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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reproduction of cultural and historical content in its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 «filex» 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.
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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 F ernandez :(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
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Figure 3.Examp|e of temporal public ar

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

activate the architectural environment, and have no less
influence on space (Danysz, 2009).

t. Performance in Times Square on July14, 2011

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

Figure 5. Lorenzo Quinn’s «Supporty, Venice

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.

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

AHHOTa].ll/lﬂ. OI.[GHKa TOYHOCTHU TCOAC3NYCCKUX MOCTPOCHUA OO CUX IOP SABJACTCA aKTyaJ'ILHOﬁ TEMOH He
TOJIBKO I'€OJAC3UH, HO U FCOI/IH(l)OpMaTI/IKI/I. B cBs3u ¢ Pa3BUTHUEM BbBIYHCIIUTECIBHBIX MOH.[HOCTCﬁ CTaJIi JOCTYIHbBI
TE METOJbl, KOTOpble ObLIM TPYJ03aTPaTHBIMH WIIM IONPOCTY HEBO3MOXKHBIMH. B CBOIO ouepens pa3iuyaroT
pa3InyHble NOAXOAbl K YPaBHUBAIO JAHHBIX, UMEIOLME B CBOEH OCHOBE aJITOPUTMBI. OHaKo BO3HUKAET BOIpoOC
— HAaCKOJIbKO JOCTOBCPHBIMHU MBI ITOJIyHYaceM PE3YJIbTAaThl OCJIC 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:
oughpepenyuanvrvle cemu, CnymHuKogvle Memoobl

TMOI', T'HCC, ypasHusanue

2e00e3UYecKux M3Mep€Hu11, CnymHuKoeble

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

based methods

Beeaenne

B macrosiee BpeMsi MaTeMaTHdeckasi oopaboTka
reoJIe3NYEeCKHX JaHHBIX — OJIHA U3 CAMBIX aKTyaJIbHBIX
TeMm. OlLieHKa KayecTBa MOJYyYEHHBIX JAHHBIX OIHO U3
MIepCTIEKTHBHBIX HampaBieHUud. B Hacrosmee Bpems
CYIIECTBYIOT = Pa3iM4YHbIE METOJIbl  ypPaBHUBAHUS
T€0/1e3NUECKUX JTAaHHBIX: KJIaCCHYECKHE
(mapameTpudeckuil W  YCIOBHBIH METOABI), BCE
pa3NIyHbIe MPOTrpaMMHBIE 00ECIe4YEeHUs] B OCHOBE
KOTOPBIX JISKUT allTOPUTM, OIMPAIOLIMICS Ha METO[
HaMMEHBIINX KBaJpaToB M COBPEMEHHBIE METOIbI
YpaBHMBaHMS JIAHHBIX C TPUMEHEHHEM METO0B
HEJIMHEWHOTO NpOrpaMMUpOBaHus. B naHHON craThe
NpUBEJICHa OCHOBHAsh TEOPHS 10 CIYTHUKOBBIM
METOJlaM,  paccMOTpeH  TpUMEp  ypaBHUBAHUS
cymectBytomerd  nuddepeHnmansHOH  cetH ¢
NPUMEHEHHNEM KJIACCHYECKOT0 METO/Ia ypaBHUBAHUS U
nporpamMmmHOro  obecmeuenus  Trimble  Business
Centre(TBC). Ilo pesympTaTaM MaTeMaTH4eCKOM
00paboTKN CIYTHHKOBBIX HM3MEPEHHH IpHBeaeHa
Tabnuia, B KOTOpOHW TNpHBEJEHA OIIEHKAa TOYHOCTH
HU3MEpEHU.

OcHOBHbIE CBe/IEHHSI 110 CITYTHHKOBBIM

onpe/eJieHUsIM

I'eonesnueckoe GPS o0opyaoBaHue u
T'JIOHACC/GPS cucremMbl B TeOJe3WH aKTHBHO
NPUMEHSIOTCS B TEOJIOTMH, Ha HA4YallbHBIX 3Tamax

CTPOMTENIECTBA, MEKEBaHUS, NPHUBSI3KA KOHTPOJIBHBIX
TOYEK Pa3OMBKU TEOMOIUTHBIX M TaXEOMETPUUECKHUX
xo070B, ¢ momompeio GPS obopynoBaHus moseBbie
reofie3nyeckiue paboTHl BBIMONHAIOTCS B KOPOTKHE
CPOKH, MTO3BOJISISI HE TOJIBKO cOOMpaTh KOOPAWHATHBIC
JlaHHBIE, HO M OJJHOBPEMEHHO CO cOOPOM IPON3BOUTH
ux 00paboTky B pearsHOM BpPEMCHU.
IIpeumymectBamu GPS- TexHo0rMil Tak *e siBisieTcs
BO3MOXXKHOCTh ~ NPOBOJAWTH  W3MEPEHUS  BBICOKOH
TOYHOCTH B JIF00OE BpeMs CYTOK, B JIIOOOH TOUKe,
HE3aBUCHUMO OT KIMMAaTUYECKUX YCJIOBUHI WIH ILIOXOHI
HOTOJBI;  OTCYTCTBHE HEOOXOAWMOCTH  HAIMYHUS
BUAUMOCTH  MEXIy  TOYKAMH,  MHHHUMH3AIHI
ommbok.[1-2].

PaccrosiHme 110 CHyTHHKa - IICEBIOJATBHOCTH
BBIUHMCIIAETCS, KaKk WHTEPBAI BPEMEHH  MEXIy
U3Iy4YEeHUEM CUTHalla Ha CIyTHHKE U NpUEMOM €ro Ha

MIpUEMHHUKE, YMHOKCHHBIN Ha CKOpPOCTh
pacIpocTpaHeHus! HJIEKTPOMATHUTHBIX BOJIH.
Koopaunatsr IIyHKTa o pesynbTaram

CITyTHUKOBBIX HaOIIOJICHUH OIPENENIIOTCS METOAO0M
MPOCTPAHCTBEHHOM JIMHEHHOM 3aCEUKHU MO MCXOJHBIM
JlaHHBIM:

® KOOpJAMHATBl  YETBIPEX  HCKYCCTBEHHBIX
cnyTHUKOB 3emiu (X1, Y1, Z1... X4, Y4, Z4);

e pe3ysbTaThl U3MEPEHUH AAIBHOCTEH MEXIY
(a30BBIM LIEHTPOM AHTCHHBI NPUEMHHKA HA MyHKTE P
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|/

n UC3 (R1, R2, R3, R4). Ha puc. 1 uzobpaxeno
NPUMEHEHUE  CIYTHUKOBBIX  TEXHOJIOTHM  mpu
ONpeNeNeHuN KOOPJAUHAT, C HUCIOJb30BaHUEM 4X

HpI/IeMHI/IKOB, HMCHOIINE OAWHAKOBLIC 3(1)I/IMI/IpI/IﬂLI
[3-5].

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 npocmpancmeeHHoU TUHEUHOU 3ACeUKU.

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

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

ncCa-1
(X1.Y1.24)

MOJKHO HCIIOJIb30BaTh TU(depeHIHanbHble CeTH, TeM
caMbIM MMHUMU3MPYs NOIpEHIHOCTH u3MepeHuil. Ha
puc.2. M300pakeH NMpUMEp OTHOCHTEIBHOI'O METOa
OIpeNIeNIEHUs] KOOPIUHAT.

nc3-3
06 Yo 25)

X nMnynkm P
(Xp.Yp.Zp)

"o YaiZo) i

Puc. 2 - Omnocumenvuwiti memoo onpedenenust KOOPOUHam

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

CyTp MeToma 3aKiIioYaeTcs B TOM, YTO dYepes VYpaBHHBaHUE  CHYTHHKOBBIX  JaHHBIX  C
CIIyTHHKOBBIC U3MEPEHUS ONPECISIOTCS MPUPAIICHUS  NPUMEHCHHEM YIIPOIICHHOIO KIACCHYEeCKOTO METOoJa
KOOpAWHAT WMCKOMOIO MyHKTa (Q, OTHOCHTEIBHO  ypaBHUBAHHS.
onopHoro P. YuponieHHbIN KJIACCUYECKUU METOJ

TOYHOCTH OmpeeacHUs KOOPAMHAT BO3PACTAET B yPAaBHUBAHUS Tpeoiaraet HCIIOJIb30BaAHUE
pasbl, TOCKOJIbKY MOXKHO HM3MEPHUTh PAaCCTOSHHE Ha  DJIEMEHTOB JIMHEHHO anreOpel. B Ttabmume 1
36MHOM  MOBEPXHOCTH I 0Ojee  TOYHOrO  IPUBEACHBI 3HAUYCHUS HCXOMIHOTO ITyHKTA.
OTIpeICIICHUS] KOOPIHHAT.

Tabimma 1

Ne X Y Z

1 2811450,988 2158239,108 5285093,057




[ |
Sy
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B Tabnuue 2 npuBeneHbI JaHHBIC, MOJTyYCHHBIC B
nuddepenunansroit cucteme EFT-COORS[6].

Tabmuma 2
Hpnpameﬂnﬂ KOOpAUMHAT U NJIMHBI BEKTOPOB, UCIIOJbB3yEMbI€ 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 IIPUPALLEHUN KOOPAUHAT.

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

MaTpHIbI

- 1 cmasumcs moeda, ko20a NYHKmM HAXOOUMCSL 6

Hauane onpe()e/me/wozo 6eKmopa

+ 1 6 mom cnyuae, ecau nynkm pacnonodxicer 8

KOHYe eéekmopa

0, ecru nynkm ne yuacmeyem 6 onpedensiemMom

sexmope 6 mabauye 3

Tabmuma 3

Matpuna A, ucnoJib3yemMasi B ypaBHHBAHUHU YNPOILIEHHBIM 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 ypaBHHBaHHH. CIEIYIONIMM JTaroM

IIOCKOJIBKY ~ OHM

HEe OymyTt

BBIYHUCIIACM

[17-24, 35-38].

TPaHCIIOHUPOBAaHHYO

MaTpuIa

A

Hanee eruncnsem AT A, ee pasmep Oyger 12%12..

matpwui [7].

B Tabmune Ne 4 mpencraBiieHO MPOU3BENEHUE IBYX
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Tabnuua 4
IIpousBenenne 2x MaTpul
4 o) o) -1 [3) [5) -1 ) O -1 O O
O 4 O O -1 O ) -1 () O -1 O
O O 4 O s} -1 s} s} -1 O O -1
-1 O O 1 s} O ) s} O -1 O O
O -1 O O 4 s} O 2 O O -1 O
O O -1 O [} 4 O O 2 O O -1
-1 (o) (o) -2 o) o] s o] o] -1 (o] O
o) -1 o) O _2 ) o) s ] ] -1 O
O O -1 O [s) -2 ) ) s O O -1
-1 O O -1 s} O -1 s} O 4 O O
O -1 O O -1 O O -1 O O 4 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
[MonxcunTaB 0OpaTHYIO MaTpHIly TPUCTyIaeM K IMoacuuraB  crombery d  mpuctymaem K

noyicuery Bekropa L.
Brraucisem BexTop L o dpopmye 1:

Lij = (Xoj - Xoi) - Dxij 1)

Paccunras BexTOp L mpuctymnaem k onpeneneHuro
BekTopa d, UCronb3ys Gpopmyiy:

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

OIIPEAEIICHHIO TTONPABOK K NMPHUPALICHUSIM KOOPIUHAT.
Hust aToro cymectByer ¢popmyna: V = Ad + L (45)
Ha  pucynke 17  nmpuBeseHbl  JaHHbIE,
UCTIONB3YEMBbIe  JUIl  HAaxOXICHMS  IpHpamieHuit
KoopauHaT. Tarke BBIYHMCISAIOTCS M HCIpaBIICHHBIC
TpUpAIICHUsT KOOpAUHAT 110 Gopmyiie (46):

dX ucnp =dX +V (46).
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Ad v V TpaHcIT
0.000 0.000 v vyY v/
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 25193.952
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 115306.618 -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
Pucynok 3
YPaBHI/IBaHI/Ie CITYTHHKOBBIX JaHHBIX C 2. I/IMHOpT CBhIPBIX HaHHBIX, IIOJYYCHHBIX CO

NpUMEHEeHHEeM TporpaMMmHoro 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  xommuieke TBC  mo3Bomser
UMIIOPTHPOBATh Ppe3yJIbTaThI U3MEpeHUit c

npueMHUKOB komnanuu Trimble, a taxke B Gopmare
RINEX. Takke MOXXHO TNPOBEPHUTH NaHHBIE U MpPHU
HEOOXOAMMOCTH HCIPABHUTh HX.

[Topsimokx paboTHI B TaHHOH cHCTEME.

1. Co3panue npoexra B TBC u BpiOOp 1mabiona
metric.

CITyTHUKOBOTO TPHEMHHMKA HIH I PepeHINaTbLHON

CCTH.

3. Crnenyromuii MyHKT — 00paboTka 0a30BBIX
muaui. [ponecc o6paboTku otobpakeH Ha puc 4. 1o
THUITy pEIIeHUs] MPUHATO BBLACIATH CIEAYIOUINE TPU

BHOA:

OuKCHPOBaHHOE pelIeHHe — Korga oOpaboTka

npoucxoaut B goctyne mo CKO

IInaBaromue pemeHue — KOIZJA  HEMHOIO
MPEBOCXOIUT AOMYCTUMOE

Pemenne nHe HaiimeHO — o00paboTka 0a30Boit
JIMHAM ~ 3HAYUTENLHO TMPEBOCXOJHUT  JOMYCK
TOYHOCTH.

Taxke Ha pucyHKe 4 B TOCIETHEM CTOJNOIE
oToOpaxkaeTcs JJIMHA BEKTOpPOB. PaccrosiHue Mexmy
KM.

IIyHKTaMMU:

MuHuManbHOE:

MakcumainbsHoe: 225,562 kM.

94,424
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. ObpaboTka 6asoBbIX MHMA

i

O

PeayneTatel 06paboTku
Coxp‘ Wamepenne ‘ Tun pewenmna | ToyH. B nnaHe (95%) ‘ TouH. no BeicoTe (95%) ‘ CKO | Hnvna ‘
» [v/ DMTR —PZAL DuKCHpoBaH 0,004 0,009 0,012 94424199
b [ 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
: [v' DMTR —ORZU DUKCUpOBaH 0,005 0,011 0,014 107889,683
[+ DMTR —TVER DUKCHPOBaH 0,005 0,011 0,013 117705,533
I [ DMTR —PZAL DUKCHPOBaH 0,004 0,009 0,013 94424 199
b ¥ DMTR —RUZA DUKCHPOBaH 0,005 0,010 0,015 108029,237
D ¥ 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 [V PzZAL —RUZA DuUKcHpoBaH 0,007 0,014 0,020 201628,641
I [v7 ORZU—RUZA DUKCUpoBaH 0,007 0,014 0,019 175605,703
I [+ ORZU —TVER DUKCHPOBaH 0,007 0,014 0,019 225562,599
D [ ORZU —PZAL DUKCHPOBaH 0,004 0,010 0,014 103064,806
b ¥ 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 DUKCUpPOBaH 0,006 0,012 0,015 134203,160
I [ PZAL —TVER DUKCHPOBaH 0,007 0,014 0,016 181764,183
I [+ ORZU —RUZA DUKCHPOBaH 0,007 0,014 0,020 175605,702
D ¥ PZAL-—RUZA DuKcHpoBaH 0,007 0,014 0,019 201628,642
b [v7 ORZU —TVER DuKcHpoBaH 0,007 0,014 0,021 225562,601
HaxmnTe <CoxpaHnTb>, 4TOOLI COXPaHWTE pe3yNkTaTel 06patoTku. 30 n3mepeHnii BIGP ons

Pucynok 4 - Obpabomxa 6azosvix uHull

[Tocne 06paboTku 0a30BBIX JIMHUIM NPOUCXOAUT
npouecc ypaBHuBaHMsS ceTH. Ha puc 5 npuBenen
¢parmerr wmeHto TBC.KomaHma «ypaBHUBaHHE»
HaxonuTcs B pasgene ['eomesnueckue. B manHOM
ITyHKTE MEHIO HAXOANTCS ABE KOMaH/Ibl YPaBHUBAHHUS:

1.1. YpaBHuBanue xoja TMpeJHa3HAYEHO s
Ha3eMHOH CBHEMKH: HHBEIHPHOTO XOoJa, IJH0o
TEOIOIUTHO-BBICOTHOTO (TaXEOMETPHICCKOT0) X0a

1.2. VpaBHUBaHHE CeTH NpEAHA3HAYCHO IS
00paboTkH JIAHHBIX CITy THUKOBO CBEMKH
(CIlyTHUKOBOH ceTH)

OnTika

Ypasnnsanue cem

@ Besepgenue B Trimble Business Center

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

Pucynox 5 - Ypasnueanue ¢ TBC

Ha puc 6 mnpuBeneHO MEHIO, CBA3aHHOE C
YPaBHUBaHHEM CETH, MOCTPOECHHON C MpPHUMEHEHHEM
CIlyTHUKOBBIX ~ IpUEMHUKOB. Ilpu  orTcyrcTBUM
OIOPHBIX TOYEK B Ta0JMIE, N300paKEHHOM HA PUCYHKE
10 OyayT mycThIe CTPOKH;

2 — ypaBHMBaHHE MO IUIAHOBOMY IIOJIOKEHHUIO
TOYEK
h — YpaBHuBaHue Mo BEICOTHOMY TOJIOKSHHUIO



[ |
EESy |

YpaBHMBaHWE CETH 7 ox
TR

PUKcaUMN HasHayeHWe BecoB

OnopHele KoopA.

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

Pucynox 6 — ¢hpacmenm menio uz ypasnusanus cemu

Pe3ynbTaThl ypaBHHBAaHUS MOKHO IIOCMOTPEThH B
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muddepernnansaoit cetn EFTCORS. B Tabmume 6

OTHYETE M0 YPABHUBAHUIO. NIPUBEICHbl KOOPAWHATHI CTAaHOWH, Ha KOTOPBIX
B kadecTBe MCXOIHBIX JAHHBIX HCIIOIB30BAINCH  POBOJIMIACH CHEMKA.
JaHHBIC CIyTHUKOBBIX HAONIONCHMH, B3ATHIE C
Tabnuma 6
KoopanHaThl NyHKTOB CETH — «ChIpbIe JaHHBIE)»
Ne X v 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 282877746 2047084,231 5319719,347
Bemomnasis mpocreifnme MaTemMaTudeckue  mporpamMmHoro obecnedenuss TBC. Pesynprarsi
npeoOpa3oBaHMsl MOJIy4aeM YCpPEIHEHHble 3HA4YCHUs  NPUBEJCHBI B Ta0uuLe 7.
OHII/I6OK, TMOJIYUYCHHBIX C HCIIOJIB30BAHUCM
Tabmnuma 7.
Pe3yabTaThl MaTeMaTHYeCKOH 00pa0oTKH.
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
Beimonnus MaTeMaTHIeCcKyIo 00paboTKy
MPHUCTYTIAeM K OIIEHKE TOYHOCTH
Tabmuma 8
CBoJHasi 10 Pe3yJIbTATAM BbIYMCJIEHUSI A0COTIOTHBIX OIIH00K
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 PE3yJbTAThl, MOJYYCHHBIC MyTEM
HAXOXKICHUS TPEMs Pa3HBIMHU CIIOCOOAMU, IPUXOAUM K Jluteparypa
BBIBOJY, YTO 3HAUEHHUS JOBOJIbHO CHJIBHO pPa3HATCS. 1. Kympusinos A.O. I{udposoe MomenupoBaHue
PaccmarpuBas tabnuiy 70, IpUXOJUM K BBIBOJY, YTO  JKEJIE3HOJOpOXKHOro nytu //  OOpasoBarenbHbIE

TBC naér HecKONbKO 3aBBIIICHHBIE TPeOOBaHUS, IO

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

MOIXOABl K YpaBHUBAaHHIO JaHHBIX, IONyYCHHBIX B
pe3yJibTare CILyTHUKOBOT'O MO3ULIMOHUPOBAHUS.
O0paboTKa MPOU3BOAMIACH PA3THYHBIMH MOIXOIAMU:
IPU UCIOJIb30BAaHUU IMPOTPAMMHOIO 00ECIEeUYEHUs |
KJIACCMYECKOTO0 METOJ]a YPaBHUBAHUS I'€O/IE3UUECKUX
JAaHHBIX. AHaHI/ISI/IpyH IMOJIYYCHHBIC TTOINPAaBKU, MOXHO
YBUACTHb, 4YTO YPABHCHHBLIC JAaHHBIC IIOJYyYarOTCA
JIOBOJIEHO TOYHBIMH BIDIOTH 10 0,9 MM, B CBSI3H C 4eM
MOXXHO  MpPEINONOXHTh, YTO JaHHBIA  METOJ
MOJy4YaeTcss ONHHUM W3 TOYHBIX B HAaXOXKICHUH
STAJIOHHBIX KOOpIWHAT. Takke ONHHUM W3 BBIBOJIOB
MOXET CIYXHUTb TOT (PaKT, YTO COBPEMCHHOE
mporpaMMHOE — obOecriedeHne  Ma€T  3aHIDKCHHEIC
pe3ynbTaThl, 4YeM CYLIECTBYIOT Ha CaMOM Jielne.
Hanmetocs, uro  OyayT Takue  IpOrpaMMHBIE
obecrieueHnsi, KOTOpble OyIyT JlaBaTh JIOCTOBEPHBIE
pe3yJIbTaTHL.

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

2. leerkoB B.A., llnanak B.B. CoBpemeHHblE
METOJBI MONYYCHHSI Teofe3nmdeckord nHpopmanuu. //
Wmxenepusie u3sickanus. -2013. - Ne 4. - ¢.14-17.

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

4.TocnonunoB C.I'. 'eonesznueckoe obecrieueHne
uudposoro MmozaenupoBanusi //  OOpa3oBaTenbHbIE
pecypebl u TexHosoruu. — 2016. - Ned (16). — ¢.121—

5. Makapos C.O. CpaBHHUTEIbHBIE OIICHKH
KauyecTBa OIpeJeNieHNs] KaJacTpOBBIX TpaHMI[ Ha
OCHOBE Pa3INYHBIX METO/IOM n3MepeHui//
Crnassackuit @opym, 2018, Ne2(20). C. 197-200.

6. TuxonoB A.Jl., Kuuaroa .M. OG30p ceteit
MTOCTOSTHHO JISHCTBYIOMMX 0a30BBIX CTaHUUH/Mup
mmeperuit. — 2019 - Nel — C. 26-28.

7. Mapreiesckas W.C., TuxonoB A.Jl.
CpaBHeHHE pa3IMYHBIX CIIOCOOOB  YpPaBHUBAaHUS
TeOJIe3UYECKUX CETEH, IOCTPOCHHBIX CIIyTHUKOBOMU
anmapatypoii // Cnasstackuit popym. — 2018. - Ne3(21).
C. 26-28
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OPU3NKO-MATEMATUYECKUE HAYKH

VIK 519.21

Anuee T. M.

KaHouoam u3uxko-mamemamuyeckux HayK, OOyeHm
Hucmumym Cucmem Ynpaenrenus HAHA

baxwues I11.5.

KAHOUOam mexHu4ecKux HayK

Hnemumym Cucmem Ynpaenenus HAHA

Jcaoues. K.M.

Beoywuii cneyuanucm no obecneuenuio npozpamm, dokmopanm
Hnemumyma Cucmem Ynpaenenus HAHA,

Texuonoeus /[H

HUHTEI'PAJIBHBIE ®YHKIIMOHAJIBI OT BETBAIIUXCS ITPOLECCOB

Pe3tome. PaccmatpuBaeTcst MApKOBCKUN BETBSIIHICS MPOLECC X, £ = 0, ONUCHIBAIOIINIA YBOJIOLIMIO OJHOTO
TUMA YaCTHIl U C 3aJaHHBIMH JIOKAJTbHBIMH TMEPEXOJHBIMU BEPOSTHOCTAMH. 3aJaBas IOCIEI0BATEIbHOCTD
HE3aBHUCHMBIX CIy4allHBIX MMPOIIECCOB BBOJIUTCS MHTETPATIbHBIN (DYHKIIUOHAT Y;, t = 0, BRIpaXKEHHBIN Yepes 3TH
MPOLIECCHI.

N3yuenne MapkoBCKOro mporecca {X;, V:}, t = 0, OIHOPOJHOrO MO BTOPOW KOMIIOHEHTE CBOAUTCS K
M3YYCHHUIO CAMOT'0 BETBSIIErOCs mporecca X, t = 0.

Kiouesvie cnosa: 00HopooHocms no 6mopol KOMROHEHme, 8eMEAUUIC NPoyecc, 6e3ePaHUYHO OeTUMbLI
3aKOH, C8ePMKA NPOU3BOOSIUYEl] PYHKYUU.

1.BBenenne OJHOPOIHBIM BO BpPEMCHHM IIPOLECCOM, a HpH
ycts  x,,t >0 wmapkoBckuii BerBsimuiicss  k, 7 = 0 {py,(t,s)} sBusercs ero NepPexXOAHBIMH
NPOLIECC, OMUCHIBAIOLIMI DBOJIIOLHUIO OJHOTO THIA  BEPOSTHOCTSIMH, TO Mpu 4 — oo
gactun. Ecnu x;,t = 0 moMuMo 3TOro sBIsSETCS

UMy (6, +4) = 8 + ey i1 (D4 + 0(4), (1)

rie Sier -CHMBOJT Kposnekepa u
Ao(t) =20, 4,(t) <0, k=1 HekoTOpBIC 3aJaHHBIC
(hyHKIMK OT MapaMeTpa t u
z A (6) = 0.
k=0

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

0<&(),¢(t,0),8(,1),...

co 3Hauenusimu B E = [0,00). Ecim &(t),t =0 wu3BecTHO ©3 OOUmIEH TEOPUHM  NPOLECCOB  C
npouecc € HE3aBUCHUMbBLIMU TPUPALMICHUAMU, TO KakK HE3aBUCHUMBIMHU NIPUPATLTECHUAMA

t

M exp{—zE(t)} = exp {f uu, z)du},

rne p(u,z), z =0 wu3BecTHas HUHTErpUpyemas Paccmotpum dyHKImoHan
GdhyHKIHSA

t t
ye = f dE(ux,) + f £ (1 Xuru — Xu + Dl
0 0

Torma mnpouecc  {x;y;}, t =0, sBusercs kommoHeHte [1]. Ilpum 3TOM BTOpas KOMIIOHEHTa He
MapKOBCKHAM MPOIIECCOM, OJHOPOIHBIM IO BTOPOH  ABISETCSA AUCKPETHOIL.
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Teopust BeTBAIIUXCS CIyYailHBIX IIPOLIECCOB
MOJHOCTBIO M3JI0kKEHA B (DyHIAMEHTANBHBIX padoTax
[2] u [3]. o cnenam 3TUX pabOT TH MPOLECCHI OBLIH
W3yYeHbl C PAa3MYHBIX TOYCK 3peHms. Tak,
MpeJIebHBIC TCOPEMBI M ACHMITTOTUYCCKUC TTOBEICHHS
BETBSIIUXCS MPOLIECCOB OBLTU U3yUeHBI B MOHOTpahuu
[4] u B pabote [5]. IlToMuMO 3TOTO C TPaKTHYECKON
TOYKA 3pEHHS AaIJUTHBHBIE (YHKIHOHAJBI OT
BETBSIINXCS MIPOIIECCOB UMEIOT 0CO00E 3HAUCHHE.

B »srom mmame B pabore [6] wmccrexyercs
BETBSIIMICS TIpOLECC C OJHUM THIIOM YacTHII,
MPEBpaIeHUsT KOTOPBIX MOTYT 3aBHCETh OT WX
Bo3pacta. [Ipu 3TOM Kakaasi yacTUIla B TCUCHHUE BCETO
BpPEMEHHU CBOETO CYyIIICCTBOBAHUS 3aHsATa
MPOU3BOJICTBOM HEKOTOPOTO MpoaykTa. Torma kaxmoi
YacTHUIIC OTBEUACT HEKOTOPBIN CIy4YaiHBIH mporecc
&, t =0, (Komm4ecTBO MPOAYKTA) MPOU3BEICHHOTO
OIHOM dacTuued 3a BpeMs €€ CyIIeCTBOBaHUS.
[Ipeamnonaraercs, 4YTO TpaeKTOpUM Tpouecca &, 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] sBIsIICS choy4aiHbIA mpomecc {, t > 0,
KOTOPBIi MOXHO ONPEACINTh KAk CyMMapHOE
KOJIMYECTBO  MPOAYKTa,  HAKOIUICHHOTO  BCeH
nomynsiue 3a Bpems t. IloBemeHue mpoiiecca
{;, t =0, zaBucur or camoro &, t € (0,7] .Tak,
Harpumep, ecinu & =1 t € (0,7], To{; ecth oOuiee
YUCIIO YaCTHUIl, CYIISCCTBOBABIINX B BETBAIIEMCS
npotiecce Ha uHTepBalie Bpemenu [0, t) ero 3BOOLHH.

rue /152_),( )

liz)(t) = 1,(t) + u(t, z) < 0, MOCKOIBKY

OIMPCACIIAIOTCSA TakK

M) <0,

Ecmu x; Konn4ecTBO 4acTUI] B paCCMaTPUBAEMOM
BETBSAIMIEMCS TIpoIlecce B MOMEHT BpeMeHHn t = 0, To
JIBYMEpHBI  ciydaiiHblii  mpomece  {X; {;}, t =0
SIBJISIETCSI OCHOBHBIM JUISl U3y4YE€HUSI aCHMITOTUYECKOTO
noBeaenuss mnpomecca {, £t >0. A  HMeHHo,
YCTaHABIMBACTCS , YTO TIpPeNeNbHAas BEIWYHHA
n = lim {, cymectByer no4yru HaBepHoe. OHA KOHEYHA
TOT'JIa U TOJIBKO TOT/a, Korna Xy = 0,

Cnenyst [6] u mOmOOHBIX pabOT aaTUTHBHBIC
(YHKIMOHANBl OT BETBSILUXCS MPOLECCOB OBLIH
u3ydeHsbl ¥ B pabdorax [7] u [8].

B omnmune oT Ha3BaHHBIX PabOT, B HACTOSIIEH
pabore Hapsay ¢ 33JaHHBIM MapKOBCKUM BETBSIILIMCS
mporieccom X;, t = 0 BBOIUTCA Takue MHTETpaIbHBIC
¢dyHKuoHaNb! ¥y, t = 0, yto {X{, ¥}, t =0

CTaHOBUTCS MapKOBCKUM MIPOIIECCOM,
OTHOPOIHEIM II0 BTOPOH KOMITOHEHTE.

I[Ipu >TOM OCHOBHBIM (HaKTOPOM  SBISETCA
3aaHme MOCTIeIOBATEIBHOCTH HE3aBUCUMBIX
CITyqaitHBI} TIPOIIECCOB, 00eCTICYNBAFOIIINX
OJTHOPOJHOCTh 10 BTOPOHW KOMIIOHEHTE Ipoliecca
{xe, ¥}, t=0.

2.0CHOBHBIE pe3yJIbTaThI

ITokaxkeM, YTO W3ydYeHHe Tmporecca {Xx;, Vi),

t = 0 cBoauTCS K M3y4eHHUIo mpouecca xX¢, t = 0,

Bsenem

pPO(t,s) = M(e 20590, x = r/x, = k), 2= 0,
OueBUIHO, YTO ), p,((i)(t, s)<1 z=0.

CocrossHEAMH Tpormecca X;, t =0, sBusgeTcs
cocrosuuss  0,1,...,00 } | a «o0» MOIIOMIAOLIEE
COCTOSIHHE.

Corunacho (1) numeem, 9To

P2t t + 4) = 8 + kAL, (DA + 0(4), (2)

ut,z) <0

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

W (t,2) = Me# (00

Torna Afcz)(t) — /152) (t) BepoATHOCTH TOTO, YTO B
MOMEHT THOEITH YaCTHIA TOPOXKIAET kK yacTUIly

O603HaYNM

PO(t,5,0) = Z p@(t,5)67 160] <1
=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) yIOBIETBOPSIET ypaBHEHHIO IIPH
t<s
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P (t,5,6
TP = a0, PP (,5,0)), 0] <1, ®)

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

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

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) — AEZ) (t) _ AEZ) (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;V:}, t =20 sBiIsAeTcs Beenem o0o3HaueHus

06e3rpaHUvHO AETUMBIM 3aKOHOM [9].

[oe]

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

J=0
ay(0,2) = u(s +t —w,2) + A0 (s + t —u, PO(t,s + t —u,0)) —
A9 (s +t —u, PO(t,s + t —1,0))

CormacHo Teopun  OE3rpaHUYHO  JEITMMBIX Beenem o6o3HaueHUS
3aKOHOB MMeeM, 4TO A, (0, Z) - SBISETCS KyMYJISITHOR

HEKOTOpPOTO 663FpaHI/I‘IHO JACIIUMOT'O 3aKOHa.

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 KyMYJISTHOMH
rHOeNIN YaCTHIIBL. 3aKOHa «Q,, U = 0, KoTOpoH sBisIeTCs Oe3rpaHUIHO
Ha ortpeske [t,s] 3amaguM  crleayomue — JeTUMBIM, 4 @0 M QL ONpEAeNsioTCs TakK:
= (ad o)

u

MO o—7ah — exp {J au(Q,Z)du}
¢

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

3% y,u=>0 uemp MapkoBa ¢ (a3oBBIM  HMMeeT Ha OTpe3Ke [u, U + A] JOKalbHbIE TIEPEXOIHBIE
npocrpancteom {0,1,...w} mnpuuem y, =0 . OHa  BEpPOATHOCTH

p k:1-1,4+0(4)
k-><k+1:c,A+0(4)
w: (L, — ¢ )4+ 0(4)



[ |

22 East European Scientific Journal #12(64), 2020 EESIL
4 (w:1—c, A+ 0(4)
w= {o: ¢, A + 0(4)
OueBupHO, 4dYTO LeEmb Y, u =0 daBusgercsa Torna
peryisipHoii [2].
_ {u, Yu = W
Yu =0, Yy #F @
TOXKe OyIeT MapKOBCKOH HEIIBIO. IlycTs
Hrak nmeeM Takoil pe3ysbrar:
Vu = SUp{9 < Yoo =Yoo # 0
SIcHo, 9TO V,, MOMEHT NOCJIETHETO CKAayKa e Y Iloctpoum  mpomecc &, €  JAUCKPETHBIM

MpeIuIecTBYIOIUHN epes U,

BMEIIATEIECTBOM CITydast TAKMM 00pa3om

&y = {83' 8111} = (ﬁvu +ay — avu)o-{);u = 0} + wo-{yu = w} (5)

rIe ) -CHMBOJI, XapaKkTepu3yoImn
JIOTIOJTHUTENBHYI0 TOYKY (ha30BOro MPOCTPAHCTBA.
dazoBoe MPOCTPAHCTBO MPOLECCA &y

£, € {0,1,...} X EU{w}.

B (5) o{y,, = w} yka3biBaeT HHIUKATOP COOBITUS
{V = w}. fcHo, uTO £, 3aBUCHT OT Y, U = 0,

Ecma &; = (1,0), To

M(0%e 7 e, # w) = PO(t,s,0)

Ecmu Ay(t) = 0, T0

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

Takum o00pa3oMm, IO W3BECTHBIM YCJIOBHBIM

BEPOSITHOCTSAM ~ 0€3rpaHMYHO  JIEJIUMOr0  3aKOHa
a,u€lt,s] m memum P, u=0 MOKHO HAWTH
pacmpenenenne mporecca {x;,y:}, t =0, u Tem

CaMbIM pacrpeACICHUE CaMOI'0 BETBAIICTOCS ITpoLecca
Xty t=>0.
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THE METHODS OF MULTI-SITE DETECTION OF THE SOURCE OF ACOUSTIC NOISE BY
INCOMPLETE AND NOISY DATA

Ilonomapenko Anexcanop

Kanouoam mexnuuecxux nayx, ooyenm

Lupexmop xonnedsica undicenepuu u MeHeoHcMenma
Hayuonanwvnuuii asuayuonnsiii ynusepcumem - Kues, Ykpauna
Mowenckuit Anopeii
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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.

AHHOTanusi. MeToabl OOHApYXEHUS CUTHAJIOB aKyCTHUECKOTO IIyMa, BO3HHMKAIOUIMX IPHU HCTCUYCHHHU
KHUJIKOCTH uepe3 eeKT TpyOonpoBo/ia 1o faBiieHneM. [IpHHIMIHATLHOE OTIINYHE STOT0 METO/Ia 3aKIF0YaeTCsI
B YTOYHCHHU MOJCIIN MOJIE3HBIX W MEMIAIOIHUX CUTHAJIOB, TaKUX KaK IMOTCPSA JaHHBIX U HIYM. HpI/IBe}Z[eHBI
PEIYIbTAThI TCOPETUYECKOI'O aHaJIn3a METOJa 06Hapy)1<eH1/151 1 KOOPAWMHATHO-U3SMEPUTECIBLHOI'O HCTOYHUKA 3BYKaA.
st 3 dexTHBHOTO 00HAPYIKEHHS M JIOKATU3AIMU Pa3phIBOB TPYOOIPOBOIOB MO 3eMJICH HJIH MO BOAOH ObLIia
paBpa60TaHa KOMIBIOTEPUBUPOBAHHAA CHUCTEMA JId YJAAJICHHBIX MCETOHNOB 06Hapy>KeHI/I$I C MHOI'OTOYCYHBIM
TOMOl"pa(bI/I‘{eCKI/IM O6Hapy)KGHI/ICM HCHOJIHBIX W 3alllyMJICHHBIX HaHHBIX. HpI/IBeILeHa cXeMa JACTCKTOopa-
HU3MEPUTEJIA U PE3YJIbTAThl KAYECTBEHHOI'O aHAJIN3a BPEMCHHBIX XapaKTCPUCTHK.

Keywords: segment-fanned Radon transformations, tomographic signal processing.
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I. Introduction problem of emission computer tomography [1]. The

Detection and measurement of coordinates of
sources of acoustic signals is rather difficult problem
because of incomplete data, presence interference and
noises, especially for hidden (underground or
underwater) sources. This problem actually is the

complex envelopes in coherent tomography or signal
real envelopes in non-coherent tomography are
registered on the set of searching angles.

The structure of the construction of the acoustics
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

g /..T\ /SO

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,....on  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.

Il. 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, X 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
I(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]:

6(kaﬂfyk) = G(kaﬂfyk) + Gn(ka' fyk)l

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
Guupw Xies Vi (xF + y2)z = =

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{—j2n(frrxi + fyuvic)}
=1

¢0+¢k) Pot+og
2 2

ka=2$in( fyk=—2 cos(

[A sec(lgz—kﬂ , [/1 sec(%)]
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 8,. 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(ka, fyk) of the source
of interfering signals corresponding to stationary
random field with the autocorrelation function
Ry (4xy, Ayy):

Ry (Axy, Ayy) = iRz_l{V(ka'fyk)V*(ka'fyk)}- 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

GiCaeyi) = Z ko208 (xo — x1, 0 — ¥1) X exp|—jka(Ba) (% + y:7,)] +

=1

+ X0 =1 Vin (e, Yi) 8 (g — X1, ¥ — ¥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
) has the form

9 fi) = 17, G (fur ;) exp(=j2nfucn) dfy. W
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:

90y = [7d0 7 G(pi, 0)p| exp[—j2mp cos (6, — i)l 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.

% G(pi, 01 |p| exp[—j2mpr

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

Pmax

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

cos(0, — ¢l dp = R[G(px, ) Ipl]-

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 (X Vi) = j dej (p.0)|p|exp[ - j2npr, cos(6, —¢, ) |dP(p)+
Ormin Pmin
Pmax
+I dej (P:0)|p,|exp[ —j2mp, K, cos(6, —¢, ) ]dP(p,),
Ormin Pmin

and P(p) = {p1, pz, ..., 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]; p,, =

An, Annminnmax

(10)

However receiver in k™ position with a bandwidth
Af = f MiNy,g, N the expression (10) the

mmlmax

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

2

p Azfmin

2

¢ max

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

22fmax

¢ min”pmaxnpmnin
the receiver and the interfering source) is shown in
Fig. 4.

fy

Fig. 4 Diagram of placement

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

k.(p) = lplk,(p, @),

where o is regularisation parameter, typically

of samples the spatial spectrum

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].



East European Scientific Journal #12(64), 2020 29

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,

P (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(osp)

‘||‘Iul“““‘l““|III||mm....... ©sp

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

(nr' ¢k) ng——M Jomp (nr: ¢k) exp [_] ol L COS(Q

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, 9o2pr -+ Gonp}, My = const, the samples in the
directions 6,, # ¢, should be &-correlated random

g(nrv ¢k) - Zk-—N Jomp (nr: ¢k) exp [

where
U(mg) =

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) = 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):

- ¢0)|-

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. (¢y))
will be a maximum entropy sequence.

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

— $1)| Ump) exp[—j2mo(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, 0r) = 9i(1, 6, ) U; (By).

b) The calculation of the integral evaluation

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 =13 €OS 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

pseudo image analysed area as a set of inverse Radon  Radon  transform. When sampling of these
transform for estimates gy, (i, 6x) for all discrete  transformations ~ arguments 7., dx, pr, O are
9 b)) = R {Gw (1, 01)}-
1 X
ot S
2 —
n(xy) :
g (fo o) Gi(pi. )
n=( )"
-1
R, {gi(rk'(\ok)} R {G»(pk,Gk) mo{gw(rkrek }
9i (X, Vi _ Y p L .
¢, =arctg- i .
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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
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MOBBIIEHUE KECKOCTH JIACTUYHOI'O PABOYEIO MHCTPYMEHTA JIJISI OBPABOTKHA
TOHKOJIMCTOBOI'O METAJLJIA IIYTEM CO3JIAHUSI KOMIIO3UTHOI'O MATEPHUAJIA HA
OCHOBE HOJINYPETAHOBBIX 3JIACTOMEPOB U CHUHTETUYECKHX
APAMHAJIHBIX TKAHEN

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

AHHoTanus. B cTatee mpeacraBieHBl pe3yibTaThl KaK SKCIEPUMEHTANbHBIX, TaK U TEOPETHUECKUX
UCCJIEJIOBAaHUI 10 CO3/IaHHI0 HOBOT'O KOMIO3WIIMOHHOTO pabouero WHCTpyMEHTa ajis oOpaboTKH AaBieHUEM
TOHKOJIMCTOBBIX MeTaJI0B. KOMITO3UTHBIN paboumii HHCTPYMEHT U3rOTOBIICH Ha ocHOoBe nosimyperana SKU-7L ¢
apMHUPOBaHUEM OIHMM CJIOEM apaMMJHOW TKaHU TUIIA KEBJApa.

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

Kurouesvie cnosa: nonuypeman, apamuoHvle mKAHU, 31ACMUYHBLEL pAOOYULL UHCIPYMEHM

BBenenue

B aBmakocMUYECKOH U SHEPTETHIECKHAX 00TaCTIX
MIIPOKOE TIPUMEHEHHNE HAXOAAT Pa3NUYHBIC W3IEIHS
W3 TOHKOJIMCTOBOTO METajlla, TaKHe KaK dSJIEMEHTHI
JleTalied CaMOJIETOB M PAa3JIMYHBIX THIIOB IJIOCKUX
TEMI000MEHHUKOB. AHAIUTHYECKUI 0030p ToKa3za,
YTO B MPOU3BOJACTBE OCBOEHO M3TOTOBJICHUE JieTallel
W3 JIMCTOBBIX 3arOTOBOK IITAMIIOBKOW ¢ pabounm
HHCTPYMEHTOM M3 MOJIMYPETAHOBBIX 31acTOMEpOB [1,
3,4,5]. Meton sBIETCS OSKOHOMHYECKH 0C000
3(h(hEeKTUBHBIM TIPH €IUHHIHOM H MENKOCEPUHHOM
MIPOM3BOJICTBE, HO B HEKOTOPHIX CIIyYasX IPUMEHSICTCS
W U CEePUHHOTO TPOW3BOJCTBA, HANPUMEpP TIPU
MPOM3BOJICTBE IUIACTHH IUIOCKUX TEIUIOOOMEHHUKOB
110 50 TeIcsy ITYK. BMecTe ¢ TeM, Ha IPOU3BOJICTBE HE
BCET/Ia MMEETCsS MOIIHOE IPEeccoBOe 000pyAoBaHHE
JUTSI BHEAPEHUS ITAMIIOBKH JIeTajel moianyperanom. B
9TUX Cllydasx HauOoJiee BBITOJHBIM CTAHOBSITCS
pOTaIIOHHEIE CHOCOOBI (dbopmoobpaszoBanus,
XapakTepusyemble 00jee HU3KOW DHEPro€MKOCTHIO U
BBICOKOW  TMPOM3BOJAUTENBHOCTRIO.  HemoctaTkom
JAHHOTO  Croco0a  SIBISICTCS ~ OTPAHUYCHHOCTH
TEXHOJIOTHYECKUX  BO3MOXKHOCTEH  DIIACTHYHOTO
pabouero MHCTPYMEHTA, CBsA3aHHAsI, MPEXKIE BCErO C
HU3KAMHU  TIOKA3aTeJSIMA  YCIIOBHOTO  MOJYJIS
YIOPYroCTH COBPEMEHHBIX MOJINY PETaHOBBIX
3J1aCTOMEPOB. MakcumanbHas TOJIINHA
00pabaTbIBaeMBbIX MaTepUaAIOB: I cTamd - 0,5 MM,
JUTSL TOCTATOYHO MSTKHX [[BETHBIX METAJIIIOB U CIUIABOB

on =27 -7 [Sr+ e,

— 0,8-1 mm. [6-10]. B HacTosimmee BpeMs OZHHUM W3
MEPCIEKTUBHBIX CIIOCOOOB MOJyYCHUE HEOOXOJUMBIX
CBOMCTB MaTE€PHAJIOB SBIISETCS pa3paboTKa U CO3aHuEe
KOMIIO3UITUOHHBIX ~ KOHCTPYKIIHH. OnHuM us3
CYIIECTBYIOIUX CIOCOOOB IOBBIMICHUS JKECTKOCTH

3J1aCTOMEPOB SIBJISIETCS €ro apMHUpOBaHUE
BBICOKOIIPOYHBIMHU TKaHSIMHU.
OmHoM W3 BaXHBIX 3a7a4  ObUIO  BBIOOP

MaTeMaTHYECKONW MOJIENIN THIIEPYNPYTUX MaTEpHaJIOB.
I'unepynpyruii Mmarepuaa — THUI MOJEIU HIEATbHO
yOpyroro MatepHuana, s KOTOPOro 3aBHCUMOCTh
HamnpspKeHUH oT AedopMaliii BEIMHUCIIIETCS Ha OCHOBE
¢ynknun  sHeprum  Jnedopmannu. [unepynpyruid
MaTepuall SBISETCA 4YacTHBIM CIy4aeM YINpPYyroro
Matepuana Komm. [loBenenwe  rumepymnpyroro
MaTepHajga MOXKeT ObITh ONHCAHO C TIOMOIIBIO OJHOM
U3 PACHpPOCTPAHEHHBIX MaTeMaTHYECKUX Mojeneil —
HeorykoBckasi, Mynu-Pusnuna, Ornena, bnarma-Ko,
Appyna-boiica. Hamu ObuTa BbIOpaHa
JByXInapamerpudeckas wmojens Mynu — Pusnuna
KOTOpas IIMPOKO HCHONb3yeTcs JUIa  aedopmanuit
10 50 % . [1,2].

Onpedenenue koncmanm Mynu-Pusnuna

KoncranTsl Mynu-PusnuHa 11 runepynpyroro
COCTOSIHUS ONPEAETISUINCH IyTeM MUHUMU3AIIH
CPEIHEKBAIPATUYHOTO OTKIOHEHUS MEXK Iy
JIUarpaMMoi HanpspKeHHs-IehopMaIni, MoJTydYeHHO
9KCHEPUMEHTANBHO U OIIPEEeIICHHOM 110 YPaBHEHHIO

[1-3]:

1 (69)

a1, al,
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rIe 011 — HampsbkeHWe 1pu  aedopmanuu
(ymenbHas cuna Ha noBepxHoctH), Mlla;

A4 — crenens nedopmanuu;

W-— mioTHOCTB 3HEprUM AedopMaluy;

I, |2 — mepBEI U BTOPOW MHBAPHAHTHI TEH30pa
nedopmanmii.

HtoroBble  BBIpaKeHUS  UIA
KOHCTAHT NPECTABIICHBI Ha Cllaiize,

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

W3 rpadukoB, IMOJMy4YEHHBIX B peE3yJIbTaTe
9KCIEPUMEHTANIBHBIX HCCIIEAOBAHUM, OIPEACIINCH
YHCJIEHHbIE 3HA4YeHUs CTeneHed Jaedopmauuu B
COOTBETCTBYIOIIMX TOYKaX (Ai) M HaNpsDKEHHMs, Kak
OTHOIIEHHS CHJ OCaAKH K (AaKTUUECKOH IUIOIann
MOBEPXHOCTH KOHTAaKTa pPabodero HMHCTPYMEHTa C
obpasmom.

Jns pacdera 3HadeHH Kod(puIHeHTOB MyHH-
PuBnmmHa 1O TONYyYCHHBIM 3KCHEPHMEHTAIBHBIM
JaHHBIM, a TaKXKe A aBTOMAaTH3alUH IIpolecca U
BO3MOXXHOCTH OBICTPO TIONy4aTh pE3YJIbTaThl II0
0OJNBIIOMY KOJHYSCTBY TOYECK, ObUIa HaIKcaHa
nporpaMma Ha si3bIKe mporpamMmupoBanus Python.

OTIpe/IeIeHUs

250,00

W

B pesynpTarte BHIYUCICHHI B Mporpamme ObLIH
MONy4YeHBI  cieAyromme kodhdunueHtsl  MyHH-
Pusnuna:

Js mommyperana CKY-7J1: Ci0=2,42, Co1 = 0,81

s KOMIIO3UITUOHHOTO MaTepuaia u3
nonuyperana CKY-7J1, apmupoBanHoro Tkanso 8601-
90 ¢pabpuku «Ilepemoas Texctmpmmmay: Cio = 11,48,
C01 = 3,86.

Hanuune TOYHBIX JaHHBIX UCIIBITAHUN MaTepuaa
SIBIISICTCSA KPUTHICCKH HEOOXOAUMBIM npu
MaTeMaTHIECKOM MOJICITAPOBAHUH W3IeNni
amactoMepoB.  Jnmg  ommcaHWS — MEXaHHYECKHX
XapaKTEPUCTHK JIOJKHBI OBITH TIOJTyYCHBI
9KCICPUMCHTANBHBIC 3aBHCUMOCTH HANpPsDKEHUH OT
nedopmanuii pa3padOTaHHBIX HOBBIX MAaTEPUAIIOB.

Jlyist onpeesieH s 3aBUCUMOCTEH HANPSKEHUH OT
neopmanuii  ObUTHM  TPOBEIEHBI  HCCIICOBAHUS
00pa3loB TpH HArPYXEHHIO 10 CXeMaM YHUCTOTO

cnpura (mwiockas pgedopmarmsa) ©  OoObeMHas
nebopManust  KBaApaTHOrO B IulaHe  oOpasma
(pucyHoOK 2).

Hdns cozmamms oOpasmoB ObIT  pa3paboTaH
KOMIO3ULMOHHBI ~ Marepuay,  yKa3aHHbId  Ha
Pucynke 1.

Pucynok I — Cmpykmypa KoMnosuyuonHo2o0 mamepuana
1 — mampuya, 2 —xesnap, 3 — ceéasyouee (yuakpum)

B Ka4yecTBe OCHOBBI pa3paboTaHHOTO
KOMIIO3UITMOHHOTO MaTepHaia HCIONb30BAICA JIACT
tommmuHOW 10 m 15 MM u3 mommyperana CKVY-7JI.
ApMHUpOBaHHE MPOBOJAMIOCH aPaMHUIHBIMH TKAHSMH.
IIpu  pa3zpaboTke  MaTepmajsa  HCIIOJNB30BAIHCH
apamuaHas TkaHb 8601-90 (keBmap) poccuiickoro
npousBoJicTBa (abpukn «IlepenoBast TEKCTHIIBIINIAY.
IToBepxHOCTHAass MJIOTHOCTH TKaHu 190 r/™M?
paspeiBHas Harpy3ka: ocHoBa — 3430 H, yrok — 2940
H, ynummaenue nipu paspsise: ocHoBa — 10%, yTox — 5%

Memoouka _u__pesyibmamsl __uccied06anus
00pazuoe no cxeme 08yX0CHO20 ClHCAMUA

Ha »srame »KCHepHMEHTAIBHBIX HCCIIEAOBAaHUN
Uil ompeAeneHus KodgounuentoB MyHu-PruBimaa
MIPOBOJIMIIACH OCAJKa NMPHU3MATHYECKHEe 0Opas3IoB IO
CXeMe JIByXOCHOTO CXKaTHsl.

OOBEKTOM HCCIIECIOBAHUS SIBUIUCH CIICTYIOIINE
00pasusr:

[Ipusmarnueckue obpasupr 10 mm X 10 Mm
x100(70) MM, mpencTaBisIOMIAE COOOH CKICCHHBIC
HoJMypeTaHoBble 3aroToBku 5 MM X 10 mm X100 (70)
MM

HUcnons3osancs nomuyperan mapku CKVY-7]1
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[Mpuzmarnueckne obpasupr 10 MM X 10 MM
x100(70) MM, MpPEeCTaBIISIONUE coboii
KOMITO3MIIMOHHYF0 KOHCTPYKIIMIO: MaTPULIEH SIBISICTCS
nonuyperad CKY-7JI, apMupyomumMu 31eMeHTaMu —
apamuHas TKaHb KOMITaHUU IepenoBas

TEeKCTUJIBIINILIA, CBSI3YIOLIee — IUaHOAKPHUIIAT.
MPOBOIIIINCH  Ha
MOJIENTHN

Harpyxenue
HCIBITaTSIIEHOM
600DX-F1-G1

00pa3moB
MalllHe

INSTRON

P30 00

1

Juamerp koHTeilHepa pasen 130 MM u
MOJOUPAJICS C YIETOM JUIMHBI ¥ CTETICHH JeOpMauu
00pa3mos.

Pucynok 2 — Ocadka obpasya & Konmeﬁepe u be3

Jist  obecriedeHUs] BO3MOXHOCTH HArpy>KCHHS
00pa3loB MO CXEME YHCTOro caBura (Iwiockas
nedopmanus), Ha TIEPBOM dTalle  HCCIEIOBaHHH,
HCTIBITAaHUS MPOBOJWINCH B CIEIUAIBHON MaTpulle —
Hepa300pHOM  KOHTEWHepe, MpEeJCTaBICHHOM Ha
Pucynke 2, Tak jxe Ha HEM MPENCTaBIEHA JBYXOCHOE
HEpaBHOMEPHOE CXKaTHe.

PesynpraTsl CKATHS

auarpamma 1.

IS

IIByXOCHOTO
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Koncrantel MyHH-PuBnuHa AN THIIEpYHpyroro  AWarpaMMOi HalpsDKEHHS-Ae(OpManny, IMOTydeHHON
Marepuaga ONpeNeIUINCh IyTeM MHUHHMH3AIUH  HKCIICPUMEHTAIBHO M OIPEAEICHHOH 10 ypaBHEHHIO

CpPEIHEKBAIPaTHYHOTO OTKJIOHEHUS mexay  [1-3]:
_ 2 -1\ [aw -1 0w

011 = 2(11 A ) [611 +4 Ll @

I'ne 011 — Hanpsbxenue npu nedopmaimu, Mlla; JIByxXmapamMeTpryecKoe ypaBHEHHE CBA3H MEKIY

A4 — cTeneHs nedopmManuu; HamnpspKeHHeM ¥ edopManueil aiust H30TPOITHOTO

W-— m1oTHOCTB HEprUK AedopMaliuu; HEC)KUMaeMOro Marepuana INpU CPEJHHX W MaJbIX

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

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

— 3

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

TJIE P - YCIIOBHOE» PaBHOBECHOE HAIPSIKEHHUE. 3Ha4YeHHe UCTHHHOTO HANPSDKSHUSI ONPEeIeIIsieTCs

us3 YCHOBI/Iﬁ HCC)KUMACMOCTHU:

1
0=2x(2=5)x(C; - Cp) 3)
_1lyn gi C2
€1 =7 2= N (4)
ZX().,:——Z) t
A
1 A A aj
At (e xo— S )
2X<}*i—%z> 2x( i-g)
CZ = L (5)
n 1)1 m
1+( i=1/1_l-)x£x@j=1’11')
Beipakennst (4), (5) mO3BONSAIOT ONpEAENUTH  KOTOpas BBITNOJHUT BCE MaTeMaTU4ECKUe
uckoMble 3HaueHust napamerpoB C1 u C2, ogHako mpu  nmpeoOpa3oBaHus 10 3aJaHHOMY anroputmy [8-11].
GoJbIIOM KOJINYECTBE TOUEK U3MEpEeHus, Beutn mpousBeeHbl pacyeTsl MO ONpPEEeNICHHIO

neirecooOpasHo co3paTh mporpamMmy it OBM  kosdduumentoB MyHu-PunuHa B 1porpaMMHOM
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komiutekce MathCad. [lo pe3ynbraTam sKcniepuMeHTa
OIIPEJCIICHbL KOHCTaHTbI Myuu-Pusnuna.Ilo
¢dopmynam (4), (5), ObIM IOMYYEHBI CIEAYIOIIUE
pesynbtatel g CKY-6JI:

C; = 1,45 MIla
C, = 0,62 MIla
U3 rpadukoB, IMOJMY4YEHHBIX B peE3yJIbTaTe

9KCIIEPHMEHTAIBHBIX HCCICIOBAHUM, ONpPEASIIUIICH
YHCIICHHBIC 3HAUCHUS CTerneHeill naedopmanuu B
COOTBETCTBYIOIINX TOYKax (Al) W HampspKeHHs, Kak
OTHOLICHHS CHJI OCAAKH K (haKTHUECKOH IUIOIaIu
HOBEPXHOCTH KOHTAaKTa pabovero HHCTPYMEHTa C
obpasmom.
IIpoBeaenne IKCepUMEHTATBHBIX HCCIEI0BAHMIA
B pesynbrare BBIUMCICHHUII B Iporpamme ObUTH

MOJYYCHBI  clieAyromme koddduimentsl  MyHHU-
Pusnuna:

Hdns mommyperana CKVY-7JI. CI10 = 23,
C01=0,89

b4 cuacaomMZcyb_ 4.is_comp - Instron Bluehill

Jns KOMIO3HIIMOHHOTO Mmarepuajiia U3
nonuyperana CKY-7J1, apmupoBanHoro Tkanbo 8601-
90 (habpuku «Ilepenoas TEKCTHIIBIIHLIAY

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

Jyist onpeesieHust 3aBUCUMOCTEH HANPSKEHUH OT
neopmanuii  ObUTHM  TPOBEIEHBI  HCCIICIOBAHUS
00pa3loB MpH HATPYXKCHUSAX IO CXEME ABYXOCHOTO
HEPaBHOMEPHOTO CXKaTHI.

OOBEKTOM HCCICIOBAaHUS SIBIIHCH CIEAYIOIIHNE
00pa3usr:

1) O6pasmer 100x100 MM, BBICOTON 20 MM.
Hcnonp3oancs mommyperad mapku CKY-7J1

2) O6pasiuer 100x100 MM, BeICOTOH 20 MM,
MIPE/ACTABIISFOIIIE coboi KOMITO3MIIOHHYO
KOHCTPYKIHUIO: MaTpHLel sBiseTcs noauyperan CKY-
7J1, apMHUPYIOIIMMHU 3JICMEHTAMH - apaMHHAs TKaHb,
CBsI3YIOIIee — IMaHOAKPHJIAT.

PesynbTaTs! histt
auarpamma 2.

OJHOOCHOTI'O CKaTus
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EesonacHocTe oTkn. | Pafiodad MalwkHa | CxatHe

3aBuCHMMOCTH HanpskeHMii ot Aedopmanmii

Kak BugHo w3 pgumarpamm 1-2, apMupoBaHue
YBEJIMYHUBALT CIITY 1e(OpMHUPOBAHNUS OYTH B 2,4 paza.

MaremaTnyeckoe MoJeJMPOBAaHME Ipolecca
AehopMHPOBaHNS JINCTOBOM 3ar0TOBKH

Ha nepBoM 3Tane npoBOAMIIOCE 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 mpoBOaMIICS B MPOTPAMMHOM KOMILIEKCE
Ansys.

Iporecc medopMUpOBaHHE JHCTAa BO BIAJHHE
Mmarpuiel (cremerb aedopmanuu  obomouku  30%6)

IPOBOJMWJIOCH IO CXEMe, MpeACTaBICHHONM Ha
PucynkelO.

Pabounii MHCTPYMEHT — IMIMHAPHYECKUI Bal
muamerpom 100 mMm:  tmotHocth 3000  Kr/m3,

koapdunmeHT I[lyaccona 0.49 , anactuanas o0omouka
- BHemHUH nuametp 140 MM, ko3¢ddunnents MyHn-
Pusnuna mmus nommyperana CKY-7JI: Cio = 2,42,
Co1 0,81, 11 KOMIO3UIIMOHHOTO MaTepuaa,
apmupoBaHHoro TkaHpto 8601-90: Cipo = 12,88,
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|
EESY| |

Cor = 4,86. XKectkuil Ban — LMIMHAP, BHELIHUH
quamerp 100 MM, NpHHSTBIH aOCOJIOTHO >KECTKUM
TEIIOM.

Jlist  yckopeHMsT  pacueTa  HCIOJIb30BAIHCH
YCIIOBUSI CHMMETPHUH B TPEX IUIOCKOCTSX. 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 npu orHocutenpHoMm yanuuHenuu 0,35), a

TIOBEICHHUE TOJMYPETAHOBOH OOOJIOYKH C TOMOILBIO
JByXIapaMmeTpuueckoit Monenu Mynu-Pusnuna. ns
ONMCAHUsI KOHTAKTa MEXIy MaTpHLIed H JIHCTOM
HCIOIb30BaH KOHTAaKT TUIA frictional c
koadpunmenrom Ttpenus 0,2, KECTKMM BaJoM U
MOJIMYypEeTaHOM — KOHTAakT Tuma bonded, mexmy
MTOJIYPETAaHOM U JIICTOM KOHTAKT THma frictional ¢ Tem
xe kodpduumentom tpernus 0,2. Cxema ocagku
MIpeJCTaBJICHa Ha PICYHKE 3.

re

Pucynok 3 — Cxema nacpyarcenus

Jluct pazour Ha mapaienenune s ¢ HOMOIIBIO
koMmaHael  edgesizing  pasmepamu  0,05%4,5%5
mm.IlonmnyperanoBast ~ obomouka  pa3bura  Ha
napaJulesienMIe bl ¢ MOMOILIbI0 KOMaHbl edgesizing
pasmepamu 1x1,25%3,8. Jlns myqmeit kaptuasl HAC B
NPUKOHTAKTHOH 30HE HCIOJB30BANach KOMaHJa

contactsizing, 4To yMEHBIIMIO pa3Mephl SJIEMEHTOB B
MPUKOHTAKTHOH 30He. TakuMm oOpa3oM, B 3ajaue
nosryausiochk 40413 y3noB u 8500 snemMeHTOB.

B pesynbrare ObuUIM TONy4YEHBI CIEIYIOLINAE
pe3yIbTaThL, IPEICTaBICHHBIC HA PUCYHKAX 4-5:
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Time 1

16102010 036

. 69575 Max

0,007473 Min

000 15,000

A: Static Structural
Fquivalent Flantic Strain

Type. Equivalent Lt Stran
nit: mm /mm

Time: 1

16,

. 030127 Max

N 07006

0,033808

0,00037626 Min

10,00 000

24814
1518165 Min

Pucynox 4 (a,6) — a - sxeusanenmuvie Hanpsdicenus, 6 — SKBUBATEHMHbLE 0eopMayuu
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OKBUBAJICHTHBIC HANPSDKEHUS IOJINYPETAaHOBOTO
HMHCTPYyMEHTA! MaKCHMaJIbHOE 9KBUBAJICHTHOE
HanpsbkeHue o3kB.max= 7 MIla, MuHHManIbHOE
9KBUBAJICHTHOE HanpspkeHne 6okB.min = 0,007 MITa.

OKBUBAJICHTHBIE HANPSKEHHUS KOMITO3UIIMOHHOTO
MHCTPYMEHTA! MaKCHMaJIbHOE 9KBUBAJICHTHOE
HanpspDkeHne odkB.max= 33 MIlla, MuHUMamBEHOE
SKBHBAJICHTHOE HampspkeHne 6okB.min = 0,004 MI1a.

A

EESY| |

OKBHUBAJICHTHBIC JC(POPMALIUU TTOJIAYPETAHOBOTO
HHCTPYMEHTA! MakcumanbHas JKBHUBAJICHTHAS
nepopmanus  edkB.max= 30,1 %, MuHEMaNEHAS

SKBUBaJICHTHas feopmanus e3kB.min = 0,04 %.
OKBUBAJICHTHBIE Ae(OpPMaIi KOMITIO3ULIMOHHOTO
WHCTpYMEHTA! MakcumanbHas SKBUBAJICHTHAS
nepopmanus  edkB.max= 223 % ,MuHHManbHasA
SKBUBaJICHTHas fedopmanms e3kB.min = 0,002 %

300

A Static Strecnerw

Lpbvatrdt Uwes

Type | gt oy Minex) Lowis
U Wy

T 1

100200 0

5418 M
nan

1000

W00

10,00

000

Pucynox 5 (a,6)- a - sxeusanenmuvle HanpsiiceHus:, 6 — IKeuaLeHmMHble Oedhopmayuu

OKBHUBAJICHTHBIC  HAIPSDKCHUS
obpaboTke TTOJTHYPETaHOBBIM

JTUCTa  TIPH
MHCTPYMEHTOM:



East European Scientific Journal #12(64), 2020 41

MakcumanbHOe SKBUBAJIEHTHOE HaMpsDKEHUE
oskB.max= 84,2 Mlla, MuHuMaJIbHOE KBHBAJICHTHOE
HanpsDKeHUe 69KB.min = 64 Mlla

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

o9kB.max= 85,6 MIla, MuHnManbrHOE 3KBUBAJIEHTHOE
HanpspKeHue 69KkB.min = 65,8 MIla.

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

erkB.max= 20,6 %, MuHHMallbHas SKBUBaJICHTHAS
nedopmanus €3kB.min = 15,6 %

OkBUBaJCHTHBIE  JOedopMaiMyd  JucTa  OpH
obpaboTtke KOMITO3UITHOHHBIM HHCTPYMEHTOM:
MaxkcumarnbHast 9KBUBAJICHTHAS nebopmanust

eskB.max= 20,9 %, MwuHuMmanbHas SKBHBaJCHTHAs
nedopmanus €d3kB.min = 16,1 %.

BbIBO/IbI

MareMaTrdeckoe  MOICTHUPOBAHHE  TIpoIecca
Je(OpPMHUPOBAHUS METaLINYECKOTO JIACTA
WHCTPYMEHTOM U3 KOMITO3MIIMOHHOTO MaTepHaia
[TOKAa3aJio CyIIeCTBEHHOE YBEJIUYCHUE cuiI,

HEOOXOAUMBIX Uil 1e(OPMHUPOBAHUS KOMIIO3UTHOTO
HHCTPYMEHTa, a TakXe 3HAuYUTEIbHOE YyBEIUYCHHUE
HaIpsKEHUN Ha IIOBEPXHOCTU KOHTAaKTa IPU TOH ke
CTETIeHH nedopmanum. MaxkcumManbHoe
SKBUBAJICHTHOC HANpsDKEHHE B MHCTPYMEHTE W3
KOMITO3UITMOHHOTO MaTtepuana coctaBuwio 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 pa3a Oombime, dYeM Yy
MOJIMYPETAaHOBOTO HMHCTpyMeHTa. TakuMm obOpasom
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 U CTaJIbHBIC
3arOTOBKH, YTO HE yJIaeTCsl C IPIMEHEHHEM OOBIYHOTO
MOJINypeTaHa. Hcnons3oBanue HOBOTO
KOMITO3UIIHOHHOTO Marepuana TIO3BOJIUT
CYIIECTBEHHO pacHIMpUTh HOMEHKIATYpy W3IEIHH,
MOJy4aeMbIX ~ 00pabOTKOH 3TUM  KOMIIO3HTHBIM
MHCTPYMEHTOM.
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Yemonoe @apxoo bagoesuu

BMTHU, kanouoam mexnuueckuii HayK, OOYeHm.
Kaxxopoe Xamuo Axpoposuu

BMTU, cmapwiuii npenodogamen.

Axwues Exyo Iaghpaposuu

BMTHU, accucmenm

N3MEHEHHUE KOO®PUIMNEHTA IMOI'JIOINEHUSI BETOHA COJTHEYHOI'O CIIEKTPA

CHANGE IN THE ABSORPTION COEFFICIENT OF SOLAR SPECTRUM CONCRETE

Kniouegvie crosa: bemon, oicene300emon, 2eauomepmooOpoaboOmKa, COAHEYHbIll CREKMp, CONHEUHAs]
paouayusi, KoIPGuyuenm noznowenus, mexHoIocuiecKue PaKmopul, 6adCyWull KOMROHEHM, 0CAOKAd KOHYCd,

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. 9KcnepuMeHmanbelMu
Uccned08anUsIMu ycmanoesniena 3AKOHOMEPHOCNTb
U3BMEHEHUA Koad)d)uuuenma nozjiouleHuA
CBEIHCEYIOIHCEHHO20 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.

Anamms paaa OKCIICPUMCHTAJIbHBIX
I/ICCHCZ[OBaHPIfl, NOJYUCHHBIX HaMHM IIpU NPUMCHCHUUN

IUIOCKUX  OTpakareyeit CBUJICTENIBCTBYIOT O
HECPABHO3HAYHOCTHU IIOBBIIIICHUA WHTCHCUBHOCTHU
COJIHEYHOMH paavanuu Ha MIOBEPXHOCTh
renmuonokpeiTus  (Jo) ¥ CYTOYHOW  3peNocTd

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 1ENb, YCTAHOBHUTH
KapTUHYy W3MEHeHHs Kod(dduiuenTta mnoromeHus
CBEIKEYJIOKEHHOTO OeroHa oT BEJINYNHBI
BO3JICHCTBYEMO AJIMHBI BOJHBI COJIHEYHOTO CIIEKTA,
MIPY TIEPEMEHHBIX TEXHOJOTMYECKHUX (pakTopax, TaKUX
KaK B/Il, KOHCUCTEHIIMS OETOHHOIN CMECH.

HccnenoBanusi NpoOBOAWINCH Ha  mpudope
«Ilynbcap» OIpeeieMOM K03 HUITHEHTHI
OTPpAXKCHHUA, MNOIJIOICHUA W INBETHOCTHL MAaTCPHUAJIOB.
Bo Bcex OKCIICPUMEHTaX, BO-IICPBBIX, HE OBLIO
TpaHMYaIlero Marepuaja MeXIy H3MEepUTEIbHBIM
YCTPOMCTBOM M CBEXEHU3TOTOBJICHHBIM OETOHOM, THIIA
CBETOIPO3PAYHOTO Mmarepuaa, BO-BTOPBIX,
NPUKJIAABIBAHUE  HW3MEPUTENBHOIO  YCTPOWCTBA,
BO3MOXXHO, OBLIO TOJIBKO IIOCie OOpa3oBaHHs Ha
IIOBEPXHOCTH O6eTOHHOM cMecHu KOpPKH
HOBOOOpPA30BaHHWW, YTO B YCJIOBHAX J1abopaTopuu
TpebGoBaso He MeHee | yaca BpeMeHH rociie JOPMOBKH.

B JKCIIEPUMEHTAX HCIIOJIb30BAIIN
noptinaHanemMeHnT — HaBowmiickoro  3aBoma  M400,

KBapLeBbId mnecok Mxp=2,34, rpaHMTHBII TIpaBuUid
O®p=5-20 mm. Ilpepenamu u3MepeHUs AJIUH BOJH
cuektpa (A) Opumm ot 03811 MM, 9TO B mEnOM
OXBATBIBACT MPEACIHI IJIHH BOIH CIEKTPA CONHEYHOM
pamManuM ¢ MakCHMalbHBIM  JHEPreTHYECKUM
MOTeHLMaIoM. Bo Bcex 3KCepuMEHTax W3MEHEHHUs
KOX(PHUIUEHTA MOTJIOIICHHS OI[CHUBATIOCH, HAUMHAS C
Bo3pacTta 1 yaca nocie NpuroToBiaeHus U GOpMOBaHUS
OETOHHOI cMecH.

B okcnepuMeHTaXx  CpaBHUBAJIHMCh  COCTABBI
6eronoB ¢ B/11=0.4, 0,8, mpu stom OK=1-4cm = const
COXpaHsIoch BO o00omx cocrtaBax. COOTHOIICHHUE
KOMIIOHCHTOB COOTBETCTBEHHO BBIIICYKa3aHHBIM B/II
crenytromee: 1 : 162:227;1:367:51,

Ha puc.] mnpuBemeHa kapThHa W3MCHCHHE
KOX(PHUIUEHTA MOTJIOIICHIsI OCTOHA Pa3IMYHBIX JUTHH
BoJH (A\) B 3aBuUcHMOCTU OT B/LI. 3amMeTHO CHIDKEHUE
k03 duilneHTa MOTJIOMICHUST OCTOHA COJIHEYHOTO
cnektpa ¢ nossimeHrueM A ot 0,38 1o 0,596 MM, 4TO Ha
JJAHHOM YYacTKe SIBIISIETCSl MOYTH NPSIMOJIMHEHHBIM,
IpY 3TOM Ha JAHHOM y4acTke K03 UITHeHT CHU3NIICS
Ha 6-7%. B mpenmemax A =0596-0.71 Mmxm HaOmomaeTcs
BEIpaBHUBAHHE KOX(PQUIMEHTa TMOTJOMICHUS, a B
JaTbHEWIIeM  HE3HAYWTENBHBI €ro  poCT, II0
CpPaBHEHHWIO C TPENBIMYINIMM YydacTkam Ha 2-3%.
CHmwkenue B/L| TONOXHTEIBHO OTPa3sWIOCh Ha
KO3 pHUIHIEHTE MOTIIOMIECHUS OSTOHA, TO-BUIUMOMY, B
CHiTy OOJIBLIETO COJIep)KaHMs BSDKYIIETO KOMIIOHEHTa,
WHTEHCUBHOTO MPOTEKaHHsS T'MIpPaTallMOHHBIX IPO-
[IECCOB W DHEPrHYHOTO PpACIpPOCTPAHEHHUS CETH
HOBOOOpA30BaHUM, BCIEJACTBHE 4YEr0 M OOJBIIETO
TETJIOBBICIICHUSL.

IIpu ycranoBieHnn w3MeHeHHH Ko3(dduimenrta
MorJIolIeHNss ~ OeToHa ¢ TEYEHHEM  BPEMEHH,
OLICHWBAJIOCH €TI0 Cpe/lHee 3HaYCHUE IPU BO3IEHCTBUI
Jydelt ¢ JyimuHaMu BoJiH ot 0.4 1o 0.6 MkM, Kak Jiydei ¢
HauOONBIINM  DHEPreTHUECKHM IOTCHLIMAOM, B
COOTBETCTBUH C [2].

W3venenne BO  BpeMeHH  Kod(duuneHTa
moryomeHnst OeToHa CHekTpa JJIWH BOJIH B
3aBucumMocT  oT B/Il mpuBeneHHble Ha puc.2

CBHUJIETENBCTBYIOT O POCTE JAHHOTO KOd(HUIHNEHTa B
TEYCHHE TEePBhIX 3-5 YacoB, mpuueM 4em Huxke B/II,
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T€M O3TOT POCT 3HAuuTeNnbHEeH. B nanbHeiimem ke
MPOUCXOJUT MEIJICHHOE CHIDKeHHE Kod(d¢uimeHTa,
JOCTHTIIEr0 K KOHILy NEepBBIX CyTOK 16-17%, k KoHILy
BTOpbIX cyTok 28-30%. Takoe WHTEHCHBHOE U
PUTMHYHOE CHIDKEHHE KOI((HIMEHTa MOIJIOIEHUN

0.947

OCTOHA CIEKTpa COJHEYHOW pajuaiiu OOBICHICTCS
BBIJICJICHUEM B pe3ylibTare  T'HAPATAIIMOHHBIX
MPOIIECCOB MUHEPAJIOB MOPTIAHAIIEMEHTa, CBOOOTHON
OKHCH  KaJIbIUs, UMCIOIICe OeNblid  IBET U
CHOCOOCTBYIOIIMK OTPAKCHUIO MATAIOIHNX JTYUYCH.
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Puc. 2. Usmenenue xodpghuyuenma no2nouenust 6emona CONHeUH020 CReKmpe ¢ meyeHueM epeMeHU 8
saeucumocmu om B/I]: 1- B/[] = 0.4; 2-B/[] = 0.8

Ha puc.3 mpuBemeHa KapTHHA H3MEHEHHE
K03 HIMeHTa TMOTJIOIICHNsT OCTOHA CIEeKTpa JIUH
BOJIH, B 3aBHCHMOCTH OT KOHCHCTCHIIMHA OCTOHHOMN
cMecu. B akcnepuMeHTax KOHCHCTEHIUSI OeTOHHOMN
CMecCH MMPUHUMAJIACh, B epBoM cirydae, OK=7-8 cm, Bo
Bropom OK=14 cm, B Tperbem - XK=20-25 cek.
IlpuHSATBIE  TPOMOPIMH  KOMIIOHEHTOB  CMECHU
COCTaBMJIM, COOTBETCTBeHHO: 1277383, 1:2.37:3.31,
1:221:308 BBemeHHOE KOJIUYECTBO BOJIBI 3aTBOPCHHUS
160,180 1 190 1 ma 1 m® 6eTonnoil cmecu. Ilpu sTOM
B/LI=0.55=const coxpaHsiioch BO BCeX CIydasix.

B cootBerctBMM ¢ puc.3 TEHOCHOUSA K
AQHAJIOTHYHOMY, MOYTH MPSIMOJIMHEHHOMY CHIDKCHHIO
k03(uiMeHTa MOTIONIeHNsT OETOHOM CIEKTpa JJIHH
BOJIH 110 A.= 0.596 MKM, TaK)K€ COXPaHAETCS, HE3aBHCHMO
OT HaYaJlbHOW KOHCHUCTEHIIMM OETOHHOW CMECH.
CoxpaneHa B JailpHEHIIeM KapTHHA W3MEHEHUS
ko3¢ unrenta mornomeHus: 6etona ¢ A>071 MkM, Kak
B 3KcIepuMeHTax ¢ mepeMeHHbiMu B/Ll. Omnako, B
JAHHOM  3KCIICPUMEHTE YETKO BBIPHUCOBBIBACTCS
JICHCTBUE YBEIMYCHUS HAYAIbHOTO BOJIOCO ICPIKAHHS.
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Puc.3. Usmenenue xosppuyuenma noznowjenusi 6emona COIHeUH020 CNeKMpa 6 3a6UCUMOCU OM HAYATbHOU
KOHCucmeHyuu 6emoHHou cmecu
1-2K=20-25 cex; 2—OK = 1-4 cm; 3- OK = 7-8 cm.
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Puc.4. Hzmenenue koapuyuenma noznowenusi 6emona conneunou cnekmpa ¢ XK = 20-25 cex;
2-OK=1-4cm; 3-OK=7-8cm

ITockosibKy cBO€H TIJISIHLIEBOM IIOBEPXHOCTBIO
BOJA, MO0 BUAMMOMY, CTAapaeTcsi OTpakaTh JIy4H, TO
KO3 PHUIUEHT MOrIOIMEHUsT OeTOHA C HAYaIbHOMN
nogswkHOCTEI0O OK = 7-8 cm cocraBmser 97 — 98%
AQHAJIOTMYHOW BEJIMYMHBI OETOHa ¢  HadyaJIbHOMN
K =20-25cek.

Wzmenenne koadduipeHTta morIONIEHUs BO
BPEMEHU B 3aBUCUMOCTH OT HauaJIbHOW KOHCUCTEHIUU
OeToHHOI cMecH, rpadyK KOTOPOH Npe/ICTaBiIeH Ha
puc.4 moATBepANIa BIICTIPUBEACHHBIN aHAN3 pUC.2
0 TOCTENEHHOM W PUTMHYHOM CHIKCHUH, TAHHOTO
ko3 dunnenta Bo BpemeHu. [IpudeM HHTEHCHBHOCTH
CHIDKEHHS KOd(p(HUIMEHTa TeM BBINIE, YeM OOJbIIe

BSDKYILIIETO B CMECH, a CIJIE/IOBATENIbHO 4YeM OoJblie
BBIJIENII€MON CBOOOHOM OKUCH KaJIbIIHS.

Takum  0o0pa3oM, IIOJy4YCHHBIE pPE3yJIbTATHI
TI03BOJISIET KAa4EeCTBEHHO IOBBICHTH 3(P(EKTUBHOCTH
UCIIONIb30BAaHMS TIOTOK COJIHEYHOTO W3JIyYeHHS HpHU
reJIMoTepMo00paboTKe GeToHa. Kos¢ppunuent
TIOTJIOIIEHHs OETOHA COJTHEUHON paananuy yObIBaeT C
TE€4EeHUEM BpEMEHHU rociie Hauana
reJIMoTePMO0OPAOOTKH, MO3TOMY HanboJee
3 (PEeKTHBHO MCTOIB30BaTh COJHEYHBIH TEIIOBOU
MTOTOK B MEPBHIE Yachl TBEPACHUS OETOHA.
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ABOUT THE DESIGN OF THE STRUCTURE OF THE TRANSPORT HIGHWAY OVER
THE GULF OF FINLAND.

Xanumobexoe Hcnam Mypaoosuu
Maz2ucmpanm Kagheopvl MemanIuieckux u 0epesaHHblX KOHCMpPYKYul
Canxm-Ilemepbypeckuti 20cy0apCcmeeHHblil apXUmeKnypHo-CmpoumenbHblii YHUGEePCUmen

O ITPOEKTUPOBAHUA KOHCTPYKIIMIA TPAHCIIOPTHOM MATHUCTPAJIHA
HAJ PUHCKHUM 3AJIMBOM

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 obmiei npotsbkeHHOCTRIO 135,8 KM, mpenanaraeTcss cucTeMa BBICOKOCKOPOCTHOTO
BaKyyMHOI'0 Toe3fa, mojgooHoro u3BectHoMmy «Hyperloop» Miona Macka, ¢ M3MEHEHHSIMU TOJ] pOCCHIICKHE
yciaoBus. Cxema MarucTpajiv B IUIaHE UMECT MHOI'OYT'OJIbHUK C PACHOJIOKCHUCM TPAHCIOPTHO-TIEPECATOYHBIX
y370B (TIIY) B ero yriax. B cTatbe paccMaTpuBaeTcsi MOPCKOH yUaCTOK MaruCTPald, PaciioIOKEHHBIH MEXITy

TITY «Wxopa» u TIIY «Cectpopenx» Ha ceBepe. OCHOBHOM YPOBEHb PEIHCOBOTO IyTH JJIsI OMOPHOTO
HA/I3€MHOTO W BOIHOTO 0a3mca MpuHAT Ha oTMeTKe +88,0 BanTmiickoil crcTeMBl BHICOT. MeCTONOIOKEHUE
MOPCKOTO yJacTKa BEICOKOCKOPOCTHOH TpaHcnopTHOH MarucTpanu (BCTM) npuHATO B COTNIaCOBAaHHH C Ty TSMH
MPOXOKACHUA MOPCKUX Q)apBaTepOB, JKEJIE3HBIMM M aBTOMOOMIBLHBIMU A0poraMu, BKJIHOYass KOJBLEBYHO
TOpOJICKYIO aBTOMarucTpais. HajnzeMHas 4acTh KOHCTPYKLIMHU NIPEACTABIIEHA B BUAE IIPOCTPAHCTBEHHOW BAHTOBO-
cTepkHEBOH cucTembl mpoaeToM 360,0 M u 180,0 M, oTHOCSIIEHCS K KATETOPUH BHICOTHBIX U OOJBIIETPOIETHBIX
KOHCTPYKUMN UIsl OAJepKku Oanku myTtenpoBoja. CtaTuyeckuid pacdéT W MoA00p CEYEHUH KOHCTPYKIWU
BBIIIOJIHEH HA JCICTBYIOLUE HATPY3KU C YUETOM IPEABAPUTEIBHOIO HATSKEHUS OTTSKEK U IIOABECOK, a TAKXKE C
y4€TOM MaKCHUMAJIBHBIX aMIUTUTY PE30HAHCHBIX KOJIeOaHUI CHCTEM OT AMHAMHYECKON COCTaBIIIONIEH BETPOBOM
Harpy3KW, BKJIIOYass y4€T HENMHEHHOCTH. BrImoimHeHa pa3paboTka HECYNIIMX 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: BbICOKOCKOpOCMHAsA MpPAHCNOPMHAA Mmacucmpdaib, 3cma7<a()a us mpy6 60.7lbul020
duafwempa, 6aHmMoebvle U apOUYHble KOHCMPYKYUU, .

B tpancnoptHo#t monmutuke Cankt-IlerepOypra  BocTouHBIE CKOpOCTHBIE [IHMAMETPHI), NPHUBOAS K
[IPOEKTUPOBAHUE U CTPOUTEIBCTBO TOPOACKMX U JOIOJIHUTEJIBHBIM 3KOJOTUYECKUM IOTEPSM.
MPUTOPOAHBIX aBTOMOOWJIBHBIX MarucTpajeid HMeeT Jns pemieHWs NAaHHBIX NPOOJIEM MpeaaraeTcs
NPUOPUTETHOE pa3BUTHE (HampuMmep, 3amagHeli M adbTepPHATHUBHASI CHCTEMA BBICOKOCKOPOCTHOTO ITO€3/1a



46 East European Scientific Journal #12(64), 2020

|/

co ckopocThio 10 500 KM/ 0011e# MPOTSKEHHOCTHIO B
147,2 kM, KOTOpasi B IOCJIETHHE TOMBI cTana Hanboee
MEPCICKTHBHON  CHUCTEMOW  TPUTOPOJHOTO U

s Seneroropex

Cecrpopeux

o
T1Y Cecmpopeuk

7Y Kpornwmadm

7114 Ons2uro

YcnoBHblie 0003Ha4YeHUS:

— (ebBepHas AuHUSA — Bocmo4Has AUHUA

— OxHas AuHUSA

MEXIyTOPOTHOTO TPAHCIIOPTHOTO co00meHwust (puc. 1)

[1].

Baprensrn

oo

Toxcoso

1Y Kyszsmonobo

7114 AeBamkuro
peke fessmome .

Posanomsa

Bcesonoxck

T4 BreBonoxck

Xano-Oe

MeTannocTpos

feves]
Wywaps!

nOC. um. CBepancea

Orpagroe

— 3anadHas AuHUs

Pucynox 1. Cxema pazsumus avicoxockopocmuoco mpancnopma ua 2030-2050 a.

[Ipennaraemasi BEICOKOCKOPOCTHAsI TPAHCIIOPTHAS
Mmaructpaib (BCTM) obecrnieunBaer ya00HbIC, ObICT-
pble U Oe30macHble BBICOKOCKOPOCTHBIE TPaHCIIOPT-
HBIC CBS3M MEramojiica C NPHUropoJaMH M Onm3ie-
skammmu  noceneHuamua Jlenoomactn. BCTM ocHo-
BaHa Ha m3o0petennu H.P. Slacyduna [2], a Takke Ha
HeIaBHUX HccnenoBaHusax kommnanun «Hyperloop
Alphay Omsnecmena WM. Macka [3,4], B KOTOpBIX
MPEJII0NIaraeTcsi BBICOKOCKOPOCTHOE JBHMIKECHHE I1ac-
CaXHUPCKUX MOIyJel co ckopocThio oT 500 g0 1220
kM/4. Takas CKOPOCTh OCTHraeTcs 3a CHeT Iepeme-
IIEHUS T0e37]a BHYTPH CTANbHOW TpyOBI CO 3HAUH-
TEJILHO Pa3peKeHHOW BHYTpeHHel atMocdepoii [5.6].

Paccmotpum  Hambosiee mOAPOOHO MOPCKOM
y4acToK MarucTpaiH. [yt MIPOXOXKICHUS
TPaHCIIOPTHOW  MarucTpaiy  HajJ  aKBaTOpPHEW,
coenunstomux TITY «Mxopay —TITY «Kpoumranr,
TITY «Kponwrragm»

— TITY «Cectpopenk» ObLTH IPUHSITH KPATHBIMHI
180,0 M mabpl HE MPENATCTBOBATH ITYTSIM IPOXOXKIIE-
HHUSI MOPCKHX (apBaTepoB, U J1a0bl KOJIOHBI HE Haje-
raji Ha TOCTPOHKH, KEIE3HYI0 IOpPOry U aBTOMO-
O6ubHBIE JOporH (puc. 2).

Maructpais IMeeT OCHOBHOM yPOBEHB PENIECOBO-
o MyTH A HAaA3€MHOTO M HAJABOIHOTO OINOPHOTO

Oazuca, npuHATHl Ha otM. +88,00 M (banTmiickas
cucremMa BbICOT). HaasemHas uacTh KOHCTPYKIIUH
MIpeJCTaBICHa B BU/I€ BAHTOBO-CTEP’KHEBON CHUCTE-MBI
mposeroM L=360.0 M u 180.0 M (B mepBoM mpo-JieTe) u
OTHOCHUTCSI K KaTE€ropuH BBICOTHBIX M OOIBIIETIPO-
JIETHBIX KOHCTPYKIWH (puc. 3).

Ha3HayeHa mnpoOTSDKEHHOCTh Marucrpaneil Ha
yuactkax: TITY Wsxopa — TITY Kponmrranr (14220 m);
TITY Kponmraar — TITY Cectpopeuxk (14760 m). ITpu
sToM yron Mexnay ocamu BCTM TITY Wxopa — TITY
Kponmrranr, TIIY Kponmraar — TITY Cectpo-penk
coctaBu 137°.

Jng Toro, 4roOBl MOJMYYHTH UIMHY BCEX KOJIOH
MarucTpajy, pPacHoJOXKEHHBIX HEMOCPEICTBEHHO B
BOJIaX 3aJMBa, WCIIOJIB30BaHBI KapThl IyOouH DuH-
CKOTO 3aJMBa, IO KOTOPBIM HOCTPOCHBI MPOIOJIBHbIC
MIPOQHIN MarucTpaiayu ¢ y4eToM peibeda MECTHOCTH
(puc. 4). Takum o00pa3oM, UIT KOJOHHBI, pacIo-
JIO)KEHHOM BOJIM3M TIpOXO’kAeHWs (apBarepa, Mak-
cUMalbHasg BbICOTa cocraBuna 95,87 M, Bkmoyas
MOABOJHYI0 4acTb. JlaHHBIH yd4acTOK sBJseTCA
Hanboyiee ONacHBIM Ul Maructpaiu. MMeHHO s
9TOTO y4acTKa M OyAeT BBINOJIHEH CTaTHYeCKUi pac-
YeT U Mo00p CeYCHUH 2JIEMEHTOB.



East European Scientific Journal #12(64), 2020 47
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Pucynox 3. Koncmpyxmuenas cxema BCTM
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Pucynox 4. Ilpooonvruiii npogune macucmpanu TITY Hocopa — TITY Kponwmaom u TITY

Kponwmaom — TITY Cecmpopeyk
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11000p CeYeHUH KOHCTPYKIMHU BBIIIOJIHEH Ha JIeH-
CTBYIOIIIME HAarpy3kd C Yy4€TOM IpeIBaPUTEIHLHOTO
HaTSDKEHHUS OTTSHKEK M TOJABECOK, a TaKXkKe C Y4ETOM
MaKCHMaJIbHBIX aMIUTUTYJl PE30HAHCHBIX KoJjeOaHuit
CHCTEM OT JWHAMHUYECKOH COCTaBIIAIOLIEH BETPOBOIL
Harpys3KH, BKJIIOYas Y4€T HEJIWHEHHOCTH, 4YTO
MPEIyCMOTPEHO TporpaMMHBIM TaketoM SCAD++.
ITo pe3ympTaTaM pacuera, OBUIM IMOJYUEHBI CIEIYIO-
LI1e 3HaYeHUs] BHYTPEHHUX YCWIMH U MepeMele-Hui
B DJIEMEHTaX Maructpanu (puc. 5-7), mpexxae Bcero B
Oanke-myTernipoBoe (Tabm. 1).

Janee mo mNOJyYEHHBIM 3HAYEHUSIM YCWIMH U
NporuOoB ObUTH IMOJOOpaHBI CEUSHHSI DJIEMEHTOB
KOHCTpYKUIMH. OCHOBHBIMH HECYLIMMH 3JIEMEHTaMH
KOHCTPYKLIMH SIBJISIOTCSI CTajlbHBIE TPYOBI OOJBLIOTO
JuaMeTpa, U3roToBleHHble M3 cramu C345. Ilyte-
MPOBOJI MPEJACTABIsIET CO0OH cTalbHYyI0 Oanky, co-
CTaBJICHHYIO U3 ueTbipex TpyO nuamerpom D = 3020
MM C TOJIIIMHOMN CTeHKH t = 16 MM (puc. 8). Komon-na
U PHUTEIH, 00pa3yIolie HECYIIYIO paMy BBIITOJI-HEHbI
u3 TpyO HapyxHbIM guamerpoM D = 3820 mm c
TOJILUUHON CTEHKH t = 25 MM, IPHU 3TOM BEPTUKAIb-
HBIE AJIEMEHTHI 3aII0JHEHBI OETOHOM. DJIEMEHTHI ap-K1
3anpoeKTUPOBAHEI 13 TPYO Toro e nuamerpa D = 3820
MM C TommuHOW cTeHkun t = 40 wmm. I[lwioHs!
3alPOCKTUPOBAHBI B BHJE PAaMHOW CHCTEMBI, CTOWKH

KOTOPOH MpEICTaBICHbI TPYyOOOCTOHHBIMU 3JICMEH-
TaMH, SBISIOIIAMUCS MPOJODKCHHEM OIOPHOM IMOJ-
3EMHOM 9aCTH KOHCTPYKIIMH KaK BUOPOIOTPYKae-MbIe
cBau. Hecymieil KOHCTpyKIMEl B MpPOJIETHON YacTu
COOpPY)KCHHSI  SIBJIICTCS  apKa, BBIMOJIHCHHAS U3
CTaJbHBIX TPYO, C MPUMEHCHHEM BAHTOBBIX 3JCMCH-
TOB (OTTSKKH, 3aTSHKKH, TIOABECKH U T.11.).

B kauecTBe BaHTOBBIX KOHCTPYKIMM NPUHSATHI
KaHaThl MapKHPOBOYHBIA rpymmbel 1670 MIla, nma-
metpom D = 120 MM W IUIOUIaAbIO CEYEHHUS
A =10100 MM2, BBITTOTHSFOIIINE PO IIOABECOK U ITOJI-
JICPKUBAIONIUX ITyTCPOBOJA, W KaHATHl TUAMETPOM
D =70 mM u iomaneio ceyenns A = 3390 Mm2, BeI-
MOJTHSIOIIME POJIb CBSI3CH M MEpENaroIluX YCUIIUS Ha
0anky, a Takke KaHatel guamerpoM D = 60 MM u
mwiomanaso cedeHuss A = 2490 MM2, BBITOIHSIOIINE
pOJIb BaHT.

JI71s1 conpsikeHns yacTel M CEKLIMM UCTIOIIb3YOTCS
0O0NTOBBIC COCTMHCHNUS Ha BEICOKOTIPOYHBIX OONTaX.

PaspaboTanHbIe HecyIme CTPOHTENEHBIC
KOHCTPYKIHUH, OOECIIeYNBAOT (PYHKIIMOHHUPOBAHHE,
TpeOyemyro HanexHocTh U Oe3omacHocTh BCTM wu
HUMCIOT OpI/IeHTI/IpOBO‘-IHI:Jﬁ pacxonq Ha BCE CTaJIbHBIC
ajeMeHThl Oonbiioro nposnera L = 360 m, Britouas
MWJIOH, KOTOpBIA coctaBuin 7714,8 Tonn wim 21,43
TOHHBI Ha 1M JJIMHBI MarucTpaiu.

L= 000y

PuC)/HOK. 5. Pacuemnas cxema mazsucmpaiu ¢ Homepamu munoe HcecmkKocmu 3J1emMennos
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Ta6numa 1
BHyTpeHHUe yCHJIUS B 3J1eMEHTAX
No 371-Ta Ni, kH Mi, Ka*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 -
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Puc. 9. Ilonepeunoe ceuenue mpyo BCTM
3akJ/0yenue: 2. Sucypun H.P. [latenr P® Ha u3obpercHme

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

2. BhIMonHEH pacueT 31eMEHTOB KOHCTPYKIMH B
nporpaMMHOM Komiiekce SCAD++, B pe3ynbTaThl

KOTOpOro CKOHCTPYHUPOBAHbI KOHCTPYKIIUU
COOpPYIKEHUS.

3. Jlanee miaHupyercs NpoBepKa KOHCTPYKLIUH
BCTM  Ha  BO3JEHCTBHE  MPOTPECCHPYIONIETO

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