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ABSTRACT

The paper underlines that reserves in anticline traps are exhausting both in Azerbaijan and around the globe
and in this respect the priority today is exploration for hydrocarbon resources in non-anticline traps, which are
formed with a certain role of non-depositions or in other words - breaks in sedimentation process. In this respect,
it is natural that in the recent years the geoscientists pay a close attention to researches on non-anticline traps and
non-depositions, since they were not covered by specific studies until now. It should be noted, that studies held at
the “Geophysics” Department of Azerbaijan State Oil and Industry University are some kind of exception. In this
paper, results of some studies are given, including outlined boundaries of unconformities, related to non-
depositions under various seismogeological conditions in onshore and offshore areas. It has been also indicated,
that no specific studies of non-depositions by use of seismic survey have been held in Azerbaijan. This paper is
devoted to outlining and tracking of boundaries related to breaks in sedimentation process analyzed by use of
various seismic survey data acquired in various oil and gas regions of Azerbaijan.

First of all, the paper considers the brief geological and geophysical characteristics of non-depositions and it
is noted that a special role in their study is attributed to high-resolution seismic survey and electric survey. It is
specially underlined that under the non-depositions the geoscientists mean the absence of terrestrial depositions
and outlining and tracing of regional and reference seismic horizons are not complicated task. According to the
latest studies, during the periods of global and local breaks in sedimentation process, the depositions of terrestrial
origin are absent, however deposition of cosmic dust is continuously going on and this has been proved by various
studies.

The paper also indicated the role of some researchers in studies of depositions of cosmic origin and their
reflections in seismic data. The results of studies of depositions of cosmic origin by use of modeling held in
Azerbaijan have been also displayed.

Key words: non-depositions, high-resolution seismic survey, ranked seismic horizons, unconformity
boundaries, cosmic dust.

Introduction. The sharp decline of the world’s oil
and gas reserves related to anticline traps is a well-
known issue, and in this sense, Azerbaijan is no
exception. Due to this, the attention of geologists and
geophysicists are currently focusing on non-anticline
traps. It is known, that non-deposition or hiatus
processes play a very important role in formation of
such traps. Significant progress has been made in
studies of non-deposition periods by use of seismic
survey. Some researches in this area have been done at
the Department of Geophysical Exploration Methods of
Azerbaijan State Oil and Industry University.

In this respect, the researches of P.Z.Mammadov
devoted to study of unconformity boundaries created
by non-depositions under various seismogeological
conditions onshore and offshore Azerbaijan are
noteworthy [3]. However, no thorough researches have

been conducted in Azerbaijan in order to study the
boundaries of non-depositions by seismic survey.

First of all, let us consider briefly geological-
geophysical nature of breaks in sedimentation process.
It must be noted that high resolution seismic and
electrical surveys have an important role in the study of
non-depositions [4,5,6]. When talking about non-
depositions or hiatus the geologists and geophysicists
understand the absence of terrestrial sediments in the
section [1,2]. Similar to sedimentary geological
objects, non-depositions are ranked according to spatial
and temporal characteristics [1,4,6].

The ranks of non-depositions are very well
matched with the ranks of isolated geological
sedimentary bodies. Regional and reference non-
depositions are very clearly traced in seismic time
sections and their study is not too complicated (Fig. 1).
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Time (ms)

Reflective boundary formed by cosmic dust during sedimentation hiatus
Figure 1. Seismic time section

Regional and reference non-depositions are
existing for a long time and embrace a large part (about
90%) of sedimentary process [9,12]. Local non-
depositions are relatively short, and their study by
seismic survey has certain complications. Absolute
spectral-time analysis (SVAN) must be used in the
study of this type of non-depositions. It should be noted
that from the point of view of seismic exploration, non-
depositions cause mainly thick stratification of the
section [10,11].

Problem Statement. This paper deals with
identification and tracking of reflective boundaries
(seismic horizons, conformity layers) associated with
non-deposition intervals based on seismic survey data
acquired in oil and gas regions of Azerbaijan.

Research Questions. According to previous
assumptions, non-depositions generally mean the cease
of the sedimentation process. According to modern
studies while the global or local non-depositions, rocks
of terrestrial origin do not really precipitate, however
during this period, sediments (dusts) of cosmic origin
settle continuously [7,8]. Estimates of the amount of
matter of cosmic origin reaching the Earth's surface
vary.

According to V.V. Fedinsky [8], approximately 10
million tons of space dust per year falls on the surface
of the Earth. This is 10,000 times less than sediments
of terrestrial origin. Therefore, the presence of cosmic
dust in ordinary sedimentary layers falls out of the
attention of geoscientists.

Thus, very thin layers of cosmic dust correspond
to the breaks in sedimentation process. Approximately
0.02 grams of space dust per square meter of the earth's
surface settles in a year. They are spherical grains with
a diameter of 10 m. The outer layer of these grains

consists of iron-manganese, and the core consists of
graphite and silicate; the density is 7.0 g /cm? [2].

In brief, the Earth is covered by a thin cosmic dust
of 0.3-10° mm per year. Of course, such sediments are
not visible. However, the breaks last for hundreds of
thousands to millions of years and during these periods,
i.e. during the absence of sediments of terrestrial origin,
the layers were also formed, albeit very thin. According
to A.S.Safonov and other researchers the structured
layers of the particles of the cosmic dust curtain form
an electric capacitor at the boundaries of the layers
[2,6]. When such a layer is under the effect of elastic
waves, its plates are deformed, displaces the charged
particles of the carcass and the fluid, resulting in an
additional (second) electromagnetic field, which in turn
excites the second elastic wave (seismo-electric and
electro-seismic effects). Due to this the dynamic clearly
visible reflections (seismic horizons) are derived from
non-depositions in time sections of CDP. According to
A.S.Safonov et al. [6] when modeling the non-
depositions the reflection coefficient should be
included in the model only once - from top of non-
deposition (Fig. 2). If there is a thick layer of sand of
50 m (viay = 2530 m/s) in the section, the strong
reflections are obtained from its top and foot. The
presence of non-deposition area near the top of this
sand layer leads to the screening of that layer, and this
must be taken into account when predicting the
filtration-volumetric characteristics of reservoirs.

Purpose of the Study. It is important to mention
one more issue. The second elastic wave generated by
the seismic effect has no reflections except from the top
and the foot. The cosmic dust layer behaves like a one-
sided (single) active surface, i. e. like a hemisphere in
the elastic field. Therefore, only one reflection
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coefficient (from the top of non-deposition area) must
be included when modeling non-deposition area.

Vi, m/s Vi, m/s Viy, m/s
1900 2900 1900 2900 1900 2900

1400 1400 1400

ol —[ 5558 | ol —] | 5558 | o A
1600 1600 1600

1700 1700 1700

1800 1800 1800

1900 1900 1900

2000 2000 2000

S |, S |, L8
2200 2200 2200

2300 2300 2300

2400 2400 2400

2500 2500 +—F— | 25001+—F

2600 2600 2600

2700 2700 2700

2800 2800 2800

2900 %%% 2900 % 2900 %
3000 -l 3000 ] 3000 ]

a) b c)

Figure 2. Modelling of seismic section:
a) outside of reservoir area; b) sand lense c) sand lense and non-deposition

The concentration of all energy in a very thin layer
and the pulsed nature of seismoelectric effects cause a
very short strong pulse (close to the Dirac pulse) in non-
deposition. This pulse has a very wide range of
frequencies in the spectral area. I.A.Mushin underlined
such behavior of non-deposition in SVAN columns [4].
In SVAN sections the non-depositions in sedimentation
process display themselves depending on frequency as
reflections with unvariable arrival times to [13,14]. In
other words, non-depositions create such a reflection
horizon (more precisely, pulse), which pocesses the
whole  frequency spectrum (that is spectral
components) at some fixed time to . According to many
researchers, except for the rare cases such as the
angular unconformity, sharp lithological variance,
absence of entire startigraphical intervals, erosion and
restoration of sedimentation process the major part of

non-depositions are lying conformably with reference
boundaries (Figure 3).

In practice, the elastic seismic wave field is the
result of superposition of the signals generated by
boundaries of non-depositions and reflections from
boundaries of lithology change [4]. Namely these
boundaries lead to generation of micro-, meso- and
macrolayers of the sedimentary layer. Such
conformingly buried non-depositions are hard to be
detected and traced by geophysical survey. Despite that
non-depositions are a small part of geological time,
they constitute the important elements or tools of
seismostratigraphy. If the acoustic (lithological)
compound of reflections is described by the traditional
theory of seismic survey, there are no velocity columns
(models) for non-deposition compound [15,16].
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Research Methods. Non-deposition and acoustic
compounds are not related to each other and exist
completely  independently.  Since lithological
compound of the wave field is studied by well logging
techniques, dynamic interpretation of seismic data and
electric survey, it is not the exception that non-
depositions will also be studied by these techniques.

3D seismic survey conducted recently in one of
the oil and gas fields of Azerbaijan allowed to reveal
the internal structure of the seismic wave field observed

here and clarify some features of geological setting of
the study area (Fig. 4).

In one of vertical sections of the cube of 3D
seismic survey held in the study area the quasi-
synchronous seismic sedimentation units have been
outlined. Boundaries of non-depositions coincide with
boundaries of these quasi-synchronous seismic
sedimentation units. In some cases, non-depositions are
observed within outlined units and they reflect the top
and foot of separate smaller ranked units (Seismocycle,
seismic layer series, seismic layer, etc.) (Fig.4).
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Figure 4. Identification of seismo-stratigraphic units in the vertical section of 3D seismic survey cube
(Azerbaijan)

The role of non-deposition boundaries in
generation of seismic wave field is varying. The part of
time section displayed in the figure clearly reflects this.
Despite that in some seismic horizons (or references)
characterised by intensity no significant differences are
observed in the seismic wave field, i.e. despite there is
no strong differentiation of geological environment in
regard of acoustics, the gain of strongly reflected
seismic pulses proves that they are tied with non-
depositions [14,17]. Several of these boundaries are not
traced along the profile continuously and this displays
variable nature of their role in the formation of the wave
field. When the influence of non-depositions is too
small, it can be said that all registered seismic signals
are formed by lithological compound and the results of
traditional interpretation are well conformed with later

b

a3
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drilling data. However, in the most cases it is not like
this.

Findings. The hydrocarbon presence in geological
section of the area are tied to several horizons of Gala
layer series (lower part of Productive Series). Their
relatively thick parts are poductive and featured by gas
presence in some places. The area is considered as the
area with high perspectives.

It must be noted that acquired deep drilling and
seismic data do not allow to design geological model of
oil traps of Gala layer series in the area covered by 3D
seismic survey. Oil fields (to say more correctly - traps)
can be roughly tied to lithofacies alteration of Gala
layer series attributed to hiatus in top and foot of the
field (Fig.5).
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Figure 5. Vertical section of 3D seismic cube: 1 — seismic record interval reflecting Gala series; 2,3 — seismic
horizons related to non-depositions and attributed to the top and foot of Gala series; 4 — seismic horizon related
to non-deposition and attributed approximately to the top of Miocene
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According to the AVO analysis applied to the
seismic horizon referred to the top of Miocene the area
with possibly reservoir properties was outlined on the
slope of the uplift. It can be seen from time section
shown above that this horizon is characterized by high
intensity on seismic record on the background of
relatively weak reflections.

Conclusion. In the summary, the following can be
derived:

1.1t can be supposed that most of the intensive
seismic horizons observed in time sections except for
the strong references in thin layers created by parallel
interference are tied to non-depositions and most of
these horizons belong to the medium or strong
references; there are rather no weak references related
to non-depositions;

2. Angular unconformities, sharp lithological
alterations, abcense of several stratigraphic intervals,
with absence of rare cases as restart of sedimentation,
the large number of non-depositions lay in
conformance with reference boders;

3. The most of seismic horizons are developed as
a result of superposition of signals created by
reflections from borders of lithology change and by
boundaries of non-depositions. Namely these
boundaries create mikro-, meso-, and macrolayers in
sedimentary cover. Conformingly buried non-
depositions are not identified and traced by exploration
(seismic) and well logging techniques; only in rare
cases when these boundaries create reflection pulses
close to the Dirak pulse (in other words the needle-
shaped pulse), its existence in the wide frequency range
proves that it is related with non-deposition border;

4. Non-depositions and lithological compounds of
reflected wave field are not related to each other and
exist independently. Lithological compound of the
wave field is studied by well logging tools, dynamic
interpretation of seismic data acquired in interwell area
is studied by electrical logging while we can not state
the same about non-depositions;

5. The influence of non-deposition must be taken
into account while evaluation of filtration-capacity
characteristics of reservoirs by use of seismic data.
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AHHOTAIUSA
[puBonsTCS pe3ynbTaThl UCCIICNOBAHUS BIMSHUS TAPAMETPOB 3BAKYalMU ACTEH, HAXOISIIMXC B AETCKUX
UTPOBBIX KOMHATaX, HA OOV MpoLece BaKyaluy U3 TOProBOPa3BICKATEIbHBIX KOMILIEKCOB.
ABSTRACT
The results of investigation of influence children’s evacuation parameters situated in playrooms on the overall
process of evacuation from the shopping malls are presented.
KaioueBble cioBa: jgerckas WrpoBas KOMHAra, MapaMeTpbl 3BaKyalldH, pacyéTHOE BpeMs HBaKyalluH,

pe3ynbpTaT y3HaBaHMUS.

Key words: children's playroom, the options of evacuation, the estimated time of evacuation, the result of

recognition.

Jlerckue  WrpoBble  KOMHAaTbl B TOPrOBO-
pasBiekarenbHeIx Komruiekcax (TPK) - coBpemenHas
TEHJEHIHS pa3BUTHSA HUHyCTPUH YCIyT,
MAaJIOM3y4YEeHHAs ¥ HE OTPEryINPOBaHHAsi HOPMATUBHO-
NPaBOBBIMH  aKTaMH B 0O0JacTH  IOKapHOH
6e3omacHocTH. 3auacTyio npu mnpoexktupoBanuu TPK
HE PacCMaTPHUBAETCS BO3MOXHOCTDH IMOSIBICHHUS TaKUX
cnenu(pUUeCKUX JETCKUX TMOMEHICHHH W 30H. B

MOAABJISIONIEM OOJNBIINHCTBE ciyJaen OHH
dbopmupyroTcs OeccrucTeMHO Ha CTaJu
OKCIUTyaTaluu. B HOPMAaTUBHBIX aKTax,
periiaMeHTHPYFOIIHX TpeboBaHus MOXKAPHOU

6e301acHOCTH, HET CIIeUAIBHBIX TPeOOBAHMI K TAKUM
MIOMEIICHUSIM M 30HaM (TMPUMEHUTEIBHO HMMEHHO K
TPK), a Ha uX pa3MenicHne He TpeOyeTCs pa3perIeHus
roCy/apCTBEHHOTO MOXKapHOTO HAA30pa, IOATOMY
OCHOBHBIM KpHUTEpHEM HUX JIOKAIM3AIUH OOBIYHO
SBISIETCS. HAJIMYUE CBOOOIHBIX IIJIOMIACH.

Mayio KTO W3 B3pOCIBIX, NpHBEAsS peOeHKa B
Jnerckyro urpoyro koMHaty TPK, nountepecyercs
HATMYUEM TUTUIOMOB 00 00pa3oBaHUM y 00CTYKUBAIO-
miero nepconana. [lomydaercs, 9To ocTaBiis AeTeit B
JETCKMX HIPOBBIX KOMHATaX, Mbl IOJlaraeéMcsl Ha
ciydail. A BeJlb IMEHHO TPaMOTHBIE JIE€HUCTBHS MEPCO-
HaJla IPY BBIHYKJICHHOH 3BaKyallly B Clly4yae Ioxapa
nmm YC, mo MHEHHI0O MHOTHX HCCIIEJoBaTeNeH,

3aYacTyI0 SABISIFOTCS 3aJI0TOM €€ YCIIEIIHOTO MpOBe-
nenns [1-3].

Hcxomst W3 CYIIECTBYIOIIMX — YCIOBHH |
MPEIIOCHITIOK, MBI PEIIWIM MPOBECTH BCECTOPOHHEE
HCCIIEIOBAHNE JIETCKON UTPOBOM KOMHATHI B TOPTOBO-
pa3BIeKaTeIbHOM KOMILIEKCE.

3aauaMu UCCIIEA0BAHMUS SIBIISIIOCH:

= OIIPCACITICHUC Ka4y€CTBEHHOI'O u
KOJIMYECCTBCHHOT' O cocTaBa O6CJ'Iy)KI/IBaIOH.IGFO
NepCoHalIa JCTCKUX UT'POBbIX KOMHAT;,

- W3y4YeHHE BO3MOXHOCTH
0OCITy’)KMBAIOIIETO TEpPCOHAJa JIETCKHX MIPOBBIX
KOMHAT OTJMYaTh JeTe, OCTaBJICHHbIX Ha WX

HOIIEYEHHE, OT JAPYIUX AETEl;

= OLCHKa CITOCOOHOCTH ,HGTCﬁ BU3YAJIbHO
BBIICIATH 06CJ'Iy)KPIBaIOIIIPIﬁ nepcoHan  JAETCKUX
HUI'POBBIX KOMHAT Cpear APYTUX B3POCJIbIX Jno,ueﬁ;

- BBISIBIICHHE  BO3MOXKHOTO  TIOBEACHUS
poIuTenel B CHTyanusaxX, KOT/Ia OCTaBICHHOMY UMH B
JIETCKON NTPOBOM KOMHATE peOCHKY yrpokaeT MHUMAast
WM peanbHas ONacHOCTb;

- pacu€r BIMSHMUS IAPAMETPOB HBaKyalUH
JeTeil ¥ BO3MOKHOTO TTOBEICHUS POANTEIIeH Ha O0IIHit
IPOLECC DBAKyallMd JIOAEH W3 3JaHHd TOPIoOBO-
Pa3BIEKATENBHOTO KOMILIEKCA.
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IIpoananu3upoBaB UMEIOIUECS B  HAyYHOU
JUTEpaType CBEACHUS U COOpaHHBIC 3MIHPHYECKHE
JJaHHbIE O MapaMmeTpax INpolecca dBaKyalluu JeTel u
CONOCTAaBUB MX C JAHHBIMU O IIPOLIECCE HBaKyallul
mofed W3 3JaHMM M COOpPYKEHHH Ppa3iIMYHOro
Ha3HA4YEHWs, Mbl  BBIOBHHYIM  THUIOTE3Y O
3HAYNTEIHHOM HETaTHBHOM BIIMSIHUM OOJBIINX IPYIIT
JeTel, HaXOMIIIUXCSl B JETCKUX WTPOBBIX KOMHATaXx,
Ha OoOmMi Tporecc »BaKyallddl JIOJEH W3 TOPTrOBO-
pa3BIEKATEIbHBIX KOMIUICKCOB.

B kxadgecTBe OCHOBHOTO METO/a NCCIIEOBAHMS IS
ONpeNieNeHUs] MPOLEHTa y3HaBaHMS HOCeTHTeNed U

00CITy)KMBAIOIIETO TEPCOHANA JETCKUX HIPOBBIX
KOMHAT  MCHOJb30BAJICA  METOA  BKJIIOYEHHOTO
CTUMYJUpYIOLIEro mpsiMmoro  HabmogeHus. s

BBISIBIICHHSI BO3MOXHOM peakuuu poauTenedl Ha
OIMACHOCTh, TI'PO3SILIYI0 MX DPEOEHKY, HCIIOJIb30BAJICS
METOJl  Ompoca B  €ro  pasHOBUIHOCTH -
CTaHJAPTU3MPOBAHHOTO  HMHTEPBBIOMpOBaHMA. s
W3Y4YCHUs BIUSHUSA IapaMeTpPOB 3BaKyallMd AeTed U

BO3MOXKHOTO IOBEJICHUS POAUTENICH Ha  OOmMi
IpoLecC  dBaKyalWMH  ObUI  IPUMEHEH  METOJ
MaTeMaTHYeCKOTr0 MOJIEITMPOBAHHUS C UCTIOIb30BaHHEM
MIPOTPaMMHOTO KOMILJIEKCa "®orapx". Ha
3aKJIIOUUTCIBPHOM oTarec MPpUMCHSATINUCH METOAbI
AHAJIMTHYECKOH  00pabOTKM ¥ HMHTEpIpeTanuu
TMOJYUYCHHBIX JaHHBIX.

HccnenoBaHus ~ HPOBOJWINCH  CO  BCEMH

MOCETUTESIMU JAETCKUX WIPOBBIX KOMHAT B BO3pAcTe
oT 3 1o 12 ner. Ilony4yeHHble pe3yabTaThl:

1. TIpeamonoxxeHue 0 TOM, YTO OCHOBHOH COCTaB
00CITyKHMBAIOILETO MEPCOHaNa COCTOUT U3 CTYACHTOB,
ompaBAatoch. JIWmb B OZHOW W3 HCCIEAYyEMBIX
JETCKUX UTPOBBIX KOMHAT 0OCITyKHBAIOIINI MIEPCOHAT
Ha 75 % cocTosT U3 MPOdEeCCHOHATLHBIX AHUMATOPOB.

2. Pesynmbprarhl y3HaBaHUS OOCIYXHMBAIOIIUM
MEPCOHANIOM, COCTOSIIMM M3 CTYyAEHTOB, JETEH-
MOCETUTENEN JIETCKUX UTPOBBIX KOMHAaT

BappupoBaiuck or 40 % go 70 %; mepcoHanom,
COCTOSIIIMM U3 TMPOQECCHOHATBHBIX aHUMAaTOPOB, OT
80 % mo 90 %. IlokazaTrenu CHMXKAJIKCHL C TEUCHHUEM
BPEMEHH, TPOIIEAIINM C Hadanma pabodero nmHS, a
TaKXKe TPOMOPIIHOHAIBEHO KOJHYECTBY AETEH, MPUXO0-
ISIIAXCS HA OJHOTO COTPYAHHKA, W 9acTOTe CMEHBI
neTei.

3. U3 umcina jgereii-lioceTMTENIEH  JAETCKUX
UTPOBBIX KOMHAT TOJBKO OT 15 % mo 40 % cmormu
y3HaTh  XOTd OBl ~ OJHOTO  dYeloBeKa M3
00CITy)KMBAIOIIETO MEpPCOHajia JEeTCKOW UTPOBOMU

koMHaThl. [IpuuéM mnpoueHT y3HaBaHMA Majan C
TEYCHUEM BPEMEHH, KOTOpoe peOCHOK NpPOBEN B
UIPOBOIl KOMHATE, a TAaKXKE C YMEHBIICHHEM BO3pacTa
pebenka.

4. 100 % ompoIIEHHBIX POJUTENICH 3asBHIN O
TOM, YTO TPEATIPAMYT CAMOCTOSTEIbHEIC IEHCTBUS 1O
MMONCKY peOeHKa B Clydae BBHIHYXIECHHOH 3BaKyallHH,
HEB3Wpas Ha yKa3aHWSA 0OCITy)KHMBAIOIIETO IepcoHaa
TPK u peuessie coobmenus COYD.

5. PacuérHoe Bpems sBakyammu u3 TPK 06e3
yuéTa HaXOXICHUS JeTelf B JETCKHUX HIPOBBIX
KOMHaTax coctaBuio okoio 30 muH. [locne BHeceHus
COOTBETCTBYIOIIUX JAHHBIX O HAJMYUU U KOJIUYECTBE
JeTeil pacuéTHoe BpeMs cocTaBuiio 60 MuH.

Takum o00pa3oM, THUIOTE3a O 3HAYUTCIHLHOM
HETaTUBHOM  BIUSHUMA OOJNBIIMX TPYNI  JETCH,
HaxOJSIIMXCS B JETCKUX WIPOBBIX KOMHATaxX, Ha
obmmit mpomecc »Bakyanuu mozxed w3 TPK nammma
CBOE IIONHOE TIOATBEPXKICHHWE. YUET IapaMeTpoB
9BaKyalnH AeTel, KOTOPHIC B IPOLIEHTHOM OTHOIIICHUN
coctaBysitoT Beero 0,2-0,3 % ot o0Iiero KoJmyecTna
mojed, Haxoxdmmxcsa oaHoBpemMeHHO B TPK|
YBEIUYMIT BpeMst 001ieit aBakyaruu Ha 101 %. Huskuit
MPOLIEHT Yy3HAaBaHUsS OOCIY>KMBAIOIIMM IE€PCOHATIOM
JIETCKUX UTPOBBIX KOMHAT JIeTeH, OCTaBJIIEHHBIX Ha UX
MOTIeUEHUE, CO3/IaI0T MPEATNIOCHUIKH TOTEpU JIeTell B
Pa3HOPOJHOM JIIOJICKOM TIOTOKE MpPH BBIHYKIEHHOM

9BaKyaluu, 4TO MOXKET NPUBECTH K
KaTacTpO(PUIECKUM MOCIHECACTBHAM IUIsl OTEPSHHOTO
pebenka.

PesynpraThl  HCCNIENOBaHWS ~ yKAa3bIBAIOT — Ha

HEOOXOAMMOCTh TPHHATHS MEp OPraHU3allMOHHO-
MPaBOBOTO XapakTepa, UCKIIYAIONMX OeCCHCTEMHOE
U OECKOHTPOJILHOE pa3MelIeHHE AETCKHX HIPOBBIX
KOMHAT nu 30H B 3KCHHyaTI/IpyeMLIX TOpFOBO-
pa3BieKAaTEIbHBIX  KOMIUIEKCAX, C  BHECCHHEM
JIOTIOJTHEHUH B JICHCTBYOIIUE 3aKOHOJATEIbHBIC AKThI,
perIaMeHTHPYOIIUE TpeOOBaHuUs MOXKapHOU
0€e30MacHOCTH.
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GENERAL PRINCIPLES OF BUILDING A PREDICTIVE DIAGNOSTIC SYSTEM FOR THE NEW
ELECTRIC TRAIN ES2G " LASTOCHKA™ AND THE FIRST EXPERIMENTAL DATA

A. S. Adadurov, Cand. Sci. (Eng.)

JSC “Scientific Research Institute of Railway Transport”.
129626, Russia, Moscow, 3-rd Mytishchinskaya d. 10
V.1. Fedorova, Cand. Sci. (Eng.)
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the Russian Academy of Sciences (A.F. loffe Institute)
194021, St. Petersburg, Polytechnic str., 26

AHHOTALIUA

Pa3zpaboTka HOBBIX IIM(PPOBBIX CEPBHCOB W YCTPOWCTB JaeT BO3MOXKHOCTHh BEITIONHATH YAAJCHHBIN
MOHHTOPHUHT Y3JIOB W arperatoB 3JICKTPONOC310B, HCKIIOYCHHUC HYCIOBEUCCKOIO q)aKTopa, YTO IIO3BOJIUT
MNpeAOTBPATUTL CXOAbI, CBA3aHHBIC C OTKA30M OTACIIbHBIX Z[GTaJ'IGI‘/'I, obecrieuuT KOHTPOJIb O6H.[€I71 BI/I6paLIPIOHHOI>'I
HaaACKHOCTH, KOTOpBIP‘I SIBJISICTCSA BasKHEHIIICH BKCHHyaTaHHOHHOﬁ XapaKTepHCTHKOﬁ. AKTyaJ'IBHOCTB JaHHOI'O
BOIpoca oToOpakaeTcsl Tak ke B paMkax mporpammsbl pa3zsutus Ludposas xenesnas nopora OAO «PXK]/[». B
HaCTOsIIEe BpeMsl cyliecTByeT onpenenennsiii 3aaen y HUALL AO « BHUMXKT» B nanHOM BOmpoce, a UIMEHHO
€CTb OTIBIT B cepe n3roroBineHus cucreM auarnoctuku 1 MoHutopurra (AC KPCIIC, BYK, ITAYVK «HEBA-2»)
[1, 2], xoToperii OynmeT mpuMmeHeH g pa3pabotku 3nexTtponoe3na DC2IT «Jlacroukay moxonenus GOA 4.
YnqueHHe MoKa3aTejaeu HaJCXKHOCTH, 9KOHOMUYHOCTH, MaHEBPCHHOCTHU u PEMOHTONPUTOAHOCTHU
QJICKTPOMOE3/10B ABJIAIOTCA aKTyaJlbHBIMU Ha CeFOZ[HSIHIHI/Iﬁ JCHb.

ABSTRACT

The development of new digital services and devices makes it possible to perform remote monitoring of units
and assemblies of electric trains, which will prevent derailments associated with failure of separate parts and ensure
control of overall vibration reliability, which is the most important performance characteristic. The relevance of
this issue is also reflected within the framework of the Digital Railway development program of the OAO RZD
(Russian Railways). Today, a certain groundwork has been carried out within the R&D Center AO All-Russian
Scientific and Research Institute of Railway Transport in this matter, namely there is an experience in the sphere
of diagnostics systems manufacturing (ASKRSPS (special rolling stock automated control system), BUK,
hardware and software system “PAUK NEVA-2) which shall be used for development of "Diagnostic system of
technical condition of high-speed electric trains". Improvement of reliability, efficiency, maneuverability and
serviceability of electric trains are of current importance.
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KiroueBble cioBa:

JUArHoCTudycCckKkasa Cucrema,

HOIIBPI)KHOﬁ COCTaB, )KCJ'I€3H0ﬂ0p0)KHLII71 nyThb,

KOMIUIEKCHBIHN I[I/IaFHOCTI/I‘ICCKI/Iﬁ LEHTP, SJICKTPOINOEC3, NPCAUKTHBHAA JUArHOCTHUKA.
Keywords: diagnostic system, rolling stock, railway track, integrated diagnostic center, electric train,

predictive diagnostics.

BBegenne. Ha ceropssmHuil [eHb BONPOCHI
YITydIIeHUS MoKa3aTesen HaJeKHOCTH,
SKOHOMHYHOCTH, MaHEeBPEHHOCTH H
PEMOHTOIPUTOTHOCTH 3JIEKTPOIIOE3I0B 2C2I
«JlacTouka» sBisIOTCS akTyalnbHbIMU. He MeHee
BaXHBIMH BOIIPOCAMH SBIIIETCS MPOIJICHHE CpOKa
CITy>KOBI Y3JIOB U JIeTalie U PaCIIMPEHUE TOMYCTUMBIX
PEKHMOB OKCIUTyaTalldd. B yclIoBHMAX UTENbHOU
9KCIUTyaTalldd W HIMPOKOTO JAMana3oHa W3MEHEHUS

PCKMMOB  Ha HepBLIﬁ IUIaH  BBIXOZAT  3aJayu
MpCAOTBpAIICHUA CX0/J0B, IIOJIOMOK B nmyTH
CJICO0BaHUs, CBA3aHHBIX C OTKa3OM OTACJIbBHBIX

JeTanei u y3ioB snexTporoe3noB DC2I «JlacToukay,
obecrieueHrsT BUOPAIIMOHHOTO COCTOSHHSA Y3JI0B M
arperaroB JIEKTPOIIOE3/1a, TIO3BOJISIOIIETO
YCTOWYMBYIO W HaJECKHYIO JKCIUTyaTalluI0 BO BCEM
JMara3oHe peXXKUMOB, Pa3pabOTKH METOJIOB U CPEACTB
JUarHOCTHKH, TIO3BOJISTFOIUX OpraHu30BaTh
oOciy’)XHBaHHE M  PEMOHT 00OpyIOBaHUSA IO
TEXHUYECKOMY COCTOSHHUIO.

OOmass BHOpalMOHHAsE HAJEKHOCTh Y3JIOB U
arperaTtoB SBJISIETCA BaKHEMILEH SKCILTyaTalluOHHOU
xapakTepucTuxkoi. Huskuil u cTaGuibHBI ypOBEHBb
BUOpaIy, OTCYTCTBHE PE30HAHCHBIX n
aBTOKOJIE€OATEIFHBIX SIBJICHHH BO BCEM JHana3oHe
PESKMMOB TapaHTHPYIOT HE TOJBKO JOJTOBEYHOCTH
Y3JIOB H arperaToB, HO ¥ BO3MOKHOCTh CBOEBPEMEHHOM
JVarHOCTHKH M YCTPAHEHUS] BO3HHUKAIOMNX AC(PEKTOB
B MOMEHT WX 3apoxaeHus. B mocnemHue ronsl B
MNPOMBIIIJIEHHO  Pa3BUTBIX  CTpaHaX  BOIpocam
TEXHUYECKOI TNarHOCTUKU U, B YaCTHOCTH, BOIIPOCaM

B 3eKTpuyeckoe o6opyaoBaHmne

3000
2500
2000
1500
1000

500

0 II —

2018
377
434

Tarosoe o6opy0BaHWe U NMPUBOA, 62

B Cuctema BuaeoHab0AeHNA

B 3neKTpuueckoe 06opyaoBaHme

B Cuctema GesonacHocT 45
B Cuctema ynpasneHua 70
Cuctema oxNaskaeHua 22

W TexHUYeCKoe COCTOAHME ABepeit 2783

B Cuctema BuaeoHabnoaeHna

M Cvctema ynpasneHua Cuctema oxnaxaeHua

BHOpAIOHHOM JTUaTHOCTHKHA obopynoBaHUs
ANIEKTPOIOE3I0B YACIACTCS MOBBIIICHHOC BHUMAaHHE.
9710 00BsICHIETCH, c OJTHOM CTOPOHEI,
HEOO0XOIUMOCTBIO KOHTPOJIS oTpaboTaBIINX
pacyeTHbI pecypc Vy3JIOB U arperatoB, a TaKxKe
000CHOBaHHEM CPOKOB MEXKPEMOHTHOTO IMEpUoja, C
JPYTO¥ CTOPOHBI - CTPEMIICHHEM K CHUKCHUIO yIepoa
OT BHCIUIAHOBBIX IMPOCTOCB M BHE3AITHBIX CXOJOB IO
MPUYKHE 0TKa3a TEXHUYECKUX cpenacTs [3].

B HacTosiliee BpeMsl Ha CETH KEIE3HBIX JOPOT
pearu30BaHbl CHCTEMBl KOMIUICKCHON JIHArHOCTHKH,
WHCTAJUTUPOBAHHBIC B AJIEKTPOIOE3/la TaKHe Kak:
KOMITAKC®-DKCIIPECC-TP3, nmannas cucreMa
3HAYUTENLHO COKpalaeT BpeMsi ITOJIHOTO
JIMAarHOCTUPOBAHUS IOJBIKHOTO COCTaBa, B YaCTH

KOJICCHO-MOTOPHBIX ~ OJIOKOB, ~ TOKOIPHEMHHKOB,
TOPMO3HOM CHCTEMbI, ILenedl ympasneHus [4];
WudopmannoHHO-13MepUTeIbHAS cucrema
«MHO®OTPAHC - Jlactouka», [JaHHas CHCTEMa

OCYIIECTBIISIET KOHTPOJIb TE€OMETPUU MYTH U PENILCOB,
BHJICOKOHTPOJIb BEPXHETO CTPOESHHUSI My TH [5].
O6patuMcsi K CTaTUCTHYECKHE JaHHBIM 00
oTkazax onektpomoe3fgoB ODC2I'  «Jlactouka» ¢
BHEAPCHHBIX CPEACTB JIHATHOCTUKHA TIPOUCXOAUT
COKpaIIleHIe OTKa30B W3 T0JIa B TOM, YTO OTOOpakeHO
HAa pHUCYHKE 1, NPUYMHOH KOTOPBHIM SIBIITIOTCS

peryJispHbIe HUCCIEIOBAHUSA B qacTu
YCOBEpILIEHCTBOBAHHMS CYyILIECTBYIOIIUX CUCTEM
JUArHOCTHKH, 4YTO MPHUBOJUT K MOJIOXKUTEIHHON
JIMHAMHUKE.

2020 2021
366 373 129
467 266 125
31 44 13
178 262 49
111 129 24
103 61 25
2844 2013 1014

[ ™ | Il
2019

Tarosoe o6opyaoBaHue n npusos, B Cuctema 6e3onacHOCTH

M TexHUuYecKoe COCTOAHMe aBepeit

Pucynox 1 - Cmamucmuxa omKkazos no cucmemam OuazHOCMuKu
6 nepuoo ¢ 2018 no 2021 e.
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OnHaKo, KOJMYECTBO OTKA30B yKa3bIBAET HA TO,
YTO  JEUCTBYION[HE CHCTEMbI  JHATHOCTHKH U
MOHHTOPHHIa UMEIOT PSIIl HEOCTATKOB, TAKHE KaK:

* cOop wuHPOPMAIUK OCYIICCTBISCTCS IO
Pa3UYHBIM y3JIaM B OTAEIbHOCTH U HE COOTHOCUTCS C
COCTOSTHHEM BJIEKTPOITOE3/1a COCTaBa B IIEJIOM;

*  aHaNW3 MEPHOTUYHOCTH OTKA30B W TPUUMH

OTKa30B  HEBO3MOXEH  BBHAY  Pa3pO3HEHHOCTH
TIOJIy4EeHHBIX JaHHBIX;
*  OTCYTCTBYET BO3MOKHOCTb OLICHKH

OCTaTOYHOTO PECypca y3JI0B IEKTPONOE3 a;

* JMarHOCTHKa HE MOXET OCYIIECTBIIATHCS B
peXuMe peasbHOro BpeMEHH;

* TIpUMEHSEMBble  CHUCTEMBl M  METOJbI
JUArHOCTHKU  3a4acTyl0  CHIDKAlOT  HAaJEeKHOCThb
€AMHUIIBI MOJBIDKHOTO COCTaBa U MPHUBOAAT K €€
OTKa3y;

*  OTCYTCTBYET TpSMOH JOCTYTI
3aMHTEPECOBAHHBIX ~ HAy4YHBIX  HHCTHTYTOB K
NPUMEHSEMBIM OOpTOBBIM CHCTEMaM B BHAY HX
MHOCTPAaHHOTO MPOHU3BOJICTBA;

e cOop wuHpOpPMAIMH OCYIIECTBISAECTCS IO
Pa3NUYHBIM y371aM B OTIEIBHOCTH U HE COOTHOCHUTCS C
COCTOSIHHEM 3JICKTPOIOE3/1a COCTaBa B LIENIOM;

* aHANU3 NEePHOAMYHOCTH OTKAa30B U MPUYUH
OTKa30B  HEBO3MOXEH  BBUAY  Pa3pO3HEHHOCTH
MOJYYCHHBIX TaHHBIX;

B nanHOM nccienoBaHuM OyAyT OCBEIICHBI MyTH
peLICHNsI YKa3aHHBIX BBINIE HEAOCTATKOB, OCHOBHBIMHU
3aJa4aMu SIBIISTFOTCSI: pa3paboTka CHCTEMBI
MPEANKTUBHON CHCTEMBI JTHATHOCTHKH 3JIEKTPOIIOE3ja
OCI'2 «JlacTouka» M MpoBeIEHA NpPeaBAPUTEIbHAS

omeHKa Mo cOopy HaHHBIX Ha MOCKOBCKOM
LEHTPaJIbHOM KOJIbIIE.
Pa3zpadarbiBaeMblii GyHKUIMOHAT

NPeANKTHUBHOM cHCTeMBbI U1 dJekTponoe3aa JC2I'
«/JIacrouka». B  paMkax co3maHus ~ HOBOTO
anextponoesna DC2I" «Jlactoukay (GOA 4 mo MOK

nbman s NCA

62290-1), KOTOPBI HayHET CBOIO AIKCILIyaTalMi0 Ha
MoOCKOBCKOM LieHTpanbHOM Kojble (nanee — MIIK)
yxe B 2022 roay, cnemumanuctamu AO «BHUMXT»
coeMecTtHO ¢ AHO «Cxonkosoy», OO0 «Ypanbsckue
nokomotuBel», HIIO CAYT u AO «HHUHUAC» mo
3akazy OAO «PX]» pa3zpabarbiBaeTcst IpeAUKTHBHAS
CHCTEMA TMarHOCTUKH €r0 TEXHHYECKOTO COCTOSHHUS.

[IpenukTHBHAs cUcTeMa AMATHOCTHKH (Janee -
T1ICJ) TpeIHa3HauCHA IUTS YCTaHOBKH Ha
anektponoe3n JC2IT «JlacToukay ¢ acCHHXPOHHBIM
TATOBBIM  IIPUBOJOM M HPEACTAaBIAET  coOOH
IIPOrpaMMHO-aINapaTHbIM KOMIIJIEKC MOHUTOPHHIA U
JIMarHOCTHKH TEXHHYECKOTO COCTOSIHHSI 000pYI0BaHUS
3MEeKTpoIoe3 a, KOHTPOJIS JMHAMHYECKUX
nokasarene xoma. Ha pucynke 2 mnpexacraBieHa
¢dynkpronansHas 6nok-cxema I1C/, rue:

BAM-HC - 60pTOBOI1 aHATUTUUECKHHA MOYIIb -
HEHUPOHHAs CETb;

BJIIIIT - 610K AMArHOCTHUKH I10IBAarOHHOTO
MIPOCTPAHCTBA;

BKII - 610k koM]opTa maccaxupos;

BIJI - 610Kk ipeoOpa3oBaHus JIMHAM,

BCPII/] - BEICOKOCKOPOCTHOM pajiiOKaHal
nepeaayy JaHHbIX;

VIBM - nHdopMannoHHO-BBIUYUCIUTENBHBIH
MOJTyJIb;

MIICYu/l - MHOTOTIpOIIECCOPHAS CUCTEMA
yIpaBJiIeHUs U AUAaTHOCTUKH;

[MAB-KAIIC/ - nporpaMMHO-anmapaTHBIA OJI0K
- KOHLICHTPATOP AATYNKOB MPECKPUNTHBHOM CHCTEMBI
JMarHOCTHKH;

XAIC/, - xpaHWIuILe JAHHBIX IPECKPUIITUBHON
CHCTEMBI IUATHOCTHKH;

IEPE naTyuk - Nb€303JIEKTPUUECKUE JaTYUKHI
YCKOPEHHSI.

IMpunmun pedicTBUs Kaxzporo Oyoka Oonee
HOAPOOHO Oy/IeT ONMCaH HUXKE B CTAaThe.
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Pucynox 2 — @ynxyuonanvras 610K-cxema npeOUKmMugHOU CUCTneMbl OUASHOCMUKU JJIeKMPOnoe3od
3C2I' «Jlacmouka»
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Ha cerogusimnuii nens [C/] npennaznadena amst
aHATUTHYECKON 00paboTKH JAHHBIX
JIMarHOCTHPYEMOIo 00OpY/ZIOBaHUs 3JEKTPOIoe3ia U
BbIJIaUe MaIIMHUCTY-0IepaTopy nHdpopMmanuy,
HEOoOXO0ANMOH JUIsl IPUHATHS PEUIeHHH Pa3HOTro poja
IIPU 3KCILTyaTaluuu 3aeKkTponoe3nos Ha MIIK.

Ipoextnpyemass IICJI sBiseTcs cocTaBHOM
YacThI0  KOMIUIEKCHOTO TIPOEKTa  AKCIUIyaTalHuu
anekrpornoe3noB DC2I" ma MIIK B aBTOMaTHYeCKOM
peXHMEe B COOTBETCTBHH C 4-M  ypOBHEM
asromarmzanun (GoA 4 mo MOK 62290-1).

Buenpenue IIC]] mo3BOJUT MOBBICUTH YPOBEHb
0e30macHOCTH  JBWDKEHHS  NPH  OKCIUTyaTaluu
3JEKTPOIoe3/la 3a CuUeT MPOTHO3HOIO MOAXOoAa K
OLIEHKE COCTOSIHMA €ro Y3JIOB U arperaToB, a OCHOBOM
CHCTEMBI CTaHeT LU(POBOI NBONHMK, O0y4aeMblii Ha
OCHOBE HEWPOHHOMW CEeTH, KOTOPBIH 00eCIeunT paHHee
oOHapyXeHHe pa3BUTHI JOe(EeKTOB, HENOJAaIOoK U
MOWCK TPEJOTKA3HBIX COCTOSIHMH Ha CTagid WX
(hopMupoBaHUs, a TAKKE YBEIHUCHHUE TOCTOBEPHOCTH
JIMarHO3a TEXHHYECKOTO COCTOSHHS 00OpYIOBaHUS U
MOJICHICTEM DJICKTPOIIOe3/1a M TPOTHO3a HX pecypca
(6e3aBapuiinoil paboTsl). Taxke ¢ TOMOIIBIO TAHHBIX
or IICH MOXHO OIIEHHBAaTh KOHTPOJbh KauecTBa
BBITIOJTHECHUSA PEMOHTHBIX pa60T, MPOTHO3UPOBATH
CHHUXKCHUC 3aTpar, CBA3aHHBIX C BO3MOXXHBIMH

aBapusMu W npocrosmu moe3pa. IICJ]  Oyzmer
obecrieynBaTh pean3aliio CIeAyIONMX (QyHKIUH:

. ABTOMAaTHYECKHUI COOP TaHHBIX OT JaTYNKOB
TIOJICUCTEM, Y3J10B, 000pYJOBaHUS, BXOSIIUX B COCTaB
6oproBoii wactu [1C/1;

. c6op 1 06pabOTKy IIIUPPOBHIX U AaHAIOTOBBIX
CUTHAJIOB JAaTYMKOB TEXHUYECKOTO COCTOSHUS IO
Ka)IOMy BaroHy 3JeKTpornoesza «Jlactoukny;

. U3MEPEHHUE, PETUCTpAalUsi IUHAMUYECKUX
MoKasaTeled CHJI, BO3HUKAIOIMIMX TPH JABWKCHUU
BEPTUKAJIBHBIX M  MONEPEYHBIX  YCKOPEHUH C
KOOpPJIUHATHOU IIPUBSI3KOH;

° LIEHTPaIN30BaHHbBIN
JIIEKTPOIIOE3 Y

J cOop u arperainmto curaanos ot MIICYu/l,
HeoO0XoAUMBIX Juid npuHsaTua peutenuit [IC/];

c0Op JaHHBIX IO

. HHPOPMALINOHHOE obecrnieueHne
MAalIMHHUCTA-0IIepaTopa, IHCIeTYepa, IPHYACTHBIX
CITyK0.

IIpeaBapuTejbHble pe3yJbTaTbl MOE3THBIX

ucnbiTanuii. B cenTsaope 2021 roma mwa MIK
cneruanuctel AO « BHUMIKT» ycTaHOBUIM TECTOBYIO
Bepcuto obopyaoBanus [IC/] nns monydeHus mepBbIX
SKCIEPUMEHTANBHBIX JaHHBIX (PUCYHOK 3).

Cropocts (kM)

CropocTe aAswmennn IC2I “Nacrouxa® Nel136 no MUK
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Pucynox 3 — Hanecennas na xapmy «nezenoa» nepeosudicenusn IC2I° «Jlacmouxa»
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bnox komdopra naccakMpoB € BCTPOCHHBIM
muppoBeIM  akcerepomerpoMm  (puc. 4),  Obul
YCTAHOBJICH B MOJIBATOHHOM IIPOCTPAaHCTBE B 00J1aCTH
HaJ TEJIEKKOI, a BTOpO# B cepeqiHe BaroHa. JlaHHble
3aIMCHIBAJINCh B HEMPEPBIBHOM DPEXHME C KaXIOH
TUTATHI B TEKCTOBEIH (hailyl Ha IepeHOCHOH KOMITBIOTEP.

pEL L

AnpuopHo He OBUIO H3BECTHO HHYETO O
XapakTepe MOoIyYyaeMbIX JaHHBIX, M0ITOMY He ObLIO
3a/aud  TpUBSA3aTh  IOJy4YEHHbIE  JaHHBIE K
KOHKPETHOMY (PM3HYECKOMY MPOLIECCY WM SIBICHHIO,
BO3HUKAIOIEMy B IIpolecce MABMXKEHHs IOe3a.

Pucynox 4 — Y&deOéI;d BKIT éAnodéaon‘Hom npocmparcmee DC2I°

Temn nonyuenus naHHbIX cocTaBnsn 1344 n3mepenus
B CEKYHJIY IO TPEM OCSIM C paspemicHueM 12 OuT u
JUHAMUYECKUM Juana3oHoM +4g. OUIbTP BBICOKHX
4acTOT OBbUI OTKJIIOYEH, YTOOB! HAOMIOAaTh yCKOPEHNE
CBOOOHOTO IIajJieHHE BJOJIb BEPTUKAIBHOM OCH, U
9TOOBI HE BHOCUTH B M3MepEHUs (Pa30BhIX HCKAKCHHM.

CHexTpbl CpeaHEKBaAPATUYHBIX 3HAYCHUH aMITIATY
@dypbe TapMOHMK IIOJBATOHHOTO  IPOCTPAHCTBA
(Hapy»HOTO II0JIa BaroHa) MO TPEM OCSAM IPUBEACHBI
Ha PUCYHKax 5.
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Pucynox 5 - Cpednexsaopamuunas amnaumyoHO-4acmomHuas Xapakmepucmuxa nonepeutbix Koreoanull 6
6EPMUKANLHOM, NONEPEYHOM U NPOOOJIbHOM HanpasneHuu (ocb Z, Y, Z),
U3MepeHHas Ha0 MeNeNCKamu U 6 Yyenmpe 6a20Ha

Ha pucyHke 5 BHOHO, 4TO B ILIEHTpE BaroHa
HaOJoaeTcsl BRIpaXKeHHOE KoJjiebaHne, MHOTOKPATHO
MPEeBOCXOIAIIee yPOBeHb myma. CriekTpbl Koyiebanuit
1o ocu Y TOXe 3aMETHO MPEBOCXOAT YPOBEHB IITYMOB
M 3TO 03HAYAET, UTO IO ITOH OCH TaKke HaOIFOMat0TCs
yCTOHYUBBIC KoJIeOaHHs u PEe30HaHCHI
peructpupyemeie BKII B nentpe Barona. JlaHHble 1o
ocu X- YypOBeHb KOJIICOAaHWH B  TPOJOIHHOM
HaIpaBJICHUH TI0 IEHTPY BaroHa BBIICISICTCS 3aMETHO
MEHbIlIe HaJ YpOBHEeM IIyMoB. /laHHOoe HaOironeHne
CBHJICTEIILCTBYET O TOM, 4YTO CepeAWHa BaroHa M
MIPO/IOJIFHOE HAIPaBJICHWE M3MEPEHHS MMITYJIBCOB OT
BHEITHUX BO3JEHCTBUI — 3TO XOPOIUINI BHIOOP TOUYKH
n3MepeHwuii [6, 7].

Oco0bIlt MHTEpEC MPEACTaBIIAET TOT (HaKT, 9TO B
[EHTPe BaroHa, B IIPOJOJBHOM  HAIPABICHUU
OTCYTCTBYE€T TIMK, COOTBETCTBYIOIIMH OCHOBHOM
NPOJOJIBHON Moze KoJyieOaHWH, 5TO O3HA4aeT, 4TO
U3MepsSeMbIe BEIMYMHBI TPOJONBHBIX  YCKOPECHUH
OymyT cleacTBUEM TeX BHENIHHMX —BO3JICHCTBH,
KOTOpbI€ BO3OYAMIN TPOJOIBHYI0O MOAY JHOO uepe3

aubo  yepe3  0e33a30pHOE  CIIEMTHOE
ycrpoiictBo. Hanuume miyma He Oyaer Memiath
BBIIACIIATH H3MepHeMBIﬁ CHUT'HAJI, TakK Kak.
MOJIABJIAONIEe  OONBIIMHCTBO METOAWK  OTIMYHO
CIPABIISIIOTCS C TAKOH 3a/1a4yeil, Ipy yCIOBUH, YTO LIYM
COOTBETCTBYET MoAenHn «Oemoro» myma. A MOAenb
0eToro mryMa — 3TO U eCTh IIOCTOSHHEBIN YPOBEHB, TaK
Ha3bIBaeMasi «I10JIKa» Ha criekTpe. HemocpencTBeHHbIN
aQHAJIN3 MOJYYEHHBIX CIIEKTPOB IOKa3bIBAET, YTO €CTh
BBIpaKEHHBIE MaKCUMyMBbI Ha wactotax 520-550 I'm.
He yTouHsIT WCTOYHWK TakoW BHOpAMM MOXHO
3aMEeTHUTh, YTO IOCJe MHKa CIEKTP BO3Bpamaercs K
CBOMM  CpPEOHEKBAJPAaTHYHBIM  3HAYECHUSAM  JUIA
NMPOAOJABLHON MOJABI W BEPTUKAJIBHOM TMONEepevHOMN
Moabl. g TomepeyHoll TrOpU30OHTAIIBHOW MOJIBI
CUTyalusi HEOJHO3HAyHas, TaK Kak UyM Yy
HU3KOYACTOTHOW OOJIACTH MMEET 3aMETHO MEHBIIIee
3HaU€HUE, YEM B BBICOKOYACTOTHOM, M 3TO MOXKET
O3HayaTh IMpPOIYCK JaHHBIX O cHekrpe. Takum
oOpazoM, mius pabotel Mo ocsiMm X M Z YacTOTHI
ormdpoBku 1344 I'] MOkeT OBITH BIIOJIHE JOCTATOYHO,

TEJICKKH,
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HO mist ocu Y TpeOyercsi yTOYHEHHE M IpOBElICHUE
JIOTIOJTHUTENBHBIX 9KCIIEPUMEHTOB.

Bo Bpemss mpoBeneHHMS O3KCIIEpUMEHTa Ha
OyKCOBBIX y3/1aX 3JIEKTPOIOE3/la M Ha paMe TEeNeKKH
HaJl IPY>XKUHOU (BO BTOPOH CTYNEHM NOABEIINBAHMUA)
OBLTH yCTAHOBJICHBI IbE30aKCENCPOMETPHI. JlaTunkwy,
yCTaHaBIMBaeMble Ha OYKCOBBIX y3i1ax (PHUCYHOK 6)

\4

OmKe  BCEro  PACIOJIOKEHBl  OTHOCHUTEIIBHO
KEJIE3HOJOPOXKHOTO IYyTH, MOITOMY OHH OyIyT
UCTOYHUKOM MH(OPMALMH O MEPECEYCHUH KOJIEeCHOM
mapoit CThIKA PENbCOB WITH, HAaTpuMep, Ae(eKTa MyTH
(koneca) — MOTEHIMAIBLHOTO HCTOYHUKA BHEIIHETO
HMITYJIECHOTO BO3/CHCTBHS, KOTOPHIM IUIAHHUPYETCS
30HANPOBATh MEXaHHYECKHE CUCTEMBI BaArOHOB.

HeoOxoaumMo  OTMETUTB, 4YTO  MOTOpPHl U
peaykropbl  aiekTpomnoesna IC2IT  «JlacTouxmy»
YCTAHOBJICHBI HECUMMETPUYHO OTHOCHUTENHHO LEHTpa
OCH KOJECHOM maphl. AHAIM3UPYysS TONyYCHHbIE
JaHHBIE C YydYacTKa [BIDKCHHS, KOTAa JBHIaTellb
3JeKTpornoe3na padboTan B pesKUMeE TATH (PUCYHOK 7),
TO MOXHO 3aMETHTh, YTO JBE OYKCHl BHOPHPYIOT
JOCTaTOYHO TJIAAKO (BEpOSTHO Ha TJIABHOW YacToTe
MOAIIMITHUKA), a CHTHAIBl Ha JBYX APYTHX SBHO
coZiepkaT  JONOJIHUTEIbHBIE  BBICOKOYACTOTHBIC
KOMITOHEHTBI, KOTOpbIE Ha JAHHBIH MOMEHT MOXHO
COOTHECTH C 4YacTOTaMH pPEIyKTOpa M JBHIaTels.
JlanHble HaOMIOZEHHs TOKa3bIBa€T, YTO C OJHOMU
CTOPOHBI, yacToTa onuppoBku 65536 ' mo3Bosser
Ha0MoAaTh paboTy MOTOPOB U PEYKTOPOB, C JPYTOi
— €CTh CYIIECTBYIOLINE YaCTOThI, KOTOPBIE, BEPOSITHO,

HE 3axBaThlBaeT JAaT4YMK, TaK KaK XapaKkTep CHUrHaja
CTaHOBUTCS HECKOJIbKO XaOTHYECKUM, W TpedyeT
HEKOTOPOTO JOMOJIHUTENBHOTO UccienoBaHus [8].

Ha pucyHke 7 npencraBiieHbl BBIIECPKKU 3alUCEN
10  pe3yinpTaTaM  MpeIBapUTEIbHBIX  MOE3IHBIX
ucnbitaanit Ha MLIK. Tlo maHHBIM Tpad)UKOM YETKO
BEIJICIISICTCS KEIIE3HOTOPOIKHBII CTBIK u
BO3HHUKAIOIIKE TP Hae3/1e KOJECOM Ha HEro 4acTOTHI
KoJIe0aHUH, TIPU YeM OTYCTINBO BUIHO IPOXOXKICHUC
MEepBOM KOJIECHOU Mapbl MO CTHIKY M BTOPOH KOJIECHOM
napbl TEJNEKKU [0 XOAY ABMKEHUs noe3na. Ha nepsoit
CTETIEHH PECCOPHOTO IOJBEIIMBAHUS (aKCEIePOMETP
HaJ| IPYKUHON) BUIHBI KOJIEOAHUS, HO YK€ B MEHBIIIEH
CTETICHH C YYEeTOM TralleHHUs BO3HUKAIOIINX IPOIIECCOB
PECCOPHBIM MOBEIIMBAHUEM TTOE3/a.
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Meperox 7. Pexum "Tara"
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Pucynox 7 - Ilomoku danHwix ¢ akcenepomempos, yCmaHo81eHHbIX
Ha 4x 6yKcax 0OHOU MENeNCKU NPU NPOXOHNCOCHUU CIBIKA PENbCO8

1186.00

Taxoke snementamu [ICJ] Obutn 3auKcHpOBaHbl  BO3HHUKIIO Ha JPYyroil ocu. PazHuiia Mexay coObITHIMU
KOpPOTKOE€ OBICTPOTEKYIHE COOBITHS aMIUIUTYIOW 0  Ha OJHOM M3 y4acTKOB JBIKEeHUs coctanisuia 0,2 cek,
10g, koTOpBIe BO3HUKAIM HA OJTHOM OCH M MOCJIE Yero  4YTO MNP yYeTe PACCTOSHUS MEXAY OCsAMHU «JlacToukm»
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paBHbIM 2600 MM PKBHUBaJIEHTHO cKOpocTd 13 MeTpoB
B CEKYH]TY, YTO COOTBETCTBYET CKOPOCTH 46.8 KM/4 Ipu
ToM, uro mno jgaHHeiM @ MIICyJl  ckopocTs
3MeKTpomnoe3na coctaBmsuia 45 kM/4.  JlaHHBIC
pe3ynbTaThl CBUIETENBLCTBYIOT O TMPEIBAPUTEIHHOM
cXoauMocTH 3aUKCHpOBaHHBIX pe3ynbTaToB IIC u
(haKTHIECKNUM TaHHBIM C AJIEKTPOIOe3a.

Ermte oauH THI COOBITHIA - COOBITHE C aMIDTHTY IOH
lg TPOWCXOAWT CHHXPOHHO M  CBsA3aH C
MEepeKIIoUeHHeM pekuMa paboThl  ABHTaTEIbHOM
YCTaHOBKH C PEKHUMa BBIOEra Ha PEXHUM TATH WIH
TOPMOXKEHHUS IBUTATEIIEM.

BbiBOaBI. PesynbraTs MpeIBapUTEIHLHBIX
WCOBITAHUH  TO3BOJIMJIM  BBICTPOUTH  METOJIUKY
OIpe/ieTIeHUs] HEOOXOAMMON YacTOThl JUCKPETU3ALNT
CHTHaja /sl yCTOWYMBOH pabOTHl  anropurMma
BBIICTICHUS BCILJIECKA, MHUIUUPOBAHHOTO
TIepeceueHreM CThIKa PEIbCOB:

— TIOKa3aHO, YTO HEYCTOWYMBOCTH BBIACIICHUS
MIEPBOTO BOJHOBOTO TTaKeTa BO BCIUIECKE OIpPEIeIsieT
HEYCTOWYHMBOCTD QJITOPUTMA B LIEJIOM;

— IOKa3aHO YTO JUIT KaXIOrO THIA BCIUICCKOB
XapaKTepUCTUKU BONHOBBIX ITAKETOB OTIMYAIOTCA MPHU
OJIMHAKOBOH aMIUIUTY/Ie BCILIECKA;

— OIpeAesieH MapaMeTp, XapaKTepU3yIOMUN THII
BBIJICJIIEMOTO BCIUIECKA,;

— IIOKa3aHO, 4YTO YCTOWYMBOCTh alrOpHUTMa
BBIJICICHUS BCILIECKa MIPEBOCXOIUT Jaxe
YCTOHYMBOCTH aJTOPUTMa PEKOHCTPYKIIUH BOJIHOBOTO
TaKeTa;

— YCTaHOBIICHO, YTO JIF00ast 9acTOTa OMUPPOBKH,
MPU KOTOPOW PEKOHCTPYKIUS BCIUIECKA BOJHOBBIMHU
MaKeTaMd  SIBIIACTCS  JTOCTOBEPHOH, TapaHTHPYET
YCTOHYMBOCTH BBIICIICHHS BCIUIECKA M €T0 THTIA.

3amucaHHble JaHHbIE ObUTM COOpaHbI U MepelaHbl
B BAM HC pa3spabotku AHO «CxonkoBo» mist
obyuenus Heiipocetu. [1o coctosHuio Ha ekadps 2021
roga [1C]] ymeeT mpencka3piBaTh OCTaTOYHBINH pecypc
MOIITUITHAUKOB XOJIOBOM YacTh 3Jekrpornoe3ga DC2I0
«JlacToukay.

B ampene 2022 roma  3amjgaHUpOBaHbI
nonHoMacmTabHple ucnbiTanuss [ICJ] HAa HOBOM
moe3nie. OO0 urorax WX MPOBEIEHU OyAET paccKa3aHo
B CIICAYIOMINX CTaThIX.
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B MAILIMHOCTPOUTEJIBHOM OTPACJIN

Bynvieun Koncmanmun Anexcanoposuy
bakanasp

Cegepnuiii (Apkmuyeckutl) gpedepanvrulii ynugepcumem umenu M.B. Jlomonocosa

2. Apxanzenvck

A GENERAL OVERVIEW OF THE MAIN APEXES IN THE ORGANIZATION OF SAFE
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AHHOTALUSA

3HAYNTENHHOM YaCThIO TMIPOU3BOJACTBEHHBIX IIPOLECCOB ABJISICTCSA CO6JIIO,ZI6HI/IC TIpaBUII TCXHUYCCKOU
OKCITyaTallun 060py;[03aH1/1;1. HHI.[I/IZ[GHTBI, a TAKXXC aBaApUM Pa3JIMIHBIX MaciTaboB Ha MNPpOU3BOACTBE KaK B
Poccun, Tak m 3a pyOexoM HEpEeIKO CIy4aroTCs HW3-3a HapyIICHWH TeXHUKH Oe30mMacHOCTH IpH paboTe ¢
MNPpONU3BOACTBECHHBIM 060py)10BaH1/IeM. OpFaHI/ISaHI/Iﬂ Oe3omacHOI OKCILTyaTallun 060py2[0BaHI/I$[ IIO3BOJIUT HE
TOJIBKO COKpaTUTb 4YHUCIIO0 aBapHﬁ n KCPTB Ha NPOU3BOACTBE, HO U B 3HAYHUTEJILHON CTEIeHU yJIyqmauT
TCXHUYCCKOC COCTOAHNUC MAIlIMH, COXPAHUT UX BBICOKYIO pa60TOCHOCO6HOCTb.

ABSTRACT

Compliance with the rules of technical operation of equipment is a significant part of production processes.
Incidents and accidents of various scales at work often occur due to safety violations when working with
production equipment both in Russia and abroad. The organization of safe operation of the equipment will reduce
the number of accidents and casualties at work, and significantly improve the technical condition of the machines,

maintain their high efficiency.

KiroueBbie ciioBa: 0e30macHOCTh, 000pyIOBaHUE, SKCILTyaTaIllsl, OXpaHa TPyZa, IpaBuia.
Keywords: safety, equipment, operation, labor protection, rules.

Hdnst  toro, dToOBI TPaMOTHO  BBICTPOWTH
OPraHU3alMI0 10 0e30IacCHOMY 3KCIUIyaTUPOBaHUIO
TEXHOJIOTUUECKOT0 000pyA0BaHMsI, HEOOXOJUMO 3HATh
psn Meponpusatui. JaHHBIM psj NpeaycMaTpUBAET

CIIE/yIOLI[i€  OCHOBHBIE  aCIEKThl:  COOJIOJICHUE
UCIIpaBHOCTH  oOOpyZoBaHus,  oOecrieueHHe U
coOJIIoleHHe  HOPMaNbHBIX ~ BHEIIHMX  YCJIOBHH

000pyIOBaHusI, COOTBETCTBUE TIOMELIEHHS Pa3JINIHBIM
HopMmaMm CanlluHa, cooTBeTcTBHE TeMIEPaTypHOTO
pexrMa paboThl MOMEIICHHMS, a TaK)Ke 000pyI0BaHMS,
COOTBETCTBHE BIAXXHOCTH BO3/yXa U JIpyTUE YCIIOBUS,

HEMOCPE/JICTBEHHO  CBsI3aHHBIE ¢  paboToil  Ha
MPOU3BOJICTBEHHOM 000PY/TOBaHUH.
Kpome  Toro, Heobxomumo  obecneduThb

HaJyIealllee COCTOsIHuE pabouero MecTa (CoJepikaHne
MOJX0J0B K OOOPY/IOBAaHHUIO, XPaHCHUE HHBEHTApS,
cobsoieHne paboyero Mecra B YHCTOTE U Jp.).
CogaepxaHue 0OOpYIOBaHUS B UHCTOTE SBISETCS
HEMAJIOBAXHBIM (DAKTOPOM HA KOTOPBIH HEOOXOIHUMO
oOpamare BHHMaHHE, a TaKXE CBOCBPEMCHHAas U

NpaBWJIbHAsT CMas3ka, COOJIOAEHHWE  JIOMYCTHMBIX
peXMMOB  paboThl  MexaHM3MoB.  HeoOxomumo
coOyofaTh MpaBWila  yNPaBi€HUs MAIIMHOH U

BBITIOJTHATH NTPAaBIWJIa MEXKPEMOHTHOTO OOCITY>KHBAaHUS
B COOTBETCTBUHM C IpWJIArarolleld HHCTPYKUUEN IO

9KCIUTyaTaIlHH.
Jis  pacCMOTpeHHS OCHOBHBIX AacCIIEKTOB IIO
OpraHu3aIx 6e3omacHOi AKCIUTyaTaI[iH

obopynoBanus oOpaTM BHHMaHHE Ha HEKOTOPHIE
OCHOBOIIOJIAraloIINe HOPMATUBHEBIC JOKYMEHTHI:

Obecmieuenne 0e30mMacHOCTH
MIPOM3BOJICTBEHHOTO  O0opynoBaHusi  (mamee -
[Tonoxenue) paspaboTraHo BO HCTIOJTHEHUE
IToctanoBnenus Copeta MuHUCTpOB - [IpaBuTENbCTBA
Poccuiickoit  ®enepanu OT 12.08.94 N 937 "O
TOCYJapCTBEHHBIX HOPMATUBHBIX TPeOOBaHUSAX TIO
oxpase Tpyna B Poccuiickoii denepanuun" B kauecTBe
0TPAacIeBOr0 HOPMAaTHBHOTO TOKYMEHTA.

710 ke NoKyMeHT - [IpaBurtenbctBo Poccuiickoi
®enepanun nocranosiaeHue ot 23 mast 2000 r. N 399

«O HOPMATUBHBIX MPABOBBIX aKTaX, COJEPKAIIIX
rOCyIapCTBEHHBIC HOPMATHUBHBIC TPEOOBAHUS OXPaHBI
Tpyza»

2. MUHHCTEPCTBO TPyJla U COIMAILHOMN 3alUThI
Poccuiickoii ®enepanuu

I[MTPUKA3

ot 27 Hos6ps 2020 roma N 833.

«O06 ytBepxkaenun [Ipasui mo oxpaHe Tpyaa npu
pa3MelIeHNH, MOHTaXe, TEXHUHIECKOM OOCITyKUBaHHH
U PEMOHTE TEXHOJIOTHYECKOTO 000y IOBAHUM.

W3 oOmmx TpeOoBaHWA  paccMaTPUBACMBIX
JOKYMEHTOB ~ MOXHO  BBIICTUTb  CIIEQYIOIIKe
0COOEHHOCTH JUTS IPOM3BOACTBEHHOT'O 000PY/I0BaHuS,
HCIOJIb3YEMOT0 B MAIIMHOCTPOUTEIBHOM OTPaciu.
IIpu  oskcrutyaTami W BBIOJHEHWH  paboT
HETIOCPEICTBEHHO Ha TEXHOJIOTHIECKOM
000pyI0BaHNHN Ha paOOTHUKOB MOTYT BO3/EHCTBOBAThH
omacHble (HaKTOpBl, KOTOphIE MOTYT HETaTHBHO
CKa3bIBaThCs. BhIIETMM OCHOBHBIE UX HUX:

1. TlonoskeHwue.


https://normativ.kontur.ru/document?moduleId=1&documentId=4789#l0
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1. JBrxyuiuecs qacTu MaIlUHBI.
Ilepensuratomuecs 3JIEMEHTEI HU3JIETHUS HITH
3aroTOBKH.

2. OcTpble KPOMKH.

3.Bbicokasi 3ambBUIEHHOCTh M 3ara30BaHHOCTh
paboueii 30HBI. Bricokas Temieparypa BO3AyXa H
MOBEPXHOCTEH pabodnMX 3JIEMEHTOB, K KOTOPBIM

nmpuKacaeTcss — paOOTHHWK,  Hampumep,  IMyJbTHI
YIpaBJICHUS, TAHEIN YIPaBICHUS U T.JI.

4. Bricokuii ypoBeHp IIyMa, BHOpAIHH,
BIaKHOCTH paboueii 30HBI.

5. Hanuuue HCTIOPYEHHOU HU30JIAIIAH
TOKOBEIYIINX YacTell 000pyJ0BaHusI.

6.01cyTCTBHE OCBEIIICHHOCTH Wi

HEJI0CTaTOYHAs! OCBELIEHHOCTh paboueii 30HBlI.
7.CunbHOE 3arpsi3HEHHE PabodnX MOBEPXHOCTEH
o0opynoBaHusl.

8.HemocraTouHoe  OCHAIleHWE  CPEACTBAMH
6e30macHOCTH, @ UMEHHO: NEpYaTKaMH, 3aIIUTHBIMHU
OUYKaMH, KaCKaMH, CIIeNHaIbHOI 00yBEIO,

9. Xumuueckne  (GakTOppl,  HCXOAAIIAE  OT
MPOU3BOJICTBEHHOTO 000PYAOBAHUSL.

10.IToBbIeHHas HaIPsHKEHHOCTh
ANIEKTPUYECKOTO M MarHUTHOTO TI0JIsl Ha paboueii 30He,
a TaKKe IMOBBIIICHHBIH YPOBEHb AJIEKTPOMArHUTHOTO
W3ITyUYCHHUSI.

COOTBETCTBEHHO IpH OpraHu3aluK  padoThI
HEOOXO/JMMO YCTPaHUTh JIaHHBIE ONacHble (DAKTOPEI
WIN CHU3UTh WX JI0 YPOBHS, KOTOPBIH CUYHMTacTCs
JomyctumbIM.  Ecnmm Bce ke  MCKIIFOUCHHE
PacCMOTPEHHBIX (HPAaKTOPOB HEBO3MOXHO, TO JIOJDKHO
ObITh OOecrieueHre PaOOTHUKOB WHAWBHUILYaTbHBIMH
CpeACTBaMH 3aluThl. [IpH HEcOONIOAEHNH AaHHOTO
yCIOBUsI paboTa 3ampernacTcs.

[TpousBoacTBEHHBIE HPOLIECCHI B
MaIIMHOCTPOUTENbHBIX HPEANPUATUAX, KaK M Ha
JOOBIX  JIPYTHX, JOCTATOYHO pasin4Hbl. OmacHble
(akTOphl, KOTOpBIE MOTYT BCTPEYAThCS, SIBISIFOTCS
MHIUBHIYIbHBIMU. [103TOMY HEOOX0IMMO pa3BUBAThH
KOMIIETEHIINY B 00J1acTH 6€301aCHOTO NCTIOIb30BaHUS
TEXHOJIOTHYECKOTO 00O0pYZOBaHUs, 3HATh MpaBUIIa
6e301acHoi HKCIITyaTalyy.

Ha ocHoBe mepBoro mOKyMEHTa pPaccMOTPHM,
Kakue CyIIecTBYIOT TpeOoBaHUs O€30IIaCHOCTH K
MeTauI000padaThIBAIOIIEMY 000pyIOBaHUIO.
MetannoobpabartbIBaroiee obopynoBanue
NpPe/ICTaBIsIeT CO00i KOMIUIEKC CTaHKOB W MalllMH,
KOTOpBIE IpeTHa3HAuYEHBI 17151 00pabOTKH 3ar0TOBOK M3
Mmerawia. JlanHoe oOopynoBaHHEe KiacCHUIHMPYETCs
[0 THIIAM, 0O CTENEHHW YHHBEPCAIBLHOCTH, IO
napaMeTpaMm, 0[O  TOYHOCTH, IO  CTENeHHU
aBTOMATH3alUK, MO MapKHPOBKE METAIOPEXYIIHX
CTaHKOB W T.1. /Iyl TOro, 4ToObl KOHKPETU3UPOBATH
JaHHOE O00OpyJIOBaHME | OLEHMBATh TPEeOOBaHMUS
0e30macHOCTH, JaAuM KIACCU(PHKALMIO TI0 THILY
obopynoBanus.  Cranku  ObBatoT 9  BHOB:
1.Tokapubie. 2.Ctanku mns oOpabOTKH 3yOIIOB U

pPE3bOBI. 3.1lInmudoBanbHeIE, 3aTOYHBIE u
nonupoBanbHble. 4. PacrouHble W CBEpIMIBHBIE.
5.Crankn 111 (QU3HKO-XMMHYECKOTO  pe3aHHs
METaJNINYECKUX H3JEIHI. 6.CtporanbHele,

Jon0eXHBIE W MPOTSDKHBIE MamuHBL. 7. DpesepHEbIe.

8.Pa3pesnsle yCTpOICTBa. 9.MaiuHsl. Tyt
MOHUMAIOTCS ~ YCTPOWCTBA, KOTOPHIE  BBINOJHSIIOT
OIlepaIy CBA3aHHBIE C PE3aHUEM.

PaccmMoTpuM  ocHOBHblIE  TpeOOBaHHMS IO

obecrieyeHNIO 0e30MacHOi JKCIuTyaTanuu A BceX
THUIIOB:

1.MeTtamnoOpabaTrIBarore obopynoBaHne
(CTaHKHM) JOJKHBI WMETh OCOOCHHBIC MEXaHH3MBI,
KOTOpPBIE JOJDKHBI IIPEJOTBPAILATh CAMOIIPOU3BOJIEHOE
OIyCKaHWE€ IUNUHJAENIEH, KPOHLITEHHOB, TOJIOBOK
6a00K, pyKaBOB, MIOTIEPEUHH U JIP.

2.Ilepenaun, KOTOpbIE MMEIOT MOTEHIUAIBHYIO
yrpo3y, IOIDKHBI HMMETh oOrpaxiaeHus. Hwuim, Ha
KOTOPBIX PAacHOJIOKEHbl JBEPIbI, JOJDKHBI HMETh
NpeAynpeauTeNnbHble  3HaKkW. [IpenynpenuTenbHbe
3HAKH  MPEACTaBJSIIOT  cOoOOH  paBHOCTOPOHHHUI
TPEYTOJIBHUK JKEJITOr0 I[BETa C BOCKIHMLATEIBHBIM
3HaKOM.

3.0tneraromas crpyxka u COX (cmazodHo-
OXJIQKAAIOIIAsl JKHIKOCTh) MOJDKHBI  3alUIIATHCS
9KpaHaMH, KOTOPHIE U3TOTOBIICHBI M3 CTAIH TOJIINHOMN
He MeHee 0,8 MM. Tak ke 5KpaHbl U3rOTABIUBAIOT U3
CTEKJIa, aJTFOMMHUS, I1JIACTMACCHI.

4. Oprasbl ymopaBleHUST CTaHKaMU JOJIKHBI
pacroyiaratbCsl Ha BBICOTE OT mosia He Hipke 500 MM u
He Bhime 1700 mMM. B ucmonb30BaHMM OHU JTOJIKHBI
ObITh  ynoOHbl. Ha paHHBIX oOpraHax JoJDKHA
IIpeIycMaTpUBaThCA 3allUTa OT CIy4JalHOTo HaXaTus.
WNudopmanus 06 ynpaBieHHH DODKHA OBITH XOPOIIO
yurabenpHON. Ha fmaHHBIX oOpraHax He JOJDKHA
HaxouTbes cTpyskka u COX.

5. Ileganu opraHoB yNpaBiIeHUs, IPUBOJUMBIX B
JCUCTBHE  HOTOH, [JOJDKHBI ~ OBITh  3aIIMINEHBI
MIPEeIOXPaHUTEIbHOIN CKOOOH OT CIy4alHBIX HaXaTHH
U TIaJICHUS Ha Hee OCTOPOHHUX IPEeIMETOB (eTaleH,
3ar0TOBOK U JIp.)

6. Ilpubopsl, ¢ KOTOPBIX BeAETCA H3MEpEeHHe,
JOJDKHBI TOXKE pacriojlarathCsi Ha ONTHMAIbHOM
paccrostHMn HabmogeHusa. B ocHoBHOM mpu pabote
ctos 1000-1800 ot yposua noxna. I[Ipu pabore cuns —
700-1400MmMm.

7.Ha crankax [OJDKHBI OBITH IPEILyCMOTPEHBI
WHJIUBHUYAJIbHBIE TPY30TI0ALEMHBIE YCTPOIHCTBA, €CIIN
00pabaTbIBarOTCS 3aTOTOBKH Maccoit bomee 8§ KT.

8. Camompou3BOJIbHOE OCITa0JIeHNEe 3aroTOBOK
JIOJKHO OBITh UCKIIFOUEHO.

9.Ecau yCTpOiicTBa AMEIOT TIPUBO/T
(TuppaBiMYecKUi WM IHEBMATHUECKWI) 3aaHel
06a0Ku pa3NIUYHBIX THUIIOB CTAHKOB, TO YCTpPOWCTBa,
KOTOpBIE YJICPKUBAIOT 3arOTOBKY JOJDKHBI HAJEKHO
3aKpeIUIATh €€ BO BpeMs OOpabOTKH Jlake B CiIydae
HEOXKUAAHHOTO TPEKPALICHUs 04N MIEKTPUIECKOI
SHEPTHH.

10.Ctankn, mpu paboTe KOTOPBIX 0OOpasyercs

MBUIb, JIOJDKHBI  OBITH  OOecHedYeHbl  OTCOCaMHU
3arpsA3HEHHOrO BO3/yXa.
11.XapaxTepuctuku myma JLOJIKHBI

COOTBETCTBOBATH HOPMAaM,
CTaHIApPTax WU
obopyaoBaHue.

12. Bubparus He JODKHA MPEBHINATh 3HAYCHUN
yKa3aHHBIX B Tabnmme 1.

KOTOPBIC M3JIOKCHBI B
TCXHHYCCKUX YCIOBHUAX Ha
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Tabuumna 1
JlonycTHMBIii YpOBeHb BHOpAIIMH NPH padoTe HA MeTALI000padaThIBAIOILEM 000PYA0BAHIHT
CpellHereoOMeTPUICCKHIE YaCTOThI OKTABHBIX 1oJoc, 1t 2 4 8 16 315 63
CpenHekBaapaTuuecKue 3HaueHust BuOpanuii, M-107(-2) 1,30 | 0,45 | 0,22 | 0,20 | 0,20 | 0,20

13.BBICOKO pacronoskeHHbIE MEXaHU3MBI CTaHKa,
JIOCTYII K KOTOPBIM HEOOXOJUM TOJBKO TPU PEMOHTE,
JIOMyCKaeTcsi  OOCIyXuBaTb  C  IPUMEHEHHEM
HepEBIKHBIX TOIBEMHBIX IUIOMIAT0K.

14. Kaxnplii CTaHOK JMJOIDKEH WMETh OpraH
aBapUHHOTO OTKIIOUCHUS - KHOMKY, PYKOSITKY HIIH
TPOC C YCTPOICTBOM, KOHTPOJIHPYIOIIUM €0 HATAT.

15. B mkadax u Humax c¢ ammaparypoit
YNpaBICHUS] KOHTAKTHBIE 3aXKHMBl WM BEPXHHC
KOHTAaKThl BBOJIHBIX BBIKJIIOYaTeJICH JOJDKHBI UMETh
o0o3HaueHnst KOHTakToB A, b 1 C n ObITh HamEKHO
3aLUIIEHB! KPBIIIKaMU U3 M30JISILIMOHHOTO MaTepuana

npu OTKPBITBIX JBEpIIax oT cIy4aitHOro
MPUKOCHOBCHMS K HUM PaOOTHUKOB MPU OTKPBITHIX
JIBEpIIax.

16. CraHku  IOODKHBI  OBITb  OCHAIIEHBI
JIOTOJIHUTENbHBIMU MIPUCTPOCHHBIMA 1581071

BCTPOCHHBIMH CHCTEMaMH OCBEIICHHS, B KOTOPBIX
MPOU3BOIUTCS paboTa.

17. Hcrnonp3oBaTh Ha CTaHKax HHCTPYMEHT C
3a0UTBIMH WM  HM3HOIIGHHBIMH  KOHyCaMH U
XBOCTOBHKaMH, HE 00eCreunBaIONMKA HaJE)KHOTO
KpEeIJICHUS ero B HIMUHAEIE, 3alperaeTcs.

Hcxons u3 BBIIIECKa3aHHOTO, MOYKHO CHEaTh

MHUHUMM3AIUU TpaBMaTu3Ma ©W HWHBIX HETATHUBHBIX

cllyyaeB, a TaKkke T03BOMUT S(PQPEKTHBHO U
palMoOHAIBHO  HCIIOJB30BaTh  MPOHM3BOACTBEHHOE
o0opyaoBaHHeE.

JIUTEPATYPA:

1. Besomacuas SKCIUTyaTanus
TEXHOJIOTHIECKOTO  O0OPYHOBaHUS [ DIEKTPOHHBIH
pecypc, MynbTUMenual: ydeOHOe TOcoOHMe i
0akaJaBpoB JHEBHOIO W 3a0YHOTO OT/AEJIEHHU 10
Hampasnenuto  «Texnocdepnas ~ Ge30macHOCTH»
(mpoduib «be3omacHocth TEXHOJIOTHYECKHUX

MIPOLIECCOB M TPou3BoACTBY) / B. 5. bopmes. — Tam60B
: Usp-so ®I'BOY BO «TI'TY», 2016. ISBN 978-5-
8265-1587-7

2. Tlonoxenme. OOecrieueHne O6€30MACHOCTH
MpOu3BOACTBeHHOTO obopynosanms. [IOT PO-14000-
002-98

3. OcCHOBBI  TEXHOJOTHH  MAaIIMHOCTPOCHUS:
yueOHuk / A.M. AaTimMoHOB.— ExaTtepunOypr : 1U3z-
Bo Ypain. yH-ta, 2017.— 176 c. ISBN 978-5-7996-
2132-2

5. Ilocranosnenue [IpaBurensctBa Poccuiickoii
Deneparu ot 23 mast 2000 1. n 399 «0 HOPMATUBHBIX

BBIBOJI, 4TO  coOijrofjeHMe  TpeOOBaHWI 10  TPABOBBIX aKTaX, COACPXKALIMX TOCYAapCTBEHHbIE
o0ecreyeHnIo Oe3omnacHoi 9KCIUTyaTallid  HOPMATHBHBIC TPEOOBAHMS OXPaHBI TPYIa»
TEXHOJIOTUYECKOTO  O0OpYHOBaHHs  NpPHBENET K

OB30P OCHOBHBIX BUJIOB OTJAEJKH ®ACAIOB MHOTI'ODTAKHBIX 3JAHUMN

Kyxkoe Muxaun Apmemosuu

Ma2ucmpanm emopo2co 200a 00yyeHUs.

Jlonckotl 2ocyoapcmeenubiil mexHuyecKul yhugepcumem
2. Pocmos-na-/{ony

OVERVIEW OF THE MAIN TYPES OF FINISHING FACADES OF MULTI-STOREY BUILDINGS

Zhukov Mikhail Artemovich
2nd year master’s student

Don State Technical University
Rostov-on-Don

AHHOTALIUSA

HaHHaﬂ CTaTbsl pacCMaTpUBACT CHUCTEMbI U BHUJbI OTACIKH (baca,uOB JKHJIBIX H O6HLCCTBCHHBIX 3}13HI/II>'I
pa3nuuHoii 3TaxkHocTH. OOIUIIOBKA (pacaoB 31aHUI MPOU3BOAMUTCS MIPU MTOMOIIH Pa3NUIHBIX MAaTEPUANIOB, TAKHX
Kak KepaMI/I‘IeCKI/Iﬁ WIH CUIUKATHBIN KUPIIUYH, KEPAaMUYCCKUE TIMTKH, MCIIKasA I_[Ie6eHKa, KaMCHHas KpOIlKa,
JIEKOpaTHBHBIE OETOHBI M PaCTBOPEI, IITYKAaTypKa, OKpacka. PacnpocTpaHeHHON CHCTEMOH yTETIICHNS HapyKHbIX
CTEH ABJISIETCSA BEHTHIIUPYEMBIH (acal, KOTOPHIH BEIITOTHAECTCS C IPUMEHEHNEM ATIOMUHUEBBIX ITaHeeH, maHenei
N3 KOMITIO3UTHBIX MaTC€praJIoB, INIUT U3 HATYPAJIbHOTO U UCKYCCTBEHHOT'O KaMHs, CTCKIITHHBIX TUIAT WU AP.

ABSTRACT

This article examines the systems and types of facades of residential and public buildings of various storeys.
Cladding of building facades is performed using various materials, such as ceramic or silicate bricks, ceramic tiles,
fine gravel, stone chips, decorative concrete and mortars, plaster, painting. A common system for insulating
external walls is a ventilated facade, which is made using aluminum panels, panels made of composite materials,
slabs of natural and artificial stone, glass slabs, etc.

KuioueBble ciioBa: Qacaa; MOKpBIH (acam;, BEHTHIUPYEMbIid (acaj; oO0NHMIIOBKA; MITYKaTypKa; MOKpacKa;
OTJIEJIKA; TTaHeNn; KUY, (haKTypa; BETOBOM TOH; KEpaMUUECKHUE TUTUTKH;, YTEIUICHNE.

Keywords: facade; wet facade; ventilated facade; facing; plaster; painting; finishing; panels; brick; texture;
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Color tone; ceramic tiles; insulation.

Camoe mepBOe BICYATICHHWE O 3JaHUU JacT
(hacan, MOXHO CKa3aTh, JIUIO 3MaHus. Beibop BUma u
criocoba ycTpoiicTBa (acaga 3aBUCHT OT MPHUPOIHO-
KJIIMMAaTHYECKUX YCJIOBHM pailOHa CTPOUTEIHCTBA, BUAA
M Ka4ecTBa MECTHBIX CTPOHTEIBHBIX MaTepHaIoB [2].
Crioco6 otnenku (acazoB 3TaHUN HAMIPSIMYIO 3aBUCUT
OH KOHCTPYKITMH U MaTtepuasia cteH [3]. B HacTosmee
BpeMs  CTPOMTENN M  apXHUTEKTOPHl  HMEIOT
CYIIECTBEHHBIC YCIIEXW B CO3MaHUU 3(PPEKTUBHBIX
Croco0oB oTaenKu (acaaoB, a TaKKe MX LBETOBOTO
pelieHus. B pa3nuyHbIX MpoekTax Hanboyee BaKHBIM
BOIIPOCOM SIBJISICTCS IIBETOBAsI OTIENKaA (hacaioB.

CeroiHss OIMH WX aKTYalbHBIX MAaTCPUAIIOB IJIS
CTPOMTENBCTBA 3MaHuil sBisercs kupnud. Ocoboe
MOPEJNOYTEHHE OTHACTCA CHJIUKATHOMY KHPIIUYY,
WMEHHO M3 HETr0 BO3BOJST CTEHBI MHOTOSTAKHBIX H
0OIIeCTBEHHBIX 3MaHUH, OH ITHPOKO IPUMEHSIETCS IS
obmmmoBku  ¢acamoB  3mammit  [1].  Bmaromaps
WCIIONIE30BAaHUIO B CTPOUTEIHCTBE JIULICBOTO KUPIIHYA
BO3BEJICHUE 3IaHWA W OJHOBPEMCHHAS OTHAEIKA
(acazoB MOXET NMPOM3BOAUTHCS 0€3 HCIOJIL30BAHUS
OOJMIIOBKH, OIITyKaTypUBaHUS U  OKpAIIMBaHUS.
Spxum npumepoM 3PPEeKTUBHOM 00IMIIOBKHU (acaoB
3J1aHUN SBJISIETCS LBETHOW CWJIMKATHBIA KHUpIIWY,

OCYIIIECTBISACTCSI yKa3aHHBIH nporecce c
HCIIONIb30BaHUEM JIEKOPaTHUBHOU KJIaJIKH,
NPEUMYIIECTBOM KOTOPOW  SIBISIETCSL  pa3jelieHue
OOJIMIIOBOYHBIX ~ PSIOB  HA  TOPU3OHTAJBHBIE U

BEepPTUKAIbHBIC TI0 BCEH BBICOTE 3IAHUA, pa3IHMIHBIC
BUBI TIEPEBA30K KIIAIKH, PACIIBKY IITBOB, COUYCTAHUN
[[BETOB KHpIHYa M pacTBOpa. Takue 3IJaHUS UMEIOT
APXUTEKTYPHBIC H ICTETHUECKUE KaueCTBA.

B cnyuae Bo3BeneHHs 34aHUIN U3 KEPaMHUYECKOTO
PAZOBOTO KUPIHUYA 00s13aTEILHBIM YCIOBUEM SIBIISIETCS
oraenka. lIpeMMyIIecTBEHHBIM CIIOCOOOM OTAEIKH
Takoro ¢acaga sBISETCS IITYKAaTypKa, CO3JaroImias

paBHOMEpHOE U  OJHOPOAHOE  IOKPHITHE U
yCTpaHsolmas  3aMeTHble  HEPOBHOCTH.  Takyto
MITYKaTypKy 0OBIYHO HCTIONB3YIOT Kak

MOJATOTOBUTENIbHBIN CJIOW ISl APYTUX OTAEIOYHBIX
pabot. B ciydae okpacku (acaibl 31aHANA TPUHAMAIOT
SPKUI IBETOBOH (DOH, YTO MPU KCIIOIB30BAHUU HHBIX
OTJIEJOYHBIX MAaTEPHAJIOB HE BCErJa BO3MOXKHO.

Hapsny ¢ okpackoil 3qaHuil Tak e NPUMEHSIOT
OOJMIIOBKY KEpPaMHUYECKUMHU IUIUTKAMH Pa3IHYHBIX
LIBETOB M  pa3MepoB, KaMEHHOH  KpOIIKOM,
JICKOPATUBHBIMK OCTOHAMH, MEJKOW IeOCHKON u
pacTBOpaMH C  TEXHOJIOTHYECKUMH  INpHEMaMHU
00paboTku moBepxHOCTH ¢acana. MeToa HaKaTKH WU
pUQIICHHS 3arJaXeHHBIX PAaCTBOPHBIX TOBEPXHOCTEH
BAIMKAMHA  WIH  NPOQUINPYIOIUMH  peHKaMu
UCTIONIB3YIOTCS Juis CO3JaHUs (bakTypsL
BrimieynomMsiHyTble BUABI OTIENKH JEKOPATUBHBIMU
OeToHaMH W PacTBOpaMM BCE Yallle YNOTPeOJISIOT B
KPYIHOIAHETbHOM JOMOCTPOEHHH, BeJJb HECMOTPS Ha
OTpPaHMYEHHOE KOJHMYECTBO 3aBOJICKMX OIEpaIuit
BO3MOXKHO JOCTHYh Pa3HOOOpasust B apXHUTEKType
3IaHUH [IPH UCTIOIb30BAaHIH YKa3aHHBIX METO/IOB.

B ciydae cTpoutenscTBa BRICOTHBIX 3/IaHUM MM
UMEIOIIUX CIOXHYI0 KOH(PHUIypamuio TpedyeTcs
obpaboTrka oxHOOOpasHOW  Qakrypol. Otaenka

bopmy wu
COCCAHUX

00s13aTeNbEHO
JIeKOpaTHUBHBIE
JJIEMEHTOB.

B ciiydae mpuMeHEHHS IBETOBOH (aKTyphl JIIs
HEKOTOPBIX JKHUITBIX paiioHOB npremieMa
KOHIIGHTPHYECKas CTPYKTypPa C aKTUBHBIM LIEHTPOM U
CACPXAHHOW C OTACTHHBIMU aKIEHTaMH MepUQepHeH.
Takoe 1BETOBOE peEIIEHHE OO0S3aTENBHO OJKHO
COOIIOIaTHCS 10 BEpTHKANU. BBy TOTO, 4TO HHXKHHUE
STa)KU BCETAA HAXOMAATCS y 4elloBEeKa B IOJIC 3pEHus,
SIPKUI LBET OKpaca OyZeT ero pasjapaxarb. BepxHue
9Ta)XH, HA0OOPOT, MOTYT UMETh SIPKYIO OTICIIKY.

Hemanoaxuoit JIETANIBIO, TpeOyromIei
BHUMAaHHUS, SBISAIOTCS TEIJIONOTEPH, MPOUCXOISAIINE
yepes (acaj 3ganus. Beuny atoro crocob ycrpoiictBa
COBpPEMEHHOTO (hacasia moapazyMeBaeT HOTPEOHOCTD B
OTIpeIeIIEHHOM YpOBHE YTEIJICHUS [4,5].
D¢ dextuBHAS TemTOM3ONIAIHS Pacaga MPOU3BOIAUTCS
TOJIBKO CHApYXH, TOCKOJIbKY TaKOW crioco0 1Mo3BoIIseT
3alIUTUTh CTEHy OT aTMOC(EpHBIX BO3ICHCTBHH,
UCKIIIOYHTh  TOSBICHHE  TPEHIMH,  O00ECHe4YuTh
HEOOXOAUMYIO TAapONPOHUIIAEMOCTh KOHCTPYKIIMH,
copMupoBaTh OJArONPHUATHBII MHKPOKIMMAT B
MIOMEILEHNH U YJIy4IIUTh BHEUIHUH BUAb (acaja.

Hapy’xHoe yTelieHHe CTeH Moapasjensercs Ha
yTEeIUICHUE: (acana c 00JIMIIOBKOH, c
OLITYKaTypHBAHUEM (acazos, c 3aIUTHO-
JEKOPATUBHBIM SKPAaHOM — HABECHBIE BEHTUIHPYEMBIE
(bacazpl.

Hagsecneie BEHTHJIUPYEMBIE tacampl
MHOTO3T@KHBIX 3JaHWH MPEANONaraloT OOIMIMBKY
3JIaHNUS, COCTOALIYIO U3 IEKOPATUBHBIX OOJIUIIOBOYHBIX
NaHesel pa3auyHbIX TUNOB. Takas cucTeMa BKIKYaeT
B ce0s BEHTWIMPYEMbIl 3a30p, OpraHW30BaHHBIH
MEXIy HeCymed CTeHOW U OOJUIIOBOYHBIMU
na"esiMH. VIMEHHO C HCTIONIb30BaHUEM TaKoTo 3a30pa
OT JIOMa OTBOJIAT M3JIMIIKH BJIATH, BBIXOJSIINAE CKBO3b
CTeHBl 3/aHUS B BHUAE Mapa, u o0pa3ymooume IMpH
OCEJJAHUU Ha BHYTPEHHUX CTEHKaX OTAEIOYHOrO
MOKPBITUS, KOHIECHCATA.

IIpu ycrpoiictBe acaga ¢ BEHTWIHPYEMOU
KOHCTPYKIUEN MPUMEHSIOTCSI AIIOMUHHEBBIE MaHEIN,
IUIUTHl U3 HATypalbHOIO M HCKYCCTBEHHOTO KaMHS,
IUTUTHl M3 KOMITO3UTHBIX MAaTEPHUAJIOB M CTEKIJISHHBIX
TUTUT.

AmomuHueBble  (acajHble  TaHENd  UMEIOT
AHTUKOPPO3UHHBIE CBOIICTBA 00J1a1al0T TPOYHOCTHIO U
JOJIrOBEYHOCThIO, A  IIACTUYHOCTh  AJTIOMHMHUS
HpeAroiaraeT MCIOJb30BaHUE TaKUX MaHeJIeH IpH
CIIOXHBIX apXUTEKTYPHBIX (opMmax. AIIOMHUHHEBBIE
nmaHenu Uit (acaga C JIETKOCTBIO NPEIOTBPAIIAIOT
TeMIIepaTypHbIe Nepemnajbl U BCE Yallle UCIONb3YITCS
TIIPU CTPOUTENLCTBE O(HUCHBIX 3aHUMH.

Kamennas oOsmmoBka (acaga mpennonaraet
HCIONb30BaHUE  KepaMOrpaHMTa U Mpamopa,
MTOCKOJIBKY YKa3aHHBIH MaTepHajbl IPOYHBI, TO3TOMY
MAacCHBHBI M HYXJAIOTCS B  JIOTOJIHUTEIHHOM
YCHJICHHH HECYINX KOHCTPYKIIMH COOPY KESHUS.

Camplii  TEpPCHEKTUBHBIM  dacag  KHUIOTO
MHOTO3Ta)KHOTO 3[JaHUS ABJISETCSA CTEKIISTHHBIN (haca.
BrICcOKONpOYHBIE CTEKNISHHBIE IUIUTHI KpEMmITCs K

JOJKHA
CBOICTBa

YYUTHIBATh
MaTepHuaoB
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Hecyllel KOHCTPYKIMH IPU MOMOILIM METaNIN4eCKOH
KapkacHoi cuctembl. CTEKISHHBIN (hacan sBISETCS
HOBEHIINM HaIpaBIeHUEM B COBpPEMEHHOU
apXMTEKType U IIOJHOCTBIO MEHSET OOBIAeHHOE
MPEeJCTaBICHUE O HAPYKHOM JU3aiiHe JOMOB.

B 3akimroueHume  JaHHOM  CTaTbU  XO4YeTCs
MOAYEPKHYTh, YTO yKa3aHHbIC BHIY OTICIKH (acamos

Ha  CCTOJHAIHUM JeHb  SBISIOTCS  Hauboee
MOMYJISIPHBIMU U YHHUBEPCATbHBIMH.
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HEYETKAS JIOTUKA B YITPABJIEHUU MOBWJIBHBIMHA POBOTAMH METO/bI

Mameoosa Bunveeituc Azep 2., Hoaooe Caowiz Caghap o.
Asepbatioscanckuil I'ocyoapcmeennsiil Yuueepcumem Hegpmu u Ilpomviuinennocmu,
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FUZZY LOGIC IN THE CONTROL OF MOBILE ROBOTS METHODS

Mammadova Bilgeys Azer k., Ibadov Sadik Safar o.
Azerbaijan State University of Oil and Industry,
department of “Computer Engineering”

Az1010, Baku, Azadlik 20

KPATKOE U3JI0OKEHUE

YHpaBHeHI/Ie MOOMJIBHBIMU yYHapaBiIsieMbIMU pO6OTaMI/I paccMaTpuBacTCA Ha OCHOBC TCOPHUU HEYETKOM
JIOTUKH. JTOT moaxoa OCHOBaH Ha TOM, 4YTO I/IHTGJ‘IJ‘I@KTyaJ'ILHHﬁ pO6OT BBIINIOJIHACT CBOH (I)YHKLII/II/I BO
BSaHMOHeﬁCTBHH C YCJIOBCKOM-OIIEPATOPOM, HO TaKOE€ BBaHMOﬂeﬁCTBHe JOJI2KHO OBbITH E€CTECTBEHHBIM JJIIsL
oriepaTopa ¥ MPUHUMATh (HOPMY PEueBOTO AUAIOTa C UCMOJIB30BaHUEM MPOOIEMHO-OPHEHTUPOBAHHOTO S3bIKA,
OJIM3KOTO K €CTECTBEHHOMY MPO(ECCHOHATBLHOMY SI3bIKY. Takoi MOJXOJa BJIHMSIET HAa BCE YPOBHH CHCTEMBI
yIpaBIeHUs, BKIIIOYast ypOBEHb B3aUMOJICHCTBHUS C OTIEPaTopoM, 00yueHHe, IIIAHNPOBAaHHIE U BHEIPEHUE.

ABSTRACT

The control of mobile controlled robots is considered on the basis of fuzzy logic theory. This approach is
based on the fact that an intelligent robot performs its functions in interaction with a human operator, but such
interaction should be natural for the operator and take the form of a speech dialogue using a problem-oriented
language close to natural professional language. This approach affects all levels of the control system, including
the level of interaction with the operator, training, planning and implementation.

KaroueBble c1oBa: MOOHIILHBIE YHpaBIsIeMbIC pO6OTBI, HCYCTKas JIOTUKa, BSaHMOHeﬁCTBHe YCJIOBEKa U
oIeparTopa, yIpaBJICHUE JUAJIOTaMH.

Keywords: mobile controlled robots, fuzzy logic, interaction between a person and an operator, dialogue
control.

CoBpeMeHHbIE POOOTHI MOTYT MEPEMENAThCS B YTOOBI 3a7]aBaTh 3a7a4u Ha poOJIeMHO-
MMPOCTPAHCTBE U BBINOJHATH H€O6XOZ[I/IMI)IC ornepanuu OPUCHTUPOBAHHOM SA3BIKEC, KOTOpLIﬁ OJIU30K K
C TIOMOIIBI0 MAaHWIYIATOPOB. OHH OCHANICHHI  ©CTECTBEHHOMY Ui poOora, W HabmomaTe 3a
chucTeMaMH  Tepeiadd  MHQpOpPManuu, KOTOpble  jedcTBUsAMHU poOoTa. Posib 00paTHOI CBS3M BHINOJIHSET
CIIOCOOHBI co3/1aTh KOMILIEKCHYO KapTuHy  uH(opMmamuss poboTa s omeparopa, KoTopas
TEXHUYECKOTO BUACHUS M TeKylled cuTyanuu. baza mnpenHasHaueHa [Uii  YTOYHEHUS  KOMaHX, Ui
3HaHMH po0OoTa TO3BOJSIET €My He3aBHCHMMO  HMH(OPMHPOBAHHUS oOmeparopa O TEKyIeH CHTyaluH
nepeMelaTbes M0 OKPYXKALEH cpelie ¥ MPUHUMATh  WIM AN JOCTIDKEHHsI NOCTaBIE€HHOM wnenu. Takum
pemieHHs O  JACHCTBHSIX, HEOOXOOMMBIX  JUIi  00pa3oM BO3HHUKAET AHMAJOr MEXIy YeJIOBEKOM H
BBIMOJIHEHHUS 3a7add. YTPABIIEMBIH MOOWMIBHBIH  pOOOTOM.
poboT mpencTaBiser CcoOOH  MHTEIUIEKTYaJbHYIO YipasneHue 1uanoroM Noapa3yMeBaeT TaKylo e
TEXHUYECKYI0 CHCTEMY, CIIOCOOHYI0 K aBTOHOMHOMY  IIPOCTPaHCTBEHHO-BPEMEHHYIO OIIEHKY aHAJIM3a CIIEHBI
LieJIeHAIIPaBICHHOMY [IOBECHHUIO. OyHknuu  paboTHI YenoBeka U poOOTa, OMpE/IeTIeHHBI yPOBEHb

YCJIOBCKA-Oneparopa TENEPhb 3aKIOYA0OTCA B TOM,

«B3aMMOIIOHUMAaHUA», IPU KOTOPOM OHHU HUCIIOJB3YIOT
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SICHbIE YEJIOBEYECKUE CYXKACHHUS U JIOTMYECKUE
BoiBObl. Ilo cyrtu, »9TO oOpraHuzanus — Bcei
MO3HABATENbHON JIeSITETbHOCTH pobora o
aHTporoMopdHOMYy MPUHIHITY, BKITIOYAst

pacro3HaBaHWE CHUTYyallMH, IPHHSATHE pEIIeHUu |
TuIaHupoBanne oneparuid. OCHOBOH Ui pa3BHTHUSA
TEOpHHU JINaJI0TOBOTO yTIpaBICHUS u
I[eJICHANIPABIICHHONH paboThl pOOOTOB CTajla TEOPHS
HEYETKUX MHOXKECTB M HEUETKasl JJOTHKA, MOTydHBILIas
B TIOCJIEIAHUE TOIBI BCe OOJbIIee pacHpOCTpaHEHHE.
AHanM3UpYIOTCS TEOPETUYECKHE OCHOBBI OIMCAHUS
BHEUIHET0 MHpa C IIOMOIIBIO  HEYETKHX U
€CTECTBEHHBIX MPOCTPAaHCTBEHHO-BPEMEHHBIX
OTHOIIICHHUH C TOYKH 3pEHHs YesoBeka. Pa3surue storo
MOAXOJa BKIIOYAeT, B TOM JK€ CMBbICIe, MOUCK
«ECTECTBEHHOI»  OIIGHKM  CHUTyalluH, [PHHSITHE
peuieHust U oOecreyeHHe eCTECTBEHHOTO IOBEICHUS
poboTa ¢  4YENOBEYECKOM  TOYKH  3pCHUS B
HEOTIPEICIICHHBIX 00CTOSITEIECTBAX.

K ocHOBHBIM 3a71a4aM TEOpUH II€ICHANPABICHHON
paboTH pOOOTOB OTHOCSATCS OIMCAHUE BHEIITHETO MUPa
U TEKyIIEH CHUTyalluH C ITOMOIIBIO JIMHIBHCTHYECKHUX

|'.|I|
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; .
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NIepEeMEHHBIX, IUIAHUPOBaHUE orneparui U
opraHmzanus pedeBoro uHrepgeiica oneparopa. Bcee
9TH IPOOJIEMBI PENIAlOTCs HEYETKUMH METOJaMH.

OnucaHue BHEIIHErO0 MUpa poOOTa BKIIOYAET B
ce0s1 onrcaHne 00BEKTOB, TPENCTABISIIONINX UHTEPEC
IUIsL TAaHHOW Olepalyy, a TakkKe IPOCTPAHCTBEHHEIC
OTHOLIECHHS MEX Iy 00BbEKTaMH MUPa, BKIFOYasi CAMOTO
pobora.

st onucaHus NPOCTPAaHCTBEHHBIX OTHOIIEHUMN
MEXIy OOBEKTaMH pPabOYero MecTa HCHOIB3YIOTCS
oOMmMpHbIe U UHTEHCUBHEBIE oTHOMIEHUS [ 1]. TlepBriii -
9TO B3aUMOCBSI3b MEK/y COCTOSIHUEM M HAIIPaBJICHHEM
o0bexToB. Hampumep, OunHapHble OTHOIIEHHS (T.€.
OTHOILCHHSI MEX]y AByMs OOBEKTaMH) HaIlpaBJICHHS:
00BbekT f1 - al omepekaeT 0OBEKT ay, aHANOTHYHO: f5 -
BJIEBO U Briepen; f3 - BeBo u 1.1 .; paccTosiHus: di - B
IUIOTHOM COCTOSIHWH; d2 - 3aKpbITh; d3 - HE OJIM3KO -
Henmaneko, ds - nanexo, ds - oueHb ganexko. OTHOIIEHUS
0OBIYHO 3a1a10TCs IKCIIEPHUMEHTAIBEHO
oTpeneleHHBIMI (QYHKIISIMHA apUITHPOBAHHOCTH H
YYHUTBIBAIOT OCOOCHHOCTHU YEJIOBEYECKOTO BOCIIPUSTHS
NPOCTPAHCTBEHHBIX OTHOIICHUH (PHCYHOK 1).

OYCHE JANCKED

i LLE1] ]

(005

AN N

Puc. 1. [Ipunaonescawue hyHKyuy TUH2BUCMUYLECKOU NEPEMEHHOU KPACCIOAHIUE»
Ha 0CHOBE IKCNEPUMEHMANLHBIX OAHHBIX.

Bo3MoxHBIC OMHAPHBIC OTHOIICHUS BKJIIOYAIOT:
R: - mpukocHoBeHue; R, - Haxogutecs BHyTpH; R3 -
HaXOJUThCs 3a TpaHulieit; R4 - ObITh B 1eHTpE; Rs -
HaxoJUTbCs Ha NpsiMoil; Re - HaxoauThCs B OJHOM
mwiockocTy; R7 - uMeTs HeHyneByro nmpoekuuwo; Rg -
CTOSITh Ha TOBEpXHOCTH. B [1] BKJIIOYEHHI JBa

VHapHBIX  OTHOIIEHWS - Roo HOWKHO  OBITH
TOPU3OHTANIBHBIM, a Ro1 - BEpTUKaNIbHBIM, a Takxke 28
3JIeMEHTAaPHBIX MIPOCTPAHCTBEHHBIX OMHAPHBIX

OTHOIICHHUNA. DTH OTHOIICHHS BBIBOISATCS U3 OCHOBHBIX
OTHOIICHHUN C WCIIOIB30BaHHEM (POPMATBHBIX MTPABHIT
(hopMaNbHOW JIOTMKH KOHBIOHKIIMA W IH3BIOHKIIHH.
Habop 06bexToB, 3a1aHHBIX B IPOCTpaHCTBE paboueil
CIIEHBbl, OTHONIIEHWS MEXJy HHMH U TpaBUia
TpaHchopmaIu obpa3yioT ouUIHANTBHBII
onucaTelbHBIM s3bIK cuTyanuu. Ha 3ToM  si3bIke
OMHCAaHWE  CHUTyalldd  JOMyCKaeT  (opMaabHOE
(ceMroTHYeCKOE) ONHCAaHHE C HCHOJIH30BAHUEM
JIOTUKA TPOCTPAHCTBEHHO-BPEMEHHBIX OTHOLICHHM.
Hampumep, CIIOXHOE MIPOCTPAHCTBEHHOE
cooTHolleHHe al, crosmiero cmnpaBa M Jajleko B
TUTOCKOCTH S, MOJKHO 3aIliCaTh CICIYOIUM 00pa3oMm:
(a1 Re S) & (a0 ds f7 a1), rme ap - Habmogarens,
OTHOCHUTEIILHO KOTOPOTO PACCTOSIHME€ W BBIPAKCHBI
OTHOIIICHHS HAIPABJIICHUH 00BEKTA a1.

CocTostHEE BHEUTHETO MHUpa po0oTa, T.€. TeKyIIee
COCTOSIHUE, OIMCBHIBACTCS ~ CHUCTEMOH  JBOMYHBIX
¢dpeiimos (,,, m =1, 2, ..., M, rie oqHUM U3 0OBEKTOB
MOJKeT OBITh POOOT WJIM BHEIIHKH Habmoaarens. Ecin

MEXIY BCEMU H3BECTHBIMHU oObeKkTaMu
YCTaHABJIMBAETCS HEUYETKAasl CBSI3b, TO MBI IMOJIyYaeM
HEYETKYI0O CEMAHTUYECKYI0 CeTh WM «HEYETKYIO
KapTy». MOXHO OTpeAeuTh €€ TIOJOKEHUEe 0
HEYETKUM OTHOIIIEHUSIM, OTPECINB €€ MOJIOKECHHE B
HEYETKOW B3aMMOCBS3H, MM OH MOXET BBIYHCIUTH
CBOE TIOJIO)KCHHE Ha HEUYSTKOW B3aMMOCBSI3H. HEUCTKAS
KapTa, HO HENOCPEICTBEHHO He HaOmromaemas |
ONpeAeIsonas HalpaBJieHUE ABMXKEHUS K uenu [2].
Tperrpst HedeTKast BBICOTA. IIyTEM BBOJA KOOPIHHATEHI
(h1 - omuu ypoBeHb, hy - BBepxy, hs - oueHs BBepxy, hs
- BHHU3Y, hs - oueHp HIDKe) U Mcronp3ys TpeXMepHEIe
OTHOIICHHUS MEXAy OOBEKTaMH, POOOT MOMKET
IUTAHUPOBATh  CBOE  JIBIDKEHHE B  (UBHYECKOM
NPOCTPAHCTBE C YUETOM pebeda MPOCTPAHCTRA.

B 3amauy amanmza paGoueid ciieHbl poOOTOM
TaKKe BXOJIAT aITOPUTMBI pacro3HaBaHUs
MPEISATCTBHA. DTH alTOPUTMBI COCTOAT W3 Habopa
MpaBWJ KJIACCU(PHUKANMA W HEYCTKOH CHCTEMBI
pe3yIBTaToOB, KOTOpask paboTaeT ¢ HEYCTKUMH 3HAKAMU
00BEKTOB-CTAaHIAPTOB, KOTOPHIE COCTABISIIOT OCHOBY
3HaHUH O MPENATCTBUAX. ANropuT™M Mamaanu MOXXHO
WCTONB30BaTh  KaK  HEYETKHH  KJIACCU(PHUKATOP.
HeueTkne xapakTepuCTHKH OOBEKTOB (IJTUHHBIN
00BeKT, OObIIast BBICOTA, OOJNBINOI pa3mMep U T. 1.)
3amaroTcst byHKIUIMU MIPUHAJIC)KHOCTH
COOTBETCTBYIOIIUX JIMHTBUCTUYECKUX TIEPEMEHHBIX,
KOTOpbIE JIOJKHBI COOTBETCTBOBATh TEXHHYECKUM
XapaKTepUCTUKAM MOOHMILHOTO po0OTa W CHCTEMBI
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TEXHHYECKOro  3peHusi.  Hanpumep,  npusHak
JOCTaTOYHOW INMPUHBI JBEPHOTO MpoeMa JaioT
rabaputel  poOoTa-Ooempuiaca, MNPHU3HAK  MaJoU
BBICOTBHI 3aBHCHT OT XapaKTEPUCTUK IIaccH podora.
JucrannuonHas (QyHKIMS HEYETKOrO MHOMKECTBa
orpaHudeHa pabo4YMM  JMAMa30HOM  3PHUTEIbHOMN
cHUCTeMbl W Tak panee. [IpunHamnexaimiue (GyHKIUA
CUMTAIOTCS M3BECTHBIMU JI0 Hayana JAeHCTBUS, HX
napaMeTpsl OMNPENeNSIOTCS Ha JTane KaluOpPOBKH
CHCTEMbl ~ TEXHHYECKOTO  3pEHHS  KOHKPETHOI'O
MoOmisHOTO pobota. [lo pesynpratam HaOIrOAEHUI
po0OT ompeensieT He TOJIBKO MapaMeTpbl 00beKTa, HO
W XapakTep MpPEHsATCTBHH C IOMOIIBI0 HEYETKHX
3HaKoB [3].

Oco0OeHHOCTh yNpaBICHUsI MOOUIIBHBIM POOOTOM
C TIOMOIIBIO HEYETKOM Moneslu pabouei CLeHBI
3aKJII0YAaeTCsl B TOM, 4YTO B IpoOLECCEe JBUXKEHUS
U3MeHsIeTCsl MacmTad W300pakeHHs, I0Jy4aeMoro
TeleKaMepol, YCTaHOBIEHHOW Ha poborte. ITOT
3¢ ¢deKT MPUBOANT K HEOOXOIUMOCTH BKIIFOUCHHUS
OBYMEpHOH (QYHKIWM TIPHHAUICKHOCTH. B 3TOM
Cllydae OIHOHM M3 IEPEMEHHBIX SBIISCTCS PACCTOSIHUE
0 mpemnsTcTBHA. Takum oOpazoM, Ui TEPMOB C
HAa0OpOM 3HAYEHWH JIMHTBUCTHYECKOW IepeMEHHON
«BricoTa 00BEKTaY BKJTFOYCHEI (yHKIIH
TIPUHA/JIC)KHOCTH C YYETOM YIJla HaKJIOHA 3pPUTEIILHOM
cHCTeMBI Ha 11accu pobora (pucyHok 2) [3]. Touno Tak
K€ B 3aBHCHMOCTH OT PACCTOSIHUSI TaKKe MEHSIOTCS
(YHKIMH «IEBOW» U «IIPaBO» MPHUHAIC)KHOCTH.

1
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Pucynox 2. 3asucumocms ¢hynxyuu npunadiedicHocmu om paccmosanus 00 UsMepumensHo2o npubopa.

IloMuMO HpPOCTPAaHCTBEHHBIX OTHOUICHUM U
UICHTU(HUIMPOBAHHBIX OOBEKTOB, «00pa3» TeKyluei
CUTYaIlUH MOXET COCTOSATh U3 APYTHX XapaKTEPHCTUK.
Hanpumep, MoOHIBHBII pOOOT, IpeTHa3HAUCHHBIH 1T
3alIUTHl MOMEIICHMS, MOXET HMEThb TEeMIeparypy,
BIIQXXHOCTb, COCTaB BO3AyXa (HAJMYHE BPEIHBIX
BEIICCTB WJIM JbIMa) W TEPENaTUNKH, NEpeAaTIuKh
3ByKa. Bcs wuH(bopmamus, moiydyeHHas C TaKUX
MepelaTINKOB, TAKXKE MOKET OBITh IIPEJCTaBICHa B
BUJIE HEYETKHX JAHHBIX («TeMrepaTypa HH3Kasl,
BJIQXKHOCTH OYEHB BBICOKAsI, CHIIbHBIH TbIM» 1 T.1T .) [4].

Onucanue CHTyallMd TakKXe MEHSeTcd COo
BpEMEHEM, TaK KaK BHEHUIHHH MHpP IIOCTOSIHHO
MEHSIETCSl U3-3a ABMKEHUsI HAaOJII0JaeMbIX 00BEKTOB, &
TaKKe ABMXKEHUs camoro pobora. B olmem, 310
ycioBue  TpeOyeT  pacCMOTPEHHS HE  TOJBKO
MPOCTPAHCTBA BO BHEIIHEM MHpE, HO M BPEMEHHBIX
OTHOIIICHHH, TaKUX Kak ObITHE, OBITHE 10 M TPsIyIIee.
Takum 00pa3oM, B 00IIeM ciTydae CIOTHI S-COCTOSTHUH
onpeznensorcss  (GpedMoOM ¢ HWMEHaMH OOBEKTOB
BHEITHETO MHpa, €CTECTBEHHBIMH OTHOIICHUSIMH

MEXAYy 00BeKTaMH (IPOCTPAHCTBOM M BpPEMEHEM), a

TaKxe JIpyTUMHU XapaKTepUCTUKAMHU,
XapaKTepU3yIOIUMH CUTYAIHIO.
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B3AMMOJIEMCTBUE MACC B IYJbCHUPYIOIINUX, KYMYJISTUBHBIX CTPYSX, KAK
CPEJACTBO YBEIMYEHUA UMITYJIBCA U ITIOJTYYEHUA CBEPXBBICOKHUX TEMIIEPATYP
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AHHOTALUSA

B HCCJIICAOBAHUAX II0 pealn3alun TEXHOJIOTHH TCPMOAACPHOTO CHHTE3a MNOABJISIIOTCS HOBBIC MCHEC
3aTpaTHbIC HAIPABJICHUS, CBA3AHHBIC C MOJYYCHHUCM CBCPXBBICOKUX TCMIICPATYP B PE3YJIbTATEC COyHAapCHUA
BCTPCYHBIX BBICOKOOHCPICTUYCCKUX TCUECHUH IIJIa3MBI. HpOBeZ[eHHLIe HCCIICAOBAHUA TIa30IHMHAMHUYCCKHUX
PE30HATOPOB, ACTOHAIIMOHHOI'O CropaHvs € yAapHbIMU BOJIHAMH, KYMYJIATUBHBIX Cprﬁ, KaMep CropaHus
IMOCTOSSHHOT'O 00BEMaA IOKa3aau MNEPCHOCKTUBHOCTL 2TOI'O HAIIPABJICHUA. B HECTAallHOHAPHOM pa60qu mnponecce
BO3MOXXHO YBCJIIMYCHUEC HUMITYJIbCa 3a cyér MPUCOCANHEHUS MAaCChI. PaCCMOTpeH MOpsAA0OK TMPOBEACHUA
9KCIEPUMEHTOB C KYMYJISITUBHBIMU CTPYSMU.

ABSTRACT

In research on the implementation of thermonuclear fusion technologies, new less costly directions appear
associated with obtaining ultra-high temperatures as a result of the impact of counter high-energy plasma currents.
Studies of gas-dynamic resonators, detonation combustion with shock waves, cumulative jets, combustion
chambers of constant volume showed the promise of this direction. In a non-stationary working process, it is
possible to increase the pulse due to the addition of mass. Procedure of conducting experiments with cumulative
jets is considered.

KuiroueBble cjioBa: TepMOSIEPHBIA CHUHTE3, KYMYJIITUBHAs CTpPYs, pEaKkTop, yJAapHas BOJIHA, pPE30HATOp,
J€TOHAIMS.

Keywords: thermonuclear synthesis, cumulative jet, reactor, shock wave, resonator, detonation

JleToHallMOHHOE CrOpaHKe TOILUIMBA KaK CPENCTBO
[IOJIy4YEHUsI BBICOKHUX JABICHUM U TeMIepaTyp Uil
BO3MOXHOM pealu3allud HanpuMep IOBBILICHHON

TEPMOIMHAMUYECKON 3¢ PEeKTHBHOCTH
SHEProJBUIaTeNIbHBIX  YCTAHOBOK, TEPMOSIEPHOTO
CHHTe3a NpHBIeKaeT BcE Oosbliee BHUMaHME. Tak
JIETOHALIUOHHOE, B3pBIBHOE CropaHue
paccMaTpuBaeTcs B NEPCIEKTUBHBIX

9HEProJBUraTeJIbHBIX ra30TYpOMHHBIX YCTaHOBKaxX [2,
c.123-130], [3, c.130].

Kowmmaneery A.C. [8, ¢.288] pazmenun uctopuio
OCBOGHHSI YEJIOBEKOM IPUPOJIbI HA OCHOBHBIE JTAIIbIL:
OBIIQJICHHE OTHeM, u3o0pereHue mopoxa. OH
MPEANOIOKWI TAKKe, YTO OCBOCHHE NeTOHAIMU (B
SHEPTEeTHUECKUX YCTAaHOBKAX) MOXHO OyJIeT CUHMTaTh
HOBBIM 3TaroM pa3BUTHs OOLIECTBA.

PeSyHLTaTBI COBPEMEHHBIX HAYUYHO-TCXHUYCCKUX
UCCIIEIOBAHUN  JIeTOHALIMOHHOTO, ITyJECHPYIOIIETO
pabodero mpomecca MOTYyT HaWTH NpPUMEHEHHE U B
TepMosiiepHOH 3HepreTuke. B pabote [8, ¢.288]
paccMOTpeHa BO3MOXHOCTb CXKaTHsi W Harpesa
Jerepus A1 NOMY4YEHUs TEPMOSAECPHBIX PeakLuil ¢
MOMOINBI0  YAAPHBIX BOJH. OTy HACK MOXKHO
peanu3oBath Ha cieayromux d@GexTax U MpUHIHIAX
[4, ¢.76-82]:

1. nHa s derre T'aptmana-IInpunrepa,
KOTOPBIM BO3HUKAET NPU HATEKAHUU CBEPX3BYKOBOMH
CTallMOHAPHOW Ta30BOM CTPYM Ha PE30HAHCHYIO
TpyOKy (pe3oHaTop), OTKPBITYIO CO  CTOPOHBI
HATEKAIoIero MOTOKA u 3aKPHITYIO c
MPOTHUBOTIONOKHOTO KOHIA; TPH O3TOM B TpyOKe
BO3HMKaET ITyJIbCHPYIOIee TEUEHHE C 00pa3oBaHHEM



Hanmonanenas accoumanus yuenoix (HAY) # 75, 2022

31

YIapHBIX BOJH M pPAa3orpeBOM ee JHa 3a CYeT
«Hakauyku» sHepruu no temmeparyp ot 7000 K mo
18 000 K;

2. Has(ddexTe B3aNMOJCHCTBHS CBEPX3BYKOBOM
MyJIbCUPYIOIIEH Ta30BOil CTPyHM C TNPENsSTCTBUEM, B
NpWIETAIOmEM  00beMe  KOTOPOrO  NPOUCXOAWUT
HepepacIpenicieHHe YHEPTiud, U MOTYT BO3HUKHYTb
«TOYKM» C AaHOMAIBHO BBICOKMM  3HAUCHHEM
TEeMIIEpaTyphl Ta3a; Tak NPH CPEAHEH TeMieparype
raza 3000 K BO3MOXHO TMOIYYCHHE B «TOYKE»
170 000 K;

3. Ha 6aze co3nmannoii B [IAO «OJK-Catypn»
MyJIbCUPYIOIIEH 30JOTHUKOBOH Kamepbl CropaHus
nocrosinaoro obowvema (KC V=const) [2, c.123-130];
KamMepa B 3aBUCHUMOCTH OT HCIOJHEHHS MOXET
co3maBaTth paboyme TyJbCallMM C  3aJaHHBIMHU
ckBaxxHOCTBIO 0T 0 % 10 90 % u uactoToit 1o 1000 I'x
u Oozee; Omaromapsi MPOAYBKE W KPATKOBPEMEHHOMY
BO3JICHCTBHIO TPOAYKTOB CTOpPaHUSI KOHCTPYKLUS C
CHCTEMOM OXJIaXJICHHUS, KaK B KHUIKOCTHOM PaKETHOM
neuratene (JKP/I), MoxkeT OBITh pabOTOCTIOCOOHOH TpH
Temneparype razoB Ha yposre 4000 K u 6onee;

Bo3MoxHBII c110co0 MOTy4eHHsT CBEPXBBICOKHX
TEeMIIepaTyp MOXET OBITh OCHOBAaH Ha «CIIOKCHUU»
ONHMCAaHHBIX BBINIE Ta30JMHAMUYECKHX A(PPEKTOB U
npumenennn KC V=const . B ycraHoBke rassl u
ylapHble BOJNHBI OT CHHXPOHHO paboTarommx
HaBcTpeuy apyr apyry KC V=const [4, c¢.76-82]
B3aUMOJICHCTBYIOT (CTAJIKMBAIOTCS) B CICIMAIBLHOMN
KaMepe — peakTope.

Ceifuac momoOHBIC KOHIENINH, OasHpylOIIuecs
Ha TTOJTyYeHUH CBEPXBBICOKUX JIaBJICHUI U TEMIIEPATyp
B pe3ynbTaTe COyNapeHHWH BCTPEYHBIX TCUCHUH
IUIa3MBl, TOIUIMBA, pPabodero Telxa CTaHOBSTCS
aKTyaJbHBIMUA. AHalM3 COBPEMEHHOTO COCTOSHUS
OCBOCHMS TEPMOSIEPHOTO CHHTE3a IOKa3blBaeT [7,
c.88-89], uro peanu3yrOTCs TaKHe MaclITaOHBIC
MPOEKTHI KaK:

- MextyHapoJHbII SKCIEPUMEHTAIbHBIN
tepmosiiepHslii peaktop (ITER) Bo ®@panmum; B 3TOT
TOKaMak BJIo>keHo 21 mupa gomt. CLIA;

- He MeHee CJIOKHbIM HanuoHanbHbIH KOMIUIEKC
(NIF) B Kanmudopuuu, CIIIA, B KOTOPOM Ha MUIIECHb
(TabyIeTKy SIEpHOTO TOILUTUBA) OYIOYT (POKYCHPOBATHCS
OJIHOBpPEMEHHbIE UMITYJIbChI 192 nazepa.

CIOXHOCTB M BBICOKAsi CTOUMOCTb 3THX MPOEKTOB
MOTPeOYIOT, C yUETOM MHOTOJIETHETO OITBITA, PEIICHHS
MHOTHUX MPOOJIEM B SKCIEPHUMEHTAIbHON OTpaboTKe U
BHEJpeHUN uX B Ommkaimume aecartuietus. Kpome
TOrO0, TPeOYIOTCS OOJBIINE 3aTPATHI JIEKTPOIHEPTHH.
Yuureisasg Hebicokui KIIJ[ B 1emouxe moiydeHus
3JIEKTPOIHEPTHH U MpeoOpa3oBaHus €€ B TOKaMaKe U

jlasepax, CymiecTByer npoOiema  oOecreyeHus
nocratoyHol 3¢ dexTuBHOCTH. [loaTOMY OrpOMHBII
HUHTEPEC NPEACTABISIOT HOBHIE, MEHEe MaclITaOHbIe
MIPOEKTHI, HAIlCJICHHBIE Ha CO3/JaHHE PEHTA0EIbHBIX
TEPMOSIIEPHBIX HIHEPreTUYECKHX YCTAaHOBOK. OTO,
mpexe Bcero, Ommskue k pemennto ¢ KC V=const :
ycranoBka kommanuum General Fusion, Kawama, B
KOTOpPOH ans BO3OYXKICHHS peakIWd CHHTE3a
HCTIONB3YIOTCS yaapHbIe BOJTHBL,
pacIpoCTpaHSIOMIKECs B KUAKOM METallle, U PeaKkTop
kommanun Tri Alpha Energy Ha BCTpedHBIX mMydkax
3apsOKEHHBIX YacTHLl, UMEIOMMN JUIMHY Bcero 23 M
[7, c.88-89]. B kaHaackod yCTaHOBKE ISl CXKATHUA
IUIa3MBbl B LIEHTPaJIbHOW cepuueckoil kamepe OyayT
ucnons3oBathest 200 mopmHell. B ycTaHoBKe
[4, ¢.76-82] BricokouacToTHbie KC V=CONSt mOKHBI
3aMEHUTb ITU HOPIIHHU.

B cBs3u ¢ M3M0KEHHBIM, TPEICTABISIET WHTEPEC
KOHCTPYKTHUBHO mpocToe ¢dopmupoBanne
KYMYJSITHBHBIX CTPYH, KOTOPBIE XapaKTEePH3YIOTCS
Ype3BbIYANHO BBICOKOM JHEPTETUKOM u
HECTAlMOHAPHOCTHIO. AHanms pe3yIbTaToB
HCCIICAOBAaHUN MO KyMYJIATUBHBIM 3apsaaM [6, ¢.500]
Nokasai, 4to (OPMHUPOBAHUE KyMYJSITUBHOW CTPYH
MIPOMCXOJUT TMPUMEPHO TaKXKe Kak B chepuueckoMm
ra3o/JIMHaMUYeCKOM pe3oHaTope (pUCYHOK 1), HO ¢
OOJIBIIUM YPOBHEM IIAPaMETPOB. DKCIEPUMEHTAIBHBIC
paboter, mpoBeneHHsle B HTIL[ wum. A. Jloneku
MMOKa3alld MPHUPOCT TATU (PUCYHOK 2) M Ka4eCTBECHHO
BBICOKHUH, B OTACTHHBIX TOUKAX, YPOBEHb TEMIIEPATyp
[9, ¢.40-43]. Kpome TOTO, 31mECh OBLIa BEISBIICHA HA
OTIpeIeIICHHBIX pexnMax paboThI TIPSIMO
MIPONOPIIMOHATHHAS 3aBUCHMOCTD YBEITMUCHUS TSATH OT
TEeMIIepaTyphbl BO3AyXa IMPH MMOCTOSTHHOM JABJICHUU U
HEU3MEHHOH IeOMETPUU NNPOTOYHOM YACTH.

Pacuérnbie HCCIIEI0BAHUS chepuyeckoro
pe3oHaTopa-ycuiInTens TATH, TpoBeaeHHble B [TAO
«OJK-Carypn» [5, c.42-47] B pa3Butue padoT
[9, c.40-43] moxkazanu, YTO 3/1€Ch YBEIWYCHHE TATH

MNpoucxoauT B OCHOBHOM 3a Cu€T BOJHOBOTO
MPUCOCANHCHUA CcOOCTBEHHOM MaccChbl rasa B
BBICOKOYAaCTOTHOM KoJiebaTeaLHOM nporuecce

(pucyHku 3, 4) ¥ B COOTBETCTBHH C TEOpPHEH B3pHIBA
[1, c.350]. VYBenuueHune TATM OT TOBBIMICHHS
TeMIIepaTypbl BO31yXa MpPU MOCTOSIHHOM JaBICHUU U
HEU3MEHHOM TIE€OMETPUU INPOTOYHOM YAacCTH MOKHO
OOBSICHUTH TEM, HYTO C POCTOM TeMIepaTypsl
HOBBIMIACTCS YOPYyrocTh B3aMMO/ICHCTBYIOIINX
IUKJIOBBIX Macc Tra3a (OHU MeHbIe AeQOpPMUPYIOTCS)
¥ TI0O3TOMY YMEHBIIAIOTCS MMOTepH Ha yaap. [logo6HbIi
pEe30HATOp paccMaTpPUBAETCS KaK YCWINTENIb TATH
PEaKTUBHOT'O JIBUTATEIIS.
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Pucynox 1. Cxema sxcnepumenmansbHozo cepuuecko2o pesoHamopa
(1 — cpepuueckas nonocms,; 2 — gvixoonoe conno; 3 — mopyesas cmenka,; 4 — Kpumuueckoe ceuenue)
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PucyHOK 4. Teopemuqecmm Mooenb npucoe()uHeHuﬂ Macc easa u pes3yibmarm 6bl4ucCiumelbHoco IKcnepumernma

CxoxecTs (U3NYECKUX SIBICHUH  BBI3BIBACT
MHTEpEC K OICHKE TAIH (MMITYJbCa) KyMYJISTHBHOTO
3apsana, Kak HMITYJIBCHOI'O PEaKTHBHOTO IBHIAaTels,

HalpuMep,  JKCIEPUMEHTAIbHO  C  IOMOIIBIO
0aJUTMCTHYECKOTO MAasTHHKA, a TakXke pacdyérom,
UCTIONB3YSl AMIHMpHUecKue MeTtonsl [6, ¢.506].
Y BeIn4eHHBIN HUMITYJIbC IMMO3BOJUT MMOBBICUTH TATOBBLIC
XapaKTCPUCTUKHU TBép}IOTOHJ’II/IBHbIX PaKETHBIX
JBUTATEJICH.

VYuureiBas BBICOKYIO DHEPIEeTHKY 31
HECTallMOHapHOCTh KyMYJIITHBHOH cTpyH,
1eTIeCO000pa3HO paccMoTpeTh BCTPEYHOE

CTOJIKHOBCHHUC CprI>'I JUIA TIOJTYYCHUSA CBCPXBBICOKHX

CIIEIyeT CUMTaTh NMPOBEJICHNE 3KCIEPHMEHTa Ha 0ase
CYIIECTBYIOIINX KyMYJIATHBHBIX 3apsiioB  Majoi
MmomrHocTH. [locie Habopa CTaTHCTHYECKHMX IaHHBIX
co3aércs OMITMPUYECKAas METOJMKA MPOBEICHUS
BBIUHCIIUTENIBHOIO  3KclepuMeHTa. [Ipenmmaraercs
clieflyromas YHpOLIEHHas IporpaMMa HpOBEICHUS
JKCIEepUMEHTA!

1. Co3pmanue HKCHEPUMEHTAIBHOW YCTaHOBKHU,
CXeMa KOTOpOH IPUBEICHA Ha PUCYHKE 5. YCTaHOBKA
COCTOUT M3 IIPOYHOro pa3béMHOro kopmyca 1, B
KOTOPOM yCTaHaBJIMBAIOTCS KyMYJISITUBHBIE 3apsi/ibl 2 C
BCTPEUYHBIM HAIIPABICHUEM JEUCTBHS KyMYJSATHBHBIX
CTpyH. YCTpOICTBO 3 COAEPKUT JATUYUKH JAABJICHUS U

TeMIepaTryp. BBUUCTUTENBHBIN SKCICPUMEHT H3-3a  TEMIEpaTyphl,  IPEIOXpaHUTEIbHYI0  MeMOpaHy,
HOBU3HBI HpO].[CCC& Hpe,Z[CTaBJISIeTCFI 066CH€‘II/IBaeT noz[aqy TCpMOS[,Z[CpHOFO TOIIJINBA —
poOIEeMaTHIHBIM. ITosTOoMy [eIecooOpa3sHbIM  CMECH JeUTepHs U TPUTHUS.

Ft J H C

Pucynox 5. Cxema ycmano6xu 015 nonyueHuss c8epxebiCoKUX memnepamyp

2. Ha nepBom 3Tarme sKcriepuMeHTa HCCIe Iy eTCs
MpPOLECC BCTPEYHOrO yAapa KyMYJSITUBHBIX CTpyH B
HEWTpaJILHON cpele NpH pa3iuyHbIX 3HaueHusx L.
OneHuBalOTCsl MapaMeTpsl CTOJIKHOBeHUs cTpyi. Ha
BTOPOM JTal€ IPOU3BOAATCS IKCIEPUMEHTBI C
TEPMOSIAEPHBIM ~ TOIUIMBOM, C  IOCTENEHHBIM
yBeJIMYEeHHEM (OT OIBITa K OMBITY) €r0 KOHIIEHTPAIIHH.

BoinosHEeHHBIN aHau3 pe3yJIbTaToOB
HCCIIeIOBaHUIN BBICOKOHECTAIIMOHAPHBIX
ra30JMHAMUYECKUX SBJICHHWH, BO3HHUKAIOMINX MPH
B3aMMOJICHICTBHSA Macc ras3a, IJIa3Mbl, IPEACTaBIIIET
UHTEpEC M JalbHEMINUMX HCCIEJOBAHMM 3THUX
B3aUMOJICHICTBUH B KyMYJSTUBHBIX CTpyAX AJs

YBEIMUYECHUS! UMITyJIbca W IOJTYYEHHS CBEPXBBICOKHX
Temrepatyp (pH BCTPEYHOM YIape KyMYJISTUBHBIX

CTpYH).
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ABSTRACT

This article presents a qualitative analysis of the content of educational curricula for the presence of elements
of a competency-based approach with an emphasis on the development of digital competence of students. As an
object of study, educational programs and mid-term plans of senior classes in the subjects of computer science (as
a specific subject) and mathematics (as a general education subject), implemented in schools of the Republic of
Kazakhstan in the 2020-2021 academic year, were chosen. The results of the analysis show the need to develop a
digital competence framework for high school students, which could specify the types and components of digital
competence and become a guideline for planned revisions of the content of educational programs in high school.

AHHOTALIUS

B aT0i1 cTaTthe mpencTaBiieH KaueCTBEHHBIN aHANIW3 KOHTEHTa 00pa30BaTENbHBIX yYEOHBIX MPOrpamMM Ha
HaJIMYue€ DIJIICMCHTOB KOMIIETCTHOCTHO-OPUCHTHPOBAHHOI'O IOAXOAAa C AaKICHTOM Ha pPa3sBUTHUC L[I/I(i)pOBBIX
KOMIIETCHIINN yYalmxcs. B kauecTBe 00beKTa HCCIeJOBaHUS OBUIM BRIOpaHBI 00pa30BaTeNbHbIE IPOTPAMMBI U
CpeIHECPOYHBIE IUIaHbl CTApIIMX KIIACCOB MO mpeameraM HH(popMarhka (Kak creunuduyeckuii npenmer) u
MaTeMaTHKa (Kak o01eo0pa3oBaTeNbHBIN IIPEAMET), peann3yiomuecs B mkojiax Pecrrybmmku Kazaxcran B 2020-
2021 yueOHOM romy. PesymbraThl aHanM3a IOKa3bIBAlOT HEOOXOAMMOCTH pa3pabOTKH paMKH IH(POBBIX
KOMIETCHI MU yYallluXCs CTapUINX KJIaCCOB, KOTOpas MOorjia ObI KOHKPETHU30BaTh BUJIbl 1 KOMIIOHCHTbBI IIPI(i)pOBOfI
KOMIETCHUIHHU U CTaTb OPUCHTUPOM IIPpH IJIAHOBBIX MEPECMOTPAX COACPIKAHUA O6pa3OBaT€J'H)HI>IX nporpaMm B
HIKOJIC.

Key words: competence-based approach, curricula, digital competencies, digital competencies framework.

KiroueBble cji0Ba: KOMIIETEHTHOCTHBIN MOAXO0J, ydeOHBIE IPOTPaMMBI, U(PPOBBIE KOMIIETCHIINH, paMKa
U(PPOBBIX KOMIIETCHIIHH.

Introduction
The secondary education system of the Republic
of Kazakhstan has been undergoing a large-scale

restructuring since 2016 to systematically update
educational training programs based on the experience
of Nazarbayev Intellectual Schools. Updating the
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content of education is conditioned by changes in the
economic needs of the state and world standards of
education and is based on a competency-based
approach [1-2]. The curricula of the network of
Nazarbayev Intellectual Schools NIS-Program have
been implemented in 19 intellectual schools in all
regions of Kazakhstan since 2012. In addition to the
subject content, educational programs are aimed at
developing a wide range of skills that a modern
graduate needs to be competitive in the digital world
[3]. The Department of Educational Programs of AEO
"NIS" conducts systematic monitoring of the program
implementation and carries out gradual improvement of
programs with a focus on the development of key
competencies, including digital ones. In 2020, based on
a large-scale study by the project teams of the Center
for Educational Programs and Nazarbayev Intellectual
Schools, the NIS-Program Key Competencies
Framework was developed, which is formed through
values, knowledge, skills and types of literacy.
Ultimately, the following competencies are taken as the
basis of the programs:
. Cognition Competencies
. Self-Regulation Competencies
. Digital Competencies
. Applied Competencies
. Eco-Me Competencies
. Proactivity
. Competencies Of Social Interaction
. Transformation Competencies
. Global Competencies

As can be seen from this list, the core
competencies also include digital competencies. It
remains to determine how competency-based approach,
in particular the development of digital competencies
of students are implemented in various curricula.
Therefore, the purpose of the study is to analyze the
content of educational curricula for the presence of
elements of a competency-based approach with an
emphasis on the development of digital competencies
of students.

Material and methods of research

The methodological basis of the research is the
methods of system analysis and knowledge
management. [4-5]In order to conduct a qualitative
analysis of the content of individual curricula for the
presence of elements of a competency-based approach,
educational programs and mid-term plans of senior
classes in the subjects of computer science (as a specific
subject) and mathematics (as a general education
subject), implemented in schools in the 2020-2021
academic year, were selected [6-7].

Research results and their discussion

Analysis of the content of these high school
curricula (grades 11-12) showed that they have a
separate section - "Competence in the use of
information and communication technologies”, which
gives a brief description of the concept of
"competence" and defines a list of competencies that
the content of this subject develops.

For example, the computer science curriculum
(grades 11-12) states that "Students develop Computer
Science skills throughout the educational program by

OCoOoO~No ok~ wWwN PR

finding, creating and using information,
collaborating and communicating information and
ideas, evaluating and then improving their work, as
well as using a wide range of equipment and
applications™ [6]

List of competencies included in the computer
science curriculum (from the program):

e creative approach in the use of knowledge on
the subject of "Computer Science" in solving practical
problems and in the organization of data processing,
storage and transmission;

o flexible thinking, self-learning and professional
development skills;

e increase of personal values and life priorities
containing a worldview on the problems of
computerization;

e development of presentation skills, which
include collecting materials from various sources
selected for a specific purpose and audience;

e collection of materials and their joint use
through electronic means of communication group
coordinated work on various topics;

e application and development of computer
models (for example, using spreadsheets) to simulate
real systems and events, as well as the study of these
situations for further understanding;

e use of software for text processing, layout of
printed publications, creation of web pages and
presentations for written work that requires skills and
abilities in choosing software, design, model, style,
language, content, etc.;

e Use and development of application software
through high-level languages that require logic and
computational abilities.

As can be seen from this list, the types of digital
competence include not only user-based basic skills,
but also cognitive skills:  self-development,
organization, managerial skills, achieving results,
solving non-standard  tasks, adaptability and
communication skills: for example, collecting materials
and sharing them through electronic means of
communication group teamwork on various topics.

The analysis of Instructional and
methodological recommendations on the organization
of the educational process in the 2021-2022 academic
year revealed that in addition to the compulsory
academic subject "Computer Science", a new subject
"Programming” was introduced into the Standard
Curriculum of Nazarbayev Intellectual Schools [3].
The need to introduce the subject is due to the growing
demand for programming skills in Python. In the 2021-
2022 academic year, this subject was taught in the 11th
grade, in the 2021-2022 academic year it is planned to
introduce the 12th grade. This innovation will certainly
have a positive impact on the formation of a number of
digital competencies of high school students.

Intellectual schools that have passed the CIS
(Council of International Schools) international
accreditation are developing in a continuous process,
thereby keeping pace with global trends [8]. One of the
new standards of SMH is the "development of digital
citizenship", which is defined as a set of fundamental
digital skills that every person needs to use digital
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technologies safely, responsibly and ethically [9]. The
curricula of intellectual schools are also being reviewed
from the perspective of the development of digital
citizenship. In our case, we can say that the content of

Reflection of elements of Digital citizenship

the curriculum and curricula for the subject "computer
science” of primary and high school meets the
requirements for the development of this aspect.
(tablel)
Table 1
in the content of the curriculum on the subject

""Computer Science" (from the program)

Elements of Digital
Citizenship

Class, section

Digital health and well-
being

Grade 7 Safe work at the computer

Digital security

Class 9 Health and Safety Class 10 Network and Security

Grade 8 Security and Networks

Digital rights and
Responsibilities

Grades 11-12 Information security

Digital literacy

Grade 7 Texts, Spreadsheets, Computer networks

10th grade Website creation

Digital Law

Grade 9 Health and Safety

Digital access

Grade 7 Computer networks

Digital commerce

Grades 11-12 Information security

Digital communication

Grade 7 Computer Networks Grade 10 Network and Security Grade 11

Communications and Networks

Digital Etiquette

Grade 9, Health and Safety
Grades 11-12, Information security

The instructional and methodological
recommendations provide a vivid example of the
reflection of the elements of digital citizenship on the
example of the section "Information security” of class
11 [10].

The subject of "Computer Science" is specific in
relation to the development of digital competencies
and, as we see, the curricula clearly reflect the
competence approach. Therefore, it was decided to
analyze the curriculum on the subject of "mathematics"
in high school as a non-specific subject in this aspect.

The analysis of the content of the curriculum on
the subject "mathematics™ also revealed the existence
of a list of digital competencies necessary for
development within this subject:

Consistent training of students in the skills of
working with an engineering calculator (to provide
clarity, free up time when performing voluminous
tasks, using them when performing projects, research
tasks, etc.).

Teaching students using electronic textbooks that
promote the development of self-control skills.

Use of assessment tasks with the help of special
programs.

Construction of graphs, drawings by students
themselves using software.

Development of students' skills of independent
work related to the search for information, its selection,
comparison and establishment of connections and
differences between facts and phenomena.

Creating a video about the process of performing
a creative task.

Providing visibility when studying various
branches of mathematics (for example, geometry using
GeoGebra software).

Improving students’ skills in mathematical
modeling using various software environments.

Development of students' ability to put forward
hypotheses and test them using various software
environments (for example, when solving probabilistic
problems).

Participation in Internet Olympiads or Olympiads
in which the distance Olympiad is a qualifying round,
which contribute to the development of mathematical
abilities and creative activity of schoolchildren.

Participation in an online community or forum,
which makes it possible to continue a dialogue outside
of school on topical topics through which mathematical
skills and mathematical language are developed. [7]

This list of competencies also covers such types of
competencies as information literacy, programming,
communication in the digital environment, creation and
development of digital content.

As noted in the NIS-Program curriculum, it is
important to  "consistently apply information
technologies in mathematics lessons, the possibilities
of which are revealed in combination with
mathematical methods of research and information
processing." Teachers are encouraged to use
information technology to systematize and process the
data obtained [7]. For example, the construction of



Hanmonanenas accoumanus yuenoix (HAY) # 75, 2022

37

inverse trigonometric functions through the GeoGebra
application and the creation of an interactive model that
will allow students to develop digital competencies
along with improving the accuracy of graphical
perception of the educational material. The program
also provides for the use of the digital educational
platform  "Online Mektep" to monitor the
implementation of level tasks [11].

A good proof of the reflection of a competence-
oriented approach in the curriculum is the revision of
programs from the perspective of the Program for
International Student Assessment (PISA). The PISA
(Program for International Student Assessment) is an

* Personal

* Occupational
+ Societal

- Scientific

Contexts

Mathematical
Reasoning

international comparative study of the quality of
education, which evaluates the knowledge and skills of
school students at the age of 15 [12]. In 2022, it is
planned to assess the mathematical literacy of students.
The analysis of the official website showed that
mathematical literacy is considered in the context of
modern technological changes in an unstable external
environment. Mathematical reasoning (both deductive
and inductive) includes assessing situations, choosing
strategies, drawing logical conclusions, developing and
describing solutions, as well as recognizing how these
solutions can be applied [13].
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Fig. 1. The concept of the direction "mathematical literacy" of the PISA-2021 study

It is important to note that educational programs
should be aimed at using mathematical skills in all
spheres of life: personal, scientific, professional and
social (Figure 1). The analysis of the curriculum
showed that, in general, the CPC takes place in the
content of the program, although the development of
digital competencies is of a secondary nature, which is
legitimate.

In addition to the mandatory subject content, NIS-
Program educational resources also contain a cycle of
elective courses for elective study. These elective
courses are also aimed at developing competencies,
including digital ones. Table 2 shows some elective
courses developed by the NIS Educational Programs
Center. [3]
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Table 2
A list of elective courses for the development of personal, language and digital competencies.

Ne Direction Name Classes VoIEme, Language
1. Time management 911 34 kaz., rus.
2. Ethics and psychology of relationships 9 34 kaz., rus.
3 Personal International Travel Preparation, Safety, & 12 6

: development Wellness eng.
4, Fundamentals of safety and life-news 7-9 34 kaz., rus.
5. Oral and written communication strategies 8 34 kaz., rus.

Language
6. competencies Media literacy 9 34 kaz., rus.
7. Academic writing 11 34 eng.
8. IT Essentials 10 34 rus.
9. . Mobile application development 12 9 eng.
IT competencies

10. The invisible world of gadgets 7-8 17 kaz., rus.
11. Fundamentals of financial security 12 10 kaz., rus.

Conclusions

The results of the analysis allow us to conclude
that the NIS-Program curricula (2021-2022 academic
year) reflect the general approaches of competence-
based education based on the CIS (digital citizenship)
and PISA (functional literacy) standards. The curricula
provide a generalized set of digital competencies
necessary for development through subject content.
These competencies do not have a clear classification
and the algorithm of their development through a
system of subject goals requires improvement. In this
regard, there is a need to develop a digital competence
framework for high school students, which could
specify the types and components of digital
competence and become a reference point for planned
revisions of the content of educational programs in high
school. The digital competence framework will also
allow for a more systematic definition of the list of
competence components in training programs and
make clear recommendations for their development
through a system of learning objectives.
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AHHOTALIMS

[Mpoananu3upoBana crenupuKa MEXaHUUECKOH 0OpabOTKM TOHKOCTEHHBIX JeTajel, CBs3aHHAs C
MOBBILICHHBIM PUCKOM BO3HHUKHOBEHHUSI Opaka BCJEICTBUE HMX JAehOopManuy NOA JISHCTBHEM CHI pe3aHus U
3akperuieHus.  OOcyxaaemass mpoOieMa o0co0O akTyaldbHa IS adpPOKOCMHYECKOH OTpaciu, MOCKOJIBKY
HUCIIOJIB30BAaHUEC TOHKOCTCHHBIX neTaneﬁ TO3BOJISICT CHU3UTH MACCY JICTATCIILHOI'O arimapara. B HACTOAIICC BpEMA
JTa np06neMa HEOO0CTAaTOYHO npopa60TaHa 1 HYXKAACTCA B JONOJHUTCIIBHOM U3YUCHUU. PaCCMOTpeHLI OCHOBHBIC
MOJIXO/IBI, IpUMeHsieMble [T Oe3nedekTHo 00paboTKH TOHKOCTEHHBIX neTaneii. OCHOBHOE BHUMAaHHE yIEICHO
H3Yy4YCHUIO croco0oB YCTaHOBKHM TOHKOCTCHHBIX z[eTanei/'I B TEXHOJOTMYECKOM OCHACTKE C MHHHUMAaJIbHOMI
MOTPCIIHOCTBIO UX (I)OpMLI. Hpezmoxceﬁa TEXHOJIOTMYCCKasA OCHACTKaA, IIPU YCTAHOBKE B KOTOPYIO MCXaHUYCCKaAA
00paboTKa YIIpyronoAaTiNBEIX AeTaNCH BBITOTHIECTCS O0e3 MPEBhIMEeHHS JOMYCTUMBIX OTKIIOHSHUH (DOPMBIL.

ABSTRACT

The specifics of the machining of shells associated with an increased risk of defects due to their deformation
under the action of cutting and fastening forces are analyzed. The problem under discussion is particularly relevant
for the aerospace industry, since the use of shells reduces the weight of the aircraft. Currently, this problem has
not been sufficiently studied and needs additional study. The main approaches used for defect-free processing of
thin-walled parts are considered. The main attention is paid to the study of methods for installing shells in
technological equipment with a minimum error in their shape. The technological equipment is proposed, when
installed in which the mechanical processing of elasto-yielding parts is performed without exceeding the
permissible form’s tolerance.

KiroueBble ciioBa: 06pa60TI<a pe3aHueM, TCXHOJIOTHUYCCKasA ,I[e(l)OpMaLII/ISI, TEXHOJIOI'MYECKasds OCHAaCTKa,
TOHKOCTCHHAA /1€TaJIb, CUJIbI 3aKPCIIJICHUS, JOITyCK q)OpMLI, CII0COOBI YCTaHOBKH.

Keywords: machining, technological deformation, technological equipment, shell, fixing forces, tolerance of
forms, installation methods.

[IpumeHeHne KOMIUIEKCHOTO Habopa opyauid  oOpabarteBaromux, 3UII  u  BcroMoraTenbHBIX
MMpOU3BOJCTBA - TEXHOJIOTUYECKON OCHACTKH WU HHCTPYMEHTOB.
TEXHOJIOTHYECKOT0 00O0PYIOBaHHs, HEOOXOAUMO ISt ITpucnocoGnenus MEXaHOCOOPOYHOTO
peann3ayy MpakTHYECKH JIF0O0T0 TEXHOJIOTHYECKOrO  MPOM3BOJCTBA  COCTABISIOT ~ OCHOBHYIO — T'PYHITY
mpouecca B MalIMHOCTPOUTEIBHOM  CEKTOpE  TEXHOJIOTMYECKOW OCHAacTKH. [IpucnocobneHusiMu B
9KOHOMHUKHM, a UX HaJIMYWE W U3TOTOBJICHHE  MAIIMHOCTPOGHHM  Ha3bIBAIOT  BCIIOMOTATENIbHBIC
XO3SHCTBEHHBIM ~ CIIOCOOOM  CBHJICTENBCTBYET 00  yCTPOMCTBA K TEXHOJOTMYECKOMY 00OpYI0BaHHIO,
YPOBHE OpraHU3alii KOHKPETHOTO ITPOU3BO/ICTBA. UCTIONIb3yeMble  TPH  BBINIOJHEHUH  OIEpanui

Ompenenenne  noHstust  «TexHojormueckas  MEXaHHYECKO 00pabOTKM, COOpKH, KOHTpOJII H
OCHACTKa» MOXHO TPaKTOBaTh CIEAYIOIMM 00pa3oM -  HepeMelleHHsI. B MAaIIHHOCTPOUTEIHHOM
cpezacTBa TEXHOJIOTUYECKOTO OCHAII[CHUS,  IIPOU3BOICTBE CTaHOYHBIC MIPUCTIOCOOICHHS,
JIOTIOJIHSIOIIME TEXHOJIOTHYECKOe O0OpYZOBaHUE Uil  NPUMEHseMble Uil YCTaHOBKH,  3aKpeIuieHHs,
BBITNTIOJIHCHUA onpeﬂeneHHoﬁ YaCTHU TEXHOJIIOTUYECCKOT'O OTKPCIICHUA u CHATUA 3arOoTOBOK pu
mporecca, TO €CTh KOMIUIEKC NPHCIOCOONIeHHH, MexaHooOpaboTke, COCTaBIISIIOT Haubomee

SHAYUTCJIbHYIO HOJIIO (B 3aBUCUMOCTHU OT Cl'[eL[I/I(bI/IKI/I
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npousBoacTBa — 50—90 %) TeXHOIOTHYECKOW OCHACTKU
[1].

[Ipu 3TOM HE0OXOAUMO CKa3aTh O MOTPEIIHOCTIX
00pabOTKH, CBSI3aHHBIX C BETMYMHON YCHIIUS 3aKUMa
3arOTOBKY MPH TOKAPHOW 00pabOTKHU, YTO B KOHCUHOM
UTOTE MPHUBOAUT K Hem30OexHoil mepopmannu. Ocobo
3TOT MPOLECC OYEBHICH ITPU PabOTE C TOHKOCTEHHBIMHU
3arOTOBKaMH, TAKMMH Kak: TPyObl, KOJbIIA, BTYJIKH,
KopITycHBIE eTani. OTHaKo, STOT0 MOKHO H30eXaTh —
Mpe/IBAPUTEIBHO bopmynisHO paccuuTaTth
CHCTEeMaTHYECKUEe MOTPEIIHOCTH (OPMBI, TaK Kak

yCHIusL 3aKUMa U pa3Mepsl
3arOoTOBOK BCEH MapTHUH NOCTOSHHBI.

[Tpu 3akpensieHun KoJiblla B maTpoHe (puc. 1, a)
OHO J1e(OPMHUPYETCS IO BIUSHUEM YCHIIUS 3a)KHMa
KyJIauKOB, NPMYEM B MECTaX KOHTAKTa C KyJadKaMH
IMaMeTp KOJbLla yMEHBINAeTCs, a B IHPOMEXKYTKax
MeXIy HUMH - yBenumuuBaetcs (puc. 1, 6). Ecimm npu
9TOM MPOM3BECTH 00PAOOTKY IICHTPAIHHOTO OTBEPCTHUS
(puc. 1, B), TO TOCIIe M3BIICYCHHUS KOJBIIA U3 IMAaTpOHA
(puc. 1, r) oHO OymeT MMETh MOTPEUTHOCTH (POPMEI -
HEKPYTJIOCTb.

00pabaTbIBaMbIX

Pucynox 1. Cxema 803HUKHOBEHUS NOSPEWHOCTU OMBEPCMUS 8 MOHKOCMEHHOU 8MYIKe
npu eé 3axKpenyieHuu 8 NPUCnocoo.IeHuy

IIpu 3axkpemyeHUM TOHKOCTEHHBIX JeTaleidl B
MaTPOHE MOTPEIIHOCTE (POPMBI OBIBACT JOCTATOYHO
60MBIION M 3aBUCHUT OT YHCJAa KyJIadKOB B IaTpOHE.
IIpygeM npu  yBeNWYEHHH  YHCIAa  KyJIAadKOB
MOTPEIIHOCTh  yMeHbIIaercs.  Ecnmm  mpuHATH
MOTPEIIHOCTE (POPMBI 3aTOTOBKU TPU 00paboTKe e B
JIBYXKyJaukoBoM natpone 3a 100%, To npu o6paboTke
B TPEXKYJIa4KOBOM MAaTpoHe OHA CHHM3HTCS 10 21%, B
YETBIPEXKYJIAYKOBOM - 710 8%, a B IECTHKYJIAYKOBOM -
2%.

Takum o00pa3oMm, HEOOXOIMMO CTPEMHTHCS K
HCIIOJIB30BAaHUIO TIPUCIIOCOONCHUH C HanOOIBIINM
YHCIOM 3aKHMHBIX JJIEMEHTOB, KpPOME TOTrO, OHH
JIOJDKHBI IIJIOTHO MIPUJIETaTh K TOBEPXHOCTH 3aTOTOBKH,
a HX pabodyas TOBEPXHOCTh 10 (opMe JOJDKHA
COOTBETCTBOBAThH dopme COOTBETCTBYIOIIECH
MIOBEPXHOCTH 3aTOTOBKH.

I[Tpu 3akperuieHnn 3aroTOBOK B MPUCTIOCOOIEHUIX
C WX JanbHeimeidl o00paboTKOM cHCTeMaTHYeCKUe
MOTPENIHOCTH ~ T'€OMETPUUYECKOH  (OpMBI  MOTYT
MOSIBUTBCS  NpH  feOopMalMi  3aroTOBOK  MOJ
JIeWCTBHEM COOCTBEHHOTO Beca, LEHTPOOSKHBIX CHII,
BO3HHUKAIOIIUX B MOMEHT 00paboTKM H3-3a HAJIHMYUSI
HEYPAaBHOBEIIEHHBIX MAacC OTICIBHBIX YacTed, NpH
OJTHOCTOPOHHEM CHSTHU MIPHITyCKa c
nepepacnpezieicHieM  BHYTPEHHHX  HANPSHKCHUH,

KOTOpble O00pa30BaJIMCh B 3aroTOBKAaX IPH HX
MOJTy4eHHUHN WM IpeiBapuTeIbHOM 00padoTke [2].

B HacTtosimee Bpems OIHAa M3 BEAYLIMX
3apyOexupix  kommaHuii SCHUNK —yHuKaNIbHBINH
MIPOM3BOJIUTENb HA MUPOBOH apeHe MO IMPOU3BOJCTBY
KyJauKOB W3 CTeKIOTeKcTonurta Quentes, a Takxke
mpeyiaraetT cleayiomue Hambonee 3¢ (deKTHBHBIE
CTAHJAPTHBIC PEIUCHUS IJIsI 3a)KUMa TOHKOCTEHHBIX
3arOTOBOK:

1) Bsume YIOMSTHYTBIC KYJTa4Ku u3
CTEKJIOTEKCTOJINTA - COOpHAs KOHCTPYKIIUS, B COCTaB
KOTOpO  BXOAAT 0a30BbIE aOMUHUEBBIE (IS
obecrieueHus JIETKOCTH KOHCTPYKITUU it

HUBEITUPOBAHNUSA IICHTPOOEKHONH CHJIBI) KyJTauykd W
HAKJIaJK{ U3 CTEKIIOTEKCTOJUTA, YTO MPEACTABICHO Ha
puc. 2. CTEeKIOTeKCTONUT TNpeAcTaBIieT coOoi
APMUPOBAHHBIA  CTEKJIOBOJIOKHOM  IDIACTHK, YTO
MMO3BOJSICT  NPOW3BOIAUTH  3aKHM  JICTAA  TI0
OKOHYATEIIFHO O0pabOTaHHBIM IIOBEPXHOCTSIM 0e3
cienoB ot 3axwmma. CHmkeHme — nedopmaruit
TOHKOCTCHHOM JIeTa Il 00eCIIeYnBacTCs 3a CUET:

a) OOJIBIIETO yTiia 0XBaTa PaCTOYCHHOTO KyJIadKa;

6) BBICOKOTO KO3 (HUIMEHTa TPEHHS, KOTOPBIN
konebnetcst B mpenenax ot 0,3 go 0,4, 3a cuer dero
BO3MOJKHA TIepeada BBICOKOTO KPYTSIIEr0 MOMEHTa
[IPH MAJIOM 32)KMMHOM yCHJIHH.



Hanmonanenas accoumanus yuenoix (HAY) # 75, 2022 41
<
£
Pucynok 2 — kynauxu uz cmexnomexcmonuma, npousgooumens OO0 «LLIVHK UHTEK»
Cy1ecTByIoT HECKOJIBKO BapHaHTOB KOHCTpYKTHBHO OHHM IpeicTaBisieT  co0oii
tunopasmepa: 1) mupusoit 50 Mm;2) mupuHOi 100 M,  KECTKyl0  OmoOpy, Ha  KOTOPOH  YCTaHOBIICHO

9TO 00ecmeynMBaeT BO3MOXKHOCTH 0Oojiee HIMPOKOTO
NPUMEHEHUS: JUI 3a)KKUMa JieTaleil pa3Horo JuaMmerpa
WM JUIA 32KMMa 110 Hapy>KHOMY WJIM BHYTPEHHEMY
JIMaMeTpy, a TAaKXKe HaKJIaJAKH MOTYT ObITh PacTOYEHBI
nox ompezneneHHbI  auamerp. OOBIYHO KyNTauKu
paccuuTaHbl Ha 3aKUM AeTanu B pa3mepe 10 230 M.
CraHgapTHYI0 3aMEHy H3HOIICHHBIX  3a)KHMHBIX
HacaJOK MOXXHO IIPOBECTH OIEPaTHBHO, HE CIOKHO U
9KOHOMHYHO.

2) MasTHUKOBBIC KyJIauK{ -
NPEAIIECTBEHHUK ~ COBPEMCHHBIX  KyJaykoB U3
CTEKJIOTEKCTOJNTa,  TaKXKe  IpeAjaraeéMbeli U
pa3pabarbBaembrii  kommanuer OO0  «IIYHK

HUHTEK» (puc.3).

KOPOMBICIIO, IMEIOIIEe BOZMOKHOCTh TIEPEMEIIICHHS B
npegenax 1-3°. Ha kpalfHMX TOYKax KOpOMBICHIA
YCTaHABJIMBAIOTCS JIMOO 3aKaJeHHbIE HAKIAAKH C
pudnenueM, mmbO ChIpble pacTayuBacMble HAKIAIKH,
YTO TMO3BOJIIET OOECHEYHTh Ha CTaHAApPTHOM 3-
KyJIadyKOBOM MaTpOHE paBHOMEPHOE paclpeaeieHue
3aKMMHOTO YCHUJIHS 3a CUET yBEIHYEHHs JHcia TOYeK
KoHTakTa (6x60°) W 3a cUeT yBeNWYEHHUS ILTOMIaTd
32)KIMa, 9TO, B CBOIO OUePE.Ib, IPUBOAUT K CHIDKCHUIO
3KAMHOTO YCWIHS W TIOBBIIICHHUIO IIEPEIaBAEMOTO
KpYTAIIET0O MOMEHTa M TEM CaMbIM 3HAYUTEIHHO
CHIDKaeT Ae(opMaIiro 1eTamm.

©oro: 000 “WYHK UHTEK®

Pucynok 3 — Masmuuxoeute xynauxu, npouszsooumens OO0 «ILIVHK UHTEK»

Kpome Toro, manHoe pemieHne TPUMEHHMO IS
3aKMMa Kak IpeBapuTeIbHO 00pabOTaHHOH nIeTamH,
TaK W JeTald C YEPHOBOH OYMCTKH, HaIpHMep,
OTIIMBKH, B 3TOM CIy4ae BCE HEPOBHOCTH
KOMIIGHCHUPYIOTCA 3a CuUeT KauaHui KopoMmbicia. B
OTIIMYHE OT KYJIAYKOB M3 CTEKJIOTEKCTOJIMTA JAaHHBIE
KyJIaYKH PACCUMUTAHBI HAa 32XHM JIETaJId B pa3Mepe 110
550 mm.

3) lllecTHKymauKoBBIC TOKAPHBIC MATPOHBI —
YHHUKaIbHBIE B CBOEM pojie 6-KyJIadyKOBBIE TOKapHBIE
HaTpoHBl Takke mpousBoicTBa kommanuun OO0

«IIYHK HNHTEK» MOJIENb ROTANCR.
KOHCTpYKTHBHO OCHOBaHBI Ha IBIDKCHHH IOTIAPHO
KaYyaroIuXcsl 3a)KMMHBIX KyJadKOB, MPH ATOM [IBa
0a30BBIX KyJayka BCEr/a IONAapHO CBS3aHBI JPYT C
JPYTrOM MAasTHUKOBBIM MOCTOM, 4TO 3((HEKTHBHO
CKa3bIBAETCs Ha MOBBILICHUH TOYHOCTH
LIEHTPUPOBAHUS 3aroTOBKU. [Ipm sTOM, ecnm naxke
MasTHUKOBBI MOCT 3a0JIOKMPOBATh, TO MAaTPOH OyAeT
paboTtaTh Kak camoreHTpupytonmi. Kpome storo 3a
C4eT PpABHOMEPHOTO pacIpeleNeHus 3aXXHMHOTO
yCHIus 10 6 TOYKaM CHIDKAIOTCS le)opMalnu.
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©o10: 000 “LWYHK MHTEK®

Pucynok 4 - [l[ecmukyﬂaqkoeblé moxapusie namponsi, mooeib ROTANCR,
npoussooumens OO0 «LLIYHK UHTEK»

Jng npumepa MOXHO NPUBECTH CPaBHUTEIbHBIN
aHanu3 e OpMaIUH MPU 32)KUME CTATBHON 3aTOTOBKH
B 6-kynaukoBoM natpoHe ROTANCR wu crangapTHOM
3-KyJ1ayKOBOM TaTPOHE IPU OJWHAKOBOM 32)KHMHOM
YCWIMM: MCXOIS U3 TOJYYEHHBIX pEe3yJIbTaToB
U3MEPEHUs] OKPYTIOCTH, MOKHO KOHCTaTHPOBATh, YTO
IpU MPOYMX PAaBHBIX YCIOBHUAX KPYTJIOCTh JETald
nocie  0o0paboTkM B 6-KyJayKOBOM  ITaTPOHE
ROTANCR ymiyumraercst B 4-5kpaTHOM 00beMe, 4eM
npu 00paboTke B SKBHUBAJCHTHOM CTAaHIApTHOM 3-
KyJIaYKOBOM IaTPOHE.

4) Toxapusie narpoust ROTANCS — Bapuant
MOJTHOCTBIO TEPMETHYHOTO 6-KyJIaYKOBOTO TOKapHOTO
MaTpoHa € KadaloMMMUCA KyladkamMu ¢ 3ddexTom
NpUTATHBaHKU oOpabarkiBaeMoil aeranu Kk Oaze. OTo
IlatpoH mO3BONSIET HE TONBKO CIEHTPUPOBATH
3arOTOBKY C BBICOKOW TOYHOCTBIO 3a CYET MOMAapHO
Ka4aloIuXCsl KyJIauKoB, CHU3UTh JiehopManuy qeTaiu
32 CyeT PABHOMEPHOIO pacHpesieNieHHus 3aKMMHOIO

PEENT o

P

W

Pucynox 5 — Hzeomoesnenue ¢ranya

B mepBoM BapwaHTe H3TOTOBJICHHS 3aroTOBKA
Obla 3aKkperuieHa B 4-X KysaukoBoM mnarpone (Puc.6).
ITocie 06pabOTKM MU TaKOW CXeMe YCTAHOBKH OBIIO
MPOBEICHO U3MEPEHHUE JOMYCKOB PaHaIbHOTO OHMECHUS

ycuinms, HO 1 00ecneuYrTh MUHIMAJIBHOE pagualIbHOC U

TopLeBoe OHeHme petanu 3a cueT dPdexra
MIPUTATUBAHUS.
IIpumep: MupOBOH muAEp B IPOU3BOICTBE

TIOJIIIMITHUKOB MOCJIE TBEPAOH 00pabOTKH HapyKHOTO
KOJIbIIa YKEJIE3HOJOPOXKHOTO TOANIMITHAKA TOJTYYHI
panuaigbHOE M TOplieBoe OMEHHE B Ipejenax 3 MKM, a
MapajuleIbHOCTh  CTEHOK B MpeAenax 2  MKM.
O0paboTka IpoBOIMIIACH 32 OAUH YCTaHOB.

ITpn mexaHmYeckol 0OPabOTKM TOHKOCTEHHBIX
JeTaleil TPUXOIWUTCS CTAIKHBAaThCS C MHOXECTBOM
mpo0eM, OTHOW M3 KOTOPBIX SABISIETCS 3aKpeIUICHHE
3arOTOBKH B ITpUCTIOCOOIeHNH. Tak Mpy N3rOTOBICHUHT
®mnanna (puc. 5) BOZHUKIN TPYIHOCTH B 00eCTICUCHIH
OJJHOTO M3 TEXHUYECKHX TpeOOBaHMH dYepTexa K
JAaHHOM JIeTalld, a UMEHHO - JIOIyCKOB PaJHajbHOIO
OuveHuss mnoOBepxHocTe A, b oTHocuTenbHO oOcCH
noepxuoctu J] He 6osee 0,05 mm.

B4ONTh, 5

BE1HG: 07

#5951

a5z

BEIH1 s 475

1 PaduasHoe dueriie robBepxHocy A 5 omHocume/ioHd

oy nobepxrocmy £ He donee 005 M

Pucynok 6 - Cxema 3akpennenus 8 4-x Ky1auko8om nampoue

noBepxHocTel A, b 0OTHOCUTENEHO OCH TOBEPXHOCTH /]
Ha KOOPAMHATHO-U3MEPUTEIBHOM MallliHE.
Pe3ynbTaTsl H3MEpeHUs TPUBEEHBI HAa pUC. 7.
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B pesynbrare aHann3a 3aMepoB CIIEIyeT CACNaTh
BBIBOJ - MOCJE 3aKPEIUICHHUs 3arOTOBKM MPOM30IILIA
nehopManusi ee CTEHOK B pe3yiabTare JaBJiICHHS
KyJlauKOB, 4YTO NPHUBEJIO K 00pa3oBaHMIO Jedekra

B59519. 175

(hopMBI (KPYTIIOCTH) U, TEM CaMbIM, K HECBBIITOJHCHHIO
TEXHUYECKOTO TpeOOBaHUs KOHCTPYKTOPCKOM
JOKyMCHTanuu.  Takum  0o0pa3oM,  MPHUILIOCH
OTKa3aThCs OT JAHHON CXEMBbI YCTAaHOBKH 3arOTOBKH.

P615719.0.75

— | QrKimueCKUEaIMEDS!
— ——— 2 HoMuHibHbIL pasmes
2 fonyck duerus

Pucynok 7 - Pesynomamul 3amepog nogepxnocmeii A u b

Bo BTOpOM BapmaHTe H3TOTOBICHHS 3arOTOBKA
ObLITa 3aKpeIlICHa Ha CToJie 00padaThIBAIOIIETO ICHTPA
C YHCJIOBBIM IIPOTPaAMMHBIM YIIPABICHHUEM C TIOMOIIBIO
cTaHfmapTHeIX mnpwkumoB (Puc. 8). Pesynberarsl
3aMepoB JIOIyCKOB paauaibHOTO OueHwust
noBepxHocTed A, b oTHOCUTENBHO OCH MOBEpXHOCTHU []
B 9TOM cllyyae NpuBeJeHBI Ha puc. 9. Ha ocHOBaHUM
MIOJYYCHHBIX PE3yJBTaTOB MOYKHO CHCNATh BBIBOJ, YTO

BE1H19.

#5954,

IIPU  HCKITIOYCHUH PAJUalbHBIX CHJ 3aKpETICHUS
ABTOMATHYECKH HCKIIoYaeTcss nedopmanus CTEHOK
3arOTOBKM M TeM caM He Hapymiaerca dopma ee

NIOBEPXHOCTEH.
B pesynerate 00pabOTKM [OeTaqud MpH TakKou
CXEeME YCTaHOBKH 6I)IJ'II/I JOCTUTHYTBI JOITyCKa

panuanbHOro Ouenus He 6oisiee 0,05 MM oBepxHOCTEH
Aunb.

PucyHOK 8 - Cxema 3aKkpenjieHus Ha cmoJe 06pa6(1mbl€di0u4€20 yenmpa ¢ YucCjio8biM npocpammHbIM
ynpaejieHuem ¢ nomMoubro cmaH()apmezx npUMNCUMOB
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B595h. 0175

61590

1 ParimuMeckuepasMems!

— — — — 2 HoMUHO/IBHBIL POSMED
3 Loryck overus

Pucynok 9 - Pesynomamul 3amepog nogepxnocmeii A u b

Takum 006pa3zom, OBUTH PACCMOTPEHBI IBE CXEMBI
YCTaHOBKHM TOHKOCTEHHOH IeTalld B TEXHOJIOTHYECKON
OCHACTKE  JUI1  TOCIeAyIOMmeH  MeXaHWYeCKOH
00pabotku. Ilo pe3ynpTaraM MPOBEICHHBIX pPadOT
CleyeT clenaTh BBIBOA, YTO B HAIIeM Ciydae
HEOOXOAMMO  3aKperyieHHe JeTalld  [POM3BOAUTH
CTaH/JApTHBIMM  TPMKUMaMH, 4YTOOBI  BBIIEPIKATH
JIONTYCK paJMalbHOTO OWCHUs MOBEepXHOCTeH A u b.
IIpu ycTaHOBKe 3arOTOBKH B KyJaykaX TOHKOCTEHHas
neTaab  neOopMHpYeTcs OT — paguaibHBIX  CHII
3aKpeIUIeHUs, TEeM CaMBIM JIONyCK pPaTHalbHOTO
OmeHus MOBEPXHOCTEH ¢ OONBIIOH HoIel BEpOATHOCTH
MOJKET OBITh He 00ECIICUCH.

VJIK 501

Jluteparypa:

1. Mansues B. I'., Moprysos A. I1., Mopo3zosa H.
C., Aptiox P. JI. TexHonorn4eckas ocHacTKa: YueOHoOe
nocoone. — MHUHUCTEPCTBO 00pa3oBaHHs HAYKU
Poccun. Omck : U3a-so OMI'TY, 2019.

2. Poroe  B.A. OCHOBBI  TEXHOJIOTHH
MAaIIMHOCTPOCHUs: YueOHUK aist By30B/ B.A. Poros. —
2-e u3x., ucnp. non. — Mocksa: M3narensctBo FOpaiir,
2020. - 351 c.

3. SCHUHK: 6a3upoBanne u
TOHKOCTCHHBIX neraneit -
nocryma:https://konstruktions.ru/podrobnee-
det/bazirovanie-i-zakreplenie-tonkostennyx-
detalej.html

3aKpeIuIeHHE
PEKIM

PACYET NAPAMETPOB ITPOLIIECCA ®OPMOBAHUS
KOMIO3UIINOHHBIX 3JIEKTPOJHBIX JIEHT U3 BOJHBIX ITACT
AKTHUBHBIX MACC XUMHNYECKUX HCTOYHUKOB TOKA

Cocmuna E.B.

Dedepanvroe 20cyoapcmeeHHoe asmoHOMHOE 00pa308amenbHoe yupedcOeHUe 8biCUieco 00pa306anus
«Canxm-Ilemepbypeckuii 20Cy0apcmeentblil YHU8epCumen aspoKoCMuuecko2o npudbopocmpoenus

190000, Canxkm-Ilemep6ype, yn. borvwas Mopckas, 0. 6

CALCULATION OF THE PARAMETERS OF THE MOLDING PROCESS
COMPOSITE ELECTRODE TAPES MADE OF WATER PASTES ACTIVE MASSES
OF CHEMICAL CURRENT SOURCES

E.V. Sostina

Saint-Petershburg State University of Aerospace Instrumentation

67 Bolshaya Morskaya str., Saint Petersburg, 190000

AHHOTAIMS
PaccmarpuBaercs Borpoc (opMOBaHMS IEKTPOJHBIX JIEHT Ha ocHoBe okcunua meau (I1) m mapamerpsr
pacuera. [IpearaemMasi MoJellb MMEET NPOCTYI0 MareMaTHYecKylo (OpMy M pealn3yercs Ha CIeHUaIbHON
NPOKAaTHOH YCTAHOBKE C Balkamu. ISl peayn3aliil METoJa NPHBEIEH MaTeMaTHYECKUH pacueT W HPHBOASTCS
MPUMEPBI JIAHHBIX PacyeTOB KOHCTPYKTUBHBIX MapaMeTpoB MPOKATHOM YCTAHOBKH NMPH (DOPMOBAHHH 3JIEKTPOAHBIX JICHT

Pa3HOI TONIIMHBI IS JIEKTPOJIOB C AKTMBHOM MacCOM.
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ABSTRACT
The issue of forming electrode tapes based on copper (1) oxide and calculation parameters are considered.
The proposed model has a simple mathematical form and is implemented on a special rolling plant with rolls. To
implement the method, a mathematical calculation is given and examples of these calculations of the design
parameters of the rolling plant are given when forming electrode tapes of different thicknesses for electrodes with

an active mass.

KiroueBble cjioBa: 3JEKTPOJHBIE JICHTHI, MOJCITUPOBAHNE, TAPAMETPHI pacyeTa, OpMOBaHHE.
Keywords: electrode tapes, modeling, calculation parameters, molding.

BBenenue
B mnHacrosmee BpeMs B pa3pabOTKe TEXHOJIOTHI
MIPOM3BO/ICTBA yeNsieTcs: OOJIbIIOE BHUMAHUE HE TOJIBKO

SKOHOMMYECKH  BBITOJHBIX  TEXHOJIOTMH, HO H
9KOJIOTMUECKMX  mnpobOmemaM. Bompoc — pazpaborku
SKOJIOTHYECKH BBITOJHONW TEXHOJOTHMM IPOU3BOJCTBA
HEIPepBIBHOTO (opmoBaHus JIEHTOYHBIX

TIOJIOKUTENBHBIX 3JIEKTPOJIOB XUMHYECKUX MCTOUYHHUKOB
Toka (XWT) m3 BOAHBIX TMACT aKTUBHBIX Macc BeChMa
aKTyaJbHO. Bompoc TOMMKHEI 3IeKTPOIOB, pa3iiNyis B
TpeOyeMoil TUIOTHOCTH WX aKTUBHOTO CJIOSI BBIJBHTACT
3amady pa3pabOTKH MaTeMaTHIEeCKOH MOJEIH mpoIiecca,
YTO MPUBOAUT K CO3IAHUIO METOMA pacieTa MmapaMeTpoB
nporiecca.

JlaHHBII NIPOLIECC BKIIFOUAET HECKOJIBKO 3TalloB:

1) dQopmoBaHMe clOEB TAacThl ONPEACIICHHOW
TOJIILUHBI;

2) HaKaTKy 3THUX CJIOEB Ha CETYAThIH TOKOOTBO IIPH
OJIHOBPEMEHHOM Y/AJICHHU YacTH BJIard M YIUIOTHEHHE
AKTUBHOM MacCHI;

3) manpHeliee yaajaeHe BIard U OQHOBPEMEHHOE
VIDIOTHCHHE aKTHBHOTO CIIOS BIICKTPOA TIPH IMPOKATKE
SIIEKTPOIHOM JICHTHI Yepe3 3a30pbI psizia BAJIKOB.

Peammsyercs mporiecc pOpMOBaHUS AIIEKTPOTHOM
JEHTH Ha CHEIMAIBHOM TPOKATHOH YCTaHOBKE C
BaJIKAMH, KOTOPbIE UMEIOT 000JIOUKU U3 BIUTHIBAIOIINX
Brary marepuana [1]. Bmara u3 TkaHeBBIX 000JIOUYEK
BAJIKOB yJaJlsUlach 3a CYET HAarpeBa U CYLIKH 000JIoYeK
npu TIOMOLIN CrelraIbHbIX Harpesareei,
OXBaTBIBAIOIINX BAIKH. B Jpyrom BapuaHTe yCTaHOBKH
UCTIONIb3YeTCsl Y/AJICHHE BIArd C TOMOIIBIO JICHT
(uITBTpOBANEHOM OyMary, mpu 3TOM HEOOXOIMMOCThH B
Cymike OOOJIOYeK BalKOB OTHafgaeT —  JICHTHI
UCTIOJNB3YIOTCS OJIUH pa3.

O0BLEeKTbI H METObI

OOBeKTaMH HCCICTOBAHUS SIBIUINCH: aKTHBHAS
Macca Ha ocHoBe CUO, mpokaTaHHbIC W3 AKTHBHOMN
Macchl JICHTbl U JICHTOYHBIE 3JIEKTPOJbl C aKTHBHBIM
cioeMm Ha ocHoBe CuO.

CocraB cyxoif akTHBHON Maccel Ha ocHoBe CuO:
TeXHUYEeCKuH yraepoa — 5S...10% (caxu mapok AJ-200,
[IM3-100B), cszytomee D-4J1 — 5...10% (cycnensus
(hroporuracta D-4]1), MTOPOIIOK CuO,
MPUTOTOBIICHHBIH Ha ocHOBe okcuna meau (I1). [lacty
AKTHBHOW Macchl TOTOBHJIM IIYTEM CYXOT'O CMEIIECHUS
OKcH1a MeJI M TEXHUYECKOTO YIIIepoAa, 3aTeM B CMECh
CYyXMX KOMIIOHEHTOB J00aBISIIM  pa30aBICHHYIO
JHMCTHJUIMPOBAHHOM BOMOW cycrieH3uio ¢ropormacra
[1,2].

JIeHTbI aKTHUBHOM MaccChl MPOKATHIBAIM U3 MACThI
aKTUBHOW Macchl, U3 KOTOPOH (OPMHUPOBAIM CIOU Ha
MPOTUBOIMOJIOKHBIX BajlKkax OOJBIIOro AMaMerpa C
TKaHeBbIMU oOosoukamu. (oM HakaThIBald Ha
CETUYATHIH TOKOBBIA KOJUICKTOP, KOTOPBIH IPOITYyCKaITN

yepe3 3a30p BalkoB. Jlamee 3MEKTPOJHBIC JICHTHI
MPOITyCKaIM dYepe3 Jpyrue BaJKH C TKaHEBBIMHU
000JI0YKaMH JUTsl yIaJIEHHSI BJIarH, ITOCJIE Yero Cy I
u TepM0o0OpadaThHIBAIIH. Temneparypa
TepMooOpaboTku cocraristia 300...320°C, Bpems —
10...15 muH.

ONEeKTpoJbl M3rOTABIMBAIM W3 JIEHT M IUIACTHH,
TIOJIyYEHHBIX TPOKATKOW TI'PaHyJIMPOBAHHON aKTHBHOU
Macchl, IPOIMTAHHOW OPraHWYECKOH  KUAKOCTBIO,
JIBYXCTODOHHEH HAaKaTKOW Ha CEeT4aTbli TOKOBBII
KOJUIEKTOP.

B kadecTBe TOKOBBIX KOJUIEKTOPOB HCIIOJIB30BAIN
TKaHbIE WIN TIPOCEYHBbIC (PACTSDKHBIC) HHKEICBBIC,
HEpIKaBeIoINe WM MeHbIe ceTKH. OOBIYHO NPUMEHSIIH
CETKM, W3TOTOBIICHHBIE  CIOCOOOM  O€30TXOJHOM
MPOCEYKU-BBITSOKKH, TommmHoi he = 0,02+0,2 MM u
koo ¢mmentom otkpeitis K = 0,38+0,92, game
UCHOJNB30BaM  ceTku  TonumHod he=01mM w
ko3 unmentom otkportis K = 0,67 [3,6].

Pe3yabTaThl M HX 00CyKIeHHE

Pesynbrathl nccne0BaHMi IOKA3aIIH, YTO TKAHEBbIC
000JI0YKH BaJIKOB B IIPOIIECCE POKATKH BITUTHIBAIOT BIIArU
3aMETHO MEHbIIIE, YeM Te K€ MaTepHajbl B CBOOOIHOM
COCTOSIHMM. B CBs3M ¢ 3TUM ObLIa KCIIEPUMEHTAIHEHO
onpezieneHa 3(hGEKTUBHAS MOPHUCTOCTh MAaTEPHAIOB IS
000JI09eK BAIKOB, KOTOPAs! UCIOJIB30BAIACH UL pacdeTa
rapaMeTpoB mporecca (opMOBaHMS M TApaMETPOB
TIPOKATHOH yCTAHOBKH.

Meronuka OTIpeIeTICHUS 3¢ PeKTUBHOMN
HOPUCTOCTHU pa3pabaTbiBaliach U3 OLIEHKH COJEPIKAHUS
BJIard B 000J0YKax Npu (HOPMOBAHUU DIIEKTPOJIOB B
Xoj1e PKcrepuMenTa [4]. DkcriepuMeHTaIbHAS JIEHTA U3

HCCIIeyeMOro  Mareprana OOOJOYKH CMadHBaIH
KHIKOCTBIO, ¥  OOKHMaJCs B uYexje U3
nonuaTUeHoBo  tienku  [4,5].  Dddexrunyro

MIOPUCTOCTH MAaTEPHATIOB 000JIOYEK PACCUUTHIBAIH 10
00beMy BIark, KOTOPYIO BIHUTHIBA] MaTephail MO
naneHueM. Omnpenesisuii  Maccy Cyxoro o0Opasia,
Maccy BI@XXHOTO oOpasua rocie o0kaTusl B Ballkax,
o0beM  oOpasma, IUIOTHOCTh  IPOIHTHIBAIOIICH
KHUIKOCTH.

Pacuer npoBouiu 1o popmyie:

P=[(m.- ms)/(p:-V)]-100%,

rne P — addextuBHas mopuctocts 000104KH, %o;
ML — Macca BIaXHOTo o0pasiia nocie o0xaTus; Ms —
Macca cyxoro oOpasma; pL  —  IUIOTHOCTh
MPONUTHIBArOLICH x)unkoctu; V — 00beM oOpasia.

MakcumanbHasi BIQXHOCTh MaTepHanoB Wmax
%, OTIpeneNsIIN KakK:

Wemax = [(mLmax - mS)/mS]loo% )
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rae Mimax — MaKCHUMalbHas Macca BIJIQKHOTO
o0pasia npu cBOOOHOM NPONHUTKE B KUIKOCTH; Ms —
Macca cyxoro obOpasuma. MakcuManbHYIO —Maccy
BJI&XKHOTO o00pa3na npu CBOOOAHOW IIPOIMTKE B
KHJKOCTH M max ONPEEIIsIIN nociie Beiaepkku 10-15 ¢
B JKHAKOCTH, BBIICPKKH 0Opasla B BEpPTHUKAJILHOM
HOJIOXKEHHU B TeUeHHE | MUH W yIaleHUH Kareslb Ha
HIDKHEM KOHIIe 00pasia.

Bnaxxnocts Matepuanos npu npoxatke Wered , %0,
OIIPeNeISITH KaK:

Wrred = [(ered - mS)/mS]loo% )

e ML red — Macca BIAXKHOTO oOpasma mocie
MIPOTIMTKH B KUIKOCTH U TIPOKATKH; Ms — Macca CyXoro
o0pasma.

YIUIOTHUTENFHBIE BaJKi OOEPHYTHl TKAHEBBIMH
JICHTaMH, TI03TOMY YacTh BJAard TIEPEXOIUT U3
3JIEKTPOIHOM JIGHTHI B 3TH TKaHEBBIe 0Oonoukn. Eciun
YHCIIO TKaHEBBIX CIIOEB Ha MEPBOi mape BaikoB Ki, HX
tommuHa h,; u moOpuCTOCTh Pos , TO TOMIIMHA
DIIEKTPOIAHOM JIEHTHI h,,1 MOCIIe MEPBOrO YIUTOTHEHHUS
paBHa:

hsnl = 2hn0 + ha.c - kl ‘h06 -Pos.

Ecnu 00o0n04kM Ha BajKkax pasHbIC IO TOJIIIMHE
CJIOEB U MOPHUCTOCTHU, HAIIPUMED, BBINOJIHEHBI U3 JIEHT
Pa3HBIX MapOK TO:

han 1= Zhaﬂo + hac 06 j»

Z j=1 hoﬁ j°

rme j — HoMep Bajka, Nosj M Pos j — TONIINHA H
MTOPUCTOCTH 000109KH Ha
j-tom Baske. [Ipu paBHO#M TONIHHE Macchl hy, ¢ ABYX
CTOPOH TOKOOTBOZA IOCI€ YIUIOTHEHHS JICHTBI
TOJIIMHA AKTHBHOTO CJIOSI C OJJHOM U IPYrOd CTOPOHBI
TOKOOTBO/Ia TAK)KE PaBHa, T.€.

hsn1 = 2hn1 + hsc= 2hm + hc(l—K)

rac h,—,l — IIOJIOBHHA TOJJIOWHBI AKTUBHOI'O CJIOs
OJIEKTPOAHBIX JICHT WJIM TOJIIWHBI JICHTHI aKTUBHOM
MaccChbI TOCJIC IEPBOTO YIIIOTHCHUA.

DddexTrBHAs TOPUCTOCTD, %
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Puc. 1. Dgppexmusnan nopucmocmos mamepuaios 060104eK GAIKOG

Ha puc. 1 npuBeneHsl 3HaueHHs 3(QQPEKTHBHON
HOPUCTOCTHU JUISl PSAZla UCHONIB3yEMBIX MaTEepPUAJIOB, a B
Tabs. 1 — COOTHOIIEHHE MaKCUMAaJIbHOM BIaXKHOCTH

MaTepUaJIOB U BIAXKHOCTU IPU MPOKATKE, MO KOTOPOH
paccunThiBasiach 3(QGEKTUBHASI MOPUCTOCTH 000JIOYEK
BAJIKOB.
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Tabmuua 1
CpenHue 3HaYeHUs] MAKCUMAJIbHOI BJIAJKHOCTH MATePHAJIOB 000/104€K,
BJI2’KHOCTH NPH MPOKATKE H HX OTHOIIEHHE
HauveHoBasme MatepHaa MakcumainbHas BJIasKHOCTh BrnaxxHOCTB MU MPOKaTKE OTHoIlIIeHHE
Wcmax, % Wcred, % Wcmax/ Wcred
1 2 3 4
®dunbrpoBanbHas Oymara 173 118 1,47
dupTpoBasIbHAS OyMara 179 100 1,79
Bs13p HeoTOeneHHas X/0 205 131 1,56
TOHKast
Bsa3p neorOenennas x/6 274 176 1,56
Bsas3b otOenennas x/0 163 116 1,40
Bsas3b oTOenennas x/0 164 117 1,40
®dyanens, x/0 226 142 1,60
Jlen 182 118 1,54
Jlen+x/6 195 104 1,89
Kanpon 133 131 1,02
CHHTETUYECKAN IIETK 95 93 1,02
JlaBcau 156 119 1,32
CTeKII0TKaHb 52 50 1,04
Hambonee  3(dexkTHBHEIMH  BIOUTHIBAIOIIAMH [MonmyyerHOE 3HAUCHHE OKPYTIIAETCS 10 IIETIOTO
MaTepruaiaMu SIBIITFOTCS HH3K030JIbHAS yrcna. [pu oauHaKOBBIX Nos U Pos CIIOEB TOMIIMHA

¢dbuisTpoBabHast Oymara, OJIOTCHEYHAs: TKaHb U3 JIbHA
W XJIOTIKA W CTEKJIOTKaHb, OJJHAKO MOTYT C YCIEXOM
WCTIOB30BaThCS OOIBIIMHCTBO XJIOMUATOOYMaXKHBIX H
CHHTETUUYECKUX TKaHeil. Hcnonb3oBanue
CHUHTETUYECKUX TKaHEH M CTEKJIIOTKaHU MPOIUKTOBAHO
TEM, YTO aAre3Ws K HUM IPOKATHIBACMOH aKTHBHOW
MacChl Maja, HapOTHB, UIA XJIOMYaTOOYMaKHBIX,
TMBHSHBIX TKaHEeW M TKaHeW U3 JIbHA W XJIONKA aAre3us
aKTHBHOW  MacChl IPHW  MpOKaTe  IPEBEIMIACT
KOTE3MOHHYIO IIPOYHOCTH CaMON MAaccChl, II03TOMY TpH
(hopMoOBaHMM HapylIaeTCsT IEIOCTHOCTh AKTUBHOTO
ciost. [TosToMy HCTIONB30BANU IBYX HIIM TPEXCIOWHBIC
000JI0YKH, B KOTOPBIX BHEIIHWH CJIOH ObUT U3
CTEKJIOTKAHH WM CHHTETHYECKOW TKaHW (JlaBcaHa,
KaIlpOHa, CHHTETHYECKOT'0 IIEJIKa).

Uucno HEOOXOAUMBIX YIUIOTHUTENILHBIX TIPOXO/IOB
pacTer ¢ yBEJIMYCHHEM TOJIIUHEI dJICKTPOIHBIX JICHT.
Bapuanter mpokatku ¢ 3 U Ooiee YIUIOTHHTEIBHBIMH
MPOXOJaMH MPUEMIIEMBI ISl KPYYIHOI» TEXHOJIOTUH, HO
HE  MOTYT  CYHWTaTbCs  PAUOHATNBHBIMHA  JUISA
MPOU3BOICTBEHHBIX YCTAHOBOK [6]. YMeHbIIeH e Yrcia
VIDIOTHATENBHBIX ~IIPOXOIOB BO3MOXKHO 32  CYET
YBEJIMYECHUSI  TOJIIMHBI  CJIOEB W MPUMEHEHUS
JBYXCIOMHBIX WM TpeXCIOHHBIX obosiouek. Ho mpu
YBEIMYEHUH TONIIMHBI M 4YHUCIA CJIOEB PacTeT
MOTPEITHOCTh TOJIIIMHBI 3JIEKTPOAHBIX JIeHT. [loaTomy
HETleNecoo0pa3sHo MPUMEHSTH 0oJiee ABYX CIIOEB TKaHH
JUTST KaXKIOTO BaJIKa.

CyMMapHoOe 4rcIIo ¢iI0eB Ky Ha yIDIOTHUTEIBHBIX
BaJIKax paBHO:

kZ =2hu - (Vnn/yno - 1)/(h06 : Po6)
Nmn

kz = [hsn n— hc : (1 - K)] ' (Vnn/Vm - 1)/
(hoﬁ : Poﬁ)'

MOJTy4aeMOT0 3JIEKTPOIa OTMPEEeTCs Mo GopmyIe :

h:-mn = hsno _Z?=1ki 'h06i “Pys i -

Ha mpakTuke MOXeT BapbUpPOBATHCS TOJNIIMHA U
KOJIMUECTBO CIIOEB Ha BaJikax. B 3ToM ciydae pacuer
CJICAyeT BECTH 1Mo hopMyIie:

Ponn = hono — 2511:1 h06j : Po6j :

BbiBoan!

[puBeneHHast MOJIENb JJAET BO3MOXKHOCTh PACCUUTATh
Y ONTUMHU3UPOBATH KaK IapamMeTphl poriecca (JOpMOBaHIS,
TaK U TapaMeTpbl (HOpMYIOIIel YCTAHOBKH, PEUINTH BCE
npsiMble ¥ OOpaTHBIE 3a7[audl MpPU pacyuere MapameTpoB
nporiecca (POPMOBAHHSL

[Tpumepsl pe3ynbTaTOB pacyeTa KOHCTPYKTHBHBIX
MApaMeTpOB TIPOKTHOW YCTAHOBKU TIpU  (POPMOBAHUH
SNIEKTPOHBIX JICHT Pa3HOM TOJNIIMHBI I SJIEKTPOIOB C
aKTHBHOM Maccoi cocrasa, Macc. % : CuO : TeXHHYeCKHi
yriepont : cBsgytomiee — 85:5:10, HayanbHasi BIAXHOCTb
55,6%, KOoHeuHasl IIOTHOCTh aKTHBHOTO CJIOS JIEKTPOJOB

2,6/cM°, TOKOBBII KOIIEKTOp — IIPOCEYHAs CeTKa
tomumaoi 0,1 MM, K'=0,67.
IMpumep 1: Ttommmua osnektpoma 0,3  wMwM,

000JI0YKH BaJTKOB— 110 1 CJIO0 CTEKIIOTKAHU TOJIIIMHON
0,2 mm, P = 0,65, 06os0uka Bajika CJIOM CTEKJIOTKAHU
tonmuaon 0,2 MM, P = 0,65, 2 cios JeHT wu3
¢unbTpoBaNIbHON Oymarum Ttommuuoi 0,11 mm, P =
0,716, oG6omoukx BalkOoB 1 CIIOH CTEKIOTKAHH
tomuHon 0,2 mm, P 0,65, 2 cios neHT wu3
¢unbTpoBaNIbHON Oymarn Ttommmuo 0,11 mm, P =
0,716 Ha Baske CIOH JIEHTH W3 (QHILTPOBAILHOMN
oymaru tonmmao# 0,11 MM, P = 0,716.

I[Ipumep 2: Tommmua osaektpoma 0,5 wwm,
000JI0YKH BaITKOB— 110 | CJIOI0 CTEKJIOTKAHH TOJIIIHHON
0,2 mMm, P 0,65, obomouka Bamka — 1 cioi
crekyoTkanu toimuHon 0,2 mm, P = 0,65, 2 cios
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TKaHu JeH+x/0 Tommuuoin 0,3 MM, P = 0,627,
000JI0YKH BAJIKOB— IO | CJI0I0 CTEKIOTKAHHU TOJIIIMHON
02mMm, P = 0,65 u mo 1 cimoro TkKaHM JeH+X/0
ook 0,3 mm, P = 0,627.

IMpumep 3: Tonmumna snexrpona 0,7 MM, 000JI0YKH
BAJIKOB— IO 1 CJIOI0 CTCKIOTKAaHH TOJMITHHON 0,2 MM,
P = 0,65 o6onouyka Bamka — 1 CIOM CTEKJIIOTKaHH
TomumHor 0,2 MM, P = 0,65, 2 cnost TKaHH JIeH+X/0
TommuHoi 0,3 MM, P = 0,627, 060104KH BaJIKOB — 1 cjI0i
crexoTKany toymuHoi 0,2 MM, P = 0,65, 2 ci0s TKaHH
sentx/6 tommmeaoi 0,3 MM, P = 0,627 Ha Bagke ciaou
crexnoTkany tomunaon 0,2 MM, P = 0,65, 3 cios TKaHH
nen+x/60 TomuHoi 0,3 MM, P = 0,627.

Pacuersl, mpOW3BENCHHBIC MO MPEIIOKCHHON
MATEMAaTHYCCKOW MOJETH, M DKCICPUMCHTAIbHAS
MpOBEpKa  pe3ylbTaTOB pacueTa TMoKaszamm: 1)
pa3paboTaHHas MOJENb MPUrOoJHA JJIs  pacyera
mapamMeTpoB mporecca (OpPMOBAaHHUS, COCTaBa U
TONMIWH O000J0YeK BaikoB, 2) i1 (HopMOBaHUSA
9JEKTPOIOB TONIIMHOM He Oonee 0,5 MM MOXKHO
HCIIOJIB30BATh B KA4eCTBE CJIOEB, BIMTHIBAIOIIUX
BJAry, JICHTHl (UIBTPOBANBHOH Oymarum OO
TKaHEBbIC 000JI0YKH; 3) pU (OPMOBAHHH DIICKTPOIOB
OoJIbIIIEH TOJIIIUHBI NPUMEHSTh JICHTBI
¢unbTpOBANBEHON OyMaru Helenecoo0pasHo.
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AHHOTALMUS
PacumpeHHble BO3MOXKHOCTH MOTYT OBITh HCIOJIB30BaHBl B IIPOLIECCE pEAM3alUd HOBBIX MPOEKTOB
TOPOJACKOT0 CTpoHUTeNnbcTBa. Kak M3BECTHO, MOTPEOHOCTH B CO3/IaHUM CBEPXIPOBOAAIICH HHPPACTPYKTYPHI A
Hepeau ¥ pacipeneaeHus JIeKTPUIECKOH SHEPIrUH Hauasla OCTPO OILYIIAThCs B IIEHTPAaX METAIoJHNCOB ElIE B

Hagane XXI Beka.

ABSTRACT
Extended capabilities can be used in the implementation of new urban construction projects. As you know,
the need to create a superconducting infrastructure for the transmission and distribution of electrical energy began
to be acutely felt in the centers of megacities at the beginning of the 21st century.
KaoueBble ciioBa: HpOBO}Ia Ha OCHOBC HU3KOTCMIICPATYPHBIX CBEPXINPOBOJHUKOB IMPCACTABIIAINA coboit

CJIOHbIE KOHCTPYKIIUU.

Key words: Wires based on low-temperature superconductors were complex designs.

Ceronnst KabenpHas IIPOMBIIIJIEHHOCTh
HaXOIUTCS B CTaJWUM MHTEHCHBHOTO pocTa. CMernble
Hay4Hble pa3pa0OTKH AaKTUBHO NPUMEHSIOTCS Ha

NIPaKTUKE, 4TO CYILIECTBEHHO paciupser
BO3MOKHOCTH KaOeIbHO-TIPOBOTHIUKOBOM MPOIYKINH
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U TeM CaMbIM BBIBOIAMUT OTPAacCib HAa NPUHLUUIHUAIBHO
HOBBIN TEXHOJOTUYECKUit ypoBens[1,c.95].

AKkTuBHBIC pa3paboTku Bequch B COeIMHECHHBIX
[ratax, SAnonun, 'epmanun, Aurmuum u Poccuwm.
IIpoBona Ha OCHOBE HU3KOTEMIIEPATYPHBIX
CBEPXIPOBOAHUKOB MPEICTABIUIN COOOH CIIOXKHEBIE

Nepexojia B CBEPXIPOBOAILEE COCTOSHUE MPEBBIIIAET
Temnepatypy 77,3 K—temneparypy KUIEHUs :KUIKOTO
a30Ta [pU HOPMAJIBLHOM JaBiieHuu[2,c.56].

Orta O0COOEGHHOCTH IO3BOJIWJIA B KadyecTBE
XJIaJlareHTa HCIOJIb30BaTh Oojiee JENIeBbIA JKUAKHUN
a30T, YIPOCTHTh CHCTEMY IOJEPKAHUS ITOCTOSHHOM
KPHOTEHHOW TEMIEpaTypsl, IOBBICUTh CTCIICHb €€
HaJIe)KHOCTH B TIPOLIECCE UCTIONIB30BAHMS 1 TEM CaMbIM
MHHHAMH3HPOBATh 3KCIUTyaTallHOHHBIE PACXO/IBI.

Puc.1. BTCII-kab6ensn

KOHCTPYKLIHH,  COCTOAIINE W3  Pa3sHOPOJHBIX
MaTepuagoB C TOHYAHNIMMH HUTAMH  CaMoOTO
CBEpXIIPOBOAHMKA. MX KpuTHueckas TeMIeparypa

upoxue HEPCIIEKTHBEI MIPaKTHYECKOTO
npumeHenns: BTCII-kabens OTKphUIMCH B Hauale
2000-x c MTOSIBIICHIEM CBEPXIPOBOIHUKOB,
M3TOTOBJICHHBIX HA OCHOBE MWTTPHEBBIX KEpaMUK.
YBenuueHHas IUIOTHOCTH TOKa B CyMME C
BO3MOXKHOCTBIO ~ HCIIOJIB30BAaHH Oojee  JEIIeBBIX

KOMITOHEHTOB TIO3BOJIIET TOBOPHTH O TOM, YTO IPH
MacCOBOM IIPOM3BOJCTBE CTOMMOCTb H3TOTOBIICHHUS
BTCII-npoBooB MoxeT coctaButh 20-30 mommapos 3a
1 kA/M. D10 caenaeT ux MPOU3BOACTBO SKOHOMHUYCCKHU
0oJiee BHITOJIHBIM H TOBBICUT KOHKYPEHTOCIIOCOOHOCTh
MPOAYKIUH 1o OTHOIIICHHIO K KabesimM
TpaJUIHOHHOTO ncroaaeHus[3, ¢.102].

[lo cpaBHeHWIO ¢ OOBIYHOW MemHOU KabOelbHO-
NPOBOIHMKOBOKH  TPOAyKIHMeH  Kabemum  HOBOTO
MOKOJIGHHSI MOTYT mepenaBatb B 5-10 pa3 Oombime
JJIEKTPOIHEPTUH TIpH Oojiee HU3KOM HAIPSIKEHHH.
Kpome Toro, ¢ X MOMOIIBI0 BO3MOXKHO CYIIECTBEHHO
YMEHBIIUTh pa3Mep moxcraHuui. [lo omneHkam
HKCIEPTOB, HAPSy CO CHMKEHHEM 3aTpaT Ha MOHTaX
u 9KCIUTyaTaIHIo MIOJICTAHIIMOHHOTO
AIEKTPOOOOPYNOBAHUS, pa3Mep SHEPTOOOHEKTA MOKET
ObITh yMeHblIeH 101/12 mo cpaBHEHUIO C OOBIYHOI
nojacraHuueil. Takxke 3a cueT Iepexola Ha HU3KUE
HanpsokeHus BHeapenue Cll-xabeneil mo3BosiseTr
OTKa3aTbCsl OT HCIOJIBb30BAaHMS TPaHC(HOPMATOPHBIX
HNOJACTAaHIUM M JKOHOMUTb Ha CTPOUTENILCTBE
nepeaarouiei u pacnpenenuTeNbHON
uHbpacTpyKTyphI[4, c.89]. Pacmpennsie
BO3MOXKHOCTH MOT'YT OBITh MCIIOJIb30BaHbI B IIpoliecce
peanu3ann HOBBIX TIPOEKTOB TOPOJCKOTO
cTpoutenscTBa. Kak  m3BecTHO, MOTpeOHOCTH B
CO3/IaHUM CBEPXIPOBOISIIEH HHPPACTPYKTYPHI I
nepeaayn U pacupereseHus eKTPUIeCKON YHepTruu
Hadaja OCTPO OMIYINAThCS B IEHTPAxX METaroJIHNCOB
eme B Hauane XXI Beka. [IpeacraBurenu KOMIaHUU-

MIPOU3BOAUTENS 3asBISIIOT, uTo CII-xabenu roToBbl B
MOJHOM 0o0BeMe olecrneunBaTh TpPeOOBaHHS K
IUIOTHOCTH TIepeIady AIEKTPOIHEPTUH YKE CETOTHS.

C mensio Ooree METaTbHOTO M3YUYCHUS M OIICHKU
PBIHKA, a TaKKe IS TOCIeAYIOMICH pearn3aliiii TaKuX
MpOeKTOB Ha mpaktuke kopmopamus LS Cable &
System ckoonepupoBanack ¢ kommanued KEPCO
(Korea Electric Power Corp). CoBMecTHRIMHI
YCHIMSIMA OHH OyayT HCCIAeIoBaTh TI00adbHbBIN
PBIHOK M pa3pabarhiBaTh HPOJYKTHI, CHOCOOHBIE
yIOBJIETBOPUTH €ro 3ampocsi[d, ¢.71].

B aktuBe LS Cable & System yxe ceromus
HACUUTHIBaeTCA HeckoJbko THIoB ClI-kabemneii:

e i pacnpenenurenbHbix ceteit AC 22,9 kB
S50 MB-Au AC 22,9 kB 120 MB-A;

e Ui cered mepenayu nepeMeHHoro toka AC
154 kB 600 MB-Au 1 [B-A;

e Ui ceTed mepenaud noctosiHHoro toka DC
80 kB 500 MBr.

CoBpeMeHHas 3JEKTPOIHEPreTHKa HYKIAeTCs B
CBEPXMPOBOAALINX KaOelsiX HOBOTO IIOKOJIEHUS,
MIO3TOMY HCCIIEeIOBAaTeNH pa3HBIX CTPaH AaKTHBHO
paboTaroT Haja CO3JAaHMEM TMPOIECCOB MAacCOBOTO
BhINycka 3 dekTHBHBIX Moeneil. CBEepXIPOBOJHUKI
MIepelaloT 3JEKTPOTOK IPH HU3KHUX TeMIepaTypax
npakThuyeckn ©Oe3 morepb. Ota ocobeHHocTs CII-
Kabejel jaenaeT WX IMpPUBIEKATEIbHBIMHU JUIS LEJIOTO
psina sHeprodpHeKTUBHBIX TEXHOJIOTHIA[O, ¢.42].

HoBuHka ykxe TroToBa K JKCIUTyaTalldd IIpH
temnepatype -196 °C. Pa3paboTka HEMEUKHX yYYCHBIX
MOJKET OBITh HCIIONIF30BaHA B IIMPOKOM JAHAIa30HE
obnacreii mpumenenns. BTCII-kabenb BBHITIOTHEH Ha
0a3e BHICOKOTEMITEPATYPHOTO CBEpXTpOBOoaHUKA Cross

Conductor (HTS CroCo), H3roTOBIEHHOTO U3
CIEUHAJIBHOIO Marepualia, KOTOpPbIH CleJiaH B
uHctutyre Kapiacpys. B xome  wuccrnemoBaHus
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HEMEILKMM YYEHBIM yIaJloch pa3paboTaTh METOJ, IpU
KOTOPOM HECKOJIBKO JICHT CBepXmpoBogHuka Rebco
pacnonaraloTcsi B KPOCCIMHKOBOM IOpsiAKe. OTO
MO3BOJIMJIO CO3JaTh Kabesb, pacCCYMTaHHBIHN JUIs TOKOB
C OYECHb BBICOKUMHM  3HAueHHWsSMH.  XOpoIuas
npomyckHas crocobHocts BTCII, BRITOTHEHHOTO Ha
0aze peaKo3eMeTbHOTO OKcHIa Oapus, obecrieunBaeT
CHIDKEHHE MacChl U 00beMa Kabemst 10 CPaBHEHUIO C
KaOensiMH,  TOKONPOBOISIIME  JKHJIBI  KOTOPBIX
W3TOTOBJICHBI M3 MEJH HJIH CIUIABOB ATIOMHHHUS.
[Tponiecc M3roTOBIICHUS Kabens COCTOUT W3
HECKOJIBKMX  9TamoB. Ha  nemMoHcTpanuoHHO-
MPOM3BOJICTBEHHOM o0opymoBaHuH. [lo oueHKam
CIEUAINCTOB, NPU MPOMBIIUICHHOM IPOU3BOJICTBE,
CMOJICIMPOBAHHOM I10 aHAJOTMYHOMY IPUHIHUILY,
MPOU3BOJUTENN CMOT'YT M3rOTAaBIMBAaTh COTHHU METPOB
Kabens, YTO MO3BOJIMT MHUHUMH3UPOBATH 3aTPaThl U
COKpAaTHTh CE0ECTOMMOCTh TOTOBOTO TMpoAyKkTa[7,8.9,
¢.35,42,55]. Panee maccoBOMy NPOM3BOJCTBY KaOeeit
CO  CBEPXNPOBOMSIIMM  CIOEM  IPEIITCTBOBANA

BBICOKasi CTOMMOCTB JICHT Rebco, HO cerofHs yueHbie
paboTaroT Haa TeM, YTOOBI CHAENaTh MPOIECC HX
MPOU3BOJICTBA MEHee 3aTpaTHbhIM. CBEpXIPOBOIHUKU
Cross Conductor MO>KHO MIPUMEHSITD TUIS
sHeprocoOeperaroleii reHepanuy CHIIbHBIX MATHUTHBIX
mole W A mepemadud  OONBIIX  0OBEMOB
AIEKTPHYECKOTO TOKA.

PasButne  WHOGOPMAIMOHHBIX  TEXHOJIOTHH,
MOSIBIICHUE Pa3HBIX cpell nepeaadn WHpopMalud U
COBEPIICHCTBOBAHHE TEXHOJOTHYECKAX IMPOIECCOB
MPUBEJIO K TOMY, YTO OOXOOUTHCS OJHUM THIIOM
Kabens CTaHOBUTCS HeBo3MOxHO0[10,11,12,
€.66,84,94].

B Tex ciyuasx, koraa HEOOXOIUMO YCTaHOBHTH
HAa yJaJCHHOM OOBEKTE CHCTEMY BHICOHAOIIOICHUS,
KOHTPOJIS JIOCTyIa M BBICOKOCKOPOCTHOM KaHam st
touku Wi-Fi, Ipuxoqurcsi mpoKIaabiBaTh HECKOJIBKO
HE3aBUCHMBIX  Kabemeil. Bcé 9310  HeraTtuBHO
OTpa)kaeTcs Ha CTOMMOCTH M CPOKaX BBITIONHEHHS
pabor.

Puc.2. Kombunuposannuvim kabenem

BrixogoMm u3 CIOXKHUBULIEHCS CHUTyallMd cTajia
BO3MOYXHOCTh BOCITOJIb30BAaThCI KOMOMHHUPOBAHHBIM
KabeneM, TrIe B OJHOM O0O0OJIOYKE HAXOMIATCS
W30JIUPOBAHHBIC NIPYT OT Jpyra HE3aBHCHUMBIC THIIHI
MPOBOTHUKOB. Takwme KaOemn pa3iuyaroTcs IO THITY
NPOKIAIKU: AN TPYHTA, Ui TMPOKIAIKA BHYTPH
00beKTa WJIM C BBIHOCHBIM CHJIOBBIM 3JIEMEHTOM JUJIS
nmoasecal[13,14.15, ¢.64,49,93].

MHorocucTeMHble  omepatopel B cdepe
KaOeIbLHOrO0 TENEBUIEHUS C IEeNbl0 obecreueHus
[IMPOKOTIOJIOCHOTO KOHTEHTA UCTIONB3YIOT THOPHUIHBIN
BOJIOKOHHO-ONTHYECKHII KOAaKCHalbHBINA Ka0enp —
ONTUMAIIbHOE pEIIeHUue [IJIsl CO3JIaHUSl CETEeBOM
apxutekTypsl. [lo oreHkaM aHanuTHKOB, K 2023 Tomy
PBIHOK THOPHTHBIX BOJIOKOHHO-OIITHYECKUX
KOaKCHANbHBIX KaOened yBemmuutcs mo 13,6 mupn
JI0JU1., 4TOo Ha 4 Mupj JoJul. Belmie nokazatens 2020
rona. OxuaaeMblil CPeIHEr0JI0BOM POCT OLIEHUBAETCS
B 8,02% exeromHo. DkcrepTsl kommanuu Research
and Markets yTBepXmaroT, 4YTO CYIIECTBYeT JBa
OCHOBHBIX (DaKTOpa, CTUMYJIUPYIONIUX POCT ITOTO
CerMeHTa KaOeIbHOTO PHIHKA:

1. BeIicokas mpoITycKHas CIOCOOHOCTR;

2. DxoHoMHYecKast 3PPEKTUBHOCTb.

IIpeumymecrsa BBICOKOM IIPOITy CKHOM
CIOCOOHOCTH  3aKJIOYAalOTCI B BO3MOXKHOCTH
o0ecreunTh OJMHAKOBBIM YPOBEHb KauecTBa PabOTHI
OJTHOBPEMEHHO HCIOJb3yEMBIX NMPHIOKEHHN, a TaKKe
COKPATHUTh BpeMs 3arpy3ku MH(GOPMAIMK U Heperadn

JaHHBIX. 3ampochl mNoTpeduTenell Ha  BBICOKYIO
MIPOITY CKHYIO CIIOCOOHOCTh MOTHBHPYIOT
MHOTOCHCTEMHBIX oTIepaTopoB HCIIONIb30BAaTh
THOpUIHBIE BOJOKOHHO-ONTHYECKHE KOAKCHAJIbHBIC
kabenu. Beap WHMEHHO Takoe TEXHOJIOTHYECKOE
pelieHne  IO3BOJSIET  YCTPAaHWTh  OTPaHHUYCHHUS,

CBA3aHHBIC C APXUTCKTYypaMH, KOTOPLIC IOJHOCTHIO
COCTOAT U3 Ka6enel71 C MCJHBIMHU XHIJIAMHU. B JaHHOM
clly4yae peub WET O 3a/IePXKKe B Iiepesiaue JaHHBIX TPH
BBICOKOM  MPOIYCKHOM  CHOCOOHOCTH  camoi
cuctembi[16, ¢.67].

Osxupaercsi, 4To B OnmkaiimeM OyIyIieM phIHOK
mepeavy JaHHbIX 10 kKabemro nporokora DOCSIS 3,1
(Data Over Cable Service Interfase Specification)
OyJeT JeMOHCTPHUPOBATH MOJIOKUTEIBHYIO THHAMHUKY.
OTOT cTaHAapT TpencTaBisieT co0OH ITOCIETHION
Bepcuto TexHomornn DOCSIS. Ona oGecmeunBaer
0ojiee  BBICOKYIO TPOMYCKHYIO CIIOCOOHOCTH U
3 (PEeKTHBHOCTL MO CPaBHEHHWIO C 0OJiee PAHHUMU
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Bepcusmu. I1o orieHkaM sKCepToB, caMblif Beicokuil B Mtanun u BenukoOpuranum. IIpoBaiinepst
MHUpE [OKa3aTelb COBOKYIHOTO CPEJHErOJOBOTO  3aMHTEPECOBAaHbl B  IOBBIIIEHUHM  BO3MOXKHOCTHU

TeMIa pocTa MPOJEMOHCTPUPYIOT CTpaHbl EBPOTEL
Ortomy OyzmeT cmocoOCTBOBaTh POCT MOTPEOICHUS
u(pPOBBIX MEINA U YBEINUCHUE YHCICHHOCTH HOBBIX
abOHEHTOB.

CampiMu KPYITHBIMA u Haubomee
HEePCHEKTHBHBIMU eBPONECHCKUMH PBIHKaMH
THOPHIHBIX BOJIOKOHHO-ONTHYECKUX KOAKCHAJBHBIX
Ka0eneil aHANWMTHKN Ha3bIBAIOT DPHIHKH [ epmanwnmy,

Puc.3

B navane 2020 roma Hemenkas kommnanus lgus,
KOTOpas SIBJIAETCS MIPOU3BOIUTEIICM H
JTUCTPUOBIOTOPOM  TMOAIIMITHUKOB CKOJBKECHUSI U3
IUTACTHKA, C(EepPUUYCCKUX MOMIIUITHHUKOB, JTHHEHHBIX

HaNpaBJAIONIMX, Ka0ele IPOBOJOB W  Kabenei
HETPEPHIBHON  T'MOKOCTH,  IPEACTAaBWIA  HOBBIN
IIPOJYKT - THOKUH THOPUTHBIH Kabeinpb
mapku CF280.UL.H, pa3paboTaHHBIN IS
WCHONB30BaHUsl B 3Heprerndyeckux uHensx. OH
npeJHa3HayYeH JUTSt obecrnieueHHs MUTaHUS

JJIEKTPUYECKOTO IBHIaTeNs W BBHINOJIHIET (PYyHKINIO
o0paTHOH CBS3M B paMKax OJHOW KaOelabHOM
nuanu[17,c.88].

HoBrlit kabenms IOMONHWI JIMHEHKY KaOelbHO-
NpoBOJHUKOBOW mpoaykuuu tuma chainflex. O
pa3paboTaH Ui CepBOJBUTaTeNel — BpalaroIIUXCs
JBUTATEJICN c IaTYNKOM o0OpaTHOi CBSI3H,
MO3BOJIIIOIMM ~ TOYHO KOHTPOJIMPOBATh  YIJIOBOE
MOJIOXKEHHE, CKOPOCTh ¥ YCKOPEHHE HCIIOTHUTEIBHOTO
MexaHn3Ma. COBMECTHM C IBUTATEISIMU U TIPUBOJIAMH,
MPOM3BOIAIIUXCS 39 KOMIAHUSAMH, B YHCIO KOTOPBIX
Takke BXomaT amepukaHckas Allen Bradley wu
HEMEIKHY KOHIIEpH Siemens.

TexHoJOTHA M3rOTOBJIEHHS THOPUIHBIX Kabeiei
pa3paboTaHa KOMMAHUSIMH, CHEHUATH3HPYIOIIUMUCS
Ha  TIPOM3BOACTBE  TpuBOMOB.  [IpomsBoxutenu
YCOBEPIICHCTBOBAIN KaOEIbHBIE COSAMHEHHS IJIsI TOTO
9TOOBI YCTPaHUTh HEOOXOAUMOCTh TOAKITIOUCHUS
KOJHPYIOIIETO YCTpOKCTBa, KOTOpOe  paHee
MPHUCOETUHAIIOCH C IOMOIIBIO OT/ebHOTO Kabems. Ha
0a3e TEXHOJOTMH MAarucCTPajIbHBIX IIUH OHU CO3TAJIH
CHCTEMBI Uil paboThl C OZHWUM KabeleM, KOTOPBIH
o0beauHUI B cebe (YHKIMIO NHTAHUS C OMIMei
00paTHOH CBS3U.

Kabenp CF280.UL coxpansier 3asBICHHbIE
MPOU3BOJIUTENEM XapaKTEPUCTUKH TPH SKCILTyaTalnu
B AuanasoHe temnepatyp ot -13 °C go +80 °C. On

YJIOBJIETBOPEHUS PACTYLIMX 3alpocoB NOTpeOuTeneit
Ha YCIYyrd BBICOKOCKOPOCTHOM Nepelnadd IaHHbIX.
[TosTOMY OHM aKTUBHO OOHOBIISIIOT CBOM OCHOBHBIE
MOOWMIBHBIE CETH ¥ COBEPIICHCTBYIOT CETEBYIO
HHPPACTPYKTYpY, HYTO U OyAeT CcHocoOCTBOBATh
aKTHUBHOMY BHEIPEHHUIO THOPHIHBIX TEXHOJIOTHH yKE B
KpaTKOCPOYHOM MEPCIEKTUBE.

. T'ubkuii 2ubpuonwiil kabenv mapku CF280.UL.H

OCHAIIEH 3aIUTHBIM YKPAHOM, BBITIOJHEHHBIM B BHJIE
OIUIETKH, KOTOPBI MpHU3BaH 00ECHEYNBATh BBHICOKHIA
YPOBEHb 3ALIUTHI OT DIEKTPOMATHUTHBIX H3IIy4eHUI
Ha TPOTSHKEHUHU BCEro cpoka ciyx0Obi[18, ¢.62].

B 3aBHCHMOCTH oT crenuuKaIum
MPOU3BOMUTEIS THOPHIHAS JIMHUS MOXKET OBITh
HU3rOTOBICHA B  MAacCJIOCTOMKOM IOJMYpETaHOBOM

Hapy>KHOW 000JI0YKE YSpPHOTO WIIM OPAHkKEBOT'O I1BETA.
OHa CTOHKO MEpPEeHOCUT NEHCTBHE XJIaJarcHTa U He
TIOJI/IEPKUBAET Tpolecc ropeHus. B Buxe kabenbHOM
cbopku Readycable, BEITOITHEHHOI B COOTBETCTBUU CO
cnenudukanyei  KOMIAHUM —  NPOM3BOAMTEIS
TIPUBOIOB.

B nocnemHue TroApl aKTUBHO — Pa3BHBAETCS
aBTOMaTH3alKs MPOU3BOJCTBEHHBIX IpoueccoB. OHa
BHEZIpsIeTCA B Pa3fNuYHbBIE 00JaCTH 3KOHOMHUKH, TeM
CaMbIM 3HAUUTENBHO yBenW4MBasi 3(PGHEKTHBHOCTD
npousBoycTBa. [lapamnensHo (GopMmupyeTcsi TpeHA K
OOBEAMHEHNIO B LECHTPAIBHYIO KOHIENIHUIO TeX
obJacTeif, KOTOpBIE JI0 TOTO PA3BUBAIUCH PA3EIBHO.
HameruBmiascss ~ TeHAeHIMs  3aTPOHYJAa  TaKKe
npousBoauTened  kKoMmnoHeHToB. C  TOMOIIBIO
WHHOBALMOHHBIX HMHTEPQEHCHBIX peIeHHi B cdepe
JaTYNKOB BpAILICHUS] CEPBOJBUTATEIH IPUOOPETAIOT
KOMIIaKTHBIE pa3Mepsl M CTaHOBSATCS eme Oosee
3¢ pexTHBHBIMY.

B pemeHusx c cepBompuBomoM HabIromaeTcs
TEHIEHIMS K TPHUMEHEHWIO THOPHIHBIX KabeieHn,
KOTOpBIE HapsAAy C MOITHOCTBIO MOTYT MepeaaBaTh
JaHHBIE O CKOPOCTH [BUTATeNs W yIje IOBOPOTa
BBIXOJHOTO Bajla. JTa pPa3HOBHIHOCTh «YMHOTO
TIPOM3BOJICTBA» MOXET (PyHKIIMOHMPOBATH TOJILKO IIPH
YCIOBUM, €CIM BCE Y3IBl W arperatsl paboTaroT
HE3aBHCUMO JIpYT OT Jpyra, HO IPH 3TOM OOILAIOTCS
yepe3 ceTb. BaxkHas poib B 3TOM IpoLEcce OTBEACHA
CEpBONPHUBOIAM. C MTOMOIIBIO 1 QpoBBIX
nHTep(deiicoB, 00eCIeYnBaIOIINX CBA3b IBHUIATElNs C
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KOHTPOJIICPOM, MOTYT IEPEIaBaThCsl BAXKHBIC TaHHBIC.
Hanpumep, uHpopManus 0 CKOPOCTH, TEMIEpaType,
BUOpAIMK WM YIJie TIOBOPOTa BBIXOMHOTO Baja. Kak
BUAMM, TpeOOBaHUS phIHKA K MPOU3BOIUTEIISM
3JEKTPOOOOPYIOBAHUS U CUCTEM IIOCTOSTHHO pacTyT. 1
3/leCb OCHOBHOW yIOp JeNaeTcsi Ha COKpalleHHe
3arpar, KOMIIAaKTHOCTb, OITUMHU3ALUIO
MPOU3BOJICTBEHHBIX MPOIECCOB, MPOCTOTY BHEAPCHUSI
1 5pronoMugHOCTH[18, ¢.60].

Takum 00pa3oM, MPOHU3BOAUTENIO  YIAOCh
yaecTh 3ampochl morpebureneid Ha KIIII ¢ mamsim
E€MKOCTHBIM ~ CONPOTHBICHHEM ¥  OJHOBPEMCHHO
MUHHMU3UPOBATh MPOOJIEMY YTCUKH TOKA Ha OIUICTKE
skpana. [IoMuMo 3TOro, MPUMEHEHHE MOJUPONUICHA
MO3BOJISICT YMEHBIIUTH TOJIIUHY H30JIUPYIOLIETO CIIOS
(mo cpaBuenuto ¢ IIBX). B cBow ouepens, Gomnee
TOHKAsl U30JIIHsI 00CCIIEYNBACT CY)KCHHE HAPYIKHOTO
nuamerpa. Ilo OIeHKaMm SKCIEpTOB, HCIOIb30BAHUE
MOJUOPOINUIICHA JIaeT BO3MOXXHOCTh CIKOHOMHUTD
oko110 20% (mo cpaBHeHmoO ¢ [1BX).

C mosBieHreM KabOest, ClloOCOOHOro 00ecIeuYnTh
MUTaHKUE U TIepeady JaHHbIX, OTMala He0OXOMMOCTh
B HCIMOJIb30BAaHHHM OTICIBHOTO Kabels u pa3beMa
JATYMKa BPAIICHUS, YTO TAKXKE MO3BOJISICT YKOHOMHUTH.
Kpome Toro, ympoiaercst mporecc MOHTaxa.

Heo6xonuMo, uToObl Kabenu, MOAXOISIINe IS
TOPCHOHHBIX H3TMOOB M YKIAJKH B KaOellb-KaHAJIbI,
HMMEITH KOMIIAKTHBIC ra0apUTHBIC pa3Mephl, TOCKOJIBKY
OOBIYHBIC CEpPBOKAOEMHM ¥ KalOemu M [IaTIAKOB

BpallICcHUsA JOJIKHBI OBITH PACIIOJIOKCHBI Ha
MUHUMAJIBHOM  YJAJICHUW Apyr OT JApyra wu3-3a
np06neM, CBsA3aHHBIX C 3J'IeKTpOMaFHPITHOI7[
COBMECCTHUMOCTEIO.

ITo oreHKaM SKCIEPTOB, IUPOKUE EPCIEKTHBEI
OTKPBIBAIOTCA NEPEA aJlbTCPHATUBHBIMU FI/I6pI/I,Z[HI)IMI/I
PCHICHUAMUA, KOTOPBIC OCHOBAHBI HAa MPOMBIIIJICHHOM
MHTEpHEeTe Bellleil — MHOTOYpPOBHEBOW CHCTEME,
BKJIIOYAOIIe B ce0sf MJaTYMKH M KOHTPOJUIEPHI,

YCTaHOBJICHHBIE Ha y3max u arperarax
MPOMBIIIJICHHOTO  00BEKTa, CpeAcTBa  Iepemayvu
coOpaHHBIX ITaHHBIX, X BU3yamu3aluu U 1p. Takxke
TEXHUYIECKH BO3MOKHO HCTIONB30BaHUe

OIITOBOJIOKOHHBIX CHCTEM Iepelladn JaHHBIX:
e POF — momumepHOE OMTOBOJIOKHO;

e PCF — ONTOBOJOKHO C INIQCTHKOBBIM
MTOKPBITHEM.

Ha CETOIHAIIHUI JICHb MOJIHOCTBIO
POOOTH3UPOBAHHBIX MIpeANPUITHIA B MHpe
HACUMTBIBAIOTCA eAuHMuIbl. OpHaKo, IO OIeHKaM
aHAIMTHKOB, Yyxe K 2025 romy okxomo 25%
MPOMBIIIJICHHBIX ~ Oomepaluii  OyAyT  BBITIOJHSTH

MamuHbl. CerofgHs MO IUIOTHOCTH pPOOOTH3aINHU
MPOU3BOJCTBEHHBIX IPOLECCOB MalbMa IEPBEHCTBA
npuHaanesxxut Cunramypy u lOxnoit Kopee, B TO
BpeMs Kak IO CKOPOCTM BHEAPEHHS JIUAUPYET
Kwuraii[19,20, ¢.71,82].

CoBpeMeHHBIE IIPOMBIILITIEHHbIE poOOTHI
OTIMYAIOTCS APYT OT JApyra MO KOHCTPYKIMH U
HazHaueHHI0. OHM MoOryT OBITH HCIIOIB30BAHBI
MPaKTUYECKH B JIFO00H oTpaciu. 3a oHy MUHYTY OHH
CHOCOOHBI COBEPIIATh OTPOMHOE KOJIMYECTBO CaMBIX
Pa3HBIX ABMXCHHUHN U BBITIOJIHUTH HECKOJIBKO (DYHKIIHH.
ABTOMAaTbl  CKpy4YUBAIOTCA, IOBOPAYUBAIOTCA U

0C3YKOPU3HCHHO BBINMONHSIIOT CBOM (DYHKIMH B
pa3Iu4HOM cpefie: oA AeHCTBUEM BIaru, XUMUYECKUX
BEIIECTB, B YCIOBHUAX BBICOKMX WM HHU3KHX
Temneparyp. Jaxke B caMoil CIOXHOW OOCTaHOBKE
PpOOOTHI TOJKHBEI O€30TKa3HO paboOTaTh, TaK Ke, KaK U
Kabenmu, KaOelpHBIC BBOABI ¥ 3alIUTHBIC IIUTAHTH,
KOTOpBIE SBIISIOTCA UX HEOTHEMJIEMOM YacTbIO.
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AHHOTAIIUSA

B nanHOl cTatbe paccMaTpuBacTCs MOJAEIb HU3KOTEMIIEPATYpHOM SIIEPHOM peakluu MEXIY H30TONaMU
BOJOpOJA TPUTHII M JeliTepuii Ha ocHoBe ombiTa Mommpa (Mocmaxu) Apara (Yoshiaki Arata), Slnonus,
paccMaTpuBACTCA MPCANOTIAracMoe CTPOCHUEC AACP TPUTUA U I[efITepPIfI, a TAKXKC BBIABUTACTCA IMPCANOTIOKCHUC
HEYCTOHYHMBOCTH HEKOTOPBIX AJEP HA IPUMEPE s,Apa TPUTHSL.

ABSTRACT

This article examines a model of low-temperature nuclear reactions (cold fusion) between hydrogen isotopes
tritium and deuterium based on the Yoshiaki Arata experiment (Japan), examines the supposed composition of
tritium and deuterium nuclei and suggests a possible explanation for the instability of some nuclei using the

example of tritium nuclei.

KiioueBble €JI0Ba: HU3KOTEMIIEPATypHAs AaepHas peakuus, onbiT Mommpa (Mocuaku) Apara (Yoshiaki
Arata), TpuTHii, IeHTepuil, CTpoeHHUE AP, HEYCTONYHBOCTD S/IEP
Keywords: low-temperature nuclear reaction (cold fusion), Yoshiaki Arata experiment, tritium, deuterium,

atomic nucleus composition, nuclei instability

_ [lannas paboTa nocsueHa OOBICHEHUIO ONbITA
Hommpa (Mocnaku) Apara (Yoshiaki Arata) [1].

Hcnons3oBaHue TpUTUA U ,I[eﬁTepHﬂ KakK
Haubolee JIETKO B3aPIMOZ[€ﬁCTBy]OHIHX B
TCPMOAACPHBIX  pCaKIUAX  HM30TONOB  3aCTaBJIACT

paccMOTpeThb HMX OCOOEHHOCTH CTPOEHHSA, T.K. IIO0
CPaBHEHHIO C JpPYTMMH CXEMaMH TEepPMOSIEPHBIX
peakmuid  3TO  €AMHCTBEHHO YTO  OTJIMYAET
COCTaBIIAIONINE HYKJIOHBI 3JIEMEHTOB BO BCEX CXEMax
TEPMOSIEPHBIX PEaKIHi OTHHAKOBEI.

B omiinuuy oT BBICOKOTEMIIEPATYPHOU IUIa3Mbl B
annaparax tuna «TOKOMAK» uzoronsl Bogopoaa B
onbITe [1] HE mpeBpamaTcs B Ma3My, TO €CTh spa

)
l_,l-«

HE TepsIOT CBOM 31eKTPOH. COOTBETCTBEHHO MOXKHO
MIPEUI0KUTh MOZIEb KOHTAKTa PaJUKaIIOB JeUTepus U
TPUTUS KOTOPasi U3JI0KEHA HIKE.

C TOUYKH 3peHUs] KBAHTOBOW (PH3HKH, B KOTOPOM
JNEKTPOH HE  TPUHMMAETCs 3@  4YacTHLy C
OTIpeNIeIEHHBIM MECTOMOJO0KEHUEM, 3TOT OMBIT He
OOBSICHUM T.K. B COOTBETCTBHU C KBAaHTOBOH (hH3HKOiL
3JIEKTPOH He MMEET ONPEaeIEHHOTO MECTOION0KEHHUS
U TIPE/ICTaBIAETCS B BUJAE NEKTPOHHOTO (HA MpUMeEp
Puc.1 [2]) u TemnepaTypsl HUKaK HE COOTBETCTBYIOT
JUTSL TIPOXOXKJIEHUST peakiiui 00beTMHEHUS 2 U30TOMOB
BOZIOPOJIA B PO Teusl.

Pucynox 1. Yenosoe pacnpedenenue nomuocmu 31eKmpoHa 6 K6aHmogou Qusuxe.


https://www.doi.org/10.31618/nas.2413-5291.2022.2.75.557
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Ho ecnm paccmarpuBarh — 3JE€KTPOH — Kak
OTAEIBHYI0O  BEIIECTBCHHYIO  4YacTHLy  Oyner
COBEpLIEHHO MHas KapTuHa. [IpuHMMas BO BHUMaHUE
[3], B KOTOpOH 5IEKTPOHY OTBOAUTCS BECbMa

onpeneNnéHHOE MECTO B INPOCTPAHCTBE U CTPYKType
KapTHHA.

aTomMa  OyHeT  COBEpIIeHHO  WHas

OCHOBBIBasICh Ha BbBIBOJIaX O (bopMe MIPOTOHOB U
crocobe YACPKAHUA  DJICKTPOHOB IIPOTOHAMU B
MarHUTHOM JIOBYHIKC TMIpeajiara€tcsa IMpeajararoTcsa
H3JIOKCHHBIC Ha pHC. 2 u puc. 4 CTpOCHUSA aTOMOB
TpUTUA U HeﬁTepHﬂ.

@

Pucynox 2 Ilpeononacaemoe cmpoenue amoma mpumus

Mo>kHO OBLIIO OBI TPEJIOKHUTH HHOE €r0 CTPOCHHE
(Puc. 3) HO B TakoM ciydae HYXHO IPU3HATh
CIIOCOOHOCTh HEHTPOHOB YAEPKHUBATh JJIEKTPOHBI M
JOJDKHBI  ObLTH OBl  HAOJIOAATHCS  YaCTHUIBI  C
OTPUIATENILHBIM MOCTOSHHBIM 3apsOM IOCKOJIBbKY B

JAHHOW  MOJETH  DJICKTPOH  YIACPKHUBAJICS  ObI
3JIEKTPOUYECKHM HEUTpanbHbIM HeWTpoHOM. Ilo 3ToOi
NpUYMHE TaKOE€ IOCTPOCHUE TPUTUS HE CUUTAI0
BO3MOKHBIM.

Pucynok 3 Bapuanm cmpoenuss amoma mpumusi

CpaBHuM npejioxkennoe Ha Puc. 3 ctpoenue
aToMa TPHUTHUS C MPeIaraéMbIM CTPOCHHUEM aTOMa
nentepus Puc. 4:

Pucynox 4 Cmpoenue amoma oetimepus



56

Hanmonanenas accoumnanus yuenoix (HAY) # 75, 2022

OCHOBBIBasICH Ha npeamnojara€MomM  CTpOCHUUN
aTOMOB TpUTUA u HeﬁTepHH n YUYuTbIBad
HCIIOJIb30BAHUC najxijiaaus, KOTOpLIﬁ XOopo1uio
a)1c0p61/1pyeT H30TOIIbI BOAOpOAA Mpeanojarato HUxe

CXeMy HH3KOTEMIIEpATypHOM SOEpPHON  peakuuu
neitepuss u tputus B onbite Momupa (Mocuakm)

Apara  (Yoshiaki Arata), Smonms, Kkotopas
oToOpakeHa Ha puc. 5.
nannagumn
TPUTUU
aTan 2 P 6
npuonmxeHne
aentepus K -@®
TPUTHIO O
otan 4 Y X 10
obpasoBaHue O
renvsa 5

OTAeNMBLIMIICS HEHTPOH

nannagumn
aTan 1
dukcaums Tp”%‘g
TPUTUSA Ha 4_
NoBepPXHOCTU ° .
nannagus O
nannagunmn
atan 3 Tonaan
cbnmxeHne
aaep Tputua e '. O
n gentepus foTe
renuind
atan 5
pacnagrenua 5 ° e O
B renun 4

@ 3MNEKTPOHBI
@ HeiTpoHbl
@ rpoToHbI

Puc. 5 I[Ipeononazaemas cxema HuskomemnepamypHou a0epHou peakyuu oetimepus u mpumus 8 onvime
Howwupa (Mocuaxu) Apama (Yoshiaki Arata), Snonus

Torpa umeem cxemy CUII MEXKAY NPOTOHAMU U
AJIEKTPOHOM, PACIIOJIOKEHHBIM MEXIYy IPOTOHAMH,
oToOpaxE€HHyI0 Ha Puc. 6.

MPOTOHBI

F

Fy

Fa

R

QIIEKTPOH
Pucynox 6. Cxema cun mesncoy 31ekmpoHom u 2 npOmMoHamu

[IpumemM, 9TO MarHUTHBIE MOMEHTHI IIPOTOHOB U
JJIEKTPOHA  HANpaBJIeHBl B OJHY CTOPOHY H
COOTBETCTBEHHO MPUTATHUBAIOTCSL. Beenenue
ANIEKTPOHA MEXJYy NPOTOHAMH HW3MEHSET YCIOBUS
aCUMITOTHYECKOW CBOOOIBI onrcaHHOH B [3] u Oyner
CHocoOCTBOBaTh OOJBIIEMY COMMKEHHIO ITPOTOHOB.
Taxxe B [3] u310)XK€HO 00OCHOBaHUE, UTO DJICKTPOH
KaKk dactuna OyaeT HaxoguTcs B OMNpeneIEHHON
o0J1acTi OT IPOTOHA.

ByneM cuuTath, 4TO ANEKTPOH PaBHOYAAIEH OT
OPOTOHOB. Toraa K OJIIEKTPOHY MPHUTATHBAETCS 2

MPOTOHA W TPOTOHBI MEXIY COOOH OTTAIKHBAIOTCS.
COOTBETCTBEHHO
2F, —F, =0(1)

rae F, - cmia KynoHa MeXAy 3IIEKTPOHOM U
mpoToHOM, F; — cHIa B3aUMOICHCTBUS MEKIY
MIPOTOHAMH.

O4eBHIHO, YTO IMOCKOJBKY 3apsbl JICKTPOHA U
MPOTOHA PAaBHBI OyJET MPOUCXOIUTh CONMKCHUE
MPOTOHOB B JIOOOM CiIy4ae IIOKa HE IOSIBHTCS
JIOIOJIHATEIbLHAS cuia MPEIATCTBYIOMIAS
B3aMMOJICHCTBHIO MEXKIY IEKTPOHAMH M IPOTOHAMH,
I DJICKTPOH He OyneT ymaiéH U3 MEKIPOTOHHOTO



Hanmonanenas accoumanus yuenoix (HAY) # 75, 2022

57

MPOCTPAHCTBA — Takask BO3MOXKHOCTb omnucaHa B [3].
JononanurensHon cuJIon MpensaTCTBYIOUIEH
COJIDKCHUIO TIPOTOHOB OYJET CHjla B3aWMOJCHCTBUS
MEX1y POTOHOM JACUTEpHs U HEUTPOHAMHU TPUTHUS, HO
BO3HMKHOBEHHE TaKOr0 B3aUMOJACHCTBHS O3HAYaeT
MPEBpaICHHE W30TONOB ACUTEpUsS M TPUTHSA B SIAPO
renusd S.

PaccunTaeMm Ha Kakoe MHHHMAIBEHOE PAacCTOSHHE
cONMM3ATCS TPOTOHBI IO cxemMe Ha Puc. 6 mpum
OTCYTCTBUH JPYTUX CHIL

Kak wu3BecTHO cuiia HPUTSIKEHUS 3apsHKCHHOM

YacTULbI K PaBHOMEPHO  3apsDKEHHOMY — Kpyry
ompesensercs Kak
41922
F, = 2 233/2
4mey(R? + z2)3/
rue qiuq2 —

3aps/ibl COOTBETCTBEHHO Kpyra U 4acTHULbl HaJ, KPYToM,

Z pacCTOsIHUE OT YaCTHLBI 10 Kpyra, R
— JMaMeTp Kpyra.

MPOTOHbI

COOTBETCTBEHHO €CIIM  NpeHeOpedb  CuiIaMu
MarHUTHOTO B3aUMOJAEHCTBUS, KOTOPBIC IIPH YCIIOBUHU
COBIIAJICHUS] HAIIPABJICHUs] MArHUTHBIX TOJIEH TOJIBKO
YCUIIAT 3TO NPUTSDKEHHE, OyIeM UMETh

q1q2Z _ 4191
4mey(R? + 22)3/2 4mey(22)?

8z% = (R? + z%)3/?

472 = R? + 72
3z%2 = R?
R2
= |—=1,732R
z 3
HyXHO yd4ecTb, 4YTO COINIACHO IOCJIEJHUM
namneiM [4] rp=0831 -107m. u Torma
z=1,44-10""m.
3MNEKTPOHbI HEeNTPOHbI

Pucynox 7 Cxema coopxu ss0ep mpumus u Oetimepus 8 0po 2eusi 8 MOMEHM CONUNCEHUS NPOMOHO8

Haxe ecnu Oyner HAOMIOZATBCS HEKOTOPBIH
capur nporona tputus L (Puc. 7) ot menrpa snpa,
JlaKe eciii 3HaueHue L mocTurHer 3HaueHus paanyca
IIPOTOHA, TO BCE PAaBHO € Y4ETOM PACCUUTAHHOIO
3Ha4YeHHs Z NPOTOH spa JeiTepusi rapaHTUPOBAHO
BXOJIUT B 30HY Pa3BUTHUSI MEKHYKJIOHHBIX CHJI SAPOM

KOHIICTIIINH MTOTEHITHANIA. PannanpHas
3apucuMocTh NN-iotennuana V(r)  mokasaHa  Ha
puc. 8. MunumyM mnoTeHnmana mpu = 0.8 Owm,
riryouHa B 3T10it Touke — (70-80) MaB. IIpu r < 0.8 dm
NOTEHLMAl  BO3pAaCTacT. Ipur> 0.8 Om
OTPULATENILHBIA ~ MMOTEHLWAl  NPHOJIMKAeTCs ¢

TPUTHSL. poctoM I k  Hymo. 2I1oT Yyuactok NN-moreHnuana
CornacHo [S]HyknoH-HYKJIOHHOE  OTBEYaeT cuiaM NpUTsbKkeHus. CpenHee paccTOsIHUE
B3aUMOJICHiCTBHE  MOXKHO  OIIMCaTh B paMKaXx  MEXIy HyKJIOHaMH B siipe okouso 2 Om.
V. MaB
&
100
CIFRAAKLSAHIE
50 [
1 2 3
0 : | | [
: #, g
|
=50 N |
RPURANCEHIE
=100 [~

PucyHOK 8. Paouanvuas 3aeucumocmo HYKJIOH-HYKJIIOHHO20 nomeryuania
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CornacHo [6] ME30HHOU TEOpUH,
B3aUMO/ICHCTBUE MEX/ly HyKJIOHAMH OCYIIECTBIISICTCS
nmytéM  oOMeHa  Me30HaMu.  SlnepHble  CHIIBI
XapaKkTepu3ylTcsl  PagnycoM JeUCTBUS; OH
OIpeziesieTcss KOM-NITOHOBCKOM  [UIMHOM  BOJIHBI
ME30HOB, K-PEIMH OOMEHHUBAIOTCSI HYKJIOHBI, , TAE M -
Macca Me30Ha. Hamb. pagnyc neiicTBHS UMEIOT CHIIBI
MPUTSDKEHUS, 00YCIIOBIICHHBIE OOMEHOM SI-ME30HAMH.
Jng sux 1 c=1,41 dm (1 dm=10-13 cMm). 3Bto
COOTBETCTBYET PACCTOSHHUIO MEXAY HYKIOHAaMH B
sapax. OOMeH Ooee THKENBIMA ME30HAMH (T, W H JIp.)
OKa3bIBae€T BIMSHUE Ha B3aUMOJCHCTBHE MEXKIY
HYKJIOHAMH Ha MEHBLIMX PacCTOSHUSX, BBI3bIBAs, B
YaCTHOCTH,  OTTAJKMBAaHWE MEXIy HUMH Ha
paccrosiHusAX <=0,4 OM.

Cornacho [7] Ha paccrosHusax Oombire 0,7 dhm
CHJIa TIPUTSDKEHUSI MEXy BBIDOBHEHHBIMHU IO CITUHY
HYKIOHaMHU CTaHOBUTCSA MaKCHMaJIbHOH Ha
paccTostHUM MeXay meHTpom okoio 0,9 ¢wm. 3a
Ipe/ieNIaMy 3TOTO PACCTOSIHUS CHJIA 3KCIIOHEHIIUAIIBHO
MajgaeT, A0 TeX IOp, MOKa PacCTOSHHUE HE MPEBBIMIACT
2,0 ¢M, cuia He3HaUHTeNNbHA. HYKIIOHBI IMEIOT pamyc
okono 0,8 ¢M. a manbIx paccrostHusX (MeHee 1,7 ¢m
WJIY OKOJIO TOT'0) CHJIA IPUTSDKEHHUS Sep CUIIbHEe, YeM
cuia orrankusanusi. KYJIOHOBCKASL
CUJIA Mexay mNpoTOHaMH;, TakUM oOpa3oM OH
MPeoJI0JIeBaeT OTTAIKUBAHNUE ITPOTOHOB BHYTPH sJpa.
OnHaKoO KyJIOHOBCKasi CHJIa MEX/Y IIPOTOHAMH UMEEeT
ropa3go OoNBIIMA  1OUama3’oH, IOCKOJIbKY OHA
U3MEHSCTCS Kak OOpaTHBIM KBajgpaT pasJelCHUs
3apslioB, W KYJIOHOBCKOE OTTAJKHUBAHUE, TaKUM
00pa3oM, CTAaHOBUTCS EIMHCTBEHHOM 3HAYMTEIHHOMN
CHJIOH MEXIy IpPOTOHaMH, KOTJa HX pas[elicHHE
MPEeBhIIAET MPUMEPHO 2—2,5 PM.

Takum oOpa3zom oOecrieunBaercs CONMKEHUE
siApa IeUTepus ¢ AIpoM TPUTHS JUJIs Havajla IelCTBUS
MEKHYKJIOHHBIX CHJI.

Peakuuio TepMoOsIIEpHOTO CHHTE3a C Y4acTHEM
neiitepus (neiirepuii o6o3Hauvaercsa cumpojoM 2H) u
TpuTHS (U30TOMN BOJIOPO/IA C OJTHUM IIPOTOHOM M IBYMSI
HelTpoHamu B sjpe, obosHauaercs *H) 0003HAYAIOT
Kak:

SH+2H—->“*He +n

Hmeer cMblca pacmmpuTh (HOpMYITy M 3aIicaTh
Kak

SH+2H -5H > “*He +n

Takoe HamMcaHWE PEaKIWH CHHTE3a HACT HWHOE
MMOHWMaHUE TPOTEKAHUS pEaKIUH, a HMEHHO YTO
CHavaJlla MPOUCXOOUT OOBEAWHEHHE IeHTepus U
TPHUTHSA B | HacTHITy KOTOpast MOTOM PaclagaeTcs, a He
00BEIMHEHNE MX B YACTHUILY C HCITyCKaHHEM HEWTpoHa
B TIpoliecce 00bETMHEHHSI, KOTOPBIH JINITHHUH.

OTOT MOMEHT Ba)XCH BCIEICTBHE 3aBUCHUMOCTHU
BEPOATHOCTH 3axXBaTa HEHTpPOHa sipaMu OT PHEPruu
HeWTpoHa. Jla MOXHO CKa3aTbh, YTO BOJOPOJ 3TO HE
HEITpOH, a cucTteMa HEHTpPOHa M MPOTOHA, HO
HEOOXOAUMO OTMETHTh, YTO HEHTPOHBI IpU HX
HEHTpaJFHOCTH B IIEIOM TEeM HE  MeEHee
B3aMMOJICHCTBYIOT APYT C IPYTOM, YTO MPOSIBISIETCS B
HECTaOMJIFHOCTH TaKOTO W30TONAa BOJOPOAa Kak
TPUTHH (PaTUOAKTHBHBIA HECTAOMJIBHBIM H30TON C
nmepronoM moxypacnana 12,32 roma) m Tem Oozee
KBaJIpuil U Ipyrux.

IIpyunHO#l pacnaga szapa TPUTUS UCXOAS U3

CXEMBl €ro sjpa BHUAUTCS B OCOOEHHOCTH €ro
CTPOECHMUSL.
OueBuIHO 4TO BHE IIPUPOJBL CHUJIbL

B3aUMOJICHCTBUS MEXIY INPOTOHOM U HEHTPOHOM B
cilyyae JIeWTepHs 3Ta CBsA3b OyJeT HAMHOTO IpOYHEee
BCIEACTBHE  obOecnedeHuss  OoiplIel  IIiomaau
BO3JECHCTBUS MEKIY NPOTOHOM U HEUTPOHOM, KpOMe
TOr0 camMa Manas IUIOMAnb BO3ACUCTBHS MEXIY
HEUTpOHAMHM M TNPOTOHOM B  sApe  TPUTHUA
MIPEACTABISIETCSl UCTOYHUKOM HECTAOMIBHOCTH SIIEp
Tputus. Kpome Toro, ecimm mpupoga  CHI
B3aUMOJCHCTBUS MEXKIY HEUTPOHOM M IPOTOHOM
9JIEKTPOMAarHUTHas TO HECTaOMJIBHOCTH APy TPUTHUS
TaKke OyneTr NoOaBIsITH B3aUMOJACHCTBUE HEHTPOHOB
sapa TPUTHA T.K. MPEICTABISETCS, YTO NpPU OOIIei
HelTpansHocTH HeWTpona [8] (Puc. 9) wumeercs
HEPaBHOMEPHOCTb PacIpeNeIeHus 3apsia B CTPYKType
HEWTpOHa dYTO W oOecreuynBaeT B3aMMOJCHCTBHE
MEXJy MPOTOHOM M HEUTPOHOM. COOTBETCTBEHHO Ta
HEKash HEPAaBHOMEPHOCTb Ha IOBEPXHOCTH IPOTOHA
JOJKHA HUMETH OTPULIATENbHBIN 3apsig,
COOTBETCTBEHHO IPOTUBOIIOJIOKEHO PACIIONOKEHHBIE
HEUTPOHBI B sApe TpUTUS OynyT IOMOIHHUTEIBHO
OTTAJIKUBAThCS. JIOTOJHUTEIBHBINA qHUCOAIAHC TAK XKE
OyZeT BBOJWUTH DJEKTPOH, YAEPKUBAEMbIH MOJIEM
IIPOTOHATPUTHUS


https://wikijaa.ru/wiki/Coulomb_force
https://wikijaa.ru/wiki/Coulomb_force
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1 4ne?-p(n), efbm

= 0.7 dm

Pucynox 9 Pacnpedenenue s1ekmpuieckoco 3apso0a 8 HellmpoHe i NponoHe

Ecim Obl HEHWTpOHBI HE B3aHMMOACHCTBOBAIH
MEXIy co00i To He OBUIO OBl NMPUYHMHBI OXHUIATH
HECTaOWIBHOCTH TPUTHA W APYTUX  HM30TOIOB
Bogopona. CrnenoBaTenbHO 5 HEHUTPOH M3 Tenusd
OYKBaJILHO OTCTPEJIMBACTCS MPU pacmaje Ha renuiid u
HEUTPOH W3-3a  B3aUMOJEWCTBUA C  JIPYTUMHU
HEWTpOHAMU WU 3TO NIPHU TOM, YTO B3aUMOJICUCTBHUE
OJIMHOYHBIX HEUTPOHOB U MPOTOHOB CTAOUJIBHO.

B03MOXHOCTh yAajeHUs JCKTPOHA M3 00JacTH
MEXKIy @POTOHAMHU K HEHTpOHAM Tak e ObLIO
W3J0KEHO B [3] KaK MpOXoJ dIIEKTPOHA Yepe3 MPOTOH
MY ONPEICNEHHBIX YCIOBUAX, HO MOXKHO J0OaBUTH,
YTO TIpH CONMKCHWH TPOTOHOB MATHUTHOE IIOJIE
MEXIy HUMH OyIeT BO3pacTaTh W CTAaHOBUTHCS BCE
Oonee TPSAMONMHEHHBIM M 3TO W OOCCIICYHT YXOI
JJIEKTPOHA.

MUHUMAJBHBIA YTOJl BXOJa DJICKTPOHA B IOJIE
MIPOTOHA C EPBOi OPOUTHI BOAOPO/1a YTOOBI OH OBLT HE
oTpaxéH paccumTal B [3] cocraBnser o= 0.00161°,
PaccunraeM, kakoe paccTOSIHHE JIOJDKHO OBITh MEXIY
MIPOTOHAMH YTOOBI 3TN0 CHIIOBBIX JITHUH MarHUTHOTO
T0JIsI UMEJI TAKOE OTKIIOHEHUE OT NPSMOJIMHEHHOCTH.

[To mepe cOMMKEHNsT TIPOTOHOB AIIEKTPOH OyneT
BCE Oosee CTaOMIIM3UPOBATHCS Ha ocu
B3aUMO/ICHCTBUS IPOTOHOB U HEN30EIKHO BBICKOYHT IO
OCH IIPOTOHA.

Kak nokazano B [3] O91eKTpOHBI MOTYT
YACPKHUBATHCS  OKOJO MPOTOHOB C  MOMOIIBIO
MarHUTHOTO 3epKaiia (GopMHPYEMOro mojeM MpoTOHA
(cuyoBBIC TMHUM YKa3aHBI YCIOBHO) (puc. 10).

Pucynox 10 Yoeporcusanue snekmpona ¢ nomMowbio MazHUMHO20 3epKAid 8 amome Oeumepus.

Ha puc. 11 noka3zansl cragun n3MeHeHus: HopMbl
MarHUTHOTO TOJSI MEXAy NpPOTOHAMU TPUTUS U
JeiTepus 1o Mepe ux compkenus. Kak BunHo cHavana

OHO 00pa3yeT MarHWTHYIO JIOBYIIKY, HO 3aTE€M IIOJie
Bcé Ooiyiee CIpsAMIIIETCS M IEPECTAHET CIOCOOHBIM
yAEPKUBATh MIEKTPOH.
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Pucynox 11 Maenumnoe none mesxcoy Oelimepuem u mpumuem no mepe ux cOIUNCeHUs.

Ha ocHOBe mnpeamnonoxeHuss O MeXaHHU3MeE
pacmajga TPHUTUS B 3aBHCUMOCTH OT CTENEHH
B3aUMO/ICHCTBUSI TPOTOHA C IPOTOHOM, a TaK ke (aKT
pacmaga CBOOOIHBIX HEHTPOHOB (TPUUEM MEPUOJT
MoJTypacmajaa cBOOOIHBIX HEHTPOHOB HAMHOTO OOJIbIIIE
9YeM y TPHUTHSA) MOXKHO BBLABHHYTH IPEIIOI0KEHUE,
9TO HECTaOMIBHOCTh SIEP CBSi3aHA C YPOBHEM
CBS3aHHOCTH HEUTPOHOB NMPOTOHAMH — OYEBHIHO, YTO
HEUTPOH B sipe ACUTEPUs CBSA3aH C IPOTOHOM CUJIBHEE
4eM HEHTPOHBI B SIAPE TPUTHUS C IPOTOHOM.

[Mamnaguit B Takod cxemMe NPUHUMAET MECTO
KaTajan3aTopa, OOecleunBas HYXHYIO OpPHEHTALUIO
pasuKanos.

Heo0xoanmMo 3aMeTHTb, YTO aTOMBI C OOJBIINM
KOJINYECTBOM ITIPOTOHOB B SApaX M COOTBETCTBEHHO
OKPYXKEHHBIE JJIEKTPOHAMM II0 JAHHOW CXeMe He
CMOTYT MpOpearupoBaTh, T.K. OJJIEKTPOHBI OyAyT
MPEIATCTBOBATh CONMKEHUIO OTTAIKUBAsI aTOMBI APYT
oT Apyra.

CormacHo cxeMme fAepHOW peakIuH TakoW ke
mporecc JOKEH HIATH M C 3aMEHOH JIedTepus
HIPOTHEM.

e 3ajaguM BONPOC — OTKyJa B ombite Mommpa
(Mocuaku) Apara (Yoshiaki Arata), Simomus [ 1] B3suics
Tputuil? HamoMmHIo, 94T0 OTKPBITUE U30TONA BOAOPOAA

¢ maccoit 3 mpuHaminexur Omudanty, XapTeky H
Pesepdopny, xortopeie B 1934 r. GomOapaupoBamm
murresad u3 ND4C1, (NDs ) 2 SO4 u D3PO4 neiironamu
(deitrpon coctout w3 1 mpotoHa u 1 HeHTpoHa) ¢
sHeprueit ot 20 000 mo 100 000 BomeT. Ilpm
6oMOapaupoBke HaOIIONANack TpyIHa NPOTOHOB C
npoberom 14,3 cM u rpymnna JApyrux 3apsDKeHHBIX
yacTuI] ¢ mpoberom 1,6 cM B paBHOM KOJHMYECTBE C
NepBO. ABTOPHI TNPERNOJOKIIN CYIIECTBOBAaHHUE
peakuu, B pe3yibTaTe KOTOpoil 00paszyercst IpOTOH U
HEM3BECTHAs JIO TeX Mop yacTuna H:

D? + D2 = H} + H3 (1) (Puc. 12)

Hapsiny c 3apsHKEHHBIMU YacTHIAMH
HaOMIONANMCh TaK)kKe HEWTPOHBI, YTO 3acCTaBHIIO
aBTOPOB  TIPEIIIOJIOKUTH BTOPYIO TapajieIbHYIO

peakuuo ¢ 00pa3oBaHMEM HOBOTO M30TONA TeHs C
maccoii 3: D? + D} = He3 + nj (1)

B nanbeifimem yactuiy H3? naspanu tputuem [9].

UroObl U3 JeWTepus MONyYMiIcS IESHTOH aToMy
JEeUTepHs COOTBETCTBEHHO HEOOXOIUMO TOTEPSTh
3JIEKTPOH, KOTOphIi B ombite Mommpa (Mocuaxu)
Apara (Yoshiaki Arata), Anonus [1] MoxHO Tepenatsh
MaJIaguio, B KOTOPOM IPOUCXOIUT HAKOIUICHHE
H30TOIOB BOJOPOJA.



Hanmonanenas accoumanus yuenoix (HAY) # 75, 2022

61

=)
=4

DOy

wow

Pucynok 12 Peaxyus medicoy Oetimepuem u 0etimoHom

Ha puc. 12 cooTBEeTCTBEHHO 0TOOPaXKEHBI CTAIHH
00BeIMHEHUS AeUTEepHs C IEHTOHOM:

Cranus 1. Berpeua siapa nefiTepust ¢ 2J1eKTpOHOM
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