclusions

We note that according to the results of laboratory experiments, the intensification of burning of phos-
phoric sludge is observed at the following parameters of an electric discharge installation — the initial volt-
age Uy= 35 kV, the capacitance of capacitors C = 0,4 uF, the interelectrode distance /;,,= 12 mm. These re-
sults were used further in determining the parameters of the discharge circuit of a pilot plant for processing
phosphoric sludge into phosphoric acid.

Based on the results of laboratory technological experiments, we can make the following conclusion.
The maximum effect of using electric discharges to extract phosphorus from phosphorous sludge is observed
at the following parameters of the discharge circuit of the high-voltage pulse generator: Uy=30kV,
C=0.3pF, [;;=12 mm.

The presence of maxima on the above dependencies is explained by the fact that when the pulse energy
determined by the charging voltage, the capacitance of the capacitors, and the value of the interelectrode gap
is less than the threshold, the extraction effect is not observed, since the pulse energy insufficient to destroy
the structure of the emulsion. In addition, at a very high pulse energy, the effect of dispersion of phosphorus
particles in the emulsion is observed and it becomes sedimentally and aggregatively stable.
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A K. Xacenos, Y.b. Hycynb6ekos, JI.2K. Kapabekosa,
C.C. KaceimoB, M.M. BonaroekoBa, M. CtoeB

DJIEKTPOTrHAPABIHKAIBIK HMITYJIbCTAPABIH (ocdop MIaMbIHBIH
JKaHy MpoueciHe dcepiH 3epTTey

Makanaza 91eKTPOTHIPABINKANBIK HMITYJIbCTapAblH  (ocdop IUIAMBIHBIH JKaHy INpolLieciHe —ocepi
KapacTeipbuirad. PochopibIK MITaMIbl OPTafarbl MIEKTPIIK pazpsaarap Gpocdop MIIaMbIHBIH KYPbIIBIMBIH
Oy3aThlH JKOHE >KAaHy MPOLECIHIH KYIICIOiHE BIKIAT ETeTiH COKKbl TOJKBIHAAPBIHBIH KO3i. JJIeKTpo-
THJPABIHMKAIBIK OCEPAIH EepEeKIIeNiri MIEKTPIiK pa3psy Ti30eriHiH cHUmaTTamManapblH KOJJaHA OTHIPHII,
KbICBIM TOJIKBIHIAPHIHBIH IapaMeTpIIepiH JKeTKUIKTI KeH ayKpIMAa perrey MyMKiHairi. COHFBI ©HIMHIH
OHIMALIIrE MEH Ta3aJbIFbl OOMBIHIIA OHTAMIIBI HICKTPOPA3PSATHl KOHIBIPFBIHBIH KYMBIC PEIKHMIH aHBIKTAY
YUIH pa3psa  SHeprusachHBIH  (ochop mulaMeiHaH (ochOpasl  alyAbIH IJIEKTPOPa3pAATHl  AICIHIH
THiMALTIriHe acepi GoiibIHIIa TOXIpuOenep Kyprizinai. DaekTpopas3psiy MPOLECIHIH THIMALTIM TYHIBIPYIaH
keitin OeminreH ¢ocdop memmepimen GaramaHabl xoHE (ochOop HLIAMBIHBIH KypaMbiHAAFs! (Gochopabiy
JKaJIMbl MOJILEpiHiH Maibi3bIiMeH KepceTiani. Toxipubenep ap TYpii KYpbUIBIMIAAFbI, KypambiHaa ¢Gochop
MeJIIIepi dp TYpJi KSHE IMIApTThl TYpAe YLI TOMKa OeNiHreH yJriiep YIIiH Kypri3ingi: 6ap KypambiHIa
docdop «mom» —70 %, «opratman — 50 % xone KypambiHza Gpocdop «az» —30 %.

Kinm ce30ep: »neKTpOruIpaBIUKaNbIK HMITYJIbCTap, KaHy, ¢ocdop, docdop IIIambl, EKTPOTUAPABIHU-
KaJbIK ocep, SJIEKTP pa3psiIbl, 3apsATay KepHeyi, ISKTPO apajblK KaIIBIKTHIK, KOHICHCATOPIIBIK OaTapesuiap.
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A K. Xacenos, ¥Y.b. Hycyn6exkos, /I.K. Kapa6ekona,
C.C. KaceimoB, M. M. BonarbekoBa, M. CtoeB

HccienoBanne BJUMSAHUA JIEKTPOrHAPABIHYECKUX UMITY1bCOB
Ha npouecc ropesus pocpopHoro uiamMa

B crarbe paccMOTPEHO BIMSHHE JIEKTPOIMAPABIMYECKHX HMMITYJIBCOB Ha mpouecc roperus docdoproro
niaMa. DJIEKTPUYECKHe pa3pssl B cpene (ochOpHOro murama SBISIOTCS HCTOYHHKAMHU yIapHBIX BOJH, KO-
TOpBIE Pa3pyHIAlOT CTPYKTYPY (HochOpHOTro mulamMa M CIocoOCTBYIOT MHTEHCH(HKAIMH MPOIIecca TOPECHHS.
OTaM4nTeNnEHO 0COOCHHOCTBIO 3IEKTPOTHAPABINIECKOT0 d(pPeKTa SIBIIETCS BO3MOXKHOCTD C IIOMOIIBIO Xa-
PaKTEPHCTHK JIEKTPOPA3PSITHOTO KOHTYpa PErYJIHPOBATh ITapaMeTPhl BOJH JAaBICHUS B JOBOJIHHO IITUPOKUX
npenenax. Jias onpeneneHus: ONTUMAIBHOTO MO MPOU3BOAUTENFHOCTH M YHCTOTE KOHEYHOTO NMPOAYKTa pe-
JKMMa pabOoThl NMEKTPOPA3PSAHON YCTAHOBKU OBLIM NMPOBEIEHBI ONBITH MO BIMSHHUIO SHEPTHM paspsja Ha
3¢ PEeKTHBHOCTH 3JeKTpopaspsaHoro crocoba ussnedenus (ochopa u3 dochopHoro nuiama. IphekTus-
HOCTb 3JIEKTPOPa3psITHOTO Mpoliecca OLeHNBAIAch KOMMYECTBOM BhlAenuBIIerocs ochopa nocie oTcranba-
HHS ¥ BBIpaXKaJlach B MPOLEHTAaX OT obuiero komudectBa Gocdopa B HaBecke pocopHoro muiama. OmbIThI
TIPOBOAMIINCH IJISI IIUIAMOB PA3JIMYHOI CTPYKTYpHI, C Pa3iIMIHBIM coJiepKaHueM (Gocdopa U yCIOBHO pasjie-
JICHHOW Ha TPH TPYHIBL «Oorathlity ¢ copepxanueM docpopa — 70 %, «cpemuuity — 50 n «OemHbII» —
coxepxanue pochopa — 30 %.

Kniouesvie cnosa: 3MeKTpOrHAPaBINIECKHE UMITYJIbCH, ropeHne, dpocdop, GochopHsIil mam, 3JIeKTporu-
paBiyeckuit 3QdeKT, MEKTPUUYECKUil paspsi, 3apsAiHOe HANPSHKEHUE, MEXIICKTPOIHBIH 3a30p, KOHJEH-
caTopHble OaTapen.
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Model of forming a spatial-temporary radio frequency portrait
of subscriber terminals in satellite communication systems monitoring

Currently, the development of satellite communications systems (SCS) is associated with the development of
signals of complex structure. The popularization and distribution of software-defined radio systems (Soft-
ware-defined radio, SDR) are noted, which leads to a decrease of quality of functioning of the SCS. Promis-
ing areas of countering the unauthorized use of the time-frequency resource of the KA repeater are methods
aimed at determining the location of subscriber terminals (ST) and analyzing the service and semantic parts
of the transmitted message. Accounting for changes of physical parameters requires the use of a large amount
of heterogeneous a priori data; it is not achievable task in practice. According to the theory of mathematical
statistics, the approximation is used at solving problems of sample analysis. The result of the approximation
is a spatio-temporal radio-frequency portrait (STRFP) of an ST participating in the formation of a group sig-
nal. Thus, the aim of the research is to develop a model of changing the physical parameters of a radio signal
and to study the possibility of approximating physical parameters in order to form a spatio-temporal radio-
frequency portrait of an ST SCS.

Keywords: satellite communication system, group signal, non-energy parameter, communication channel,
time division multiple access, satellite repeater, radio frequency portrait, sample.

Introduction

One of the directions in the development of satellite communications systems (SCS) is the use of sig-
nals with a complex structure that allow for the efficient use of the frequency-time resource. In particular, in
SCS for various purposes (commercial and military), time division multiple access (TDMA) technologies are
widely used [1]. It should be noted that the rapid development of SCS leads to an increase in the number of
cases of unauthorized use of the time-frequency resource of the spacecraft-relay (SC-relay), which in turn
leads to a decrease in the quality of functioning of the SCS.

In this situation, the forefront is the issue of ensuring hardware accessibility to the signals of individual
subscriber terminals (ST), which is achieved by decomposition of a group signal.

A method for analyzing signals with a complex frequency-time structure (CFTS) is described, which al-
lows the separation of STs without access to the semantic component of transmitted messages [2]. This
method is based on the localization of the values of non-energy parameters of the signal of an individual ST
in the parameter space.

The radio exchange in the SCS, operating through spacecraft — repeaters (SC-R) in the geostationary
orbit (GSO), is characterized by a dynamic change in the physical parameters of the radio signals, due to a
number of reasons in practice [3—7]. Moreover, the application of the known method [2] is not possible.
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Accounting for changes in physical parameters requires the use of a large amount of diverse a priori da-
ta, such as the coordinates of the Astronomical radio source and SC—R; state of the ionosphere and tropo-
sphere; temperature of atmospheric layers, water content over the entire length of the radio path, etc. [§-9],
which is not a solvable task in practice.

When solving problems of sample analysis, the approximation method is used in the theory of mathe-
matical statistics; it is a description of the experimental points by some deterministic function. The studied
complex object is replaced by a simpler object in order to study its properties.

The experimental estimates of the physical parameters of the radio signal with the frequency response
are approximated by some deterministic function at the final stage of observation in relation to the described
problem. The result of the approximation is a spatio-temporal radio-frequency portrait (STRFP) of an ST
participating in the formation of a group signal. The STRFP is directly dependent on the transmission condi-
tions and is unique, which allows for signal decomposition based on the analysis of the STRFP.

Thus, the aim of the article is to develop a model for changing the physical parameters of a radio signal
and to study the possibility of approximating physical parameters in order to form an STRFP ST SCS.

Experimental

During the propagation of radio signals through the physical communication channel, they change un-
der the influence of various factors, including the state of the ionosphere, ion concentration over the entire
length of the radio path, troposphere, water content on the propagation path, and the length of the radio path,
which changes due to the motion of the spacecraft — P and subscriber terminals, etc. Moreover, the value of
each physical parameter depends to a certain extent on the distance between the SC-R and the ST, the state
of the atmosphere and ionosphere, which continuously changes over time. The value of the k" physical pa-
rameter of the radio signal from the ST at a certain point in time is determined by the Equation (1):

_ R) At) Ion)
v () =v, (1) +v O+ O+ (1), (1
where v, (¢,) is the base value of the parameter at time, f; V,ER)(t ) is change in the parameter due to a change
in the distance between SC-R — ST — radio monitoring receiving station; v,EAt)(t) is change in parameter

due to the influence of the atmosphere; v,(f’")(t) is change in the parameter due to the influence of the iono-

sphere.

Subscriber terminals operating in the same SCS can be located at geographically distant positions and,
accordingly, communication channels from ST to SC-R, depending on their condition, will affect radio sig-
nals differently.

Figure 1 shows a simulation scheme for radio monitoring of ST SCS for the following conditions:

— the period of functioning of the ST corresponded to 24 hours;

—the SC repeater moved in the area at 62° E, according to the TLE obtained from open access for the

SC-R «UFO-10»;

— ST1 stationary object with coordinates 45.031° N and 41.6917° E;

— ST2 is a mobile object that performs rectilinear movement with initial coordinates of 35.934° N and

101.614° E at a speed of 40 km/h towards the sub-satellite point;

— ST3 is a mobile object that performs rectilinear movement with initial coordinates of —45.13° S and

95.66° E at a speed of 40 km / h towards the sub-satellite point;

— ST4 is a mobile object that performs rectilinear movement with initial coordinates of —45.45° S and

41.318°E at a speed of 40 km/h away from the subsurface point;

— the daily change in the total electronic content of the ionosphere on radio paths was obtained on the

basis of data from the international reference model of the ionosphere [10].

The Doppler shift of the carrier frequency and the time delay with respect to the time-synchronous grid
consider such as the main non-energy parameters.

In general the slant range between the ST and SC-R and the effect of the ionosphere on the propagation
path of the radio signal are the main heterogeneous factors are influenced on the amount of time delay of the
signals of various ATs relative to the reference time grid. The change of the time shift of the signals of indi-
vidual antibodies relative to the time grid is caused by a change in these factors.

A change of the carrier frequency of the antibodies observed at the input of the receiver of the radio
monitoring complex occurs due to the Doppler Effect, which, on the one hand, is caused by the movement of
the SC-R on the GSO, and, on the other hand, by the movement of the mobile STs themselves, which carry
out the movement during the radio communication session.
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Active
zone
ST-P
UFO-10

Figure 1. Scheme of the simulation of radio monitoring ST SCS

Figure 2 presents the graphs of changes of physical parameters obtained in the result of modeling.
The changes of the listed physical parameters take the form of a certain curve (Fig. 2). Moreover, two
types of sections (namely, “quasilinear” and “quasiquadratic”) are distinguished on each of the curves.

Polynomials of the second y,, ,(t)=b-t*+c-t+d and third orders y, ()=a-+b-r’+c-t+d

were used as approximants for studying the approximation error of changing physical parameter on a finite
observation interval; the coefficients of them were found by the least squares method by minimizing the sum
of the form.

The results illustrating the maximum value of the absolute error of the approximation (s) (&, and &,)

depending on the moment of the beginning of the observation #,, the duration of the hour #,,,= 1 and the type
of the approximating polynomial are summarized in Table 1.

When approximating a model of changing the time delay, the smallest approximation error is achieved
using a third-order polynomial and does not exceed 0.68 ps #,,-= 1 for an hour (Table 1).

At the same time, it is necessary to take into account the mechanisms of noise impact in the conditions
of data transmission to the SCS, operating through the spacecraft — R.

a) b)
Delay,s 4 Fr, Hz
0.134

0433} - [T T T T g )
]' «quasilinears type : )

0.132
0.131

0.13
0.129} ¢
0.128
0.127

0.126

0.125

0.124

0 5 10 15 20 25 Time, h 0 5 10 15 20 25 Time, h

Figure 2. Change of physical parameters of the signal from subscriber terminals, where a is time delay relative
to the reference time grid, b is the carrier frequency of the radio signal at the input of the receiver
of the radio monitoring system
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Table 1

Maximum absolute approximation error delays by polynomials of the second and third

Ly » [N] 1 2 3
€, ,[s] 2.655'1077 14.377:10”7 48.059:10°7

&, [s] 1.8035-107 2.1529-107 3.884:1077

According to [11], the potential accuracy of measuring non-energy parameters such as delay y,(¢) and
Doppler shift y,(¢) against the background of Additive white Gaussian noise, expressed through standard
deviation, are determined by the Equations:

1 1
Gys: 27 Gyfz 2
2-E/N,-(2-1-Af,) 2-E/N,-(2-1-At,)

where Af;; is equivalent spectral width; Az, is equivalent observation time.
The potential accuracy of estimating the delay and Doppler frequency shift is calculated taking into ac-
count the width of the spectrum of the radio signal Af = 9600 Hz and accumulation interval of 7= 0.025 s,

that is, a radio signal base of 240.

The dependence of the potential accuracy of estimating the delay and carrier frequency on the signal-to-
noise ratio is calculated based on the described parameters (Fig. 3).

Under the conditions for receiving a radio signal with a signal-to-noise ratio of 15 dB for the considered
radio signal, the standard deviation of the delay and carrier frequency corresponds to 6.949 ps and 2.668 Hz,
respectively.

The error in determining the value of physical parameters is a random variable. We assume that the er-
ror of determining the value of a physical parameter is distributed according to the normal law within the
framework of the model under consideration [12—16]. A sample describing the effects of noise on each of the
considered parameters is formed considering the obtained results.

W ,x10° . . . . . . bgo

25
20

15

estimating the delay
sy

carrier frequency

the conditions for receiving 10

. - the -conditions for reeéiving-

©oX:15
Y:6.949e-06 . ...

15 20 25 30 -5 0 5 10 15 20 25 30

Figure 3. Dependence of the standard deviation of the parameter, where « is time delay on the signal-to-noise ratio;
b is carrier frequency on the signal-to-noise ratio

The Equation describing k& the physical parameter of the radio signal from the ST with the impact of
noise will take the form:

v () = v, (1) + v (6) + 91 () + v (1) + 8, (1),

where Sk (¢) is the effect of noise & on the value of the physical parameter of the radio signal from ST.
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Results and Discussion

The error of approximation by polynomials of the second and third order under the influence of noise
was studied based on the additive model (3). A «quasiquadratic» section was selected for the experiment.
A change in the time delay was simulated for a typical reception state with an SNR of 15 dB (Fig. 4).
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Figure 4. Change in time delay under noise at SNR = 15 dB

Based on the results of modeling the approximation by a polynomial of the second and third order of
the time delay under the influence of noise in a sample of 1000 tests, the distribution density of the approxi-
mation errors is constructed (Fig. 5).

a) 3*163, . : : : . . : 3 : b) 25
2.50
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ol—— H«ﬂﬂd mﬂhw L 0
1 -08 -06 04 02 0 02 04 06 08 1 A5 - 05 0 05 "
. . 5 . .
approximation error, s 1o approximation error,s 10

Figure 5. Probability density of approximation errors with a signal to noise ratio of 15 dB,
where a is second-order polynomial; b is third-order polynomial

When analyzing the results obtained, the approximation error with a probability of 0.9 for various SNRs
does not exceed the values presented in Table 2.
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Table 2
The value of the maximum absolute approximation error
Signal to noise ratio, [dB] Sti?rizrge(liz;’l?sl]o o, &, g,
5 219.8:10° 191-10° 258:10°
10 12.36°10° 16.4:10° 16.9:10°
15 6.949-10° 10-10° 810°
20 3.908:10° 7-10°° 4-10°°
25 1.95:10° 6:10° 2:10°

Analysis of the data in Table 2 shows that the choice of the best polynomial for approximation is not
obvious [17-20].
Figure 6 presents the results of the analysis and selection of conditions for the application of polynomials.

1
300
g —_— second-order
g polynomial
5 250 —_— thlrd-ordgr
g polynomial
g 200
o
g
1501
100
501
——
0 dB
5 10 15 20 25

Figure 6 Dependence of the absolute approximation error on the SNR

Based on the simulation results, it was found that for the approximation of an arbitrary section it is ad-
visable to use a second-order polynomial with an SNR of less than 10 dB, the use of which provides a signif-
icantly smaller error than when using a third-order polynomial. For SNR above 10 dB, it is preferable to use
a polynomial of polynomial order.

Conclusions

Based on the model, changes in the physical parameters of the radio signal under the influence of the
communication channel are studied. The quality of approximation of the change in the physical parameter of
the signal by polynomials of the second and third order is investigated. The minimum error for the SNR of
15 dB is achieved by approximating the change in the delay by a second-order polynomial and is 38 us. Ap-
plication of the developed model makes it possible to use the spatio-temporal radio-frequency portrait of the
ST, which in turn creates the prerequisites for the implementation of the method of decomposition of the ST
SCS group signal during radio monitoring in the absence of access to switching and address parameters.
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M. BanaprueB, A. bocsriit, O. IanbrieBa, X. L3s1H

CnyTHHUKTIK 0ailJIaHbIC J)KYylieJiepiHiH MOHUTOPHHTI Ke3iHae a00HEHTTIK
TEPMHUHAJAAPABIH KEHICTIKTIK-yaKbITIIA PAANOKUUIIK NOPTPETiH
KAJBINTACTHIPY MOAeJi

Kasipri ke3nme >xepcepikrtik Oaitnansic sxydenepin (JKBX) nameiTy yakeIT SKHUTINT pecypehiH THIMAIL
HaiijanaHy bl KaMTaMachl3 €Tyre MYMKIHIIK OepeTiH Kypaenai KypbUIBIMIbI CHTHAJIJapbl JaMBITYMEH
GaitnanpicTel. CoHbIMEH KaTtap, penenik rapwimn annapartapbiabl (CK-perneci) yakpITTBIK IKHUTIKTIK
pecypehIH pyKcaTChI3 Maijananyra MyMKIHIIK OepeTin Garmapiamansik Kamramackis etyne (BKE) tansmvan
eTy JkoHe Tapary Oap, Oyn e3 keserinme JKBJXK >KyMBICHIHBIH camachHBEIH TeMeHueyiHe okenenmi. CA-
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PETPAaHCIATOPBIHBIH ~ YaKbITTBIK OKMUIKTIK PECypChlH —PYKCATChl3 IaiijajlaHyFa Kapchl —TYPYHABIH
MEePCIEKTUBAIBIK OaFbITTapbl €Ki Heri3ri MaceyeHi Imemryre OarbITTaidFaH oiuicTep OOJBIN TaObLIAIbL:
aOOHEHTTIK TepPMHHAILAAP/bIH OPHAIACYBIH aHBIKTAy JKOHE JKiOepineTiH xabapiaMaHbBIH KbI3MET €TY JKOHE
MarbIHAIBIK OemikTepin Tanpay. Ou3HKaNbIK mapaMeTpliepAiH e3repyiH ecKepy YIIiH reTepOreHAl alpHOpIIbl
JIEPEKTEP/IiH KOl MOJIIEepiH KOJNAaHYIbl KaKET €Tedl XOHE IC JKy3iHAe Oyl NICHIJIeTIH Macele eMec.
MareMaTHKaJIBIK CTaTUCTHKA TEOPHSCH OOMBIHINA ipIKTEMEHI Tajjay ecenTepiH MIeNIKeH Ke3Je >KyBIKTay
KOJIIAHbLIaAbl. 3epTTeNTeH Kypaeni oOBEeKT OHBIH KaCHETTEepiH 3epTTey YIIH KapamahblM OOBEeKTIMEeH
aybIcThIpbUIanbl. CHUMaTTanFaH Mocesere KaTbICTbl KYPAENi XUUIKTIK KYpbUIBIMBI Oap paJuOCHIHAJIbIH
(bu3MKaNbIK MapaMeTpiepiHiH JKCIEePUMEHTTIK Oaranapbl OaKpUIayIblH COHFBI Ke3eHiHge Oenriii
JEeTepPMHUHMpIICHIeH (QYHKIMSAMEH >KybIKTaiapl. JKakbIHAQy/IblH HOTHXKECI TONTHIK CUTHAIBI KYpyFa
KaTbicaTblH AT-HbIH KeHICTIKTIK-yaKbITTHIK paanoxuinik noprperi (KYPXKIT). KYPXKII rapary mraprrapbina
Tikenel OalnaHbIcTHl koHe Oipered, Oyn omblH KYPXKII Tammayel HeriziHme CHTHAIABI BIABIPATYFa
MYMKiHIIK Gepeni. Ocpiraiimma, 3epTTeyiH MaKcaThl PaJHOCUTHAIIBH (QU3UKAIBIK IapaMeTpiIepiH e3repTy
mogenin >kacay jkoHe AT JKBXK KeHICTIKTIK-yaKBITTHIK DPaJHOXHUIIK IIOPTPETiH KAIBIITACTHIPY YIIiH
(U3HUKaNBIK TapaMeTpIIepAil XKybIKTay MYMKIHITIH 3epTTey OOJIBII TaObLUIa bl

Kinm ce30ep: cnyTHUKTIK GailfiaHbIc Ky#eci, TONTHIK CUTHAN, YHEPreTHKAIBIK eMec mapamerp, OaiiaHbic
apHAaChl, yaKpITIIa OOJIIHYTe KONTEreH MYMKIHIIK, FaphIll alaparsl, PETPAHCISITOP, PAIHOKHUIUIIK HOPTPETi,
yari.

M. BanaprueB, A. bocsriit, O. Ianbriera, X. L3sH

Mopeanb ¢popMUpOBaHMS NPOCTPAHCTBEHHO-BPEMEHHOI0
PAAN0YACTOTHOIO MOPTPETA A00HEHTCKUX TEPMHHAJIOB
IPU MOHUTOPHUHIE CHIYTHUKOBBIX CUCTEM CBSI3H

B HacTosmee BpeMs pa3BUTHE CIIyTHUKOBBIX cucTeM cBsi3u (CCC) cBsA3aHO ¢ pa3pabOTKON CUTHAJIOB CIIOXK-
HOM CTPYKTYpBI, O3BOJSIOIINX obecreunTh 3G (HEeKTHBHOE HCIOIb30BaHNE YAaCTOTHO-BPEMEHHOIO pecypcea.
Hapsity ¢ 3TuM, oTMe4aloTcs HNOMyJSIpU3aLis U PaclpoCTpaHEHHE MPOrPaMMHO OMPENEIsIEMBIX PaJHOCHC-
tem (Software-defined radio, SDR), uto npuBoauT k cHmkeHuto kadecrBa Qynkuuonuposanus CCC. Ilep-
CIIEKTHBHBIMM HAIIPABICHUSMH IIPOTHBOJCHCTBUS HECAHKIIMOHUPOBAHHOMY HCIIOJIB30BAaHUIO YaCTOTHO-
BpeMeHHOTO pecypca KA-perpaHCisTOpa SBISIOTCS METOJbBI, HAIPABJICHHBIC HA ONpeelIeHHe MEeCTONOIO-
JKeHHUs abOHeHTCKuX TepMuHaioB (AT) u aHanu3 ciyxeOHOM M CeMaHTHYECKOH JacTell mepeaaBaeMoro co-
o0meHust. YUET n3MeHeHHsT GH3UIECKHX IapaMeTpoB TpeOyeT UCIIOIb30BaHMs OOJIBIIOr0 00BbeMa PasHOPOA-
HBIX alPHOPHBIX JaHHBIX M Ha MPAKTHKE SIBISIETCS HeperaeMoi 3agadeii. CoriacHo TeOpUH MaTeMaTH4eCcKOit
CTaTHCTUKH, MPHU PELIEHUN 3a7ad aHaIu3a BBIOOPKH NMPUMEHSETCS anmpoKkcumarys. M3ydaeMslil CIOXKHBIH
00BEKT MoJAMEHseTCsl 00JIee MPOCTBIM OOBEKTOM C LENBI0 M3ydEeHHs ero cBOMCTB. IIpuMeHHTENBHO K OMu-
CaHHOM 3a/1a4e SKCIEPHUMECHTAIBHBIC OLEHKH (U3NUECKUX MTapaMEeTPOB PaIMOCHIHAIIA CO CIIOXKHOW YacTOTHO-
BPEMEHHOI CTPYKTYpOH aNIpOKCHMHUPYIOTCSI HEKOTOPOH IeTepMUHUPOBAHHOM (pyHKIMEl! Ha KOHEYHOM 3Ta-
e HaOroieHns. Pe3ynprar annpokcuManuy IpeacTaBisieT co00i MpoCcTpaHCTBEHHO-BPEMEHHOH parodac-
torubiid oprper (IIBPUII) AT, ygactByronmx B ¢opMmupoBanuu rpymmnosoro curHaia. [IBPUII manpsmyio
3aBUCHUT OT YCJIOBHH IE€pefauyl U SIBISCTCS] YHUKAIBHEIM, YTO ITO3BOJISIET OCYIIECTBISIT JEKOMIIO3UIINIO CUT-
Hajla Ha ocHoBe aHaim3a ero [IBPUIL. Taxkum oOpa3om, 1ebo HCciIeoBaHus ABIsIETCs pa3paboTka MOJEIH
U3MEHEeHUs (QU3NYECKHUX MapaMeTpOB PAAMOCHUTHANA U UCCIIEIOBAHUE BO3MOXKHOCTHU ANIPOKCUMALUK (U3H-
YECKUX MapaMeTpOB C IIENbI0 (OPMHUPOBAHUS NPOCTPAHCTBEHHO-BPEMEHHOTO PaJMO4acTOTHOTO MOPTpeTa
AT CCC.

Kniouesvie cnosa: CIyTHHKOBAsh CHCTEMa CBSI3M, IPYIIIOBOM CHI'HAJ, HEOHEPTETUUECKUIl MapaMeTp, KaHal
CBSI3U, MHO>KECTBEHHBII JOCTYII C BpEMEHHBIM pa3feicHUEM, KOCMUYECKUH amlapar, perpaHcisaTop, paiuo-
YaCTOTHBII MOPTPET, BEIOOpPKA.
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Development of the electronic physics textbook for students of secondary school

The work the results of using the developed electronic textbook on physics for organizing the independent
work of secondary school students is analyzed. The possibilities of an electronic textbook are shown, the
advantages of using the textbook in the learning process are noted. For the development of the electronic
textbook, the C# programming language was used in the Microsoft Visual Studio software environment. The
main idea of developing an electronic textbook is the relationship between theoretical teaching and practical
skills. The electronic textbook provides two modes of operation: training mode and control mode, thus the
electronic textbook contains a block of theoretical material and a module for interactive testing of students'
knowledge. The theoretical material of the textbook has been developed in accordance with the standard
curriculum for the subject “Physics”. The interactive testing module includes standard physical problems of
different degrees of complexity, as well as practice-oriented problems on physics. A set of practice-oriented
problems has been developed, the use of which in the process of teaching physics will allow to ensure the
formation of students' theoretical knowledge and practical skills, to prepare students for practical activities.
The main advantage of an electronic textbook is interactivity. The novelty of the development of an electronic
textbook is implementation in accordance with a new approach aimed at shaping students' knowledge about
the practical applications of physics and developing their practical skills.

Keywords: electronic textbook, information and communication technologies, interactive testing, physical
problems, pedagogical experiment.

Introduction

Electronic technology becomes an important component in all areas of social activity. Education is one
of the most significant components in the process of personality formation and development of a man of to-
day; therefore it needs constant improvement and modernization.

Modern education cannot be imagined without electronic technologies, since their use makes it possible
to ensure the fulfillment of a number of important problems, such as providing access to educational materi-
als as part of the implementation of distance learning programs, conducting online courses, and the use of
innovative technologies contributes to the modernization of education.

The study of the concept of teaching by using information technology is one of the prospective lines of
research today. The concept of e-learning is one of the main directions of research in educational technolo-
gies, and most scientific works on the e-learning education theme are devoted to the study of teaching and
learning strategies, interactive learning environments, e-learning in education sector and massive open online
courses [1]. This indicates an increase in interest in the study of the application of information and commu-
nication technologies in education sector, due to the development and dissemination of these technologies.

Information technologies make it possible to gain access to educational material at any time, simplify
the transfer of information, provide greater clarity of the material and automate the process of knowledge
control; make it possible to conduct virtual laboratory works. The textbooks created by using these technolo-
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gies have a number of advantages and disadvantages. The advantages of electronic textbooks include the
ability to fill the textbook with various visual aids, the ability to use hyperlinks and animations. The disad-
vantages of electronic textbooks include the complexity of development, the high cost of devices for repro-
ducing educational material, the need to have an Internet connection, if necessary to display various elements
of the textbook [2, 3]. Electronic textbooks on physics can be equipped with tools of self-control and testing
of students, as well as tools for conducting virtual physical experiments, which will improve the quality of
learning the material by students [4].

In work [5] authors investigated how elements of course structure influence the usage patterns of elec-
tronic textbooks (e-texts) in introductory physics courses. Found that course structure has a strong influence
on how much of the e-texts students actually read, and when they do so.

The scientific and methodological basis of the use of the electronic textbooks and virtual laboratory
works in the formation of an applied orientation in students were discussed in [6]. The article noted that
conduction a physical experiment and frontal laboratory works by using virtual models and electronic books
via computer, then can compensate the lack of equipment in the physics laboratory.

The theory of creating and using an electronic textbook, solving the requirements of innovative tech-
nologies and practical problems in the process of professional training of students, in particular, training fu-
ture teachers with electronic textbooks, and also forms skills and abilities in practice, were discussed in [7].
The study is devoted to overcome the above contradictions by finding the best option for the creation and use
of electronic textbooks illustrating its impact on the quality of education.

The structure and content of the electronic educational and methodological complex for students «Phys-
ics: social and humanitarian direction of specialized education» were described in [8]. The offered complex
was developed on the basis of application software. Didactic and basic principles of organization of the elec-
tronic educational and methodical complex on the subject, which are the basis for the development of the
author's complex, were highlighted.

The work [9] considers the organization matter of the training process in Physics with the “Educon”
helping as an electronic support. The article noted that the practice of using electronic textbooks shows that
students assimilate the material qualitatively. The development of the information and communication edu-
cational environment represented by electronic educational resources opens the way for new methods in
physics studying, thereby improving the educational quality.

The purpose of the research in [10] is to identify students’ preference for e-textbooks or analog, printed
books, analyze the perception of student benefits and limitations of the medium, and investigate potential
impacts of e-textbook use in educational process. The survey analyzed five beneficial and five limiting fea-
tures of e-textbooks, confirming that eyestrain is the most problematic feature for e-textbook users, while
ease of access was the most significant positive feature. Although the research does consider factors that may
influence e-textbook preferences among students, there may be other factors that were not addressed in this
research that may influence students’ preferences for electronic texts and printed texts.

At the Department of Physics and Nanotechnology of the Physics and Technology of Faculty of the Ka-
raganda University named after academician E.A. Buketov, work is underway to develop and use electronic
teaching aids in the educational process [11-16]. At the principle of the concept of electronic edition devel-
oped by lecturers at the Department, much attention is paid to the methodological component, which allows
using electronic educational resources as self-training for students and a simulator for self-testing.

According to the State Compulsory Standard of general secondary education [17], the purpose of gen-
eral secondary education is to create an educational space to ensure the development of the following skills:

— functional and creative application of knowledge;

— critical thinking;

— carrying out research work;

— use of information and communication technologies;

— the use of various methods of communication;

— ability to work in a group and individually;

— problem solving and decision making.

This purpose can be achieved by using electronic teaching textbooks, since working with the textbook
will improve the skills of using information and communication technologies among students, and can also
contribute to the development of the above skills.
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The purpose of this work is to develop the electronic textbook and practice-oriented problems on phys-
ics. To achieve the purpose of the work, the following tasks were set and solved:

—to develop the theoretical material of the textbook in accordance with the standard curriculum on

physics [18];

— to develop practice-oriented problems on physics.

Practice-oriented problems were included in the textbook, since the preparation of students on physics,
according to the State Compulsory Standard of general secondary education, involves the use of the
knowledge gained to explain various physical processes and phenomena, the principles of operation of the
most important technical devices. Solving applied problems helps to establish a connection between the stud-
ied theories and phenomena occurring in the real world, and contributes to the use of acquired skills in vari-
ous life situations [19].

The electronic physics textbook

The electronic textbook was developed by using the C # programming language in a development envi-
ronment «Microsoft Visual Studio» for Windows operating system. The main structural elements of the text-
book are a block of theoretical material and a module for testing students' knowledge. The main menu of the
program is shown in the Figure 1, where the structural elements of the textbook are indicated by numbers
1-3.

MR Theoretical material Testing

Mechanics MKT and Thermodynamics Electrodynamics

MKT and Thermodynamics

Optics

Figure 1. Main menu of the electronic textbook

Description of the structural elements of the electronic textbook:

1 — the block containing theoretical material on the sections of physics. The theoretical material is
compiled on the main themes of a typical curriculum on physics;

2 — the testing module, when you click on a specific section, the test for the section opens in a separate
window, the program window is hidden until testing is complete;

3 — the block containing information about the structure of the electronic textbook, when the button is
pressed, this information is shown to the user.

All sections of the theoretical material are divided into subsections. For example, the “Electrodynam-
ics” section includes the following subsections: electrostatics, direct current, magnetism, electromagnetic
oscillations and waves. Each subsection is broken down into themes. On the themes included in the subsec-
tions, a brief reference material is presented, which is necessary for solving physical problems, supplemented
by process diagrams and graphics, various figures that make the material more visual and improve its percep-
tion. The Figure 2 presents reference material on the themes “The motion of a body thrown at an angle to the
horizon”, included in the subsection “Kinematics”.
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Figure 2. Reference material on theme “Motion of a body thrown at an angle to the horizon”

The material is structured in such a way to make it easier to find the information you need. When you
click on each of the subsections, a list appears containing all the theme of the subsection, clicking on the
theme name from the splash list allows you to open the reference material. The non-linear structure of the
material of textbook allows you to start studying it from a specific theme and return to previously studied
material if necessary. The splash list also contains a link for passing testing by subsection. Testing is a set of
problems with a choice of one answer out of five proposed, as well as problems with a choice of several cor-
rect answers out of eight proposed. All problems, including practice-oriented problems, were compiled ac-
cording to the themes included in the subsection.

1 2 3 4 5 ] 7 8 ] 10 11 12

The table shows the concentration of gas molecules in identical closed vessels and the root mean square velocity of

[ molecules
Gas Concentration, m~ Rootmean square velocity. m/s
Bs Oxygen 5.32-108 460
Nitrogen 10% 550
Wc Analyze the data and select the correct statements.
A) Oxygen pressure on the vessel walls is greater than 0.01 MPa
. D B) Nitrogen pressure on the vessel walls is greater than 0.4 MPa
C) At a pressure of 0.8 MPa, the root mean square velocity of oxygen molecules = 920 m/s
. E D) The mass of the oxygen molecule is greater than 7.38-10-26 kg.

E) The mass of the nitrogen molecule is lesser than 4.2-10-26 kg.
F) Oxygen pressure on the vessel walls is lesser than 1.7 MPa

. F F) Oxygen pressure on the vessel walls is lesser than 1.7 MPa

G) Nitrogen pressure on the vessel walls is lesser than 0.3 MPa
| [e] H) At a pressure of 0.8 MPa, the root mean square velocity of oxygen molecules is lesser than 970 m/s
| I

Finish testing

Figure 3. Testing window for the section “Molecular-kinetic theory and thermodynamics”
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The testing module allows to testing the entire section. The testing window is shown in the Figure 3.
Test tasks include tasks from testing on subsection. When generating a test variant, each task is selected ran-
domly from a list of tasks of a certain number, generated from all testing variants on a subsection. This al-
lows creating many different test variants and gives the ability to test multiple times. Each variant of the test
consists of 12 tasks (9 tasks with a choice of one answer and 3 tasks with a choice of several correct an-
swers). Tasks with a choice of one correct answer are evaluated at 1 point; tasks with a choice of several cor-
rect answers are evaluated from 0-2 points, depending on the selected answers. Thus, having completed all
the tasks correctly, the student receives 15 points.

The information block of the textbook program contains information about the structure of the program,
the structure of test tasks and the assessment of test items.

Results and its discussion

The approbation of the electronic physics textbook was carried out in the 10th grade of the secondary
school. The students studied the theoretical material of the textbook, after which they completed the tasks
from the test module of the textbook. When conducting a pedagogical experiment for students, test variants
were created for the sections “Mechanics”, “Electrodynamics”, “Molecular-kinetic theory (MKT) and
thermodynamics”. The testing results are shown in the Table 1.

Table 1

Student testing results

Average score
received by students
Mechanics Uniformly accelerated motion. Relativity of motion. Graphical representa-| 10,1/15 (67,3 %)
tion of movement. Uniform circular motion. Forces in nature. Newton's
laws. The movement of a body thrown at an angle to the horizon. Body
movement along an inclined plane. The law of conservation of momentum
and energy. Work done by a constant force. Free and forced vibrations.
Harmonic vibrations. Oscillations of mathematical and spring pendulums.
Sound waves. Conditions for equilibrium of bodies. Archimedes' law. Hy-
drostatic pressure. Rule of moments.

MKT and Fundamental principles of MKT. The amount of substance. Molar mass.| 11,32/15 (75,46 %)
thermodynamics |Molecular speed. Isoprocesses in gases. Internal energy of gas. Ideal gas
equation of state. Basic equation of MKT. I and II laws of thermodynamics.
Heat balance equation. Heat engines. Humidity.

Electrodynamics |Electric charge. Conservation law of electric charge. Capacitors. Connection| 11,68/15 (77,86 %)
of conductors. Electric field. Electric current. Ohm's law for a section of]
circuit. Electromotive force. Electric current in various environments.
A magnetic field. Magnetic induction. Ampere force. Lorentz force. Work
and power of current.

Section Themes of section including in testing

These data show that the learning material was assimilated by the students, since the average score ob-
tained as testing result on the sections is more than 67 % of the maximum possible score. The analysis of the
students works showed that each of the students successfully solves at least 7 physical problems with the
choice of one correct answer and at least 1 problem with the choice of several correct answers, which is
66.6 % of the number of proposed problems. These results indicate that the developed theoretical material of
the textbook can be useful for students for independent study, repetition of previously studied themes, and
the testing module can be used to practice the skills of solving physical problems. The analysis of the test
results also showed that the greatest difficulties for students arise when solving problems on the following
themes: “Body motion on an inclined plane”, “Law of conservation of momentum and energy”, “Rule of
moments”, “Magnetic induction”, “Humidity”. Students also had difficulties in solving practice-oriented
problems. This can be attributed to the lack of students' experience in solving this type of problem.

Conclusion

The electronic physics textbook was developed for for students of secondary schools. For the
development of the textbook, the Microsoft VisualStudio software development environment was used. The
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theoretical material and tasks of the test part of the textbook were developed in accordance with the typical
curriculum for the subject.

The results of the pedagogical experiment showed that each student successfully completes more than
66 % of the proposed test tasks. The presented electronic physics textbook can be useful for achieving
various educational goals. The electronicphysics textbook can be used by students in the process of
independent preparation to practice solving problems, repeating previously studied themes and consolidating
theoretical material.
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A.C. Ilpytsko, A.C. Kynycos, 2.K. Mycenosa, XK.T. Kambaposa

Opra MekTen OKymbLIAPHI YIIIH GU3MKA MIHI 00MbIHIIA
3JIEKTPOHABIK OKY KYPaJbIH J3ipiey

Makasaaa opTa MEKTEH OKYIIbUIAPBIHBIH ©3/IiK KYMBICTApbIH YHBIMIACTHIpYFa apHajFaH (u3nka OOHbIHIIA
O3IpJICHTCH BJIEKTPOH[bI OKY KYPaJIbIH KOJIAHY HOTIDKENIEpl TaJlaHFaH. DJIEKTPOHIBIK OKY KYpaJbIHBIH
MYMKIHZIKTepi, OKy HpOLECiHIe OKY Kypajabl KOJAaHYAbIH apThIKIIBUIBIKTAPbI KOPCETUIIeH. DICKTPOHIBIK
OKy KypanblH a3ipiey ke3inae Microsoft Visual Studio 6armapiaamanbik Kamcbi3gaHabipy opTacbiHga C#
GargapnaManay TiT KONIAAaHBULABL ¥ CHIHBUIFAH 3JIEKTPOHABI OKY KYpajblH 93ipJeyadiH Herisri ouWsl —
TEOPHSUIBIK OKBITY MEH IPAaKTHKAJbBIK JaFIbuIapIblH e3apa OaillaHbIChl. DICKTPOHIBIK OKY Kypaibl €Ki
JKYMBIC PEXKUMIH YCBIHA/IBI: OKY PEXKHMI KOHE OaKblIay PEKHMI, SFHH OKY KYPalbl TCOPHUSIIBIK MaTepuajaap
OJIOTEIHAH KOHE OKYNIBUIApJABIH OUTIMIH MHTEPAaKTHUBTI TECTiiey MOZyINiHeH KypbUiambl. OKy KypaibIHBIH
TEOPHSUIBIK MaTepraibl «Du3uKay 1MoHi OONbIHIIA THITIK OKy GaraapiamachiHa coiikec a3ipieHreH. Tecriney
MOJyJIiHE TanchpMajap peTiHge KYpAENUTri op TYpJi CTaHAAapTTHl €CenTep, COHBIMEH Oipre (u3uKagaH
HpaKTHKara OaFbITTalFaH ecentTep eHri3uireH. MU3MKaHbl OKBITY NPOLECIHIE KOJJIaHy OKYIIbUIAP.bIH
TEOPHSUIBIK OLTIMI MEH NpaKTHKAIBIK JaFIbUIapbIH KaJbINTACTHIPYFa, OKYLIbUIAPABI IPAKTHKAJBIK iC-
OpEeKeTTUIIKKe HaiiblHAayFa MYMKIHIIK OepeTiH MpaKTHKAIBIK-OaFbITTAIFAH €CENTep KEIIeHI 93ipJIeHreH.
ONEeKTPOHABIK OKY KYpalbIHbIH OacThl apTHIKUIBUIBIFGI OHBIH WHTEPAKTUBTLIIriHAE OOJbBIT TaObLIABL.
DNEeKTPOH/IBIK OKY KYpajblH 33ipJIey/iH *KaHaIbIFbl — OKYIIbUIapaa (HU3UKaHBIH HPAKTHKAIBIK KOJIAHBUTYBI
Typanbl OiTiMAEpIH KalbINTACTBIPYFa JKOHE OJApAbIH NPAKTHUKAJIBIK JaFAbUIApbIH JaMBITYFa OarbITTallFaH
JKaHa 9JIIC-TACIITe COMKEC KY3ere ackeIpy.

Kinm ce30ep: »NeKTPOHIBIK OKYy KYpasbl, aKIapaTTHIK-KOMMYHHKATHBTIK TEXHOJIOTHSIIAp, TECTLIEY
6argapaaMacel, puU3MKagaH ecenTep, NeaaroruKablK SKCIIEPHMEHT.

A.C. Ilpyteko, A.C. Kynycos, 3.K. Mycenona, XX.T. Kambaposa

Pa3paborTka 3JIeKTPOHHOT0 y4eOHOro nocooms no pusnke
AJISl y4aIMXcsl cpeiHeil MIKOJIbI

B craree mpoaHanM3npoBaHBI PE3YNBTATHl HCHONB30BAaHHS Pa3paOOTAHHOTO AIEKTPOHHOTO ITOCOOMS MO
(u3mKe Ul OpraHU3aliy CaMOCTOSTEIBFHON PabOThl ydaluxcs cpexHeil mKosl. [lokazaHbl BO3MOKHOCTH
JJIEKTPOHHOTO y4eOHOr0 MOCOOHS, OTMEYEHBI IPEHMYINECTBA KCIIOJIB30BAaHUS IIOCOOMS B IIpoliecce
oOyuenus. [lpu pa3paboTke 371€KTPOHHOTO y4eOHOTO MOCOOHS MCIIOIB30BaH A3bIK MporpammupoBanus C# B
cpene mporpammHoro obecneuenust Microsoft Visual Studio. OcHoBHas uues pa3pabOTKH 3JIEKTPOHHOTO
y4eOHOro mocoOusi — B3aUMOCBSI3b TEOPETHYECKOTO OOYUEHMS U HPAKTHYECKUX HABBIKOB. DIJIEKTPOHHOE
yuebHOe mocolue MpeaycMaTpUBaeT IBa PEeKUMa PabOTHI: PEXUM OOYHEHHUS M PEKUM KOHTPOJNSA, TaKUM
00pa3oM MocobHe COAEPHKUT OJIOK TEOPETHYECKOro MaTepuana W MOAY/Ib MHTEPAKTUBHOIO TECTUPOBAHHS
3HaHMI ydammxcs. TeopeTmdeckuii Marepuan mocoOust pa3paboTaH B COOTBETCTBHM C THIIOBOH yd4eOHOH
nporpaMMoii o mpeaMery «®Pusmka». B Momynb MHTEpPaKTHBHOTO TECTHPOBAHUS YYAIIMXCS B KadecTBE
3aJaHuil BKJIIOYCHBl CTaHIAPTHHIE 3aJaddl pa3IMdHON CTENEHH CIOXKHOCTH, a Takke MPaKTHKO-
OpPHEHTHPOBAHHBIE 3agaud Mo (u3uke. Pa3paboTaH KOMIUIEKC MPaKTUKO-OPHEHTHPOBAHHBIX 3ajad,
UCIIOJIb30BaHUE KOTOPOro B mpolecce 0o0ydeHUs (HU3MKe MO3BOJMUT oOOecnednuTbh (GOpMHUpOBaHHE Y
O0y4alOIMXCsl TCOPETHMYECKUX 3HAHMA M INPAaKTUYECKMX YMEHHH, a TaKKe MOArOTOBKY Yy4alluxcs K
MPAaKTHUECKOH  JesATenbHOCTH. (OCHOBHOE MNPEUMYLIECTBO 3JIEKTPOHHOTO y4eOHOro mocobus —
HUHTEPaKTUBHOCTh. HOBH3HA pa3pabOTKH 3JIEKTPOHHOTO y4eOHOr0 I0cOOuUs 3aKIII0YaeTCsl B €€ BBIOJIHEHUH B
COOTBETCTBHH C HOBBIM ITOJIXOJIOM, HAIIPaBJICHHBIM Ha ()OPMUPOBAHUE Y YUAIINXCS 3HAHUN O MPAKTHIECKUX
MIPUMEHEHUIX (GU3UKU U Pa3BUTHE y HUX NPAKTHYECKUX YMEHHI.

Knrouegvie cnosa: DJIEKTPOHHOC y‘Ie6HOG HOCO6I/IC, I/IH(1)OpMaL[I/IOHHO-KOMMyHI/IKaTI/IBHbIe TEXHOJIOI'UH,
HUHTEPAKTUBHOC TECTUPOBAHUEC, (1)]/13H‘I€CKI/I€ 3aga4u, HCZ[aI‘Ol"I/I‘{eCKI/Iﬁ OKCHEPUMEHT.
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Formation of ICT competencies for future physics teachers

The article discusses effective ways to use IT-services in teaching future physics teachers. This reflects the
mutual understanding between the teacher and the student based on the use of modern information technolo-
gies in the development of the modern educational process. Some IT-services in teaching meet modern re-
quirements. But this does not mean the chaotic use of any platform, programs, and software applications, that
is, it is necessary to take into account the specifics of the subject, the pedagogical and psychological state of
students. Based on this, the article describes what digital competencies should be used in the training of future
physics teachers. Video lectures and audio lectures, infographics, visual lectures made in Mindmap, and
Vyond on the discipline “Methodological basis of solving physical tasks” have a great influence on the com-
prehensive search of students. The article analyzes the necessity and relevance of using information technolo-
gies in the educational process but also discusses ways to implement them practically. This creates skills for
students to use digital competencies to expand their knowledge. There are also ways to conduct question-
naires, tests, and reflections in various formats that allow students to test their knowledge. The types of tasks
created in the effective applications used in the teaching of physics are given.

Keywords: IT-services, ICT competencies, methods of teaching physics, platforms, interactive learning,
infographics, requirements, tasks.

Introduction

Currently, there is a huge potential of modern information technologies. It is necessary to adapt the ed-
ucation system to the digital generation through the mass and effective use of innovative educational tech-
nologies and didactic models based on ICT, thereby allowing everyone to study with the help of any teacher,
wherever they are, using the latest available devices (computer, laptop, tablet, phablet, smartphone, etc.). At
the same time, it is necessary to actively use the research approach in teaching aimed at developing students'
qualifications and skills of scientific research in the formation of creative thinking and creative abilities
based on IT competence. But it should be noted that information and communication technologies are not the
solutions to all problems in the education system, they are a tool that can make lectures and seminars more
information accessible and attractive for the digital generation.

Teachers retain their crucial role in the interactive learning process, focused on the needs of students.
Thus, the authority of the teachers and the effectiveness of his activities won't depend on the level of master-
ing the course content and their pedagogical abilities but also on the extent to which they used modern in-
formation and communication technologies for collecting, processing, and teaching specific educational ma-
terial. In other words, education should be redefined and the educational paradigm should be changed in the
digital age because students do not want to learn traditionally, and teachers should not continue to teach tra-
ditionally [1].

Methods

The main methods of the research are the theoretical analysis of the problem status on the basis of the
literature and the study of normative documents, observation, conversation, and interview.

The purpose of the study is to study the effectiveness of the integrated use of digital resources and ser-
vices in the discipline “Methodological foundations for solving physical tasks™ in the formation of ICT skills
of future physics teachers to achieve this goal, the following tasks were set:

— analysis of digital resources and services in physics, creating conditions for achieving learning out-

comes in the discipline “Methodological foundations for solving physical problems”;

— creation of digital teaching aids in the discipline «Methodological foundations for solving physical

tasksy;
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— experimental verification of the formation of ICT skills of future physics teachers in the process of

studying the course «Methodological foundations for solving physical tasks».

In the education system of Kazakhstan, the issue of ICT competence of teachers is relevant, which can
be discussed by analyzing the content of the adopted and developed regulatory legal acts in recent years, in
particular, we are talking about the State Program “Digital Kazakhstan” [2].

UNESCO has developed the document “ICT Competence Framework for Teachers. UNESCO Recom-
mendations, version 3”. The recommendations include the competencies necessary for teachers in their pro-
fessional activities, covering six main aspects of teachers' work: understanding the role of ICT in education,
curriculum and assessment, pedagogical practices, ICT technical and software tools, organization and man-
agement of the educational process, professional development [3].

The concept of ICT skills in the scientific literature of G.V. Soldatova reflects modern requirements for
the skills and abilities of members of the information society and is understood as based on the continuous
mastering of competencies (knowledge, skills, motivation, responsibility) the ability of an individual to con-
fidently, effectively, critically and safely choose and apply information and communication technologies in
different spheres of life (information environment, communications, consumption, techno sphere), as well as
his readiness for such activities [4].

Nowadays, Information Computer Technologies in educational institutions of the Republic of Kazakh-
stan are being implemented and actively implemented in the learning process through modern platforms and
distance learning programs. For example, universities of the country use platforms such as Moodle (modular-
oriented dynamic learning), Microsoft Teams — Microsoft office workspace, Zoom, Google Meet, and
Google Hangouts. Let's focus on the characteristics and capabilities of these platforms.

Moodle (modular-oriented dynamic learning). This open web application is a free e-learning system de-
signed to organize the teaching and learning process for students and teachers. In this system, you can use all
formats of documents, images, video, and audio files, as well as the SCORM archive [5].

Moodle, combined with a functionally rich test module, also allows you to evaluate students' work
through such elements of the course as “Task”, “Forum”, etc. The results of the task can be evaluated on
scales selected independently or passed by the teacher. On the forum, together with other participants of the
course, you can configure the wiki, glossary, evaluation of articles or responses.

Moodle has great opportunities in creating tests, conducting training, and control tests. The tests use a
wide variety of questions, such as a variety of choices, matching, correct/incorrect, short answers, essays,
etc. Moodle is equipped with flexible tools for statistical analysis of semi-automatic testing results, which
makes it easier to process tests.

Microsoft Teams is a Microsoft office workspace. It is a corporate platform that combines conversa-
tions, meetings, notes, and attachments in a workspace and is designed for remote teamwork. A workspace
that allows users to collaborate, edit files and add notes wherever they are, helping them create a team, col-
laborate, and communicate instead of email [6].

It also allows teams to group messages to track video conversations, so that group conversations are
usually visible to the entire group, or move to individual conversations. During voice and video conferences,
participants create documents, videos, and audio files in the workspace where can actively use emojis, stick-
ers, GIFs.

Microsoft Teams platform allows creating a calendar plan, scheduling classes, creating thematic groups
and channels and uploading and downloading data and documents.

Zoom platformprovides video conferences, online meetings, and distance learning. A free account al-
lows us to communicate via video conferencing for 40 minutes. Conferences of all sizes and up to 100 peo-
ple have an unlimited duration [7].

The program is perfect for individual and group classes, students can log in both from a computer and a
tablet by phone. Anyone with a link or conference ID can join the video conference. The event can be
planned, as well as a duplicate link, that is, you can create the same login link for a regular lesson at a certain
time.

Video and audio communication with each participant. The organizer can mute and turn on the micro-
phone, as well as mute the video, also to start video with the only member of the conference with the right to
review.

It is convenient to record a lecture both on a computer and in the cloud, and it can be paused by setting
up the automatic recording. During the conference, there is an opportunity to assign a co-organizer with the
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same features as the organizer: for individual students, changing the name to turn on and off the microphone
and dividing the room will help to perform group work.

Google Meet, Google Hangouts, Discord. Previously, Hangouts is used as a meeting, the presence of a
limit on the number of participants is not profitable to use this platform. Google Meet is a video conferencing
solution for corporate groups provided by Google [8]. It's the Google version of Zoom, with three levels of
Basic, Business, and Enterprise that match the G Suite levels. However, Google Meet is available to anyone
who has a Google account, so it is free for the public, with no time limit for up to 100 participants. In Google
Meet, Google sits next to chat as part of a business communication solution, and Google Chat is an alterna-
tive to a service like Slack.

At the technological stage of modern education, there are also enough programs that allow creating
tasks in different forms to conduct questionnaires, tests, and reflection to test students' knowledge in different
formats. Some of them should be particularly noted.

Using Quizlet, teachers can create quizzes for students to complete control tasks, fill out suggestions,
compare images and information, or choose the right answers. It is very easy to use — in a few minutes un-
derstand the interface, as well as work on Android and iOS on smartphones and tablets [9].

Kahoot! allows to submit all educational materials in the form of questionnaires and tests. Combined
with a more detailed test of knowledge in a game format around new topics in the form of simple questions
and answers to establish feedback with students. Kahoot! represents a new generation of student-response
systems that has a main focus on student motivation and engagement through gamification [10].

Kahoot! — the teacher displays the material on the main screen, during which students answer ques-
tions and discuss information using a special application for computers or a browser on smartphones (An-
droid, 10S, Windows Phone). For accessing the virtual cabinet, students must enter a special code sent by the
teacher. This service allows you to find out how each student answered questions or create an academic per-
formance schedule for the entire class. They can track the results themselves in special tables. Kahoot! —
free and fully available program after registration.

The main feature of Easy Test Maker is the ability to create tasks where the students need to select cor-
rect and false statements to format texts for easy reading on a tablet, or for testing in a traditional format .pdf.
or download it in doc. formats [11]. This program can mix questions and answers to help students complete
their tasks and allow them to create 25 Tests without the possibility of exporting the free version of Easy
Test Maker to “paper” format.

In addition to creating questionnaires with different response formats in ClassMarker, students can also
write an essay [12]. To get started, the teacher must create a virtual class and send invitation codes to stu-
dents. ClassMarker stores the results of all tests performed, a statistical report. If the teacher has their own
web page, they can add tests to it. In the free version, ClassMarker allows you to create no more than 100
Tests.

SurveyMonkey is a service for creating simple and small surveys, as well as distributing mass surveys,
identifying trends, and creating large surveys [13]. The service allows you to create surveys, adjust their ap-
pearance, move questions, conduct two-answer A/B tests, conduct surveys on websites and social networks,
create visual reports, protect data and combine MailChimp, GroSocial, CleverReach, and other tools.

Socrative is a tool for creating, finding, and distributing online tests for educational institutions, con-
ducting tests [14]. Among the advantages, it is worth noting the simplicity and pleasant interface of devel-
opment.

The analysis of scientific and methodological literature [15, 16] has shown that video lectures created in
accordance with didactic requirements are not enough to organize training in the discipline “Methodological
basis of solving physical tasks”.

General didactic requirements for the volume of educational video lectures for use in the educational
process, it is recommended to create video recordings of lectures, the playback time of which is no more than
10 minutes.

When creating a specially prepared training video, the following techniques were used to improve the
perception of information, recommended in:

— Titles and sound savers fixing the semantic parts of the video lecture.

— Video materials that set the appropriate visual range (video illustrations, etc.).

— Close-ups of diagrams, images and use of infographics.

— Change of large and general plans of the lecturer to maintain attention to the emotions that the lecturer

conveys through gestures and facial expressions.
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The use of video lectures in teaching allows students to activate mental activity, change the channels of
perception of information from auditory to visual and vice versa. This type of lecture is accompanied by
demonstration materials: presentation, video on the topic under study, diagrams, mind-maps, infographics,
which are additional sources of information.

When the amount of information that needs to be remembered is measured in several pages, then such a
method of presenting information and at the same time a method of teaching as a mind map is used. They
represent a tree-like structure in the center of which is the central concept (lecture topic, complex object, end
result or solution). Branches of secondary concepts depart from the central block.

Infographics are a type of visual presentation of data that is very effective in explaining and presenting
various processes. Its main advantage is its colorful and laconic presentation of information.

However, it is important that the teacher knows the individual characteristics of students' perception of
information. It is necessary to give the student the opportunity to choose tasks on an informational and fig-
urative basis of various types. It increases the level of perception of educational information by students and
contributes to their assimilation of the content of the academic discipline. This will contribute to the practical
and professional implementation of the acquired knowledge and skills.

You can record video and audio lectures in various programs, including Microsoft PowerPoint, oCam,
Audacity, and Bandicam, according to how students perceive and master the material (Fig. 1).
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Figure 1. Video and audio training samples

Infographics are a graphical way of transmitting information [17]. Simply put, infographics allow you
to organize the design of your educational materials so that they are easy and understandable to the student.
This shows that infographics also include elements other than images, that is, they include text, diagrams,
and blocks. In general, infographics are designed for fast, visual, and vivid delivery of material. For example,
infographics are designed to explain the topic “algorithmization of methods for solving problems” is shown
in Figure 2.
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Figure 2. Infographics «Algorithmization of problem solving methods»

In fact, data can always be transmitted through text, tables, and numbers. But with the help of
infographics, you can make sure that interpretation has the following advantages:

— infographics allow you to quickly convey to the audience a large number of materials in teaching

physics. What you will have to read for a long time can be shown in one or more images;

— good infographics make information much clearer. Images are perceived by the human brain better

than text;

— a bright, interesting picture will help attract the attention of the audience. Therefore, this format is

used in public speaking, as well as in the media, and is used in modern textbooks.

In accordance with modern requirements, the updated curriculum can be clearly seen in physics text-
books of grades 711, created using infographics.

Mind-map-Intelligence Map or mind map. It reflects the opportunities for reflection, memory, memory,
and the ability to demonstrate an effective way to solve creative problems, as well as to present and visually
demonstrate internal processes of Information Processing, make changes to them and improve them.

In the discipline “Methodological basis of solving physical tasks” one of the ways to explain the topic
“ways to solve text problems” was prepared on the Mind-map map. In the first step, you need to highlight the
main point. The creation of a thought map begins precisely in the middle, that is, in the middle of it, “Ways
to solve text problems” is written. This indicates that the main idea or goal is set. In the second step, it is
necessary to highlight the topics that come from the main idea and differentiate the materials necessary for
understanding. It is chosen “the mathematical path” and “experimental path” according to the topic. When
drawing a map, you should use different colors. In the third step, select additional topics and highlight addi-
tional topics that will help you better understand or follow the main topic. At this time, methods were pro-
posed, which are considered on the mathematical and experimental line. The fact that all of them lead to the
main idea can be clearly seen on the map (Fig. 3). The general Mind-map should be designed at any time in
the center, at the edge of the eye, so that everything else is noticed and every detail is remembered.

Figure 3. Mind-map on the topic “Ways to solve text problems”

Cepus «dunsuka». Ne 4(100)/2020 99



N.N. Shuyushbayeva, S.K. Damekova et al.

You can also use interactive features, including in the Vyond program, to create educational material in
the form of “sketch animation” (Fig. 4). It not only increases the student's interest but also allows you to in-
dependently create moving scenes, i.e. animations. The free sample is saved only for 14 days.
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Figure 4. Sketch animation on the topic «Mechanical movement»

You can use the elements and resources of the electronic course for self-preparation of students. You
can download lectures, presentations, videos, and test tasks on the discipline “Methodological basis of solv-
ing physical tasks” (Fig. 5). It will also be possible to adjust the time interval and determine the results of the
training.

Ecen Typans ¥annupnaqraH yrem. Oky ecefi. .. ¢

Figure 5. Elements of the electronic course on the discipline “Methodological basis of solving physical tasks”
https://classroom.google.com/u/0/c/MTIXMDAXNTE20DU2

To determine the level of knowledge of students, it is more effective to use the Survey Monkey and
Socrative applications. Because in teaching physics, formulas, graphs, and demonstration of practical tasks
are difficult to implement in other applications such as Kahoot, Class Marker, Easy Test Maker, and Google
Forms. And these programs can only be used to test theoretical questions and tasks with answers such as
“true” and “false”.

It is very effective to conduct online and offline physics classes, quizzes, test tasks, and competitions
through Socratic. In this app, you can create a lot of text and logical questions and provide feedback, which
can be implemented using applications for mobile devices that do not require registration. In addition to get-
ting an instant result for the teacher and student, it can store tests and their results in the app, mail, and com-
puter.

During the period of the diagnostic experiment at Kokshetau State University, the level of ICT compe-
tencies of students of future physics teachers was assessed. To assess the level of students' ICT competen-
cies, an interactive test was developed, in which students were asked to complete various tasks, answer ques-
tions related to the search, processing, and presentation of information. 59 students of Kokshetau State Uni-
versity took part in the test, the test was carried out among 3-year bachelor students in 2019-2020 full-time
and distance learning. The indicator of the formation of students' ICT competencies is a low level of 18 %,
an average level of 34 %, and a high level of 48 % (Fig. 6).
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Figure 6. Levels of formation of ICT competencies

The results obtained in the course of diagnosing the level of ICT competencies of future physics teach-
ers allowed us to conclude that the level of formation of ICT competencies is low.

An experimental check of the formation of IT competencies, in the course of studying the course
“Methodological Foundations of Solving Physical tasks”, was carried out on the basis of assessment tools
developed in the Survey Monkey and Socrative applications.

To determine the level of knowledge of students, it is more effective to use the Survey Monkey and
Socrative applications. Because in teaching physics, formulas, graphs, and demonstration of practical tasks
are difficult to implement in other applications such as Kahoot, Class Marker, Easy Test Maker, and Google
Forms. And these programs can only be used to test theoretical questions and tasks with answers such as
“true” and “false”.

It is very effective to conduct online and offline physics classes, quizzes, test tasks, and competitions
through Socrative (Fig. 7). In this app, you can create a lot of text and logical questions and provide feed-
back, which can be implemented using applications for mobile devices that do not require registration. In
addition to getting an instant result for the teacher and student, it can store tests and their results in the app,
mail, and computer (Fig. 8).
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Sample of the test on the "Thermodynamics"” Test tasks created in the Socrative app

serveymonkey https://b.socrative.com/teacher/#quizzes
(https://RG.surveymonkey.com/create/?cm=ce2
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Figure 7. Shows the test results obtained from students in the Socrative app.
In a short time, the assessment of students' knowledge was carried out

Figure 8. Test results obtained from students in the Socrative app
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As part of the experiment to determine the formation of IT competencies, in the course of studying the
course “Methodological foundations for solving physical tasks”, a survey was conducted, which showed that
social networks and mobile messengers are the most popular means of communication among the respond-
ents, therefore, they also have good potential as a platform for communication for educational purposes, for
instant notification, dissemination of information among a group of users.

Many students, future physics teachers have shown a high willingness to master the techniques of work-
ing with information and information technologies, since a sufficient understanding of the capabilities of
Kahoot, Class Marker, Easy Test Maker, and Google Forms, Survey Monkey and Socrative, incl. and for
self-education, about the possibilities of automating various educational activities. The communicative com-
ponent was also formed at a sufficient level, the students gained experience of participating in videoconfer-
ences, webinars, streams, and gained knowledge about the culture of Internet communication. Students will-
ingly undergo training, participate in forum discussions, in group work, high daily attendance of distance
learning.

Conclusion

The use of the above computer programs, services created by the authors of the video lectures in the
course “Methodological foundations for solving future physics teachers of physical tasks” increased the in-
terest of students in the use of digital technologies in educational activities, intensified the independent work
of students using various electronic means of educational and developmental purposes; stable skills of using
computer technology and skills of working with it were formed.

Finally, the conditions in the modern world meet various modern requirements of society, as a result of
the use of advanced information and communication, electronic, digital, and computer technologies and
models of life in cyberspace, there is a need for a high level of literacy that meets the needs of the infor-
mation society. They should contribute to increasing the intellectual activity of future physics teachers, the
formation of creative and mental abilities, the development of a worldview of the individual, which will al-
low him to take a strong position in the information society. Thus, the use of IT-services in teaching physics
has a huge impact on students' self-education.
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H.H. llyrombaesa, C.K. Jlamexosa, H.K. Tanamesa, [.C. AntaeBa

Boaamak ¢usuka myrajaiMaepinin nu@pibiK Ky3bIPeTTUIIKTePiH KAJBINITACTHIPY

Makanana Gosamak (pu3Mka MyFaliMICpiH OKbITYda HU(PIBIK CEPBUCTEPIl KOJAAHYIBIH THIMII JKOJIIaphl
KapacTepbUIFaH. byn kasipri 3amanfbl OimiM  OGepy ypZiciH JaMbITya 3aMaHayd —akKmaparThIK
TEXHOJIOTHSUIAPABl KOJJaHy HETi3iHAe OKBITYLIBI MEH CTYACHT apachlHOarbl ©3apa TYCIHICTIKTI KepceTesi.
OkpITyaFbl KeHOip U pIIbIK cepBUCTep Kasipri 3amaH TanaOblH KaHaraTTaHIbIpasbl. bipak Oy ke3 kenren
miatdopma, Oarmapiamanap >xoHe OarmapiamMaiblK KOCHIMIIAapAsl OeliOepekeT maijganaHy nereHui
OlmmipMmeliii, SFHA TIOHHIH CpEKINeNiriHe, OLTIM  alyIIbUIapABIH  ENArOTHKAIBIK-TICHXOJOTUSITBIK
JKaFainapbelH eckepyai Kaker ereni. OChl alfThUIFaHAap HETi3iHAe MakKaiaga Oonanak Gu3uKa MyramiMaepin
OKBITyZa KaHIai IUQPIBIK CepBHCTEp/l KONIaHy KakerTTiri OasHpanraH. «@Dusmka ecenTepiH MIBFapy
szicreMeciHiH Heri3mepi» moHi OoibIHIIA BHIEOIOpiCTEp MEH ayAMoAspicTepliH, nHdporpadukanrapabiH,
Mindmap >xone Vyond-ta »acanraH KepHEKi ASPICTEpIiH CTYACHTTEPAiH KaH-)KaKThl i3[eHyiHe 30p BIKIa
eTeTiHi KenTipinreH. Makanaza OKpITY YIEpiciHIe aKmapaTThIK TEXHOJOTHSUIAPIbl KONAaHYAbIH KaXKETTiirl
MEH ©3eKTLNir TajgaHbll KaHa KOWMai, NpaKTHUKAIBIK TYPHE ICKE achlpy JKOJIAAphl KapacThIpbUIFaH. by
CTyIeHTTepre o3 OLTIMAepiH KEeHeWTy MakcaTblHAa IHU(PIBIK CEepPBUCTEpAl MalianaHy AaFgbUIapbIH
KanbInTacTelpagsl. COHBIMEH KaTap OiLMiM amymibuIapiablH OUTIMIH Teckepyre MYMKIHAIK OepeTiH op Typui
dopmarra cayanHamanap, TecTTep, pedeKCHs OTKI3yHiH JKouuapbl aiTeuiFaH. (DH3HMKaHBI OKBITYIA
KOJIIaHBUIATHIH THIM/II KOCBIMIIIANAp/ia )KacallFaH TarchlpMalap/IblH TYPJIepi KeNTipiireH.

Kinm ceo30ep: axmapaTThK TEXHOJIOTHsUIAp, LU(PIBIK KY3bIPETTLTIKTEp, (U3UKaHBI OKBITY oiCTEeMeci,
iaropMaiap, UHTEPaKTUBTI OKBITY, HH(poOrpaduka, Tanamnrap, Tarncepmaniap.

H.H. llyrombaesa, C.K. Jlamexosa, H.K. Tanammesa, [.C. AntaeBa

®opmupoBanue HUPPOBLIX KOMIIETEHINH Oy 1yIIMX yunTeieil puznku

B crarbe paccMoTpenbl 3G eKTUBHBIE CIIOCOOB! HCIOIb30BaHUS LU(PPOBBIX CEPBUCOB B MOArOTOBKE Oyny-
muX yaurened Gu3uku. OTO OTpa)xkaeT B3aUMOINOHMMAHUE MEXIY YYUTEIEeM M yYSHHKOM, OCHOBaHHOE Ha
HCTIONIb30BaHUH COBPEMEHHBIX NH()OPMAIIMOHHBIX TEXHOJOTUH B Pa3BUTHUH COBPEMEHHBIX 00pa30BaTENIbHBIX
nponeccoB. Hekotopsle mudpoBble KOMIIETEHIINN B 00Y4YE€HHN COOTBETCTBYIOT COBPEMEHHBIM TPEOOBaHUSM.
OnHaKo 3TO HE 03HAYAET XAOTHYHOTO HCIIOIB30BAHUS KaKoi-IH00 I1aTdopMbl, MporpaMM U HPOrPaMMHBIX
HPHJIOKEHHUIT, TO eCTh HEOOXOAMMO YYHUTHIBATh CHELU(PUKY IUCUUIUIMHBI, NEAArOrM4ecKoe U MCUXOJIOrHye-
CKOE COCTOSIHME CTYZeHTOB. McXos U3 3TOro, aBTOpaMM OTMEUCHO, Kakue HU(POBbIE CEPBUCHI CIEAYET HC-
M0NIb30BaTh MPU MOATOTOBKE OyMymux yumTened ¢usuku. Kpome Toro, BUICONEKINH M ayJHONEKLIUH IO
JMCLUILIMHE «MeToIMYecKie OCHOBBI pelleHUs pU3NIecKuX 3a1au», uHdorpaduxa, HarIsAHbIC JEKUNH 110
Mindmap n Vyond umerot 0oJblioe BIUsHEE Ha KOMIUIEKCHBIN MOMCK CTYISHTOB. B craTthe He TONBKO Mpo-
aHaJIM3UPOBaHA HEOOXOAUMOCTh M aKTYaJIbHOCTh HUCIIOIB30BaHMS NH()OPMAIIMOHHBIX TEXHOJIOTHH B yIeOHOM
Tpornecce, HO U MPEIOKEHbI CIOCOOBI NX peali3allii Ha MPAKTHKE, CIOCOOCTBYIOIINE Pa3BUTHIO y CTYNCH-
TOB HaBBIKOB HCIIOJB30BaHUS IH(POBBIX CEPBUCOB Ul PACIIMPEHHsI CBOMX 3HaHHWH. Takke mpencraBIeHbI
CrIocoOBI TPOBENICHUSI aHKET, TECTOB, Pa3MBIIUICHUH B Pa3IMYHBIX (hOpMATax, MO3BOJSIOIIUX IPOBEPHUTH
3HaHMS M HAaBBIKK CTYJNEHTOB. [IpuBeAEHB! TUIIBI 33/laHUM, cO3JaHHbIE B 3()(EKTUBHBIX MPUIOKEHHUAX, HC-
MONIb3yEeMBbIX B TPETIOIaBaHUH (DU3HUKH.

Kniouesgvie cnosa: NHPOPMALMOHHBIE TEXHOJIOTHH, LIM(PPOBbIE KOMIETEHIINH, METOAMKA NpEnoJaBaHus Gpu-
3MKH, IIaTGOPMBI, HHTEPAKTHBHOE 00y4eHHe, nHdorpaduka, TpeboBaHus, 3a1a4uu.
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7Korapbl 0Ky OpPbIHAAPbIHBIH KAPATHUIBICTAHY-FBLIBIMH
JKOHE TeXHUKAJIBIK MAMAHABIKTAPbI 00MBbIHIIA OKUTBIH CTY/I€HTTEPIiHIH
3epTTeyliIIK KaOlIeTTiJIIKTepiH 1aMbITY

YKorapbl 0Ky OpBIHIAPBIHAA CTYACHTTEP/IH FRUIBIMHA-3EPTTEYIIUIK iC-OpeKeTTIIrH YHBIMAACTEIPY Macemeci
o3eKTi MiHzeT, cebebi oi1 Ky3BIpeTTi MaMaH Aasipiay Ke3iHAe MaHbI3IbI Kypan Ooxbin Tabbutansl. Makanma
JKOO-ga cTyneHTTepAiH FhUIBIMU-3ePTTEYIIUIIK 1C-OpEKeTTININH YHBIMIACTRIPY KYHECiHIH epeKIIeniKTepin
3eprreyre apHanraH. OKy iC-OpeKeTTUIIriMeH Karap, FhUIBIMHU-3ePTTEYLIUIIK 1C-9pEKEeTTINIK CTYyACHTTepAIH
3ePTTEYIIUTIK KOCIOM KY3BIPETTUTIKTepiH KalbIITACThIPyFa BIKMAN eTeldi, aln Oyl ©3 Ke3eKTe TaHJalFaH
MaMaHJIbIKKa JIeTeH KbI3BIFYIIBUIBIKTEL apTThIpajabl. CTYISHTTEPIIH FhUIBIMU-3PTTEYLIIIK KYMBICHI
Oonamiak MaMmaHIapAblH Kas3ipri jkarjaiifa KociOM YTKBIPIBIKKA JaflbIHABIFBIH KaJbINTACTBIPYNa KaKETT
Kypamzaac Oemiri Oosiein TaObuTagsl. Makanaga FBUIBIMH-3€PTTEY JKYMBICHIH YHBIMIACTBIPY Mocelnelepi
KapacTeIpbuIbil, JKOO-1a cTyaeHTTepAiH FRUIBIMH-3ePTTEYIIUIIK iC-OpeKeTTINIrH JaMBITy YIIIH MakcaTrTap
MeH MiHgeTTep Oenrimenni. CTyAeHTTepHiH FHUIBIMH-3€PTTEYIIUNK IC-OpeKeTTUNriH OenceHmipyre
MONIMETTep/li MOJENbeY MEH TajjaylblH 3aMaHayd KOMIBIOTEPIIK TEXHOJIOTMSUIAPBIH NalaallaHybIMEH,
MHTEPAKTHUBTI df1icTep bIKnan ereai. CTyAeHTTep HaKThl Mocesenep i menryae o3 oinimMaepin Konxana 6iiyi,
03 TaXipubecinae KoaganOanel 3epTTeysep Kyprize Oinyi, jkaHa crpaTerusuiap Kypa Oinyi Kaxer. 3eprrey
KYMBICBIH YHBIMAACTRIPYABIH (paKyIbTETTETi aFbIMIBIK JKaFAaiipl Oaranay yuriH OiTipyIi Kypc cTyAeHTTepi
apacelHia cayanHama OKypri3ingi. ®usnka-TeXHHKaJbIK (aKyJIbTeTTe KYPri3iireH 3epTTeyiepAiH yII
KE3CHIHIH JKalIbUIaHFAaH HOTIXKenepi yYChiHbUaH. CTyneHTTep Ke3iMeH OakamaBpuaT CTYAEHTTEpiHIH
FBUIBIMH-3€PTTEYIIUIIK 1C-OpPEKeTTUNNH JaMBITYABIH 3aMaHayW OKarjaiinapblHa Oaramay SKypri3inmi,
CTYIEHTTEpPAIH FHUIBIMU-3€PTTEYIIITIK iC-OpEeKeTTUIriHe AereH KbI3BIFYIIBUIBIFBI 3epTTenrer. JKyprizinreH
cayaJHama HOTIDKEIepl CTYAEHTTEepHiH FBHUIBIMH-3EPTTEYIIUIIK IC-OpeKeTTUIriHe aiTapiIbIKTall >KOFaphl
KbI3BIFYIIBUIBIFBIH  KOpceTTi. CTyAeHTTepIi FBUIBIMHU-3epTTEYLIUIIK IC-OpeKeTTUIriHe Aasprnay Ke3iHmae
OKBITYLIBIHBIH POJIi OHE OHBIH CTYACHTTEPIIH FBIIBIMH-3EPTTEY JKYMBICTAPBIH JKETEKUIUIK eTyre IereH
KBI3BIFYIIBUIBIFBI MAHBI3/Ibl €KEHAIIT KOPCETIITEH.

Kinm ce30ep: 3eprreywinik kabinerTimikrep, 3amaHayu OuTiM Oepy ypaici, 3epTTEYIILTK KY3bIPETTLIIK,
FBUIBIMH-3€PTTEYILLIIK )KYMBIC, MAMaH/AP/IbI Jasipiay.

Kipicne

Koram pnamybIHBIH Ka3ipri TaHIarbl KE3C€HI ajaM eMipiHiH OapiblK cajanapblHa ocep eTeTiH
©3repiCTEpPMEH CHIATTaya. PecrmyOiuKaMbI3garbl QI€YMETTIK-9KOHOMUKAJIBIK ©3TePICTEPIHIH KbLIIaM
KapKbIHBI, KOFaMIarbl KYH/BUIBIK OarIapliapblHBIH aybICybl, aKMapaT KeJIEMiHIH YIFAlobl JKOHE KociOH
KbI3MeTTe 0acKapy (QyHKUMSUIApBIHBIH KEHEI0 TeHACHIMACH OoJalaK MaMaHAapabl faspiay Macenemnepinae
KOFapbl KacilTiK OimiM Oepy KyHeciHe KOFAMHBIH KOSITHIH TaJIAITAPBIHBIH e3repyiHe okeni. bomamak
MaMaHHBIH eMiperi Kypaeli jkaraainapapl aaeKBaTThl TypAe KaOblaaay, ojapasl Qyphic Oaranai Oiny, oap
aKmapaTThl MakcaTThl TYpPHAE KalTa ©HJCY, JKETICTIEHTIH aKmaparThl i3ley >KOHE TOJBIKTHIPY, ©3iHiH
3UATKEPIIK >KOHE INbFapMaIlbUIbIK 9JI€YeTiH KOJIaHa OTBHIPHIN, iC-9pPEKETTLNIKTIH HOTIKENEpiH Ooinkay
KaOljIeTi epeKIiie MPaKTUKAJIBIK MOHT€ He OOJIIbI.

Bonon mpomecine calikec xorapsl OiTiMHIH 03cekere KabOileTTUIir apThill OTHIPYBI THiC, ce6ebi OimiM
Te3 eckipeli, Oyl KapaMma-KalIbUIBIKTBI UmiMai OimiM Oepy »KyHeciHiH KeMmeriMeH FaHa >KeHyre OoJalbl.
OKBITYABIH opOip AEHreHiHAe CTYACHTTEPIH IIBIFAPMAITBUIBIK OWJIAYBIH, 3ePTTEYIIUIK ICKEPIITiH JaMBITY
KakeT. OcblfaH OaiyIaHBICTBI, FHUIBIMH-3€PTTEYILILIIK iC-OpEKETTUIK YJIKSH MaHbI3Fa Me OOJbII, Oojaliak
MaMaHHBIH Koci0u IaspiayablH HeTi3r1 KypaylbutapbIiHbIH Oipine aiiHamya [1].

«CTyIeHTTepiH FBUIBIMU-3€PTTECYIIUIIK KYMBICHDY AICTYPIl TYpAEri YFBIMBI CTyAEHTTepAl Kadenpa-
JIap/BIH KOHE 3epTXaHANAPBIHBIH FHUIBIMH JKYMBICBIHA, OKY-3€PTTECYIIUIK >KYMBICTAPhIH, KYPCTBIK JKOHE
JUITIOMABIK KYMBICTapAbl OpBIHAAYFa, KOH(EpeHLUsUIapFa, CeMUHapiapra, KOHKypCTapra, KepmeJepre
XoHe T.0. KaTbICyFa TapTy (opMaapbIMEeH THIFbI3 OalaHBICTHI.

Cepus «dusuka». Ne 4(100)/2020 105



C.E. CakunoBa, X.T. Kambapoga T1.6.

KernrereHn aBTopiap/bIH )KYMBICTAPBIH TAIAYAaH CTYACHTTEPIiH FRUIBIMU-3€PTTEYIIUTIK )KYMBICHIHBIH
THIMAUTITIHIH aHBIKTAYIIBI JKaFbl OHBI YHBIMAACTBIPY JKOHE OacKapy OOJBIT TaOBLIATHIHABIFEl aHBIKTAIIEI.
JKyiie periHme  CTYOEHTTEPHiH  FBUIBIMH-3€PTTEYIIUIIK  JKYMBICTHI ~ VHBIMAACTBIPYIBIH  YKETEKIII
NPUHIUNTEPI — FBUIBIME XOHE OKY IMPOLECTEpiHiH Heri3ri Oip:miri, coHbIMeH Oipre OCBIHBIH HETi3iHze
MaMaHJap/bl Jaspiay canachlH apTThIPY, FEUIBIMHBIH OHJIpicIieH OaiIaHBICHIH KYIIEHTY >KoHe T.0. GOJbIT
TaObLTAEI [2].

OKy YakbITBIHBIH asCBIHJA OKY MPOIICCIH YUBIMAACTBIPYIBIH AOCTYPIl (QopMaliapblH canaiaHbIpy
Ke31HJe CTYAEHTTEpHiH FhUIBIMHU-3€PTTCYIIUTIK iCKEepikTepi MeH KalOijieTTepiH AaMBITy Kelleci JaMbiTa
OKBITY KYpaJIIapblH KOJIIAHFaH JKarmaia MYMKIH OOlambl: TpoOJIeMalbiK, 3epTTEYIIIIK, KOOAIBIK KOHE
1.0. Ochlrad 0alIaHBICTBI CTYACHTTEPIIl FRIIBIMHU MIbFApMAIIIBUIBIKKA TAPTY/IbIH HbICAHAAPEI MCH 9iCTEPiH
ekire Oemyre 60asb;

— OKy JKOCITapyiapbl MEH JKYMBIC OarmapiiaMajapblHa COHKEC OKY IPOIECiHE CHTI3UIreH JKOHE OKY

YaKBITBIH/IA KYPTi3iJIECTiH FEUTBIMUA-3EPTTEY JKYMBICTAPHI;

— CTYACHTTEPIH cabaKTaH ThIC YaKbITTA )KYPri3lUIETiH FAIIBIMUA-3E€PTTCYIILTIK )KYMBICTAPHhI.

OKy ypaiciHAe CTyIEHTTEPMEH XYPTi3UIETIH FHUIBIMH-3EPTTEY JKYMBICTapFa KYPCTHIK KYMBICTAPIBI
KOHE IUIUIOMJBIK YKYMBICTApIbl JKaTKbI3yFa Oonanpl. KypcTBIK KYMBICTBI OpBIHAAY KE3iHAE CTYICHT
FBUIBIMU IIBFAPMAIIBUIBIKKA aJIFaIlKbl KaJaMaapAbl JKacailbl, FEUIBIMH OJCOMETTEPMEH JKYMBIC icTeyre
yipeHe i, KaKeTTi aKmapaTThl ipiKTey JKoHE Talaay JaFasUIapbiH MeHrepei [3].

Oodicmeme

FoutbiMu-3epTTeyIIiniK OpeKeTTUTiK OaphIChIHAA CTYISHTTEPIiH aHaIMTHUKAIBIK OWIaybl KylueHeni,
aKImapaTThl 137Cy KOHE OHBI KOJIJIAaHy KaOileTTepi KajblTacanubl; >KHHAJIFAH MaTepyajIbl TalayFa, ecell
Oepynepai Xkaszyra, 3epTTey MPE3CHTANMUIAPBIH Jkacayra jkoHe T.0. yiupeneni. )KOO-ma crymaeHTTEpIiH
FBUIBIMH-3EPTTEYIIUTIK iC-9PEKETTUNMNH AaMBITY MaKCaTTapblH JKYHeJIeHIIpyre TalNbIHBIC XacaablK, -
KeCTe/Ie OFaH COMKECTI MIHACTTEP 0OJIiI KOPCETUIIEH.

l-xecTe

KOO-ga cTyneHTTepAiH FBLIBIMU-3ePTTEYIILIIK iC-OpeKeTTLIINH JaMBITY/IBIH MAKCATTAPbI MeH MiHIeTTepi

Makcarrapbl MingeTtepi
3epTTeyIiIiK iC-OpEKeTTiTIKKe — Killll KypCTap/IbIH CTYACHTTEP1 apachiHna (aKyabTeTTeri CTyIEHTTEPIiH FHIIIBIMU
JIereH KabiJeTTUIiKTepiHe ue yHipMenepiHiH, OpPTaJBIKTapbIHBIH, 3€PTXaHAIAPBIHBIH  MpPE3EHTALMSIAPBIH
JIapBIH/IBI CTYICHTTEP/li aHBIKTAY JKacarl, TaHBICTBIPY;
MKQHE OJIap/bl FEUIBIMH- — CTYIICHTTEpAI FBUIBIMHU-3EPTTEYIIIK XYMBICTHI JKYPIi3y SIicTepiH KOJJaHyFa
3epTTEYLIUIIK iC-OpPEKEeTTITIKKE OKBIN-YHPETY, XKOOAIBIK KoHE SKCIEPHUMEHTTIK 1C-OpEKETTUIIKTI iCKE achIpy;
TapTy — (hakynbTeT HeMece YHHBEPCHUTET MICHOEpIHIE CTYACHTTEp apachlHAa FBIIBIMU

KYMBICTAp KOHKYPCTapbIH OTKI3Y;

— (hakympTeTTEpAC HEMECEe YHHBEPCHUTET JEHIeHiHIe CTYISHTTIK FBUIBIMHU
KOH(DepEeHIMSIIAP IbI, IOH OJIMMITHAIAIAPBIH OTKI3Y

CTyneHTTepIiH TPaHTThIK —Op TYpJi CTUIIEHAUS XOHE T'PAaHTTap KOHKYPCTapblHA Ky>KaTTapAbl AalbIHAAY

1C-OpEKEeTTIITiH XKOFapbUIaTy OOMBIHIIIA TPEHUHTTEP JKYPTi3y;

— KOIIIUTIK aJIBIHIA CO3 COiIIey MoIeHUETI OOMBIHIIIA TPEHUHTTED OTKI3Y;

— CTyIICHTTEpTe 9p TYpPJIi TPAHTTap MEH CTUIECHAMSIAPBIHBIH ©3€KTi KOHKYPCTaphl
Typajibl YHEMI Xxabapiay

CTyneHTTepIiH KapHUIaHBIMIBIK | — CTYIEHTTEpre ©3eKTi KOH(EepeHUMSUIapblH OTKI3LTyl jKoHE FBUIBIMH E€HOEKTep

OeJICeHIUIITIH )KOFapbuIaTy KMHaFBIH TAHbIHIAYBI Typaiibl Xabapiamanapabl KeTKizy;

— (haxyybTEeTTE FHUIBIMU MOTIH/I a3y TEXHOJIOTHICHI OOMBIHIIA TPEHUHT OTKI3Y;

— YHUBEPCUTETTIK CTYJCHTTIK FBUIBIMHU OachlIbIMIAp IIBIFApy

CryneHTTep/i HTHHOBAIUSUIBIK — CTyICHTTEpre apHaJfaH cTapramn-xobamap  OaliKaymapblHa  KYXKaTTapJbl

IC-9pEKEeTTIIKKE Jaspiay JalbIHAay OOMBIHINA TPEHHUHT XKYPTi3Yy;

— CTYIICHTTEp/i KOJIaHOaIbl FRIIBIMA-)KYMBICTApFa TapTy;

— CTyJICHTTep/i cTapTan—kobanap OaliKayaapbslHa KaTbICTBIPY bl YHBIMIACTBIPY

BaitnmansicTapbl KEHEHTY —op Typai aeHreimeri (KajalblKk, alMaKTBIK, pPECITyOJUKAIbIK, XaJIbIKapabIK)
FBUIBIMH iC-IITapaapisl YHBIMAACTHIPY;

—crymentrepai  6acka JKOO-meiH  FBUIBIMH  ic-TapajiapblHa  KaTBICTHIPYIBI
YUABIMIACTBIPY
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KOO-ga op cTyneHTTepIiH FRUIBIMH-3€PTTEYIILIIK iC-OpEKeTTUIITHIH op TypJi (opmanapsl xKy3ere
acelpputaipl. OKy jkocmapiiapel MeH OarapiiamMajapblHa COHKEC OpBIHAAIATHIH JKOHE OKY IIpOleciHe
SHTI3UITeH CTYACHTTEPIIH FEUIBIMU-3EPTTECYIILUTIK 1C-0pEeKETTUIIr KeJeciaepaeH KyphliaIbl:

— FBUIBIMH 3€pPTTEYILIUTIK 3JIEeMEHTTEpi Oap TamnchlpManapbl, 3€pTXaHANBIK KYMBICTApAbl OPBIHIAY,

KYPCTBIK JKQHE TUITOMIBIK KYMBICTApIbI (3Ko0anapsl) xasy;

— OKy JKOHE OHIIPICTIK MpaKTUKaJIapAbl OTy Ke3eHIHIE FBhUIBIMA-3EPTTCYIIIIK CHITATTaFbl HAKTHI
TarceIpMalapabl OPHIHIIAY;

— FBUIBIMH-3EPTTEYJICP OMICTEMECIHIH TEOPHSUIBIK HETI3NEpiH MEHTepy, FBUIBIMHA 3epTTeyiep/Ii
YHBIMIACTBIPY JKOHE OpPBIH/AAY, FBUIBIMH IKCIICPUMEHTTI XKOCTapiay KOHE YHBIMIACTBIPY, FHIIBIMU
MOTIMETTEP I OHILY.

AJ OKy MpOLECIH TOJNBIKTBIPATBIH CTYAEHTTEPIiH FhUIBIMU-3€PTTEYIIUIIK iC-OpEKEeTTLNIr MbIHA TYpPIE

YHBIMIACTBIPBITAIBL:

— FBUIBIMHU-OKY 3€PTXaHaNapbIHIAFbl, FEUTBIMU-TTPOOIEMAbIK KOHE 3ePTTEYLIUTIK TONTApAAFbl dKYMBIC;

— HaKThl FBUIBIMU JKETEKIIiHIH OacIIBUIBIFBIMEH KEKe FBUIBIMU 3€PTTEYNEpli OpPbIHIAY;

—9p TYpAl IEHreineri CTyAEHTTIK FBUIBIMH ic-IIapanapra (FBUIBIMH CeMHUHapiap, KoH(epeHIusIap,
Xo0baap KOHKypCTaphl, IOHAEP MeH OarbITTap OOUBIHIIA OJTMMITMAANAD) KATHICY;

— FBUIBIMH ~ IC-OpEKETTUTIKKE BIHTachl 0ap CTyIEHTTEp TONTapblMEH apHalbl KypcTapmbl,
Oarmapiamanapabl YUbIMIACTHIPY, cabaKTapIbl OTKi3Y.

Ou3UKa-TeXHUKAIBIK ~ (aKyIbTeTTe  CTYOSHTTEPIIH  FBUIBIMH-3EPTTECYIIUTIK  1C-OpEKETTUIITIH
YUBIMIACTBIPY YILIH OapiblK >Karaaijiap jkacairaH Jemn aiTyra 00jamapl. PakyIbTeTiMI3e KONTETEeH O3BIK
FBUIBIMH HMHCTUTYTTAp, OPTAlBIKTAp MEH 3epTXaHamap >KyMbICc icteiini. OHma CTyAEHTTEp FBUIBIMU-
3epTTeyJIepMEH aiHaIbICaIbl, MEMJICKETTIK T'PAHTIEH Kap KbUIAHIBIPATHIH FBUIBIMH >kK00anap OoWbIHIIA
KbI3MeT artkapazael. PakynpreT KadempamapblHoa FBUIBIMH MEKTENTep KYpBUIFAaH, OHIAFaH FBUIBIMHU
yilipmenep XymbIic jkacayaa. FbutbIME OaFbITTapAblH OJKETEKIIigepi — MpogeccopibIK-OKbITYIIBUIBIK
KypaMbIHa KipeTiH FajabpIMAap OObIN TaObLIa kL.

Homuoicenep men onapovt manday

Temenne 2019-2020 oKy >KbUIBIHBIH asFbIHIA (PU3MKa-TEXHUKAIBIK (aKyJIbTETIHAE KYPri3iireH
3epTTEYIiH YII CATBICHIHBIH JKaJNIbUIAHFAH HOTIDKENEpl KEeNTipireH. AJIBIHFaH HOTWXKENepHi Tannai
OTBIpbIN, (aKyIbTETTErl KaFdaimapapl Tajmay YIONIH COHKECTI TyKbIpbIMaaManap Oelinm KepceTiil.
2-kectene 4 Kypc CTyACHTTEP] apachIiHAa XKYPri3lUIreH cayaaTHama HOTIKeIepl KeNTipiire .

2-KecTe

DakyabTeTTeri aFbIMABIK KaFAai/Ibl 0aFajiay — CTYAEHTTEePAiH FhUILIMH-3ePTTEYIIUIiK
ic-opekeTrTijTiKKe JereH KbI3bIFYIIbLIBIFBIH APTTHIPY

TyKbIpeIMAaManap Kenicemin Im.1Hap a Kenicnetimin
KeJiceMiH
1 2 3 4
Oky nporuecinze O6eceH i TAaHBIMIBIK IpoLiecTep 72 % 24 % 4%
BIHTAJIAHABIPBUIAIbI: AKIApaTTHI 1371y, HOTHKCHI
HIBIFapMalIbUIBIKIICH TYCIHIIPY, pediieKcus
CTyneHTTep FhUIBIMU-3E€PTTEYIIUIIK IC-OpEKEeTTIIIKKE KAaThICY 48 % 42 % 10 %
MYMKIHJIIKTEpiMEH TaHBICAIbI
OKBITYZIbI YHBIMIACTHIPY (POPMACHI CTYJCHTTEPIIH FHUIBIMH- 44 % 50 % 6 %
3epPTTEYIIUIIK iC-OpPEKETTUNIrHE KbI3BIFYIIBIIBIFBIH aHBIKTA b1
FuutbIMu-3epTTey K iC-0peKEeTTUTIKKE KbI3BIFYIIBUIBIK, IIBIH 50 % 35% 15 %
MOHIH/IE, TeK MIHAETTI OKY MiHAETTepMEH OaliIaHBICTHI
(MBICAJIBI, KYPCTBIK )KYMBIC HEMeCe TUIUIOMAIBIK )KYMBIC)
Kebinece 3epTTeynepi «FpUIBIMFa TAIIBIHFAH CTYICHTTEP 45 % 35 % 20 %
canajbIpak JKyprizesi
CryneHTTep FRUIBIMH-3€PTTEYIILUTIK iC-OpeKEeTTIITiHE aca 49 % 25 % 26 %
KBI3BIFYIIBUIBIK TAHBITHANIBI
CryneHTTep FRUIBIMH-3€PTTEYIIUTIK iC-OPEKeTTIIriHe 9JICi3 44 % 37 % 19 %
TapTHUIFaH
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2-KeCTeHiH XKalrachl

1 2 3 4
CryneHTTep MOHACPII 3ePTTCYIIUIC PETIH/IE 3EPTTEH /I, 30 % 40 % 30 %
TYBIHJAFaH CYpaKTapFa xayar i31eimi.
OKy ypaiciHae CTyIeHTTepiH FHUIBIMU-3ePTTEYIIIIIK 30 % 46 % 24 %
1C-OpEKEeTTINITiHEe YJIKSH KOHII OoiHe I
CryneHTTep 3epTTey *)obaJapblHa KaThICAIbI 20 % 50 % 30 %
YHHUBEPCHUTET CTYAEHTTEPAIH FHUIBIMU-3ePTTECYIIIIIIK 50 % 45 % 5%
1C-OpEKEeTTIIIH KoTepMelIeh i )KoHEe KOJIIan bl
CTyneHTTepaiH FRUIBIMU-3ePTTCYIILTIK iC-OpeKeTTUIIrHE JeTeH 29 % 35 % 36 %
KBI3BIFYIIBUIBIFEL OKY OaFaapiiaMaiapbIHbIH TaMaIaH THIC
KYKTEITyiMeH ToMeHAeH i, ce0e0i naFaputapapl JaMBITY MEH
3epTTEYIEPIi )KYPTi3yre a3 YaKbIT Kaia bl
OKy yzaepiciHae cTyaeHTTepIiH FRUIBIMU-3€PTTEYIILTIK 13% 43 % 44 %
iC-OpEKETTLNIr oTe OeNceHai Jamyaa
KentereH cTyfeHTTep 3epTTeyIepre KbI3bIFYIIBLUIBIK TaHBITa b 13 % 39 % 48 %
CryneHTTep OKY YIACpPiCiHAC FRUIBIMH-3EPTTCYIILTIK 10 % 40 % 40 %
iC-OPEKETTIITiHE OpAAUBIM KBI3BIFYIIBUIBIK TAHBITAIbI
OKBITYIIBLTAPIBIH KOIIIUTIT] CTYACHTTEPIIH 40 % 30 % 30 %
FBUIBIMH-3€PTTEYILILIIK iC-OpeKEeTTLIIrHE TapTyFa
KBI3BIFYIITBUTBIK TAHBITIANIBI

2-kecTeneri MoiiMeTTep (aKyIbTETTETl KaFmalimapiblH KEH CHEKTPIH KAMTHIBI: OKYy IPOIECIHIH
CPEeKILETIKTEepl, CTYAESHTTEPAl 3epTTey KobajlapblHa KAaTBICTBIPYAbI BIHTAJIAHIABIPY jkoHe T.0. Kecrtemen
KOpIHETIHIEeH, CTYACHTTEP FHUIBIMU-3€PTTEYLIIIK 1C-OpEKETTIIIKKE JETeH KbI3BIFYIIBUIBIK KONTereH
(dakTopapaaH TOyeAl SKEHAIriH OLIIpAi: OKBITYIIBIHBIH ©31HIH CTYACHTTEP/IIH FhIIBIMU-3EPTTCYIIUIIK iCc-
OPEKETTLIIKKE KBI3bIFYIIBLIBIK TAHBITYBI; (DaKyJIbTETTE THICTI KarmalaapAblH OOJIybl, OKY IIPOICCIHJIE
Oenrini Gip omicTepAiH KOMAAHBUIYHI (IPOONEMAIBIK OKBITY, 3€PTTEYIILIIK OKBITY, OIpPIKKEH OKBITY >KOHE
1.0.). 3-kecteme OakajgaBpHaT CTYACHTTEPIHIH FBUIBIMUA-3EPTTEYIIUNK 1C-OpEKETTUIrNH AaMBITYIbIH
3aMaHayH XaFmalaapelH Oarajay YIIiH KYPTi3UIreH cayaTHama HOTHKeNIepl KENTIpireH.

3-kecTeE
BakagaBpuaT CTyAeHTTePiHiH FHLIBIMH-3ePTTEYIIJIIK iC-OpeKeTTiliriH JaMbITYIbIH
3aMaHayH KaFIailiapbiH 6arasnay
TykbIpeIMAaManap Kenicemin Im.1Hap a Kenicneiimin
KeJTiCeMiH
OKBITYIIBIIAP CTYAECHTTEPre KbI3BIKTBIPATHIH 3€PTTEY 75 % 15 % 10 %
TaKbIPBIOBIH TaHIayFa KOMEKTeCe 1
CryneHTTep FBUIBIMH CEMUHApIIapFa, xobaapra, 89 % 9% 2%
KoH(epeHIMsuIapFa KaThICyFa MyMKIHAIKTEpi 6ap
CTyIeHTTepIiH FBUIBIMU-3€PTTECYIIUIIK iC-OpEKeTTUIINH XKYPrizy 81 % 19 0%
YIIiH JaRBIKTH MaTepUAIIBIK-TEXHUKAJIBIK 0a3za 6ap
CryneHTTep YHEMI FRUIBIMHU 3e€pTTeyJiepre KaThICyFa TapThUIaIbI 48 % 44 % 8 %
CryneHTTepIiH FRUIBIMU-3ePTTEY KYMBICTAPhI )KaKCHI 71 % 29 % 1%
YHBIMIACTHIPBIIFAH
KOO crynenTTepaid FEUIBIMU-3€PTTEYIILTIK, iC-OPEKEeTUTIK 80 % 20 % 0%
YKYMBICTapbIHa Kap Kbl Oemeni (KoHpepeHIHsIapra ic-camapap
XKoHE T.0.

3-kecTene KENTIPUITeH HOTIDKEJIEPACH CTYIEHTTEpHiH FbUIBIMH CEeMHHapiiapra, »oOajapra >XoHE
KOH(hepeHIUsIapFa KaThICyFa MYMKIHJITI 0ap €KEHiH, OKBITYIIBUIAP CTYJICHTTEPre KhI3BIKTHIPATHIH 3EPTTEY
TaKbIPBIOBIH TaHJAayFa KOMEKTCCETIHIH KOPCETTi. AJIbIHFAH HOTIOKEIEPAiH Oopi OH Jem aiTyra OOoaMaiibl.
Ce0e0i Oip (hakTop Tepic acep eTei e aiTyra O0Naabl: CTYCHTTEp €y MalbI3/1aH KOFaphl 06T FRUIBIMU
3epTTEyJIepre KaThiCyFa YHEMI TapThUIMAMIBI JIETeH MiKip/e.

4-kectene OakanaBpuaT CTYACHTTEPIHIH KbI3BIFYLIBIIBIFBI Typajbl KYPri3iIreH cayajiHaMa HOTHXKeEIepi
kenripinren.  CayanmHamaza — CTYACHTTEPAIH  aTBI-DKOHIEPl  KOPCETUIMETeH. 4-KecTe  HOTHXKeNepi
CTYACHTTEPIH FHUIBIMU-3€PTTEYIIUIIK iC-9pPEKETTUIIrHE AETeH KbI3BIFYIIBUIBIKTAPHl XKETKUIIKTI Topexkene
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exeHiH kepceteni. bipak crynentrepaiy 47 maib3el MyHZal ic-mapanap ic >Ky3iHAe KbI3BIKTBIPMaHTHIHBIH
Oinmipren. bip »xarplHaH, MYHIAH CTYIEHTTEPMAl TEK OKY HOTIDKEJEpi, SIFHA OKY IMOHACPIHEH YITEePIMILTIK
KaHa KBI3BIKTBHIPATHIHBIH €CKepy KakeT. ANl 6acka »XarblHAH CTYACHTTEPIIH FHUIBIMU-3EPTTEYIIUIK ic-
OpEKEeTTUIIriHE KBI3BIFYIIBUIBIK TAHBITIAYBIHBIH HET13r1 ce0e0i — BIHTaHBIH 00JIMaybl 0OTYbl MYMKIH.

4-xecTe

CTyaeHTTepaiH FHLIBIMA-3ePTTEYHIIIK ic-opeKeTTIIriHe 1ereH KbI3bIFYIIbLIBIFBIH O0aFrajiay

A3nar KbI3bIFYIIBLTBIK
OTe KBI3BI BI3BI BI3BLIFYIIBIUIBIK KO
K K K K TaHBITTHIM K y KKOK
7% 46 % 24 % 23 %

MyHnaii HoTHXeepre CTYACHTTEP I KapaHTHH JKaFIalbIH]Ia KAIIBIKTBIKTAH OKBITY KE3iHJIe cayarHama
OHJIAH peXuMiHie Xypriziireni ceben Oomysl MymkiH. lemsiama na, COVID-19 xoponaBupyc
WHQEKIMIACHIHBIH TaHACMHUS CcalJapblHAaH MOKOYpIl OKIIaylaHy >KarJalblHJAa YXOHE OKBITYIIbIIaApMEH,
FBUTBIMH JKCTCKIIUIEpMEH OeTie-0eT ceiiyiecy, KaThIHACY MYMKIH €MECTiTi — OKYy Marepuaigapisl
MEHrepyie, KypCThIK JKOHE AWUIUIOMIBIK KYMBICTApIbl jKa3yla 9EeTTeri OKy MpOLECiHAer] XaraaiiapMeH
CaJIBICTBIPFaH/Ia KOCHIMINIA KHBIHABIKTAP/IbIH TYBIHAAYbIHA anbill Keyai. CTyIeHTTepAiH FBUIBIMH-3EPTTEY
JKYMBICTApPBhIHA JKETEKIIIJIIK €Ty TEK OHJIAMH PEeKUMIHIIE KYPTi3UIai, CTYASHTTEPII ajiFa KOMFaH MakcaTTap
MEH MiHJETTepAl OphIHAAY YIIiH HHTEPHET-PECypCTapAbl, KOMIBIOTEPIIK TEXHOIOTHIIAPAbI, OHBIH 1MIiHIEe
KosnganOasl OaraapiamManap nakeTTepiH Konganasl. Erep Oy akropriap KaTapblH ecKepeTiH 0ojcak, oHaa
cayallHama HOTIKeJiepi KaHaFaTTaHaPIIBIK eIl ecerTeyre O0Nabl.

CoHbIMeH Oipre CTyIeHTTEPAIH FRUIBIMU-3EPTTEY 1C-OPEKETTIIITIHE BIKITAN €TETiH OKBITYIIBIHBIH YIIeCi
ne 6ap. FruIbIMH-3epTTeYIITIK 1C-OpeKeTTUTIK CTYACHTTEPACH eHOCKCYHUTIILTIKTI, IIBIFAPMAIIBUTBIKTHI TaJIaIl
ereni. COHABIKTAH OKBITYIIBUIAPIBIH CTYACHTTEP/IIH FHUIBIMH-3EPTTEYIIUIIK KaOIIEeTTepiH ITaMBITyFa
KOCAThIH YJIeCi 6Te MaHbI3]IbI.

Korapel oKy opbIlHIapAa CTYAEHTTEpAiH OenceHnl FHUIBIMHU >KYMBICTaphl YIUIH KOJIAMIBI Kafaaniap
xacanFad. CTyIEHTTepIiH FHUIBIMU-3€PTTEYLIIIK 1C-OpeKeTTUIiriHe OeJceHAl KaTbICyblHAa KeNTereH
(haxTopap ocep ereli: OKy MPOIECiH YHBIMAACTRIPYAAFbl CTpaTerusuiap MeH ofmicrtep [4—7], cryaeHTTepai
BIHTJIAHABIPY, OKBITYIIBUIAPABLIH O€JICEeHAl pejli )KoHE CTYIEHTTEPMEH BIHTHIMAKTAaCyFa JETeH YMTBUIBICH,
FBUTBIMU-3EPTTEYIIIIK 1C-0pEKETTUIITH YHBIMIACTRIPYFa apHAIFaH apHAWbI XKaFaaiiap )KoHe MaTepHaIIIBIK
0aza. ToxipuOe kepceTkeHACH, (hHU3MKA-TEXHUKAIBIK MaMaHIBIKTAP CTYACHTTEPIHIH FhUIBIMU-3€PTTEYIILTIK
1C-OpEKETTUTITiH  OeNCeHHmIpy DJICKTPOHIBI  OKY-O[ICTEMENIK  Kypalmap, MOIIMETTEpAl  OHACYIIH
KOMITBIOTEPIIIK TEXHOJIOTHSIIAPHI, €Ki XKOHE YIII OJIIIeM i MOJICNbICY/IiH MHTCPAKTHBTI MMaKeTTEPi XKoHE T.0.
pIKman ereni. COHBIMEH KaTap, PEKOHCTPYKTHUBTI-BAPHATHBTI 3€PTTEY JKYMBICH OiJIiM alTyIIbiFa KOWBUIFaH
MOCEJIeHI TIeNIyaiH Ma3MYHBIH, MaKCcaTTaphlH, MIHICTTEpiH, omicTepl MeEH KypaljgapblH o3 OeTiHIIe
aHBIKTayFa, KYpACIIri *KOFapbl ecenTepAl LWICIYAiH CTaHAApTThl eMecC 9MICTEePiH KONJaHyFa MYMKIHIIK
Oepeni [8—11].

CrynenTTep >xorapbl OuTiMI Oap KociOM MamaH OOy VINiH ajgFaH OUTIMIEpiH MpakTHKama KoJigaHa
OlTyni FaHa emec, COHBIMEGH Oipre ©3iHiH NPaKTHKAIBIK 1C-OpEKETTUITIHAE KOJIAHOAIBI 3epTTeyNepIi
Xyprize Oiy, jkaHa cTpaTerusuapasl Kypy, KociOu KbI3METTIH MOHIH TepeHipeK Oiy koHe T.0. KaxeT. Al
OYJT FEUTBIMU-3EPTTEYIIUTIK 1C-0pEKETTEIITIMEH THIFbI3 OAMIaHBICTHI.

Kopuvimuinosi

ConbpiMeH, Oonamrak MaMaHAapAbl FBUIBIMH JKYMBICKA JAaspiiay IpoLeci CTyAeHTTEpAl FhUIBIMU-
3epPTTEYIIUIIK iC-9pPEeKETTUIINHIH op Typii QopManapblHa KaTBICTBIPFaH JKarjaina THIMAI OoJajbl.
CoHIBIKTaH OKY IPOIECIHIE CTYACHTTEPAl FRUIBIMHU iC-OpEKETTUTIKKE TapTy >KYHeml KoHe MaKCaTThl TYpIe
KY3€ere acblpy KakeT, FBUTBIMU MoceJieNiepi MIenly Ke3iHae CTYACHT-3epPTTeYyLIIep i MbFapMaIlbUIbIK ic-
OpPEKEeTTUIITH jkoHe JepOecTiriH KeTepMeen, KOJAay KaKeT.

OKBITYIIBIIAD CTYACHTTEPAl 3€pTTey JKYMBICTapbl MEH JKoOamapblHAa KaTBICTBIpyFa —e31epi
KBI3BIFYIIBUTBIK TAHBITYbI THIC. OKBITYyIIBUIAD MEH CTYACHTTEPIiH apachlHAA FHUIBIMH BIHTBIMAKTACTHIKTHI
JIaMBbITy MaHbBI3bI, ce0edi COHBIH HOTIKECIHIE CTYACHTTEp FBUIBIMU 3epTTeyjiepre OeJceHAl KaTbICy,
TOXIpHOE KUHAY MYMKIHAIKTEpiHe ue Oonaasl. byl cTymeHTTepAiH BIHTAChIH apTThIpaabl. OKy IpoleciHe
CTYJICHTTEp FBUIBIMHU IIBIHIBIKTH TaHYy SMICIH Mrepyre KOMEKTECEeTiH KOCBIMIIA TalChIpMalapbl OpbIHAAY
KaXXeT: TaJiay, )Kajllbuiay, )Kyheney, oinay, OomkaM xacay jKoHe JKayal i31ey.
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WnHoBanmsiblk,  ypAicTepai eckepe oTbIphin, Kadenpa MeH JKOO-HBIH KbI3METIH YHBIMAACTHIPY,
CTYICHTTEPAiH FBUIBIMU-3EPTTCY >KYMBICHIH YVHBIMIACTHIPY Ke3iHIE TYJIFara OarbITTalFaH TOCUIMI KOHE
JKYHeal KbI3METTI maijanady, OLTIM alyIIbUIApAbIH JKETICTIKTEPIHE TYpPaKThl MOHHTOPHHI JKYPIi3y
CTYACHTTEpAIH OeJICEHAUIITiH apTTHIPYFa, OJapAbIH FBUIBIMH KBI3METTIH op TYPJi TYpJiepiHe KaTbICybIHA
BIKITAJT €TE/i, KAFBIMIBI KEKE YOKIEMEHIH KoHE KOCIOM 631H-031 TaMBITyFa MYIICTUTIKTIH 6CyiHE OKeTIeIi.
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C.E. Cakumnona, XX.T. Kambaposa, H.K. Tanamesa, I1I.E. Cakunosa

Pa3Butue HCCIEa0BATC/IIbCKHUX CIOCOOHOCTEM CTYACHTOB
€CTCCTBCHHOHAYYHDBIX H TEXHUYC€CKHUX CIenuaJIbHOCTEN BY30B

IIpoGnema opranu3anyy HayIHO-UCCIIEA0BATEIBCKON NESTEIFHOCTH CTYACHTOB B By3aX BEICTYIIAET aKTyallb-
HOH 3ajaueil, TaKk KaK SBJIIETCS BKHEHIINM HHCTPYMEHTOM IIPH MOATOTOBKE KOMIICTEHTHOTO CIICIIMAJIACTA.
CraThsl MOCBSIIIEHA N3YyYEHUIO OCOOEHHOCTEH CHCTEMBI OPTaHM3AINH HAyYHO-HUCCIENO0BATEIbCKON JesTeNb-
HOCTH CTYJCHTOB B By3e. Hapsiny ¢ yueOHOH, HayYHO-HCCIIEJOBATENIBCKAS AESTENEHOCT CIIOCOOCTBYET (hop-
MHPOBAHHUIO UCCIIEOBATEIBCKUX MPO(ECCHOHANBHBIX KOMIIETEHIMH CTYIEHTOB, YTO (OPMUPYET IOBBIIIC-
HHUE UHTepeca K BbIOpaHHOH mpodeccun. Hayuno-ucciaenoBatenbckas padoTa CTYACHTOB SIBISICTCS HEOOXO-
IMMOMH cocTaBisioleld B pOpMUPOBAHUN TOTOBHOCTH OYIYLIMX CHELHMAIMCTOB K HPO(PECCHOHAIBHONH MO-
OMIBHOCTH B COBPEMEHHBIX YCIOBMSAX. B crarbe paccMOTpeHBI NPOOIEMBbl OpraHU3alUH HAYYHO-
HCCIIE0BATEeIbCKOH PaOOTHI, BEIJEIEHB! IeN U 331a9y JJIS Pa3BUTHS Hay9IHO-HCCIEN0BATEIbCKON JesTelb-
HOCTH CTYAEHTOB B By3e. AKTHBH3ALIH HAYYHO-HCCIECIOBATEILCKOM JSSITEILHOCTH CTYJIEHTOB CIIOCOOCTBY-
0T HHTEPAKTUBHBIC METO/IbI C UCIIOJIB30BAHHEM COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHI MOJCITUPOBAHHS
" aHaym3a JaHHbIX. CTyaeHTaM HeoOX0UMO yMETh IPHMEHSATh CBOM 3HAHUS IIPH PELICHUH KOHKPETHBIX 3a-
Jia4, TIPOBOJMTH IPHKIJIAJHBIC UCCIIEIOBAHHUS B CBOCH IPAKTUKE, CO3/1aBaTh HOBbIC CTpaTeruu. s OLEHKH
TEKYIIEro COCTOSHUS OPraHU3aluK UCCIIEI0BaTEIbCKON paboThl Ha (haKysbTeTe HPOBEAEH ONPOC CPEAH CTY-
JICHTOB BBIITYCKHOTO Kypca. IIpencraBieHbl 0000IIEHHbBIC pe3ybTaThl TPEX 3TAllOB MCCIEIOBAHUM, IIpOBe-
JEHHBIX Ha (pu3MKO-TeXHMUECKOM (akynbreTe. JlaHa OLICHKA COBPEMEHHBIX YCJIOBHH Pa3BUTHS Hay4HO-
HCCIIE0BATENILCKON AESATENFHOCTH CTYAEHTOB OakanaBpuara IJa3aMH CTYAEHTOB, H3YUeH HHTEpeC CTYICH-
TOB K HAyYHO-HCCIICIOBATEIBCKOI AesATEIbHOCTH. Pe3ynbTaThl MPOBEAESHHOTO ONpOCca MOKA3alHl JOCTaTOYHO
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BBICOKYIO 3aHHTEPECOBAHHOCTD CTYIEHTOB K Hay4YHO-HCCIIEI0BATENbCKOil fesrenbHocTy. [lokasano, uro mpu
MOATOTOBKE CTYJEHTOB K HayUHO-UCCIEA0BATENbCKON AESITENILHOCTH BajkHA POJIb MPENoJaBaTens U ero 3a-
HMHTEPECOBAHHOCTh B PYKOBOJICTBE HAYUHO-UCCIIEN0BATENBCKON pabOTOM CTYIEHTOB.

Knrouesvie crosa: HUCCICI0BATCIIbLCKUE CHOCO6HOCTI/I, COBpeMeHHLIﬁ O6pa3OBaTeHLHLIﬁ mnmpouecc, ucciieaoBa-
TCIbCKAasi KOMIIETECHTHOCTb, HAYYHO-UCCIICA0BATCIIbCKas pa60Ta, noAroToBKa CrICUaIuCTOB.

S.E. Sakipova, Zh.T. Kambarova, N.K. Tanasheva, Sh.E. Sakipova

Development of research abilities of students
of natural-scientific and technical specialties of universities

The problem of organization the research activities of students in universities is an relevant objective, since it
is the most important tool in the preparation of a competent specialist. The article is devoted to the study of
the features of the system of organization the research activities of students at the university. Along with edu-
cational activities, research activities contributes to the formation of research professional competencies of
students, to an increase in interest in the chosen profession. The research work of students is a necessary
component in the formation of the readiness of future specialists for professional mobility in modern condi-
tions. The article discusses the problems of organizing research work, identifies purpose and objectives for
the development of research activities of students at the university. Interactive methods by using modern
computer technologies for modeling and data analysis contribute to the revitalization of students' research ac-
tivities. Students need to be able to apply their knowledge in solving specific problems, conduct applied re-
search in their practice, and create new strategies. For assess the current state of the organization of research
work at the faculty, a survey was conducted among graduate students. The generalized results of three stages
of research carried out at the Faculty of Physics and Technology are presented. The assessment of the modern
conditions for the development of research activities of undergraduate students by the eyes of students is car-
ried out, the interest of students in research activities is studied. The results of the survey showed a rather
high interest of students in research activities. It is shown that in preparing students for research activities, the
role of the teacher and his interest in academic advising of students' research work are important.

Keywords: research abilities, modern educational process, research competence, scientific research work,
training of specialists.

References

1 Vakulenko, V.O. (2015). Rol nauchno-issledovatelskoi raboty studentov vuza v podhotovke budushchikh spetsialistov [The
role of research work of University students in training future specialists]. V' laboratoriiu uchenoho — To the scientist's lab, 95-100
[in Russian].

2 Demchenko, Z.A. (2010). Nauchno-issledovatelskaia shkola studenta-issledovatelia [Research school of the research stu-
dent]. Vysshee obrazovanie v Rossii — Higher education in Russia, 12, 155-158 [in Russian].

3 Efanov, A.V., Fedorov, V.A., Prikhodko, L.C., Zueva, A.C., & Komarova, K.V. (2009). Orhanizatsiia nauchno-issledova-
telskoi raboty studentov v vuze [Organization of research work of students at the University]. Ekaterinburg: Izdatelstvo HOU VPO
«Rossiiskii hosudarstvennyi professionalno-pedahohicheskii universitet» [in Russian].

4 Musabekova, A.M., Zhumanova, R.I., & Kambarova, Zh.T. (2015). Oqushylardyn funktsionaldyq sauattylygyn damytuga
bagyttalgan fizikany oqytudagy innovatsiialyk tasilder [Innovative approaches to the teaching physics aimed to the development of
functional literacy of pupils]. Qaragandy universitetinin khabarshysy. Fizika Seriiasy — Bulletin of the university of Karaganda —
Physics, 2(78), 92-98 [in Kazakh].

5 Mussenova, E.K., Seisembekova, T.E., Utepova, A.S., & Kazankap, B.I. (2015). Effektivnost ispolzovaniia elektronnykh
resursov na urokakh fiziki [Efficiency of the use of electronic resources on lessons of physics]. Vestnik Karahandinskoho
universiteta. Seriia Fizika — Bulletin of the university of Karaganda — Physics, 3(79), 116-121 [in Russian].

6 Sakipova, Sh.E., Zhumanova, R.I., Kambarova, Zh.T., Abilzhanova, F.B. (2011). «Gaz zandary» taqyrybyn oqytuda
innovatsiialyq tekhnologiialardy qoldanu adistemesi [Methodology of application of innovative technologies in teaching the topic
«Gas laws»]. Qaragandy universitetinin khabarshysy. Fizika Seriiasy — Bulletin of the university of Karaganda — Physics, 3(63),
57-63 [in Kazakh].

7 Sakipova, Sh.E. (2013). Innovative and educational technologies applied in high education as objective reality. Journal of
International Scientific Publications. Bulgaria, 11, 116-120.

8 Polshakova, N.V., & Aleksandrova, E.V. (2020). Orhanizatsiia nauchno-issledovatelskoi raboty studentov [The organization
of scientific-research work of students]. Sovremennye problemy nauki i obrazovaniia — Modern problems of science and education,
5. Retrieved from: https://science-education.ru/ru article/view?id=30112. DOI 10.17513/spno.30112 [in Russian].

9 Kambarova, Zh.T. (2019). Kurdeliligi zhogary esepterdi shygaru adistemesi. Molekulalyk fizika zhane termodinamika
[Methodology for solving problems of high complexity. Molecular physics and thermodynamics]. Qaragandy: QarMU baspasy [in
Kazakh].

10 Kambarova, Zh.T., Sakipova, S.E., Kopbalina, K.B., & Zhanbirbaeva, P.A. (2019). Fizika sabaqtarynda quzyrettilikti —
bagdarlangan adis-tasildi koldanu erekshelikteri [Features of using a competency-oriented approach in physics lessons]. Proceedings

Cepus «dunsuka». Ne 4(100)/2020 111



C.E. CakunoBa, X.T. Kambapoga T1.6.

from Chaos and structures in nonlinear systems. Theory and experiment: /! Mezhdunarodnaia nauchnaia konferentsiia (22-23

noiabria 2019 hoda) — 11th International scientific conference (November, 22-23, 2019) (p. 404-407). Karaganda: KarSU [in
Kazakh].

11 Shuiushbaeva N.N., Kozhabaev R.G., Meirmanova A.A. Fizikadan kompiuterlendirilgen zertteu zhumystaryn uiymdastyru
[Organization of computerized research work in physics]. Proceedings from Chaos and structures in nonlinear systems. Theory and
experiment: /! Mezhdunarodnaia nauchnaia konferentsiia (2223 noiabria 2019 hoda) — 11th International scientific conference
(November, 22-23, 2019) (p. 431-435). Karaganda: KarSU [in Kazakh].

112 BecTHuk KaparaHgmHckoro yHusepcurteTa



ABTOPJIAP TYPAJIbl MIJIIMETTEP
CBEAEHUA Ob ABTOPAX
INFORMATION ABOUT AUTHORS

Altayeva, G.S. — Master of Natural Sciences, Senior Lecturer of the Department of Physics and Mathemat-
ics, Kokshetau State University named after Sh. Ualikhanov, Kazakhstan, e-mail: vip.gusia@mail.ru

Baldychev, M.T. — Candidate of technical science, Scientist, Cherepovets Higher Military Engineering
School of Radio Electronics, Cherepovec, Russia, cvviur2@mail.ru

Bayatanova Laila — PhD, Senior researcher, PlasmaScience LLP, Ust-Kamenogorsk, Kazakhstan, e-mail:
leila 1809@mail.ru

Belyankov, V.Yu. — PhD, assistant director, TC Novochem LLC, Tomsk, Russia, e-mail:
vasyatpu@gmail.com

Bolatbekova, M. M. — Master student, Karagandy University of the name of academician E.A. Buketov,
Kazakhstan, e-mail: ya.reneit@yandex.kz

Bosyy, A.S. — Candidate of technical science, Scientist, Cherepovets Higher Military Engineering School of
Radio Electronics, Cherepovec, Russia, e-mail: zdorovoS@mail.ru

Buitkenov, D.B. — Junior Researcher at the National Scientific Laboratory for Collective, S. Amanzholov
East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan, e-mail: judo.dastan@mail.ru

Cherniavskyi, V.V. — Dr. Sc., Professor, Rector of Kherson State Maritime Academy, Ukraine, e-mail:

ch.v.v ks@gmail.com

Chicherina, N.V. — PhD, Associate Professor, School of Non-Destructive Testing, Tomsk Polytechnic
University, 30 Lenin Avenue, 634050 Tomsk, Russia, chicherina@tpu.ru

Damekova, S.K — Candidate of Pedagogical Sciences, Head of the Department of Physics and Mathemat-
ics, Kokshetau State University named after Sh. Ualikhanov, Kazakhstan, e-mail: damekova s@mail.ru

Galtseva, O.V. — Candidate of technical science, Associate Professor, School of Non-Destructive Testing,
Tomsk Polytechnic University, Tomsk, Russia, e-mail: rabota2013tpu@mail.ru

Goldshtein, A.E. — Doctor of Technical Sciences, professor, National Research Tomsk Polytechnic Uni-
versity, Tomsk, Russia, e-mail: algol54@yandex.ru

Jiang, X. — Doctor of technical science, Professor, Nanjing University of Science and Technology, Jiangsu,
China, e-mail: jiangxh254@njust.edu.cn

Kakimzhanov, D. — Junior researcher of scientific research center «Surface engineering and tribology»,
S. Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan, e-mail: dauir 97@mail.ru

Kambarova, Zh.T. — PhD, docent of Department of Physics and Nanotechnology, Faculty of Physics and
Technology, Karagandy University of the name of academician E.A. Buketov, Kazakhstan, e-mail:
kambarova@bk.ru

Karabekova, D.Zh. — PhD, Docent, Karagandy University of the name of academician E.A. Buketov, Ka-
zakhstan, e-mail: karabekova71@mail.ru

Kassymov, S.S. — Candidate of physical and mathematical sciences, Docent, Karagandy University of the
name of academician E.A. Buketov, Kazakhstan, e-mail: skasymov@mail.ru

Kasymov, D.P. — PhD, Head of Laboratory, Department of Physical and Computational Mechanics, Asso-
ciate Professor, Tomsk State University, 36 Lenin Avenue, 634050 Tomsk, Russia, e-mail:
denkasymov(@gmail.com

Khassenov, A.K. — PhD, Docent, Karagandy University of the name of academician E.A. Buketov, Ka-
zakhstan, e-mail: ayanbergen@mail.ru

Cepusa «dusmka». Ne 4(100)/2020 113



CeepneHus 06 aBTopax

Kowalewski Piotr — Professor, Wroclaw University of Science and Technology, Poland, e-mail:
piotr.kowalewski@pwr.edu.pl

Kozhanova, R. — junior Researcher of PlasmaScience LLP, Ust-Kamenogorsk, Kazakhstan; PhD student,
Shakarim University, Semey, Kazakhstan, e-mail: kozhanovars@yandex.kz

Kucheruk, V.Yu. — Professor, Doctor of technical science, Head of department metrology and industrial
automation, Vinnitsa national technical university, Vinnitsa, Ukraine, e-mail: vladimir.kucheruk@
gmail.com

Kudussov, A.S. — cand. of phys.-math. science, Docent of the Chair of Physics and Nanotechnology, the
Faculty of Physics and Technology, Karagandy University of the name of academician E.A. Buketov,
Kazakhstan, e-mail: akudusov@mail.ru

Kulakov Pavlo I. — Professor, Doctor of Science (Engineering), Vinnytsia National Technical University,
Khmelnytsky Hwy, 95, 21021 Vinnitsa, Ukraine, e-mail: kulakovpi@gmail.com

Kurytnik Igor P. — Head of Department of Process and Quality Engineering, The W. Pilecki State Higher
School in Oswiecim, Auschwitz, Poland, e-mail: ikurytnik@outlook.com

Kylyshkanov M.K. — S. Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan.

Mussenova E.K. — cand. of phys.-math. Science, Head of the Registrar's Office, Karagandy University of
the name of academician E.A. Buketov, Kazakhstan, e-mail: emusenova@mail.ru

Nosov, P.S. — PhD, Associate Professor of Navigation and electronic navigation systems Department,
Kherson State Maritime Academy, Ukraine, e-mail: pason@ukr.net

Nugumanova A. — PhD, Head of the laboratory of digital technologies and modeling, S. Amanzholov East
Kazakhstan University, Ust-Kamenogorsk, Kazakhstan, e-mail: yalisha@yandex.kz

Nussupbekov, U.B. — PhD student, Karagandy University of the name of academician E.A. Buketov, Ka-
zakhstan, e-mail: ulan1993@mail.ru

Popovych I.S. — Dr. Sc., Professor of the Department of General and Social Psychology, Kherson State

University, Ukraine, e-mail: aleksprutko@mail.ru

Prokopchuk, Y.A. — Dr. Sc., Associate Professor, Institute of Technical Mechanics, National Academy of
Sciences, Ukraine, e-mail: itk3@ukr.net

Prutko, A.S. — 2-year master's student, the Faculty of Physics and Technology, Karagandy University of
the name of academician E.A. Buketov, Kazakhstan, e-mail: aleksprutko@mail.ru

Rakhadilov, B. — PhD, Senior Researcher of Scientific Research center «Surface engineering and Tribolo-
gy», director of PlasmaScience LLP, S. Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Ka-
zakhstan, rakhadilovb@mail.ru

Safonov M.S. — Ph.D., Senior Lecturer of the Department of Software Engineering, Kherson Polytechnic
College of Odessa National Polytechnic University, Ukraine, e-mail: nemko85@gmail.com

Sagdoldina, Zh.B. — PhD, Head at the Scientific Research Center «Surface Engineering and Tribology»,
S. Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan, e-mail: sagdoldina@
mail.ru

Sakipova, S.E. — Candidate of Physical and Mathematical Sciences, Professor of the Department of Engi-
neering Thermophysics named after prof. Zh.S. Akylbaev, Faculty of Physics and Technology,
Karagandy University of the name of academician E.A. Buketov, Kazakhstan.

Sakipova, Sh.E. — Candidate of Physical and Mathematical Sciences, Professor of the Department of IT-
Technologies and Automation, Kazakh National Agrarian University, Almaty, Kazakhstan, e-mail:
sesaule@mail.ru

Shuyushbayeva, N.N. — PhD, Associate Professor of the Department of Physics and Mathematics,
Kokshetau State University named after Sh. Ualikhanov, Kazakhstan, e-mail: nn_shuish@mail.ru

Stoev, M. — Associate professor, PhD, Doctor engineering, Southwestern University «Neophyte Rilski»,
Blagoevgrad, Bulgaria, e-mail: stoev.mitko@gmail.com

Stuglik, J. — PhD, Head of Faculty of the Institute of management and production technology, The
W. Pilecki State Higher School in Oswiecim, Auschwitz, Poland.

114 BecTHuk KaparaHgmHckoro yHusepcurteTa



CeepneHus 06 aBTopax

Tanasheva, N.K. — PhD, Senior Lecturer of the Department of Engineering Thermophysics
Zh.S. Akylbaeva, Karagandy University of the name of academician E.A. Buketov, Kazakhstan, e-mail:
nazgulya tans2013(@mail.ru

Tarakanova, V.A. — Master Degree Student, Faculty of Mechanics and Mathematics, Department of Phys-
ical and Computational Mechanics, Tomsk State University, 36 Lenin Avenue, 634050 Tomsk, Russia,
veronika.tarakanova@mail.ru

Vasilevskyi, O.M. — Professor, Doctor of Science (Engineering), Vinnytsia National Technical University,
Khmelnytsky Hwy, 95, 21021 Vinnitsa, Ukraine, e-mail: o.vasilevskyi@gmail.com

Wieleba, W. — Professor, Doctor of Science, Professor at Faculty of Mechanical Engineering, Wroclaw
University of Science and Technology, Poland, e-mail: wojciech.wieleba@pwr.edu.pl

Zhurerova, L.G. — PhD, Senior Lecturer of the D. Serikbayev East Kazakhstan Technical University,
D. Serikbayev East Kazakhstan technical university, Ust-Kamenogorsk, Kazakhstan, e-mail: lei-
la_uka@mail.ru

Zinchenko, S.M. — PhD, Senior Lecturer of Ship Handling Department, Head of the Electronic Simulators
Laboratory, Kherson State Maritime Academy, Ukraine, e-mail: srz56(@ukr.net

Cepusa «dusumka». Ne 4(100)/2020 115



2020 KBLIFBI
«Kaparanabl yHUBEPCUTETiHIiH Xxa0apbicbl. @U3UKA CepPHUIChD)
SKYPHAJIBIH/IA JKAPUSUIAHFAH MaKaJajJdapAblH KepceTKinri

Yka3zaTeab craTeil, ony0JTMKOBAaHHBIX B JKypHaJie
«BectHuk Kaparanannckoro ynusepcurtera. Cepust ®@usukay
B 2020 roxy

Index of articles published in
«Bulletin of the Karaganda University. Physics Series»
in 2020

KOHJIEHCAIUSIJIAHFAH KYIITH ®WU3UKACBI
®U3NKA KOHJIEHCUPOBAHHOI'O COCTOSIHUASA
PHYSICS OF THE CONDENSED MATTER

Borodin Y.V., Sysolov K.V., Rande V.R., Vavilova G.V., Stary O. Spectroscopy of nanoscale crystalline
SEUCTUTAL CIETIENIES . ...ttt et sttt ettt et sseesbeenaeeneee
Dmitriyeva E.A., Lebedev I.A., Grushevskaya E.A., Murzalinov D.O., Serikkanov A.S., Tompakova N.M.,
Fedosimova A.1., Temiraliev A.T. The effect of three-minute exposure of oxygen plasma on the
properties Of tin OXIAE fIIMS.....cccviiiiiieiieiiie ettt e st e e stbeesbeessbeesaseesssaesnseennns
Dzhanabekova R.Kh., Ibrayev N.Kh. SERS substrates based on silver nanoparticles and graphene oxide....
Dzhanabekova R.Kh., Kim M.S., Ibrayev N.Kh. Detection of polycyclic aromatic hydrocarbons by surface
enhanced Raman scattering on colloidal Silver SUDSEIates .........ccvevvieeiirierienieieeie et
Kassenova Sh.B.,  Sagintayeva Zh.l.,  Kassenov B.K.,  Kuanyshbekov E.E.,  Bekturganov Zh.S.,
Zeinidenov A.K. Electrophysical characteristics of nanodimensional cobalte-cuprate-manganite
LaNa,CoCuMnOQg and nickelite-cuprate-manganite LaNa;NiCuMnOg ........cceevvvervierireireeienieniienieennenn
Laas R.A., Khorsov P.N.,  Surzhikov A.P.,  Bespalko A.A., Gyngazov A.S.,  Karabekova D.Zh.,
Khassenov A.K. Two-Dimensional Ray Mathematical Model of Mechanoelectric Transformations
Method for Location of Macrodefects Identification in Solid Dielectric Structures...........ccccccevvveneeneen.
Piliptsou D.G., Rudenkov A.S., Rogachev A.V., Jiang Xiao Hong, Kulesh E.A., Surzhikov A.P.,
Luchnikov A.P., Frolova O.A. Structural properties of carbon composites doped with boron ..............
Rudenkov A.S., Rogachev A.V., Zavadski S.M., Golosov D.A., Luchnikov P.A., Dalskaya G.Yu.,
Vtoruchina A.N. Nitrided Silicon-Carbon Coatings Structure and Properties ..........cccoecvveveveerveenvennnen.
Rudenkov A.S., Yarmolenko M.A., Rogachev A.A., Surzhikov A.P., Luchnikov A.P., Frolova O.A. Phase
composition and morphology of nanostructured coatings deposited by laser dispersion of a mixture
of polyethylene With iron OXalAte .........ccceeiiiiiiiiiiiiiee et
Seliverstova E.V., Ibrayev N.Kh., Temirbayeva D.A., Omarova G.S. Optical properties of ablated
graphene 0Xide in aqUEOUS diSPEISIONS ......ccuietieriiriertieriierteesteeteetestesseeseeseesseeseessaenseeseensessessnessnenns
Serikov T.M. The effect of electric transport properties of titanium dioxide nanostructures on their
PHOLOCALALYEIC ACTIVIEY...eevietieiieieeieeiieett et ettt et et et et e e e esaesseesseesaeenseenseenseeseeseenseenseessessnessnesneennes
Yurov V.M., Eremin E.N., Guchenko S.A. Application of highly entropic coatings at simultaneous
spraying of three cathodes in 0NE CYCIE ......ooiiiiiiiieiiieeee e
Zhumabekov A.Zh., Sadykova A.E., Seliverstova E.V. Synthesis and study of photoelectrical properties of
planar ensembles based on TiO, and graphene oXide..........cceveeriiereerieerieeieeieeeeeee e
Hcemaunos XK. T., Kynwbauunckuii B.A. BnusiHrE TeTUPOBAaHUS OJIOBOM, TAJUITMEM W MEIbIO HAa KBAaHTOBBIE
MOABHKHOCTH JIBIPOK B MOHOKPHCTAIIIAX TEILTYPUAA CYPBMBI ...vvivenianieeeneesueaeeeneeeeeesseanesneeseeneeneenes

TEXHUKAJIBIK ®U3UKA
TEXHHUYECKASA ®U3UKA
TECHNICAL PHYSICS

Hraniak V.F., Kukharchuk V.V., Kucheruk V.Y., Katsyv S.Sh., Karabekova D.Zh., Khassenov A.K.
Mathematical model of capacitance micromechanical accelerometer in static and dynamic operating

46

38
18

24

43

32

31

22

13

18

26

60

116 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Kashkanov A.A., Rotshtein A.P., Kucheruk V.Yu., Kashkanov V.A. Tyre-Road friction Coefficient:
Estimation AdaptivVe SYSTEM........ccveiierieiiieeieiiestieie ettt e etteste et esteeaesseesseesseessessaessaesseenseenseenseensesnsens
Kasymov D., Galtseva O. On the design of some devices for localization and extinguishing wildfires of
QITETENE INEENSIEICS ...vvevietieiieieete e ste st et et et e et e st e e bt e e enseeasesaeesseesseenseenseessesssensaensaenseenseenseenseenseans
Kovbasa V.P., Solomka A.V., Spirin A.V., Kucheruk V.Yu., Karabekova D.Zh., Khassenov A.K.
Theoretical determination of the distribution of forces and the size of the boundaries of the contact
in the interaction of the deformable drive wheel with the SOil...........ccoecverieiiiiciiiieiec e
Kozhanova R.S., Rakhadilov B.K., Wieleba W. Interaction model of low-temperature plasma with a steel
surface during electrolyte plasma nitriding in an electrolyte on the bases of carbamide.......................
Kucheruk V., Kulakov P., Moskvichova Yu., Gadzhula N., Kissabekova P., Kulakova A., Karabekova D.,
Khassenov A. Development of the mathematical model of light flux intensity sensor based on the
photodiode and operational aMPIITIET .........ccccuieiciiiiiieeieeee et e s beesbeeeaeeeene
Nosov P.S., Palamarchuk 1.V., Zinchenko S.M., Popovych LS., Nahrybelnyi Ya.A., Nosova H.V.
Development of means for experimental identification of navigator attention in ergatic systems of
INATTEINE TTANSPOTE. .. eevvieeitierrieriteeeteeeteesteesueessteessseessseessseessseessseesseensseessesanssesnsesanssesnsseessseesssesansesnnne
Perminov V.A., Fryanova K.O. Mathematical modeling of the initiation and spread of forest fires and
their impact on buildings and SEIUCLUIES ........c.ceeiuiierieeiieeite et esee e e eeeeteeeteeeseeesteeesteeebaesseeenns
Rakhadilov B., Zhurerova L., Wieleba W., Sagdoldina Zh., Khassenov A.K. Features of the structure and
properties formation of AMG6 alloy under the equal channel angular pressing ..........cccceeveveerveeneenns
Rakhadilov B.K., Buitkenov D.B., Sagdoldina Zh.B., Zhurerova L.G., Wieleba W. Preparation of powder
coatings on the surface of steel balls by mechanochemical Synthesis ...........ccoccevierieriecencienieneene
Rakhadilov B.K., Kakimzhanov D.N., Kantai N., Kowalewski P., Kozhanova R.S. Research of annealing
influence on the hardness of detonation coatings from zirconium dioXide...........ccceeerevereeerceenienieennnne
Rakhadilov B.K., Nugumanova A.B., Kowalewski P., Kylyshkanov M K., Bayatanova L.B., Kakimzha-
nov D.N. Obtaining functional gradient coatings based on Al,O; by detonation spraying....................
Rakhadilov B.K., Tabiyeva Y.Y., Uazyrkhanova G.K., Zhurerova L.G., Popova N.A. Effect of electrolyte-
plasma surface hardening on structure Wheel StEel 2.......cccvvviiiieiieiiiieeie e
Rakhadilov K., Wieleba W., Kylyshkanov M.K., Kenesbekov A.B., Maulet M. Structure and phase
composition Of high-SPEed SEEIS .......ccueriiiriiiiiiiie e st
Sagdoldina Zh.B., Rakhadilov B.K., Akatan K., Kowalewski P., Karabekova D.Zh. The impact of non-
vacuum electron beam treatment on the structure and properties of ultra-high molecular weight
POLYELINYICIIC. ...c.tieiiieitece ettt et e et e s e ettt e s beessbeessbeessbeessbeesseensseeassaesssaesssaeanseennns
Sheveleva E., Shevelev S., Sokolovskiy A., Zeinidenov A.K. Investigation with using thermal analysis of
gas evolution and sintering of nanopowders of zirconia prepared by sol-gel method............................
Stuglik J., Kurytnik 1P, Vasilevskyi O.M., Kucheruk V.Yu., Kulakov P.1., Kassymov S.S., Khassenov A.K.,
Karabekova D.Zh. Normalization of reproducibility and suitability indexes for assessment of prod-
ucts Or Production SEIVICES QUALILY .....eeveiieriieriieiieieeeeeteette it ettt e et eseeeste et eeseebeesaesneesseesseenseenseensens
Tanasheva N.K., Dyusembaeva A.N., Shuyushbaeva N.N. Research lift coefficient on the distance
between the revolving cylinders a turbulent Stream.............cevveriecieiieeiesieseee e
Tarakanova V.A., Kasymov D.P., Galtseva O.V., Chicherina N.V. Experimental characterization of fire-
brand ignition of some wood building MAaterials .............cevieriieiiieiieeieeiereee e
Tleukenov S.K., Balabekov K.N., Zhalgasbekova Z.K. Laws of reflection and refraction of TE and TM
polarization waves on the border of rhombic Crystals ..........ccoccverieriiriiiriiirieeeeee e
Ubaychin A.V., Surzhikov A.P., Stary O., Khassenov A.K., Karabekova D.Zh. Laboratory model of
microwave hyperspectrometer for internal radiation researches of layered natural mediums...............
Yermoshin N.I., Yakimov E.V., Goldshtein A.E. Double-channel resistance-to-voltage converter for cable
TETAONITIMELETS ....eeiuiieeiiieeiieeiie et ee et e et e et e et e e bt eebeeeebeeesbeessbeessseeasseeassaesssaessseessseessseeassaesssaessseeanseennn

KbBLTY ®U3NKACHI ’KOHE TEOPUSAJIBIK KbIJTIY TEXHUKACHI
TEILJIO®U3UKA U TEOPETHYECKASA TEIIVIOTEXHUKA
THERMOPHYSICS AND THEORETICAL THERMOENGINEERING

Kenzhegulov B., Kultan J., Alibiyev D.B., Kazhikenova A.Sh. Numerical modeling of thermomechanical
processes in heat-reSistant AllOYS ........vecuiiriieiirieieieeee ettt sneees

Khassenov A.K., Nussupbekov U.B., Karabekova D.Zh., Kassymov S.S., Bolatbekova M.M., Stoev M. In-
vestigation of the effect of electro-hydraulic pulses on the combustion process of phosphorus sludge

Cepus «dunsuka». Ne 4(100)/2020

50

115

62

39

50

58

54

42

75

22

68

83

35

88

28

82

14

70

97

105

101

71

117



Nizhegorodov A., Gavrilin A., Moyzes B., Kuvshinov K. The development of baking technology for bulk
materials based on the use of alternative electric fUrnace...........cocccevevveirineiniineinenceeeeeeeene

Sarode A.P., Mahajan O.H. Theoretical aspects of transient temperature on cubic crystal surface in a
PhOLOACOUSLIC ETTECE .. .uiiiiiiiiiiieie ettt ettt et e s st et e st enbeesaessaessaesneenns
Trokhaniak V.1, Rogovskii I.L., Titova L.L., Luzan P.H., Popyk P.S., Bannyi O.O. Computational fluid
dynamics investigation of heat-exchangers for various air-cooling systems in poultry houses.............

ACHAIITAP MEH 3KCHEPUMEHT TEXHHUKACBHI
IMPUBOPBI U METO/IbI SKCIIEPUMEHTA
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES

Goldshtein A.E., Belyankov V.Yu. Modeling of magnetic fields and signals of a ferromagnetic pipe flaw
detector induced by a through hole defect ............ooouiiiiiiiiiiie e

Guselnikov M E., Anishchenko Yu.V., Gyngazov A.S., Aimukhanov A.K. Gas mixture composition control
N fINE OTZANIC SYNENESIS ....eeutiiiiiiiiie ittt sttt st eb ettt et teebeeeeenteeaee e

Hud V., Hevko I, Lyashuk O., Hevko O., Sokol M., ShustI. Research of resonance vibrations of the
system «Telescopic screw — bulk mediumy caused by torsional VIbrations ...........c.ceeeeereveeevveencveennnenns

Nosov P.S., Cherniavskyi V.V., Zinchenko S.M., Popovych I.S., Prokopchuk Y.A., Safonov M.S. Identifica-
tion of distortion of the navigator's time in model eXPEeriment ...........cccuevveruererenereeienienienenene e

Udovytska Yu.A., Luniov S.V., Maslyuk V.T., Megela 1.G. Influence of electron irradiation on mechanical
Properties Of EPOXY POLYITIETS .....eiiieiieriieriieiieie et et e et et et te e e bt ebeeaeseessaesseesseesseenseenseensesnnesseesseennes

Zinchenko S., Ben A., Nosov P., Popovych l., Mateichuk V., Grosheva O. The vessel movement
optimisation With €XCeSSIVE CONLIOL.......ccuiiiiiriieiieieeiieieeie ettt ettt e et e enbeesaesseesnnesnnens

PAIUOPU3UKA )KOHE DJIEKTPOHUKA
PAINOPU3NKA U DJIEKTPOHUKA
RADIOPHYSICS AND ELECTRONICS

Baldychev M., Bosyy A., Galtseva O., Jiang X. Model of forming a spatial-temporary radio frequency
portrait of subscriber terminals in satellite communication systems monitoring.............ceceeeveeveneennen.

PU3UKAHBI OKBITY 9JICTEMECI
METO/JUKA ®U3UKHN
METHODOLOGY OF PHYSICS

Prutko A.S., Kudussov A.S., Mussenova E.K., Kambarova Zh.T. Development of the electronic physics
textbook for students of secondary SChOOL........cc.oiiiiiiiiiiiece e
Shuyushbayeva N.N., Damekova S.K., Tanasheva N.K., Altayeva G.S. Formation of ICT competencies for
TULUIE PRYSICS tEACKETS ....c.viiiieiieie ettt sttt ettt e eea et e e teenseenseenseenseensesnnenns
Shuyushbayeva N.N., Kozhabayev R.G., Tanasheva N.K.,, Altayeva G.S., Stoev M. The role of research
taSKS 1N tEACHING PRYSICS...uiietiitieiieii ettt ettt ettt et e et e s aaesaeesseenseenaeenneeseenseenseenseensenn
Kambaposa XK. T., Tycynbexosa A.K. CtyneHnTTepre KONt 6iiM Oepyi *Ky3ere acslpy aschbIHIa JKapa-
TBUIBICTaHY-FBUIBIMH MToHAEepAl OKbITyarbl CLIL TocimiH KOMIAHY EPEKIIETIKTEPI «.evveurereereneeeeeeneens
Maxanos K.M., Yuproea JI.B., Kacvimbaesa B.A., beiicenbexosa M.C., Ocem H.K. MexauciyrinHap-
Hasl CBA3b (DU3UKH, CXEMOTEXHUKU F TIPOTPAMMHEIPOBAHI -.c...cvveeeeereeeeteenteenteentesitessaesseesseenseenseeueens
Caxunosa C.E., Kambaposa XK.T., Tanawesa H.K., Caxunosa IILE. Yofapbsl 0Ky OpBIHIAPHIHBIH
JKapaTBUIBICTaHy-FEUTBIMH KOHE TEXHHKAJIBIK MaMaHIBIKTApPhl OOMBIHIIA OKUTBIH CTYJCHTTEPiHIH
3EPTTEYIITIK KAOUTETTIIIKTEPTH JTAMBITY ...eevveeeureeereesereeeseesseeessessssesenseesseeessessssseesssssssseesssesssseensseenns
Yupkosa JI.B., Epmacanbemos K.T., Teszexbaesa JI. TIpUHIUIBI CHHEPTETUKH B TIOJITOTOBKE CIICIIHAIIH-
CTOB (PU3UKO-TEXHUICCKOTO TIPOMIII ...uvveeneiieeieeiieetieeireesieeestteenseeessaeensseensseeseeessseensseensseessseessseensnes

93

73

125

49

108

119

57

80

86

78

87

95

135

127

143

105

136

118 BecTHuk KaparaHgmHckoro yHusepcurteTa



	Обложка
	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9




