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Mock observations of simulated star cluster on solar orbit

With the advent of the Gaia DR2 catalog, which contains astrometric and photometric parameters for a
large number of stars, measured with a high degree of accuracy, data about the cosmos and the Universe,
including Star clusters in our Galaxy, are growing. However, when observed, the cluster stars are lost against
the background of stars in the dense Galactic field. In addition, observational data alone is not sufficient to
study real clusters from birth to destruction. In this regard, a number of numerical simulations of star clusters
have been running to explain the processes and to determine the membership of cluster stars. And for this,
we need to conduct a mock observation of model clusters. In this paper, we performed analyses on the output
data from numerical simulations and developed a method for conducting mock observations of model clusters.

We took one model of a star cluster with an age of 350 Myr, with a mass of 6000 M_ (©, and with a star
formation efficiency SFE=0.25, and put it in different galactic longitudes and at different distances from the
Sun. In conclusion, using this method, we can put a cluster at any point on the celestial sphere, and this in turn
allows you to compare with the real observed clusters and evaluate the possibility of detecting physical
parameters in them.

Key words: star cluster, galactic coordinates system, equatorial coordinates system, numerical
simulations.
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KyH opbuTacbiHgafbl CaHAbIK MOAENbAEHTEH YN AbI34blI WOFbIpAapabl 6aKkblnay

oFapbl A9NAIKNEH 6/WeHEeTIH, XyA4bl34apAblH, Y/KeH CaHblHA apHa/ifaH aCTPOMETPUAJBIK, KaHe
boTOMETPUANBIK NapameTpaepi bap Gaia DR2 KaTanorbiHbIH Nanga 601ybIHbIH apKacbiHAa, Fapbilw neH fanam
YOHE COHbIH, iWiHae, 6i3iH [anakTUKaaafbl *KYAAbI3 WOFbIPAAP Typaabl AepeKkTep apTbin Kenedi. [JereHmeH
FanaKTUKaHbIH, Tbifbl3 epiciHAeri Xynabi3gap GOHbIHbIH, dCepiHeH DaKkbliay KesiHAe My/Abl3 WOFbipaapbl
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Mock Observations of Simulated Star Cluster on Solar Orbit

*ofanbin KeTedi. COHbIMEH KaTap HaKTbl KnacTepnepai TyFaHHaH blAblpafaHfa AeniH 3epTTey YLWiH Tek BaKplaay
nepekTepi KeTkinikcia. OcbifaH 6alnaHbICTbl NPOUECTEPAl TYCIHAIPY KaHe Kynapi3aapaplH  LWOFbipFa
MYLLENITIH aHbIKTAY YLLIIH KyAAbl3 WOFbIPAAPbIHbIH, BipKaTap caHablK MoAenbaeynepi *Kyprisineai. An on ywiu
’acanfaH Knactepnepai orwa 6akblnay »Kyprisy kepek. byn makanaga 6i3 caHAbIk, MoAenbaey HITUKeNEePiH
TaNdadblK *KaHe MOAeNbAiK KnacTepaepaiH acnaHd chepacbiHaa onila Hakplnay aficiH asipieqix.

Macbl 350 MUANMOH Xbla, maccacbl 6000 M_ (O »aHe »yaapi3 Ty3iny tuimainiri SFE=0.25 6onatbiH 6ip
KYNObI3 WOFbIPbIHBIH, YATICIH a/bIM, OHbl SPTYPI raNakKTUKaNbIK BOMAbIKTA KaHe KYHHEH apTypAi KaLlbIKTbIKTa
opHanacTbipAbiK. KopbITbiHAbIMAK Kene, OCbl 3A4ICTi KoNAaHa oTbipbIn, 6i3 KnacTepai acnaH cdepacbiHbiH, Ke3
Ke/NreH HyKTeCiHe OpHanacTbipa anambi3 XKaHe Oyn e3 KeseriHAe HaKTbl OakbllaHaTbiH KaacTepaepmeH
CaNbICTbIpyFa }KaHe onapaafbl GU3MKablk NapameTpaepai baranayfa MyMKiHAIK bepeai.

TyliH ce3aep: KyN4bi34bl WOFbIPAAP, FANaKTUKANbIK KOOPAMHATTAP XKYMECi, 3KBATOP/IbIK, KOOpAMHATTap
XKyMeci, caHablK MoAenbagey.
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MHUMble HaﬁJ'IPOAEHVIFl MoLeNnpyemMblx 3Be34HbIX CKOMNJ1IEHUU Ha CONTHEYHOM Op6VITe

C noasneHnem KaTanora Gaia DR2, cogeprKallero actTpomeTpuyeckme n GoToMeTpuyeckmne napameTpsi
Ona B6ONbLIOro YNcNa 3Be3/, MU3MEPEHHbIE C BbICOKOW CTEMeHb TOYHOCTH, AaHHble O KOCMoce U BceneHHow
PacTyT, B TOM YMCAe JaHHble O 3Be34HbIX CKONAEHMAX B Hawen ManakTmke. OgHako Npu HabaoaeHUN 3Be3bl
CKOMEHMA TepatoTcA Ha GoHe 3Be34, B MAOTHOM nose [anaktuku. Kpome Toro, ogHux HabnatogaTenbHbIX
OAHHbIX HEeAOCTAaTOYHO A1 M3YYEHWMA peasibHbIX CKOMAEHWIM OT poXKAeHMA A0 pacnaga. B cBAsm c aTmm
NPOBOAMUTCA PAL YNCAEHHbIX CUMYNALMIA 3BE3AHbBIX CKONAEHUI 414 0OBACHEHMA NPOLLECCOB M onpeaeneHua
NPUHAANEXKHOCTM 3Be34, CKOMAeHWA. A ANA 3TOT0 HaM HYXHO MPOBECTM MHMMoe HabaogeHue 3a
MOAENbHbIMKU  KnacTepamu. B 3ToM cTaTbe Mbl MPOBEAM aHAAM3  BbIXOAHbIX [AAHHbIX YMCAEHHOro
MOZENNPOBaHNA M pa3paboTanm MeTos NpoBeaeHUA MHMMbIX HADOAEHNI MOAEbHbIX CKOMIEHUI.

Mbl B3A1M OAHY MOAENb 3BE3AHOr0 CKoMmaeHua ¢ Bo3pactom 350 maH neT, maccon 6000 M_ (O u
3bdeKTMBHOCTLIO 3Be34000pa3oBaHmna SFE=0.25 1 pasmecTuUan ee Ha pasHbIX rafiakTUYecKMxX A0AroTax U Ha
pa3HbiX pacctoAaHuAx oT ConHua. B 3akntoveHwe caenaH BbIBOA: C MOMOLLBIO 3TOrO0 METOAA Mbl MOXKEeMm
NOCTaBMTb CKOM/EHWe B Nt0OYI0 TOURY HebecHOoM chepbl, a 3TO B CBOKO 04epeb NO3BOSET CPABHUTb C peasibHO
HabAto4aeEMbIMM CKOMNEHUAMM M OLLEHUTb BO3MOXKHOCTb ODHApPYKeHWA B HUX QU3MYECKUX NapPaMeTPOB.

Kniouesble cn0Ba: 3Be3/1HOE CKOMN/IEHWE, raflakTUYECKan CUCTEMA KOOPAMHAT, 3KBAaTOPMabHAA CUCTEMA
KOOPAMHAT, YNCNEHHOE MOAENNPOBaHME.

Introduction

There are a lot of rarefied gas and dust in space,
the so-called molecular clouds. Stars appear in such
Molecular clouds. And the volume of such gas is very
large, and this leads to the formation of stars in groups
[1, 2]. The number of such stars in groups reaches
from 103 to 107 stars, and they can be considered

peers, since they appear almost at the same time on a
relatively galactic time scale. During the formation of
stars, there is a response coming from massive stars
in the form of ionizing radiation, stellar winds and
light pressure can easily destroy an entire molecular
cloud [3, 4]. The size and dynamic state of the cluster
play an important role, since stars can live in the
parent cluster for up to several billion years
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depending on it [5]. Also, The secular evolution of
star clusters, especially the time of their decay, can
vary greatly depending on the cluster mass, density
profile and the impact of the galactic tidal field [6, 7,
8, 9].

Along with the development of technology, new
methods of exploring the cosmos and the Universe
are growing. Analyzing this data, we will get a
detailed understanding of star clusters, and this in turn
gives a new understanding of the Galaxy and the
Universe as a whole. Studying star formation in our
Galaxy and in other galaxies leads to knowledge
about the evolution of galaxies [10, 11].

Also, when conducting observations, the study
of groups of stars is relatively easier than single stars.
And in extra galactics it is impossible to observe
single stars at all. Due to the fact that the stars in the
groups are almost the same age, we are given
privileges when determining the ages of the stars of
the group. Therefore, the study of the population of
star clusters and their age distribution allows us to
learn the history of star formation in the vicinity of
the Sun and in galaxies [12]. It is very important for
us to know the processes in clusters for a correct
understanding of observational data, and a wrong
understanding can distort information about the
universe as a whole.

However, despite the improvement of
telescopes, there remain difficulties in observing star
clusters, separating stars belonging and not belonging
to the cluster, and, consequently, difficulties in
studying the structure and determining various
parameters of the cluster. To understand the evolution
of star clusters, we perform numerical simulations.
This significantly reduces the study time from birth to
the collapse of one cluster than the study through
observation. To do this, we will need to develop a
method for observing numerical models of clusters.

In addition, conducting imaginary observations
of model clusters makes it possible to evaluate the
possibility of detecting so-called tidal structures in
actually observed star clusters, which, according to
numerical modeling, should be observed in middle-
aged clusters evolving in the tidal gravitational field
of the Galaxy. Difficulties in detecting these
structures are associated with a small number of stars
in them, which is why they were lost against the
background of stars of a dense galactic field. With the
advent of the GAIA DR2 catalog, which provides
astrometric and photometric parameters for an
unprecedented large number of stars, measured with
a high degree of accuracy and homogeneity, the
search for tidal tails became possible. The main Gaia
DR2 catalog [13] contains five-parameter astrometric
solutions  (coordinates, proper motions and

parallaxes) for 1,330 million stars, visible stellar
magnitudes in the Gaia G photometric band, as well
as in the red GRP and blue bands GBP, for 1.380
million stars. Gaia's array of astrometric and, in a
number of respects, photometric data is
unprecedented in volume and accuracy. In the last 2-
3 years, using these data, structures that are
presumably tidal tails have been detected in several
clusters [14, 15, 16, 17], but this is clearly not enough
to confidently confirm the results of numerical
modeling and to further study the dynamic evolution
of star clusters.

In this paper, methods are discussed and the
results of imaginary observations of model clusters
are presented. The initial data for numerical
simulations are done in the same way as in [18, 19,
20] works, using the Phi-GRAPE code.

Development of instruments for mock

observations of star clusters

Our simulation of the dynamics of a stellar
cluster is carried out in a Cartesian galactocentric
coordinate system. To make a comparison with real
star clusters that are located in our Galaxy, the first
step is to translate the positions and velocities of the
cluster star into spherical galactic and equatorial
coordinate systems, while placing the cluster at
different points of view and different distances from
the Sun.

After running the simulation of the star clusters,
we will get the output data (file.dat), which contains
information about each star given in Table 1. In
addition, the first three lines of each file (snapshot)
show the snapshot number, the number of particles
(stars) in the cluster and the age of the cluster in NB-
units.

We introduce  Cartesian  galactocentric
coordinates of the so-called Local Standard of Rest
(LSR) - a point in space that defines the origin of the
coordinate system in stellar astronomy.

XLsr=8178 pc (+-13pC), Ysr=0.0 pc, ZLSRZO.ODC,

VXLSR:0.0 km/s, VYLSR:224737 km/s,
VZLSRZO.O km/s. (1)

Coordinates of the Sun relative to LSR;:
X©®=0.0 pc, YO=0.0 pc, Z(=20.8pc (+- 0.3 pc),

VX(®=11.10 km/s, VY (©O=12.24 km/s,
VZ(©=7.25 km/s. 2
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Table 1
Designation in the Denoted value Unit of
code measurement
ind Name (numbering) of stars
m Mass at the moment of a given age NB
X,Y,Z Cartesian coordinates (from the center of the Galaxy) NB
VX,VY,VZ Cartesian velocities (from the center of the Galaxy) NB
mO0 Initial mass NB
277 Metallicity of the star
t0 The time of the appearance of a star NB
event Type of star
SSE MAss Star mass Msun
SSE Spin Rotation of the star on its axis
SSE Rad Star radius Rsun
SSE Lum Star luminosity Lsun
SSE Temp Star temperature Kelvin K
SSE MV Absolute magnitude
SSE BV Color indicator

To rotate the coordinate system around the Z axis
by the required angle (¢), we will perform the
following operations:

Xe=X-C0S¢+Yy-sin ¢,
Y c=-X-Sing+y-cos ¢,
Zs=1, (3)

VXg =VX-C0S¢p+Vy-Sin ¢,
VYg =-VvX-Sing+Vvy-cos ¢,
VZs =vz. (@)

After we can transfer from a galactocentric system to
a heliocentric one:

X,= Xe — X©O = Xisr,
Y.=Yc - YO - Yisg,
Z,=Zc—Z2(O —Zisr, (5)

VX,=VXs—-VXE®O — VXisr,
VY, =VYs - VYO - VVYisr,
VZ*Z VZG - VZ@ — VZLSR.

Next, we find the galactic spherical coordinate
system, there are distance d, galactic longitude | and
galactic latitude b, also the radial velocity Vr, proper
motions in | and b — pml and pmb.

d=y (X2 + Y2 + Z22),
I=atan2(Y,, X,),

b=asin(Z,/d), (6)

V,=cosl-cosb-VX, + cosb-sinl-VY, + sinb- VZ,.
pm= (-sinl-VX,+ cosl-VY,) /d, @)
pmy= (-sinb-cosl-VX, - sinl-sinb-VY,+cosh-VZ, )/d.

Thus, we rotate our cluster relative to us by the
required angle and find its spherical galactic
coordinates. Then, using the Python package [21], we
switch to the equatorial coordinate system.

Results

We took one model of a star cluster with an age
of 350 Myr, a mass of 6000M_ © and a star formation
efficiency SFE=0.25. Using our method, we put the
cluster models in a certain position relative to the Sun
and calculated the spherical coordinates, distances,
proper and radial motions of stars in this cluster
position. Figure 1-2 show the spatial and velocity
distribution of the stars of this cluster in
galactocentric Cartesian coordinates. In all N-body
simulations that have been launched in the potential
of the galaxy, stars appear that refer to tidal tails. It
can be seen that the cluster began to collapse, forming
at the same time at some distance from the center
(220-280 pc) clearly distinguishable tidal structures.
Also, the velocities of the tidal tail stars differ from
the cluster stars, and thus we can notice them in the
velocity distribution too. After that, we put the same
model in different places along the galactic longitude
and at different heliocentric distances (Table 2).
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Table 2

Ne | Galactic longitude | Heliocentric Right ascension | Declination Color on
(1) [degree] distances (d) [pc] (a) [degree] (8) [degree] plots

1 |270.7° 200 pc 131.5° -52.7° blue

2 |865° 1000pc 315.7° 45.02° orange

3 | 277.02° 2000pc 145.25° -53.7° red

Figures 3-5, for example, show the results of
such a study of a model cluster located in the plane of
the galactic disk at a different heliocentric distance
and at a different galactic longitude. As we can see,
the tidal tails, which are very clearly visible in Figures
1-2, are no longer quite noticeable. It may depend on
the angle of view. And of course, the further away the
cluster is, the smaller it becomes (Figure 5).
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Figures 6-8 show diagrams of right ascension -
declination and proper motion in right ascension —
proper motion in declination for stars of this cluster.
After putting the model cluster on the celestial sphere,
the appearance of our cluster may change. But still,
the heliocentric distance plays a big role in
observation.
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Figure 1 — Spatial distribution of the stars of the model cluster in galactocentric Cartesian coordinates
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Figure 2 — Velocity distribution of the stars of the model cluster in galactocentric Cartesian coordinates
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Conclusion

Runs for numerical simulation of star clusters
were carried out repeatedly with different initial data.
From these runs, one model was chosen with the Age
= 350 Myr, mass is 6000M, and star formation
efficiency SFE=0.25. Also, the chosen cluster rotates
around the center of the Milky Way galaxy at a
distance equal to the Solar distance. The simulation
clearly shows that clusters have a tidal tail that starts
at a distance from the center with 220 pcs. To
compare numerical models with real observational
data, it is necessary to conduct a mock observation of
cluster stars from the simulation. To do this, a code
has been developed for putting our cluster on the
celestial sphere. The results show that depending on
the galactic longitude and distance, a star cluster may
have a different shape. Since the same model was
placed at different angles and distances from us (but
the cluster still remains in its orbit). In addition,
particles of one tidal tail are sometimes visible, and
the second is not observed, and sometimes it
coincides with the angle of vision and is not visible,
this confuses observers. However, we can say that by

Recent Contributions to Physics. Ne4 (83). 2022
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the proper motion of the stars in the right ascension
and declination, that the particles of the tails differ
from the main cluster.
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IDENTIFICATION OF YOUNG STAR OBJECTS NEAR DUST BUBBLE N10

Over the past decade, the most important observations of the interstellar medium have been made in
the infrared and radio regions of electromagnetic radiation. Of particular interest were GLIMPSE (Galactic
Legacy Infrared Midplane Survey Extraordinaire), MIPSGAL and WISE (Wide-field Infrared Survey Explorer)
surveys of several areas of star formation. Distinctive features of the infrared view of the Galactic disk at
wavelengths from 3.4 um to 22 um include regions of ionized hydrogen Hll, infrared bubbles, young stellar
objects, massive star formation, infrared dark clouds, diffuse dust, include hydrocarbons and radiation from
millions of stars.

Based on current literature, infrared signatures in hot regions around young massive stars have been
identified as dust bubbles, so in this paper, the regions around bubble N10, one of the northern infrared
bubbles included in Churchwell's catalog, were investigated. Using archival data from the WISE and 2MASS
catalogs, we searched for candidates for young stellar objects around the N10 dust bubble and found 117
emission objects. Koenig et al. (2014) plotted diagrams of their color indices and energy distribution in the
spectrum for each studied object under different classification conditions. According to the results of studies
around the infrared dust bubble N10, objects at an early stage of evolution were discovered: 13 objects are
young class | stars and 13 objects are young class |l stars, 3 objects are classified as transitional disks.

Key words: N10 bubble, infrared radiation, young stellar objects, interstellar medium, astronomical
catalogs, WISE, 2MASS.

A.B. Hasap®, A.6. Manan6aesa, H.LL. AanmrasmHosa, M.T. KbisrapvHa, A.M. lemecnHoBa
on-dGapabu aTbiHaarbl Kasak yATTbIK yHMBEpcUTETI, KasakcTaH, AimaTsl K.
*email: nazar.aruzhan26@gmail.com

N10 waH, KenipLiri MaHbIHAAFbI }ac Y/14bI3 06 BbEKTINEPIH aHbIKTay

COHFbl  OHMbINABIKTA KYAAbl3apablK OpTaZafbl eH MaHbi3abl 6aKbliaysnap 3NeKTPOMarHuTTIK
coyneneHyaiH, MHOPaKbI3bIN XKaHe paaMo aMaKTapbiHAa Kacanabl. MynablsgapdblH, Ty3inyiHiH OipHewe
HbafbiTTapbl HbolbiHWwa GLIMPSE (Galactic Legacy Infrared Midplane Survey Extraordinaire), MIPSGAL aHe
WISE (Wide-field Infrared Survey Explorer) 6apnaynapbl epeKLie Kbi3blFyLblablK TyAblpAbl. TONKbIH Y3bIHAbIFbI
3,4 MKM-AeH 22 MKM-Te JeMNiHT TONKbIH Y3bIHAbIFbIHAAFbI [anaKTUKaANbIK, AMCKIHIH, MHOPaKbI3blA KOPiHICiHIH,
apbiKlWa benrinepiHe wnoHaanfaH cyteri alMmakTapbl HIl, MHObPaKbI3bIA KeNipWikTep, Kac Kynabisgap
obbekTiNepi, XynapizaapapiH Kannai Ty3inyi, MHbpaKkbi3bin Kapa OyaTTap, AMddY3apiK LaH, KeMipcyTekTep
MeH MUAIMOHAAFAH XKyAAbI34apAblH COYNEeNEeHYi KaTaabl.

3amaHayn aaebuetTepre Tangay Kacay apKblibl Kac MACCUMBTI KyNAbl3AapAblH, aHanacblHAafb
KbI34blpblAFaH aliMaKTapaasbl MHOPaKbI3bl Benrinep WaH KeniplWikTep eKkeHi aHbIKTanabl, con cebenti 6yn
®ymbicta Churchwell KaTanorbiHa eHri3ifireH CONTYCTIK MHPPaKbI3biA KenipiktepaiH, 6ipi — N10 KenipwikTiH
aHanacbiHAafbl anmakTap 3eptrenai. WISE, 2MASS KaTanortapbliHblH, MypafaTTbiK AePeKTepiH naiganaHa
oTblpbin, 6i3 N10 WwaH, KenipLiriHiH aHanacbiHAaFbl XKac XKyAabi34ap 06beKTINepiHe YMITKepaep i3aeaik KaHe
117 cayneneHy obbekTinepiH TanTbik. Koenig et al. (2014) 3epTTeyllinepimeH »acanfaH »KikTeyaiH apTypAi
llapTTapblHa calkec apbip 3epTTeneTiH O6bEKT YLiH 0Nap/blH TYC KOPCETKIWTepi AMarpammanapbl KaHe
CNeKTpiHAEr 3HEepPruAHbIH Tapanybl 6onabl. *acanbiHFaH 3epTTeyaiH HaTuxeci 6onbiHWwa N10 nHbpaKbI3bin
WaH, KenipLiriHiH aHanacbiHAA 3BOMOUMAHBIH, EPTe CaTbICbIHAAFbI 0OBbEKTINEp aHbIKTanAbl: 13 06beKT — |
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Identification of young star objects near dust bubble N10

K/J1laCcC »Kac *Kynabizaapbl kaHe 13 06beKT — Il Knacc Kac Kynapizaapbl, 3 06bekT — eTneni Anckinep peTiHae
KikTena.

TyliH ce3aep: N10 Kenipluik, MHbPAKbI3bIN COyAENEHY, HKaC KyAAbl3Aap 0bbeKTINepi, *Kyaabi3apanbik
0OpTa, aCTPOHOMMANBIK KaTanortap, WISE, 2MASS.

A.B Hazap®, A.b. MaHan6aesa, H.LU. AnvmrasunHosa, M.T. KbizrapuHa, A.M. lemecuHosa
Ka3axcKuit HauWOHanbHbIN YHUBEPCUTET UM. anb ®apabu KasaxctaH, r. AimaTtsl
*e-mail: nazar.aruzhan26@gmail.com

NHaeHTVdUKaUMA Mmosiogpix 3Be34HbIX 06beKToB B6/1M3K Nbinesoro ny3bipa N10

3a nocnegHee [AecATUNETME BaKHellMe HabAAEHUA MeXK3Be3AHOM cpefdbl BbIMOJIHEHbI B
MHOpPAKPacHOM W paamMoaManasoHax 31eKTPOMArHUTHOro wusnyderHua. Ocobbli MHTepec npeacTaBaAsan
0630pbl GLIMPSE (aKkcTpaopanHapHbIi MHPpaKpacHbli 0630p cpeanMHHOM NAOCKOCTM ranaktukm), MIPSGAL u
WISE (Wide-field Infrared Survey Explorer) Heckonbkux obnacteit 3se3goobpazoBaHma. OTANYMTENbHbIE
0COBEHHOCTU MHDPAKPACHOTO M300paXKeHWA raNakTUYECKOro AMCKA Ha AJMHAX BOAH OT 3,4 MKM 40 22 MKM
BK/tOYAtOT 061aCTU MOHM3MPOBaHHOro Bogopoaa HIl, HppakpacHble Nysbipu, Monoable 38e3aHble 0ObEKTHI,
MaccMBHOe 3Be31000pa3oBaHue, WHOpaKpacHble TemHble obnaka, AnbdysHYLO Mbiab,  BKAKOYAOT
YyrNeBo4opOabl U U3yHeHNEe MUIMOHOB 3BE3bI.

OCHOBbIBAACb Ha COBPEMEHHOM NuTepaType, MHOPaKpacHble CUrHATypbl B ropavMx 0HnacTAX BOKPYr
MONIOAbIX MACCMBHBIX 3Be34, ObIAN MAEHTUOULMPOBAHbI KaK MblieBble Ny3blpK, MO3TOMY B 3TOM CcTaTbe Oblan
nccnefoBaHbl 06nacti Bokpyr ny3bipa N10, 0gHOro 13 ceBepHbIX MHOPAKPACHbLIX My3blpeit, BKAOYEHHbIX B
KaTanor Yepusenna. Vcnonb3ya apxmBHble AaHHble M3 KaTanoros WISE n 2MASS, mbl nposenn nouck
KaHAMOATOB B MoOJsioAdble 3Be3aHble 06beKTbl BOKPYr MbleBoro ny3bipa N10 u Hawam 117 3mMUCCUOHHbIX
06beKkToB. KeHur n ap. (2014) noctpounn rpadukn Ux nokasatesnei UBeTa W pacnpeaeseHns sHeprum B
CMeKTpe 418 KaXk4oro uccneayemoro obbekTa Mpu pasHbIX YCAOBMAX KnaccubuKkaumum. Mo pesynbTaTam
nccnefoBaHUM BOKPYT MHbpaKpacHOro nbiiesoro ny3sbipa N10 6bi1n 06HapyKeHbl 0O6BbEKTLI, HAaXOAALLMECA Ha
PaHHel cTaamm agotouMn: 13 06beKTOB — MoioAble 3Be3Apl | Knacca U 13 06bekToB — Mosoable 38e34b! |

Knacca, 3 06beKTa OTHOCATCS K KaTeropum nepexoaHblx AMCKOB.
Kntouesble cnoBa: ny3bipb N10, MHdpaKpacHoe n3nyyeHne, Monoaple 38e34Hble 0ObEKThI, MeXK3Be3aHan

cpena, acTpoHommyeckune katanorn, WISE, 2MASS.
Introduction

A bubble is a region filled with hot, ionized,
relatively rarefied gas and surrounded by a denser
cold shell [1]. The external shape of the expanded
shell is directly related to the structure of the enclosed
object, that is, the shell may change or disappear
when it collides with seals or rarefied places.
Therefore, it is difficult to study bubbles [2]. Bubbles
are formed mainly with the help of energy emitted
from the interior of stars [1]. Most of the interest in
these infrared bubbles is related to their formation and
development. In 1977, as a result of the study by B.
Elmgreen and C. Lada, it was found that the shells
around massive stars, accumulating matter
surrounding the star or star clusters, can eventually
become a large mass, as a result of which
gravitational instability occurs in these shells
themselves and the formation of secondary stars
begins. was determined. This conclusion is now
known as "collect-and-collapse”, and it has been
confirmed that it is one of the two main options for
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the formation of stars. The second version works
when the bubble expands, and the already existing
membrane falls on it. Due to compression by hot gas
and radiation, the bubbles become gravitationally
unstable again and then re-form into a star or star
cluster. In infrared bubble catalogs, in addition to
small (probably young) bubbles, it was found that
there are larger, that is, bubbles located in the shell of
an old bubble. Bubbles are closely related to HiIl
regions [3] are infrared signatures of heated regions
around young massive stars and star halos with 8§ um
rings, which trace the photodissociation region
(PDR), which directly borders the region formed
during the cloud compression and collapse process.
Information and visual inspection of 12 and 24 pum
data and a catalog of known bubbles [3] exceeds
5000, so understanding how these objects interact
with their environment is of great importance for
galactic star formation.

The purpose of this work is to search for and
identify young stellar objects near the N10 bubble


mailto:nazar.aruzhan26@gmail.com

A.B. Nazar et.al.

based on ground-based and space infrared
observations.

1. Data

In our study, the following catalogs of extensive
surveys and infrared data were used: WISE, 2MASS.
First, WISE (Wide-field Infrared Survey Explorer) is
a 40-centimeter telescope in low Earth orbit. WISE
maps the entire sky in four mid-infrared bands of 3.4,
4.6, 12, and 22 pm [4]. The location of these bands in
the mid-infrared region corresponds to the region
where excess radiation from young stars from the
cool circumstellar disk or envelope material becomes
important relative to the stellar photosphere. This fact
suggests that WISE can easily be used as a tool for
searching and classifying young stellar objects
(YSOs), like the work done on Spitzer. However,
given the specific set of science objectives, the WISE
flux source extraction process is not optimized for the
regions where these objects are most commonly
encountered, including the galactic planes. Therefore,
YSOs are usually found in the mid-infrared region,
related to the thermal radiation of dust or the emission
of polycyclic aromatic hydrocarbons (PAH) dust, and
in dark areas or densely concentrated areas such as
infrared dark clouds [5]. These facts call for a better
evaluation of WISE's performance in such regions
before designing the schemes necessary to achieve

Table 1. Specifications for the N10

the goal of searching for YSOs. Observations of the
near-infrared sky in J (1.25 um), H (1.65 um), and Ks
(2.17 pum) obtained by 2MASS. 2MASS All-Sky
Catalog of Point Sources (2003) and AIWISE Data
Release (2013) were used in this work [6]. We can see
results from 2MASS (Two Micron All-Sky Survey)
in infrared and other wavelengths. 2MASS will make
observations and collect data using two new, highly
automated 1.3-meter telescopes. Each telescope here
is equipped with a three-channel camera, each
consisting of three different HgCdTe detectors in a
256 x 256 array that simultaneously scan the sky for
J (1.25 pm), H (1.65 um), and K (2.17 pm) waves.
can observe in length. Observations are made when
the arrays of 2MASS are pointed at the sky, while the
telescopes are moving flat across the sky at a rate of
~1 foot per second [4].

2. N10 infrared dust bubble

N10 is one of the northern infrared bubbles in the
Churchwell catalog. N10 shows a bubble centered at
02000 = 18h :|.4m5,8S and Bzoo(): -17° 28' 19" (| =13°.188
, b =0°.039) [3]. This dust bubble has been identified
by some scientists as MWP1G013189+000428. The
kinematic distance of this bubble spans the range ~
4.7 £ 0.5 kpc. The specifications for N10 are shown
in Table 1.

hh:mm:ss.ss) | (dd:mm:ss.ss)

Center point coordinates Search Additional
Equatorial Galactic radius information
Object ol ) | b
R.A. (J2000) | DE (J2000) dég de,g

N10 bubble| 18 145,8 -172819 |13°,17

0°,06 | 2,5arcmin t =917 % 10*

On Figure 1 shows an image of a dust bubble N10 with a radius of 2.5 arcmin.

Figure 1 — An appearance of N10 dust bubble
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N10 bubble distance was measured by
Churchwell et al. (2006) [3] and Watson et al. (2008)
[9] 4.9 kpc, Beaumont et al. (2010) at 4.1 kpc [7],
Pandian et al. (2008) determined to be 4.6 kpc [8].

Based on the spectral lines of 2CO(3-2),
HCO*(4-3), NoH"(4-3) and CH3OH(7(0, 7) , a high-
mass cluster interacting with the N10 dust bubble was
studied in detail. CH3;OH(7(0 , 7) — 6(0, 6)) showed
that a hot core is formed in the region of the JSON
N10 bubble. And the position-velocity diagram of
N2H-+(4—-3) shows that the cold dense core of the
cluster was not destroyed by star formation.
Therefore, the mass of the N10 bubble is about It was
taken as 27.44 M¢ [10].

N10 is defined as a bright MIR and radio
continuum bubble with an elliptical or slightly comet-
like shape, with a cutoff at 160° galactic coordinate
angle. In addition, at a frequency of about 1.4 GHz,
the integral flux density of this bubble was found to
be 7.58 J (Helfand et al. 2006) [12].

The surroundings of the N10 dust bubble in
molecular radiations were studied. Infrared bubbles
discovered for the first time by GLIMPSE at a
wavelength of 8.0 um are due to the expansion of the
HII region and found to be an ideal region for star
formation at its boundaries. N10 is a very interesting
bubble because infrared studies of the content of
young stars indicate a star formation scenario that
began at the edge of the HII region. PMO 13.7 m
12C0O(1-0) and Co(1-0) observations were made
towards the N10 bubble. Bright emission of CO was
detected, and physical parameters were determined
from them by detecting two molecular thrombi. By
comparing the dynamical age of this region and the
fragmentation time scale, the star formation mecha-
nism "radiation-induced explosion" was shown. The
N10 bubble was of particular interest with the gas
structures in the narrow boundary between the HII
region and the surrounding molecular matter, as well
as the age range of YSOs located in this region, thus
indicating star formation [11].

3. Search for candidates for young stellar
objects

Research and analysis of different regions of the
interstellar medium have shown the presence of star-
forming regions near dust bubbles [13, 14]. The N10
bubble is part of a large star-forming region that
contains other bubbles, i.e. several small bubbles,
many dark filaments and clusters between and around
the bubbles [14].

To identify candidates for young stellar objects,
we searched the WISE catalog at a distance of 2.5
arcmin from the origin of N10. A total of 117 objects
were found. Data from the WISE Point Source
Catalog provide information on young stellar objects
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- this is the main table (Table 2). We first identify and
then classify YSOs wusing a list of objects
corresponding to 3.4, 4.6 and 12 um. Scheme — K12
— Rebull et al. (2010) [15] , Andrews et al. (2011)
[16] and Cieza et al. (2012) based on [17] catalogs.
For a better understanding of our young star
candidates in a broad space of color and color
magnitudes of astrophysical contamination, we
review the catalog of AGB carbon stars [18], [19] and
[20] and classical Be stars [21]. Extragalactic objects
are found, and there are other types of galactic objects
with excess amounts of visible infrared light in the
left and central parts. A band of objects with
approximately zero w1l — w2 color but a wide range
of w2 — w3 color will be a mixture of the original
types. At the same time, they may contain
photospheres or main-sequence stars with occasional
galaxies that give off a distinctly red color. Finally,
some objects are either young transient disc stars or
old and "fragmented disc" stars similar to VEGA[22].

Class | YSOs (protostellar candidates) are the
reddest objects, and if their colors match, they are
classified as:

w2 —w3 > 2.0,

wl—-—w2 > —042 X (w2 —-w3) + 2.2,

1)
wl—w2 > 046 X (w2 —-w3) — 0.9,

w2 —w3 < 4.5.

These conditions modify the K12 scheme to better
represent class system-based partitions and eliminate
contamination by false detections in the WISE 3
band. If the colors of class Il YSOs (candidate T Tauri
stars and Herbig AeBe) meet the following criteria,
then the rest of the objects will be classified as
follows:
wl—w2 > 0.25,

wl—-w2 < 09 X% (w2—-w3) — 0.25,

wl—-w2 > —15x (w2 —-w3) + 2.1,
)
wl—w2 > 0.46 X (w2 —-w3) — 0.9,

w2 —w3 < 4.5,

To compensate for the relative reduction in
sensitivity in WISE bands 3 and 4, we use the 2MASS
J, H, Ks point source catalog automatically provided
by the WISE catalog [23]. We can modify the K12
scheme and use the H — Ks and w1 — w2 color-color
diagram to search for and classify YSOs. In the H —
Ks color space, there is a trade-off between the
reddening vector and the dust overemission vector
compared to w1l — w2. In other words, it is easier to
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identify a line fitting the standard extinction law that
removes most of the extragalactic contamination
from the H — Ks, w1l — w2 plot than from the Ks —
wl, wl —w2 plot, because there are reddened
background galaxies and main-sequence stars can
have colors similar to the disc's objects.

A change to our K12 scheme and the original
concept of Spitzer-2MASS [24] is to not apply bias to
the colors of the sources we classify. Without an
independent loss reduction method for each source,
we would make the wrong choice and classification
based on photographs. Thus, the extinction vector in
H-Ks compared to w1l — w2 is <0.3 mag, but in most
cases it can be greater or less than 1, which means that
some objects classified as class | protostars in this part
of the sequence, red-painted class Il stars are quite
possible.

We search for YSO candidates among
previously unclassified objects with a non-zero
photometric error in 2MASS H and Ks using the
following conditions and omit the conditions for the
WISE 3 band:

H—-Ks > 0.0,

H—Ks > —1.76 X (wl —w2) + 0.9,

3)
H—Ks < (0.55/0.16) x (wl — w2) — 0.85,

wl < 13.0.

Some objects were originally assigned to class
Il. Class | stars are then grouped as subset candidates
if the following condition is met:

H—-Ks > —-1.76 x (wl —w2) + 2.55. (4)

The ratio under the above conditions (0.55/0.16) is
obtained from the calculation of the ratio of color
levels calculated withKs > 1,s0 H — Ks,wl — w2
has the most accurate representation of galaxies [25].
The general list of YSO candidates determined
according to the conditions of [25] is given in Table 2.

On Figure 2 shows the dependence of color
indicators according to the AIIWISE catalog. It can be
seen from Figure 2 that the color indicators of
transitory disks occupy a smaller area than objects of
class I. Candidates for class Il objects will have a
smaller difference in infrared fluxes than candidates
for class I. Thus, we see candidates for young stellar
objects grouped according to their stage of evolution.

The diagram in Figure 2 shows class | objects
with red squares, class Il objects with green circles,
and transition disks with blue rhombuses. We
identified 29 objects that confirm the previously
established status of young stellar objects in various
catalogs. Figure 3 shows the energy distribution
spectrum (SED) for several candidates for young

stellar objects. As can be seen from Figure 3(a), a
class | candidate is in good agreement with the
conventional energy distribution diagram. Therefore,
we can say that the objects we found are young stellar
objects of class I. If class I, then they have high or flat
SED. Then it can be assumed that the age of these
objects is about 2-10° years, and the mass is 0.1 Msyn.
Figure 3(b) shows the SED for a candidate for class
Il young stellar objects. Class Il objects are pre-main-
sequence stars with optically thick disks and must be
up to about 10° years old and have a near-stellar disk
mass of 0.01 Msyn. Transition disks are young stellar
objects with optically thick excess emission at long
wavelengths and no emission at short wavelengths.
They are intermediate between classes Il and 111, so
their age is about 0.5-107 - 0.8-107 years.

3s

W Class|
s ®  Class il
4 Transiion Disks

25k

Wiz
| |

am an

08

Figure 2 — Color diagram of sources found near
the N10 dust bubble

Thus, as our analysis shows, Koenig et al. (2014)
[25] algorithm detects young stellar objects well.

Objects N10_2 and N10_15 are listed in the
astronomical catalog as stars of spectral classes O4-6
and 06.5V. Stars of spectral class O have a high
surface temperature — above 30000 Kelvin and are
characterized by blue color. Spectral lines of ionized
metals and ionized helium are found in their spectra.
Neutral helium and hydrogen lines are also present,
but they are weaker, and emission lines are also often
present in their spectra. Class O is divided into
subclasses from the earliest O2 to the late 09.7. When
moving to later subclasses, the intensity of the neutral
helium lines increases, and the ionized lines decrease.
Only the most massive and brightest stars belong to
this class. Their mass exceeds 20 Msu, and their
luminosity can reach several tens of thousands of
solar luminosities and millions. Such stars live for a
short time: in the main sequence, stars of such a mass
and such a spectral class are about 3-6 million years
old, so stars of the O class are very young objects.
Therefore, such stars are indicators of recent star
formation in the visible region, for example in OB
communities where all stars formed from a single
molecular cloud. Accordingly, we correctly identified
N10_2 and N10_15 as young stellar objects. At the
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same time, we see that object N10_2 is indeed smaller
than N10_15, which corresponds to the spectral type

Table 2 - General list of YSO candidates

and our criteria (N10_2 belongs to
N10_15 belongs to class I1).

class 1, and

A 5
Object | C2log R.A.(J2000) DE (J2000) ‘r;";g ‘r;‘fg ‘r;";g \r;V;d mJ;;g n;'i'g m‘;'g Clas
(hh:mm:ss.ss) (dd:mm:ss.ss)

N10_1 J_1187124‘é()152.%0 1814 05.802000 | -17 28 12.80784 | 9.100 | 7.552 |-2.134| 3.268 | 17.625 |16.218|13.638| |
718140547

N10_2 | OVOS4T | 181405473824 | 1728 37.90236 | 9.417 | 8541 |-3.149|-6.181| 13511 |11.84610.730| |
118140494

N10_3 | VSN0 | 181404.948002 | -172730.56832 |10.081) 8.52 | 4.069 |-0.537 | 16467 |14.594| 13589 |
118140137

N104 | POVOLST | 181401372344 | -1728 2335404 |11.937| 8766 | 6.442 | 0.629 | 0.000 | 0.000| 0000 | |
7181410.77

n105 | PEVEOTT | 181410775064 | 1728 19.36740 | 9.995 | 8.855 | 6.081 | 0.734 | 15537 [14.912/11.744| |
718140798

N10_6 | MOMI0T98 | 181407.982064 | -172708.48700 | 9.978 | 7.224 | 3.903 | 1187 | 18125 (17.128|13.945( |
7181409.60

N7 | PV | 181400603312 | 1727 2219616 | 9.274 | 7.204 | 4.049 | 1312 | 18123 |16.57513.072| |
7181402.15

n108 | MOMO215 | 181402155800 | 1727 08.24940 |10.877|10.015 6.538 | 2.244 | 16.499 [15.563)13.141| |
1181405.84

N109 | MO0 8% | 1814 05.840856 | -172050.76600 |11.121(10.199) 4.665 | 0.042 | 17.874 |15.135|14.087| |
718140620

N10_10 | S92 | 181406200568 | -173003.72852 |10.611] 9.836 | 4.188 |-0.772( 17.926 |15.238|13.688 |
7181408.31

N10_11 | V00831 181408310768 | -173019.10520 |10.302] 9.588 | 5.375 | 0.938 | 15555 |14.157| 12576 |
118141034

N10_12 | BEIOSE | 181410344744 | 1730 22.82112 |10.494] 8677 | 7.236 | 2.815 | 18.150 |16.97012.274 |
718140012

N10_13 | P30022 | 1814 00120036 | 1730 21.63060 | 8.125 | 6.532 | 5.350 | 2,657 | 14.680 13.34310.818) |
7181404.45

N10_14 | VOO | 181404458000 | -172830.71244 | 9.933 | 9.084 |-2.273| 0.708 | 17.100 |14.203(13417) I
7181409.41

N10_15 | PSVIOSAL | 181400412776 | -172739.63744 |10.355] 9.331 | 4.811 | 0.229 | 17.644 14.93814.223 I
7181407.30

N10_16 | PL3MOT-S0 | 181407300086 | 1727 15.18696 |10.302 9.408 | 4.072 |-0.324| 13.103 |12.728)12.483 I
7181403.92

N10_17 | TOLA0392 | 181403920052 | -172650.96436 [10817| 9.921 | 5.318 | 1.958 | 13.328 (1303812572 I
J181411.09

N10_18 | OO0 | 181411000736 | 1729 03.84108 |11.423(10.865| 9.270 | 2.260 | 18.122 |16.646(13.158) I
118141358

N10_19 | P8ISS | 181413581408 | -172903.91200 | 9707 | 8.801 | 6.974 | 2.114 | 15.002 |13550/11.229 I
7181403.36

N10_20 | "0 | 151403360576 | -172617.64708 |10.970(10.450| 7.987 | 4.483 | 17.847 |15.143(125545 I
118141464

N10_21 | VSO 1814 14647206 | 1728 21.24660 | 9.698 | 9.104 | 6.214 | 1.898 | 17.067 1439311512 I
J181411.42

N10_22 | PEMLAZ | 181411427360 | 1729 58.42752 |10.984/10,516 9.688 | 3.001 | 13501 1281712723 I
7181407.78

N10_23 | “O01 70 | 181407780776 | -173031.92372 | 9.323 | 8.688 | 5.991 | 2.136 | 17.838 |13.488(10.757 I
718140692

N10_24 | P80%92 | 181406921120 | -1730 3646620 | 9.450 | 8.858 | 6.121 | 2.438 | 14.900 |13.04110.901 I
118135824

N10_25 | P9ISS8-24 1 151358241160 | -172953.78964 | 9.997 | 9.382 | 8.005 | 4.876 | 17.897 1455611672 I
718141188

N10_26 | "0t | 181411887104 | -173020.65536 [10.801(10.366| 7.612 | 3.212 | 17.822 |14.973| 2.667| I
T181411.53 )

N10_27 | D3NS | 181411532360 | 1729 25.03302 | 7.226 | 6.464 | 5.898 | 1.992 | 17.557 |12.077) 9.006 | disk
7181406.92 )

N10_28 | 130892 | 181406921120 | -1730 3646620 | 9.450 | 8.858 | 6.121 | 2.438 | 14.900 |13.041)10.901/ diisk
7181403.02 )

N10_20 | V0002 | 181403021120 | -173042.06708 |10.622(10.453| 9.851 | 5.419 | 17.639 |14.745(12.208| disk
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Figure 3 — SED candidates for young star objects

Conclusion

Using multiwavelength surveys and catalog
data, we have investigated infrared emission objects
around the N10 bubble. We have found 117 sources
that we believe may be objects of young stars.
However, due to 22 objects having unreliable fluxes
at the considered wavelengths, we studied 95 objects.
The classification was carried out according to the
criteria of [25]. Among them, 13 objects - class |

young star objects, 13 objects - class Il young star
objects, 3 objects - transitional disks were identified.
The rest of the sources do not correspond to these two
classes and the transition disk according to all the
classification criteria, so they require further
investigation at other wavelengths of infrared
radiation.

In conclusion, the study showed that all objects
in the early stages of evolution are located around the
N10 infrared dust bubble.
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CWHTE3 YINIEPOHbIX HAHOBOJIOKOH M AJIMA3ONO/IOBHbIX YI/IEPOZOB
METOAOM KMCIOPOAHO-ALEETUIEHOBOW FOPE/TKM

B faHHOM paboTe npencTaBAeH CUHTE3 YriepoAHblX HAHOBOMOKOH M anmasonofobHbIX yrneposos
MEeTOLLOM KMCNOPOAHO-aLETUNEHOBOM ropesikn. B KayecTBe CTOYHMKA yraeposa Obl1 MCNONb30BaH aLeTUEH,
a B KayecTBe KaTa/sim3aTopa OblAM MCNONb30BaHbI METANIMYECKME MIEHKW, HaMbleHHble Ha KpPeMHMeBble
NOANOXKKM. Mopdonormiyeckme M CTPYKTYpPHbIE CBOMCTBA MOYYEHHbIX Yr1epoAHbIX HaHOMaTeEPUanos Hblan
M3yYeHbl C MOMOLLBID CKAHMPYHOLLEN 3SNEKTPOHHON MUKPOCKOMUM M CMNEKTPOCKOMUM KOMOUHALMOHHOTO
pacceAHus caeTa. [py NpoBeAeHUN IKCNEPUMEHTOB DbIIO N3yYEHO BAUAHUE NPOAONKUTENbHOCTU CUHTE3A U
COOTHOLLIEHMA KOHLEHTPaLMI ra3o8 Ha GOPMUPOBAHME CTPYKTYPbI OCaXKAaemblx 06pa3LoB. AMasonof006HbIN
yrnepog, Obln CMHTE3MPOBAH MPU HM3KOM CKOPOCTM MOTOKA ra3oB M KOPOTKOM BPEMEHW CMHTE3a, a Mnpw
YyBEIMYEHUN ITUX NAaPaMeTPOB OblIM NOAYYEHbI YrNepoAHble HAHOBONOKHA. CMHTE3MPOBAHHbIE YIepoaHble
HaHOBOJ/IOKHa 0061aJatoT UMANHAPUYECKOM GOPMON C AMameTpom nopsaka 50 — 215 Hm, npu 3TOM UX 4/MHA
OOCTUIaeT HECKONbKMX MMKPOMETPOB. Pazmepbl anma3onoaobHbIX YraeponoB BapbupyroTca B npeaenax oT
150 go 580 HM. CnekTpocKonus KOMOWHAUMOHHOrO paccesHua CBeTa Oonpefenuna, 4YTo yraepofHble
HaHOBOJ/IOKHA OT/IMYatoTCA Hosiee XopoLei CTeneHblo yNopaaoYeHHOCTU 1 rpaduTnsaumn. Mo pesyabTatam
nccnenoBaHMn, MNPOBEAEHHbIX B AaHHOW paboTe, KUCAOPOAHO-aLETM/IEHOBAaA T[Opeska MOXeT ObiTb
MCMNONb30BaHA B KA4YecTBe MNEPCNeKTMBHOM, HW3KO3aTpaTHOM anbTepHaTMBOM ANA KpynHOMacwTabHoro
NPOM3BOACTBA YI/1EPOAHbIX HAHOMATEPMAOB.

Kntoueseble cnoea: yrnepoHble HaHOMaTepuanbl, yrnepoaHble HAHOBOOKHA, aIMa3onNoL00HbIV yraepoa,
KMCNOPOAHO-aLLETUIEHOBAA TOPEefiKa, CKAHMPYIOWAA 3/1EKTPOHHAA MMUKPOCKOMMA, KOMOMHAUMOHHOe
pacceAHWe CBeTa.
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Synthesis of carbon nanofibers and diamond-like carbons
by the oxygen-acetylene torch method

This work presents the synthesis of carbon nanofibers and diamond-like carbons by the oxygen-acetylene
burner method. Acetylene was used as a carbon source, and metallic films sprayed on silicon substrates were
used as a catalyst. The morphological and structural properties of the obtained carbon nanomaterials were
studied by scanning electron microscopy and Raman spectroscopy. The influence of the synthesis duration
and gas concentration ratio on the structure formation of the deposited samples was studied during the
experiments. Diamond-like carbon was synthesized at low gas flow rates and short synthesis times, and carbon
nanofibers were obtained when these parameters were increased. The synthesized carbon nanofibers have a
cylindrical shape with a diameter of about 50 to 215 nm, and their length reaches several micrometers. The
size of diamond-like carbons ranges from 150 to 580 nm. Raman spectroscopy determined that carbon
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CUHTE3 YyrnepoAHbIX HAHOBOIOKOH M a/iMa30noA06HbIX YI1epo10B METOA0M KMCA0POAHO-aLEeTUIEHOBOM ropesikm

nanofibers have a better degree of ordering and graphitization. According to the results of the studies carried
out in this work, the oxygen-acetylene burner can be used as a promising, low-cost alternative for the large-
scale production of carbon nanomaterials.

Key words: carbon nanomaterials, carbon nanofibers, diamond-like carbon, oxygen-acetylene torch,
scanning electron microscopy, Raman spectroscopy.
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OTTeri-aueTuneHaj KaHapfbl 94iCiMeH KeMIipTeKTi HAHOTaNLWbIKTApAb! }KaHe
a/IMa3 Topi3gec KemipTeKkTepai CMHTe3aey

Byn KymbiCTa oOTTeri-aueTWUNeHai XaHapfbl 3A4iCIMEH KEMIPTEKTI HaHOTa/WbIKTAap MeH anma3 Tapi3aj
KeMIpTEKTEepPAiH, CUHTE3i yCbiHbIAFaH. KemipTeriHiH, Ke3i peTiHae auetuieH nanganaHbingbl, an KPemHui
TeCeHilliHiH, 6eTiHe To3aHAaTblNFaH MeTann KabblplbiKTapbl KaTaamM3aTop peTiHae KoadaHbinabl. AnbiHFaH
KeMipTeKkTi HaHomMaTepuangapabiH MOPDONOTUANBIK  MOHE  KYPbIIbIMAbIK —KacueTTepi ckaHepieyLli
3NEKTPOHAbI MMKPOCKOMMA KIHE KapPbIKTbIH KOMOMHAUMANBIK LWallblpay CMEKTPOCKOMMACHI KOMEri apKbibl
3epTTeniHaj. IKCNepuMeHTTep Kypridy bapbicbiHAA TYHAbIPbIAFAH YAMAEpAiH, KYPbIbIMbIH KanbliNTacTbipyfa
CMHTE3 Y3aKTblfbl MEH a3 KOHLEHTPaUMACHIHbIH, apaKaTbIHACbIHbIH, 9Cepi 3epTTeniHAl. AnMmas Tapi3ai KemipTek
ra3 afblHbIHbIH TOMEHTI XblA4aMablK HapbiCbiHAA XKaHE CUHTE3AiH KbICKA YaKbIT Ke3iHae cuHTe3aensi, an byn
napameTpaep KofapblnafaH Ke3ge KeMIPTEeKTI HaHOTa/WbIKTap anbiHAbl. CuMHTe3denreH KeMmipTekTi
HaHOTa LWbIKTapAbIH, AMameTpi WwamameH 50 — 215 HM 60naTbliH UMAMHAPAIK NilliHre Me, COHbIMEH KaTap
ONap/blH y3biHAbIFbI BipHELIE MUKPOMETPre KeTei. AIMas Tapidi KemipTeKkTepadiH, menlepi wamameH 150-
neH 580 Hm-re aeniH e3repedi. MapblKTblH, KOMOMHALMANBIK LUAWbIPAy CMNEKTPOCKOMMUACHI KeMipTeKTi
HaHOTa/IWbIKTAPAbIH, PETTINIK NeH rpaduTTeHyaiH alTapAblKTal KaKCbl AdpereciMeH epeKlleneHeTiHiH
aHbIKTaabl. OCbl KYMbICTa KYPri3inreH TanaaynapdpiH 3eptrey HaTukenepi H6oMbiHWA OTTeri-aueTuaeHA]
KaHapfbl KOMeriMeH KeMIpTeKTi HaHOMaTepuanaapabl ayKbIMAbl OHAIPY YWiH NepCcneKkTMBTI KaHe ap3aH
H6anama peTiHae nanaanaHbiIybl MyMKIH.

TyliH cesaep: KeMIpTeKTi HaHOMaTepuandap, KemipTeKTi HaHOTa/lWbIKTap, aAMas Tapi3di KemipTek,

OTTeri-aueTUNEeHAl KaHapfbl, CKaHepaeyWi 31eKTPOHAbl MMUKPOCKOMMWSA, KAPbIKTbIH, KOMOUHALMAbIK
walblpaybl.

Beenenue criocoOHOoCThIO [8, 9]. AMa3omoqo0HBIH yriepo.

(ATIY - oauH u3 BHIOB aMOp(hHOrO yIriIepoia,

YraepoaHbie HaHOMATEPUAIIBI (YHM)  kOTOpBbIif IEMOHCTPUPYET PsJI XapaKTEPHBIX CBOMCTB

CTPEMUTENBHO PAa3BUBAIOTCS B CBSI3U C POCTOM
MOTPeOHOCTE BO MHOTHX HAIPaBIEHUSX, B YHUCIE
KOTOPBIX  MHIYCTPUSA,  CEJIbCKOE  XO3SHCTBO,
3IpaBOOXpaHeHHEe MW paanodekTponuka [1-3]. B
HACTOAIIee BPEeMsI MU3BECTHBI JIEBATH aJUIOTPOITHBIX
MomudUKaui  yriepoga, Takue Kak rpadew,
(bymiepeH, HAHOTPYOKH, HAHOBOJIOKHA, HAHOAIMA3bl
[4-6] m 1.1, Yrmepomuele HaHoBojokHa (YHB)
MIPEICTABISIIOT co0oif HWTHHIPAYECKUE
HAaHOCTPYKTYpHl € Tpad€HOBBIMH  CIIOSMH,
PacIoNOKEHHBIMUA B BUJE YJIOKEHHBIX KOHYCOB [7].
YHB o061a1ar0T TpeBOCXOTHEIMH MEXaHUIECKUMU U
XUMUYECKUMU CBOMCTBaAMH, TaKXKe OTIWYAIOTCS
HEOONBIINM ~ BECOM,  IPOCTOTOH  00paboOTKH,
CTOMKOCTBIO K KOPPO3UHU U XOPOUIEH apMUpYyroLen

anmmvaza [10]. Ilnenku AITY OTIMYArOTCS BBICOKOM
TBEPAOCTBIO, 3HAYUTEIBHOM HW3HOCOCTOMKOCTBIO,
HU3KUM KO3()(PHUIIMEHTOM TpeHWs, XUMHUYECKOU
CTaOMIBHOCTBIO,  XOPOIIMMU  Tra300apbepHBIMU
CBOMCTBaMH, aHTUTOPOYMMU CBOWCTBAMM, BBICOKOM
ounocoBmectumocThio [10, 11]. bnaromapss cBoum
VHUKQJIBHBIM ~ DJIEKTPOHHBIM, MEXaHHYECKUM U
¢busnko-xuMuUeckuM cBodctBaM YHM  Hammm
OOIIMpHOE TPUMEHEHHWE B DJICKTPOHHOU TEXHHKE
[12], =xpanenun osuepruum [13], KOMIIO3UTHBIX
Matepuanax [14], omomemmnmue [15], »HEpreruke
[16] u B mammHOCTpOCHUH [17].

CyIecTBYIOT pa3TUIHbIE METOIBI M TEXHOJIOTHHI
cuaTe3a YHM, Takue kak XUMHUECKOE OCaXKICHHE U3
razoBoit ¢aser CVD [18, 19], mra3smeHHo-
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XUMHYECKOE OCaXiaeHue u3 ra3oBod ¢aszei PECVD
[20, 21], nasepuas abmsuus [22, 23], AyroBoii paspsa
[24, 25], muponuz [26, 27], snekTpocuHHUHT [28,
29], mnasmennas crtpys [30, 31] u T.1. OmnHako
HEKOTOPbIE M3 3THX METOJOB TPEOYIOT 0COOBIX

TCXHOJIOIMYCCKHUX YCJIOBI/II‘/'I, TaKHuX Kak
HCIIOJIb30BAHUC JA0POroCTOAIINX
BBICOKOTEMIICPATYPHBIX IJIa3MCHHBIX

000py0BaHNH, OONBIINE YHEPro3aTpaThl U HU3KHUI
BBIXOJ SIBJISIFOTCSI MIPETISITCTBUSMHE JIJISI TIPUMECHEHUSI
IIa3MEHHBIX TEXHOJOTHI B MPOMBIILICHHOCTH [32,
33]. B 3710ii CBSI3M CO31aHKE M COBEPIICHCTBOBAHHE
HEZOPOroro M BBICOKOMPOU3BOJIUTENHHOTO METOa
nonyuenuss YHM sBusercs onmHod u3 HaumOonee
MIPUOPUTETHBIX 3a7a4.

Kucnopoano-arietuneHoBas ropeika sBisSeTCs
HE JOPOTHM U MEPCIEKTUBHBIM METOI0M OCAXKICHHS
YHM Omaromaps CBOUM MPEBOCXOAHBIM
XapaKTepUCTUKaM, TaKUM Kak BBICOKas CKOpPOCTh
OCXIECHHS, BOBMOXKHOCTb NPOBEIECHUS OCAXIACHUS
Ha OTKPBITOM BO3AYXE, MPOCTOTa KOHCTPYKLHUH
obopymoBanuss u T.A. JlaHHBI MeTOJ HWMEET
MOTEHLMAN JJsi HEMpephIBHOTO IPOU3BOJCTBA B
OonpmMX O0beMax MpU CHIDKEHHBIX 3arpaTax Io
CpaBHEHHIO ¢ JpyruMu Metomamu [33, 34].
VYuuThiBas BBIIIEU3IOXKEHHOE, B JaHHOH paboTe

HCCIEOBaH CHUHTE3 pa3nuuHblx YHM meronom
KHCIIOPOAHO-AI[CTUIICHOBOM TOPEJNKH, a TaKxkKe
H3YYCHO BIUSHUEC METAIUTMUYECKUX KaTau3aTOPOB Ha
(hopMupoBaHUE CTPYKTYPHI.

MaTepna.m,l H METOABbI

Cxema JKCIIEPUMEHTAIBHOM YCTaHOBKHU
npezcrasieHo B pabore [35] YcraHoBka COCTOHUT M3
ZIBYX KHCIJIOPOTHO-AIIE TUIICHOBBIX TOPEJIOK,
JIepKaTelsl TIOJUIOKKH C BOJSHBIM OXJIAXKJICHUEM H
JIByX MacCOBBIX pacxojoMepoB rasa. [Ipexmae Bcero,
oOpasipl  KpemHuss Mapku BPS-20  ouwmmianu
XUMHYECKUM METOJOM B YJIBTPa3BYKOBOUM BaHHE, B
pactBope cmecu ruapata ammuaka (NH4OH),
nepekuch Bogopona (H202) u muctuimmupoBaHHON
BOJbI B COOTHOILIEHUN 00bEMa 1:1:4.

HambuieHne MeTaTMYECKUX —TMOKPBITHA — Ha
MOBEPXHOCTH KPEMHHEBOH IIIACTUHBI MPOBOIMIHCH
C TIOMOIIIBI0 MarHeTpoHHoro Meroaa. Ha pucynke 1
npencrarieHo COM  n300pakeHHE TOMEPEYHOTrO
CEYEHUS] TOHKON MEOHOW M HMKEJIEBOM IUICHKH Ha
KPEMHHEBOU MOJUIOXKKE, TOJIIMUHA MEIHON IUICHKU
cocrasisieT 446,8 HM (puc. 1a), ToNmKMHA HUKEIEBOH
TieHKH coctassieT 427,4 uMm (puc. 16).

0
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Pucynok 1 — COM n3obpaskeHre NONepevHOro CEYeHUsI TOHKOW METATMYECKOH IJIEHKH Ha KPEMHUEBON
MOJJTOJKKE: a — MeJlb, O — HUKEJb

Psn skcneprMeHTOB ObLI  OCYIIECTBICH Ha

KPEeMHHEBOM  IJACTUHE C TOHKOW  ILJICHKOH
METAIUTHYECKOTO KaTaam3aropa, B KOTOpOH
rmapaMeTpbl CHHTE3a COCTABWJIO: PACCTOSHHE OT

coIia TOPEJKH 0 MOIOKKH N = 4 MM, auamerp
comta — 1,0 MM, auuTensHOCTh HamblieHus t = 15
MUH, 45 MHH, Yroj HakjJoHa (pPOHTA ILJIAMEHU
a = 90°, cooTHOIIIEHNE KOHIIEHTPAIMI KHCIopoaa U
anerunena O2/CoHz = 0.90, 0.92. B cmecu rasos,
HCIONB30BABIINXCI  JUIS  CO3JaHMs  IUIAMEHH,
UMeeTCS M30BITOK aleTHICHA HajJ KHCIOPOIOM.
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M30pITOK areTwieHa o0pa3yeT TaK Ha3bhIBaEMOe
alleTUWICHOBOE TMEpO, B KOTOPOM  IPOUCXOIST
clioXxHbIe XuMuueckue peakuun [33, 34]. [TapameTpst
CHHTE3a MOoKa3aHbl B Tabmuie 1.

s XapaKTePUCTHKH Mopdooruu
MOBEPXHOCTH U CTPYKTYPHOE KA4EeCTBO MOJTYYECHHBIX
00pa3loB WcCIe0Ba M METOJaMU CKaHUPYIOMIEH
aneKTpoHHO# Mukpockonuu (COM) Quanta 3D 200i
n kKoMOmHanmoHHOTO paccesHUs cBeta (KPC) NT-
MDT Tegra Spectra (minHa BOJHBI JIA3€PHOTO
u3nydeHust A = 473 HM).



B.E. "ymazmnos n ap.

Tab6umuna 1 — [TapameTps! cUHTE3a YIIEpOAHBIX HAHOMATEPHAIOB METOJIOM KHCIOPOIHO-aIlETHIIEHOBOM

TOPEJIKU
DKCHeprUMeHT CNMs h, aom | t, mun Pac;:gi[nOz, Pacx;grﬁsz, C, 0,/C;H, | Karanmzatop
Ne 1 CNFs 4 45 0.27 0.30 0.90 Cu
Ne2 DLC 4 15 0.23 0.25 0.92 Ni
Pe3yabTaThl M 00CyxKIEHHE COM n300pakeHHss BUIHO, YTO Ha MOBEPXHOCTH
MO/UIOKKM  OBUIM  OCAaXJE€Hbl  BOJOKHUCTBIE
Ha pucynxke 2 mpeacraBiensr COM cTpykTypel. CuHre3upoBanHele YHB wumeror
nzobpaxennss YHB wu AIlY, mnomyueHHBIX LWIMHAPUYECKYIO (OpMYy C ITMaMETPOM MHOpsIKa

METOAOM KHCJIOPOJHO-alleTUIIEHOBOM T'OPENKH.
Mopcdomorus  YHB,  cuHTe3upoBaHHBIX B
skcnepumente Ne 1 mokasana Ha pucyHke 2a, 6. U3

ot 50 1o 215 um. ITo mabmogennsm COM, mimHa
YHB nocturaetr HeCKOJIbKUX MUKPOMETPOB.

2 pm &

Pucynok 2 — COM uzobpaxenue YHM: a, 6 — YHB; B, r — AITY

COM-u300paxkenust  mosepxHoctd  AITY
MOKa3aHa Ha PHCYHKE 2B, T, OCAKICHHBIX B
skcnepumente  Ne 2. COM-uzobpakeHus
MOKa3bIBAIOT, 4YTO IIOJyYEHHBIE YTJIEPOAHBIC
CTPYKTYPBHI, HUMEIOT YEeTKHE
KpucTtaiiorpapuueckue  GopMy M MOXKHO
3aMETHTh MPUCYTCTBHE MHOECTBEHHBIX
JBOWHUKOB, a TAK)KE HAIWYKME BTOPUYHOTO POCTa,
T.e. KpHUCTAJIOB, 3apOAMBIIMXCA Ha paHee
CYyLIECTBOBABIIINX KpHCTaJIax. Pazmep
OTIENBHBIX KPUCTALIMTOB BapbUPYETCS MOPSIKa
ot 150 mo 580 Hwm.

Hanee Obum mnpoBenmenbl aHanusbl KPC
HOy4eHHBIX 00pa3uoB. Ha pucynke 3 moxasan
CIIEKTPBl KOMOWHAITMOHHOTO paccessHuss YHB m
ATIlY, cuUHTE3UpPOBAHHBIX METOJOM KHCIOPOIHO-
aneTWIeHoBOH  ropenku. JlaHHBIe — aHanm3a

PaMaHOBCKOM MOKa3aHbl B

Tadaune 2.

CIEKTPOCKOIINHI

HopmupoBaHHasA MHTEHCUBHOCTH

T T T T T
1000 1500 2000 2500 3000

Pamarosckuit casur (cv™)

Pucynok 3 — PamaHOBCKas CIEKTPOCKOTIHS
YHM: VHB, AIlY
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Tabauua 2 — /Tanubie aHaT3a paMaHOBCKOM
CIIEKTPOCKOTINH.

YHB AITY
G peak position 1581,80 1540,36
D peak position 1363,09 1330,51
2D peak position 2742,02 -
FWHM G 39,62 186,82
FWHM D 85,53 219,74
I(D)/I(G) 0,71 0,86
1(2D)/1(G) 0,39 -

Crnextper KPC VYHB  xapakrtepusyrorcs
MHTEHCHBHBIM D-momom  okono 1363 cm™.
Xopomo u3BecTHO, yTo D-Moaa TecHO cBsizaHa ¢
HEYNOPSIIOYECHHBIMUA CTPYKTYPaMHU B YIIIEPOIHBIX
matepuanax. G Moza npossusercs mpu 1582 cm?,
YTO CBHUJIETENLCTBYET O Hamuuuu B YHB
rpaduroyrnepona [36, 37]. Bropas obGmacts
criektpa oOpasma coctoutr u3 2D wmoma. Ha
OCHOBAHUU HAJMYMsI OTYETIMBO BBIpaXKeHHOTo 2D
MUKa ¥ MEHBIIETO OTHOILLIEHUSI HHTeHCUBHOCTH D 1
G nuxka (I(D)/I(G) = 0,71) MOXHO TIPEATOIOKHTD,
yto YHB, nosiydeHHBIE METOJOM KHCIOPOJLHO-
alleTWICHOBOM rOpesiky Ha KpEMHUEBOH MOJIOKKE
B 3KcrepuMeHTe Nel, UMEIOT XOpOLIyI0 CTENEeHb
YIOPSJOYCHHOCTH U TpaduTH3AINY.

PamanoBckue criekTpsl 00pasiia MoTy4eHHBIX
B sKkcnepumenTe Ne2, mokaszaH Ha pucyHke 3. Ha
3TOM PHCYHKE BHJIEH CHIIbHBIN ik 1ipu 1330 cm?
(D-momoca), uTo MOATBEPKIAET MPeodIamarolee
npucytcTBue  ¢azpl  KyOM4ecKoro — anmasa.
[Hupokuit ¢on npu 1540 cm? (G-nosoca)
o0ycnoBieH aMOp(HBIM YTJIEPOIOM, KOTOPBI

BCEr/ia MPUCYTCTBYET B HEOOJNBIINX KOIUIESCTBAX
[38, 39]. DTO MmO3BOISAET MPEAIMTOIOKHUTE, UTO
CHHTE3UPOBAHHbBIC TUICHKU SIBJISIOTCS TUITHIHBIMU
TUICHKAMH a7IMa30T000HOT0 YIIIepoa.

3aKkI0o4yeHne

B xome wuccinenoBaHus,  KHCIOPOJHO-
alleTWIICHOBAasl Topelika Oblla MCIONB30BaHa ISt
nonyyenuss YHB wu AIlY 1npu pasnnusbix
nmapaMeTpax CHHTe3a. ALETHWIEH B KauecTBe
WCTOYHHKA YTJIEpOAa U METaJUINYeCKHe IJICHKH B
KauecTBe KaTaju3aTopa ObUTM MCIOIB30BAaHbI IS
cuate3a YHM. Cunares YHB mmmnca 45 mus,
IUIEHKa MEAM HCIHOJNb30BAJICA B  KauecTBe
karanuzaTopa. Ha wu3oOpaxenusx COM BuUHBI
BOJIOKHHMCTBIE CTPYKTYPHI ¢ AuaMeTpoM oT 50 1o
215 um. beutu Taxoke cunTezuposansl AITY npu 15
MUH BPEMEHHU CHUHTE3a, ¢ pazmepom oT 150 no 580
HM, B KayecTBE KaTaJn3aTopa ObLI HCIIOIb30BaH
IUIEHKa HHKes. PamaHOBCKas CHEKTPOCKOMHS
noaTBepana obpazoBanne YHB u AITY. YHB
oTIHYalTCs ~ OojJiee  XOpoUIed  CTEleHbIo
YOOPAOOYEHHOCTH M rpaduTtu3auuu. JlaHHbIE
pe3yabTaThl JaroT BO3MOXHOCTb st
NpOMBINUIEHHOTO cuHTe3a YHM, Ttak Kkak
KHCJIOPOIHO-allETHIICHOBAsl TOpeNKa  SIBISeTCS
OTHOCUTENIBHO  HPOCTBIM W 3KOHOMUYECKU
BBITOZHBIM METO/IOM.
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Hannoe wuccienoBanue (HUHAHCUPOBATIOCH
Komurerom Hayku MuHHCTEpCTBA HAyKu U
BEICIIero oOpa3oBanmst PecmyOnukn Kazaxcran
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3ABUCUMOCTb /IEKTPOXMMUYECKMX CBOMCTB BMOCEHCOPOB
OT MOP®O/IOTUN CNIOEB OKCUJA LIMHKA

CaxapHbli AnabeT, cBA3aHHbIN ¢ A4ePULUMTOM UHCYAMHA U BbICOKOW KOHLUEHTPaUMeN TNOKO3bl B KPOBMY,
ABNAETCA OAHOM M3 OCHOBHbIX MPUYMH CMEPTU U MHBANIMAHOCTM B Mupe. HenpepbiBHbIN MOHUTOPWHT YPOBHA
[IFOKO3bl B KPOBW MO3BOJIAET NPeAOTBPATUTL BONe3HN cepaLa, MOYEeYHYH HeA0CTaTOYHOCTb UAK CnenoTy. B
CBA3M C 3TMM Heobxoamma ObICTpas, TOYHAA M SKOHOMMYHAA UAEHTUOUKALMA YPOBHA THOKO3bl B KPOBMU.
MO3TOMY M3roTOB/IEHWE 3KOHOMWYHOrO, MPOCTOrO0 B MCMOJIb30BAHMM, TOYHOrO, MOPTATUBHOIO M BLICTPOro
H6uoceHcopa A4NA ONpeaeneHns rKo3bl MMeeT pellatollee 3HayeHWe npu caxapHom amnabete. Lnpokoe
pacnpocTpaHeHne MOMYYUAN INEKTPOXMMUYECKME BUMOCEHCOpbl ANA MAEHTUOUKALUMM TAOKO3bl. B AaHHO
paboTe MaccmMBbl BbICOKOOPUEHTUPOBAHHbBIX HaHOCTepPKHen ZnO, MoyYeHHbIX HWM3KO3aTPaTHbIM METOA0M
XMMMWYECKOTO OCaXAeHMA W3  pacTBOpa, OblM  MCMONb30BaHbl B KayecTBe aMMNepoOMeTPUYecKoro
bepMeHTaTMBHOIO 3/1EKTPoa, B KOTOPOM M1toKO300Kcuaa3a (GOx) 6bina MMMOBUMAN30BaHa NOCpeaCcTBOM
dusnyeckon agcopbumn. MccnenosaHbl MOPdONOrMA, ONTUYECKME U 3NEKTPOXMMMYECKME CBOWCTBA
M3roTOB/IEHHOIO MOANPULMPOBAHHOrO anekTpoaa ITO/Zn0O/GOx/HaduoH. M3yveHo BanaHne mopdoaornm
C/NI0EB OKCMAA LUMHKA Ha aKTMBHOCTL depmeHTa U BuoceHcopa. MoayyeHHble MoANOMLUMPOBAHHbIE 31EKTPOAbI
ITO/ZnO/GOx/HadmoH c maccMBamu yNopsaAOYEHHbIX TOHKUX HaHOCTepskHer ZnO Mnokasasn BbICOKYHO
UYBCTBUTENIbHOCTL ~50 MKA/MM-CM? Npu OBHapY>KEHUWM [IOKO3bl B PacTBOPe, T.e. HaHOCTePXHM ZnO ¢
BbICOKOW YyAenbHOM MOWAAb0 MOBEPXHOCTM ABAAIOTCA MNPEKpacHOW naathopmont Ana Mmmobuamsaumm
rTOKO300KCMAa3bl B BroceHcopax.

KntoueBble cnoBa: oKCUA UMHKA, 3N1EKTPOXMMMUYECKME CBOMCTBA, BUOCEHCOP, MHOKO3a.

D.B. Tolubayeva?, L.V. Gritsenko?"
IKaraganda Industrial University, Kazakhstan, Temirtau
2Satbayev University, Kazakhstan, Almaty
*e-mail: gritsenko_lv@mail.ru

Effect of the morphology of zinc oxide layers on the electrochemical properties of biosensors

Diabetes mellitus, associated with insulin deficiency and high blood glucose, is one of the leading causes
of death and disability in the world. Continuous monitoring of blood glucose levels can help prevent heart
disease, kidney failure, or blindness. In this regard, fast, pricese and economical identification of blood glucose
levels is necessary. Therefore, the manufacture of an economical, easy-to-use, exact, portable and fast glucose
biosensor is of critical importance in diabetes mellitus. Electrochemical biosensors for glucose identification
are widely used. In this work, arrays of highly oriented ZnO nanorods synthesized by a low-cost method of
chemical deposition from solution was used as an amperometric enzymatic electrode in which glucose oxidase
(GOx) was immobilized by physical adsorption. The morphology, optical and electrochemical properties of the
fabricated modified ITO/Zn0O/GOx/Nafion electrode were studied. The influence of the morphology of zinc
oxide layers on the activity of the enzyme and biosensor was investigated. The resulting modified
ITO/ZnO/GOx/Nafion electrodes with arrays of ordered thin ZnO nanorods showed a high sensitivity of ~50
HA/mM-cm? for the detection of glucose in solution, i.e. ZnO nanorods with a high specific surface area are an
excellent platform for the immobilization of glucose oxidase in biosensors.

Key words: zinc oxide, electrochemical properties, biosensor, glucose.
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3aBUCKMMOCTb 3/1EKTPOXMMMUYECKMX CBOMCTB BMOCEHCOPOB OT MOPHONOTUM CI0EB OKCMAA UMHKA

[.5. Tony6aesa?, /1.B. MpuueHko?”
1KapaFaHabl MHAYCTPUANBIK yHMBepcuTeTi, KasakcTaH, TemipTay K.
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BuoceHcopnapabiH SNeKTPOXMMUASIbIK KAaCUeTTEPiHIH MbIpPbIl OKCMAI KabaTTapbIHbIH,
MopdonorvacbiHa Tayenainiri

MHCYNMH TanwWblNblFbl MEH KaHAafbl FOKO3aHbIH, }KOFapbl KOHLEHTPaUMACbIHA BalinaHbICTbl KaHT AMabeTi
— anemae e/liMm MeH MyrefdeKTiKTiH Heri3ri cebenTepiHin, 6ipi. KaHaafbl r1toKo3a AeHreniH y3aikci3 bakblnay
KYPEK aypyblHbIH, BYMpeK eTKiNiKci3airiHiH, Hemece 3afunTbINbIKTbIH, andbliH anaabl. OcbifaH GannaHbICTbI
KaHZafbl r1tOKO3a AeHreMiH Te3, 431 KaHe YHeM aHblKTay KaxkeT. COHAbIKTaH KaHT AnabeTiHae rntoKo3aHbl
aHbIKTayfa apHanfaH YHeMfi, Ko/JaHyfa OHal, A9/, NOPTAaTUBTI KoHEe Kblagam buoceHcop Kacay eTe
MaHbI3bl. TNOKO3aHbl aHbIKTay VLIIH 3/1EKTPOXMMUALIK BUOCeHCOpAap KeHiHeH TapanfaH. byn KymbicTa
TOMEH UWbIFbIHAbI  epiTiHAiAeH XUMWANLIK TYHAbIPY SAiCiMeH anblHFAH Xofapbl 6afbiTTanfaH ZnO
HaHOBINIKTEPIHIH MaccuBi GU3MKaNbIK aacopbuma apKblabl FIOKO300KeKMaasa (GOx) MMMobuamsaumanaHsax
aMNEPOMETPUANBIK, ~ PEepMEHTATUBTI  3N1EKTPOA  PeTiHae  nanganaHbingsl.  MoandukaumanaHfaH
ITO / ZnO / Gox / Had1oH aneKTpoabiHbiH MOPdOAOrMACk!, ONTUKAAbIK XaHE SNEKTPOXMMUANBIK KacueTTepi
capanaHabl. Mblpbill OKcKAi KabaTTapbl MOpdonornackiHbiH, depmeHT neH buoceHcopapiH benceHainiriHe
acepi 3epTTengi. ZnO 6GarbiTTanfaH KyKa HaHOOINIKTepiHiH, maccuBi Bap moandbuKaumsnaHFaH
ITO/ZnO/GOx/HadunoH 3neKTpoaTapbl epiTiHAjAEe roKO3a aHbikTanfaHda ~50 MKA/MM cm? maHiHoe eTe
KOFapbl ce3iMTandplNblK  KOpPCeTTi, AFHM OeTiHiH MeHLWIKTi aydaHbl Kofapbl ZnO  HaHOLINiKTepI
BbroceHcopaapaarbl FHOKO300KCMAa3aHbl MMMODMIM3aUMANAYFa apHaaFaH Tamalla naatbopma.

TyliH ce3aep: MbIpbIl OKCKAI, 3NEKTPOXMMMANBIK KacneTTepi, BroceHcop, roKo3a.

(depmenta u OuoceHcopa. IlomydeHHbIE MOAM-
(urmpoBanubie dekTpoabl [TO/ZnO/GOx/Haduon

Caxapublif nuaber, CBSI3aHHBIA ¢ JAeQUIUTOM € MACCHBaMH YIOPSAOYEHHBIX TOHKHX HaHO-
WHCYJIMHA ¥ BBICOKOW KOHIICHTpAIlMed TJIIOKO3BI B cTepikHed Zn(O ToKazamud BBICOKYIO UyBCTBU-

BBeaenne

KpOBHU, SIBIETCA OJHOM M3 OCHOBHBIX NPUYUH
CMEpPTU U UHBaIUAHOCTU B Mupe. HempepniBHbIN
MOHUTOPUHI YPOBHS IJIFOKO3bl B KPOBHU II03BOJISIET
NPeNOTBPAaTUTh  OOJE3HH  cepiala, I[OYEUYHYIO
HEJOCTaTOYHOCTh WM CIIENoTy. B cBs3um ¢ 3TuM
HeoOxomuma ObIcTpasi, TOYHasT M OKOHOMHYHAS
WICHTU(HUKALINS YPOBHS TITIOKO3BI B KpOBH. [To3TOMY
WU3TOTOBJICHHE  3KOHOMMYHOIO,  IIPOCTOIO B
HCNOJb30BAaHUH,  TOYHOIO, MOPTAaTUBHOTO M
OBICTpOrO OHMOCEHCOpa Uil ONPENEIICHUSI TIFOKO3bI
HMeEeT pelIaroliee 3HaueHue pH caxapHoM Auadere.

[npokoe pacnpocTpaHeHHe MOJTyYMIIH
JNEKTPOXUMHUYECKHE OHMOCEHCOPHI TUIS
WACHTHU(HKAMK TIIOKO3bl. B maHHOW paboTte

MacCHUBBI BBICOKOOPHEHTHPOBAHHBIX HAHOCTEP)KHEN
ZnO, TIONyYEeHHBIX HHU3KO3aTPaTHBIM  METOAOM
XUMHYECKOTO OCaXJEHUS U3 pacTBopa, ObUIK
HCIIONB30BaHbl B KAadyeCTBE aMIIEPOMETPUYECKOIO

(epMEHTaTHBHOTO  JJIEKTPOJa, B  KOTOPOM
rimoko3ookcuaaza (GOx) Obia MMMOOMIIM30BaHA
MOCPEICTBOM ¢busnyeckoit azcopOmmu.
HccnenoBanel  Mopdonorusi,  ONTHYECKHE |
JIIEKTPOXUMHUYECKHUE CBOHCTBA  HM3TOTOBICHHOTO
MOIUPHUINPOBAHHOTO 3JIeKTpoaa
ITO/ZnO/GOx/Hadwnon. Uzydeno BIUSTHUE

Mopdooruu cioéB OKCHla IMHKA Ha aKTUBHOCTh

30

TenbHOCT ~50 MKA/MM:cM? npu  oGHapyXeHHH
TJIIOKO3bl B pacTBope, T.e. HaHocTepxHH ZnO c
BBICOKOM  yAENbHOM  IUIOMIaABI0  TOBEPXHOCTH
SIBIISTEOTCSI NpEeKpacHOM aThopMoi ISt
MMMOOMJIM3aLNH TTI0OKO300KCHAA3bl B OMOCEHCOpax.

broceHcopsl A1 oNIpeiesieHUs] ypOBHU caxapa B
KPOBH  HMMEIOT  HIMPOKOE MPOMBIIUICHHOE,
9KOJIOTHYECKOE W MEIUIMHCKOE IPHUMEHEHHE C
eTbI0 IMAarHOCTUPOBAHUS | JieueHus: quadera [1].
Caxapuprii gumaber — 3T0 MeTabonuyeckoe
3a0o0JieBaHMEe, KOTOPOE BBI3BIBACT AHOMAJIbHBIN
YpOBEHb caxapa B KpoBH. Ha Tekymuii MOMEHT 3Ta
00JIe3Hp TIOKAa HEW3JIeYMMa W SIBJSICTCS OJHON W3
OCHOBHBIX TPHYMH YEIOBEUYECKOW CMEPTHOCTH WU
uHBamUAHOCTH B Mupe. [lpu nganHoMm Buze
3a00JIeBaHUsl TPOUCXOJUT HapylleHHe OoOMeHa
BEIIECTB, KOTOPOE CBS3aHO C JeHUIIMTOM UHCYIUHA
B opranusme. Kpome Toro, cieiactBueM caxapHOTO
anabeTa  SBIAETCS IMOYeYHas: HEJAOCTATOYHOCTb,

uieMuueckas  Oone3Hb  cepama, 3aboseBaHUs
COCY/IOB,  CIIENOTa,  HApyIIeHHEe  MO3TOBOTO
KpoBoOOpamieHuss W JApyrue  3a00JIeBaHHA.
CrnenoBatenbHoO, MaIyeHTam, CTpaialoIM

IrabeToM, He0OXO0IMMO MOCTOSIHHO KOHTPOJIUPOBATh
YPOBEHb TJIIOKO3bI B KPOBH, YTOOBI H30EKaTh
ociokHeHui. TakuM 00pa3oM, Co3/laHUE TOYHBIX,
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MPOCTHIX B UCTIONH30BAHUN, SKOHOMUYHBIX CEHCOPOB
JUIE  OOHApYXKEHHS TIJIIOKO3bI B KPOBH SIBIISCTCS
aKTyalbHOW 3amadeil. PasBurme OHOCEHCOPOB
MO3BOJIMJIO TIOJTYYHUTh 3HAYUTEIbHBIC PE3YJIbTATHI B
obiactu Ouosoruu, ¢Gu3uku, xumud. OXHUM U3
MEPCHEKTHBHBIX ~ BHJIOB  CEHCOPOB  SIBIISIOTCS
ANEKTPOXUMHUYECKHE OWOCEHCOPHI, TO3BOJISIOIINE
OTIPE/ICNIATh YPOBEHB TITFOK03a B KpoBH [2, 3].

K 2/IeKTpOXMMHYECKUM METOIaM OTHOCSTCS
aMIIEpPOMETPUYECKUH,  BOJBTAMIIEPOMETPUUECKUI,
KaJIOPUMETPUUYECKUN METOJIBL. CyuiecTByIOT
pasin4Hble crocoObl MMMOOWIHM3ANWU  (epMeHTa
[JIFOKO300KCUIa3bl, TaKHE KaK IOJIMMEpH3aliys,
WHKAIICYJISAUS, ACCUMWISAIMS ¥ JAp. AKTHUBHO
WCTIONIB3YIOTCS He(epMEHTAaTUBHOE u
(depMeHTaTHBHOE  OHMOCEHCOPHOE  OTpEJIeIIeHUE
TIIFOKO3EI [4 - 6].

Ilpy  SNEKTPOXUMHUYUECKOM  HCCIIETOBAHUU
pacro3HaBaHue MeXJay (EpMEHTOM M CyOCTpaToM
oOecrieunBaeT BBICOKYIO CEJICKTUBHOCTh
(GepMeHTHOr0  JaT4MKa W  HU3KMHA  TIpenen
oOHapyKeHUs. DIIEKTPOXUMHUCCKHE OMOCCHCOPHI Ha
OCHOBe  rimoko3ookcuaassl  (GOx)  aBusioTcs
MPEANOYTUTESITLHBIMU yCTpoHCTBaMHU TSt
OTIpeJIeNICHNs] YPOBHS TIIOKO3BI B KPOBU BBHIY HX
MIPOCTOTHI, CEJICKTUBHOCTH, BBICOKOH
qyBCTBUTEILHOCTH H TodHOCTH [7]. Omnako Ha
AKTHBHOCTh (PEpPMEHTA OKAa3bIBAIOT 3HAYUTEIHHOEC
BIIUSTHUE BHEIIHUE (DAKTOPBI OKPYXArOIIEH Cpelibl,
Takhe Kak ypoBeHb pH, TOKCHYHOCTH Marepuaa,
TeMIeparypa, 4To CKa3blBaeTcs Ha CTAOMIBHOCTH
¢depmenta. Kpome Toro, ocraroTcs mpoOJieMbl ¢
WCTIONB30BaHHEM OMOCEHCOPOB TIIIOKO3bI HA OCHOBE
(depMeHTOB  W3-3a  HH3KOH 3 deKTUBHOCTH
nMMoOMIm3an  (pepMEeHTOB Ha TBEPIOTEITHHOM
anektpone. s pereHus: JaHHOH TpoOJIeMbl MHOTHE
HCCIIeIOBATEITN MPUMEHSIOT HaHOCTPYKTY-
PHPOBAaHHBIC MATEPHUAITBI.

Oxcun nmaka (ZnO) siBrsieTcs MepCeKTHBHBIM
MOJTYIPOBOTHUKOBBIM MAaTEPHAJIOM, HCIIOJIE3YEMbIM
TSt W3TOTOBJICHUS IMEKTPOXUMHUUECKUX
OHOCEHCOPOB TITFOKO3BI BBUJLY ero
OMOCOBMECTUMOCTH M TaKUX YHUKAJIbHBIX CBOWCTB,
KaK HH3Kas TOKCHYHOCTh, BBICOKAS TOJBIKHOCTH
HocuTelne u mpocrora moiyuenus [8, 9]. ZnO
obnamaer UDII ~9,5, uro momxoauT ass ancoponuu
¢dbepmentoB ¢ Hu3koi UOBII, ocobenno GOx (UOII:
~4,2-4.5), npu ¢usnonoruueckom pH=7,4 3a cuér
ANEKTPOCTATHICCKOTO MIPUTSHKEHUS [10].
OKHCIUTETHHO-BOCCTAHOBUTENBHAS ~ CIIOCOOHOCTH
(dbepMeHTa BCcera 3aTpyAHEeHa, KOrIa OKMCIUTEIbHO-
BOCCTaHOBHUTEIIbHBIN LEHTP H30JIMPOBAH.
CrnenoBaTellbHO, IEPEHOC AIIEKTPOHA HE TIPOUCXOIUT
HaIpPsIMYIO, eciu HET OKHCIIUTEIILHO-
BOCCTaHOBHUTEIILHOTO MMOTEHIHaa. B aTtoMm ciydae
npuMeHsietcss menuatop. OJHAKO WCIONIB30BAHUE

Zn0O obecrieunBaeT MpSIMOU MIEPEHOC MIEKTPOHOB O€3
UCIIOJIb30BaHUSI  OKHCIUTEIFHO-BOCCTAHOBUTEIb-
HOTO Meauaropa, Tak Kak JJIeKTpox U (epMeHT
paboTaroT B HEOOJIBIIOM OKHE TIOTCHIIMAIOB OJIM3KOM
K OKHCIIMTEILHO-BOCCTAHOBUTEIEHOMY MOTCHIUATY
camoro  ¢depMeHTa, TEeM  CaMbIM  CHIKas
BOCIIPHMMYMBOCT, ~ OHOCEHCOopa K JpYyruM
Memramum ornomosekynam [11].

Bronatunky riroko3bl Ha OCHOBE OKCHIA IIMHKA
pasnu4yHOi MOp(OJIOTMH B BHAE HAHOYACTHII,
HAHOJIUCTOB,  HAaHOJEHT MW  Jp. oOmajgaroT
HEOOXOIMMOM TTOBEPXHOCTBIO TSI KIMMOOMIH3AIHN
(epMEeHTOB, HO JEMOHCTPHPYIOT OTHOCHTEIIEHO
HU3KYI0 CTaOWJIBHOCTB, TaK Kak OHH JIETKO
OTIEINSIOTCS OT padoyero 3JeKTpofa BO BpeMs
¢byukimonanuzarmu [12].

Anresuss MOXeT OBITh yiydlleHa 3a CUéT
BBIpAIIUBAHNsI HAHOCTEP)KHEH HEMOCPEACTBEHHO Ha
HNOMJIOKKAX, a He IyTEM MepeHoca HECBSI3aHHBIX
HAHOCTPYKTYp Ha TIOUIOKKH. Takum oOpaszom,
CTpyKTypa HaHocTepkHei ZnO wuaeanbHa Ui
uMMoOMIM3anud ~ (epMEHTOB, TIOCKOJNBKY OHa
obOecrieunBaeT TMpsiMOE€ W OBICTPBIN  TIepeHoC
JNIEKTPOHOB ~ MEXAYy OCHOBOM  dJEKTpoAa |
tdepmentom [13]. Kpome Toro, HaHOCTEp)KHH,
BBIPAIIEHHbIE HETOCPEACTBEHHO Ha  IOJUIOXKKE,
00€ecreYrnBaloT BBICOKYIO CTa0MIBLHOCTD, TIOCKOJIBKY
npolecc SBISETCS XUMHUYECKHM M MEXaHHYECKU
HaIEKHBIM.

CymmecTByIOT pa3iuYHbIe METOIBl CHHTE3a
HAHOCTEP)KHEH ZnO: AIIEKTPOJIN3 [14],
THAPOTEPMAIBHBIN MeTox [15], rasodasHeiii MeTox
[16], ocaxxmenne u3 ra3oBoil (ha3bl B MPUCYTCTBUU
METaJUIOPraHHYeCKUX COeTMHEHHI [17],
MarHeTpoHHoe pacnbuieHue [18] u apyrue.

B nmamnOW pabore HaHOCcTep)HH ZnO ObUIH
CHHTE3MPOBAaHbl HH3KO03aTPATHBIM HHU3KOTEMIIEpa-
TYPHBIM METOJOM XHMHYECKOTO OCAXKICHUS W3
pacTBopa COTJIaCHO METOJy, ONMCaHHOMY B padoTe
[19]. HccnemoBanbl MOpGOJIOTHs, CTPYKTYpPHBIC,
(hoToMOMUHECIEHTHBIE 1 OMOXMMUYECKHE CBOHCTBA
MOJTY4YEeHHBIX 00pa3LoB.

IKCnepuUMeHTAIbHASL YACTh

OO06pa3iel ¢ HAHOCTEP)KHSIMHU OKCHa ITHHKA B
KadecTBE MOAMMDUIIMPOBAHHOTO DIEKTPONA IS
OOHapyXeHHs TIIOKO3bl ObUIM CHHTE3WPOBAHbI Ha
TIIATEIFHO OYMIIEHHBIX B pacTBope mupanbs (25%
pactBop ammuaka NHsOH, 35 % mnepekuch
BOJIOpPOJa, TUCTHIUIMPOBAHHAS BOJA B COOTHOIICHUH
1:1:4) B Teyenue 20 MUHYT KUTISTYCHUS JUIS1 CO3TaHUS
rUIpOoGUIBHON [IOBEPXHOCTH CTEKJIIHHBIX
noJuIokKax 25 x 25 x 1.1 M, HOKPBITEIX TPOBOASIIAM
TOHKUM cioeM okcuja onosa (ITO, conporusieHue
8-12 Om/cm?), Tonmuna ITO cnost coctaBuna 120-
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160 HM. DTOT METOJ MPOCT, DKOHOMUYCH,
3¢p(dekTHBeH ¥  HOAXOAMT  JJIA  IOJy4eHHUs
BBICOKOKaUEeCTBEHHOT'O 3aTPaBOYHOTO cliosi ZnO mpu
BBIpalMBaHUM HaHOCTPYKTyp. Crexkno c¢ ITO
MOKPBITUEM O00JIaJIaeT XOpolIeld MPOBOAMMOCTHIO,
XUMHUUYECKON CTOMKOCTBIO, PU 3TOM Y HETO MEHBIIIE
ce0eCcTOMMOCTh, YeM Y JJIEKTPOJIOB M3 30JI0Ta WU

CTEKJIOYTJIepOaa. Ha MIEPBOM JTare Ha
HOJITOTOBJICHHEIE IO UIOKKH OBLI HaHECEH
3aTpaBOYHBIA cio  ZnO  corjacHO  30Jb-Telb

TexHosoruu. Pacteop 3018 comepxkan 0,4r amerara
muaka (CH3CO0).Zn-2H,0 (ZnAc;), pacTBOpEHHbIE
B 10 mn sTanona CoHsOH.

PaBHOMepHOE pacnpezaencHue 307181
JOCTHTAJIOCh MyTEM HAaHECEHHs HECKOJIBKHUX Karleib
pacTBOpa Ha  TOBEPXHOCTh  IOATOTOBJICHHOM
MOJUIOKKH, 3aKPEIUIEHHOW Ha TOPHU30HTAJIbHOM
CTOJIMKE, C MOCJIEAYIOIUM BpAIIEHUEM CTOJIMKA CO
ckopocThio ~2000 06/MHH B TeUEHHE 5 MUHYT. 3aTeM
MOJUTOKKH OBLTM BBICYIIEHBI B CYIIWJIBHOM IIKady
npu Ttemneparype 130°C B TedeHue 20 MHUHYT.
[Mocnemyromuii omkur npu Temmeparype 450°C B
TeueHne 60 MUHYT B My(QEITbHON TTeYH IPUBOIUT K
(hOpMHPOBAaHUIO PABHOMEPHOTO 3aTPABOYHOTO CIIOS
Ha MOBEPXHOCTH MOJIOKEK.

Ha BropomM »sTame MeTomoOM XHMHYECKOTO
OCaXJEHHA W3 pacTBopa (HU3KOTEMIIEPaTyPHBIM
THIPOTEPMAJIbHBIM ~ METOJOM)  OCYLIECTBIISIICS
OpPHEHTHPOBAaHHBIH pocT HaHocTepxkHel  ZnO.
PactBOp pocrta comepxall cMecH BOJHBIX PacTBOPOB
mutpatra 1muHKa  ZN(NOgz)-6H 0  75MM
rexcamerwieHrerpamuaa (HMTA) CsHioNa 75MM.
CuHTe3 mpoBOAWICA B TEUCHHWE ABYX YacoB IpHU
temneparype 90°C Ha MarHUTHOM MeEIIalKe C
MOJOTPEBOM B CTEKISIHHOM CTaKaHe Ha BOISHOM
Oane.

[lonnmoXkn ¢ 3aTpPaBOYHBIM CIIOEM KPENHINCH
noJ HEOONbLUIMM YIJIOM K CTEHKaMm CTakaHa,
oOpaiéHHble ThUILHOW CTOPOHOH B €ro LEHTP.
Crakan c paboumM pacTBOpOM H ¢ OOpazmamu
repMeTH4HO 3akpbiBasicsl. [lo okoHuaHMiO cuHTE3a
00pasupl BBIHUMAJIUCD, MTPOMBIBAITUCH
JUCTWIJIMPOBAHHOW BOJIOM W BBICYUIMBAJINUCH B
cymrmuibHOM Tkadgy B TedeHue 30 MHHYT TIpH
temneparype 115°C.

CymecTByeT NpearnoyiokeHne, 4To MPH 3TOM
MIPOUCXOST CIETYIOIINE XUMUIECKHE TTPEBPAIICHHUS
mexay HutpatoB HuHKa ZN(NO3)2 U ypoTponuHOM
HMTA [20]:
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Zn(NQg); - 6H,0 — Zn** + 2(NO3)+ 6H.0, ()]
CeH12N4 + 6H20 <+ 6CHCHO + 4NH3, 2
NH3; + H>O < NHa* + OH", (3)

Zn** + 4(OH") — Zn(OH) ¥ 4—
— ZnO(s) + H,0 + 2(0OH"), 4)

Zn* + 2(OH") — Zn(OH), — ZnO(s) + Hz0. (5)

B xome naHHOro cHHTE3a WOHBI THAPOKCHIA
00pa3oBBIBAIOTCS IOCPEACTBOM paziokeHust HMTA,
¥ 3aTeM pearupyloT ¢ Zn®*, oOpasys TeM CaMbIM
HaHocTepykHH ZNO Ha MOBEPXHOCTSX 3aTPAaBOYHOTO
CJIOSI Ha TIOAJIOXKKE.

Pe3yabTaThl M 00CyKIEHNE

Mopdonoruss mosydyeHHbIX 00pa3noB Oblia
uccleI0oBaHa Ha MHOTO()yHKITHOHATEHOM
3JIEKTPOHHOM pacTpoBoM MuKpockone Quanta 2001
3D (FEI Company) ¢ HMHTErpHpOBaHHBIMH
cucreMamM (OKYCHPOBAaHHOTO HMOHHOTO MydKa,
SHEPro-AUCIEPCUOHHOIO CIIEKTpOMeETpa u
KpHCTAIIOrpaguyecKoro aHanusa AJisi JUarHOCTHKH
M HUCCIENOBAHWMH  Pa3IMYHBIX  MAaTepUAJIOB.
Pesynbrathl WCCIIEIOBAHUS AJIEKTPOHHOM
CKaHUpyoled MHKpockoruu (pucyHku 1 u 2)
MoKa3ajid, 4To MNoiydeHHble cion ZnO sBIsIOTCS
OJTHOPOAHBIMU TI0 BCEH TTOBEPXHOCTH.

HanocTepskHH  pacTyT  OpHEHTUPOBAHHBIMH
MEPIIECHANKYISPHO TMOBEPXHOCTH MOANOXKKH. llpm
KOHIICHTPAIMHY aneTara nuHKa 75 MM dopmupyrorcs
OTHENBHO CTOSIINE CTEP)KHU IuaMeTpoM ~60 HM
(pucyHok 1), mpu KOHLEHTpAlMM aleraTa IUHKA
0,3M guametp crepkHed yBenuuuBaercs Ao 200-
250uM, oOpa3ys TOHKYIO OIHOPOJHYIO IUIEHKY
(pucyHoK 2).

HccnenoBanune ONITUYECKUX CBOICTB
CHHTE3UpPOBaHHBIX 00pa3noB ZNO Ha ABYXIYYEBOM
UV/Vis crieKTpohoTOMeTpe Lambda 35
(PerkinElmer) moxka3zano, 49ro Bce MOJTyYCHHBIE
00pa3upl SABISIOTCS OAHOPOIHBIMH, IPO3PAaYHBIMU B
BUJIMMOM 00JacTH criekTpa ¢ mpomyckanuem 80-90
% (pucynku 3 u 4).
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PucyHnok 1 — Mopdoiorus obpasua ZnO, CHHTE3UPOBaHHOTO B TEYCHUE 2 YaCOB IIPH KOHIICHTPALIUU
aleraTa HUHKA B pacTBope 75MM; a — BuA cBepXy, 6 — BUJ COOKY
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Pucynok 2 — Mopdomnorus oopasia ZnO, CHHTE3UPOBaHHOTO B TEYCHUE 2 YaCOB TIPU KOHIICHTPAIIUN
arierara uHKa B pactBope 0,3M; a — BuJ CBepXY, 6 — BUJ COOKY
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—Zn0 75 MM ZnAc2
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Pucynok 3 — CriekTpsl ponycKaHus
HaHOCTepXKHEH ZNO
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Pucynok 4 — CrieKTpsl ONTHYECKON TUIOTHOCTH
HaHOCTepKHEH ZNO

33



ISSN 1563-0315; elSSN 2663-2276

Ha  ocHOBaHWM  CHEKTPOB  ONTHYECKOH
TUIOTHOCTH MO>KHO paccuuTaTh IPUHY
3ampeniéHHON 30HbI M3 COOTBETCTBUSI 4YaCTOTHOM
3aBHCHMOCTH KO3((UITUEHTA MOTIONICHHS (hopMyIie
Tayma [21] ® OLEHKE COOTBETCTBYIOILEIO
SHEPreTHYECKOT0 IapaMeTpa, Ha3bIBaeMOTO KpaeM
Tayna niu ontudeckoit menbio (Eg). CooTHommenue
Tayma juis TPSAMO30HHBIX TOJYIPOBOJIHUKOBBIX
MaTepHuaoB JAETCS BEIPAKEHUEM

ahv = A(hv - E,)", (6)

rae o — kKodpduireHT noriomenus, hv — sueprus
¢dotona, 4 — K03(pPUIMESHT TPONOPIIMOHAIEHOCTH.
Tak kak ZnO  sBaseTcss  IIUPOKO30HHBIM
Marepuasiom, To N paBHo 0.5. Bwipaxkenue mis
ko3¢ (pUIIMeHTa TPONOPIIUOHATBHOCTH UMEET BH/T

A=ad =—-InT, (7)

rne d sBusercs TommuHoM nénkm, a 1 -—
koadp¢unuent mpomyckanus. Ha pucynke 5
npeacTasineHa 3aBucumocts (aE)? or E(hv), roe o
ABNseTcs KOA(QQUUMEHTOM TOrjouieHus, hv -
sHeprus Qorona. Ilpsmas muHUS Ha Tpaduke
COOTBETCTBYET MPSAMON O0IACTH. DKCTPAITOJISIIHS
9TON mnpsAMoM K ocu E Aa€T 3HAYEHWE IIUPUHBI
3anpelEHHOMN 30HBI.

—Zn0 0,3 M ZnAc2

bl

—Zn0 75 MM ZnAc2

2, (eV/m)

(ahv)?,

28 29 3 3,1 32 33 34 35
hv, eV

Pucynok 5 — Coornomenue mexay (ahv)? u (hv)
JUTSl CHHTE3UPOBAaHHBIX 00pasoB ZnO

N3yuenue 3HAUYCHUH ONTUYECKOM IIMPHUHBI
3anpemEéHHON 30HBI TTOKA3bIBAeT, YTO NpH Ooiee
BBICOKOW KOHIIEHTpPAIIMHU aleTaTa UHKa B PacTBOpe
pocra (TOHKHUE IIEHKW) MTUPUHA 3aIPEIIEHHOMN 30HBI
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o0pa3ioB cocrapmuseT 3,36 3B, a mpu Oonee HU3KOH
(otmenpHO crosmue crepxam) — 3,31 7B.

C 1menpl0 U3yYEHHUS  DIEKTPOXUMHYECKHUX
CBOMCTB MOJYYSHHBIX 00pa3oB C MEPCIEKTHBON MX
MOCJEAYIONIEr0  WCIOJL30BaHMS B KadyecTBe
3JIEKTPOI0B OMOCEHCOPOB TJIFOKO3bI ObljIa ITPOBE/ICHA
AMMOOWIIN3ALAS TIIFOKO300KCHUIa3b] (GOx),
obnanmatomeit Hmskour IEP (pl ~ 4,2-4,5) Ha
MOBEPXHOCTH  CHHTE3UPOBAHHBIX  HAHOCTEPIKHEH
ZnO c¢ Beicokorr [EP (pI ~ 9,5) mocpenctBom
¢duznueckoit agcopouunu. Jna 3TOrO
CUHTE3UpPOBaHHBIC O00pa3ibl OKCHAA IMHKA ObLIN
IpOMBITH OydepHbIM pacTBopoM (PBS, pH=6.8), uro
obecrnevnso Hannaue TUApOoPUITBHON TOBEPXHOCTH U
nocnenyromieil pukcanuu riaroko3okcuaassl (GOX).
3arem Ha HaHocTepkHM ZNO xanHymu 10 MK
pactBopa GOX u momectwnn Ha 16 dYacoB B
XOJOMMITBHUK Tipu Temrieparype 4°C. KonnenTparus
GOx cocraBuna 10 wmr/mn. Ilocne TtmiarensHOTO
MPOMBIBaHUS O0Pa3IOB ISl YAAJCHUS TOABMIKHBIX
ocrtatkoB GOX Ha momioxkd ¢ ZnO mokareabHO
HaHocutrcss 10 Mxn 5% pactBopa Haduona. Bce
MOJU(DUITUPOBAHHBIC 3JICKTPOABI XPAHUIH B CYXOM
NpoxJagHOM MecTe Impu TeMmmeparype 4°C 1o
JATBHEUIIIETO NCTIOTB30BAHMSL.

M3MepeHust  3JIEKTPOXMMHUYECKUX  CBOMCTB
TIPOBOJIHITN B TPEXAIIEKTPOTHON
JNEKTPOXUMHUYECKOH slUeiike C HCIOJIb30BaHUEM
OJTHOKaHAJIbHOTO MOTEHI[NOCTaTa-TallbBAaHOCTATA
Corrtest CS310 npu komHaTHO# Temmeparype 20°C.
Hdns  mpoBeneHHss W3MEpPEHUH — XjopcepeOpsHbIi
snekTpona cpaBHenus, snexrpon ITO/ZnO/GOX wiun
ITO/ZnO/GOx/Nafion " BCIIOMOTATEIbHBIN
anextpon momernamu B 0,01 M PBS (pH 6.8) u
3IEKTPO/I.

Iuxnmmaeckas BoiabTammnepomeTpust (CV) Obura
WCIIONIb30BaHa JUISI U3MEPEHHS OTKIIMKA 3JIEKTPOAOB
Zn0O B BUIe TOHKUX TUIEHOK U TOHKUX HAHOCTEPXKHEH
B npucytcTBrH 3MM riroko3sl B 0,01 M docharHo-
OydepHom ¢usnonormueckom pacteop (PBS) mis
OIICHKH CEHCOPHBIX XapaKTePUCTUK M3TOTOBJICHHBIX
ANEKTPOOB 10 U mocie ummobmmu3aun GOx. Ha
pucynkax 6 u© 7 TNpUBEACHBI LUKINYECCKHE
BOJIETAMIIEPOTPAMMBI JBYX THIIOB AJIEKTPOIOB ZnO
npu ckopoctu ckanupoBanus 50 mB/c. B oTcyrcTBHE
GOx nabmomancs OTHOCHUTEIHHO HEOOJNBIION MHK
aHoJMHOTO Toka mpu moteHmuane ~0,1 B.
[lomydeHnsle  MOAU(UIIMPOBAHHBIE  AIIEKTPOJIBI
ITO/ZnO/GOx/Haduon c MacCUBaMu
YIOOPSIOUYCHHBIX ~ TOHKMX  HaHOCTepkHEH  ZnO
MOKa3alW  BBICOKYIO  YYBCTBHTENBHOCTH  ~50
MKA/MM-cM? 1Ipy  OOHAapyXKEHHH TIIIOKO3bl B
pacTBope.
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PucyHnok 6 — [{uxnmaeckue BOIbTaMIIEPOTPaMMBI
MOAU(DHUIIMPOBAHHOTO AIEKTPOJIA C TOHKOM
miéHkon ZnO

Takum 00pa3oM, H3TOTOBJICHHBIE 3JEKTPOIbI
ITO/ZnO/GOx/Haduon Moryt OBITH HUCTIONB30BAHBI
B KayecTBE OCHOBBbI Ui OHOCEHCOPOB IJIFOKO3BI.
OOpasipl ¢ OTAETBHO PACTYIIMMH HAHOCTEPKHIMHU
ZnO JEMOHCTPUPOBAIIH 0obLIyIO
YyBCTBHTEJIILHOCTb, YEM OOpaslbl CO CTEPKHIMHU,
00pa3yroIIUMH TOHKYIO MIEHKY. bosiblias miomians
MOBEPXHOCTH OTAEIBHO PACTYLIMX HAHOCTEP)KHEH
MO3BOJIAET 3axBaThiBaTh Ooinbiie (epmeHToB GOX,
TEM CcaMbIM CIIOCOOCTBYSI MpPSIMOMY TI€PEHOCY
anekTpoHoB (DET) mexny depmentamu GOX u
MOIU(PHULUUPOBAHHBIM  BJIEKTPOIOM.  YUHUTHIBAs
HEOOIIBIIIOE PACCTOSTHUE MEXKTY MOP(OIOrHISCKUMH
CTPYKTypaMH  HAaHOCTEpXHE W  aKTUBHBIMH
PEaKIMOHHBIMU LEHTpaMu (hepMEHTa, SJIEKTPOHBI
TyHHeNupoBanu dyepe3 ZnO paxe 0OpU HUZKOM
paboueM MOTEeHIIHATIE.

3aKkiIoueHue
SKOHOMI/I‘IHBIM METOAOM XUMHUYECCKOI'O
OCaXIECHUS u3 pacTtBopa CHUHTE3UPOBAHBI

BBICOKOOPHUECHTHPOBAHHBIE CJIOM OKCHJa IHWHKa B
BUIC TOHKHUX IUIEHOK ¥ MacCCHBOB HaHOCTep)KHeﬁ Ha
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STUDY OF GLASSY STATES OF CRYOCONDENSATES OF ORGANIC MOLECULES

Cryovacuum gas condensates, especially those prone to the formation of glassy states with their
subsequent transformations, are ideal objects for studying the processes occurring in disordered amorphous
solid-state systems. The fact that it is possible to precisely control the conditions of cryo-deposition, such as
the condensation temperature and the rate of cryo-film formation, makes it possible to establish an
unambiguous correlation between the properties of cryo-condensates and the specified conditions for their
formation. Ultrastable glasses (predominantly from the vapor phase under optimal deposition conditions) are
a unique class of materials with low enthalpies and high kinetic stability. These highly stable and dense glasses
have unique physicochemical properties, such as high thermal stability, improved mechanical properties, or
anomalous supercooled transitions. At T = 70 K, the transition from the amorphous glassy state (GS) to the
liquid-solid cooled phase (SCL) occurs, after which its crystallization in the temperature range of 75-78 K passes
into the plastic crystalline state (PC)-a cubic volume-centered structure with a directionally unregulated
rotating subsystem. At T = 78-80 K, the transformation of the plastic crystal into a monoclinic crystal (MC)
begins, which ends at T =83 K.

Key words: ultrastable glasses, organic glasses, metallic glasses, Freon, crystallization, cryovacuum
condensates.
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OpraHvKanblk, MOsIEKyNaNap KPUOKOHAEHCATTaPbIHbIH, WbIHbI KYWNepiH 3epTrey

KpuroBakyymapblK ra3 KoHAeHcaTTap, acipece 0/1apablH KeNiHTi TYPAEHYIMEH LWbIHbI KYMAePiHiH, Ty3inyiHe
benim, petciz amopdTbl KaTTbl AeHe XKyhenepiHae »KypeTiH NpouecTepai 3epTTey ViliH Tamalla obbekTinep.
KoHaeHcauma TemnepaTypachl MeH KpMOKabbIKLIA Ty3iay *KblAAaMAbIFbl CUAKTLI KPMO TYHAbIPY XKafaannapblH
nan 6aKkblnay MyMKIHAIN KPMOKOHAEeHCATTapAblH, KacMeTTepi MeH onapAblH, Ty3inyiHiH, 6epinreH wapTrapbl
apacbiHaa bip MaHA KoppenaUMAHbl OPHATYFa MyMKIHAIK bepeai. YAbTpaTypaKThl WbiHbl — (OHTalAbl TYHAIPY
aFfalblHaa HerisiHeH 6y ¢dasacblHaH anblHFaH) TOMeEH 3SHTANbNMANAPbI KIHE KOFapbl KMHETUKAsbIK,
TypaKTbiAblFbl 6ap mMaTepuangapabiH, bipereit kKnacol. byn eTe TypaKTbl KoHE Tbifbl3 LbIHbIIAPAbIH, *KOFAPbI
TEPMUANBIK,  TYPAKTbINbIFbl, KAKCAPTbIIFAH MEXaHWKa/blK ~KACMeTTepi Hemece KajabliNTaH TbiC ©Te
CaNKbIHAATBINFAH ayblCyNap CUAKTbLI Biperein GU3MKanbIK *KaHe XMMUANLIK KacueTTepi 6ap. T=70 K wamacbiHAa
amopdTbl WbiHbI Topi3ai (ALL) KynaeH cyMblK-KaTTbl cankblHaaTbinFaH (CKC) Kyire eTy Xypemi, coaaH Keni
OHbIH, 75-78 K TemnepaTypa Anana3oHbiHAA KpUCTandaHybl NaacTukanblik-kpuctanapl (KMK) kyire eteni, 6yn
— DafblTTaNfaH-pPeTTENMENTIH alHaAManb! iLWKi XKyheci 6ap Teklle aeHere 6arbITTanfaH Kypbiabim. T = 78-80 K
KesiHAe naacTUKasblK KPUCTandblH, MOHOKAMHUKaNbIK Kpuctanfa (MK) aiHanybl 6actanagbl, on T = 83 K
bonraHaa asKkTanagbl.

TyliH ce3pep: yNbTpaTypaKTbl WbIHbINAP, OPraHWKanblK LWbiHbIIAP, MeTann WblHblNap, ¢GpPeoH,
KpUCTanaaHy, KpMoBaKyym KOHAEHcaTTapbl.
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MCCﬂe,EI'OBaHVIe CTEKﬂ006p83HbIX COCTOSHUI KPMOKOHAEHCATOB OpraHNYeCKNX MOJTIEKY

Kp1MOBaKyyMHble ra30oBble KOHAEHCaTbl, OCOOEHHO CKAOHHble K 00pa3oBaHUIO CTEKN00OpPa3HbIX
COCTOSIHMIM C MOCAeAyloWMMMU MX TMPEBPALLEHMAMM, ABASIOTCA MAeaNbHbIMUM OOBEKTAMW AN U3yYeHUs
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NPOLLECCOB, MPOUCXOAALLMX B HEYNnopAAOYEHHbIX aMOPQHbIX TBEPAOTENbHbIX CUMCTEMAX. BO3MOMXKHOCTb
TOYHOrO PEeryiMpoBaHMA YCAOBUI KPMOOCAXKAEHMA, TaKMX KaK TemnepaTypa KOHAEHCaLMWM W CKOPOCTb
06pa3oBaHMA  KPUOMIEHKM, NO3BOAAET YCTAHOBMTb OAHO3HAYHYID KOPPENAUMIO MEXKAY CBOMCTBAMM
KPMOKOHAEHCAaTOB M 334aHHbIMKM  YCAOBMAMM  MX  GOPMMPOBAHMA.  YnbTpacTabusibHble — CTekna
(MpeumyLlecTBEHHO M3 NMapoBoM ¢dasbl NPWM ONTMMA/IbHbIX YC/IOBUAX OCaXAEHWA) NpPeacTaBAAlT cobol
YHWKANbHbIA KNAacC MaTepManoB C HU3KMMM IHTANbMMAMM U BbICOKOM KMHETMYECKOM CTabuibHOCTbIO. 3TH
BbICOKOCTabW/IbHbIE U MAOTHbIE CTEKNA 06/134at0T YHUKAbHBIMU GUINKO-XMMUYECKMMM CBOMCTBAMM, TAKUMMU,
KaK BbICOKaA TepmMMuyecKkas CTabWAbHOCTb, YAYYLIEHHble MeXaHWYecKMe CBOMCTBA WM aHOMA/NbHbIE
nepeoxnasxaeHHble nepexodpl. Mpu T = 70 K npoucxoauT nepexoa M3 amopdHOro cTeknoobpasHoro
coctonHua (AC) B Xuako-TBepaoe oxnaxaeHHoe coctosHue (MTOC), nocne 4yero ero Kpucrtanamsauma B
NMHTepBase TemnepaTtyp 75-78 K nepexoauT B NAaCTUUYHO-KpUCTanandeckoe coctoaHue (MK) — kybudeckyto
06BbEMHO-LEHTPUPOBAHHYIO CTPYKTYPY C HanpaB/ieHHO-HEPEryMpyemon BpallatolLleinca nogcmcremont. Mpu
T = 78-80 K HauMHaeTca npespalleHne NAacTUYeCcKoro KpUcTanna B MOHOKAUHHLIN Kpuctann (MK), koTopoe

3aKaH4mBaeTca npm T = 83 K.

Knioyesble cnosa: yJ'IpraCTa6l/IJ'IbeIe CTeK/na, opraHn4dyeckme Crtekna, MetTaiaandyeckme Crtekna, d)peOH,

KPUCTannn3aumna, KoMoBakyymMmHble KOHOEHCATbI.
Introduction

Since their discovery in 2007 by Mark Ediger
and his group at the University of Wisconsin [1] at
Madison, stable vapor-deposited glasses have
become an important area of research in the glass
community due to their remarkable properties that are
facilitating new approaches to the investigation of
some long-standing problems in glass science, such
as the phenomenology of glass transitions and the
existence or absence of ideal glass obscured by
kinetic glass transitions observed in the laboratory. At
the same time, vapor phase deposition offers a
versatile method for the production of organic thin-
film glasses with improved kinetic and
thermodynamic stability, as well as an adapted
molecular orientation, opening up new possibilities
for increasing the efficiency and service life of
organic optoelectronic devices. In a broad sense,
glasses can be defined as non-equilibrium solids
devoid of long-range order [2]. The lack of
periodicity gives these materials exceptional
properties. In particular, they can be made more
uniform on a larger scale than crystals due to the
absence of grain boundaries, and there is great
flexibility in tuning their composition and properties
without entering well-defined thermodynamic states.
They demonstrate a reversible transition between
glass and a supercooled liquid, called a glass
transition. Therefore, a good understanding of the
dynamic behavior of supercooled liquids is critical to
an accurate understanding of glass formation. We
refer the reader to several reviews devoted to the
supercooled liquid state [3], here we briefly present
some ideas that we consider important for further
discussion.

Glass is usually made by cooling a liquid above
the melting point of the material, bypassing

crystallization, to low temperature regions where the
viscosity is high enough to consider the material to be
solid on observable time scales [4].1 In the glass state,
molecular motion almost ceases, except for thermal
vibrations. A similar statement can be formulated in
terms of structural relaxation time 1 (also called alpha
relaxation), taking into account the Maxwell equation
[5], which relates the relaxation time of a supercooled
liquid and shear viscosity through T = G 1, where G
is the shear modulus measured at high frequency. The
relaxation time of the liquid is proportional to the
viscosity and approximately corresponds to the same
dependence on temperature, since the change in Goo
with temperature is much less abrupt than the change
in viscosity. Therefore, like the viscosity, t of the
supercooled liquid increases sharply near the glass
transition, although this dynamic change is not related
to the structural change [6]. The relaxation time can
be considered as a characteristic time associated with
the restructuring of the system after it has undergone
an external change and is out of equilibrium. This can
also be related to the dissipation of spontaneous
density fluctuations that arise in the liquid structure.
Both characteristic times are related by the
fluctuation-dissipation theorem. For example, when
the temperature of a liquid drops by a small amount,
its volume (or enthalpy) does not change
immediately, but the process takes a certain time to
reach equilibrium. This equilibration time (or
relaxation time), which depends on temperature,
determines the dynamics of such a change. The
temperature at which the material relaxation time
exceeds the standard laboratory time scales
(conventionally chosen at about 100 s) is considered
the standard glass transition temperature Tg (Fig. 1).
This temperature marks the transition from a
supercooled liquid to a glass state. The glass
transition temperature can be determined in many
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other alternative ways: for example, in calorimetric
experiments, its value for a given substance is
determined by the final heat capacity jump upon
cooling from a liquid at a rate of -10 K/min (see
Fig. 2) [8]. Throughout this review, by ordinary glass
we mean glass cooled from a liquid at a rate of -10
deg/min, and its Ty is measured during cooling or
subsequent heating at a rate of +10 deg/min.
However, the temperature associated with atomic-
molecular stopping depends on the thermal history of
the material, that is, for example, on the rate of its
cooling. The lower the cooling rate, the lower the
glass transition temperature if crystallization can be
avoided. In other words, glass can be made more
stable (lower Tg4 on cooling) by simply reducing the
cooling rate. Of course, in addition to the risk of
crystallization, which is a hindrance to many families
of glasses, there is a practical obstacle to this
processing route, since, roughly speaking, glass
production usually requires temperature deviations
from the liquid state by tens/hundreds of degrees [7].
That is, cooling at a rate of 0.01 K/min per 100 K will
require about 10 days. Further reduction by two
orders of magnitude of the cooling rate to obtain glass
with higher thermodynamic stability (lower Tg) will
increase this number to 3 years.

The amount of increase in stability as the cooling
rate decreases will ultimately depend on the
brittleness of the supercooled liquid. Kinetic
brittleness is a measure of the non-Arrhenius behavior
of the change in viscosity (or relaxation time) of a
supercooled liquid as it approaches the glass
transition temperature. Strong liquids exhibit an
Arrhenius temperature dependence, while brittle
liquids are strongly non-Arrhenius [9]. The greater
the deviation from Arrhenius, the greater the
brittleness, as shown schematically in Fig. 1b. At this
point, we introduce the potential energy landscape
(PEL) paradigm that is so widely used to visualize
and discuss the dynamic and thermodynamic
behavior of glasses and viscous fluids. As shown in
Fig. 3, the PEL of an ensemble of N particles is
essentially a topographic projection (3N + 1) of the
potential energy hypersurface of any glass-forming
substance, although it is schematically projected over
two dimensions for convenience. Even a small part of
this energy diagram is a set of local minima and
saddle points for thermal energies below kBTm
(where Tm is the melting point of the stable
crystalline state when it exists [10]. When a liquid is
supercooled, bypassing crystallization, to the glass
transition temperature Tg, it becomes a glass, falling
into one of many possible local minima or metastable
states, depending on the subsequent thermal history.
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Figure 1 — Representation of the dynamics of
typical glass-forming liquids: the logarithm of the
structural (alpha) relaxation time of glycerol as a

function of 1000/T, showing an exponential increase

in the relaxation dynamics with decreasing
temperature, and the logarithm b of the dependence
of viscosity on the normalized reciprocal

temperature for materials with different brittleness.

Tough materials such as silica follow the Arrhenius
expression, while brittle glass formers such as o-
terphenyl follow the super-Arrhenius expression.

Data obtained from [8]
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Figure 2 — Representation of a typical glass
transition specific heat curve during cooling (red
dotted line) and subsequent heating at a higher rate
than during the previous cooling (blue line). The
onset of the glass transition peak on heating
corresponds to the initial temperature (Ton).
Integrating the specific heat trace gives the enthalpy
curve. The fictitious temperature limit can be
calculated as the intersection of the enthalpy curve
and the extrapolation of the enthalpy line of the
supercooled liquid.
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Many authors have speculated about the possible
existence of an "ideal glass", which should
correspond to the best and most stable glass possible,
associated with the smallest relative minimum. This
ideal glass would have to have zero configurational
entropy, equal to the entropy of crystals, and was
associated with the possible existence of an
underlying thermodynamic glass transition, most
likely of the second kind, occurring at the so-called
Kauzman temperature TK. Interestingly, several
experiments in the last decade have addressed this
issue more directly, attempting to penetrate very
deeply into the energy landscape, approaching the
ideal glass state, as shown in Fig. 3. The recent
emergence of highly stable glasses has opened up
new possibilities. an attractive and timely window for
investigating these issues in the real world, not
speculative way. From the point of view of PEL,
kinetic stability can be considered as the height of the
barriers that must be overcome in order to reach
another, more balanced, metastable state. Therefore,
thermodynamic stability is represented by a deep
position in PEL. The lower the Trvalue, the higher the
stability of the glass, or in other words, the lower the
position of the glass in the PEL [11].

-— rejuvenation
i
=
>
2
@
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o
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- v
E Vapor deposited DWP  swe
? glass
a KgT
8lk
ideal glass crystal
Generalized coordinate g S s

Figure 3 — Schematic potential energy landscape
(PEL) for supercooled liquids and glasses, including
a hypothetical absolute minimum for glass state. An

ideal glass will be obtained after an infinitely long

holding at the Kauzman temperature Tx.
Double-well (DWP) and single-well (SWP)

potentials are also offered (see Section 4 for a
detailed discussion). Glass can evolve through

aging, exploring lower energy states, or through
rejuvenation, moving to higher energy states.

Ultrastable vapor-deposited glass can achieve low-
energy states close to ideal glass.

Materials

Organic glasses. Most of the work on ultrastable
glasses is related to molecular glasses. Since the first
measurements in 2007 [12] with 1,3-bis-(1-
naphthyl)-5-(2-naphthyl)benzene (TNB) (Ty = 347 K)
and indomethacin (IMC) (Tq = 315 K), over 45
different organic molecules, ranging from small
molecules such as toluene and ethylbenzene to
pharmaceuticals such as IMC and TNB, and more
recently to organic semiconductors such as TPD,
NPD, and TPBi. Have shown their ability to form
highly stable glasses when grown by physical vapor
deposition under the right processing conditions. As
a general rule, vapor-deposited organic glasses show
a significant increase in Ton compared to
conventional glass obtained by cooling a liquid at a
rate of -10 K/min. Ton ranges approximately from 2
to 10% depending on the molecular system and
growth conditions. The two most significant external
parameters affecting the kinetic and thermodynamic
stability of organic glasses deposited from the vapor
phase are the substrate temperature during growth
from vapor, Tsu, and the growth rate, g.

This deposition method can produce highly
stable glasses at lower deposition temperatures
compared to standard physical vapor deposition.
Other external variables such as electric/magnetic
fields or light during thin film growth may have some
influence on the formation of stable glasses
depending on the nature of the organic molecule. For
example, organic molecules with large intrinsic
electric dipole moments can be orientationally tuned
by strong external electric fields while maintaining
high thermodynamic stability. The presence of
magnetic fields during deposition can also play a role
in  molecules containing  magnetic  atoms.
Alternatively, illumination of the substrate during
growth can affect the formation of semiconductor
molecules with homo-lumo levels below the energy
of the incident light [13]. Eventually, as Tsub
decreases further, the orientation of the molecule
becomes flatter (parallel to the substrate), see Fig. 5.
These observations have been experimentally
determined using variable angle spectroscopic
ellipsometry, X-ray diffraction, infrared/UV
spectroscopy, or absorption and confirmed by a
number of simulations [14]. The extent to which
molecular ordering and thermal stability are related is
not well known, but several experiments indicate that
the two properties are not correlated.
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Figure 5 - (left) GIWAXS scattering patterns obtained from TPD glass vapors deposited at substrate
temperatures of 260 K and 315 K. The intensity concentration observed along gz and gxy indicates
anisotropic packing. These scattering patterns were obtained at an angle of incidence of 0.14° and reflect
scattering from the entire thickness of the film. (Right) Diagram showing the microstructures of TPD glasses
with the highest positive and negative order parameters in this study corresponding to the sample prepared at
260 K and 315 K. For illustrative purposes, the degree of order in the schemes is increased [15].

Experiment

Comprehensive studies were carried out on an
experimental setup, which is a universal vacuum
spectrophotometer, developed and created in the
laboratory of cryophysics and cryotechnology of the
Faculty of Physics and Technology. The
technological parameters of the experimental setup
make it possible to carry out measurements with an
ultimate vacuum in the working chamber of the setup
of 10-8 Torr, in the operating temperature range of
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the cryosurface from 16 to 200 K, in the spectral
range from 400 to 4200 cm™. The controlled
thickness of the cryofilms was in the range from 0.25
to 25 um. Figure 6 shows a scheme of a universal
experimental setup, which was used to study the
effect of polymorphic transformations in thin films of
cryovacuum condensates of methane, methanol,
ethanol, and freon 134a on optical characteristics, and
also to determine the temperature limits for the
existence of their structural-phase states. The
universal experimental setup is a vacuum cryogenic
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spectrophotometer, the main part of which is a
vacuum chamber (1), 450 mm in diameter and height.
The creation of vacuum in the chamber is carried out
by a turbomolecular pump (9) Turbo-V-301, through
a vacuum lock (8). The maximum vacuum value in
the chamber reached P = 10-8 Torr. Pressure
measurement was carried out using a pressure
transducer FRG-700 (2) connected to an AGC-100
controller. The main element of the chamber is a
cryosurface (7) with a diameter of 60 mm and a height
of 5 mm, which is installed on the upper flange of the
microcryogenic machine (6) Gifford-McMahon. To
ensure a sufficiently high thermal conductivity, the
cryosurface was made of copper, and its polished
surface was coated with a layer of silver to increase
the reflectivity. Temperature measurements on the
cryosurface were carried out with a thermal converter
and a Lake Shore 325 controller. The mass of the
injected gas condensed on the substrate was
determined using a gas leak from a calibrated volume.
The growth rate and film thickness were measured
with a two-beam laser interferometer (wavelength
630 nm) using a P25a-SS-0-100 photomultiplier (12).
The vibrational spectra of the resulting film were
measured using an IKS-29 (10) IR spectrometer in the
frequency range 400-4200 cm-1.
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1 — vacuum chamber; 2 — pressure transducer;

3 — system of the studied gas; 4 — mirror reflector;
5 — IR source radiation; 6 — microcryogenic
machine; 7 — cryosurface; 8 — vacuum lock,

9 — turbomolecular pump; 10 — IR-spectrometer;
11 - laser; 12 — photomultiplier

Figure 6 — Scheme of the experimental
setup

Description of the main elements of the vacuum
chamber in the form of a diagram is shown in Fig. 7.

Overall dimensions of the base of the vacuum
chamber (4): diameter 450 mm and thickness 35 mm.
Calibration and installation work was carried out by
opening the cover of the vacuum chamber. Optical
windows (3) located in the camera body (1) are

designed to input the radiation of a two-beam laser
interferometer. The light guides (7) of the two-beam
laser interferometer provide different angles of
incidence of the beam on the cryosurface. The studies
were carried out in the IR range. A refrigerator (10) is
located in the center of the chamber. Cutting off the
working  surface  (12) from  uncontrolled
precondensation processes is carried out using a
protective plate of potassium bromide (9). Additional
copper plates are placed on the upper low-

temperature flange of the microcryogenic machine,
which play the role of cryocondensation pumps (6).
There are holes in the protective casing (8) that allow
the cryo-pumping process to be carried out using a
cylindrical valve (11) and a magnetic drive (5), this
the vacuum

allows increasing level in the

chamber[16].

1 — camera body; 2 — technological windows;

3 — optical window; 4 — base; 5 — magnetic drive;
6 — cryocondensation pump; 7 — mirror light guides;
8 — protective cover; 9 — plate; 10 — refrigerator;
11 — cylindrical valve; 12 — cryosurface;

13 — technological window

Figure 7 — Scheme of the vacuum chamber of the
experimental setup

Overall dimensions of the base of the vacuum
chamber (4): diameter 450 mm and thickness 35 mm.
Calibration and installation work was carried out by
opening the cover of the vacuum chamber. Optical
windows (3) located in the camera body (1) are
designed to input the radiation of a two-beam laser
interferometer. The light guides (7) of the two-beam
laser interferometer provide different angles of
incidence of the beam on the cryosurface. The studies
were carried out in the IR range. A refrigerator (10) is
located in the center of the chamber. Cutting off the
working  surface  (12) from  uncontrolled
precondensation processes is carried out using a
protective plate of potassium bromide (9). Additional
copper plates are placed on the upper low-
temperature flange of the microcryogenic machine,
which play the role of cryocondensation pumps (6).
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There are holes in the protective casing (8) that allow
the cryo-pumping process to be carried out using a
cylindrical valve (11) and a magnetic drive (5), this
allows increasing the wvacuum level in the
chamber[16].

Results and Discussion

The transformation of the vibrational spectra as
the temperature changes, we can conclude that the
cooling of the samples condensed at high
temperatures also leads to a sharp change in the
position and shape of the absorption bands
corresponding to the characteristic frequencies of the
methanol molecule. This fact especially clearly
demonstrates the change in the shape and position of
the band of libration oscillations. In this regard, we
measured the thermogram of the cooling of the
sample condensed at T = 132 K and then cooled to
T =16 K. The value v = 715 cm-1 was chosen as the
observation frequency. These data are shown below
in Fig. 8. The right inset of the figure shows the
spectra in the wicinity of this frequency,
corresponding to the initial temperature T = 132 K
and the final value T = 16 K.

As can be seen from Fig. 8, lowering the
temperature of the sample leads to significant changes
in the absorption spectrum. In this case, judging by
the thermogram, these changes are carried out
monotonically, however, at T = 60 K, a clear break is
observed, which may indicate that at this temperature,
a transition occurs between different states of the
methanol cryofilm. allows us to conclude that a first-
order phase transition may exist in this temperature
range. The totality of the data obtained allows us to
assume that in the studied temperature range there are
several structural states of methanol and the
corresponding structural transitions. In this case, the
fact that we observed that changes in the vibrational
spectra are observed with decreasing temperature
allows us to conclude that a first-order phase
transition may exist in this temperature range.

The left figure shows the change in reflectance
at a wavelength of 406 nm for two angles of incidence
of laser radiation (1,2) in comparison with the data of
the IR thermogram (3) during heating of the methanol
cryofilm. The right figure is a detailed fragment of the
change in reflectivity in the vicinity of the glass
transition temperature Tg = 103 K [17].

The currently available data of various authors
do not allow unambiguous confirmation of this
assumption, although a number of studies indicate the
unique properties of solid methanol. Thus, it was
shown in that the surface structure of a methanol
cryofilm undergoes changes from the deposition
temperature T = 20 K up to the glass transition
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temperature Tg = 103 K. The reason for this is an
increase in the diffusion activity of methanol
molecules on the surface of cryocondensates with
increasing temperature. Besides, in noted that in the
temperature range from 103 K to 118 K,
crystallization processes occur in a supercooled
liquid. In this regard, it seems interesting to compare
our results in the IR range (thermogram) in the
specified temperature range with the data on the
change in the surface reflectivity of the sample at the
wavelength of the laser radiation of the
interferometer. These data for two angles of incidence
of radiation o = 45° and « = 90° are shown in Fig. 9.
It is assumed that structural transformations in the
methanol cryofilm will affect the reflectivity of the
surface and, as a result, the signal of the
interferometers that detect the laser beam reflected
from the surface will change. As can be seen from the
results shown in Fig. 9, the data of the IR
spectrometer and lasers are in good agreement with
each other, confirming the existence of structural
features in the temperature range of 16-30 K, in the
vicinity of a temperature of 70-80 K, and also in the
temperature range of 100-120 K. On the right The
insert in Fig. 9 shows in more detail the change in the
signals of laser interferometers in the temperature
range from 103 to 115 K, which corresponds to the
area of existence of a supercooled liquid. A sharp
change in the nature of the reflection of laser radiation
from the surface of the methanol cryocondensate
confirms our conclusion that the value of the glass
transition temperature is located in the vicinity of the
temperature 7g = 103K. In addition, the presence of a
break in the dynamics of laser interferometer signals
at a temperature of 105 K may indicate the existence
of structural transformations in the sample at T = 105
Kand T = 115 K, which is consistent with the data of
[18]. We would also like to note the fact that we
discovered the unusual behavior of the sample in the
process of crystallization of the supercooled liquid
phase. Earlier, we noted that we determined the
temperature range in which this process occurs. It is
the temperature range, and not its specific value. The
reason for our assessment becomes clear from the
analysis of the data shown in Figure 10. As can be
seen from Fig. 10, the process of crystallization of the
supercooled liquid phase of methanol occurs in a
highly nonmonotonic manner, which is especially
pronounced in the temperature range from 114 to 120
K. This may indicate a multi-stage process
crystallization, when the formation of the subsequent
state of methanol is limited by the formation of its
previous state. This means that intermediate
metastable states can exist between the liquid and
crystalline phases of methanol in this temperature
range [19].
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Conclusions

At high densities and low enthalpies
approaching "ideal glass”, highly stable glasses
exhibit unique liquefaction features such as the
existence of a melt front in very thin films starting
from high  mobility regions located at
surfaces/interfaces. Very thick (bulky) films have a
glass transition resembling melting or crystallization
by nucleation and growth. In this regard, there is still
no understanding of the impact of stability in the
mechanism of transformation. In addition, there are
no detailed studies of the glass transition mechanism
of ultrastable polymer and metallic glasses.

Based on the analysis of the results of measuring
the IR spectra of methanol, the transition temperature
from the glassy state (GS) to the state of supercooled
liquid (SCL) was determined. In accordance with
these results, the value of the glass transition
temperature of methanol cryocondensates was
determined to be Tg =102.6 + 0.2 K, radiation 1 = 406

for the existence of the SCL phase, as well as the
interval 118-120 K, in which the SCL crystallization
process is realized, was determined. Based on the data
obtained, we determined the value of the glass
transition temperature equal to 7g = 102.6 K, which
is in agreement with the data of other authors. The
range of temperatures for the existence of a
supercooled liquid phase is determined in the range
from 103 K to 118 K. We can assume that at a
temperature of T = 125 K the sample is in a metastable
state, and at a temperature of T = 132 K the cryofilm
is in the a-phase. Cooling of cryocondensates formed
at these temperatures leads to changes in the
absorption spectra, which indicates structural
transformations in them. In the general case, it can be
said that at the same temperature, a sample of
methanol cryocondensate can be in three different
states, depending on the temperature history of its
formation - direct condensation, heating from a low
temperature state, or cooling from a higher
condensation temperature.

nm. In addition, the temperature interval 103-118 K
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STUDY OF THE AERODYNAMICS OF THE FLOW OF THE COMBUSTION CHAMBER OF A POWER PLANT WITH
VARIOUS SUPPLY OF SOLID FUEL

Numerical modeling methods have been used to study the effect of an emergency stop of the fuel mixture
supply through individual burners on the aerodynamics of the flow in the combustion chamber of a power
boiler. The performed computational experiments made it possible to obtain the main aerodynamic
characteristics of heat and mass transfer processes (full velocity vector, pressure, kinetic energy of turbulence
and dissipation energy) in the volume of the combustion chamber and at the exit from it in emergency mode
(two swirl burners are operating) and compare them with traditional solid fuel combustion (basic mode - four
direct-flow burners are working). The results obtained indicate that with a vortex fuel supply in the central
region of the combustion chamber, a sharp change in aerodynamic characteristics is observed with the
formation of a vortex flow, which weakens as the pulverized coal flow and combustion products move to the
exit. The presence of a vortex flow causes stable combustion of solid fuel and uniform distribution of heat
flows along the walls of the combustion chamber. In addition, the vortex nature of the flow increases the
residence time of coal particles in the combustion chamber, which contributes to a more complete burnout
and a decrease in the mechanical underburning of the fuel mixture. Such a detailed study of the aerodynamic
flow pattern that takes place in the combustion chamber of power boilers of operating TPPs can only be
obtained by numerical simulation methods and by performing computational experiments. The highly
informative results obtained make it possible to develop “clean” energy production technologies and solve
environmental problems of the emission of harmful substances into the environment.
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KaTTbl OTbIHAbI 8pTYpAi bepyre HerizgenreH HIC aHy KamepacbiHAaFbl aFbICTbIH, a3POANHAMUKACHIH
3epTTey

CaHablk, MoAenbaey SAICTEPIMEH 3SHEpPreTMKaNblK, —Ka3aHAbIKTbIH, *KaHy KamepacblHAafbl afblc
3a3POAMHAMMKACBIHA KEKEeNEreH XaHapfbl KYPbIAFblIapbl apKblabl OTbIH a3poKocnackl HepinyiHiH, anaTtTbik,
KigipiciHiH, acepi 3epTTeniHai. MyprisinreH ecentey Taxkipnbenepi »aHy KamepacblHbIH, KeAeMiHae KaHe oaaH
WbIKKAH Ke3de anaTTblK pexumae (eki KyWbliHAbl KaHapFbl YKYMbIC iCTeilAi) »Kbllymacca TacbiMasibl
npouecTepiHiH, Heri3ri  aspoAMHaMMKanblK CUNaTTamanapbiH - (TOAbIK KbIAAAMAbBIK BEKTOPbI, KbICbIM,
TYPOYAEHTTINIKTIH KUHETUKANIK SHEPIUACHI KaHE AMCCUNALLMA SHEPTUACHI) aNyFa KaHe 01ap/bl KaTTbl OTbIH/bI
OBCTYPAI KaFyMeH canbiCTbipyFra (6a3anblK PerMmMm — TOPT Typa afblHAbl *KaHaPFbl KYMbIC iCTeAi) MyMKIHAIK
bepai. AnbiHFAH HOTWMXKeNep *KaHy KamepacbiHblH, OPTablK O06/bICbIHAA KyMbIH KETKI3iNYiIMEH aFbICTbIH,
a3pOAMHAMMKANIK CUNaTTamanapdblH, KypT e3repyi 6aiKanaTbiHAbIFbIH KOPCETTI, KyMblHAbl afblH Manga
60na/bl, COHFbICHI LLIAHKOMIPAI afblH MEH KaHy eHIMAEPIHIH LWbIFbICKA Kapal Kby AeHrenimeH ancipen
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Tyceni. KymbiHAbl afbICTbIH 6ONYbI KaTTbl OTbIHHbIH, TYPAKTbl }aHYbIH KaHE KaHy KamepacbiHbIH, Kabblpranapsbl
HOMbIHLLIA Kby afblHAAPbIHbIH, BipKenKki TapanybiH KamTamacsi3 eTei. COHbIMEH KaTap afblHHbIH, KyMbIHAbI
cunatbl Kemip BesnlieKkTepiHiH *aHy KamepacbiHAa 601y yaKbITbiH apTTblpabl, 6y OTbIH a3POKOCNAChIHbIH,
TONbIK KaHbIM BiTyiHe KXoHe MexaHWKaNbIK ¥KaHyablH TONbIMCbI3AbIFbIHBIH TOMeHAeYiHe biknan eTeni. HKIC
3HepreTUKanblK KasaHObIKTapbIHbIH, KaHY KamepacbiHAa »Ky3ere acaTblH afblHHbIH a3pOAMHAMMKaANbIK,
HenHeciH MyKMAT 3epTTeyepi TeK caHOblK MOAe/bAey SAICTEPIMEH KaHe ecenTey TaxkipnbenepiH Kyprisy
apKbinbl  anyfa 6Gonadpl. AnblHFAH KOFapbl  aKNapaTTblK HITUMKeNep 3Heprua eHAipyadiH, «Tasa»
TEXHONOIMANAPbIH d3ip/aeyre »KaHe KopllaraH opTafa 3MaHAbl 3aTTap  LWbIFAPbIYbIHbIH, 3KOAOTMANBIK
npobaemanapblH LWellyre MyMKiHAK bepeai.
TyliH ce3aep: caHAbIK MOAeNbAgY, KaHy Kamepacsl, TYpOYNeHTTINIK Moaeni, XKblNgamablK, KbICbIM.
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MccneposaHve asapoaviHaMUKM Te4eHUA Kamepbl cropanHma TIC
C pa3/nyHOM Nogavyen TBepLAoro Tonavea

MeTofammn YMCAEeHHOr0 MOAENMPOBaHMA NMPOBEAEHO UCCAeA0BaHME BAUAHWUSA aBapUIMHOM OCTaHOBKM
noJauyn TOMNMBHOW a3pOCMECH Yepes OTAEe/bHble rOpesoYHble YCTPOWCTBA Ha aspoaMHAMUKY TeYeHMUA B
Kamepe CropaHua 3HepPreTMYecKoro KOT/Aa. BbINOMHEHHbIE BblYMCAUTE/IbHLIE 3KCMEPMMEHTbI MO3BOAMAN
NOY4YUTb OCHOBHbIE a3POANHAMMUYECKME XapPaKTEPUCTUKM NPOLLECCOB TEM/0MacCconepeHoca (BEKTOp NOMHOWM
CKOPOCTW, OaBAEHWUE, KMHETUYECKAA SHeprus TypOyNeHTHOCTM M IHeprna Auccunaumm) B obbeme Kamepsbi
CropaHuA 1 Ha BbIXOAE M3 Hee NpW aBapuiMHOM pexknme (paboTatoT ABe BUXPEBbLIE FTOPEKM) M CPAaBHUTbL UX C
TPAAMLMOHHBIM CMUIaHMEM TBEPAOro TONAMBa (6a30Bbli peXkMM — paboTatoT YeTbIpe NPAMOTOUHbIE FOPEKH).
Mony4YeHHble pe3yabTaTbl CBMAETENbCTBYIOT O TOM, YTO NPV BMXPEBOM Nodadye TOMAMBA B LLEHTPAsIbHOW
06/1aCTM  Kamepbl CropaHua HabaogaeTcd pPeskoe M3MEHEeHWe aspoAMHAMUYECKMX XapaKTepUCTUK C
06pasoBaHMEM BMXPEBOr0O TeYEHMS, KOTOpoe ocnabeBaeT No mMepe NPOABMMKEHNA MblEYrobHOTO NOTOKA U
NPOAYKTOB rOpPeHMs K Bbixody. Hannumne BuxpeBoro TedeHuns obycnaBamnsaeT cTabuabHOe ropeHne TBEPAOro
TON/MBA M PAaBHOMEPHOE pacnpeAenieHme TenMoBbIX MOTOKOB MO CTEHKAM TOMOYHOM Kamepbl. Kpome Toro,
BUXPEBOW XapaKTep TeuyeHusa yBesMYMBAET BPems NpebbiBaHWA YrofibHbIX YacTUL, B KaMepe CropaHus, yTo
cnocobcTeyeT 60/1ee NMOAHOMY BbITOPAHUIO U CHUMKEHWIO MEXAHMYECKOTO HEeZ0Kora TOMMBHON a3poCMecH.
Takoe noapobHoe MuccnefoBaHWE a3POAMHAMMYECKON KapTWHbI TEYEHWA, UMEIOLEN MECTO B Kamepe
CTOPaHMUA 3HEpPreTUYecKUx KOTN0B AeicTaytowmnx TIC, MOMHO MOAYYNTb TOSbKO METOAaMWM YMCNEHHOro
MOZe/IMPOBaHMA 7 nyTem  npoBeAgHus BbIYUC/IUTENbHbBIX ~ SKCMEPUMEHTOB. MonyyeHHble
BbICOKOMHDOPMATUBHbIE pe3y/bTaTbl MO3BOAAOT pa3pabaTbiBaTb “YMCTbie” TEXHOOTUKW MPOU3BOACTBA
SHEeprMM 1 peLlaTb 3Ko0rMYeckmne npobaembl Boibpoca BpeAaHbiX BELLECTB B OKPYXKatOLLYO cpeay.

Knioyesble €/10Ba: YNCNEHHOE MOAENMPOBaAHNE, KaMepa CropaHua, Moaenb TypbyNeHTHOCTH, CKOPOCTb,
OaBneHue.

Introduction

The problem of greenhouse gas emissions has
now grown into a common human problem associated
with global climate change on earth, flooding of vast
land areas, desertification, etc. The greatest harm to
the environment is caused by enterprises of heat
power engineering, oil and gas industry and
mechanical engineering. The share of energy
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enterprises in the total volume of environmental
pollution by fuel combustion products is quite large.

This problem is especially acute for Kazakhstan
since coal is the main source of heat and electricity in
the republic. Coal is the most abundant natural
resource. A positive moment in the use of this type of
fuel is its huge natural reserves, exceeding the
reserves of oil and natural gas. In the context of a
constant rise in the cost of hydrocarbon energy
carriers, the use of coal is the most economically
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profitable in various sectors of the economy of the
Republic of Kazakhstan, especially in coal-mining
regions. Coal-fired TPP plants use low-grade Kazakh
coal with high ash content (30-50%), moisture (30-
40%), sulfur content (1-3%) and low volatiles (5-
15%). Its  combustion  causes  substantial
environmental problems, including a rise in toxic dust
and gas emissions, as well as a deterioration of fuel
ignition and burnout [1, 2].

Today, the question of the design and safety of a
solid fuel combustion system is especially acute for
boilers during their modernization or during the
construction of power units "from scratch”. The tool
for mathematical 3D modeling of complicated heat
and mass transfer processes in operational boiler
combustion chambers is becoming increasingly
popular, allowing you to assess offered technological
solutions subjectively and quantitatively, as well as
perform independent study.

However, sufficient precise and useful
knowledge regarding the regularities of the
occurrence of physical and chemical events under
conditions like natural ones, as well as physical and
kinetic characteristics that can only be gathered by
experiments, is required for its application. A
complete and accurate description of all ongoing
processes in steam generators, furnaces, together with
modern computational algorithms and using modern
computer technology, make it possible to solve these
problems for specific power plants [3, 4].

In the boiler unit during operation, damage can
occur, malfunctions can occur that create dangerous
situations, fraught with failure of the equipment or the
boiler unit, destruction with large material losses and
human casualties. Elimination of detected violations
and defects is possible, considering damage, without
stopping the boiler unit or with its obligatory
immediate stop.

The shutdown of the boiler can be divided into
three groups: planned, short-term and emergency,
depending on the circumstances. Planned (complete)
shutdown of the boiler is carried out according to the
schedule, a short-term shutdown of the boiler unit
may be caused by a violation of its normal operation
due to equipment malfunction or for other reasons
that can cause an accident [5, 6]. When the steam
pressure in the boiler rises above the permissible
level, due to a malfunction of the pressure sensor and
all water-indicating devices, the presence of
significant damage to the boiler's elements, or the
detection of abnormalities in the boiler's operation, an
emergency shutdown of the boiler may occur. [7-9].

Below are the results of computational
experiments on the study of heat and mass transfer
processes using the example of a real BKZ-75 boiler
at Shakhtinskaya TPP, in the furnace of which high-
ash Karaganda coal is burned with an ash content of

35.10%. Various methods of solid fuel supply (basic

and emergency mode) are considered and the main

characteristics are determined that describe the

aerodynamics of the flow in the furnace space.
Research Object

The combustion chamber of the BKZ-75 boiler
at the Shakhtinskaya TPP was chosen for numerical
testing (Figure 1). The BKZ-75 boiler's furnace
chamber is equipped with four axial-blade vortex
pulverized-coal burners, which are arranged in two
stages on the chamber's side walls, with direct dust
injection from separate dust preparation systems. The
boiler uses dust from Karaganda coal, which has a
35.10 percent ash content, a 22 percent volatile
output, a 10.6 percent moisture content, and a heat of
combustion of 18.55 MJ/kg. Table 1 shows the key
structural features of the BKZ-75 boiler's combustion

chamber.
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Figure 1 — Combustion chamber geometry (a) and
finite difference mesh (b)

Table 1: Basic geometric parameters of the
combustion chamber of the BKZ-75 boiler

Name Symbol | Unit Value
Height of the H m 16.75
combustion chamber
Width of the b m 6
combustion chamber
Depth of the r m 6.6
combustion chamber
Frontal and posterior | Fy,, F, m? 90.675
wall area
Area of the right-side F, m? 92.4
wall
Area of the left side F;, m? 110.55
wall
Top wall area F, m? 27.72
Bottom wall area Fy m? 7.26
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The cross-sectional E, m? 0.12
area of the air channel
burner
The cross-sectional Fy, m? 0.25
area of the secondary
air duct in the burner

The German computer software system

FLOREAN was used as a starting point for
conducting computational experiments to explore the
mechanisms of heat and mass transfer in the
combustion chamber of a CHP boiler [10-12]. This
software system enables complicated computational
experiments on modeling reactive multiphase flows
in different scenarios, and it is widely used in
Germany to investigate heat and mass transfer
processes in combustion chambers of numerous
thermal power plants. Numerous computer studies on
the combustion of pulverized coal fuel in the
combustion chambers of thermal power plants in
multiple countries were undertaken by German
colleagues (Germany, England, Croatia, Greece,
Romania, etc.). Full-scale tests carried out directly at
running TPPs were used to successfully verify the
achieved results.

We established an approach for utilizing the
FLOREAN software system throughout the
dissertation study. The reality is that Kazakh coal
(with an ash concentration of up to 50%) differs
greatly from German coal (with an ash level of
roughly 8%), as do the geometry of domestic
combustion chambers and the manner of providing
fuel and oxidizer. We had to augment, expand, and
test the FLOREAN start-up software system to
undertake computational studies on the burning of
high-ash Kazakh coal at Kazakhstan Republic TPPs.

In accordance with the given geometry of the
BKZ-75 boiler, a finite-difference grid was created
for numerical simulation, which for the studied
combustion chamber BKZ-75 has steps along the X,
Y, Z axes: 59x32x67, which is 138,355 control
volumes (Figure 1). Calculations according to the
numerical model are performed for the conditions
adopted in the organization of a real technological
process of fuel combustion at TPPs.

Computational studies were carried out to
investigate alternative modes of feeding pulverized
coal to the combustion chamber using computer
modeling methods: 1) direct-flow technique of
supplying air mixture - burners are located on
opposite side walls (Figure 2b); 2) vortex technique
of air mixture supply - only two vortex burners
operate with the swirl angle of the air mixture flow
and their inclination to the center of symmetry of the
boiler by 30 degrees, and two are in emergency mode,
out of four burners (Figure 2a).

The main aerodynamic parameters (velocity,
pressure, Kinetic energy of turbulence, and energy of
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dissipation) of the heat and mass transfer process in
the combustion chamber in the volume of the
combustion chamber and at the outlet were obtained
using computer experiments.

a) emergency mode

b) basic mode

Figure 2 — Layout of burners of the combustion
chamber

Physical and Mathematical Model

Physical-mathematical models used in this study
include a system of three-dimensional Navies-Stokes
equations, heat, and mass transfer equations, with
source terms determined by the process's chemical
kinetics, nonlinear effects of thermal radiation,
interfacial interaction, and multi-stage chemical
reactions. The basic equations used to solve the
problem are [13-15].

The law of conservation of mass (continuity
equation):

dp

0
Fr F (ru;) = Spy. €]

The law of conservation of momentum (Navies-
Stokes):
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aoP
(pul J) + =y 6_ +pSm, (2)
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5 (Pu) =
where p is the density, u;, u;, are velocities in the
directions i, j, x;,x; are Cartesian coordinates, 7;; is
the viscous stress tensor, P is the pressure, S,, is the
interfacial interaction force.

The law of conservation of energy (the first law
of thermodynamics):

(oh) = d (o) aq; % 4 dP
¢ P ax; P ox; | ot
POVCLANIL B 3
Ui g T i gy, TS 3)

where h is the specific enthalpy, q;®° is associated
with the energy transfer due to thermal
conductivity of the substance flow and diffusion, Sy,
is the energy source due to chemical reactions and
heat exchange by radiation.

The law of conservation of mixture components:

) ) dj;
a(pCﬁ) = _a_xl(pcﬁu‘) +a—le+Sﬁ, (4)

where Cz is the mass concentration of 5 component
B,j,1 isthe mass flow in the i -th direction, S is the
source term of component S.

A system of turbulent transfer equations was
utilized to calculate the aerodynamic properties, with
the conventional k-turbulence model as the closure.
This model has shown stability, efficiency, and fair
accuracy in investigations of heat and mass transfer
processes in turbulent reacting pulverized coal flows,
making it ideal for solving industrial challenges. The
standard k-&¢ model is represented by the turbulent
kinetic energy transfer equation:

d(pk) _ a(pujk)
ot ax]
d Uerr ok
+6_xj[_ak a—x] +P—p-g (5)

and the dissipation equation (transformation of the
kinetic energy of turbulence into internal energy) of
turbulent kinetic energy &:

a(ps) a(pu]s) [ueff as]
+
at 0x; c')xj ge 0x;
€ €
+C£,1'E'P_C£,2'7'p- (6)

The basic equations used in this work can be
written in generalized form as follows:

L

aCB
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ot 0x1 0x, 6x3
d¢
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where ¢ is a transport variable; Sy is the source term,
which is influenced by the process' chemical kinetics,
nonlinear thermal radiation effects, interphase
interaction, and multi-stage chemical reactions. The
above system of equations is solved numerically
using the control volume method described in detail
in and used in numerical computations of high-ash
coal combustion in Kazakhstan’s thermal power
plants.

To solve the problem, the mathematical model
should include specific initial and boundary
conditions for desired functions (velocity,
temperature, mixture component concentrations, and
so on) that correspond to the geometry of the chosen
combustion chamber and the real technological
process of fuel combustion at TPPs.

Initial conditions;u = 0, v=0, w = 0,

= 0,at t = 0.

The boundary conditions are set on the free
surfaces, which are the burners, the exit from the
furnace chamber of the boiler and the plane of
symmetry.

Input: u; are speed values, cg is the initial
concentration of each component, the enthalpy h is
determined by the input flow temperature from the
following relation:

oh
Cp =7~ (7)
oT

where T is the temperature at the inlet (experiment or
calculation).

Output: on

=0, =

6xl-

aui

=0,

0x; normalA

normalA

d - .
ad = 0 are derivatives of velocity, enthalpy

9xilpormala
and concentration of components normal to the output
plane.

In the plane of symmetry: u;|,ormars = 0 is the
velocity normal to the plane of symmetry,

=0,— = 0, are the derivatives
0x; normalS Bxl normal$S

of velocity and enthalpy normal to the plane of

symmetry, on =0 is the derivative of the
taS

axi
enthalpy tangential to the plane of symmetry,

=0 is the derivative of component
9%ilhormals

concentrations normal to the plane of symmetry.
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On the solid surface: Uilnormaiz = 0,

= 01 uiltaB = O!aplbgundary = 0 iS the
normalB -
correction for pressure on the border of the solid

= 0.
normalB .
The boundary conditions for the temperature on

the wall are determined by the convective heat
flux qy, = a(Tsteam — Tsurp)- In case of variable
temperature of the wall of the combustion chamber,
the heat flux can be calculated by the formula:

aui

6xi

dc
surface, —

Xi

q = 6(Tpg — Tsufr) + ClZ(TI?G - Tsf}urf)f (8)

convection

radiation

where €y, = €1,0, T ¢ is the temperature of the flue
gases, T, Is the surface temperature of the chamber

wall, a is the coefficient of heat transfer by
convection, W/(m?K), &, is the emissivity wall, o is
the Boltzmann constant, W/(m2K*).

Results and Discussion

Figures 3 and 4 show the distributions of the full

velocity vector v = VU? + V2 + W? in its various
sections of the combustion chamber of the BKZ-75
boiler. The full velocity vector is indicated in the
figures as arrows of various colors. The direction of
the arrow indicates the direction of the velocity of the
medium, and using the color scale, you can determine
its numerical value. The case under study (emergency
mode of two burners) is compared with the base case
(four once-through burners). The resulting fields of
the total velocity vector make it possible to analyze
the movement of reacting flows in the furnace space
in its various sections, which are indicated here in the
figures.

It should be emphasized that the numerical
values are not equal. of the total velocity vector in
both modes differ significantly. This is since when the
boiler is operating in the basic mode, four burners are
used, through which the aerosol mixture with the
oxidizer is supplied, while in the emergency mode,
only two burners operate, through which (to avoid a
change in the excess air ratio and loss of total power)
approximately the same amount of coal dust and air.
Thus, with the same diameters of the burner channels,
in an emergency mode, the amount of air mixture and
oxidizer is involved with a high flow rate,
respectively, and the velocity of their outflow will
significantly increase.

The residence period of coal particles in the
middle of the combustion chamber rises in the
presence of a vortex flow in the vertical plane. As a
result, an increase in the flow rate has no discernible
impact on the general organization of the boiler's
emergency operation. As a result, at the combustion
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chamber's exit, we obtain a uniform flow with about
the same velocity in both circumstances (Figure 4).

The aerodynamic picture shown in Figures 3
and 4 fully characterizes the behavior of the
pulverized coal flow and corresponds to the actual
physical processes occurring in the combustion
chamber of the BKZ 75 boiler installed at the
Shakhtinskaya TPP.

Full velocity vector, m/s

a) emergency mode b) basic mode

Figure 3 — Distribution of the total velocity vector in
the central section (y=3.3 m) of the combustion
chamber
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Full velocity vector, m/s
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a) emergency mode

Figure 4 — Distribution of the total velocity vector at
the exit from the combustion chamber

The distribution of the Kkinetic energy of
turbulence in the main sections of the combustion
chamber is shown in Figures 5 and 6. The vortex
region with the greatest changes in velocity
fluctuations, as well as the region with the most
intensive processes of physical and chemical
transformations of pulverized coal, is the area of
installation of burners. In this part of the combustion
chamber, the oxidation reactions of the fuel
components proceed at the highest rate, as evidenced
by the maxima in the distribution of the turbulent
characteristics of the process.

Figures 7 and 8 depict the dissipation energy of
kinetic energy of turbulence in the longitudinal
portion of the BKZ-75 boiler's combustion chamber
at Shakhtinskaya CHPP. It can be seen from the
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presented figures that the dissipation energy reaches
its maximum values in the belt of burners at a height
of 4 meters, since this area is a zone of collision of
pulverized coal flows, which is caused by a non-
stationary disturbance of the swirling flow and in
which a sharp jump of turbulent pulsations is
observed. The non-stationary disturbance of vortex
flows has the greatest effect on the length of the torch,
its emissivity, as well as on the intensity of heat and
mass transfer processes during the combustion of
pulverized coal in the combustion chamber. The
described behavior of the total velocity vector is also
consistent with the pressure distribution in the
combustion chamber.

- e ooss
0.1 80 9.11e-008 nz

a) emergency mode b) basic mode

Figure 5 - Distribution of the kinetic energy of
turbulence in the cross section of the burners
of the combustion chamber BKZ-75 of the
Shakhtinskaya TPP

ﬂ - |}

Kinetic energy of turbulence, m*/s?

a) emergency mode b) basic mode

Figure 6 — Distribution of kinetic energy of
turbulence in the central section (y=3.3 m) of the
combustion chamber

The three-dimensional pressure field in the
longitudinal sections of the combustion chamber is
shown in Figures 9 and 10. An analysis of the figure

shows that the pressure decreases along the height of
the combustion chamber. In addition, a pronounced
minimum is observed in the area where the burners
are installed. This is explained by the fact that in this
area there is an interaction of two oppositely directed
flows of pulverized coal, which, penetrating each
other, create a rarefaction in the combustion chamber.
Further, the pressure continues to decrease with the
height of the combustion chamber up to the section of
the rotary chamber of the boiler, where, due to a
change in the geometry of the combustion chamber,
the air flows are redistributed and the pressure at the
outlet of the combustion chamber is 7 Pa.
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a) emergency mode b) basic mode

Figure 7 - Distribution of dissipation energy in the
cross section of the installation of burner devices of
the combustion chamber
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a) emergency mode b) basic mode

Figure 8 - Distribution of dissipation energy in the
central section (y=3.3 m) of the combustion chamber
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Figure 9 - Pressure fields in the burner section
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Figure 10 - Pressure fields in the central section
(y=3.3 m) of the combustion chamber

Conclusion

The aerodynamic properties established during
the computer experiment are representative of the
genuine technical process seen in the combustion
chambers of running TPP boilers. The above results
show that there is a sharp change in the aerodynamic
characteristics of the process (velocity, pressure,

kinetic energy of turbulence k, energy of dissipation
g) in the central region of the combustion chamber,
with the formation of a vortex flow, which weakens
as the combustion products move towards the
combustion space's exit area.

The presence of a vortex motion allows the flame
to ignite and stabilize more quickly. Hot gases are
pulled into the torch, where they heat the combustible
mixture and increase the ignition intensity. Active
ascending fluxes are also present along the furnace's
walls, which influences the convective component of
heat transmission in the combustion chamber. Greater
flame ignition at the burner's outlet is caused by the
vortex nature of the flow movement inside the
combustion chamber, and increased heat and mass
transfer in the vortex worsens burnout.

At the same time, it is feasible to produce
consistent heating of the combustion chamber
surfaces and decrease slagging, extending the
equipment's life. Due to the circulation of particles in
the vortex flame, combustion proceeds with sufficient
completeness, even with coarse grinding, which
makes it possible to significantly expand the range of
coal dust used. The study findings will enable
effective control of fuel combustion processes in real
power plants with the required impact on various
parameters, as well as finding the best burner design
solutions, developing optimal methods for burning
high-ash coal, and reducing harmful dust and gas
emissions into the atmosphere, all of which will
undoubtedly contribute to solving urgent problems in
thermal power engineering.
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SHEPFETUYECKAA KAPTUHA rPABUTALIMOHHOIO NOAA CONHEYHOW CUCTEMBI

B cTaTbe Ha OCHOBE 3HEPreTM4ecKoro NoAxoaa TEOPETUYECKM MCCAeL0BaHO ABMEHWE B3aMMOAENCTBUA
Mexay KocMuyeckm annapatom (KA), ConHuem v nnaHeTamu. na n3yyeHns sHepreTM4ecKmMx XapakTepucTmk
B3aMMOAENCTBMA 3TUX HebecCHbix Ten BblbpaHa runoteTudeckas mogens: ConHue, 3emna u BeHepa
«3aKpenieHbl» B MOMEHT Nnapaza niaHer.

Llenb aToi paboTbl 3akNt04aeTCA B onpeaeneHnn 3Ha4eHNn NOTEHLMANbHOM IHEPTUM eAMHUYHOW MACChl
B rpaBuTaumoHHOM none COAHEYHOM CUCTEMbI B KaXKAOW TOYKe MNPAMOM, COEAMHAIOWEN LEHTPbl 3TUX
HebecHbIX Ten. s 3Toro paccmaTpuaeTca nepemelleHne KA ¢ noBepxHOCTM 3eM1M Ha NOBEPXHOCTU BeHepsb
n ConHLa, KOTOPOe NPOUCXOAUT BAOAb PaZManbHON KOOPAMHATHON OcK, Npoxoasallen Yyepes LeHTpbl ConHua
W NNaHeT.

33aKOHOMEPHOCTM NOTEHUMAIbHOW SHEPTUM B3AMMOAENCTBMSA (IHEPTMM CBA3M) KOCMMYECKOro annapaTa ¢
HebecHbIMM TesaMM  MCCNedoBaHbl C  MCMO/b30BAHMEM  KOMMBIOTEPHbIX BbIYMCAEHMI. B KadvecTse
KOMMbIOTEPHOIO MHCTPYMEHTa MCMNOMb30BaH MakeT npuknaaHbix nporpamm (MMM) Mathcad. C nomoulsto
Mathcad 6bin nocTpoeH rpadMK CyMMapHOM noTeHumanbHol aHeprMn ConHeYHOM cucTembl. Vicnonb3ys
BblYMCAUTENbHbIE BO3MOXKHOCTM TMM Mathcad, 66l M3ydeHbl rpaduKM NOTEHLMANBHON 3IHEPTUM ITUX
nnaHet. bbina BbluMcAeHa paboTa ABUraTeNs KOCMMYECKOro annapaTa, Heobxoanmas ANs nepemelleHms ero
C MOBEPXHOCTM 3emM/M Ha NOBEPXHOCTb BeHepbl (Ha nosepxHocTb Mepkypua nam ConHua). C nomoulbto
KOMMbIOTEPHbIX MHCTPyMeHToB MMM Mathcad mccnenosaHbl rpadukiM NOTEHUMANBHOM SHEPTUN B TOYKaX
OKOJ10 KaXAoM nnaHeTbl (NoTeHUMa bHasA AMa NaaHEeTbI).

Kntouesble cnosa: rpadmk NOTEHLMANbHOW IHEPTUM, TOUKA «NepecasKkny», napas niaHet, obobuieHHan
aHepreTMyeckana KapTuHa, Mathcad.

B.A. Mukushev
S. Seifullin Kazakh Agro Technical University, Kazakhstan, Astana
e-mail: mba-55@mail.ru

Energy picture of the gravitational field of the Solar system

In the article, on the basis of the energy approach, the phenomenon of interaction between a spacecraft
(spacecraft), the Sun and planets is theoretically investigated. To study the energy characteristics of the
interaction of these celestial bodies, a hypothetical model was chosen: the Sun, Earth and Venus are "fixed"
at the moment of the parade of planets.

The purpose of this work is to determine the values of the potential energy of a unit mass in the
gravitational field of the Solar system at each point of a straight line. These straight lines connect the centers
of these celestial bodies. To do this, we consider the movement of spacecraft from the Earth's surface to the
surface of Venus and the Sun.

The regularities of the potential energy of interaction (binding energy) of the spacecraft with celestial
bodies are investigated using computer calculations. The Mathcad application software package is used as a
computer tool. Using Mathcad, a graph of the total potential energy of the Solar System was constructed.
Using the computational capabilities of the Mathcad, graphs of the potential energy of these planets were
studied. The operation of the spacecraft engine required to move it from the surface of the Earth to the surface
of Venus (to the surface of Mercury or the Sun) was calculated. The graphs of potential energy at points near
each planet (the potential pit of the planet) have been studied using computer tools of the Mathcad.

Key words: potential energy graph, "transplant" point, parade of planets, generalized energy picture,
Mathcad.
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KYH YKyMeciHiH rpaBUTaLMANbIK BpPICiHIH, aHepreTnKanbik 6enHeci

Makanaga KyH xyiheciHae Ko3fanfaH fapbill annapaTbiHbiH, (FA) 6acka acnaH geHenepimeH e3apa
9peKeTTecy 3aHbl/IbIKTApPbIH 3epTTeyAiH TEOPUANbIK HITUXeNepi KepceTiiireH. fapblWTbIK annapaTTbiH, KyH
oHe Oacka nnaHeTasapMeH ©3apa acep/ecyiH cunaTTaiTbiH DalfaHbIC 3HEePruAcbiHbIH, TeHaeynepi
3epTTengi. biz TpaekTOpPMACHI KapacTbIPbI/bIN OTbIPFaH acnaH AeHeNepiHiH, LeHTpAepi apKblaibl 6TETIH fapbil
annapaTtbiHbIH, Ty3y CbI3bIKTbl KO3faNbICblH TaHAaAblK. AcCnaH AeHenepiHiH e3apa acepsiecy SHEepruAacbiH
3epTTey MaKcaTblHAa TMMNOTeTMKaAbIK MOAeNb TaHAanbin anblHbiN, «KyH XaHe naaHeTa» KyMeCiHiH
nAaHeTanap napagpl *KardambiHaasbl «BeKiTinreH» moaeni KapacTblPbiabl.

Byn JKYMbICTbIH MaKcaTbl — Mep, BeHepa koHe KyH UeHTpsepiH 6alnaHbiCTbipaTblH Ty3yAdiH, ap
HyKTeciHaeri Bipnik maccaHbiH KyH KYMECiHIH, rpaBUTaLMANLIK epiciHAeri NoTeHUManabl 3HEPrUAChIHbIH,
MaHAepiH aHbikTay. On ywiH FA-HbiH HKep 6eTiHeH BeHepa meH KyH BeTiHe 0pbiH aybICTbIpybl KAapacTbipbiaabl.
MyHOal opblH aybicTbipy KyH MeH nnaHeTanapblH, OPTaablKTapbl apKblibl ©TEeTiH paAvanbipliK
KOOpAMHATabIK OCb OOMbIMEH KYpPeLi.

fapblw annapatbl MeH Gacka acnaH AeHenepi apacbiHAafbl HallnaHbIC 3HEPTUACHI KOMMbOTEPAIK
ecenTeynep apKblibl 3epTrenesi. KomnbtoTepnik Kypan peTiHae Mathcad KonaaHbanbl 6argapnamanap nakeTi
KonaaHbinasl. Mathcad nakeTi kemerimeH KyH »KyMECiHiH Kannbl NOTEHUMANAbl 3HEPrUACbIHbIH, rpaduri
*acangpl. Mathcad nakeTiHiH ecenTey MyMKIHAIKTEPIH KOAA4AHA OTbIPbIM, OCbl NAaHeTaNaPAbIH NOTeHUManab
SHEPTUACbIHbIH, rpaduKTepi 3epTTeni. Fapbilw annapaTbiH Mep H6eTiHeH BeHepa beTiHe (MepKypuit Hemece
KyH 6eTiHe) OpblH aybICTbIPY VLLIH KAaXeT KyMblC Meallepi ecentendi. Mathcad KomnbtoTepnik Kypangapbl
KemerimeH ap MAaHeTaHblH MaHaMblHAAFbl HYKTenepAeri NnoTeHUuManabl dHeprusaHbiH rpaduri 3epTreniHai
(nnaHeTaHbIH NOTEHUMANAbIK WYHKbIPbI).

TyliH cespep: NOTEHUMANAbIK 3Heprua rpaduri, «ayblCy» HYKTeCi, nnaHeTanap LWepyi, *annblNaHfaH
3HepreTuKanblk benHe, Mathcad.

KOMIBIOTEPHBI ~ METOHA,  HEOOXOAWMBIN st
BBIYHCIICHUS YHUCJICHHBIX 3HAYCHUI TMapaMeTpoB

BBenenue

B nacrosimee Bpemsi OCBO€HHE KOCMHYECKOTO
MPOCTPAHCTBA PEATU3YETCS B TPEX HANPABICHUAX:
OKOJIO3€MHBIE TMOJICTHI, T.€. CO3/1aHHE
WCKYCCTBEHHBIX CIYTHHKOB 3EMJIH Pa3IMIHOrO
Ha3HAYCHHUS; TIOJETHI K JIyHe; MoNeThl K IIaHeTaM U
npyruM HeOecHBIM TenaM COJTHEYHOH CHCTEMBEI.

TpuymdanbHele  JOCTHXKCHHS  4YeJIOBEYECTBA B
KOCMHMUYECKOH TEXHUKE B KaXIOM U3 3THX
HaIpaBJI€HUM  XOpOoWIO  W3BECTHHI.  [IBMXKeHue

WCKYCCTBEHHBIX CITyTHUKOB 3emisin u ConHia, o0ieT
€CTECTBEHHOI'0 CITyTHHKAa 3eMJIM Ha KOCMHUYECKOM
Kopabme u  Belcagka Ha JlyHy, 3amyck
HCKYCCTBEHHOTO CIyTHHMKa JIyHbBI, mocaiku Ha
nmoBepxHocTH Benepsl u Mapca, wuccrnenoBanue
IOmurepa ¢ mnponeTHON TpaekTopuM W ApyTHE
KOCMHUYECKHE TIOJNIETHl HCCIEAYIOTCS Ha OCHOBE
3aKOHOB TPABUTAIIMOHHOTO MPHUTSHKEHUS MEXIY
KOCMHYECKHM aIlapatoM M HEOECHBIMH TeJlaMH
Conneunoit cuctembl [1-9]. 3mech wHCHONIB30BaH
SHEePreTHYECKUH MOIXOT K W3YYEHUIO
rpaBuTaiiioHHoro mojsi CoOJHEYHOW CHCTEMBI U
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3TOrO I0JIA

OOBEKTOM HCCICIOBAHUS SBISETCS 0OIIast
KapTHHA MTOTEHIIUAIEHON YHEPTHH TPABUTAIIHOHHOTO
nosis ComHeuHolt cuctembl. B kauecTtBe mpemmera
WCCIIEJIOBAaHNS BBICTYNAeT MOTCHIUATIbHAS JHEPTHUS
eIMHWYHOW MacChl B TPaBUTAIMOHHOM  IIOJIE
ConneuHoli cucteMsl. Llenpro 3Toil paboTHI sBIIsIETCS
U3YyYCHUE DHEPreTUYECKOr0 COCTOSHUS CIMHHYHOU
MacChl, HAaxOIfIMIEWCs B Pa3NUYHBIX TOYKaX
paguanbHOW OCH, COCOUHSIONICH IICHTPHI 3eMIIH,
Beneps! u Connia.

beutm  mocTaBneHBI  CleNyOIIKAE — 3aauu:
OTIPEIICTTUTh ITOCPEICTBOM KOMITBIOTEPHOH
MPOrpaMMbl YMCJICHHBIC 3HAYCHUS MOTCHIIMAILHON
SHEPTUM TeJla CIUHUYHON MacCod B KaJOH TOUYKe
paguasbHOW OCH B TPaBUTAIIOHHOM  IIOJIC
ConHeYHOH  CHUCTEMBI, MOCTPOUTh  Tpaduk
MOTEHIIMAILHON 3HEPruu 3Toro Tena B ConHeuHOH
CHCTEME, OIUCHIBAIOIINI YHEPTETHICCKYIO KapTUHY
rpaBuTarmuoHHOro 1ot COJIHEYHOW CHCTEMBI B
3aBUCHMOCTH OT pacctosHus IeHTpa ConHIa; Ha
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OCHOBE H3Y4YCHHSI 3TOTO
mapaMeTpbl  TOYEK «IEPeCcagKi» KOCMHYECKOTO
ammapara,  KOTOpbIE  PACHOJIOKCHBI  MEXIY
HEOSCHBIMH TEJIaMH; MPOBOANUTH YUCIICHHBIN aHAIN3
rpadHKOB IOTEHIMAILHONW SHEPTUH TejIa AMHUIHON
Maccoil B TpaBUTAIIMOHHOM moJie miaHeT U CouHia
nocpeacteom TIIIT MathCAD [10], xorzna 3To Teno
HaXOMTCS B Pa3IMYHBIX TOYKAX MMOBEPXHOCTH ATUX
HEOECHBIX TeJl.

rpaduka OIpeaeInuTh

MeToanka Hccae10BAHUSA

IlepemelneHne KOCMHYECKOI0 amnmapara K
Apyrum mianeraMm CoJTHeYHOM CHCTEMBI € Y91eTOM
rpaBUTAIMOHHOTO MoJisi CostHIa

Uccnenyem xocmmueckoe mytemrectBue KA ¢
MMOBEpXHOCTH 3eMiiu B IUiaHety BeHepa c ydeTom
rpaButaiionHoro BiausHus ConHua. Bwibepem
TUIIOTETUYECKYI0 Mojenb, rae ComHie, 3emus u
Benepa «3akperuieHbl», 1 UX IEHTPHI HAXOJATCS Ha
OJTHO¥ TIpsiMOi (pamuasibHOi ock) (pUCYHOK 1).

Benepa
//_ - \\
/ \\ ~
‘\ N T & ._’
o )/ r
e
Coanne 3emasa

Pucynok 1 — Pacionoxenue CoTHEUHOH CUCTEMBI
B MOMEHT «I1apaJi TUTaHEeT

Paccmotpena moreHnumaneHas sHeprus KA
Maccoi M B cucteme «3emist — Benepa — Connue»
s 4 ciy4aeB, B KOTOPBIX paccMaTpHBAETCS
SHEPTeTUYECKOe COCTOSIHUE KOCMHYECKOT0
amnrmapara, Korja oH OyJIeT HaXOUThCS B PA3TUUHBIX
TOYKaX paJUaIbHON OCH, COCAMHSIOMICH LEHTpPbI
paccMaTpuBacMbIX HEOCCHBIX Tell.

1. Ha ocHOBe TpHHITHIIA CYTICPIIO3HUITHH TTOJICH
HaIUIIIeM 3HaueHUe TOTEHIMAILHOM 3Heprun KA B
cucreme <«3emisi—Benepa - ComHie» st ar000H
TOYKH paJHaIbHOM OCH, B yCIOBUSX |1| >R

GmMc GmMB GmM3
Ll =7 |p—=r]’

Ulr) =-—

rae Mc — macca Connna, |1 — paccrosHue 1meHTpoB
Coumuma u Benepsr, |2 — paccrosaue nentpos Comniia
" 3eMIIH.

2. Tlpu |r| < R¢ moteHnumanbHyo sHeprio KA
st noBepxHOCTH COJIHIIA HATIUIIIEM TaK:

GmMc /T
Ulr) =-— —
r RC
3. Beruuciaum 3HaUECHHE MOTEHIINAITLHON

suepruun KA B cucreme «Benepa - ComHue» nms
cinydasi, korgja KA HaxoauTrcss Ha TOBEPXHOCTH
Benepsl.

mMB GmMc
RB T ’

Ulr) =-G

rae r nexut B uatepBane l; — Rg < r < [ + Rg. He
OyleM y4YHTHIBATh IPAaBUTAIMOHHOE BIMSHHE 3eMIIN
Ha OBEPXHOCTH BeHephI B ¢BSA3M ¢ TeM, 4TO

mMB mM3
o) s ||
B l =1 —Rg
4. BplumcanM  3HadYeHHWE — ITOTEHIIMAILHOU

seprun KA B cucreme «3emns—ConHue» s
ciayyasi, korga KA HaxoguTcss Ha MOBEPXHOCTH
3emin.

mM3 GmMC

U(r)=—G
(r) R "

JIHO «TIOTEeHIUAILHON MBIy 3eMIIM HAXOIHUTCS
B HHTEPBAJIC

lz—R3ST'S lZ+R3.

3I[CCI> HC YYMUTBIBACTCA TPABUTALIMOHHOC BJIUSIHUC
BeHepr Ha NOBCPXHOCTHU 3CMJ'II/I, TaK KakK

mMB
I, =1l — Rsl’

M3

m
6T 55 |-
3

Pe3ynbTaThl M 00CyxkIeHne

Coznmana KOMIBIOTEpHAs TporpamMma B cpelie
MathCAD, rae yd4reHbl BCE TI'PaBUTAIHOHHBIC
JercTBUs, KoTopble ucnbiThiBaecT KA maccoii 1 kr B
3aBUCHMOCTH OT Pa3JIMYHbIX €ro KOOpAHMHAT B
cucreme «3emisi — Benepa - Cosnnie» (pucyHok 2)
[10-13].

Ha pucynke 2 (nuctunre) Mc 0003HaueHO depes
Mo, Mp — depe3 M1, M3 obo3HaueHo udepe3 Moy, a
Rc—Ro, Rz—>Ri, R3—>R,. Emumauner mo ocsm
CHCTEMBI KOOpJMHAT MpeacTaBieHsl B cucteme CU
(opmunara U(r) — B koynsx, abcuucca I — B

MeTpax).
OTH TIaHeThl HE PacCMaTPHBAIOTCS  Kak
MaTepuainbHble Toukd. [locpencTBoM — IaHHOM

KOMIIBIOTEPHOW MPOTPaMMEI  TIOCTPOUM  Tpaduk
MOTEHUUAIIBHOM JSHEPruM €JIUHUYHOW MacChl B
ConHevHOW cucTeMe (HIDKHSS YacTh PHUCYHKa 3).
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3/1ech HE BUJIHBI «IIOTCHIIMAIBLHBIC IMbD» BeHephl u
3eMiii B CBSI3M C TE€M, YTO 3HAUEHUS «TITyOWHBI
MTOTEHITHAIBHON MBI 3THUX TUIaHeT okojio 3000 pa3
MEHBIIIE YeM TIyOWHA «IOTCHIUAIBHONH SMBI»
Comama. Jlns oOHApYKEHHUS «ITOTCHITMAIBHBIX STM)
TJIaHET MaciTab OPIUHATEI rpaduka
MOTCHIIMANBHON JHEPTUW E€AMHWYHOH MacChl B

Conneunoii cucteme Obu1 yBeauyeH 500 pa3, u ObL1
nojy4eH rpaduk B BepxHeW 4yacTu pucyHka 3. U3
9TOrO TrpadyiKa BUTHBI €1Ba 3aMETHBIE BEPTHKATHHBIC
NUKH,  aOCHUCCBI ~ KOTOPBIX  COOTBETCTBYIOT
3HAYCHUSIM PACCTOSIHMH JTHUX IUIaHET OT MEHTpa
CounHna.

G = 6.67-10" 1

A

My := 2.00-10°° - Macca Comma; Ry := 7.00-10° - Pamaye Comma;
M; = 4.87-1024 - Macca Beneprr; Ry = l{i.l]S-ll}‘5 - Pamuzyc Benepwi;

M, = 6.00-1024 - Macca 3ervms;
- I'papuTanMOHHAA [10CTOAHHASN;

11 == 1.08- 1011 - Paccrosnue mexxny uenrpan Cosmoa 1 Beneprr;

Ry = 6.40-106 - Pamuayc 3enum;

MI!\lMl=1

Iy .= 1.50- 1011 - Paccroanme mesxny mesTpanm Comra i 3enum;
m-My m-M; m-M,
Ur) = || -G -G - G- if |r| >Ry
|r| ‘ll—r| |12—r‘
S L
-G— — r| =
r | Ry
m-M; m-Mjy
-z - G if h-Ryj=r=5h1+R)
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b.A. Mykyuwes

I'paduk mMOTEeHUMATLHON SHEPIHU EIWHHUYHON
maccel B ComHeuHoii cucteme (pucyHOK 3)
OTIMCHIBAET SHEPTeTHYECKYIO KapTHHY
rpaBUTalMoOHHOTO 1oJsi CONHEYHOW CHCTEMBI B
3aBUCHUMOCTH OT paccrosiaus nenrtpa Comnra [10-
12].

Hanst YBEITHYCHUSI Maciraba 3TUX
«TPaBHTALMOHHBIX IUKOB» HCIOJIb3YeM KOMaHIY
«Macmtab» B MathCAD. Tlpu yBenuueHuu

MacCIITabOB 3THX MUKOB MOIYYHM «OTEHIHAIbHBIE
saMb» BeHepsl W 3eminH, NpEACTAaBICHHBIE Ha
pucyHke 4.
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Pucynok 4 — I'padyku NOTeHIIMATEHON SHEPTHH
eIMHUYHON Macchl BONMM3u Beneprr u 3eMiu

C dHepreTHYECKOW TOYKH 3PEHUS] COBEPIIUTH
KOCMHYCCKHM mojeT ¢ 3emiau K Benepe (wmm K
MepKypHIo B YCIOBHUSAX Napajia IUIaHEeT) — 3TO 3HAYHT
BBIXOJIUTh CO JHA TIOTCHIMAIBHOW SIMBI OIS
TATOTEHUS 3eMIIM W CBOOOJHO TajaaTh Ha JHO
MOTCHIMANBHON  siMbl  BeHepbl (wim  npyrou
IaHeTsl). Jlms 3TOro KOCMHYECKOMY amnmapary
JOCTATOYHO TPEOJONETh TOUKY  «IIEPECaTKM»,
abcuucca kotopoii pana 1,4974-101 m. (Puc.46).

Temepr HaiimeM paccTOsSHHE ICHTPa 3eMIIHA OT
TOYKH IIEPECAKI:

1,50 -10' - 1,4974 -10™ = 2,6- 108 m.

WM O0KoJio 260 THICSY KM, a pacCTOSIHUE OT LICHTpa
Benepsl 10 Touku «mepecaaku» paBHo — 41 740
TBIC.KM.

MunuManbHyto paboTy, HEOOXOTUMYIO st
nepemerieansi KA mMaccoir M ¢ MOBEPXHOCTH 3eMITH
Ha TIOBEPXHOCTh BeHepbl, (WM Ha TOBEPXHOCTH
Mepkypuss B YCIOBHSAX Tapaja IDIAaHET B
«3aKPETUICHHOM) COCTOSTHHM ) MOKHO BBIPA3HTh KaK:

A ~ U(rc) - U(Rs) = -8,9230-10°m — (-9,5188-10°m)
~ 0,5958-10°m (JI:x).

JL1st TOro YTOOBI COBEPIIHTE «MATKYIO» HOCAIKY
Ha MOBEPXHOCTh BeHepsl €3 mapamiora, eé HyxkKHO
noracutk. Jlnd rameHds CKOpPOCTH (3TO JejaeTcs
TOPMO3HBIM JIBUraTeJIeM) HyKHA SHEPIHs HE MEHBIIIE
~  3,9590-108m  Jx. CremoBarenbHO,  IpH
COBEPLICHUH «MSATKOW» MOCAAKM HA MOBEPXHOCTH
BeHepsl MUHUMAaNbHAS PabOTAa JOJIKHA OBITh:

A ~0,5958-108m +3.9590-108m ~4,5548-10°m (JIx).

Jns BosBpamenus KA ¢ Benepsl Ha 3emmo u
coBepuIeHHS  CBOOOOHOTO  TaJeHWs Ha  ee
MMOBEPXHOCTh HEOOXOIUMO OOJIBIIIE DHEPTHH, UYEM
COBEPLLIUTH [IOCA/IKY Ha IIOBEPXHOCTb ATOM IIaHETHI.
Bennuuny 5TOH SHEPrMM MOXHO BBIYHCIIHTS,
UCTIONB3Ysl TpaduKy  MOTEHIMANBHONH  SHEPIHU
eIMHUYIHON Macchl BOJIM3u Benepst u 3emiu (puc. 4).
[Mone3ysice komanzoit «Tpaccuposka» B MathCAD,
MOJKHO ONpPEIENIUTh 3HA4YE€HHWE IOTEHIMAIBbHOU
9HEPTUH, COOTBETCTBYIOIIECH IOOOH TOUYKE 3TOTO
rpaduka (puc. 5).
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«TpaccupoBka» 11 onpeAencHIs TapaMeTpoB
TOYKH «IIepECaaKI» BOIU3U 3eMIIu
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JHepreTMyeckas KapTUHa rpaBUTaUMoHHoro nona ConHeYHOM CUCTEMbI

Jns coBepuieHHs  MSTKOM  MOCaaKud  Ha
MMOBEPXHOCTh 3€MIIM HY)KHA TaKasl e SHEPrus, KaK y
KA, xotopenii Ob1 MsaTKO cenm Ha Benepy. Taxke,
MOKHO HAlTH MHHUMAJIBHYIO paboTy, HEOOXOTUMYIO
s nepeMentienuss KA maccoit M ¢ MOBEpXHOCTH
Beneps! Ha moBepxHOCTE Mepkypuii niau CoJHIIa.

B peanbHBIX yCNOBHMSIX 3aTpaThl dHEPTUU
neurarens KA s mepenera ¢ moBepXHOCTH 3eMITH
Ha TIIOBEPXHOCTb BeHEppl NpU <OKECTKONW» U
«MSTKON» TOCagKax B pa3bl OOJIbIIIE, YEM AIOT HALIH
pacueTrbl O BBIUMCICHHIO 3THUX 3HaueHu. Bo-
MEPBBIX, KOI(POHUIMEHT  IOJE3HOI0  JACHCTBHUSA
PEaKTUBHOTO IBUTATENsS HAXOAWUTCS B MHTEpBAJe ~
(0,35 +0,45); BO-BTOPBIX, CTYIIEHbKH, TIPH OTPHIBE OT
JIBUTATES], 3a0UPAIOT YaCTh MEXaHUIECKOW SHEPTUU
KOCMHMYECKOI'0 amnapara; B-TPETbUX, KOCMHUYECKHUE
anrmaparbl He 3aIyCKatoTCs 10 MPSIMOH, TPOXOSIIEH
o nenTpam wianeT ¥ Comana. OHK TOJHUMAIOTCS C
MOBEPXHOCTH 3€MJIM MO OYEHb CIOXKHOH opOute u
IpYd [JBIDKEHHUH HCIBITBIBAIOT MHOTOYHCIICHHBIE
KOPPEKTUPOBKU TPAEKTOPHU TMOJETa, YTO TpeOyeT
OOJBIIYIO 3aTpaTy SHEPTUH.

Ecnu wuccnenyem OHO «IOTEHUMANBHBIX SIM»
oTux IuiaHeT W CosHIA C TIOMOIIBIO KOMaHIBI
«MacmTab», TO TOJyYUM HOBBIE PE3YNbTaThI,
JIOKa3bIBAIOIINE SIBHOE JOMHUHUPOBAaHUE IPABUTALIUI
ConHua B OKOJIOCOJTHEYHOM MPOCTpaHcTBE. Takum
00pa3om, MoTyYrM HOBBIE YBETMUCHHBIC JICCATKHU Pa3
rpaduKu TOTEHIMANBFHOW SHepruu cuctem «KA-
Counnie-Benepay (puc.6a) n «KA-ComnHire-3emiis»
(puc. 66).

W3 pucyHka OTYETIMBO BHJHO, YTO B TOUYKAX
MOBEPXHOCTH IUIAHET, KOTOPbIE HAXOAATCS B
MUHUMAaJIBHOM paccTosiHUM oOT IeHTpa ConHua
MOTEHUMANbHAasg »JHEPrUd €JWHUYHOM MacChl B
CosHeuHOH cHuCTeME€ MEHblIEe, 4YeéM B TOYKaXx,
PAacIIOIOKEHHBIX B IPOTUBOIIOIOXKHOM TIOBEPXHOCTH
IUIaHeT. OTOT ciyyall elle pa3 JOKa3bIBaeT, 4TO
COJIHEYHOE TpaBUTAI[IOHHOE BJIMSIHUE Ha
MIOBEPXHOCTH IUIAHETHl M3MEHSETCS B 3aBUCUMOCTH
0T paccTosiHUs OT neHTpa ConHua.

Kocmuueckuii anmapar, Koraa HaxoIWUTCsl Ha
MTOBEPXHOCTHU 3eMJIH (MJTH IPYTHX IIAHET), TOYTH HE
UCTIBITHIBAET TPAaBUTALMOHHOE BIUsIHHE BeHepsl
(umu IpYrMX TJIAaHET), OXHAKO MpPHIETCS Y4YecTb
rpaBuTamuio ComHna. Takoil BBIBOJ MOXKHO CHENATh
Y 10 OTHOIIIeHUIO K Benepe.

Ha pucynke 7 mnpenctaBineHbl pe3ylbTaThl
KOMIIBIOTEPHOTO ~ HCCJIEZIOBAHUS  TOCPEICTBOM
KoMaHAbl «MacmTab» AHA «IOTEHIHMAIBFHOW SMBI»
ConHua.
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Pucynok 6 — ['paduku 1HA «ITOTEHITUATBHBIX SIM
Benepsr u 3emiu
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Pucynok 7 — I'paduk aHa «IOTEHIMAIBHON
saMeDy CoJHIa

b ! rpaq)m(a ACJIacM BBIBOA, YTO I'paBUTAITUOHHOC
BJIMSIHHUC IUUJIAHCT Ha COJIHI_IC MOXHO CYHUTATh
HHUYTOXXHBIM.



b.A. Mykyuwes

3akiroueHue

Ha ocHoBe  B3HepreTmyeckoro  mnojaxoja
KCCIEAOBAHbBl 3aKOHOMEPHOCTH  B3aUMOJACHCTBUS
JBIDKYIIETOCS TeJla ¢ IPYTUMHU HeOSCHBIMU TellaMU B
Conneunoit cucreme. PaccMoTpeHO OnHO U3
MNPOCThIX COCTOSAHUM COTHEUHOM CHCTEMBI — Mapaj
IUIaHET. IIpousBenenbt BBIYMCJICHHS
DHEPTEeTUYECKOTO COCTOSIHUSA KOCMHYECKOT'O
ammapaTa B 3aBHCUMOCTH  OT  paJHalbHOMN
KOOPAMHATEI. B  pesymbrare  ucchnegoBaHUS
TIOJTY9ICHBI CIISAYIONMINE HAyYHbIE PE3YIbTaThI:

- Ha OCHOBE KOMITBIOTEPHBIX BBIYUCICHUA U
rpa@uKoB H3Y4YEeHBl ypaBHEHHS IMOTEHIIMATHLHON
SHEPrud (PHEPTrHH CBS3M) B3aUMOJCHCTBHS Teja
eauHUYHOW Maccoit ¢ ConHOeM U JIpyruMHU
IUIaHEeTaMU,

- WCclleZloBaHa 0000IEHHas DPHepreTudecKas
KapTuHa CcUCTeMBl «COJIHIIE W IUIAHETB», YTO
MPEJICTABISIET COOOM PHEPTHIO CBSI3M KOCMUYECKOIO
amnmapara B CyMMapHOM I'DaBUTAllHOHHOM TIOJI€ BCEX
cy0bekTOB COJTHEYHON CUCTEMBI;

- BBIYMCJICHBl MUHUMAJIbHBIC 3HAYCHUS PaOOThHI
BHEITHUX CHJI, HEOOXOAWMEIE IS TIePeABIKECHUS
KOCMHMYECKOIO ammapaTa C [OBEPXHOCTH OJHOU
HEOCCHBIX T Ha IOBEPXHOCTh JPYTHX BIOJb
paauanbHON KOOPAMHATHOU OCH;

- TPOBEACH  YHCIEHHBIH  aHajgW3  [JHA
(MOTCHUHUAJIBHBIX AM)» paCcCMAaTpUBACMbIX IJIAHET U
ComHia MIOCPEJICTBOM TITIIT MathCAD,
XapaKTepU3yOIMUX  MOTEHIHANBHYI0  JHEPTHUI0
SIMHUYHOM MAacCOM B TPaBUTAIMOHHOM IIOJIE€ 3THUX
HEOECHBIX TEJl.

HanpHeiiliee  u3ydeHHE  paccMaTpUBacMOU
MpoOJIeMBI  TIO3BOJISIET BBIMTH HA  CIEXYIOIIHE
HaIpaBJICHUs] JAHHOTO HCCIIEIOBAHUA: MPOBEICHUC
TEOPETUYECKUX, T'paUIECKUX U KOMITBIOTEPHBIX
BBIUYMCIIEHUM JJI1 TPOW3BOJIBHBIX PACIOIOKEHUH

wiaHer B ConHeuyHOM — cucTeMe, H3Yy4YeHHE
BO3MOXHOCTEH CPaBUTAIIIOHHOTO MaHeBpa
KOCMHU4YecKoro ammapara BHyTpH ConHeuHOU
CHCTEMBI U JpyTHE.

BaarogxapHocTH

JlanHoe  wmcciieoBaHWE — BBIMIONHEHO  TIPU
(uHaHcoBoM  mojjgepikke — KomurTera — Hayku

MuHucTepcTBa HayKM U BBICHIET0 00Opa3oBaHUS
Pecnyonmmku  Kazaxcran (rpantr Ne AP14869376
«Pa3Butue MEXIUCLUILIMHAPHOM
UCCIICJIOBATEIBCKOW CIIOCOOHOCTH CTYACHTOB TpHU
peanu3anuyu  CUHEPTreTHYECKOTO O0Opa3oBaHUS B
BBICIIIEH IIKOJIEY).
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METOANKA N MATEMATUYECKAA MOZAE/Tb OLLEHKN KOMMETEHLNNA,
MPUOBPETAEMBbIX CTYAEHTAMW B MPOLIECCE U3YHEHWUA ANCUNNTNHDI
«PU3NKO-XUMUA JNINTEKTPUHECKNX MATEPUANIOB»

B faHHOWM cTaTbe NpeAIoxKeH AeTEPMUHUPOBAHHbIN (HE BEPOATHOCTHbIN) NOAXOA K OLLeHKe pe3y/bTaToB
obyyeHua (PO) ¢ MCNonb3oBaHMEM NMPOCTENLLEN MaTEMATUYECKON MOAENM Ha MPUMEPE OLEHKN pesybTaTa
0byYeHMnA CTyLEeHTOB BbICWUMX Yy4ebHbIX 3aBefeHU Mo AucuMnanHe «DPUINKO-XMMUA ANINEKTPUYECKMX
matepuanoB». Peanusauma 3TOro noaxoda npeanonaraeT nocienoBaTelbHOe ABMMKEHME B YCAOBMSAX
NPUHATBLIX AONYLLEHWN OT 06WEero HeNPOTUBOPEUMBOIO MOHATUA KKAYECTBO MHXKEHEPHOro 0bpasoBaHMa» K
€ro COCTaBAAWMM, AETanM3alUmMyM pPesynbTaToB 0Oy4eHWUs, UX KOJMYECTBEHHOM OLUEHKe M, C Y4EToMm
TpebyembIX ypOBHEN pe3yabTaToB 0byUeH s, Kak No OCHOBHOM obpasosaTtenbHoi nporpamme (OOMM) B Lenom,
TaK M MO KOHKPETHbIM AMCUMMNAIMHAM B HEE BXOAALLMM.

MpeanosKeHbl M ONMCaHbl MPUHUMMbLI MOCTPOEHUA W peannsauum paboyelt nporpammbl OO U3
amcumnand, sxogawmx 8 OOM. MpeasioeHHble Hamu B paboTe aAropuTM OLEHKWM YPOBHA OCBOEHMS
CTYAEHTOM  MAAHUPYEMbIX  KOMMETeHUMN W mMaTemaTMyeckas MOZeNb  MO3BOMSAIT  OCYLLECTBUTb
KOJIMYECTBEHHYIO OLLEHKY «3HAHMEBOM» U «AeATeNIbHOCTHOM» COCTaBAAIOWMX 0OPa30BaHNA 1, B KOHEYHOM
UTOre, KOJIMYECTBEHHYID OLEHKY YPOBHA OCBOEHMA CTYAEHTOM  3aMJaHMPOBAHHbLIX KOMMETEHLUMNA.
Mcnonb3oBaHHbIM MNOAXOA, anrOpUTM, a TaKKe MmaTeMaTuMyeckaa MmogeNb MOryT ObiTb MPUMEHeHb!
npenoaasaTenem A1a CaMOOLEHKM M BbIPaDOTKM Mep NO COBEPLLEHCTBOBaHMIO y4ebHOro npoLecca.

KnioueBble cnoBa: uWHXeHepHoe 06pa3oBaHue, Yy4ebHbIM npouecc, pesyabTatbl  0byyeHus,
KOMMNETEHTHOCTHbIM  MOAXO4, MaTeMaTMyecKkaa MOoAeNb, AUCUMMNAMHBI  eCTeCTBEHHOHAYYHOro  LMKAA,
KOJIMYECTBEHHAs OLLeHKa.

Yu. Pokholkov*?, I. Muravlev!, M. Chervach?®"
INational Research Tomsk Polytechnic University, Russia, Tomsk
2Association for Engineering Education of Russia, Russia, Moscow
*e-mail: chervachm@tpu.ru

Methodology and mathematical model for assessing competencies acquired by students in the
process of studying the discipline "Physical Chemistry of Dielectric Materials"

The article proposes a deterministic (not probabilistic) approach to assessing learning outcomes (LO),
using a simple mathematical model for assessing the results of students' learning within a course "Physical
Chemistry of Dielectric Materials". Implementation of this approach involves a consistent shift, under the
conditions of the assumptions made, from a general consistent concept of "quality of engineering education"
to its components, detailing the learning outcomes, their quantitative assessment and, taking into account the
required levels of learning outcomes, both for the main educational program in general, and for specific
courses included in it. Principles for design and implementation of any course syllabus included in a study
program are proposed and described. Both, the proposed algorithm for assessing student’s level of mastering
of the expected competencies and the mathematical model allow for a quantitative assessment of the
“knowledge” and “activity” components of education and, ultimately, a quantitative assessment of the level
of student’s mastering of the planned competencies. The proposed approach, algorithm and mathematical
model can be used by teachers for self-assessment and improvement of the educational process.

Key words: engineering education, educational process, learning outcomes, competence approach,
mathematical model, disciplines of the natural science cycle, quantification.
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MeToanKa U maTemaTnyeckas MoAe b OLEHKN KOMNETEHUMN, NprobpeTaemblx CTyAEHTaMM B NPOLIECCE U3yUYeHMS...
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«IaneKTpnik matepuanaapobiH, GU3NKanbIK XMMUACKI» NBHIH OKy 6apbICbiHAA CTYAEHTTEPAIH, anfaH
Ky3bIPeTTiNiKkTepiH baranayaplH, agicTeMeci MEH MaTeMaTUKaNbIK MOAeni

By 3epTTey *KymbicbiHAA «[AMaNeKkTpAiK MaTepuangapasiH GU3MKaabiK XMMUACHI» NaHI HOMbIHLIA KOFapb!
OKY OpblHAAPbI CTYAEHTTEPIHIH, OKY HaTUXKeCiH Bafanay mbicasblHAa KapananbiM MaTeMaTMKaabliK MOAENb|
naiganaHa oTbIpbIn, oKy HaTuxenepiH (OH) 6afanayabiH AeTepMUHUPAEHTEH (bIKTUMANAbIK emec) Tacini
YCbIHbIIFAH XaHe HaTuKenepi TeKkcepinreH. byn Tacinai Kysere acblpy KabbingaHFaH Kopamanaap
KafaanblHAA «MHXKEHePAiK B6inim canach!» *Kannbl ADMEKTI TYKbIPbIMAAMaCbIHAH OHbIH, Kypamaac 6beniktepiHe,
OKbITY HITUMKENEpPiH erKken-Terkenni Kepcetyre, onapapiH CaHAblK HafacbiHa »KoHE KaXKeTTi AeHrennepai
ecKkepe OTbIpbIN, *annbl Kafdanaa Herisri 6inim 6epy baraapnamacbiHaasbl (HBBB) cuAKTbI KaHe ofaH
EHTi3iNreH HaKTbl NaHAEP YLLUIH OKY HaTUKenepi BoMbIHLLA Aa ASMEKTI KO3FanbICTbl HOMKaNAbI.

Makanaga Herisri 6inim bepy baraapnamacbiHa KipeTiH Ke3 KeareH NaHHiH XymMbic baraapaamachiH Kypy
YKOHe OpblHAAY NPUHUMATEPI YCbIHbIALIM, cMAaTTanFaH. OKYLWbIHbIH }XOCMap/iaHFaH Ky3ipeTTinikTepai meHrepy
AeHreniH 6afanayAblH, YCbIHbIIFAH aArOPUTMI KaHEe MaTemaTuKanblk moaeni binim bepyain 6inim meH ic-
SPEKET KOMMOHEHTTEPIH CaHAbIK DaFanayfa, calbin KeaAreHae, OKyLUbIHbIH, }OCnapaaHfFaH Ky3blpeTTinikTepai
MEHrepy AeHremniH caHablk baranayra MyMmKiHAIK bepeai. KongaHblafaH Tacindi, anropuTmai, coHAan-ak,
MaTeMaTUKa/blK MOAE b KapaTblAblCTaHy MaHAEPAIH, OKbITYLWbIChl ©3iH-63i Hafanay KaHe OKy-Topbue

NPOLECIH *eTiNAipy WapanapbiH a3ipaey yiiH nanganaHa anabl.
TyliH cespep: WHXeHepnik 6inim, Topbue npoueci, OKbITY HITUXKeNepi, Ky3blPeTTinik Ke3kapac,
MaTeMaTUKabIK MOAEb, KapaTblAbICTaHy UMKAIHIH NaHAepi, caHAbIK baFanay.

BBenenue

KadecTBO MHXEHEPHOrO 00pa3oBaHHMS — TEMa,
KOTOpass HE CXOAUT CO CTPaHMI[ H3JIaHUM,
MyOIMKYIOIUX CTaThH IO MpodiieMaM 00pa30BaHUs
[1-3].

PesynbraTer 00ydeHus OyAyInuX CHCIHAIACTOB
B 00JaCTH TE€XHUKH W TEXHOJIOTHH, IOJIyYCHHBIC B
BBICIIMX YYEOHBIX 3aBEICHUAX, JAJICKO HE BCerja

COOTBETCTBYIOT TpPEOOBaHMSAM MHOTOYHCIEHHBIX
CTEUKXOJJIEPOB, CIEKTp TpeOOBaHMH KOTOPBIX
pasHooOpa3eH, a HMHOrAa U  I[POTHBOPEYMB.

CBHIETENBCTBOM 3TOIO0 HECOOTBETCTBHUS SIBISETCS
HaJIMYKE Ha NPEeANPUITUAX CUCTEMBI «I0YUYHUBAHUS»
BEIIIYCKHUKOB ~ WHXEHEPHBIX  00pa30BaTENbHBIX
nporpamMM,  NPOJOJDKUTEIABHBIM — MEpUOJ — HX
aJanTaldy K YCJOBUSM TMpou3BoncTBa. Hambonee
yOemuTeNnbHO  JIEMOHCTpPALUS 3TOrO (hakra
MOATBEPKAACTCS. OpraHU3allUed KOPIOPATUBHBIX
YHUBEPCUTETOB MPU KPYIHBIX KOPIOPALMIX, TAKUX
Kak, Hanpumep, B Poccum — I'azmpom, Pocatom u
apyrue [4].

[IpyunH Takoro IMOJOXKEHUS HECKOJBKO, U HX
aHalIu3 MBI MOXEM  BCTPETUTb B  CTaThiX
ABTOPUTETHBIX CIEIUAIVCTOB B c(hepe NHKEHEPHOTO
00pa3oBaHMsI, JKCIIEPTOB W IMPEICTaBUTENEH, Kak
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aKaJIEMUYECKOTO COOOIIECTBa, TaK M MPEANPHATHH
peaNbHOrO CEKTOpa SKOHOMHUKH [5-8].

Conepxanue 00pa3oBaTeNbHBIX  MPOTPaMM,
oOpa3zoBaTelbHbIE  TEXHOJIOTHH, 00OpYyIOBaHUE,
nH(ppacTpyKTypa BY3a, KBaTUUKALIAS

npodeccopCKO-TPENOAaBaTENLCKOTO COCTaBa, B TOM
YUCJIEC U HX HpOH3BOI[CTBeHHI>II>'I OIIBIT, METOJAbBI H
(hopMBI KOHTpOIISL Pe3ynbTaTOB OOYYEHHS, CBS3b C
HpeNPUATUIMA " WHXHUHUPHHT OBBIMH
CTPYKTypaMH BeIyIIMX KOMIIAHWH, pyTHHA W
KOCHOCTb B JIEATEIBHOCTH — BCE 3TO (aKTOPHI, OT
KOTOPBIX 3aBUCHT YPOBEHB HOATOTOBKU
CHELIUAIUCTOB B O0JIACTH TEXHUKU U TEXHOJIOTHH U,
B KOHEYHOM UTOT€, TEXHOJIOTUYECKOE OJIaromoryque
obmmectra [9,10].

OOmenpruHATOH, TPAaTUIIMOHHOW  CHCTEMOH
OLIEHKM YPOBHS MOATOTOBKH BBITYCKHHKOB BBICIINX
y4eOHBIX 3aBeICHHH, B TOM YHCIE M WH)XCHEPHBIX,

ABISIETC  NATHOAIbHAs ~ CUCTEMa,  KOTOpas
HCHONB3yeTcd  Kak B Mpolecce  OOydeHHs
(Ha3HaYeHWE pa3NUYHOTO YPOBHS  CTHICHIWH,

ompeeneHne nodeauTeNNel B KOHKypCax U Ip.), pH
OKOHYaHWH By3a (IUIUIOM C OTJIMYHEM), TaK ¥ TpHU
npuéme Ha paboTy.

Oco3zHaHune Hay9IHO-00Pa30BaTEIIHLHBIM
COOOIIECTBOM TOTO, YTO Takas OICHKA JIAJIEKO He
BCEr/Ia MOXKET CIYXKUTh €IUHCTBEHHBIM KPUTEPUEM
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OIICHUBaHUSl PE3YyJIbTaTOB OOyYEHUS U CTEICHU
MTOATOTOBKH BBIITYCKHHKA K peaybHOM
MPOM3BOACTBEHHON  AESATEIHHOCTH MPHUIUIO B
nocinennue 15-20 et B CBA3M ¢ HAYYHO-TEXHUYECKOU
pPEBOJIIOLIMEN, OXBATUBIILIEH, 110 CYIIECTBY, BECb MUP
[11]. Mup KapauHaJIBHO MEHSETCS, W CHCTEMA
oOpa3oBaHMsl,  TpPAJUIMOHHO  KOHCEpPBaTHBHAs,
MEJIJICHHO, HO BCE-TaKU CIEAYET STUM U3MEHEHUSIM.
B cucreme cpeaHnx y4eOHBIX 3aBEJICHUH MOSBUIIACH
nuannmarusa Worldskills, nmossossromas oneHuBaTs
HABBIKU TIPAKTUYECKOM ACSITETHHOCTH BHITYCKHUKOB
y4eOHBIX 3aBEJCHHUI CPEIHEro MPOoQecCHOHAILHOTO
obpazosanus (CI10) [12].

B CUCTEME BEICIIIETO UHXEHEPHOT0
00pa3oBaHMsI CTAJI UCTIOIB30BaTh, TAK HA3bIBAEMBIH,
KOMIICTCHTHOCTHBIN MOAX0/] IPU KOHCTPYHPOBAHHUU
00pa3oBaTenbHBIX MPOrpaMM U pabovHX MPOrpaMm
JUCITUTLITAH.

B cBs3u ¢ 3THM, BO3HHMKIJIA HEOOXOIUMOCTh
MOJICpHHM3AIMH 00pa30BaTeIbHBIX TEXHOJOTHHA U
YCOBEPIICHCTBOBAHUS CUCTEMBI KOHTPOIIS
pe3ynpTaToB  oOydeHus. VIHTEpakTHBHOCTH B
00pa30BaTeILHOM TPOIIECCE, BOBJICUCHHE B HErO
CTYJIEHTOB, YBEITMYESHHBII 00BEM ux
CaMOCTOSITENTFHON paboTHI, MIPOEKTHO-
OpraHW30BaHHOE, NPOOJEMHO- U  IPAKTHKO-
OpHEHTHPOBaHHOE OOy4YeHHe — BCE 3TO MOXKHO
CUUTaTh WJUIIOCTPALME HW3MEHEHHM B CHUCTEME
BBICIIEr0 00pa3oBaHus. B MupoBoii u poccuiickoi
MPAaKTUKE HWHXXCHEPHOTO O00pa3oBaHMsl  MOXKHO
YBUAETh sipkue W d(PPEeKTHBHBIE TPUMEPHI TaKUX
WHHOBanui. D70, Hampumep, uHuimatuea CDIO,
HayaBIllasi CBOE JBIDKEHHE K3 MaccadyCceTcKoro
texHonoruueckoro mHetutyta (MIT, USA) emé B
2000 romy, cucTeMa TpPYNIIOBOTO MPOEKTHOTO
oOyueHuss  TOMCKOrO  yHHMBEPCUTETa  CHCTEM
yhnpasienuss u  paguosnektponukn (TYCVYP),
0a3zoBeic Kadenphl Ha TPEONPUATHIX H B
OpraHu3alMsIX peaJbHOr0 CEKTOpa HSKOHOMUKHU,
MOOWJIBHOCT, B 00Opa3oBaHWHM  (COBMECTHBIC
o0pa3oBaTeNbHBIE  TPOTPAMMBI),  ITO3BOJISIONIAS
CTyI€HTaM YyYUTCS M0 TMpOrpaMMaM pPazITHIHBIX
yHuBepcuteToB — mnporpamma Heriot-Watt (UK) u
ToMCKOTO TOJUTEXHHYECKOTO YHHBEpCUTETa B
obactu HedTerazoBoro Aena u apyrue [13-15].

B 10 *e Bpems, Nake MOBEPXHOCTHBIN aHATHN3
COCTOSTHUS yU4eOHOTO Mpoliecca B MHKEHEPHBIX By3ax

IIO3BOJIACT YBHIACTH THIIMYHBIC )41 CTOMKHE
HCIOCTAaTKU B ux JACATCIBHOCTH, KOTOPBIC
CACPIKUBAOT HX  IBUKCHUC B HaIllpaBJICHUN

TTOBBINICHAS Ka9eCTBa HHYKEHEPHOTO 00pa30BaHuS.
[lepBBIM ¥ HanbOJIEE CTOMKMM HEIOCTATKOM, 110
HalleMy MHEHHWIO, sBIseTcs (OpMalbHOE U
HepopMarbHOE  TPU3HAHWE  CpeAHero  Oauia,
HAaOpaHHOI'O ydYaIlMMCs 3a IepUoJ OOydYeHHs, B
KaueCTBE UTOTOBOW OIIEHKH Pe3yiIbTaTa O0yUCHUS.

CrnenoBanue TPaTUIIMOHHBIM METO/IaM
opraHuzalMd  ydeOHOro  mpouecca  (JIEKLUH,
MIPAKTUYECKUE 3aHATHUS, JTa0OpaTOpHbIE PAaOOTHL...)
Oonblle  CKJIOHSET CHUCTEMYy K TakOMy Ke
TPaMIIMOHHOMY METOJy KOHTPOIS pPe3yJIbTaToB
oOydeHus (9K3aMeHBI 1 3a9€THI).

Hcnonp3oBaHre KOMIIETEHTHOCTHOTO MOJXO0/a
K [IPOEKTHPOBAHUIO 00pa30BaTeIbHON POrPaMMBI 1
pazpaboTke  pabo4ymx  TpOTpamMM  TUCIUILTHH
CTAaHOBUTCS ~ MYyCTOM  (OPMANBHOCTRIO  TIpH
COXPaHECHUHU TPATUIIMOHHOIO Criocoba OoOydeHUs u
METOJIOB  KOHTPOJIA €ro  pe3yibTaToB. MBI
MPOJIOIDKaeM TPEUMYIIECTBEHHO (OPMHUPOBATh U
KOHTPOJIMPOBaTh 3HAHUS, HE YJIeNsis JOJHKHOTO
BHUMAaHUSI HE TOJNBKO [JBYM JAPYIHMM Ba)KHBIM
COCTaBIISIOIIMM JTIO00H KOMITETEHITNH — YMEHHSIM U
HaBbIKAM, HO JaXXe He OlEHHMBas YPOBECHb
OCBEJIOMJIEHHOCTH CTYIGHTOB 00 YMEHHUSIX.

YKa3zaHHbIE HEJOCTATKU B PA3JIMYHON CTEIECHU
MIPOSIBIISIIOTCSL HA PA3HBIX CTaausAX OOydYeHHs, HO B
LEJIOM CJIEAyeT MpPU3HATh, YTO MPEUMYIIECTBEHHO
MBIl yYUM 3HAHHAM W KOHTPOIWPYEM 3HaHUWA, a
peasibHas MPON3BOACTBEHHAS JEATENFHOCTh TpeOyeT
HE TOJIBKO WX, HO TaKK€ YMEHHUS U HAaBBIKH WIIH, IO
KpaiiHell Mepe, XOTS OBl JIOCTATOYHBIA YPOBEHb
OCBEIOMIIEHHOCTH  CTyIGHTa O HEOOXOAUMBIX
YMEHUSIX.

OyHnaMeHTanbHbIe 3HaHMS, POpPMUpPYEMbIE Ha
HAa4YallbHOW CTaJiMd WH)XEHEPHOTO 00pa30BaHUS
0e3yCIIOBHO HEOOXOAMMBI OYAYIIEMY CIHEITHAIHCTY.
Owusnka, MaTeMaTHKa, XUMUS, HH)XEHEpHas Tpaduka
U JIpyTye TUCIMIUIMHBL, CO3aronue GyHIaMeHT JUis

Oymytei HWH)XEHEPHOU JIeSITENIbHOCTH u
pa3BUBAIOIINE B MO3TE CUCTEMY HEHPOHHBIX CBS3EH,
YacTO  NOPEACTaBISIOTCS  CTyJAGHTaM  BEChbMa

a0CTpaKkTHBIMH U (POPMATbHBIMH — HY’KHO BBIYYHUTh U
cmath sk3ameH [16]. PeanbHoe HM3IoXeHHE Kypca H
(GOHI  OLEHOYHBIX  CPEACTB,  (HOPMHUPYEMBIX
npernojaBareneM, TakKKe B OOJBINEH CTENEHH
HaleJeHbl Ha KOHTPOJb 3HaHHH. O KOMIETEHIMSX,
OMHMCAHHBIX B  OCHOBHOM  00Opa3oBaTeIbHOI
mporpaMMe U B pabodel mporpamMme TUCIUTUIAHBI,
KaK MPaBUJIO HE YIOMHHAETCS WIH, B JIyYIIeM
cinydae, pedb uAET 00 YMEHHSX BBIMOJHATH
nabopaTopHbie pabOThI UM THITOBBIC 33 JaHHS.
Ienpto maHHOW pabOTHI SBISETCS IIOIMBITKA

HCITIOJIb30BaTh JIETePMUHUPOBAHHBII (me
BEPOSATHOCTHBIM) TOAXOA K YacTUYHOW OIIEHKE
pe3yiapTaToB ~ OOydYeHHs, C  HCIOJIH30BAHUEM

MpOCTENIIEH MAaTEMAaTUYECKON MOJIENN Ha IIPUMEPE
OIIEHKW pe3ylibTaTa OO0y4eHHS CTYACHTOB II0
JucuuIvinHe  «OU3HKO-XUMUSL  JUAIEKTPUUYECKUX
MaTEepUAIOBY.

3a OCHOBY MOTYT OBITh MPHHSATHI MaTE€pPHAIIBL,
ormyonuKoBaHHbIE B cTaThe «Ilomxonsl kK OmeHke u

69



MeToanKa U maTemaTnyeckas MoAe b OLEHKN KOMNETEHUMN, NprobpeTaemblx CTyAEHTaMM B NPOLIECCE U3yUYeHMS...

00ecCTIeYeHn IO
obpazoBanus» [17].

B nenom, obecrieuenne kauecTBa HHKEHEPHOTO
o0pa3oBaHuUs MpeAronaraeT ooyee MUPOKU HAOOP
XapaKTepUCTUK, YeM KOMIICTEHINH, BKIIOYAIOIIHNe
3HAHUS, YMECHUS U HaBBIKW/BIageHus. B aToT Habop
XapaKTEePUCTUK BXOZIHT TaKxKe YpPOBEHb
c(OPMHUPOBAHHOCTH Y BBIMTYCKHHUKOB WH)KEHEPHBIX
MpoOrpaMM MHPOBO33PEHHUSI YCTOHYMBOTO Pa3BHUTHS,
CTETIeHb PAa3BUTUS WHXKEHEPHOTO MBIIUICHHS |
YPOBEHb MOTHBAIlMM K CaMOCOBEPILEHCTBOBAHUIO,
MOJYYEHUIO HOBBIX KOMIICTCHIIMH W TpPydy B
BBIOpaHHOU cepe WHKEHEPHOH NI TeThHOCTH.

Jror HaOOp, BO3MOXXHO M HE TOJHBIH, OBLI
chopMHUPOBaH C Y4ETOM MHEHHS TPYHII SKCIEPTOB,
SIBIISIFOIIMXCSL TIPEJICTABUTEISIMU 00Pa30BaTEILHOTO
HAYYHOT'O U MH)KEHEPHOT'O COOOIIECTB U3 Pa3InIHbIX
cep HHKEHEPHOH NeITeTBHOCTH.

KadcCTBa HWHKCHCPHOT'O

MaTepna.m,l H METObI

Mertononorus BBIIIOJIHSIEMOH paboThI
MIPEAToaraeT MCIOJIb30BaHUE METOMA ACTYKIIMA —
«OT 00IIero K YaCTHOMY» M METO/1a HHAYKIIUU — «OT
YaCTHOTO K 00IeMy».

Meton «OT 00IIEro K YacTHOMY» IO3BOJISIET
y4ecTb OAMH U3 BaxHbIX JeBu3oB  OOH,
OpHEHTHUPYIOIIAX YeIIOBEYECKOe COOOIEeCTBO Ha
JIOCTH)KEHHUE LIEJIEd yCTOMUMBOTO Pa3BUTHS: «IyMaTh
I00aIbHO — JICHCTBOBATH JIOKAIBHOY.

Peanuzanus sToro mnoaxoga IpenIoyiaraet
MOCJIeIOBaTeIbHOEC  JIBIDKEHHWE, B  YCIIOBUAX
MIPUHSTHIX JTIOTYIIEHUH, oT o0miero
HENPOTUBOPEUYHBOTO MOHATHUS «Ka4yeCcTBO
WH)XEHEPHOT0 00Pa30BaHUM» K €0 COCTABIISIOIIAM:
JeTaIN3auu pe3yabTaToOB oOy4eHwus, ux
KOJIMYECTBCHHONH OLIEHKH C Y4YETOM TpeOyeMbIX
YpOBHEH pe3yabTaToB OOy4YEeHHS, KaK 10 OCHOBHOM
oOpasosarenbHol nporpamme (OOIT) B menoMm, Tak u
[0 KOHKPETHBIM AMCIMUIUIMHAM B HEE BXOJAIIUM.
MeTon «OT Y9acTHOTO K OOIIEeMy» MO3BOJSET OT
OLICHKU OTJEIbHBIX COCTaBISIOIIMX PE3YyJIbTaTOB
0o0y4YeHHusl TMepeuTH K O0OOOIEHHOMY pe3ynbTaTry
o0ydJeHHUs] W, B KOHEYHOM HTOTE, K OIEHKE YPOBHS
[OATOTOBJICHHOCTH  BBIIYCKHHKA K  YCIEIIHOU
Mpo(ecCUOHATBHON HHXCHEPHOU JICATEIBHOCTH B
BBEIOpAHHOM HaNpPaBJICHHH.

BreiOpanHass ~ MeTOJOJIOTHS — TpEAIoJiaraeT
WCIIONb30BAaHUE CHUCTEMHOTO TMOIXO7a, METO/0B
COIIMOJIOTUYECKUX WCCIICJIOBAHUIN (ompochr,
aHKETHPOBaHWUE), MaTeMaTHYeCKOTro
MOJCIIMPOBAHUS,  CTAaTUCTHYCCKOM  0OpabOTKH
pe3yNbTaTOB, a TaKKe WCIOIB30BAaHUSI METOJa

IKCIIEPTHOTO ceMuHapa [18].
Ilpu opranuzanuu ajroputma JeWCTBUH U
pa3paboTKe MaTeMaTHYeCKOW MOAETH  OLEHKHU
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pe3ynbTaToB OOYYEHHUS CTYJCHTOB IO OCHOBHOIM
00pa3oBaTeIbHOM nporpamme u  paboueit
OpOorpaMMbl JTIOOOH W3 OUCLUIUIMH, BXOAALINX B
OOII, aBTOpHI CIIeOBAH CIECAYIOIUM IPHHLIUTIAM U
OTpaHUYCHUSIM:

Ipunyun yenesoti no02omosKu PEANU3yeTCs
myTéM corjacoBaHusi ¢ pykoBoaurteneM OOII, a
BO3MOXXHO M C KOHKPETHBIMH CTEHKXOJJIEpaMu
camoii Tenmu pabodeil TPOTrpamMMbl, Pe3yIbTaTOB
oOydeHusi, TpeOOBaHWI K TPAaHWYHBIM 3HAYCHUSIM
0000IIEHHOTO TTOKA3aTels Pe3yJIbTATOB 00yUYECHUS 110
TUCIWIUTAHE, a Takke K MerogaMm M ¢opMaMm uX
KOJIMYECTBEHHOU OICHKHU.

Ipunyun  opuemmayuu Ha  usmepsemvie
npusHaxky — peanmsyerca  myTéM  BeIOOpa M
WCTIONB30BaHMSI TE€X IPU3HAKOB, OPHEHTAIUS Ha
KOTOPBIC MMO3BOJIACT OCYIICCTBUTL KOJIMYCCTBCHHYIO
OLICHKY MCCIIEyeMOro rapameTpa.

Ipunyun xomniekcHocmu TPEANONAraeT, YToO
MOKa3aTeNb, XapaKTePHU3YOIUi pe3yIbTaThl
00y4eHus — CIOKHAs KOMIIEKCHAS XapaKTepUCTHKA,
MIPH OIICHKE KOTOPO#l MOMKEH OBITh YUYTEH BKIIAT
(YynenpHBIM BeC) KaXKIOW COCTAaBISFOIIEH B OOIIHiA
UTOTOBBIA pE3yJIbTaT.

Hpunyun eouncmea pasmepHocmeti
peanmzyetcst BeIOopoMm eamHO# mikansl (0 — 1) mis
OLIGHKM  YpPOBHS  JOCTUTHYTHIX  pe3yJbTaToB
oOydueHust (OOIMX M YaCTHBIX), OOECIICYHBAOINCH
BO3MOKHOCTh TIONYYEHHUS CPaBHUTEIBHBIX OIIEHOK
MIPH TIPOBEIEHUH KOPPEKTUPYIOUINX MEPONPHUITHN
N0  YOpaBIECHUIO  pe3yidbTaTaMH  OOy4YeHHUs.
Peanmzarmus npuHIMma obecriednBacTCsl BBIOOPOM
JUTST I3MEPEHUs TIPU3HAKOB TaKWX TOKa3aTelel Kak
«IOJS» W/WIH «yIeJIbHOE 3HAYCHHE), OTHECEHHOE K
MaKCHUMaJIbHOMY 3HAYCHHUIO, Ha3HAUYCHHOMY
pykoBoautenem OOIL

Hpunyun unsapuanmuocmu o0ecTieYnBaeTCS

BO3MOXHOCTBIO  TPUMEHEHHUS  CHUCTEMBI ISt
KOJIMYECTBEHHON OIICHKH pE3yJIbTaTOB OOy4eHHs
KOHKPETHOTO  CTYyAEHTa, Kak [0 OTAEIbHON

mqucauiuimae, Tak 1 B 1esiom mo OOII. Taxxke
CHCTEMa MOXET WCIOJb30BaThCA MJIA  OLICHKHU
JIOCTYKCHHSI TUIAHUPYEMBIX PEe3yIbTaTOB OOyUYEHUS
TPYIIIbI WK MTOTOKA CTYACHTOB.

HonymeHnust:

1. O600mEnHBIE pe3yIbTATHI
KOHKPETHOH TUCIUILIHNHE:

IJIAHUPYEMBII HAOOp KOMIIETCHLIUH,
0003HaYCHHBIX B pa0bovell mporpamme AUCIUTLTHHEL
U COTJIACOBAHHBIX C PYKOBOJIUTEIEM, CTAHIAPTOM
By3a U JPYTUMHU TPEOOBaHUSIMHU;

2. B Kaxmgol = KOMIIETEHIIMA  HMEETCSA
«3HAHUEBAS» M «JIEATEIHHOCTHASD COCTABJISIONTUE
pe3ynbTaTa 00y4eHus;

3. YpoBeHb JTIOCTHKECHHS «3HAHHUEBOI»
COCTABJISIIONICH OIEHUBACTCS 10 OTHOIIEHUIO Oalia,

0o0ydeHHs 1O
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MOJIyYEHHOTO0  CTYJASHTOM  Ha  JK3aMEHEe K
MaKCUMAJIBHO BO3MOXHOMY (5);

4. YpoBeHb JOCTIIKEHHUS <«JICSITCIHHOCTHOM

COCTaBJ’IHIOH.ICfI OLICHHUBACTCA 10 YPOBHIO
OCBEAOMJIEHHOCTH  CTYIACHTa 00 yMEHHSIX C
BO3MOXXHOCTBIO  KOPPEKTUPOBKM  €r0  OLCHKHA
npernogaBaTcjicM C y‘léTOM PE3yJabTaTOB CTYACHTA,
ACMOHCTPUPYOLICTO  MMPAKTHYCCKHUC YMCHUA U
HaBBIKU.

O030p auTEpaTypBI

B nocinennue pecsatwietds — HaOmomaercs

pPEe3KUil POCT HAYYHOTO M MEKIOCYAapCTBEHHOT'O
MHTEpeca K MOBBIICHUIO KadecTBa 00pa3oBaHUSA, B
YaCTHOCTH — K TIOBBIIICHUIO aKaJeMHYeCKOM
YCIEBAaEMOCTH B CHCTEME BBICIIETO OOpa30BaHUS.
JlokxazaTenbcTBOM 3TOTO MOXET  CIIY’)KHTh
MpUBEpKEHHOCTh bonoHckoMy miporieccy B Epporre,
pa3BHUTHE TaKMX MacIITaOHBIX MPOEKTOB, KaK Tuning,
BO3pACTAOIIUIl HHTEPEC K aKKPEIUTAIIMH ITPOTPAMM
BIIO, d¢opmupoBaHre BO MHOTHX CTpaHax
KBaNM(HUKALMOHHBIX ~ PaMOK M TIOSIBJICHUE
MHOTOHAIIMOHAIBFHBIX ~ PEHTHHTOBBIX WHUIIMATHUB,
takux kak Umap u U-Multirank [19].

C 2000x romoB B MHPOBOM 00pa30BaTeIbHOM
co00IIIecTBE HAYMHAETCS TOCTENEHHBIH MpoIiece
TpaHcQopManuy TPAAUIUOHHONH CHCTEMBI OIICHKH
aKaJieMHUYecKOl ycrieBaeMocTH. B cucreme BrIciiero
WH)KEHEPHOTO 00pa3oBaHUsl BCE Yalle MOSIBIISIOTCS
MPEJIOKEeHHsI 10 OlleHKe KadecTBa 0Opa3oBaHHS C
TOYKHU 3PEHUS 0KHUJIAEMBIX PE3yJIbTAaTOB OOYUYEHUS
KOMIIETCHIIMH BBITYCKHUKOB, a HE NPEAMETHOTO
cozepkaHusi 00pa3oBaTeNbHBIX MporpaMM. B ocHOBe
MepecMoTpa W MOJAEPHHU3AINH YIeOHBIX MPOrpaMM
JeXaT COTJIACOBAaHHBIC  PE3YNbTaTbl  OOYy4eHUs
BBIITYCKHUKOB, O0O3HAYEHHbIE HALUOHAIBHBIMH H
WHTEePHAITMOHATHHBIMHU AKKpPeIUTANOHHBIMH
areHTcTBaMuM. Ha  MeXAyHapogHOM  YpOBHE
yIeIseTcs Oounbiroe BHUMaHUE MOUCKY
eAnHoOOpa3ust B BBIOOpEe ©  (POPMyNIHpPOBAHUU
pe3ynpTaToB  00y4YeHHWs, 23Ta paboTa Bemercs
OpraHamu, 3aHUMAIOLIUMUCS KaK
npo)ecCHOHAIBHON, Tak W  00Opa3oBaTeabHOH
aKKpeauTauMe:  BallMHITOHCKOE — corvaleHue
(WA), EBponeiickas CETh aKKpeauTaluu
nmwkeHepHoro o6pazoBanusi (ENAEE), Coser mo
aKKpeIUTallMd TporpaMM B O0JAcTH TEXHUKH |
texnonoruii (ABET), Unxeneper ABctpanuu (EA),
ATEHTCTBO 1O OOECTEYEHUIO KauecTBa BBICILIETO
obOpazoBanust BenukoOputanuu (QAA), Ilporecc
Tuning, EC u ap. [20].

Hecmotps Ha HaJau4ue ri1yOOKOH
TEOPETUIECKOH 0a3bl KOMIIETEHTHOCTHOTO TIOAX0/1a B

00pazoBaTeNLHOM MPOIIecce, CYMECTBYET mpobiemMa
CO3laHMA W BHEOPEHHUs] KOMIUIEKCHOH CHCTEMBI
MOHUTOPDHHITa M OLCHKH pE3yJbTaTOB OOYyUEHHS
CTyIeHTOB By3a [21].

Hayynoe  cooOmiectBo  oTMeuaer,  YTO
OLICHMBAHUE PE3YJIbTATOB OOyUeHHS, B TOM 4YHCIE
KOMIIETCHLIUH, SIBISIETCSA CIIOXKHOM IpoLenypod Hu
TpeOyeT MPUMEHEHHUS YHHBEPCAJIbHBIX IOIXOJ0B K
CO3/IaHUIO CUCTEMBI KPUTEPHUEB, MIOKA3aTeJeH, KA,
€IMHUI] U HHCTPYMEHTOB OlleHUBaHus [22].

Wzyuenne ¥ aHalUM3 POCCHHCKOTO  OITBITA
MPUMEHEHUS  Pa3IMYHBIX  METOJAMK  OLCHKHU
aKaJeMHYECcKOil YCIIeBaeMOCTH CTYACHTOB TIO3BOJIIII
chopMHPOBATH nepeydeHb Haunbonee
pacnupoCTpaHCHHLIX MCTOAOB u HUHCTPYMCHTOB
orieHKH (Tabmuma 1).

Kak BuaHO U3 TaOauIp 1, psii METOIOB OLIEHKU
yCII€BacMOCTH, IHUPOKO MMPUMCHACMBIX B
poccuiickoit cucreme BIIO, MOXHO OTHeCTH K
TPaIUITUOHHBIM METOJI1aM, KOTOpBIE
MMPEUMYIICCTBECHHO HalcJICHBI Ha OLICHKY
«3HAaHHUEBOWY, a HE «IESITETFHOCTHOW» KOMIIOHEHTHI
pe3yIbTaTOB oOydeHusl. OpueHrarus Ha
(dopMHpoBaHUE U OLEHKY 3HAHWW, a HE YMEHHUH M
HABBIKOB/BJIAJICHUH, SIBJISIETCS OJHOW M3 TJIaBHBIX
MIPUYUH HEZ0BOJIbCTBA CTEHKXOIIEPOB
o0pa3oBaTelIbHOro Tpolecca (B MEPBYIO ovepenb —
pabotopaTeneif) Ka4yecTBOM MOATOTOBKM OyIyIINX
CITCITHATUCTOB [26].

3amatua A.M. B cBoeii pabote [24] onpenemnser
psia 6a30BBIX TPEOOBAaHUH K ccTeMe OOBEKTHBHOM U
HEMPOTHUBOPEYNBOI OIEHKH PE3yJIbTaTOB O0YyIEHHSI:

® MOHUTOPHHI 3HAHWU, YMEHUM U HABBIKOB;

® MOHHTOPHWHT OIICHKH KOMITETSHIINH;

¢ 00BEKTUBHOCTD PE3YIHTATOB MOHUTOPHHTA;

® BBICOKHI ypoBeHb BanmuaHoctu OI'OC;

® COIMOCTaBHUMOCTh MPHOOPETEHHBIX
KOMIIETCHIIMA W METOAOB KOHTpOJIA Oymyreit
npoQecCHOHAIBHON IEATEbHOCTH BBITYCKHUKOB;

® BO3MOXKHOCTH OOpaTHOH CBs3W (yHpaBiieHHE
MIPOIIECCOM O0YUCHHS);

e 0000IIIeHHE Pe3yTbTATOB.

s BBIIIOJIHEHUS JTHUX TpeboBaHMi
HE00XOIUMO MPUMEHEHHNE CUCTEMHOTO MOAX0/1a IIPH
CO3JaHUU  MEXaHuW3Ma  OLEHKA  pEe3yJbTaToB
oOyuenusi. Tak, OIEHOYHBIE CPEACTBA JIOJKHBI

o0ecreYnBaTh MOHUTOPUHI YPOBHS OCBOCHHUS BCEX
KOMIIOHEHTOB ~ PE3YyJIbTaTOB OOY4YEHHUsS; OIlleHKa
JIOJIKHA OBITh ITPOBEJICHA C YU€TOM TPeOOBaHUN BCEX
KIIOYEBBIX  CTCHKXOJIIEPOB  00pa3oBaTeabHOIO
npoiiecca.
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Tadmuua 1 — MeTopl 1 MHCTPYMEHTBI OILICHKH YCIIEBAEMOCTH CTYJICHTOB By30B P®d [22-25]

Ne Meron,
/11 WHCTPYMEHT
Kpatkoe onncanue IIpenmer oneHkmn
OIICHKHU
yCIIEBaEMOCTH
1 . CoOTBETCTBHE TPEAINOJIATacMbIM OTBETaM,
KontponbHas [IpoBepka 3HAHUI sl pEIICHUS 3a/1a4 . .
MPaBUIBHOCTH AITOPUTMA JACUCTBHIA, JTOTHKA
pabota OTIPE/ICIICHHOTO THIIA N
paccyXIeHHs, HECTAaHIAPTHBINA TOAXO]T
2 . [IpenmeTHBIC 3HAHMSA, KPYro3op CTYACHTA
Komnoxsuym IIpoBepka 3HaHuUil e » KPY P CIYA ’
YMEHUE JIOTHYECKU BHICTPAUBATH CBOM OTBET
3 Hoxnan, myonuanoe | [Ipoeepka 3HaHUM, MSTKHX | YMEHHE MMPE3CHTOBATh PE3yJIbTaThl PabOTHI,
BBICTYIUICHHE (yHuBepcanbhbix) HaBbikoB — SOft sKills | BeicTymats mepen ayautopueit
4 IIpenmetHsIe, OTBJICUCHHEIC u
TBopueckass 3amada, CTHMYJIHUPYET
Occe METOAOJIOTHYECKHE 3HAHWS, HWCKII0YaeTcs
HCCIIEIOBATEIBCKYIO AESITEIbHOCTD .
SJIEMEHT CIy9alHOCTH
5 Pasmuansie acnextsl PO B 3aBUCHMOCTH OT
IMox6opxa CepTU(HUIMPOBAHHBIX | MPUMEHSIEMBIX METOIOB OIICHKHI
IMoprdomamo NOCTIDKEHUH  CcTyleHTa, HaumOojee | MHTerpanus KOJINYECTBEHHOU u
3HAYMMBIX pabOT W OT3BIBOB Ha HUX KadeCTBEHHOU OIICHOK JeSITeTbHOCTH
CTyACHTa
6 BanneHo- [To3BonsieT mpociaeauTh OOBEKTUBHYIO
N Paznmuunsbie acnektsl PO B 3aBucUMOCTH OT
peiTuHTOBas JTUHAMUKY OCBOCHHS PO o
MPUMEHIEMBIX METOJ/IOB OIICHKH
cucreMa JUCIIATUTHHE
7 He3zaBucumas OILIEHKa y4eOHbBIX
TectupoBanue B . Paznmuunsbie acnektsl PO B 3aBucUMOCTH OT
JIOCTHYKCHUI c MIPUMEHCHHEM
LMS . MPUMEHSIEMbIX METOJI0B OLIEHKH
ANIEKTPOHHOM Cpe/ibl 00yUCHUS
8 CaMOCTOSITEIBHOE U TBOPYECKOE
N . | 3HaHUS U OCBEJJOMJICHHOCTh 00 yMEHHUsX (B
Ketic-meton peleHue peabHOM
o T.4. IOHUMAaHUE aJTOPUTMOB)
npodeccHoHaATLHOM 3a1a9u
9 CaMoCTOsITeTbHOE W/WJM  TPYIIIOBOE
. | 3HaHWS, OCBEIOMJICHHOCTh 00 YyMEHHSX,
MeTox  TIPOEKTOB | TBOpYECKOE pemieHne peansHON
o o MSTKHE HaBBIKM, B T.9 WHAWBHAyalbHAas H
(TIpoeKTHBIN MeTO) | MpodeccCHOHATLHOM 3a/1a4H,
. rpymmoBas padora
BOBJICUCHHE B YU€OHBIH IpoIecc
10 TectupoBanme Ha OCHOBE TEOPHH
. | Pazmmansie acriektsr PO B 3aBHCHMOCTH OT
IeTarOTMYECKIX M3MepeHuit o
[lemaroruueckue coliepXaHus U (opMaTa TECTOBBIX 3a/IaHUI.
(ncmxomeTtpuw, TEOPHH IRT,
TECTHI Io3BonsttoT AaTh Hamboyiee OOBCKTHBHEIC
TECTOJIOTHH) c MIPUMEHCHHEM
o pe3yIbTaThl TECTHPOBAHUS
MAaTEMAaTUYCCKUX MOJICIIeH

HauGosnee mMOAXOMANIMM HHCTPYMEHTOM ISt
TaKOM OIIEHKH SIBJISIOTCS TI€Iaroru9ecKue TECThI, B
OCHOBE KOTOPBIX JICKUT MaTeMaTHYeCKas MOJCIb,
MO3BOJISIOILIAsST HPOBECTH HE3aBHCHMYIO,
OOBEKTUBHYIO OIICHKY. IIpy 3TOM colepkaHue
(dopMar TEeCTOBBIX 3aJaHUil MOTYT W JIOJDKHBI OBITH
pa3paboTaHsbl 9KCIIEPTHBIMU IpyIITaMH,
BKJTFOYAFOIMH pe/ICTaBUTENEH KaK
00pa3oBaTeIbHOr0, Tak ©  MPOPECCHOHATBHOTO
coobmiectBa. OHaKo, B HACTOsIlee BpeMs B
POCCHICKHX HWHXEHEPHBIX IIKOJaX OTCYTCTBYET
elIMHAsl CHCTEMa OIEHKH PpE3yJIbTaTOB OOYUYCHUS,
B3aMMOJICICTBHE BY30B ¢ pabOTOIATENISIMU 3a4aCTYIO
sBIsieTCsl HOpPMaTbHBIM; @ B 00pa30BaTelIbHOM cpere
NPOSBIISIETCST WHEPTHOCTh K PAa3sBUTHIO METOJOB
OIICHKH U MPUBEPKEHHOCTD YCTOSBIIHMCSI CHCTEMaM
OIICHKH ycrieBaeMocCTH [24].

B 1O ke Bpems MeKIyHapOIHOE HHXKEHEPHOE
o0pa3oBareibHOE COOOIIECTBO AKTHBHO pa3BUBAET
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MPOEKTHI Pa3IMYHOTO MaciuTada, HalpaBJICHHBIC Ha
CO3/laHME  CHUCTeMBI  OOBEKTHBHOW  OIICHKH
Pe3yIbTaTOB O0YYCHUSI.

CyImiecTBeHHBIX JIOCTIDKEHHN B 3TOH cdepe
JOOWIUCH  TPEACTABUTENM  CHCTEMBI  CPEIHETO
npoecCHOHANBHOTO 00pa3oBanus. OMHOM U3 APKUX
Y MacIITaOHBIX HHULIUATUB B 3TOM 00JIACTH SIBIISIETCS

WorldSkills -  cucrema, HanpaBineHHas — Ha
MIOBBIILICHHE craryca u CTaH/IapTOB
npohecCHOHATBHON IMOATOTOBKY M KBATU(UKAIINH, B
TOM qucIe MOCPE/ICTBOM MPOBEACHUS

HAIlMOHAJBHBIX W MEXIYHAPOIHBIX YEMIIMOHATOB
pabounx mnpodeccuit. C 2017 roma B Poccunm
BHEZpsIeTCS IIPOBEICHHE rocyJapcTBEeHHON
UTOTOBOM ¥ MPOMEXYTOYHOH AaTTeCTallud 0
nporpamMmam CIIO B ¢opmare AeMOHCTPAIHIOHHOTO
sk3amena WorldSkills. B ocHoBe 4emmuoHatoB u
9K3aMEHOB JIEXKAT TECTOBBIC 3aaHUsl, TO3BOJISIOIIUE
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OLIEHUTH PAa3JIMYHBIE KOMIIOHEHTH (HOPMHPYEMBIX
KomrereHnuii [27].

Cpenu 1pyrux MexIyHapOAHbIX HHULMATUB IO
ouenke pesynbratoB oOyuenus B CIIO cremyer
OTMETHUTH:

e [IIpoektr COMET (Pa3Butne u oOreHka
kommerennmii B CIIO) — Hemerkas WHUITMATHBA,
HampaBlIieHHass Ha KOMIUIEKCHYIO JMAarHOCTHUKY
kommnerenuuid  crygeHtoB  CIIO. JluarHoctuka
MPOBOANTCS HA OCHOBE TECTHPOBAaHHA. |ecTOBBIE
3aJaHdsl  pa3pabOTaHbl HAa OCHOBE  THIIOBBIX
po¢eCCHOHATBHBIX 3amaqy U BKJIIOYAIOT
KOMILJICKCHBIE MpeMETHO-OPUEHTUPOBAHHEIC
3amaHust. YdacTHHKaM faercss 120 MuHYT Ha
BBHIMOJIHEHUE 4 OTKPBITHIX TECTOBBIX 3aJaHMU,
OTBETHl HAa BOMNPOCHI, CBS3aHHBIE C OICHKOM
npodecCHOHANEHON MIICHTUYHOCTH, a TaKKe 3aroJi-
HEHHE aHKeT ¢ KOHTEKCTHOM nHdopmarueii [28].

e [Ipoexr WorkKeys (CLLA), HanieneHHbIH Ha
OLICHKY YHUBEPCAJIbHBIX HABBIKOB, HEOOXOANMBIX

MOJIOJBIM  CHCHHAINCTAM  TpU  TIEPBHYHOM
Tpynoycrpoiictee.  I[lpoBomaurcs B dopmate
KOMITBIOTEPHOTO TECTUPOBAHMS. OnennBaet
BrageHue 11 HaBpIKaMu, B T.4. MaTeMaTHYeCKas
TpaMOTHOCTb, HaBBIK paboThl ¢  pabounmu
JIOKyMEHTaMH, CrIocoOHOCTh W3BIIEKATh

nH(pOpMAIUIO U3 TPaQUUECKUX MaTEpPHAaJIOB, HABBIK
YTCHHUA TCKCTOB, KOMMYHUKATHUBHBIC HABBIKU W JP.
YYacTHUKH, yCIENTHO TPOIIEAIINe TeCTHPOBaHHE,
nmonydaroT HammoHanbHe1 cepTuUKaT TOTOBHOCTH
k npodeccuonanbhoii aestensHocT (ACT NCRC).
Ceptudukar npusHaercs 22 Toic. komnanuii B CIIIA
W YYUTBIBACTCS MMH IIPU 0TOOpe corckatesei [29].
B cucreme Boicmiero mnpodeccHoHaIbHOTO
o0pa3oBaHHs OJHMM W3 3HAYUMBIX IPOEKTOB
saBIsieTcss  MexayHapoaseii  mpoekt  AHELO
«OneHka pe3yiabTaToB OOy4YeHHWsS] B  BEICIIEM
o0Opa3oBaHUM», BBIMONHAEMBbIA 1moja 3rumoit ODCP.
OCHOBHOM TENBI0 TIPOEKTa  SBISIETCA  TTOUCK
KpUTEepHEB OIICHKH, MTO3BOJISTOIITIX
MPOaHaIM3UPOBaTh, YTO y4allldecs 3HAIOT U MOTYT
JieNiaTh B KOHLIE MPOrpaMMbl OOyueHHs, a TaKxke B
KaKoOW CTENEeHHW WX HAaBBIKM YIYUIIWINCH 32 BpeMs
obyuenns [19]. OmHUM ©3 pPe3yIbTaTOB IPOEKTa
JOJDKHA CTaTh HE TOJNBKO CHCTEMa OLEHKH
WHAWBHTYy aJTbHBIX pe3yabTaToOB oOyueHust
CTYJIEHTOB, HO U 0a3a JaHHBIX OTBETOB CTYICHTOB,
MO3BOJIAIONIAs] MPOBOAUTH CPAaBHHUTEIIBHBIX AHAIN3

pe3yIbTaToOB o0y4eHus B KOHKPETHBIX
BYy3ax/CTpaHax.
Koncopruymom ObL10 paspaboTaHo

cnenr(uiecKoe TECTUPOBAHKE, B KOTOPOM NPHHSIH
yaactue 249 By3oB B 17 cTpaHax M permoHax, a
WHCTPYMEHTBI OIIEHKH ObUIM mpuMeHeHsl k 4 900
npenoaasarensiM U 23000 cTyAeHTOB MOCIEAHETO
rojia 00y4eHus 1o mporpamMmam OakanaBpuara [19].

CrTpaHbI-TApTHEPHI MPOEKTa U Pa3IndHbIC
MEXIyHApOIHBIE SKCIIEPTHBIC TPYIIITHI Y4aCTBOBAIIN
B pa3pabOTKe HHCTPYMEHTOB OIICHKH I TpeX
HaIpaBJCHUI: OOIIME HAaBbIKM, SKOHOMHKA U
WH)XCHEPHSL.

B xaxoMm HampaBlieHUN UHCTPYMEHTHI OLEHKH
BKIIIOYQJIM B Cce0S Kak TECTOBBIC BOIPOCHI C
HECKOJIBKMMHU BapuanTaMu oteeToB (Multiple-choice
questions), KOTOpbIC OIEHMBAIUCH ABTOMATHYECKH,
TaKk ¥ BOMPOCH], TpeOyroImmue KOHCTPYKTHBHBIX
oTBeTOB (COnstructive response questions), mo
KOTOphIM OblTa HeoOXoAMMa pydyHas OIEHKa
KOMAaHJI0M OLIEHIIMKOB BHYTPU Kaxxa0u cTpansl. [Ipu
3TOM  3HAYWTEIbHOEC  BHHMAHUE  YJICIISIOCH
€MHOOOPa3HI0 B OLICHKE KOHCTPYKTHBHBIX OTBETOB
W COOTBETCTBHIO WX JTaJOHHOW  CTaHmap-
THU3UPOBAHHOMU OIEHKE MO Kaxxomy Borpocy [30].

Bompocer  «Multiple choice» — mnpocteie u
CIIOXKHBIE BOIPOCHI C HECKOJBKUMH BapHaHTaAMHU
OTBETOB, U3 KOTOPBIX CTYIEHT BHIOMpaeT 1 BepHBI.
OTOT THII BOMPOCOB JaET BO3MOXKHOCTH OBICTPO U

3¢(eKTHBHO  OICHWTH WH)KEHEpHbIE  3HAHMUS,
IMOHMMaHWE ¥ OCBEIOMIIEHHOCTh 00 yMeHusx [19].
Bomnpocsr «Constructed response»

MOIPa3CIIAIOTCS Ha 2 THIIA: &) BOMIPOCKI, TPEOYIOIIHe
KOPOTKOTO KOHCTPYKTHBHOTO OTBETa (YHMCIEHHOTO,
OJHOCJIO)KHOT0), ©)  YCIIO)KHEHHBIE  BOIPOCHI,
TpeOyromme TOCTpPOeHUsI TpadUKOB, UArpamM,
IU3aHOB  KOHCTPYKIWH,  crenudukamuii
pacUIMpPEeHHBIX THChMEHHBIX OTBETOB. CTyJeHTaMm
MOXKET OBITh TPEJCTABIICH HEKUH CIICHAPUN WIIH
KOHTEKCT, B T.4. C HCIOJIb30BaHHeM (oTorpadui,
quarpamM, TaONHIl C YTOYHSIONMIMMH JAHHBIMU.
YuuTbiBas BCE AaCHEKThl CIICHAPHS, CTYICHTHI
JIOJDKHBI OTBETHUTh HAa PSJl OTKPHITBIX BOIPOCOB
[19,31].

CTOUT OTMETHTh, YTO OJIHA U3 KJIFOUEBBIX
mpoOyieM TIpH TECTHUPOBAHUU KOHCTPYKTHBHOTO
OTBETA — OTO BpeMs M 3arparbl, CBsA3aHHBIE C
[IO/ICYETOM OaJIJIOB. DTOT MPOLIECC YACTO BKIIIOYAET B
ceOsl  CIIOKHBIE  CHCTEMBI  JUJII  KOHTPOIS
COTJIaCOBAaHHOCTH U TOYHOCTH OLIEHOK [32].

Hecmorps Ha  OOmmil  MOJOKUTEIHHBIN
pe3yNbTaT B YacTH pa3pabOTKu YHU(PHUIIMPOBAHHOM
CHUCTEMBI OIICHKH PE3yJhTaTOB O0y4YeHHsS B paMKax
npoekta AHELO, koHcoOpumymMoM mpoekTa ObLI
BBIJICJICH Psii TIpo0JieM M PeKOMEHJAIMK, KOTOpPEIE
CIIE/IyeT y4ecTh IpH T0pabOTKE CHCTEMBI:

1. 3amaHus Ha OIEHKY TEOPETUUYECKUX 3HAHUUN
npeoOagany, 4To MPOTHBOPEUUT 3a1a4e OICHUBATh
BCE KOMITOHECHTBI pe3yIbTaTOB o0yueHus
XOJIMCTHYECKH;

2. KonudecTBO OTKPBITBIX BOIPOCOB JIOJIKHO
OBITh CBEICHO K MUHUMYMY;

3. llpu dopmupoBannn OaHKa 3amaHUil TecTa
HEOOXOMMO O00ECIEYUTh HMX CBS3b C PEATbHBIMU
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npogecCHoHANBHBIMU 3a/1a49aMHU;

4. Bompocbl  OMKHBI ~ OBITH  IOJTHOCTBHIO
00BEKTHBHBI U OIICHUBATHCS BCE KOHTEKCTA,

5. IlpumeHenue eOUHOM CHUCTEMBI OLIEHKH
pe3yIbTaTOB OOYYEHUS JUIs BCEX BY30B U CTPaH BPS/
JIM 11eJIecO00pa3Ho, YUUTHIBAs Pa3HOOOpa3ne MUCCUH
BY30B U 00pa30BaTEIbHBIX CUCTEM.

[locnenuuii Te3uc MOATBEPKAAET U OTKPBITOE
MUCHMO OT AMEPUKAaHCKOT'O COBETa 110 00pa30BaHUIO
(ACE) ¢ kpurukoii ueseit npoexra. ACE nacrausaer
HAa TOM, 4YTO TmOAOOHAas CHUCTeMa  SIBJISCTCS
aKTyaJIbHOW, €CJIM TI03BOJSIET TIPOBECTH OLECHKY
WHIWBUAYAJIbHBIX PE3YJILTAaTOB 06yquI/1;1 CTYACHTA,
OLIEHHUTH €ro mporpecc u gocTwxenus. [lpumenenue
K€ CHUCTeMBl JUIsl  CpaBHEHHUS  Pe3yJbTaToB
ACATCIIBHOCTH BY30B MABJIIACTCA IMPOTHBOPCYUBLBIM
[33].

Pe3ynbTaThl MPOBEICHHOTO aHAW3a JIYYIIHX
NpakTUK  eme  pa3  JIEMOHCTPHPYIOT,  4YTO
OKOHYATCJIbHBIC MW HMCYCPIIbIBAIOIIUE OTBETHI Ha
COBpPEMEHHbIC  BBI30OBBI B 00JACTH  OICHKH
pe3yiapTaToB  OOydYeHHs  eme HEe  HalJIeHBI
OT}Z[CH])HI)IC CTpaHbI u KopIiopanuu AKTHBHO
9KCIEPUMEHTHPYIOT B MOUCKE HOBBIX,
HETPAJUIMOHHBIX MOJICNEH OIICHKH HAaBBIKOB, MPH
3TOM OTH  YCHJHMs  BOBCE HE  O3HAYaIOT
OKOHYATEIIFHOTO 0TKAa3a OT TPAJAUIHOHHBIX MOJICIEH
[12]. Co3nanme KOMIUICKCHBIX HWHCTPYMEHTOB JUIS

OOBEKTUBHOW W  HEMPOTUBOPEUYMBONM  OLEHKH
pE3yJIbTaTOB o0yueHus Ha OCHOBAaHUHU
MeAarorn4eckoro TECTUPOBAHHUS ABIISIETCS
aKTyalbHOM W  em€¢  HEpeUuleHHOW  Hay4dHo-

MIPaKTUYECKOH 3aauei.
Pe3yabTarhbl 1 00cyxI1eHHe

ANropuT™M JeiicTBH W MaTeMaTHYeCKHil
anmnapar

[TpuHIUIIBL U TPUHSTHIC JOMYIICHUS TO3BOISIOT
BBICTPOUTD AJITOPUTM JICUCTBUH U aITOPUTM pacyéTa
JUTSI KOJIMYIECTBEHHOM OLIEHKH PE3ybTaTOB O0yUeHHS
KOHKPETHOT'O CTYJI€HTa, TpPYIIbl CTYAEHTOB IO
KaKOW-Tu00 TUCIUILINHE.

[TocnenHee gacT BO3MOXHOCTh OCYIIECTBIISITH
MpETNoJaBaTeNIl0 aHaju3 CBOEH JEeSATEIbHOCTH 10
OopraHm3alu y4eOHOTro Mpolecca M0 KOHKPETHOU
JMUCIUILTAHE, a TaKKe BBIPAOATHIBATH MEPHI MO €€
COBEPILICHCTBOBAHMUIO.

ANTOpUTM  TOCTPOCHHUS CHCTEMBI  OLECHKU
KauecTBa WHXCHEPHOTO OOpa30BaHUs BKIOYACT
cleyIolue JeUCTBUS:

1. ®opmupoBanue GoHIA OIICHOIHBIX CPEICTB:

1 Konnuectso Bonpocos B 6ase AaHHbIX 418 TECTUPOBAHMA
OO/MKHO KPaTHO MpeBblwaTb KOJAWYECTBO BOMPOCOB,
npeanaraembix KOHKpETHOMY CTYLEHTY npu
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— cocTaBiieHHue 0a3bl JaHHBIX BOMPOCOB IS
SK3aMCHAIMOHHBIX OWJICTOB («3HAHHEBAs» YaCTh),
00ecrnevnBaonuX MOJTHBIN CIEKTP BOMPOCOB IS
MPOBEPKU 3HAHUM CTY/ICHTA;

— cocTaBlieHHue 0a3bl JaHHBIX BONPOCOB IS
TECTOBBIX UCIIBITAHUH CTYIEHTOB, 00ECIICUNBAOIIUX
BO3MOKHOCTD OIICHKH «IEeSITeTLHOCTHO»
COCTaBJISAIONIEH pe3ynbTata OOyYeHHsi® — YPOBHS
OCBEJIOMJIEHHOCTH  KOHKPETHOTO  CTyJeHTa 00
YMCHHSX, HA OCHOBE OIICHKH €r0 CIIOCOOHOCTH H

peaknmuu  (CKOPOCTH)  BBIOHMpAaTh  IPABHIIBHBIN
aNropuT™M  JEHUCTBUI B  paMKax  HM3ydaeMou
JUCLUIUIMHEL,

— cornacoBanue ¢ pykosoacteoM OOIl/co
CTEHKXOJIIepaMH COCTaBa 0OOOIIEHHBIX PE3yIHTATOB
00y4eHHs CTYJJCHTOB 110 KOHKPETHON TUCIIUIIINHE.

2. Cormacoanmne c¢ pykosojctsom OOII, co
CTEUKXOJIepaMH (3kcnepramu) METOJIOB
OILICHMBAHUS ¥ HEOOXOJUMOTO YPOBHS 0000IIEHHOTO
pe3yibTaTa O0Oy4eHusl CTyIeHTa W/WIIN K101 U3 ero
COCTAaBIISIIOIINX.

3. IIposeneHue TECTOBBIX
CTYACHTOB B COOTBETCTBHU C
COTJIACOBAHHBIMH METOJAMH.

4. Pacuér 3HaueHui 0000IIEHHOrO pe3y/abTaTa
00y4eHUs CTYZICHTA U KaXIOW U3 €T0 COCTABIISIOIINX
0 IUCLHUIUTHHE.

5. TlpoBeneHne aHaIM3a TOCTUTHYTHIX YPOBHEH
0000IIEHHOTO pe3ynbTaTa OOYYEHUS CTYIECHTOB W
Ka)XJIOM U3 ero COCTABIISIOIIUX 10 JUCIUIUINHE.

6. Pacuér 3maveHus 0000MIEHHOTO pe3yibTaTa
00y4eHHs BBITYCKHUKA ¢ YIETOM BKJIaja (YASTHHOTO
Beca) KaKI0M COCTaBISIONICH.

7. Ouenka CTENEeHU JOCTHKEHHS
3aIUTAHUPOBAHHBIX ~ PE3yJbTaTOB  OOYYEHHS IO
KOHerTHOﬁ JUCHUIUIMHE Ha OCHOBE CpPAaBHCHHA
MIOJIy9€HHOTO PACYETHOTO 3HAUYEHUS 000OIEHHOTO
pe3ynbTaTta oOydeHus c TpeOyeMbIM
(pyxkoBogutenem OOIl, pykoBoguTeneM IUKIA
TACITATITNHEI).

HUCIBITAaHUN
NPUHATBIMA U

MaremaTu4eckas MoaeIb OLICHKH
pe3yJbTarta o0yueHUsI no KOHKPETHOM
JMCIHUIINHE

MaremaThueckoe omuMcaHue  00O0OIEHHOIO

pe3ynbrata OOyYeHHS W €ro COCTaBISIONINX, IO
CYIIECTBY, IO3BOJSICT OILCHUBAThH, HCCIEAOBATH M
aHAJTM3UPOBATh TEKYIIUE W HTOTOBBIC PE3YJIbTATHI
00y4YeHUs 0 KOHKPETHOH JUCIIUILIUHE.

B ob6mem Bume xommyectBenHas (0-1) orenka
(hvHABHOTO peaTbHO JOCTUTHYTOTO 0000MEHHOTO
pesysnbrara 00yueHust (R;,r) KoHkpeTHOro (1)

TecTMpoBaHMK. Ko/anMyecTBO BapMaHTOB OTBETOB A/
Kaxk4oro Bonpoca Tecta He meHee 4 (B TOM uucne, Kak
NPaBWUNO, OAMH U3 HUX - NPABUbHbIN).
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CTyACHTa MOXET OBIThb MpenCTaBlIeHa CyMMOMH
MIPOM3BEIEHII KOJIMYECTBEHHBIX Mmokaszareneii (0-1)
BBIOpPaHHBIX YaCTHBIX XapaKTepUCTUK
(cocTaBsrOIINX 00001EHHOTO pe3yabpTaTa
0o0y4YeHHs]) Ha COOTBETCTBEHHBIHN yaenbHbIi Bec (0—
1) KX IO# M3 HUX:

DRirs=XKinsg*¥n,

e Ky 5 — uncnennoe (0-1) 3HaueHue yactHoi (N)
XapaKTEPUCTUKH 0000mEHHOTO pe3ynbTaTa
00y4eHHUs] KOHKPETHOTO CTYIECHTA; - ¥, — YUCICHHOE
3nauenue (0-1) yzmenpHOro Beca (BKJaga) n-HOM
XapaKTEPUCTUKH 0000mEHHOTO pe3ynbpTaTa
o0y4eHus KOHKPETHOTO BBIITYCKHUKA.
CrnenoBarenbHO, BCErAa YHCJICHHOE 3HAYCHHUE
OIICHKH  00OOMIEHHOrO  pe3ysibTaTa  OOydYeHHUs
KOHKPETHOTO BHIITyCKHHKA OYyJIET JIe)KATh B Ipeienax
ot 0 10 1.

Jliist pelieHus] YaCTHBIX 3aJ1a4, UCCIIeIOBATEH,
€clIi  CcouTyT »dTO0 Oonee ymoOHBIM, MOTYT
ucrnonb3oBaTh Kak 10-0amnbHyro, Tak u 100-
0aJUIbHYIO IIKally, TPOM3BEIS COOTBETCTBYIOLIHE
apudmerndyeckue JedcTBus. B uacTHOM ciyudae,
YUUTHIBAIOIIEM  BO3MOXHOCTH  KOJMYECTBEHHOMH
OLIGHKH TPENJIOKEHHBIX BBILIIE COCTABIISIOMINX
0000mmeénHoro punansHorO (f) pe3ynprara 00ydeHus
(mnaHMpyeMBIX KOMIIETeHIUH ¢ yu€toM Oana)
KOHKPETHOTO CTylneHTa 1o jauciurumHe (i),
ypaBHEHHUE JUIsl OIIEHKU OyJeT UMETh BUJL:

2) Cirps = Z[bi/5 %Yy + Ve * ECiy fal,

7€ C;r g — YUCICHHOE 3HAYEHHUE YPOBHS OCBOCHHS

i-TBIM BBIITyCKHUKOM N-HO# KOMIETeHIUH; b; — 6a,
HaOpaHHBINA CTYJACHTOM 110 KOHKPETHOH AMCLHUILUIMHE
K MOMEHTY TECTHUPOBAHUS; ¥, Y, — COOTBETCTBEHHO,
yAenpHBIC Beca BKIQJa IOKaszaTeleld B OO
pe3ynsbTart; yp + v, = 1.
UucneHnHoe  3HAYCHHE,  XapaKTEPU3YIOIIEEe
YPOBEHb OCBOCHHS I-TBIM  CTYACHTOM  N-HOi
kommerernuu (Ci.r.f.n) Moxer OBITH OIpEaETIEHO 10

pe3yibTataM TECTHPOBAHUS UM PACCUUTAHO 10
dhopmye:

3) Ci.r.f.n = 0,6qin.test (T/tin),

TJI€ Qi n.test — JAOJIS IPABUIBHBIX OTBETOB, TAHHBIX i-

THIM CTYICHTOM IIPU IPOXOKICHUH TECTa HA YPOBEHb

ocBoeHHst n-Ho#t kommeremrmm, (0-1); 0,6 -

HOpMUpYyIOIIME ko3 duuuent; T —  Bpewms,

YCTaHOBJICHHOE IS TECTUPOBaHUS; t;, — BpeMms,

3aTpayeHHOE IK3aMEHYEMbIM Ha OTBETHI.
I'panuyHbIe yCIOBHUS:

BBIPpAXXCHUC 3) CIIpaBCJINBO  IIpU  YCJIOBHAX:

(0,6T) < tjp <T. llpu M0OOBIX 3HAYCHUAX t;, <
(0,6T), Bcerma t;, = 0,6T.

YcaoBus NPOBEACHUSA TECTUPOBAHUA

[IpenwsBneHre OAHOBPEMEHHO BCEX BOIIPOCOB,
C OrpaHUYCHUEM BPEMEHHU OTBETA.

Onupasch Ha KOJUICKTUBHOE MHEHHE TPYIIITBI
9KCTIEPTOB (Bcero Oonee 40 YEJIOBEK),
NPECTABISIONINX IPOMBIIIICHHOCTh W HAy4YHO-
o0pa3oBarenbHOE COOOIIECTBO, MOKHO CUUTATh, YTO
JUTSl BBISICHCHHSI CTCTICHW OCBOCHHMS BBIITYCKHHUKAMU
HUH)KCHEPHBIX porpamMmm 3arIaHUPOBAHHBIX
KOMIIETCHIIUH JOCTATOYHBIMH ¥ HEOOXOIUMBIMU
SIBIIAIOTCS ~ CJEMYIOIIUE  YCIOBHS  IIPOBEICHUS
TECTUPOBAHMUS:

e o0mee YHCII0 TTAHUPYEMBIX u
KOHTPOJIUPYEMBIX KOMIIETEHIINIA — B COOTBETCTBHH C
paboueii mporpaMMoil AUCLUIIINHEI,

® ONTUMAJIBHOE KOJMYECTBO BOMPOCOB, IS
BBLISICHEHUSA CTEIEHU OCBOCHHSA Ka)K 101
koMnereHun — 15;

e oOmee YHCIIO BApUAHTOB OTBETOB,
mpeJIaraeMbIX JUTst BEIOOpa — He MeHee 4;

® COOTHOIIIEHHUE Yupciia BOITPOCOB «Ha

3HaHUsA»/«Ha ymenus» — ot 0,2/0.8, mo 0,5/0.5, B
3aBHCUMOCTH OT XapakTepa KOMIICTCHIUH U
JUCLUIUINHB;

® 0/ OTKPBITBIX BOIPOCOB B OOLIEM 4YHCIE
npeasiaraeMeIX BompocoB — He Oosee 10% (wm
MOTYT HE BKJIFOUAThCS B IIpeIJIaracMblii IepeueHb );

e BpeMs, NPEAOCTABISIEMOE Ui OTBETOB Ha
BOIPOCHI TecTa, coiepkamero 15 BompocoB — 15
MHUHYT (0JHa MUHYyTa Ha 1 Bompoc).

Pexomenayetcsi TeCTHpOBaHHE IPOBOJUTH II0
KaXXJI0 KOMITETEHIINH OTJIENIHHO.

OnpIT HCCHEeNOBaHUM M OLUEHKH  YPOBHS
JOCTHKEHHUS IUTAHUPYEMBIX KOMIIETEeHIUH
cTyaeHTaMu 1 — 4 KypcoB pa3iWYHbBIX HalpaBIeHUN
nonroroBku TIIY mokasain, 4ro Haubosee CI0KHBIM
JUTA TIpeTiofaBaTesei IBISIeTCs COCTaBICHUE TIEPEYUHS
BOMPOCOB  JUIi  TECTHPOBAaHUSI U OLCHKH
«IeSITETbHOCTHOW»  COCTaBJISIONIEH 00pa3oBaHUS
[34]. B cBsi3u ¢ 3TUM B TaHHOU CTaThE MBI IIPHBOIUM
npumep GopMUpOBaHHS 0a3bl JaHHBIX BOIMPOCOB IO
qucuuiuiiHe  «OU3UKO-XUMHST  AMANIEKTPHYSCKUX
MaTepHajoB», JIeKalled Ha TIpPaHULE MEXKIY
JUCLUIUIMHAMU €CTECTBEHHO-HAYYHOTO LHUKJIA MU
JUCHUIUIMHAMA ~ TpOo(eCcCHOHATBPHOTO IMKJIAa  TI0
OOIl, peanuzyemoii B TOMCKOM MOIUTEXHUIECKOM
yHHBepcuTeTe  mo  Hampasienuto  13.04.02
«DNEKTPOIHEPTETUKA H DIEKTPOTEXHUKAY, TPOQPHIIH

«BHCKTPOI/BOHSIIII/IOHHI)IC CHUCTCMBI,
BBICOKOBOJIbTHaA n KaOenpHas TCXHHKA,
cricnyajim3anusa <<9J'IGKTpOI/I30J'I$IHI/IOHHa$1 n

ka0eNnbHas TEXHUKa», MaruCcTparypa.
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MeToanKa U maTemaTnyeckas MoAe b OLEHKN KOMNETEHUMN, NprobpeTaemblx CTyAEHTaMM B NPOLIECCE U3yUYeHMS...

pumep COCTABJIEHUS BOIIPOCOB s
TeCTHUPOBAHHUSA MO AMCHUILINHE «DPU3UKO-XHUMUS
AUIJIEKTPUYECKHUX MaTePHAJIOB.

OO6uuit 006EM yacoB — 216, B TOM 4YHCIIE:

— Jiexumu 16,

— TPaKTUIECKUE 3aHATUSA 24,

— naboparopHbie paboThI 24,

— camocTosTenpHas padora 152.
JmuTeapHOCTh M3ydeHusl TUCIMILINHBI — 1 cemecTp.
OO111ee KOJUYECTBO KPEIUTOB — 6.

Kommnerenuus, JOCTIKEHHE
3aIUTaHUPOBAHO:

1. CriocoOeH MpUMEHSITh IMOTyYeHHbIEC 3HAHUS O
(U3UKO-XMMHUYECKUX CBOMCTBaX M Ipoueccax B
3IIEKTPOTEXHUYECKUX MaTepHajax Mpu pa3padoTke u
AKCIUTyaTallMU 3JICKTPOTEXHUUECKUX U3/ICITHH.

Komnerenuus AMeeT CIIEIyIOoLIre
COCTaBIISIOLINE Pe3yIbTaTOB o0y4eHus
(meckpuUnTOPH KOMIIETEHIHH):

Braoenue — BnaneeT HaBBIKaMHU OMNpPEACICHUS
TEXHOJIOTHYECKUX, MEXaHUYECKUX u
ANEKTPOPU3NIECKUX XapaKTePUCTHUK
AIIEKTPOU3OIISIUOHHBIX MATEPHATIOB U CUCTEM;

Ymenus — YmeeT npoBOAUTH aHAIU3 IIPOLIECCOB,
MPOTEKAIONINX B JUAJIEKTPHYECKUX MaTepuaiax B
0011acTH C1a0BIX U CHIIBHBIX JEKTPHUECKHX TOJIEH;

3nanus — 3HaeT HOMEHKJIATypy M CBOWCTBa
ANEKTPOTEXHUUECKUX  MaTepuaioB, (u3udeckne
COCTOSTHUSI TIOJMMEPOB M CYIIHOCTh SIBICHUH U
MPOIIECCOB B AMAJIEKTPHKAX, OCHOBBI TEXHOJIOTHH
nepepaboTKH MIIACTMACC U PE3UH.

O6mee kommuecTBO BompocoB  60.  Jlms
TECTHPOBAHUS CTY/ICHTY Mpejaraercs 15 Bompocos,
CIlydaiiHO BBIOpaHHBIX M3 0a3bl JAHHBIX BOIPOCOB.
Bpewms tectupoBanus — 15 MUHYT.

KOTOpOH

IIpumep BONPOCOB M OTBETOB IO OLICHUBAECMOI
KOMIIETeHII U

Biiagennsa/HaBBIKI: «Bnaneetr HaBBIKAMU
oTpeNieNieH!s] TEXHOJIOTUYEeCKUX, MEXaHHYECKUX H
ANEKTPOPU3NIECKAX XapaKTEePUCTHK
ANEKTPOHU3OISIIMOHHBIX MATEPHATIOB U CUCTEM.

1. Heobxooumo uzmepums yoenvrhoe 006vEMHOe
conpomugnenue ousnekmpuxa. Kaxoii uz eapuanmog
8bl gvlbepeme?

v\ HOAroTOBII0  00pasibl  JIMAIICKTPHKA,
HAHECY Ha TIOBEPXHOCTh U3MEPHUTEIbHBIC DIICKTPOIbI
KBaZpaTHOH (opMBI, M3MEpIO IUIOMIAnb oOpasla,
paccunTaro AJIEKTPHUIEcKOoe COMPOTUBICHKE, Kak R =
u/l;

v\ HOAroTOBII0  00pasibl  JUAIICKTPHKA,
HaHECy Ha TIOBEPXHOCTh U3MEPHUTEIHHBIE AIIEKTPOIBI
Kpyrio ¢opmbl, u3Mepro Iuomans o0pasua,
paccumMTal BNEKTPUYECKOE COMPOTUBICHUE, Kak
p =R*S/d;
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v\ MOAroTOBIO  00pasmbl  JHAJICKTPHKA,
HaHeCy Ha MOBEPXHOCTh U3MEPUTEIIHHBIE AIIEKTPOIBI
Kpyrio QopMbl, OXpaHHOE KOJBLO, H3MEPIO
TUTOIA/Ib U TONIIIMHY 00paslia, pacCUnTaro yaelbHoe
3JIEKTPUUYECKOE COMPOTHBIEHHUE, Kak p = U*R*S/d;

v\ NOArOTOBIIO  00pa3ibl  JUIIICKTPHKA,
HaHeCy Ha MIOBEPXHOCTh U3MEPUTEIBHBIC AIEKTPOIbI
Kpyriiol (opMbl, M3MEpIO TJIOMIAJh M TOJNIIMHY
o0Opa3ua, paccuuTar0 yIeNbHOE 3JIEKTPUYECKOEe
COMPOTHUBIICHHUE, KaK p = R*S/d.

2. Kaxoii komnnexm  umcmpymenmos u
obopydosanus Bam nonadobumcs, 0na onpedenenus
g0 Ousnekmpuka?

v/ 3JIEKTPOHHAs AYEHKA C OXPAHHBIM KOJIBLIOM
u m3mepurenbHbiii LCR Mocr;

v\ DJIeKTpOHHAs sTYEHKa C OXPAHHBIM KOJIBIIOM
U U3MEpUTENbHBIE  TPHUOOPHI: amIiepMerp,
BOJITMETP, BATTMETP, UCTOUHUK THTAHHS,

v\ oJleKTpOHHas s4eiika 0e3  OXPaHHOIo
KoJbIIa 1 m3MeputenbHbiii LCR Mocr;

v\ U3rOTOBJIEHHAs KATYyIIKA WHIYKTUBHOCTH
JUTSL TIOMeTeHusl oOpasna u m3MmeputenbHerii LCR
MOCT.

3. Kaxoe nopsiook oelicmauti npu uCnblmanuu Ha
9NEKMPUUECKYI0 NPOYHOCHb  00pA3y08 meepovix
OUIEKMPUKOB 8 BbICOKOBONIbMHOL 1abopamopuu?

v' wmsyuurp mpaBwia TH npu paGore Ha
BBICOKOBOJILTHOH ycTaHoBKe. [loaroroButs obpaser
JudnekTpuka.  ONpeNenuTh CPEeJHIOK  TOJIIUHY
obpasmna. Pa3smectuts 00pasen B BHICOKOBOJIBTHON
siuetike. [IpoBectu cepuro npoboes (5-10 oOpasuos).
OrnpeaenuTh cpeaHee HaMpsHKEHUE IpooosT;

v\ [OATOTOBHTH  oOOpaser]  JIHMAJIEKTPHUKA.
Onpenenuts  CPemHIO  TOJNMIMHY  oOpasma.
PasmecTtuts 0OOpazel] B BBICOKOBOJIBTHOW STUCHKE.
OrnpeaenuTh HapsHKeHHe Mpooos;

v\ [OATOTOBHTH  OOpaser]  JIHMAJIEKTPHUKA.
Onpemenuts  CpPemHIOID  TOJNMMHY  oOpasma.
PasmectuTh 0Opaszenmr B BBHICOKOBOJBTHOHM SUCHKE.
[IpoBectnn ceputo mpodoeB  (5-10  obpasmoB).
OnpenenuTs cpenHee HaNpsDKEHUeE mpodost;

v' wmgyuurp mpaBwia Th npu pabore Ha
BBICOKOBOJIETHOH ycTaHOBKE. [lomroToOBUTE 00paselr
qudnekTpuka. OnpenenuTh CpeJHIO  TOJIIUHY
oOpasua. Pa3mectuts 00paszen B BBICOKOBOJBTHOM
sraetike. [IpoBectr cepuro mpoboes (5-10 06pasmos).
Onpenenuts cpeiHee HANPsDKEHUE Mpodost.

YMenust: «Ymeer IIPOBOJUTH aHan3
MPOIIECCOB, TIPOTEKAIOMIUX B JUDIIEKTPUICCKUX
MaTepuajgax B o0macTh ciaabblX M CHJIBHBIX
AIIEKTPUIECKUX MOJICH.

1. Ilpuuuner Hacpesa OudieKmpuxa
HOMEWEHUU €20 8 DNIeKMPUYECKOe Noae

v JIMDJIEKTPUYECKUE IOTEPH HA CKBO3HYIO
AEKTPOIPOBOAHOCTH, MeJIJICHHBIC BUJIBI

npu
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MOJISIPU3AIMH U TIOJSIPU3AIlis Ta30BbIX BKIIOYCHUN
(B CHITBHBIX TIOJIAX);

v JIMDJIEKTPUYECKHE MOTEPH HA CKBO3HYIO
3JIEKTPONPOBOJHOCTE;

v Me/JIEHHBIE BUJIbI IOJIAPU3AIINH;

v\ nmonspusanys ra3oBbIX BKJIIOYEHUH (B
CWJIBHBIX TIOJISIX).

2. B kaxou nocnedosamenvrocmu Buvl 6yoeme
usMepams YOeabHYIO INeKMPONPOBOOHOCHb NOYBbL!

v\ B3ATb KIOBETY W3 JUDJIEKTPUYECKOTO
MaTepuana 14x9x4 cM, HackIaTh OYBY, BCTABUTD 2
METaJUTHYECKUX IJTACTUHYATHIX JIEKTpoaa 9%4 cM 1o
KpasiM KIOBETBI, coOpaTh IIellb W3 HWCTOYHHKA
MOCTOSIHHOT'O TOKa HHU3KOro HampspkeHus (mo 10
BOJIBT), BOJIbTMETPA, MIJLITHAMIIEPMETPA, PACCUUTATH
3NEKTPONPOBOTHOCTE IMOYBHI, U3MEPUTH BIAXKHOCTD,
[P pacueTe y4ecTh 00heM KIOBETHI,

v\ B34Thb KIOBETY W3 JHIJIEKTPUIECKOTO
MaTepuana 14x9x4 cM, HachINaTh MOYBY, BCTABUTH 2
METaJUTMYECKUX TUTACTHMHYATBIX JJIEKTpoaa 9%x4 cwm,
ommeTp ¢ npenenaom uzMepenust ot 0 1o 10 kumoom.
Pazmenuts enuHuy (4ucio) Ha  BEIMYUHY
COTIPOTHUBJICHUSI [TOYBHI,

v' cobparh 1enb U3 UCTOYHHUKA [IEPEMEHHOTO
TOKAa, TIOCTaBUTh BATTMETP, B3SATh KIOBETY U3
JURJICKTPUUECKOTO MaTepuana Jo0oro pasmepa,
HACBINIATh TIOYBY, BCTABHUTH 2 METAJUTMIECKHUX
AIIEKTPONIa,  PACCUHUTATh  JJIEKTPOMPOBOIHOCTH
TIOYBBI, P PacyeTe Y4ecTb 00BEM KIOBETHI,

v coOparh LeNb U3 UCTOYHUKA TIEPEMEHHOIO
TOKa, TIOCTaBUTh BAaTTMETP, B3SATh KIOBETY U3
JURJICKTPUUECKOT0 Marepuana Jo0oro pasmepa,
HachIllaTh TOYBY, BCTaBUTh 2 METaJUNIMYECKUX
ANIEKTPONIA,  PACCUMTATh  DIEKTPOMPOBOIHOCTD
TIOYBHI, TIPH PacueTe y9eCTh 00HEM KIOBETHI.

3. B kaxou nocredosamenvHocmu Bvi 6ydeme
uszomasaueams mepmonapy?

v B3STh IPOBOJIOKY M3 KOHCTAHTaHA M MEJIH,
CenaTh CKPYTKY, pacijlaBUTh Fa30BOM TOpeNKoii 0oe
MIPOBOJIOKH, TIIATENHHO TMOJHOCTHIO 3aW30JIMpPOBATh
NPOBOJAHUKH, MOJKIIOYUTH MPUOOP —> TOTOBO K
MCTIOJIb30BaHHUIO;

v B3STh IPOBOJIOKY M3 KOHCTAHTaHA M MEJIH,
CeNaTh CKPYTKY, PACIUIABUTD DIIEKTPUUECKOU AyTOH
KOHIIBI 00€MX MPOBOJIOK, MOAKIIOYUTH TPUOOp —>
TOTOBO K HCIOJIb30BaHUIO;

v B3STh MPOBOJIOKY M3 KOHCTAHTaHA M MEJIH,
cAenaTb  CKPYTKY,  TIIATENbHO  MOJHOCTHIO
3aM30JIMPOBAaTh NMPOBOAHUKH, MOAKIIOYUTH MPHOOD
— TOTOBO K HCTIOJIb30BaHUIO;

v/ B3STh NPOBOJIOKY U3 XPOMEIISI M aTtOMEIs,
CIeNaTh CKPYTKY, PacIIABUTh Ta30BOU TOPEITKON 00e
MIPOBOJIOKH, TIIATEIHHO TOJIHOCTHIO 3aW30JIMPOBAThH
NPOBOJHUKH, TMOJKIIOYUTH MPHOOP —> TOTOBO K
UCIIOJIb30BaHMIO;

v/ B3STH MPOBOJIOKY W3 ATIOMHMHHS M MEJH,
CAENaTh CKPYTKY, PACIUIaBUTh DJIEKTPUUECKOUN Ayron
KOHIIBI 00€UX MPOBOJIOK, MOJAKIIOYHTE MPHOOP —>
TOTOBO K UCIOJIb30BaHMIO.

3HaHuA: «3HAaeT HOMEHKJIATypy M CBOMCTBa
JJIEKTPOTEXHUYECKUX  MaTepuanoB, (U3NUECKHUE
COCTOSIHUSI TIOJIMMEPOB U CYIIHOCTh SIBJICHUH H
MPOIIECCOB B AMAIEKTPHKAX, OCHOBBI TEXHOJIOTHH
nepepadoTKy MIacTMace U Pe3UH».

1. Kaxomy u3 HUJICENepe UCIeHHBIX
OUBIEKMPUKOB ons U3012Mopo8 JUHUU
aekmponepeoay, pabomarowel 80 GlANCHOU cpede,
Buvl omoaoume npeonoumenue?

v\ KpHCTaI HOBapEHHOMN counu;
KOHJICHCaTOpHasi ~ Oymara;  Herja3ypupOBaHHBIN
tdapdop; rmazypupoBansslii Gapdop;

v HerJa3ypupOBaHHbIH dbapdop;
rIa3ypupoBaHHBIA  Qapdpop;  KOHAEHcAaTopHas
Oymara; KpucTasul oBapeHHO COJH;

v II1a3ypupOBaHHbIN dbapdop;
HeTJIa3ypUpOBaHHBIN  (apdop; KOHISHCATOpHAs
OyMara; KpucTaJul HOBapESHHOU COJIH;

v\ KOHICHCAaTOpHas  Oymara;  KPHCTalI

MTOBapEeHHOW COJH;, HeTJa3ypupoBaHHBIN (apdop;
rI1a3ypupoBaHHBIN Qapdop.

2. 3a cuem ye2o «cmapeemy
mpancgopmamoproe macio?

v\ HCTEKaeT CPOK I'OJHOCTH;

v\ NPOMCXOIMT OKHCICHHE aTMOC(EPHBIM
KHCJIOPOJIOM,;

v\ Macio «IIpOKHCAEeT»;

v/ Macino pasnaraercsi  [oj  JAeHCTBHEM
MarHUTHOTO MOJIsl TpaHCPOpPMATOpA.

3. UYmo  noxazvieaem  OMHOCUMENbHAL

OusIeKmpudecKkas nPOHUYAemMocms?

v\ Ha CKOJBKO JUDJIEKTPUK YBEIUYUBAET
3apsil KOHJEHCATOpa 110 CPABHEHUIO C BAKYYMOM,;

v' IpO3payHOCThH MaTepuaa;

v\ MEXaHHYECKYIO BSI3KOCTH T10 CPABHEHHUIO C
BaKyyMoM,;

v BIEKTPHYECKYIO IPOYHOCTD 110 CPABHEHHUIO
C BaKyyMOM.

OTKpBITHIH BOIIPOC.
Kax mazvieaemcsa npubop, xomopvim MONCHO

usmMepumo émKocmy u manzenc yena
OUdIeKMpuU4ecKux nomepbs?

Ilpumep omeema. Kymetp (pubop,
TTO3BOJISIOTITUI M3MEPAThH TOOPOTHOCTH
K0J1e0aTeJIbHOTO KOHTYPa, MHAYKTUBHOCTD KaTYIIIEK,
E€MKOCTh U JOOpOTHOCTH KOHJICHCATOPOB.
Ho6poTHOCTH JIABIEKTPUYECKOM U30JISILAN

MPEJICTaBIsIeT COO0H BEeIMUUHY, 00paTHYIO g J, T.€.

Q=1/tg4.)
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3akiIoueHne

IIpoBenénnbIit aHau3 NPYMEHEHUS
KOMIIETEHTHOCTHOI'O TOAXOJa MNpH OpraHu3aluu
y4eOHOTO0 TIporiecca, 00eCIEeYHBAIONIETO TTOITOTOBKY
CHETMATUCTOB JUIsl paboTel B cdepe TEeXHUKH U
TEXHOJIOTHH, TTO3BOJIMJ YCTaHOBUTB, YTO B MpoLecce
MOJArOTOBKU OyIyInIMX WHXEHEPOB HaOII0AaeTCs

cmemenne  (okyca BHUMAaHHA B CTOPOHY
hopmupoBaHUs «3HAHUEBON» COCTaBIISIIOLLEH
WHXCHEPHOTO o0pa3oBaHusl. Henoctarouno
BHUMAaHUA YACIACTCA ((HCHTCHBHOCTHOﬁ))
COCTaBJIAIONICH 00pa3oBaHMs, 4YTO HETATHBHO
CKa3bIBaeTCs Ha KaueCcTBe MTOATOTOBKHU

CrienuaainucCcToB, INPHUBOAUT K HCO6X0,HI/IMOCTI/I nux
«I0ydHBaHHWA» Ha MECTax pa6OTBI, YAJIIUHCHUIO
CpOKa HUX ajallTallui K YCJIOBUAM PpPCaJIbHOTO
MMpou3BOACTBA.

Brickazano MNpEAIoJIOKEHNE, YTO OJHHUM U3
TMEPBLIX MIAroB IO HMCHPABJIICHUIO CJIOXHUBUICTOCA
TMOJIOKCHUA ABJISICTCA COBCPIICHCTBOBAHUC CUCTCMbI

Hanuune METOJOB TAaKOro KOHTPOJSL TIO3BOJIHT
BbIIBUTb U YCTPAHUTHb HEAOCTATKH B OpraHHU3allvu
y4eOHOro mporecca ¥ 00eCIeunTh CMELIEHHE ero B
CTOPOHY «IESTEIILHOCTHONY COCTaBIISFOLICH
WH)KEHEPHOT0 00pa3oBaHUsl.

ITpeioxkena MateMaTH4ecKasi MOJIEIb OLIEHKU
YPOBHS JOCTHKCHUSI 3aIIaHUPOBAHHBIX
KOMIICTCHIIM,  TMO3BOJSIOIIAS.  OCYIIECTBISTH
KOJIMYECTBCHHYIO OIICHKY pe3yJbTaToB OOYy4eHHs,
BKJIIOYAsT €r0 «3HAHHEBYIO» U «JICATCIBHOCTHYIO»
cocraBisiforue. Takke dTa MOJEIb IO3BOJHT
IpernoaBaTeliiM  OLCHUBATh  PE3YJIbTATUBHOCTh
CBOMX YCHJIHMHA TIO JOCTHXXCHHUIO ITOCTAaBJICHHBIX
Heieil M NpennpHHUMATh Mepbl IO ITOBBILICHHIO

YpOBHS MTOTOTOBKH CTYJEHTOB 1o
COOTBETCTBYIOIIUM KOHKPETHBIM AUCIUILTAHAM.
IIpuBen€nupit puMep (hopMupOBaHHS
aneMeHTOB  (OHIA  ONEHOYHBIX CpPEACTB IO
qucuuruinHe «DUBHKO-XUMUS  JUAIEKTPUUYCCKUX
MaTepHaloB» MOXET CIY>KUTb OCHOBOM ISt
MPOEKTUPOBAaHUS  Takux  (POHAOB  Kak  TO

KOHTpOJIA KOMIETEHLUWH, 3allJJaHUPOBAHHBIX K  JUCIMIIMHAM €CTECTBEHHO-HAYYHOTO IMKJIA, TaK H
OCBOCHHUIO B TIpoliecce 0OyUeHHs B By3€, B YaCTHOCTH 1O NPO(PHUIBHBIM JUCLHUIIIMHAM.
OpM  TPENoJaBaHUM  KOHKPETHBIX  JTUCLHMIUIMH.
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OPFAHU3ALIUA CPC NO KYPCY ®U3NKU B YC/TOBUAX TEXHUYECKOIO YHUBEPCUTETA

B JaHHOW CTaTbe M3naratoTcsa NyTu yaydleHna opraHnsalim caMocTosTeNbHOoM paboTsl cTyaeHToBs (CPC)
yHuBepcuTeTa. MHHOBaLUMOHHOE 0byYeHMe — 3TO UCNO/b30BaHNE HOBENLLIMX MHOOPMALIMOHHbIX TEXHOIOMUIA
BO BCEM AMaKTUYECKOM KOMMIeKce MHbOopMaLIMOHHOro obecneyeHns npegmeTa nsydeHusa. MHHoBaLMOHHaA
MoeNb 0by4eHns GU3MKe B BbICLLEN LLIKONE BKIKOYAET METOA0/0MMUYECKN CTPYKTYPUPOBAHHYIO MHOOPMALLMIO,
NpeacTaBfieHHyl0 B  BMAE OOHOMO M3  BMAOB UMHbOChEpbl — CUCTEMbI  B3aMMOCBA3AHHbLIX WU
B3aMMOODYCNOBAEHHbIX Y4eBHMKOB M APYyrMX cpeacts obHpa3oBaTesbHOM AeATeNbHOCTM  (MOAY/bHbIX
NPOrpamm, 3/EKTPOHHbIX NEKUMM, a TaKKe pPas/IMyHbIX MeToAMYECKMX nocobuin). B HOBbIX YCNOBUAX
obpaszoBaTeNbHOM AeATENbHOCTM YBEINYEH WA 06 bEMA N YCUAEHMA PONIU CAMOCTOATEIbHON PAabOoTbl CTYAEHTOB
B y4yebHOM npouecce obyyatolmeca NoayyatoT U OCBAaMBAKOT NOPOMN TONbKO METOAMYECKYHO MHOPMaLIMIO Ha
COOTBETCTBYIOULEM YpOBHE. [1A OCBOEHMA WM3y4aeMOro maTtepuana Ha perynapHon OCHOBe CTYyAEeHTY
HeobxoaMmo paboTaTb [0aroe Bpema (mecAuamu), U TONbKO KBaJUPUUMPOBAHHLIA NpenojasaTessb,
3HaloWMM ncmMxonormyeckne ocobeHHOCTM npolgecca obydeHMAs W BRaAAOWMIA METOAMKON 0byveHus,
NOMOXET CIKOHOMUTb BPeEMSA CTyJeHTa NyTém npeobpa3oBaHMA NpodeccMoHanbHbIX 3HaHWIM Neaaroros B
obpaszoBaTesibHble 3HaHWUA. B paboTe NoKkasaHbl BUAbI M 3Tambl BbINOJHEHWA ayAUTOPHON, BHeayauTopHoi CPC
no ¢ou13nKe, a TakKe NyTM NosblleHUa aGGEKTUBHOCTM M KayecTBa y4ebHOro Tpyaa CTyAeHTOB.

KntoyeBble cnoBa: yHMBEPCUTET, MHHOBALUMOHHOE O0OydYeHMe, camocToATeNbHas paboTa CTyAeHTa,
H6akanaBp, MHAMBUAYaAbHbIE 3a4aHMA, GU3NKA.

G.K. Nauryzbayeva?, G.L. Gabdullina?
1G. Daukeev Almaty University of Power Engineering and Telecommunications, Kazakhstan, Almaty
2Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: N G.K@mail.ru

Organization of the IWS on the course of physics under conditions technical university

The article outlines ways to improve the organization of independent work of university students.
Innovative education is the use of the latest information technologies in the entire didactic complex of
information support for the subject. The innovative model of teaching physics in higher education includes
methodologically structured information presented in the form of one of the types of the infosphere - a system
of interrelated and interdependent textbooks and other means of educational activity (modular programs,
electronic lectures, various methodological aids). In the new conditions of increasing the volume and
strengthening the role of students' independent work in the educational process, students receive and master
only methodological information at the appropriate level. To master the material on a regular basis, a student
needs to work for months, and only a qualified teacher who knows the psychological characteristics of the
learning process and owns the teaching methodology will help save the student's time by transforming the
professional knowledge of teachers into educational knowledge. The paper shows the types and stages of
performing classroom, extracurricular IWS in physics, as well as ways to improve the efficiency and quality of
students' educational work.

Key words: university, innovative education, student's independent work, bachelor's degree, individual
tasks, physics.
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TexHVKanbIK, YHUBEPCUTET XKaFalbiHAa Gn3mMKa Kypcbl bolbiHwa COXK yitbimaacTbipy

Makanaga »ofapbl OKy opbiHAapbl (KOO) cTyAeHTTePiHIH, ©3iHAIK XYMbICbIH YbIMAACTbIPYAbl KeTinaipy
ONJapbl KepceTinreH. MHHoBauUmANbIK binim Bepy — Oyn naHAi aknapaTTblK KamMTamacbi3 eTydiH, 6ap/blk,
ONAAKTUMKANbIK KelleHiHAe COHfFbl KETICTIKTepre HerisgenreH aknapaTtTblK TEXHOAOrMANAPAbl KONAAHY.
KoFapbl OKy opblHAAPbIHAA GU3MKA NBHIH OKbITYAbIH MHHOBALMANBIK MOAENi aknapaTTbik chepa (MHPochepa)
TYpAepiHiH, 6ipi — ©3apa 6annaHbICTbl OKY/IbIKTAP KYMEC }KaHEe OKY Kbl3MeTiHiH, 6acKka Kypanaapb! (Moayabaik
Harmapnamanap, 3NEKTPOHAbl A9PiCTep, COHAAM-aK SPTYpPAi a4icTemenik Kypanaap) TypiHAe YCbIHblAFaH
dA4icTEMENIK  KypblAbIMAbl  aKnapaTTbl  KaMTuabl. OKy-Topbue npoueciHae CTyaeHTTepaiH,  e3iHAiK
KYMbICTAPbIHbIH, KBEMIH YFaNTY XKaHe PeiH KYLWENTYAIH KaHa KaFaalblHaa CTYAEHTTep TUICTi AeHrenae Tek
aAicTeMENiK aknapaTTbl anbin, meHrepedi. OKy MaTepuanbl *Kyneni Typae MeHrepy YWiH cTyaeHTKe BipHelle
yaKbIT (altnap) 6oMbl *KYMbIC iCTey KaXKeT, OKY NPOLLECIHIH MCUXONOMMANIK epeKLLIENiKTEPIH BiNeTiH KaHe OKbITY
9AiCTEMECIH MeHrepreH OiNiKTi OKbITylbl faHa MyfanimaepaiH Kacibu 6inimiH TepeH bHinimre aHanabipy
aPKbIIbl CTYAEHTTIH, YaKbITbiH YHeMAeyre KemeKkTecei. HMymbiCcTa Pu3mKadaH ayamTopuansik, COX opblHaay
TYpnepi meH KeseHaepi, COHbIMEH KaTap CTYAEHTTEePAiH OKYy KYMbICbIHbIH, TUIMAIAIN MeH CanacblH apTTbipy
KO4apbl KEpCeTinreH.

TyliH ce3nep: yHMBEPCUTET, MHHOBALUMANBIK Binim Bepy, CTYAEHTTIH 83iHAIK XKyMbICbl, DakanaBpmarT, Keke

Tancelpmanap, dusnka.
BBenenne

CoBpeMeHHOE HAyIHO-TICAAroruaeckoe 3Ha-
HHE CITOCOOCTBYET CO3/1aTh W BBITIOJHATH 3a7a4H,
CIOCOOCTBYIOIIKE TTOBBIIEHUIO Ka4ecTBa 00pa3o-
BaTENbHBIX YCIYT B BBICIIEH 1KOjIe. OCOOCHHOCTD
9TON JEATCIBHOCTH COCTOMT B TOM, dYTO €&
PE3yITATOM SIBISIOTCS CHICIUATHMCTHI, KAXKIBIN 13
KOTOPBIX B  HWjeale SBJISETCS camoopra-
HU3YIOLIEHCS U caMOpa3BUBAIOLIEHCS TUYHOCTBIO,
AMEIOIIEeHcsT MOTPEOHOCTh B 3HAHUAX U YMEHHSIX,
HEOOXOIUMBIX JUIS UX OCYIIECTBICHUS TTOCIIEeIYIO-
e npodeccuoHaIbHOMN nesTenbHocTH [1].

HecMmotpst Ha ycriexu BO BHEIPEHHH HOBBIX
TEXHOJOTHA OO0y4deHHs B 0Opa30BaTeNbHBII
MpoIecc, OCTa€Tcs eme MHOTO HEpeIIeHHBIX
3a/lad, CBA3aHHBIX C  COJACPXKATEIHHO-METO-
JTUYEeCKUMH acTIeKTaMu 00pa30BaHUsI U UX B3aHMO-
neiicTBeM, W TyMaHUCTHYECKOH HaIpaBIieH-
HOCTBIO OOyuYeHHUsS: OpHEHTAIMs Ha JIMYHOCTH
CTYJICHTa, BO3MOXXHOCTh BBIOOpa HWHIWBUIYaJIb-
HOTO croco0a TMONy4YeHHs 3HaHUH C  Y4ETOM
MOTPeOHOCTE CTyAeHTa, TO €eCTh B3auMHas
ajanraiys CTyJeHTa U y4eOHOH cpeapl [2].

B nacrosmiee Bpems qaHHas TeMa cTana 6osee
TpeOyeMoii 1o IpUINHE HEOOXOTUMOCTH Pa3BUTH
Mojienu oOydeHUs (PU3MKE COMIACHO HOBBIMHU
YCIOBUSIMM, YTO CTaHET BEPOSATHBIM Ojaromapsi
MIPUMEHEHHUIO COBPEMEHHBIX MTOIXO00B O0yUESHHUSI.
Takas Mojenb ObUIa aBTOpaMH co3laHa kademape
KOCMHMYECKOMH HHXCHEPUU AJMaTHHCKOTO
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YHUBEPCUTETA  JHEPICTUKHM U CBA3M  HUM.
I'. Taykeesa [3].

'maBHOE ¥ camMoe 3HAUYUMOE B HHHOBA-
IIMOHHOM 00pa30BaHHUH — 3TO COBEPIIICHCTBOBAHUEC
WHIWBUAYATbHBIX BO3MOXXHOCTEH Ha OCHOBE
3HaHUH W C€aM00Opa3oBaHMUs. DTO JHUYHOCTHO-
HampaBlieHHOe  oOydeHue. BaxHOH  1eNbIO
VIIyYIIEHUH MOJICTA U CO3JaHWUH TEXHOJIOTHU €e
peanu3alyy SBISIETCS CO3JIaHNe OTIENEHOMN chephl
O00y4YeHUsT CO CTPYKTYPHBIM U COJCPKATEITbHBIM
eIMHCTBOM, CTUMYJIMPYIOIIMNM JTHYHOCTHBIH POCT
CTY/ZICHTOB ¥ (DOPMUPYIOIIUM 3HAHHSI U YMEHUS,
KOTOpbIe 00ECIEUYNBAIOT BBIMOJHEHUE (DYHKIIHO-
HaJBHBIX 3aJja4 B Oyaylield mpogecCHOHATBHOMN
JESITENIbHOCTH B BRIOpaHHO# o0mactu [4-6].

Lenb cTaThu — 00CYXKIEHUE U PA3BUTHE HHHO-
BaI[MOHHBIX MOIXOJ0B K OPraHU3aIMUd CaMOCTOS-
TEJNBHOW PabOTHI CTYJCHTOB TEXHUYECKOTO BY3a
npu  obydyeHumm  ¢usmke.  VHHOBAIIMOHHOE
o0ydeHHe TPU3BAHO NPEAOCTABUTh OCHOBATEIb-
HOCTBb M JIOCTOBEPHOCTh 00yuenus [7]. OcHoOBa-
TENBHOCTh JIEPKUTCS, B IMEPBYIO O4YEPENb, HA
LEJIOCTHOM B3TJIsie Ha COBPEMEHHYIO HaydHYIO
Kaptuny mupa [8-10].

MeTonos0rusi U METOIbI HCCJIETOBAHMS

[IpenonaBanue ¢pusnku (Kak U APYrUX Mpen-
METOB) JOJDKHO OBITH JocTaTodHo (yHOa-
MEHTaJbHBIM, YTOOBI CTYJCHT MOT TPOJOJDKATh
9TOOBl CTYZEHT MOI MPOAOIDKATH OOyueHHe
camoctosiTenbHO.  CyTh  (yHIaMEHTaIU3aluu


mailto:N_G.K@mail.ru

COCTOMT HE B OBJIaJICHUM CIIOKHEHITNMHU 3aKOHAMU
U TeopusMH (GU3UKH, a B CO3JAHUM CUCTEMBI
«TIOHUMAaHUS», MO3BOJSIONIEH CTYJAEHTY HaWlTH
CBOU CHIOCOOBI 00y4eHus1, 00pa3oBaTeNIbHBIE ATH
[11]. PeampHOCTH OOydYeHHS TpeOyeT oOTUETA
0a30BOro ypoBHS 00pa30BaHUs CTYICHTa U
CO3JaHMs YCIOBHH Ui €ro TOBBILICHUS [0
HeoOxonumoro ypoBHs. s aToro HeoOxoauma
ruokas mnmporpaMma Kypca € MHUHUMAJIbBHBIM H
MakCHUMaJbHBIM 00BEMOM  Marepumana. [lpu
pa3paboTKe copepkaHus He0OX0IMMO AaTh YETKOE
MpeNCTaBIeHuE O TOM, HACKOJBKO OyIyliuid
WHKeHep-OakanaBp JIOJDKEH OBITh 3HAKOM C
Pa3NUYHBIMKA HAayYHBIMH HACSIMHU U TeopusiMu. B
KOHTEKCTE  BBIILICU3IOKEHHOTO  CTAaHOBUTCS
IIOHATHO, YTO OZIHOI71 U3 BaXXHBIX 3a1a4 I1eJaroron
SABNSIETCS ~ HAloJIHEHWe  y4yeOHOH cpeasl
KOHKPETHBIM MpPEIMETHBIM cojepkanueM. He
JIOTMYCKAeTCsl CO3/IaBaTh KaKUe-TH0O0 «ype3aHHbIC
Kypcel ¢u3uku». Ot1Oop Marepuana H  €ro
CTPYKTYPHUPOBAHUE [OJDKHBI OCYILECTBISITHCA B
COOTBETCTBHM C IIeTSMH OOYy4YEeHHUs, KOTOpBIE
HUCPAPXUYCCKU YCTAHABIUBAIOTCA B €JUHCTBE €I0
coJep)KaHUsl M MPOLECCYalIbHBIX acrekToB. To,
ceiiuac Ha3BIBaE€TCS CaMOCTOSTENFHOW pPabOTOH
CTYIGHTa 10  YCBOCHHIO  TEOPETHYECKOTrO
MaTepHaia, sIBISeTCS B OCHOBHOM (pOpMan3MOM:
CTYAEHT MOXET CaMOCTOSITEIbHO MPOYUTATH
TEKCT, HaMmMcaTh GOPMYJIbL, HO OH BPSII JIM TOUMET
W Hay4yuTcsi paboTaTh C 3THM MaTepualloM —
caenats ero "ceouM".

KauectBo npenogaBaHusa IMpeaAMCTa, TAKUM
o0pa3oM, OTpakaeTcsi B KOMIUIEKCE Ba)KHBIX
IIPU3HAKOB, CBSA3aHHBIX C YJOBJIETBOPEHHEM
MOTPEOHOCTH OO0YyYarOMMXCS B  METOAHYECKH
CTPYKTYpHUpPOBaHHBIN yueOHOW nHpopMmanuu [12-
14]. DddextuBHoit GopMOH  TpenCTABICHHS
y4eOHOW MH(OPMAINH TI0 TTPEAMETY MOXKET OBITh
3IIEKTPOHHAsT WHPOPMALMOHHAS MOJENb, CIOCO0-
Hasi B TOJHOH Mepe OToOpaxkaTh COIep)KaHHe
oOy4eHHSI TI0O KOHKPETHOMY TIpemMery. OJTa
MOJIeJIb JOJDKHA BKJIIOYATh TEKCT U THMIIEPTEKCT,
YIOpSAAOYCHHBI Y4eOHBI Marepuan, CcHCTEMY
KOHTPOJBHBIX ~TECTOB (MJII  CaMOKOHTPOJIS),
y4eOHUKH M  METOJUYECKHE PEKOMEHIALUHU.
MaccuB uH(pOpPMAaLUU, OPraHU30BaHHBIM B BUJE
1abIoHa, MO3BOJIAET CTYACHTY JIETKO

OPHUEHTHPOBATHCS B yueOHOM MaTepualie i OBICTPO
HaXOJIUTh TO, YTO €MY HYKHO.

OnHuM U3 TPYA0EMKUX KOMIIOHEHTOB MOJIENN
00y4YeHHUsT MOXKET OBITh OJIOK KOHTPOJISL M OIIEHKH
pe3yabTaToB O00yuYeHHs, KOPPEKIHMH Yy4eOHOro
noseneHus [15]. 3aeck, Hapsny ¢ CyleCTBYOLIEH

CUCTEMOH TEeKYIIHNX u MPOMEKYTOUHBIX
KOHTPOJIBHBIX 3aJaHui, TECTOB, HEOOXOIUMO
paspaboTatb JIOIOJHUTEIbHBIC CpencTBa

O00BEKTUBHOW M HE(POPMaIbHONW OLICHKH YPOBHS
c(OPMHUPOBAHHOCTA HEOOXOJUMBIX 3HAHHH U
YMEHHH CTYACHTOB, aKTYaJIbHOCTH PE3YJIbTAaTOB.

Tak, HarIpuMep, pH OpraHU3aIN CAMOCTOSI-
TEJBHOW pabOTHI CTYACHTOB 10 MIPeaMeETy (QU3UKH,
HYXXHO BBECTH AaKTHBHBIC OTHOIICHHUS MEXIY
CTYJICHTOM M IIpero/iaBaTeneM. Y poBeHb TOHUMa-
HUS ¥ YCBOGHHSI MaTepualia orpeaesnsieTcs TOIbKO
HEOOXOIUMBIM ISl cTyaeHTa quanorom. CTyneHT
JOJDKEH HAy4YHTBCS «pAacCKa3blBaTh» MaTepHall,
JOKa3bIBaTh €T0, OTCTAWBATH CBOIO ITO3HIIHIO.

Mexay TeM, ayauTopHash CaMOCTOsTeNbHAas
paboTa BBHINONHAETCS CTYICHTAMH Ha JIEKIIMOH-
HBIX, CEMUHAPCKUX U JJAOOPaTOPHBIX 3aHATHSX, H,
ClIeIOBaTEIbHO, YUUTHIBas Bce e€ (HOopMBbI, LenH,
orOmpast y4ueOHyI0O W HaydHyl HH(GOpMAIHIO,
NPOIYMBIBasi pOJIb CTYJICHTa B 3TOM Hpolecce n
cBO€ yuacTHe B HEM, MpenojaBaresib 3apaHee
JOJDKEH BBICTPOUTH CHCTEMY CaMOCTOSTEIbHON
paboter. Tunst wm otamer CPC mo ¢Qusuke
MIpUBEICHBI HA PUCYHKE 1.

Bwmecte ¢ Tem, BHeayauTopHas CPC no kypcy
(m3uKH BKITIOYAET (PUCYHOK 2).:

a) CaMOCTOSTETbHOE W3YYEHHE OT/ACIbHBIX
TEM TEOPETUYECKOr0 MaTepHaa;

0) caMOCTOSITENIbHOE BBIMIOJIHEHUE HHIMBH-
IyalbHBIX — 3afaHuil  (pacdyeTHO-TpaduIecKux
pabor);

B) BBINIOJHEHHUE, MO JKEJIaHUIO, TBOPUYECKUX
3aIaHAd  HAyYHO-UCCIIEAOBATEIILCKOW  PabOTHI
crynenra (HHUPC).

[loBpimenne 3G ¢GEKTUBHOCTH U KadecTBa
y4eOHOT0 Tpyia CTyJCHTOB IIpeaIoiIaraerT:

a) pa3paboTKy HeobOXxoauMoro wuHpopma-
LHUOHHO-METOJMUYECKOT0 00eCIICUeHHS;

0) oOecreyeHUs] KOHCYJIbTAlMOHHOH IOMO-
B0 TIpErojiaBareNisi, a TakkKe KOHTPOJb
YCIIEITHOCTH BBIMOJHEHUs 3a1aHuii [16].
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Tumner CPC

—

BOCIIPOU3BOAUTEIIbHBIN

KOTHUTHUBHO-UCCIIEOBATEIILCKUN KpEaTUBHBIN

v

A\ 4

'

UteHune, KOHCTIEKTUPOBAHUE, Aoxnazs, Hayunble cratbu, aam.
Iepeckas, IOBTOPEHHUE, 3alIOMUHAHNE pedepats, paboThI, CTIEll. 3a/1aHuUsl, yIaCTHE
(yHIaMEHTaTbHBIX 3aKOHOB (PU3UKH KOHTPOJIBHBIC, B Hay4YH. KOH(]. 110 TeMaM

U T.1. KypCOBBIC I10 uccnenoBanus PU3UKK U T.11.
(bU3nIECKUM
SIBIICHUSIM | T.JI.
v
JTarbl
l l l A\ 4 l l
ITOCTaHOB MPOCKTHP BEIOOD JIeTaITN3aIus
Ka neim OBaHUE nyTeu u camMoorerka KOTHUTHUBHOM OCYMCCTB
CcP CP cpeacts CP TOTOBHOCTH 3a1auu erme CP

Pucynok 1 — Buzpl 1 3Tansl caMocTOATENbHON paboTHI 10 pusnke

=
=

Pucynok 2 — Ocymectpiienue Baeayauroproit CPC no ¢dusuke
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Pe3yabTaThl u 00cyx1enne

PazpaboranHoe  mHPpOPMAITMOHHO-METO/IH-
4yeckoe 00ecredeHre BKIFOYAEeT PYKOBOJCTBO IO
Kypcy ¢usuku (M0 HampaBiICHUSIM H3yUCHHS),
cofiepkaiiee WH(POPMALMIO 1O TeMaM KaKIOro
MPaKTUYECKOTO W 1a00paTOPHOTO  3aHATHIA,
BapHaHTHI 3aJjaHuil pacYETHO-TpadUIECKUX paboT
(PI'P); pexomMeHIyeMBIX TEM I CaMOCTOS-
TEJIBHOT'O U3yUCHHS; BOIIPOCHI TPOMEKYTOYHOIO U
WUTOTOBOT'O KOHTPOJISI.

Ilpu paspaboTke 3amaHuii ObUIM 3aJIaHbBI
KPUTEPUU  TOJHOTBI,  BCECTOPOHHOCTH M
CHUCTEMHOCTH, TO €CTh IO CBOEMY COICpPKAHHIO
3aJlaHusl JIOJDKHBI OXBAaThIBaTh BECh YyUYCOHBIH
MaTepuai, a M0 CBOEMY XapakTepy — COOTBET-
CTBOBaTh  Pa3NUYHBIM  ypPOBHIM  y4eOHO-
MMO3HABATENLHOM JESITETLHOCTH.

Kpome Toro, muddepeHuuaus caMocTos-
TEJIbHOW pPabOThl OCHOBaHA Ha BBIACICHUHU
MUIAKTHYECKUX Teeld OOy4eHHUs, W OCYIIECTB-
JETCA  TOCPEACTBOM  Pa3padOTKH  CHUCTEMBI
HHINBUAYaAIbHBIX y4eOHBIX 3aManuii [17-19].

B mpouecce 3amutel PI'P ocoboe BHUMaHME
yAensieTcsl OBIAJACHUI0O METONaMH pEIIeHUs Ha
OCHOBE IIIMPOKOTO OOOOIICHHUS, KOTAa KaxKias
3a/1ava pemraercs Kak TumoBasi. CTyIeHTHI ydaTcs
BBEIETISITh  KITIOYEBBIE  JJIEMEHTHI TEOpPHH U
OTHpPAThCS HAa HUX NPH BBIPAOOTKE MBICIICHHOTO
MPEJICTABICHUS 3alaHHON (PU3UYECKON CUTYaIuH,
WCTIONB30BaTh METOJ aHAIOTHUH. YcTHOe cobece-
JnoBaHue B mnpouecce 3ammrel PI'P HaneneHo Ha
BBIPA0OTKY Y CTYJIEHTOB CUCTEMHO-OPTaHW30BaH-
HOTO 3HAHUS, D3JEMEHTHl KOTOPOTO OTYETINBO
BBIETIEHBI, a WX B3aWMOCBS3M OCO3HAaHHI,
MHOTOBapUAaHTHOCTH U TUOKOCTH, TO €CTh, YMCHHS
BUJICTh HECKOJIBKO CIOCOOOB pEIICHHS JTaHHOM
3aJladyl W HAXOOWTH pPEIIeHHE TPU H3MEHEHHUH
OTJICIBHBIX JICMEHTOB €€ YCIIOBUSI.

HUPC wna xadenpe ¢GU3UMKKM BKIIOYACT
y4acTHE B OJUMIIMAJE, CTYJICHYECKOH HAay4dHOU
KOH()EpEeHIInH, B pPaMKax KOTOPOW MPOBOIUTCS
KOHKYpC Ha JIy4llyl0 pa0oTy, W y4YacTHE B
pa3paboTKe MPOEKTOB, UMEIOIINX MPAKTHYECKUI
BBIXOJT B y4YeOHBIA Tmpomecc. IS CTyIEeHTOB
OpTraHMU3YIOTCS CHCIHATBHBIC 3aHITHS (CEMUHAPHI)
M0 PEIICHHI0O HECTaHAAPTHBIX 3aaad. Pemenue
HECTaHIAPTHBIX 3ajlad, COJIepKaHHe KOTOPBIX
3a4acTyl0 OXBaThIBa€T HECKOJIBKO pa3zciioB
MUCIUILTAHBL, TpeOyeT OT CTYICHTOB SICHOTO
MMOHWMAaHUS ~ OCHOBHBIX  3aKOHOB,  BIIAJCHUSI
MaTeMaTHYeCKUMHU MeTOJJaMH, MOJITHHHO
TBOPYECKOTO YMEHUs MPUMEHSTHh WX JUIsl 0OBsC-
HeHus ¢u3udeckux sBieHud. OHO TOOYyXKIaeT
CTYIEHTOB K 0Oojiee MIyOOKOMY H3YYEHHUIO
(yHIaMEHTANFHOW  JUCIMIUIMHBI,  Pa3BHBAET

M300peTaTeIbHOCTD, PACIIUPSET apCeHANl CPENCTB,
KOTOphIE HEOOXOAWMBI JIi  TPOAYKTUBHOTO
peLICHUs] NHXKEHEPHBIX 3a/1a4.

Jlpyroe HampaBieHHE CBSI3aHO C TBOPUCCKHUM
MMOWCKOM W TepepaboTkoil wHpOpMamuy mpu
MOATOTOBKE pedepaToB W JOKIAZOB Ha KOH(e-
penruto. Hamu pa3paboTaHo TONOKEHHE, B
KOTOPOM H3JIOKEHBI TPEOOBAHUS K COACPKAHUIO U
odpopmiieHHI0 pPabOT, KPUTEPUU KX OICHKH B
yCIOBHSIX KOHKypca. EskerogHo cocrasnsercs
NPUMEPHBIN CIMCOK TEM, OXBATHIBAIOIIMNA Kak
(yHIaMEHTaTbHBIE BOIPOCH HAYYHOH KapTHUHBI
MHUpa (COBpEeMEHHBIE KOCMOJOTHYECKHE MOJIEIH,
001I1ast TeOpHst MPOCTPAHCTBA U CHHEPI€THKA), TaK
U BOINPOCHI TEXHHYECKOTO MPUMEHEHUS (U3H-
YECKUX OTKPBITUA BO BpPEMEHH, OTpPACIAX
SHEPreTUKHU U TEIEKOMMYHHUKaUui. B gacTHOCTH,
HaITUX CTYJCHTOB IIPHUBJICKAIOT CICAYIONINE TEMBI:
(m3nYecKue OCHOBBI ONTHKO-BOJOKOHHOW CBSI3H,
MPUMEHEHUE JIa3€pOB, LIyMOBas TEMIEpaTypa U
PaIUOTEXHUYECKHE METOABl HW3MEPEHUS TEM-
nepartyp, PaaroacTpOHOMUYECKUE METOIbI
WCCIIEIOBAHAA KOCMHUYECKHX OOBEKTOB, IPOO-
JIEMbl U TIEPCHEKTUBHI aTOMHOM SHEPreTHKH,
BO300HOBJISIEMBIC WCTOYHHKH JHepruu. MHOTIa
TeMy MpeqIaraloT CaMH CTYJEHTHI, OOHAPYXUB
3aMHTEPECOBABIINE MX CBEICHUS B pecypcax
robanpHON cetn. Kak mpaBwiio, Takue TEMBI
KacaroTCs HOBEWINMX NEPCIEKTUBHBIX HAY4YHO-
TEXHUYECKUX DPa3padOTOK, K IMpPUMepy — HaHO-
TexHosoruil. [Ipu 3TOM y CTYZ€HTOB pa3BUBAETCS
YMEHHUE COCTAaBUThH IUIAH BBICTYIUIEHHUSA, YETKO U
SICHO H3JI0KHUTh OCHOBHOE COJIEp)KaHUE,
OTCTauBaTh CBOIO TOUYKY 3PCHHSI TIPU 0OCYKICHUU
npoOiieMel. IHTEpec U cTpeMieHne OBITh B Kypce
HauOosiee 3HAYMMBIX HOBEHMINHX TOCTH)KECHHH B
Hay9IHO-TEXHUYECKON cdepe OTIIMIaeT TBOPUECKU
aKTUBHBIX CTYACHTOB - OYAYIIMX HHXKCHEPOB M
BBICTYIaeT OAHMM H3 (aKTOPOB, CIOCOO-
CTBYIOIIUX Pa3BUTHIO HX HPOPECCHOHAIBHOTO
MBIIIICHUS.

Takum oOpa3om, MeToauueckas paborta
Kadeapbl, OCHOBAaHHAs Ha HAYYHOM IOAXOJE K
oOydeHno (U3WKKM BO  BTy3e, II03BOJIAJIA
pa3paboTaTh  coAepX)aTeNbHYH W  IpOIec-
cyanpHyto croponsl CPC, mpencrapisionIyio
4acTh COMHOW WH(POPMAIIMOHHO-METOAMYECKOM
CHUCTEMBI, 00ECIIeYnBarOIIeld TOTOBHOCTh IIPETo-
JaBateniei NeATeTbHOCTH B YCJIOBHUSX YHHBED-
cHUTETA.

3akioueHue
MBI KOCHYJIHCH JIUITh HEKOTOPHIX BOIPOCOB

COBEPIICHCTBOBAHUS MOJIeTTH MOITOTOBKHU
Oyaymux 0akaiaaBpoOB, YTO HE MOXKET TOJHOCTBIO
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pemuTh npolieMy KpEOUTHOW TEXHOJIIOTUH B
BY30BCKOM OOydeHHH. MccienoBaHus B 3TOM
HAaIpaBJIeHUH OyIyT MPOIOKEHBI, B YACTHOCTH, B
JanbHEWIIeM Mbl CYMTAaeM LeJIecO00pa3HbIM
HepeTH K pa3paboTKe KOMIUICKCHBIX WHIWBH-
IyaJbHBIX 33724 Ha OCHOBE MEXIUCIUILTHHAPHBIX
cBs3eil. Hampumep, cioxHble ¢usnko-maTema-
TUYECKUE 3aJayd, I[IO3BOJSIOMINE CTYyACHTaM
ycBaMBaTh Marepual MO JBYM THpeaMeTaM
OJHOBpeMeHHO. Takue 3a/laHusi SKOHOMST BpeMs
CTYZACHTa U IMO3BOJISIIOT MOJYYUTh MPAKTUIECKHE
3HAHMUAL.

Kak BHAHO W3 BBINIEU3IOKECHHOIO, TPH
0OHOBIIEHHH MOJIENH 00y4YeHus pus3nke pedb uAET

O COBEpILICHCTBOBAHWHM JBYX OCHOBHBIX KOM-
MOHEHTOB 3TOM MOJIENIN — COJIEpKaHUA U ITpoliecca
B HUX €JWHCTBE W B3aUMOJAECHCTBUM C YYETOM
WHHOBAllMOHHBIX IIPOLIECCOB B COBPEMEHHBIX
By3ax. CoBpeMeHHBIC HAyYHO-TIEIarOTHIECKUe
3HAHUA TO3BOJIAIOT CTaBUTh W peEllaThb TaKUe
3amayn. YTOo Ke KacaeTrcsa IIeJarorudecKou
VHHOBAallMM KaK Ipolecca TBOPUECKOW AesTelNb-
HOCTH, TO OHa BEIET K  IIOBBIIICHHUIO
Mpo(h)eCCHOHATIBHOTO MacTepCTBa IEIaroroB W,
KaK CJIEACTBHE, K TIOBBIIICHHIO KadecTBa
MOJATOTOBKHU CTYAEHTOB.
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