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The current state of Kazakh cinema, Korean cinema, the importance of the film language in the movies of the
two countries, the development of Kazakh and Korean web series.

Keywords: semiotics, film language, Kazakh and Korean cinema.
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“Cinema is life. Only life without boring mo-
ments"
A. Hitchcock

In the life of a modern person of any culture, cin-
ema occupies an important place, because cinema is
one of those worlds in which everyone gets what he
needs, in the genre of his choice, he can go on a fantasy
or space journey, even on the most sensual or a histori-
cal event that his inner needs and desires require. All
this can be called the magic of cinema and the power of
cinema. And behind this power is work that the average
viewer does not know — we are talking about the work
of the scriptwriter and director, the selection of stage
set, the work of actors with hundreds of people on the
set, further editing, writing or selecting music by genre
and the last moment to reach the audience is a demon-
stration of the movie, the achievement of audience en-
thusiasm. In a word, this is an amazing world of cin-
ema.

It is known that not everyone is familiar with the
fact that cinema has its own movie language or cine-
matic semiotics, only the screenwriter of the movie or
the soundtrack to the movie knows about this, and no
one else knows about it except them. Cinematic semi-
otics was first introduced into the world of science and
cinema by the scientist Yu. M. Lotman. Cinematic lan-
guage refers to everything from the style of filmmaking
chosen by the director to the costumes chosen by the
operator, the lighting, the artist, and even the actors. Be-
cause each of them has a movie language or movie se-
miotics. As for the original movie, the production men-
tions the world. And during filming, thanks to the skill
of the actor, you can use a lot of gestures, eye move-
ments, facial expressions, etc. This is because in addi-
tion to the text in the movie, it is accompanied by a
vague cinematic language. What is the language of cin-
ema? Here, the question arises of what the average
viewer needs. The answer is that every movie has its
own semiotic features. It can be in the text, in the mon-
tage, in the operator, or in a particular tone of light.
Thus, the viewer not only sees the movie, but also from
the first moments of the movie learns what the it is

about, its style, and what special impression this movie
makes.

According to Lotman [1], the color of each sign,
each melody or ray of light, together with its features,
gives a certain meaning. All these are clear signs of a
language code. As humanity has changed, so has the
movie industry. Cinema can tell a lot about the people
of a country, its internal or external culture. Today's
21st century is dominated by postmodern cinema. Pre-
viously, cinema was a change of stage sets, then silent
movies (rich in many characters), then went through the
stages of sound cinema, and now it is moving into many
different movie formats, such as Dolby Digital, 4K,
IMAX. Thanks to this, we now see a movie with its own
colorist and style of each country and people, and we
know what the director or screenwriter wants to say
through many celebrities.

Each film represents the world of culture not only
of certain people, but also the inner and unique world
of each person. Therefore, in this article, the authors
tried to conduct a comparative analysis of Kazakh cin-
ema with Korean and their role in popular web series.
The purpose of the article is to review and compare the
semiotics of Korean and Kazakh web series.

In recent years, Korean cinema has made a lasting
impression on the world, and Netflix [2] has recorded
an unprecedented amount of viewing. The name of the
performance is "The Squid Game™" or "The Squid
Game" directed by Hwang Dong Hyuk. The series
shows that the Korean people do not mind living in
poverty and killing each other for money.

Let's turn our attention to the symbolic aspects of
this flag, whose characters will have to go through
many competitions over the course of the series. It turns
out that all these competitions are children's games, but
the heroes themselves decide what kind of game it is
before the competition begins. Towards the end of the
series, when the number of people decreases, in the
room where the characters live, all kinds of games and
serial numbers are displayed, which is one of the first
semiotic signs. Further evidence that the director pays
a lot of attention to the language of the film or any of
the characters is that he appears in the same game under
the character name 001. The Korean name is "Ko Il
Nam", which means primary or first. During the invita-
tion of characters to the tournament, we meet with good
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symbolism, where the player is given two cards, one of
which is red, and the other is green. It turns out that the
character who chose the green color will participate in
the competition as a player. Conversely, a character
who chooses a red card shows their agreement to pro-
tect the players. It is symbolic that these two colors
were not chosen by chance, because in the color scheme
green and red are opposite to each other, that is, they
describe the relationship between the players and the
guards. Red is known to be intimidating. This is further
evidence of director Hwang Dong Hook's semiotic ap-
proach to each character.

Each character shows how their life in the series
ends, in the first 5 or 10 scenes, as they are now pre-
sented in the series. In other words, by introducing each
character to the average viewer, he showed how he
would die in that series. Obviously, this is a manifesta-
tion of the director's high symbolic knowledge. We no-
tice the symbolism that the director introduced into the
masks of the guards. The proof of this is the fact that
the guards have three types of masks: round, triangular
and square. It is clear that the director wanted to show
the guards a group of ants. That is, for ants, everyone is
engaged only in their own business and clearly knows
their role. It also says that every guard must do his job.
With a round mask, he plays the role of an ordinary
worker. During the series, it turns out that the triangle
is a soldier, and the square is a commander. The direc-
tor was able to draw symbols on the stairs leading to the
game. He built a staircase based on a painting by M.K.
Escher “Relationships™ [3], built in 1953. The viewer
knows that the stairs immediately cause a feeling of fear
or panic. In terms of political symbolism, it is clear
from the series that there is a group of people who are
sponsoring the game. Here the director wanted to show
that people with pockets are ready to kill each other for
money, and that sponsors have paid for it.

Alisher Utev, director of the 5:32 series on Salem
Social [4], is one of the most popular series that has
taken a special place among our Kazakhstani web se-
ries. 5:32 — a series about real maniacs. The very name
is full of symbolism. This is because, as stated in verse
32 of Sura 5 of the Holy Qur'an [5] "he who is guilty of
the death of one person has committed the murder of
the whole world, and he who has saved the life of one
person has saved the whole world," as stated in a pri-
vate conversation by the director. In general, the semi-
otic point of view of the director during the series is
clear from the point of view of the cinematographer and
composer. The work of the cameraman B. Arginov is
special, because the framing and shooting style imme-
diately immerse the viewer in this atmosphere.
Throughout the series, the operator filmed on camera
without the help of a tripod and stabilizer. The goal of
this technique was to give the viewer as much access to
the atmosphere as possible and create the feeling of be-
ing at one with the characters. This shows the use of
cinematic language between director and cinematogra-
pher.

Another feature of the series is the soundtrack
written by the composer exclusively for the series.
Composer R. Ziganshin [6] wrote a complete musical
accompaniment to the series with the help of a guitar.
Itis interesting that here the viewer, through the music,
fully completes the plot or the inner experiences of the
actor that occur during the script. This is a job that re-
quires great skill. In the course of the series, the inves-
tigator determines by the actions and traces of maniacs
or by the style of murder what type of maniacs they be-
long to, which can be understood as a sign of symbol-
ism. And the investigator shows that they have a lot to
do in life. Another clear sign of the semiotic language
is that in the series we often see the number 5:32, which
even appears on the clock or in the character's story.
The director labeled each maniac with his own charac-
teristics and did not identify them, thereby revealing
their motives or motives for the crime. We can say that
this web series aroused unprecedented interest in Ka-
zakhstan and significantly raised the level of the Ka-
zakh web series.

In comparison, the model of these two web series
has semiotics with cinematic language used in its own
style on both sides, and each is not the same. Because
two countries, two cultures, two styles, but they all used
the symbols of the cinematic language. In addition to
the main screenplay, other theories of human interest
are revealed. And a person who knows the language of
cinema is especially impressed. Even though Korean
cinema is richer and more developed in history than Ka-
zakh cinema, it can be said that our country's web series
are at a good level. But that's still not enough to make
it onto a global Netflix-like platform, and movie lan-
guage plays a big part in that. We see its effect. After
all, the sign can be found anywhere in life.

Thus, we found out that it was M. Lotman who
first singled out and studied the semiotics of language
in cinema in the form of theory and practice. Thus, we
now know many new theories, such as the filmmaking
process of movie critics, directors, actors and ordinary
viewers, not only filming it, but also the role of the idea
that accompanies it, adding symbols and meanings to
it. And a special place in cinema is occupied by the
symbol of movie language.
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Abstract

Non-carious lesions are fairly common diseases that almost every dentist meets during his work. Among them,
erosion of hard dental tissues should be distinguished, mainly manifested on the front upper teeth in the form of a
bowl-shaped defect in dental tissues. Erosion of hard dental tissues is a progressive defect in which enamel and
dentin are destroyed [1,5]. During the initial examination, it immediately catches the eye, as the defect of the tooth
takes on a bowl-formed shape. Because of its appearance, this disease is called dental erosion [1-5].

According to studies, every year there are more and more patients with this pathology. Many scientists asso-
ciate this with the abundant use of citrus fruits, while others with a disorder of the endocrine glands. The preva-
lence of this pathology increases with age, most often it is found in middle-aged people [1,2,4,5]. This defect
violates the aesthetic appearance of a smile, and in addition, it can lead to increased sensitivity of the teeth [4,5].
Scientists have not come to a consensus on the causes of the disease and methods of its treatment [14]. However,
in many cases, the disease can be prevented by applying simple methods of prevention.

Annomauusn

HeKapu03Hble nopastcerusl- amo 0060IbHO pacnpocmpaHé'HHble 3ab01e6anus , C KOmopblmu cmankueaemcs
NPAKMuyecKu Kaxcowlii Cmomamonoe 60 epems ceoell pabomul. Cpedu Hux credyem bloeaums dPo3uio meepobix
3YOHLIX MKAHEU , 8 OCHOBHOM NPOSGIAIOWYIOCS HA NEPEeOHUX 6ePXHUX 3Y0ax 6 ude deghexma 3y6HOU MKAHU Ya-
wieobpasnoll Gopmul. Ipo3us MeépoObIX MKAHEl 3606 — 5mo npospeccupyiowull oegpexm, npu KOmopom pas-
pywaiomes smane u denmun[1,5]. Ipu nepsuunom ocmompe ona cpazy 6pocaemcs 6 2nasd, max Kax oeghexm
3yba npuobpemaem yaweobpasnyio popmy. HM3-3a newneco guda dannoe 3a601esanue noayHuil0 Ha3eanue 3po-
3us 3y606 [1-5].Cocnacno uccnedo8anusm, ¢ Kaxcovim 2000M GONbHBIX ¢ OAHHOU namoao2uell CMaHo8UMcs 6ce
boavue u bonvue. MHozue yuenvie 3mo ces3bl8aAm ¢ 0OUILHbIM YROMPebieHUeC Yumpycogulx , a opyeue ¢ Hapy-
weHuem aceines 6HympeHH€ﬁ cekpeyuu. PacnpocmpaHéHHocmb aaHHOﬁ namoJjioeuu eozpacmaem c¢ 603pacmom,
yawe 6cezo ee 0OHapydcugarom y auy cpeonezo gospacma [1,2,4,5 |. lannoe nopasicenue napywaem scmemuye-
CKUll BUO YNIBIOKU, A KPOME MO20, MOJICEM NPUBECU K NOBbIUEHHOU YyscmeumenvHocmu 3y006 [4,5]. Yuenvie ne
NPUAU K eOUHOMY MHEHUIO O NPUYUHAX BO3HUKHOBEHUS 3a001e6aHus U 0 Memooukax e2o aevenus [14]. Oonaxo
60 MHOSUX CAYYASX OOJIe3Hb MOIICHO NPEOOMBPAMUMb, NPUMEHSISL NPOCHIbLE MeMO0bl NPODULAKINMUKU.

Keywords: dental erosion, bowl-shaped defect, causes, prevention.
Knroueswie cnosa: sposus 3y608 ,uauteobpasuulii Oeexm, npuiuHsl, npoPUIAKMUKA.
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BBenenne. Kax/piii yenoBek MedTaeT O Kpacu-
BOM yJIbIOKE, O/IHAKO y OOJIBIIMHCTBA JIFOJICH HMEIOTCS
pasnuuHble 3a0oneBanus 3yOoB. B Hacrosiiee Bpems
3HAYUTEIHHO BO3POCIIO KOJIWYECTBO ITALHEHTOB C HE-
KapHO3HBIMH TIOPAXCHHUSIMH 3yOOB Cpemy KOTOPBIX
3HAYUTEIBHOE MECTO 3aHMUMAET 3po3ust 3y0oB[1,2,3.4].
Ha pannem stame 5po3usi MIMEET BHI OKPYIJIOTO Je-
(hexTa ¢ TIIAAKUM THOM HA BBICTYIAOMICH YacTH Tie-
penHell MoBepXHOCTH BepXHHUX pe3ioB. Co BpeMeHEM
9MaJib MTOJIHOCTBIO CTHPAeTCs, 0OHaXKaeTCs IEHTHH, KO-
TOPBIii 3aTeM Toke yObiBaeT. Ha HawanpHOW cTaguu ae-
(beKT dMaM MOKET UMETh OYEHb MaJICHbKUE pa3Mephl
, HO TIPH OTCYTCTBUH CBOEBPEMEHHOM CTOMAaTOIOru4e-
CKOW TIOMOIIM TOpaXkaeTcsi BCS MOBEPXHOCTH 3yOa.
Ecmu 30Ha mopaxxeHuss HAXOIUTCS B TpeAesiax dMally,
I[BET pe3loB He MeHsercs. [Ipu oOHakeHNH NeHTHHA
MOABIISIOTCS JKENThIe IMATHA.B oTimume ot kapueca,
3po3uBHBIE Ae(PEKTHl HE CBS3aHBI C Pa3MHOKECHHEM B
POTOBOI! MOJIOCTH TATOTEHHOI MHUKpPOdIIOpPHI [5].

CymecTByeT MHOTO MHEHHUH TI0 TTOBOJY MpPOWMC-
XOKACHUSI 3PO3UBHBIX Ne(PEKTOB, U ATOT BONPOC HE 5IB-
JseTcs A0 KOHIA M3YYeHHBIM. JTa TeMa MOpPOXKIaeT
MHOTI'O CIIOPOB U BONIPOCOB CPEH YYCHBIX U Bpauei ,
MoATOMYy TpeOyeT Oouibliero BHUMaHUs. Pe3yibrarsl
HCCIICIOBAaHUN CBUJETEIBCTBYIOT O CYIIECTBEHHOM
YBEJIMUEHUH PACIIPOCTPAHEHHOCTH 3pO3uil 3yOOB B MO-
caenuue 10 net[6]./lanHOE 3a00eBaHUE JIETKO MOYKHO
YBHUZIETH BO BpeMsI YIBIOKH U 00CTICIOBAHMUS , TAK KaK B
o0nacTy mreitku 3y0oB 00paszyeTcs nedeKT yameodpas-
HOU (hopmer . [Ipu mamHOW OONE3HM MOBPEKTAIOTCS
TBEpIIbIC TKaHH 3y0O0B, MpuJieraromue k aecHe [ 1,4,5].

30T Ae(PeKT TOCTATOUHO PACIPOCTPAHEH, €ro 00-
HapyXuBaloT npudmmsutensHo y 40-50 ciydaeB Ha
(hoHe yBenMYEHUs [IUTOBUIHOM XKeJIe3bl U HapyLICHUS
ee ¢ynkmuu. COorjJacHO CTaTUCTUKE B OCHOBHOM 3TO
MOpakeHHe IHArHOCTHPYETCS y JHUI CPEeTHEero BO3-
pacTta , OHAKO MPOSBUTHCS OHO MOKET U Yy JIMIl MOJIO-
Joro Bo3pacra [1].

Cpemu (pakTOpOB pHCKa Pa3sBUTHS SPO3UH BBIIC-
JISIOT CIEIYIOMIHE

1. YnoTpeOneHre KUCIBIX THIIEBBIX MPOIYKTOB,
Ta3UPOBAHHBIX HAITUTKOB, (PPYKTOBBIX COKOB H APYTHX
MPOAYKTOB ¢ HU3KUM ypoBHeM pH; — pa3keBbIBaHUE
BUTAMUHOB M JPYTHX JIEKAPCTBEHHBIX CPEJICTB (BHTa-
MuHC [12] u acniupuH); — IpueM HapKOTUYECKHUX Ipe-
MapaToB.

2. 3a0omneBaHus XeIyA0YHO-KHIIIEYHOTO TPAKTa.

3. PaccrpoiicTBa numeBoro pexumal7,10].

4. TlpodeccroHambHBIC BPSIHOCTH .

5. Huzkwii ypoBeHb CIIFOHOOTIEICHUS, HU3Kas 0y-
(hepHas eMkocTh ciroHbI[7,13].

[Tpu akTBHO# Qopme 3po3un 3yO0B NMOCTETIEHHO
pa3BUBACTCS THIIEPYYBCTBUTEIHLHOCTH [9], 94TO mpUIH-
HSeT OOJIBHOMY 3HauyuTeNbHBIC Mpobiembl. Cyiie-
CTBYIOT pa3JIMYHBIE METOIBI JICUSHNUS JTaHHOTO 3ab0re-
BaHUs, OJHAKO BCE OHU MMEIOT CBOW TpyaHOCTH [1].
Campblii eficTBEHHBIN CIOco0 OOpBHOBI C JTAaHHBIM Jie-
(hexTOM — IPeIOTBPAIIEHNE €r0 Pa3BUTHS, T.€. COOIIO-
JICHHUE TIPaBWIT IPOPIITAKTHKH.

MarepuaJgsl u metoabl. [Ipu Hanucanuu 1aHHOU
HAy4YHOM CTaTbU HCIOJIb30BAJICSI TEOPETUUECKUN aHa-

U3 U 0000IIECHUE NAaHHBIX HAayYHBIX TPYIOB OTCYC-
CTBCHHBIX W 3apPYOEKHBIX YUCHBIX O COBPEMEHHBIX Me-
TOJIaX MPOPHIAKTHUKH IPO3UU 3yOOB.

Pesyabrarel ucciaenoBanusi. MoXHO Ha3BaTh
HECKOJIFKO MPUIHH BO3HUKHOBEHUS IPO3UH 3y0O0B :

- xuMuyeckas. [lox Bo3nelcTBHEM KUCIOT, COAEP-
KAIMUXCS B TPOAYKTAX W HANWUTKaX, HapymiaeTcs
cTpykTypa smanu[8,11,12];

- (pmsuko-mexanndeckas. Jlepekt Bo3HUKAET W3-
3a HEeMIPAaBWIBHOTO TIPUKYCA, T.K. HEIPABHIBHO pacipe-
JIeIsCTCS HATPY3Ka;

- MEXaHUYeCKas. DMajb MOBPEKIACTCS MO BO3-
JieicTBHEM aOpa3sUBHBIX MACT M KECTKUX 3yOHBIX IIe-
Tok [11; 12].

CymecTByeT HECKOIIBKO cIToco00B OOPEOEI ¢ Apo-
3ueft 3y0oB. OmHAKO CIeAyeT IOMHHTB, JaXe IPH
YCIEUTHOM JICYCHUHU €CTh BEPOSITHOCTh PEIHINBA, SCITH
HE COOJII0IaTh BCE PEKOMEH/IAINH BpaJa.

Cpenn npoprIaKTHIECKUX MEPOIPUITHIA MOKHO
BBIJICIIUTH CIIEAYIOIINE:

[MpodunakTrka 3po3UBHBIX HOpaxeHHid 3y0oB. C
LENbI0 TPO(UIAKTUKHA SPO3UBHBIX MOPAXKEHUH HEO00-
XOJIMMO BBISBIISITh M UCKJIFOUATh (PaKTOPhI pucKa[7].

1. PanuoHasbHOE MUTAaHUE ¢ MUHUMHU3ALMUEH T10-
TpeOaeHus MPOAYKTOB M HAIUTKOB C HU3KUM YPOBHEM
pH

2. KoHTpomnp rUrHeHNYECKUX HaBBEIKOB M 000C-
HOBAHHBIN BBIOOP CPEIICTB TUTHUCHBI

3. VYkpermieHne TBepAbIX TKaHEH M HOpMaim3a-
st QYHKITUH CITFOHBI

4. HampasneHue K CMEKHBIM CIICIIHATICTaM IS
CBOCBPCMCHHOI'O BBIABJIICHHUA W JICUHCHUSA COMaTU4C-
CKOM matonoruu|[7].

3akJouenue. Jpo3us 3y00B - 3T0 3a00eBaHKe,
IpU KOTOpOM o0pasyertcs ieekT 3yda B pHIeCHEBOM
obmnacTu gameobpasHoit ¢opmsl [1].

1. B atnonorum 3po3uil TBEpABIX TKaHEH 3y0OB
B3aUMOJEHCTBYIOT clieytommune (pakTopbl: 9K30TCHHBIE
(mpodeccroHaIbHBIE BPEJHOCTH, OCOOEHHOCTH MHUTA-
HUS1) U SHIOTCHHBIC (paKTOPHI (HapyIIeHuss oOMeHa Be-
IIECTB, SHAOKPUHOIIATHH, OpyKCH3M, 3a00JICBaHUS Ke-
JIyZOYHO-KUIIEYHOTO TPaKTa) B COYETAHWH C HeETpa-
BIJIBHBIM YXOJIOM 3a TOJOCTbIO pTa. 2. OCHOBHBIM
MEXaHU3MOM SIBJISETCS JEMHUHEpaIu3alus 3Mand. 3.
He3aBuCHMO OT cTeNEHU BBIPAKEHHOCTH 3PO3HUHU Kade-
CTBO U3HU 3TUX NALIUEHTOB CTPaJacT B TOM UM UHOI
cTeneHu. Jlaxke eciu mepBoe BpeMs MalueHTa MpaKkTu-
YEeCKH HUYEro He OEeCIOKOWT, B JajbHEHIeM IpH OT-
CYTCTBHUHM KOPPEKIIMH ATHOJOTUYECKHX (HaKTOPOB H
BMEIIATEIBCTB CHEUUAINCTa CUMIITOMBI HApacTaroT
JaBUHOOOpasHo. 4. ANroput™m je4eOHO-NpoQHITakTH-
YEeCKUX MEPONPUITHH Yy IaHHOW TPYNIbI MAlMEeHTOB
JIOJDKEH BKJIIOYATh: * -KOPPEKIMIO KaK BHEITHUX, TaK 1
BHYTPEHHHUX 3THOJIOTUYECKHX (DAKTOPOB; * -CIHIeLIUAIIH-
3MpPOBaHHOE JICYSHHE Y CTOMATOJIOTa Iepes Tpedyemoit
pecTaBpanyeii ¢ IpUMEHEHHEM PEMHUHEPATH3YIOMNX 1
(dTopcomepKamux MpernapaTroB BIUIOTH IO pecTaBpa-
UM (C MPUMEHEHHEM IUIOMOWPOBOYHBIX MAaTEpHaIOB
u3 Tpymsl Komomepos wiu CHL); ¢ -obmiee neuenne
C 00s3aTeNnbHON qUCHaHCepu3alnell B TEUEHUE JUIN-
TEJILHOTO BPpeMEHU( TOKU3HEHHO) [6].
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[IpenoTBpaTUTh MOSBICHHE AAHHOTO MOPAKEHUS
MOXHO TNPHIECP)KUBAICh MHOTOYUCICHHBIX U JOCTYII-
HBIX IpoQHIaKTHUECKMX  Meponpustuit  [1,5,6].
TosbKO MX BBITOJHEHHE W OCPEKHOE OTHOLICHHE K
CBOEMY 3JJ0POBBIO ITO3BOJIUT HE JOMYCTHTH PAa3BUTHS
HE TOJIBKO 3TOro 3a00JIeBaHMs, HO M MHOTHX JAPYTHX.
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The article discusses the provisions for teaching physical disciplines in Kazakh universities in English. In this
regard, some opinions and wishes were expressed regarding the trilingual project. When forming separate groups
studying physical subjects in English, attention was paid to the following provisions. The first is students who
graduated from schools in the Kazakh language and have an appropriate level in English. And the second - exactly
the same situation, but graduated from school in the Russian language. The third is students who studied physical
disciplines at school in English and have relatively good preparation in this direction. The corresponding meth-
odological proposals for teaching physical disciplines in English are proposed, taking into account the indicated
provisions. These proposals are made on the basis of the experience gained in this direction in the course of work

at the Abai Kazakh National Pedagogical University.

Keywords: physical disciplines; English language; metodology; opinions; suggestions; textbooks; students.

Earlier, in order to increase the competitiveness of
the country and citizens, a phased implementation of
the cultural project "Trinity of Languages" was pro-
posed. In accordance with this project, the issue of the
development of three languages in the republic was en-
visaged: Kazakh, English and Russian [1].

In the context of the rapid development of modern
science and education, the teaching of natural sciences
on the basis of fundamental sciences in international
English will certainly be of great importance.

About four or five years ago, proposals for a mass
transition to teaching natural sciences in English in
schools and universities of the country, in particular
physics, computer science, chemistry, were somewhat
hasty and not deeply studied. These are probably the
main reasons why these proposals have not yet been
implemented in the country's education system.

Thirdly, if we look at history, there is a danger that
the painstaking work of our intelligentsia, which has
worked hard for decades and even hundreds of years to
teach natural disciplines in the Kazakh language, will
be wasted.

Fourth, this is even the main reason. Violation of
the right of the country's youth to study these subjects
in any language. It should be noted that there are other
objective and subjective reasons for this problem.

Therefore, the responsible persons of the country
have recently come to a calm and balanced decision on
this issue. In other words, they support the teaching of
these disciplines in English not everywhere, but in spe-
cial schools and individual groups of universities. Here
we would like to say a few words about trilingualism.
Attempts to implement this project from kindergarten
and elementary school can lead to the emergence of an
illiterate generation, weakly speaking three languages.

In accordance with the basic principles of nature,
medicine and pedagogy, our children should learn other

languages only after studying the surrounding world
and society in their native language, i.e. Kazakh. There-
fore, we believe that our children should study only in
their own language, that is, Kazakh, at least from kin-
dergarten to the fifth grade, and only then start learning
other languages. In this regard, for example, we can fol-
low the example of Japan, which is recognized as a civ-
ilized advanced country.

Now let's move on to the main issues of the article.
In recent years, the Kazakh National Pedagogical Uni-
versity named after Abai has been successfully teach-
ing natural sciences in English in separate special
groups. Now let's briefly focus on our methodological
experience with the problems that arise when teaching
physics in English in separate groups studying at the
Institute of Mathematics, Physics and Computer Sci-
ence of our university. When forming a group of stu-
dents studying these disciplines in English, the follow-
ing cases were observed.

The first case is students who graduated from
school in Kazakh, studied English well at the school
level, and now want to develop it in connection with
their specialty.

The second case is students of the same level as
mentioned in the first case, but who graduated from
school in Russian.

The third case is students who have studied natural
sciences in English in special schools and are better pre-
pared than in previous cases.

The fourth case is students who graduated from
school in Kazakh or Russian, but have skills in other
specialties than in natural specialties and have a poor
command of English.

If we want to achieve good results in this area, it
is better to create separate small groups and develop
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special programs for them, taking into account the spe-
cifics of the situation. In this situation, there are no such
opportunities, so they all study in the same group.

Experience shows that in one group it is necessary
to work with students of different levels in English, and
with language peculiarities, depending on graduate
schools in physical disciplines, according to different
methodological approaches during classes.

For example, in the first case mentioned above, it
is effective for students to familiarize themselves with
the topic first through appropriate textbooks in Kazakh,
translate its definitions, theories and equations into
English, and then study and analyze using appropriate
textbooks in English.

In the second case, it is better for students to do the
same, of course it is clear that they will use the appro-
priate textbooks in English and Russian.

The need to use these methods for students in the
firstand second cases in the group is that they first think
about the studied physical phenomena in Kazakh or
Russian, and only then try to comprehend their content
in English. On the other hand, these students will be
specialists who will be able to teach physics in at least
two languages, for example, Kazakh-English or Rus-
sian-English.

In the third case, students have the opportunity to
work directly with textbooks in English, for example,
with books prepared by Oxford University (Oxford
University Press) in the library of our Universities.
They are fully implemented by the teachers of the Fac-
ulty of Physics.

We realized that working with students in the
fourth case is very difficult. Such students either do not
know physics well, i.e. they did not really study physics
at school, or they do not know English well, they were
not interested in studying it. Therefore, in accordance
with the above features, we believe that it would be ef-
fective to teach students separately in small groups.

In particular, teaching physics in English encour-
ages students to discover, conduct various observations
and experiments, expanding their vocabulary. The main
thing is that their English vocabulary is replenished,
conversational skills are formed [2].

To date, there are many innovative technologies
that meet the requirements of training. Modern technol-
ogies are designed to increase the interest and motiva-
tion of students to study.

In Kazakhstan, as in many countries of the world,
in recent years, integrated teaching of the subject and
English has been carried out using two approaches
CLIL and EMI: CLIL (Content Language Integrated
Learning) is a combination of content and language di-
dactic methodology, which allows the formation of lin-
guistic and communicative competencies outside the
language [4]. Integrated learning, i.e. CLIL, takes into
account the importance of forming interdisciplinary
connections in the classroom, that is, CLIL technology
is considered as a necessary tool for teaching a foreign
language in other disciplines.

EMI (English as a Medium of Instruction) is a
method of teaching mathematical and engineering dis-
ciplines, developed recently [5]. The main idea of EMI
is to combine the study of two subjects at once, one of

which is physics (mathematics), and the other is Eng-
lish. However, the difficulty in applying this technique
in schools, in addition to the lack of subject teachers
with knowledge of English, is the lack of necessary ed-
ucational and methodological complexes. American or
British textbooks cannot always be used, since the lan-
guage of their writing is difficult for schoolchildren [3].

One of the most popular methods of implementing
multilingualism is ESP (English for Specific Purposes).
ESP focuses on learning English through the taught
subject [6].

Based on the experience accumulated so far, as
well as the above methodological features, we decided
to make the following specific recommendations.

1. In connection with the above cases, we consider
it necessary to develop curricula with specifics for each
of them and increase the number of hours of physical
disciplines in English (lectures, practices, laboratory
work) for the first two groups (Kazakh-English, Rus-
sian-English) by one and a half times.

2. If the above proposal is implemented, the ques-
tion arises of extending the term of study of English-
speaking groups. In fact, if we want to train qualified
teachers capable of teaching physical disciplines in two
languages (Kazakh-English, Russian-English) in ac-
cordance with modern requirements, it would be better
to extend their training for six months or a year. It will
also be important to send students studying in an Eng-
lish group to foreign universities for a few months or
even a semester.

If you look at history, examples of the second sen-
tence have already been in the education sector of the
country. For example, in the second half of the last cen-
tury, that is, in Soviet times, at the physics department
of the only state university in the Republic of Kazakh-
stan (Almaty) there was a special group (special group)
studying in English. But they studied for a year more
than Kazakh and Russian groups, that is, for six years
We know that many of these specialists who studied in
these special groups worked fruitfully in the field of ed-
ucation and science during the years of independence.
We think this example is also one of the most produc-
tive cases where we can take an example.

In conclusion, we hope that the issues raised in our
article and the scientific and methodological recom-
mendations made will be useful for our colleagues
working in this field.
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The article is devoted to the analysis of the naval jargon composition, presented in the literary texts of V.

Pikul, A. Pokrovsky and E. Ovechkin.
Annomauusn
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B mocnenHee necATuneTHe B HAYYHOM MHpE
HaONoaeTcss MOBBILICHHBIH HHTEpeC K mpobieme
A3bIKa KaK BaKHEHIEMY 3JIEMEHTY CyOKyJIbTYpHI CO-
[MajdbHON Tpymmsl. [IpeameraMu wccnenoBaHHUS CTa-
HOBSITCS IIKOJBHOE, CTYACHUECKOE U Pa3IIMYHbIE TIPO-
(heccnonanbHbEIe apro. B HUX mpoucxonsT ceifvac Ta-
K€ CEeMAaHTHYECKHE W CTHJINCTUYECKHE H3MEHEHHS,
KOTOPBIE OKa3BIBAIOT BIHSIHHE HA COCTAB KUBOW pa3ro-
BOpHOH peun. [Tpu 3ToM MOPCKO#t A3bIK, UMEIOIHi 60-
raTeimryro UCTOpHUIo (POPMUPOBAHUS U CIIOKHYIO Opra-
HHU3AIUI0, OCTACTCS MAIOU3YICHHBIM

B cuny cnenuduxu Tpyaa cooOIiecTBO BOEHHBIX
MOPSIKOB ABJISIETCA TPEAETIbHO 3aMKHYTOH npodeccro-
HaJIbHOM TPYNIION M XapaKTepU3yeTcss OCOOBIM CTUIIEM
JKM3HU, MUPOBO33PEHNEM, NMEET CBOH SI3BIKOBBIE Tpa-
JIIAY ¥ JaKe CBOH cIieIu(UIecKuil si3pIK. B psane pa-
00T oTtedecTBeHHBIX YueHBIX (boroponckoro b. JI., Op-
nosoit H. M., Asepunoii B. A., Conupiikunoit M. 1.,
Koposyuikuna B. I1., [Tonosoii M. B., bounapenxko U.
B., lenucogoii H. B., Kananosa H. A., ['op6ans JI. B.)
OTpPaXeH OMBIT MCCIEIOBAHUS OTAEIBHBIX ACIEKTOB
JIEKCHKH BOCHHBIX MOPAKOB. OJJHAKO U3YYECHUS PO U
MeCTa fA3bIKa BOGHHO-MOPCKOW CYOKYIBTYPHI B XyHO-
KECTBEHHBIX MPOM3BEJICHHUAX MIPAKTUIECKH HE IPOBO-
JIAIIOCK.

VYTouHSIs opeesieHre apMencKol CyOKyIbTypBbI,
nanHoe P.A. CaiipyrnuHoBbM [15], BoeHHO-MOpCKast
CyOKyNbTypa — 3TO CYOKYyJIbTypa OpraHW3allMOHHOH,
(hopmabHON, MACKYJIMHHOM TPYIIIBI JIFO/IEH, BKIIIOYa-
I0111as1 B ce0s IpeICTaBICHHS, IEHHOCTH, HOPMBI JIOMH-
HUPYIOIIEH B 00IIECTBE KyIbTYpHI ¥ TPYIIIOBBIE TIPe-
CTaBJICHHS, IICHHOCTH, HOPMBI, 0COOCHHOCTH oOpa3za
KW3HH, CTEPEOTHITHI IMOBEICHHS, SI3BIK, KYJIbTYpHBIC
CHUMBOJBI M KOJIBI B MX CHENU(UIECKOM COYETaHHH,
00yCTIOBJICHHOM IIETISIMH M XapaKTePOM BOEHHO-MOD-
CKOM MesTeTHbHOCTH, OTHOCHTENIFHO YCTONUYMBBEIE Ha
HNPOTSHKEHUH BPEMEHU JKU3HEAEATENIbHOCTH FPYTIIbI.

K TumosormueckuM XapakTepHCTUKAM BOEHHO-
MOPCKO# CyOKYIbTYPBI OTHOCST:

® aKICHTUPOBAHHBIE NPOSBICHUS MYKECTBEH-
HOCTH (BHE 3aBHCHMOCTH OT I10J1a BOCHHOCTY’KaIIHX)
U CBS3aHHBIE C HUMH XECTKOCTh O(UIMANBHBIX U He-
o(uIMaNbHBIX CAaHKIUH U T. 11.;

® JMPEKTHBHOCTb, «BEPTHKAIN3aLUI» OTHOIIE-
HHUH, TOAYNHEHNE, CyOOpAMHAIIHS,

e (¢opmanu3anys B3aMMOOTHOIIEHHII B IIpo-
1ecce BOMHCKOHM AEATENBHOCTH,; OTHOCHTENbHAs 3a-
KPBITOCTH JJISl BHEITHETO MUpa («TPaKAaHKN»); PUTY-
AIN3UPOBAHHOCTB;

e JIBOMYHOCTH, OJHOBPEMEHHOE COCYILECTBOBA-
HHE W MoJ4Yac NMPOTHUBOCTOSIHWE O(GUIIMATBHOW M He-
ounmaneHON TpaauiuK (YCTaBHOM KyJIbType MpOTH-
BOCTOUT HepopMalIbHAs, HEYCTaBHas);

® WJIEONOru3alys AEATEIBHOCTH BOEHHBIX MO-
PSIKOB;

e BAXHOE 3HAUCHHE TaKUX apXCTUIIOB,
«OteuecTtBOY, «Poccusty, «Ilatpuotusmy». [15]

HocwurensiMi BOGHHO-MOPCKOM CyOKYJIBTYpHI B
npomsBeneHmssx B. Ilukynsa, A. Ilokposckoro u 3.
OBeYKrHA SIBISIOTCSI TIPEXKIE BCETO O(UIEPHI B CTap-
IIWHBI, CIyKaIllhe WX CIyKUBIINE Ha Kopadbmsx Ce-
BepHOTro QJIoTa.

B npoussenenusix B. Iluxyns, O. OBeukuna u A.
IToxpoBCKOTO 0 *KM3HH BOCHHBIX MOPSKOB MOXHO BBI-
YJIEHUTh HECKOJBKO A3BIKOBBIX IJIACTOB BOCHHO-MOP-
CKOH CYOKyJIBTYpBl — 3TO TEPMHHBI, IPOQeccHoHa-
JIU3MBI, €IUHHIIEI BOEHHO-MOPCKOT'O JKaproHa.

TepMUHBI IpeICTaBICHBl TEMAaTHUYECKUM TPYyI-
MaMH, OTPAKAIOIIMMH COOTBETCTBYIONIYIO TPYIILY
00BexToB. Hamprumep, k TeMaTH9IeCKO# TPYIIE «THITBI
Kopalbueily mpUHaUIekKAT: ICMHUHEI], TPANbIIUK, KOp-
BET, Kpeiicep, TMHKOP.

KakK
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Hapsnay ¢ TepMuHaMu B yCTHOW peud MOPSIKOB
3By4ar npogeccuoHaIbHbIE JyOJIeThl TEPMHUHOB — IPO-
(heccnoHaNM3MBbl, HEPEIKO OTIIMYAIOIIUECS OT TEPMHHA
0o0pa3HOCTBIO CBOeH BHyTpeHHEH (opMBI U Bcernaa
SI3BIKOBOM HKOHOMMEN pedeBoro marepuana. Hampu-
Mep, ¥ A. IIoKpOBCKOTO BCTpeUaeM «IU3eNb)» Ui 000-
3HAYCHUS TU3ETHLHOM MOaBOIHOM noaku [13]. B xade-
CTBE IIPHMeEpPa MOKHO IPUBECTU U CYOCTaHTHBHPOBAH-
HBIe a00peBuaryps! n3 mosectu B. Mukyms: K/IT ("ka-
J3-113", KOMaHIHO-AaJIbHOMEpHBII nyHKT), BY ("03-
13", 6oeBas yacTh kopabisi), TAM (TpanbliyK aKycTH-
94eCKUI MarHUTHBIN).

[IpeaMeTom Hallero MHTEpeca B UCCIEAYEMOi 00-
JacTi HauboJee ABIsieTcst Hauboee spKas 4acThb pede-
BOTO IMOPTPETa BOEHHOTO MOPSIKA — BOGHHO-MOPCKOH
JKapTOH.

OCHOBHBIE YEpPTHI BOCHHO-MOPCKOTO JKaproHa:

® W3YCTHOCTh (OTHEIBbHBIC EIWHHUIBI MOTYT
HUMETh PAa3IUYHYI0 TpaduaecKyro Gpopmy)

®  Pa3NMYHBIM CPOK XKHU3HU KaXKIOW OTIENbHON
€AMHUIIBI

®  peruoHajJbHAs MApKUPOBAHHOCTb, OOBSICHSIO-
1masicst ObITOBAHUEM JIEKCHUYECKOI €IMHUILIBI B PEUSBOM
MPAaKTUKE BOEHHOCIY)KAIllUX OTAEIBHOTO BOMHCKOTO
KOHTHHTEHTa — COSIMHEHMS, YaCTU U Jaxe Mojapasze-
JCHUS

® HaJIWYMEe MOJHBIX CIOBEYEK, MMEIOIINX, KaK
MPaBHJIO, OYEHb KOPOTKYIO JKH3HB, CBA3b C OOIINM
JKaprOHOM BOOPY)KCHHBIX CHJ, MX BHAOB U POIOB
BOMCK

®  3aMMCTBOBAHUS W3 XaprOHOB APYIHX COLH-
AJBHBIX TPYIII, IPEXKJIE BCETO, MOJIOAEKHOTO U KPUMHU-
HaJIbHOU cpelibl

® Hau4Ke CBoe0Opa3Horo GoJabKIopa, Kak 00s-
3aTeNIbHOTO (hparMeHTa CyOKyJbTYpbl JaHHOW COILH-
AIBbHOW TPYIIBI — HPAaBOYYMUTENIbHBIE CKa3aHUs, IpHU-
CIIOBBSI, UCTOpHH [2].

S13BIKOBBIE €IMHUIIEI BOCHHO-MOPCKOTO JKaproHa,
npenacraBieHHble B mnpousBeneHusix B. IMukynsa, 3.
OpeuknHa U A. ITOKpOBCKOro, BKIIIOYAIOT KaK CJIOBa
0OIIEBOCHHOTO, TAK U HETIOCPECTBEHHO BOCHHO-MOP-
CKOT'O JKaproHa.

U3 00111eBOEHHOT0 KApProHa B aHAIN3UPYEMBIX
TEKCTaX HaXOHMM:

noonooxa — MOABOIHAS JIOIKA

2yba — TaynTBaxrta

Kapacu — HOCKU

Kanepawe — KallUTaH MEPBOTO paHra

cmosms Ha mymbouxke — OBITh JHEBAJIBHBIM II0
pote

Mop3anka — a30yka Mopse

baHoK Hakuoams — MOOUTH U JIp.

INockonbKy mpenMEeTOM HalIero HUCCIeI0BaHUs
SIBIISIIOTCSL CPEACTBA SKCIUIMKALMU UMEHHO BOEHHO-
MOPCKOW CyOKyIBTYPBI, TO OCTAaHOBHMCS HOIpoOHEee
Ha eIWHHUIIAX BOGHHO-MOPCKOTO JKaproHa B KHure. B
OCHOBHOM, OHHM OTPaXarOT NOHATUMHBIA MHUp XU3HU
BOCHHOTO MOpSIKa!

Bananoa — mycteie pa3sroBopsl

banan — Mukpo(oH IEeperoBOpHOro yCTpONCTBa
Ha KopaOie

bapanka — xomnac

Benuxu — BaxteHHBIE 0QHULIEPOB

T'umapa — pyneBoil npuBox

TIonnanoxa — hopMeHHast CyKoHHas pyOarika

TI'opbamas — pakeTHast HOABO/IHAS JIO/IKA

Kawman — annapat LeHTpaabHOU CBA3U

JIaeywixa — cacaTeNbHBIN JKAJIET)

Manviuu — («amo makue nebonvuiue mopneoku-
wymenxkuy)

Mycuneu — y31bl

Hanka («yskuii Oepeesnmvitl mpanux 6e3 nopyu-
Hetl, N0 KOMOPOMY NPOKIAObIBAIOM KOHYbL NUMAHUSL C
bepezay)

Pynoyx — nroGast Mebenb sl XpaHEHUs! JIMYHBIX
Bellen

Canasicnsi— HOBUYKM Ha (IoTe, B KOHKPETHOM
tekcre y B. [Mukymns — Bropoit Habop LLkomns! roHT

Cobaxa — BaxTa B IIEPHUOJ C HOJIA 10 YETHIPEX Ya-
COB

@nanka, ¢raneneska — GpopMeHHas QraHemeBas
pyOarrka

Xnebuuk («amo makas wimyka, e€ u3 neHonaiacma
MOACHO cOenamo, e€ nPusA3bI8AIom 3a WKePMUK K no-
CMAaeIeHHOU MUHe, U OH N1aéaem no n0GePXHOCMU OKe-
ama u 0603HaAUAem MUHHYIO CEA3KYY).

O4eBHIHO, YTO OOJIBIIMHCTBO NPUBEICHHBIX CIOB
TMIepeluIn U3 00IEeYIOTPEOUTENBHBIX B pa3psil BOCHHO-
MOPCKHX JXaproHU3MOB, IpUoOpeTs crenuduieckoe,
HECBOMCTBEHHOE MM HM3HAYaIbHO 3Ha4YeHHE. B To ke
BpEMS MOXXHO OTMETHTh SI3BIKOBBIE €ANHHIIBI, KOTOPBIC
B NE€PBOHAYAIHHOM 3HAUYEHHH NPHHAIUICKATHA K IPO-
(eccrnoHanM3Mam:

IInecmuce na wikenmene — AATH MOCIETHAM

Tlosecums «kpulocom» — BBEPX HOTaMU

Pazopaums enasa — npocHyThCS

IIpennonoxuTensHo, TOIBKO AT PEYH MOPSKOB
CeBepHOr0 BOEHHO-MOPCKOTO (ioTa OBUIO CBOWA-
CTBEHHO CJIOBOYMOTpeOIeHHE:

Yymuuka (mos1oBHUK). IHTEpecHO, 4To B «MajoM
aKaJIeMUIE€CKOM CIJIOBAapE PyCCKOTo sI3bIKa» U B «bourb-
IIIOM TOJKOBOM CJIOBape COBPEMEHHOTO PYCCKOTO
s3pikay [I.H. YiiakoBa 3To €10BO 3HaYUTCS C TIOMET-
KO «obnacTHOe»/«MecTHOe» M «ycrapesmee». [lo-
9TOMY BEpOSTHO, YTO IaHHOE 0003HAYEHHE ITOJIOBHUKA
BOLIJIO B MOPCKOM JIEKCUKOH U3 PeuH KUTeNeil ApxaH-
reJIbCKON 00MacTH.

Kopabau nnoxoti nocoowi. O0bsICHEHHE HAXOIUM
HETIOCPEeACTBEHHO B TekcTe nmosect B. IMuxyms: «Ko-
pabau «naoxol no2oovly HA3bLIEANUCL MAK HOMOMY,
umo uUx uMeHa Huyezo 000pP020 MOPAKAM He CYIUU:
«Ypacany, «Menay, «Taigyny», «Cumepuy, «Buxpvy u
npouue nperecmun[10, C.336].

«Kowauvbsy, a nomom «3gepunasy oueusust (24-s
muBususa AlIlJl B I'amxueso. Ilourn Bce MHOromeJe-
Bbl¢ aTOMHBIE IOBO/IHBIE JIOAKH TPEThEro MoKoJie-
HMS npoekTa 971 Ha3bIBaJIMCh UMEHAMHU KPYIHBIX
XHIIHMKOB M3 ceMeiictBa komaybux — «bapcey,
«IlanTepar, «Jleomapa», «Turp» u «emapa») [7].

Mapwan Youbancan — 6apaHuHa, SKCTIOPTHPYE-
Mast 13 Mownromuu [11].

Camspa — CHHOHAM ClloBa «koper» [12].

B03M0HO, TOJIBKO [T pe4eBOI IPAKTUKHA MOPSI-
KOB OTAEJBHBIX KOpadJiel U COeTMHEHNI XapaKTepHBI
00pa3HbIC SAMHUIIBL:
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Kocuyvt (cBOOOAHBIE KOHIBI JICHTHI Ha OecKo-
3pIpke) [10]. YoTpebneHue coBa B JTaHHOM 3HAYCHUU
HE BCTPEYaeTCsl HU B OJHOM cioBape. B Mopckom cio-
Bape 3HaUCHHE CclI0Ba YKa3aHo, Kak
«KOHIBI (u1ara B BUIE NPSIMOYTOJIBHBIX ~ TPEYTOJIBHH-
KoB» [15].

Xypoa (BemeBoe mmymecTtBo) [10]. CmoBo He
YIIOMHHAeTCsI HM B OJHOM cioBape. lIpenmomoxwu-
TENBHO, MOXXET OBITh BHIOM3MECHCHHBIM «XYpPIIbI-
MypIbD», ynotpedssiembiM B CHOMPH B 3HAYSHUH «J10-
MAIIlHU# CKapOuIlIKa, BCIYMHA, TOKUTKUY [4].

IlonATHIIHBIA MUpP >KM3HM BOCHHOIO MOpsKa B
npousBeneHusx B. Ilukyns, A. ITokposckoro u 3.
OBeuKHHa, B OCHOBHOM, IPEACTaBIEH €AUHUIIAMU BO-
€HHO-MOpCKOTOo >kaproHa. OueBHIHO, YTO OONBIIHNH-
CTBO CJIOB MEPEIITH U3 00MEYTOTPEOUTENBHBIX B pa3-
psil BOGHHO-MOPCKHX >KaprOHU3MOB, IPHOOpPETS CIIe-
muduieckoe, HE CBOMCTBEHHOE UM H3HAYAIBHO
3Ha4eHHe. B To ke BpeMst MOXKHO OTMETHUTD S3bIKOBBIC
€/INHMIIBI, KOTOPBIC B IEPBOHAYAIEHOM 3HAUEHHH IIPH-
HaJuie)Xanu K npodeccuonammsmam. Cnenyer yrou-
HHUTb, YTO BOCHHO-MOPCKOM XaproH UMeeT U JIOKallb-
HblE OCOOCHHOCTH, BBIPaXKAIOUINECS B UCIIOJIb30BAaHUI
OTJENBHBIX A3BIKOBBIX €JHHUI[ TOJIBKO B HEKOTOPBIX
IKHUMaXKaX.
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THE MODELING OF FOREIGN LANGUAGE PROFESSIONAL ACTIVITY IN THE FIELD OF
TOURISM IN THE TEACHING ENVIRONMENT OF A NON-LINGUISTIC UNIVERSITY

Abstract
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M. Utemisov West Kazakhstan university, Kazakhstan
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The article concerns a concept problem of modeling of foreign language professional activity in the field of

tourism in the teaching environment of a non-linguistic university. It is determined by the need to increase the
level of foreign language communicative competence of bachelors in the direction of training « Tourismy, which
can effectively carry out professional activities in the context of intercultural communication. An important com-
ponent of foreign language communicative competence in the field of professional communication is the knowledge
of various types and genres of terminology, the rules for their construction, as well as the ability to create and
understand them taking into account the situation of communication.

Keywords: tourism, model, professionogram, guide, travel guide, excursion, web quest, hypertext, brochure.
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The need to solve the problem of modeling in this
study is dictated by the fact [1, p.34-39] that the con-
struction and use of models allows you to quickly re-
spond to external and internal changes in the educa-
tional process related to the needs of graduates, the re-
quirements of the labor market, society, the state,
changes in standards and norms that the University fo-
cuses on in the process of training future personnel for
a specific industry, including for the tourism business.
The ability to replace elements in the built models al-
lows researchers and practitioners to develop an adap-
tive learning strategy. Modeling ideas do not contradict
the modern competence approach, but they are organi-
cally combined with it. In modern pedagogical science,
a model approach is widely used, which is expressed in
the active use of models in all its branches and stages
[2, p.89-94].

We consider the process of modeling in the classi-
cal system, taking into account the relationship with the
profession and the direction of training "Tourism",
which determines the General cultural and professional
competence of the graduate.

Modeling is a General scientific method of study-
ing any phenomena, consisting in the construction and
study of specific objects, systems - models of other in-
itial objects [3, p.191].

In philosophy, a model is understood as “such a
mentally imagined or materially realized system that,
by displaying or reproducing the object of research, is
able to replace it so that its research gives us new infor-
mation about this object” [4, p.19]. This definition em-
phasizes the epistemological role of models.

According to the New dictionary of methodologi-
cal terms and concepts, the model (from French.
Modéle, Lat. Model-measure, sample) in the broad
sense is a simplified mental or symbolic image of an
object or system of objects used as their "substitutes"
and tools, including training [5, p.448].

The essential features of modeling include the fol-
lowing: the presence of an intermediate object that re-
places the original; the intermediary object displays the
original, i.e. it has significant similarities with it; the
study of the intermediary object allows you to get new
information about the original.

Modeling in training has a number of differences
from modeling in scientific knowledge, due to the con-
tent and method of using models. First, the educational
situation is a model, since the tasks used in the educa-
tional process are models of tasks that occur in reality.
At the same time, the model nature of tasks and situa-
tions must be understood not only by the teacher, but
also implemented by the students themselves. Sec-
ondly, many concepts that students need to learn are
based on models, for example, formulas, schemes [6,
p.185].

In the methodology of teaching foreign languages,
the definition of modeling coincides with the General
scientific interpretation, namely, with the method of
studying objects of different nature using their ana-
logues (models) to determine or refine the characteris-
tics of existing or newly constructed objects. In foreign
language classes, various aspects of educational activ-
ity are modeled in order to find the optimal variant of

such activity, as well as the nature of the educational
activity of the teacher and students who implement the
concept of the chosen method of teaching [5, p.448].

Modeling is widely used in professional training
of specialists, including [7, p.232] in foreign-language
professional training of N. 1. Almazova, M.O.
Antyushina, M.B. Ganochevskaya, I. E. Mezhuyeva,
0.B. Solovyova and O.Y. Levchenko, E. V. Markarian,
I. A. Shpachenko indicate the effectiveness of using
modeling in foreign language classes for future special-
ists in the field of Tourism [24, p.148]. The analysis of
the literature on this issue shows that the use of model-
ing has a positive impact on the theoretical and practi-
cal training of specialists of various profiles, allows stu-
dents to reveal the goals of professional training, create
conditions for ensuring a high scientific level and crea-
tive nature of the educational process, adapt theoretical
knowledge to practical professional activities, create
motivation for students to self-development.

However, the essence of modeling is understood
by researchers in different ways. Modeling is defined
as a skill included in the structure of Gnostic skills of
students; a General scientific method, the use of which
is aimed at the formation of professional and personal
qualities of future specialists in the process of studying
at University; "[6, p.185] The method of forming the
content of training in the form of a set of tasks, tasks
and exercises that together fully reflect professional ac-
tivity from goal setting to self-control and analysis of
results, both in the main professional functions and in
their elements™ [9, p.236].

The use of modeling technology in foreign lan-
guage classes ensures the creation of conditions under
which students have the opportunity to master a foreign
language communicative competence at a level that al-
lows them to carry out comprehensive tourist services
in accordance with quality standards. This technology
helps students get a complete picture of their future pro-
fession, as the specialist model acts as a substitute for
real professional activity and performs a cognitive
function for students. In addition, the expediency of
modeling professional activity in the process of teach-
ing a foreign language is due to The fact that, as N. I.
Almazova notes, automatism will function freely in the
conditions of difficulties in which it was formed [10,
p.446]. Modeling of real life situations [7, p.232], in-
cluding professional life situations, with an emphasis
on independent educational activities will serve to cre-
ate an authentic educational context [5, p.448].

Let's turn to the creation of a model of foreign-lan-
guage professional activity of personnel in the field of
tourism. To do this, first of all, we will analyze the qual-
ification requirements for future employees of the tour-
ism industry.

The study of the tourism Manager's professiono-
gram shows that the dominant activities of this profes-
sion are the formation, promotion and implementation
of a tourist product, the development of excursion
routes. The leading place among the abilities that en-
sure the success of professional activity is given to
communicative abilities: verbal abilities, which imply
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the ability to speak clearly, expressively, as well as or-
atorical abilities, including the ability to correctly ex-
press their thoughts, convince [11, p.464].

As you can see, the ability to communicate ver-
bally in a foreign language is very important for tour-
ism workers. This circumstance is due to the fact that,
firstly, in the tourism system, the consumers of tourist
services may be representatives of a different language
culture. Secondly, a graduate of the training direction
"Tourism" can get a job abroad in accordance with the
obtained qualification.

Analysis of the literature on the theoretical foun-
dations of tourism development, the assessment of the
quality of tourist services, the problem of training spe-
cialists in the field of tourism allowed us to conclude
that the dominant function of tourism workers is infor-
mation (Galanin Yu.G., 2010; Laikova M. 1. (JIaiikoBa
M.I.), 2009; O'Shannessy V., 2008).

Mutual understanding with consumers of tourist
services belonging to different cultures implies that the
staff has cultural knowledge, ability and readiness to
understand the mentality of carriers of another culture
and their national characteristics, possession of the
value system of representatives of another culture and
the value system of their own culture [12, p.15]. Due to
the fact that English has the status of the language of
international communication and is widely used in the
field of tourism, including by clients, non-English-
speaking cultures, tourism workers, it is important to
have the skills to identify cultural values accompanied
by tourists and communicate in accordance with the
identified values.

Students in the field of training "Tourism™" can
work as guides. The specifics of the professional activ-
ity of tour guides is that their speech is public and takes
place in the context of intercultural communication,
which imposes on them responsibility for speech be-
havior. Modeling of various types of excursions in a
foreign language lesson should be based on the hetero-
geneity and variability of tourist groups [13, p.253].

Analysis of foreign literature on the problem of
training food industry workers shows that representa-
tives of this industry should be able to describe certain
dishes, recommend a choice of dishes in accordance
with the preferences of consumers. The description of
dishes should be bright due to the use of adjectives, but
at the same time concise and natural. Harris notes that
a restaurant waiter should use as many senses as possi-
ble in communication: sound, appearance, and possibly
smell. When describing a dish, the waiter can show it
to the customer. If the consumer does not agree with the
bill, the waiter can describe how the bill was drawn up
[14, p.169].

The next object of professional activity of tourism
workers is the tourist information center, whose em-
ployees provide free information services to meet the
information requests of visitors. In particular, special-
ists give advice on travel issues through direct contact
or telephone conversation, choose an individual tour
route, inform about cultural and sports events in the
area, attractions, nearby localities, answer questions
from tourists, implement recommendations [15, p.146-
148].

Thus, we have identified the main communication
facilities that meet the real needs of tourism profession-
als. Travel staff should be prepared to issue statements
of various lengths: from short, concise statements from
the reception staff of the hotel complex to detailed
statements offered by travel agents and information
center staff. These statements are not prepared and are
subject to processing in accordance with customer re-
quests. Speech works of guides are more prepared, they
require mastery of oratory, they are distinguished by
imagery, emotionality, visibility, etc. Regardless of the
sphere of tourism, a tourism specialist acts as a "cultural
intermediary", as an intermediary in the process of cul-
tural exchange between tourists and the host country,
and the attitude of guests to this country and its culture
will depend on their professionalism [7, p.232].

Implementing certain communicative intentions in
situations of professional communication, the bachelor
of tourism creates a foreign-language professional ter-
minology in a monological form.

Next, we will go to the description of the model of
preparing a bachelor of tourism for foreign-language
professional activity, i.e. implementation of the created
model of foreign-language professional activity in the
educational process. Research of scientific works al-
lows us to conclude that the forms and methods of train-
ing that are adequate to professional tasks should be
thought out, in particular, modeling of professional ac-
tivity situations, the use of role-playing and business
games [16, p. 99-110].

Let's consider the modeling of foreign-language
professional activity in the educational process, which
from the point of view of the competence paradigm of
activity has a special relevance, since the competence
behavior of the subject of activity is manifested in a
specific situation [17, p.216].

Based on the provisions of the personal-oriented
approach, which declares the absolute value of the in-
dividual, the researcher notes that the educational situ-
ation should be focused not so much on the acquisition
of certain theoretical knowledge and practical skills by
students, but on "independent free development of their
future profession”, activation of™ personal-creative, re-
flexive-value and semantic mechanisms of self-devel-
opment and professional self-determination”, creation
of opportunities for taking responsibility for their ac-
tions, analysis of their actions. The content of the pro-
fessional activity situation should include a new type of
experience that the future specialist will have to master
[18, p.210].

The fact that simulation modeling in the process
of teaching a foreign language in higher educational in-
stitutions should be aimed at developing the independ-
ence of the future specialist is evidenced by the fact that
simulation modeling in the process of teaching a for-
eign language in higher educational institutions should
be aimed at developing the independence of the future
specialist. In simulated situations, the author writes, it
is necessary to provide the future professional with real
opportunities to act on their own behalf, to master var-
ious strategies and tactics of foreign-language profes-
sionally-oriented communication [19, p.24].
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Thus, based on the above positions of researchers,
we can conclude that the modeling of situations of for-
eign-language professional communication of tourism
workers should be a simplified reproduction in the ed-
ucational process of situations of professional commu-
nication of tourism workers with consumers of tourist
services. It is designed to promote the development of
students ' mobility and readiness for independent im-
plementation of future foreign language communica-
tive professional activities. From the above, it follows
that, first, the simulated situations in relation to the
tourism industry should include the possibility of creat-
ing an oral foreign-language professional terminology
by students, during which employees implement cer-
tain communicative intentions in accordance with the
specifics of the tourism industry. Secondly, in recreated
situations in foreign language classes in higher educa-
tion institutions, it is necessary to equip students with
professionally marked strategies [16, p.99-110], which
ensure the independent formation of terminology.

The analysis of scientific literature shows that in-
teractive and active methods are widely used in model-
ing professional activity in the process of higher educa-
tion. training methods, among which an important
place is given to business and role-playing games. "The
business game is a reproduction of a typical business
situations in game mode, the analysis of the implica-
tions of behavior of participants. "The difference be-
tween business and role-playing games is that role-
playing games do not have a "rigid model” in the form
of game rules and approximate structure in the game.
The role-playing game offers an uncertain situation, the
content of which depends on the participant of the
game. As a result, role-playing games require students
to have knowledge about the simulated professional ac-
tivity and social roles [9, p.236].

Thus, in this article, it was revealed that the mod-
eling of professional tourism activities in foreign lan-
guage classes in a non-linguistic University involves,
first, the development of a model of foreign-language
professional activity of tourism bachelors, the elements
of which we attributed to the communicative intentions
implemented by specialists in communicating with
consumers of tourist services, typical communicative
situations of professional communication, objects of
professional activity, professional terminology. Sec-
ondly, the choice of forms and methods of training that
provide students with imitation of foreign-language
professional activities and the acquisition of profes-
sional competencies. These include modeling typical
communicative situations, organizing and conducting
role-playing games, and organizing work with profes-
sionally significant texts.
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Abstract
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The article discusses the communicative method of teaching, which is a necessary basis for adaptation to the
conditions of intercultural communication aimed at the formation of students' communicative competence. We will
talk about the basic principles of the communicative method of language learning, the advantages and
effectiveness of the communicative method, as well as who benefits from the communicative method of learning,
the purpose of the communicative method.

Annomauyus

Maxanaoa cmyoenmmepOiy KOMMYHUKAMUBMIK KY3blpemminiein KAlbInmacmuipyed 0Oagblmman2an
Ma0eHUuemapanvlx KapulM-KAmvlHAC HCA0AUNapbiHa Oelimoeny Yuwin Kajxcemmi Heei3 001bin mabvliamvliH
OKbIMYOblY KOMMYHUKamuemi 20ici Kapacmoipvliean. Tin yupeHnyoin KoMMyHuxamuemi 20iCiniy Heeisel
npUHYUnmepi, KOMMYHUKAMUSMI 20IiCMIK apmulKUbLIbIKIMAPbL MeH MUIMOLLel, OKbIMYOblY KOMMYHUKAMUEMI
20ici Kimee natdanvl ekeHOI2l HCIHe KOMMYHUKAMUGMI 20iCMIY MAKCAmMbl JHCAlLIbl €63 emineoi.

Keywords: communicative method, speech skills, lexical fund, grammatical structure, language barrier.
Kinm  ce30ep:xommynukamuemi  adic, couliey 0agouliapvl, JAEKCUKATLIK KOp, 2ePAMMAMUKAILIK
KYPbLIbIM, MINOIK Kedepei.

Kanmer Tinmepai OKBITYABIH KOMMYHHKATHBTI
omiciHiH Heri3ri MiHAeTi — Tinm yHpeHymrire Oenrifi
TUINIK KelepriieH apsuryra kemekrtecy. Kazak Timi
TIOHIHIH €pEeKIIeIri - MPaKTUKAIBIK TalChIpMaIap by
HETI3T1 JaFbuIapblH KaJBINTACTBIpyFa OarbITTaliFaH
JOCTYpJl  ouicTepMeH KaTap JkaHa OuriM  Oepy

TEXHOJIOTHSUTAPBIH KeHIHEH KOJNJaHy KaXeTTiTiriH
alikpinmay. JKammer esre Tinai yiiperyne, OKpITyna
Kelneci 6151iM Oepy TeXHOJOTUSIAPhI KOJTAHBLIA b

- KOMMYHHKATHBTIK OKBITY TEXHOJIOTHSCHI -
CTYJICHTTEpP/IH KOMMYHHMKATHBTIK  KY3BIPETTLIIriH
KaJIbINTacThIpyFa OaFbITTAJIFaH;
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- KOIl JIeHreini
TEXHOJIOTHUSICHI;

- MOZIYJIB/IK OKBITY TEXHOJIOTHSICHI |

- aKIapaTThIK-KOMMYHHKAIHSLTBIK
texronorusnap (AKT) ;.

- TECTLICY TEXHOJIOTHSCHI;

- xo00anay TeXHOJIOTHACHL,

- BIHTBIMAKTACTHIKTA OKBITY TEXHOJIOTUSCHI;

- OMBIH TCXHOJIOTHSCHI;

- CBIHU OWJIAy]IbI JAMBITY TEXHOJIOTHUSICHI;

BizmiH Makamaga KapacThIpaThIH —MOCENIeMi3
KOMMYHHUKATHBTI OKBITY TEXHOJOTHSACHL. OKBITYIBIH
KOMMYHHUKaTUBTI amici Kasipri 3aMaHFbI
MOJICHUCTAPANIBIK ~ KapbIM-KAThIHAC  JKaFJaiaapbhiHa
OeiliMIeny YVINIH KaKeTTi HeTi3 OOJbIn TaOBUIaTHIH
CTYACHTTEPAIH KOMMYHUKATHBTIK  KY3BIPETTLIIriH
KaJlbINTacThipyra OarbiTTanfaH. KoMMyHHKaTHBTI
TOCIT - KapbIM-KaThIHACKA TCHXOJOTHSIIBIK IKOHE
TUIAIK  JaWbIHIBIKTEL KYpyFa, MAaTEepPHUAIAbI IKOHE
OHBIMEH JPEKET €Ty TICIIIEPiH CaHANIBI TYP/E TYCIHYyTE
OarbITTaJIFaH KapbIM-KaThIHACTHI MOJIETIbJICyTe
apHanFaH crparterus. JKanmel Tianepai OKBITYAArbl
KOMMYHHKATHBTI OJiC, €H aJJbIMEH, CTYICHTTCPI
OKBITBUIATBIH TUIII OpTaja epKiH XKYypyre, COHbIMEH
Katap OpTYpJl TUIMIK J>KaFdaiaapaa IYpBIC OpPEKeT
eTyre yHperyre apHairaH. Cabax OapbICBIHIa OCHI
OMIICTI KOJIAHFAH/IA TATKBUIANTBIH TAKBIPHIT aJ[aAMHBIH
OMIpIIK KEHICTIrl peTiHAe HaKThl OJIEYMETTIK-
TYPMBICTBIK OaitnaHbIc cananapbiHia
YHBIMIACTHIPbUIFAHBI 20341, SFHU HIBIHAHBI OMipMEH
JKaHacaThIH OoJica, TN YHpeHymIiiepre THIMIIpEK
6omanpl. KapblM — KaThIHAC POJIIK CUIIATKA U€, SIFHU
o9p crymeHT Oenrini  Oip KOMMYHHMKaTHBTI pei
aTKapaibl, MyYHIal KapbIM-KAThIHAC JIMHIBHCTUKAJIBIK
KY3IpEeTTUTIKTIH JaMyblHa FaHa e€MeC, COHBIMEH Oipre
QNIEyMETTIK JaFAbUIapra, SIFHH OHTIMeJeCyIliMeH
OaiiJlaHbIC OpHATY JAFbLIAPBIHA J1a BIKIAT STEII.

Kasak TiTIH OKBITYIBIH KOMMYHHKATHBTI 9ici
OPTYpJIi TaKbIPBINTAP/A O3/ITiHEH el MalbIHIBIKCHI3
ceiiiey KaOumeTiH mambiTyra OarbiTTanmraH. Cabax

(capanaHraH)  OKBITY

OappICBIHIA  HETI3iHEH TEK  OKBITBUIATBIH  Till
KoJiaHbuiaibl. Kazak TimiH KOMMYHHUKATHUBTI OKBITY
omici  HaKTBl  OJKaFgaimapma  TUINI  YHpeHyre

HETI3[ICNITCH/IIKTCH KaphIM-KAThIHAC IAFIbLIapPBIH TE3
JKOHE TaOWFU Urepyre JKOHe Ka3akK TUTH KYHICTIKTI
eMiplle OHail KoJJaHyFa MyMKiHAIK Oepexi. bacTe
MakcaT - aJaMmjbl MEHIEpeTiH TUIHAEC OHall KoHe
cayaTTel ceiieyre yipery. JSfHM cTyzaeHTTEpre
TIKEJIeH KapbhIM-KaThIHACTBI YHPETY KOHE Ka3aK TUTiH/e
epKiH, Te3 9pi cayaTThl ceiinecyre yiipery. COHIBIKTaH
0i311iH omiciMizle KOMMYHHKaIMs TEK MakcaT KaHa
€MeC, COHBIMEH Oipre OKbITy Kypassl OOJbII
Tabbutagpl. OKBITYIIBIHBIH =~ MIHAETI - CTYICHTTI
KXETTI TUIOIK KypalgapMeH KaMTaMachl3 eTe
OTBIPBII, KAPHIM-KATHIHAC YKAacayFa bIHTAIaHIBIPY.
Hom OCBI KOMMYHHUKATUBTI QJIICTIH
APTHIKIIBIIBIFBI CTYACHTTIH CayaTThl XKOHE KbLIIAM
KapbIM-KaThIHAC jkKacay KaOuIeTiH JaMbITajpl, Ka3ak
TiJIiH/E 63 OWBIH YSUIMal aliTyFa JKoHE Colyiey Ke3iHae

y3aK y3imic (ecke Tycipy, aymapy) jkacamayra
KOMEKTECE/I].
Conpaii-ak, KOMMYHUKAaTHBTI o/iCc  aybI3Ia

celuley NarapuIapblH, aKHNapaTThl €CTy apKbUIBl OKY

KoHE KaObL11ay JlaF AbUIapbIH JIaMBITa/Ibl.
I'pammarukanbl  yHipenyre KeneTiH Ooincak, Oy
KapbIM-KaTblHAC Ke3inae Ooxanpl. COHBIMEH Katap,
AIIBIMEH CO3Jep, TipKecTep MeH TiImik (opmymamap
WTepimin, comaH KeiiH oJapApl TpaMMaTHKAIbBIK
TYPFBIIAH Tajnay dXy3ere achelpbuiafpl. OcbUIaiina,
CTYACHTTEPAl IYpHIC XOHE EpKiH ceileyre yHpery
MaKcaThbIHa KOJ KETKI3UIEI.

Byn omicremene OacTel Hazap Tikenmed KapbIM-
KaTbIHAC TOKIpHOeciHe )KoHe COHBIMEH 0ipre KemnTereH
CTYJICHTTEp/IC Ui Ke3JIeCeTiH TUIIK KeAepriHi JKeHyre
aynapbutanel. Cabak OapbIChIHIA KOMMYHHKAaTHBTI
omicTi KonmaHrauna «MymkinOiciHule Kon collieHiz!y
JIETeH YpaH/Ibl CeHIM/II TYpAe Naliaanany Kepek.

Tin yiipeHyniH KOMMYHUKATHUBTI OIICIHIH Hezizel
npuHyunmepi Net TOMEHIETIep i aiTyFa 00oIaIpL:

1. Kazak TimiH OKBITYABIH KOMMYHHUKATHBTI
OMiciH KOJJIaHFaH Ke3/Ie CTYIEHT ayFamIKel cabakTaH
Oacram Kazak TuTiHAe ceiineit 6acraiinel. By Keicbury
MEH TUIMIK KeNepTriieH Te3 aphulyFa KeMEKTecenl,
HOTIKECIH/IE JIEKCUKAIBIK KOpFa O acep erefi. Kazak
TUTIH yHpeTymiH Oacramkbl JeHreiiHeH ©Oacran
CTYACHTTEp/Al JKalaH ce3aepre emec, Oenrim Oip
JICHTeiiie coliieyre, 63 OibIH OacKara XKETKi3e alaThiH,
Oipey/iH CeliereH Ce3iH, jKa3FaHbIH TYCIHE aJaThIH
JIOpEeKEre KETKI3y MaKCaThIHAA Ka3aK TiLTIH ajFalikbl
cabakraH Oacram ceitieM TypiHAe YHPETKEH AYpHIC.

2. KoMMyHHKAaTWUBTI omic OOWBIHINA OKBITY
Ke3iHJe TeK MOHOJIMHIBAJIIBI CO3IIKTEP KONIaHbLUIa bl
(xa3ax TuTiHAETI co3Aep Al Ka3aKiia TYCIHIIpeTiH).

3. KeobOinece Ka3ak TLTIH OKBITYIBIH
KOMMYHHUKATHBTI 9/IiCiH KOJIZIaHy OapbIChIH/IA JICKCHUKA
MEH TpaMMaThKa TYPaKThl KYPBUIBIMAAP apKbLIbI
ycoiHbUIapl. CTYACHTTIH THICTI JIEKCHKATBIK KOPBI
JKOHE TpaMMaTHKaNbIK OinimMi OomymeH Oipre, OHbI
ceilliey apeKeTiHle KoiaHa Oyl Kepek.

4. KOMMyHHMKaTHBTI OIICTIH €H MaHBI3/IbICHI:
0apIIBIK TpaMMaTHKa KOHTEKCTE YHpETiNe i, SFHA Til
yipenymi Oenrimi Oip ce3 Hemece ce3 TipKeci,
rpaMMAaTHKAJIBIK KYPBUIBIM Kallail KOJITaHBUIATHIHBIH
KOHTEKCTEH TYCIHII YHPeHei.

et Typcak Ta, OKBITYyIObIH KOMMYHHKATHBTI
omiciH KoimanOac OYpBIH TiT YHPEHYIIIEpTe «TUTHIK
TOCKAybUI HEMeCe Keaepri» JErcHHIH He eKeHiH
TyciHuipy kepek. [lcuxomnorust TypFeicbiHaH OyJ1 e3re
Tingeri KapbIM-KaTbIHACTaH KOPKY. Bbyn
KOPKBIHBIIITEIH ce0ebi kebiHece amam e3re Tl
KapbIM-KaTblHAC KYpajbl pETIHIAE eMec, aynapma
HEeMece OKy MIHAETI peTiHAe  KaObuIgaybiHA
OalTaHBICTHL. OKiHIIIKE Opaif, Oy OyTiHAe TiN YHpeTy
OapbICBIHAAFBI ©3€KTI MacenenepIiH 0ipi OOJBIT OTHIP.
OliTkeHi TN yHpeHym yipeHeTiH TiniHae Oip Hopce
alTy YIIiH MBIHaJai Ke3eHAEP apKbUIbI OTE/i:

- OHTIMEIECYIIiHiH CO31H THIHIAY;

- ceiiJeM/li JEKCHKAIIBIK JKOHE I'PaMMaTHKAIIBIK,
TYPFBIJIaH aHa TiTiHE ayaapy:

- COIaH KeHiH FaHa eCTIreHHIH MaFbIHACHIH
TYCiHy;

- ’KayamnTsl aHa TUTIHAE KYPY;

- JIeKCUKAaJBIK KOHE TpaMMaTHKaIBIK OuTimMi
KalTagaH KoJI1aHa OTHIPHIIL, )KayanTbl YHPEHII )KaTKaH
TUTIHE ayaphlIl XKETKi3y KaHe T.0.
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MiHe, ochIHAAl KE3CHICPJCH OTKCH JXaraaiia
epKiH KapbIM-KaThIHAC jkKacay IarAbIChIH Urepy oeTe
KWBIH, OUTKEHI op Ke3eH KOII KYII IeH YaKbITThl KaKET
eTeni JKoHe OyJl KyH3emicke aiblll Kelyi MYMKiH.
COHIBIKTaH «TINOIK Kemepri» Jdem aTajaThlH e3re
TIIETi KapbIM-KaTBIHACTAH IMKi KOPKBIHBII Iaiiia
0o0Jabl.

CoHBIMEH KOMMYHHUKATHBTI OICTiH MOHI Ke3-
KeJreH IIeT TUTiH (TpaMMaTHKa, OKY, aybl3IIa Ceney,
az0ama ceiey oHE TBHIHAAY) YHpeHyre KaXKeTTi
Heri3ri JarapuiapAbl Oip yakpITTa JaMbITy OOJIBII
TaObuTanpl. TYIKI MakcaThIMBI3 — T YHpeHymrire

9JIEMEHTTEPIHIH, JKYIITa, TONTA )KYMBIC iCTEII, OJap/bl
KbI3BIKTHIPAThIH TaKbIpbINTap OoiibIHIIA
miKiprajsacrapra KaTbICYBIHBIH apKachblHIa KoJyaay
TanTel. MYHBIH 09pi MyFaliMre op CTYACHTTIH JKeKe
epeKIIeNiKTePiH ecKepyre, cabakrapIbI
IIBIFApMAIIBUIBIK, TYPFBIA OTKI3yre JKOHE OJapibl
KBI3BIKTHI €Tyre MyMKiHmik Oepeni. KomMyHHKaTHBTI
OMiCTiH HETi3Ti MiHAETI - CTYICHTTEpre aJIbIMEH Ka3aK
TUTIHIE epKiH ceiineyni yiHpeTy, COCBIH cOJI Tinae
oiinayasl yiipery. ONBIH XKaFAadTTaphl, KYNTa )KYMBIC
icTey, COHBIMEH KaTap KaTeJepAi Tady YIUiH >KabIHbI
FaHa eMec, JIOTMKaHbl J]a KOCAThIH JKOHE JaMBITAaThIH,

Ka3ak TUIHIE Heri3ri KapbIM-KaThblHAC JaFAbUIapblH  aHAIUTHKAJIBIK KOHE Oeitneni oiinayabl
yiipery. CTYICHTTEpIiH JKAFbIMIbl OMOIMOHAJABI  KAJIBINTACTHIPATHIH  JKATTHIFYJap  KOJIAHBLIAJBL.
KOHUI-KYHI JKOHe KaszaK TiTiH TyciHyre pnereH KOMMYHWMKaTHBTI ofic TEH JOCTYpJii  OIICTiH
KbI3BIFYLIBUIBIFBIHBIH ~ apTybl ~ KONTEreH  OWBIH  aibIPMAIIBUIBIFBIH MBIHA KECTE/ICH KOpyre 00Jabl.
KommyHmMKaTHBTI 911iC Joctypri omic
1. | OKBITYIBIH MaKcaThl OYII - OKBITBIIATHIH TiJImeri THIMAI | JEKCUKAIBIK  OipIiKTepHaiH
KOMMYHHUKAIHS JKUBIHTBIFBI MEH epexKeNepin
Oiiry.
2. | OKBITBUIATBIH TiJZeri | OKyJBIH OackIHAH OacTarm OipkaTtap TEOPHSLITBIK
KOMMYHHUKAIHS - TYCIHIIpyIep MeH

JKATTHIFyJIap/iaH KeHiH

3. | XKana marepuarn -

TCK KOHTEKCT apKbIJIbI

ceszep, (hpaszanap, epexenep
Ti3iMi TypiHJe.

4. | CrymentTepain cabak OapbIChIHIA
e3apa OpeKeTTeCyi

0ip-0ipiMEH )KOHE OKBITYIIIBIMCH

TEOPUSUIBIK,  OKY  JKOHE
6akplL1ay MaTepuangapsl

5 | OKBITYLIBIHBIH poJIi -
JIAMBITY bl

KapbIM-KaThIHAC

CTYACHTTepre Ke3-KeJIreH KoMeK.

CTYACHTTEPIH KaTeIIKTePiH
GaxpLIay >KoHE alJIbIH ally

JaFAblIapbIH
bIHTAJIaHAbIPATHIH

Enni ockr omicTiH Ka3ak TUTiH YiipeHy OapbhIChIHAa
KimMre OHTANJIBI 0O0JIATBIHIBIFBIH aHBIKTayFa
TOKTANaWbIK. YHpEHeTiH TUIII OCHIHAAH TociIMeH
MEHTrepy/Ie Here KOJ KEeTKI3eTiHiHI3 Il )KOHE OKBITYIBIH
KOMMYHHUKATHBTI 9/Iici KIMI'e ai1a)Tbl eKeHIH aHBIKTAIl
aJalbIK:

1. Kazax mininde cayammuvl  COUNECKICI
Keneminoepee SIFHU JyphIC ceiineit oiry
KOMMYHHUKaTHBTI QMIiCTIH Heri3ri JTaFIBICHI.
CrynenTrepre opTypili  TakbIpplnTap  OOMbBIHIIA

colyieyll FaHa eMmec, COHbIMEH Oipre ceiineyniy
JYPBICTBIFBIH OakbuTayFa na yiperesdi. JKachipaTbIHb
JKOK, TUINIK Kenepri keOiHece agaMHBIH ceinecy
Ke3iHJe KaTelliKk jXKidepeMiH JereH KOPKBIHBIIIBIHAH
JaMujibl. KOMMYHHKATHBTI TOCLT OCBI KOPKBIHBIIIIIEH
COTTI Kypece[i.

2. Epkin cotinezici Kereminoepee -
KOMMYHHUKAaTHUBTI ~TSCUI TN  yipeHymiire epkiH
coitneyre MYMKIHJIiK Oepeni, cabakTapaa

KOMMYHHUKATHUBTI TEXHUKAHbI KOJIJIaHA OTBIPHII, Ka3ak
TUTIHIE HEFYPJIBIM XXHi celiiecce, 63 OMIapbIH Te3ipeK
TYKBIPBIMAAYABI, TYCIHIKTI €Till KeTKi3yre yHpeHeni.
MyrajiM IUanorThl OHBIH CypakTapblHa jkayan Oepy
KBI3BIKTBI OOJIATBIHAAN eTill KypacThlpca, CTyAEHTTEp
airaH OutiMaepiH OapbiHIIa maiinanana anaabl. OKbITY
OapeicbiHna  «[IOIIC»  dopmynacel, «bym»
TYWMEIarsl ONICTepiH MalilaaHFaH ©Te THIMII.
CrynenTrepre JIoHexTi ceineyni, op Typiai ce3
TIPKECTEpiH KoHE KIMIIeNnepal yWpeTyaeri Makcar -
OJIap/IbIH IYPHIC KYPBUIBIMIAPAbI MaiifiajaHa OThIPBII
epKiH, Te3 celieynepiHe »xoHe (pasanap Tiz0eriH

KypacThIpa alyiaapblHa MYMKIHIIK Oepy. Opi alThUTFaH
miKipai KaiTamamayfa, JIoIeNMeH ceitneit Oimyre
MamblKTaHaabl.  OWBIH  TYKBIPBIMAAIN,  HAKTHI
KETKI3yTre JaF/blJIaHa/Ibl..

3. Kazax minin ecmin muigOayowl 2ana emec,
mycinyoi Oe yupenzici Keneminoepee - OKBITYIIBIMEH
SHriMeJecy Ke3iHJe ci3re TabuFH yilecimai coiey iy
KaJail ecTUIeTIHIH ThIHAAyFa MYMKIHAIK Oepineni,
Ka3aK TUTHIH AbIOBICHIH YiipeHeci3, OHbI OipTiHzen
€CTY apKbUIbI TYCiHY OHalbIpaK 6omnaapl. TeIHIAY - Oy
€CTy apKbUIbl KaObLIJaHaTBhIH ceilneyai TyciHyai
KaMTUTBIH COMJiey opeKeTiHiH Typi. ThIHAAay KapbiM-
KAaTBIHACTBIH HETi3iH Kypailnsl, aybl3lIa KapbIM-
KaThIHACTBl Wrepy Oactamanpl. byn kaObuimanraH
JBIOBICTapABl  capajiay, OJlapAbl  CEMaHTHKAJBIK
KemeHaepre OipiKTipy, TBIHAAY Ke3iHIE OIapabl ecTe
caKTay JoHE KapbIM-KaThlHAaC JKarjaiiblHa CcyileHe
OTBHIPBII, KaOBUIMAHFaH ABIOBICTHIK Ti30€KTi TYCiHY.
Byn TinmiH ABIOBICTBHIK KaFbIH, OHBIH (DOHEMAIIBIK
KYpaMbIH, HHTOHAIIMSACHIH, BIPFAaFblH, OYeHIH, €KIiHIH
urepyre MyMkiHmik Oepeni. Tin yipery OapbIchHIa
CTYIEHTTEp/IH  THIHIAAJIBIM  JaF/bICIH  JIaMBITY
MaKcaTbIH/Ia TOMEHJIETiiel OipHelIe cTpaTerusiapabl
KOJIJaHCa, HOTHOKEN1 OoJaphl co3ci3. ATan aTKaHaa:

- JKeKke ABIOBICTApIbBl KaOBLIIay MEH TYCiHyTe
OarpITTalIFaH JBIOBICTHI &XKBIPATY THIHAAJIBIMBI;

- MOIIMETTEepi eneMel, €H MaHbI3/bl aKIapaTThl
TYCiHYy Ka)KeT OOJIFaH Ke3/ie HeT13ri Ma3MYH/IBI THIHIAY;

- Herisri Ma3MyHBl MeH erKeh-Terxeinepi
MaHBI3ABl OOJBIN TaOBUIATBIH TOJBIK TYCIHIKIIEH
TBIHJIAY;
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- TEK KbI3BIKTHIPATBIH aKIaparTel HeMece
TalChIpMaza KOpCETUITeH aKmaparThl OKIIayJayFa
JKOHE TyciHyre OarbITTalFaH TaHJAYJbl TYCIHIKIIEH
TeiHOay. CoHBIMEH, ceiiley opekeTiHiH ©Oacka
TYpJEepIMEH THIFBI3 OaiilaHBICTHI 0OJIa  OTHIPHIII,
TBIHIABIM OpeKeTi Ka3ak TiMiH YHpeHyxe, acipece
KOMMYHHUKATHUBTI-0aFbITTaJIFaH OKBITYJa MAaHBI3IbI PO
aTKapassl.

4. Kazax mininoe KapblM-KAmMbIHAC HCACAY VULiH
spamMmamuka — MeH  Jcana — ce30epoi  yupeHeici
KelemiHOepee - KOMMYHHMKATHUBTI OMiC Ka3ak TuIl
rpaMMaTHKachlH  YHpEHyHIiH ©Te Iypbic  JKOHE
KapanaibiMm MIPUHIXIIH KaMTHBI. SrHu
rpaMMaTHKalblK  JaiiblH  KYpPBUIBIMAApABl  TiI
yiipeHymmiyiepre  TYCIHZIpe  OTBIPBIN,  CeiieciM
OappICbIHIA  KOJJAaHy MJaFIbICBIH  aBTOMATH3MIE
Ketkizeci3. Tinm yHpeHymrinep KeI3BIKTHI TaKBIPBIITHI
TaJIKBIJIal OTBIPBIIN, 9HTiME OapBICHIH/IA JKaHA JIEKCHKa

1.«oKa3bIBaETCS) MarbIHACBbIH/IA KOJAaHbUTYbI

MEH JKaHa TIPaMMaTUKAIBIK KYpPBUIBIMIBI  KaTap
KoJllaHa  OThIpeIn  yiHpeneni. [laieiH  Typaeri
JIEKCHKAJIBIK JKOHE TIpaMMaTHUKAIBIK KYpbUIBIMIAp
epexernepl jkaTTayra KaparaHma OHail mrepimeni —
Oy KOMMYHHKATHBTI OICTIH MAaHBI3IBI MIAPTHI.
MeIcanbl, «eKeH» KOMEKII €eTICTIMHIE Ka3akiia
TINAECIMAE «OKa3bIBACTCA», KHHTEPECHO», «XOTH OBI»
MarbIHACBIHIA OepineTiHin CTYICHTTEpre
TOMEHIETI e TaWbIH KYpBUIBIMIAP ApKbUIbI
TyciHuipyre Oonansl. bynm rpaMMaTHKanbIK KYpBUIBIM
Oi3IiH OKY oJiCTEeMENIK KelIeHIMi3le «OJIeyMEeTTIK
KeJ» TakbIpblObIMEH calikec keneni. COHABIKTAH
QJIIbIH-aJIa CTY/ICHTTEePTe TapaThUIFaH OChI TAKBIPBITIKA
OailyIaHbICTHI JIEKCHKAJIBIK MUHAMYM/Iap/IbI
KATBICTBIPBII, TOMEHJETi JKaHa I'PaMMaTHKAaJbIK
KYpPBUIBIMIB KOJNJAHBIN, T€3 opi AYpBIC, CayaTThl
CelIIey NaFapUIapbIH KaJIBINTACThIPyFa OOMa bl

BonbIMChI3 Typi:

Aybicnanbsl  Ochl IMaK >koHE | BoibiMabl Typi: Meicansl:
aybICTIAJbI KeJep IIakK, eTICTIK + @, te, il + KIKTIK )kanFay +0vb, | 1.0map omeyMeTTiK Kemife
+0i exeH + orcikmik Jcanzay, mamnwvlcaowvl eKen.

eTicTiK + ma,me, +6a,0e, +na,ne +i xikTik | 2.Ci3 oJeyMETTIK XKeJiie mocT
Kanray +0bi, +0i €KeH + orcikmik drcanzay | orcazbatiosvl eKencis.

OTKeH 1maK Bombmvuer Typi:

Jrcaneay;
BonbimenI3 Typi:

eTICTIK+ean, eern, Kamn,Kken ekeH-+tocikmik | 1. MBICBIp  eNiHIH a3aMaThl

Etictik  +  mame6a,6e; nane + | exen.
2aH,2eH,KaH,KeH €KeH + JIcikmix Jicaneay. On QJIEyMETTIK JKeJlre

Mgicasr:

JKaHa TYBUFaH KBI3bIHA
«DeitcOyk» nmen am KotizaH

mlpk‘eﬂM@Z@H €KEH.

2.«MHTEPECHO» MAFbIHACKHIHAA KOJIAAHBLUTYbI. Tek cypayisl opmaaa FaHa KOJIJaHbBUIA b

Erictik + ma/me,
+ 1t ma, me exen?

Aysbicnansl Kelep mak EticTik + q, e, il ma/me exen? 1.OneyMeTTiK Kejile Ker omuipa

+6a/be, +na/ne | ma exen?
2.ONeyMETTIK JKeine KoIl
omuipmail Ma exen?

exen?
Erictix + ma/me,

OTKEH 1IaK ETicrik + 2an/een, kan/xen, 6a/be | 1.OneyMeTTIK JKenine JKEKe

+ ean/2en ba/be exen? TapaKIIaCkH aunazan 6a eken?

napaxachlH aukan 6a exen?
+ba/be, +na/ne | 2.0neyMETTIK JKenine JKEKe

3. «X0Th 0bI» MarbIHACHIHIA KOJJAHBLTYHI:

Bombmvter Typi ETicTik + ca/ce + ). K. eKeH. 1.Famamrop xemire Kocsiica exeH.

ca/ce +K.JK. EeKeH.

Bonbmvceni3 Typi ETictik + ma/me, +6a/6e, +ma/ne + | 2.2Kacecmipimaep QIeyMETTIK

JKEJTre TOYeNli 60IMACa eKeH.

Mine, OCBIHAA KOMMYHUKATHUBTI  QJICTiH
KATBICBIMJIBIK TallChIpMaapbl Til YHPEHYIIHIH ©3
OWBIH KYHeneyre, epKiH ceieyre, COHIai-aK Ka3ak
TLUTIH TEPEHIETIN OKyFa KOl yiec KOcabl.

CoHBIMEH OKYy IMpPOIECIHIE JMXOFaphiga aTaliFaH
OapibIK KBI3MET TYpJIEpiH KeIIeHIi Naijanany Tii
YHpeHyLIinepain Keke, 3UATKEpIiK OelIceHUTIKTepiH
BIHTAJIAaHABIPA]IBL, TaHBIMBIK OCICeHTUTIKTEPiH

JaMbITanel, Oojamiak MamaH ue OOJybl Kepek
KY3BIpETTep/IiH KaJIBINTACYbIHA BIKIIAN ETeIl.
KoMMyHUKATHBTI 9[[ICTiH 0ACTHI APTHIKIIBUTBIFHI -
IABIH ajla JaWbIHABIKCHI3 ceineyni nameity. OHza
OHTIMeJIeCYIIiHIH JKayall pelUIMKachlH 00JDKay MYMKIH
eMec, COHIBIKTaH Oy oIiCTiH MaKcaTTapbIHBIH Oipi —
TUI YHpeHYIIHIH CcyXOaTTacylIbIHBIH JXayal Ce3iHe
KBUIZAM pEakIusICchiH JaMbITy. CTyIEHTTEp OCHI
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npoOIeMabIK Karaalaapabl TadKplUIay KaXeTTUTICiH
cesiHeni, SFHU OKYyFa JICTCH BIHTACHl apTajbl. by
3aMaHayd OKOHE THIMAI  ONICTI Ka3zak  TUIH
YiipeHy,TyCiHy YVIOiH ceiiieyre YHpeTeTiH Heri3
peTiHje KapacThIpFaH JIypbIC.
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THE ROLE OF Ni ADDITIVE, SIZE FACTOR AND SURFACE CHEMICAL STATE IN
DECREASING TEMPERATURE AND IMPROVING DECOMPOSITION KINETICS OF THE
NANOSIZED MgH2HYDRIDE PHASE OF MECHANICAL ALLOYS Mg +10wt.% Ni AND MgH2
+10wt.% Ni
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Abstract

https://doi.org/10.5281/zenodo.6559957

Three hydride-forming mechanical alloys of magnesium with the addition of 10 wt % Ni were synthesized.
The mechanical alloys were derived by the method of reactive mechanical alloying (RMA) by different ways, in
particular by reactive grinding of Mg powder with Ni additive and by the same reactive grinding under the same
conditions of two MgH, powders made using different methods with the same Ni additives. The effect of this Ni
additive and the method of obtaining mechanical alloys (MAs) on the hydrogen sorption properties, temperature
and kinetics of decomposition of their MgH hydride phase was investigated by isobaric thermodesorption spec-
troscopy (TDS) at a constant hydrogen pressure of 0.1 MPa. The appreciable influence of the applied method of
obtaining MAs on the kinetics of the process of hydrogen desorption is established and the mechanism of the

specified influence is investigated.

Keywords: mechanical alloy; hydrogen-sorption properties; hydrogenation / dehydrogenation kinetics; ther-
mal stability, hydride phase, thermal desorption spectroscopy

1.Introduction

The widespread introduction of hydrogen
technologies and fuel cells requires further fundamental
and engineering research towards the creation of new
materials for hydrogen storage. In contrast to the use of
compressed hydrogen, an efficient and safe storage
method is chemical bonding of hydrogen in metal
hydrides (MH). The latest research on materials for
storing hydrogen is largely devoted to magnesium
hydride MgH: and its alloys, which are obtained using
the methods of mechanochemistry [1-8]. The results
obtained indicate that the latter methods have improved
hydrogen sorption capacities, Kinetic characteristics
and cyclic stability, making it realistic to create high-
capacitive and highly efficient materials for hydrogen
storage and their practical use at ambient conditions [9].
As the analysis of works [10-24] shows, some research-
ers managed to significantly improve the kinetics of ab-
sorption-desorption of hydrogen by magnesium-based
alloys. At the same time, the thermodynamic stability
and the decomposition temperature of their hydrides
still remain high enough for the practical use of these
materials as hydrogen accumulators in vehicles; how-
ever, there is a prospect of their use in stationary hydro-
gen storage systems.

Researches carried out by scientists in the last 10-
15 years were aimed at creating technologies for the
manufacture of high-capacity hydrogen-sorbing
materials based on magnesium with a set of
characteristics that ensure practical use in stationary
hydrogen storage systems. The development of
effective technologies for the modification and alloying
of magnesium-based materials is based on the results of
previous studies: the relationship between the state of

the surface of hydrides [25], the Kinetics of their
formation/decomposition, the discovered correlation
between the hydrogen sorption and thermodynamic
properties of hydrides and the contribution of various
components (primarily ionic) into the chemical
"hydrogen - metal" bond [26-32]. The results of the
studies of the role of a small additive (10 wt. %) sepa-
rately of the alloying elements Ti, Fe, Ni in reducing
thermal stability and improving the decomposition ki-
netics of stoichiometric hydride MgH: (obtained by re-
active mechanical alloying (RMA) for 10 hours of
grinding Mg powder and powder of one of these tran-
sition metals) [9] showed a very fast kinetics of hydro-
gen desorption at pressure of 0.1 MPa in the reactor and
temperature of 300 °C for Mg + 10 Me wt. % mixtures
versus pure Mg. In particular, the time for the release
of 50 % of the total amount of hydrogen was 7, 13 and
16.5 minutes when adding to Mg 10 wt. % Ni, Fe and
Ti, respectively, and with the release of all amount of
hydrogen over 14, 50 and 50 min in those cases. The
obtained experimental data revealed that among the
three transition metals used as an alloying element, the
fastest kinetics of hydrogen desorption from the MgH.
hydride phase of the obtained mechanical alloys (MAS)
is provided by Ni not only due to good catalytic prop-
erties but also its significant effect on surface chemical
state. It was also found that the further improvement of
the kinetics of the hydrogen desorption process, namely
the increase of almost twice the rate of hydrogen evo-
lution from the MgH- hydride phase of the mechanical
alloy Mg + 10 wt. % Ni can be carried out by increasing
the time of reactive grinding from 10 to 20 hours of a
mixture of powders consisting of Mg and Ni. The re-
sults of these previous studies of the present authors
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were used in defining the purpose of this work. The ef-
fect of an additive to magnesium of 10 wt. % Ni on the
kinetics of hydrogen desorption from the MgH; hydride
phase of mechanical alloys was studied in Refs. [10, 16,
22]. The mechanical alloys were obtained by two dif-
ferent manners: grinding a mixture of commercial
MgH. and Ni powders [16, 22] and grinding a mixture
of Mg and Ni powders [10]. It is important to note the
different conditions for obtaining both the mechanical
alloy (MgH: + 10 wt. % Ni) and the kinetic curves of
hydrogen desorption from it in [16, 22]: different tem-
peratures and hydrogen pressures at which the kinetic
curves of hydrogen desorption with MA were obtained.
This fact practically does not allow to make a correct
comparison of the experimental data received by vari-
ous researchers and to define a way and conditions of
reception of MAs which are capable to provide the best
and stable hydrogen-sorption and kinetic characteris-
tics in the conditions of cyclic work.

The purpose of this work was to study the role of
the method and conditions of production, chemical
state of the surface, the size factor in reducing the
temperature and improving the decomposition kinetics
of the nanosized MgH: hydride phase of mechanical
alloys of magnesium with the transition metal Ni. To
achieve this goal, a hydride-forming mechanical alloy
of magnesium with 10 wt. % Ni in various manners was
synthesized by the RMA method: reactive grinding of
Mg powder with Ni, reactive grinding under the same
conditions of two powders of MgH; with Ni produced
by different methods. The effect of Ni additive and the
method of obtaining MAs on the hydrogen sorption
properties, temperature and Kinetics of decomposition
of its MgH. hydride phase has been investigated. It was
assumed that, regardless of the method of preparation,
the addition of Ni to magnesium would lead to an im-
provement in the Kinetics and a decrease in the temper-
ature of hydrogen desorption from the MgH: hydride
phase of the obtained MA due to the good catalytic
properties of nickel and its effect on the chemical state
of the surface. A probable dependence of the improve-
ment of the hydrogen sorption and kinetic characteris-
tics of the MgH, hydride phase on the method of its
preparation was expected. The study of this dependence
was also the purpose of this work.

We chose nickel as an alloying element because
transition metals are known to have catalytic properties
and, in the process of reactive mechanical synthesis,
acting as dispersants, they can significantly improve the
kinetics of magnesium hydrogenation/dehydrogenation
of MgH». According to theoretical predictions [11],
transition metals  significantly  affect  the
thermodynamic stability of the hydride phase MgH»
formed during the synthesis.

Therefore, the peculiarity of this work is that, the
study of the kinetics of the process of hydrogen
desorption from the synthesized mechanical alloys was
performed at a constant normal hydrogen pressure of
0.1 MPa in the reactor. Our experimental data obtained
by the isobaric method on the installation of the original
design of V.D. Dobrovolsky [12].

2. Materials and methods

The commercial powders of Mg, Ni (carbonyl)
with a purity of 99.98 % and particles sizes of 100 and
3 um, respectively, have been used as raw materials.
Three mechanical alloys of the magnesium with an ad-
ditive of 10 wt. % Ni, refered to MAL, MA2, MA3, are
synthesized by reactive mechanical alloying (RMA) in
different manners. Mechanical alloy MA1l was
obtained by reactive grinding for 20 hours of Mg
powder with Ni; mechanical alloy MA2 was derived by
the same reactive grinding under the same conditions
of MgH. powder (obtained by hydrogenation of Mg
powder from the gas phase ) with Ni additive. Mechan-
ical alloy MA3 was obtained by another technique, in
fact,: by reactive grinding of magnesium powder for 10
hours, MgH, was obtained and after adding 10 wt. %
Ni we continued grinding under a hydrogen atmosphere
over 10 hours. The total reactive grinding time in the
latter case, like in the case of MA1 and MA2, was 20
hours. For comparison, under the same conditions of
reactive grinding of magnesium powder in a hydrogen
atmosphere for 20 hours, a MgH; hydride phase with-
out Ni (mechanical alloy MA4) was obtained. Mechan-
ical alloying by reactive grinding of all powder mix-
tures was performed in a Retch100 ball mill with 10
mm steel balls in hydrogen atmosphere at a pressure of
1.2 MPa and a speed of 450 rpm. The ratio of the ball
mass to the mass of the treated powder mixture was
20:1. Direct gas-phase hydrogenation (GPH) from
MA1-MA4 materials was performed after being syn-
thesized at a 5.0 MPa hydrogen pressure and 400 °C in
the reactor. An automatic computerized DRON-3M dif-
fractometer was employed for the X-ray phase and X-
ray structural analysis of the samples. The X-Ray dif-
fraction patterns were obtained using CuKao, - radiation
with a graphite monochromator. The profiles of diffrac-
tion lines were plotted with scanning steps of 0.1° and
15-20 sec exposure at each point of the spectrum. Crys-
tal lattice parameters of the MgH; hydride phase in the
obtained MAs and the volume of its unit cell were ana-
lyzed using Fullprof software Powder Cell 2.4
(https://powdercell-for-windows. software. informer.
com /2.4/). The size of crystallites (grains) of the MgH
hydride phase in all MAs was determined by the ap-
proximation method according to Selyakov-Scherrer
equation Dnk 1= 0.94 A / B cos ©. The changes in the
powder particles size upon mechanical milling were
studied by a Super-Probe 733 scanning electron micro-
scope. Investigations of the effect of Ni on hydrogen
adsorption properties, thermal stability, kinetics of hy-
drogen desorption from the MgH, hydride phase were
performed by thermodesorption spectroscopy (TDS) on
an automated computer system. An installation allows
to obtain spectra and curves of hydrogen thermodesorp-
tion from hydride by isobaric method, i.e, to measure
the volume of desorbed hydrogen from a sample heated
at a given rate in a hydrogen medium at its constant re-
actor pressure of 0.1 MPa [12].

X-ray photoelectron spectroscopy (XPS) tech-
nique was used to explore in the present work the effect
of exposure to air the mechanical alloy Mg + 10 wt. %
Ni. The XPS spectra were studied with the UHV-
Analysis-System (SPECS Surface Nano Analysis
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Company, Germany). Briefly, the XPS spectra were ex-
cited with an X-ray Mg Ka source (E = 1253.6 eV) and
acquired at constant pass energy of 25 eV and at resid-
ual pressure of (5-8)x10-2° mbar in the analysing cham-
ber of the UHV-Analysis-System, which energy scale
was calibrated employing pure reference copper and
gold metals. The sample for the present XPS experi-
ments was pressed in a rubbed pure copper plate with
dimensions 10x10 mm?,
3. Results and discussion

3.1 X-ray phase and X-ray diffraction analyzes

X-ray diffraction patterns from samples of
mechanical alloys MA1l, MA2, MA3 after their
synthesis by the RMA method are shown in Fig. 1, and
after their direct hydrogenation from the gas phase - in
Fig. 2. Information on the phase composition of the MA
samples obtained using RMA and after hydrogenation
from the gas phase (GPH) is given in Table 1. The
lattice parameters and unit cell volume for the MgH-
hydride phase for MA1-MA4 are listed in Table 2.
Crystallite size and average size particles of powders of
mechanical alloys (after RMA) are presented in Table
3.

Table 1.

Phase composition of MA in the their first heating after reactive mechanical

alloing (RMA) and after the first 5 cycles of their hydrogenation from the gaseous phase (HGP).

Mechanical alloys

Phase composition

RMA

HGP

MAL (Mg+10wt. % Ni)

MgHz, MgzNiH4,
MgO

MgHz, MgzNiH4,
MgO

MA2 (MgH+10wt. % Ni)

MgHz, MgzNiH4,
MgO

MgHz, MgzNiH4,
MgO

MA3 (MgH+10wt. % Ni)

Mgsz MgzNiH4,
MgO, Ni

Mgsz MgzNiH4,
MgO, Ni

MA4 (Mg without Ni ) Mg, MgH2 MgO Mg, MgHa. MgO
MA1 (Mg+10wt.% Ni) M/}ZI(MgAHl-HO wt.% Ni)
704 20 h. RMA 455 (20 h RMA)
* Mgllz 40

* - Mg,NiH,

o MgO

50
40
30
20

101

354

30 4

25 4

204

MA3 (MgH_+10 wt.% Ni)

40

35

30

254

(10 h RMA)

20 30 40

50
2 0, deg.

60 70 80

()

Fig. 1 - X-ray diffraction pattern of specimens of mechanical alloys after their synthesis by the RMA method: (a)
- MA1; (b) - MA2; (c) - MA3.
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MA1 (Mg + 10 wt.% Ni)

* after the Sth hydrogenation from the gas phase

140 *

120 * MgH,

55 * - Mg, NiH,
MgO

564 0 g(

MA2 (MgH. + 10 wt.% Ni)
80 *aftcr the 5th hydrogenation from the gas phase
70
60 |
50 |
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20, deg
MA3 (MgH, + 10 wt.% Ni)
after the 5th hydrogenation from the gas phase
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*  MgH,
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30|
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104
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20, deg

Fig. 2 - X-ray diffraction pattern of specimens of mechanical alloys after their direct hydrogenation from the
gaseous phase: (a) - MAL; (b) - MA2; (c) - MA3.

As can be seen from Fig. 1 and Table 1, the ob-
tained mechanical alloys MA1, MA2, MA3 are compo-
sites as a result of reactive mechanical alloying with Ni.
In addition to MgH, with a tetragonal structure, all
MAs contain the hydride phase Mg2NiHsand the MgO

MgH’7

direct hydrogenation of Mg powder from the gas phase
*

140 *
120
100
80
60

40 -
N

"1 UL

0

phase, and reflections of metallic nickel can be seen on
the diffractogram measured for the MA3 sample. After
the first cycles of hydrogenation/dehydrogenation from
the gas phase, all MAs reveal no changes in their phase
composition.

* MgH,
* & Mg
0 MgO

A A
%
C

20 2'5 3|0 3|5 4I0 4|5 5I0 5|5 6|0 6|5 7b
2 8, deg.

Fig. 3 - X-ray diffraction pattern of specimen of non-commercial MgH; hydride.

Fig. 3 shows a diffractogram derived for a powder
of non-commercial MgH, hydride, which we used to
obtain the MA2 sample. This MgH: hydride was ob-
tained by direct hydrogenation from the gaseous phase
of magnesium powder with an average particle size of
100 um (in a Sieverts-type installation) at a temperature

0f 400 °C and a hydrogen pressure of 5 MPa in the re-
actor. The average particle sizes of powders MA1,
MAZ2, and MA3 determined based on the experimental
data of scanning electron microscopy, after their
synthesis (RMA) are found to be equal to 0.25, 0.24,
0.2 um, respectively, and after hydrogenation from the
gas phase in 5 cycle they are equal to 0.2, 0.44, 0.25
um, respectively.
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Table 2.

Parameters of the crystal lattice (a,c) and the volume V of the unit cell for the nanosized MgH, hydride phase of
mechanical alloys after their RMA and after the first 5 cycles of their hydrogenation from the gaseous phase

(HGP).
. 3
Mechanical ac—A;V-A
alloys after RMA after HGP
a=45123 a=4.5132
MA1 ¢ =3.0345 c=3.0170
V =62.256 V =61.453
a=4.5280 a=4.5154
MA?2 c=3.0217 c=3.0209
V =61.953 V =61.593
a=45217 a=4.5141
MA3 ¢=3.0180 ¢ =3.0208
V =61.705 V =61.555
a=4.5232 a=4.5140
MA4 ¢ =3.0161 ¢ =3.0195
V=61.707 V =61.526

Table 3.

Average particle size, nanograins of the nanosized MgH: hydride phase of mechanical alloys after 20 hours of
RMA and the first 5 cycles of the their hydrogenation from the gaseous phase (HGP).

The size of the crystallite d, nm Dpart., um
Mechanical alloys after after A
RMA HGP
MAT1 (Mg+10wt. % Ni) 10.4 22.2 0.27
MA2 (MgH2+10wt. % Ni) 12.6 29.2 0.32
MA3 (MgH2+10wt. % Ni ) 16.2 26.3 0.28
MA4 (Mg without Ni) 12 142 0.69

3.2 The thermal behavior of mechanical
composite alloys MAL, MA2, MA3.

To determine the effect of Ni doping of the tech-
nique used for producing the MgH, hydride phase of
the synthesized MA on its thermal stability and decom-
position temperature, the process of hydrogen desorp-
tion from the MA1-MA4 samples by the TDS method

at a constant hydrogen pressure of 0.1 MPa in the reac-
tor and a sample heating rate of 3 deg/min was studied.
The hydrogen desorption isobars obtained during the
first heating after RMA of the MA1-MA4 samples are
shown in Fig. 4, while those derived after the first hy-
drogenation from the gaseous phase are presented in

Fig. 5.

" " + 9 i
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Isobars of hydrogen desorption obtained after synthesis by the method of RMA of mechanical alloys: (a)
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Based on the data of measurements of the hydro-
gen desorption isobars presented in Figs. 4 and 5, the
capacities for hydrogen and the temperature of the on-
set of hydrogen desorption (Tonset) from the hydride
phase MgH; of the MA1-MA4 samples were deter-
mined during heating the samples, both after their

Isobars of hydrogen desorption after the first direct hydrogenation from the gaseous phase of
mechanical alloys: (a) - MAL; (b) - MA2; (c) - MAS3.

mechanochemical synthesis (RMA) and after direct hy-
drogenation from the gaseous phase (HGP). The data
obtained are presented in Table 4.
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Table 4.
The beginning temperature (Tweg.) O hydrogen desorption from the MgH-
hydride phase in MA1-MA4 and its hydrogen capacity
after HGP,
after RMA Lst . cycle
Mechanical alloys hydrogenation
Tbeg-, CHz%Wt Tbeg-., CHZ,
°C °C % wit
MAL1(Mg + 10 wt. % Ni ) 295 6.1 295 5.94
MA2(MgH; +10 wt. % Ni) 290 5.82 288 55
MA3(MgH2+ 10 wt. % Ni ) 283 5.4 283 5.33
MA4(Mg without Ni) 288 7.4 290 6.3

As can be seen from Figs. 4 and 5 as well as the
data listed in Table 4, the beginning temperature (Toeg.)
from samples of the mechanical alloys-composites
MA1-MA4 after their synthesis by the RMA was 295,
290, 283, 288 °C, respectively. After the first HGP of
these MAS, the Theg. Was determined to be equal to 295,
288, 283, and 290 °C, respectively. Noteworthy is that,
these temperatures can be considered the beginning
temperatures of hydrogen desorption from the main
MgH: hydride phase, given the smaller number of other
hydride phases Mg2NiH, affecting the MC1-MC3 sam-
ples and the impossibility to record the beginning of the
hydrogen release experimentally. When comparing the
Theg Values in Table 4 for hydrogen desorption (release)
from undoped by Ni the MgH- phase in MA4 (288 °C
at a hydrogen pressure of 0.1 MPa) with the same tem-
perature for MA1-MAZ3, virtually no effect of additive
Ni and method of obtaining MAs on the beginning tem-
perature of hydrogen desorption and the associated be-
ginning temperature of their MgH- hydride phase de-
composition can be stated for all the MAs. We also did
not observe the expected decrease in the equilibrium
decomposition temperature of the hydride MgH, phase
of the above mechanical alloys at a hydrogen pressure
of 0.1 MPa (288 °C according to [33]), which would
indicate a decrease in the thermodynamic stability of
the MgH> phase due to its mechanical alloying with
nickel. In our opinion, the explanation for the absence
of a decrease in the thermodynamic stability of MgH»
due to the mechanical alloying by Ni may be the fact
that, under the conditions of the methods used to obtain
the MAs (and, consequently, their main hydride phase
MgHz>), no solid solution of Ni in magnesium is formed.
According to [11], the Mg(Ni)H2 hydride should have

a lower enthalpy of formation than the enthalpy of for-
mation of MgH,, and hence its lower thermodynamic
stability and decomposition temperature. As shown by
X-ray phase analysis, evidence of the fact that under the
conditions of the synthesis of the MA1, MA2, and MA3
samples by the RMA method, Mg(Ni)H; hydride was
practically not formed or was formed in a very insignif-
icant amount, may be the presence of the Mg.NiH4
phase in the composition of all the MAs, the formation
of which was significantly associated with the amount
of the alloying element Ni; as well as the absence of the
expected decrease in the unit cell volume of the hydride
phase of MgH; of the MA1, MA2, MA3 samples in
comparison with that of the hydride phase MgH: with-
out Ni additives (Table 2).

3.3 Kinetics of the hydrogen desorption from
the mechanical alloys-composites MAL1, MA2, MA3
obtained by different techniques

The kinetics of hydrogen desorption from the
MgH: hydride phase in all synthesized MAs after their
HGP under the same conditions has been investigated
at temperatures of 310 and 330 °C and a constant hy-
drogen pressure of 0.1 MPa in the reactor. Isobaric-iso-
thermal kinetic curves of hydrogen desorption for the
MA1, MA2, MA3 samples at temperature of 310 ° C
are shown in Fig. 6. For comparison, Fig. 7 shows the
kinetic curve of hydrogen desorption from the
mechanical alloy MA4 (without the additive of Ni),
which was obtained under the same conditions as the
mechanical alloy MAL. The data on the release time of
half of the total amount of hydrogen (t1/2) and the total
amount of hydrogen (tf) for all the MAs are summa-
rized in Table 5.

Table 5.
Time (min) of release of half (t12) and total amount hydrogen (tf) from mechanical alloys
at temperatures of 310 °C, 330 °C and constant hydrogen pressure 0.1 MPa.
310°C 330 °C
Mechanical alloys T
T1/2 T T12
MAL (Mg + 10 wt. % Ni) 2.2 7 1.6 5
MA2 (MgH, +10 wt. % Ni) 3.4 10 2.5 7
MA3 (MgH, + 10 wt. % Ni) 3.5 10 1.6 5
MA4 (Mg without Ni) 55 160 30 80
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Fig. 6 - Kinetic curves of hydrogen desorption from mechanical alloys MA1, MA2, MA3, obtained at hydrogen
pressure of 0.1 MPa in the reactor and different temperatures: (a) -310 °C, (b) - 330 °C.

Cywt.% MgH, (without Ni)
s 20h RMA 1 MA4
6
54
4 F
3 s T =330°C
2 4 B =il bar
14
0
-1 T

0 10 20 30 40 50 60 70 80

Time, min.

Fig. 7 - Kinetic curve of hydrogen desorption from the mechanical alloy MA4 obtained at hydrogen pressure of
0.1 MPa in the reactor and temperature of 330 °C.

Analysis of the experimental data listed in Table 5
allows for concluding that addition to magnesium of 10
wt % Ni when synthesizing the MA1, MA2, MA3 sam-
ples significantly improves the kinetics of hydrogen de-
sorption from the MgH- hydride phase of these alloys-
nanocomposite. It is evidenced by the experimentally
recorded 16-fold, 11-fold and 13-fold reduction of the
total desorbed hydrogen release time for MA1, MA2,
MA3, respectively, at a constant temperature of 330 °C
and the constant pressure of 0.1 MPa compared with the
time of releasing all amount of hydrogen in the case of
MA4 (Table 5, column 330 °C"). Liang et al. [2 ] have
demonstrated that the 3d-metal additives could drasti-
cally reduce the activation energy of desorption for
magnesium hydride. Hanada et al. [34] have also ob-
served a decrease in the activation energy of hydrogen
desorption of MgH, doped with transition metals (Ni,
Fe, Co, Cu). Lei Xie et al. [16] have found that the ad-

dition of 10 wt. % Ni to MgH2 reduces desorption ac-
tivation energy from 191 kJ/mol to 118 kJ/mol. How-
ever, the operating temperature was still too high for
practical applications and the catalytic mechanism of
Ni is unclear [16]. Our X-ray photoelectron spectra of
Mg 2s, Mg 2p, O1s, C1s core-level electrons measured
for the sample MA1 and, for comparison, from the sam-
ple MA4 (which are shown in Fig. 8 and Fig. 9, respec-
tively) indicate almost the same chemical state of the
surface of these MAs formed after their synthesis by the
RMA method and subsequent exposure to air for one
day. Given this result, it is logical to assume that when
adding 10 wt. % Ni, the above 16-fold reduction in the
release time of all amount of hydrogen from MAl
(compared to MA4) is mainly due to a decrease in the
activation energy of hydrogen desorption from MgH.,
and not due to changes in the chemical state of the sur-
face of the particles of the MA1 powder.
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The analysis and comparison of the data listed in
Table 5 for the MA1 and MA2 samples allow stating
that a method of reactive grinding of the Mg +10 wt %
Ni powder mixture (rather than grinding a powder mix-
ture of MgH, +10 wt. % Ni) reveals the best kinetic
characteristics of the mechanical alloys. As shown in
Table 5, the time needed to release half of total hydro-
gen 112 from the sample MA1 (Mg + 10 wt. % Ni) and
its total amount ¢ at temperature of 330 °C is 1.6 and 5
minutes, respectively. For the MA2 sample (MgH. + 10
wt. % Ni), these values are found to be 2.5 and 7
minutes, respectively.

Such an outcome appeared rather unexpected for
the authors since most researchers used reactive grind-
ing of Ni powder with MgH. powder rather than Mg
powder to improve the kinetics of the hydrogen desorp-
tion from the MgH. hydride phase doped with transi-
tion metals (Ni, Fe,Ti) in synthesized MAs. To explain
this outcome, the crystallites (grains) size of the MgH
hydride phase was determined to be 29.2 and 22.2 nm
for MA2 (MgH; + 10 wt. % Ni) and MA1 (Mg + 10 wt.
% Ni), respectively, using the obtained X-ray diffrac-
tion patterns and the approximation method according
to Selyakov-Scherrer equation Dpi= 0.94 L / B cos ©
after the first 5 cycles of their HGP (Tablel). Based on
these data, it is logical to assume that the faster kinetics
of hydrogen desorption from the MgH: hydride phase
in MA1 (Mg + 10 wt. % Ni) may be due to the smaller
grain size (and correspondingly shorter diffusion paths
for hydrogen atoms) compared to grain size of the
MgH: hydride phase in MA2 (MgH; + 10 wt. % Ni).
The experimentally established higher value of the re-
lease time of all amount of hydrogen tf for MA3 in
comparison with tf for MA1 can also be attributed to
the larger size of crystallites (grains) of the hydride
phase MgH: in MA3 (26.2 nm) than in MAL (22.2 nm).
Thus, given the data in Tables 3 and 5, relating to the
size of the crystallites (grains) d (nm) and the time of
release of all amount of hydrogen tf (min) in MAI,
MAZ2, MA3, we can say about the existence of a corre-
lation between the release time of all amount of hydro-
gen from these MAs and the size of the crystallites
(grains) of their hydride phase MgH that depends on
the method of obtaining the studied mechanical alloys-
nanocomposites.

An interesting and important fact is noteworthy
when analyzing the data listed in Table 3. After 5 cycles
of heating/cooling the MA1, MA2, MA3 samples dur-
ing their HGP, the grain size of the MgH- hydride phase
increases by 2.13; 2.32 and 1.62 times, respectively.
However, under the same conditions of cyclic heat-
ing/cooling of the MA4 sample (without Ni), an in-
crease in the grains of the MgH> hydride phase from 12
nm to 142 nm (almost 12 times) can be observed. This
observation enables drawing a meaningful conclusion
about the influence of nickel on the stability of the per-
formance characteristics in studied Mg-based mechan-
ical alloys with a Ni additive. By preventing the grain
sizes of the MgH, hydride phase from growing, Ni en-
sures the stability of its nanostructure during cyclic op-
eration and, thus, the stability of its operating kinetic
and hydrogen sorption characteristics.

Hence, Ni as an additive to magnesium during
synthesis of the MAL, MA2 and MA3 samples by the
RMA method acts as a dispersant and nanostructure
stabilizer during cyclic operation of these MAs, inhib-
iting the growth of crystallites (grains) in the MgH; hy-
dride phase.

Conclusion

Three mechanical alloys based on magnesium
with the addition of 10 wt. % Ni (MA1l, MA2, MA3)
were synthesized by one method of reactive mechanical
alloying (RMA), however in different manners. The
hydrogen capacity, thermal stability, and kinetics of hy-
drogen desorption from the nanosized MgH: hydride
phase of the obtained MAs were studied using thermo-
desorption spectroscopy at a constant hydrogen pres-
sure of 0.1MPa.

It has been established that the time needed for the
total hydrogen release from MA1, MA2, MA3, was 7,
11, 9 min and 5, 7, 6 min, respectively, at a constant
hydrogen pressure of 0.1MPa and temperatures of 310
and 330 °C respectively.

The method of obtaining a mechanical alloy by re-
active grinding of Mg +10 wt. % Ni powder mixture
rather than MgH, +10 wt. % Ni powder mixture has
been shown to improve the kinetic characteristics.
Faster kinetics of hydrogen desorption from the MgH>
hydride phase of MAL (Mg + 10 wt. % Ni) was due to
the smaller grain size than the grain size of the MgH:
hydride phase in MA2 (MgH: + 10 wt. % Ni).

The correlation between the time tf (min) of the
release of all amount of hydrogen from mechanical al-
loys MA1, MA2, and MAS3 and the size of crystallites
(grains) of their MgH. hydride phase, which depends
on the method of obtaining these MAs has been estab-
lished.

The role of the alloying element Ni in improving
the kinetics of the process of desorption of hydrogen
from MAs obtained in different manners, as well as in
stabilizing their nanostructure during cyclic operation
by preventing (inhibiting) the growth of the crystallite
(grain) of their MgH: hydride phase has been eluci-
dated.

It has been established the practical absence of the
influence of Ni additive and the manner of obtaining
MAs on the temperature of the beginning of hydrogen
desorption and the associated temperature of the begin-
ning of decomposition of the nanosized MgH; hydride
phase of the mechanical alloys MA1, MA2, and MA3,
as well as on the chemical state of their surface.
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Abstract

The engineering calculation of the pneumatic actuator of robotic technological complexes is considered. The
calculation of dynamic parameters of the pneumatic cylinder of bilateral action in dimensionless parameters is
resulted that allows to define time of operation of the drive at a design stage of definition. The dynamics of tran-
sients occurring in the pneumatic drive during external braking is studied.

Anomauin

Posensinymuii indicenepnutl po3paxyHox nHeeMonpueody SUKOHAGUUX MEXAHIZMIE pOOOMU308AHUX MEXHO-
J02iyHUXx Komnaexcie. Ilpusedenuti po3paxynox OUHAMIYHUX NAPaAMempie NHEGMAMUYHO20 YUTTHOPA 080CMOPOH-
HbOI il 8 6e3pO3MIPHUX NApaMempax, wjo 00360JIA€ HA emani NPOeKMY8AHHs SUSHAYUMU YAC CRPAYbO8Y8AHHS
npugooa. Jocniodcena OuHamMiKa nepexionux npoyecis, wo 8i006y8ar0mvcs 8 NHeeMamuyHoOMy npueoodi nio yac
306HIUHbO2O 2AIbM) 6AHHAL.

Keywords: drive dynamics, pneumatic drive braking.

Knrouosi cnosa: ounamixa npusooy, 2aibMy6anHs NHEEMONPUBOOd.

Haii6inpin pyHaaMeHTanbHi JOCTiKEHHsST B 00-
JIacTi TUHAMIKHM ITHEBMOIIPUBOIIB NPUBEACHI B po0O-
tax [1-3]. ABTOpamMu IPUBOJIATHCS CHCTEMH AU(EPEH-
[IAHUX PIBHSAHB, IO JO3BOJIAIOTH MOJICIIOBATH ITHEB-
MaTHYHI TPUBOAM PI3HUX THIIB, B TOMY YHCIi i 3
rajJbMOBHMH TNpHCTposMH. [lokazaHO, IO IPOEKTY-
BaHHS BHCOKOIIBHAKICHHX 1 TUIOBHX IPHUBOJIB Mae
3Ha4Hi PO301KHOCTI.

B pobGorax [3-5] mpuBenmeHi awWHaMiuHI po-
3paxyHKH ITHEBMAaTHYHOTO NPUBOAY 3 TaJIbMyBaHHIM
Ta PO3MJISIHYTI MPOLECH TalbMYyBaHHS NMPUBOIB, IO
pOOJIATH B yMOBaX 3HAYHUX IHEPIIHHUX HABAHTAXKCHb.

Indopmaniiinuii mouryk Ta aHaii3 #oro OCHOBHHX
JIAaHUX ZI03BOJIMB OOrPYHTOBAHO BH3HAYMTH 3ajadi J10-
CJIIJPKEHB: MPH NPOEKTYBaHHI ITHEBMOIPHBO/IIB HEOO-
X1THO BHpILIYBaTH 3a/1adi, O OB’ s3aH] 3 BU3HAUYCH-
HSIM KOHCTPYKTHUBHHUX ITAPAMETPIB, 4acy CIIPAIFOBAHHS
MPUBOAY Ta 3aKOHIB PyXy BUXIJIHOT JIAHKH.

[MHeBMAaTHYHI UWIHIAPHA JBOCTOPOHHBOI  Jii
BUKOPHCTOBYIOTBCS JUUISI TOTIOMDKHHUX PYXiB ITPUBOJIIB
POOOTIB-MaHIIMYJIATOPIB 1 NMPHU3HAUEH] JUIS OIEeparii,
Mo He  TOTpeOyIOTh  pEeryjioBaHHS  3aKOHIB
MepeMilleHHs] BUKOHABYMX OpraHiB. ToMy BOHH
IIHPOKO  3aCTOCOBYIOTBCS Ui HepeMilleHHS
BaKyyMHHX 3aXBaTiB 3 00’ €KTaM{ TPAHCHIOPTYBaHHS B
JIUCKPETHUX Tpoliecax B Takux mporecax HaWOiIbII
BOXJIMBE  3HAUEHHS Mae€  4ac  IepeMilleHHs
BHUKOHABUOTO MPUCTPOIO Ta MPUIYCTHMI iHepuiiiHi
HaBaHTAXXECHHS [IPU pOOOTI IPHUBOY.

Pyx mopiiHs mTHEeBMOIIIIIHAPA JBOCTOPOHHBOT JTii
OITUCYETHCS CUCTEMOIO TU(PEPEHIIHUX PIBHSHB, B SIKY
BXOJSITh PIBHSIHHSI PYXY HOPIIHS SIK TBEPAOTO Tijna i
JIBa PIBHSIHHS €HEPreTHYHOT0 OajIaHCy, 110 XapaKTepH-
3YIOTh 3MiHY THCKIiB B KOXHIiH 3 TIOPOXXHHH ITHEBMO-
OWTiHApa. Y 3aralbHOMY BHIIBIII CHCTEMa PIBHSIHB
piteHHs He Mae. BoHa Moke OyTH BHpIlIEHa TiTBKA
IIJIIXOM YHCIIOBOTO iHTETPYBaHHSI.

[epexin Bix AificHUX BeIWMUYUH 1O OE3pO3MIipHUX
JIO3BOJISIE CTIIPOCTUTH PIBHSHHSA 1 pOOUTH OLIBIN 3pyd-
HHUM pimeHHs 3aga4di Ha EBM.

[Tpu neBHOMY CITiBBIJIHOLIICHHI ITapaMeTpiB IHEB-
MOLIMTIHPA IBOCTOPOHHBOI il pyX HOro mopIiHs
MOX€ HaOJIHM3UTUCS /IO PIBHONPHUCKOPEHOTO abo piB-
HOMIpHOTO [6,7].

J1J1st TaKMX yMOB, TIPH pycCi MOPIIHS B po0o4iid 1mo-
POKHFHI i ITPUMYETHCS TUCK P, , & B TOPOKHUHI BUX-
JIONY — Pg , TOOTO PIBHSHHS, 1110 XapaKTEPU3YIOTh 3MiHY
THCKIB, BTpAdalOTh CEHC 1 IPU AWHAMIYHOMY pO-
3paxyHKy pO3IJISIAIOTBCSl JIMIIE DPIBHAHHA PYyXy
mopHs, y sikomy O=1T1a O, = 1.

E= 1 1— %
NZ

X, )
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- MIPUCKOPEHHS;

- KOHCTPYKTMBHHMH mapa-

= - THCK B po0odilf MOPOKHUHI;
M

o =

F - BIZIHOLLICHHS ILIOL] MOPILIHS B TIOPOKHHU-
8
Hax LWIIHAPA;

D, F
MOZBIMHOTO iHTErpyBaHHs piBHsAHHSA (1) (TMOCTiHHI iH-
TErpyBaHHS 3HAXOAATHCS INPH IOYATKOBHX YMOBax,

HaBaHTAKEHHS. ITicaa

10610 7=0, £=0, &=0)oTpHmacmo:
o) T

1
= 1—=a— |
d N? a & 2

Bbe3posmipHuii yac MOBHOTO pyXy Ts 3HAXOIUTHCS

an(g:l:

[pu Maniit Maci pyXOMHUX YaCTHH PO3TiH IMOPIIHS
MPOXOIUTHh Ha KOPOTKIiil YaCTHHI MIIAXY, ITOTIM IIBH/I-
KiCTh MOPIIHS CTAOUTI3y€eThCS i OUTBITY YaCTHHY XOIY
BiH ITPOXOJIUTH 31 CTAJIOIO IIBUJIKICTIO.

B npoMy BHIIaIKy pyX MOpPIIHS MOXXHA BBaXKaTh
OMM3bKUM 1O PIBHOMIPHOTO, a #Oro IIBHIKICTh

MIOCTIITHOIO 1 pIBHOIO CTAaJIOMY 3HAYCHHIO f I

XapaKkTepHOI O3HAKOK PYXy 31 CTaJOK LIBH-
KICTIO € TOCTIHHICTh THCKIB B NOPOXHHUHI ITHEBMO-
mutiaapa. Li THCKH TaKoXX HAa3WBaKOTh CTAIMMH 1 TO-

sHayarTh Oy | O g - 1peOa Matn Ha yBasi, 110

o, <11 o, <],
BpaxoBytouu, 10 1py piBHOMIpHOMY pYCi MpH-

E=0 i

oy _ 0 do,,

T dr
BUXIiJTHA CUCTEMA PIBHSIHb MICJIS IiICTAHOBKY IIUX 3HA-
YCHb MPUBOJAUTHCS IO CUCTEMH 3BUYANWHUX PIBHSIHB 3

CKOpEHHS HOPIIHS pu

:O,

o, = const, o, = const,

TPbOMA HCBIIOMUMH Gy Gy , O'gy :

o
a —
Gy_a'a -y=0
6y
(D(O-y)_dy' y =0 )
k-1 k+l
2k 2k - _
awo™ -o.; -goagy)—agy- y—O.

[3-3a cremeHeBMX NOKa3HWKIB MPH HEBiTOMHX
Oy, 0, cucrema (2) po3B’si3yeThes nuiIe rpadivHo.

3HaveHHS [TapaMeTpiB, SK PE3YJIbTAT PILIEHHS CHCTEMH
PiBHSHBb AWHAMIKU MPHUBOAY, MPUBOIATHCS y BUTIIII
Tabmmb [7].

Yac pyxy 3i CTaIO0 OIBUAKICTIO T = —— .
y

leda:l

BpaxoByloun Te, 10 BaKyyMHI 3aXBaTH MaloTh
BiJTHOCHO HE3HAYHY CHJIy YTpUMaHHs 00’€KTa B IUIOC-
KOCTI CTHKY , K mpaBuio — 0,35 Kr., TouinbpHO mpoBe-
CTH OUHAMIYHI JOCIHIKCHHS ITHEBMOIIPHBOMIB, IS
BU3HAYCHHS NPHUITYCTUMHUX IHEPLIHNX HAaBaHTAXEHb
(TIpu pO3roHi Ta TaTbMYBaHHI IPUBOLLY ), 3a0€3NCUCHHS
HOro MBHIKOMII IPH HAIIITHOMY (YHKIIOHYBaHHI 3a-
XBaTHOTO MPUCTPOIO.

Po3noBcropkeHi crnocoOu rajJbMyBaHHs Ta NO3HU-
LWIfHOTO yNpaBJIiHHA 3 BHKOPUCTAHHSM BHYTPILIHIX
raJbMiBHUX TPHCTPOIB i3-32 3MIHHUX BJIACTUBOCTEH 1
napaMeTpiB cTaHy CTHCHYTOTO IOBITps (SIK NPaBUIIO
HEJIHIHHKUX) TPEeACTAaBISIIOTh CKIAJHY TEXHIUHY 3a-
nagy. ToMy, nns MaHITYIATOpiB Ha 0a3i MHEBMOIPU-
BOJIIB 3 OOMEXEHMM YHCIOM KOOpJIMHAT IIO3H-
[iFOBaHHS, TPH TaJIEMYBaHHI MPUBOAY, BiToMi QipMu
PEKOMEHAYIOTh 3aCTOCOBYBATH 30BHIITHI T'iIpaBIIivHi

nemrdepun [8,9].

JocmikeHHsT OWHAMIKHA TEPeXiTHUX IMPOIECiB
HPUBOAY MPOBOJMIOCH JJIsi CXEMHOT'O PillIeHHSI, OKa-
3aHOTO Ha puc.l.

Jlyist TpaHCHOPTYIOUMX IPHBOJIB 3 3aXBaTHHUMHU
NPUCTPOSIMU, JOLIIIBHO BBa)KaTH, IO 10 MOMEHTY
raJpMyBaHHsI, Ha [ITOK JIi€ MOCTIHHE HaBaHTaXKeHHS F,
a TP JIOCSITHEHH] NIOPIIHEM KOOPAMHATH XT, TOYHHAE
JISITH HOBE TOCTiliHe ab0 3MiHHe HaBaHTaxkeHHs F(1),
sIKE YTBOPIOETbCS BHYTpilIHIM JpoceneMm. Toxi B
PIBHSHHS pyXy THEBMOIIPUBOIY HEOOXITHO BKIIOUHTH
BenmuunHy F(t), mo BpaxoBye 3ycwiuis OpH raib-
myBasHi [10].
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— e’D

Puc.1. Pospaxynkosa cxema npugooa 3 306HIUHUM 2ANbMYEAHHSIM.

JocnipkeHHsT MepexilHuX MpOLECiB BUKOHYBa-
JIOCh JUTA ITHEBMOLWIIIHAPA 3 HACTYTHUMHU KOHCTPYK-
TUBHUMH TapaMeTpamu: giameTp mopmHs D = 0,80 m;
miametp mroka d = 0,25 m; giamerp npueaHYBaIbHIX
otBopis dy = 1/4”.

BukopucTOBYIOUM METOIHKY MPUBENCHY B poOO-
tax [10,11] i g cipomeHHsT po3paxyHKiB IpUHMEMO
HACTYITHI NPUITYILEHHS:

1.Tuck i TemIiepaTypa CTUCHYTOTO IOBITpSI BBa-
JKAITUCh MOCTIHHUMHE Prh=CONSt, Th=const.

2.Tak sk npolecH rajlbMyBaHHs BiiOyBalOThCs 3a
KOPOTKHI MPOMDKOK 4acy, TO TEpPMOJMHAMI4HI Ipo-
[eCH, IO BiNOYBAIOThCS B MPHBOML, NpPUHMAIUCH
aniabaTHUMU.

3.BpaxoByroun (yHKIIOHAIEHY 0OMEKEHICTh Ba-
KyyMHHX 3aXBaTHHX IIPHUCTPOiB, HAaBaHTA)XCHHA Ha
IITOKY IIJIIHAPA TAKOK MPUHMAIIOCh TOCTIHHIM.

4.Tak SK THCK B ITHCBMOCHCTEMI HE MepeOibIIy-
BaB 1MIla, To cTUCHYTe MOBITPS BBa)aJoOCh ii€alib-
HHUM Ta30M.

5. Ilpu HasiBHOCTI KOHCHCTEHTHOTO 3MalllyBaHHS
PYXOMHX €JIEMEHTIB IPUBOAY CYXHM TEPTSIM MOXKIUBO
3HEXTYBaTH.

JlocmipKeHHS] BUKOHYBAJIOChH JJ1s1 THIIOBOTO PO0O0-
YOT0 IUKITy MHEBMOLWIIHAPIB ABOCTOPOHHBOI Mii: 10

TIEPEKIIIOYEHHST PO3MOALTBHUKA THCK TIOBITPS Ha HOTo
Bxoxi mopiBaroe 0,6 Mlla; micns mnepexIroYeHHS
PO3NOALTFHIKA BiTOYBAa€THCS BUCYBAaHHS IITOKA HA 3a-
JaHy OOBXHHY X, 3MCHIICHHS LIBUAKOCTI IITOKAa IO
IIBUJIKOCTI MO3ULIIOBAHHS PErYIIOETHCS IPOCeNeM;
3yMMHKA IOTOKAa 3/IHCHIOETBCS 32  JIOMOMOTIOI0
30BHIIIHBOTO AeMIi(epa.

3ajaBUIM KpOK IHTETpYBaHHS, 3HA4YE€HHS KOH-
CTPYKTHBHUX IapaMeTpiB IpPUBOJY, IMapaMeTpiB
HaBaHTaXEHHS 1 ra3y, 3 BAKOPUCTaHHSIM IPOrPaMHOT0
3abesneuennss MathCAD [11] otpumyemo ¢yHKITiO-
HaJIbHY 3aJIe)KHICTh 3MIHM THUCKY B TIOPOKHHHAX IPH-
BOJY, WIBHIKOCTI PyXy Ta HepeMILICHHS MOPLIHSA
nutiegpa (puc.2).

B nmaHoMy TpHKIami CTBOPIOETBCS MAacHB 3
HACTYIIHUMH MOTOYHHMH 3HAYCHHAMH 3MIHHHX: 1 -
TUCK TIOBITPS B IOPUIHEBiH MOPOXHHHI, P2 - THCK B
BUXJIOITHOT MOPOXKHKHH, t - 4ac IepexiTHOTo mpoLecy,x

i X’ - KOOpIWHATA, IIBHIKICTb pPyXy NPHBOAY
BIJITIOBITHO.

Hapmani neit macuB BHKOPUCTOBYEThCS IS
noOynoBu  rpadikiB  NepexiIHUX  IMPOLECiB B
MTHEBMOIWITIHPI.

6
54
438
Py a2
10°
34
By
0 -
V.102.4)
10
—13
12
0

U] 0.2 04 0.6 0.8

a1 4 2
1 12 14 1.6 1.8 Tte

Puc. 2. I'paghix sminu napamempis nHeBMOnpu00a Npu 2aibMy8aHHI.
--- 2pagix 3MIHU WBUOKOCMI, --- KOOPOUHAMU, --- MUCKY 8 NOPULHEBIU NOPOICHUHI,
<. 8 NOPOINCHUHIT BUXTIONY.
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I'padixn (puc.2) mokazyroTh 3MiHH OCHOBHHX
napaMeTpiB ITHEBMONPHUBOAY: IUISHKY IPHCKOPEHHS,
CIIOBUIBHEHHSI PyXY 1 3yITUHKY IIPHBOLY.

Ha mowatky pyxXy, IIBHOKICTh TOPIIHS Pi3KO
30iIpIIy€eThCS ( OiNITHKA MPUCKOPEHHS 0 3HA4YCHHS {
~0,16 ¢) i naii npu JOCSATHEHHI IPUBOIOM KOOPIMHATH
novatky ransmyBaHHA (1=1,28 c) BinOyBaeTbCsl 3MEH-
[IEHHS IMIBUAKOCTI O MIHIMaJIBHOIO 3HAUYeHHS. B
pe3ymbTaTi, 32 paXyHOK 3HIDKEHHS IIBHUAKOCTI THCK B
MOPIITHEBi# MOPOKHUHI HiABHITYETHCS. I3 prc.2 BHIHO,
III0 TIPH JIOCSATHEHHI MIPUBOJOM HOYATKY I'adbMyBaHHS
(t= 1,6 ¢) THCK y BUXJIONHIN MOPOXHHUHI Magae a0
BEJINYMHA MPOTUTHUCKY Pwmz, @ THCK B TOPOXHHUHI
HarHiTaHHS 3pPOCTAE J0 MariCTPAILHOTO THCKY Py

TakuM YWHOM, Uil CHPOLIEHOI MAaTeMaTHYHOI
MOJEeTl  JOCHI/PKeHI JMHAMIiYHI  XapaKTUPUCTHUKH
ITHEBMOLIMJIIHIIPA JIBOCTOPOHHBOT il NMpH MEHBIINX
o0’eMax BTpaT 4Yacy Ha IH)XXCHEpHI pO3paxyHKH.
Bukopucranns nigxony KOMIT FOTEPHOT'O
MOJICITIOBAaHHS 3a0e3reuye pillleHHs 3a/Javi JUHAMIKA
MEepeXiqHUX TIPOLECIiB TpPH TaJIbMyBaHHI IPHBOMY.
BusHaueHi mpumycTrMi MeXi MaKCUMaJbHUX 3HAYCHB
IUHAMIYHUX  XapaKTepHCTUK  Ta  IHEpUiHHUX
HaBaHTAXEHB, 110 3HAYHO CKOPOUYE 00JIACTh MOLIYKY
KOHCTPYKTUBHHX IapaMeTpiB ITHEBMOIPUBOIY, SKi
3aJJ0BOJIBHSIOTh 3aJ]aHuM JMHAMIYHUM
XapaKTepUCTUKAM.
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PACUYET TOPU30HTAJIbHOI'O BO3JIYXOPACIPEJIEJIUTEJISA COJTHEYHOI' O
KOJUJIEKTOPA C ITPOJAOJbHOM MIEJIBIO IOCTOSHHOM IIUPUHBI
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Abstract

https://doi.org/10.5281/zen0do.6560080

A physical and mathematical model of the process of air distribution by a short horizontal air distributor of
constant cross section with smooth walls and a longitudinal slot of constant width has been developed. Simple
analytical solutions of the mathematical model are obtained, which are convenient for practical calculations.
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Annomauusn

Paspabomana ¢uszuxo-mamemamuueckas mooeib npoyecca pazoayu 6030yxXa KOpOMKUM 2OPU30OHMATbHBIM
8030yxopacnpedenumenem NOCHOSHHOZO CeHeHUsl ¢ 2IA0KUMU CINEHKAMU U C NPOOOTbHOU Welbl0 NOCOAHHOU
wiupunel. Ilonyyensr npocmeie aHarumuyeckue peueHus MamemMamuyeckoll Mooeau y0ooHwle 011 NPAKMU4eCcKUx

pacuémoa.

Keywords: air collector, air distributor, solar collector, physical and mathematical model, distribution pro-

cess.

Kniouegvie cnosa: 6030yuinblii KOIIEKMOP, 6030YXOPACNPEOeNUmenb, COMHEUHbI KONIeKMop, @u3uUKo-

mamemamuveckas M()aeﬂb, npoyecc pa3c)attu.

BBenenne. B coBpeMEHHOW TeEIMOTEXHHKE
HapsAIy C XUJIKOCTHBIMU COJIHEYHBIMU KOJUIEKTOpaMHU
[1, 2] mWUPOKO MPUMEHSIOT COJHEUHBbIE BO3YIIHBIE
koimiektopsl (CBK) [3]. B CBK B kadecTBe TEILUIOHO-
CHUTEJS UCHOJIB3yeTcsl BO3AyX. OCOOCHHOCTBIO TaKUX
KOJUIEKTOPOB SIBIISIETCSI BO3MOXKHOCTh HCIOJIB30BAHUS
JUISL OTOIUIEHHUS OOBEKTOB B PETHOHAX C OTPHLATEIb-
HBIMH TeMIIepaTypaMu 0e3 CIIeUaIbHBIX JOPOTOCTOSA-
IUX TETJIOHOCHUTEJICH, a TaK)Ke MEHbIIAsl 0 CpaBHE-
HUIO C JKMIKOCTHBIMH COJIHEYHBIMH KOJUIEKTOpaMH
croumocts (Ha 30-50%) [3].

K xonmy 2018 roma Bo Bcem Mupe ObLIO YCTaHOB-
jeHo B obmieit cnoxuoctd 1 084 MBt CBK, uto co-
crapnser 1 548143 M2 OCTEKJIEHHBIX U HEOCTEKIIEHHBIX
KoJuleKTOpoB [4]. T'oj0BOK 00BEM MHPOBOIO pBIHKA
CBK B 2018 rogy naxoxawics B auanaszone 30 MBT
(43280 m?).

O dexruBHOCTE padorer CBK B cuctemax coi-
HEYHOTO OTOIUICHHS ¥ BEHTWIALNH 31aHUH BO MHOTOM
ompezieseTcss PaBHOMEPHOCTBIO paszfgaud M oTOOpa
Bosayxa no mmpure CBK [5]. Tlpu HepaBHOMEpHO#
pa3maue u orOope BO3IyXa HaOIOAAeTCs Ieperpes
otaensHBIX yuacTkoB CBK, rae pacxon Bo3myxa HUXKe
CpPeJHEro, 4To B KOHEYHOM HTOTE€ MPHUBOJUT K
CHIDKEHHIO ero o0riero ko3(duiMeHTa MOJIe3HOTO
neiictBus. I[losTomy moBeimeHne 3ddexTuBHOCTH
CBK 3a cuér ynydmeHus paBHOMEPHOCTH pa3ayd U
0TOOpa BO3/yXa 110 €ro UIMPHHE ABISETCS aKTyaJIbHON
3ajaveil.

Huns pazmaun Bo3ayxa no mupuHe CBK o0braHO
MPUMEHSIOTCS TOPHU30HTAIIbHbIE KOpPOTKHE
BO3JLyXOPacIpeIeTuTeNn MIPSIMOYTOJIEHOTO

MONIEPEYHOT0  CEeUeHHs ¢ HIEIIBIO
MOCTOSIHHOM BBICOTHI [6].

AHanuTHYecKoe pellieHue 3a/1a4r B 00IeM BUJe
JUTSL BO3AYXOpacupeAenTeneid O0IbIIoN JUTNHEI C IIIe-
pOXOBaTEIMHU CTEHKaMH HoxydeHo npod. B.H. Tamue-
BBIM [7, 8].

AHaTUTHYECKHUE PEIICHUS MOIYYEHBI UM B Tapa-
METPHYECKOM BHJE W IPEACTAaBISAIOT CO0OH BecbMa
TPOMO3JIKHE 3aBUCHMOCTH HEYIOOHBIE I IMpaKTHIe-
CKUX pacd€ToB npu npoektuposanuu CBK.

Hear paborbl — paszpaboTka YHIPOUICHHON
(U3MKO-MaTEeMaTHYeCKOW MOJENIH BO3AyXopacmpeie-
nutens CBK mocTosHHOTO ceueHus ¢ poI0JIbHOM Ie-
JIBI0 TIOCTOSTHHOM HIMPHHBI JUIS BBIBOAA IPOCTHIX U
yIOOHBIX TpU MPOCKTHUPOBAHUH AHATUTUYECKHUX
3aBUCHMOCTEH Uil pacdéra  TOPHU3OHTAIBHOTO
KOPOTKOTO  BO3JYXOpacIlpeAeIuTeNsl C 3aJaHHOH
HEpaBHOMEPHOCTHIO Pa3/lady BO3AyXa.

Marepuanbl u MeToAbl. [Ipy HanMcaHUM CTaThU
UCTIONB30BAJICS TEOPETHUECKHI METON C Pa3pabOTKOM
(U3MKO-MaTEeMaTHYECKOW MOJENHU Ipolecca pas3liadu
BO3/yXa KOPOTKHM TOPHU30HTAJIBHBIM BO3TyXOpacIpe-
JienuTeNeM MOCTOSHHOTO CEYeHMs C INIAIKUMM CTEH-
KaMH U C [IPOJOJIbHOM IIEJIBIO0 IOCTOSHHOW HIMPUHBL, a
Takke 0000IeHNe TaHHBIX HAayYHBIX TPYJOB OTEYe-
CTBEHHBIX U 3apYOEKHBIX YUCHBIX O ABMKCHHUHU KUIKO-
CTH C IEPEMEHHBIM PacXoI0M BIOJb myTH [9- 18].

Pe3yabTarsl.

Paccmotpum paznmauy BO3/lyXa
Bozayxopacnpenenurenem CBK nmpunoit | ¢ mocro-
SIHHBIM ceueHHneM F ¥ ¢ mpomoIibHOM 11es1b0 MOCTOSsH-
Ho# mmmpunsl h (puc.l). Pacxon Bo3ayxa B Havaje BO3-
JIyXOpachpeaenuTess paBeH Ly, a ero CKOpocTh - Wy.
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Puc.1. Cxema zopuzonmansrozo sosdyxopacnpedeaumensi CBK nocmosnnozo ceuenusi ¢ npooobHO wjeasbio
NOCMOSIHHOU WUPUHBL

Cnenys paboram [7, 8], npuMeM Havana KOOPAHU-
HaT y 3alJIyIIEHHOT0 KOHIIA BO3/IyXO-pacipeaenTes

1 HalpaBHM OCh aOCIMCC HaBCTPEUY MOTOKY BO3/ayXa
(cM. puc.1).
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IIpoBeneM B BO3MyxopacHpenenauTerne ABa Mome-
PEUHBIX CEYCHHS HA PACCTOSHHUX X U X +0X OT 3ariy-
HIEHHOT'0 KOHIIA.

CunTas BO3LyXOpacHpeneUTENb TTIaJkuM U KO-
POTKHMM MO IJIHHE, IpeHeOperas NoTepsiMKA Ha TPEHHE,
COCTABHM MPUMEHHUTEIBHO K CEUCHHUAM X 1 X+dX ypas-

Henue bepnynnu:
pw§ pwF _ pwE
Apx+dApx+ 2 +d(T)—Apx+T

Cokparas B JIeBOHM W IPaBOW YaCTAX ypaBHEHUS
OJITHAKOBBIE WICHBI U MEPeX0/s K MPOU3BOAHBIM, MO-
JTy4aeM

1)

Apy + pwywy, =0
Bripasus Ap,, depe3 CKOPOCTh W, MOTYIUM
21,2
F2
BeeneM 0003HaueHMS:

W, = j—H ;X =x/1

wyw' + Wyw, =0

(@)

I7ie Wy- CKOPOCTh BO3yXa B Hauasa BO3IyX0pac-

MIPEACITATES.
Torna
Wy = WyW,; X = Ix;
dw wy dw. Wy —1
! x H X H .
w, =——=——=—0
x dx 1 dx X
12 —_—
(1)” — dwx — Wy dwx — Wy 5/l
* dx 12 dx iz
IloncraBnss HalJeHHbIC 3HAauYCHUS

Wy, Wy U Wy B TOCAE[Yee ypaBHEHUE W COKpallas Ha

w? /13 nonyuum crenyromee HenuHeiHoe nupdepeH-
[HAJILHOE YPaBHECHHE BTOPOTO MOPSIKA:

Wy Wy + pw o, =0, ©)

M COKpAaTHB Ha Wy # 0, MOTYdYHM JHHEHHOE
muddepeHnnansHOe ypaBHEHHE BTOPOTO TOPsAKa

W, +pw, =0, 4
rae
i} f Al -
—2f2. F L _ .7
p=uf5 f F F,l l/d,

Benmuuuny uf Ha30BEM MapaMeTpOM IIENIH BO3Y-
xopacmpegenutens CBK.
OOmee penienue smHelHoro muddepeHunas-
HOTo ypaBHeHus (4) npu p >0, umeeT BUA:
w, = C;cos fﬁ + C,sin fﬁ (5)
[Mocrostuubie Ciu C, ompenensieM M3 rPaHUYHBIX
ycioBuii (cMm.puc.1):
npux =0w, =0
{npm x=1lw,=1
IMoxcrassst B (5) rpannynble ycaosus (6)
{ npux=00=C;-1+C,-0

npux=11= 0-cos\/5+ Czsin\/ﬁ (1)

(6)

HAXOJIUM
1
C=0uC = — (8)
Honcrapnsas Ciu Co B (5), momydnm
— __sinypx __ sinufx (9)
= vPE _ TRAE

sinvp  sinuf

U3 dopmymsr (9) cremyet, 4To mpu mapaMmeTrpe
menu pf = 0 MPOUCXOIUT paBHOMEpHAs pa3aya Bo3-
IyXa MO BCEH JJIMHE INEeNH BO3AYXOPacIpeACITUTEIIS
CBK.

W3BeCTHO, YTO NPH OYEHb MAaJbIX YriiaX CHHYCHI
MOKHO 3aMEHHTh CAMHMH YIIaMH, T.e. Sin ufx =~
ufxu sinuf =~ uf, u nosromy ¢opmyny (9) npu
pf = 0 MOKHO TIepenucaTh B CIIELYIONIEM BHJIE
— ufx -

*TE T
YTO ¢ YIYETOM COOTHOIIEHHH (2) maet
x

W, = Wy 7.

Taxum 06pa30M, MOJXXHO cI¢cjJaTh BBIBOJ, YTO C
YMEHBUICHUEM IMapaMeTpa IS ‘Llf pazagavda Bo3ayxa
CTaHOBHUTCH BCE Ooee paBHOMepHOI?‘I 110 IJIMHE IICIIN.

Ha puc. 2 moka3aH rpa(l)I/IK U3MCHCHUS OTHOCH-

TENILHOM CKOPOCTH BO3/lyXa BHYTPH BO3yXOpacipese-
mutenst CBK, moctpoennsiit mo gpopmyse (9).

0 0,2 0,4

08 X

06

Puc.2. I'pagpux uzmenenus omHoCUmMenbHOU CKOPOCmu 8030yxXa W, eHympu gozdyxopacnpederumenss CBK
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BuaHo, 4To ¢ yBenuueHneM napaMeTpa et Bo3-
JyXOpacTpeieuTeNns Uf yBeTuInBaeTcs HepaBHOMED-
HOCTh OTHOCHTEJIBHOH CKOPOCTH W, MO AJIHUHE BO3MY-
XopacIpeaenauTens.

OTHOCUTENBHAs CKOPOCTh UCTEUCHUS BO3yXa U3
menu Bozayxopacnpenenurens CBK coctasur
Fwl =cos ufx
— = W s 10

TJIE Uy~ CPENHSAS CKOPOCTE Bo3Myxa B menu CBK.

3aMeTHM, 4TO IPH paBHOMEPHOM pa3aye OTHOCH-
TeNIbHAsl CKOPOCTh BO3/1yXa B IMPOAOJILHOM 11IeNIN paBHA
€IMHMIIE, YTO BBIMIOIHACTCS IIPH yCIOBUU

uf cos ufx = sin uf. (11)

AdpoIMHAMHUYECKOE CONPOTUBJIEHUE BO3AYXO-

pacnpenenutenst CBK Oyner paBHo

— v Foyg —1 —
Ux:—x— H(sz a)x:

Ucp - hvcp - hlvcy

AP = ek
o
2
rue (: 1 +%, 4qTo0 C yqéTOM (bopMyHI’I (10)
naét
_ v zcosuf 1\* , 272 _

(_1+#2f‘2_1+(#f sinuf_)_/'uf =1+
ctg? uf (12)

BriBeneHHbBIE aHATUTUYECKHE 3aBUCUMOCTH IS
KOPOTKOT'O TOPU30OHTAILHOTO BO3IyXOpaclpeneauTens
CBK ¢ riagkuMu CTEHKaMU SIBISIFOTCSI YacCTHBIM
cirygaeM hopMy, moxy4eHHBIX pod. B.H. TammeBsim
[71, KOTOpbIE  MOJHOCTBIO MOATBEPKAAIOTCA
OTBITHBIMH JAaHHBIMH TIpH KO3 QUIMEHTE pacxoia
uienu U, paBHom 0,62.

BeiBoasbl. PaspaboTana ynpoméHaas Gpu3uko-ma-
TeMaTh4eckas MOJelb Ipoliecca pa3iadya Bo3ayxa Ko-
POTKMM TOPHU30HTAIBHBIM BO3AYyXOpaclpeaennuTeIeM
MOCTOSTHHOTO CEUEHUSI C TTIAJKUMHU CTEHKaMH U C TIPO-
JIOJIGHOM IIENbI0 TIOCTOSTHHOM IIUPHUHBI, KOTOpas
yno6Ha npu npoektupoBanuu CBK. Ilomydensr mpo-
CTBIE U YHOOHBIE IS MPAKTHYCCKUX PACUETOB aHAIH-
TUYECKUE pEIIeHUs pa3paboTaHHOW MaTeMaTHYECKOU
MOJENH, KOTOpbIE IOJHOCTbIO  MOATBEPKIAOCS
ONBITHBIMH JAaHHBIMH TIpH KO3 QUIMEHTEe pacxoja
uienu Y, paBaom 0,62.
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Abstract
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The paper describes a versatile stegoanalysis approach for detecting the presence of hidden messages em-
bedded in digital images and demonstrates the effectiveness of the approach on a large collection of images and

on four different steganographic embedding algorithms.

Annomayus

B cmamwe onucvieaemcs ynugepcanbubiii HOOX00 K CmMe20ananu3sy 0Jisi 0OHAPYHCEHUst HATUYUSL CKPbIMbIX CO-
00ujeHUll, BCMPOEHHBIX 8 YUPPOBble U300PANCEHUS. U OEMOHCIMPUPYEMCSL SPHEKMUBHOCMb N00X00a HA OONLUUOT
KOJUIEeKYUU U300pasicenuli U Ha 4emulpex pasiuiHblX aicopummax cme2anozpapuyeckozo 6Cmpaueanus.

Keywords: machine learning, steganography, stegoanalysis.
Knrouesnvte cnosa: mawmunnoe o6yweHue, cmeeanoepa(j)uﬂ, cmecoaHaHanlus.

CTET'OAHAJIN3

YHHBepCalbHBIH CTEr0aHAIN3 COCTOUT M3 JIBYX
HanOoJiee BaXKHBIX KOMIIOHEHTOB. JTO H3BJICUCHHE
MPU3HAKOB U Kiaccudukanus npusHakos. [Ipu u3sie-
YEeHHH NPU3HAKOB M3 Habopa M300paKeHUil MMOTydaoT
Ha0Op OTJIMYMTEIBHBIX CTATHCTHYECKMX AaHHbIX. He
CYIIECTBYET YETKO ONPEAETICHHOTO MOX0/1a K IToJIyde-
HHIO 9THX CTAQTHCTHK, HO YacTO MX MOJYYaloT MyTeM
HaOJFO/IEHUS 32 OOIMUMH XapakTepUCTHKaMHU H300pa-
JKEHUsI, KOTOpbIEe HMMEIOT CHJIbHBIE W3MEHEHUsI HpH
BCTpaWBaHUU. BTOpOil KOMITOHEHT, KiIaccupHuKanus
NPU3HAKOB, paboTaeT B JIBYX pexumax. Ilepsbril pe-
JKMM: TIOJYYCHHBIE OTIMYHMTENIbHbIE CTATUCTHKU MJIS
CKPBITBIX W CTErO-M300pa’keHNI HCIIONB3YIOTCS IS
o0OyueHus kiaccudukaTopa. Bropoit pexxum: obyueH-
HBIIl KJIacCU(UKATOP UCIIONB3YyeTCs Al Kiaccuduka-
UM BXOJHOTO W300paKeHHS KaK YUCTOrO (OpHUTH-
HaAJIbHO M300payKeHNE) WM HECYIIETO CKPBITOe COO00-
meHue (crero-u3odpaxenue). B aTom koHTekcTe 1Ba
YHUBEPCAJIbHBIX METO/Ia HCIOJIB3YIOT JBa Pa3IMYHBIX
MOAXO0/a K MOJTYYSHHIO OTIMYUTEIILHON CTATHCTHKH U3
n300pakeHuid (T.€. W3BICUCHUIO NMPU3HAKOB). DTHMHU
meronamu sBisttoresi: WBS (creroananus Ha ocHoBe
BeitBneroB) u FBS (creroananns Ha ocHOBE NpH3HAa-
KOB).

WBS (creroananis Ha OCHOBE BEWBJIETOB). AB-
TOPBI METOJIa YTBEPHKIAIOT, YTO OOJBUIMHCTBO CIIEIH-
(hUIeCcKUX METOJOB CTETOAHAIN3a COCPEIOTOUYEHBI Ha
CTaTUCTHKE NIEPBOTO TOPSIKA, T.€. THCTOrpaMMe K03¢h-
¢unmentoB DCT, HO mpOCThIE KOHTPMEPHI MOTYT CO-
XpaHUTh CTAaTUCTHKY IEPBOTO MOPs/IKAa HETPOHYTO,
YTO JleNlaeT METo]| creroaHanusza OecronesHsiM. [lo-
9TOMY OHHM IIpeyIaraloT IMOCTPOUTH MOJIEINb JUIsl ecTe-

CTBCHHBIX HM300pa’kKCHUI, MCIIONB3Ys CTATHCTUKY 00-
Jiee BBICOKOTO TTOPSIIKA, a 3aTeM MOKa3aTh, 4To H300pa-
JKCHHUS C BHEJPCHHBIMU B HUX COOOIICHUSIMHU OTKIIOHS-
I0TCS OT 3ToH Mojenu. KsagpaTuuHble 3epKajbHBIC
¢ubTpel (QMF) wucnone3yrotess Aist  pas3iioKeHUs
MU300pakeHusT B BEHBIET-00JIaCTH, TOCIE Yero s
KaXJIOTO TIO/AJMANa3oHa BBIYHCISIOTCS TaKUe CTaTH-
CTHYECKHEe IaHHBIE, KaK CpeJHee 3HaueHHe, JUCIIep-
cust, ko3pdunueHT acmMMeTpun u 3Kciecc. Kpome
TOTO, 3Ta JK€ CTAaTUCTHKAa PACCUUTHIBACTCS IS
OMMOKH, TTOTyIeHHOH OT JTMHEHHOTO MPEINKTOpa Be-
JTUYUH KO3()(QUIUCHTOB KaXKI0H MOIMOIOCH, B Kade-
CTBE BTOPOW YacTH HabOpa IMPU3HAKOB.

FBS (creroananms Ha ocHOBe IpHU3HAKOB). B Ka-
YecTBE OCHOBHOI'O KOMIIOHEHTA MpEeAaraeMoro moj-
XOJ[a MCITIONB3YeTCs MPOCTast TEXHUKA OLIEHKH CTaTH-
CTHKH UCXOJIHOT'O N300paXEHNUS Iepe]l BCTPauBaHUEM.
OrneHKa OCYIIECTBISIETCS MyTeM JIEKOMITPECCHU M300-
paxenuss JPEG, a 3arem obpe3aHus ero mpocTpaH-
CTBEHHOTO TPEICTaBICHHUS Ha YeThIpe JIMHUHU IHKCe-
JIeH 1o Topu30HTANX U BepTHKau. [locie 3toro n3o0-
pakeHne MOBTOpHO cxkumaercsi B ¢dopmare JPEG ¢
HCTOJB30BaHUEM OPUTUHAILHOU TAaOJNHIBI KBaHTOBA-
Hus. PasHuna Mexay CTaTUCTHKOM, MOJy4yeHHOW u3
narHoro JPEG-u300paskeHust ¥ ero NCXOIHOU OI[CHOY-
HOHM BepCcHH, TOTydJaeTcsl ¢ TMOMOIIBbI0 Habopa QyHK-
Ui, KOTOpBIe paboTalOT KaK B MPOCTPAHCTBEHHOH, TaK
u B DCT-o6mactu.

OB MMOJIXO0/T

Mertoponorus,, MpUHATAS IS peanu3alud pa-
00TBI, UMEET CIEAYIONIYI0 IOCIEA0BATEILHOCTD JACH-
crBuid. Koyeknus creraHorpaguyeckiux U OOBIYHBIX
n300pakeHMit CHaYana o0padaTeIBaeTCs I H3BIICYC-
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HUS NIPU3HAKOB. 3aT€M YMCIIO MPU3HAKOB YMEHBIIA-
€TCsl B IIPOLIECCE HKCTPAKILIUH, @ OCTABILNECS 3HAYCHUS
MOAAI0TCS KIacCH(UKaTOpYy.

HABOP JAHHBIX

Habop narupix u3 1416 nzobpaxenunii ObLT mOITY-
4yeH myteM otbopa 900 m3obpaxennit 3 MHTepHETA.
®opmar m3obpaxenuit JPEG Opu1 BBIOpaH H3-3a €ro
mHpoKoi momyisipHOCTH. C MOMOINBIO MPOTPaMMEL
Jpegdump OpI1 IPUOMU3NUTENBHO OmpeneneH ko3ddu-
IIMEHT KadyecTBa W300pakeHWH JuIs Ooyiee paBHBIX
ycnoBuid oueHku. [To cytu, Jpegdump oreHnBaeT Ko-
3(hGUIUCHT KauecTBa W300paKeHHs, CPAaBHUBAs €ro
TaONMIly KBAaHTOBAaHHS C TIPEIUIOKEHHOW TaOmuuei
kBaHTOBaHus B ctanaapte JPEG.

[pu cozmarnn HaboOpa cTeraHorpaIecKiX JaH-
HBIX OBIJIO HECKOJIFKO BAPHAHTOB ONPEICICHHUS IITHHBI
BHezpsieMoro coobmenus. [lo cyTH, cymecTByeT Tpu
BO3MOYKHBIX ITOJIX0/1a K BEIOOPY IUTHHBI BCTPAUBAEMOTO
COOOIIEHHNS:

1. YcranoBKka pa3Mepa cOOOICHHS OTHOCUTEIIHHO
KOJIMYecTBa KO PHUIUCHTOB, HaJl KOTOPHIMU paboTaeT
BCTpauBaTenab (T.e. H3MCHAEMBIX KO3(PQGHUIMCHTOB).
Takoll moaXo rapaHTUPYET PaBHBIN IPOLICHT U3MEHE-
HHUI Ha BCEX M300paKCHUSIX.

2. 3amaHuie MOCTOSHHOTO pa3Mepa COOOIICHHS.
ITpu TakoMm moaXO0e pa3Mep COOOIICHUS HUKCUPOBAH
HE3aBUCHMO OT pa3Mmepa m3o0paxkenus. Hemocratkom
TAKOTO TOAXO0JIA SBIAECTCS TO, YTO HAOOp JaHHBIX, CO-
3MaHHBIH TaKUM IIyTEeM, MOXET CoAep)kaTh Habop

n300paxeHUH, UMEIOIINX OYE€Hb MaJI0 OTHOCUTEIBHBIX
W3MEHEHHH 110 OTHOLICHUIO K UX pa3Mepy, u u3odpa-
KEHUH, MMEIOLINX MaKCHUMajbHble W3MEHEHHMS, IPO-
M30IIEIINE B IPOIECCE BCTPAUBAHMS.

3. YcTaHOBHTE pa3Mep cOOOIEHUS OTHOCUTEIHHO
pa3mepa n3obpakerns. Kak n B mpensiaymem cirydae,
MBI MOKEM HMETh 1B H300paKEHHsI OANHAKOBOTO Pa3-
Mepa, HO C pa3sHbIM KOJIMYECTBOM M3MEHSAEMBIX K03(-
(UIIEHTOB.

ITpn co3manum Habopa NAHHBIX MCIOJIB3YETCS
TIEPBBIH MMOJXOJI K OTIPEJICNICHUIO pa3Mepa cooOIIeHN s,
TaK Kak OH yYHTBIBAET COJIEPKAHUE CaMOT0o H300paxke-
HUSI, B OTJIMYKE OT JIBYX MOCJIEIHUX.

Jns cozmanus creraHorpaduyeckux u300pake-
HUH ObLTa HalMCaHa MPOrpaMMa Ha S3bIKE IPOTPAMMH-
poBanust Python, xotopasi reHepupoBaia TEKCT City-
yaitHoi anuHbl oT 1000 1o 7000 cuMBOJIOB U BHEAPSIIA
ero ¢ momomipo anmropurmos OutGuess, F5, MB, PQ, B
pe3ynpTaTe 4Yero moixydminochk 516 creranorpadude-
CKUX U300pakeHuH, 1o 129 Ha KaXKIbIH alTOPUTM.

PE3YJIbTATBI

Jlns oOydeHus ObLTO UCMONb30BaHO 510 m300pa-
xenuit, 510 u300pakeHnit A1l NPOBEPKH M OCTABLIM-
ecst 400 st TecTrpoBaHus. 11 SKCIIEPUMEHTOR OBLIH
BbIOpaHbl ~ nBa  Habopa  mpusHakoB:  DCT-
KOX(PHUIUEHTH ¥ CTATHCTHKA BBICIICTO MOpsaka. B
tabmume 1 u tabmume 2, a Takke Ha pUCyHKe | W Ha
pPHCYHKE 2 NPUBECHbI JIydIlINe Pe3yJIbTaThl IKCIEPH-
MeHTOB SVM.

Memoowi
Sapa oG F5 MB PQ
% nanon- .
% npasunvro Knacc. uzobpasicenutl
HeHHOCMU
oaun. 0dnopodnoe 100 42.25% 55.81% 46.51% 74.41%
50 34.88% 41.86% 20.93% 37.21%
5 4.65% 9.3% 4.65% 6.97%
100
46.5% 58.13% 26.79% 79.06%
Tonunom. nHeoono-
POOHOE 50 34.88% 51.16% 44.18% 65.11%
5 6.97% 11.6% 4.65% 23.25%
100 53.48% 67.44% 72.1% 81.39%
Paouanvroe 50 30.23% 23.25% 34.88% 41.86%
5 18.6% 9.3% 16.27% 20.9%
100 46.51% 93.02% 65.11% 72.1%
Anova 50 23.25% 79.07% 30.23% 34.88%
5 4.65% 25.58% 11.6% 11.6%

Tabnuya 1. Tabruya pezyromamos SVM na nepsom nabope npuznaxog
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Memoout
Sapa 0G F5 MB PQ
% nanon- .
% npasunvro Knacc. uzobpasicenuil
HeHHOCMmU
Paduanshoe 100 97.67% 81.39% 88.37% 95.34%
50 55.81% 65.11% 51.16% 53.48%
5 23.25% 9.3% 18.6% 11.6%

Tabnuya 2. Tabruya pezyromamos SVM na émopom Habope npuznakog

Polynomial (homogeneous) kernel

0G

F5

42.25%

100 50
MB

60 55.81%

46.51%

74.41%

Radial kernel
0G F5
100 100
80 80
67.44%
601 s3.a8% b
40 40
30.23%
. 23.25%
20 18.6%
0
100 50 5
MB

72.1%

Polynomial (inhomogeneous) kernel

oG

F5

100

50

804

65.11%

F5

46.51%

23.25%

93.02%

30.23%

34.88%

Pucynox 1. I'pagpux mounocmu knaccuguxamopa SVM na nepsom nabope npuznaxos
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Radial kernel (WBS)

oG F5
100 1—8L67 100
81.39%
80 | 80
65.11%
60 1 55.81% 60
40 40
23.25%
20 1 20
9.3%
0 0
100 50 5 100 50 5
PQ
51.16% EER LR
18.6%
11.6%
50 5

Pucynox 2. I'pagpux mounocmu knaccuguxamopa SNM na emopom nabope npusrnaxog

ITo pe3ynpTaTaM 3KCIEPUMEHTOB MOXKHO CIENaTh
CJIEyIOLIMH BBIBOJ: CTAaTHCTHKA BBICHIETO MOpPSIKa
nokazasa cedsi HauTy4IM o0pa3oM Juis Kilaccuduka-
UM CTEro-u300paKeHHH, MOJIYYSHHBIX C IOMOIIBIO
Pa3IMYHBIX METO/IOB CTeraHorpaduy, OJJHAKO JUIS ai-
roputMa F5 nydmme pe3ynbTaThl MOKAa3ajio sSapo
Anova c mepBpIM HaOOPOM IIPU3IHAKOB.

3AKIIOYEHHUE

B crarbe ObLI OIMCaH YHUBEPCAIBHBIH HOAXO] K
CTEroaHain3y, OCHOBAHHBIH HA MOCTPOCHUH CTATUCTH-
YeCKOW MOJIeJIM JaHHBIX MEPBOrO U BBICLIETO HOPSIKA
M0 BeNW4MHE U (ase, NOIyuYeHHOU B pe3ysibTare MHO-
romMacmrabGHOr0 ¥ MHOIOOPUEHTAIIMOHHOTO Pa3JIoxKe-
HUS M300paxkeHus. BbUIO MOKa3aHO, 4TO 3Ta CTaTH-
CTHKa OTHOCHUTEJbHO IOCTOSHHA B LIMPOKOM Juaria-
30HEe HM300pa)KCHUil, HO HapyLIaeTCs MPH HAIUYUU
CKPBITBIX COOOLICHHH. DKCIICPUMEHTHI MTOKA3aIIH, YTO
MOJKHO OOHApYKHTh, C JOBOJIEHO HU3KUM K03 duIu-
SHTOM JIOKHBIX cpabaThIBaHUIl, HATUYUE CKPBITHIX CO-

OOILEHNH, BHEIPEHHBIX B IOJHYIO E€MKOCTb OPHUIH-
HAJILHOTO M300pakeHMs WK OJU3KYIO0 K Heil. [1o mepe
YMEHBIICHHUS pa3Mepa cooOIIeHHs BEPOSITHOCT 00Ha-
PYXKEHHS TajaeT - COOOIICHHWS, 3aHUMAIOIINE IPH-
MepHO 5% OT oO0beMa H300paKeHUs, BPsA U OyIyT
oOHapyXeHbl. B mepcnektuBe, MO0 Mepe COBEpILICH-
CTBOBAHHUS CTEroaHaIM3a HMHCTPYMEHTHI CTEraHOIpa-
¢un OyayT BCTpanmBaTh COOOMICHNUS BO BCE MEHBIIHE U
MEHBIIHE YaCTH H300parKeHUSL.
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