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CONCEPTUAL MATRIX MODEL OF ACTIVATION OF THE HISTORICAL ENVIRONMENT
BASED ON INCLUDING OBJECTS OF PUBLIC ART

Summary. Historical environment is a system of spaces that have an informed historical and cultural value.
It’s an organic space that structures and gives the city unity and identity, but at the same time being in constant
adaptation to changing social requirement. To date, the atmosphere of the historical space becomes anachronistic,
at a time when it content, perception and user experience changes. There is a need for the successive development
of historical values and the acquisition of new environmental qualities. Public art objects provide an opportunity
to take a fresh look at historical environment, they help to restore the local uniqueness of the space and emotional
intensity. They fulfill the social function, interacting with architectural environment.

Development of a conceptual matrix model of the historical environment activation based on including
objects of public art needs to be comprehended, because it reflects the modern vision of space enhancing the
moment of its entertainment, emotional and informational saturation. The historical environment should present

new values, educate human culture.

Key words: historical environment, activation, public art, conceptual model.

1. Introduction

The historical environment - is an urban organism,
that has organically formed over the centuries,
reflecting in its structure and appearance the historical
stages of its existence and growth as well as their
regular change (Lynch, 1960). The historical
environment is valuable as the most capacious,
meaningful and multifaceted cultural monument, where
the main cultural values are concentrated.

An important condition for the formation of a full-
fledged artistic environment of the city is the
reproduction of cultural and historical content in its
structures, that is, the reflection of world culture and at
the same time the regional experience (Linda, 2000).

An attractive feature of the historical environment
is the information stored in it about the evolution of the
city and individual historical events (it’s kind of «file» of
traces of the past).

But the environment is developing constantly,
which involves the development of new territories and
periodic activation of existing architectural and historical
spaces. The connection between the «old» and the «new»
gives the urban environment four-dimensionality, where
the fourth dimension is time (Ikonnikov 1986).

The need of the historic environment activation is
one of the current problems of architecture today.

Activation — is the transition from a state of rest to
movement, development; strengthening the actions,
revitalization of activity (Spreiregen, 1965). This is a
way to improve the space in order to achieve the

physical, psychological and spiritual comfort of a person
in it (Votinov, 2013).

The research is based on works devoted to the
problems of the theory of architectural environment
(Ikonnikov, 1986; Linda, 2000; Shimko, 1990; Lynch,
1960; Rossi, 1966) and works devoted to the possibilities
of adaptation and attractiveness of the historical places
(Bouryak and Lombardini, 2015; Beliaeva, 1977,
Cristofer Day, 1990; Gibson, 1950; Kwon, 1997, 2002;
Lennard, 1984; Mironenko, 2009; Spreiregen, 1965;
Votinov, 2013).

However, theoretical studies of the historical
environment activation by including public art objects
have not been sufficiently considered. This has made it
necessary for further scientific research.

1.1 The structure of the architectural environment
as a basis for the differentiation of design tasks

The image of the architectural environment
initially and indissolubly connects the «reasons» of
design — functions, and «consequences» - a complex of
material-physical and aesthetic conditions of a
functional task. | mean, the environment is
inconceivable without the simultaneous existence and
perception of the «shelly its «filing-in», «subjects» and
«objects» of the activities carried out here (Shimko,
1990).

So Shimko identifies three main components of
the architectural environment: process (live), space and
objects (environmental art) (Fig.1).
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They work only together. Changes in one
transform the properties of the others, and the whole.

space
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architectural environment
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The foundation of the environmental art is
considered as the «carriers» of the emotional principle
— the participants of the process.
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Figure 1. Structure of the architectural environment

People are «executors» of activities, as well as
«observersy» and «consumers» of environmental
sensations.

Another component is the architectural space,
these are areas, configurations of placements or open
urban spaces. This is the respond to the challenges of
process placement (Bazazyants, 1983).

The next structural block - is a set of «design»
objects. They fill or equip the architectural space — from
the functional necessary technical equipment to the
graphic design and decorative and applied art.

It would be very tempting to take this conditional
hierarchy of «blocks of environmental design» as the
basis for the technology of design work with the
environment. Where the initial will be the
understanding of the problems of the environment
functioning, and the end will be the emergence of a
social and aesthetic climate, necessary for the function.

However, the connection between them are so
mobile, and they themselves are so different that in the
architectural environment the linear dependence of the
order of work on the type of terms is not monitored
(Shimko, 1990).

1.2 The origin of public art

Creating a space that would satisfy material and
spiritual needs and stimulate the development of an
individual and society as a whole has been a subject of
an intensive search of modern architects, designers, art

historians, sociologists and psychologists and
psychologists. An important role in formation of the
spiritually ideal living conditions belongs to the objects
of public art.

Public art — is art in the urban space, aimed at an
unprepared viewer and implying his communication
with environment (Kwon, 1997).

The semantic content was revealed by Charlotte
Cohen: «...they are not only just those works of art that
can be found on the street. Art, that has the status of
public art, must be closely related to the history,
function or cultural meaning of the place in which it is
located».

Public art is diverse and includes visual art,
interactive projects, urban design, performance art,
audio installations, and many other forms created by
the artist. Public art works can be located in planes that
are not traditionally used for exhibiting works of art —
on billboards, scaffolding, in parks, clinics, etc.

For a better understanding of what including
public art, it needs a little structuring.

There are two types of public art: statial and

temporal.
Statical types include land art as well as
monumental art (Fig.2). Monumental art is the

foundation and, at the same time, the most professional
field of art in the public space (Bazazyants, 1983).
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Figure 2.Examples of static public art. Armand Pierre Fernandez ;(Everybody s timey.
Robert Pruitt « The Andy Monument»

Temporary art forms such as carnival and street
art, flash mob, performance(Fig.3), also serve to

=

activate the architectural environment, and have no less

influence on space (Danysz, 2009).

Figure 3.E$iamp|e of temporal pubic art. Performance in Times Square on July14, 2011

2. Methods

Based on Shimko’s conclusions, two components
of environmental art are highlighted: historical
environment (architectural space) and public art objects
(«designy» objects). The third component — the active
process — is considered at the point of their
consolidation.

Viewers are considered as a prism in the research,
which passes through itself all characteristics of the
constituent components of the environment. People feel
are able to and appreciate the architectural
environment, created according to their needs.

Taking the subject and object of research —
historical environment and its activation based on the

inclusion of public art objects — as the basis a
conceptual matrix model is build. It represents the core
of the research program.

Conceptual model — a model of a subject area,
consisting of a list of interrelated concepts, used to
describe this area, together with properties and
characteristics, the classification of these concepts, by
types, situations, features in this area and the laws of
the processes in it. The sequence of work in this case
will be set by studying the characteristics of historical
environment and environmental art at the point of their
consolidation (Fig.4).
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Figure 4. Concept model diagram

1.3 Procedure

The conceptual model is presented in the form of
a matrix in which the main elements have connecting
components. The main structural components are:
historical environment and objects of public art. At the
consolidation points of the components, an event
process is formed, whish «launches» the existing space.
Thus, a model of various environmental situations of
socio-cultural interaction is formed.

The result is the development of a strategy for the
formation of a specific architectural situation as a result
of the inclusion of a public art objects.

The first component is historical environment, as
an environmental space, that requires activation. At the
same time, the emotional and large-scale effect of
perceiving the forms of the environment should:
maintain appropriate impressions form the procedural
activity; reveal the specifics of the environmental

object, which made it possible to construct this space;
make the viewer feel the emotional and artistic meaning
of the build spatial situation.

The second component is public art object, which
should activate the environment (Fig.5). They are the
ideological and aesthetic transformation of the
environment, its decoration, enrichment, deciphering of
the artistic meaning. l.e. public art objects are
considered as: a set of independent environmental
objects located in the environment; a complex artistic
system of objects organized by this space.

The active process considers the parameters in the
environment of life processes not as a given outside of
design, but as a phenomenon that needs rational and
artistic transformation. Through the transformation of a
utilitarian necessity into an «art of living» beginning of
work with public art objects.
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Each of the above component of the environment
constitutes a conceptual model of matrix and carries a
complex chain of characteristics. The analysis of the
characteristics will present of recommendations for the

including objects of public art in different historical
environments, depending on their soco-cultural,
ergonomic-utilitarian and aesthetic-emotional
characteristics (Fig.6).

activation of the historical
environment through the inclusion of
modern art objects &

|
socio-
cultural

historical environment
ergonomic-
utilitarian

aesthetic-
emotional
\

aesthetic-
emotional

ergonomic-
utilitarian

G
ideal environment

sS0ocio-
cultural

public art objects

Figure 6. Conceptual matrix model of activation of the historical environment

1.4 Analysis

The architectural environment has a great impact
on people’s behavior and condition. It is able to
nourish, support and balance the human soul, as well as
doom it to starvation, suppress and pervert (Cristofer
Day, 1990).

For the competent activation of the historical
environment, it is necessary to listen to the unspoken
by space. The place is not able to speak with the words,
but we can listen to what it asks for, identify what it will
perceive. However, listening alone is not enough, it is
necessary to hear people who need different form of
emphasizing the environment (Cristofer Day, 1990).
This is how Le Corbusier designed not only the material
environment, he also developed a kind of social utopia.
People, according to him, should have received the
maximum of individual freedom, by which he
understood wide freedom of activity.

Results (Classification)

The basis of the conceptual matrix model is the
subject and the object — historical environmental and its
activation based on the including objects of public art.
Each of them consists of a list of properties and
characteristics.

Three main characteristics of the environmental
components are highlighted:

e socio-culturel;

e ergonomic-utilitarian;

e aesthetic-emotional.

The first and fundamental characteristic of the
components of the environment is the socio-cultural. It
explores social needs based on age. The main task of
such research is to obtain data on social processes for
subsequent improved design of the living space
(Lennard, 1984).

The next characteristic is ergonomic-utilitarian.
This characteristic covers:

o large-scale levels of the environment and the
scale of public art objects. By scale levels, the
environment is divided into «micro-», «meso-»,
«macro-», «hyper-» levels. Object content changes
with respect to large-scale levels of the space. In
«micro-» and «meso-», typical objects that are
comparable in scale to the size of a person and space
are used. «macro-» spaces combine mass individual
forms of content that are larger than a person. «hyper-»
space — has equipment that is not tied to human scales
at all, it’s a space without visual correspondences.

¢ levels of planning organization of space and
composition planning schemes of placing objects.
Types of urban spaces differ in shape and geometry.
Local formation — areas, intersections, tending to
centricity, the formation of a single compact spot in the
plan. Linear systems — streets, pedestrian, routes,
waterways. Systems of dismembered interconnected
spaces — park ensembles, sports complexes, residential
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area etc. Based on the structural typology of spaces,
public art objects can be divided into: island, transit and
discrete according to compositional and planning
solutions for their placement.

e character of space and functional load.
Character of the environment is traditionally comprised
of residential, public, street and urban spaces. The
emotional and aesthetic impact of contemporary art

objects is their main focus. However, it should carry
other functional loads, which depend on the purpose of
the place in which it is located. Among them: aesthetic,
sports, residential, recreation, lighting, information,
trade, sanitary and catering function.

Aesthetic- emotional characteristic includes
taking care of the sensory and visual components of the
components. For study this

Tools for activation of the historical environment
based on including objects of public art

«mMezo-» «macro-»
n . .
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Figure 7. Tools for activation of the historical environment based on including public art characteristic, the
following types of sensations were taken by the presence of direct contact with the stimulus: auditory, visual,

olfactory and tactile sensations.All these external feelings may well indicate the vitality or destructiveness of the

objects in the environment for the organism and state of mind.

Unfortunately, these sentences themselves are
damaged and atrophied these days, that if not cultivated
deliberately, their voices may be too weak to recognize
the message.

3. Discussion

The characteristics of each component of the
environment and their combination as a whole,
constitute a conceptual matrix model of the historical
environment activation based on including objects of
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public art (Fig.7). The model helps to investigate the
environmental requirements for places where a person
can feel «at home» or communicate with ease, etc. In
general, however, we rarely need to look into a special
book to know what the effect of a particular design
decision will be. Rather, we turn to personal
experience, using ourselves as a tool for clarifying fact.
Of course, everyone has their own preferences and
associations, so one has to strive to distinguish what is
personal or culturally predetermined from universal
human reaction. It is known that we consider black to
be mourning, and in the East, white plays the same role.
In general, however, colours have physical
characteristics and psychological effects, from which
no one is protected, regardless of personal phobias or
preferences. The same universal effects can be traced
in geometry. They are also in proportions, since they
are based on the measurements of the human body,
which means in the scale and speed of movement.

Using the conceptual matrix model of the
characteristics of all components, it is possible to
develop a project approach to include various art
objects for each type of place — a conceptual model. In
it, particular provisions are formed into a complex, a
system of mutually supporting each other instructions,
free enough not to hamper the imagination and will of
the author, but to save design from dead-end design
decisions.

Conclusion

The main environmental task is the organization
of emotionally saturated space with in-depth
consideration of the individual needs of each in certain
life conditions. The structure for solving the problem of
activating the historical environment by including
objects of public art has a complex system of
prerequisites, aspects and project action. The matrix
should be viewed as a cumulative principled model of
the strategy for activating historical environment based
on the public art inclusion. It is represented by a variety
of characteristics, their concepts and connections
between them, which determine the semantic structure
of the subject and the object of research.

Modeling of the historical environment should be
carried out from a special standpoint, as an independent
systemic approach, in which the system has a very wide
fan of connection. The activation of the historical
environment, based on including public art objects, has
a special system — forming structure, giving rise to

creative impulses in the environment and emotional-
semantic responses in the perception of the addressee.
Objects of public art as «living injections» should
change the content of the historical environment,
programming it for the system of environmental events
— a new plot that will discharge, revitalize and
modernize the existing space, arouse the interest of
residents and increase the degree of communication.
The result of the appeal to the matrix is an
aesthetically expressive historical space, comfortable
for human life. A space with a new and perfect use case.
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Maxkapos C.0.

Cmapwuil nabopanm xageopol

«l"eodesus, eeoungpopmamura u Hagueayusy
Poccuiickuut Yuusepcumem Tpancnopma PYT(MUUT)
Mockea, Poccus

CPABHEHHUE TOYUHOCTH YPABHUBAHUSA JIM®PEPEHIIUAJIBHON CETH ITPU
NPUMEHEHHWU PA3IMYHbBIX METO/1OB.

Makarov S. O.
Russian University Of Transport.

COMPARISON OF THE ACCURACY OF DIFFERENTIAL NETWORK EQUALIZATION USING
DIFFERENT METHODS.

AHHOTalIl/Iﬁ. OHeHKa TOYHOCTHU T'€OACIUYCCKUX MOCTPOCHUA OO CUX IOP ABJIACTCA aKTyaHLHOﬁ TEMOM HE
TOJIBKO I'€OJAC3UU, HO U I‘COI/IH(bOpMaTI/IKI/I. B cBs3u ¢ Pa3BUTHUEM BbBIYHCIIUTECIbHBIX MOIHHOCTCI7I CTaJIn JOCTYITHbI
TE METOJbl, KOTOpbIe OBLIM TPYI03aTPAaTHBIMH WIIM IONPOCTY HEBO3MOXKHBIMH. B CBOIO ouepenp pasinvaroT
Ppa3JINYHbIC MMOAXOAbI K YPAaBHHUBAKO JAHHBIX, UMCIOLINC B CBOEH OCHOBE AJITOPUTMBI. OZ[HaKO BO3HHKACT BOIIPOC
— HACKOJIbKO JOCTOBCPHBIMHA MBI IIOJYyYacM PE3yJIbTAThl IOCJIC YPABHUBAHUA.

Abstarct. Evaluation of the accuracy of geodetic construction is still an urgent topic not only in geodesy, but
also in geoinformatics. In connection with the development of computing power, those methods that were labor-
intensive or simply impossible became available. In turn, there are different approaches to equalizing data that are

based on algorithms. However, the question arises — how reliable we get the results after equalization.

Kniouesvie  cnosa:
oupepenyuanvivle cemu, CHymHUKOBblE MEMOObl

TMOI'd, T'HCC, ypasHnusanue

2e00e3UyecKux M3M€p€Hl/t12, CnymHuKoebsle

Key words: TMOGE, GNSS, adjustment of geodetic measurements, satellite differential network, a satellite-

based methods

BBenenue
B nacrosmee BpeMsi MaTeMaTudeckas oopaboTka
reoJIe3NYECKUX JTaHHBIX — OJHA U3 CAMbIX aKTyaJlbHbIX
TeM. O1leHKa KauecTBa MOJYYEHHBIX JaHHBIX OJHO U3
MEePCIEeKTUBHBIX HallpaBieHU. B Hacrosiiee Bpems

CYIIECTBYIOT = Pa3M4YHbIE METOJIbl  ypPaBHUBAHUS
Te0/1e3NUECKUX JTAaHHBIX: KJIaCCHUYECKHE
(mapameTpudyeckuii W YCIOBHBIM METOHABI), BCE

pa3nuYHble NPOrpaMMHBIE 00eCHeueHHss B OCHOBE
KOTOPBIX JIKUT aJTOPUTM, ONMHPAIOIIUIACST HAa METOJ
HaVMEHBIINX KBAJpPaToB U COBPEMEHHBIE METOMbI
YpaBHUBaHMA JaHHBIX C TIPUMEHEHHEM METOIOB
HEJIMHEHHOro MmporpaMMHpoBaHus. B naHHOl cTaThe
NpUBEJEHA OCHOBHAs TEOpPHA IO CHYTHUKOBBIM
METOJaM,  PAacCMOTPEH IpUMEp  YpaBHUBaHUS
cymectBytomer  nuddepeHnuansHOR  ceTH  C
MPUMEHEHHUEM KIaCCUYECKOro METo/1a YpaBHUBAaHUS U
nporpammuoro  obecreuenuss  Trimble  Business
Centre(TBC). Ilo pesyapraraM MaTeMaTHYECKOM
00pabOTKM CIYTHUKOBBIX HM3MEpPEHWH NpUBEACHA
TabnuIa, B KOTOPOW MpHBEJCHA OLEHKAa TOYHOCTH
HU3MEpEHU.

OcHOBHBIE CBeJleHHS N0 CIIYTHUKOBBIM

onpeeaeHUsIM

I'eonesnueckoe GPS obopyioBaHue u
TJIOHACC/GPS cucreMsl B Treofe3dd aKTUBHO
NPUMEHSIOTCS B TEOJIOTMH, HAa HayajbHBIX JTamlax

CTPOUTENLCTBA, MEKEBAHUs, TIPUBA3KUA KOHTPOJIBHBIX
TOYEK Pa3OMBKU TCOAOIHUTHBIX M TaXEOMETPHUCCKHIX
x070B, ¢ momomeio GPS obopymoBaHus momneBbie
reofe3MUecKie PaOOTHl BEITIONHSIIOTCS B KOPOTKHE
CPOKH, MO3BOJISISI HE TOJNBKO COOMpPATh KOOPAHHATHEIC
JAHHEIE, HO ¥ OTHOBPEMEHHO CO COOPOM IIPOU3BOAHTH
ux 00paboTKy B pearbHOM BpPEMCHH.
IIpeumymectBamu GPS- TexHOMIOTHI TaK Ke ABIAETCA
BO3MOXXHOCTh ~ MPOBOAWTH  M3MEPEHHUS  BBICOKOM
TOYHOCTH B JIF00OE BpeMsl CyTOK, B JII00OH TOYKe,
HE3aBUCHUMO OT KJIMMATHYECKUX YCJIOBUN MIIU MJIOXOU
MOTOMBbI;  OTCYTCTBHE  HEOOXOJMMOCTH  HATHUUS
BUJIUMOCTH ~ MEXJAy  TOYKaMH,  MHHUMU3ALUA
oumbok.[1-2].

Paccrosinue 10 cnyTHUKa - MCEBIOJAJIBLHOCTD
BBIYMCIISIETCS, KaK MHTEpBal BPEMEHU  MEXKAY
H3JIy4Y€HHUEM CHUTHaJla Ha CIIyTHUKE U PUEMOM €ro Ha
MPUEMHUKE, YMHO>KEHHBIH Ha CKOPOCTh
pacipoCcTpaHeHHs dJIEKTPOMArHUTHBIX BOJTH.

Koopaunatst MMyHKTa 1o pe3ynbpTataMm
CIIyTHUKOBBIX HAOJIIOJACHHIA OIPEASISIOTCS METOJIOM
MPOCTPAHCTBEHHOM JIMHEHHOM 3aCEUKH MO MCXOIHBIM
JIAHHBIM

® KOOpIWHATHI  YETHIPEX  HMCKYCCTBEHHBIX
cinytHukoB 3emu (X1, Y1, Z1... X4, Y4, Z4);

e pe3ysbTaThl U3MEPEHUH AAJILHOCTEH MEXIy
(ha30BBIM [IEHTPOM aHTCHHBI MPUEMHIKA HAa MyHKTE P
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n UC3 (Rl, R2, R3, R4). Ha puc. 1 u3o0paxkeHO  NPHUEMHHKOB, HMMEIOIINE OJMHAKOBHIE S(MUMUPUIBI
NPUMEHEHUEe  CIYTHHKOBBIX  TexHojgorumd  mpu  [3-5].

OMpPCACIICHNU KOOpAWHAT, C HCHOJIB30BaAHUECM 4x

nCc3-2 UCc3-3
(X,.Y,.2;) (X3.Y;.23)
NC3-4
nc3-1
0ty Y40 2;) (X4:Ya:24)
D,
D
0y 3 Dy
4
Y
X
MyHkm P (Xp. Yp.2p)

Puc. 1 Memoo npocmpancmeennotl IuHeuHoU 3aceyKu.

K coxaneHuto, HCIONB3ys TOJBKO  OIMH
MPUEMHHUK MBI MOKEM IOJYyYHTh HOTIPEIIHOCTH J10 7
MeTpoB. VIMEHHO M03TOMY HEOOXOIUMO UCIIOJIb30BAThH
He MeHee 2-X. C apyroil CTOpoHbI, B HACTOSIIEE BpEMS

nc3-2
(X5.Y,.2Z5)

ncCa-1
(X1.Y1.24)

MOYKHO HCIIOJIb30BaTh TU(depeHIranbHble CeTH, TeM
caMbIM MMHUMU3MPYs TOrpelHocTyd u3MepeHuil. Ha
puc.2. M300pakeH NMpUMep OTHOCHTEIBHOIO METOa
OTIpEAEICHNUs KOOPIMHAT.

nc3-3
06 Yo 25)

X nMnynkm P
(Xp.Yp.Zp)

"o YaiZo) i

Puc. 2 - Omnocumenvubviii memoo onpeoenenus KOOPOUHAM

AX =X, X, AY=F,-F,; AZ=Z,-Z, §=+/AX"+A7 +AZ’

CyTI) METOJAa 3aKJII04YacTCs B TOM, YTO 4YEpe3
CITYTHHUKOBBIC U3BMEPCHUS ONPCACTIAIOTCA MPUPALICHUSA

ypaBHI/IBaHI/Ie CITYTHHUKOBBIX JaHHBIX C
NPUMEHCHUEM YHPOLICHHOI'O KJIIACCHUYECKOIro MeTona

KOOpJMHAT WCKOMOTO MyHKTa Q, OTHOCHTENBbHO  ypaBHUBAHHSI.
onopHoro P. YipoiueHHbI i KJIACCUYECKUI METO,

To4HOCTh ONpesieNieHNs] KOOPMHAT BO3PacTaeT B ypaBHUBAHUS npesmnosaraer UCIIOJIb30BaHHE
pasbl, TOCKOJbKY MOXKHO HW3MEPHUTh pPAaCCTOSIHUE Ha  JJEMEHTOB JIMHEHHOo anreOppl. B rtabmume 1
36MHOH  TMOBEPXHOCTH  Juisi  Oojiee  TOYHOTO  MNPHUBENCHBI 3HAUEHHS] HCXOIHOIO ITyHKTA.
oTpe/ieIeHus KOOP/IMHAT.

Tabimma 1
Ne X Y Z
1 2811450,988 2158239,108 5285093,057
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B Ta6nnue 2 OPUBCACHBI JaHHBIC, MMOJTYYCHHBIC B
nuddepennunansHoit cucreme EFT-COORSJ6].
Tabmuma 2
Hpnpamemm KOOpAUHAT U NJIMHBI BEKTOPOB, UCIIOJIB3yEMbI€ IIPU YPAaBHUBAHUU
- dX dy dz JImmHHAa
1-2 95816.76 -31035.908 -39067.095 | 108029.241
1-3 17326.471 -111154.87 34626.294 117705.531
1-4 -81036.978 41402.924 25193.952 | 94424 1978
1-5 -19489 858 101213.97 -31875.714 | 107889_682
2-3 -78490.288 -80118.967 73693.389 134203.166
4-2 176853.737 | -72438.831 -64261.044 | 201628.645
5-2 115306.619 | -132249_.871 -7191.375 175605.696
4-3 98363.447 | -152557.793 9432 345 181764_18
5-3 36816.331 -212368.84 66502.01 225562.594
5-4 -61547.12 -59811.047 57069.668 103064.816

Ilocne TOJIYUCHUA UCXOAHBIX TaHHBIX HAXOOAATCA

MpUOIMKEHHBIE KOOPAMHATHI IyTeM HpUOaBIeHUS K

OIIOPHOMY IIYHKTY NPUPALICHUI KOOPAUHAT.

Haiinst Bce KOOpIUHATBI IPUCTYIIAEM K CO3JaHUIO
K03((GUIUEHTOB ypaBHEHHH TOMPABOK.
Koadpduument cocrost u3 cneayromux uudp: -1; 0; 1

MaTpHIbI

- 1 cmasumcs mozoa, Ko20a nyHKm HaAxXo0Umcs 6

Hauane onpedeﬂ}ze/\wzo 6eKmopa

+ 1 6 mom cnyyae, ecau nynkm pacnonodicen

KOHYe eéekmopa

0, ecru nynxm ne yuacmeyem 6 onpeoensiemom

eekmope 6 mabauye 3

Tabmuma 3

Matpuna A, ucnoJib3yeMasi B ypaBHHBAHUHU YNIPOIIEHHBIM CIIOCOO0M

HMoexo et 1

ol

3

4

h

-1

oo

10

[elieli=l el =l el ==t eAieticl =d it ted (et ied el el et e el el

Qo010 0|00 |0[0|=|C|0|=|C|0|=[C|0|0|0 |0 |0[0|0|C|0|0|=

Q[0|0|0/0|0[0|0[C|0[0|0|C(0|C[0|0|Q[=0|0]= |0 |0[=]0|C|= (0]

elieli=lieli=lieli=li=licli=liel =] ieli=lic) eli=)ie) el el (ed idied (el e

Qleje|eoe|eQ cC=|o|C=|QC =|QlCQ|o|Q CQle|oC|el=|
I
Q[O[0|0I0|0[0I0I0|=[0]0|=|0|C|= 000|000 0[0]0|C =0l

clisli=lleli=lig=leldieliel =l el el el ediedied e el el el e

Clole|CF e m CRR|0IC0|0C =|QICQ|o|0 CRlo|~C|e|ee
elieli=l =l ieliti=lieli=liel =] ieli=li=l (di=lied (=liel el (=iehiel it el et =l elle)
Q[o|=|C|0|0|0|0=|0[Q|0|C|0|=|C 0|00 |Q|0|Q |0 =[0|0|=|C|0|C
cligi=lleli=lieli=liclieliel =l cligliel =lielied elieliel (el ied el et el el =)

=lololeolel= e elelele|=QlelC olelc Qom0 Q=oC|elele
QO|=|0|0|=|0|C|C|0[0|=|C|0|C|C|0|C|C|0|=|C |0 |0[0]0|C|C|0|C
cligi=llelidieliclelelieli =l elielel ekl el eedied el el el edle)

el iticlicl i=liclicliadicl =) el i=liet i=ti=li=h (et il (=hiedied el el =t =l =ll=)

|
[

Cron01Bl, COOTBETCTBYIOIINE HCXOAHOMY ITyHKTY
rckiovyaeM. [ HarjasgHOCTH OHU OBLIH BBIJICICHBI

KCIJITBIM OBCTOM,

y4acTBOBaTh B ypaBHUBaHHH. CIEAYIONIUM STaroM

IIOCKOJIBKY ~ OHM

He OymyT

BBIYHUCIIICM

[17-24, 35-38].

TPaHCIIOHUPOBAaHHYO

MaTpuIa

A

Hanee eruncnsiem AT A, ee pasmep Oyaer 12*12..

matpwui [7].

B Tabmumne Ne 4 mpencraBiieHO MPOW3BENEHUE IBYX
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Tabnuua 4
IIpousBenenue 2x MaTpuil
<4 O O -1 O O -1 O O -1 O O
O e O O -1 O O -1 O O -1 O
O O 4 O O -1 O O -1 O O -1
-1 O O 4 O O -2 O O -1 O O
O -1 O O <} O O -2 O O -1 O
O O -1 O O <} O O -2 O O -1
-1 O O -2 O O 5 O O -1 O O
O -1 O O -2 O O = O O -1 O
O [0 ] -1 O O -2 O O S5 O O -1
-1 O O -1 O O -1 O O <4 O O
O -1 O O -1 O O -1 O O < O
O O -1 O O -1 O O -1 O O <}
Haiins IIPOU3BENCHUE MaTpHil HaxO0JIUM
00paTHYIO MaTpHILy.
Tabmuna 5
(ATA)!
0.5 ) o| 0.3 O O 0_3 O ol 0.3 O O
o| o_s O o| 0.3 O Oo| 0_3 O ol o_3 O
O o| o_s O o| 0.3 O O 0.3 O o| 0.3
0_3 O o| o.6 O 0| 0.4 O o| 0.3 O O
o| o_3 O o| o.6 O 0| 0.4 O ol o_3 O
O o| o_3 O o| o.6 O 0| 0.4 O o| 0.3
0_3 O o| o.a O O O_5 O o| 0.3 O O
o| O3 o o O.4 o O| O_5 (8} o| O3 o
(8} o| O3 o o| o4 o 0| O_.5 o o| O3
0.3 O o| o_3 O O O_3 s} o| o_s O O
o| o_3 O o| 0.3 O Oo| 0_3 O o| o_s O
O o| o_3 O o| 0.3 O O 0.3 O o| o_5
[oxcunTaB OOpaTHYIO MaTpHIly TPUCTyIaeM K IMoacuura  cromber; d  mpucrtymaem K

noyicuery Bekropa L.
Brraucisiem Bextop L mo gpopmyre 1:

Lij = (Xoj - Xoi) - Dxij 1)

Paccunras BexTop L mpuctymnaem k onpeneneHuio
BeKkTopa d, UCronb3ys Gpopmyiy:

d=(ATA)*(- ATL) (2)

OIIPEAEIICHHIO TONPABOK K NMPHUPALIEHUSIM KOOPIUHAT.
Hust aToro cymectByer ¢popmyna: V = Ad + L (45)
Ha  pucynke 17  nmpuBeseHbl — JaHHbBIE,
UCTIONB3YEMble  JUIS  HAaXOXJICHHS  HpHUpaleHuH
KoopauHaT. Tarke BBIUHMCISAIOTCS M HCIPaBIICHHBIE
MIpUpAIICHUs KOOPAUHAT 10 Gopmyiie (46):

dX ucp =dX +V (46).



.|
[EESY] |

gt Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12(64), 2020 15
Ad v V TpaHcIT
0.000 0.000 vX vY vZ
0,002 0,002 0,000 0,002 0,002
0.002 0.002 0.000 0.000 -0.001
0.000 0.000 0.001 -0.001 0.000
0.000 0.000 -0,001 -0,001 -0,002
-0,001 -0.001 0,000 0,001 -0.001
0.001 0.001 0.000 0.002 -0.001
-0,001 -0,0009 -0.001 -0,003 -0,002
0,000 0,000 0,002 -0,001 -0,002
-0.001 -0.001 -0.001 0.000 0.001
-0.001 -0.001 0.001 0.002 -0.001
-0,002 -0,002
0.001 0.000
-0.004 0.001
-0.001 -0.001 HCIIpaBlISHHBIE IIPHPAIleHIsT
-0.001 0.000 dx dy dz
0,003 0,002 95816,760 -31035,906 -39067.093
0,002 -0,001 17326.471 -111154,870  34626.,293
0.000 -0.001 -81036.977 41402.923 25193952
0.004 -0.003 -19489._859 101213.969 -31875.716
0,004 -0,002 -78490,288 -80118,966  73693.388
0,000 0,002 176853,737 -72438,829 -64261,045
0.000 -0.001 115306618 -132249 874 -7191.377
0.001 -0.002 98363.449 -152557.794 9432 343
0.001 -0,001 36816.330 -212368,840 66502.011
0,000 0,000 -61547,119 -59811.,045  57069,667
0.003 0.001
0.001 0.001
0,001 0,002
0.001 -0.001
Pucynox 3
YpaBHI/IBaHI/Ie CITYTHHUKOBBIX JaHHBIX C 2. I/IMHOpT CBhIPBIX HAaHHBIX, TOJYYCHHBIX CO

NpUMEHEHHEeM TporpaMMHoro obecreuenus Trimble
Business Centre

Trimble Business Centre (TBC) — nporpammHuoe
obecrieyeHne, TMpegHa3sHAYCHHOE Ui 00paboTKH
T€0/Ie3MIECKHX JTaHHBIX.

B nannoe I10 MOXXHO MMIIOPTHPOBATH JAaHHBIE C

AIIEKTPOHHBIX TaXeOMETPOB, HHUBEJIHMPOB u
CITyTHUKOBBIX ITPUEMHHUKOB.

O06paboTka JTAaHHBIX co CITy THHUKOBBIX
NPHEMHUKOB

[porpammusnii  xomiuiekc TBC  mo3Bomser
UMIIOPTHPOBATh Pe3yJIbTATHI U3MEpeHUit c

npueMHUKOB komnanuu Trimble, a taxke B Gopmare
RINEX. Takke MOXXHO TNPOBEPHUTH INAHHBIE U TPH
HEOOXOIUMOCTH HCIIPABUTH HX.

[Topsimokx paboTHI B TaHHOH cHCTEME.

1. Co3pmanme npoexra B TBC u Be1OOp 1mrabnona
metric.

CITyTHUKOBOTO TpHeMHHMKa WiH quddepeHnnanrsHoi

CCTHU.

3. Crnenyromuii MyHKT — 00paboTka 0a30BBIX
muHui. [Iponiecc o6paboTku oToOpaxkeH Ha puc 4. Ilo
THUITy pEIIeHHs] MPUHITO BBLACIATH CIEAYIOUINE TPU

BHUOA:

OUKCHPOBAHHOE pelIeHHe — Korjga obpaboTka
npoucxoaut B gocryne mo CKO

IInaBaromue pelmeHue — KOrZla HEMHOIO
MIPEBOCXOUT JAOIMYCTUMOE

Pemrenne He HaiimeHo — 00paboTka 0a30BoM
JMHUM ~ 3HAYUTENILHO IPEBOCXOAUT JIOMYCK  TI0
TOYHOCTH.

Tarke Ha pHcyHKe 4 B TOCIETHEM CTOJNOIE
oToOpaxkaeTcs JUIMHA BEKTOPOB. PaccrosHue Mexay

ITYHKTaMH:

MunumasbHoOE:

MakcumainbsHoe: 225,562 k.

94,424

KM.
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. ObpaboTka 6azoBbIX MHMIA O X
PeayneTatel 06paboTku

Coxp‘ Wamepenne ‘ Tun pewenmna | ToyH. B nnaHe (95%) ‘ TouH. no BeicoTe (95%) ‘ CKO | Hnvna ‘

3 IV_ DMTR — PZAL DuKCHpoBaH 0,004 0,009 0,012 94424199

b IV_ DMTR — RUZA DuKcHpoBaH 0,005 0,010 0,013 108029,236

: [v/ DMTR —ORZU DuKcHpoBaH 0,005 0,010 0,014 107889,684
[v/ DMTR —TVER DukcuposaH 0,005 0,011 0,012 117705,534

: [v] DMTR —PZAL DuUKcHpoBaH 0,004 0,009 0,012 94424199 Otuer
[v| DMTR —RUZA DuUKcHpoBaH 0,005 0,011 0,013 108029,237

_ ¥ DMTR—ORZU Pukcuposan 0,005 0,011 0,014 107839683
|~7 DMTR — TVER DUKCHPOBaH 0,005 0,011 0,013 117705,533

I IV_ DMTR — PZAL DUKCHPOBaH 0,004 0,009 0,013 94424 199

b IV_ DMTR — RUZA DUKCHPOBaH 0,005 0,010 0,015 108029,237

D IV_ DMTR —ORZU DuKcHpoBaH 0,005 0,010 0,014 107889,684

b [v/ DMTR —TVER DuKcHpoBaH 0,005 0,011 0,012 117705,535

D v/ ORZU-—PZAL DuKcHpoBaH 0,004 0,010 0,014 103064,806

b v/ RUZA —TVER DuUKcHpoBaH 0,006 0,013 0,013 134203,156

D V| PZAL—TVER DuUKcHpoBaH 0,007 0,014 0,015 181764,192

I IV_ PZAL —RUZA DuUKcHpoBaH 0,007 0,014 0,020 201628,641

I [v7 ORZU—RUZA DUKCHPOBaH 0,007 0,014 0,019 175605,703

I |~7 ORZU — TVER DUKCHPOBaH 0,007 0,014 0,019 225562,599

D IV_ ORZU — PZAL DUKCHPOBaH 0,004 0,010 0,014 103064,806

b |v_ RUZA — TVER DuKcHpoBaH 0,006 0,013 0,015 134203,159

D v PZAL —RUZA DuKcHpoBaH 0,007 0,014 0,020 201628,642

b v PZAL —TVER DuKcHpoBaH 0,007 0,014 0,019 181764,189

D [¥v| ORZU —RUZA PUKCHpoBaH 0,007 0,014 0,018 175605,702

b [v| ORZU —TVER DuUKcHpoBaH 0,007 0,014 0,023 225562,597

I v ORzU—PZAL DuUKcHpoBaH 0,004 0,010 0,014 103064,807

I V' RUZA —TVER DUKCHPOBaH 0,006 0,012 0,015 134203,160

I |~7 PZAL —TVER DUKCHPOBaH 0,007 0,014 0,016 181764,183

I IV_ ORZU — RUZA DUKCHPOBaH 0,007 0,014 0,020 175605,702

D IV_ PZAL —RUZA DuKcHpoBaH 0,007 0,014 0,019 201628,642

b [v7 ORZU —TVER DuKcHpoBaH 0,007 0,014 0,021 225562,601

HaxmuTe <CoxpaHuTb>, 4TOGbl COXpaHNUTE pe3ynbTaTsl obpatoTku.

30 u3MepeHnii BbIGPaHb! LLNA COXPaHEeHMs

Pucynok 4 - Obpabomxa 6azosvix uHull

[Tocne 06paboTku 0a30BBIX JIMHUIM NPOUCXOAUT
npouecc ypaBHuBaHMsS ceTH. Ha puc 5 npuBenen
¢parmenr wmenro TBC.Komanma «ypaBHHBaHHE»
Haxomurcss B pasjene Ieoxesudeckue. B nanHoM
IIYHKTE MEHIO HaXOJHTCS JBE KOMAH/Ib! YpaBHUBAHHS:

1.1. YpaBHuBaHME XOJa TpenHa3HAu€HO IJIs
Ha3eMHOH CBHEMKH: HHBEIHPHOTO XOJa, JIMOO
TEOIOIUTHO-BBICOTHOTO (TaXEOMETPHIECKOT0) X0aa

1.2. YpaBHUBaHUE CETU MNpPEAHA3HAUYECHO IS
00paboTkH JIAHHBIX CITyTHUKOBOM CBEMKHU
(cTlyTHUKOBOH CceTH)

OnTika

Ypasnnsanue cem

@ Besepgenue B Trimble Business Center

MpouseeanTe ypastmsanue cooei
cerut obpaBoTannsix Bazosoi nuHMiL ~
SaTen MoXHO NPOBEPATE AmMMNCE!
OWIMBOK 1 APYTHE PESYALTATE AR
yayuwenus

Pucynox 5 - Ypasnueanue ¢ TBC

Ha puc 6 mnpuBeneHO MEHIO, CBA3aHHOE C
YPaBHHMBAaHHEM CETH, MOCTPOECHHOHM C NpHMEHEHHEM
CIlyTHUKOBBIX ~ IpUEMHUKOB. Ilpu  oTcyrcTBUM
OTIOPHBIX TOYEK B TabimIe, N300paXEHHON HA PHCYHKE
10 OyayT mycThIe CTPOKH;

2 — ypaBHHBaHHE MO IUIAHOBOMY IIOJIOKEHHUIO
TOYEK
h — YpaBHuBaHue 10 BEICOTHOMY ITOJIOKEHUIO
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Pe3ynbTaThl ypaBHHBAaHUS MOKHO IIOCMOTPEThH B

FPEBHHBEIHHE CeTu

i o oI

PUKcaUMN HasHayeHWe BecoB

OnopHele KoopA.

3 x

MmA Touk Tun 2| h|e
={¢ DMTR rnobaneH v v i

Pucynox 6 — ¢hpacmenm menio uz ypasnusanus cemu

muddepernnansaoit cetn EFTCORS. B Tabmmme 6

oT4eTe M0 YPaBHUBAHUIO. MPUBEICHb KOOPAWHATHI CTAHIMHA, Ha KOTOPBIX
B kauecTBe MCXOIHBIX MAaHHBIX HCHOJB30BAJHCh  MPOBOIIIIACH CHEMKA.
JMaHHbIC CIYTHUKOBBIX HAOJIOJCHUI, B3STHIE C
Tabnuia 6
KoopanHATBI IYHKTOB CETH — «ChIPbI€ TAHHBIE)
Ne X Yy Z
DMTR 2811450,988 2158239,108 5285093,057
ORZU 2791961,105 2259453,076 5253217,309
PZAL 2730413,996 2199642,027 5310286,975
RUZA 2907267,745 2127203,201 5246025,953
TVER 2828777,46 2047084,231 5319719,347
Brermonnsist mpocTenme MaTeMaTH4eckue  mporpammHoro obOecmedenuss 1BC. Pesymbrathr
npeoOpa3oBaHusl MOJIy4aeM YCPCAHCHHBIC 3HAUCHHUS  MPHUBEICHBI B TAOIUIIC 7.
OIHI/I6OK, HOHy‘IeHHLIX C HCIIOJIB30BAHUCM
Tabnuna 7.
Pe3yabTaThl MaTeMaTH4YeCKO#i 00paboTKH.
t AX, M AY, M AZ,m
1 0,006 0,005 0,01
2 0,004 0,003 0,007
3 0,003 0,003 0,005
4 0,003 0,003 0,005
5 0,003 0,002 0,005
8 0,002 0,002 0,004
8 0,005 0,004 0,008
10 0,002 0,002 0,003
Brinonnus MaTeMaTHIECKYIO 00paboTky
MPUCTYIAeM K OIIEHKE TOYHOCTH
Tabmuma 8
CBoJHasI 10 Pe3yJIbTATAM BbIYMCJIEHHUSI A0COTIOTHBIX OLIH00K
o hopmyie
t AX, M AY, M AZ, M
1 0,014 0,007 0,025
2 0,017 0,008 0,029
3 0,015 0,007 0,018
4 0,008 0,005 0,009
5 0,004 0,003 0,007
6 0,004 0,003 0,007
8 0,004 0,003 0,007
10 0,004 0,003 0,007
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IlpuBenem panHbie W3 Tabmun 6,7,8 B OnIHY
001ryro — Tabnuiry 9.

Tabmnuma 9
O11eHKA TOYHOCTH reoIe3n4eCKNX JaHHBIX
no TBC MCTUHHLIE no ¢bopmyne
t AX,m | AY, m | AZ,m | AX,m | AY, m | AZ,m | AX,m | AY, m | AZ, m
1 {0,006 |0,005| 001| 001|0,007| 0,019 | 0,014 | 0,007 0,025
2 | 0,004 | 0,003 | 0,007 | 0,01|0,005| 0,017 | 0,017 | 0,008 0,029
3| 0,003 | 0,003 | 0,005 | 0,009 | 0,004 | 0,010,015 | 0,007 0,018
4 | 0,003 | 0,003 | 0,005 | 0,003 | 0,004 | 0,004 | 0,008 | 0,005 0,009
5| 0,003 | 0,002 | 0,005 | 0,003 | 0,002 | 0,005 | 0,004 | 0,003 0,007
6 | 0,002 | 0,002 | 0,004 | 0,002 | 0,001 | 0,004 | 0,004 | 0,003 0,007
8 | 0,005 | 0,004 | 0,008 | 0,002 | 0,002 | 0,004 | 0,004 | 0,003 0,007
10 | 0,002 | 0,002 | 0,003 | 0,002 | 0,002 | 0,004 | 0,004 | 0,003 0,007
CpaBHHBaHUS PE3yJIbTAThI, MOJYYCHHBIC TyTEM
HAXOXKICHUS TPEMs Pa3HBIMHU CIIOCOOAMH, IPUXOAUM K Jluteparypa
BBIBOJY, YTO 3HAUEHHUS JOBOJIbHO CHJIBHO pPa3HATCS. 1. KympusinoB A.O. IludpoBoe MomenupoBaHue
PaccmarpuBas tabnuiy 70, IpUXOJUM K BBIBOJY, YTO  JKEJIE3HOJOpOKHOro nytu //  OOpasoBarenbHbIe

TBC naér HecKONBKO 3aBbILICHHBIE TPeOOBaHMS, IO

CpaBHEHUIO c HCTHHHBIMH a0COIIFOTHBIMHU
MOTPEIIHOCTSIMHU.
3akJjiouenue
B cratee ObBUIM PAacCMOTPEHBI pa3JIMYHBIC

MOIXOABl K YpaBHUBAaHHIO JaHHBIX, IONyYCHHBIX B
pe3yJibTare CILyTHUKOBOI'O IO3UIMOHUPOBAHUS.
O6paboTka MPOU3BOWIACH PA3TUIHBIMU MOIX0/IaMU:
IPH HCIOJB30BAHUU NPOTPAMMHOTO OOECIEeUeHHS U
KJIACCHMYECKOT0 METOJ]a YPaBHUBAHUS I'€0/IE3UUECKHX
JAaHHBIX. AHaanpyﬂ TMOJIYYCHHBIC MTOIPaBKU, MOXXHO
YBUACTHb, 4YTO YPABHCHHBLIC JAaHHBIC IIOJYyYarOTCA
JIOBOJIEHO TOYHBIMH BIDIOTH 710 0,9 MM, B CBSI3H C 4eM
MOXXHO  MpPEIINONOXKHTh, YTO  JaHHBIA  METOJ
MOJy4YaeTcss ONHHUM W3 TOYHBIX B HAaXOXKICHUH
STAJIOHHBIX KOOpIWHAT. Tarkke ONHUM W3 BHIBOAOB
MOXET CIYXHUTb TOT (PaKT, YTO COBPEMCHHOE
mporpaMMHOE — obOecriedeHne  Ma€T  3aHIDKCHHEIC
pe3ysbTaThl, YeM CYLIECTBYIOT Ha caMoM Jejie.
Hanmetocs, uro OyayT Takue  IporpaMMHBIE
obecrieueHnsi, KOTOpble OyIyT JlaBaTh JIOCTOBEPHBIE
pe3yIbTaTHL

pecypcsl u Texnonoruu. — 2016. - 3 (15). —¢.104-114.

2. leerkoB B.A., Illnanak B.B. CoBpemeHHbIE
METOJBI TMONYYCHHS Teofe3nmdecKod mHpopMmanuu. //
Wmxenepusre u3sickanus. -2013. - Ne 4. - ¢.14-17.

3. MasnoB A.M. Ludpooe momemupoBaHme
MIPOCTPAHCTBEHHBIX 00BEKTOB// CraBSHCKHUIT (opyM,
2015. - 4(10) — c.275-282.

4. T'ocionuHoB C.I'. 'eonesnueckoe obecreueHune
mudpoBoro mozenuposanust //  OOpaszoBaresbHbIE
pecypebl u TexHosorud. — 2016. - Ned (16). — ¢.121—

5. Makapos C.O. CpaBHHUTETbHBIE OIICHKH
KauyecTBa OINpEJeNieHNs] KaJacTPOBBIX TpaHUI] Ha
OCHOBE Pa3IMIHBIX METO/IOM n3MepeHuit//
Crnassackuit @opym, 2018, Ne2(20). C. 197-200.

6. TuxonoB A.Jl., Knuarosa M1.M. O630p cereit
MTOCTOSTHHO JIeHCTBYIOMKX 0a30BBIX cTaHUWH/Mup
mmeperuit. — 2019 - Nel — C. 26-28.

7. Mapreiuesckas W.C., TuxonoB A.Jl.
CpaBHeHHE pa3JIMYHBIX CIIOCOOOB  YpPaBHUBAHUS
TeOJIe3UYECKUX CETEH, IOCTPOCHHBIX CIIyTHUKOBOM
anmapatypoii // Cnasstuckuit popym. — 2018. - Ne3(21).
C.26-28
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PYIBUKO-MATEMATUMECKME HAYKU

YAK 519.21

Anuee T. M.

KaHouoam u3uxo-mamemamuyeckux HayK, OOyeHm
Hnemumym Cucmem Ynpaenenus HAHA

baxwues I111.5.

KAHOUOAm mexHu4ecKux Hayx

Hnemumym Cucmem Ynpaenenus HAHA

Jcaoues. K.M.

Beoywuii cneyuanucm no obecneuenuio npozpamm, dokmopanm
Hucmumyma Cucmem Ynpasnenus HAHA,

Texuonoeus /J[H

HUHTEI'PAJIBHBIE ®YHKIIMOHAJIBI OT BETBAIIUXCS ITPOLECCOB

Pe3tome. PaccmatpuBaeTcsi MapKOBCKHI BETBALIUICS MpoLece X, t = 0, ONMCHIBAIOLINI SBOJIIOLIMIO OJHOTO
TUTIA YacTHUI] U C 3aJlaHHBIMH JIOKAJbHBIMH TEPEXOJHBIMH BEPOSTHOCTSAMHU. 3ajJaBasi IOCIIEI0BATEIBLHOCTD
HE3aBUCHMBIX CIyYalHBIX MPOIECCOB BBOAUTCS MHTETPANbHBIN (PYHKIHOHAT YV, t = 0, BRIpaKSHHBIA Yepe3 3TH
MIPOIIECCHI.

W3yuenne MapkoBCKoro mporecca {X;, V:}, t = 0, OIHOPOJHOrO MO BTOPOW KOMIIOHEHTE CBOAUTCS K
M3YYEHHIO CaMOT0 BETBsIIerocs npoiecca Xy, t = 0,

Kutouesvie cnosa: 00nopooHocme no 6mopoti KOMROHeHMme, 8eMEAWULICA NPOYeCcc, De3ePAHUYHO OenUMblil
3AKOH, C8epmKa NPouU3800aujelt YyHKyuu.

1.BBenenne ONHOPOAHBIM BO BPEMEHH MPOIECCOM, a IIpH
IMycts  x,,t =0 wmapkoBckuii BerBsmmiicst  k, 7 = 0 {py,(t,s)} sBusercs ero NepPexXOAHBIMH
HPOLIECC, OMHCHIBAIONIMII JBOJIIOLHMIO OJHOTO THHA  BEPOSTHOCTSIMH, TO Ipu A — 0
gactul. Ecim x,,t = 0 momMHMO 3TOro sBISseTCS

UMy (£,€ + 4) = Sy + ey 112 (D4 + 0(4), )

rie Sier -CHMBOJT Kponekepa "
Ao(t) =20, 4,(t) <0, k =1 HekoTOpBIC 3aJaHHBIC
(YHKIMH OT apaMeTpa t u
Z A (6) = 0.
k=0

Hapsany ¢ x;,t = 0 3agaHa nocinenoBaTeIbHOCTD
CIIy4aiHbIi IIPOLIECCOB

0<&(),¢(¢,0),E(,1),...

co 3Hauenusimu B E = [0,0). Ecim &(t),t =0 wu3BecTHO w©3 O0OwmIEH TEOPUHM  MPOLECCOB  C
Impouecc € HE3aBUCHMbBIMU TMPUPANICHUAMHU, TO Kak HE3aBUCUMBIMHU TPpUPAMICHUAMU

t

M exp{—zE(t)} = exp {f u(u, z)du},

rne p(u,z), z =0 wu3BecTHas HUHTErpUpyemas Paccmorpum dyHKIMOHAT
byHKITHS

t

t
yi = jo dE(uxy) + jo £t Xusa — X + 1)t

Torma mnpouecc  {x;y;}, t =0, sBusercs kommoHeHnte [1]. Ilpu 3TOM BTOpas KOMIIOHEHTa He
MapKOBCKHAM MPOIIECCOM, OJHOPOIHBIM IO BTOPOH  SABISETCSA AUCKPETHOIL.
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Teopust BeTBAIIUXCS CIyYailHBIX IIPOLIECCOB
MOJTHOCTBIO M3JI0kKEHA B (PyHIaMEHTalIbHBIX paboTax
[2] u [3]. o cnenam 3TUX pabOT TH MPOLECCHI OBLIH
W3yYeHbl C PAa3IMYHBIX TOYCK 3peHms. Tak,
MpeJIeIbHBIC TCOPEMBI i ACHMIITOTUYECKUC TIOBSICHUS
BETBSIIUXCS MPOLIECCOB OBLTU U3yUYCHBI B MOHOTpadhuu
[4] u B pabore [5]. IlToMuMO 3TOTO C TPAKTHUECKOM
TOYKA 3pCHHS AaIJUTHBHBICE (YHKIHOHAJBl OT
BETBSIINXCS MPOIIECCOB UMEIOT 0CO00e 3HAUCHHE.

B »srom mmame B pabore [6] wmccrexyercs
BETBSIIMICS TIpOLECC C OJHWM THIIOM YacCTHII,
MPEBpaIeHUsT KOTOPBIX MOTYT 3aBHCETh OT WX
Bo3pacta. [Ipu 3TOM Kakaast YacTHIla B TCUCHHUE BCETO
BpEMEHU CBOETO CYyIIICCTBOBAHUS 3aHsATa
MPOU3BOJICTBOM HEKOTOPOTO MpoaykTa. Torma kaxmaoi
YacTHUIIC OTBEUACT HEKOTOPBIN CIy4YaiHBIH mporecc
&, t =0, (Komm4ecTBO MPOAYKTA) MPOU3BEICHHOTO
OmHOW wdacTHIed 3a BpeMs e€ CyIIeCTBOBaHUS.
[Ipeamnonaraercs, 4YTO TpaeKTOpuUM Tpolecca &, He
UMEIOT pa3pbIBOB BTOPOTO poJia M YTO MPOIECCHI
&, t € (0,7], oTBewaromue pa3NUYHBIM YaCTHUIIAM,
HE3aBUCHMBI U OJJUHAKOBO PACIIPEICIICHBI.

CunTtaeTcs, YTO ¢ BEPOSITHOCTHIO | BpeMsl JKU3HU
onmHoi wactuisl T > 0.. OOBEKTOM H3Y4YEeHHS aBTOpa
pabothl [6] sBisICS cimydaitHbIi mpomecc {p, t > 0,
KOTOPBIi MOXHO ONPEACINTh KAk CyMMapHOE
KOJIMYECTBO  MPOAYKTa,  HAKOIUICHHOTO  BCel
nomyisinued 3a Bpems t. IloBenenue mporecca
{;, t =0, zaBucur or camoro &, t € (0,7] .Tak,

Ecnu x; KoMM4ecTBO YacTHI] B paccMaTpUBaeMOM
BETBSAIIEMCS IIpoliecce B MOMEHT BpeMeHu t = 0, To
JOBYMEpHBI  ciy4aiiHblii  mpouece  {x; {;}, t =0
SIBJISIETCSI OCHOBHBIM JUTSI U3yUEHHSI aCHMITOTUYECKOTO
noBeneHuss mpounecca  {p, £ > 0. A HMEHHoO,
yCTaHABIMBACTCA , 4YTO IpeleibHas BeIMYHHA
n = lim {, cymectByer no4yru HaBepHoe. OHA KOHEYHA
TOT'JIa ¥ TOJIBKO TOTJa, Korja x; = 0,

Crenyss [6] w mOmOOHBIX pabOT aJqUTHBHBIC
(YHKIMOHAJBI OT BETBSIIUXCS MPOLECCOB OBUIH
U3y4YeHBbI ¥ B paborax [7] u [8].

B omnnune oT Ha3BaHHBIX PabOT, B HACTOSILEH
pabore Hapsay ¢ 3aJaHHBIM MapKOBCKUM BETBSIIIIMCS
mponeccoM X, t = 0 BBOAWTCSA TakWe MHTETPAIbHBIC
¢yHKuuoHansl ¥y, t = 0, uto {x;,y,}, t =0

CTaHOBHTCS MapKOBCKHM TIPOLIECCOM,
OJIHOPOJHBIM IT0 BTOPO KOMIIOHEHTE.

IIpy 3TOM OCHOBHBIM (HAaKTOPOM  SIBIISICTCS
3a1aHKe HOCIICJOBATEILHOCTH HE3aBUCHMBIX
CITyYaifHBbIi HPOILIECCOB, 00eCIeUYNBAIOIINX
OJTHOPOJHOCTh [0 BTOPOW KOMIIOHEHTE IIpoliecca
{xe, ¥}, t20.

2.0CHOBHBIE Pe3yJbTAThI

IMokaxkeM, YTO W3ydYeHHe Tmporecca {X;, Vi),

t = 0 cBoauTCs K M3y4eHHUIo npouecca xX¢, t = 0,

BBenem

p,(;)(t. s) = M(e—Z(ys—J’t),xs =r/x, = k), z=20,

OueBHIHO, YTO ), p,((i)(t, s)<1 z=0.

Harpumep, ecinu & =1 t € (0,7], To{; ecth oOuiee CocrosiHMsAMM TIpouiecca Xy, t = 0, sBisercs
YUCJIO YacTHIl, CYIICCTBOBABIIMX B BCTBAIICMCS COCTOSHUS 0,1,...,00 } , @ «O0) TMorjoniaromee
npotiecce Ha uHTepBalie Bpemenu [0, t) ero sBosrolu.  COCTOSTHHUE.
Corunacho (1) nmeem, 9To
(2) — (2)
Py (Gt +A) =8 + kA, (D)A + 0(4), )

rue /152_),( )
A2() = 4,(6) + u(t, 2) < 0, nockonsky

OIPCACIIAIOTCA TakK

M) <0, utz)<0

A2 = () - e (t,2) =0, k=0.

W (t,2) = Me (00

Torna Afcz)(t) — /152) (t) BepoSITHOCTH TOTO, YTO B
MOMEHT THOEITH YaCTHIIA MTOPOXKIAET kK JacTUIly

O603HaYNM

PP(t,5,0) = Z p@(t,s)07 0] <1

r=0

o onpenenenuo ACHO, 4TO Pk(z) (t, s, 0) aBusercs
K-Oi CBEPTKOH MPOM3BOSIIECH (YHKIIUH P(Z)(t, 5,0),
T.€.

k
PP(t,5,0) = [PP(t,5,0)] ,

a P(Z)(t, S,0) ynOBIETBOpSIET ypaBHEHHIO IIPH
t<s
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9P (t,5,0) @ p@
TR = a0, PP (t,5,0)), 16011, ©)

a dpynxmus A (t, §) onpenensercs kax
A9 (t,0) = Y2, AP (1)6% |6] < 1 ()

3aMeTHM, YTO Ul CYLIECTBOBAaHMS pEIICHHS Ecmm x;, t = 0, BerBsmwmiics npouecc, To
ypaBHeHHs (3) HEOOXOAMMO CXOAMMOCTB psima  mpomecca {X;,V:}, t = 0 x; < co,u MBI UMeeM, UYTO

Lic=o kA (Opie(t, 2) .
X5 p Z(Ve=Ys). _ (2) Xt
M(Q se?Wt™Vs) x . < 00) = M(P (t,s,B))
U3 (4) MOXXHO YCTaHOBUTB, YTO

1@ (t, 9) — A§Z) (t) _ /152) (t)9n+1

u
PP (5,0 i
% = —a(t,2)P@(t,5,0) + b(t, D)[PD(t,5,0)]"

Torma sicHO, uto {X;¥:}, t =20 sBIsAercs Beenem obo3HaueHus

06e3rpaHUvHO AETUMBIM 3aKOHOM [9].

[oe]

A9, 0) = Z AP @)oY, uets]

J=0
a,(0,2) = pu(s +t —u,2) + A0 (s + t —u, PO(t,s + t —u,0)) —
AP(s +t —u, PO(t,s + t —u,0))

CormacHo Teopuu  OE3rpaHUYHO  JEITMMBIX Beenem 0003HaueHUS
3aKOHOB MMeeM, 4TO A, (8, Z) - SBISAETCS KyMYJISITHOR

HEKOTOpPOTO 663FpaHI/I‘IHO JCIIUMOT'O 3aKOHAa.

Cu=A(s+t—uw),
dy(2) = po(s +t —u,2),
l,=—A(+t—uP(ts+t—ul)).

BemnunHa ¢, XxapaktepuszyeT HHTEHCHBHOCTh ITo noctpoennto a, (6,z) sBasieTcss KyMYJISITHON
rHOeNIN YaCTHIIBL. 3aKOHa «a,, U = 0, xKoTOpoil sBIsIeTcsT OE3rpaHUIHO
Ha ortpeske [t,s] 3amaguM  crleaylomue — JeTUMBIM, 4 @0 M QL ONPEAeNsIoTCs TaK:
= (ad o)

u

MO o—zah — exp {J a, (8, z)du}
¢

20y = {0, B},
Me~2Bi = d,(2), u=t

3% y,u=>0 uemp MapkoBa ¢ (asoBBIM  HMMeeT Ha OTpe3Ke [u, U + A] JOKalbHbIE TIEPEXOIHBIE
npocrpancteom {0,1,...w} mnpuuem y, =0 . OHa  BEpPOATHOCTH

p k:1-1,A4+0(4)
k-><k+1:c,A+0(4)
w: (L, — ¢ )4+ 0(4)
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4 {a): 1—-c,4+0(4)
©00: ¢ d + 0(4)
OueBupHO, 4YTO Lemb Y, u =0 daBusgercsa Torna

peryisipHoii [2].

Yu= {
TOXKe OyIeT MapKOBCKOH HEIIBIO.
Hrak nmeeM Takoil pe3ysbrar:

Uy =W
0,y, #w

IlycTs

vy = sgp{ﬁ < U Y940 — Vo—-o * 0}

SIcHO, 4TO V;;, MOMEHT MOCJEHETO CKaUKa IIeTH Y
MpeIuIecTBYIOIUHN Iepes U,

IMoctpoum  mpomecc &, ¢
BMEIIATENECTBOM CITydast TAKM 00pa3oM

JAUCKPETHBIM

&y = {53' 511} = (Bvu +a, — avu)a{yu = 0} + wa{)?u = w} (5)

rae W -CHMBOJI, XapaKTepU3YIOINi
JOTIOTHUTENBHYI0 TOYKY (ha30BOrO IPOCTPAHCTBA.
®Da30B0oe NPOCTPAHCTBO MPOLIECCA &

& €{01,...} X EU{w}.

B (5) o{y,, = w} yxa3biBaeT HUHAUKATOP COOBITHS
{Vu = w}. ScHo, uTo €, 3aBUCHT OT ¥, u = 0,

Ecmu &, = (1,0), To

M(0% e g, # w) = PA(t,5,6)

Ecmu 15(t) = 0, 0

Plxs =k, y — s €A/x; = 1} = P{7s = 0/7, = 0}P{a — af = k — 1/as — a; € A}.

Takum 00pa3oM, IO HW3BECTHBIM YCIOBHBIM
BEPOSITHOCTSAM ~ OE3rpaHMYHO  JICIUMOTO  3aKOHa
a,Uu€E(t,s] m umemm ¥, u=0 MOKHO HaWTH
pacmpezenenune mpouecca {x;,y:}, t =0, u Tem
CaMbIM pacrpejieieHHe CaMOTr0 BETBSIIETOCS TPoIecca
X, t = 0.
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THE METHODS OF MULTI-SITE DETECTION OF THE SOURCE OF ACOUSTIC NOISE BY
INCOMPLETE AND NOISY DATA
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METOAbI MHOT'OITIOJIOCHOI'O OBHAPYKEHUA UCTOYHUKA AKYCTHUYECKOI'O IIYMA
IO HENTOJIHBIM 1 ITYMOBBIM JAHHBIM

Summary. The methods of detection of acoustic noise signals generated at the expiration of a fluid through
a defect of a pipeline under pressure. The fundamental difference of this method is to refine the model of useful
and interfering signals, such as data loss and noise. The results of theoretical analysis of the detection method and
the coordinate measuring acoustic source are represented. For efficient detection and location of breaks in pipelines
under the ground or under water, has developed a computerized system for remote detection methods with multi
site tomographic detection on incomplete and noisy data. The detector-meter circuit, and results of the qualitative
analysis of the time characteristics are shown.

AHHOTanus. MeToabl OOHApYKEHHS CUTHAJIOB aKyCTHUECKOTO IIyMa, BO3HHMKAIOUIMX IPHU HCTCUYCHHHU
JKHUJIKOCTH depe3 eeKT TpyOonpoBoia 1o/ JaBjieHueM. [IpuHIMITHanbHOE OTIIMYNE ITOTO METO/1a 3aKITI0UaeTCs
B YTOYHCHHHU MOJCIIH MOJIC3HBIX W MCEHIAIOIIUX CUTHAJIOB, TAKUX KaK MOTEPS AAaHHBIX W IIYyM. HpI/IBeI[eHLI
PE3yJbTAaThl TCOPETUYCCKOI'O aHaJIn3a METOAa 06Hapy>I(€HI/I$I 1 KOOPAUHATHO-U3MEPUTCIIbHOTO UCTOYHHKA 3BYKaA.
Just apexTrBHOrO OOHAPY)KEHHS U JIOKAJIM3aLUK Pa3pbIBOB TPYOOIPOBOJIOB 10| 3eMJIel WIIN 110/ BOJIOH Obliia
pa3pa60TaHa KOMIBIOTEPU3UPOBAHHAA CUCTEMA MJIA YAAJICHHBIX METOJ0B 06Hapy>KeHI/I${ C MHOI'OTOYCYHBIM
TOMOl"pa(bI/I‘leCKI/IM O6Hapy)KGHI/ICM HCHOJIHBIX W 3alllyMJICHHBIX HaHHBIX. HpI/IBeILeHa cXeMa HACTCKTOopa-
HU3MEPUTEIIA U PE3YJIbTAThl KAYECTBECHHOTI'O aHAJIN3a BPEMCEHHBIX XaPAKTCPUCTHUK.

Keywords: segment-fanned Radon transformations, tomographic signal processing.

Kniouegvle crnosa: ceemenmuo-eeephoe npeobpazosanus Padona, momocpaguuecxas oopabomxa cueHanos.

I. Introduction problem of emission computer tomography [1]. The
Detection and measurement of coordinates of  complex envelopes in coherent tomography or signal
sources of acoustic signals is rather difficult problem  real envelopes in non-coherent tomography are
because of incomplete data, presence interference and  registered on the set of searching angles.
noises, especially for hidden (underground or The structure of the construction of the acoustics
underwater) sources. This problem actually is the emission system of the place location of through
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defects (flaws) in pipelines is considered. Detection and
determination of coordinates of flaws in pipelines
under pressure is rather difficult problem, especially for
hidden (underground or underwater) pipelines [2]. In
these cases it has to apply the methods of remote
sensing with combined (linear and/or circular)
arrangement of sensors (see Fig. 1). Any sensor from

the set S;,S,, ..., Sy makes primary signal processing:
noise filtration, amplification and preparation signal to
transmission through telecommunication line. Then the
information from the set of sensors is transferred to the
system of joint signal processing. Control system (not
shown) provides time matching of scanning and/or shift
of sensors for observation the same viewpoint.

Primary Signal
Processing

Joint Data Processing
|_—¥] (Detection and Localisation) [*—~-]

Primary Signal
Processing

S

S1

\

Sw

L

Fig. 1 Structure of computerized sensor detection and localization system. Sensors S;, S5, ..., Sy scan in the
sector 6. and/or shift in horizontal direction. 8, and 6, are the angles of a flaw, p; and p, — distances from
sensors to flaw; 6,, — scanning sector

It’s necessary to get coordinates of source of
acoustic noises after joint processing signals from N
Sensors.

Theoretically it’s necessary to scan in spatial angle
sector of 360 or, as minimum, 180 degrees for obtaining
full image of source of acoustic signal. Such problem
actually cannot be dissolved; so obtaining detail image
is impossible. However such problem even doesn’t

pose. We would have just coordinates of trough defect
as source of leakage of gaseous or liquid matter. So we
can collect and process incomplete and noisy data for
localisation through defect. For example, we have
signal source and limited set of sensors, which collect
acoustic data (see fig. 2)

Set of sensors

Fig. 2 Tomographic system for flaws detection and coordinates measurement, JPD is joint processing device;
SS is signal source

We can see that any sensor in set of sensors
receives possible signal from acoustic noise, which
interacts with stimulating signal from point radiator.
The range of aspect angles 61,0,...,0i,....6n and
distances  p1,p2,...,pi,....pn  Stipulates appropriate
spatial frequencies of acoustic field components, which
may be transformed to spatial coordinates with
tomographic methods.

We will list below the main properties of
application of tomographic methods in acoustic
measurement systems.

The problem is being dissolved with permanently
changed system configuration.

The number of formed tomographic projection is
rather small. The angles between projections are not
necessarily equal.
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The problem of reconstructive computer
tomography is statistical, and some times non-correct
[3]. So it’s necessary to synthesize tomographic
processing algorithms under another initial
prepositions than, for example, in X-ray tomography or
magnet-resonance tomography.

Information pickup from different pieces of
coverage zone is completed serially. So the image
restores serially as well during collection of
information in every element of coverage zone.

The main distinctive feature of information
processing in acoustic tomography is the dependence of
spatial frequency of spectral components of every
projection from angle of search of this projection.

We may apply the next versions of getting of
tomographic images:

— object rotation along its axis with fixed
transmitter and receiving sensor (sensors);

— rotation of transmitter and receiving sensor
(set of sensors) along the axis, which passes along
centre of object;

— receiving some signals by sensors arranged
around object.

Obviously, it’s impossible to arrange in space the
set of sensors sufficient for image acquisition of object
and provide system synchronisation and control.
Reconstructive computer tomography can be applied in
acoustic detection and measurement systems just for
enhancing efficiency (probability of detection, spatial
resolution and measurement precision of coordinates of
sources of acoustic signals). So the image
reconstruction of spatial acoustic field is made by
incomplete and noisy data.

The most informative data for determination of
acoustic signals sources, particularly, flaws in pipelines
under high pressure, are functions of partial coherence
and spatial mutual correlation functions [4] of acoustic
fields. These functions have essential distinctions for
situations of presence and absence of flaws. These

AZ

functions have substantial distinctions for cases
absences and presences of losses: in first case they do
not have the expressed regions of the surges, and in the
second such surges are observed. The function of
coherent is, essentially, a mutual spectral density the
received signals. With its help the width of spatial
spectrum of signal is estimated, that allows doing the
grounded choice of the band of analysis for the
evaluation of function of mutual correlation. While
reconstructing correlation function on their projections
under various angles of signal receiving we get an
image of noise source in 3-dimensional space.

The method of restoring (reconstruction) of
multidimensional functions is the problem of integral
geometry [5, 6]. Principal difference of considered
problem is that source and sensor and object are not on
the same line-of-site. Real measuring systems operate
with the parts of surface XOY, [xmaxminmax,,;,],
and with arrangement sensors in limited sector fan
Radon transform with specific Laplacian of
transformation is applied.

The purpose of this work is research of features of
Radon transform with application to the task of
detection sources of acoustic signals by the methods of
computed tomography.

I1. Problem Statement

Let's consider the spatially coherent acoustic field
in the marine environment. Let us direct the z-axis of
the rectangular coordinate system vertically (across the
wave guide), the y-axis along the wave propagation,
and the x-axis across this direction (see fig. 3). In the
vertical plane y0z, the radiation from a point source
arrives at the set of receiving points in the range of
angles o, ak.a. angle capture. This parameter
characterizes the range of limits of receiving signals by
sensors line, within which the field amplitude decreases
with increasing distance from the point source
inversely to the square of distance.

Angle capture o

W

Fig. 3 Ray propagation in angle capture

We'll consider quantitative communication
between function of partial coherence and mutual
power spectrum. If radiated signal exists on the interval

[—T,T], then its Fourier transform S(T,v) satisfies to
Helmholtz equation

V2S(T,v) + k2S(T,v) = 0, (1)

where v is spatial frequency, k :27" is wave
number, A is wavelength. Then formal decision of (1)

with regards of N points of receiving of signal has form
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S, T,v) = YN, kcos(6;) (r;,v)S(P,T,v)i=1,N, )

where 9; is the angle between line of sight of it"
sensor and vertical axis of coordinate system.

Using (2) we can calculate mutual power spectrum
I1(P;, P,, ...,v), which actually represents function of
multiple mutual coherence for the cases of presence and
absence of flaws as sources of acoustic signals.

The problem of detection of acoustic signals,
which appear due to outflows of liquid or fluid and are
registered by sensor system, can be dissolved in the
way of joint processing of acoustic noisy fields. If we
receive some set of signals from sensors arranged
around object in limited angular sector, Fourier
transform changes on Radon transform [5, 6].

When combined scanning sensors the problem of
estimating the spectral and correlation characteristics of
received noise signals is complicated: Instead of the
discrete Fourier transform is necessary to apply Chart
Fan discrete Radon transform [5, 6]. In this case the
spatial spectrum of the field scattered by the noise
source is a set of spatial frequencies, which are defined
by the values of the corresponding angles (see. Fig. 1).

For the problem considered adequately reflect the
real situation of the additive mixture model acoustic
noise source images and extraneous noise sources [5,
6]:

é(kaﬂfyk) = G(ka' fyk) + Gn(ka: fyk)/

where

1 1
Gn(kaﬁfyk) = [V(ka'fyk)V*(ka'fyk)]z + NOZ;
V (fekr fyi) is the spatial spectrum of point and spatially
distributed sources of interfering signals; N,; — spectral
density of the &-correlated spatial noise (noise of the
atmosphere, space, land, internal noise receivers, and
others.).

Expanding the range of spatial frequencies in the
spectrum is an advantage, since the thus reducing the
influence of artefacts and decreases the overall level of
the side lobes of the transfer function of the noise
source.  However, the information-processing
algorithm becomes complicated due to continuous
changes in the shape of two-dimensional spatial
frequency spectrum. Almost unreal is an attempt to
develop an algorithm of obtaining a tomographic image
of the entire field of view of the extremely high
requirements for search velocity, speed calculators and
capacity data link capability. Therefore, it is advisable
to develop a tomographic processing approach for an
individual element of the spatial resolution for multi-
site detector, coordinate measuring acoustic noise
source.

I11.  Analysis of
publications

The data permutation method proposed in [7] can
be an effective method for approximating the DPR by
the fast Fourier transform. However, for complex types
of transformations, such as fan or spiral PR, the
permutation method has overpolynomial complexity
and, therefore, will require very large computational
resources. In [7], some results are presented concerning
the reconstruction of images from incomplete and noisy
data. At the same time, the presented statistical models
of signals and noise and their statistical inference and
relationships are limited to considering the simplest
case. In works [9, 10] regularization in the theory of
tomographic processing of spatial fields is considered.
However, the general problem of incorrectness of

recent research and

inverse problems of mathematical physics, which
includes the method of back projections based on
convolution, is not considered in the article. The article
[11] considers the method of image compression during
sounding. However, the problem of information loss
during compression has not been considered, a
comparative analysis of various compression methods
has not been carried out, and there are no estimates of
the time spent on compression and restoration of
images. Article [12] presents an iterative algorithm for
image reconstruction using the microtomography
technique. However, iterative algorithms are an order
of magnitude slower than filtered back projection
algorithms, and no methods have been proposed for
eliminating or smoothing it.

IV. Research goals and objectives

The aim of the study is to develop a method of
tomographic processing for a displaced segment of the
spatial spectrum.

V. The Modified Tomographic Processing
Method by Shifted Segment of Spatial Spectrum

As it was shown in previous section, the set of
aspect angles is limited, and spatial spectrum is shifted.
Tomographic data processing is possible in both
frequency and spatial domains. When processing in the
frequency domain, strictly speaking, the cross section
of the spatial spectrum at an angle 8, = ¢, is a two-
dimensional Fourier transform of the projection of the
density of scattering angle ¢, or a one-dimensional
Fourier transform in coordinates system {xgx, Yor}
along a coordinate yg, rotated relative to the Y -axis by
the angle 6,. However, if the real-scattered acoustic
noise  satisfies condition  quasi-monochromatic

approximation L, where Af is the width of the
fo<<1

sound spectrum f, is average frequency of the noise
signal we can approximately assume that the resultant
received signal G (xy,y;) from the direction 6, is a
function of the following form:
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1
Gopw e YOI (XE + y2)2 = =

G (X, Yie) =
0

where x,,y, are the projections of the spatial
frequency spectrum at an angle 6, to the axis f,, f,, of

G (X, Yi) = G(ka'fyk) =

4

2

N
= Z (X, Yi) expl —j —— o< [Yk cos (
Asec () ?
k=1 sec

2

- (3)
if(x2 + y2)z # =

the space-frequency plane. Then the general expression
for the spatial spectrum image at multi site receiving
can be written as follows:

¢o + ¢k) — %, sin (qbo er ¢k>] _

N
= Z 9 G, vie) exp{—j2r(frxi + fyuVic)}
=1

¢0+¢k) Po+dk
2 2

ka=2$in( fyk=-2 cos(

oo ] el ]
components of the spatial frequency spectrum of
acoustic noise, transformed with multi site receiving.

Transformation coefficient sec™?! (%) depends on the

angle between the directions of rays of first and k™
receivers.

Thus, in the multi-position system with narrow
band in the normal (frequency) sense acoustic signals
we obtain a set of tomographic projections source at
several spatial frequencies, which are defined by the
values of the corresponding angles ;.

When processing in the frequency domain in

where

are

accordance with the expressions (3 - 4), we obtain a set
of points in the polar raster, i.e. in coordinates 8y. It is
therefore logical to use the integral transformation in
polar coordinates, i.e., Radon transform [2, 5]. It is
known [13] that operation of calculus the intensities in
polar coordinates are made by the method of back
projection on the basis of the convolution. Each set of
projections using this method can be processed
independently of the others, which considerably
simplifies the construction of the processing algorithm.

Let the spatial spectrum V(fy, fyx ) of the source
of interfering signals corresponding to stationary
random field with the autocorrelation function
Ry (4, 4yy):

Ry (Axy, Ayy) = R3HV (Fo 1)V (Frer fiic) }- 5)

Here V*(ka'fyk) = V(_ka:_fyk); mz_l{ * }
is a symbol of the two-dimensional inverse Radon
transform.

L

Then the expression (5) for the projection-off
scattered in k™ signal direction based on the availability
of noise and interference is written as

Gi(xe, yi) = Z ik o\[20,8 (xo — x1, 0 — Y1) X exp|—jka(Bi) (%% + yzyk)] +

=1

+ X0 =1 Vin (e, Yi) 8 (g — X1, Yo — 1) + Nog. (6)

The functions k., and kg are treated as a kernels of
the transform (6) in the spatial coordinates.

Let's consider the sequence of processing steps
according to the method of inverse projections [13, 14].

A one-dimensional Fourier transform of the spatial
spectrum G (fx, fy) on a spatial frequency (for example
fx) has the form

900 i) = 120, 6(fu ) exv(=j2nfi,) dfs. @
Performing Fourier transform on the other function
coordinate spatial frequency f,, we get the image
9, yi) = fjooog(xkrfyk) exp(‘ﬂ”fyk)’k) dfy- (8)

Let us come in (7 - 8) to polar coordinates in the

field of spatial frequencies:

9 yi) = [7d0 7 G(pi, 0)p| exp[—j2mp cos(6y — ¢i)] dp, ©)

where |p| is the factor of transition to polar

coordinates (Jacobian transformation).
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Actually, the transition to polar coordinates in the
expression (9) is a transition from the Fourier transform
to the Radon transform.

To replace the direct convolution by fast
convolution [15], we introduce the following notation:

IZ G(pr, 81 Ipl exp[—j2mpr cos (8 — di)] dp = RIG (py, ;) 1pl].

R[ - ] is a symbol of Radon transform.

Because of the uneven arrangement of samples in
the plane type algorithms (9) can not be directly
implemented, for example, using a fast Fourier
transform processor (FFT). The inner integral of

max Pmax

expression (9) should be submitted as an integral
Fourier-Stieltjes. Then the expression (8) for all of the
radiating section takes the following form:

9(% Y )= J' dej G (p.0)|p|exp| - j2mpr, cos(6, ¢, ) |[dP(p)+

0
emin Pmin

Pmax

emax
+I dej G(p,.0)|p,|exp[ —j2mp, K cos(6, —¢, ) ]dP(p,),
6

min Pmin

and P(p) = {py, p2, ..., py} are discrete samples of

the function |p| that in the method of inverse projection

based on convolution kernel are treated as kernel of

conversion (9) in the area of spatial frequencies [5];
2

Pn =

An, Annminnmax

(10)

However receiver in k™ position with a bandwidth

Af =fl'%minmax in the expression (10) the
mlnlmax

limits of integration in the second term pnmax,,,,;,, can
be replaced by pnipmmax,,min, respectively:

p Azfmin

2

¢ max

Figure placing samples of the spatial spectrum of
the useful signals (acoustic noise) and noise (noise of

2fmax
==

MR py nax ppymin

the receiver and the interfering source) is shown in
Fig. 4.

Fig. 4 Diagram of placement of samples the spatial spectrum

On this spatial spectrum accurately restore
function using the transformation (5 - 6), since the
problem becomes non-correct [3,14]. Incorrectness due
to the presence of the second term on the right side of
the expression (10). The weighting function or window
function enhances the effect of the Radon transform in

ke(p) = Iplky(p, @),

where o is regularisation parameter, typically

the high-frequency noise and interference, which in
themselves are broadband. This leads to the loss of
stability of the solution due to small variations of initial
data. To build sustainable solutions to the equation (10)
must be modified (regularize) window function:

(11)

selected based on the source data assignment errors [2].
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In this problem, o is chosen on energy and spectral
characteristics of the noise considerations [14].
Essentially, regularisators in  computer
tomography tasks are smoothing weight function of
two-dimensional p-filter.
Formally defined weighing function |p| in finite
region has high level of side lobes of transform,

pu(x) = |;—x[a . exp(—bxz)]| =ab - |2x - exp(—=bx?)|,

where a, b are constants of normalisation.
Choosing the values of constants a, b, you can optimise
the ratio of the width of the space-frequency spectrum

especially for fan Radon transform. So we propose to
smooth sharp edges of weighting function. It was
established after comparative analysis of large number
of various weighting functions that the most closed to
optimal weighting function by the minimum of side
lobes and acceptable dilatation of main lobes is the
module of first derivative of Gaussian function [2]:

(12)

and the level of the side lobes. Fig. 5 shows the graph
of chosen weighting function.

Fig. 5. Enhanced weighting function

The section of image of point source of signal,
which was calculated by application of discrete Radon

F(O)sp)

“||Il|“““|llll““"l"lllllll COSp

transform with weighting function (3), is shown on
Fig. 6.

Fig. 6. Section of image of point object

As it's known, the Fourier transform of Gaussian
function gives the spectral characteristic without side
lobes. The derivative of Gaussian function represents
linear conversion, so its Fourier transform must hasn't
side lobes as well. Strictly speaking, the module of
derivative of Gaussian function is non-linear
conversion, which has the first order gap in zero. So we
can see one side lobe in the section of image, which
actually is Radon transform of point object. However,
the level of this lobe is rather small, smoothly and
quickly falling, and due to small level and monotonous
decreasing of side lobes the risk of appearance of false

images (artefacts) resulting from random character of
acoustic signal, is minimal.

Now we'll represent the results of synthesis of
detector-meter grounding obtained data.

VI. Synthesis detector-meter based on a
modified Radon transform

Since the function is processed in a limited
receiver bandwidth, it is a function of bounded
variation [14]. Therefore, the function §(r,¢) as a
linear transformation G (p, 8) is a function of bounded
variation. If to apply such a function a regularisation
with the exact values of the initial data (G,,(p, 8) = 0),
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the regularised solution uniformly over (x,y) or what
is the same, according to (r, ¢) converges to the exact
solution at « — 0. Therefore, in the future we will hold
only a quantitative comparative analysis of errors due
to regularization and the presence of interference.

Weighting windows are rotationally symmetric.
The axis of symmetry coincides with the vertical axis
of the system of spatial frequency coordinates. Weigh
data only on the coordinate r. However, the processing
of data in the segment, the limited range of angles
(Bmax,,;,), it is necessary to apply weighting to the
coordinate 6 as well.

When choosing a method of weighing the
coordinate q is necessary to consider the following
factors.

1. The data sets are very sparse.

2. The sequences of samples at 6 are not

equidistant.
3. Interfering signals (e.g., point sources of
interference) may have very specific spatial

characteristics (e.g., with an alternating spatial

(nrv ¢k) ng——M Yomp (nr: ¢k) exp [_]

The directions 8,, = ¢, the weights determined a
priori space-correlation characteristics of acoustic
noise. As in pipes under pressure [2] as such
characteristics may be used some average statistics on
the results of experimental studies of acoustic noise
arising from the rupture (fistula).

In all other directions the weights should be
chosen by the criterion of maximum entropy with
restrictions such as "correlation matching" [14]. If the
sample in the direction of 6, = ¢, the autocorrelation

|96mp(nr' ¢k)|
00 m>M, m<-—-M;

Since the internal noise in the receiver spatial
processing task are interpreted as spatial &-correlated
noise, and in the periodogram g(n,, ¢x) =
{9010, 962> -+ Gomp}, My = const, the samples in the
directions 6,, # ¢, should be &-correlated random

g(nrr ¢k) - Zk——N gemp (nr: d)k) exp [

where
U(my) =

1

&m = [Vin(6,,)]z — Rayleigh random numbers
from the distribution parameters define the
characteristics of the internal noise of the sensor, which
is calculated for the evaluation; ®(m)- uniformly
distributed in the range of {—m, m}random numbers.
Both &,,, and the @(m) numbers are independent.

If the inputs of the detecting-sensor measurement
system, in addition to acoustic noise received noise

SN Vie(i) exp (—j2m ) + ey Vi (6) ex (

V(b O = b
Vi (B,

correlation coefficients).

When using a uniform weighting (k(8) =1 if
Omax,,;n, k() = 0 in other 0) achieved the highest
resolution, but we have the Gibbs ripple. Their presence
leads to additional artefacts in the reconstructed image.
When using the weighted windows with recession
towards the edges (Hamming, von Hann, Kaiser et al.)
Is deteriorating resolution of the system, but the main
disadvantage of all of these windows is their monotonic
dependence on the coordinates g. Because of this
spatially correlated noise interfering sources not
aligned with the source of interest will produce
artefacts, which can mask the wanted signals. To cancel
such interference in the conditions of incomplete and
non-equidistant sequences can be effectively used for
evaluation of the spectrum maximum entropy method
[15,16].

We write the expression for evaluating the image
source of acoustic noise in the dense grid of spatial
frequency coordinates 6,, (without weighting by 6):

2mmgny

cos(6,, q,’)k)].

coefficients is assumed to be known and equal to
Vi(¢r) the samples in another directions the
autocorrelation coefficients 17,,(6,,) are determined by
a priori characteristics of the internal noise of each of
the N sensors. Let the spectral density of the noise k"
sensor is equal to N,. Then the power spectral density

|9omp (s cpk)|2 of the sequence can be expressed in
terms of certain factors like

. mnr)
ek N/  M=kN. (15)

process. Under this condition, the resulting sequence
(i.e., the sequence in which the signal samples are
included with the autocorrelation coefficients V. (¢))
will be a maximum entropy sequence.

Thus, the expression for evaluating the image (10)
weighted by ftakes the following form:

— $1)| Ump) exp[—j2md(m)],  (16)

17)
Om # Pi;

signals with the same sign or an alternating spatial
correlation coefficients, they respectively form (on the
observation interval) on an alternating or monotonic
sequence g. In both cases, sequences are spatially
correlated. When multiplying this sequence to form a
sequence of weighting coefficients (17) the resulting
values are pseudo-random, and spatial correlation of
interference signals is destroyed. There is a bleaching
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effect is spatially correlated noise, so, obviously,
decreases the influence of artefacts caused by the
regularity of the sequence structure of the interfering
signals.

In accordance with the terms of spatial coordinates
transform (9) 6,, = 6, — Oy, Wherein 6,,,— the
angular direction of the receiving sensor.

We write the final realisation of the algorithm
tomographic processing system receiving sensor
method regularized back projection on the basis of the
weighted convolution.

1. Sub algorithm of processing in i" sensor.

Gi(r, 6i) = %;l{éi (17, 01) }-

2. Sub algorithm of joint data processing of all
sensors of system

a) Multiplication of the estimates (18) by the
weighting  functions  U;(8,)  described by
expression (17):

Gw (i, 01) = 9i(1, 6, ) U; (By).

b) The calculation of the integral evaluation
pseudo image analysed area as a set of inverse Radon
transform for estimates g, (13, 0,) for all discrete
values 0, for different values Ty

9 b)) = R {Gw (1, 01}

a) Sample preparation (projection) g; (xx, i) in a

coordinate  system related to "™  sensor:
1
.= (x2 +y2z ¢ = arctg (z—:)

b) The calculation of the cross section of the
spatial spectrum at an angle as the Radon transform
projection angle ¢,.:G;(p, 0;) = R.{gi (1, i) }-

¢) Multiplication of the calculated images to
weighting function:.

d) Calculation of the evaluation pseudo image of
irradiated area in i sensor as an inverse Radon-
Stieltjes transform of estimation of section of the spatial

spectrum Gy (px, 6x) = G (py, 1)U (py):
(18)

c) A reverse conversion of coordinates is
recalculated if necessary: X =1}, COS Py ;
Vi = Sin ¢y.

Scheme of joint signal processing apparatus in the
system of acoustic noise detection sensors is shown in
Fig. 5.

Thus, each sensor performs two (forward and
inverse) Radon transforms. The device of joint
processing of signals from N sensors performs inverse
Radon transform. When sampling of these
transformations  arguments 1y, ¢k, pr, Ox  are
replaced by arguments n,., ng, m,, mg.

ey
Py

n(xy)
e gi(rk’(pk) Gi(pk'ek)
ro=(X +Y) B
- y — %9, (h.0,)) %, (G (p,.0,) R,{9, (1, 0,))
9 (% Vi ¢, =arctg < [ —
Al U(p,) (
. g

ey

Fig. 5 Structure of joint signal processing device in the system of acoustic noise detection sensors

VI1I. Conclusions

1. The principal advantage of image
reconstruction by projection for small size or point
objects is that a high degree of spatial resolution can be
obtained using random acoustic signal (actually,
acoustic noise) without necessity coherent processing.

2. The use of tomographic methods of processing
of acoustic noise signals a radical means to improve the
accuracy and resolution of the spatial coordinates of the
system. The feasibility of the method and the limits of
resolution of the tomographic detection systems rocker-
coordinate measuring acoustic noise sources are limited
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only by the accuracy of synchronization systems,
navigation binding capacity data lines and fast
processing system calculators.

3. To develop practically realisable tomographic
processing algorithms used to analyse spatial and
temporal spectra (spectra of spatial frequencies) of
acoustic noise in a system consisting of several
receivers. Given the nature of the spectrum, it is
necessary to modify accordingly the traditional
algorithms for computer tomography.

4. We are planning to consider the system
appearance and configuration (number of receivers of
sensors and the number of options for the placement co-
processing devices, requirements to speed system) in
future research. Here we note only that at the present
level of development of universal and specialised
calculators (e.g., processors, of fast spectral transforms,
programmable logic integrated circuits and
programmable logic arrays) it's rather easy to
implement algorithms of the method of multi site
computer tomography back projection based on
convolution.
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INCREASING THE RIGIDITY OF AN ELASTIC WORKING TOOL FOR PROCESSING THIN
SHEET METAL BY CREATING COMPOSITE MATERIAL BASED ON POLYURETHANE
ELASTOMERS AND SYNTHETIC ARAMIDE FABRICS

Cemenoe U.E.

0oKkmop mex. HayK, npogheccop kagedpsi « Obopydosanue U MEXHOI0SUU NPOKAKIUY
Mockosckuil cocyoapcmeennbitl mexHuueckutl yuusepcumem umenu H.D. Baymana

Caesuyk /I.B.

mazucmpanm Kageopvl « Obopyoosanue u mexHoI02uU NPOKAMKUY
Mocxkosckuil cocydapcmeennbviil mexnuyeckuil ynusepcumem umenu H.O. Baymana

MOBBIIIEHUE KECKOCTH JIACTUYHOI'O PABOYEI'O MHCTPYMEHTA JIJI1 OGPABOTKH
TOHKOJIMCTOBOI'O METAJJIA IIYTEM CO3JIAHUSI KOMIIO3UTHOI'O MATEPHAJIA HA
OCHOBE HOJINYPETAHOBBIX 3JIACTOMEPOB U CHUHTETUYECKHX
APAMHAJIHBIX TKAHEN

Summary. Theoretical and practical aspects of reinforcement of elastic working tool

AHHoTanus. B craree mpencraBieHBl pe3yibTaThl KaK SKCIEPUMEHTAIBHBIX, TaK M TEOPETUYECKUX
WCCJIEJIOBAaHUI 10 CO3/IaHHI0 HOBOTO KOMIIO3MIIMOHHOTO Paboydero MHCTPyMEHTa IJisi 00pabOTKH JaBlICHHEM
TOHKOJIMCTOBBIX MeTAJI0B. KOMITO3UTHEBIN paboumii HHCTPYMEHT N3rOTOBIICH Ha ocHOBe nosinyperana SKU-7L ¢
apMHUPOBaHUEM OJHMM CIOE€M apaMMIHOM TKaHU TUIIA KEBJapa.

Key words: polyurethane, kevlar, aramid fabrics, elastic working tool

Kurouesvie cnosa: nonuypeman, apamuorvle mxaHu, S1aCmudnblil paboyuti UHCMpyMeHm

BBenenue

B aBmakocMUYECKOH U SHEPTeTHIECKUX 00TaCTIX
MIHPOKOE TPUMEHEHHE HAXOAAT PAa3IUYHBIC W3ICIHUSI
M3 TOHKOJIMCTOBOTO METalla, TaKHe KaK JSJIEMEHTHI
)leTaJ'Ief/'I CaMOJICTOB U PA3JIMYHBIX THUIIOB IIJIOCKHUX
TEMI000MEHHUKOB. AHAIUTHYECKUI 0030p MoKasza,
YTO B MPOU3BOJACTBE OCBOEHO M3TOTOBJICHHE JeTallei
W3 JIMCTOBBIX 3aroTOBOK IITAMIIOBKOH C pa60'—II/IM
HHCTPYMEHTOM M3 TIOJIMYPETAHOBBIX 3yactoMepos [1,
3,4,5]. Meton sBIETCS OSKOHOMHYECKH 0C000
3(h(hEeKTUBHBIM TIPH €IUHHIHOM H MENKOCEPUHHOM
MIPOM3BOJICTBE, HO B HEKOTOPBIX CIIyYasX IPUMEHSIETCS
W UL CEePUHHOTO TPOW3BOJCTBA, HANIPUMEDP IIPU
MPOM3BOJICTBE IUIACTHH IUIOCKUX TEIUIOOOMEHHHUKOB
110 50 TeIcsy ITYK. BMecTe ¢ TeM, Ha IPOU3BOJICTBE HE
BCET/Ia MMEETCsS MOIIHOE IPEeccoBOe 000pyAoBaHHE
JIIs1 BHEIPEHMUSI IITAMIIOBKH JIeTallel mojuypeTranoM. B
OTHUX ClIy4dasax Han60nee BBII'OJHBIM CTAHOBATCS
pOTaIOHHBIE CHOCOOBI (opmoobpazoBaHus,
XapakTepusyembie 0ojiee HU3KON YHEPrOEMKOCTHIO H
BBICOKOW  TMPOM3BOJAUTENBHOCTRIO.  HemoctaTkom
JAHHOTO  Croco0a  SIBISICTCS ~ OTPAHUYCHHOCTH
TEXHOJOTMYECKUX  BO3MOXKHOCTEH  3JIACTUYHOIO
paboduero MHCTPYMEHTA, CBsA3aHHAs, MPEXKIE BCEro C
HU3KAMHU  TIOKA3aTeJSIMA  YCIIOBHOTO  MOJYJIS
YIOPYroCTH COBPEMEHHBIX MTOJTNY PETaHOBBIX
3J1aCTOMEPOB. MakcumanbHas TOJIINHA
00pabaTbIBaeMBbIX MaTepUaAIOB: I cTamd - 0,5 MM,
JUISL 1OCTATOYHO MSTKHX IIBETHBIX METAJIJIOB U CIIJIAaBOB

on =27 -7 [Sr+ e,

— 0,8-1 mm. [6-10]. B HacTosimiee BpeMs OOHHM W3
MEPCIEKTUBHBIX CIIOCOOOB MOJIyYEHUE HEOOXOUMBIX
CBOMCTB MaTE€PHAJIOB SABJISETCS pa3paboTKa U CO3JaHue
KOMITO3UI[MOHHBIX ~ KOHCTPYKIIHH. OnHuM us3
CYIIECTBYIOIIUX CHOCOOOB IOBBIMICHUS JKECTKOCTH

3J1aCTOMEPOB SIBJISIETCS €ro apMHUpOBaHUE
BBICOKOIIPOYHBIMU TKaHSIMHU.
OmHoM W3 BaXHBIX 3amad  ObulO  BBIOOP

MaTeMaTHYECKOW MOJIENIN THIEePYNPYTUX MaTepHaIOB.
I'unepynpyruii Mmatepuan — TUI MOJENU HIEAIBHO
yOpYyroro MatepHuana, sl KOTOPOTo 3aBHCUMOCTh
HalnpspKeHNH oT AedopMaliii BEIMHUCIISIETCS Ha OCHOBE
¢byHknumn  sHeprum  Jnedopmanmu. [ unepynpyruit
MaTepual SBISETCS 4YacTHBIM CIIy4aeM YIpPYroro
matepuana Komm. [loBenenue  rumepynpyroro
Marepuajga MOXeT ObITh OMKCaHO C ITOMOIIBIO OJTHOI
W3 PACIpPOCTPAHEHHBIX MAaTEeMaTHYECKUX MoJeneil —
HeoTyKkoBckasi, MyHnu-Pusnmuna, Ornena, brnatna-Ko,
Appyna-boiica. Hamu OpuTa BEIOpaHa
JByXInapameTrpudeckas monens MyHu — Pusnuna
KOTOpass IIMPOKO HCHONB3yeTcs JUIa  Aedopmanuit
10 50 % . [1,2].

Onpedenenue koncmanm Mynu-Pusnuna

KoncranTsl Mynu-PusnuHa 1 runepynpyroro
COCTOSIHUS ONPEAETSUINCH ITyTeM MUHUMU3AIIH
CPEIHEKBAIPATUYHOTO OTKIIOHEHUS MEXIY
JIrarpaMMoi HanpspKeHUs-IehopManni, MoJIydeHHO
9KCIEPUMEHTAIBHO U OIIPEEeIICHHOH 110 YPaBHEHUIO

[1-3]:

1 (69)

0l al,
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rIe 011 — HanpsbkeHWe 1pu  aedopmanuu
(ymenbHas cuna Ha noBepxHoctH), Mlla;

A4 — crenens nedopmanuu;

W-— miotHOCTB 3HEpruM e opMaIuy;

I, |2 — mepBEI U BTOpPOI MHBAPHAHTHI TEH30pA
nedopmanmii.

HtoroBble  BBIpaKeHUS  UIA
KOHCTAHT NPECTABIICHBI Ha Cllaiize,

I'ne A; — rnaBHas creneHs AedopManyu B i-OM
HalpaBJICHUH.

W3 rpadukoB, IMOJMy4YEHHBIX B peE3yJIbTaTe
SKCHEPUMEHTANbHBIX HCCIENIOBaHUN, OMpEesIuCh
YHCJIEHHbIE 3HA4YeHWs CTeneHed Jedopmanuu B
COOTBETCTBYIOIIMX TOYKaX (Ai) M HaNpsDKEHHMs, Kak
OTHOIIEHHS CHJ OCaAKH K (aKTHUECKOH IuTomaan
MOBEPXHOCTH KOHTAaKTa pPabodero HMHCTPYMEHTa C
obpasmom.

Jns pacdera 3Ha4eHHH Kod(puIreHToB MyHH-
PuBnmmHa 1O TONYyYEHHBIM 3KCHEPHMEHTATBHBIM
JaHHBIM, a TaKXKe A1 aBTOMAaTH3alUH IIpolecca U
BO3MOXXHOCTH OBICTPO TIONy4aTh pE3YJIbTaThl II0
GonpIIOMy KOJMUYECTBY TOYEK, ObUIa HamucaHa
nporpaMma Ha si3bIKe mporpamMmupoBanus Python.

OTIpe/IeIeHUs

250,00

W

B pe3yabTaTe BBIYMCIICHUH B nporpamme ObLIN

MoJy4eHbl — cienyromme  Kodhuinuentsl  MyHu-
Pusnuna:
Jns mommyperana CKY-7J1: Cyo=2,42, Co1 = 0,81
Jlnt  KOMIO3WUIIMOHHOTO  MaTepuayja U3

nonuyperana CKY-7J1, apmupoBanHoro Tkanso 8601-
90 ¢pabpuxu «Ilepemoas Texctrpimay: Cio = 11,48,
C01 = 3,86.

Hanmane TOYHBIX TaHHBIX HCIIBITAHUH MaTepHaia
SIBJISICTCS KPUTHYICCKH HEO0OXO0IUMBIM pH
MaTeMaTHYECKOM MOJICITUPOBAHUH 151631 (S 1544
amactoMepoB.  Jmg  ommcaHWS ~— MEXaHMYECKHX
XapaKTEPUCTHK JIOJIXKHBI OBITh TTOJTyYCHBI
IKCIICPUMCHTAIBHBIC 3aBHCUMOCTH HANpPsDKEHUH OT
nedopmanuii pa3pabOTaHHBIX HOBBIX MAaTEPUAIOB.

Jyist onipenesieH s 3aBUCUMOCTEH HANPSKEHUH OT
neopmanuii  ObUTM  TPOBEICHBI  HCCIICIOBAHUS
00pa3loB TpH HATPYKCHHIO IO CXEMaM YHCTOTO

cnpura (mwiockas pgedopmarnmsa) ©  o0beMHas
nedopManus  KBaApaTHOrO B IUlaHe  oOpasma
(pucyHoOK 2).

Hns cozmamms oOpasmoB ObDT  pa3paboTaH
KOMIIO3ULIMOHHBI ~ Marepuai,  yKa3aHHbIH  Ha
Pucynke 1.

Pucynox 1 — Cmpykmypa KOMRO3UYUOHHO20 MAMepuand
1 — mampuya, 2 —xesnap, 3 — cesasyrouee (yuakpum)

B KadecTBe OCHOBBI pa3paboTaHHOTO
KOMIIO3UITMOHHOTO MaTepHaia HCIOIb30BaICA JIACT
tommmuHOW 10 m 15 MM u3 mommyperana CKVY-7JI.
ApMHUpOBaHHE MPOBOJMIOCH apaMUJHBIMH TKAHSMH.
IIpu  pa3zpaboTke  MaTepmajsa  HCIIOJNB30BAIHCH
apamuaHas TkaHb 8601-90 (keBmap) poccuiickoro
npousBoJicTBa (abpukn «IlepenoBast TEKCTHIIBIINIAY.
IToBepxHOCTHAass MJIOTHOCTH TKaHu 190 r/M?
paspeiBHas Harpyska: ocHoBa — 3430 H, yrok — 2940
H, ynumaenue npu paspsise: ocHoBa — 10%, yTox — 5%

Memoouka _u__pesyibmamsl __uccied06anus
00pazuoe no cxeme 08YX0CHO20 clHCAMU

Ha »srame »KCHepHMMEHTANBHBIX HCCIIEIOBAHHNA
UL ompeaeneHus Kodgp¢unuentoB MyHH-PuBimHa
MIPOBOJIMIIACH OCaJKa MPHU3MATHYECKHe 00pas3IoB IO
CXeMe JIByXOCHOTO CXKaTHsl.

OOBEKTOM HCCIECIOBAHUS SIBHIUCH CIICTYIOIINE
00pas3uer:

[Mpuzmarnueckne obpasmpl 10 MM X 10 Mm
x100(70) MM, mpencTaBIsIONIAE COOOH CKICEHHBIC
MoJMypeTaHoBbIe 3aroToBku 5 MM X 10 mm X100 (70)
MM

Hcnons3oanca nomuyperan Mapku CKY-7J1.
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[Mpuzmarnueckne obpasupr 10 MM X 10 MM
x100(70) MM, MPEeCTaBISIONUE coboii
KOMITO3MIIMOHHYF0 KOHCTPYKIIMIO: MaTPULIEH SIBISICTCS
nonuyperan CKY-7JI, apMupyomumMu 31eMeHTaMu —
apamuHas TKaHb KOMITaHUU IepenoBas

TEeKCTUJIBIINILIA, CBSI3YIOLIEe — IUAaHOAKpHUIIAT.
MPOBOIMINACH  Ha
MOJIENTH

Harpyxenue
HCIBITaTSIIEHOM
600DX-F1-G1

00pa3moB
MalllHe

INSTRON

P30 00

1

Juamerp koHTeilHepa pasen 130 MM u
MoAOHUpaICs ¢ y4eTOM IUIMHBI U CTeNeHH Jedopmannu
00pasmos.

Pucynok 2 — Ocadka obpasya & KOHmeﬁepe u bes

Jns  obecriedeHUs] BO3MOXHOCTH HArpyKEHHS
00pa3loB IO CXEeMEe YHCTOro cIBuUra (IUIOCKast
nedopmanmst), Ha TIEPBOM dTalle  HCCIEIOBaHHH,
UCTIBITaHUS MPOBOJIMINCH B CIIELUATBHON MaTpHIE —
Hepa300pHOM  KOHTEWHepe, MpEeACTaBICHHOM Ha
Pucynke 2, Tak jxe Ha HEM MpENCTaBICHA BYXOCHOE
HEpaBHOMEPHOE CXKaTHe.

PesynpraTsl CXKATUS

nuarpamma 1.

IS

JIBYXOCHOTO
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CEanaHCHPOBATE HArPY 3Ky ) 2 MNepeycTaHoEHTE Basy ) .

‘ - > - uBuueuue rg mxaTuug — ‘ - 7 H;rpym(a ngmxaTuuT N E

MNpaguk 1

OBpaszubl ¢ 1 no 2 BLINONHATE

OcranoBnTb

e
BozspaTt

a

-

MepeycraHn.

OBpazey N2

1
z

R

FotoBo

&

CoxpaHHTb

=]

CoxXpaHHTb
=11

Harpyska npu cxatin (M)

1 z 3
|
¥AMMHEHKWE NPK CHATHA (mm)

Neuate

BezonacHoCTe OTkN. | Pabouan MawwHa CxatHe Ofpazey: cwacnomZoyh_ 7 | Meton: Ocagka™ | OTueT: MpadME_Ha_nWcT.i_rt

'
'y MYCK 4

Koncrantel MyHu-PuBnuHa AN THIIEpYHpyroro  AWarpaMMOH HalpsDKEHHS-Ae(OpManny, IMOTydeHHON
Marepuaga ONpeNeNUINCh IMyTeM MHUHHMH3aIUH  SKCICPUMEHTATHHO W OIPEACICHHOH 10 ypaBHEHHIO

CpPEe/IHEKBaIPaTHYHOTO OTKJIOHEHUS mexay  [1-3]:
_ 2 -1\ [aw -1 0w

011 = 2(11 A ) [6_11+ A ek @

I'ne 011 — Hanpsbxenue npu nedopmaimu, Mlla; JIByxmapamMeTpuuecKoe ypaBHEHHE CBSI3H MEXIY

A4 — cTeneHs nedopmManuu; HamnpspKeHHeM | AedopManuedl 1yl W30TPOITHOTO

W-— IJI0THOCTB HEPTHH AehOpMAIH; HECXKMMAEMOT0 MaTrepuaja MpH CPEIHHX W MAabIX

l1, |2 — mepBBIi ¥ BTOPON WHBapHaHTHI TEH30pa  CTEHeHsAX xpedopmammu  1,5..2 < &< 3,5..4

Jneopmanuii. ompezenstor kak [1,2,5]:

— 3

p=2A-1/2)(C; +C3) 2

TJIE P - YCIIOBHOE» PaBHOBECHOE HaIpsKEHHUE. 3HaueHHe NCTUHHOTO HAIPSHKEHUS OTPEesieTCs

us3 }’CHOBI/Iﬁ HCCKNMaCMOCTH:

— 2_ 1
0=2x(2-%)x(C;—Cy) 3)
_1lyn gi C2
€1 =72z N (4)
2)(().,:——2) t
A
1 A A aj
At xe T L)
2X<}*i—%z> 2x( i-g)
CZ = L (5)
n 1)1 m
1+( i=1/1—i)x5x(zj=1/1j)
Beipakennst (4), (5) NO3BONSAIOT ONpEAENUTH  KOTOpas BBITNOJHUT BCE MaTeMaTH4eCKUe
uckoMble 3HaueHust napamerpoB C1 u C2, ogHako nmpu  mpeoOpa3oBaHus 10 3aaHHOMY ainroputmy [8-11].
GoJbIIOM KOJINYECTBE TOUEK U3MEpEeHus, beun mpousBeneHbl pacdeTsl MO ONPEAEICHUI0

nenecoobpasHo co3math nporpamMmy Juii OBM  kosdduumentoB MyHu-PunuHa B nmporpamMMHOM
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komiutekce MathCad. [lo pe3ynbraTam sKcniepuMeHTa
OIIPEJCIICHbL KOHCTaHTbI Myuu-Pusnuna.Ilo
¢dopmynam (4), (5), ObIM TONy4YEHBI CIEIYIOIINE
pesynbtatel g CKY-6JI:

C; = 1,45 MIla
C, = 0,62 MIla
U3 rpadukoB, IOJIy4YEHHBIX B peE3yJIbTaTe

9KCIIEPHMEHTAIBHBIX HCCICIOBAHUM, ONpPEASIIUIICH
YHCIICHHBIC 3HAUCHUS CTerneHeill naedopmanuu B
COOTBETCTBYIONIMX TOYKaxX (M) W HamNpsHKEHHs, KAk
OTHOLICHMS CHJI OCaAKH K (haKTHYECKOH IUIOIIATu
HOBEPXHOCTH KOHTAaKTa pabodero HHCTPYMEHTa C
obpasmom.
IIpoBeaenne IKCepUMEHTATBHBIX HCCIEI0BAHMIA
B pesynbrare BBIUMCICHHUII B Iporpamme ObUTH

NOJNy4YeHbl — cienyromue  KodhGuuueHTsl MyHH-
Pusnuna:

Hns nommyperana CKVY-7JI. CI0 = 23,
C01=0,89

b4 cuacaomMZcyb_ 4.is_comp - Instron Bluehill

Js KOMIO3HMIIMOHHOTO Marepuajia U3
nonuyperana CKVY-7J1, apmupoBansoro Tkanso 8601-
90 (habpuku «Ilepenoas TEKCTHUIIBIIHIIAY

C10=12,88, C01 =4,86.

Jlnist onpeneneHns 3aBUCUMOCTEH HAIIPSHKEHUH OT
nedopmanmii  ObIM  MPOBENEHBI  MCCIEAOBAHUS
00pa3loB MpH HATPYKCHHUAX IO CXEME JBYXOCHOTO
HEPaBHOMEPHOTO CXKATHSI.

OOBEKTOM HCCICIOBAHUSA SIBIJIHCH CIEAYIOIIHE
o0pa3usr:

1) O6pasusr 100x100 mwm, BbICOTOH 20 MM.
Hcnonp3oBancs mommyperad mapku CKY-7J1

2) O6pasupr 100x100 mwm, BeICOTON 20 MM,
MIPEACTABIISFOLIHE coboii KOMITO3ULIHOHHYFO
KOHCTPYKIIMIO: MaTpHLel sBisgercs nonuyperan CKY-
7J1, apMHUPYIOIIMMH JIEMEHTAMH - apaMUJIHasl TKaHb,
CBsI3YIOIIee — IMaHOAKPHJIAT.

PesynbraTs TUTS
auarpamma 2.

OJHOOCHOTI'O CXKaTusi

|
& Be®

/I_/.‘ /é/ /1 CEanaHCHPOBATL HATPY3KY / /_2 MNMepeycraHoeuTL Ga3y
YN AHHEHHE NPH CKATHH Harpyzka npH cxaTHH
' -.1 9 1 0 mm | -,4 3 6 9 kN

CHpazubl ¢ 1 o 2

Npagmk 1

BbINOAHKTE

Harpyska npr cxatn (M)

0

Bosepat

NepeycraH.

Ofpasey N2

1
2

f=
Fotos0

()

CoxXpaHHTb

B

CoxpaHuTb

-0.2 0.0 0.z 0.4 0.6 0.8 1.0 1.2

EesonacHocTe oTkn. | Pafiodad MalwkHa | CxatHe

3aBucHMMOCTH HanpsukeHuii ot Aedopmanmii

Kak BugHO w3 pgumarpamm 1-2, apMupoBaHue
YBEJIMYHMBACT CIITY 1e()OpMHUPOBAHNUS OYTH B 2,4 pasa.

MaremaTnyeckoe MoJeJMPOBAaHME Ipolecca
AehopMHPOBaHNS JINCTOBOM 3ar0TOBKH

Ha nepBoM 3Tane npoBOAMIOCE MOJEIUPOBAHHE

neopmupoBaHusl  JIMCTa  BO
paboynM  MHCTPYMEHTOM,  BBHINOJHEHHBIM U3
nomuyperana CKY — 7JI, Ha BTOpOM — U3
KOMIIO3UI[MOHHOTO ~HMHCTPYMEHTa, apMUPOBAaHHOIO
TKaHBIO 8601-90 (habpuxu «IlepenoBas
TEKCTHJIBIINIIAY.

BHaAWHE MAaTpUIbI

Ofpasey: cmacnoM2cyf__4 | Meton:

14 16 18 rea

[
YAMHHEHKE NPH CHATHK (mm)

Meuats

OTuet: Mpadmrk_Ha_nwer.i_rt

Pacuer mpoBOIMICS B MPOTPAMMHOM KOMILIEKCE
Ansys.

IMpouecc medopMHupoBaHHE JHCTa BO BIIAAHHE
Marpuiel  (crereHb aedopmanuu  oborouku  30%)

MPOBOJMWJIOCH IO CXEMe, IPEACTaBIEHHONM Ha
PucynkelO.

Pabounii MHCTPYMEHT — IMIMHAPHYECKUI Bal
muamerpom 100 mM:  totHocts 3000  Kr/m3,

koa(pdunmeHT I[lyaccona 0.49 , sanactuanas obomouka
- BHemHUH nuameTp 140 MM, ko3¢dduunentsr MyHn-
Pusnuaa g nommyperana CKY-7JI: Cipo = 2,42,
Co1 0,81, g KOMIO3UIIMOHHOTO MaTepHana,
apmupoBaHHOro TKaHbto 8601-90: Cipp = 12,88,
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Cor = 4,86. XKectkuil Ban — LMIMHAP, BHELIHUH
quamerp 100 MM, NpHHSTBIH aOCOJIOTHO >KECTKUM
TEIIOM.

Jlist  yckopeHMsT  pacueTa  HCIOJIb30BAIHCH
YCIIOBUSI CAMMETPHH B TPEX IUIOCKOCTSIX. Marpuna u
Bl OBUIM 3aJaHbl aOCOJIOTHO J>KECTKUMH TEJIaMH
(Rigid). TloBemenme medopMupyemMoro Marepuaia
(AJI0) OpI0 omMcaHO OWJIMHEHHOW  MOJIENBIO
(mampspxenne Tekydecta 40 Mlla, mpenen mpodHOCTH
80 MIla mpu otHocutensHOM ymmuaeHuH 0,35), a

MIOBEICHHUE TOJIMYPETaHOBOW OOOJIOYKH C TOMOILIBIO
JAByXIapameTpuueckoil Monenu Mynu-Pusnuna. s
ONMUCaHMi KOHTaKTa MEXIy MaTpHUed U JIHCTOM
HCIOJIb30BaH KOHTAaKT TUIA frictional c
koadunmenrom Ttpenus 0,2, KECTKMM BaJoOM U
MOJMYypEeTaHOM — KOHTAakT Tuma bonded, mexmy
MTOJIMYPETaHOM M JIICTOM KOHTAKT Tuma frictional ¢ Tem
ke kodpdummentom tpeHus 0,2. Cxema ocagku
MpeJCTaBIIeHa Ha PICYHKE 3.

re

Pucynok 3 — Cxema nacpyarcenus

JlucTt pazbur Ha mapamenenunens ¢ MOMOIIBIO
komaHael  edgesizing  pasmepamu  0,05%x4,5%5
mm.ITonmnyperanoBas obomouka  pasbuta  Ha
napajieNenunesl ¢ MOMOMIBI0 KoMaHAel edgesizing
pasmepamu 1x1,25%3,8. Jlnsa nyumeit kaptunsl HJC B
NPUKOHTAKTHOH 30HE HCIOJB30BANach KOMaHJa

contactsizing, 9T0 yMEHBIIWIO pa3Mepbl HIIEMEHTOB B
MPUKOHTAKTHONW 30He. TakuMm oOpa3oM, B 3amade
nonyumitocs 40413 y3mos u 8500 sneMeHTOB.

B pesynbrare ObUIM TMOMydYEHBI CIEIYIOLINE
Ppe3yJbTaThl, IPEeICTABICHHbIE HA PUCYHKaX 4-5:
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A

0,007473 Min

%1

I 0.0042811 Min

000 15,000

0,00037626 Min

10,00 000

%28
I ey
1518165 Min

7,500 22500

Pucynox 4 (a,6) — a - sxeusanenmuvie Hanpsdicenus, 6 — IKBUBATEHMHbLE 0eopMayuu
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OKBHUBAJICHTHbIE HANpPSKEHUS IOIUYPETAaHOBOIO OKBUBAJICHTHBIE JIe()OPMAIIMU TTOJINYPETAHOBOTO
MHCTPYMEHTA: MaKCUMaJIbHOE SKBUBAJEHTHOE  HHCTPYMEHTA! MaxkcumanbHas 9KBUBaJEHTHAs
HampsbkeHue odkB.max= 7 MIlla, muHumMansHOe  gedopmanms edkB.max= 30,1 %, MwuHuManbHas

9KBUBAJICHTHOE HanpspkeHne 6okB.min = 0,007 MITa.
OKBUBAJICHTHBIE HANPSKEHHUS KOMITO3UIIMOHHOTO
MHCTPYMEHTA! MaKCHMaJIbHOE 9KBUBAJICHTHOE
HanpspDkeHne odkB.max= 33 MIlla, mmHUMaNEHOE
SKBHBAJICHTHOE HampspkeHne 6okB.min = 0,004 MITa.

SKBUBaJCHTHas Jedopmarus e3kB.min = 0,04 %.
DKBHUBAJICHTHBIC JIe(hOPMAIIUU KOMIO3UITUOHHOTO
WHCTPYMCHTA: MakcumanbsHas JKBUBAJIEHTHAS
nepopmanms  edkB.max= 22,3 % ,MuHHManbHasA
SKBUBaJICHTHas nedopmaius €3kB.min = 0,002 %

A

1000

10,00

pRpp—

OKBHUBAJICHTHBIE  HAIPSKEHUS
obpaboTke TTOJTNYPETaHOBBIM

JUCTa  TIpH
HMHCTPYMEHTOM:

Pucynox 5 (a,6)- a - sxeusaienmuvle HanpPsAICeHUs,

6 — sxeuganenmuvie Oeghopmayuu
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MakcumanbHOe 9KBUBAJICHTHOE HaIpsDKeHUe
oskB.max= 84,2 Mlla, MuHuMaibHOE YKBHBAJICHTHOE
HanpspKeHUe 69KB.min = 64 MIla

OKBUBAJCHTHBIC  HANMPSDKCHUS  JIUCTa  MPH
obpaboTke KOMITO3UIIHOHHBIM HHCTPYMEHTOM:
MaxkcumaibHoe 9KBHBAICHTHOC HaInpsHKEHUE

o9kB.max= 85,6 MIla, MunnmanasHOE SKBHBAJIEHTHOE
HanpspKeHue 69KkB.min = 65,8 MIla.

OKBHUBaJICHTHBIE  AedopMamuu  JIcTa  TIpH
obOpaboTke TTOJTNY PETaHOBEIM HHCTPYMECHTOM:
MakcuMmanbHast 9KBHUBAJICHTHAS nedopmanus

erkB.max= 20,6 %, MuHHMalIbHas SKBHUBAJICHTHAS
nedopmanus €3kB.min = 15,6 %

OKBUB&JICHTHBIE  Jedopmanuu  JuCTa  IpU
o0paboTke KOMIIO3UIIUOHHBIM HUHCTPYMEHTOM:
MaxcumManbHas SKBMBAaJICHTHAs nedopmanus

erkB.max= 20,9 %, MuHHMMaJIbHas SKBUBAJICHTHAS
nedpopmanus e3kB.min = 16,1 %.

BbIBO/IbI

MareMaTrdeckoe  MOICTHUPOBAHHE  TIpoIecca
Je(OpPMHUPOBAHUS METaLINYECKOTO JIACTA
WHCTPYMEHTOM U3 KOMIIO3UIIMOHHOTO MaTepuaia
[TOKAa3aJio CyIIIeCTBEHHOE YBEIMYCHUE CHII,

HEOOXOAUMBIX Uil 1e(OPMHUPOBAHUS KOMIIO3UTHOTO
HHCTPYMEHTa, a TakXe 3HAuYUTEIbHOE YyBEIUYCHHUE
HaIpsKEHUN Ha IIOBEPXHOCTU KOHTAaKTa IPU TOH ke
CTETIeHH nedopmanum. MaxkcumanbHOe
SKBUBAJICHTHOC HANpsDKEHHE B MHCTPYMEHTE U3
KOMITO3UITMOHHOTO Matepuaina coctaBmio 33Mlla, 1.e
npuMepHO B 4,7 pa3a 00ibIle, YeM y OINYPETAaHOBOTO
MHCTPYMEHTA. MakcumanbHOe HOpMAaJIbHOE
HalpsOKEeHHE 10 OcH X B HMHCTPYMEHTE W3
KOMITO3UIIMOHHOTO Matepuana coctaBwio 33,5Mlla,
T.e TpuMepHO B 2,5 pasa Oompmie, dYeM Yy
MOJIMYPETAaHOBOTO HMHCTPYMEHTa. TakuMm oOpazom
apMHUpOBaHHE  IPHUBOAMT K  CYIIECTBEHHOMY
YBEJIMYEHUIO JKECTKOCTH pabodero 3JIacCTUIHOTO
pabouero HHCTPYMEHTa, KOHTAKTHBIE HaIPSKEHUSA
MO3BOJIAT 00pabaThIBaTh HE TOJBKO JUCTOBBIE JeTaln
J0 1 MM M3 aTIOMHHHEBBIX CIUIABOB, HO M CTaJIbHBIC
3arOTOBKH, YTO HE yJaeTcs ¢ IIPUMEHEHHEM OOBIYHOTO
MOJINypeTaHa. Hcnons3oBanue HOBOTO
KOMITO3UIIHOHHOTO Marepuana TIO3BOJIUT
CYIIECTBEHHO pacHIMpUTh HOMEHKIATYpy W3IEIHH,
MOJy4aeMbIX ~ 00pabOTKOW  3TUM  KOMITO3UTHBIM
MHCTPYMEHTOM.

JlutepaTtypa
1. BukhinaMF.Technical physics of elastomers. —
M: Chemistry, 1984. - 224 p.
2. Muyzemnek AY. Description of the behavior of
materials in automated engineering analysis systems.-

Penza: - PSU Information Publishing Center, 2005, -
320 p.

3.Semenov  I.E.,Ryzhenko S.N.,  Krutova
M.V.Modeling the process of deformation of a strip by
an elastic and rigid working tool Steel., No. 5, 2007, p.
83-87.

4.Semenov  |L.E.,Ryzhenko S.N., Povorov
S.V.Dynamic modeling of the process of local bending-
molding for the production technology of roof
coatings.Procurement in engineering.- 2007. - No.
10.pg. 40-43

5.Semenov  |.E.,Ryzhenko S.N., Povorov
S.V.Investigation of the stress-strain state of an elastic
working tool and sheet blank in the process of local
bending-molding.Proceedings of the  Seventh
Conference of CADSoftware Users-FEMGmbH.—M.:
Polygon press,.2007 p. 350-354.

6.Semenov  L.E.,Ryzhenko S.N., Povorov
S.V.Modeling the molding process on a roll forming
mill with an elastic working tool.Vestnik MSTU., 4
(79) 2010, p.86-93.

7. Semenov |L.E.Ryzhenko S.N., Povorov
S.V.Modeling of the processes of sequential molding of
longitudinal channels in a sheet on a mill with an elastic
and rigid tool.Procurement in engineering.Forging and
stamping production., - 2010, No. 6, p.29-32.

8. M L Belov et al 2019 I0P Conf. Ser.: Mater.
Sci. Eng.537 022047

10. Semenov, L.E., Povorov, S.V.Simulation of
thin-sheet metal blanking and punching by elastic
mediums(2019) 10P Conference Series: Materials
Science and Engineering, 537 (3), crates No 032027.

11. Povorov S, Semenov | Method for calculating
of cross-sectional dimensions of sheet blank at
intermediate stages of rollerformingprocess(2018)
2018 International Russian Automation Conference,
RusAutoCon 2018, crares No 8501838

12. 1. E. Semenov and A. V. Ivanov, "Designs of
Domestic (Russian) Solar Plane Type Collectors with
Absorber of Corrosion-Resistant ~ Steel," 2019
International ~ Multi-Conference  on  Industrial
Engineering and Modern Technologies (FarEastCon),

Vladivostok, Russia, 2019, pp. 1-4.doi:
10.1109/FarEastCon.2019.8934352
URL:

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnum
ber=8934352&isnumber=8933821

13. lkonnikov D.A, Semenov IL.E./Thn sheet
metall forming with composite material./ 10P
Conference Series: Materials Sciece and Engineering
2020 vol.734. Issue 1l.-aArt no 012070/ https:
/liopscine.iop.or...57-89X/734/1/012070.
DOI:10.1088/1757-899X/734/1/012070.



42 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12(64), 202

|
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Yemonoe @apxoo bagoesuu

BMTHU, kanouoam mexnuueckuii HayK, OOYeHm.
Kaxxopoe Xamuo Axpoposuu

BEMTHU, cmapwuii npenodosamens.

Axwues Exyo Iaghpaposuu

BEMTHU, accucmenm

N3MEHEHHUE KOO®PUINEHTA IMOI'JIOINEHUS BETOHA COJTHEYHOI'O CIIEKTPA

CHANGE IN THE ABSORPTION COEFFICIENT OF SOLAR SPECTRUM CONCRETE

Kniouegvie crosa: 6emon, oicenezobemon, 2enuomepmoodpoabomra, COAHEYHblll CHEKMp, CONHEUHAs
paouayusi, KoIPGuyuenm no2nowWeHUs, MeXHON02U ecKue PaKmopul, GANCYWUL KOMIOHEHM, 0CA0KA KOHYCA,

eoaouemenmnoe OMmHouteHue.

Key words: concrete, reinforced concrete, solar processing, solar spectrum, solar radiation, absorption
coefficient, technological factors, astringent component, sediment cone, water-cement ratio.

Hsyuen Koappuyuenm noenowjeHus
CBEIHCEYTOHCEHHO20 bemona pa3iudHblx ONMUH  BOJIH
COJIHEe4YHO20 cnekmpa npu nepemMeHHblx
MmMexXHol02u4ecKux qbaicmopax. 3KcnepuMeHmaﬂbelMu
Uccned08anUsIMu ycmawnoesiena 3AKOHOMEPHOCMb
U3BMEHEHUA Koad)d)uuuenma nozjioujeHust
CBEIHCEYIIOIHCEHHO20 bemona ¢ meyenuem BPEMEHU.

The absorption coefficient of concrete from
different wavelengths of the solar spectrum has been
studied for varying technological factors. Experimental
studies have established a pattern of changes in the
absorption coefficient of freshly laid concrete over
time.

Ananmms psaaa OKCIICPUMCHTAJIbHBIX
I/ICCJ'ICZ[OB&HI/IfI, NOJYUYCHHBIX HaMU IpHU NPUMCHCHUH

IUIOCKUX  OTpaxkareyei CBUJICTENIECTBYIOT O
HECPABHO3HAYHOCTHU IIOBBIIIICHUA WHTCHCUBHOCTHU
COJIHEYHOMH paavanuu Ha MIOBEPXHOCTh
renmuonokpeiTus  (Jo) ¥ CYTOYHOW  3peNocTH

CBEKEYJIOKEHHOTO OeroHa (S), B 0COOEHHOCTH B
JIETHUH TEePUOJ TR COCTABUBIINX COOTBETCTBEHHO 50-
60% n 58% B cpaBHEHMM C TeIHOTEpPMOOOPaOOTKOM
GeroHa 0e3 MpUMEHEeHHUs IIOCKUX oTpaxkaresneii [1].

B cBsi3m ¢ 3THM mOCTaBIeHa IENb, YCTAaHOBHUTh
KapTUHYy W3MEHeHHs Kod(dduiuenTta mnoromeHus
CBEIKEYJIOKEHHOTO OeroHa oT BEJINYNHBI
BO3JICHCTBYEMO AJIMHBI BOJHBI COJIHEYHOTO CIIEKTPA,
MIPY TIEPEMEHHBIX TEXHOJOTMYECKHUX (pakTopax, TaKUX
Kak B/Il, KOHCUCTCHIUSI OCTOHHOW CMECH.

HccnenoBaHus MPOBOAWINCH Ha  mpudope
«Ilynbcap» OIpeeNIIEMOM K03 HUITHEHTHI
OTPAXKEHHNA, MOITIOIICHUA W IBETHOCTH MAaTCPHAJIOB.
Bo Bcex OKCIICPUMEHTaX, BO-IICPBBIX, HE OBLIO
TpaHMYaIlero Marepuaja MeXIy H3MEepUTEIbHBIM
YCTPOMCTBOM M CBEXEHU3TOTOBJICHHBIM OETOHOM, THIIA
CBETOIPO3PAYHOTO Mmarepuaa, BO-BTOPBIX,
NPUKJIAABIBAHUE  W3MEPUTEIBHOIO  YCTPOWCTBA,
BO3MOXXHO, OBLIO TOJIBKO IIOCie OOpa3oBaHHs Ha
IIOBEPXHOCTH O6eTOHHOM cMecHu KOpPKH
HOBOOOpPA30BaHMW, YTO B YCIOBHAX J1abOpaTopuu
TpebGoBaso He MeHee | yaca BpeMeHH rociie JOPMOBKH.

B JKCIIEPUMEHTAX HCIIOJIb30BAIIN
noptnaHanemMeHnT — Hasowmiickoro  3aBoma  MA400,

KBapLeBbId Mnecok Mxp=2,34, rpaHUTHBII TIpaBUil
O®p=5-20 mm. Ilpepenamum u3MepeHUs AJIUH BOJH
cuektpa (A) Opumm ot 03811 MKM, YTO B mHEnOM
OXBATBIBACT TPEJEIIBl JUIMH BOJIH CIIEKTPa CONTHEYHOH
pamuManuMu ¢ MakCHMalbHBIM  DHEPreTHYECKUM
NOTeHIMaJIoOM. Bo Bcex JKClepUMEHTax H3MEHEHUs
k03¢ uIlMeHTa TOTIIONICHHS OIICHUBAIOCH, HAUKHAS C
Bo3pacra 1 yaca mocie NpuroToBiIeHus ¥ (OPMOBAHUS
OETOHHOI cMecH.

B okcnepuMeHTaX ~ CpaBHUBAJIHMCh  COCTABBI
6eronoB ¢ B/11=0.4, 0,8, mpu stom OK=1-4cm = const
coxpaHsnock BO o00omx cocraBax. COOTHOIICHHE
KOMITOHEHTOB COOTBETCTBEHHO BBINICYKa3aHHBIM B/I]
crenytromee: 1 : 162:227;1:367:51;

Ha puc.l mnpuBeseHa KapTHHa H3MEHEHHE
k03(duineHTa norIomeHuss 6ETOHA Pa3INIHbIX JITHH
BOJIH (M) B 3aBucuMocTH OT B/LI. 3amMeTHO CHIKEHUE
k03 duilMeHTa MOTJIOIICHUsT OCTOHA COJHEYHOIO
criektpa ¢ nossimeHueM A ot 038 1o 0,596 MxMm, 4TO Ha
JAHHOM Y4YacTKe SIBIISIETCSl IOYTH IPSIMOJHHEHHBIM,
IPY 3TOM Ha JIaHHOM y4acTKke KO3()(UINEHT CHUIHIICS
Ha 6-7%. B mpenemax A =0596-0.71 Mmxkm HaOmomaercs
BbIpaBHMBAaHWE KOA(P(UIMEHTa TMOTJOMEHUs, a B
JaldbHEHIIEeM  HE3HAYMTENbHBIH €ero  poct, 10
CpPaBHEHHWIO C TPENBIOYIIMM ydacTkam Ha 2-3%.
CHmwxkenue B/I] TONTOXHUTENBHO OTPa3sWiOCh Ha
KO3 PHUIHIEHTE MOTIIOMEHUS OCTOHA, TO-BUIUMOMY, B
CHITy OONBIIETo COJEp KaHUS BSDKYIETO KOMIIOHEHTA,
WHTEHCHBHOTO TPOTEKAHUSI THIPATALMOHHBIX MPO-
IIECCOB M DJHEPrUYHOTO PACIPOCTPAHEHHS CETH
HOBOOOpPA30BaHWM, BCIEJACTBHUE YEro W OOJBIIETO
TETUIOBBIACIICHHSI.

[Ipu ycraHoBiIeHNH W3MEHEHHH Ko3(dduunenra
MoTJIOIIeHNsT ~ OeTOHa € TEYEHHWEM  BPEMEHH,
OLICHMBAJIOCH €TI0 Cpe/lHee 3HAYCHUE IPU BO3IEHCTBUI
ayuelt ¢ JuimHamu BoJiH oT 0.4 10 0.6 MKM, Kak Jiyuel ¢
HauOONBIIMM  DHEPreTHYECKHM  IIOTEHLUAJIoM, B
COOTBETCTBUH C [2].

N3menenne Bo  BpemeHm  kod(ddummenra
moryomeHnst OeToHa CHekTpa JJIMH BOJIH B
3apucumocT  oT B/I mpuBeneHHble Ha puc.2
CBUJICTENECTBYIOT O POCTE JAHHOTO KO3 HUIHMEHTa B
TE4YeHHe TMEepPBBIX 3-5 yacos, mpuueM yem Hiwke B/,
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T€M O3TOT POCT 3HAuuTeNnbHEeH. B nanbHeiimem ke
MPOUCXOJUT MEIJICHHOE CHIDKeHHe KoadduimenTa,
JOCTHTIIEr0 K KOHILy NEepBBIX CyTOK 16-17%, k KoHILy
BTOpbIX cyTok 28-30%. Takoe WHTEHCHBHOE U
PUTMHYHOE CHIDKCHHE KO3((HIMEHTa NOTJIOIIECHUN

0.947

OcTOHA CIEKTpa COJNHEYHOW paauanuu OOBICHICTCS
BBIJICJIEHUEM B  pe3yjibTaTe  TUAPATAIMOHHBIX
MPOIIECCOB MHUHEPAJIOB MOPTIAHIIIEMEHTa, CBOOOTHON
OKHCH  KaJIbIUs, UMCIOIIee OeNblid  IBET U
CHOCOOCTBYIOINIMI OTPAYKCHHIO MATAIOIIHNX JTYUYCH.
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Puc. 2. Usmenenue xodpghuyuenma no2nouenuss 6emona CONHeUH020 CReKmpe ¢ meyeHueM ePeMeHU 8
saeucumocmu om B/I]: 1- B/[] = 0.4; 2-B/[] = 0.8

Ha pwuc.3 mpuBeneHa KapTUHA H3MCHCHHE
Kod(QduIlMeHTa MOTIOMEHUS OETOHA CHEeKTpa IJIUH
BOJIH, B 3aBUCUMOCTH OT KOHCHUCTCHIIMH OETOHHOMU
cMecu. B akcmepuMeHTax KOHCHUCTEHIIUST OeTOHHOMN
CMecCH MMPUHUMAJIACh, B epBoM cirydae, OK=7-8 cm, Bo
Bropom OK=14 cm, B Tperbem - XK=20-25 cek.
IIpuHSATBIE  TPOMOPIMH  KOMIIOHEHTOB  CMECH
COCTaBMJIM, COOTBETCTBeHHO: 1277383, 1:2.37:3.31,
1:221:308 BBemeHHOE KOJIUYECTBO BOJBI 3aTBOPCHHUS
160,180 1 190 1 ma 1 m® 6eTonnoil cmecu. Ilpu sTOM
B/LI=0.55=const coxpaHsiioch BO BCeX CIydasix.

B coorBerctBUM ¢ puc.3 TeHIEHUUS K
AQHAJIOTMYHOMY, TIOYTH TPSIMOJMHEHHOMY CHUXEHHIO
ko3¢ unreHTa moraomeHrss 6ETOHOM CHEKTpa JUTHH
BOJH 10 A.= 0.596 MKM, TaK)Ke COXpaHSIETCS, HE3aBUCUMO
OT HA4YaJIbHON KOHCHUCTEHIMM OETOHHOH CMECH.
CoxpaHeHa B JailpHEHIIEeM KapTHHA W3MEHEHUS
ko3¢ dunrenTa noriomieHus 6etona ¢ A>071 MM, Kak
B JKCIIepuMeHTax ¢ rmepeMeHHbiMu B/L[. Omnako, B
JAHHOM  JKCIIEPUMEHTE YETKO BBIPUCOBBIBAETCS
JIeHCTBUE YBEIMUEHHUSI HAUaJIbHOTO BOJOCOAEPIKAHMS.
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KOHCUCMeHyuy 6emoHHOl cMecu
1-2K=20-25cex; 2— OK = 1-4 cm; 3- OK = 7-8 cm.
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Puc.4. Usmenenue xosppuyuenma noznowenusi bemona conneunou cnekmpa ¢ XK = 20-25 cex;
2-OK=1-4cm; 3-0OK=7-8cm

IlockosibKy cBOEH TIVISIHIEBOW IOBEPXHOCTBIO
BOZA, TI0O BUAMNMOMY, CTapaercs OTpaXkaTh JIy4H, TO
KO3 (GUIIMEHT TOTJIONIeHUss OeTOHa ¢ HadalbHON
moaBmkHOCTEI0O OK = 7-8 cMm cocraBiasier 97 — 98%
aHAJOTMYHON BeIWYWMHBI O€TOHA C  HAYalbHOM
K =20-25cek.

Usmenenne ko3(hduUIEeHTa TOTJIOMICHUS BO
BPEMEHM B 3aBUCUMOCTH OT HaualbHONW KOHCHUCTEHUUHU
OeTOHHOI cMmecH, TpaduK KOTOPOW MpPEICTaBlicH Ha
puc.4 moATBepANIa BIICTIPUBEACHHBIN aHAN3 pUC.2
O TIOCTETICHHOM W PUTMHUYHOM CHW)KCHUH, JaHHOTO
ko3 dunnenta Bo BpemeHu. [IpudeM HHTEHCHBHOCTH
CHIDKEHHS KOod(p(HUIMEHTa TeM BHINIE, YeM OoJbIie

BSDKYIIIETO B CMECH, a CIIEJOBATEIbHO 4YeM OOJbIle
BBIZEISIEMON CBOOOIHON OKUCH KaJIbLHs.

Takum o0pa3oM, IIOMy4YCHHBIE pPE3yJIbTATHI
MO3BOJISIET KAa4EeCTBEHHO IOBBICHTH 3(P(EKTUBHOCTH
WCIIONIb30BAaHMS TOTOK COJIHEYHOTO H3IIy4eHUs] IpH
reJMoTepMoo0padoTKe OeroHa. Koa¢ppuunent
TIOTJIONIEH!s OETOHA COJTHEYHON paaualyu yObIBaeT ¢
TE€4EeHUEM BpEMEHHU nocie Hayana
reJIMoTepMO0OPaOOTKH, MO3TOMY HanboJee
3 (PEeKTHBHO WCTOIB30BATh COJHEYHBIA TEIIOBOM
MTOTOK B ITEPBBIE Yachl TBEPACHUS OETOHA.
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UCIIONIb30BaHMsl  IUIOCKMX  OTpakarelieli  mpu  COOpHOTO  Jkelle300eToOHa € HCIIOJIb30BaHHEM
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V]IK 624.074.5+656.21
I'PHTH 67.29.63:67.11.35
Khalimbekov .M.
master student of the department of metal and timber constructions
Saint Petersburg State University of Architecture and Civil Engineering

ABOUT THE DESIGN OF THE STRUCTURE OF THE TRANSPORT HIGHWAY OVER
THE GULF OF FINLAND.

Xanumobexoe Hcnam Mypaoosuu
Mazucmpanm Kageopvl MEMALTULECKUX U OePeBIHHBIX KOHCIPYKYULL
Canxm-Ilemepbypackuii 20cy0apcmeeHHblll apXUmeKmypHO-CIpoumenbHulll yHU8epCcumem

O ITPOEKTUPOBAHUA KOHCTPYKIIMIA TPAHCIIOPTHOM MATHUCTPAJIHA
HAJ PUHCKHUM 3AJTUBOM

Summary. To solve the problems outlined in the modern concept of the passenger transport system of St.
Petersburg with a total length of 135.8 km, a high-speed vacuum train system is proposed, similar to the famous
Hyperloop by Elon Musk, with changes to suit Russian conditions. The route scheme in the plan has a polygon
with the location of the traffic interchange nodes (TIN) in its corners. The article discusses the sea section of the
route located between

TIN "Izhora" and TIN "Sestroretsk™ in the north. The basic level of the railway tracks for the supporting
aboveground and water base is assumed at the level +88.0 of the Baltic Heights system. The location of the sea
section of the high-speed transport highway (HSTH) is taken in accordance with the routes of sea fairways,
railways and highways, including the city ring road. The above-ground part of the structure is presented in the
form of a spatial cable-rod system with a span of 360.0 m and 180.0 m, belonging to the category of high-rise and
large-span structures for supporting the overpass. Static calculation and selection of structural sections are
performed for acting loads, taking into account the preliminary tension of guys and suspensions, as well as taking
into account the maximum amplitudes of resonant oscillations of systems from the dynamic component of the
wind load, including taking into account nonlinearity. The development of load-bearing building structures has
been completed to ensure the operation, the required reliability and safety of the HSTH.

AHHoTanus. [{yis penerns npo6ieM, yka3aHHBIX B COBPEMEHHON KOHIIETIIINY acCaXKUPCKON TPAHCIIOPTHOM
cuctemsl Cankt-IlerepOypra obmieit npotsbkeHHOCTRIO 135,8 KM, mpeanaraercs CUCTeMa BBICOKOCKOPOCTHOTO
BaKyyMHOTO Moe3/ia, mompobHoro m3ectHomy «Hyperloop» Mmona Macka, ¢ U3MEHEHUSIMH MO/ POCCHHCKHE
yciaoBus. Cxema MarucTpajiv B IUIaHE UMCECT MHOI'OYT'OJIbHUK C PACHOJIOKCHUCM TPAHCIIOPTHO-TIEPECATOYHBIX
y370B (TIIY) B ero yriax. B cTatbe paccMaTpuBaeTcsi MOPCKOH yUaCTOK MaruCTPald, PaciioIOKEHHBIH MEXITy

TITY «Wxopa» u TIIY «Cectpopenk» Ha ceBepe. OCHOBHOH YpOBEHb PEIbCOBOIO MYTH JISI ONOPHOIO
HA/I3€MHOTO W BOIHOTO 0a3mca mpuHAT Ha oTtMeTke +88,0 Banrmiickoif cHCTeMBI BBICOT. MeECTOMONIOKEHHE
MOPCKOTO y4acTKa BEICOKOCKOPOCTHOI TpaHcmopTHOH Maructpanu (BCTM) npuHATO B COTTIaCOBAHUH C ITyTSIMHU
MNPOXOKACHUA MOPCKUX Q)apBaTepOB, JKEJIE3HBIMM M aBTOMOOMIBLHBIMU AOpOoramMu, BKJIHO4as KOJIBLEBYIO
TOpOJICKYIO aBTOMarucTpais. HanzeMHas 4acTh KOHCTPYKLIMHU NIPEACTABIIEHA B BUJE IIPOCTPAHCTBEHHONW BAHTOBO-
cTepkHEBOH cructembl mpoieToM 360,0 M 1 180,0 M, oTHOCSIIEHCS K KATETOPUHN BBICOTHBIX M OOJBIIETIPOJIETHBIX
KOHCTPYKIHMH AN MOAAEP)KKH Oanku myTenpoBona. Cratwdeckuid pacy€T M moAdop Ced4eHUil KOHCTPYKIUH
BBIIIOJIHEH HaA ﬂeﬁCTBy}OLHHe Harpysku € y'—IéTOM MPEABAPUTEIILHOTO HATAXKCHUA OTTAXKCK U ITOABECOK, a TAKKE C
Y4ETOM MaKCUMAJILHBIX aMILTUTY/]] PE30HAHCHBIX KOJIEOAHUH CUCTEM OT JUHAMHYECKOHN COCTABIISIONIEH BETPOBOM
Harpy3KW, BKIIOYass y4€T HETMHEHHOCTH. BrImomHeHa pa3paboTka HECYNINX CTPOUTEIBHBIX KOHCTPYKIIHH,
obecrieunBaromux (GyHKIMOHUPOBaHUE, TpeOyeMyIo HaJeXHOCTh 1 Oe3omnacHocTs BCTM.

Keywords: high-speed transport highway, overpass of large-diameter pipes, cable-stayed and arched
structures.

Kniouesvie cnosa: 6bICOKOCKOpOCMHAsA mMpAaHCnopmHas macucmpdaib, 3cma1<a0a us3 mpy6 60/1bm020
0uafvtempa, 6aHmMoebvle U apOUYHble KOHCMPYKYUU, .

B tpancnoptHo#t momutuke Cankt-IlerepOypra  BocTouHBINf CKOpOCTHBIE [OHMAMETPHI), NPHUBOAS K
[IPOEKTUPOBAHUE U CTPOUTEIBCTBO TOPOACKMX M JOIOJIHUTEJIBHBIM 3KOJOTMYECKUM MOTEPSM.
MPUTOPOAHBIX aBTOMOOWJIBHBIX MarucTpajeid HMeeT Jna pemieHWs NaHHBIX NPOOJIEeM MpeayaraeTcs
MPUOPUTETHOE pa3BUTHE (HampuMmep, 3amagHsli M aJbTepHATHUBHAS CHCTEMa BRICOKOCKOPOCTHOTO ITO€3/1a
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Pucynox 1. Cxema pazsumus evicokockopocmuozo mpaucnopma na 2030-2050 a.

[Ipennaraemasi BEICOKOCKOPOCTHAsI TPAHCIIOPTHAS
Mmaructpaib (BCTM) obecrnieunBaer ya00HbIC, ObICT-
pble U Oe30macHble BBICOKOCKOPOCTHBIE TpPaHCIOPT-
HBIC CBSI3M METAIojuca ¢ MPUTOPOAaMU U OJm3ie-
skammmu noceneHuamu Jlenoomactn. BCTM  ocHo-
BaHa Ha m3o00perennu H.P. Slacyduna [2], a Takke Ha
HEeJaBHUX HcCiefoBanusax kommnanuu «Hyperloop
Alpha» 6usznecmena WM. Macka [3,4], B KOTOpPBIX
MPEII0oNIaraeTcsi BBICOKOCKOPOCTHOE JIBHKEHHE I1ac-
CaXHUPCKUX MOIyJel co ckopocThio oT 500 g0 1220
kM/4. Takas CKOPOCTh JIOCTHraercst 3a CHET Iepeme-
IIEHUS T0e37]a BHYTPH CTANbHOW TpyOBI CO 3HAUH-
TEJILHO Pa3peKeHHOW BHYTpeHHel atMocdepoii [5.6].

Paccmotpum  Hambosiee mOAPOOHO MOPCKOM
Y4acTOK MaruCTPaH. [ytn MIPOXOXKICHUS
TPAaHCHIOPTHOM  MAarWcTpajiW  HaJ  aKBaTOPHEH,
coenunstomux TITY «Wxopay —TIIY «Kpoumranr,
TITY «Kponwrragm»

— TIIY «Cectpopenk» ObLIN TPUHATH KPATHBIMU
180,0 M 1abbl He MPEMSITCTBOBATH MYTSIM IPOXOKAE-
HHUSI MOPCKHX (hapBaTepoB, U JaObl KOJOHBI HE HaJe-
Taly Ha TIOCTPOWKH, KEJE3HYI0 IOPOTYy W aBTOMO-
O6mbHBIE JOporH (puc. 2).

Maructpaib IMeeT OCHOBHOM yPOBEHB PEIIECOBO-
o MyTH A HAaA3€MHOTO M HAJABOIHOTO OINOPHOTO

Oasuca, npuHAThli Ha otM. +88,00 M (banTmiickas
cucTteMa BbICOT). HapzemMHas wacTh KOHCTPYKLHUH
MIPE/ICTaBICHA B BUJIC BAHTOBO-CTEPIKHEBOI CHCTE-MbI
mposeroM L=360.0 M u 180.0 M (B mepBOM Ipo-ieTe) u
OTHOCHUTCSI K KaTE€ropuy BBICOTHBIX M OOJBILIENPO-
JIETHBIX KOHCTPYKIHH (puc. 3).

HasnaueHa mpOTSHKEHHOCTh MarucTpayieil Ha
yaactkax: TITY Uxopa — TITY Kpormranr (14220 m);
TIIY Kponmraar — TITY Cecrpoperik (14760 m). IIpu
sToM yron mexnay ocamu BCTM TITY Wxopa — TITY
Kponmrranr, TIIY Kponmraar — TIIY Cectpo-penk
coctasu 137°.

Jist Toro, 4ToObI MOJMYYHUTH JUIMHY BCEX KOJIOH
MarvcTpaiy, PpaclojiO)KEHHbIX HEMOCPEJICTBEHHO B
BOJIaX 3aJMBa, WCIIOJIB30BaHBI KapThl IiryouH PuH-
CKOTO 3aJMBa, 10 KOTOPBIM HOCTPOCHBI MPOIOJIBHBIC
MIPOQHIN MarucTpaiu ¢ y4eToM peibeda MeCTHOCTH
(puc. 4). Takum o0Opa3oM, UIT KOJOHHBI, pacIo-
JIO)KEHHOW BOJIM3M TPOXOXKIEHHs (apBarepa, Mak-
cMMallbHass BbICOTa cocTaBmwia 95,87 M, BKIoudas
MOJABOAHYIO 4YacThb. JlaHHBIA y4YacTOK SIBIISETCS
Haubosiee OMacHBIM MJisl Maructpainu. VIMeHHO st
9TOT0 y4acTka M OyZeT BBINOJHEH CTATMYECKHil pac-
YeT U MoI00p CEYCHUH 2JIEMEHTOB.
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Pucynox 3. Koncmpyxmuenas cxema BCTM
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Pucynox 4. Ilpooonvruiii npogune mazucmpanu TIY Hocopa — TITY Kponwmaom u TITY

Kponwmaom — TITY Cecmpopeyk
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11000p CeYeHUH KOHCTPYKIMHU BBIIIOJIHEH Ha JIeH-
CTBYIOIL[IE HAarpy3kd C Y4€TOM IIpeIBapHTEIHLHOTO
HaTSDKEHHUS OTTSHKEK M TOJABECOK, a TaKXkKe C Y4ETOM
MaKCHMaJIbHBIX aMIUTUTYJl PE30HAHCHBIX KoJjeOaHuit
CHCTEM OT JUHAMHYECKOH COCTaBIISIOIICH BETPOBOM
Harpys3KH, BKJIIOYas Y4€T HEJIWHEHHOCTH, 4YTO
mpeaycMOTpeHo mnporpaMMHbIM TaketoM SCAD++,
ITo pe3ympTaTaM pacuera, OBUIM MOIYUEHBI CIEIYIO-
LI1e 3HaYeHUs] BHYTPEHHUX YCWIMH U MepeMele-Hui
B DJIEMEHTaX Maructpanu (puc. 5-7), mpexxe Bcero B
Ganke-myTenpoBoe (tab. 1).

Janee mo mNOJyYEHHBIM 3HAYEHUSIM YCWIMH U
NporuOoB ObUTH IMOJOOpaHBI CEUSHHSI DJIEMEHTOB
KOHCTPYKUMH. OCHOBHBIMH HECYLIHMMH DJIEMEHTaMH
KOHCTPYKLIMH SIBJISIOTCSI CTajlbHBIE TPYOBI OOJBLIOTO
JuaMeTpa, U3roToBleHHble M3 cramu C345. Ilyte-
MPOBOJI MPEACTABIIET CO0OH cTanbHyI0 OayKy, cO-
CTaBJICHHYIO U3 4YeThlpex TpyO amamerpom D = 3020
MM C TOJIIIMHOMN CTeHKH t = 16 MM (puc. 8). Komon-na
U PHUTeIH, 00pa3yIolie HECYIIYI0 paMy BBIITOJI-HEHbI
u3 TpyO HapyxHbIM guamerpoM D = 3820 mm c
TOJILUUHON CTEHKH t = 25 MM, IPU 3TOM BEPTUKAJb-
HBIE 3JIEMEHTHI 3aII0JTHEHBl 6€TOHOM. DJIEMEHTHI ap-Ku
3anpoeKTUPOBAHEI 13 TPYO Toro e nuamerpa D = 3820
MM C TommuHOW cTeHku t = 40 wmm. I[lwioHs!
3alPOCKTUPOBAHBl B BH/AE PAaMHOW CHCTEMBI, CTOHKH

KOTOPOH MpEICTaBICHbI TPYyOOOCTOHHBIMU 3JICMECH-
TaMH, SBISIOIIAMUCS MPOJODKCHUEM OMOPHOM MOJ-
3€MHOM YaCTH KOHCTPYKIIMH KaK BUOPOIIOTPYkKae-MbIe
cBau. Hecymieil KOHCTpyKIMEHl B MpPOJIETHON uacTu
COOpPY)KCHHSI  SIBJIICTCSI  apKa, BBIMOJIHCHHAS W3
CTaJbHBIX TPYO, C MPUMEHCHHEM BAaHTOBBIX 3JCMCH-
TOB (OTTSDKKH, 3aTSDKKH, TTOJIBECKH H T.JI.).

B kauecTBe BaHTOBBIX KOHCTPYKLMH HPUHSATHI
KaHaThl MapKHpPOBOYHBIA rpymmbel 1670 MIla, nma-
metpom D = 120 MM W 1[JIOUaABIO CEYEHHUS
A = 10100 MM2, BEITTOTHSFOIINE PO IIOJABECOK U IO~
JICP’KUBAIONINX IyTCNPOBOJA, M KaHATHl TUAMETPOM
D =70 MM u tomaneio ceuennss A = 3390 Mm2, BbI-
MOJTHSIOIIKE POJIb CBSI3CH WM MEpENaIoINX YCUIHS Ha
Oanky, a Takke KaHatel muamerpoM D = 60 MM u
wiomanso ceueHuss A = 2490 MM2, BBITOJIHSIOIINE
pOJIb BaHT.

Ji1st conpsikeHns yacTeil U CeKUMM UCTIOB3YIOTCA
00JTOBBIC COCTMHCHUS Ha BEICOKOTIPOYHBIX OONITaX.

Pazpaborannbie HecyIue CTPOHTEIBHEIC
KOHCTPYKIHUH, oOecrmednBaoT (YHKIHOHHPOBAHHE,
Tpebyemyro HalexHocTh U Oe3omacHocTh BCTM wu
HMEIOT OPUCHTHPOBOYHBIA Pacxoj]] Ha BCE CTaJIbHBIC
aJeMeHThl Oonbmoro nponera L = 360 M, Brirodas
MUJIOH, KOTOpBIA coctaBun 7714,8 Tonn wim 21,43
TOHHBI Ha | M JUTHHBI MarucTpay.

L= ROii0 .

PucyHOK. 5. Pacuemmnas cxema mazsucmpaiu ¢ Homepamu munoe HCecmKocmu 3J1emMennos
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Pucynox 7. 3uauenus nepemewenutl y3108
Tabmuma 1
BHyTpeHnHne ycuJus B 3JIeMEHTax
No 371-Ta Ni, kH Mi, Ku*m
1 -46905,1 -48510,6
2 6950,118 -81629,2
3 7887,439 102999
4 9994,855 129767,3
5 6550,059 -127337
6 -45659,3 -48551,8
7 -44229,7 30715,04
8 -45821,3 31057,04
9 -20706,8 -9265,37
10 -20557,6 -3235,43
11 -22352,1 -3515,69
12 -22215,4 6652,97
13 -23667,6 -4357,59
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14 -23969,2 12849,27
15 -20635,5 13097,92
16 1909,339 -

17 1372,681 -
18 5934,48 -
19 5008,292 -
20 5201,706 -
21 5172,264 -
22 1121,762 -
23 1082,73 -
24 1076,467 -
25 1088,211 -

|
3052
3020

Puc. 9. [lonepeunoe ceuenue mpy6 BCTM

3aki04ueHue:

1.0npenenensl  JUHUS — penbeda  MOPCKOTO
yyactka BCTM B ycnoBusix Mmeramnosnuca CaHKT-
[lerepOypra ¢ KOOpIMHATAMHU M BBHICOTAMH KOJIOHH U
TIIY B y3max, W HaubojJee OMACHBIH Y4acTOK
MarucTpay.

2. BhIMonHEH pacueT 31eMEHTOB KOHCTPYKIMH B
nporpaMmmHoM komiuiekce SCAD++, B pesynbraTbl

KOTOPOI'o CKOHCTPYUPOBaHbI KOHCTPYKIUH
COOPYIKEHUSI.

3. Jlanee mimaHupyeTcs mpoBepKa KOHCTPYKIUH
BCTM  Ha  BO3JEHCTBHE  MPOTPECCHPYIONIETO

OOpyIIeHUsI C y4eTOM aBapUHHBIX BO3/IEHCTBUI OT
yAapa IpoXOAALIMX CyA0B U MACCUBHOTO JIbJIA.
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