THE WORLD OF SCIENCE
WITHOUT BORDERS

PROCEEDINGS
OF THE 5" ALL-RUSSIAN SCIENTIFIC AND PRACTICAL
CONFERENCE (WITH INTERNATIONAL PARTICIPATION)
FOR YOUNG RESEARCHERS

February 16, 2018
Tambov

Tambov 2018



MunuctepcTBo 00pazoBanus U Hayku Poccutickoit @enepanun
denepanbpHOE TOCY TAPCTBEHHOE OFOKETHOE

00pa3oBaTeIbHOE YUPEIKICHHE BHICIIIETO OOpa30BaHUS
«TaMO0BCKHUIi TOCYAAPCTBEHHBIN TEXHUYECKUN YHUBEPCUTETY

THE WORLD OF SCIENCE WITHOUT BORDERS

PROCEEDINGS
OF THE 5™ ALL-RUSSIAN SCIENTIFIC AND PRACTICAL CONFERENCE
(WITH INTERNATIONAL PARTICIPATION) FOR YOUNG RESEARCHERS

February 16, 2018
Tambov

MHUP HAYKU BE3 I'PAHUILL

. _ MATEPHAJIbBI _
5 BCEPOCCUUCKOU HAYYHO-ITPAKTHYECKOU KOH®EPEHIIHU
(C MEXXAYHAPOJIHbBIM YHACTHUEM) JJISA MOJIOABIX YYEHBIX

16 deBpans 2018 roga
Tam0oB

Hay4noe anexrponHoe usnanue

T™TTY

e

TamO0B
NznarensctBo ®I'BOY BO «TT'TY»
2018



YAK 001+378
BBK 72+74.58
M63

Editorial Board:

Mishchenko E.S. — Doctor of Economics, Professor, Vice Rector for International Relations,
Tambov State Technical University, Tambov
Millrood R.P. — Doctor of Education, Professor of the Department of International Professional
and Scientific Communication, Tambov State Technical University, Tambov
Gunina N.A. — PhD in Linguistics, Associate Professor, Head of the Department of International
Professional and Scientific Communication, Tambov State Technical University, Tambov
Korolyova L.Yu. — PhD in Linguistics, Associate Professor of the Department of International
Professional and Scientific Communication, Tambov State Technical University, Tambov
Dvoretskaya E.V. — PhD in Linguistics, Associate Professor of the Department of International
Professional and Scientific Communication, Tambov State Technical University, Tambov
Mordovina T.V. — PhD in Pedagogy, Associate Professor of the Department of International
Professional and Scientific Communication, Tambov State Technical University, Tambov

M63 Mup Hayku 0e3 rpaHull [DIeKTpOHHBIA pecypc]| : MaTepuaisl S5-if Beepoccuiickoit
Hay4.-MIPaKT. KOH(epeHIN (C MEKTYHAPOTHBIM Y4YaCTHEM) I MOJOIBIX YUCHBIX /
TaMOOBCKHI TOCYHapCTBEHHBIH TEXHWYECKHH yHuBepcuter, 16 ¢espamsa, 2018. —
Tam6o0B : U3a-Bo ®I'BOY BO «TI'TVY», 2018. — 1 snekrposn. ont. auck (CD-ROM). —
Cucremubie TpeboBanusi : IIK He Hmke kimacca Pentium II ; CD-ROM-muckoBox ;
7,78 Mb ; RAM ; Windows 95/98/XP ; Mbitib. — 3ari. ¢ skpana. — 100 mT.

ISBN 978-5-8265-1891-5

The 5th All-Russian Scientific and Practical Conference (with International Participation)
for Young Researchers hosted by Tambov State Technical University on February 16, 2018
is focused on the development of education, manufacturing and research. Major topics include
problems of humanities, social, and technical sciences in the modern world. The present book
contains the papers submitted to the conference.

5 Bcepoccuiickas Hay4YHO-TIpakTU4eckass KoH(epeHIHs (C MEKIyHAPOIAHBIM yYaCTHEM)
JUIS  MOJIOJIBIX YYCHBIX, OpraHu3oBaHHas TaMOOBCKHUM TOCYNApCTBEHHBIM TEXHHYCCKUM
YHUBEPCUTETOM | TIpoBeicHHas 16 deBpas, 2018 1., chokycupoBaHa Ha pa3BUTHH 00pa30BaHUA,
MIPOU3BOJICTBA U MCCIICNOBATENBCKOM NesaTenbHOCTH. OCHOBHBIE TEMbI BKIIOYAIOT MPOOIEMBI
TYMaHUTAPHBIX, COIHATTBHBIX U TEXHUUECKUX HAYK B COBPEMEHHOM MUDE.

VIIK 001+378
BEK 72+74.58

Mamepuanvl npedocmasnenvl 8 21eKMPOHHOM 6APUAHME U COXPAHAIOM ABMOPCKYIO PeOaKyuio

ISBN 978-5-8265-1891-5 © denepanbHOE TOCYIAPCTBEHHOE OFOKETHOE
00pazoBaTenbHOE YUPEKICHHUE BBICIIET0 00pa3oBaHUs
«TaM0OOBCKHIf TOCY IapCTBEHHBIH TEXHUIECKHIA
yauBepcuteT» (PI'BOY BO «TI'TVY»), 2018



CONTENTS

FOREWORD 9

I. ENERGY AND POWER ENGINEERING 10
Voronov V.V. Investigation of the Geological Properties of the Impregnator 10
Loktev V.Yu., Markina K. V. Reactive Power Compensation in Electricity

Networks 14
Muratova N.S., Klimov D.V. Low-Temperature Fluidized Bed for
Utilization of Biogenic Waste 17
II. ENGINEERING SYSTEMS CONTROL 21
Vasilevskiy K.S. Mathematical Modelling of the Elements of «Artificial
Lungs» System 21

Ponomarev S.V., Myasin A.S., Novikova E.A. "Improvement Capability
Indicator" in the Improvement System of Enforcement Proceedings in the
Bailiffs’ Departments of the Federal Bailiff Service of the Russian

Federation 24
Noskov A.A. Telemedicine in Russia 30
Rodionova A.S., Divin A.G. Modernization Process of the Wheeled Pair
RV2SH Formation at the Enterprise of PLC "Tambov VRZ" 32
Tushentsov N.V. The Advantages of the Automation Method for Drinks
Production 35
III. INDUSTRIAL ECOLOGY AND BIOTECHNOLOGY 40
Erokhina A.A., Troegubova E.V. The Solution of Problems of Technogenic
Safety in the Design of Fire Protection of a Petrol Station 40
Khvostov I.1. Determination of the Total Parameter of Pollution of Soils by
Heavy Metals 45
Kozadaeva G.S. Calculation of Emissions from the Galvanic Section 48
Kotenev S.1., Makeev E.S. Ways and Methods of Reducing Emissions of
Harmful Substances by Automobile Transport 52
Teplyakov V.V., Senatorova A. N. Mathematical Modeling of the Biological
Process of Sewage Treatment 55
IV. ELECTRONICS, RADIO ENGINEERING AND

COMMUNICATION SYSTEMS 59
Matveev R. Features of Propagation of Radio Waves in Wireless
Communication Systems 59
Negulyaeva A.P. The Analysis of Thermophysical Methods of
Nondestructive Control with the Pulse Heating Use 62
Nikitenkov D.O. Methods for Optimizing the Operating Modes of Energy-
Intensive Equipment 65
Rogachev A.l. Review of Methods of Tertiary Processing of Information in

ATC 67
Tikhonin D.V. Wireless Telemetering Network for Monitoring of Quality
Characteristics of Web Material 70

The World of Science without Borders |3



V. MECHANICAL ENGINEERING 73
Armyaninov 1.S., Korolev A.P., Filatov I.S. The Study of Strength of Welded
Joint Depending on Temperature of Table for Ultrasonic Bonding 73
Vanin V.A., Romanova E.V., Grigoryan V.S. Design and Optimization of
Forming Chains on the Basis of Hydraulic Connections in Machines with

Complex Motions of Forming 76
Gartsuev A.V., Doroshin D.V. Modeling for Detecting Damaged Sections of

the Frame 80
Dezha A.A. Methods and Technologies of Increasing the Quality of the
Products 83
Dolotov S.V. Improving the Properties of Control Programs for
Manufacture of Parts and Preforms on CNC Machines 88
Kuroedov D.P. Ways to Improve the Safe Operation of Technological
Equipment in Pigment Production at PJSC «Pigmenty 90
Sarychev V.A. Determination of Design Parameters of Automotive Drum
Brakes 94
Sergienko K.A. Technical Diagnostic tools 98
VI. ROAD SAFETY AND TRANSPORTATION 103
Galdobin A.A., Lavrenchenko A.A. The Influence of ABS System on Road
Safety of the Vehicle 103
Laukhin I.R. The Analysis of the Problem of Cargo Transportation 106
Vasilyeva E.V., Usnyan A.L., Chetyrin A.Y. Driver’s Reliability and Safety

of the Transportation Process 109
VII. PHOTONICS, INSTRUMENTATION, OPTICAL AND
BIOTECHNICAL SYSTEMS AND TECHNOLOGIES 112

Mamontov K.A. The Concept of Semi-Passive Homing Method of the Object 112
Meshcheryakov A.A. the Development and Research into the Method of
Increasing the Accuracy of Oscillographic Measuring Arterial Blood

Pressure 116
Nedosekin V. V., Sjuksina T.S., Shikhkaibova Yu.E. Method of

Determination of Stroke Volume of Heart 119
Neprokin A.V., Kulikov R.A., Savinova K.S. Features of Galvanic Cells

Applying in Mobile Medical Devices 122
Nesterov N.A., Yakushin E.S. ldentification of Mathematical Model of

Human Respiration Simulation 125
Savenkov A.P., Safonova M.E. Non-Contact Aerodynamic Measurement

of Surface Tension 129
Sindeev S.V. Numerical Studies of Blood Flow in the Internal Carotid

Artery 132
VIII. ARCHITECTURE, DESIGN AND URBAN PLANNING 136
Baturov 1.Y., Umnova O.V. Studies of Buildings and Structures design in

the Cold Climate 136
Bachin S.A. Features of Ventilated Facade Designing 140

The World of Science without Borders |4



Gunina P.I. Zoning And Navigation: Ways of Creating Comfortable

Recreational Environment 143
Karasova 1.Yu., Blokhina T.V. Prerequisites for Creating the Consolidation

of Norms and Rules for Training Base Designing 147
Kotov D.O., Shukan A.A. Modular Architecture of School Buildings 150
Levin V.M. Architecture As a Way to Achieve the Noosphere 153
Matveeva 1.V., Seregina J. I. Problems of Improving Acoustic of Music
Classrooms 156
Popov V.V., Erofeev A.V., Mikhailov V.A. Historical Development of the

Natural Stone From a Structural Element to an Element of Decoration 159
Popova A.V. The Prospects for the Development of Shell Structures 162
Solovyova E.S. Architecture as a Source of Information 165
Spiridonova Yu.P. Navigation System in A Sporting Facility for People

with the Poor Eyesight 169
Shukan A.A., Kotov D. O. Public Spaces in the Urban Structure 172
Yakovleva K.E. Reconstruction of Residential Buildings in Tambov 175
IX. CIVIL ENGINEERING 178

Averina T.O. Design Concepts for Steel Frames of Agricultural Buildings 178
Alaa Jaleel Naji Disadvantage of Empirical Method for Blast Load

Calculation 181
Basalajev A.V., Erofeev A.V. Application of Wood Composites in

Construction 189
Bortnikova P.R. Analysis of Methods of Enhancing the Energy Efficiency of
Residential Buildings 192
Ermakov V.V, Chekanov A.I The Main Properties of Impact-Resistant

Polystyrene 196
Gnipyuk S.S., Mamontov A.A., Yartsev V.P. Environmental Aspects of

Production and Application of the Extruded Polystyrene Foam (XPS) 199

Karakhanyan Zh.S., Mamontov A.A., Yartsev V.P. Comparative Analysis of
the Application Efficiency of Heat-Insulting Materials in Frame House

Building 204
Kartashova G.V. Definition of Historical Buildings Age by Bricks and
Constructive Peculiarity 211
Kachnov M.V., Gorbachev A. S. System of Engineering Designs Monitoring
(SEDM) 214
Kuznetsov V.A. Investigation of Energy Efficiency of Buildings and

Structures by a Thermal Scan Based on "Tamak" Company 217
Merkushev A.O., Merkusheva N.P. Monitoring Nature of Walling

Parameters of Residential Buildings 221
Mikhalev M.O. Comparative Analysis of Building Materials Used for the
Constraction of Sports and Recreation Facilities 225
Mordovina S.Yu., Mordovina E.Yu. Influence of Space-Planning Decisions

of Residential Buildings for Heat Consumption 228
Popov V.V., Kozhukhina O.N. The Choice of Mechanization Means for 232

The World of Science without Borders |5



Civil Facilities Reconstruction
Seleznev A.D., Kuznetsova N.V. Utilization of Optical Discs in Fine-

Grained Concrete 236
Surnenkov A.1., Mesheryakova V.O. LVL and Its Production Prospects in

the Central Chernozem Region 239
Suzyumov A.V., Popov M.A., Sitnikova D.A. Environmental Safety of

Plywood as a Multilayer Building Material 243
Tetushkina A.Y. Conditions and Prospects of Russian Construction Industry
Development 246
Tolmachev D.A. Design Concepts for Multi Storeyed Buildings with Steel

Frames in Tambov 249
Viasov A.V. The Use of Soil Pillows in the Construction of Low-Rise

Residential Buildings 252
Vyazovova T.S. Analysis of the Forces Calculation Method for the

Foundation Deformation Caused by Underground Works 255
Zaytsev M.A., Umnova O.V. The Perspective of Using Metal for Frames of
Educational Institutions 250
X. INFORMATION TECHNOLOGY, ROBOTICS AND

INFORMATION SECURITY 263
Aksenova E.O., Bakushkina M.A., Gavrina D.A. Special Aspects of Methods

and Means for Building Information Systems 263
Artamonov A.M. Texts Classification Analysis Using Semantic Conformity 266
Chislin V. A. Trends in Javascript Applications Development 269
Gusev D.A., Dolbin R.A., Elagin F.S. States Transitions Model of

Information Systems 272
Karavaev D.V., Dolbin R.A., Svishchev V.A. Component Modeling in

Information Systems 274
Kareva N.A. Computer-based Education Systems 277
Semenov S.S., Gusev D.A. , Vorobiev I.Y. Particular Cases of the Normal

Vector Estimation 280
Sotnikov G.E., Merkushova K. A., Mashkov 1.A. The Difference Between Bit

Rate and Baud Rate 283
Shishkov D.A. Database Design for Document Automation Software 286

Shuvaeva A.M., Yakoviev A.V. Implementation of the Mandate Security
Policy through Map with the RFID-Tag on the Basis of Frequency Channel

Separation 289
Vysotsky A.V. Formalization of Requirements to the Information System of
Remote Banking Security 203
XI. NANOTECHNOLOGY AND NANOMATERIALS 296
Bogometova E.E., Grishin A.V., Trofimov D.V., Rogov 1.V. Determinung

Thermal Conductivity of Nanomodified Polypropylene 296
Edapina A.B. Marketing Program of Carbon Nanotubes "Taunit" and

Equipment for Their Synthesis in the Global Market 299

Ermolaeva A.M. Thermaly Stable Heat Material Based on Fluoropolymer 303

The World of Science without Borders |6



Composites with Carbon Nanotubes

Ershov V.A., Cherkasova A.S. Superhard Abrasive Tools 306
Zaytsev 1.A., Blohin A.N., Sukhorukov A.K. Improving Mechanical

Properties of BFE-170 Epoxy Resin by Adding Fluorinated Carbon

Nanotubes 309
Kuznetsova T.S., Pasko T.V. Sorption by Carbon Nanostructures 315
Kurnosov D.A., Mkrtchyan E.S., Babkin A.V., Burakova 1.V., Burakov A.E.,
Neskoromnaya E.A. Carbon Nanomaterials for Extraction of Cu(li) lons

from Wastewater 319
Makarchuk M.V., Koroleva I.L., Loskutova A.D. Electrical Iron — Silicon

Carbide Material 323
Malyutina E.I., Mihaleva Z.A. Nanomodifiers and Building Materials 326

Mkrtchyan E.S., Kurnosov D.A., Babkin A.V., Burakova 1.V., Burakov A.E.,
Neskoromnaya E.A. Kinetic of Organic Dyes Adsorption Through

Mesoporous Carbon 329
Sablin Yu.Yu., Korendyasev S. P. Method for Producing Films from
Ferromagnetic Materials 333
XII. HUMANITIES AND SOCIAL SCIENCE 337
Apraksina O.N., Borodulina N.Yu., Gulyaeva E.A., Makeeva M.N. The

Cognitive Dissonance in the Interpretation of the Concept “Smart Home” 337
Gunina N.A., Chebotareva G.N. Interactive Teaching Tools in a FL

Classroom 341
Jumber A.N. Translation Services in the United Nations Organization 344
Kapiya T.C., Shindyapin D.S. Sports Marketing: Essence and Strategies 348
Kriventsova E.E., Akinshina Yu.V. Shaping Learners’ ldentity through

Project Work: “CITY STARS” for Grade 5 351
Korolyova L.Yu. Word Formation Competence in the System of
Competence-Based Approach to Education in Different Countries 355
Mordovina T.V. CLIL As a Modern Teaching Technology 359
Sichova D.A. General Property of Spouses: Historical Analysis and
Contemporary Situation 362
Shildiaeva A.O. Image Building in the Fitness Industry 365
Yushina M.A., Butenko A.A. Evaluating the Correlation between the Net

Income and Marketing Costs of PJSC “Sberbank of Russia” 368

The World of Science without Borders |7



FOREWORD

The traditional annual conference for graduates and post-graduate students
“The World of Science without Borders” is gaining momentum. This year we a
holding the fifth event in a row and are pleased to note that the number of
participants is on the steady rise. The geographical frontiers of this forum are
expanding. It is great honor for us to welcome all the contributors, who are willing
to share their research findings with their peers and to exchange ideas.

The mission of the conference is to remove the barriers on the way of
disseminating innovative projects among young scientists of the whole world.
The vehicle of transporting the "new blood" is the English language serving the
purpose of removing all hurdles in the academic communication and firmly
positioning Russian science on the globe.

Almost 105 papers have been included in this volume featuring the scope of
research interests of students at Tambov State Technical University and partner
institutions including young foreign scholars. This selection will be of interest for
everybody who is keen on keeping in touch with the science of the young in

Russia.

Radislav Milrood,
Professor of Department “International
Professional and Scientific

Communication”, TSTU
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ENERGY AND POWER ENGINEERING

V]IK 62-9
BBK 31.32

INVESTIGATION OF THE GEOLOGICAL PROPERTIES OF THE
IMPREGNATOR

V. V. Voronov
Tambov State Technical University, Tambov, Russia
e-mail: morles@inbox.ru

Abstract

The rheological properties of the impregnator are presented. A study of the rheological
properties of the Emukryl M impregnator was carried out on a rotational viscosimeter “Reotest
2”. The obtained rheological curves indicate that the characteristic feature of the current of the
impregnator Emukryl M is disobeying the Newton equation. Curves of the flow of the Emukril
M do not obey the linear law, but pass through the origin.

It is established that the viscosity decreases with increasing temperature, and the rheological
behavior of the dispersion is described by a power law. Based on the results of the experimental
data, rheological constants were determined for various test modes.

Key words: abrasive tool, acrylic emulsion, impregnator, rheological curves, pseudoplastic
fluid.

At present, special attention is paid to the ways of improving the efficiency and
quality of abrasive processing associated with the improvement of the abrasive tool
(AT). One of the methods of improving the operational properties of the abrasive
tool is its impregnation [1, 2].

A rather wide range of impregnators has been studied. Among them, the most
promising are organic compounds on a hydrocarbon base that ensure a low-energy
intensity of the chemical interaction with the metal being processed [2].

When choosing an impregnator, the following requirements should be taken
into account. The impregnator introduced into the pores of the abrasive tool should
have the ability to improve the parameters of the grinding operation, provide
lubrication in the abrasive process, do not reduce the quality of the treated part, do
not corrode the machine, maintain stability in storage, meet the requirements of
fire safety, minimally pollute air and sewage, do not have a harmful effect on the
human organism [1, 2].

All of the above conditions are met by impregnators based on aqueous
emulsions of acrylate type copolymers [3-8]:

— linear copolymer of ethyl acrylate and styrene in an aqueous medium
(Emukryl C);

— casting copolymer of ethyl acrylate, methyl methacrylate, dimethacrylic ester
of ethylene glycol and methylolmethacrylamide in an aqueous medium (Emukryl
2M);

— copolymer of ethyl acrylate, dimethacrylic ester of ethylene glycol and
methylolmethacrylamide in an aqueous medium (Emukryl M).
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Emukryl M, Emukryl 2M, Emucryl C are milk-white liquid with a mass
fraction of non-volatile substances of 40%.

The study of the mutual influence of dynamically contacting abrasives,
polymers and metals on their surface dispersion showed that these impregnators
most fully meet the requirements listed above [9, 10].

At the same time, mass transfer processes when impregnating the AT with an
impregnator play an important role in ensuring the quality of the finished product.
Investigating the properties of the impregnator is important in terms of speeding up
the impregnation process, as well as improving the uniformity of the impregnator
distribution in the pores of the AT, better anchoring it on the pore surface, which
prevents the migration of the polymer impregnator to the AT surface during
drying.

Despite the fact that the impregnators listed above turned out to be well proven
during the studies, a copolymer of ethyl acrylate, dimethacrylic ether of ethylene
glycol and methylolmethacrylamide in an aqueous medium (Emukryl M) was
recommended for further use. This is due to the fact that this impregnator is the
cheapest and environmentally friendly, since it does not have a negative impact on
the environment and human, unlike impregnators with the content of the styrene
link in the copolymer.

Investigation of the rheological properties of the Emukryl M impregnator was
carried out on a rotational viscosimeter “Reotest 2”. The viscometer is
characterized by wide ranges of shear stress and shear rates. The test temperature
can also be regulated in a wide range.

Variable parameters in the study of the rheological characteristics of the liquid
impregnator Emukral M were the rotational speed of the working cylinder;
temperature and time of the emulsion in the measuring chamber. During the
experiment, the data that allow us to calculate the shear rate and shear stress and
dynamic viscosity were obtained.

Of considerable interest 1s the stability of the emulsion at elevated
temperatures. To this end, the impregnator was placed in a measuring cylinder,
thermostated at a certain temperature, subjected to tests, then held for a certain
period, and again subjected to tests at the same temperature. When changing over
to a different temperature regime, the emulsion changed to fresh.

The following facts were revealed: at temperatures below 50°C, the curves
obtained at different holding times were the same. A different situation was
observed at temperatures above 50° C. Having obtained the rheological curve at
the temperature of 50°C, the emulsion was kept in the cylinder for fifteen minutes
and again subjected to testing. The newly obtained rheological curve was different
from the previous one. With increasing temperature, this difference was expressed
in a more visual form.

The shear stress decreases with time, although the shear rate and emulsion
temperature remain constant. This phenomenon can be explained by the fact that
when a certain temperature is reached, the emulsion begins to lose its stability, its
structure breaks down, the polymer particles coagulate and adhere to the surfaces
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in contact with the emulsion. The concentration of the polymer in the solution
decreases, and this leads to a decrease in the shear stress. The data, obtained as a
result of rheological studies, approach the curves for Newtonian liquids. The
formation of the polymer film can be observed on the surfaces of the working
cylinders of the viscometer. At T = 55 °C, separate polymer clumps are observed.
At T = 60 °C, the presence of polymer film has a pronounced character. The
thickness of the film increases in dependence on the residence time of the emulsion
in the working gap of the device. An attempt to carry out this experiment on
cylinders with a smaller radial clearance was unsuccessful due to the fact that the
processes of coagulation and cohesion of particles proceeded with greater intensity.

The obtained rheological curves indicate that the characteristic feature of the
current of the impregnator Emukryl M is disobeying the Newton equation. Curves
of the flow of the Emukril M do not obey the linear law, but pass through the
origin. Such a fluid is calledpseudoplastic. It is established that the viscosity
decreases with increasing temperature, and the rheological behavior of the
dispersion is described by a power law. Based on the results of the experimental
data, rheological constants were determined for various test modes. It is noted that
for an anomalously viscous liquid, such as Emucryl M, with increasing aging time
at temperatures above 55 ° C, the viscosity greatly depends on the prehistory, the
magnitude of the tangential stresses and time. The latter is explained by the fact
that the emulsion begins to lose its stability, the emulsifying layer is destroyed, and
the polymer particles begin to coagulate.

On the basis of the data obtained, it can be concluded that the impregnation of
the abrasive tool should be carried out at temperatures up to 30 °C, and the
subsequent heating of the impregnated AN to temperatures above 50 °C can be
used to fix the emulsion in the pores of the AN in order to prevent it from
changing.for further drying of the AT [8, 11].

Thus, knowledge of the rheology of polymer impregnators is necessary in
solving practical problems associated with the creation of the process for
impregnating AT to design, calculate and optimize the design and performance
characteristics of the impregnation equipment [7, 8] and the drying of abrasive
tools [11].
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WCCJEJTOBAHUE PEOJIOTHUECKHNX CBOMCTB UMIIPETHATOPA
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AHHOTAIUA

Uccnenyrorcs peonornuyeckue CBOWCTBA HMMIperHatopa. lMccinenoBaHue peoIOrHYECKUX
CBOMCTB UMIpErHaTopadMyKpui M IpoBOAWIN Ha POTAalMOHHOM BHCKO3UMeETpe «Peorect 2».
[lonyueHHBIE pEONOTMYECKHE KpPHUBBIE CBHJETEIBCTBYIOT O TOM, 4YTO XapaKTEpPHOU
0COOEHHOCTBIO TEUEHUs] HUMIpPErHaTopadMyKpusl M sBIsSeTcs HENOJYMHEHUE YPaBHEHUIO
Herorona. Kpussie Teuenust Omykpuia M He NOTUUHSIIOTCS JIMHEHHOMY 3aKOHY, HO MPOXOJAT
yepe3 HayaJlo KOOPAMHAT.

Y CTaHOBIEHO, YTO C POCTOM TEMIIEpaTyphl BA3KOCTh ITaJAeT, a PEOJOTUYECKOE MTOBEICHUE
JUCIIEPCUN ONMCHIBAETCS CTENEHHBIM 3aKOHOM. [lo pe3ynbraTam sKCIEpUMEHTAIbHBIX JAHHBIX
OBLIN ONPEIEIEHBI PEOJIOTUYECKNE KOHCTAHTHI JIISl Pa3JIMYHbIX PEXKUMOB UCIIBITAHUH.

KiaroueBble cioBa: a0Opa3uBHBIM HHCTPYMEHT, aKpWJIATHAas SMYJbCHUsS, HMIIPETHATOD,
PEOJIOrM4eCKNE KPUBBIE, IICEBIOIUIACTUYHAS KUIKOCTb.
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Abstract

The main focus of reducing energy losses and increasing the efficiency of electrical systems
is reactive power compensation. This article considers the problem of reactive power
compensation. Optimal reactive power compensation in power supply networks of companies
includes a range of questions which are directed on increase of efficiency of operation of
electrical and involves methods of selection and calculation of compensating devices.

Key words: active power, capacitor banks, reactive power, transformers, electrical
appliances.

The problem of reactive power compensation arose together with the practical
use of alternating current. Most of the losses of active energy defined network
flows of reactive power and their reduction can be achieved by increasing the
degree of reactive power compensation.

A large number of consumers of electricity are electrical machines
(transformers, asynchronous motors, equipment for arc welding) in which an
alternating magnetic flux linked with the windings. During the flow of alternating
current in the windings the reactive EMF is indoctinated causing a phase shift (¢)
between voltage and current. The parameter that determines the consumption of
reactive power, coso is calculated by the formula:

COos@ = PP (1),
§  JPE+Q%)

where P is active power, S is the total power, Q is reactive power, cos is the
coefficient of reactive power consumption.

Thus, the reduction of cosp so the increase in the consumption of reactive
power, therefore we have committed to increasing cos.

The presence of the mains reactive power lowers the power quality.

Also, there is an increase in fees for electricity, which is a serious problem,
leading to additional costs.

The use of installations of reactive power compensation allows reducing the
amount of reactive power consumption, achieving energy saving and economic
effect.

Contactors or thyristors can be used as a switching element in the capacitor
units. Contactor capacitor bank is the most widely spread because of the easier
implementation and lower cost compared with the thyristor (static) condenser
units.

At the place of connection, there are the following schemes of reactive power
compensation:
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— the general scheme (used at the stage of the enterprise launch);

— the group scheme (used to supply with electricity a group of the same type of
consumers);

— the individual scheme (capacitor installation is installed in close proximity to
the consumer with low cesg. )

The individual compensation scheme is preferable but not always applicable.
Usually the entity operates many electrical installations with a low power factor,
and providing them with all of the individual capacitor banks is not possible.

Thus, the mixed compensation scheme is used. The reactive power of the
largest consumers is compensated partially through individual capacitors with
constant capacity, and a variable remainder of their reactive power is compensated
with the help of automatic capacitor bank connected to the input of the enterprise
[1].

The complete capacitor banks are widely used for the reactive power
compensation in industrial, municipal electric networks of 0.4(10)/0.4 kV. The
main components of capacitor banks are capacitors, regulators of reactive power,
electromagnetic and thyristor contactors, filters and inductors.

Discreet automatic power control of capacitor banks depending on the change
in the reactive power consumption mode to minimizes power losses from possible
under- or the overcompensation of reactive power.

The main functions of a modern regulator reactive power are automatic
determination of correction angle between phase voltages and currents, calculation
of power compensation and the inclusion of the minimum necessary number of
stages.

The installation of the capacitor banks with automatic control of reactive power
optimizes the compensation mode for both maximum and minimum load.

Even a step-by-step power regulation system of the capacitor bank eliminates
the exact compensation of the inductive load. The application of a static thyristor
contactor can solve the problem of the exact compensation of the inductive load on
the enterprise, but it is very expensive and requires the installation of harmonic
filters.

An application of controlled reactor together with capacitor bank is much
cheaper and more effective.The performance of controlled reactor allows
monitoring the changeable and variable loads. For example, induction motor of the
rolling mill in reverse mode consumes 5...7 times higher current compared to the
normal mode of operation. Moreover, this current is almost completely inductive.
To prevent abrupt voltage lags in the entire network of the plant it is advisable to
use a powerful capacitor bank. [2].

Consequently, the network is insensitive to in-rush current at the reverse.
However, in the normal mode of operation, the battery capacity is redundant, and
the network is loaded with an excessive current of the capacitor bank. A controlled
reactor can be used for compensation of this current, which is calculated by the
formula:

Qs = +(QL—Q¢) 2)

The World of Science without Borders |14



This control system can significantly reduce the cross section of the supply
wiring and the use of lighter devices in the supply network, leading to significant
savings from the installation of the controlled reactor.

On the basis of the capacity consumption, the reactive power to be
compensated is calculated from the actual current value (initial power factor tgp,)

to the target value (target power factor tgeg;) [3]. The total capacity of
compensating devices is determined as follows:

Qep =P (1gp, —tg@) )
where P is the active power of the load.
The specific capacity of the compensating device is calculated by the formula:

4
Kge = %S ®

where Sy is the predetermined transformer capacity.

The main focus of reducing energy losses and increasing the efficiency of
electrical systems is reactive power compensation.

Both at the design stage and during the operation of power supply systems, the
right choice of compensating devices can help to relieve the load on the
distribution line and transformers, to reduce losses of electricity from the flow of

reactive power and to increase the power quality.
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AHHOTALUSA

OCHOBHBIM ~ HAIIPABJICHHMEM YMEHBIIEHUS IOTEPb AIEKTPOIHEPTMU M YBEIUYEHUS
3 PEKTUBHOCTH PabOTHI ANEKTPOYCTAHOBOK SBJISIETCS KOMIIEHCAIMS PEAaKTUBHOM MOIITHOCTH.

B nmanHOi cTathe paccMoTpeHa mpoOiieMa KOMIIGHCAIIUM PEAKTUBHOW MOIIHOCTH.
OntuManbHas KOMIEHCALUS PEAKTUBHOM MOIIHOCTH B AJIEKTPOCETAX MPEANPUATHIA BKIIOYACT B
ce0s KOMIUIEKC BOIIPOCOB, KOTOPHIE HAIPABICHHbI Ha YBEIMYEHHE SKOHOMHUYHOCTH PabOThI
3JIEKTPOYCTAHOBOK M MOJIPa3yMEBACT METOMAbI BIOOPA U pacueTa KOMIEHCUPYIOUINX YCTPOMCTB.

KiroueBble cJjioBa: axkTHBHas MOILIHOCTb, KOHJIEHCATOPHBIE YCTAHOBKH, pPEaKTHUBHAs
MOIITHOCTb, TPAHC(HOPMATOPBI, HIEKTPOIPUOOPHI.
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Abstract

We have studied greenhouse gas emissions from the combustion of biogenic waste in a
boiler with a low-temperature fluidized bed. We compared the values of the emission levels
obtained during the experiment, with the values established by the EC Directive 2001/80.
In the course of the work, the need was noted for the use of additional dust and gas cleaning
equipment for the incineration of sunflower husks and the litter-litter mass of poultry farms.

Key words: biomass, fluidized bed.

Introduction

The actual share of biomass in the world energy industry today reaches 10%
(excluding peat).This is more than the share of other renewable energy sources
combined.

Biomass is an environmentally friendly fuel. It can make real competition for
fossil fuels in Russia. Secondary biogenic wastes, such as agricultural waste, solid
household waste, sludge from sewage treatment plants in large cities, are of
interest to potential consumers. This interest is economically justified. Utilization
of these wastes through direct combustion allows the company to obtain additional
profit from the sale of heat and electricity in the presence of cogeneration. At the
same time, companies avoid fines from environmental pollution.

Results of the experiment

The technology of low-temperature (about 850°C) fluidized bed [2] when
burning solid biogenic waste allows us to obtain thermal and electric energy with
minimal losses. At this temperature level there is also no danger of melting ash,
slagging the furnace and reducing greenhouse gas emissions of CO,, H,O and NO,
CO.

Ash, which is formed when burning solid biogenic waste, can serve as a
commodity product. Emissions of gas products with the correct organization of the
purification system meet the requirements established by EC Directive 2001/80
(Table 1) and domestic GOSTs.

We conducted research on burning several types of biogenic waste (straw,
litter-litter, sludge) in a fluidized bed boiler. A 0.5 MW boiler, on which
experiments were conducted, is equipped with a wet flue gas cleaning system. The
“wet” cyclone SIOT Neo2 is used in the installation. It works in a "choking" mode.
The use of a "wet" cyclone provides a sharp reduction in the emission of harmful
emissions into the environment and increases the efficiency of the boiler.
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Table 1. Emission limit values of the directive EC 2001/80 [2].

Heating capacity Emission rate, mg/m’
boiler installation, MW
orier mstaiiation, solid carbon nitrogen oxides sulfur dioxide
particles | oxide (CO) (NOZ) (SOZ)
from 0,1 before 0,3 incl. 600 7500
Not installed Not installed
over 0,3 2 300 1000
2 25 150 750 500 800
2550 100 500 500 600
50 100 50 500 400 200

Pre-biogenic waste was granulated. This made it easy to automate the process
of their delivery and combustion. In the boiler, biogenic waste from agriculture
was burnt - straw pellets (hazard class 5 according to the degree of environmental
impact) and granulated litter-marking mass of poultry (class 4 hazard).

The efficiency of the purification system was estimated from the results of
temperature measurements, air excess factor, carbon monoxide, nitrogen
monoxide, oxides of nitrogen and sulfur oxides, as well as dust content in the flue
gases at the boiler plant outlet before and after the "wet" cyclone with a gas
analyzer MRU “VarioPlus” and dustmaker S 305 7 L1Y7-SR Sintrol.

The results of the analysis of combustion products showed compliance in
comparison with the limits set by the EC Directive 2001/80 (in particular, the ash
concentration in the flue gases of the combustion plants should not exceed 100 mg
/ m’ (with CO, - 7%)). Wet cleaning of gases allows providing these values.
The dust content in the flue gases before the “wet” cyclone is 0.5 g/m’. After a

“wet” cyclone, the dust content decreased to 0.1g/m’, that is, decreased by 5 times.

CO, mg/6%/02
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140
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Fig. 1. Concentration of carbon monoxide in flue gases during incineration of straw pellets in a
boiler [3].
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Fig.2. Concentration of carbon monoxide in flue gases during combustion in a boiler with a
COP of litter-lump mass
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Fig. 3. Concentration of carbon monoxide in the flue gases when the pellets from sunflower
husk are burned in the boiler.

The analysis of the concentration of carbon monoxide in combustion products
(Figure 1-3) showed that EC Directive 2001/80 corresponds only to the burning of
straw pellets. For litter-laden mass and granules from sunflower husks, an
additional degree of purification is required, for example, using a lime solution in a
“wet” cyclone instead of water.

Conclusion

When burning biomass it is necessary to:

1) apply primary measures to reduce the level of pollutant emissions, the main
of which is to reduce the moisture level of the fuel, such as granulation or drying;

2) adjust the control of the combustion process taking into account the
influence on the emissions of such parameters as the combustion temperature, the
residence time of the fuel particles in the furnace, and the excess air ratio;

3) consider regulating the supply of secondary air for fuel afterburning;

4) apply effective dust and gas cleaning equipment to comply with EC
2001/80.
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HU3KOTEMIIEPATYPHBIN KUIIAIIMUNA CJI0OM IS
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AHHOTAIUA
Hamu mccriemoBanbl BEIOPOCHI MAPHUKOBBIX Ta30B IMPH CKUTAHWH OMOTEHHBIX OTXOJOB B

KOTJIE C HU3KOTEMIIEPATYPHBIM KHUISIIMM CJIOeM. MBI CpaBHHIIM 3HAYEHHUS YPOBHSI BEIOPOCOB,
MOJIYYEHHBIEC B XOJI€ DKCIIEPUMEHTA, CO 3HAUYCHUSMH, YCTaHOBIeHHBIMU AupekTuBoit EC2001/80.
B xome paborel Obuta OTMEYEHa HEOOXOAUMOCTH WCIOJIB30BAHUS  JOIMOJHUTEIHHOTO
MBUIETA300YMCTHOTO OOOPYIOBAaHUS MPU CKUTAHUM JIY3TH TIOJCOJIHEYHHUKA W TOACTHIOYHO-
NOMETHOM Macchl nTHIE(HaOpUK.

KaroueBnble cjioBa: 0moMacca, KUIISIUNA CJIOM.
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Abstract

This article describes the problems of the existing mathematical model of the installation
“Artificial lungs”, and the options for improving the existing model from the perspective of
conformity to the real object of simulation. The need to introduce several variables in the model
to solve this problem was identified in this work.

Key words: "Artificial lungs", mathematical model, human respiration, automation of
respiratory system.

According to the Directive of “Fundamentals of the State Policy in the Field
of Chemical and Biological Security of the Russian Federation”, the main
objectives in the field of basic science development are development and
implementation of personal protective equipment (PPE) [1]. Developing new
equipment and improving the existing equipment is impossible without testing the
protective equipment in real conditions. These tests are conducted in conditions of
PPE personal use, or they may be conducted with the help of special systems
imitating human breathing. Such systems were called “Artificial lungs” (AL).

One of the main PPE is a self-contained self-rescuer (SCSR) with fixed
oxygen. SCSRs are used in different extreme situations: on ground and
underground, in space and in transport, on water and underwater.

The mechanism of SCSR is based on protecting human visual and
respiratory organs from the environment and supporting breathing by means of
breathing mixture regeneration.

Currently, AL systems are the main devices for determining SCSR
characteristics; that is why there is no need for using volunteers.

The AL system can be defined as a program apparatus complex, which
imitates several physiological and psychophysiological processes operating in a
human body.

Now, there are several AL systems produced in Russia and abroad.
However, it is not possible for them to change the shape of respiratory curves, that
1s why they cannot imitate different psychophysiological processes and make a
respiratory quotient value less than 1 using math- and software of the complex [2].

In order to make tests more efficient, it is necessary to implement different
shapes of respiratory curves and respiratory quotient values to the AL system.

It is important to implement load changes to the AL system by means of
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changing modes with permanent breathing characteristics: in this case the system
will support such characteristics which are typical for a person and real conditions.

Thus, in order to study characteristics mentioned above it is necessary to
create a mathematical model of external respiration which takes into account the
body response to various conditions, including mutual influence of a human and
PPE.

The change of external respiration, especially some of its characteristics,
occurs due to the several factors that can be divided into the following categories:

1. Factors the influence of which is related to the change of internal and
external respiration.
2. Factors the influence of which is related to the change of conditions under

which gas exchange occurs [3].

The second category can be divided into subcategories as well:
1. Factors that influence gas diffusion gradient in the lungs;
2. Factors that influence breathing capacity and gas volume [3].

In case of increasing energy requirements, we can see a much bigger number
of body reactions that is why oxygen consumption and carbon dioxide production
increase as well. A respiratory quotient (the ratio of absorbed oxygen to produced
carbon dioxide) equals to 1, which can be seen only when pulmonary ventilation
goes to 70 Ipm [3].

The change of breathing resistance has an impact on body’s energy
consumption needed for one breathing cycle.

The change of breathing mixture pressure has an impact on breathing gases
partial pressure, which influence on gas diffusion occurring in the lungs.

Dead space (DS) is a part of respiratory volume equal to airway volume. A
definite amount of breathing mixture goes to the lungs during inhalation, and some
part of this amount stays in the airway and do not participate in gas exchange. In
this case, it is necessary for a person to consume energy for transferring “dead” gas
volume.

For instance, the increase of dead space due to the use of PPE will lead to
the increase of energy consumption for each inhalation, and in this case, the shape
of respiratory curve is going to change.

Body position influences on lung vital capacity (LVC) is the volume of
maximal inhalation.

The change of oxygen concentration in breathing medium and the following
change of partial pressure in alveolar space can be characterized in this way: in
case the oxygen partial pressure increase (Pom) more than 60 mm of mercury, the
change of pulmonary ventilation is not critical [2].

The significant change of ventilation can be seen in case of a drop in oxygen
partial pressure to a value less than 40 mm of mercury, so we can say that a
dramatic drop in oxygen partial pressure does not lead to the sudden change of DS.

The change of carbon dioxide partial pressure in alveolar space from 40 mm
of mercury to 45 mm leads to a dramatic change of pulmonary ventilation from 7
to 25-30 Ipm, which means that a body is highly sensitive to carbon dioxide, and
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the main changes of external respiration occur due to the increase of carbon
dioxide production but not due to the increase of oxygen consumption [2].

The change of a person’s psychophysiological state (fear, confusion, etc.),
leads to the change of respiratory curve shape: breathing rhythm increases from
10-16 min to 25- 30 min", and depth of breathing increases as well.

The mathematical model of human external respiration, which takes all those
factors into account, can be used for imitational tests of system’s modes, and it can
also be used as a predictive model included in the AL management system.

The article is written under the agreement with OAO “Roskhimzaschita
Corporation” and under the Agreement Nel019-10028 between Russian Science
Foundation and TSTU.
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AHHOTAUSA

B crathe paccmoTpeHbl pOOIEMBI CYIIECTBYIOMEH MaTeMaTHUYECKOM MOJIETH yCTaHOBKHU
"HckyccTBEeHHBIE JIETKHME', a TaKKE€ BapUaHThl €€ COBEPLICHCTBOBAHMSI C TOYKU 3pPEHUS
COOTBETCTBUSl peajJbHOMY OOBEKTY MOJAETUpPOBaHUA. BplsBIeHa HE0OXOOUMOCTb BBEIEHUS B
MOJEJIb TOTOJHUTEIbHBIX IEPEMEHHBIX ISl PEILICHUs JAaHHOM MOCTABJICHHON 3a/1a4u

KinwueBbie cioBa: "HckyccTBeHHbIE Jierkue', MaremMaTHyecKass MOJIEb, JbIXaHUE
YeJI0BEeKa, aBTOMATU3ALIMS IbIXaTeIbHOW CUCTEMBI.
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Abstract

Suggestions have been made for the possible increase of the enforcement proceedings
efficiency in the bailiffs’ departments of the Federal Bailiff Service (FBS) of the Russian
Federation as well as ways of its realizations using qualimetric scales of the score and
methodology of “Improvement capability indicator” assessment based on using three indicators
(that is the analogy of the failure mode effect analysis (FMEA) methodology).

Key words: bailiff, Bailiffs’ department, document, enforcement proceedings, software.

Introduction

There are some problems of enforcement proceeding in the bailiffs’
departments. They will be studied in this paper based on the third approach that
was suggested in S.V. Ponomarev’s paper [1].

In the paper [1], three approaches to the application of qualimetric scales to
assess the “improvement capability indicator” in the quality management system
were considered:

1) interpretation of the “Improvement capability indicator” using a single
indicator;

2) interpretation of the "Improvement capability indicator" wusing a
combination of two indicators;

3) interpretation of the “Improvement capability indicator” using three
indicators based on the analogy of FMEA-methodology [2].

Suggestions to improve the efficiency of enforcement proceedings

The process of enforcement proceedings in the Federal Bailiff Service of
Russia regarding the Tambov region is carried out in accordance with the relevant
instructions and guidelines [3]. The algorithm of the enforcement proceedings
process [4] is presented in Fig.1. The explanation of the algorithm is given below.

The initial stage of the process is the provision of the enforcement document
(ED) to the bailiff service by the recoverer. The courts, the State Road Traffic
Safety Inspection (SRTSI), the Federal Tax Service (FTS), and the Pension Fund
of the Russian Federation (PF), the Social Insurance Fund (SIF) and the Notaries
can be recoverers. The enforcement document can be presented in the written or
electronic form.

Depending on the type of documents presentation, some difficulties can
arise, for example, an electronic document compiled by the recoverer in
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Michurinsk will be sent to the Federal Data Processing Center (FDPC) in Moscow
via Tambov, where the ED will be checked for compliance with requirements and
then will be returned to the bailiff's office in Michurinsk via Tambov. If the
electronic document is sent directly to the necessary department, the process will
require less time. The problem of the ED in the written form is that a document can
be lost, so the recoverer and the bailiff will not learn about it.

Then the documents are registered in the bailiffs’ department and are
checked for compliance with requirements. If the document meets the
requirements, a bailiff will begin the enforcement proceedings (EP), otherwise the
recoverer will be notified about the error in the ED. The notification is not
specified. The next stage is a proper notification of the debtor with a notice that the
debtor can comply with the requirements of the ED voluntarily within 5 days.
Otherwise, the ED requirements will be met compulsorily, and then EP will be
finished. If the debtor is not notified, the bailiff will take measures to find him. If
the result of the debtor's search is negative, the EP will be finished.

For a detailed study of the enforcement proceedings process algorithm and
suggestions of the possible improvement of this process, a team of experts was
formed. The information and results are listed in Table 1.

The team identified 5 sub-processes in the EP process, the improvement of
which will increase the efficiency of the EP and the level of satisfaction of the
recoverers. The list of these sub-processes is given below:

« provision of the ED to the bailiff service by the recoverer;

* the process of informing the recoverer;

* the process of sending the ED to the bailiffs department;

* proper notification of the debtor;

» compulsory enforcement proceedings.

After the analysis of these sub-processes the following opportunities for
their improvement were revealed:

1) sending the ED directly to the structural department of the FBS without
addressing the Federal Data Processing Center (FDPC)

2) informing the enforcement proceedings parties about the enforcement
proceedings using electronic communication means;

3) making up the enforcement document by the courts, PF, SIF in the
electronic form and their subsequent sending to the structural departments of the
FBS using secure communication means;

4) detailing of the error in the notification to the recoverer after checking it
regarding its compliance with requirements;

5) automation of the process of enforced money recovery from the debtor
accounts in the established amount.

After identifying the potential ways to improve the process, the team:

* identified the ways to implement the “possibility” of improvement and the
planned outcomes of the improvement;

* calculated the values of the improvement possibility priority numbers
(IPPN) using the third approach of the paper [1] for each sub-process.
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Scores were obtained for three indicators:

SS - the significance score of the suggested improvement positive effects,

SR — the score of the potential improvement probability realization,

CAS - the score of control accessibility and process management after the
introduction of the improvement.

After determining the scores of the SS, SR and CAS indicators, the values of
priority numbers of the improving possibility (IPPN) were calculated as the
product of the scores values of these three indicators:

IPPN=SS*SR*CAS.

The results of the team work are given in Table 1.

¥
| Provision of the ED to the bailiff service by the recoverer |

Is the document presented
in the electronic form?

Yes
I Checking documents for compliance with the requirements in FDPC in Moscow] I

Does the ED correspond to the requirements?

" Ves
| Sending the ED to the bailiffs department |

|

|chislrali0n of documents and verification for compliance with the requirements |

informing the
recoverer

No

Do the incoming documents
comply with the requirements?

| Bailiff assignment for the ED |

l

| institution of enforcement proceedings |
L

Taking action to search
for a debtor

Are the ED requirements
met?

Implementation of enforcement No Yes

proceedings Has a debtor been found?

l

The enforcement process is finished

Fig. I- Diagram of enforcement proceedings process
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Table I - Results of the team work

Data:

FBS RF regarding the Tambov region
Studied process: enforcemen

Head: PhD in Engineering, professor Ponomarev
S.V.

tproceedings Team members: Head of the Informatization
Department and Information Security Myasin A.S.,
student of the group MMK-11 Novikova E.A.
Process step | Possible Areas of application | Planned improvement SS | SR | CAS | IPPN
improvement result
1 2 3 4 516 7 8
Provision of | Making up the | Organization of 1 Reduction of the time | 10 | 9 8 720
the ED to enforcement interdepartmental for receiving the ED by
the bailiff document by | conferences, the bailiff service
service by the courts, PF, | protocols, 2 Reduction of delivery
the SIF in the | interdepartmental time of the ED
recoverer electronic form | orders, technical 3 Savings of money that
and their | assignments, is spent on paperwork
subsequent software 4 Elimination of ED
transfer ~ with | development. losses in the written
the help of form
secure
communication
channels to the
structural
departments of
the FBS
Informing Detailing  of | Software updating Reducing the amountof |6 |8 |6 288
the the error in the | for processing errors
recoverer notification to | documents
the recoverer
after checking
documents
Sending the | Sending  the | Orders, conferences, | 1. Unloading of 1018 |9 720
ED to the | ED directly to | the ED verification, | communication channels
bailiffs the structural | statistical 2. Saving money for the
department | department of | information about purchase of
the FBS the ED communication channels
Proper Informing the | Proper notification 1. Reductionof the ED |8 |5 |4 160
notification | parties about | of parties, losses that are sent in the
of the | the obligatory written form
debtor enforcement registration on the 2. Reduction of the time
proceedings site of the State spent on documents
using Service delivery
electronic (www.gosuslugi.ru),
communication | notification of the
means EP parties with the
help of SMS-
messages, sending
documents about
the progress of the
EP to the personal
accounts on the
State Service site
(www.gosuslugi.ru)
Compulsory | Automation of | Development and 1. Saving money 8 |7 8 448

The World of Science without Borders |26




enforcement | the process of | subsequent resources due to the

proceedings | enforced consolidation the reduction of workplaces
money law, obliging the in the FBS.
recovery from | citizens of the 2. Reduction of
the  debtor’s | Russian Federation | enforcement
accounts in | to periodically proceedings time
the established | monitor their debts
amount through the site of

the State Service,
development and
subsequent
consolidation of the
law, about the
automatic
withdrawal of
money from
debtor’s accounts.

Conclusion

Thus, having suggested the possible efficiency increase of enforcement
proceedings in the bailiffs structural department of the FBS of Russia, the team have
revealed that the most effective improvement is the «formation of enforcement
document by the courts, PF, SIF in the electronic form» at the stage « provision of the
ED to the bailiff service by the recoverer» as well as the «sending the ED directly to
the structural department of the FBS» at the stage «sending the ED to the bailiffs
department» since the values of priority numbers of the improving possibility for this
stages have the highest value IPPN=720.
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Abstract

The article deals with the concept of “telemedicine”, its current state and prospects of
development. IT-based medical consultations have been applied in Russia for a decade; however,
the introduction of the federal law in 2017 will stimulate the further development of this field.

Key words: doctor; patient; telemedicine; development.

The term “telemedicine” has multiple meanings and interpretations. The most
complete definition is as follows: telemedicine is the provision of health services in a
situation where distance is a critical factor, health workers using information and
communication technologies to exchange the necessary information for the diagnosis,
treatment and prevention of diseases and injuries, research and evaluation, and also
for the continuing education of health workers in the interests of improving public
health and the development of local communities [1].

An important objective of telemedicine is the organization of interaction
between patients of health care institutions and highly qualified specialists, rendering
professional assistance to the population using communication facilities.

This technology is not new, but it is quite developed. The implementation of
the federal target program “Children of the North” [3] has contributed to the creation
of a modern telecommunications system with access to remote northern regions. In
this regard, it can be assumed that the further development and modernization of the
northern telemedicine network are possible when conditions are created to maximize
the internal potential of the northern regions and attract investments from non-state
sources.

Telemedicine can solve many problems:

* increased access to medical treatment: the proportion of patients actively
using self-monitoring methods has increased to 90%;

* reduction in the frequency of hospitalizations and requests for emergency
medical care;

« improvement of the quality of life, the psychological condition and social
adaptation of patients;

* decrease in mortality among patients with cardiovascular diseases by 20-25%
in comparison with the routine technology of organization of medical care;

* increasing satisfaction of patients with medical services;

* increasing the patients’ awareness of their diseases;

« improvement of the quality of medical care, timely correction of drug
therapy, high effectiveness of drug treatment;

» improvement of economic efficiency of medical care [2].
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However, there are some shortcomings of telemedicine. The universal
integration of telemedicine into health care should be comprehensive, systemic,
including:

» the use of specialized equipment to collect, transform and disseminate
medical information;

* availability of a telecommunications network to provide communication
between providers and consumers of medical information;

* application of software that links all the elements of the system into a single
complex;

* availability of medical staff providing professional and technical support,
effective use of telemedicine in solving medical problems [2].

Telemedicine can become cost-effective if it turns into a queuing system at the
federal level [3]. Federal Law No. 242-FZ of July 29, 2017 “On Amendments to
Certain Legislative Acts of the Russian Federation Regarding the Application of
Information Technologies in the Sphere of Health Care”, which was introduced this
summer, has changed the status of medical services using communication facilities.
The law presumes online consultations resembling a doctor’s appointment,
prescribing prescriptions and sending them directly to pharmacies, and conducting
consultationsby specialists from different medical institutions.

Refereneces
1. Memorandum o sotrudnichestve gosudarstv — uchastnikov SNG v oblasti sozdaniya sovmestimyh
nacional'nvh telemedicinskih konsul'tacionno-diagnosticheskih sistem [Memorandum on
cooperation of the CIS member states in the field of creating compatible national telemedicine
consulting and diagnostic systems]| (Rus).
2. Baranov A.A., Vishneva E.A., Namazova-Baranova L.S. Telemedicina - perspektivy 1 trudnosti
pered novoi stadiej razvitija [Telemedicine — prospects and difficulties before a new development
stage] Pediatric pharmacology. 2013, Ne10(3), p. 6-11. (Rus).
3. Baranov A.A., Smirnov LE., Chilikin A.G., Smirnov V.I. Telemedicina v realizacii meroprivatij
federal'noj programmy «Deti severa» [Telemedicine in the implementation of the federal program
"Children of the North"] Available from URL: http://www.nczd.ru/artbar.htm (Accessed
19.12.2017) (Rus).
4. Federal'nyi zakon ot 29 Iyulya 2017 g. N 242-FZ "O vnesenii izmenenii v otdelnye
zakonodatel'nye akty Rossiiskoi Federacii po voprosam primeneniya informacionnvh tekhnologii v
sfere ohrany zdorov'va" [Federal Law of July 29, 2017 N 242-FZ "On Amending Certain
Legislative Acts of the Russian Federation on the Application of Information Technologies in the
Sphere of Health Care."] (Rus).

TEJEMEJINIIMHA B POCCUH

A.A. HockoB
TamOoBckuii rocy1apcTBEeHHbIN TeXHUYECKUI yHuBepcuteT, Tam0OoB, Poccus
e-mail: noskovalex123zxc@rambler.ru

AHHOTANUA

B crathe paccmarpuBaercss moHsATHE '"TeneMenuuuHa", 3a1aud M oxugaHus. BpaueGHble
KOHCyJbTaluu ¢ nomouipro IT-TexHonoruii panee npuUMeHsUIMCh B Poccuu, OJHAKO NMOANKMCAHUE
(benepanbHOr0 3aKOHA CTUMYJIMPYET JalbHelIIee pa3BUTHE JaHHOH 001acTu

Kurouesrble ci10Ba: Bpay; NalMeHT; TEIEMEANINHA; Pa3BUTHE.

The World of Science without Borders |30



VJIK 62-9
BBK 30.9

MODERNIZATION PROCESS OF THE WHEELED PAIR RV2SH
FORMATION AT THE ENTERPRISE OF “TAMBOV VRZ”

A. S. Rodionova, A. G. Divin
Tambov State Technical University, Tambov, Russia
e-mail: nastyrodionovada@mail.ru

Abstract

The introduction of automatic control of parameters of process of pressing wheel sets RV2SH
on the axle, reducing the percentage of inconsistencies in the process of forming a wheel pair. In
addition, it is proposed to introduce the system of control charts fitting through the application of
software module Lab VIEW.

Key words: chart insertion, control system, force, virtual instrument.

Introduction

Problems of formation of car wheel pairs have not been solved yet. Cases of shift
of wheels on the axes indicate that the applied process of wheelsets assembly with the
help of mechanical press is not satisfactory. To increase the strength of the pairing,
eliminate significant drawbacks of mechanical pressing of wheels on the axis of
wheel pairs of carriages, we need new technology. The technique has longitudinal
press fit (mechanical press, hydraulic press assembly with the radial and lateral flow
of oil a high pressure in to the zone of elements), connection the transverse press-fit
connection with the guaranteed tightness (thermal assembly, the assembly using the
cold press glue joints) [4]

The more common hydraulic connection is hydropressured by connection made
by pumping liquid mineral oil under high pressure into the interface zone of
connections with the guaranteed tightness. In this case it is possible to obtain
compounds with the high bearing capacity, but much less tensive compared to a
mechanical pressing. When the hydraulic assembly is eliminated, there is negative
influence of residual thermal stresses and there can be assembly and disassembly of
joints without the damage to surfaces in the form of scuffing, scratches, and reducing
the required press (espressomachines) efforts, eliminating the need to use bulky high-
power presses. [3]

The object of the analysis is the modernisation of the process of pressing
wheelsets RV2SH an axle at the enterprise PLC “Tambov VRZ”.

The process of forming a wheel pair with the upgraded device

Joint stock company “Vagonremmash” is a modern Russian production company
that has a long history of development. The wheel RV2SH was designed for the use
in trucks of freight cars with the design speed of 120 km/h designed for railway track
of 1520 mm.

The assembling of wheelsets by the press method is carried out on a special
hydraulic press, equipped with recording device for recording a press-fit diagram and
two pressure gauges. Before pressed elements of the pair of wheel pair must be
checked and matched in size, the wheels should be matched to the steel grade.
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When pressing wheelsets it is necessary to maintain the specified pressure and the
final force of pressing. The pressure values are taken using differential pressure
gauges that convert pressure in a uniform signal. The values received with the help of
the data acquisition board are received on a PC equipped with LabVIEW software
module. Next, we construct a diagram of the insertion process, according to the final
efforts of the pressing of the length pairing, the movement of the plunger. The value
of the final effort of pressing should be in the range of 39-58 vehicle when the
surface roughness of the holes of the wheel hub Rz < 20. The value of the tightness of
the wheels and hubs of the disks on the axis should be from 0.10 to 0.25 mm

Operation of the automated system is carried out with the help elaborated and
simple programming of the graphic interface LabVIEW. Laboratory Virtual
Instrument Engineering Workbench (development environment laboratory virtual
instruments) is powerful and flexible graphic programming environment that is
widely used in industry, education and research laboratories as a standard tool for
data acquisition and control devices. LabVIEW is a multiplatform environment that
can be installed on computers with operating systems of the Windows family, MacOS
or Linux.

LabVIEW includes the following libraries:

the collection and exchange of data;
communication with the device according to the standard RS-232;
data analysis;
presentation of data;
storage of processed data on carriers of various types.
Advantages Of LabVIEW:
fully-fledged programming 1anguage
easy and intuitive programming;
opportunities for the collection, processing, data analysis, instrument
control, report generation and data exchange through network interfaces;
driver support for over 2000 devices;
high speed of execution of programs.

LabVIEW finds application in the most diverse spheres of human activity. In
accordance with its name, it was originally used in research laboratories, and at
present it is the most popular is software package both in the laboratories of
fundamental science and in industrial laboratories. Almost any user, not being a
programmer, is able to create complex program which has beautiful and convenient
software for data collection and management of objects interface in a short time. [2]

The proposed program received signals from the sensor movement of the plunger
and the differential pressure gauge is transmitted to the acquisition Board that sends
information to the software module LabVIEW. Then the diagram describing the
pressing process is presented.

Diagrams of derived values. In the case of derivatives with a negative sign, it is
possible to judge about the unsuitability of the process. In this case there is the
indicator that signals the violation process, which stops the program.

The value of the final effort of pressing should be in the range of 380-570 kN (39-
58 TC) when the surface roughness of the holes of the wheel hub Rz < 20. The
normal form diagram fitting should have a smooth increasing convex upwards curve
along the entire length from beginning to end fitting in accordance with Fig. 1.

The World of Science without Borders |32



.
T

—r

Fig. 1 - Normal form of the diagram of the insertion axis

Generated on each wheelset the indicator draws two diagrams of pressing: for left
and right wheels. The quality of pressing wheelsets is controlled by indicator
diagrams. The main controlled parameters of the chart are pressing: a finite quantity
of effort, length of pairings, the shape of the curve fitting [1].

The automated system equipped with alarm that is triggered when the deviation
of the operating parameters of the insertion process from normal values, signals the
end of the process of formation of wheel pairs (template control overmoldingwalkes
to the middle axis), and also registers a figure fitting in the form of a data file to
provide traceability.

Conclusion

The resulting works were proposed the most advantageous for the production
method of modernization of the process of formation of wheel pairs through the
application software module LabVIEW. The use of the automated system of control
and management can detect the violations of the process at this stage of formation of
wheel pairs, and thus to increase the reliability of its products.
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Abstract

The advantages of automation in such areas as: brewing, vodka production, winemaking,
production of non-alcoholic and low-alcoholic beverages are considered. The stages of development
of each of these directions are analyzed.
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In recent years, automation in the drink industry is experiencing a real boom,
taking root in an increasingly wide range of industries. It cannot be said that such
technologies are a kind of "know-how" of the last time. Already in the Soviet times,
automation was used in a number of industries, but before the production of drinks,
as they say, they didn’t get around. Some experiments were carried out on the
introduction of automation in the dairy industry, and that is all. In the recent history
of the Russian beverage industry, brewing plants have become pioneers in
automation. for the first time in the production of beer the production opportunities
coincided with the vital need. In brewing, there are lots of recurring processes, which
require exact follow-up of the recipe and compliance with the mass of parameters. In
addition, the modern brewery is a very high-performance enterprise, which daily
produces many thousands of liters of foam drink and, accordingly, requires high
optimization of all processes, while maintaining a constant level of quality. In Russia,
the first experiments of automation of breweries brought transnational corporations,
these plants acquired. At the same time, automation of brewing was already tested in
the West for a long time and showed excellent results in the production of the same
Germany. Thus, foreign companies came to Russia with ready-made schemes for
modernization of production facilities, established contacts with equipment suppliers
and engineering companies, not to mention the significant financial opportunities that
all these companies fully possess.

A little later about the optimization of technological processes, through the
introduction of automation systems, manufacturers of alcohols began to think. High
quality alcohol is impossible without a clear maintenance of all parameters of
technological processes, which is difficult to achieve manually. Thanks to
automation, modern alcohol manufactures achieve a low content of impurities in the
finished product, an order of magnitude higher than the obsolete standards of Soviet
GOST standards.

In the vodka industry, automation came even later. Ready-made schemes for
automating the technological cycle of Russian vodka production, for obvious reasons,
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did not exist abroad. In addition, Russian "vodka makers" themselves initially sought
primarily to install high-speed bottling lines at their enterprises, and not to improve
technology. With the development of the market, when the consumer began to pay
more attention to the contents of the vodka bottle than to the container itself, the
producers of strong alcohol also realized the need for automation of production.
Vodka producers, striving to improve the quality of the product, win recognition to
consumers, it became clear that even from a very high-quality alcohol, with
inaccurate compliance with the recipe and violation of production parameters, low-
quality vodka may turn out. At the moment, almost all the leading companies in the
vodka market have equipped their production with automation systems. Large
projects in this area are also being implemented at newly built plants and on all the
well-known industry veterans.

As for the production of non-alcoholic and low-alcohol drinks, automation
has come to this area for quite natural reasons. From the technological point of view,
these production processes are quite simple; the number of processes and operations
is limited and can easily be standardized. In addition, the leading players of low-
alcohol and non-alcoholic markets have large-scale production capacities, namely,
with large volumes of output, automation becomes really necessary.

The technological processes in winemaking are much more difficult to
standardize. In this area, the skill of the winemaker is still appreciated much more
than the accuracy of computer systems. Nevertheless, engineering companies that
modernize wineries offer their customers the means of partial automation, control and
management of technological processes, which greatly simplifies the work of
winemakers. At the largest wineries, in particular, automatic systems for monitoring
and regulating the temperature regime are installed. This "option" is very important
for obtaining high quality wine materials, because it is very difficult to precisely
control and regulate the fermentation temperature without using such systems. High
efficiency elements of automation demonstrate in the field of filtration, as well as
various treatments for wines. In particular, therefore, automation is in demand by
secondary winemaking enterprises. Long enough winemakers began to use
automation in the production of champagne. The continuous method of producing
sparkling wines developed during the USSR included a number of automated
processes.

It is worth noting that automation has begun to be particularly widely used in
most industries in recent years due to the development of computer technology and
the element base. Moreover, the huge sets of standard modules manufactured by the
world's largest companies, thanks to unified standards, allow them to be applied in
the widest areas - from metallurgy to the same beverage industry. All the processes to
be regulated and controlled are monitored by special sensors, the sensor data is
transferred to the control unit of all processes. A computer module is a logical
controller that transmits commands to actuators-various pumps, valves, control
valves. An important factor in the spread of automation was the significant reduction
in the cost of the above elements, due to the development and improvement of
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technologies. Thus, automation systems, which used to be unique “piece”
developments, are now available to many, including small businesses. In addition to
the hardware itself, programming capabilities have reached a whole new level.

The developed languages have emerged for writing programs that are used in
automation systems. For example, one of the world leaders in this field - the
transnational giant Siemens uses the programming language of its own development -
Step 7. Currently, a new version of this language is widely implemented, including in
Russia, Step-7. High-level programming languages make it convenient to create a
software product that is oriented to each specific enterprise and its technological
chain, allow creating a user-friendly interface, visual means of visualization of
technological processes.

Speaking about the advantages of automation of any plant, and beverage
manufacturers who implemented such systems in their production facilities, and
suppliers of these systems often speak of a high level and, most importantly, the
stability of the quality of the product. Indeed, this function of automated systems is
the most obvious. Well-tuned machines, computers and sensors are mistaker much
less often than humans. In this regard, automation is particularly in demand in those
areas where high accuracy of technology compliance is required. In brewing and
winemaking, for example, such an automated system is in the monitoring the
temperature of fermentation. In vodka production, thanks to automated sorting
systems, the problem of stable and accurate preparation of a water-alcohol solution of
the required strength completely disappears. The same can be said about the
production of low-alcohol beverages, the formulation of the vast majority of which
includes alcohol. A wide application of automation was obtained in the technological
processes associated with the metering in the flow of the exactly specified amount of
ingredients. In addition, the high quality of the product is directly related to the
hygiene of process equipment and pipelines, through which raw materials and
finished products are fed. To solve this problem, the vast majority of large enterprises
- beverage manufacturers today installed automated cleaning systems - CIP (Cleaning
In Place). CIP allows speeding up significantly the washing process of various
technological circuits, which makes it possible, for example, to spill different types of
drinks on the same line, moving quickly from one batch to another. Even more
important is the fact that a properly configured CIP system does not allow errors by
opening and closing certain valves and taps, directing the flow of cleaning liquid and
water along a strictly specified "route". All data coming from special sensors is taken
into account by the electronic system, which, in accordance with the control
parameters, regulates the water temperature, the washing speed, the concentration in
the detergent solution of the reagents. If you do a manual washing, the worker can
forget to close the necessary faucet and the washing solution will get into the
container with the drink. And such an accident can cost the company even more
expensive than the installation of CIP.

The use of automated systems as an emergency “insurance” is another
important automation function. If the flow of any liquid is sent to a container under

The World of Science without Borders |36



the control and control of sensors and electronic systems, you cannot be afraid of
overfilling and overfilling - the automation will not “forget” to turn off the pump
when the liquid reaches a certain level. By the way, there are the level control sensors
and the temperature control sensors that are most popular when introducing a fairly
inexpensive partial automation system.

Automation of production, allowing tracking the direction of flow and the
number of pipelines of raw materials and finished products, performs one important
function from an economic point of view - control and accounting. Thus, it is
possible to avoid the typical Russian “disease” - thefts in production.

Another advantage of automation, which is worth mentioning, is speaking
about the economic feasibility of its implementation - the reduction # the number of
employees in the production. Particularly indicative is the efficiency of automation of
production processes when considering the “dry cycle” of production - packaging of
finished products in boxes. A few years ago, manufacturers tried to save on the
purchase of various stackers and shapers boxes, preferring to hire additional
personnel who carried out these operations manually. At first glance, it is really
cheaper to hire 10 people and pay them a salary of 100-150 dollars a month than
immediately lay out 30-50 thousand dollars for the corresponding equipment. But this
is only an apparent saving. First, for any serious enterprise, ten people on the
packaging cycle is not enough, and secondly, in recent years the average level of
wages at Russian enterprises has grown significantly, and, accordingly, the expenses
for maintenance of brigades have increased. In addition, manual packaging requires
more space in the workshop, and the cost of renting production facilities is also
increasing. And if we take into account the instability of our alcohol market and the
regularity of the forced downtime of dozens of enterprises associated with various
legislative initiatives, the advantage of automation in this production cycle becomes
obvious. An idle machine does not require much money to keep it, in contrast to staff
who need to pay vacation benefits and vacation pay. At the stages of the
technological cycle, the introduction of automation does not give such a significant
reduction in personnel, as in the “dry cycle”, but the savings are still quite obvious.
The author of the material was visited at highly automated enterprises, which, with
considerable productivity, were managed by only two or three operators engaged in
controlling technological processes.

Of course, with all the advantages of automation, the introduction of such
systems in production should be taken more than seriously. In order to fully
experience the effect of the modernization of the enterprise, it is necessary to select
carefully the company-designer and supplier of systems. The "golden rule" of any
serious engineering company working in this field is that each project is unique and
that the customer's representatives should directly participate in its development.
After all, no one, except specialists working on the creation of a drink, thoroughly
understands all the subtleties of its production. And one more important point: despite
the fact that automation in recent years is becoming more accessible, the introduction
of such systems requires serious material costs. It is necessary to calculate the
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effectiveness of automation of each stage of the technological chain, because the
operation that is performed once a month is still cheaper to perform manually. In
addition, the correct selection of the engineering company and automation means,
undoubtedly, must be carried out with all possible attention. Having trusted the
control and management of technological processes of automation it is necessary to
be completely confident in the reliability of the system. There are cases when, due to
the failure of an important block of an automated system, large enterprises stood idle
for several days, suffering enormous losses.
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Abstract

Currently, the number of cars and the number of petrol stations (gas stations) in our country is
increasing considerably. For petrol stations, fire danger has increased due to the availability of large
amounts of stored combustible motor fuel — gasoline, kerosene, diesel fuel, gas mixtures. The
relevance of this research is due to the extreme importance at the stage of designing gas stations
correctly. We need to assess the fire and explosion hazards, to identify possible causes of accidents,
to identify hazards and to choose reasonable methods and means of fire protection. In this paper, we
developed organizational and technical measures to ensure fire safety by using systems of fire
prevention, fire protection, as well as complex organizational and engineering activities.

Key words: petrol station, fire safety, design.

It is extremely important to assess correctly the fire and explosion hazard of the
facility at the design stage of the gas station, identify possible causes of accidents,
identify hazardous factors and scientifically justify the choice of methods and means
of fire protection.

An important factor in conducting this work is knowledge of the processes and
conditions of combustion and explosion, the properties of substances and materials
used in the construction of gas stations, methods and means of protection from fire
and explosion.

It 1s impossible to ensure a high level of protection of a petrol station from fire
without the development of a fire safety system consisting of a fire prevention
system, fire protection system, and a complex of organizational and engineering
measures.

A large number of legal, regulatory and organizational acts have been adopted in
the Russian Federation containing requirements for the organization of fire protection
and industrial safety of facilities. The legal basis of technical regulation in the field of
fire safety is the Constitution of the Russian Federation, generally recognized
principles and norms of international law: the Federal Law “On Technical
Regulation”, the Federal Law “On Fire Safety”, and the Federal Law “Technical
Regulations on Fire Safety Requirements”.

According to the normative documents [1], each protection object should have a
fire safety system designed to exclude the possibility of a fire and ensure the safety of
people, as well as property protection at fire.
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The fire safety system of the protection facility consists of [2] a fire prevention
system, a fire protection system, a complex of organizational and technical measures
aimed at ensuring fire safety.

The purpose of this work is to consider the problems of man-caused safety in the
design of the fire protection of a petrol station.

It is known that a traditional petrol station is an object whose technological
system provides refueling of vehicles only with liquid motor fuel [3]. At the same
time, this object is characterized by an underground arrangement of reservoirs, as
well as their separate placement with fuel dispensers (fuel dispensers)

The fire protection system includes an automatic fire extinguishing system, an
automatic fire alarm system, an alert and evacuation control system for people in case
of fire, as well as an external fire-fighting water supply.

At the first stage of the design, a substantiation of the fire-prevention distances
between buildings, structures and external installations, which provide fire safety of
the construction object, is carried out.

The development of a fire prevention system in the design of a gas station
involves the following ways to eliminate the conditions for the formation of a
combustible medium and the formation (or introduction) of ignition sources in it:

- all equipment used at the petrol station must have appropriate certification and
technical and operational documentation;

- the layout of the petrol station, taking into account the location of buildings and
facilities on its territory, should exclude the possibility of spreading the emergency
fuel spill both on the territory of the gas station and outside it;

- fuel dispensers must be equipped with a shut-off valve for instantaneous
operation when the fuel dispenser is ignited, and immediately stop the supply of
gasoline to the dispenser;

- fuel dispensers must provide automatic blocking of fuel supply at the nominal
filling of the fuel tank of the vehicle;

- at a petrol station, the fuel dispenser must be protected from damage by
vehicles;

-greening of the territory of a petrol station should be carried out by shrubs that
do not produce flakes, fibrous substances or pubescent seeds during flowering;

- operations for receiving, storing and dispensing fuel, emptying and desliming
(removal of bottom water), and leakproofness tests should be carried out only in a
closed manner (with the exception of filling fuel tanks of vehicles);

- cleaning of tanks from the remains of stored fuel, degassing and purging during
their repair should be mechanized and fire and explosion proof;

- the inter-wall space of reservoirs for storage of gasoline and diesel fuel must be
filled with tosol-40 (coolant with a freezing point of -40 ° C) and monitor its level,

- it 1s necessary to monitor the current value of the fuel level in the tanks, as well
as provide protection against overflow;
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- it is necessary to ensure the recycling of fuel vapors from the storage tank to the
tank, which 1s designed to prevent emissions of petrol vapors into the atmosphere
during fuel drainage;

- the emergency fuel drain tank should be located underground and be equipped
with deaeration, emergency spill response systems, a limit level sensor, and level and
stripping level pipelines;

- anticorrosion protection should be performed with tanks and pipelines;

- emergency shutdown buttons in explosion-proof design must be installed in the
building and on the site for an emergency power failure of the petrol station complex.

Elimination of the conditions of formation in a combustible environment of
ignition sources at filling stations is possible to provide in the following ways:

- covers, plugs and joints of flanges, nipples, fittings and the like located on the
fuel equipment of the filling station should be provided with gaskets made of non-
sparking materials resistant to oil products and the environment under operating
conditions and connected to ensure tightness;

- the installation of covers of technological shafts or wells in which there is
equipment, should exclude the possibility of falling into them of atmospheric
precipitation and sparking when opening and closing the covers. The fixing of the
caps must ensure the release of excess pressure with the possible ignition of fuel
vapors inside the shafts and wells (self-flipping cover with the exclusion of the
possibility of its detachment);

- illumination of the canopy above the fuel dispenser of the petrol station must be
done with built-in luminaires of explosion-proof design.

In the process of justifying design solutions for outdoor fire-fighting water
supply, as well as in determining the driveways and entrances for firefighting
equipment, the following measures were developed. In particular, the general plan of
the site of the petrol station has been developed, taking into account the existing
terrain, roads and projected communications, as well as conditions for the safe
movement of vehicles, an efficient transport interchange providing the maximum
capacity of the station. In addition, during the development of the general plan, an
independent road access to any filling island with a fuel dispenser and an island with
an installation for pumping tires and a vacuum cleaner, a minimum extension of
communications and utilities, and permissible turning radius of vehicles are also
provided.

At the petrol station automatic fire alarm system, powder fire extinguishing
system, warning and evacuation control system for people in case of fire and
loudspeaker warning are provided.

Automatic fire alarm systems are planned to be installed in the service building of
passengers and drivers. Taking into account the technical characteristics of the well-
known fire detectors and the features of the projected premises in accordance with
[4], the project proposed to use the following equipment:

- smoke detectors of smoke optic-electronic type SD 212- 45, which react to
smoke in the room;
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- fire manual detectors FMD, giving an alarm signal on the means of fire alarm
when exposed to a person;

- a sound device for fire alarm inside and outside the building.

In order to ensure the fire safety of the projected petrol station, a list of
organizational and technical measures is proposed, which includes:

1. Organization of fire protection.

2. Certification of substances, materials, products, technological processes,
buildings and facilities of the facility with respect to ensuring fire safety.

3. Involve the public in the consideration of fire safety issues.

4. Organization of training of the personnel of the filling station for fire safety
rules. Training of personnel should include fire safety rules and instructions on fire
safety measures, characteristics of fire hazard of buildings and structures, fire
prevention and fire protection systems, properties of stored and used substances and
materials on the site in terms of their fire hazard, rules for the maintenance and use of
fire-extinguishing media, actions in the event of fire.

5. Development of instructions for the use of fire hazardous substances and
materials and compliance with fire fighting regulations, as well as the operation of
personnel in the event of a fire.

The fire-fighting regime in the territory of the projected petrol station is provided
by traditional measures. In particular, temporary fire-dangerous work is regulated, the
procedure and terms for the fire-brigade training and fire-technical minimum training
sessions are established, and those who are responsible for their execution.

In addition, manufacturing, administrative, storage and auxiliary premises and
external facilities are equipped with plates with information on the category of
premises for explosion and fire danger, class of explosive or fire hazardous areas,
employee responsible for fire safety, instructions on fire safety measures, phone
numbers of the call of fire protection and responsible for the management of works
on containment and elimination of fire hazardous situations and fires on the part of
the operating organization.

6. Development and wide application of posters focused on increasing fire safety.

7. Development of personnel activities at a fire and the organization of people’s
evacuation.

At the next stage, calculation of the automatic powder fire extinguishing
installation for the projected facility was made. At the same time, the number of
powder fire extinguishing modules PFEM - 2.5 “Buran” was determined for the main
and auxiliary premises of the station.

A set of design, volume-planning and engineering solutions to create a fire safety
system for a gasoline station is substantiated and developed.

Automatic fire extinguishing systems, automatic fire alarm and a system of
warning and management of people's evacuation during a fire are developed.
Selection of the necessary equipment was carried out.

Organizational and technical measures to ensure fire safety of filling stations
were developed.
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Thus, it is impossible to ensure a high level of protection of a petrol station from
a fire without the development of a fire safety system, which includes a fire
prevention, fire protection and a complex of organizational and engineering
measures.
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AHHOTALIUSA

B macrosimiee BpeMsi OJHOBPEMEHHO C YBEJIMYCHHEM KOJMYECTBA aBTOMOOWIICH B HaIIei
CTpaHe CYIIECTBEHHO BBIPOCIIO M YMCIIO aBTO3anpaBouHbiX ctanuuil (A3C). s aBTo3anpaBo4YHbIX
CTaHIMI XapaKTepHA MOBBIIICHHAs TOXKapHas OMAaCHOCTh BCJEACTBHUE HAMYMS HA HUX OOJBIIMX
00BEMOB XPAaHUMOI'O JIETKOBOCIJIAMEHSEMOTO MOTOPHOTO TOIUIMBAa — OCH3MHOB, KEPOCHHA,
U3EIbHOTO TOIUIMBA, Ta30BBIX CMece. AKTyalbHOCTh HAcToOsALIeH paboThl OObBICHIETCS
YpEe3BbIYATHOM Ba)XHOCTBIO YK€ Ha CTaguU IPOCKTHUPOBAHHS AaABTO3AIPABOYHBIX CTAHILIMMI
KOPPEKTHO MPOBECTU OLEHKY HX MOKapo- U B3PHIBOOMACHOCTH, YCTAHOBUTH BO3MOKHbIE TPUYNHBI
aBapui, ONpeeNIUTh OnacHble (PaKTOpbl 1 0OOCHOBAHHO BBIOPATh CLIOCOOBI M CPEACTBA 3ALIUTHI OT
noxapa. B pabore pa3paboTaHbl OpraHU3alMOHHO-TEXHUUECKHE MEPOIPHUATHS MO 00ECTICUCHHIO
MOXKapHOU 0Ee30MacHOCTH Ha MPOCKTUPYEMOM OOBEKTE, COCTOALICH M3 CUCTEMBI MPEJOTBPALICHUS
Mo’kapa, NMPOTHUBOMOKAPHOM 3alUTHl, a TaK)Ke KOMIUIEKCA OPraHU3alMOHHBIX U HHKEHEpPHO-
TEXHUUYECKUX MEPONIPUATHUH.
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Abstract

Road transport is one of the main sources of pollution of biosphere, namely air, water,
vegetation and fertile soil. The number of cars is steadily increasing; so is the traffic intensity; this
leads to an increase in the total emission of toxic substances. Heavy metals, reaching a maximum
concentration in the body, begin to poison the body, causing various negative consequences.

Key words: heavy metals, automobile transport, soil pollution.

One of the major sources of heavy metals in soil is transport. As a result, there is
an automotive emission pollution of roadside ecosystems. Usually this contamination
i1s polymentic in nature. Soil contamination by several HM (heavy metals) is
measured by the largest total parameter of pollution.

Using the data in table, total soil pollution (Zsp) at different distances from the
road calculated by the formula

Zsp = ZKceme-(n) -1;

where (n) is the number of certain ingridients, K., is koeffecient of metal
concentration equal to private by dividing mass percentage of (i)-th substance in
contaminated and background soils. The data entered in table 2

Next a growth rate of Cd, Pb, Zn in the soil, was estimated depending on the
distance from the road

cp c

Cc.-C,
Var = ——
where V, is a speed of accumulating rate HM, mg/kg per year, Cy.-the
background content of pollutans HM in soil, mg/kg, C,- is content of heavy metals
in contaminated soil, T- is the period of time during which occurred the
contamination of soil (have 30 years) is occured (table 4).
Then, we calculated how many years it takes the ecosystem to reach the TAC
(tentative allowable concentration) at a constant speed of accumulation of HM in soil:
Cric —C,

T=—"___ %P
14

n

where Crac 1s tentative allowable concentration of HM in soil, mg/kg, T is time to
reach TAC HM 1n soil.
The received data are shown in Table 3.
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Table 1.Contents of heavy metals in soil of roadside ecosystems mg/kg

The distance from the | CD PB Zn CU [NI Co CR

road m

5 1.23 22.0 44.9 19.8 |44.9 13.8 22.5
10 1.15 20.6 443 18.8 | 43.3 13.3 22.5
15 1.15 19.9 43.6 18.8 |43.3 12.8 20.0
20 1.00 19.3 43.5 17.8 | 43.3 12.8 20.0
30 0.70 13.5 42.8 17.8 | 41.6 12.8 20.0
40 0.70 13.5 39.9 17.3 | 41.6 12.3 17.5
60-200 background 0.45 13.5 39.0 17.3 | 41.6 11.3 17.5
With the JDC 2.00 130 220 132 | 80 Notinstalled | 100

Table 2. Concentration ratios of HM in soil and total contamination indicator

The distance | Concentration ratios (Kcmc) Zsp
from the

fl\j’[ad CD |PB Zn cU NI Co CR

5 2.73 1.63 1.15 1.14 1.07 1.22 1.28 4.22
10 2.55 1.48 1.13 1.08 1.04 1.17 1.28 3.73
15 2.25 1.47 1.11 1.08 1.04 1.13 1.14 3.22
20 2.22 1.42 1.11 1.02 1.04 1.13 1.14 3.08
30 1.55 1 1.09 1.02 1 1.13 1.14 1.93
40 1.55 1 1.02 1 1 1.08 1 1.65

Table 3. Time to reach TAC HM in soil

The distance | Time to reach TAC HM in soil (t)

from the road | With (d) PB Zn Cu NI CR
m

5 9 127 296 448 106 155
10 12 154 331 754 215 155
15 12 172 383 754 215 320
20 18 190 392 2284 215 320
30 52 - 466 2284 - 320
40 52 - 2011 - - -

Table 4. Accumulation Rate of (C), Pb, Zn in the soil, depending on the
the distance from the road (for 30 years)

The distance from the road M Speed of accumulation in the soil (Var) (for 30 years)

With (d) PB Zn
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5 0.026 0283 0196
10 0.023 0236 0176
15 0.023 0.213 0.153
20 0.0183 0.193 0.15
30 0.0 083 0 0.126
40 0.0 083 0 0.03

According to the source data and the calculations, the following results were
received: total concentration of heavy metals in soil decreases in addition value
(Keme) dis not exceed the norm (< 16) and the environmental assessment of soil
condition was satisfactory.

The calculated velocity and time of TAC showed that in 30 years the
contamination by heavy metals would not exceed the norm.
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AHHOTaIUA

ABTOMOOWJIBHBIM TPAHCHOPT SBJISETCS OJHUM U3 OCHOBHBIX HMCTOYHUKOB 3arpsi3HEHUS,
KOTOpOE MPOUCXOAUT BO BCEM MPOCTPAHCTBE Hamiell Ouocdepbl, a HWMEHHO: BO3IYyX, BOJa,
pacTUTENBHOCTh M IUIOJOpOAHAs TmoyBa. KojaumdyecTBo aBTOMOOWIIEH HEYKIOHHO pacTer,
WHTECHCUBHOCTD JIBUKCHHS YBEITUUUBACTCS, TIO3TOMY 3TO MPUBOANUT K YBETUUYCHUIO 00IIero o0beMa
BBIOPOCOB TOKCHUYHBIX BEIIECTB. TsKeNble METaIUIbI, JOCTUTAIONINE MAaKCUMAIBHOW KOHIIEHTPAIIMU
B OpraHM3Me, HAUMHAIOT OTPABJISATh OPTaHU3M, BbI3bIBAs PA3JIMYHbIC HErATUBHBIE MMOCIEACTBUS.
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Abstract

Galvanic baths are the most dangerous parts of machine-building enterprises for the
environment and man. Such areas have a serious impact on the environment: about 84% of all
sewage sludge is due to rinsing galvanic baths, in such areas a large amount of solid waste is
generated, and toxic substances (heavy metals) are released into the atmosphere.

Key words: galvanic baths, emissions, ecology.

Introduction
When covering metals, the following types of coatings can be used:
chrome, zinc, nickel, tin, copper, etc. The application of metal coatings consists
of 3 stages: 1 - preparation (mechanical treatment, degreasing, etching, polishing)
2 - formation of the corresponding coating 3 - finishing operations (painting,
varnishing, polishing)
The maximum one-time emission is determined by the formula:
G = S*q*k,
where: S is the area of the baths, sq.m
q is a specific allocation of pollutants, g/(s*m?)
ky 1s the bath cover ratio. In the presence of a surfactant in the solution, k, =
0.5, in the absence of a surfactant, k, = 1.
Gross output is determined by the formula:
W=G*T*3600*10°
where T is the operating time of the equipment, h/year
Initial data
The name of the process is degreasing.
Bath composition: Trisodium phosphate - 25-45 g/l
Calcined soda - 25-45 g/l
The area of the bath is 0.875 sq.m.
k,=1
Working time: 8h/day
125days/year
Specific allocation of pollutants.
Sodium phosphate - 0.004 g/(s*m?)
Sodium carbonate - 0.004 g/(s*m?)
Calculation results
(3132) Sodium Phosphate
G =0.004 *0.875 * 1 =0.0035 g/s
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W =0.0035 * 8 * 125 * 3600/1000000 = 0.0126 t/g
(0155) Sodium carbonate
G=0.004 *0.875*1=0.0035¢g/s
W =0.0035 * 8 * 125 * 3600/1000000 = 0.0126 t/g
Initial data
Process name — is galvanizing.
The composition of the bath: zinc oxide - 60-100 g/l
sodium hydroxide 250 - 500 g/l
iron chloride - 1-1,2 g/l
Potassium-sodium tartrate - 10-15 g/I
Bath area - 1,75sq.m.
k=1
Working time: 8h/day
125days/year
Specific allocation of pollutants
zinc oxide 0.001 g/(s*m?)
sodium hydroxide 0.055 g/(s*m?)
Calculation results
(0207) zinc oxide
G=0.001 *1.75*1=0.00175 g/s
W =0.00175* 8 * 125 * 3600/1000000 = 0.0063 t/g
(0150) sodium hydroxide
G =0.055*1.75*%1 = 0.09625 g/s
W =0.09625 * 8 * 125*3600/1000000 = 0.03465 t/g
Initial data
Name of the process — is nickel plating.
The composition of the bath: nickel sulphate - 300-400 g/l
Nickel dichloride -20 - 30 g/1
boric acid - 30-35 g/
The bath area is 0.91 m”.
ky=1
Working time: 8 hours/day
125 days/year
Specific allocation of pollutants
nickel soluble salts (in terms of nickel) - 0.0002 g/(s*m?)
Boric acid - 0.0005 g/ (s * m 2)
Calculation results
(0165) nickel soluble salts (in terms of nickel)
G =0.0002 * 0.91*1 =0.000182 g/s
W =0.000182 * 8*125 * 3600/1000000 = 0.000655 t/g
(0308) Boric acid
G =0.0005 *0.91 * 1 =0.000455 g/s
W =0.000455 * 8 * 125 * 3600/1000000 = 0.001638 t/g
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Initial data
The name of the process - is decorative decoating
The composition of the bath: lead borftoristy - 180-220 g/1
tinborofluoride 30-40 g/l
hydrofluoric acid 35-45 g/
The bath area is 0.91 m’
ky=1
Working time: 8h/day
125days/year
Specific allocation of pollutants
tinborftluoride 0.00023 g/(s*m?)
boric acid 0.0005 g/(s*m?)
hydrofluoric acid (in terms of nonboriferous fluoride) - 0.00007 g/(s*m?)
Calculation results
(0344) tin borofluoride
G =0.00023 *0.91 * 1 =0.0002093 g/s
W =0.0002093 * 8 * 125 * 3600/1000000 = 0.000753 t/g
(0308) boric acid
G =0.0005 *0.91 * 1 =0.000455 g/s
W =0.000455 * 8 * 125 * 3600/1000000 = 0.001638 t/g
(0311) hydrofluoric acid (in terms of nonboriferous fluoride)
G =0.00007 *0.91 * 1 =0.0000637 g/s
W =0.0000637 * 8 * 125 * 3600/1000000 = 0.000229 t/g

Conclusion
Total from source:
Code Name of pollutant Maximum one-time Gross emissions, t /
emissions, g/ s year
0150 Sodium hydroxide 0.0962500 0.346500
0155 Sodium carbonate 0.0035000 0.012600
0165 Nickel soluble salts (in terms of |0.0001820 0.000655
nickel)
0207 Zinc oxide 0.0017500 0.006300
0308 Boric acid 0.0009100 0.003276
0322 Sulfuric acid 0.0061250 0.022050
0344 Tin borftorous 0.0002093 0.000753
3132 Sodium Phosphate 0.0035000 0.012600
0311 Hydrofluoric acid (in terms of ~ |0.0000637 0.000229
nonboro fluoride)

Having made the calculation and placing it in the table, we see that at this site
the pollutant emissions are minimal and do not exceed the established MPC, and
therefore this site does not threaten human life and ecological catastrophe.
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Abstract

Ways of reducing the impact of harmful emissions on the human body are considered, and
measures to achieve this goal are proposed.

Key words: car, ecological safety, harmful emissions, safety of vehicles.

Introduction

The development of civilizational processes has led to the aggravation of many
problems of humanity, one of which is the ecological one. Negligent attitude to the
problem of environmental pollution can lead to irreversible consequences in the
ecological situation of the whole world in the near future. One of the key components
of regional problems in the field of ecology is transport. Dustiness and gas
contamination of air are related to the man-caused danger.

The effect of harmful emissions on the human body

Carbon monoxide is the presence of harmful or explosive gaseous substances
in tangible concentrations in the air. The pollution air is a phenomenon characteristic
for practically all the cities of the world. And the exhaust gases of cars which produce
dangerous substances for health, cause this situation during the exhaust, carbon
monoxide gas is released which is dangerous for human health in high
concentrations. High concentrations of this gas lead to fatigue, drowsiness,
headaches, dizziness and other symptoms. As a result of inhalation of gases, a
number of serious dangerous diseases occur, in particular, a heart attack, lung
diseases. For the most part, drivers who often drive cars and get stuck in traffic jams
suffer from gas contamination. They are very close to working engines of machines
constantly exposing themselves to a multitude of risks. And all people living in large
cities and especially in homes in close proximity to busy streets, risk their health
daily. Motor gasoline, for example, evaporates at room temperature at the speed of
400 g / h from the surface of 1m?. Of all the petroleum products, it gives the greatest
amount of poisoning. The concentration of gasoline 3 - 4 g / m’ after 2 ... 3 min
causes coughing, tears, unstable gait; concentration of 30-40 g / m’ leads to poisoning
with loss of consciousness after 3 ... 4 inhales. The greatest danger is represented by
hydrogen sulphide and ammonia, which accumulate on livestock farms and
dwellings, etc. Sometimes the concentration of these gases is so great that a person
who descends into an empty collection box without protective equipment loses
consciousness after 1 to 2 inhales. In addition, ammonia vapors explode at the
concentration of 16 - 27%, gasoline - 0.76 - 5.03%.
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Ways of reducing harmful substances in the exhaust gases of cars

1. Economy of fuel.

The less fuel we burn, the less emissions there will be into the atmosphere.
Absolute leaders here are the Japanese. Their best cars consume 5 liters of petrol per
100 km of mileage and even less.

2. Increase in fuel quality.

- use of gasoline low-sulfur varieties of oil for the production in order to
completely eliminate SO,-emissions and in the use of lead in motor fuel;

- additives to fuel substances that help burn off harmful emissions or dissolve
organic fractions which reduce emissions of aromatic hydrocarbons.

3. Neutralizers of exhaust gases.

They first appeared in the early 1970s. Carbon monoxide and unburnt particles
were burned in the exhaust system of the machine. Initially, these were two-
component oxidation-type devices that dealt only with CO. Then three-component
catalysts appeared which also extracted nitrogen oxides. This system is connected to
the exhaust system of the car. At temperatures of 600-800 ° C (heated by high-
frequency currents), the gases are burned off.

4. Diesel fuel.

The German engineer Rudolf Diesel (1858-1913) constructed an engine
different from the carburetor that immortalized his name. 15% of foreign cars are
equipped with this engine. Structurally, it is similar to a gasoline engine. It operates
on a four-cycle cycle, but it does not have a spark ignition system. In a gasoline
engine, a mixture of fuel and air is formed in the intake system and enters the engine
in the finished state, ignited by the spark plug. In the diesel at the suction stroke, pure
air enters the cylinder. There it is compressed (compression stroke) and heated to the
ignition temperature (700-800 ° C). And only at this moment fuel is injected into the
combustion chamber under high pressure (10-30 MPa) through the injector. The
injection is carried out by a high-pressure fuel pump - one of the most complex and
responsible engine units. This makes it possible to use heavier oil fractions and work
on lean mixtures, in which CO emissions are 20-30 times less, hydrocarbons - 2-10
times less (depending on speed and braking).

Conclusion

In order to save a car for the mankind, it is necessary to minimize harmful
emissions. Measures are taken all over the world and they give certain results. Cars
that are currently produced in industrialized countries emit harmful substances 10-15
times less than 10-15 years ago. In all developed countries there are standards for
harmful emissions. In 2000 stricter norms were introduced. So, instead of restrictions
on smokiness, rationing of solid particles is introduced, on the surface of which
aromatic hydrocarbons dangerous to human health and, in particular, carcinogenic
benzopyrene are adsorbed. The list of substances, the content of which must be under
control, is constantly expanding.
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Abstract

The article deals with the mathematical modeling of the process of biological wastewater
treatment. All calculations were carried out with the use of the C ++ application program.

Key words: activated sludge, aeration tank, biological oxygen demand (BOD), biomass,
chemical oxygen demand (COD), mathematical model, recycle.

The energy crisis caused by the reduction of fossil fuel reserves and the
environmental situation, forcing mankind to take up the issue of the efficiency of the
use of energy resources. A review of literature sources showed that a change in the
hydrodynamic regime of the aeration tank from mixing to displacement and
controlled air supply increases the energy efficiency of the treatment facilities.

Modeling the processes of biological purification has a long history, if we
consider that the first model for describing the rate of growth of microorganisms was
developed by Mono in 1942. He used a unicellular pure culture and a homogeneous
substrate in his work, assuming the rate of growth is limited by the concentration of
substrate S:

- (1)
p=p-S/(Kg+89),
where /¢ is the maximum specific growth rate of the crop; K- is a semi-saturation
constant equal to the concentration of the substrate at which the process speed is

i/
equal to 5

Over the past decades, knowledge in the field of enzymatic processes has been
constantly improving; models of biological treatment - Eckenfelder, McKinney,
Godie, Lawrence and McCarthy and others, new constructions of apparatus - tubular,
disk, membrane, etc. have been developed. Processes using recycles, new ideas
emerged in the application of mathematical models, not only at the design stage of
treatment plants, but also for their management in the normal functioning.

The Mono kinetics has been criticized, but it is used by many authors.

A simplified scheme of treatment facilities is shown in Fig. 1.
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Fig. 1. Simplified scheme of treatment facilities:
F - water flow, p - recycling fraction, @ - fraction of
sludge selection, 1,2 ... n- number of sections.

When developing a mathematical model of the wastewater treatment process, the
following assumptions are made:

- aero tank is a sequence of reactors of ideal mixing;

- the kinetics of biochemical processes is described by the Mono model.

- the limiting factors of the process are the concentration of the substrate and the
concentration of dissolved oxygen in the reactor;

- The concentration of microorganisms in purified water is negligible (ideal
sedimentation tank).

Taking into account the accepted assumptions, the equations of the mathematical
model of the process of biological sewage treatment have the following form.

1. Microorganisms of activated sludge, X:

dx, F 2)
iy X+ — (X - X))
d’l' /u i + Vl ( i—1 1)9
2. Chemical oxygen demand (COD) or substrate for activated sludge, S:
a, __1, Fs _s
ar Ty ey e 3
3. Growth rate of microorganisms
— . Si . Ci
M=t S K 1 C 4)
4. Dissolved oxygen, C:
dC, F S . 5
G GO K (€ C) )
5. The surface of the mass change (bubbles in the liquid layer)
_ Gu-h (6)
" 1200-W, R,

In equations (2) - (6), F is the flow rate of the suspension, liter / h; V; is the cell
volume, liter; ¥ is the growth factor of microorganisms of activated sludge, mg/mg;
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4 1s a maximum specific rate of biomass growth, 1/hour; K ,K, is an oxygen
saturation constants for heterotrophs and nitrifiers, mg/liter; K, is a volumetric mass
transfer coefficient for oxygen, mg/l; C~ is a concentration of saturation of dissolved
oxygen, mg / liter; R, is an air bubble radius, mm; ¥, is a speed of air bubble ascent,
m/s; G, isan air consumption, m’/h; / is a height of the slurry layer, m; S, 1s the

surface of the mass change (bubbles in the liquid layer), m®.
When testing the model, the following results were obtained:
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Fig.2. Graph of the dependence of the biomass concentration and BOD on
outlet from the reactor from the BOD at the inlet
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Fig.3. Graph of the dependence of the biomass concentration and BOD on
reactor outlet from air flow
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Fig.4. Graph of the dependence of the biomass concentration and BOD at the outlet from the
reactor on the consumption of wastewater
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A mathematical model of the aero tank-sedimentation system is developed
suitable for research and decision-making in the reconstruction and design of
treatment facilities. The application in practice of the results of mathematical
modeling obtained by us makes it possible to reduce the energy consumption of a
biological wastewater treatment plant by at least 20 percent.
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Abstract

When transmitting information in wireless communication systems, it is important to ensure
a minimum level of signal loss and distortion. For this, it is necessary to understand the causes of
signal loss in order to take measures to minimize them. In this article, we consider the main features
of propagation of radio waves in communication systems and factors leading to signal losses and
distortions.
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In communication theory, communication is an important concept. Typically,
the communication channel is understood to mean that portion of the communication
system that includes the information source, the coding and modulation device, the
sending device, the physical channel (signal propagation medium), the receiver with
the information processing devices, and the information receiver. The analysis of the
communication channel includes the budget of the channel - calculation of the signal
energy losses associated with the physical processes occurring in the devices and the
propagation medium. The budget is a method of estimation, allowing determining the
reliability of the transmission of the communication system.

The reliability of information transmission in radio communication is
determined by several factors, among which one can distinguish the signal-to-noise
ratio, as well as signal distortions caused by intersymbol interference. In digital
communication, the error probability depends on the normalized ratio E, / Ny, where
E, is the energy of the bit, and N, is the spectral power density of the noise.
Consequently, a decrease in the signal-to-noise ratio can be associated with a
decrease in signal power, as well as an increase in the noise density or the power of
signals interfering with the useful signal. These mechanisms are called, respectively,
loss (attenuation) and noise (interference). The attenuation of the signal may be due
to the absorption of signal energy, the reflection of a part of the signal, or scattering.
Sources of noise and interference can be thermal noise, galactic noise, atmospheric
and industrial noise, cross and interfering signals from other sources.

Let me list some reasons for the losses.

1. Losses related to the limitation of the channel band.
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2. Inter-symbol interference.

3. Modulation losses.

4. Intermodulation distortion.

5. Polarization losses.

6. Spatial losses.

7. Interference of the adjacent channel.
8. Atmospheric and galactic noises.

9. Own receiver noise.

10. Losses in the antenna-feeder path.

In the transmission of short pulse signals through the communication channel,
there are distortions associated with the presence of several paths of signal
propagation from the transmitting antenna to the receiver, with a change in the time
characteristics of the channel and other causes. When transmitting a short pulse, the
received signal can look like a sequence of pulses.

One of the characteristics of such a multipath channel is the signal scattering
time. The time variation of the propagation conditions of a signal can lead to a
change in the amplitudes of the individual received pulses, the relative delay of these
pulses, and even the number of pulses. Examples of the received multipath channel

signal are shown in Fig. 1.
A

|I 1

4

Fig. 1 - Examples of a received signal for a multipath channel

In the multipath channels, changes in the phases of the signals are observed. At
certain phase ratios, signals coming along different trajectories can be mutually
compensated, while in others - amplify. The observed variations in the amplitude of
the received signal due to channel nonstationarity are called fading. In the channels of
cellular communication, fading of signals of two types is observed-large-scale and
small-scale. Large-scale fading is determined by the presence along the route of
distribution of objects such as hills, forests, buildings, advertising shits, etc. Statistics
of large-scale fading allows approximately calculating the losses in the path as a
function of distance. In this case, the power of the received signal decreases with

The World of Science without Borders |59



distance in a power law, and the deviations from the mean value are determined by
the log-normal distribution. Small-scale fading is a significant variation in the
amplitude and phase of the signal at scales of the order of the wavelength. Small-
scale fading manifests itself as an extension of the signal in time (temporal scattering)
and nonstationary behavior of the channel.

The main physical processes that determine the nature of signal propagation in
mobile communication systems are reflection, diffraction and scattering.

Reflection of radio waves occurs when there is a smooth surface on the track
with dimensions much larger than the wavelength of the radio frequency signal. In
mobile communication systems, the reflection of radio waves can occur from the
earth's surface, walls of buildings, furniture or equipment inside the premises.

Diffraction of radio waves is observed in the presence of an object between the
transmitter and receiver with dimensions exceeding the wavelength and preventing
direct propagation of the signal. As a result of diffraction, the radio waves can reach
the receiving antenna in the absence of line of sight between the transmitter and the
receiver. In urban conditions, radio waves are diffracted at the edges of buildings,
cars and many other objects.

Scattering occurs when there is a rough surface or objects whose dimensions
are small in comparison with the wavelength. In city conditions, the scattering of
radio waves can occur on lampposts, road signs, trees, etc.
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Abstract

In this article, the existing thermophysical methods and their monitoring systems for thermal
physical characteristics with the use of pulsed radiation for heating the investigated objects are
considered. The advantage of such methods is the implementation of nondestructive testing, which
makes it possible to use them to determine the thermophysical properties of not only building materials,
but also finished structures. A proposal to improve the considered noncontact energy efficient
microwave method of nondestructive testing is made; it consists in carrying out heating with
simultaneous movement of the meter along the investigated object.

Key words: microwave radiation, nondestructive testing, pulse heating, thermophysical control.

Introduction

Determining of the thermal properties of building materials and finished structures is
an important task in the implementation of non-destructive testing and technical
diagnostics. The parameters of the quality characteristics of building materials and
finished structures are such parameters of the investigated object as thermal activity,
thermal diffusivity and thermal conductivity. Thermal diffusivity is a physical quantity
characterizing the rate of the substance temperature change (equalization) in
nonequilibrium thermal processes. Thermal diffusivity is a physical quantity
characterizing the rate of change (equalization) of the matter temperature in
nonequilibrium thermal processes. To determine them, it is necessary to heat the object
under investigation with a heater or a pulsed heat source. At pulse heating there is no a
heater. This excludes the results dependence on the contact thermoresistance between
the heater and the investigated object surface, and on the intrinsic heat capacity of the
heater, which distorts the temperature field.

Therefore, among other things, noncontact methods of thermophysical control with
the pulse heating use have a number of advantages, such as the measurements accuracy,
the efficiency, the distance, the application field breadth. This explains the rapid growth
of the development and research of similar methods at the present time.

Contactless SHF Method for Nondestructive Testing of Thermal
Characteristics of Construction Materials

In [1], the method for nondestructive testing and the realizing system was developed
and presented. This method is designed to determine the thermophysical characteristics,
such as thermal activity, thermal diffusivity, thermal conductivity. To do this, through
the horn antenna, which is connected to the microwave generator, the investigated object
is heated through a circular region. It is assumed that the investigated object is
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semibounded in thermal terms. After the thermal action start, an excess temperature at
the circle center i1s measured with a noncontact infrared sensor. Heat flow is measured
from the circle surface with a wattmeter. Then the microprocessor calculates the desired
thermophysical characteristics from the data obtained from a contactless sensor, a
microwave generator and a wattmeter. The calculated data is output to the indicator. The
calculations are performed using algorithms that are based on the analytic relations
presented in [1].

The advantage of this method is the mathematical calculations simplicity, which
makes its practical implementation accessible.

Noncontact Energy Efficient Microwave Method of Nondestructive Testing of
Thermal Physical Characteristics of Building Materials and Products

In the method [2], the investigation object of is a semibounded solid in thermal
terms. The investigated object surface heating is carried out by radiation from a
microwave generator, which is focused into a given length line using a lens is located in
a horn antenna. After pulsed microwave exposure the excess surface temperatures of the
object under investigation are monitored with thermocouples is located at two points. To
calculate the required thermophysical characteristics, the data from the thermocouples
through the commutator, the normalizing precision amplifier, and the digital-to-analog
converter are fed into the microprocessor, which is connected via the digital-to-analog
converter to the microwave generator. The data enters the indicator through the 1 / O
port

This method advantage is that it takes into account the heat produced attenuation
dependence nonlinearity over the depth of the investigated object, which generates the
heat propagation two-dimensionality. This makes it possible to reduce the methodical
error and improve the thermophysical characteristics determinations accuracy.

Determination of Thermophysical Characteristics of Materials by Infrared
Thermography

The method [3] is based on the well-known Parker method, which makes it possible
to determine thermophysical characteristics by means of pulsed heating. In [3], the
object under investigation is heated with a halogen lamp KG-220/1000. The heating
region has the form of a disk. The temperature of the object is measured on the reverse
side with the Thermovision-570 thermal imager. Thermograms are recorded to
determine the sought thermophysical characteristics. Then the thermal diffusivity of the
investigated object was determined. In this method we used the program ThermoCalc-
2D, which allows us to investigate two-dimensional thermal fields in a multilayer disk
with an internal defect by a numerical method.

Conclusion

The analysis of methods and systems for determining the materials thermophysical
characteristics allows drawing a conclusion that this trend is relevant and has great
prospects for implementation and practical application. Methods that use microwave
radiation have a higher accuracy than infrared thermography methods. In addition, the
results of the analysis allow us to conclude that there is a need to improve existing and
create new methods and implementing systems for monitoring the thermophysical
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characteristics of building materials and finished structures.

In order to control the quality of building materials and finished structures, the
method [2] was adopted as a basis. The disadvantage of this method is a small area of
research. According to the data obtained at one point, a conclusion is drawn about the
thermophysical characteristics of the entire facility. To eliminate this disadvantage, it is
proposed to use a moving meter with specified velocities and directions together with a
microwave radiator for the investigated object. This will allow more accurate
determination of the thermophysical characteristics of the material as a whole, at any
point, at any time.
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Abstract
This article presents a system of optimal energy-intensive enterprise management.
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The enterprise engaged in the production of polymer materials uses a variety of
equipment. The main production equipment of tire plants includes mixers and
vulcanizers. They are the main consumers of electricity. The amount of failures
depends on their mode. It can be concluded to that to improve the quality of products
and reduce their cost, it is necessary to use the best energy-efficient management of
the enterprise.

However, energy-intensive facilities in practice are often complex, for example, a
typical mixer consists of three electric drives - the main drive, lubrication systems
and thermal control systems. Each of these electric drives has its own operating
features, so the main electric drive is subjected to constant changes in the load, the
moment the electric drive is turned on. The activation time of the electric drive of the
thermal control system depends on the temperature in the mixing chamber.

The solution of the optimal control problem for such an object can be represented
in the form of an aggregate solution of individual problems. A special feature of the
electric drive of the mixing plant in terms of energy-saving control is the frequent and
significant change in the load on the drive part, which leads to an increase in the cost
of electricity. For the implementation of optimal control under these conditions, the
forecasting of load changes is performed.

When solving a problem, an object model that takes into account continuous
changes in the load is represented by a differential equation with a discontinuous
right-hand side in the form of m stages.

Other mixers and vulcanizers are described in a similar manner. Then, the start-
and-stop times of mixers and vulcanizers are formed to minimize equipment
downtime. We should also take into account the time difference at the start of energy-
intensive objects in order to reduce the load on the network.
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Abstract

This article presents an overview of the methods of functioning of the goniometric channel of
the information-measuring system, taking into account the use of weight coefficients in tertiary
information processing.
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In modern automated air traffic control systems, information processing
processes occur. They ensure the safety of air traffic. The beginning of these
processes is to obtain complete information about the coordinates and characteristics
of the air target. This information in automated air traffic control systems is obtained
with the help of special means. They are part of the subsystem for collecting and
processing radar information. It is obtained from posts, information processing
centers, aviation complexes of radar survey and guidance. The information is shown
in Fig. 1. In automated air traffic control systems, primary, secondary and tertiary
information processing is carried out.

Fig. I - The process of obtaining information about air targets

Tertiary information processing is a mathematical process. It processes the
previously received information from several sources. When creating radar systems,
there is a crossing of control zones and the appearance of duplication of the capture
of the target. The reason for this is the systematic errors of the meters. The main task
of tertiary processing is to decide how many goals are in the system's responsibility
area.
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All information sources process information autonomously and independently of
each other. In the process of identifying the goal marks, the number and distribution
of reports by purpose is established.

Usually identification takes place in two stages. First, a rough identification or
comparison of marks occurs. Then the allocation of marks is carried out to make a
more precise decision for identification.

At present, various methods of tertiary information processing have been
developed. They differ at the stage of averaging the coordinates of the target.

1. The method of equal weight of data.

2. The method of different weight of data.

3. The method of different weights with spatial adjustment.

The method of equal weight of data consists in calculating the average of the
arithmetic parameters of the target by the formula

A;:[ix;jnn, (1)

i=1

where m is the number of marks from one target; X,; is n-th (i) coordinate and
parameter i-rad target.

The method of equal weight is quite simple. However, it does not take into
account the errors of the meters of each radar.

The method of varying weight of data takes into account the errors of the meters
of each radar:

Gn:[gcm)hn, @)

oni 1s RMS of the n-th (i) coordinate and parameter of the i-th target radar.
The method of different weights with spatial adjustment takes into account the
movement of the target

Xn :(gbnani]/(ibnij' (3)
i=1 i=1
The weight coefficients b,; can be calculated by the formula
1
bni = 0_2 s (4)

ni
where o2, is dispersion of n-o (d) coordinate and parameter i-radar target.

In conclusion, the importance of tertiary information processing can be noted. It
makes it possible to improve the accuracy of determining the coordinates of aircraft.
This is important for controlling airspace. Improving the performance of radar data
processing systems increases the throughput of automated air traffic control systems
at a given level of safety.

In this paper, a method has been developed for the functioning of a goniometer
channel of an information and measuring system, taking into account the use of
weight coefficients in tertiary information processing. The choice of models of state
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and observation is justified, simulations on a computer are carried out and the results
of the algorithm investigation are presented.
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Abstract

The article deals with the application of wireless telemetering network to control metal-
fluoroplastic quality characteristics of the web material.
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characteristics.

Continuous monitoring of quality characteristics of metal-fluoroplastic web
material in its production process requires the collection of information from devices
control and transfer it to the microprocessor unit for further processing and sharing
information between devices and control database. The use of cable communications
to collect data from various devices is difficult to control because the production line
of metal-fluoroplastic web material can take more than 40 m in length.

To implement a method of control material of metal-fluoroplastic quality
characteristics [1] in the course of its manufacture the using of wireless telemetering
systems for collecting data and exchanging information is offered (Fig. 1).

((fp) B ((T))

fipodoaxenve

Fig. 1- Diagram of the implementation method of monitoring quality characteristics of
metal-fluoroplastic web material: 1 - de-coiler, 2 - the leveling rolls, 3 - unit for washing and
cleaning; 4 - device applying a uniform layer of spherical particles for sintering furnace, bronze
and bronze on bimetal; 5 - capstan mechanism, 6 - device for the application of porous bronze
layer of Teflon paste; 7 - shafts for pumping paste in porous layer; 8 - oven for drying; 9 - PTFE

sintering furnace; 10 - shafts for ultimate calibration; 11 - winding mechanism; A-layer thickness
bimetal control device; In-three-layered material thickness control device (bimetal with bronze
armature), porosity control device-bronze frame, thickness of the fourth layer PTFE and
concentration of its components.
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For the transmission and reception of intelligence with control device quality
characteristics in specified time intervals, and adjustments in the manufacturing
process of metal-fluoroplastic web material must have receiving device (destination
device) to communicate with the microprocessor device (Coordinator), which
performs functions as on networking and routing-keeping.

To date, the most promising method of building industrial telemetry systems
using wireless networking is IEEE 802.15.4 (ZigBee) [2]. This standard has the
following characteristics: transmission distance between neighboring nodes ZigBee
indoors is up to 20-30 m; channel bandwidth is 250 kbit/s; interference technology
ZigBee is higher than that of wi-fi, bluetooth, because a split frequency range on 16
channels (5 Mhz each). Metal-fluoroplastic production line for strip material analysis
of two IEEE 802.15.4 network topologies star and multicellular network (Fig. 2)
depending on the level of the received signal, which showed that the maximum
distance between the quality characteristics of the control device and the coordinator,
does not exceed 20 metres. Therefore, wireless network topologies to diagram, shown
in Figure 1, the selected Star typology.

@ @ &H
oW \/\ \/\
/\ \/\

(a) (b)

Fig. 2 - Network topology, IEEE 802.15.4: a — “Star” b - multicellular network; 1 -
Coordinator; 2 - target device.

Thus, the use of wireless telemetry network based on standard (ZigBee) will
receive information from the control device quality characteristics, enhance decision-
making and avoid the production of defective products.
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Abstract

In this work, we have investigated the dependence of the strength of welded joint to
temperature on table. The bonding was carried out with gold wire in diameters of 20, 25, 30 and 50
microns. For the study, we used the technology of ultrasonic microwelding.

Key words: microspore, micro welding, microelectronics, interconnect technology.

Introduction

When creating microcircuits one of the main problems is the establishment of
good electrical contact between the track of circuit board (substrate) and crystal. This
connection at the moment can only provide microwelding.

Fig. 1 shows the dependence of the strength of welded joint to temperature of
table.

A graph of the strength of welded joints wire 20,
25,30 and 50 um
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Fig. 1 - A graph of the strength of welded joints wire 20, 25, 30 and 50 microns from the
temperature

Methods & materials
The tested compounds were made in the apparatus for ultrasonic welding of the
microwire connections of Kulicke&Soffa 4700AD company (Fig. 2). Tests on the
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strength of the resulting encoding provide for the installation of the name of the firm
TPT H52 dynamic search. Visual inspection of welded joints were made on a digital
optical microscope Hirox.

Fig. 2 shows the installation for ultrasonic welding of the microwire
connections of Kulicke&Soffa 4700AD company.

Fig. 2 - Installation for ultrasonic welding of the microwire connections of Kulicke&Soffa
4700AD company

For gold wire insights the ultrasonic welding method "ball — wedge" is suited
best. The main advantages of the method are the great strength of welded joints with
less heating of the table and capillary and usability than other types of bonding.

It should be noted that this method is not ideal also. The disadvantage of the
“ball — wedge” is the lack of study, which may be low yield in the production of
microcircuits.

The work solved one of the tasks in the assembly of integrated circuits, and it
was experimentally proved that the temperature of the product affects the quality of
compounds, so studies have been conducted on the effect of this parameter. The
quality control of welded joints was carried out in two stages. First, a visual
inspection of the connection geometry the common requirements was done, then the
mechanical pull test. The quality of the compounds was checked on visual
compliance Industrial Standarts Russian Federation 11 073.013-83, part 4, as well as
the requirements on the mechanical tensile strength. It was proved that the heating
temperature of the product affects the quality of the connections therefore studies and
experiments on the effect of this parameter were carried out.

Conclusion

The temperature of the table, on which fee (substrate) is set before welding
wire is selected for each of the cross-sectional dimension of the gold wire according
to the welding conditions. In the selection of the welding mode such characteristics as
clamping force, the process of welding, and power was changed. For wire with a
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diameter of 20 um, we selected the welding the temperature range from 133 to 146 °
C corresponds to. For wire with a diameter of 25 microns corresponds to a
temperature range from 136 to 145 © C corresponds to. For wire with a diameter of 30
microns a temperature range from 125 to 133 ° C corresponds to. For wire with a
diameter of 50 microns corresponds to a temperature range from 143 to 157 °C
corresponds to. But it is worth noting that the excess speed of air flow in clean rooms
may lead to changes in the electrophysical characteristics of the welded joint.
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Abstract

The possibility of constructing internal (forming) kinematic chains of copying and milling
machines of various technological purposes in the form of hydraulic connections based on a
stepping hydraulic drive with the purpose of increasing the accuracy, reducing the metal capacity,
creating a rational machine design using the modular construction principle is considered.

Key words: kinematic chains, hydraulic stepper drive.

When designing metal-cutting machines with precise kinematic connections,
the necessary condition is the choice of the optimal variant of the kinematic chain at
the design stage.

The structure of the kinematic chains determines the constructive complexity
of the machine, the methods of its adjustment, has a significant effect on the rigidity,
accuracy, and vibration resistance of the machine.

Rational construction of chains of metal-cutting machines can be carried out
using a modular principle based on hydraulic links in the form of a discrete stepper
hydraulic drive with executive power stepping hydraulic motors.

The main feature of this class of drives is that the hydraulic stepper motor
(HSM) used as a power executive element, as a control device - a generator of
hydraulic impulses that converts the energy of the working fluid into hydraulic
impulses and distributes them in a certain sequence along the working chambers of
the HSM, and the output shaft of the stepper hydraulic motor executes control
discrete signals with high accuracy and high power amplification.

When used in internal kinematic chains as a power element of stepper
hydraulic motors, the connection between the workpiece and the tool is realized due
to the fact that the flow of working fluid through the working slots of the distributing
(switching) device is converted into a certain sequence of hydraulic pulses that are
distributed to the power chambers of the stepping motor, each of them corresponds to
a certain angle of rotation of the output shafts of the HSM, proportional to the
number of pulses, and the rotational speed proportional to the frequency of their
repetition.

Using the properties of frequency regulation of the speed of the executive
elements of the hydraulic stepping drive, it is possible to apply hydraulic connections
on the basis of a stepper hydraulic drive to construct kinematic internal chains of
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metal-cutting machines having complex branched multilink mechanical
reconfigurable mechanical circuits of considerable length.

In Fig. 1 is a block diagram of a copying and milling machine with hydraulic
form-building connections for the processing of complex parts with a control system
from a block of hydraulic distributor, built on the basis of a two-spool valve with an
end face distribution of the working fluid.

The machine includes a tool 13 making rotational movement from the electric
motor /] through a tuning unit i,, a workpiece 11, mounted on the machine table 14
and performing a complex executive motion.

A complex executive form-building movement composed of elementary
rectilinear motions - longitudinal motion II2 (setting feed) and transverse II3
(tracking feed) is effected by an internal (shaping) connection between the
longitudinal movement of the longitudinal table 19 and the cross slide 14 with the
workpiece 11. The forming bonds are made in the form hydraulic connections on the
basis of a stepping hydraulic drive with executive steping hydraulic motors.

The longitudinal movement P2 of the longitudinal table 19 is carried out from
the stepping hydraulic motor 9, kinematically connected to the table by means of the
lead screw 12 of the longitudinal movement of the table.

The transverse movement P3 (tracking feed) of the upper slide 14 with the
workpiece 11 necessary to reproduce the desired shaped surface of the workpiece is
provided by an internal (shaping) connection between the longitudinal support 19 and
the upper slide 14 with the workpiece and is effected from the stepping hydraulic
motor 15 connected kinematically to the upper slide by means of a lead screw 16 for
transverse feeding.

The control of the stepping motors 9 and 15 of the drives of the longitudinal
movement of the longitudinal slide (setting feed) and the transverse feed of the cross
slide 14 (tracking feed) is carried out from the blocks of the end hydromotors 17 and
18, which consist of three identical (in terms of the number of channels of the
stepping hydraulic motors) hydraulic distributors with anend face distribution of
working fluid, made on the basis of a double-spool valve.

The hydraulic internal (shaping) circuit is adjusted to the required gear ratio
using the hydraulic pulse generator 3, which is a set of coding disks fixed to a
common axis and receiving rotation from a separate hydraulic motor 4. The outer
surface of each of the coding disks is designed in such a way that the protrusions
when rotating the discs either overlap the nozzle, or leave it free, with one projection
overlapping only one slot. With this arrangement of the slots in the generator casing
relative to the protrusions of the rotating coding disc, one of the slits is always
overlapped by the projection of the disc, and after two remaining non-overlapped
slots, the working fluid enters the drain.

In the absence of a control signal (pressure impulse), the distributor is in the
left position under the influence of the supply pressure. When the control pressure
reaches the value of the corresponding trigger point, the distributor starts to move
from its extreme left position, and when the distributor is straining, the supply
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pressure acts on the entire area of the small end face and flips the distributor to the
right. The left end opens the pressure nozzle, and the right end closes the drain. The
working fluid for obtaining the control pulses for the hydraulic distributors with the
end distribution of the working fluid comes from the pump installation 1 through the
choke block 7 through the pipeline 6. The supply pressure to the input of each of the
hydraulic distributors is fed through an adjustable choke of the throttle block of the
pump installation 8, and then, depending on the position of the end hydraulic
distributors along one of the channels enter the working chambers of the stepping
hydraulic motors 9 and 15 of the billet drive in the longitudinal and transverse
directions.

The use of a hydraulic stepper drive in the construction of internal (shaping)
kinematic chains in the form of hydraulic connections in place of mechanical chains:

- provides structural homogeneity of internal kinematic chains for machines of
various technological purposes, in which, during operation, it is required to provide a
rigid functional connection between the tool and the workpiece.

- expands the possibilities of using a stepper hydraulic drive to perform
complex interlocking form-building movements in machine tools.

Fig. 1- Block diagram of a copy-milling machine with internal hydraulic connections
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Abstract

It is very important to inspect the appearance and occurence of the frame damage in a timely
manner. In this case, computer simulation uses a three-dimensional model of the frame and data on
the operational loads of the machine. Evaluation of the stress-strain state of the frame allows
determining the zones with loads close to the limiting ones. Further, the hazardous areas are
defective with the help of equipment. Detection of defects (cracks) at the initial stages of their
development is very important for a qualitative repair process.

Key words: cracks, defective, frame, strength, three-dimensional model.

Introduction

It 1s necessary to be able to determine the defects of frames received during
operation. A detailed examination of the sections of the frame for the purpose of
detecting defects is possible using computer simulation, taking into account the data
on the machine's operational loads. Having identified defects, it is possible to repair
the car frame in a timely and qualitative manner.

At present, it is rather difficult, and in some cases it is impossible to predict in
advance the appearance and development of the frame damage.

The purpose of this article is to localize and investigate the damage of sections
of frames using computer modeling.

After carrying out preparatory operations related to cleaning and external
inspection, which are offered for carrying out by known methods, the sections of the
frame that require more detailed study are determined (Defection is a detailed study
of the section of the frame for the purpose of revealing defects).

For this, a three-dimensional model of the structure (frame) and data on the
workload of the machine is used. The evaluation of the stressed-deformed state of the
frame is performed on its three-dimensional model; it is divided into spatial solid-
state finite elements (FE) in the form of tetrahedra with six degrees of freedom in
each node. The FE surfaces are modeled by polynomials based on parabolic
functions. The subdivision element has dimensions of 30-50 mm with decreasing
zones of stress concentrators. The element model includes 260409 finite elements.
The model takes into account the attachment of springs and casing, which are stress
concentrators, as well as the construction of the manipulator (Fig. 1).
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Fig. 1 - Elementary model of the car frame with a manipulator

For all structural load combinations, the frame was fixed in the zones of the
spring supports; the front wall restricts movement in the longitudinal direction
transverse to the longitudinal axis of the vehicle. The scheme for fixing the frame and
loads is shown in Fig. 2.

AN

Fig. 2 - Diagram of interaction forces of the frame with suspension and applied loads

Evaluation of the stress-strain state of the frame is performed when modeling
different operating modes: driving the car on uneven roads, turning the car with full
load, lifting and turning the boom of the hydraulic manipulator with static loads of
the car with the weight of the load (6.5 tons) and the full load of the boom of the
hydraulic manipulator. The results of the calculations can be presented graphically
and displayed as an array of data for the indicated points at any point in the frame
model.

The graphical result is displayed as another color of the surface of the frame
model. The color indicates a certain range of values of the investigated parameter. A
fragment of the calculation result using stress fields is shown in Fig. 3.
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~1,531e-5 Min

Fig. 3 - Stress state of the frame with a load of 65 kN on the body and 15 kN with full
coverage of the boom hydromanipulator

Simulation allowed the frame material to be divided into zones in accordance
with the level of internal stresses (Fig. 4): 1 - zones with a stress of 0.5-0.8 safety
factor, which occupy about 21% of the volume of the frame material; 2 - zones with
loads close to the limiting ones, and occupy about 12%, in which the probability of
occurrence of cracks is high. The remaining volume 3 of the frame material is lightly
loaded and practically unchanged.

The location and size of the zones depend on the operating conditions, circuitry
and intensity of loads on them.

= Zones with a voltage of 0,5 ... 0,8 of the safety factor

= Zones undergo loads close to the limiting

= Low loading capacity of frame material

Fig. 4 - Volumes of car frame material with different stress levels

Zones 1 and 2 are subject to more thorough elimination using additional
equipment. In zones 3 the frame material is practically not damaged, since it does not
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withstand critical loads, so, in our opinion, does not require deep elimination of
defects.

It 1s assumed that defects of certain areas of frames are performed by known
methods using optical, fluorescent, ultrasonic and other equipment.

The main defects of the frames are the curvature of the rays and transverse
rods, fatigue cracks, cracks around rivet holes, rupture strength rupture, corrosion and
others. The greatest danger is represented by cracks passing almost along the entire
section of the beam (frame) of the frame (Fig. 5).

Investigation of the appearance and development of cracks showed that they
arose from within the beam and developed in a transverse direction with the
appearance on the visible side.

——

") b)

Fig. 5 - Transverse cracks of bearing structures: a - trolleys, b - truck frames

As a consequence, it is very difficult to detect such cracks at the initial stages
of their development without performing examinations with the use of special
diagnostic equipment, and in some cases it is almost impossible.

Unlike longitudinal cracks, which can be eliminated by welding, lateral cracks
require the development of an individual technological process, taking into account
many factors and the stress-strain state of the entire structure, which will prevent re-
cracking.

The development of a high-quality technical repair process, the determination
of modes, the need to install amplification elements is impossible without
establishing the causes and conditions of destruction.

Conclusion

Computer simulation is a reliable way to timely detect frame defects and
eliminate them. Since the three-dimensional model of the frame allows for visusal
examination of the areas that are prone to defects.
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Methods and technologies for improving the quality of products are considered. Such
concepts as product quality, quality, annealing, hardening, and steel tempering are analyzed.

Key words: temper drawing, quality, annealing, full annealing, partial annealing, low-
temperature annealing, hardening, internal stresses in hardened steel.

An essential requirement for the successful development of the enterprise today
is the production of competitive products. The basis of competitiveness is the quality
of products.

Quality of products is the most important indicator of the company's activity.
What is the product quality? This concept is regulated by GOST 15 467-79 Quality
management of products. Basic concepts. Terms and Definitions. Quality is a set of
properties of products that determine its suitability to meet certain needs in
accordance with its purpose. [1]

Methods for ensuring the quality of products can be divided into two parts:
provision for technological preparation of production and provision for production.

Methods for ensuring the quality of products in the process of technological
production include:

I. Technological heredity.

2. Surface layer (Surface layer quality indicators, occurrence of roughness
in machining, Hardening of the surface layer of metal, Residual stresses).

3.  Ensuring reliability when choosing the methods of shaping.

4.  Ensuring reliability in the design of technological processes for

processing products (general methodology and design sequence; selection of
technological bases and preparation of the workpiece processing path; technical
control during processing of blanks; determination of allowances for processing and
construction of machining operations; documentation that fixes technological
developments).

The parts of the products, as a rule, have structural concentrators for stresses.
The concentration of tensile stresses leads to a strong decrease in the resistance of
parts to fatigue failure. In these cases, for example, thermal and chemical-thermal
hardening treatments allow a sharp change in the quality of the surface of parts and
provide the required operational properties (wear resistance, fatigue resistance, heat
resistance, etc.), so their application is not only effective, but in a number of cases,
the only possible means for improving the reliability of the work of the parts.
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Expansion of the field of thermal and chemical-thermal hardening surface treatments
became possible after the technology of surface hardening, carburizing, nitriding,
cyanidation was improved, as well as in the result of the development of new
processes of diffusion saturation of the material surface (aluminizing, diffusion
chrome plating, boriding, etc.). Wear resistance and corrosion resistance can
significantly increase when applied to work surfaces of metal and non-metallic
coatings with high performance properties.

One of the methods for ensuring the quality of products is heat treatment. The
main types of heat treatment changing the structure and properties of steel include
annealing, normalization, quenching, tempering and aging [2].

Let me describe some of the types of heat treatment.

Annealing is used to produce structures close to the equilibrium state. The
technology involves heating of steel to a predetermined temperature, holding it, and
then slow cooling. Annealing improves machinability and hardness of steel.
Annealing is used to remove internal stresses and reduce structural heterogeneity, and
increases ductility and viscosity as compared to the products obtained by casting,
forging and rolling. The following types of annealing are used: full, incomplete, low,
1sothermal, etc.

Full annealing is used for reducing hardness, removing stresses and improving
the structure of products after forging in case of improper heating. As a result, the
structure becomes fine-grained, providing high viscosity and ductility. Incomplete
annealing differs in that the steel is heated to a lower temperature. It is used for steels
that have been properly forged, in order to improve the machinability of cutting as a
result of the reduction in hardness and the ability for cold plastic deformation.

Low-temperature annealing is used to reduce hardness and remove internal
stresses. The product is heated to the appropriate temperature, kept to full heat, and
then cooled together with the furnace or air.

Hardening involves heating the steel to the appropriate temperatures, holding
for the completion of phase transformations and subsequent cooling at a speed higher
than the critical one. For carbon steels, cooling is carried out more often in water, and
for alloy steels it occurs in oil or in other media. Hardening is not the final operation
of heat treatment. To reduce the brittleness and stresses caused by quenching, and to
obtain the required mechanical properties, the steel is necessarily tempered after
hardening.

Tool steel is mainly hardened to increase hardness, wear resistance and
strength. As for the structural steel, it is tempered for increasing the strength and
hardness, obtaining a sufficiently high ductility and viscosity and getting a high wear
resistance for a number of parts.

The methods of hardening are as follows: full, incomplete, isothermal, etc. The
methods of hardening are distinguished by the conditions of heating and cooling of
steel. The choice of method depends on the composition of the steel, the required
properties and the complexity of the products.
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Internal stresses in hardened steel arise due to uneven cooling of the surface
and core of the product these stresses are called thermal an increasing in the volume
and inhomogeneity of martensitic transformation in the volume of the product. The
stresses caused by these transformations are called structural (or phase).

Hardened steel tempering. The release of the product consists in heating the
hardened steel to a temperature below the critical degree, holding at a given
temperature and then cooling at a certain rate. Tempering is the final operation of
heat treatment, as a result of which steel acquires the required mechanical properties.
In addition, tempering completely or partially eliminates the internal stresses arising
during quenching. These stresses are eliminated completely at a high tempering
temperature. The cooling rate after tempering also has a large effect on the residual
stresses. The slower the cooling, the lower the residual stresses are. Cooling after
tempering in the air gives stresses on the surface 7 times lower and cooling in oil is
2.5 times lower compared to the stresses when cooling in water. For this reason,
products of complex shape should be cooled slowly to avoid their war page after
tempering at high temperatures. The main influence on the properties of steel is the
temperature of hardening.
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Abstract

The article considers the probability of increasing the properties of control programs by
making corrections to them in the technological stage of processing programming. A specific
feature of such an adaptive control system is the correction of the actuators of the executive
working parts of the machine according to the current information on the controlled processes and
the values of processing parameters.

Key words: automatic process control, adaptive control, productivity increase, CNC
machine.

The technological stage of programming of parts machining on a CNC
machine often consists of several operations. Any operation of the program code is
part of the technological process, including one or more installations. The machine in
turn consists of transitions of parts of operations that have a constant surface to be
machined, a cutting tool and the operating mode of the machine. The trajectory of the
tool is referred to as the stage traversed by the center of the tool with its relative
displacement. [1] Selection of cutting modes is very important to increase the
properties of control programs and, therefore, the efficiency of production in general.
Up to 50 percent of all errors during machining are errors due to incorrect distribution
of cutting modes. Optimization of cutting modes by calculation is a difficult task due
to the low accuracy of the experimental dependences, unintended deviations in the
cutting ability, the difficulty of adjusting during the operation of the machine with
numerical program control.

Taking into account the factors affecting the increase in the productivity of
machining of parts on CNC machines, cutting modes in the production of program
code should be arranged on the basis of the selection of the maximum possible
cutting depth, the maximum possible feed rate, cutting speed, and optimum tool
stability. Here the limitation in the selection of the cutting depth is the value of the
machining allowance set in the program, and when the feed rate is selected, the
roughness of the treated surface and the amount of cutting force [2]. The cutting force
in turn affects the accuracy of machining, the strength of the tool moving system, and
the vibration resistance of the tool.

When selecting the cutting modes for CNC machines, it is important to
consider the following features of the numerical control software: a noticeable
lengthening of the machining cycles due to the concentration of operations, the
presence of automatic tool change, the probability of adjusting the dimensional wear
of the tool, the inevitability of averaging the cutting regime, the probability of
reducing the optimum tool life.
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The production of more accurate control programs using additional parameters
allows using precise methods of calculation of cutting modes, covering the complex
interconnectedness of technological requirements and constraints.

In order to avoid errors and programming shortcomings, it is sometimes worth
using the correction devices that the machine is equipped with [3]. However, a
significant improvement and increase in processing efficiency will be the acquisition
of greater accuracy by making appropriate changes to the program code of the control
program. The program needs to be corrected for the trajectory, which compensates
for wear and guarantees the required accuracy.

The CNC machine has all the features for increasing processing modes even at
the technological stage of programming. Of course, to increase the quality of the
control programs, the high power of the main drive, high rigidity of construction,
high vibration resistance will suffice. The machine time on CNC machines can be
reduced by 20-30 percent, while the lowest cost price or the highest processing
capacity is taken as the criterion of optimality, the measure of optimality is described
as an evaluation function of the parameters of cutting conditions.
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Abstract

This article deals with dangerous and harmful production factors arising from the operation
of the technological system for the production of red 2C pigment and their effect on the health of
workers. Methods for improving the safety and reliability of operation of technological equipment
are proposed, and measures are described to prevent personnel from receiving occupational injuries,
poisoning and diseases associated with the action of chemicals.

Key words: chemical industry, harmful and dangerous production factors, technological
process, labor protection.

Great attention is given the issues of labor protection in various branches of
human activity. Ensuring human security in the performance of job duties is a priority
and is particularly acute in the chemical industry. The complexity of the process, the
use of toxic and hazardous substances in production lead to the fact that the price of
the error will be too great, and in addition to material damage of the organization, the
harm will also be inflicted on the environment, and in the worst case scenario,
people's lives and health will be endangered .

In accordance with the legislation of the Russian Federation and international
standards, it is necessary to regularly identify hazards, assess risks and to take
measures to reduce the level of risks, and develop, based on the results of monitoring
working conditions, measures to prevent or reduce the impact of hazardous and
harmful production factors on personnel.

In this regard, relevant studies are aimed at studying the causes of various
emergencies in the production and development of measures to prevent them, as well
as ensuring the safety of people in the performance of their duties.

We are faced with the goal of identifying hazardous production factors,
proposing measures to protect personnel from their impact and developing
recommendations for improving the safety of operation of process equipment.

At PJSC Pigment, production of red 2C pigment involves many hazardous and
harmful production factors, such as [3]:

1. chemical burns caused by hydrochloric acid splashed on open parts of the
body, as well as its vapors into the body; exposure to corrosive chemicals such as
sodium hydroxide, a solution of a diazo compound, a solution of sodium salts without
personal protective equipment;
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2. acute poisoning with hydrogen chloride, nitrogen oxides due to exceeding
their allowable concentration in the air of the working area due to violations during
operation of the technological system or equipment malfunction;

3. thermal burns caused by contact between heated surfaces and damaged
thermal insulation, steam, hot water in case of depressurization of equipment and
pipelines and improper personal protective equipment;

4. electric shock during the operation of faulty electrical equipment, earthing
devices, violation of insulation of electrical wiring;

5. Mechanical injuries cuased by violation of the equipment operation rules,
lack of protective covers on the rotating parts, defective guards, and injuries due to
falling from a height.

To avoid getting the described injuries by the personnel, it is recommended to
follow the following rules of technological process:

- to use personal protective equipment consisting of tightly buttoned clothing,
safety shoes, gloves, goggles, and a gas mask with a LFB box, which must be used in
conditions of gas contamination of the room;

- to know and comply with the requirements of the process;

- to monitor the condition of the process equipment and do not use it if you
know about its malfunctions;

- to monitor the integrity of the ground loop and do not start work if it is known
of its damage;

- to conduct the technological process using a good ventilation system (both
local and general) and use it constantly;

- to use effective protective guards for moving and rotating parts of process
equipment;

- to have all the aisles fre of clutter, to have high-altitude platforms equipped
with fences, handrails, if necessary to use safety ropes.

As additional measures, one can offer:

- to have the production process automated, allowing for remote control of
technological process;

- to recruit qualified personnel and periodically carry out its retraining;

- to monitor the MPC of harmful substances in the air of the working area and
monitor the health of ventilation devices;

- to conduct timely equipment modernization;

- to use thermal insulation coatings on pipelines, boilers, dryers.

In the production under consideration, emergency situations related to the
depressurization of process equipment and pipelines at the joints of welded seams can
occur. To reduce these risks, it is necessary to check and ensure the integrity and
tightness of equipment and pipelines.

When operating the technological process of production of red 2C pigment, the
release of hydrochloric acid vapors from the diazotization apparatus during the
draining-filling operations can occur. Hydrogen chloride vapor presents a serious
danger to humans, as they lead to severe chemical burns and cause poisoning.
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Contact with the skin leads to tissue necrosis at the place of contact, getting inside
through the respiratory tract causes burns of the mouth, bloody cough and
suffocation. The reason for the occurrence of such a scenario is insufficient tightness
of technological equipment. Leakage of a toxic substance is most likely to occur
through the gap between the agitator shaft and the body of the apparatus due to the
insufficient efficiency of the active seal. To exclude this scenario, it is recommended
to use a seal of the original design, which ensures greater tightness.

According to the results of the analysis, the double mechanical seal
manufactured under RU 2305810 provides the necessary tightness and its use is
economically viable, and therefore recommended for installation.

In this model, the rotation of the shaft through the cage and the leash is
transferred to the movable friction rings. Springs movable friction rings are held in
place and pressed each to their stationary friction ring, preventing leakage through the
mechanical seal. Leaks along the surface of the shaft are prevented by secondary
elastic seals, which are pressed against the shaft and movable friction rings by springs
through the pressure washers [1].

Such a design makes it possible to obtain greater reliability with simplicity of
manufacture in comparison with currently used models. This seal is fixed to the shaft
with a pin connection, which facilitates installation and allows for its replacement,
and also allows the installation of a seal of similar design on the shaft.

Thus, to prevent the leakage of hydrogen chloride vapor from the diazotization
unit, it is recommended to install a double mechanical seal of the described
construction.

The implementation of the described measures will reduce the risk of
emergencies and protect personnel from chemical and thermal burns.
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AHHOTAIUA

B crartbe paccMOTpEHBI OMACHBIC M BPEIHBIC MPOU3BOJICTBEHHBIC (PAKTOPBI, BOSHUKAIOIIHEC
MIPU 3KCIUTYaTallMM TEXHOJIOTMYECKOW CXEMbI MPOU3BOJACTBA NMUIMeHTa aoro 2C U UX BIMSHUS Ha
3I0pOBbE pabOTHUKOB. [IpenokeHbl CHOCOOBI TOBBINICHUS OC30MACHOCTH W HAJCKHOCTH
IKCIUTyaTallud TEXHOJIOTHYECKOTo O0OpYIOBaHMs, OMUCAHBI MEPONPUATHS MO MPEAOTBPAILICHHUIO
MOJTyYCHHUSI TIEPCOHATIOM TPO(ECCUOHATBHBIX TPAaBM, OTPABJICHUN W 3a00JICBAaHUH, CBA3aHHBIX C
JEHCTBUEM XMMHUYECKHUX BEILIECTB.

KuroueBble cjioBa: BpeiHbICE M OIMACHBIC MPOU3BOJICTBEHHBIC (PAKTOPHI, OXpaHa Tpyha,
TEXHOJIOTMUECKUH MPOLECC, XUMUYECKask TPOMBILIIEHHOCTD.
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Abstract

One of the main qualities of the car along with rapid acceleration is the effective braking.
This possibility depends largely on the quality of the brake pads.

Key words: defective, strength, brake, abrasion, brake pads.

Introduction

Intense increase in the density and speed of vehicles, increasing need for
security of its members, and the consequent tightening of national and international
technical norms, standards and recommendations for braking systems cause the need
for continuous improvement and optimization of vehicle braking. Significant
progress has been made recently to improve the ergonomic parameters of the brake
system while enhancing the quality of the braking process.

Brake pads — it is just those elements which exert the braking action (Fig. 1).
Depending on the type of brake mechanism, they are of two types: disc and drum.
Any pad regardless of the form has similar structure. They consist of a metal frame
and attached to it an inhibiting layer made of the friction of the metal.

Fig. 1 - brake pads: 1 - metal base, 2 - pad
In challenging the composition of the inhibiting layer can include more than

several dozen components. Because of this layer depends on the braking efficiency,
many companies are kept classified as "top secret" ingredients of the composition
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n. In most cases, the friction layer is made of organic and mineral fibers,
synthetic rubber, various resins and various chemical additives.

Friction mix for brake pads can be divided into asbestos and without asbestos.
Asbestos, used as a reinforcing material is inexpensive and quite traditional version,
which is used for the manufacture of conventional brake pads. No asbestos brake
pads — this is the next stage of technology development. There in as a reinforcing
material use steel wool, copper or brass shavings or plastic materials.

From the beginning of development of mechanical vehicles started the race,
continuing for two centuries — the race for high speeds. Along with this the race the
designers were faced with equally important task — to force the car to stop when it
wants the driver.

It is clear that for realization of this task, and was created by brake system.
Although the first devices designed to stop vehicles, the system could be called a
stretch. The first attempt to create a brake system can be considered a wedge, which
is inserted between rim wheel carts and case carts (Fig. 2). It was very effective,
because they present the effect of the self — rotating wheel, as it were pulled in by
the wedge, thereby increasing a friction force between the wedge and the wheel.
However, it is clear that the scope of such brakes was limited to horse-drawn carts
and apply it in zambelich carts is impossible. To exit from a situation the designers
had decided to use the car belt brakes. This system can be considered as the prototype
of the modern brake systems: stationary leather strap, which played the role of brake
friction tape, applied so far in special vehicles and tractors, when activating the brake
system, tightened around the rotating pulley or drum (depending on design), thus
stopping wheel rotation. At speeds of movement of the time, the effectiveness of the
system was enough, but was too small a resource.

Fig. 2 - The first brake system

Gradually the braking system was improved (Fig. 3). But some radical changes
were until then not yet invented the drum brake which has become "trendsetters" for
many years. Undeniable advantages, such as high efficiency and long lifetime,
literally forced designers around the world to apply the same system in cars. This
situation lasted until the Second World War provoked a sharp pace of development

and technological progress, mainly related to the military industry. Heavy-duty
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equipment demanded higher margin of safety and power for all vehicle systems,
including braking. And thanks to Spartan conditions, were identified the most
significant drawback of the drum brake overheating when the load increases, and as a
consequence loss in efficiency.

sCrew

The brake chisld

Working brake cyfinder

The latch

Support Desk brake The Parking brake lever

pads, Upper return spring

Flange nut

Front brake pad
Spring controller

Lower recaoil

Brake drum

Fig. 3 - Modern brake drum

Drum brakes have several advantages and disadvantages.

1. The braking distance is 20% more than disc brakes.

2. As the system is closed, the products of wear (friction dust) remains in and
affects the grip, getting on the friction surface.

3. Due to the large contact area between the pads and the drum, it is not stable,
as well as deceleration.

4. The pads in drum brakes work "outside", so too much pressure in the
cylinders can simply "break" the drum.

5. Temperature during emergency braking can reach 500 degrees, and since the
system is closed, and not cooling down properly.

With so many disadvantages, have their advantages, thanks to which drum
brakes are still in demand.

1. Design is protected against ingress of dust and dirt.

2. A closed system allows you to make the friction area even more by
increasing the diameter and width of drum.

3. Because of the worst clutch pads wear out less.

4. Also the disadvantages include the complex structure of the brake unit. Not
everyone will be able to disassemble the unit to replace.

There is an opinion that drum brakes are cheaper, and they need to be changed
less frequently. But as shown by car manufacturers on selected models drum brakes
cost more than vice versa. Although when you consider their lifespan, the investment
1s justified.
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Basically drum brakes are put on trucks and buses. And also put on a
"subcompact", where expensive equipment is not advisable to use. Most often on cars
at the front axle are disc brakes and rear drum.

But progress does not stand still. With the development of engineering and
increased speed of movement, therefore, there is a need in effective braking system.
So there were disc brakes.

Conclusion

Combined brake system does not allow to force organically inherent
shortcomings in effectively using the rear brake mechanisms for the transformation
and dissipation of the kinetic energy of decelerating the vehicle when the service
brake applications and challenges effective use of regulators of brake forces. This
leads to the fact that up to 90% of the kinetic energy of the car when service braking
1s dissipated exclusively front disc brakes, what is the cause of their high loading.

Rear brakes, even when driving in difficult conditions, remain virtually "cold".

References
1. Avtomobili Sovetskogo Sojuza [Cars of the Soviet Union]. Directory-the directory, part 7,
brakes. M.: Scientific research Institute of information on the automotive industry, 1973, 83 p.
(Rus).
2. Bukharin, N. A., Prozorov V. S., Schukin M. M. Legkovye avtomobili [Cars]. M.-L.:
Engineering, 1965, 484 p. (Rus).
3. Mashchenko A. F. Tormoznaja sistema avtomobilja [Brake system of the vehicle]. M.:
"Higherschool", 1972, 136 p. (Rus).

OITPEAEJIEHUE KOHCTPYKTUBHBIX IIAPAMETPOB
ABTOMOBUWJ/IBHBIX BAPABAHHBIX TOPMO30B

B.A. Capblues
Tam6oBckwii ['ocynapctBennslii Texuuueckuit Y HuBepcutet, Tam0oB, Poccust
e-mail: svqwertyO@mail.ru

AHHOTANUA

OpHMM #3 TJIABHBIX KA4eCTB aBTOMOOWIIS, HapaBHE C OBICTPHIM pPAa3TOHOM, SIBIISETCS
3¢ pexTHBHOE TOPMOXKEHHE. ITa BO3MOKHOCTH 3aBHCHUT BO MHOTOM OT KadeCTBa TOPMO3HBIX
KOJIOJZIOK.

KuaroueBblie ciioBa: 1edeKT, MPOYHOCTH, TOPMO3a, U3HOC, TOPMO3HBIC KOJIOIKH.

The World of Science without Borders |96



YK 608.3

BBK: 39.353
TECHNICAL DIAGNOSTICS TOOLS
K.A. Sergienko
Tambov State Technical University, Tambov, Russia
e-mail: kir7073@yandex.ru
Abstract

This article refers to the systems of diagnostics, their structure and functions, and principle
of operation.

Key words: compressor, motortester, uniflow gas compression, KI-4887-1 flowmeter, TO
69 device.

The system of technical diagnostics is a set of tools prepared for diagnostics
and implementation of regulations established by appropriate documentation.

The most frequently used tools in the practice of diagnostics of uniflow gas
compression in the engine include the means to assess the integrity of over-piston
space: compression gauge, compressor, a device that measures the leakage of
compressed air from the cylinders and motortester. Diagnostics according to the
maximum pressure of the compression stroke (compression) is carried out using
compresor or compression gauge (Fig.1.1). Compressor allows recording the
measurement results by a graphical display of compression values using special plug-
in cards. The compression gauge is a pressure gauge with a check valve. It allows
measuring the end pressure and to some extent the dynamics of pressure rise for
several revolutions of the crankshaft. The numerical values of each cylinder pressure
are compared agaisnt each other. The discrepancy in measurements should not
exceed 10 %.

Fig. 1.1 - Devices to measure compression in the cylinder:
compressor (a),; the compression gauge model 179 (b); 1 — housing, 2 — pressure gauge, 3 —
tube; 4 — rubber tip,; 5 — spool

Factors affecting the value of the measured pressure are engine temperature
and the crankshaft revolutions. When the temperature in the engine parts are
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expanding, improving, thus, the seal in the joints. When the engine is hot the oil has
less resistance to rotation. The speed of the crankshaft greatly influence on the
magnitude of compression. Because, in the process of diagnosing engine crankshaft
scroll using the starter, then during the consecutive measurements it is difficult to
provide the engine with the same number of revolutions. Instant speed depends on the
friction losses, the state of the battery, the starter. Flames O. indicates that the factors
temperature and engine speed must be considered, and ideally to correctly interpolate.
The method of measuring the pressure in the cylinder with compression gauge and
compressor is widely used for maintenance and repair of engines. The advantage of
this method is its simplicity, speed of work and low cost measuring instruments. A
significant disadvantage of this method of diagnosis using the compression gauge or
compresor is the measurement uncertainty and ambiguity in diagnosis. Primarily this
i1s because compression depends on the state of CPG, and on the tightness of the
valves, so the results obtained need to differentiate. The main disadvantage of this
method is low sensitivity to structural changes CPG. Even with significant wear the
compression varies by only 10-15 %, while depreciation, which is accompanied by
ingress of oil into the cylinder, compression increases. Dankovtsev V. T. in his work
indicates that the most accurately you can determine the state of CPG on the changes
of compression. However, the existing devices are practically not suitable for
determining the change in compression depending on the state of CPG. This is
because they are by design sensitive to pulsations of pressure and allow you to
measure it with accuracy 0,5 - 1,5 *105 PA, while the pressure end of compression
stroke depending on the wear of cylinder-piston group is changing slightly to 1 - 1,5
*105 PA. Most quickly and effectively test the values of compression allow modern
motortester. In this case, the measurement of the amplitude of the pulsations of the
current is consumed by the starter when scrolling the crankshaft. The most expensive
and modern motortester capable of measuring the absolute value of the peak current
on each cylinder, and compare them with the actual pressure (Fig.1.2).

v,I,p

Fig. 1.2 - Motortester and measurements. I-IV — numbers of cylinders,
14 and UA, respectively the current and the voltage in the starter circuit,
EGS — cylinder pressures; EA — electromotive force of the battery

The advantage of this means of testing is quick and simultaneous pressure
measurement in all cylinders within 10-15 seconds, no need of twisting the candle,
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which is especially useful in the diagnosis of multi-cylinder engines. Motortester as a
compression gauge to determine the reason causing the pressure drops in the cylinder.
The reason could be either in the tightness of the valves, or malfunction of CPG. The
above-mentioned disadvantages of measuring compression are more manifest in the
diagnosis of petrol engines. For assessing the technical state of cylinder-piston group
and valve mechanism common method, based on the relative air leakage through the
gaps, the value of which depends on the degree of deterioration of mates. The relative
air leakage through the gaps is measured by the device model K-69 designed for car
engines with a bore of 50-130 mm (Fig. 1.3).

7 & ,;ﬁ: 4 3 2 1

Fig. 1.3 - Diagram of the device TO 69: 1 — pressure gauge, 2 and 4 gauge holes, 3 — air
chamber,; 5 — adjusting needle; 6 — safety valve; 7 — pressure reducer; 8 — collector; 9 — the valve of
measurement of leaks; 10 — inlet fitting, 11 — the valve listening for leaks; 12 — non-return valve; 13

—tip

The relative amount of air leakage is determined on a scale of a manometer,
graded in percent. The maximum pressure corresponding to the full containment of
the cylinder is taken as zero and the total leakage from the cylinder 100%. The more
gaps in the coupling of the piston-ring-cylinder, the greater the percentage of relative
air leak will show the needle. Measurements are made on a pre-warmed engine when
the piston is at TDC, and then when the piston is at bottom dead center (BDC). If
there is a difference between the values of the relative air leakage when the piston is
at TDC and BDC longer valid values, the CPG needs to be repaired. Air leakage
through leakage is determined by the meter or by ear. The ability to separate the
definition of a technical condition of details of CPG distinguishes this method from
others. Full engine control device is necessary to spend 20 min., and, as shows
experience of many researchers, the results are not always reliable enough and does
not exceed 50 %. Thus, the definition of the wear of piston rings this way is difficult.
The compressed air presses the ring to the lower edge of the piston groove, and the
mirror cylinder, which makes it impossible to establish a reliable dependence
between the wear and the rate of air leakage. In addition, this method requires
additional equipment and skills for measuring quantities and determining the location
of an air leak. Also, a significant disadvantage of conducting such measurements is
that the engine is in a static state, the details of which CPG is a random position
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relative to each other. The probability of error of the measurements due to the lack of
dynamic development processes is appropriate to the working condition of the
engine. The following informative is the method of diagnosis according to the
breakthrough gases in the crankcase. The amount of breakthrough gases into the
crankcase depends on the wear CPG of an engine and corresponds to the mileage of
the car. In case of faulty CPG, the gas pressure in the crankcase is increased to 80-
160 mm Hg.St. To measure the pressure in the crankcase the pressure gauge should
be used. When measuring the pressure or amount of gas burst through the engine
crankcase needs to be sealed. The volume of intruding gases is measured by gas
meter or flow meter. Gas meters have significant accuracy, for example, GKF to 10-
20%. A more accurate device for measuring breakthrough gases in the crankcase is a
flowmeter KI-4887-1 (Fig. 1.4).
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Fig. 1.4 - Diagram of the flowmeter KI-4887-1: 1 — channel suction gas from the
crankcase; 2 — input the throttle for adjusting the pressure in the crankcase; 3 — the liquid pressure
gauge, fixing the lack in the crankcase of excess pressure; 4 — tube piezoscanner to measure
breakthrough gases on the opening value of the output inductor; 5 — closed throttle

Conclusion

The disadvantage of this type of means of CPG diagnosing is the inability to
locate the fault in the cylinders. Thus, as practice shows maintenance and repair of
automobile engines, the existing means of diagnosing, assessing the tightness of the
combustion chamber, do not allow quickly, precisely and unambiguously determine
the nature of the problem CPG, to locate the fault and establish why. The nature of
diagnostic decision is largely determined by the experience of the operator and is
subjective.
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Abstract

The article presents the possibilities of improving road safety by analyzing the ABS system and
identifying the positive factors and disadvantages. Giving the conclusion of the feasibility of using
this system, the ABS provides optimum braking (shortest stopping distance) of the vehicle with
preventing the wheels from locking. In modern cars the ABS is a complex system, which typically
includes: a system, controlling the stability and a traction system. The ABS, in any case prevents
the wheels from locking, and ensures control over the course of the movement, but in some cases it
cannot guarantee shorter braking distances. This applies particularly to the normal road surface — to
the dry road covering when the braking distance can be longer than the cars without this system.

Key words: road safety, traffic accidents, the ABS system, the braking distance.

Introduction

The situation of traffic safety on the roads of the Russian Federation for the traffic
police was improved but not much. In the Russian Federation a decline was marked
in the main indicators of accidents during all 12 months in 2016. The number of road
traffic accidents (RTAs) decreased by 10306, the number of fatalities and injuries —
by 2806 — 10057. However, the level of accidents in the country remains high — one
in nine accidents was fatal. The severity of the accident, despite the decline compared
to the same period last year (SPLY), made up of 8 dead against 100 injured. The
number of traffic deaths increased in 15 regions. The largest growth occurred in
Sevastopol city (+55.1 per cent), Kamchatka Region (+23,2%) and Tyumen region
(+15.8 per cent). The main causes of accidents are the growth of the car fleet and its
simultaneous aging as well as a decline in the culture of drivers, thus it is necessary to
introduce more new technologies to ensure the safest driving.

Modern vehicles have high tractive and dynamic characteristics, which places
high demands on the qualification of the drivers.

Among the devices that automate the management, the most widely anti-lock
braking system (the ABS) to brake the actuator. The ABS controls the brakes during
emergency braking, preventing the wheels from locking and, consequently,
uncontrolled slipping of the vehicle. Numerous studies and experience of operating
vehicles showed a significant increase in the level of active safety when the ABS is
installed on the car. Currently, the ABS is standard inthe most long-haul tractors,
buses, cars, middle and small classes.
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Methods

The device of the ABS system is relatively simple. The basis for the work is taken
with two measures of speed: the wheel speed and vehicle speed.

It 1s noticed that the maximum traction wheels with the road surface (in case of
dry or wet asphalt, wet pavement or packed snow) is achieved by some, but rather 15-
30 percent relative slippage. Only this slippage is acceptable and desirable, which is
provided with the configuration elements of the system. What kind of elements?
First, note that the ABS works by creating pressure pulses in the brake fluid that is
transferred to the wheels. In the guidance of the instructor executes instead of a man
for electronics and actuators, making it in the best possible way. In all the existing
cars the ABS includes three main components: sensors on wheels and registered the
speed of their rotation, the electronic data processing unit and a modulator or even the
power modulators, which change cyclically the pressure in the brake lines.

Triggered on/off of the ABS system is automatically up to 30 times per second.
Therefore, during the operation of the ABS system, the driver feels a slight runout on
the brake pedal. Thus, the ABS System maintains a proper and efficient grip of car
wheels and the road surface. And it already provides the ability to control the
behavior of the machine in certain situations. The advantages of emergency braking
with the use of anti-lock braking system are as follows: due to the use of the ABS the
braking efficiencyincreases, the stopping distance is reduced by 15%, providing a
better maneuverability on a slippery road surface and handling in case of emergency
braking. An additional advantage is uniform and less tyre wear, which is 6% less.

Certainly, any electronic ABS system is not without drawbacks: the main
drawback of the ABS is its behavior in a loose soil, namely sand, snow, or gravel. On
such surfaces the braking distance increases and the minimum stopping distance is
achieved by locking the wheels. This process occurs due to the accumulation in front
of the wheel wedge, which shortens the braking distance. For modern cars this
drawback is eliminated, this is achieved by defining the surface on which the
inhibition, and the selection of the best algorithm for braking.

Conclusion

We studied design vehicles with the ABS and without it, from the point of view
of road safety. The existence of such a systemadditionally insures the driver from
force majeure on the roads. It independently assesses the strength of the sliding
blocks by itself and releases the wheel in the desired time. These transitions will be
eveninvisible to the driver since everything is done automatically and it takes only
some shares of a second. In my opinion, the ABS system will be useful for beginners
who find it difficult to comprehend the moment of failure of the wheels in the lock. It
allows them to press on the brake pedal, not thinking about the drifts, and keep the
possibility of making a smooth maneuver. Let’s note that the main components of
security continue to remain the driver’s experience and skills, his ability to make
decisions quickly, assess the situation on the road, and readiness for unforeseen
situations.

The World of Science without Borders |103



References
1. Kovalenko O. L. Jelektronnye sistemy avtomobilej: uchebnoe posobie [Electronic
systems: study guide]. SEV. (Arctic.) Feder. Univ they. M. V. Lomonosov. Arkhangelsk: CPI
NARFU, 2013, p.80 (Rus).
2. Tehnicheskij reglament o bezopasnosti kolesnyh transportnyh sredstv [Technical
regulation on safety of wheeled vehicles]. Approved by the RF Government decree Ne720 of 10
September 2009 (Rus).
3. Pat. NO. 2271284 OF THE RUSSIAN FEDERATION, IPC B60K. Antiblokirovochnaja
sistema avtotransportnyh sredstv [Anti-lock braking system of motor vehicles]. (Rus).
2. Dorozhno-transportnaja avarijnost' v Rossijskoj Federacii za 12 mesjacev 2016 goda

[Road traffic accidents in the Russian Federation during 12 months in 2016. Information-analytical
review]. — M.: of PKU SIC BJJ Ministry of internal Affairs of Russia, 2017, p.18(Rus).

BJIMSAHUE CUCTEMbBI ABC HA BE3OITACHOCTbB JOPOKHOI'O
ABUXKXEHUA ABTOMOBNJIA

A. A. T'angobun, A. A. JlaBpeH4eHKO
TamOoBCKHUIl TOCYIapCTBEHHBIN TeXHUYECKUI yHUBepcHuTeT, Tam00B, Poccus
e-mail: galdobin.aleksey@mail.ru

AHHOTAIUSA

CraTbsi MOCBAIIEHA MCCIEIOBAaHUIO BO3MOXKHOCTEH YIydIlIeHus: 0€30MacHOCTH JOPOKHOTO
NBIDKEHUS 3a cueT aHanm3a cucteMbl ABC, BBISIBIICHUS TOJMOXKUTEIBHBIX (DaKTOPOB U HEIOCTATKOB.
[IpuBoguTCS BBIBOA O I€I€COOOPA3HOCTH HCIONb30BaHUsA AaHHOM cucteMbl. Cucrema ABC
o0ecreunBaeT ONTUMAIBHOE TOPMOXKEHHE (HAUMEHBIIMA TOPMO3HOH ITyTh) aBTOMOOWIIS TIpH
MIOMOIIH TpefoTBpalieHus OnokupoBku koiec. Ha coBpemennbix aBro ABC mpencrasiser co0oit
CIOXHYIO CHCTEMY, B COCTaB KOTOPOW, KaK MPAaBWJIO, BKIIOYEHBI: CHUCTEMA, KOHTPOJIUPYIOIIAS
yCTOMYMBOCTh, MPOTUBOOyKcOoBouHast cuctema. ABC B mo0OoMm ciydae mpenoTBpamiaet
OJIOKUpPOBAHUE KOJIEC, a TaKKe 00ecrneuyrnBaeT KOHTPOJIb HaJ KypcOM JIBHXKEHMS, HO B HEKOTOPBIX
CIIy4asiX OHa He MOXKET TapaHTHPOBATh YMEHbIIIEHUE TOPMO3HOTO MyTH. OCOOEHHO 3TO OTHOCUTCS K
HOPMAJIbHOMY JIOPOYKHOMY MOKPBITHIO - UMEHHO Ha CYXOM MOKPBITUH TOPMO3HOM ITyTh MOXKET OBITh
OOJBIINM, HEXKEH Yy aBTO 0€3 TaHHOM CUCTEMBI.

KuroueBsble ciioBa: 6e3omnacHoctu gopoxHoro nemwkenus, ITII, cucrema ABC, TopMo3HOiA
My Th.

The World of Science without Borders | 104



VJIK 656.1
BBK 39.33

THE ANALYSIS OF THE PROBLEM OF CARGO TRANSPORTATION

I. R. Laukhin
Tambov State Technical University, Tambov, Russia
e-mail: layxin96@gmail.com

Abstract

In this paper, the problem of packing cargo in a vehicle is analyzed. The main types of vehicles
are described. The limitations that arise during loading are considered. Optimization methods that
are used to solve similar problems are analyzed.

Key words: cargo packages, optimization methods, vehicles, restrictions.

Introduction

Optimization is an important stage in improving production processes, for
example, loading goods into a vehicle. The main problem is to fit the cargo. The
cargo should take up as little space as possible. We are faced with the problem of
optimal packaging. It is called the 3-dimensional problem of the backpack. The
optimal solution reduces the cost of transportation in the vehicle, because the cargo is
distributed more compactly.

Subject area analysis

The choice of transport is important for transportation. Transport is divided into
six types. Each type of transport has its own features, advantages and disadvantages.
Let's consider each of them in detail.

A popular way to deliver goods is by road. This is due to many factors. Road
transport ensures the efficiency and dynamism of transportation. The market is
provided by a large number of automobile carriers. This provides competition
between them. This method of transportation has disadvantages. If the path increases,
then the cost of transportation increases. Road conditions are the second
disadvantage. Road transport has not a large carrying capacity.

Railway transport provides transportation practically in any weather conditions. It
has a low freight price. But rail transport has a big drawback. Limitation is
superimposed on two aspects. The number of carrier companies is limited. A small
number of stations require additional transportation.

Air transport ensures fast delivery. Delivery is provided anywhere in the world.
Air transport has a high cost. The restriction is imposed on the number of airports and
additional transportation from the airport.

Sea transport is considered the cheapest. It provides high load capacity. Sea
transport is designed for the transport of goods over long distances. Long delivery
time is its main drawback. It depends on geographical conditions and the degree of
infrastructure development.

River transport has the same advantages and disadvantages. It is used sometimes
as sea transport.
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Constraints arise when considering the layout problem. Limitations are the
orientation of the boxes, stability, density, weight distribution, the maximum weight
of the container.

Stability of packaging is an important condition of the task. It manifests itself in
practice. Unstable packaging can damage the cargo. Stability of loads during loading
is important. The cargo is fixed with straps for stability. The empty space is filled
with cushioning material. This increases the stability and cost of transportation. The
best stability is to fill the container. The box is located entirely on a flat surface.

Boxes will lie on top of each other. This laying constraint implies their bearing
capacity. Each box should have the maximum weight that it can withstand. This will
depend on the orientation of the box. Sometimes the bearing capacity of the box is
provided by its side walls. Therefore identical boxes are packed on top. Heavy boxes
have height restrictions.

Weight of goods and distribution on the container are restrictions when loading
into a container. Weight should be distributed along the container. The centre of
gravity of the container must coincide with its geometric centre. Additional
restrictions apply when loading land vehicles. Weight loads are taken into account on
the vehicle axis.

All restrictions affect the packaging of the container. They must be combined in a
method. The method will solve the set assembly problem.

The choice of the algorithm is an important stage for the solution. The layout task
will be implemented on its basis. Tasks use optimization methods. They are divided
into exact and approximate. Algorithms for brute force, branches and boundaries,
dynamic programming are exact methods. Greedy and genetic algorithms refer to
approximate methods. We will consider some of these methods.

The method of simple search is the most trivial. It takes a long time to solve the
problem. The method goes through all possible solutions. A simple search works with
a small number of objects.

The branch-and-bound method is an improved method of enumeration. It cuts off
the wrong layout options. Clipping occurs when the container is reloaded. The branch
will not be considered.

The genetic algorithm is the most extraordinary. The essence of the algorithm
refers to natural selection. The cargo is supposed to be an individual. The essence of
the algorithm is as follows. We create the initial population. Next, calculate the utility
coefficient for each individual. Two individuals are selected for crossing. The
operation is repeated five times. Individuals appear from each crossing. All the
children are sorted. Mutations occur in random individuals. Individuals receive a
utility coefficient. The basis for the new population will be the first ten individuals.

Conclusion

The article considers the main aspects of loading: the description of types of
vehicles,consideration of loading restrictions, analysis of optimization methods.
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Reasons and conditions causing road accidents are considered and measures aimed at the
reduction of accidents and their consequences are suggested.
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Introduction

Providing professional reliability of drivers is one of the most important activities
of enterprises, organizations and individual entrepreneurs involved in the
transportation of passengers and cargo. According to the traffic police of the state
inspection of road safety of Russia errors related to the human factor cause
approximately 80% of road accidents. This long-term statistical regularity indicates
the predominant role of the driver in ensuring the safety of the transportation process
and traffic as well as the system "Driver-Vehicle-Road-Environment" (DVRE).

The influence of the driver on the transportation process

Road transport is superior to other means of transport concerning the quantitative
indicator of transportation of goods and passengers. The great popularity of vehicles
is explained by such a criterion as mobility. The vehicle is a source of danger.
Therefore, transportation safety is one of the main problems at the moment.

Safe transportation is a major component of the transportation process. The safety
of the transportation process includes:

- road safety;

- environmental safety;

- the safety of transported goods and means of transport;

- personal safety of drivers and passengers.

As shown by the analysis of numerous studies, traffic safety depends on road
safety.

The influence of the driver on road safety is crucial. The task of the driver
controlling the vehicle is to ensure road safety.

The driver’s reliability is affected by many different factors:

1. External factors: characteristics of the road surface, weather conditions;

2. Internal factors: conditions of the driver’s workplace;

3. Factors related to the medical, physiological, professional and social-
psychological state of the driver: experience, age, qualification, mental and physical
conditions.
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These circumstances testify that there is a dynamic system on roads that includes
a person (driver, pedestrian), a vehicle, a road and environment (DVRE).

By the end of 2016 there had been a decline in the main indicators of accidents in
the Russian Federation. However, the level of accidents in the country is high. In
general 173694 road accidents have occurred on all streets and roads of the country.
Among them 150860 accidents have occurred due to the fault of the drivers of
vehicles. Among the total number of road accidents caused by drivers of all ages, the
number of accidents and the number of the injured have increased significantly due to
traffic violations made by drivers who are 60 years old or more. The more the driver
is adapted to danger, the more attentive the driver must be to react properly. This
psychological behavior must not be forgotten by experienced drivers. However, the
main reason of road accidents is drivers with the experience which is less than 2
years, their share in the total number of road accidents is almost 40% annually.

For the management of the motor transport enterprise, heads of departments, the
issues of ensuring road traffic safety are the most important ones.

The reduction of accidents on the road can be achieved through a focused and
coordinated approach to the issues of training and retraining of drivers. If the driver
got wrong skills and wrong knowledge at the stage of learning the increase of driving
experience may not lead to increased reliability of the driver. So systematic errors
combined with the high self-esteem of their skills can lead to negative consequences.
Therefore, for trucking companies, it is important to hire drivers with a long driving
experience and abilities to solve difficult problems. They must have periodical check
— ups as well as professional development courses to make transportation safe. The
motor transport enterprise staff develops a clear timetable and a route so that drivers
will not be exhausted.

Conclusion

Thus, it is important to outline factors which have the greatest influence on the
safety of transportation:

- drivers-beginners can be allowed to drive public transport after additional
training with periodic re-examination;

- certain restrictions on driving for drivers-beginners (prohibition of driving in
difficult weather conditions);

- the mandatory presence of the psychologist in the motor company for the daily
inspection of the psycho-physiological state of the driver;

- the necessity to choose drivers aged 26 — 60 years old;

- permanent monitoring of drivers’ knowledge and skills in traffic safety;

- the driver’s working day must not be more than 4,5 hours;

- reduction of cargo transportation at night since the probability of an accident
increases by 1.5-3.5 times.
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A new sequence of actions for the use of destruction means with passive radar homing system
is developed. The essence, the scope and the main features of a semi-passive method of homing
weapons are considered.
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Introduction

In recent years, many countries adopt models of aircraft and marine equipment of
the fifth generation. Their distinctive features are radiology instability and risk
obscurity, high tactical and technical characteristics of the means used for
expression, enhanced maneuverability and functionality, integration of information
and measuring devices in General spatially distributed field of information, the
ability to conduct electronic warfare. Reducing the visibility of important military
facilities locating means is achieved by using Stealth and carries a big threat to the
opposing party, as it is more secretive. This technology is achieved by reducing the
effective reflective area of the object in the direction of the combined transmitting-
receiving radar station. In this regard, decreases the range of the means of destruction
with active and semi-active methods of guidance

The conception of semi-passive homing method

The main elements of the concept at the development stage include: a method of
forming and some of the requirements to the probing signal; the type of guidance
system — a missile seeker and algorithms of spatial-temporal information processing;
a method of homing missiles.

In this concept, the probe signal should simulate mode, which can be homing
missiles. Further, such a probe signal will be referred to a provocative probing signal
(PPS). Each of the high frequency instrument missile seekers in the method of
homing in a certain way must be consistent with the parameters used in the current
time of the PPS. Currently, the wavelength range of the radar seeker is 2-4 cm and
the size (diameter) missiles, power of the radiated signals, the effective area of
reflection purposes can significantly increase the range of information contact with
the target in the implementation of active and semi-active homing methods. In this
regard, taking into account the available technical means for conducting network-
centric operations the concept of SPH provides the ability to integrate locating means
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decimeter and centimeter ranges. In this radar of the decimeter range can serve as a
mean of detecting targets, including made by technology "Stealth" and target
designation radar centimeter range source PPS. General requirements for the PPS can
be formulated in the form: 1. PPS has to simulate one of the possible modes of target
tracking radar and have the ability to radiation of different PPS; 2. PPS source can be
not only a radar carrier rockets; 3. PPS may be the mode of tracking a carrier or only
to imitate; 4. PPS source must have appropriate means of telecommunication for the
conduct of network-centric military operations; 5. The radiation direction of the
PPScan be consistent with the radar detection of longer wavelengths in the
centimeter or decimeter range; 6. PPS is based on the technical characteristics of the
missile seeker and algorithms of spatial-temporal information processing. It is
obvious that these requirements are not contradictory.

In accordance with the inventive method the staff of the rocket measured by
analogy with passive location available only the azimuth and elevation aerial target
(AT). Structurally, the semi-passive seeker will be whiter simplicity in comparison
with the equipment necessary for the implementation of active or semi-active
homing methods. Also due to the considerably large amount of a priori information
about the interfering signals emitted by the jamming stations purpose in accordance
with the laws and regulations of the electronic warfare (EW) in response to the PPS,
the semi-passive seeker will be structurally simpler "pure" passive counterpart. At
the same time when SPH is significantly more complicated algorithms of secondary
processing thay are implemented in the onboard computer of the missile. To active
jamming signal was suitable to solve the problem of homing, it is necessary to
identify and to estimate parameters. Due to the fact that the range of interference is
very diverse, you may experience different interference situations. Each interference
situation must correspond to a defined structure of the identification algorithm and
evaluation. Algorithms of processing of the received signals and semi-passive
missile seeker are better to develop a class of systems with randomly varying
structure.

As a method of homing missiles, when implementing a SPH can be taken as a
basis for the method of proportional guidance (navigation), the main parameter of
which is the angular velocity vector, the relative range missile — is VTS. In
accordance with the method of proportional guidance perfect communication is
superimposed on the velocity vector of the missile so that the angular speed of the
velocity vector of the rocket was proportional to the angular velocity of rotation of
the vector relative range. Best results for optimization of the rocket trajectory are
achieved for variants of correction of the proportionality factor depending on the
values of the target range, the speed of convergence with the target and, in some
cases, acceleration of the target. When implementing the PPS the measurement data
of the phase coordinates of VTS in the missile seeker 1s fundamentally impossible.
However, there are no some special needs for these measurements. So, it is shown
that the coefficient of proportionality, called the navigation constant, which is in the
range of 4-6, the kinematic trajectory of a missile when you hover over maneuvering
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target are almost coincident with the trajectories of the method of parallel
convergence.

An important characteristic of any mean of destruction (MD) is precision
targeting. It is shown, that for exact hit in maneuvering target when you hover on a
method of proportional navigation lateral overload of the rocket is not more than
20% should exceed the current overload of the target. This confirms the principle
possibility of using SPH for missile guidance on a method of proportional navigation
only on the basics of goniometric measurements. It is also relevant to note the
following positive effect on the pointing accuracy, namely, the absence of wandering
reflection center on the contour of the goal in the method of SPH is due to the fact
that the source of radiation is the transmitting station antenna interference objective,
unlike active and semi-active methods, when sources of radiations/reflections are
brilliant points located across the surface of the target.

Specific values of the navigation can be entered in the missile seeker at start-up
depending on the tactical situation, to be programmed in accordance with the
forecast for the development of the tactical situation, or be adjusted in the presence
of a communication channel "carrier-rocket". Use of estimates of the range and
speed of convergence will reduce lateral overload and to improve the accuracy of
missile guidance for maneuvering target. In particular, the development of specific
laws targeting the missiles with the missile seeker implementing SPH, and media of
these missiles — are the springs of PPS, it is advisable to use methods of the theory of
multiple electronic control systems.

Conclusion

This article discusses some of the most important aspects of the concept of the
method of SPH MD. Based on the analysis of the characteristics of modern samples
of military equipment, composition and techniques, application equipment, and laws
of radar and EW can be approved to wait that way of SPH MD will have better
characteristics in comparison with other ways of homing in its implementation on the
basis of multiple systems in the conduct of network-centric military operations. The
theoretical development of the elements of the SPH that are related to methods of
forming a PPS, the algorithms of spatio-temporal Ob-processing signals in a passive
seeker of the joint venture, and the subsequent practical implementation of the
concept available technical settentrionali funds will contribute to the reduction of the
claimed combat capabilities of the stealth features. The developed method of SPH is
universal as the range of MD and the types of goals.
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The article is dedicated to the development and research into the ways of improving the
accuracy of the oscillographic method of measuring blood pressure of a person.
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Measurement of arterial blood pressure (ABP) is an integral part of prevention,
epidemiology, diagnosis and treatment of arterial hypertension (AH) and scientific
research in the field of cardiology.

The most accurate method of measuring blood pressure is a direct infra-arterial
method, and the standard of ABP is the blood pressure in the aorta. Since this method
is rather laborious and can cause complications for patients, non-invasive methods of
measuring ABPare are used in everyday clinical practice.

In modern medical devices intended for non-invasive measurement of blood
pressure, two methods of registration are mainly used: auscultatory and oscillometric.

Currently, most methods for measuring blood pressure are focused on
processing a volumetric compression oscillogram. The aim of this work is to develop
a new method that increases the accuracy of arterialblood pressure measurement.

The oscillographic method of measuring ABP involves recording and data
analysis the oscillograms of arterial vessels during the process of increasing pressure
in the blood pressure cuff with the following electrical transformation. Registration
and analysis of the volumetric oscillogram of arterial vessels is performed in the
frequency range from 0-0.1 Hz to 40-60 Hz, the compression of the blood pressure
cuff continues until the appearance of oscillogram waves. In order to determine the
magnitude of diastolic and systolic pressure by the amount of pressure in the blood
pressure cuff, it is necessary to identify the limiting value of the amplitude and time
constant.

The informative parameters of the diastolic part are determined with respect to
two values of the amplitude and time instants.

To define the diastolic pressure on the diastolic part of the oscillograms, the
amplitude Uis recorded in two time t. By the value of the amplitudes and the instant
of time it is possible to find out a successive approximation to the regulated error of
the iterative calculation, the limiting value of the amplitude and the time constant
over which the diastolic pressure is determined. (Fig.1)
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Fig. 1 - Approximation of the diastolic and systolic parts of the oscillogram.

It is expedient to approximate the diastolic part by an exponential dependence.
By the value of the amplitude Uy and T,the time point, a limiting value of the
amplitude and a time constant over which the diastolic pressure is determined are
found by successive approximation to the regulated error of the iterative calculation,
similarly the systolic pressure is found,T, and Ugyare a measure of reference for
measuring diastolic pressure.

The diastolic pressure is measured as follows:

i e o N

o 2 F 6 8

Fig. 2 - Determination of diastolic pressure from experimental data.

Approximating the oscillogram from the dependence, enter a measure of the
reference, which is equal to the time constant T, .

For the diastolic part of the model t = T}, therefore for the measured pressure
F = vt according to a linear law: P, = v,

where v is the speed of the linear pressure set in the he blood pressure cuff

Similarly, systolic pressure is found.

£ LRI o

1] 2 4 6 8 10 12 14 16 18 20

Fig. 3 - Comparison of the approximations of the diastolic part.
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When comparing the approximations of the diastolic part (Fig. 3) by the
oscillographic method of measuring blood pressure, characterized by the fact that to
determine the systolic pressure on the systolic part of the oscillograms, the amplitude
is recorded at two points in time, according to the amplitude and time values, by
successive approximation to the regressed error of the iterative calculations, the
limiting value of the amplitude and the time constant over which the systolic pressure

is determined, the error does not exceed 4 - 1077 (fig.4 ).

Fig. 4 - Error in approximating the diastolic part.
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Abstract

This article proposes a method for determining the stroke volume of the heart, which has high
accuracy and based on the measurement of hemoglobin and resistance of the human skin.

Key words: electrodes, heart, hemoglobin, resistance, rheogram, stroke volume.

Stroke volume (SV) is the volume of blood pumped from the left ventricle per
beat. Stroke volume is calculated using measurements of ventricle volumes from an
echocardiogram and subtracting the volume of the blood in the ventricle at the end of
a beat (called end-systolic volume) from the volume of blood just prior to the beat
(called end-diastolic volume). The term stroke volume can apply to each of the two
ventricles of the heart, although it usually refers to the left ventricle.

Stroke volume is an important determinant of cardiac output, which is the product
of stroke volume and heart rate, and is also used to calculate ejection fraction, which
1s stroke volume divided by end-diastolic volume. Because stroke volume decreases
in certain conditions and disease states, stroke volume itself correlates with cardiac
function.

Very often cardiovascular diseases develop slowly and therefore can remain
undetected for a long time. Often, a person gets to know that he has heart problems
suddenly, when it is too late to prevent pathology.

The importance of this problem and the large amount of research conducted
stimulated the development of various types of instruments and methods for
determining the stroke volume of the heart. But their accuracy is not enough, so a
new method has been developed.

The aim and objective of the research is to increase the effectiveness of metrology
method for determining stroke volume of heart by eliminating methodological error.

1. To conduct the information analysis methods for determining stroke volume of
heart;

2. To create the innovation from prototype;

3. Metrological effectiveness improvement.

The existing methods for determining the stroke volume of the heart were
analyzed. After that, a new method was developed.

Technical task is increase in accuracy of definition of a stroke volume of heart on
adaptive range, a priori regulated by the normalized values of resistance and a
hemoglobin of two patients with the known values of a stroke volume of heart.

The technical task is reached by the fact that:
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1. In the way of definition of a stroke volume of heart including imposing of two
current and two potential electrodes on particular parts of the body, filing of
resistance of R between electrodes at removal of a rheogram (RG), blood hemoglobin
measurement unlike a prototype, the stroke volume of heart is determined by the gage
characteristic by QO attitudes of resistance of R towards the limiting value of R,
between RG electrodes with the Qy; function of the normalized volume from a blood
hemoglobin Hb

R

0=0,-e". (1)
2. Unlike a prototypes, the limiting value of resistance of R,is adapted to range to
the values of resistance R; of patients, the normalized volumes of heart of Oy and
values of stroke volumes of heart of patients of Q; registered on top and bottom
borders, with various calibration for men and women
R, —R
R — 2 1
0 ln(QOI ) Q2 ) ) (2)
Qoz 'Ql

3. Unlike a prototypes, function of the normalized volume Qy; is calibrated a
priori on the measured value of Hb hemoglobin of one patient with the known value
of a stroke volume of heart of Q on which count a successive approximation
parameters: values of the extreme volume of heart Q) and the limiting hemoglobin of

blood Hb,, for men and women
Hb,

Oy =0,-e™ . (3)

Fick's method is accepted to a standard.

According to the obtained data schedules of dependence of volume of the offered
way (fig.la,b - full curves) concerning Fick's method (fig.1a,b, squares), which shows
identity of the offered way to a natural experiment with a margin error no more than
0,1% are constructed. Need of division of patients by gender is explained by a
different slope angle and curvature. (Fig. 1)
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a) For men b) For women
Figure 1 — Identity of the normalized volume of heart from hemoglobin

Adequacy of function of a stroke volume of Q from resistance of Ris estimated in
Fig. 2a,b.
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a) For men b) For women
Fig. 2 — Stroke volume of heart from skin

Thus, determination of the real volume of heart according to the gage
characteristic of the attitude of resistance towards the limiting value between
rheogram electrodes with function of the normalized volume, identical to a natural
experiment for any single measure of a hemoglobin, unlike the known decisions,
increases accuracy on two orders and surpasses them in a methodical error for 10-
20%.

The main scientific and practical results of this work include:

1. Information analysis methods was done

Methods for determining the stroke volume of the heart were analyzed and a
prototype was chosen on the basis of which a new method was proposed.

2. Innovation was created based on the prototype

A new method was created, optimization of the limiting value of resistance over
the range was made and calibration was carried out for the limiting values of
hemoglobin and the limiting values of the stroke volume of the heart.

3. Assessment of methodological error was carried out to improve the efficiency
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Abstract

The paper explores the existing medical devices powered by galvanic cells and methods for
estimating the residual capacity of batteries. The algorithm for the functioning of the device for
estimating the residual capacity of galvanic cells and calculating their service life in a specific
medical device is proposed. Electrical circuit of the device and a program for its functioning applied
to elements with voltage up to 5 volts are developed. The algorithm can be used in developing
mobile medical devices.

Key words: chemical current sources, galvanic cells, residual capacity, mobile medical
devices, portable medical devices.

Introduction

Nowadays galvanic cells are widely used as power sources in mobile medical
devices [1-7]. Premature failure of a galvanic cell can lead to other consequences
such as halt in the process of patient diagnosis and loss of data in Holter monitor.
Also, premature failure of a galvanic cell can be dangerous for patient's life if it is
used in medicine ventilator or hemodialysis machine. Thus, it is necessary to obtain
prompt and reliable information about the current state of the batteries.

There are two types of the galvanic cells: primary and secondary. A primary cell
is a cell that cannot be recharged after a full discharging. Primary cells are called dry
cells because they have a solid or molten electrolyte. A secondary cell is a cell that
can be recharged once when it has been fully discharged. Structural and technological
differences influent on the characteristics of the batteries, especially on their
capacitance. Only some parameters of the cells can be measured with sufficient
accuracy: voltage and current flow [1]. The process of measuring of the capacitance
and lifetime of the elements has certain difficulties. The accuracy of this measuring
depends on type of the battery and some few factors [6].

The problem of capacitance measurement is also relevant, because of the
pollution of the environment by toxins in the manufacture and utilization of the
batteries [2].

The aim of the research is to create a device for measuring the capacitance and
lifetime of galvanic cells. It makes possible to determine their suitability for use,
reduce the frequency of replacement of batteries, and reduce the costs for these
measures.

There are a lot of medical devices that has no indication of battery status. Some of
the devices can show it, but usually this indicates only voltage of the battery [5].
According to practical experience, it is not reliable method of controlling batteries.
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Methods and materials

There are some devices and techniques for measuring of the capacitance [1, 3].
However, they have many limitations such as:

they are not suitable for primary cells (because of fully discharging);

they unable to apply in portable devices (because of size and weight);

they are used only for certain type of the batteries (Lead—acid battery for cars);

Thus, none of these methods can be used in portable medical devices. Except
one, that was chosen for the device. For the development of the device such method
as a method from patent RU Ne2172044 was used by which the capacitance of the
elements is calculated. This method is used during the charging time of the capacitor
to calculate the capacitance of the chemical cells. The method for measuring the
electrical capacitance of chemical current sources is:

1. To discharge the current source to a capacitor load

2. To measure the charge time of the capacitor

3. To calculate the electrical capacitance gng lifetime by the formulas:

=1 rx

Q —is a capacitance of the galvanic cell (A-h);

C — 1s a capacitance of the capacitor (F);

U - is a voltage of the galvanic cell (V);

t — 1s charging time of the capacitor (sec);

kl— is a coefficient of the structural and technological characteristics of the cell
(sec™);

2
=7

T — is a lifetime of the cell (h);

I — is maximum current consumption from the device passport (A)

The method was improved. In addition, this method uses the original algorithm.
Measuring of voltage level on the galvanic cell was excluded from algorithm to
reduce time of the calculation.
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Fig. 1 - Circuit diagram of the device
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The device is based on Arduino platform (Fig. 1). To reduce triggering time and
improve reliability the solid-state relay was applied [5].

All calculations makes by Arduino UNO microcontroller. The LCD can indicate
value of the capacitance and lifetime of the measuring cells. It takes about 0.03%
energy of the battery to charge the capacitor and make all the calculations.

Conclusion

To achieve the aim of the following tasks the following was done:

1. current methods and techniques of capacitance measurement were analyzed;

2. the best method of the measurement was chosen;

3. circuit diagram of the device and program for the microcontroller were
developed.

The algorithm can be used in new developing mobile medical devices.
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(YHKIIMOHUPOBAHMS YCTPOMCTBA OICHKA OCTATOYHOW EMKOCTH TabBaHMYECKHX DJJIEMEHTOB W
pacudera X CpoKa CIy>KObl B KOHKPETHOM METUIIMHCKOM mpubope. PazpaboTana mpuHIMIHATBHAS
JNEKTPUYECKasi cXeMa YCTPOMCTBA W MporpamMma i ero (PyHKIMOHHPOBAHUS MPUMEHHUTEIHHO K
JJIEeMEHTaM C HalpsHDKeHHEeM [0 5 BOJBT, YTO MOXET OBbITh HCHOJB30BAHO [JISi CO3JAAHUA
MIPOMBIIIIJIEHHOTO 00pa3a.
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Abstract

The article describes a mathematical model of the process of imitation of human’s respiration
simulation. It is presented by the device called “Artificial lungs” and it takes into account changes
in volumes of respiratory gases in phases “inhale-exhale”. There is the algorithm of a parametric
identification of this model. It is based on spectral operators which allow using it in a real-time
mode.

Key words: artificial lungs, parametric identification, spectral method, model of human’s
respiration.

Introduction

The model of the process of imitation of human’s respiration which is
implemented in the device called “Artificial lungs” (AL) considers as an object of
identification. The AL device is designed for testing and certification of respiratory
protection equipment against various factors of anthropogenic nature.

All processes in the AL device are controlled by a control system, which
includes relevant measuring and actuating devices, a control unit which implements
the operating modes with the help of the special mathematical software.

A fairly accurate mathematical model is required to manage all the subsystems
and the system as a whole.

Methods based on the decomposition of signals and temporal dynamic
characteristics of the systems on the orthogonal bases in connection with the
orthogonal Walsh’s functions [1-6], Laguerre’s [4-5], Chebyshev’s [4-5,7], Fourier’s
[7], Legendre’s [4-5], Hermite’s [4] block pulse functions (BPFs) [6,7 ], hybrid
functions [6], etc. are used to identify linear non-stationary systems.

This article suggests expanding possibilities of usage of the customizable
model [4] to identify the time-varying parameters of a linear system.

Theoretical foundations
The task of parameter identification is that using information about signals at the
input and output of the object and model (u(z), y(¢), y"(¢)) it’s necessary to get the

function value k(¢) and time constant 74 which provide the greatest approximation of
the output signal of the model »" (r) to the actual output signal of the object y(¢) in

accordance with the selected optimization criterion F(g(¢)), determined by the error
signale(¢) = y(t) - ¥ (t), and thus to set the model.

In order to identify the model’s parameters k(¢) u73 model it is necessary to create
a quality indicator.
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The parameters’ identifier is based on the usage of the apparatus of projection-

matrix operators describing the processes in the customizable model.

The algorithm of identification

There is a block diagram of the algorithm for identifying the parameters of a
standard subsystem of AL at the illustration 1. Since the subsystems of AL perform
the supply of gases to the breath simulator and reset the calculated volume of GDS in
the inspiratory phase, the identification algorithm operates cyclically. Information
aboutu(¢), y(t), y"(t), accumulated in the phase of the previous inhalation, is
transferred to the parameter identifier (illustration 1). In the exhalation phase, an
identification algorithm comes into operation, as a result of which the identified
parameters enter the model and are used by the AL control system at the next
inhalation.

START

The specification of the dimension of
the basis L, the time interval [0, T],
the Hadamard-Walsh matrix I (7)

v

Setting the initial approximation for k {t} and
Td and the parameter AJ, which specifies the
accuracy of calculations

v

Getting the input and output signals of the
object and moadel: U (1), y ), Ym (1)

v

Determination of the coeflicients ofthe
expansion of the signals U (1), v ), Ym (1)

v

J(T, k(1)) = .JW
i=1

h 4

STk <A

h A

The required values of k () and Td
are found and transferred to the
madel

There is updating the values of unknown
parameters according to the search method

h A

Calculation of matrix operators and a new STOF'\

vector of the spectral characteristic ofthe
output signal of the model

Fig. 1 - Block diagram of the identification algorithm
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Experimental research

i
2

[

O =

Fig. 2 -Results of the identification of the gain for various dimensions of the basis

The time of execution of the algorithm for various dimensions of the basis for
various probing signals and various pneumotahograms of respiration was obtained
experimentally (Fig. 2).

On the basis of obtained data we came to the conclusion that the best conformity
of the output signal model to the object’s output signal achieves by using a sinusoidal
probe signal with linearly increasing amplitude.

Conclusion

A mathematical model of the process of imitation of human’s respiration
simulation realized through the “Artificial lungs” device which takes into account
changes in the respiratory volumes of gases in the inhalation-exhalation phases, was
considered in this article.

Possibility of usage of the developed identification algorithm with the help of a
model with adjustable parameters in the contour of the artificial lung control system
was presented as a result of the theoretical and experimental researches.
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AHHOTALIUSA

B cratbe paccMoTpeHa MaTemMaTHYecKas MOJENIb IMPOIECCa MMHUTAIMK BHEIIHETO JIbIXaHHs
YEJIOBEKa, pealin3yeMoro YyCTaHOBKOM «VICKyCCTBEHHbBIE JETKHE», YUYWTBHIBAIOIIAs H3MEHEHUS
JBIXaTeIbHBIX 00BEMOB Ta30B B (ha3ax BAOXa-BbIOXa. [IpUBENEH alropuT™M MapaMeTPUUECKOM
UICHTH(HUKAIIIN MOJICTTH HAa OCHOBE CIIEKTPAIBHBIX OMEPAaTOPOB, MO3BOJISIONINI UCTIOIB30BAThH €T0
B PEKUME PEATHHOTO BPEMEHH.

KiioueBble  c¢jioBa:  HMCKYCCTBEHHBIE  JIETKHE, MapaMmeTpuyeckas  HIACHTHHUKAIuS,
CIEKTPATBLHBIN METO/I, MOJIENIb BHEIIIHETO JIBIXaHUS YeIOBEKa.
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Abstract

This article describes the results of the analysis for the surface tension measurement method.
The method based on deformation of a tested liquid by a gas jet. The determination of deformation
degree is realised using the property of a deformed surface to converge the optical radiation. The
method excels in relatively slight aerodynamic impact on the tested liquid and a low sensitivity to
the change in it’s density and viscosity.

Key words: jet, gas, liquid, cavity, optical, focusing, laser.

Currently, non-contact methods for measuring surface tension based on physical
effects of different nature are being developed [1-4]. Such methods make it possible
to prevent the mutual destructive effect of the means and the object of measurement,
to reduce the influence of the measuring instrument on its result, and to reduce the
time and reagent costs for cleaning the measuring vessels and sensing elements.

In this paper we propose a non-contact aerodynamic method for measuring the
surface tension. The method is characterized by a weak influence of the density and
viscosity of the controlled liquid on the measurement result. Also we present the
description of the device for implementing the method and the results of experimental
studies

Fig. 1 shows a schematic diagram of the device for implementing a non-contact
aerodynamic method for measuring the surface tension of liquids.

On the base 15, the inkjet tube 8, a translucent screen 10, a laser diode 14 of the
TXLO04 type and a hydrostatic level indicator 17 are rigidly fixed. At the end of the
tube 8, a diaphragm 9 with an aperture of a jet of diameter d is installed. The shield
10 is located parallel to the surface of the monitored liquid 12. The laser diode 14 is
powered by a current generator 16. The plane of polarization of the laser diode is
located perpendicular to the plane of the base 15.

Prior to the measurements, the axis of the jet tube 8 is aligned vertically, the
diaphragm 9 is placed at a predetermined distance H from the undeformed surface of
the liquid 12. Alignment in the plane of the circuit is carried out using a level
indicator 17. A setting for a specified distance H and vertical alignment in a plane
perpendicular to the plane of the circuit is performed by the marks 11 applied on the
screen 10. With the correct installation of the device, an image 4 is formed on the
screen 10, in which the laser radiation strip is centered between the end marks. After
setting the device to the predetermined position, the distance from the surface of the
liquid 12 to the screen 10 1s Hs.
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Fig.1. Scheme of the device for realization of a contactless aerodynamic method for measuring
the surface tension of liquids

The air supply from the power source to the tube 8 is carried out through laminar
pneumatic resistance: alternating 1 and constant 3. The intensity of the action of the
gas jet on the surface of the liquid 12 is regulated by the variable resistance 1 and
monitored by the liquid micromanometer 2.

The gas stream flowing out of the opening in the diaphragm 9 forms on the
surface of the liquid 12 an indentation 13 with axial symmetry. The concave surface
of the recess 13 focuses the laser radiation reflected from it on the screen 10 to form
the image 5. The device design allows the laser beam to pass strictly along the axis of
the recess. The control of this condition is carried out with high accuracy on the
radiation spot on the screen 10. At the slightest deviation of the laser beam from the
axis of the depression, the spot loses symmetry.

Surface tension ¢ is judged by the excess pressure P before the diaphragm 9,
corresponding to a given degree of deformation of the surface of the controlled
liquid. Greater surface tension corresponds to a greater pressure. The physical basis
for the dependence of the pressure P on the surface tension o is presented in [5-].

In this paper we used three criteria for determining a given degree of deformation
of the surface of a liquid. The first criterion is the coincidence of the focal length of
the surface of the recess 13 with the distance to the screen 10 (the radiation is focused
on the screen). The achievement of this criterion is determined by the minimum area
of the radiation spot on the screen 10 (position 5 in Figure 1). In connection with the
fact that the width of the laser beam in the plane of the undeformed surface of the
liquid is greater than the diameter of the depression, in addition to the spot of the
focused part of the radiation, the original strip is also preserved on the screen with
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lower intensity.

As the pressure P increases, the intensity of the aerodynamic action and the
curvature of the recess 13 increase. The focal length of its surface becomes less than
the distance to the screen 10 and the area of the radiation spot increases. The second
criterion for achieving a given degree of deformation is determined by the equality of
the dimensions of the spot of focused radiation to the distance between the internal
marks 11 of the screen 10 (position 6 in Figure 1). In experimental studies we used a
screen with a distance between internal marks equal to half the distance between the
outer ones.

With a further increase in the degree of deformation, the dimensions of the spot
of the focused radiation increase, and the length of the original band decreases. The
equality of these sizes is chosen as the third criterion for achieving a given degree of

deformation of the surface of the liquid (position 7 in Figure 1).
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Abstract

A method for multiscale mathematical modeling of the cardiovascular system is proposed,
allowing to couple models of hemodynamics with a different spatial scale to assess the preoperative
hemodynamics of patients with cerebral aneurysm. The results of simulations based on the model
could be used by physician to develop strategies and tactics for treating cerebral aneurysms
depending on the individual characteristics of the patient's cardiovascular system.

Key words: hemodynamics, cerebral circulation, computational fluid dynamics, patient-
specific model.

Introduction

Studies of genesis and treatment of cerebral aneurysms is very important, since
rupture of cerebral aneurysms is a cause of about 50% of hemorrhagic strokes. In
assessing the preoperative hemodynamics of patient with cerebral aneurysm the
problem of hemodynamic parameters estimation in the cerebral artery arises.
Although at the moment there are significant advances in the modeling of
hemodynamics of cerebral aneurysms, some areas are still not well studied. In
numerous studies the researchers have not considered non-Newtonian properties of
blood, which in some cases lead to significant influence on results. Moreover the
relationship between the global hemodynamic disorders, heart disease and
hemodynamics of cerebral aneurysms is not considered in detail. Therefore a
development of methods, models and algorithms for modeling of the cardiovascular
system for preoperative assessment of hemodynamics of patients with cerebral
aneurysms 1s a topical scientific and practical task. The aim of this study is to
improve methods of mathematical modeling of cardiovascular system taking into
account individual characteristics of the cardiovascular system and influence of
factors of global hemodynamics.

Methods

To assess the preoperative hemodynamics of patients with cerebral aneurysms a
multiscale mathematical model of the cardiovascular system was used [1]. The
multiscale model of the cardiovascular system is a set of mathematical models of
hemodynamics with different spatial scales, which are coupled together using
corresponding boundary conditions.

0D model of hemodynamics was used to describe the hemodynamics of the whole
cardiovascular system, i.e. the entire cardiovascular system was considered as a set of
interconnected elements. Each element was described as a lumped parameter model.

The World of Science without Borders | 131



The developed 0D model describes the main compartments of the cardiovascular
system, and includes a physiological description of heart. In the developed model of
the arterial tree hemodynamics (1D model) an arterial tree was described as the set of
one dimentional arteries. It was assumed that blood velocity and pressure in the artery
changing only along the vessel axis. The arterial tree model consisted of 48 arteries
and represented the upper body arteries, as well as cerebral circulation. For the proper
description of the 1D model the corresponding boundary conditions at the inlet and
outlet elements of arterial tree were imposed. A 3D model of local hemodynamics
was developed using the Navier-Stokes equations and non-Newtonian properties of
blood were represented by power-law approximation. High performance computing
techniques were used to solve the 3D model of local hemodynamics of cerebral
artery. The boundary conditions for the 3D model (an inlet velocity and outlet
pressure) were obtained from the model of arterial tree hemodynamics.

Thus, for correct numerical studies of hemodynamics of the cerebral artery with
aneurysm a set of coupled mathematical models of hemodynamics (0D, 1D and 3D)
was developed, which represents a multiscale mathematical model of the
cardiovascular system. The multiscale model of the cardiovascular system allows to
utilize the advantages of each type of models e.g. for assessment of cerebral artery
hemodynamics it is possible to study the influence of global hemodynamic disorders
(0D model) on the local hemodynamics of the cerebral artery with aneurysm (3D
model).

Results and disscussion

The left internal carotid artery with aneurysm was selected to assess the
preoperative hemodynamics of the patient. The cerebral artery segment length was 8
cm and width was 40 mm, whereas the aneurysm size was 12 x 10 x 7 mm. The input
segment diameter was 8 mm. Diameter of output segments - 4 and 6 mm,
respectively. For a preliminary assessment of preoperative hemodynamics of the
selected cerebral artery a series of experiments using CT angiography was conducted
at the department of Neuroradiology of Klinikumrechts der Isar of Technical
University of Munich (Munich, Germany). The experimental studies were conducted
using a modified experimental setup located in the laboratory of interdisciplinary
research [2]. A patient-specific cardiac cycle was simulated using an experimental
setup. Physician uniformly injected a radiopaque substance in the model of cerebral
artery. Fig. 1 shows an angiogram obtained during the experiments. Such images are
used in clinical practice for a preliminary assessment of hemodynamics in cerebral
arteries, but they do not allow assessing blood velocity for the cerebral artery with
acceptable precision.

To assess the preoperative hemodynamics of the cerebral artery the developed
multiscale mathematical model of the cardiovascular system was used. The advantage
of this approach is that velocity and pressure in the aneurysm model can be
determined with high precision in a reasonable time (about 6 hours). It was prepared
a computational mesh consisting of 2 million hexahedral elements. The simulated
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time was 5 seconds. As a result of simulation the velocity and blood pressure fields as
well as particle tracks and streamlines were computed (Fig. 2).
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Fig. I- Angiography of the cerebml aneurjysm AP and LAT prOJectzons

Conclusion

According to the numerical results, the presence of unstable vortex could lead to
thrombus formation during the clinical follow-up. In the inlet segment blood flows
with a maximum velocity of 1.27 m / s, whereas in the output segment a blood
velocity does not exceed 0.75 m / s. A blood velocity magnitude inside the aneurysm
changes in range of [4.10—4;0.5] m/s. The smallest value of wall shear stress was found
in the dome of the aneurysm, which might cause a further growth and rupture.
Numerical results show a good agreement with experimental studies. The relative
error doesn’t exceed 10%, therefore the proposed multiscale mathematical model of
the cardiovascular system could be wused for preoperative assessment of
hemodynamics of patients with a cerebral aneurysm.
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Fig. 2 - Computed streamlines in the cerebral aneurysm model during the systolic
peak
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Abstract
The problems of buildings and structures design in cold climate conditions are considered.
Key words: cold climate, construction in special conditions, frozen ground.

Introduction

Permafrost prevails in the regions of the northern hemisphere. In other words
there is a permanent negative temperature a significant amount of ground ice. The
thickness of the permafrost reaches hundreds of meters, most of the ground moisture
as a result of freezing turns into various forms of underground ice - from single
crystals that are not visible to the eye to huge clusters in the form of layers and veins.
In this regard, the design and construction of buildings in these conditions requires
special attention.

It should be paid to the choice of the place of the construction, i.e. ground
conditions. White designing foundations, it is necessary to account for the influence
of sediments on the work of buildings, which are connected with theactivity of
permafrost soil.

Studies of buildings and structuresdesignin the cold climate

Choosing the place for the construction of buildings on permafrost soils, it is
necessary to take into account the physical and mechanical characteristics of the soils
and the formation of ice sheets and landslides. The choice of the volumetric -
planning and structural concepts as well as the methods of erecting buildings on
permafrost soils is a technical and economic task. The result of this task will be the
optimization of costs for the design, manufacture, transportation, installation and
operation of the building in difficult climatic conditions.

The choice of the arrangement of foundations in permafrost conditions depends
on the condition of the soil. Based on geological and climatic conditions, one of the
following methods is chosen:

1. The construction of foundations by conventional methods.

2. Preservation of base soils in the permafrost state.

3. Defrostingof the under the ground base.

4. Preliminary defrosting of soil and its compaction under the base.

The first method is used for the erection of foundations on rocky or semi-local
bases, where it 1s unimportant whether permafrost is present or not.
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The second method is used for soils that have a stable negative temperature (ice-
saturated soils). They have a small resistance to subsidence. In this case it is
important to know whetherthebuildingwill be heated or not. If the building is heated,
then it is necessary to take measures to protect the soil from the effects of positive
temperatures in order to avoid defrosting of the ice-saturated ground and
subsequently prevent deformation of the soil and overstress of the load-bearing
structures of the building. For this purpose, the base is reliably protected from
defrostingwith the help of ventilated underground with the height of 0.5 m to 1.0 m or
more depending on the area of the building and the use of the sealed ceiling above the
underground, which has a reliable thermal resistance.In the basement of the building,
there are purges that allow to regulate the air supply depending on the time of the
year.

The third method is used for the construction on soils that do not have abrasive
deposits, i.e. do not have large precipitation during defrosting. To ensure the uniform
and slow defrosting of soils, the depth of the foundations is designed to be minimum,
but not less constructive. It is possible to replace the heaving ground or to achieve the
general rigidity of the building by the arrangement of continuous reinforced concrete
zones with the grouting of joints, etc.

The fourth method is used for the construction of heated buildings on soils that do
not require the restoration of the frozen state [1].

The erection of foundations for soil-smearing low-temperature characteristics -
solid-frozen, plastic-frozen according to the 1 principle (preservation of the initial
characteristics by the method of "conservation"), requires ventilated underground
under the building.

This principle is the main one for construction in the Far North.

Rocky or other low compressible soils that, defrost thawed without exceeding the
maximum permissible values of deformations in heated buildingsrequire the
construction of foundations according to the 2 principle: the ground must be
defrosted before the construction, or all necessary calculations are madeto ensure that
the base will defrost during the operation of the building.

This principle is rarely used, provided that the soil on the construction site is not
rampant or subsident. This principle is also used when it is impossible to provide the
required level of the construction reliability for the technical and structural features of
the structure and the engineering conditions of the building site, even if the soil is
preserved in the natural "frozen" state [2].

General demands for the design of industrial buildings on permafrost soils

When choosing a space-planning solution, preference should be given to blocking
the buildings in one. For large-span buildings, decisions should be made on the
location of working equipment on the stackers that are not connected with the frame
of the building. Enclosing structures should be made of lightweight effective
materials, to ensure airtightness of the building. Special attention should be given to
the areas of connection of elements and panels.
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Designing in the North, should also take into account the length of the winter
period (185-305 days), when low temperatures, permafrost conditions, strong winds
and snow storms prevail.

When providing protection against snow and snowdrifts, the building is protected
from natural influences, using natural obstacles (relief or vegetation) or methods of
mutual disposition of buildings and structures on the ground.

With the use of different methods of mutual arrangement of buildings, one can
achieve wind control by aerodynamic groups of buildings if the snow protection front
is constructed of buildings that are located on the windward side, and on the contrary,
organize through ventilation with the aerodynamic devices snowremoval out of the
production zone, building a streamlined form, or arrange in buildings or the
ventilated underground.

Special features of space-planning concepts for building in difficult climatic
conditions

All buildings are designed rectangular in plan, without the use of niches and
zones that contribute to the retention of precipitation. Incase the event that the
building has a height difference due to technological and technical and economic
reasons, it should be located along the direction of the prevailing winds.

It is necessary to pay special attention to the coverings of buildings (flat, single-
slope and multi-slope ones). The most commonly used covers are flat and single-
slope roofs.

For single slope roofs it is advisable to design the slope on the windward side,
and multi-slope roofs should be placed along the direction of the dominant winds
thereby unloading the building from a the strong wind load.

Particular attention should be paid to the design of multi-apartment residential
buildings. During the operation of the building, the soil can change its characteristics,
resulting in uneven sedimentation of the soil, which adversely affects the structure of
buildings.

Only a building with the increased rigidity of the above-ground part can perceive
uneven sediments of defrosting grounds. It is advisable in this case to use metal zones
along the perimeter of the building in at level of covering.

Buildings should be designed rectangular in plan, beingto arranged next to each
other to reduce the heat loss.

When selecting a heater, attention must be paid to the floor slab do-building wall,
connection to reduce air permeability and formation of cold bridges.

Conclusion

In this paper, the features of the construction of industrial and residential
buildings in permafrost conditions are have been considered.
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Abstract

The exterior decoration of buildings is an important part of construction and installation
works and architectural design. The purpose of it is to create a presentable appearance of structures
and solve practical problems. The latter includes the strengthening of the structure, protection from
aggressive environmental influences and prolongation of the service life. In modern conditions, the
hinged facade is considered to be the optimal technology.

Key words: ventilated facade, frame subsystem, insulation layer.

A hinged ventilated facade is an innovative system for finishing external walls
of buildings, consisting of finishing materials mounted on the frame. The peculiarity
of the technology is that the method of installation of the structure provides for a
layer between the elements of the finish and the wall of the structure, thanks to which
the air circulates freely, reliably protecting the building from excess moisture and
reducing the heat transfer of the house.

Hinged ventilated facades are sometimes called ventilating facades. This
phrase is not correct, because it does not accurately reflect the meaning and scope of
the technology.

Modern facades are a rather complex and versatile system. It is the latter factor
and the presence of several types of fastening that make it possible to apply the
technology everywhere in public as well as in private construction. The ventilated
facade, as it is sometimes called, becomes not only a functional element, but also a
part of the decorative finishing of the house. Today, the ventilated facade of a
monolithic house is becoming more and more popular. This is because the monolith
as a foundation provides high strength and reliability of the structure, which does not
require additional reinforcement measures. Here you can use the simplest light
brackets, increase the profile pitch. This reduces the cost of materials and speeds up
the installation process, which is a good way to save money.

Having installed ventilated facades, it is possible to solve several tasks at once:
to provide reliable protection of the building against the destructive effect of
moisture, wind and temperature drop, to reduce energy costs due to thermal
interlayer, to improve noise insulation of the interior, to prolong the service life of the
structure, to create an interesting decor with a wide range of colors and design
finishes.

Ventilated facade systems are a multi-layered structure, the elements of which
are:
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1. Frame subsystem, which is attached to the wall of the building and serves as
a support for the entire structure. Most often it 1s made of galvanized or stainless steel
or aluminum.

2. Insulation layer. It is a multifunctional component that provides protection
from moisture, steam, wind, cold, and also reduces the heat transfer of the building.

3. Clearance for air circulation. It is he who promotes constant ventilation in
the system.

4. External decorative shell. Protects the lower layers of the facade and gives
the building a presentable appearance.

Hinged ventilated systems are used for exterior decoration of buildings and
structures using a wide range of finishing materials. Due to the versatility and variety
of installation options, the technology is in demand both in the construction of new
facilities, and in repair work and reconstruction of old buildings. Ventilated facades
are suitable for private and multi-apartment residential buildings, are actively used in
industrial and public buildings, commercial buildings, technical rooms of bus
stations, gas stations, etc.

The advantages of such facades include the following indicators:

* wide range of applications;

* Ease of installation;

* Ability to install at any time of year;

* no need for special preliminary preparation of the external surface of the
building;

« the ability to hide defects in enclosing structures and even to a certain extent
compensate for violations of the geometry of the building;

» improvement of the thermal insulation properties of the finish;

* elimination of excess moisture and prevention of its accumulation;

* resistance to aggressive atmospheric and mechanical influences;

* durability;

« absorption of thermal deformations caused by diurnal or seasonal temperature
fluctuations;

 prevention of occurrence of any damage to the load-bearing structure and
cladding;

« aesthetic appeal;

» possibility of using interchangeable elements and universal technologies;

» the widest choice of materials, shapes, colors and textures;

* simplicity of restoration;

* An additional opportunity to save on air conditioning in the summer and on
heating in the winter.

The disadvantages of hinged ventilated facades are only the high cost of quality
materials and the need to turn to professionals for proper design.

When all necessary conditions, such as correct design, quality materials and
installation, are fulfilled, the ventilated facades will perform their functions for the
entire service life. And yet, it should be understood that such a technologically
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complex and responsible system of facades cannot be cheap. To minimize the costs
that arise in the design, installation and operation of ventilated facades, it is necessary
to search for new and further development of existing methods for calculating
ventilated facades systems for the period of long-term operation, development and
improvement of the regulatory and budget bases. Also, to optimize the design
solutions and the main components of the facade systems, it is necessary to work
together with the designers of the building and the facade designers.
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Abstract

The paper describes an approach to improving the layout of the recreation area, using the
example of a medical rehabilitation center in the Moscow region. The proposed solution is based on
the functional approach to zoning of the territory of the medical center with reference to the
patients’ needs and modern requirements to space planning.

Key words: zoning, design, navigation, recreational center.

Introduction

The majority of medical institutions in the Moscow region are located in
environmentally friendly locations remoted from industrial areas. Despite their
favorable geographical and climatic conditions, most of them were built during the
Soviet era and have a high level of depreciation of facilities. Although the buildings
and equipment are more or less regularly updated and refurbished, the area remains
insufficiently developed.

The research into LRNC “Russkoe pole” (Chekhov, the Moscow region) showed
that the reconstruction works on this site were not fully completed and only led to
renewal of medical facilities, purchase of new expensive equipment and
refurbishment of medical and residential buildings. A new building of Research
Center was constructed. At the same time, the problem of creating comfortable
recreational environment remains unsolved.

The area has two main problems:

1) irregular zoning;

2) poor navigation.

Thus, the main emphasis was be put on these two problems. A couple of
successful projects based on the innovative approach to space planning and creating
the intelligent environment were selected - Zaryadie Park [1] and the Aksakovskie
Zori rehabilitation centre in Mytischi, Moscow Region [2].

Zoning

The area of the land, where the complex is located is 1,259,962 hectares. The vast
part of the territory is covered with forest and vegetation. There are also two ponds
with a wide alley in-between connecting two main zones:

1) the main building, comprising a swimming pool and a dining hall;

2) the area between the perinatal campus and the research center, covering 21,268
square meters in total.
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The field research illustrates that the visitors of the rehabilitation center do not
want to spend time outdoors, despite lovely landscape and clean air. This problem is
especially typical of the area between the perinatal campus and the research center.
The main reason for this is the zoning problem.

Currently, space organization is quite random: thematic zones are not allocated,
there are no pedestrian paths, no places for recreation and sport activities. There is no
parking lot, which makes communication within the area very complicated. The
process of zoning requires dividing the area into the key zones. Here there are four of
them:

Parking lot
Playground
Sports ground

e Recreation area and place for outdoor activities
Each of them meets the different needs of visitors (Fig. 1).

Playground is the largest zone, which is walled from the parking lot with a
special equipment for handicapped kids and a large surface on which children can
draw. The next zone is a sports ground with simulators made for children with
disabilities. The recreation area is located within the walking distance of the school.
Thus, when the weather permits, classes can be organized outdoors on a special
modular upholstered furniture made of high-density polyethylene.

It is very important that, during the spatial transformations, the natural
landscape of the area is not damaged and the requirements of sustainable
development are met. The planning structure of the territory will be improved, a
network of pedestrian zones will be developed as well and overall comfort of the
environment will be improved with the minimal effect on the landscape.

Zoning

00200600800

°

B parking
playground
sportsground
recreation zone

Fig. 1. Zoning of LRNC “Russkoe pole” (Chekhov, the Moscow region)
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Navigation

The environment of the medical and rehabilitation research center is a special
system of social, professional and public communications, the purpose of which is an
integrated approach to the rehabilitation of children and adolescents suffering from
severe oncological and cardiovascular diseases. In addition to effective medical
treatment, it is important to give patients an opportunity to enjoy the external
environment. In other words, make them feel as they are at home. Clear and stylish
navigation network will help to achieve that goal.

Without any doubt, one of the main navigation tools is a map because it provides
information about the services and helps not to get lost [3]. However, using a map is
not enough. Visitors will not have an idea about the area of the center without
information signs. That is why it is crucial to add information signs showing routes or
providing interesting facts about the place. That will also draw children’ attention and
keep them interested. All navigation elements should be as visible as possible, have
the same style and color in each zone. In this case, the colors from the logo of the "
Russkoe pole " are used. Bright pointers (Fig. 2) are essential elements of navigation.
They will help people to navigate in the nearby zones.

To create a single and understandable system, all navigation elements must meet
the basic requirements described in the guidelines for the implementation of projects
to improve the quality of monocities [3], In other words, they must be simple and
have color-coding. In this particular example, navigation is developed according to
all the recommendations.

Navigation

guidelines

Fig. 2. Navigation system in LRNC “Russkoe pole” (Chekhov, the Moscow region)
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Conclusion

One of the trends is improving the quality and efficiency of recreation. Therefore,
it is necessary to provide a wider range of recreational services ensuring a choice of
places and forms of recreation, as well as a variety of services for different groups of
visitors. At the same time, special attention is given to the organization of such types
of recreational services that promote an active lifestyle. One of the objectives is to
facilitate the communication between visitors and environment and help people with
disabilities to go through the process of rehabilitation as comfortably as possible from
the psychological point of view. Successful organization of space and competent
navigation will help to reach these goals. The example of this study shows how they
can be achieved without using a very expensive technology. All successful design
projects are guided by the principles of sustainable development and well detailed.
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Abstract

In this paper the material and technical state of training bases in Tambov are described,
architectural and planning decisions of buildings and territories of training bases are shown. Today
analysis of the complexity of designing of such structures leads to the proposal to create set of
rules(SR) for this category of facilities.
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Introduction

Today, our country faces the most important task - to return Russia to the list of
leading sports powers. High sports achievements contribute to the growth of the
country's prestige at the world arena. Especially it is shown at sports competitions of
a world scale, such as the Olympics, World and European Championships, cups of
various Federations. But in order to take prizes in such competitions, a great and
serious work is needed to develop the sport, not only at the level of the national
teams, but also at the regional level. Education of professional athletes begins, as a
rule, in amateur sports at the regional level. To achieve significant success, athletes
need training and training facilities should be equipped with modern sports and
medical and recovery equipment. The equipment of bases should correspond to
regulations of that league in which this or that club plays.

On the official website of the Russian Football Union (RFU) «Strategy for the
development of football in the Russian Federation until 2020 («Football 2020»)» was
published. The most important goals for the development of football at present are
correcting the unsatisfactory condition of the material and technical base of
professional football, as well as developing standards, technical recommendations for
the construction and reconstruction of modern sports facilities for football and its
varieties. Obviously, to achieve serious success in the development of sports, it is
necessary to create conditions for the qualitative preparation of football clubs and
national teams.

Athletes spend about a third of their professional career at training bases. Here
they train, rest, sleep, from here they leave for matches, they recover after injuries.
That is why the bases need not only sports and recreation facilities, but also facilities
that provide personal comfort to athletes, taking into account their personal needs -
recreation rooms, comfortable rooms for long-term residence.

Now the sports bases in the regions of the country are under the unsatisfactory
conditions. Many clubs have them in principle and conduct training in different
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places on a rental basis. The majority of sports bases, which still exist in the hotel
regions, were created back in Soviet times. They were built according to the norms of
construction of that time, and at the present moment they do not correspond to
modern requirements. Therefore, it is necessary to reconstruct the old ones and
design new training and training bases in accordance with the current norms and
rules.

And Tambov is no the exception. Currently, no professional club has its own
specialized base in Tambov. Earlier in Tambov there was the football club “Spartak”,
which had a base in a suburban forest. But even at that time it did not meet modern
requirements. Later FC «Spartak» was disbanded, the buildings of the base received a
new owner and are used as a hotel complex, which has no relation to professional
sports. The newly created football club “Tambov” temporarily uses the Tambov
regional state autonomous institution of additional education “Specialized children’s
and youth sports school of the Olympic reserve “Academy of Football”, created for
the development of children's and youth sports.

Tambov's volleyball and basketball clubs do not have any training facilities at all.
This creates certain difficulties in terms of training, recovery, as well as financial
difficulties. Money that can and should be used for the development of sports has to
be used to pay for the rent.

Training bases are quite a complex mechanism. Therefore, when designing the
training base for any sport, a clear functional zoning is done. These zones should
interact as much as possible, but not overlap. For this purpose it is necessary to create
not only a rational multifunctional space, but also a comfortable environment that
meets all modern requirements, which can be used not only by local regional teams
and clubs, but also provided for temporary use to non-resident and foreign teams
when holding championships of European and world championships at the levels of
Russia.

The territory of any base is functionally divided into administrative, sports,
economic and residential zones.

The administrative zone includes the following buildings and facilities:
checkpoint, administrative building, parking for buses and cars, a platform for the
collection of athletes. The sports area includes: sports buildings, a medical-restorative
complex, football fields and grounds. The economic zone is represented by a
complex of engineering and technical buildings, structures and networks.

At present, in order to design a training base, it is necessary to use different
building regulations and rulesor (BRR)or set of rules(SR)for each functional zone.
For the design of sports facilities is used “SR31-112-2004 Physical culture and sports
halls. Part 1, 2, 3”. For the design of administrative and business premises — “SR
118.13330.2012 Public buildings and facilities”. For the design of the restaurant —
“Benefit to BRR 2.08.02-89. Design of public catering establishments”. For the
design of residential buildings — “SR 118.13330.2012 Public buildings and facilities™.
The selection of individual items from these documents that contain regulatory
requirements for sports bases leads to significant time costs due to the large amount
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of unnecessary information. Also, the specified regulatory documents do not take into
account individual specialized requirements of federations and leagues.

To streamline the design, it is necessary to create a specialized set of rules for the
design of training bases, which is absent at the moment, which will include all the
necessary aspects.

A modern sports facility is a complex technical "organism", saturated with
various engineering and technical systems. These complex engineering systems help
athletes achieve victories both in regional competitions and olympiads, and at the
world level.

Conclusion

Physical culture and sports are the integral part of the population's life of the
country, which is aimed at improving the nation and achieving high sporting
successes at the international level. That is why the mass construction of sports
facilities today is one of the most priority areas of activity of various state and private
structures, as well as construction organizations.
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School building is the most important city-forming and social element. Modern society needs
affordable, highly industrial, aesthetically and competently planned school buildings. Such projects
are often expensive and their construction is a long process. Developers often design entire areas of
multi-storey housing, while ignoring socially important facilities. In small settlements, general
educational institutions are either absent or closed. To solve this problem should be approached in a
comprehensive manner, using modular architecture’s advantages.
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Architecture is a powerful social tool. Buildings can have a positive impact on
society. It's not just about the cleanliness of the territories and the beautiful facades.
This is an integrated design approach of educational institutions and the planning of
territories with different urbanization levels.

The extensive growth of modern cities generates new residential areas in need of
high-tech school buildings. Do not forget about the countryside. In most cases, the
construction of a school building from small-sized elements is too time-consuming
and expensive. The current growth rate of cities necessitates an increasing level of
construction industrialization.

The architecture of school buildings requires constant development. Prefabricated
schools can gain great popularity; this will contribute to the low cost and short terms
of modular construction. The design, manufacture and assembly of prefabricated
schools will be carried out according to established technologies. As a result, we will
receive children's institutions that meet all the requirements for safety, construction,
sanitation, environment and other regulations.

There is no secret that the block-modular buildings can get wide social
attractiveness and popularity in the construction areas, when not just prefabricated
buildings are required, but such structures that can be dismantled and quickly
mounted in a new place. But what if we look at the problem more broadly? Why
don’t we turn such efficient and mobile technology into a standard solution for
different types of buildings?

Block-containeris a standard box-module intended for assembling prefabricated
buildings by means of bolted or welded joints. The block-container can be
manufactured in the factory conditions taking into account all transport and
operational loads. Multiple transportation, installation and dismantling of modular
buildings absolutely don’t affect its design and exploitation characteristics. This
opens up a wide range of planning and aesthetic solutions for architects and
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developers.

Having analyzed the regulatory documentation, we can develop a catalog of
structures and modules. Unification of some technical aspects will make it possible to
create the most diverse in terms of the volume-planning structure of the building,
with the help of such a "kit". Visual integrity and the uniqueness of each object will
be achieved by a combination of materials, constructions and colors.The tempo of
constructing is one of basic advantages ofblock-modular projects. The building
having an area of 1000 square meters can be put into use in 4-5 months after the
signing of the contract for its supply, because of parallel production processes. It’s
important that different modules can be stored in production warehouses and give
out, if it’s necessary, a very impressive volume of ready-to-install products.

Modular school projects will allow not only reducing the cost and speeding up the
process of building new micro districts. Thiskind of architecture can solve a number
of social problems.

Flexible planning system will provide schools to those areas that are built up in
rules violation for the educational institutions placement. A number of combinations
of complete solutions can meet the needs of any type of terrain with different
population density and housing structure. Municipalities of different levels can afford
to order such a project.

There is a tendency to build large boarding schools in regional centers. Children
from nearby villages have to travel to such institutions on special buses, often live in
school hostels. It would be much more logical to provide small settlements with
functional and comfortable school buildings, large school complexes in the villages
should be reformed into technical schools and colleges. Of course, such a process
should be preceded by the development of manufacture in the villages; it can quite
stop the rapid process ofpopulation urbanizing. People will have no reason to leave
places where they have all necessary infrastructures for comfortable life of several
generations, and also work, of course.

Another feature of modular buildings is the low cost of heating. Thanks to the
cladding and energy-saving glazing, these objects can be operated at a temperature of
-50 ° C and lower. It is an actual project solution for schools located in the northern
parts of Russia.

Developing a database of modular elements and school projects for different
numbers of students, for different settlements and all kinds of climatic conditions - all
this can help to revise the architecture of educational buildings, systematize the
volume planning decisions and approach to design in general. The implementation of
such a large-scale project will make the construction of schools more accessible;
positively affect the formation of the urban and rural environment in Russia.

It should be noted that the development of modular architecture will not lead to
monotonous projects. The only norm will be the dimensions of the blocks transported
from the factory to the construction site. The volume, silhouette and coloristic
solution of the buildings designed in this way will vary depending on the specific
town-planning situation. This is not a step to boring typical construction. It is a way
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out of the framework of "brick, beam and concrete".
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Abstract

This article presents the interrelation between the doctrine of the noosphere and architecture.
The noosphere is represented by a shell created with the help of the human mind. At this stage, its
development leads to a decline in the biosphere. The influence of noospheric teaching on the
development of architectural styles is examined. The principles of the noosphere, applied in
practical architectural activities are revealed. On the basis of the studied data one can regard
architecture as the main human activity reflecting the achievements of the noosphere by mankind as
a whole.
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The demand for Vernadsky's teachings in the last 10-15 years has increased
dramatically. This is due to the fact that at the end of the 20th century, the modern
world was confronted with serious environmental, raw material and social problems.
And they are not connected with the natural processes taking place in the biosphere,
but with the conscious actions of aman and his reluctance to solve complex
contradictions between man and nature, which was and remains the environment of
his dwelling. Such a situation sooner or later will lead to the death of civilization or
force humanity to hiccup a solution to the situation. Appeals for sustainable
development of territories, conservation of resources and environment have recently
become more frequent.

Solve all the problems that have appeared in the modern world in a short time is
not possible, but a gradual and correct movement according to the teachings of V.I.
Vernadsky [1] can correct the current situation in a favorable direction.

The noosphere is a shell formed on the planet Earth according to the ideas of the
mind, which includes people, natural objects and objects created by man with the
help of his mind and labor. The noosphere began to form with the advent of a man on
Earth and is being formed at the present time.

According to V.I. Vernadsky, when the era of the noosphere sets in, the primacy
of reason will come, based on rational use of the resources of nature and the
democratic development of society in all spheres such as economics, politics and
science. In the course of its development, mankind becomes a powerful geological
force capable of changing the planet by its activities. The transition of the biosphere
to the noosphere requires universal unity from humanity.

The doctrine of the noosphere reflected the interrelationship of knowledge
received by man about the surrounding world and the self-knowledge of mankind.
The scientist asserts that the noosphere is the highest step of the biosphere and is
directly connected with the transformation of both nature and society as a whole. To
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date, the noosphere is a kind of sphere of relationship between aman and nature,
where the determining factor of development is the human mind and human activity.
The structural units that form the noosphere are: mankind, social interrelations,
scientific knowledge, and products of technological development, embedded in the
biosphere. The main basis for the existence and development of the noosphere is the
coordinated work of all its constituent parts.

Architecture is the main force that transforms the human environment. Its
products accompany a person throughout his lifetime and evolve with him. With the
help of architecture, a person shapes the world around him for his own needs with the
maximum benefit for himself, forgetting and ignoring the nature with its already
established processes. By this, he approximates himself not to the achievement of the
noosphere, which characterizes the harmony between man and nature, but to the
technosphere, which in turn leads to the destruction of the biosphere and humanity as
a whole.

The connection between aman and nature is inseparable; it can be traced from the
birth of aman on Earth. The first rudiments of architecture are represented in the form
of a person's transformation of nature into his utilitarian functions. The development
of architecture and architectural styles constantly based and formed according to the
principles taking place in nature.

As mentioned above, the history of architecture gives us many examples of

imitation of wildlife forms, for example, with the example of organic architecture,
whose bright representative is Frank Lloyd Wright, whose work was greatly
influenced by Goethe's philosophy. In his outline of plants, the German philosopher
was able to distinguish two principles of their structure: the principle of internal
nature, according to the laws of which the development of the organism and the
principle of external factors affecting further changes took place. Evolutionary
theories served to further the development of organic architecture. In these theories,
the idea of "evolving" a style arose, like living organisms that exist in the natural
world.
Le Corbusier the representative of modernism, considered biology "the greatest new
word in architecture and planning" did not neglect the thoughts of the German
biologist Raul Franz. In his book he wrote that "necessity predetermines certain
forms for certain properties. Therefore, it is always possible ... to draw a conclusion
about activity and purpose on the basis of their form. "

At present, architectural bionics has received a new round of development thanks
to modern technologies, allowing exploring the geometry of natural forms: the
patterns of shape formation, features, development and connection with nature. On
the basis of these studies, programming and modeling of bioforms is carried out.

The history of the development of architecture and its styles testifies that human
society strives to achieve an interrelation with nature; this is a reflection of one of the
main principles of achieving the noosphere according to the teachings of V.
[.Vernadsky. At this stage of development, architecture only copies the principles that
flow in living nature and shifts them to buildings and structures, but a harmonious,
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equitable union is not achieved, because mankind does not have a favorable effect on
the world around by its actions. People create their own alien environment to the
technosphere, which alienates mankind from the noosphere. To achieve a harmonious
symbiosis, architecture should serve not only as a reflection of the idea of the mind,
but also as a link to the world of aman and the world of nature.
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AHHOTAIUA

B nanHOW cTaThe mpeAcCTaBlieHA B3aWMOCBS3b YYEHHS O HOOcC(epe U apXHUTEKTypBHI.
Hoocdepa mnpencraBieHa 00OJTOYKOH, CO3MAaHHOW IPH TIOMOINM YeJIOBEYECKOTo pasyma. Ha
CErofHAIIHEM »JdTarne e€ pa3BUTHE NPUBOAUT K ymanky Ouocdepbl. PaccmoTpeHo BiusiHuE
HOOC(EPHOTO YUYCHHSI HA Pa3BUTHE CTWICH apXWUTEKTyphl. BBIABICHBI MPUHIMIBI HOOChEpHI,
MpUMEHsSIeMbIE B MPAKTHUECKOH apXUTEKTYpHOU naeaTerabHOocTH. Ha OCHOBe HM3y4YeHHBIX IaHHBIX
MOYKHO CUUTAaTh apXUTEKTYpy OCHOBHOM YEJIOBEUECKOH AESTEIbHOCTb, OTPAXKAIOUIEH 10CTHKEHUS
HOOC(EphI YETOBEUECTBOM B IIEJIOM.

KawueBble ciaoBa: Hoocdepa, mpupoma, Ouocdepa, UEIOBEUECTBO, AaAPXUTEKTYpA,
o0oIouKa, HayKa.
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Abstract

This paper considers problems of acoustic design of music classrooms. Special attention is
given to music schools, which are located in converted buildings. The main requirements for
acoustic improvement are given. The analysis of the received information showed that the provision
of acoustic comfort can be achieved only with the painstaking development of the space-planning
decision and structural concept.

Key words: acoustics of musical premises, acoustic defects, sound energy.

In accordance with the Federal Targeted Program for the Development of
Education for 2016-2020, there is a lot of work to develop and implement an
effective system of additional education for children in Russia. That’s why, the
creation of a network of children's music institutions has been significantly
developed.

Today there are many requirements for such objects not only to the space-
planning decision and structural concept, but also to developing solutions for
providing acoustic comfort in training and rehearsal rooms.

The concept of acoustic improvement is an integral parameter, which affects the
quality of music halls. And it means a set of measures, constructive decisions and
parameters in project decisions, which lead to the necessary comfort characteristics of
the concert action. It is impossible to achieve acoustic improvement without careful
joint work of the acoustician and architector at all stages of the project. Only joint
engineering will help to avoid many mistakes, resulting in acoustic defects, the
correction of which will require large additional costs or will be completely
impossible.

The problems, associated with the acoustics of music rooms, were the subject of
many experimental studies. Its results were used in the creation of new and
reconstruction of existing classes and rehearsal rooms for various purposes.

The acoustic design is associated with an accurate choice of the volume, the
shape and the proportion of the room, with the quantity, the quality and the spatial
arrangement of the several (sound-reflecting and sound-absorbing) materials.

There are a lot of children's music schools today in Russia. Most of them are
located in adapted buildings (such as residential houses, former kindergartens,
general education schools etc.). Many of them are objects of cultural heritage. This
fact can cause a lot of problems in providing acoustic comfort due to the discrepancy
between the actual parameters of the classrooms and the recommended parameters.
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In buildings, originally designed as music schools, there are less acoustic
problems, because at the design development phase all nuances of acoustic
improvement were taken into account. In the process of changing the functional
process in the building many factors, affecting the provision of a comfortable
acoustic mode during operation, should be taken into consideration.

Constructive and planning parameters in each building, especially pre-
revolutionary buildings, are individual. The first problem, which can be encountered
in the process of changing of a building function, is small rooms with a significant
height of the room. A typical acute problem in this case will be acoustic low-
frequency resonances.

Their occurrence is only due to the parameters of the room, when the distance
between parallel reflecting surfaces is a multiple to half of the length of the sound
wave. In other words, to create an acoustic resonance, it is necessary that the sound
wave, “started” at one wall, pass through the entire room in a straight line to the
opposite parallel wall and, reflected from it, again returned to the beginning of the
path at the moment, when the second wave begins to appear. And so on in a closed
loop.

As a result of mutual amplification of direct and reflected sound waves, there is
an unnatural increase in the amplitude of the aggregated audio signal. This is
expressed in accentuating it with respect to the remaining frequencies and causes the
sound of boominess at a given frequency. In practice, this is perceived as a "dirty"
"buzzing" bass.

In the design practice, the optimal parameters of the music room are: the air
volume of premises shouldn't be less than 200-230 cubic meters at a room height of
at least 4,0-4,1 meter. When the volume of music rooms is understated, there is a
danger of excessive loudness of performances [2].

If the room has low ceilings, the first reflections will suppress all others, leading
to a loss of volume and degree of spatial impression of musical sounds.

One more important parameter is the ratio of the linear dimensions of the room,
i.e. the ratio of its length, width and height. With an unfavorable ratio of linear
dimensions, there is a tendency to fuse (mutually reinforce) several resonances. The
most problematic in terms of the formation of resonances are rooms with the same or
multiple linear dimensions. The worst variants are cubic rooms. The observance of
basic proportions (the ratio of length to width and width to height) is a prerequisite
for music rooms and should be selected within 1,4 — 1,6 [2].

The next prevalent acoustic problem is «flutter». This definition in acoustics
means the process of multiple cyclic reflection of sound between two parallel
surfaces with high reflectivity. Its presence negatively affects the quality of sound
reproduction, because it worsens the intelligibility of speech, "smears" the sound of
music programs and gives him a sharp unpleasant color. That's why the longitudinal
walls of rooms should have bevels from an ideal parallelism and have angles not less
than 10-12°[2].
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The decoration of rooms also affects the provision of comfortable acoustic mode.
As a rule, all the acoustic problems of the music room are due to reflections of sound
from its walls, floor and ceiling, so that smooth, hard and massive reflective surfaces
are worse, because they easily reflect the sound back into the room [1].

To avoid acoustic problems, the ceilings of rooms must completely reflect the
sound, floors must be wooden. In the decoration of rooms it is recommended to use
traditional building materials. Structures with the open use of reinforced concrete
should be completely excluded in the decoration of the envelopes [1].

Insufficiently considered application of special acoustic linings can affect and
distort the frequency response of the room, resulting in a loss of room reverberation.

Generally, well-thought-out space-planning decision and structural concept of
buildings of music schools, located in specially designed or adapted buildings, will
avoid problems in creating acoustic comfort in rehearsal and concert rooms.
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AHHOTALIUSA

PaccmoTtpena npoOiemMaTtuka aKyCTHYECKOI'O IPOEKTUPOBAHMS IMOMEIIEHHH My3bIKaJIbHBIX
yueOHbIX 3aBefieHHd. Ocoboe BHHMMaHHE yAeNseTcs 3JaHUAM  IPUCIOCOOJICHHBIM  IOJ
My3bIKaJIbHbIE IIKOJIBL. [IpruBeeHBI OCHOBHBIE TPEOOBAHMS K aKyCTHUECKOMY OJ1aroyCTpONCTBY.

AHanu3 mpuUBENEHHON MH(pOpMalMM MoKa3al, uyTo oOecreueHHe aKyCTHYecKoro komdopra
MOJKET OBITh JOCTUTHYTO TOJBKO IpH THIATEIbHOH pa3paboTKe OOBEMHO-IUIAHUPOBOYHBIX H
KOHCTPYKTHBHBIX PEIICHUH.

KiroueBble c10Ba:akyCTHKa MYy3bIKaJIbHBIX NOMEIIECHUH, 3BYKOBas SHEPIHsl, aKyCTHYECKUE
neEeKTHI.
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Abstract

In this paper an attempt to trace the historical path of development of the natural stone use in
construction is made. It is shown that originally the natural stone was used as a structural material.
This was due to the lack of an alternative and the lack of the need to create large internal volumes of
the room. Since the era of ancient Greece and ancient Rome, the field of application of the natural
stone has changed. It has a double purpose. It can be used as the structural and finishing material. At
the present time it is used only as a finishing material.

Key words: constructive material, decoration material, monumentality, natural stone.

Introduction

The natural stone along with the wood is the first building material. Its strength
characteristics, resistance to the effects of unfavorable factors, which cause high
performance indicators, initially determined the scope of the natural stone as the main
bearing structural element of buildings. However, at different historical periods, the
purpose of the stone was different: at the dawn of the centuries the natural stone was
used only as a structural material, then during periods of the history it was used both
as a structural and finishing material. You can also distinguish periods during which
it was used only as a finishing material [2]. Thus, the way of development of the
natural stone from a constructive element to a decorative element is very interesting.

History of natural stone in buildings

One of the first structures made of stone, which have survived to this day, are
religious buildings: menhirs, dolmens and cromlechs. The purpose of the first
structures made of the natural stone is still not fully established, and causes a large
number of disputes among specialists.

At the next historical stage of the development, the end of which can be limited to
the beginning of the era of Ancient Rome, all the buildings and facilities were divided
according to residential and religious purpose; the first buildings were constructed of
wood and clay (they played the role of the temporary residence in this world). The
latter were built of the stone. The purpose of cult stone structures was the suppression
of the man and the exaltation of the deity and his power on earth. The interior space
of such buildings is insignificant in contrast to exterior. This is due to the fact that it
was not possible to block large spans with stone structures but it was possible to
create monumental perpetual buildings. A vivid example of such buildings is the
Egyptian pyramids. At this period of time, the stone still played the role of a
structural element.
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The purpose of religious buildings (temples) in Ancient Greece was somewhat
different than in countries with the despotic form of government. In this country,
religious structures played the role of the unity element for both spiritual and physical
development of the man, the education of a heroic man. That is why the tendency to
escape from the domination of the mass (the mass of the stone) over the space is
clearly traced through the improvement of the pillar-and-beam system, which led to a
clear division into the supporting and enclosing elements. Tectonic pillar -and-beam
system made of stone developed in ancient Greece and has become a universal part of
architecture. It is at this historical period that the stone fulfills the function of not only
a cladding element but also a finishing element.

In the era of ancient Rome, the construction of public buildings (amphitheatres,
basilicas, baths) begins which leads to the need to create large internal volumes. At
the same time, the stone-based pillar-and-beam system developed in Ancient Greece
does not allow to create the required volumes and the stone application is gradually
abandoned. The stone is replaced with concrete. The natural stone at this period of
time plays the role of decoration material [1].

In the middle ages, with the loss of antiquity construction technology they begin
to use the stone as a structural material again. The required internal space is created
by erecting spatial structures. At this period of time, systems of vaulted ceilings are
used. Both the stone and the brick are applied for the construction.

By the 19th century, with the appearance of a large number of new building
materials, the natural stone had begun to play the role of a finishing material. The use
of the natural stone as a structural material because of its high cost becomes an
unaffordable luxury. However, its use in the lining provides the building with an
expensive fashionable appearance [1].

In the Soviet era, since the 30s of the last century, the natural stone began to be
widely used as a facing material for the construction and reconstruction of buildings
and structures in Moscow. We can say that at this period of time Moscow had mainly
stone buildings. The central roads of the city are radically rebuilt.

In the 90-s of the 20th century due to the objective circumstances, the use of the
natural stone, even as a facing finishing material, decreased greatly. But in the
modern conditions, there has been a recent increase of interest in using the natural
stone such as marble and granite. However, it should be noted that there is no
discussion about the use of the stone as a structural component. The requirements of
the economy must be met.

Conclusion

Thus, the historical path of the use of natural stone in construction has been
traced.
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AHHOTANUA

B nanHOoli paboTe cAenaHa TOMBITKA MPOCIEAWTh HCTOPUYECKUI TMyTh PpPa3BUTUA
WCIIOJIb30BAaHUsl MPHUPOJHOTO KaMHS B cTpouTenbcTBe. [lokasaHo, 4TO M3HAYaIbHO HPUPOJHBIN
KaMEHb MPUMEHSICA B Ka4yeCcTBE KOHCTPYKTHBHOTO MaTepuaia. OT0 ObLIO CBSI3aHO C OTCYTCTBHEM
QIBTEPHATHBBl M OTCYTCTBHEM HEOOXOAMMOCTH CO3JaHHUs OOJBIIMX BHYTPEHHHX OOBEMOB
nomenieHuss. Haunmnas ¢ smoxu [peBuerr I'pemmm u JIpeBHero Puma, obGmacTte npuMeHEHHs
MPUPOJHOTO KaMHS HAYMHAET M3MEHSAThCS M €ro Ha3HAUYEHHE CTAHOBUTCSA JBOSIKUM —
KOHCTPYKLIMOHHBIM M OTHEJNOYHBIM MaTepuall. B Hacrosimiee Bpemsi €ro HCIOJb3YIOT TOJIBKO B
KauecTBE OTJEJIIOYHOI0 MaTepuaa.

KiroueBble cj10Ba: KOHCTPYKTHBHBI  MaTepHall, MOHYMEHTAJIBHOCTb, OTIEJIOYHBIN
JIEKOPaTUBHBIN MaTepHUall, IPUPOJHBIA KaMEHb.
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Abstract

The article outlines the prospects for the development of aesthetically appealing and technically
effective new forms of folded shell structures in different areas of architecture and construction.
The functions of folded shells are shown when applied in architectural objects. Further research
priorities and creative experiments in the field of structural morphology of folded shells have been
identified. The creation of new types of folded systems allows clarifying perspective directions and
their use in various areas of construction.

Key words: new architectural forms, folded shell, invention, artistic and aesthetic
expressiveness, perspective directions

The invention of new types of folded shells, as well as the improvement of
geometric and physical methods of their structural modeling, is traditionally one of
the most topical and complex scientific and creative directions in the sphere of
structural morphology. Traditionally the concept of "folded shell" is interprited
narrowly by most architects and designers - only as a certain variety of bearing roof
slabs and walls of buildings and structures.

At present the range of promising areas for the use of new forms of aesthetically
appealing and technically effective folded systems has expanded significantly. In
addition to the bearing roof slabs of flat, vaulted, domed and complex folded forms,
such folded structures will be successfully applied as:

* tent tension structures of various configurations;

« transformable prefabricated quickly erectable residential and public buildings
for hard-to-reach areas of gas and oil fields as well as relocatable shelters in natural
disaster — prone areas;

* sound absorbing ceiling and wall screens in the halls;

* hyperbolic and umbrella pipe folded structures;

» glass fagade cladding curtain wall structures of public buildings;

 small architectural forms (light lanterns, canopies, fountains, covered passages
and galleries, sculptures, etc.);

* Vertical or raking bearing parts of structures, arches and beams.

Practically significant directions of further scientific researches and creative
experiments in the field of structural morphology of folded shells:

1. Unlocking theartistic and aesthetic potential of plane folded shells, transformed
from the plane;
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2. Development of theoretical foundations for structural morphology and creating
new types of folded shells with fractal structure, as well as identifying their
composite potential;

3. Research on the aerodynamic aspect of the folds formation, and the creation of
new promising types of pipe folded high-rise buildings;

4. Study of the acoustic aspect of the folds formation;

5. Development of theoretical frameworks for composite modeling of domed
shells.
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Fig. 1 —Spor

Nowadays the study of new types of folded shells without plain structure is
becoming particularly relevant:

- composite shells consisting of compartments of hyperbolic paraboloid;

- composite shells consisting of the conoid and helicoid compartments;

- composite shells consisting of the cone and cylinder compartments;

- composite shells consisting of the compartments of surfaces with positive
Gaussian curvature.

The above-mentioned types of shells are distinguished from plane folds by their
increased strength characteristics and improved sound-scattering characteristics (in
case hyperbolic folds are used).

One important point is worth noting: these types of composite folded shells are
markedly different from well-studied plane folds. At the same time, the analysis
revealed that their artistic and aesthetic potential has not been unlocked yet and
therefore it should be the subject of an in-depth study.

The development of the theory of architectural shaping of folded shells is a

scientific platform for creating promising innovative architectural and artistic
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concepts of buildings and structures, and it is also an important prerequisite for their
legal protection.

The most practical and productive one among the possible ways of modeling
folded forms is the experimental approach.

The invention of new types of folded systems allows not only to improve known
technical solutions of shells, but also to reveal previously unknown promising
directions of their effective use in various construction sectors; whereas expanding
the range of possible applications of folds is one of the most urgent priorities for
modern architecture.

The most important aspect of architectural shaping of folded shells is unleashing
their artistic potential: modeling of original forms with fractal or torsion composite
structure; such forms possess a characteristic and dynamic silhouette, an expressive
crystal pattern of texture, an active and changing black - and - white picture of the
surface relief.

The topical technological highlights of shaping folded shells is the improvement
of the methods of accurate forming of surfaces relief from large-sized sheet materials
as well as the development of constructive design solutions for flexible and pin-
connected joints of transformable structures.
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AHHOTANUA

B crartbe u3NOXKEHBI MEPCHEKTUBHI PA3BUTHS JCTETUYECKH BBIPA3UTEIBHBIX U TEXHUUYECKU
3 PEeKTUBHBIX HOBBIX (OPM CKJIAAUaTBIX OOOJIOYEK B PA3IMYHBIX cdepax apXUTEKTYphl H
cTpoutenscTBa. I[lokazaHbl (QYHKIMH CKJIam4aThiX O0OJOYEK TMPU UX NPUMEHEHUH B
apXUTEKTYpHBIX OO0BeKkTax. OmnpeneneHbl 3HAUMMbIE HAMpaBiICHHsS JaTbHEMIIUX HAyYHBIX
UCCIICZIOBAaHUM W TBOPYECKUX OKCIEPUMEHTOB B oOsacT (opMooOpazoBaHMs CKIIaa4aThIX
oOosiouek. CozaHuEe HOBBIX THUIIOB CKJIATYaThIX CUCTEM IO3BOJIAET BBIABUTH MEPCIEKTHBHBIC
HaIpaBJICHUS U UX UCTIOJIB30BaHUE B PA3IMYHBIX cpepax CTPOUTEITHCTBA.

KiroueBble cjioBa: HOBBIE apXUTEKTypHBIE (OPMBI, CKIagdaras 000J04YKa, HM300pETEHHE,
XYJI0’K€CTBEHHO-ICTETHYECKAsT BRIPA3UTEILHOCTD, IEPCIICKTUBHBIC HATIPABICHUS
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Abstract

The levels of architectural shaping are discussed in the paper. Much attention is paid to the
communicative-environmental level of architectural shaping. The interaction of man and
architecture is considered from the point of view of human needs. The problem of environmental
influence on the psyche and physical human health is highlighted.

Key words: architecture, emotions and architecture, factors of shaping, information in urban
space, levels of architectural shaping, perception types of architectural object.

Introduction

The building can be compared with a mechanism where each part has its own
role. The architect's task is to regulate all components of the building and bring the
utilitarian and artistic aspects into balance. Marcus Vitruvius Pollio named three
qualities that architecture should have: "benefit", "strength", "beauty." Such an order
of words tells us: the most important component of the architectural object is the
utilitarian. However, this is far from true. As we know, A.V. Ikonnikov in his book
"Function, form, image in architecture" says that it is impossible to compare the
importance of the factors of shaping. In any case, "spatial values" will be in
contradiction with the influence of fashion or style features [1]. The centre of
architectural theory is problems of organizing the architectural object like a piece of
art [3].

Architecture and information

G. Yu. Somov quotes A. Kuchmar’s words: Architectural formation is
subordinate, first of all, to the reproduction of life in its integral material and spiritual
manifestation. G. Yu. Somov concludes that the most important thing for
understanding the form-building process is such concepts as a “way of life” and “a
complex of life processes™. He also identifies three levels of architectural shaping: the
level of material organization, the communicative-environmental level and artistic
level. All three levels interact with each other and “communication processes and
information associated with them, meaning, signs are inherent in all selected levels of
form” [3]. Communicative-environmental and artistic levels of formation together
form the emotional connection of humans and architecture.

The architect passes a specific architectural task through his own consciousness
and understanding of piece, considers the objective and subjective factors of shaping.
As a result, the architect gives his own impressions to a piece of art and creates the
image and artistic form of buildings. It influences the image of the city. The artistic
image of the building is called “a world of ideas, various associations, shades of
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moods and feelings [3, p. 62]. You can pay attention to the mutual influence of man
and architecture:

/ Viewer \
Architecture, The emergence of ideas,

image of a building association, emotions

Architect

The emergence of various emotional states is a result of the interaction of
architecture and man. The environment around us should create positive emotions
with the help of clear spatial connections, systems of visual communications and
artistic solutions.

The organization of the architectural environment is based on two groups of
human needs: physiological and indicative. Indicative needs can be separated into
cognitive needs, emotional contact needs and the need to search for the meaning of
life [4]. Indicative needs are related to the stream of information that the environment
gives. The quantity and quality of such information differently affects not only an
emotional state of a person, but also a physical state. G. Yu. Somov gave an example
of the organization of airport areas, where visual communication systems are very
important. If the main and secondary information flows in one flow, there is a feeling
of discomfort and confusion. If the information is ordered, navigation in space
becomes easier and unpleasant emotions do not arise [4]. The physical state, as was
said, can also be a consequence of the space organization. Monotony of surface
coatings makes information about the object not sufficient. The abundance of
repeating elements is excessive. Both situations are causes of stress, they worsens the
state of health and influence the human’s nervous system [5]. The last example refers
to the creation of Japanese architect Kisho Kurokawa. It is a building in the style of
Japanese metabolism.

The Nakagin Capsule Tower
consists of 140 small-size identical
elements (2.3x3.8x2.1 m). The Tower
was built in 1972. In 2007, the
inhabitant of the Nakagin said that they
wanted to demolish a building, due to
the poor state of the tower. However,
the author of the paper about The
Nakagin believes that a monotony
atmosphere inside and outside could be
the cause of sleeplessness, headaches
and nervous disorders. Those things :
could become another reason for Fig. I — Kisho Kurokawa.
changing the place of living [5]. Nakagin Capsule Tower
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A person needs to change views and the semantic variety of information
received in the urban environment. If the semantic diversity of the environment is
determined by the processes of activity and features human’s behavior, then visual
diversity is the active differences of the environment elements [4]. If we compare a
historical center of the city and areas of new buildings, we will see how easy it is
to navigate in the historical part of the city. Changing of the views, necessary
dominants and accents in the composition of streets, the integrity of architectural
images, the rhythm of windows and cornices, a hint of the ensemble - all of them
create cosines and positive emotions. The city’s picture of new areas is another: the
destruction of space, awkward altitude in combination with low-rise buildings,
monotony of high-rise buildings, the difficulty of finding landmarks, etc. In the last
case, the authors of projects forget about programming of the view pictures and the
differences of the perception types of individual objects.

Types of perception affect the environment organization. It is the perception
aimed of the selection of useful information or aesthetic perception. In the second
case, the object goes outside utilitarian properties; an object endowed aesthetic
value and becomes the symbol of the era [4].

As we know, several architectural schools appeared at the beginning of the
20th century. The most famous of them are the Bauhaus in Germany and Higher
Art Technical Workshops in the Soviet Union. Each school in its own way
changed the notion of architectural composition and touched upon the problem of
creation and the experimental approach to architectural shaping [2]. If the Bauhaus
seems like a creative laboratory, then Higher Art Technical Workshops looks a
little different. The creation of members of the Soviet school was associated with
the new ideology of the state and an emergence of new ideas about the relationship
of people. This approach to the creation helped to express a new ideology and
meanings. One example is the change of attitude towards the notion of "palace".
As A.V. Ikonnikov says, the "palace" was a symbol of hostile forces for the mass
consciousness of revolutionary years, but it turned into a symbol of the triumph of
a new social order after the victory of the October Revolution [1].

Conclusion

Symbols and signs are the base of information systems. The difference of
architecture is the composition of material elements, which, apart from the
practical use, serve as signs for the expression of the figurative content of an object
[1]. The architecture gives information not only to satisfy a person's need to
navigate in space, but it also brings more complex philosophical and ideological
meanings. Each element of the building has its own meaning, and together they can
form a holistic picture of the life or world outlook of the people of their time.
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AHHOTaNUA

B nmaHHOI cTaThe paccMaTpHUBAIOTCS YPOBHH apXUTEKTYPHOTO (HOpMOOOpa3oBaHMS.
VYaensercs O0oiblioe BHUMaHME KOMMYHHUKAaTHBHO-CPEIOBOMY YpOBHIO. PaccMaTpuBaetcs
B3aUMO/ICHICTBHE YEIIOBEKA M apPXUTEKTYPHI C TOYKU 3PEHHS] OPHEHTUPOBOYHBIX MOTPEOHOCTEH
yenoBeka. B craTbe ocBeriaercss BOMpoc BIMAHUS HMH(pOpMalMU 00 OKpy’Karolled cpene Ha
NICUXUKY W 3/J0POBbE YEJIOBEKA.

KiroueBble cjioBa: apXUTEKTypa, apXUTEKTypa U 3MOLMH, MHPOpPMALUS B FOPOJCKOM
NPOCTPAHCTBE, THIBI BOCIPHITHS apPXUTEKTYPHBIX OOBEKTOB, YPOBHH apXHTEKTYypHOTO
dbopmoobpazoBanus, hakTopsl GOpMOOOPA3OBAHHUSL.
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Abstract

A unified navigation system for people with the poor eyesight in a sports facility is
considered.

The author reveals the reasons why it is difficult for people with the poor eyesight to
use sports buildings today. The tasks set for the architect are discussed and ways of solving
problems arising in the design of a sports facility that can provide people with the poor
eyesight with a comfortable existence in it are suggested.

The existing measures to ensure a comfortable existence in a sports facility for people
with the poor eyesight are generalized, structured and supplemented, so that the author
identifies and explains such a concept as "Effective navigation system" in a sports facility.

Key words: navigation system, poor eyesight, sports facilities.

Introduction

Today, sports facilities are not available for people with disabilities. This
problem is relevant because of the lack of sports facilities equipped with a
special navigation system. This system provides comfortable and understandable
orientation within the facility for people with limited sensory capabilities

In this paper, we propose to consider a unified navigation system for
people with the poor eyesight.

A navigation system in a sport facility for people with poor eyesight

This system is designed to provide all opportunities for the independent
movement within the facility and on the adjacent territory. The navigation
system can be considered more effective only if it gives independent free
orientation in the facility for a person with the poor eyesight.

An effective building navigation system can be divided into three
conventional directions: architectural and planning solutions of the object;
specialized equipment of premises; accessible information system.

The optimal architectural and planning solution of the facility involves the
arrangement of rooms where people with the poor eyesight can be, at the level
of the entrance closest to the ground. The ramps, lifting platforms for disabled
persons or elevators are provided if other rooms are arranged in a different way
in the building, except for stairs.

In addition, if the building includes a room for sports games, then it must
be perfectly smooth, and playgrounds must be indicated with sticking strips.
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The modern specialized equipment includes: horizontal handrails installed
at the 09 to 1.2m from the floor; tactile ground indicators; artificial
irregularities; outdoor signposts.

Tactile landmarks and artificial irregularities form the basis of an effective
building navigation system. They are unified and regulated by GOST R 52875-
2007. These indicators can be divided into guiding and warning signs. [2]
Guidance signposts should provide an opportunity to move in the right direction
inside public buildings independently and without an accompanying person for
the people with the poor eyesight.

The public buildings and structures have tactile floor signs in the corridors
and on the staircases to indicate the direction of movement to the disabled
people, as well as to warn them about possible dangers on the route. Outdoor
signs can indicate a direction; warn about a possible obstacle, turn, staircase, etc.

(fig. 1)
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Fig. 1 - Forms of surface corrugation

Another important aspect of an effective navigation system for people
with the poor eyesight is the easily assimilated information component. [1] It
can include the installation of information mnemonic diagrams, information
stands and sound informants.

The information component of the navigation system requires special
attention. The task of its organization includes a lot of complex nuances. For
example: a tactile traffic pattern for the people with the poor eyesight should be
installed near the entrance to the building. It must display information about the
premises in the building and not interfere with the main flow of visitors. It
should be located on the right side in the direction of the route at the distance of
3 to 5 m. Tactile and light pointers, scoreboards and pictograms should be
actively used as well as a contrasting color concept for the interior elements to
draw the attention of people with the poor eyesight to the necessary information.
The information desk in the field of specialized services for invalids should be
clearly seen by people with the poor eyesight.
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In addition, the installation of sound informants is provided in the
vestibules. Visitors with the poor eyesight can use them. Similarly, all types of
information room are equipped. [2]

Therefore, the effective orientation system is the system which allows
people with the poor eyesight to accurately identify their own location and
places being the target of the visit at any time of the day; the possibility to have
continuous information support on all routes; the possibility to receive
information in various formats (visual, sound, relief font and Braille font).

Conclusion

Therefore, only taking into account all three components of an effective
navigation system, it is possible to create comfortable conditions for people with
the poor eyesight in a sporting facility.
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AHHOTAUSA

B nmaHHO# cTaThe mpesuiaraeTcsi K PacCMOTPEHHMIO YHU(DHIMpPOBaHHAs CHCTEMa
HABUTAIMH IS JIIOJICH ¢ OCIIa0JICHHBIM 3pEHUEM B CTIOPTHBHOM OOBEKTE.

B crathe BBISBISIOTCS NPUYUHBI, 1O KOTOPHIM CIIOPTHUBHBIE MOCTPOMKH CETOIHS
OCTAlOTCA  TPYAHOJMOCTYNMHBIMU I JIIOJEW C  OCJIa0JeHHBIM  3peHueM. Takxe
paccMaTpuBaIOTCs 3aJaud, MMOCTABICHHBIE TEPE]] apXUTEKTOPOM, U MPEAJIararoTcsl CIocoObI
perieHus mpooIeM, BO3HUKAIOIIUX MPU MTPOSKTHPOBAHUH CIIOPTHUBHOTO 00BEKTAa, CIIOCOOHOTO
00ecCnevnTh JIOASIM C OCJIa0JIeHHBIM 3peHreM KOM(OPTHOE B HEM CYyIIIECTBOBaHHE.

CymrecTByIoniye Ha CETOMHSANIHHA JCHb MEPhl MO O0ECIeYeHUI0 KOM(OPTHOTO
CYILIECTBOBaHMS B CIIOPTUBHOM OOBEKTE JIOASIM C OCIabIeHHBIM 3peHHEeM 0000maTcs,
CTPYKTYPHUPYIOTCSI W JIOTIOJHSIOTCS, OJlarojaps 4eMy B CTAaThe BBISBISCTCS M IOJy4aeT
o0BsICHEHHE Takoe TOoHATHE Kak «JddexkTuBHas cucTeMa HaBUTALMKW» B CIIOPTUBHOM
00BeKTE.

KiaroueBble ciaoBa: ocnalOleHHOE 3peHHe, CUCTeMa HaBUTallid B OOBEKTe,
CIIOPTUBHBIE OOBEKTHI.
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Abstract

The extensive growth of Russian cities is a common phenomenon of recent decades. As a
consequence there is a growing problem, because such a developed periphery requires a highly
developed center. The quality of the central parts of the city is determined precisely by the
availability of a right historical and modern buildings balance at the junction of which public
spaces are formed. These architectural units are the most important aspect of the citizen’s life.

Key words: architecture, urbanism, extensive growth, city center, periphery.

A modern city is a constantly developing, growing organism. He is subject to
urban and urban laws in all aspects of his growth. There is a certain system of
interaction between the elements and structures of the city, dictating the dynamics
of the urban environment. All this is inextricably linked with society, and the
development of the city occurs solely under the influence of social processes.

Thinking about public spaces as a concept, we must go beyond the "squares"
and “parks”. They represent a branched network, smoothly flowing from the
embankments to the courtyards of schools and houses, dissolving and again
appearing on the general plan. In modern conditions, a highly urbanized
environment is saturated with various aspects of social life and projects them to
society. A self-sufficient, continuously developing closed system “society-public
space” is being formed.

In the post-Soviet space, many cities experienced a transition from a planned
economy to a market economy. All of them underwent extensive growth due to
new opportunities for commercialization. This process was accompanied by a
complete lack of familiar urban planning systems, so characteristic of the
architectural practices of the Soviet Union. In most cases provincial cities lack the
capacity for autonomous development. This entails a lack of investment, especially
foreign ones.

The attractiveness of the center is also lost because of the active development
of the periphery. Extensive growth is due to the availability of free areas. This
situation is easier for developers and officials. There are too many attractive factors
involved - large volumes of construction from scratch, scale, transport
accessibility, relative cheapness of the land, no problems in the process of project
approval. All this generates supermarket boxes and faceless residential
neighborhoods without the proper social infrastructure, often even without schools.

A consequence of these processes is the high development and saturation of the
periphery. This hypertrophied ring around the city began to impose higher
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demands on the central zone. The natural consequence will be an increase in the
social and cultural potential of the center.

It is necessary to determine in advance some key expressions for correct work
with the concept of public spaces. The historical center is the territory of city
appearance, the focus of cultural and historical heritage. The central zone is a
highly urbanized area, characterized by a wide range of human activities in various
spheres, a variety of functions, increased use of citizens, as well as historical depth.

Public space is the territory that forms and integrates citizen’s communities.
The ideal public space covers three aspects of the life of citizens: social, cultural
and political. The social aspect is expressed in the formation and reproduction of
the public sphere, when people go beyond the usual circle of friends and
acquaintances and face strangers.

Public space should provoke interaction among different sections of the
population. People should not only be aware of the existence of each other, but
also have the opportunity for real interaction and communication. This is the
manifestation of the democratic potential of citizens. At the moment, there is a
social dilemma in front of the general planners: how to "design" anew, to build
urban social life so that it stimulates a sense of community and understanding of
identity in the urban environment?

Cultural activities began to play a significant role in the viability of the city's
economy. The city uses the appeal of culture to saturate its economic well-being.

Public space is not always inextricably linked with the historical center of the
city. But historically it was formed in the center. In the process of people's activity,
over time, it began to form in other, rapidly growing parts of the city. Our goal, as
architects, is to gradually transform the divided public spaces into a network.

Looking at the prospects for the development of Russian cities, we must pay
special attention to the center, saturated with public spaces. Analyzing the very
concept of "centrality" in urbanism, we see that the merging of people into a single
community is traditionally taking place in public spaces.

The urban potential of parks and recreation areas is high. But at this stage of
development they do not provide all the necessary aspects of the ideal model of
“public space”. Objects of their cultural reach are difficult to call unique, in
essence they are identical. The very fact of occurrence of places attracting citizens,
their analysis and systematization is important. Studying an evolving network of
public spaces will provide an opportunity to effectively manage the city. Further,
the qualitative improvement of the environment in all aspects will follow logically.
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DKCTEHCUBHBIN POCT PYCCKHUX TOPOJOB — XapaKTEPHOE SBJIICHUE TIOCIEIHUX AeciaTIieTnil. B
CBSI3W C 9TUM HapacTaeT nmpobiieMa, Bellb CTOJIb pa3BHUTas nepudepus TpeOdyeT BHICOKOPA3BUTOTO
neHTpa. KauecTBo HEHTpalbHBIX YacTel Tropojia ONpeAesseTcss UMEHHO HaJMdueM I'PaMOTHOTO
OayaHca HMCTOPUYECKOM ¥ COBPEMEHHOW 3aCTPOMKHM, Ha CTBIKE KOTOPBIX (OpMUPYIOTCS
OOIIECTBCHHBIE MPOCTPAHCTBA. DTH APXUTEKTYpPHBIC EIUHHIIBI — BAXKHEUIINN aCIEeKT XU3HU
TOpOJKaH.
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Abstract

The article presents the characteristics of houses construction of XX(60-70) in Tambov
within Pionerskaya, Naberezhnaya, Uborevicha, Andreevskaya Streets. The solutions for the
reconstruction of buildings, improvement of yard areas and creation of the favorable urban and
natural environment are made.

Key words: reconstruction, remodeling, renovation.

Construction in the mid-60s was aimed at solving the housing problem in the
shortest possible time, the formation of new systems of enclosed courtyard spaces,
regional and district development with integrated public buildings.

Currently, a large number of similar buildings are located on the territory of the
town. It is impossible to demolish all these buildings, so they are reconstructed to
facilitate the lives of citizens.

Residential areas of Naberezhnaya Street are closed systems, situated near
other buildings of other periods, with adjacent recreational area along the river
Tsna. Disadvantages of the quarter are pedestrian permeability, lack of organized
platforms inside courtyards, parking areas, fire driveways do not correspond to
regulations [1].

This territory is considered comfortable for living, near the beach and park
zone. However, the buildings themselves are in poor condition. The project
provides for overhaul with the reinforcement of load-bearing structures, modern
design of premises, improvement of the yard area, taking into account the needs of
the population. Measures for the reconstruction of buildings and apartments will
allow residents of these houses to change the living conditions without changing
their place of residence.

Houses built in the 1960s and 1970s are standard 4- or S5-storey brick
residential buildings located in the center of the city.

While remodeling houses it is recommended to dismantle the walls in double
and triple apartments, to combine kitchens and living rooms, replacing gas stoves
with electrical; in double and triple apartments replacing combined bathrooms into
separate ones, redevelopment of one-bedroom apartments is not recommended.

Structural transformation includes strengthening of bearing structures
(foundations, walls), insulation of walls, superstructure of additional floors, roof
reconstruction, extension of lifts, lobbies device.

Redesign of apartments includes increasing the area of the bathroom and
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kitchen, creating a more comfortable layout by replacing internal partitions. In the
center of the building one-room apartments are joined in to two-bedroom
apartments, because they do not meet the norms of insolation.

Accomplishment of territories near houses requires an individual approach, as
a consequence of the features of the relief (strong bias) and a small area. This
includes passages device in accordance with the standard organization of sites for
various purposes in accordance with [1] and [2] and DBC 58-88 [3], demolition of
dilapidated houses, the resettlement of residents from dilapidated housing in new
residential high-rise building in the quarter, the organization of zones of
landscaping.

=J
m
5t
-~
Ic
()
=
-

Fig. 1 — Cultural and leisure area of Naberezhnaya Street in Tambov.

It is worth noting the value of Naberezhnaya Street to Tambov in the urban
development plan (Figure 1). This is the cultural and recreational zone of the city,
along which there are numerous parks, alleys, playgrounds, catering, cultural
centers, in the southern part of the organized beach area, including organized
sports grounds, swimming areas, rent of (Figure 2).

Fig. 2 - Development scheme. Recreational development.
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Integration of the quarter to the urban environment must take into account the
natural dominant of river Tsna. It will create the finished look of Naberezhnaya
Street, will rise the quarter (district) indication of the comfort of living in Tambov.
And for the human visitor and resident of Tambov the development of this area can
become a kind of attraction, and undoubtedly a great contribution to the
modernization and transformation of Tambov.
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Abstract

Modern Russian construction market offers a large number of design concepts for steel
frames of agricultural buildings that makes it necessary to systematize the most effective
concepts for the use in the Tambov region. The aim of the research is to analyze design concepts
for steel frames of agricultural buildings and structures. The research included several stages:
studying the classification of agricultural buildings and structures, outlining advantages of steel
frames used in them, examining of Russian construction related to the application of design
concepts for steel frames of agricultural buildings. As a result of the research, steel frames of
agricultural buildings were systematized in a tabular form, their main advantages were
highlighted and ways of using the proposed design concepts in the Tambov region were outlined.

Key words: agricultural buildings and structures, design concepts, steel frames.

Introduction

At present there are many design concepts for steel frames of agricultural
buildings offered by Russian manufacturers. The choice of a specific concept is
determined by the scope of application of agricultural buildings and the
technological equipment located in them.

The relevance of the research is that agricultural buildings and structures
play an important role in the production of agricultural products. Productivity,
expiry dates and other indicators of agricultural production depend on the use of
modern materials and technologies in the construction of agricultural buildings and
their state.

The aim of the research is to analyze design concepts for steel frames of
agricultural buildings and structures.

To achieve this aim, it is necessary to solve the following tasks:

- study the classification of agricultural buildings and structures;

- outline advantages of steel frames in the construction of agricultural
buildings;

— examine Russian construction and design concepts for steel frames of
agricultural buildings used now;

- study the prospects for the development of agriculture in the Tambov
region.

Characteristics of design concepts for steel frames of agricultural
buildings and structures
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Agricultural buildings and structures are intended for various branches of
agricultural industry. The following main types of agricultural buildings and
structures are distinguished: buildings for livestock and poultry; veterinary
buildings; structures for the storage of silage and haylage; warehouses; structures
for cultivation; buildings for processing of agricultural products; buildings for the
repair and storage of agricultural machinery [1].

Today in our country metal structures are primarily used in the construction
of industrial and agricultural facilities. This is due to a number of advantages:

— the use of lightweight steel structures instead of heavy reinforced concrete
structures allows to significantly reduce their own weight as well as the weight of
the entire building due to the high strength characteristics of these materials;

— in connection with the use of small spans and the length of structural
steelwork, the problem of the stability of compressed elements, which is the main
one when metal is used, can be solved without a significant increase in the
construction ratio;

— lightweight load-bearing metal structures allow to use the machinery of
small-capacity and high mobility during their installation;

— the use of load-bearing metal structures in conditions of large-scale
construction of agricultural facilities has great advantages due to their relative ease,
transportability and high degree of industriality;

— metal structures best meet the requirements of assembly and demolition of
buildings and structures. This makes it easy to dismantle steel structures and
flexibly change the purpose of the building;

— saving of material in metal structures of agricultural buildings and
structures is achieved by using the most cost-efficient rolled and bent profiles;

— the steel profile can be exposed to temperature change [2].

Currently, the Russian factories of steel structures offer different types of
design concepts for agricultural buildings. It is suggested to use pipes and C-
shaped, Z-shaped and X-shaped cold-formed galvanized steel profiles which are
mainly cross-sections of structural elements.

In the agricultural construction relatively small spans of buildings not
exceeding 30 m are used with the space of bearing structures from 3 m to 6 m.

Design concepts of agricultural buildings which are briefly described are
summarized in Table 1.

The choice of design concepts is also relevant for the Tambov region since it
is an agrarian and industrial region that has the necessary raw material base,
manpower for the development of agro-industrial complexes. In accordance with
the "Strategy of social and economic development of the Tambov region for the
period until 2020", the construction of agricultural buildings and facilities meeting
modern requirements will continue in the region.

Conclusion

Thus, as a result of the research, the steel frames of agricultural buildings
were systematized in the tabular form, their basic characteristics were determined,
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the modern market of manufacturers of steel frames of buildings was analyzed and
their advantages were revealed.
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KOHCTPYKTUBHBIE PEHIEHUS CTAJIBHBIX KAPKACOB

3IAHUM CEJbCKOXO3SIMICTBEHHOI'O HASHAUEHUS

T. O. ABepuHa
TamOoBCKuUI TOCYIapCTBEHHBIN TeXHUUECKUI yHUuBepcutet, Tam0o0B, Poccust
e-mail: tat-aver@mail.ru

AHHOTaIUA

CoBpeMeHHBIN POCCUHCKUIA CTPOUTEIbHBIA PBIHOK Ipeajaraer OoJbIIOe KOJUYECTBO
KOHCTPYKTHUBHBIX PEIICHUI CTaJIbHBIX KapKAacoOB 3[JaHUN CEIbCKOXO35HWCTBEHHOIO HAa3HAUCHHS,
YTO BBI3BIBAET HEOOXOAMMOCTH CHCTEMaTH3aluu HauOosiee S(OPEKTUBHBIX pEUICHUN IS
npuMmeHenus B TamOoBckoil obnactu. Llenbio uccnenoBanus SBISETCS aHATN3 KOHCTPYKTHBHBIX
pELIEHN CTaJbHBIX KapKacoOB CEJIbCKOXO3AMCTBEHHBIX 3laHUU M coopy:keHui. MccienoBanue
BKJIIOYAJI0 HECKOJBKO JTaloB: HM3y4YeHHE KIACCU(PUKAIMU CETbCKOXO3SHUCTBEHHBIX 3JaHUN U
COOPY’KEHUH, BBISBICHHE TOCTOMHCTB MCIOIb3yEMBIX B HUX CTaJIbHBIX KapKacoOB, PACCMOTPEHUE
POCCUICKOTO ONBITA CTPOUTENIBCTBA B NPUMEHEHUM KOHCTPYKTHUBHBIX PEIICHH CTaJbHbBIX
KapKacoB 3JaHU CEeJIhCKOXO3SHMCTBEHHOTO Ha3HaueHus. B pesynbrare uccienoBaHus Obuia
MIPOU3BEJECHA CUCTEMATU3AIIMS CTAJIbHBIX KaPKACOB 3/1aHUM CEIbCKOXO3SIIICTBEHHOTO HA3HAYEHUS
B TaOJUYHOM (popMe, BBISBICHBI UX OCHOBHBIC IPEUMYIIIECTBA U HAMEUEHBI ITyTH UCIIOJIb30BaHUS
MpeIaraeMbIX KOHCTPYKTUBHBIX pemieHuil B TaMOoBcKkoil 06macTH.

KuroueBbie €j10Ba: KOHCTPYKTHBHBIE PEIICHHS; CEIbCKOXO3SMCTBEHHBIC 3JaHUS U
COOpY>KEHHS; CTAIbHbIE KapKaChl.
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Abstract

In the past, the blast process was limited by military installations in war or chemical
factories when errors occur during working or storage material, and now no one is excluded from
the blast process: buildings, people and property. With increasing incidents of terrorism all over
the world, there is a feeling among the people towards the weakness of buildings to resist blasts.
One of the most serious problems in this field is how to calculate blast load on the structures. In
this paper, we will discuss empirical method of calculating blast load and creating procedure of
determination the blast load for car carrying quarter ton TNT stopping at distance 10 m and show
disadvantage of this method. Empirical method for calculating blast load is very simple, all
calculations were done manually and the results are larger than the real loads, empirical method
may be the basic for developing software to calculate blast load for structures.

Key words: blast, empirical, load, TNT, shock, disadvantage, wave.

Introduction

Rebecca Dick defines the blast load as follows: “Blast loads are pressure
waves caused by the rapid release of energy during a chemical reaction; the wave
propagation is spherical in nature and dissipates with distance from the blast
initiation.”Wider methods used to determine the blast loads are empirical method;
this method developed by the US military in 1960 and published it in a book issued
by the US Department of Defense. The process determination blast loads is
indicated in Handbook for Blast-Resistant Design of Buildings Edited by Donald
0. Dusenberry as: “Although research into the effects of explosions dates back to
1870, most development to determine the blast loading on buildings and other
similar structures was started in the 1950s and 1960s by the U.S. military. Several
publicly available military manuals were distributed during this period (TM 5-856
and TM 5-1300) that presented empirically-derived charts and equations. Several
papers and publications published during that period (Newmark 1956, Biggs 1964,
ASCE 1985) also provided information for design.”

Blast phenomena

Paul F. Mlakar and Darrell Barker define blast in Handbook for Blast-
Resistant Design of Buildings Edited by Donald o. Dusenberry: “Blast is a
pressure disturbance caused by the sudden release of energy”, the blast sources
varied, including solid and liquid and gaseous, While Vasilis Karlos and George
Solomos say: “An explosion can be defined as a very fast chemical reaction
involving a solid, dust or gas, during which a rapid release of hot gases and energy
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takes place.” When the explosion generated spherical wave called a shock wave
that travels from source blast to the surface of the building and during the
transmission of the shock wave caused pushing air molecules resulting dynamic
compression pressure (g, ) 1s like the wind pressure added to the shock wave that

travels to the surface of the building, When the shock wave hit of the surface
building reflected the shock wave result pressure (R,) called t Peak positive

pressure transmitted from the blast source to the surface of the building during the
time ( t, ) called Positive phase duration and reflected wave has pressure ()

called Peak negative pressure transmitted during the time (t,) called negative

phase duration. The reflected wave pressure does not effect on the blast load
during the positive phase.

hemispherical wave assumed plan

@

charge

ol bl bl 1]

P rear

LIIIIT]
[TTTTTI

Fig. 1 — Blast phenomena
1. Blast type

Determination of the load blast depends on location of the explosion and the
horizontal distance from the building and vertical distance from the surface of the
earth, there three main type of explosion according location (Vasilis karlos George
solomos):

1-  Free-air blast: this type of explosion has been on air, blast wave travel
direct on the building surface without Obstacles, as shown in the figure (6.2-a).
2-  Air blast: this type of explosion has been on air, but blast wave hit

with the ground before travel on the building surface, as shown in the figure (6.2-
b).
3-  Surface blast: this type of explosion has been at ground, blast wave

interact with the ground after than travel on the building surface, as shown in the
figure (6.2-b).

structure S 4 structure structun

Fig. 2 - Type of Explosion
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The shock wave is transmitted from the explosion source on a spherical
shape or a hemispherical and when calculates the blast load, we assume the shock
wave transmitted linearly.

Empirical method for determination of blast load

Empirical method includes equations, table and charts, determines the type
of explosive material, weight and distance from the building, there are procedures
to calculate load:

a. Scaling law

Through experiments conducted by Hopkinson in 1915 put the most
important law to measure the properties of the blast wave is called the scaling law
or cube root scaling. In 1926 Cranz conducting experiments to determine the
properties of the blast wave and got the same results, Hopkinson-Cranz law is the
law that is used to detriment Wave blast parameters.

E

Z=4 ()

T

Z: Scaling distance (m/ Rgi)

R: Distance from center of blast source to the point touch surface (m)

W: weight of TNT (kg)

b. Wave blast parameters

1. Atmospheric pressure ( #): is the atmospheric pressure in blast place
(Kpa).

2. Peak positive pressure ( 2,): is maximum value for blast wave
pressure in the positive phase (Kpa).

3. Peak negative pressure (F7): i1s maximum value for blast wave
pressure in the negative phase (Kpa).

4. Time ( t,): 1s the positive phase duration (ms).

5. Time (t;): is the negative phase duration (ms).

6.  Peak reflected pressure ( P.): is maximum value for reflected wave
pressure by surface (Kpa).

7. Wave velocity ( I): is the velocity blast wave in the positive phase
(m/ms).

8. Length wave ( L,,): is the length blast wave in the positive phase (m).

0. Impulse ( I;): is the positive phase specific impulse, (Kpa.ms).

10. Impulse ( I;): is the positive phase specific impulse, (Kpa.ms).
11. Impulse (I5): is the negative phase specific impulse, (Kpa.ms).
12. Impulse ( I,): is the reflected phase specific impulse,(Kpa.ms).

The World of Science without Borders | 182



1000000

SD0000

300000
200000

100000

£0000
30000
20000

10000
sooo
3000
2000
1000

so0
300
00

Cemsoor o 02 03 45 ar 1 2 3 4asETsin zm 30 4os0
Scaled Distanca Z = Riw'™

Fig. 3 — Blast waves properties for TNT with surface of blast
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Fig.5 - Load factors for positive and negative phase of blast loading for the roof and
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c. calculation of blast load

1. Front load

Front wall load can be calculated by using the formula:
Psst,f= P£D+ Esi*‘fo (2)

Fyop: Front wall pressure (Kpa).

E.: Peak positive pressure (Kpa).

g, : Dynamic pressure (Kpa).

€ : Drag coefficient, given in table (2)

Tables I - Drag coefficient Czvalues for roof, rear wall and side walls.

Peak Drag
dynamic pressure | coefficientC;
(kpa)
0-170 -0.4
170 — 350 -0.3
350 -900 -0.2
d. Roof, rear and side load

The load applied on roof of the building as a result of the blast is less
than the front surface load , the roof load calculating be using the following
formula :

Psor = EE“PSD;"'*'EH'KQE 3
B, : Roof load pressure (kpa).
Cx : Load factor coefficient
Peor + Front load pressure (kpa).
€5 : Drag coefficient.
Load factor coefficient determent be using figure (5) and depending of ratio:
%Where: L, 1s the length of blast wave and L is the span length.
Calculation blast load for two story building
Sports center is protected by a detector system against explosives at a

distance of 10 m from the perimeter of the building. We assume that a car loaded
250 kg of TNT material within 10 m of the building, as shown in Figure 6.
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Fig. 6 - Building under blast load
W =250 kg
R=10m
By using equations (1), we can calculate scaling distance Z.:
R 1 _ .
2= zsolle L& _ffkglEE

By using figure (3) we can determent wave blast parameters:

= EDﬂHpa B = 2500kpa, I, = 350Kpa. ms,
= IEEEpa ms, fwuz =1 ”‘kaqnz, Vypaia =225 M3y cuaU =

0-75mfm3a wfwua =04 mfkgua
a. Calculation of front wall load
By using formula (2)
P, zof = Foo | €g+¢p

When peak positive pressure is F,, = 500kpa, dynamic pressure is
g, = 200kpa from figure (4) and drag coefficient taken €p = 1
Feop = 900+ 1+ 300 =1000kpa

The distributed load resulted from 250 kg of TNT blast on distance 10m
from front surface of the building is 1000 kpa
b. Roofload
By using formula (3)
Fm‘s = EE mva_f-i-ED * e

Find load factor from figure (5)% Calculate ratio
Length of span L =12 m and W =250 kg TNT

*fwu" =04 i gtis
L,=04+ 2502 =25m

From figure (5) load factor £z = 0.1
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Fmr = CE * zof

Bor = 0.1+ 500 = 50 kpa

When E,_. = 50kpa the dynamic presser is g, = 50kpa from figure (4)
Drag coefficient €, = — 0.4 from table (1).

B, = 50+ —04~50=30kpua

¢. Rear wall load

R=10+12=22m
_ 32 i
2= F5piie = 5'5Tﬂfkg153
By using figure (3) we can determent the wave blast parameters:

B, = 80kpa, P. = 250 kpa, I, = 200Kpa.ms, I, = 70Kpa.ms
Eﬂfwizz = 5msfkg1£z Eofwizz = 47“5'{?&'9(153
U = 0.45M/ g,

wafw 1z = ﬂ-gmfkg1£a

L, =0.9s250% = 56m

L, 56

113 0.47

From figure (5) load factor £ = 0.275
Boore =0.270+80=22 kpa

When E,,.. = 22kpa the dynamic presser g, = 1.6kpafrom figure (4)

0T

Drag coefficient is €; = — 0.4 from table (1).

Bore = 22+=04+1.6= 21.30kpa

Scale distance & R

In fig. 6, to calculate blast load for three points on the front faced of the
structure we have three values for R, it means three values for scale distance, and
three points have different calculation.

Building

blzast zorce

Fig. 7 - Distance of blast load
Conclusion
1. We calculated the blast load by using empirical method, although the
empirical method is very simple method and gives results within a few minutes
manually but the results of calculated loads by this method were prominent than

the real load.
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2. We determined the loads applied to the building on the base of the
blast type and the blast conditions (distance of the blast source from the building,
height of the blast source from the ground, type of the blast material and the mount
of blast material).

3. Although empirical method provided the possibility to calculate the
blast load in a few minutes and reasonable results, we need to develop specialized
software programs to calculate the blast pressure and loads applied to structures
using accurate mathematical model of such finite element method.

4. We expect the blast position and the amount of blast material effect on
the structural design of blast and we think it will failure, so we must provide a
system of protection around the building and provide a safe distance that it will be
used in design.
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AHHOTANUA

B npomioM B3pbIBBI MPOUCXOAMIN MPEUMYIIECTBEHHO HAa BOEHHBIX WM XMMHUYECKUX
3aBOJlaX B pe3yJibTaTe OMIMOOK XpaHEHMS WJIM HCIOJb30BaHUS BOCHHBIX YCTaHOBOK. [logo0HBIE
OmMOKA UMEIOT MECTO M B HACTOAIIEM, OJJHAKO C POCTOM YHCIIa CIy4aeB TEPPOPH3Ma BO BCEM
MUpe, y JIoJed BO3pacTaeT MOTPEOHOCTh B YKPEIUICHHH KOHCTPYKIMW 3JaHui, CIOCOOHBIX
IPOTHUBOCTOSITH B3phiBaM. OTHA U3 BaKHEUITHX TPOOIIEM B 3TOM 00JIaCTH - 3TO Pacy€T B3PHIBHOM
Harpy3Kd Ha CTPYKTypy 3[aHus. B cTaThbe paccCMOTpeH SMIUPHUUECKUN METOJI pacueTa B3phIBHON
Harpy3Kd W CO3/laHa TMPOIeypa OINpEeACNICHUs B3PHIBHOM HArpy3kd Jii aBTOMOOWJIBHOU
MEPEeBO3KH YETBEPTh TOHHBI AMHAMUTA Ha paccTosiHue 10 M U MPOJEMOHCTPUPOBAH HEIOCTATOK
JAHHOTO METO/a. OMIMPUYECKUM METOJl pacuera B3pBIBHOM Harpy3kd OYEHb IIPOCT, BCE
BBIUMCIICHHUS TIPOBOJISITCS BPYUHYIO, & PE3yJIbTaThl OOJNbIIE PeabHBIX HArPy30K. DMIUPUUECKUN
METOJ] MOXKET OBITh 0a30BBIM I pa3pabOTKH MPOrpaMMHOIO OOECTeUeHUs i pacdera
Harpy3KH B3pbIBa JJIs1 KOHCTPYKIIHIA.

KuaroueBble cJjioBa: B3pbIB, AMIOUPUYECKUN METOA, Harpyska, IWHAMHUT, ynap,
HEJO0CTaTOK, BOJHA.
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Abstract

The article briefly describes the use of popular wood composites in construction,
depending on their properties, as well as the raw materials and manufacturing techniques used.

Key words: application area, chipboard, Medium Density Fiberboard, oriented strand
board, properties of wood composites, Wood-fiber plates, wood-polymer composite.

Introduction

Each material has a whole complex of various properties that determine the
area of its rational use. Knowing the operational conditions in which the
construction structure will work, it is possible to establish what properties a
material intended for the construction of this structure should have. The quality,
durability and cost of structures depend greatly on the proper choice and
application of the materials and technologies for erecting structures and their
individual parts.

Wood composites

Wood composites are materials obtained as a result of combining wood raw
materials and various types of binder component. The amount of wood waste, as
well as the type of binder component, determines the main characteristics of the
composite material.

Chipboards are a sheet material obtained by hot pressing wood chips and a
non-mineral binder with the introduction of special additives, if necessary [1]. The
material was created in the late 40-es of the twentieth century after the end of
World War 11, when there was not enough natural wood for furniture. Nowadays it
is more widely used in the furniture industry, but there are also examples of the use
of chipboard in construction - they make removable formwork and interior
partitions, flooring under coverings, linoleum or carpet covering, walls and
ceilings. Waterproof chipboard is used for finishing rooms with high humidity, in
particular, kitchens and bathrooms. In addition, chipboards are indispensable in the
external cladding of houses, often used for the construction of temporary fences.

Wood-fiber plates (Fibreboard). For the production of fiberboard waste
wood processing and products of sawmill, chipping, are used [1]. Wood raw
materials are processed into fiber in defibrators by steaming and grinding. As a
binder, synthetic resins are added to the compressible mass. Their number depends
on the ratio of coniferous and hardwood fibers and varies, as a rule, in the range of
4-7%. In the case of the production of soft boards, there is no need to introduce the
binder, since wood fibers contain lignin, which has gluing properties at high
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temperatures. To increase moisture resistance ceresin, paraffin or rosin is
introduced in the mass. In addition, other special additives are used in the
manufacture of slabs, in particular antiseptics. Depending on the properties, wood-
fiber plates are divided into several types:

o Soft plates of fiberboard. The material is characterized by weak
strength, high porosity and low thermal conductivity. In the production of soft
boards, the binder might not be used because of the gluing of the lignin, which is a
part of the fibers, at high temperatures. The thickness of the plate can be from 8 to
25 mm. The material density values are in the range from 150 to 350 kg / m’.
Depending on the density, the following grades of soft fiberboard - plates: M-1, M-
2, M-3 are distinguished. Most often they are used as sound and heat insulation
material in the construction of walls, floors, roofs, etc.

o Semi-solid fiberboard - plates (medium-density MDF). This type of
board has strength and density values significantly higher than soft ones. The
average density of semi-solid sheets of fiberboard is not less than 850 kg / m’. The
thickness of the fiberboard is 6-12 mm. In general, MDF is used in the production
of furniture, because it has a homogeneous structure, absorbs sound well and is
easily processed, it is used for the interior decoration, for example, in the form of
wall panels, and laminate flooring. MDF is also used for the production of
packaging.

o Solid fiberboard options. The density of solid plates is in the range of
800 to 1000 kg / m’[1]. The dimensions of the carpet thickness are from 2.5 to 6
mm. It is used for leveling the surfaces and cladding of the frame partitions|[2].

* Super hard plates. This material is characterized by high quality of
execution, easy processing and installation. It has the increased density, the values
of which are not less than 950 kg / m’. The material acquires high hardness due to
the impregnation of the fiberboard sheet with pectol. Pectol is a by-product from
the processing of tall oil. Ultra-hard plates are used in the construction for the
manufacture of doors, arches, partitions, various types of fiberboard packaging.

Plates from oriented wood chips (OSB-slabs) were developed in the 80s of
the XX century. This material was developed in the era of mass construction of
prefabricated frame houses. Today millions of citizens of Canada, the United
States and Europe live in such houses. For a wooden frame, a light and durable
covering was required, able to resist the effects of moisture and solar radiation.
Traditional chipboard was not suitable. It is too heavy and can be damaged by
moisture. Natural wood is suitable for exterior decoration, but its installation is not
technological, as it takes a lot of time. The solution was found when instead of
messy mixing of sawdust and shavings; the technology of oriented layer-by-layer
covering of long chips was applied. The binding agent was glue based on formal
dehyde resins.

Wood chips treated with an adhesive mixture are laid in the outer layers of
the OSB in the longitudinal direction, and in the inner layer - in the transverse
direction. After that, it is processed by the thermal press. Here the process of
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polymerization (hardening) of the glue takes place and the plate turns into a solid
wood conglomerate of minimum thickness and maximum strength. Since the chips
are laid in mutually perpendicular directions, the deformation of the OSB plate
under the effect of alternating soaking and drying is minimal. This fact is of
paramount importance for the qualitative covering of framework walls and roofs.

The wood-polymer composite (WPC, wood-plastic, liquid wood) combines
the practical properties of plastic and the properties of wood. These are materials
where wood is mixed with monomers, which are then polymerized and mixed with
wood during extrusion to obtain the required properties. Usually, this material is
used to produce boards. Many characteristics of which are not inferior to either a
conventional wooden boards or ceramic tiles.

Conclusion

A brief review of wood composites made it possible to establish that the
properties of the material and the field of their application directly depend on the
production technology.
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Abstract

The article provides an overview of the main methods for increasing energy efficiency in
new construction. The options for solving the problems of reducing the energy consumption of
new facilities due to their rational use are presented. The ways of solving the problem of
introduction of energy-efficient technologies in the construction of residential houses are
suggested.

Key words: energy efficiency, energy saving, per-facade auto-regulation, resistance to
heat transfer.

The problem of energy efficiency of residential buildings is very relevant
today. Energy efficiency is a complex of organizational, economic and
technological measures aimed at increasing the value of rational use of energy
resources in the production, household and scientific and technical spheres. In
Russia, the cost of heating the premises is an average of 72% of the total energy.
With a steady increase in energy prices, which inevitably cause higher prices for
utilities, the complex requirements for energy efficiency of buildings are becoming
higher.

The main areas of energy conservation in new construction are:

- strengthening the thermal protection of buildings;

- increase in efficiency of automatic regulation of heat supply for heating,

- reduction of the heat consumption for heating the outside air, which is
necessary for ventilation in the apartment,

- reduction of heat and water losses in hot water supply systems, bringing
the sources of its preparation closer to the places of consumption.

According to the Department of Architecture of the Russian Federation,
when calculating the heat loss of a residential house, it was established that:
buildings lose 45% of their heat through walls, 33% through windows, and the
remaining 25% through roofs.

In order to achieve a reduction in the specific heat consumption for heating
and ventilation, it is possible to develop and implement measures for energy
efficiency, one of which is the increase of the thermal protection of the outer
enclosing structures of multi-apartment residential buildings to the reduced
resistance to heat transfer from 1.01.2016:

- exterior walls - up to 4,0 m? - °C/W;
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- overlapping attic (in a cold attic) - up to 5,2 m* - “C/W;

- co-coatings - up to 6,0 m? - °C /VY;

- windows, translucent part of balcony doors, stained-glass windows (except
for staircase-elevator units) - up to 1,0 m# - #C /W,

Increasing the resistance to heat transfer of non-translucent fences is
achieved by choosing a more efficient insulant and applying technical solutions to
increase the thermal engineering uniformity of the structure by reducing the
influence of heat-conducting inclusions. To ensure the required normative
indicators, the outer walls of residential buildings are built in multi-layer,
consisting of a bearing and heat-insulating layers. The technology of external wall
insulation provides maximum protection of the structure against heat losses
through walls, due to the fact that it takes on the cold influence of the environment.

A significant part of the heat loss through the building envelope (more than
33%) occurs through unsealed windows and doors. In connection with this
circumstance, it is necessary to increase the heat-insulating qualities of windows.

At present, the following basic methods for improving the energy efficiency
of translucent structures are applied in Russia:

- application of a thermal film (heat-absorbing glazing);

- transition from one- and two-chamber double-glazed windows to three and
more chamber;

- filling of insulating glass with inert gases.

The heat transmission capacity of the glazing depends on the angle of
incidence of the sun's rays and the thickness of the glass.

Reduction of heat loss through windows is achieved by the following
methods: glass is covered with metal or polymer films with one-way transmission
of short- and long-wave radiation. As a result, in winter sunlight passes into the
room, and the heat from the room does not go away, in the summer the reverse
effect occurs. The coefficient of heat transmission of such glasses is 0.2 + 0.6. The
use of windows with heat-reflecting glasses can reduce heat loss through them to
40%.

To obtain additional heat savings in buildings with an individual heating
point, whose heating systems are oriented to the sides of the world, a per-fader
automatic control is applied. The signal of the per-facade auto-adjustment is the
temperature of the internal air of the heated rooms.

Perframed auto-regulation allows reducing the heat consumption due to the
use of solar radiation, and also provides additional supply of heat in the wind only
in the premises located on the windward facade of the building. For buildings
above 9 floors in a number of cases, along with per-facade regulation, it is
necessary to apply vertical zonal regulation. The savings in thermal energy for
facade regulation are up to 20% of its estimated annual consumption.

The task of an energy efficient ventilation system is to ensure the thermal
comfort of living in conditions of increased hermeticity of buildings, as well as to
reduce the cost of heat for heating infiltrating air. In most residential buildings, a
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ventilation system with natural air circulation is provided, the operation of which is
carried out by the natural draft resulting from the difference in pressures and
temperatures. In winter, when the ventilation system is operating, the temperature
inside the building is lowered, and the costs for heating the housing are
significantly increased. With ventilation air from the room takes away from 30 to
75% of the heat, which is a lack of natural ventilation and does not meet modern
energy conservation requirements.

The heat consumption for heating the air and the intensity of air exchange
should have the optimum ratios. By standards, the air entering the building must be
replaced with fresh air in the volume of 30 m3 / h and have a temperature of at
least 18 © C. The economical version of the air exchange device in the premises is
the supply and exhaust ventilation system with air recuperation. The principle of
operation of the supply and exhaust system with heat recovery is as follows.
Heated air is taken by means of air intakes in the rooms, passes through the heat
exchanger of the recuperator, where it retains some of the heat. Ventilation heat
recuperators return part of it back to the room by heat exchange between the
incoming and outgoing stream. The system with recuperation is most effective
with a significant temperature difference between the outside and inside the room.
In regions with a long cold season, additional costs for the heat exchanger quickly
pay off. Despite the rather high cost of such a technological solution, the
complexity of calculation and installation, the cost of energy for heating the air is
reduced to 80%.

To date, the situation is that energy-efficient solutions, which are
incorporated in the design, during the erection of a building, most often, are not
realized. This is due to the fact that the customer has no incentive to invest in
energy-efficient technologies. The main factor hampering the introduction of
energy efficient technologies in construction is the increased cost of an energy
efficient house. To solve this issue, it is necessary to build energy-efficient houses
within the framework of the federal program, with partial financing of innovative
technologies by the state. Thus, it can be concluded that for the wide introduction
of energy-efficient technologies, a legislative base and real government programs
are needed that would stimulate energy-efficient construction in our country.
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Abstract

The paper considers impact-resistant polystyrene, its properties, characteristics,
production technology.

Key words: discrete phase, shockproof polystyrene, thermoplastic polymer, thermal
stability, thermoplastic polymer, vacuum forming

Introduction

Polystyrene is a product of the polymerization of styrene, vinylbenzene and
is a thermoplastic polymer with the chemical formula shown in Figure 1 [1].
Because of its high strength, moisture resistance, low weight and decorativeness, it
1s widely used as pillars, signs and signs, information stands, promo stands,
shelftokers, wobblers, posters, mobiles, as well as in the construction of sheds,
awnings and greenhouses how.

Ir—C
Ir—C—I

Fig. 1 - Chemical formula of impact-resistant polystyrene

Properties of impact-resistant polystyrene

Impact-resistant polystyrene is manufactured in accordance with GOST
28250-89 (01.01.1991) "Impact-resistant polystyrene" and, depending on the
purpose, it is has in different grades, divided into three groups by according to the
value of the impact strength index: top-impact polystyrene, polystyrene high
impact resistance and polystyrene of average impact strength [2]

For the manufacture of large-size products and consumer goods of complex
configuration, including those used for the needs of the construction industry, the

most widely used is polystyrene of the grade UCS-1002, which has higher thermal
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stability. However, it is worth noting that polystyrene of the grade UMP is also
applied. The main reference characteristics of impact-resistant polystyrene are

given in Table 1.

Table 1 Reference properties of impact-resistant polystyrene [2]

Standard values for a grade

Name of indicator UPM UPS Test method
1. Density, g / cm3 1,04 -1,06 |(1,04-1,06 GOST 15139
2.Ultimate strength during static 35-50 45 -55 GOST4648
bending, MPa
3. Modulus of elasticity during static (2,0 2,5 GOST 9550
bending, GPa, not less than
4. Impact strength on samples with a GOST 4647
notch, kJ / m2 (kgfecm/cm2)

at the temperature:-20 ° C Decrease in the initial

value by 30% - 40%

at the temperature:-40 ° C The same by 50%

during storage, which is equal The same by 30%
to the influence of solar radiation, for
3 years
5. Vicat softening temperature in 85 - 88 88 - 90 |GOST 15088
liquid medium (P = 5 kgf), ° C, not
less than
6. Moisture absorption for 24 h at 20 0,05 0,05 |GOST 4650
° C,%, not more than
7. Molding shrinkage,% 0,4-0,7 0,4- |GOST 18616

0,7
8. Rockwell hardness HRR105 PRR11 |GOCT 24622
5

9. Temperature of thermal 75 - 80 75 - 80 |GOST 12021
deformation under the load of 1.85
MPa (18.5 kgf / cm2), ° C
10. Specific electrical resistance, 110" 110" |GOST 6433.2
Ohm * m
11. Dielectric loss angle tangent with |(3 - 7)+10* |4 - 8)+10™* |GOST 22372
the frequency of 106 Hz
12. Dielectric loss angle tangent with |2,6 - 2,7 2,6 - |GOST 22372
the frequency of 106 Hz 2,7
13. Breaking strength, MPa (kgf/ 19,6 -24,5 (21,6 -24,5 I'OCT 11262
cm?2) (200 - 250) |(220 - 250)

The continuous phase (matrix) is formed by polystyrene. Discrete phase
(microgel) — are oval-shaped rubber particles with dimensions of 2-5 um. The
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rubber particles are surrounded by a thin film of the grafted styrene copolymer on
the rubber, and the particles also contain occluded polystyrene, thereby increasing
the effective volume of the rubber phase. The properties of impact-resistant
polystyrene largely depend on the volume of the latter.  Shock-resistant
polystyrene is produced as a stabilized substance, in the form of white granules.
The main processing methods are injection molding and sheet extrusion followed
by pneumatic or vacuum molding [3, 4].

Conclusion

The study of the properties of polymers, including polystyrene, will help to
select adequately the field of their application, which in turn will improve their
service life.
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Abstract

The use of XPS insulation panels contributes to reducing environmental stress of the
construction. The reduction of materials consumption of products by optimizing of their density
will enhance this effect.

Key words: apparent density (volume weight), extruded polystyrene foam, rigidity,
strength, thermal conductivity, thermal expansion, water absorption.

Introduction

Nowadays the building industry is under threat due to the ecological control
of the specialized institutions and centres. Poor energy efficiency of the existing
buildings as well as considerable consumption of energy resources cause many
economic and environmental problems.

One of the main ways of the making construction ecofriendly greening is the
use of materials and technologies which prevent unproductive losses of heat
through the structures of buildings. The priority has been given to specially
designed complex facade and roofing systems, a critical component of which is a
highly efficient heater.

Environmental aspects of production and application of the

PENOPLEX

A favourable combination of mechanical and thermophysical properties,
weather and biopersistence, durability and environmental sustainability, and also
easiness in technological processing and installation contribute to a wide use of
XPS insulation panels PENOPLEX®.[1,2]

The development of the XPS panel production technology is impossible
without improving an environmental component. The ozone damage problems
have resulted in the need to replace the early used foamed concrete halocarbon
mixtures with the cheap inert gases (nitrogen and carbon dioxide), paraffin
hydrocarbons (butane, pentan, isopentane) and alcohols [3].

It is possible to reduce the negative impact of production on the environment
through the reduction in material consumption of the products made of foamed
polystyrene. This is becoming particularly relevant today in the context of the
current rise of petroleum products price.

Since the specific feature of foamed plastic is the dependence of the physical
and mechanical properties on packed density [4], this indicator may be a criterion
for the optimization of the expenditure of polymeric materials.
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From a scientific and practical point of view it happens to be an interesting
challenge to determine the density according to which XPS panels as heat-
insulating materials will differ from each other to the maximum mechanical
behaviour and the minimum heat conductivity.

It is claimed [4] that there is a correlation between the weight and size of
the panel cells that is not an exception for XPS foam PENOPLEX®. It is confirmed
by the data obtained through photographs of the surface of the samples made by
the optics microscope with the density of 29.1 and 44.9 kg/m’ (fig. 1).

b)

Ve

Fig. 1- The micrograph of the sample surface of XPS foam with the density 29.1 (a) and
44.9 kg/m’ (6)

Fig. 1 shows the increase of, the XPS foam density and the decrease of the
size of the cells. This definitely affects the properties of the material.

After the dependency between physical properties of the studied foam on the
volume weight had been determined, the testing was carried out on water
absorption and heat conductivity of the series of samples with the various density
values [5].

Water absorption was determined through putting the samples into the water
at the room temperature for 24 hours. The average value of the volume water
absorption for each series was accepted as the final result (fig. 2, a).
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Fig. 2 - The relationship between the value of the volume water absorption (a) and heat
conductivity coefficient (b) of XPS foam PENOPLEX® on the volume weight [5]

Fig. 2 a shows that water absorption of the XPS foam
PENOPLEX®almostdoesn’t depend upon the average density within the range
under study. With its increase from 30 to 50 kg/m’ the water absorption changes to
0,25%.
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The volume weight effect on the thermal properties of polystyrene foam has
been measured by the heat conductivity coefficient, which is determined by the
Thermal Conductivity Tester “ITP MG-4 100 for samples with the known density
(fig. 2, b) [5].

One can see that the heat conductivity coefficient decreases as the density
increases to 38kg/ m’. The coefficient is constant in the range of 38...45 kg/ m’, so
there is no need to change the indicated value. Such behaviour of the material can
be explained by characteristics of heat transferring in foams that happens at the
expense of thermal conductivity of the plastic films, thermal conductivity and
convection of the gaseous phase, radiation between the cell walls. Due to the
increased density, the reduction of the cell size reduces the proportion of heat
exchange resulting in the thermal conductivity reduction. But according to figures
[6,7], the foam has such a value of volume weight, when thermal conductivity
coefficient is large. Probably an increase in the density of the XPS foam above 45
kg/ m’ will lead to the deterioration of heat insulation properties.

The paper [5] deals with the influence of the volume weight of the XPS
foam PENOPLEX" properties on its mechanical properties, based on the results of
short-term tests at bending, compressing and penetrating.

The affection of density on bending strength was measured by the change in
the tensile strength (R,), which is taken through test series of the samples with the
known volume weight (fig. 3, a).

Fig. 3 a shows that the increase in the density of the PENOPLEX® foam
results in its bending strength increase. This is related to the growth in the
proportion of the polymer basis in the whole foam volume [7]. Fibres and films of
the polymer comprising the polystyrene foam are becoming thicker and it takes
more effort to break them. Maximum values of tensile strength are found among
the samples with the volume weight which is approximate to 40 kg/ m’. There is
almost no change in material strength as its density increases further.

T, %

p, Kusm 3

. kysm 3

30 is A0 h] [
Fig. 3 - The impact of apparent density of XPS foam on bending strength (a), relevant
compression deformation value (b) and rigidity (c) [5]
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The described [5] impact of the volume weight of XPS foam on its
deformation properties has been studied by means of the single-axis compression
of the samples of different density (¢, %) in a constant voltage within a specified
time period. The graphical interpretation of the research results is presented in Fig.
3, b.

It is shown that the increase of foam density is accompanied by the reduction
of, it's compressibility. The relative compression deformation of the samples with
the volume weight of around 40kg/ m® was about 2% that is 20 times less than with
the samples of 30kg / m’. The reason of it is the increase in the volume fraction of
polymers that in turn reduces the amount of cavities in the foam, cell fibres and
films are getting more sustainable [7]. The further growth of the density does not
almost change the deformation behaviour of materials.

The samples of PENOPLEX® with the different volume weight at
penetration have the strength that has been measured by the local tension quantities
while pressing a steel ball with diameter of 10mm during the specified time under
the continuous load [5]. The relation between the strength of XPS foam and the
apparent density (p) is illustrated in fig. 3.

It is evident that with the increase of the foam density local tension
quantities also grow, just like its surface hardness. The samples with the volume
weight of about 45kg/ m’ have the highest value of the indicator that is also
connected to the increased substance of the polymer basis.

Conslusion

Thus, the research has shown that with the increase of the density of XPS
foam PENOPLEX" its strength and durability also increases heat conductivity
changes according to the parabolic law. The analysis of the results allows
determining the apparent density value that is about 40kg/ m’, which corresponds
to the optimum proportion of mechanical and thermal properties of the insulation.
The production of panels with such density will promote the reasonable use of
energy and material resources, which will reduce the environmental problems.
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Abstract

The article concerns the issue of choice heat-insulating materials for enclosing structures
of frame houses. The findings of laboratory studies of mineral wool boards, non-pressed
expanded polystyrene boards and extruded polystyrene foam boards are outlined in the article.
The temperature-humidity condition of insulations during the heating period and stability of its
thermophysical properties are investigated through in-place tests. A comparison is made between
technical and economic application of mineral wool board P-75, non-pressed expanded
polystyrene boards PSB-S15 and extruded polystyrene foam boards PENOPLEX®. It is shown
that extruded polystyrene foam PENOPLEX® has a high reliability and maximum economic
efficiency.

Key words: mineral wool boards, non-pressed expanded polystyrene, extruded
polystyrene foam, frame construction, the effectiveness of heat insulation.

In recent times, energy-efficient houses built in accordance with the timber-
frame construction are becoming more widespread. This is facilitated by short
construction period, relative simplicity and cheapness of construction and
installation work due to the high grade of manufacture of mountable structures.
Maintainability of fences significantly increases the service life of such type of
houses. The walls made by using frame technology are characterized by high heat
insulation properties, have a smaller thickness in comparison with the traditional
enclosing structures that increases the useful area of the premises with the same
construction footprint.

In connection with the fact that heat insulating elements from mineral wool,
non-pressed expanded polystyrene and extruded polystyrene have found most
practical use in domestic practice of frame construction, there is a problem of an
economically viable choice of heat insulation that provides the greatest thermal
efficiency and operational dependability of enclosing structures.

Making the right decision is possible only in the case of detailed analysis of
both the materials and applied structural concepts taking into account operational
features of fences and processes taking place in it.

The study includes a comparative analysis of operating abilities of mineral
wool boards, non-pressed expanded polystyrene and extruded polystyrene foam,
providing a preliminary selection of the most suitable insulation for frame houses.

Based on the available data, the authors have shown that the mineral wool
boards have significant shortcomings despite its simplicity of production,
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incombustibility, good heat-insulating and sound-proofing properties, a small
hydroscopy and possibility of insulation of surfaces with high temperatures. The
low tensile strength of mineral wool boards requires further measures to protect
against mechanical influences. The boards are compacted under load, part of fibers
breaks and turns into dust, which makes the material environmentally unsafe.

The data presented in the article [1] shows a good functional performance of
extruded polystyrene boards. This type of heat insulating material has a beneficial
combination of a small volumetric weight with low conductivity and quite high
strength properties. The plates are distinguished by stability of heat-insulating
properties in conditions of non vapor proof barrier and waterproofing, with cyclic
temperature-humidity influences; high chemical resistance and environmental
compatibility. The fire resistance of the plates increases at the production stage by
introducing additives that suppress self-combustion, which is possible only with
direct contact with fire. It is worth noting the simplicity of technological
processing and installation of this heat insulation material.

However the nature of polymer and the peculiarity of construction of non-
pressed extruded polystyrene affect its reliability. The relatively low strength of
pellet sintering leads to a gradual degradation of the foam on the intergranular
surfaces in the case of mechanical and atmospheric influences. It is necessary to
comply with the temperature range of operation within -50 ... + 75 ° C, protect
from the effect of solvents and ultraviolet.

The authors of the article [1] note the increased mechanical and
thermophysical properties of the  extruded polystyrene PENOPLEX®. The
material is characterized by minimal vapor permeability and very low water
absorption, which is 10 times smaller than that of extruded polystyrene and 200
times less than that of mineral wool boards. Extruded polystyrene foam
PENOPLEX® through its uniform closed-cell structure is characterized by high
resistance to negative temperatures and humidity, maintaining the thermal
conductivity and strength at the stated level. In addition to that, during use of this
material, it is necessary to take into account its working temperature range (from -
50 to + 75 ° C) and susceptibility to solvents, the possibility of destruction of the
surface layer with prolonged exposure to intense sunlight.

The comparative analysis of the operating abilities of heat insulation
materials [1] showed that the most suitable materials for frame houses insulation
are extruded polystyrene boards PENOPLEX®, which have high physical and
technical characteristics. Non-pressed expanded polystyrene boards by a
combination of mechanical and thermophysical properties are slightly inferior. At
the same time, both materials are resistant to atmospheric influences in contrast to
the mineral wool insulation. This fact positively affects the life of the enclosing
structures.

The effectiveness of a heat insulation material in enclosing structures should
be determined not only on the basis of the results of laboratory studies of physical
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and technical characteristics, but also taking into account the actual operating
conditions.

e T - T —
ig. 1 - Experimental frame house

To this end, the in-place tests of the model frame house built in Tambov in
2013 (Figure 1) were done during the heating period. The house is heated by an oil
cooler with a thermostat through electricity, the consumption of which was
accounted for by a meter.

The building envelope of a house is a panel consisting of a wooden frame,
internal plastering from gypsum plaster sheets, a vapor seal covering, heat
insulation and external cladding made of decorative cement-chipboards. Extruded
polystyrene boards PENOPLEX 35, expanded polystyrene boards PSB-C M15,
mineral wool boards P-75 with external hydro-windproof covering and without it
were used as heat-insulating materials. The required thickness of heat insulations
was determined by heat-technical calculation and amounted to 100 mm for
polystyrene and 150 mm for mineral wool plates. The mineral wool plates were
installed in the panel in three layers 50 mm thick each with overlapping of the
seams, and in panels with expanded polystyrene there was an air gap of 50 mm
between the heater and the external skin.

The temperature and humidity conditions of both the heat insulations and the
premises were investigated during the tests.

Determination of the temperature and air humidity inside the room was
carried out through a Psychrometric hygrometer WIT-2. The relative air humidity
outside the building was set according to the reports of the Hydrometeorological
Center of Russia, and the temperature was measured by a street thermometer with
an accuracy of 1 ° C, fixed on the wall from the shadow side of the building. The
received data were recorded daily in the log of observations.

The temperature of the heat insulation was measured using a digital
multimeter Mastech M838 and open type chrome-alumel thermocouples installed
in the material according to a certain scheme. Two thermocouples were placed at
each point: one at a distance of 1 cm from the inner one and the other from the
outer boundary of the thermal insulation layer. The readings were taken daily at the
same time, and recorded in the observation log.
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The humidity of heat insulations was determined once a week on samples
selected in accordance with recommendations [2], from the middle part of each
wall at a height of 1.5 m from the floor level.

Based on the results of in-place tests, the authors conduct an analysis [3] of
the moisture conditions of operation of these heat insulations. It is noted that the
moisture content in the heat-insulating material is affected not only by its structure,
but also by the structural conc