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Abstract. Owners and construction management are in permanent search to increase competitiveness, reduce cost and time
and maintain a high quality of products and services. In this objective project management tend to organize work execution by
implementing comprehensive, linked and sequential processes, making full use of every work effort and limiting work dupli-
cation and rework. Since the *90s, the 3D-modeling is used to coordinate, plan, build and manage future structures. The BIM
approach proposes to stakeholders to participate in an intelligent centrally shared 3D-model making use of every contribution
to this model, facilitating the coordination, solving the interfaces, reducing duplication efforts and carrying the developed data
information throughout the life cycle of the structure and beyond the construction phase. Completing a complex structure
requires an important level of design management and coordination of the interface between architect, designer, mechanic,
electrician, and other designers. Basic input is required from equipment suppliers. Now, for a good reason, everyone in charge
of the process is focused on achieving their process with less cost and less time. Thus, he inadvertently reduces the effort
associated with surrounding or subsequent actions, and focuses on his main result. For example, structural engineering deve-
loping a 3D-model will focus on clean structural design focusing on structural continuity, geometry identification, and calcu-
lation model for finite elements of software. Likewise, a mechanical engineer will model plumbing and mechanical networks
for fabrication and installation purposes. It is the same with other design disciplines.

Keywords: 3D-modeling, life cycle, building information model (BIM)

For citation: Leonovich S. N., Riachi J. (2021) 3D-Modeling for Life Cycle of the Structure. Science and Technique. 20 (1),
5-9. https://doi.org/10.21122/2227-1031-2021-20-1-5-9

3D-MOZl6ﬂl/lpOBaHl/Ie AJA FJKUSHCHHOTI'0 ITUKJIA COOPYKCHUS

) )

JIoKT. TexH. HayK, npod. C. H. Jleonosuu", maructp Texn. nayk JK. Puamn’

')Beﬂopyccm/lﬁ HAIIMOHAJBHBIN TeXHUYEeCKHA yHUBepcuTeT (MuHCK, Pecrrybnnka benapycs)

Pedepar. COOCTBEHHUKH M PyKOBOJUTEIN CTPOUTEIBCTBA HAXOSTCS B IIOCTOSHHOM IIPOLIECCE MOBBILECHHST KOHKYPEHTOCIIO-
COOHOCTH, COKpAIIIEHHs 3aTpaT ¥ BPEMEHH, ITO/ICP>KaHMS BRICOKOTO KauecTBa MPOIYKIHHX U yciIyT. Llens ynpanenns npoek-
TaMH1 — OPraHU30BaTh BHIMOJHEHUE PAa0OT IyTeM peai3allii KOMIUIEKCHBIX, CBSI3aHHBIX U ITOCIIEA0BATEIBHBIX MEPONIPUATHIA,
B MIOJHOM Mepe HCIONB30BaTh OrpaHndeHus nyonuposanus nepenenok. C 1990-x rogos 3D-moxenupoBaHue HCIOIb3YeTCs
VIS KOOPIMHALINH, TUTAHUPOBAHUS, CO3AHMS 1 SKCIUTyaTaluu Oyayiiero coopyxkenus. BIM-nonxon npeuiaraet 3anHTepecoBaH-
HBIM CTOpPOHaM YYacTBOBaTh B 0OmmIeH WHTEIeKTyanbHOH 3D-Mozmenu, obnerdas KOOpAMHAIMIO, pellas HHTEPQEHCHI,
YMEHBIIAasl YCHJIMS 110 JTyOJIMPOBAHHIO U COXPaHSs HHPOPMAIMIO O pa3pabOTaHHBIX JAHHBIX HA IPOTSDKEHUH BCETO KM3HEHHOTO
IIMKJIa KOHCTPYKIIMK U TI0 3aBEPILICHUN dTara CTPOHUTENLCTBA. U BBITOIHEHHS CJIOXKHOM CTPYKTYpPBI B3aUMOJEHCTBIS HE00X0-
JIMMBbI BHICOKHII ypOBEHb YIpPaBJICHHS POSKTUPOBAHUEM M KOOPAMHALMSA MHTEepdeiica Mex/Iy apXUTEKTOPOM, KOHCTPYKTOPOM,
MEXaHHKOM, SJIEKTPUKOM M JPYTHMHU MPOEKTHPOBIIMKaMH. OT MOCTABIIMKOB 000OpY/AOBaHHs TPeOYIOTCS OCHOBHBIC BXO/HbIC
JaHHBIE. B CBSI3M C 9TUM K&K/l OTBETCTBEHHBIH 3a MPOLECC HAIENeH Ha JOCTIKEHHE COOCTBEHHOTO Pe3yJIbTaTa ¢ MEHBIIHMHU
3aTpaTaMd ¥ BpPEMEHEM WCIIONHEHHUs. TeM caMbIM OH HelpeJHAMEPEHHO COKpAaIlaeT YCHIIMS, CBSI3aHHBIE C COIYTCTBYIOIIMMH
JEACTBUSIMH, U COCPEZIOTOYMBACTCS HA CBOEM OCHOBHOM pe3yJibTaTe. Hampumep, cTpyKTypHas MHXEHepHs, pa3pabaTbiBaroras
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Cmpoumenbcmeo

3D-mozenb, Oyner HaueneHa Ha YHUCTBIH CTPYKTYPHBIH JHU3aiiH, OPHEHTHPYSCh Ha HEIPEPHIBHOCTh KOHCTPYKLIMH, HICHTH(HKA-
IIMIO TEOMETPHH ¥ MOJIENb pacyera Ul KOHEYHBIX JJIEMEHTOB IIpOrpaMMHoOro obecriedeHus. TOUHO Tak jxe OyIyT MOJEIPOBATh-

Cs1 BOAOIIPOBOAHLBIE U APYTUEC CETU AJIA U3rOTOBJICHUSA U MOHTAXa.

KnioueBsble ciioBa: 3D-MonennpoBanye, )XU3HEHHBIH UK, HHGOpPMaMOHHast Mozes 3nanus (BIM)

Just uurupoBanus: Jleonosuu, C. H. 3D-monenupoBanue 1s sxu3HeHHOTO 1uKina coopyxkenus / C. H. Jleonosuu, XK. Pua-
i // Hayka u mexuuka. 2021. T. 20, Ne 1. C. 5-9. https://doi.org/10.21122/2227-1031-2021-20-1-5-9

Foreword

3D-models and associated data can provide
rapid material take-off and cost estimates. Changes
in estimated quantities can be effectively tracked
and corrected in a timely manner with each design
change. The cost of purchased equipment and paid
subcontractors can also be specified in the model.
Availability, quality control, and work acceptance
can be linked to the model and automatically return
a progress report. Visually, on-site 3D-model with
attributive information (such as cost code and work
breakdown WBS codes) will help you properly report
costs and minimize errors in cost management and
scheduled reporting. The 3D-model will help in esti-
mating and managing costs, known as 5D BIM.

While currently the center of a construction
project is oriented to a document control center,
the building information model (BIM) proposes the
use of a central shared 3D-model with attributed
information as an efficient replacement. Construc-
tion productivity has been flat for decades, accor-
ding to McKinsey research (Fig. 1) [1]. The con-
cept-and-design phase is where the most project
value can be gained or lost. A better project man-
agement and technological innovation is required to
improve the productivity. This article is to highlight
the concept and the utility of BIM [2, 3]. It is desig-
nated to project managers, owners, educational,
design or construction professionals to improve
making a preliminary decision.
Overview of productivity improvement over time

Productivity (value added per worker), real, $ 2005

- Manufacturing
— Construction

$ thousand per worker
108
100 h a
95 o~
o
85
80 ~ 1.7x
75 _—
70
65 —
60
55
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Source: Expert interviews; IHS Global Insight (Belgium, France, Germany, Italy, Spain,
United Kingdom, United States); World Input-Output Database

Fig. 1. Productivity in manufacturing versus productivity
in construction per McKinsey and Company

Case study

The execution of a complex structure requires
an important level of design management and in-

6

terface coordination between the architect, struc-
tural, mechanical, electrical and other designers.
Key input data is required from equipment ven-
dors. Now for a good reason each process respon-
sible targets achieving his process at lower cost
and shorter time. By doing so, he unintentionally,
reduces efforts in surrounding or succeeding activi-
ties and focus on his main deliverable. The structu-
ral engineering, for example, developing a 3D-model
will target a pure structural design focusing on struc-
tural continuity, geometry identification and calcula-
tion model for finite element software. Similarly,
the mechanical engineer will model plumbing and
mechanical networks for fabrication and installation
purposes. Same with other design disciplines.

Or many of these efforts, if maintained or
amended slightly forward, can be a major prepara-
tion to an efficient engineering interface resolution
management. Looking further, these same 3D-mo-
dels, if handed over adequately to construction and
operations, will provide a great input to use.

For instance, construction can use the 3D-model
to plan construction sequences, concrete lifts,
dimensioning of formwork, detailing of reinforce-
ment steel or steel structure installation sequence.
Visualization of the construction sequence and
timing window of each subcontractor can help iden-
tify any error or omission in the sequencing. Visually
allocated space can be analyzed to fit construction
equipment and identify accesses. The land surveying
team will reduce his efforts in geometry calcula-
tion and use the model for the layout erection and
verification. Surveying equipment has developed
their interface software and machinery to accom-
modate BIM. The 3D-model will be linked to a
construction schedule known as 4D BIM.

The 3D-models and associated data can pro-
duce quick material take-off and cost estimates.
Changes to estimated quantities can be efficiently
monitored and timely adjusted with each design
change. Cost of procured equipment and paid sub-
contractors can also be posted in the model. Readi-
ness, quality control and work acceptance can be
linked to the model and return the work progress
report automated. A visual availability on site of
the 3D-model with attributed information (like cost
code and Work Breakdown Structure (WBS)
codes) will assist in correctly reporting costs and
minimize errors to cost control and time sheet
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reporting. The 3D-model will assist in estimates
and cost management known as the 5D BIM.

After the construction is achieved, the final as
built models can efficiently be used in the facility
management and maintenance. The building space
usage and management can be efficiently planned
on the virtual model. It assists in analyzing the
energy building performance and conduct required
optimization. The maintenance team equipped with
virtual reality tools can maximize the efficiency
of maintenance works. Service quality of freeways
and even city roads with cameras linked to GPS can
report repair and maintenance needs. The 3D-model
and attributed data will assist in the facility’s opera-
tion, sustainability and maintenance. This is known
as the 6D BIM (Fig. 2) [4].

4D g 5D

Sequence &

3D 6D

Facility
Management

Virtual Estimates &

Time cost

@A--"-.

AAALA

Fig. 2. The six dimensions of BIM

So, what is BIM

The building information model, called BIM,
is a model-based organization of structures’ produc-
tion and management processes. It is a centralized
integrated model and data environment for stake-
holder’s collaboration. Developing 3D-design in
a single software is just the level-1 of BIM. BIM
is a hub of execution collaboration, interfaces
and continuity. The 3D-model and its attribute data

become the core of the information and exchan-
ges (Fig 3). BIM is not a new software, it is a logic
optimization of the efforts and extending the use
of existing software by using the 3D-model and
information data as a shared core [5]. More and
more BIM applications are opening the possibili-
ties for more collaboration, accessibility and func-
tionality in all aspects of management [6, 7].

DESIGN
Modeling &
Applications

Land Survey

Architectural Cost Estimate
C Schedul
Model + Data cnecule
Changes
Integrated model
Structural

Progress report
Model + Data & Fe

Quality Records

Mechanical As Built

Model +Data )
IFC format CONSTRUCTION
Applications

Flectial
Model + Data
Space

Management
HVAC

Model + Data Energy control

FACILTY
MANAGEMENT
Applications

Demolition Maintenance

Renovation

Fig. 3. BIM models + Data & BIM applications
in lifecycle use

It is not new that, to reduce cost and time, orga-
nizations aim to develop management processes
compatible and intercommunicating. Imagine now
BIM creating this open space for development
providing real visualization and applications with
a wide range of services.

The sequence of design execution is planned
based on the interface coordination and the input
sequencing needs (Fig 4). Order of priority and early
required information are scheduled to provide timely
input to further development. Complete sequencing
is planned to achieve the full scope of activities.

Responsibilities and sequences in design development

lgn Stages ~hari i
G.a _henns.Sl‘le Preliminary design Detailed desigr Final desigr Sho.p
Responsible informatior drawings
Main dasigner] | | -

Saby Designier-1 |

Suly Designer-2 | -

Verdor-1| | | |

Vedar-2|

Land Surveyo

Constructabilitd | | | |

Legend: Work in progress
Formal submittal

Fig. 4. Basic presentation of design planning
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When BIM is advantageous

We provided above a brief description of BIM
beneficial use. Owners and contractors need to run
a cost-benefit analysis to assess the advantage of
using BIM on their projects.

The complexity of the project including interfaces
between different designers, prefabrication, crowded
layout, complex existing conditions, overlay se-
quencing of work execution, use of automated execu-
tion processes, intelligent and geographically oriented
construction tools and equipment, dynamic space
changing, efficient facility management, highly
responsive maintenance service, will definitely justify
the implementation of BIM-technology.

The BIM literature describes the BIM-process
as a front-loaded schedule of work. This means
that significant cost is to be spent at the earlier
stage of the work and namely the earlier design
stage. Personally, we disagree with this statement.
The work load distribution depends on how the
owner or the designer organize their work execu-
tion. For instance, when the design is at a prelimi-
nary stage, input to BIM can be limited to a basic
level of development like LOD-100 (Fig. 5).

Gathered site data and basic presentation of pre-
liminary geometry (called 35 % design) can be
enough at the preliminary stage. Even at a final stage
of the design (100 %), the BIM model can be limited
to a low (LOD-200) or medium (LOD-300) level of
development [8]. This judgment shall be based on the
specific needs to have a higher level of development
for succeeding activities. It is common to limit the
details of civil works to a LOD-300.

By organizing the LOD for each design deve-
lopment stage, efforts can be spread to minimize

spending upfront when technical decisions are not
yet finalized. This does not differ from the classic
design execution approaches. With BIM, probably
a slight increase in cost will be due to the learning
curve in implementing the new technology. This
cost increase shall be compensated by eliminating
the waste of produced efforts at the design stage
and making a further use of it during construction
and facility management. The correct implementa-
tion of BIM will reduce cost in rework and plan-
ning errors.

The value of BIM for owners is to save time
and money on design and construction and make
return benefice during the building lifecycle. Gene-
ral design-build contractors can also make benefice
in implementing BIM through the design and con-
struction phases.

BIM’s challenges and opportunities

In many countries governments and authority
agencies are lacking behind and haven’t yet deve-
loped the legal environment for BIM implementation.
The form of approval involving professional regis-
tered engineers is not yet formalized. Receiving work
permitting from authorized agencies is not yet
accepted in the form of a 3D-model (Fig. 6) [8, 9].

The majority of design engineers and techni-
cians are not yet comfortable submitting a formal
design in BIM formats with electronic signatures.
Decisions are to be made regarding the format
of the technical specifications. Most of the experi-
mented construction personnel have not been
trained to read and use BIM models. Many compa-
nies will need additional investments in training
and equipment to implement BIM technologies.

=

~[

‘L»

LOD-100 LOD-200 LOD-300 LOD-400 LOD-500
Preliminary Definitive Definitive Definitive As-built
layout layout layout layout layout
Rough size Preliminary Detailed Detailed As-built
and geometry dimensions dimensions dimensions dimensions

Preliminary Material Material As-built
material specification specification material
Detailed Detailed specification
shape shape Water
Detailed proofing
reinforcement records

Fig. 5. Levels of development in BIM: LODs = LOD + LOI; Level of development = Level of details + Level of information
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While the 3D-model is the core, applications
have missed providing other alternative ways of
accessing specific information. The table of con-
tents or the structured trees for an alternative
searching method like most of users are familiar
with Microsoft Explorer.

Level-3
Level-2
Level-1
tegrated model

Basic CAD Design in 3D In

model sed by all
Local clash holders
detection As ecycle
management
Future potential

Fig. 6. Levels of maturity of BIM

Applications for access control and change autho-
rity is becoming an actual challenge. Open BIM
versus closed BIM and information security and
control, servers’ locations and backup of infor-
mation still to be elaborated to accommodate secu-
rity needs.

Vanguard countries are developing digital
standards to achieving compatibility, so companies
can work with any software that fits their needs
and stay compatible with each other.

Development and research companies are com-
peting on completing missing BIM application to
support the project lifetime processes. The open
nature of BIM applications opens the opportunity
for small developers [3, 10].

CONCLUSION

BIM technology is relatively recent and is still
progressing. Software developers are creating new
applications and advancing existing ones. Const-
ruction equipment is increasing automation and
georeferenced reading which increase their produc-
tivity. Land surveying equipment increases its
capability of scanning of existing conditions
and reporting relatively clear 3D-shapes. Design
3D-models are downloaded in land survey machi-

[ Hayka
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nery and easily used for the site erection. Execu-
tion schedule can be viewed in video format for
better analysis and decision-making. Tablets with
virtual reality are used for construction and main-
tenance activities. New application help identifying
design clashes, quantity take off and costs. The work
acceptance and quality control are documented
with links and references to the virtual 3D-model.
The technological progress is continuing its matu-
ration and fine-tuning of these processes are pro-
gressing daily. Governments and organizations
making use of this technology will be advantaged
compared to others.
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I[I’IaI‘HOCTHKa YIaCTKOB MOCTOBOTO IIOJIOTHA M ITOJAX010B
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Pedepar. OObEKT HcClIeOBaHUS — JOJTOBEYHOCTD JIe()OPMALIMOHHBIX IIBOB MOCTOBBIX COOPYI)KEHHMIl, IIPEAMET HCCIIEI0Ba-
HUSI — BUOPOOTKIIMK COOPYKEHUS, ITOJIYICHHBIH B YCIOBUSX €CTECTBEHHON SKCIUTyaranuu. J[narnoctuka JedopMaroHHBIX
IIBOB aBTOJIOPOXKHBIX MOCTOB IPOBOJAMJIACH C LIENBIO BBISBICHHS XapaKTEPHBIX 3aBHCUMOCTEH MEXIy BEJIMYMHON BHUOpPO-
OTKJIMKA COOPY)KEHHs M THIIAMH KOHCTPYKLMH Ae(OpMAIMOHHBIX IIIBOB B TEUCHHE MEPHO/IA HX SKCIUTYyaTAIMH C YYE€TOM 0CO-
OCHHOCTEH MOCTOBOTO COOpYKeHHsA. J[JIsI 3TOrO ampoOHMpOBanId METOAWKY cOopa W 0OpaOOTKH NaHHBIX O BHOPOOTKIMKE
COOPY’KEHUSI B €CTECTBEHHBIX YCIOBHAX €r0 IKCIUTyaTallly. B craThe mpeacTaBieHs! pe3ysibTaThl cOopa JaHHEIX O TOMOJIOTHH
HOKPBITHS, COOpaHHbIE METOJIOM TPEXMEPHOro ckaHupoBaHus. COop nHpopManuu 0 BUOPOOTKIINKE COOPYIKEHHS OCYIIECTB-
JISUTM TIPH TIOMOIIM U3MEPEHHsl BUOPOCKOPOCTH M JedopManuii coopykeHus. B pe3ynbrate UCIBITAHUS M aHAIN3a MOJTyYCH-
HBIX JJAHHBIX BBISIBIICHBI OCHOBHBIE HMCCIIEIyeMBIC XapaKTEPUCTHKH: BEJIMYMHA HEPOBHOCTH OCHOBAHMS, aMIUIUTYAa BHOpPO-
CKOPOCTH M BHOpOINEpeMelleHHe 3JIEeMEHTOB coopykeHus. Ha3HaueHbI 1Ba OCHOBHBIX NapaMmeTpa JTHHAMHUYECKOTO BO3Jeii-
CTBHS C TIONPABKOH Ha Maccy JABHXKYLIErOCs TPAHCIOPTHOTO CPEICTBA, KOTOPHIE MOTYT OBITh HCIIOJIb30BAaHBI B KaueCTBE
OCHOBHBIX JUISl OLICHKU BEJIMYHHBI THHAMHYECKOTO BO3AeHCTBUs. Pa3paboTaHa U mpe/iokeHa KOMIUIEKCHAs METOJUKa OIICH-
KM IWHAMHYECKOTO BO3/EICTBHS Ha MOCTOBBEIE coopyxeHHs. Ee mcronp3oBanue mo3BOIHT I hepeHIpoBaTs pa3indHbe
KOHCTPYKIMH J1e(pOpMaIIMOHHBIX IIBOB 110 BEIWYNHE AUHAMHYECKOTO BO3AEHCTBHS TPAHCIIOPTHBIX CPENICTB. DTO B CBOIO OUe-
pezab IOMOXKET ChOpMYIIUPOBATH HOBBIC PEKOMEH/IALMH O TPUMEHEHHH KOHKPETHBIX TUIIOB KOHCTPYKIHMiT Ne(h)OpMaIlMOHHBIX
IIBOB JIUIS Pa3IMYHBIX KAaTErOpHil aBTOMOOMIBHBIX JIOPOT, YTO MOBBICUT JOJITOBEYHOCTH SKCIUTyaTallu Ae(hOpMalMOHHBIX
IIBOB U COOPYKSHUS B IIETIOM.

KuroueBble ciioBa: oTHocHTeNnbHas nedopmariysi, mporud, BUOPOCKOPOCTh, BUOpONEpeMelIeHNe, H30MI0IIE, JOITOBEYHOCTD,
Harpyska, BHOPOOTKJIMK, HEPOBHOCTb, 3D-CKaHMpOBaHHE, y/ap, JKECTKOCTb, BUOPOMETpHS, TEH30METPHs, IMHAMUYECKOE
BO3/elicTBUE

Jist uuTHpoBaHuA: [{MarHOCTHKA y4aCTKOB MOCTOBOTO IIOJIOTHA U IIOJIXOZOB B 30HAaX YCTpOiCTBa Ae()OPMALMOHHBIX IIBOB
Ha aBTOHOPOKHBIX MocTax / B. A. Xomsaxos [u ap.] // Hayka u mexuuxa. 2021. T. 20, Ne 1. C. 10-15. https://doi.org/10.
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Diagnostics of Bridge Bed Sections and Approaches
in Zones of Expansion Joints on Road Bridges
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YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The object of the study is durability of expansion joints in bridge structures; the subject of the research is the vibra-
tion response of a structure obtained under conditions of natural operation. Diagnostics of the road bridge expansion joints has
been carried out in order to identify characteristic dependences between the value of structure vibration response and types
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of expansion joint designs during the period of their operation while taking into account the features of the bridge structure.
For this purpose, we have tested the methodology for collecting and processing data on the vibration response of the structure
under natural conditions of its operation. The paper presents results of data collection on the coverage topology which have
been obtained while using three-dimensional scanning method. Data collection on the vibration response of the structure
has been carried out by measuring the vibration velocity and deformation of the structure. The data obtained are analyzed.
As a result of testing and analysis of the obtained data, the main characteristics have been revealed: the value of base uneven-
ness, the amplitude of vibration velocity and vibration displacement of the structure elements. Two main parameters of the
dynamic impact have been assigned, adjusted for the mass of a moving vehicle, which can be used as main parameter for
assessing the magnitude of the dynamic impact. A comprehensive method for assessing the dynamic impact on bridge struc-
tures has been developed and proposed in the paper, and its use will make it possible to differentiate various designs of expan-
sion joints according to the magnitude of the dynamic impact of vehicles. This, in its turn, will contribute to formulate new
recommendations on the use of specific types of expansion joints for various categories of highway, which will increase
operational durability of expansion joints and the structure as a whole.

Keywords: relative deformation, sag, vibration velocity, vibration displacement, iso-area, durability, load, vibration response,
unevenness, 3D-scanning, impact, stiffness, vibrometry, tensometry, dynamic impact
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BBenenue

JedopmarioHHble BBl MOCTOBBIX COOpPYKe-
HHUH SIBISIIOTCSI OOHUMH W3 HauOoyiee OTBETCTBEH-
HBIX C TOYKH 3PEHHUS JOJITOBEYHOCTH 3IIEMEHTOB.
I'maBHas mpobiema IONTOBEYHOW HKCIUTyaTalluu
neGOpMaMOHHBIX IIBOB — pa3lW4HAs JKECTKOCTb
MaTepHaioB JOPOXKHBIX OIEKI U caMHX Jedopma-
MUOHHBIX TMBOB [1]. BenmeactBue peskoro usme-
HEHMs KECTKOCTU OCHOBAHUS, 1O KOTOPOMY JIBH-
JKETCs KOoJeco aBTOMOOWIIS, TMPOUCXOTUT yJap,
OKa3bIBAIOMINN pa3pyIINTENFHOE BO3JCHCTBHE HA
3JIEMEHTBI COOPY KEHUSI.

OpvH U3 MyTel pemieHus JaHHOW MPOoOIeMBbl —
UCIIOJIb30BaHKE HauOojiee MPOYHBIX U JOJITOBEY-
HBIX MAaTepUalioB B KOHCTPYKLHMM JehOpMaIoH-
Hpix mBoB Tuna KPM [2]. [Ipumenenue Takux
IIBOB peIaeT IpodsieMy COINPOTUBIICHUS JUHAMU-
YECKOMY BO3JECHCTBUIO NMyTEM YIPOYHEHUS JETa-
neii nedopmarnmonnoro mea. [lapamokcansHo TO,
YTO HCIOJb30BaHUE O0Jiee MPOYHBIX U KECTKUX
MaTepUaAJIOB YBEIWYHUBACT pPa3HUIY KECTKOCTEH,
KOTOpas U SIBJISETCA OJHON M3 NMPUYUH JTUHAMHYe-
CKOTO BO3ACHUCTBUSA Ha KOHCTPYKIMH MOCTOBOTO
coopyxeHud. [1oaToMy K peIIeHuro0 AaHHOW Mpo-
O5eMBl MOKHO TOAOMTH C APYrOil CTOPOHBI — IMy-
TE€M MOHCKA BApUAHTOB YMEHBILIEHUS 3TOrO JUHA-
MHYECKOT0 BO3AECHCTBUS.

s nanpHEMIINX UCCIEN0BAaHUN B paccMaTpu-
BaeMoi 00JlacTH HEOOXOIUMO CO31aTh W ampoOH-
poBaTh METOAMKY cOopa  00pabOTKY JaHHBIX HC-
neitanni. Lens ux — muddepeHnnanus OCHOBHBIX
BUIOB KOHCTPYKIIMH M KOHCTPYKTHUBHBIX OCOOEH-
HOCTeH Ae(OpMalMOHHBIX IIBOB, HNPUMEHSEMBIX
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Ha Tepputopun PecryOonuku benmapych, B 3aBucH-
MOCTHU OT BCJIMYHWHBI BBI3BIBACMOI'O MMHW JWHAMHU-
YECKOr0 BO3JIEMCTBHS.

OcHOBHAAl YaCTh

YnapHbsle BO3IEHCTBHS Ha 3JIEMEHTHI IIPOJIET-
HOTO CTPOCHHSI MOCTOBOTO COOPY>KEHHUSI BO3HHKa-
0T BCJICJICTBHE Hae3la Kojieca aBTOMOOWIIA, JIBH-
JKYIIETOCS] Ha BBICOKOH CKOPOCTH, HA HEPOBHOCTH,
pacrloJOXEeHHbIE B 30HE IEepexojia JOPOKHOIO
[OJIOTHA W TIOAXOJOB B MOCTOBOE TIOJOTHO.
Hawnboree BakHBIH ¢ ATOH TOYKH 3peHHS — yda-
CTOK B Hadajie MOCTa MO XOJy HalpaBJIeHUS JIBU-
JKEHHsI aBTOTPAHCIIOPTA.

30Ha ycTpoiicTBa Ae(pOopMaMOHHOTO TIIBa HMeE-
€T OIpeJleIeHHbIe HEPOBHOCTH, U3 KOTOPBIX MOXK-
HO BBIIENHTH J1Ba THMa. K mepBoMy OoTHOCATCS He-
POBHOCTH, 00yCIIOBIEHHBIE KOHCTPYKIIEH CaMoro
neGOpMaOHHOTO HIBa, KO BTOPOMY — HEPOBHO-
CTH, BO3HUKAIOIINE IO TPAHUIE COMPSIKEHHS KOH-
CTPYKITHH JehOpMAIIMOHHOTO MBa ¢ acdarbTooe-
TOHHBIM TIOKpBITHEM. [lOCiIenHHE MOABISIOTCS B
TIpoLecce IKCILTyaTallii COOPYKEHMSL.

[IpoBenu MUarHOCTUKY 30HBI YCTPOWCTBA Jie-
¢opmaunonnoro mBa tuna KPM [3] ¢ OeToHHBI-
MH TrojiuBKamMu 1o 25-30 cM ¢ 00enx CTOpOH.
[[luprHa OCHOBHBIX IOJIOC NBIKEHUA 3,2 M, TIpe-
JICJIBHO JIONYCTUMAsi CKOPOCTh JIBUKCHHS IO ITy-
tenpoBoxy 90 KM/d, OMOpPHBIE YaCTH MPOJIETHOTO
CTPOEHHS — MOy PETaHOBEIE.

Uccnenosanu 30Hy B mpexaenax 2—3 M OT je-
dbopmanmonnoro msa ¢ 16:00 mo 17:00 4 B pado-
YUU I€Hb.
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CrxaHupoBaHue

COop aHHBIX O TOMOJIOTHH OCHOBAHHMS, IT0 KO-
TOPOMY MPOUCXOJUT KAaUCHHE KOJIeCa aBTOMOOMIISA,
JBIDKYIIETOCs IO I0JI0Ce, MPOBOIMIN METOJ0M
nazepHoro 3D-ckanupoBanus [4]. B pesynbsTaTte
CKaHUPOBaHUS ydYacTKa IOJIOTHA B 30HE yCTPOW-
cTtBa NehOPMAIMOHHOTO IIBAa IOIYYEHO OO0JIaKo
Touek (puc. 1).

Puc. 1. O6muii Bua TpexmepHoro objaaxka TO4eK B pe3yabTaTe
3D-ckaHupOBaHUs 30HbI yCTPOHCTBA Ae(hOPMALIMOHHOTO 1I1Ba

Fig. 1. General view of three-dimensional point cloud
as a result of 3D-scanning result of expansion joint zone

brnaromapst ToMy, 9T0 CKaHWpOBaHUE 3aHUMAET
OTIpe/IeTICHHOE BpeMs, MPH aHajn3e o0JaKa TOYeK
MOJKHO OIpeNenTh Ty IOJIOCY, MO0 KOTOpOM Ha-
OmomaeTcs HambOosee BBICOKAass WHTEHCHBHOCTH
IBIWKeHHs1 OoJplIerpy3Horo Tpaicnopra. Ha puc. 1
BUJHBI BEPTHUKAJbHBIE CBETIBIE IMOJIOCH OOPTOB
MONTYTIPUIIETIOB, TOABEPITINXCA CKaHUPOBAHUIO B
MOMEHT HX Mpoe3ia MO HCCIeTyeMOMYy Y4acTKy.
AnHanmu3 obnaka TO4eK ToKasal, 4To 3a BpeMs CKa-
HUPOBAHU 110 MEPBOM MMoJIoce IBMXKEHUS Ipociie-
JIOBAJIO JIBa TSDKENBIX TPY30BBIX aBTOMOOWIIS, TIO
BTOpOl — okoio cemu. [Ipu 3TOM MO TpeThew,
HanboJiee CKOPOCTHOHM MOJIOCE JIBMXKEHHS TPY30-
BUKOB HE BBISIBJICHO. B nanpHeiiiemM TpeTbs moso-
ca JIBKEHMsI HE pacCMaTpUBaach.

W3 o6naka ObUIM BBIJEIEHBI LIENTOYKH TOYEK, 110
KOTOPBIM TIOCTPOCHBI XapaKTEepHBIE ITONEPEYHBIC
npodwum (puc. 2). Paccrosaue Mexmy ocsMu cria-
PEHHBIX KOJIEC B IONEPEYHOM HAIpPaBICHUM MpPH-
HATO paBHBIM 1800 MM, a IIMpPUHA CIAPEHHOTrO
koneca 800 mm. 3HaueHUs NPUHATHI Ha Oasze
TpaHcropTHOU Harpy3ku LM1 [5], a Takxke ucxons
73 TEOMETPUYECKHX Pa3MEepOB TEJIEKEK TPY30BBIX
aBTomobOmieit MA3 [6].

Ha momnepeunsix mpoduisix HaOmogaeTcs Ha-
nuure KoselHoctu. B dactHocTH, 0 ocu aedop-
MAaI[MOHHOTO IIIBA: MO IMEpBOW I0JIOCE ABHIKEHUS
KOJIETHOCTh IPUCYTCTBYET, II0O BTOPOH SIBHO BBbI-
paXEHHOM KOJEHMHOCTH He HAaOII01aeTCsl.
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Puc. 2. Tloniepednslie TPOGHIN HCCIISTYEMbIX XapaKTePHBIX
MONEPEYHBIX CEYSHHUH (BEPTHKAIBHBIA MacITad
OTHOCHTEJIFHO TOPH30HTAJIBHOTO yBenueH B 10 pa3)

Fig. 2. Transverse cross section profiles of the investigated
characteristic cross-sections (vertical scale relative
to the horizontal is increased by 10 times)

Ecnu oueHuBaTh BEMTUYUHY KOJIEMHOCTH C MPH-
MEHEHHEM pPEUKH ¢ KIMHOBBIM MPOMEPHUKOM
B cootBercTBuH ¢ ['OCT 30412-96 [7], To 3Haue-
HUS OYAYT CIEAYIOUTIMH:

¢ 0T 7 10 15 MM — Ha OJIXOZI€ K ITyTETIPOBOAY;

e ot 10 10 11 MM — Ha TIyTETIPOBO/IE.

Haubonpmuii wHTEpeC TMpeACTaBIsIeT aHa-
JIN3 CEYEHUH MO MPOJOIBHBIM OCSIM KaXKIOH KO-
nen (puc. 3). Ha monmydeHHBIX NpoQmIsSX SBHO
BBIJIEJISIFOTCSI HEPOBHOCTH KaK MEPBOIO, TAK U BTO-
pOTO THUIIOB, CBS3aHHBIC C YCTPOHCTBOM Jedopma-
muonHoro mBa Tuma KPM. Cpok skcrutyararmu
JTAHHOTO Je()OpMAIMOHHOTO IIIBA HA MOMEHT IIpO-
BEJICHUS CKAHUPOBAHMS COCTABIISLI OKOJIO MOJIYTOAa.

[Mocne mpoBeneHus: MOAPOOHOTO aHAIU3a TO-
TIOJIOTUY OBLTH TOJTyYeHBI BETHYUHBI XapaKTEPHBIX
MPEBBIIICHUN, KOTOPHIE COCTABUIIU:

e0T 5 10 11 MM — OPOXKHOE TOJOTHO, JeBas
OeToHHAs MTOINBKA;

¢0T 0 M0 4 MM — JleBast OCTOHHAS IOJJIMBKA,
JIEBBII Kpail pe3MHOBOM 4aCTH LIBA;

eoT 0 710 5 MM — mpaBbIil Kpall pe3MHOBOH Ya-
CTH 1IIBa, NpaBasi OeTOHHAs TOJUINBKa;

eoT 5 1o 11 MM — mpaBasi GETOHHAS TIOJITMBKA,
MOCTOBOE ITOJIOTHO.

Ecom oneHnBaTh MaKCHUMAIBHYIO BEIUIUHY
HEPOBHOCTEW, COOTBETCTBYIOIILYIO TOW, KOTOpas
MOXET OBITh TOJY4YCHA C MPHUMEHEHUEM pEHKU C
KJIMHOBBIM IIPOMEPHUKOM B COOTBETCTBUH C [7], TO
3HAUYEHUSI OYIyT CIETyOIINMU:

eoT 9 no 12 MM — mepen AehopMaMOHHBEIM
IIIBOM;

eor 10 mo 13 MM — 3a gedopManMOHHBIM
LIBOM.
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Puc. 3. IIpononpHble TPOGUIN UCCIIETYEMBIX XapaKTEePHbBIX CCUCHUH
(BepTUKaIBHBII MacTab OTHOCHTEIHHO TOPH30HTATILHOTO yBeInueH B 10 pa3)

Fig. 3. Longitudinal cross section profiles of the investigated characteristic cross-sections sections
(vertical scale relative to the horizontal is increased by 10 times)

Hccenenys xapakrep HEpOBHOCTEH, MOXKHO CHE-
JaTh BBIBOJ, YTO BBIOOMHA Iepesl OSTOHHOM MOIHB-
KOH MMeeT HeOOJBIIYIO MPOTSHKEHHOCTH (10 40 MM)
[0 TPHUYMHE JIOKAIBHBIX YJIApHBIX BO3ACHCTBUI
KoJeca O KpOMKYy OeTOHHOH momimBKH. B cBorO
ouepenp, 3a JepOpPMALUOHHBIM IIBOM ac]abTo-
OETOHHOE TOKPBITHE CHCTEMHO HIDKE OETOHHOM
noanuBKu. IlocnenHee cBsI3aHHO € MOBBIMIEHHBIMU
Harpy3KaMu Ha IOKPBITHE, BO3HUKAIOLIMMU B IIPO-
Hecce 3aTyxaHusi KOJNeOaHWH IMOIPecCOPEHHBIX
Macc TPAaHCIIOPTHOT'O CPENICTBA.

IIpoBenu yrimyOneHHBIN aHaIM3 TPEXMEPHOTO
o0yaka TOYEK
MIPOrPaMMHBIX

C HCIOJB30BAHMEM CITEIIHATBHBIX
MeronoB [8]. Iloctpomnm mioc-

KOCTb HOPMAaJBHOTO YpOBHS ac(haibToOETOHHOTO
nokpeitTus. Jledhopmanust achaibToOETOHHOTO TO-
KPBITHS OTHOCHUTEIBHO HOPMAIBHOTO YPOBHS IIO-
ka3aHa Ha puc. 4. 3enenoe mone Ha 50 MM BbIIIE
KpacHoro. [IpencraBineHue pe3yabTaTOB CKaHHUPO-
BaHMs B BHJE TaKOrO pOJa H3OIOJIS IO3BOJISET
KOMIUIEKCHO OLICHUTh TOIOJIOTHIO IOKPBHITUS B
paiioHe uccieyeMoro yqacTka.

AHanM3 mpeaCTaBICHHOTO M30IIOJS TTOKa3bIBa-
eT MpPAMYI0 3aBHCHMOCTh MEXIYy HaOIoJaeMoi
WHTCHCHUBHOCTBIO JABWXXCHUSA TSAXKCIIOBECHOI'O TpaHC-
mopra IO IMOJOCaM W BEJWYMHOHW aedopmarun
ac(anbToOETOHHOTO MTOKPBITHSI.

Ocb konen

- Nonoca Ne 2

Ocb konew |

QOcb konew
1

TMonoca Ne 1

QOcb koneu

&M -7TMm 6M 5M 4mM -3M 2™

-1m 0 1M

Puc. 4. 3onone nepopmaryn acGaabToOSTOHHOTO MOKPBITHS

Fig. 4. Isofield of deformation in asphalt concrete pavement
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Buopoauarsocruka

AHanmu3 yJnapHbIX BO3IEUCTBHI Ha KOHCTPYK-
IIUIO IPOJETHOTO CTPOCHHA IyTENpOBOJa IPOH3-
BOJAWIM Ha OCHOBAaHUHU PE3yNbTaTOB H3MEPEHUS
BUOPOYCKOPEHUI peOpHUCTOro MpoJETHOrO CTpoe-
HUS MocTa. s M3MEepeHus: UCTIONb30BAaJIC YEThI-
pexKaHaIBHBIA BHOpoaHamu3arop. JlaTdanku ycra-
HaBJIMBAJIUCH Ha 3JIEMEHTHI MPOJIETHOTO CTPOEHUS
B TPUOMOPHOI1 30HE. COBMECTHO C MPHUMEHSIEMBI-
MH aKCeJIEpOMETPaMH yCTaHABIMBAIIUCH JJIEKTPHU-
YECKUE TEH30METPHI C BBICOKOM 4aCTOTOH Ioiyye-
HUS TaHHBIX.

IIpu Hae3ne TSHKEIBIX TPAHCHOPTHBIX CPEINCTB
Ha HEPOBHOCTH JIepOpMAaIIMOHHOTO MIBa (PHKCHPOBA-
JIMCh BCIUIECKH M3MepsieMbIx BennduH. Ha puc. 5, 6
MIPEICTABIEHBl TUAarpaMMBbl, IOIYy4YEHHBIE B MO-
MEHT Mpoe3fa IO IyTENPOBOAY UETBIPEXOCHOTO
aBToMoOmIst MA3, rpy’KEHOTO TPYHTOM.

Ayl

Puc. 5. lnarpaMMa TEH30METPUYECKOTO OTKIIMKA —
OTHOCHTEJbHBIE AehOopManK

Fig. 5. Diagram of strain response — relative strains

1
_—

Puc. 6. lnarpamma BHOPOMETPUYECKOTO OTKITAKA —
BHOPOCKOPOCTH

Fig. 6. Diagram of vibrometric response —
vibration velocity

OtnenpHON cepuell M3MEpPEHWH MPOBOAMIACH
(hukcarss TUHAMHYECKOTO TPOTHda IPOJETHOTO
CTPOEHHS IYTENpOBOJA MPHU MOMOIIN celcMorpa-

14

¢a. Ceiicmorpad ycTaHaBIMBaJICS B LIEHTPE MpO-
nera 3a JeopMalOHHBIM [IIBOM ITyTE€IPOBOJA Ha
TpoTyape. llpu mHpoXoXKAEHUH TSOKENBIX TpaHc-
MOPTHBIX CPEJCTB TakkKe (UKCHPOBAIHCH Xapak-
TEpHBIE BCILIECKH (pHC. 7).

A
A

= |

S T S

Puc. 7. lnarpamma BUOPOMETPUIECKOTO OTKIIHKA —
LEHTP MPOJIETHOTO CTPOEHMUS, BUOpOIIepeMeIeHne

Fig. 7. Diagram of vibrometric response —
center of span, vibration displacement

BbIBO/IbI

1. BennunHa yaapHOro BO3IACHCTBUS MPSIMO
MPOIOPIIMOHATFHA Macce TPAaHCIOPTHOTO Cpej-
ctBa. KoHTponb 3Ha4YeHHsI MOCIEIHETO MOXKET
OBITh OCYIIECTBJICH MPU MOMOIIM JTUHAMHYECKOTO
nporuba WM OTHOCHUTENIbHBIX JedopMaliuii Mare-
puana koHcTpykuuu. [loaToMy nnsi KOppeKTHOM
OLEHKM YJIapHOTO BO3ACHCTBUS C MOINPAaBKOM Ha
MacCy aBTOTPAHCIIOPTHOTO CPEACTBA B KadecTBE
JIBYX OCHOBHBIX HOPMHUPYEMBIX BEJIMYUH CIEIYET
MPUHUMATE:

— OTHOIICHHUE aMIUTUTY Bl BUOPOCKOPOCTH, H3-
MEpEeHHOH B 30HE Ne(OpMAIMOHHOTO IIBA, K aM-
IUIUTYI€ WM3MEPEHHBIX OTHOCHUTEIBHBIX Jedop-
MaIuii;

— OTHOIIIEHHE aMILTUTY]IbI BUOPOCKOPOCTH, H3-
MEPEHHOH B 30HE Je(hOPMAIMOHHOTO IIBA, K aM-
IUIATY 1€ BUOPOTIEpEMENICHIUS, H3MEPSHHOTO B TIEHT-
pe IPOJETHOIO CTPOCHHUS.

O0e¢ BeMMYUHBI JTOJKHBI OBITH TIOJYYCHBI MPH
COBMECTHOM WX W3MEPECHHUH IS OTHOTO COOBITHS
YAApHOTO BO3ACHCTBUS.

2. Ilpu anuTenbHOM TEPHOJE M3MEPEHHS yKa-
3aHHBIE BBIIIE KOHTPOJHUPYEMbIE BEJIWYHUHBI MO-
TYT OBITh TIOJIBEPTHYTHI CTATHCTUYECKOMY aHAJIH-
3y [9, 10], B pe3ynbTare KOTOpOro OyAeT NoIydeHO
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urexHuka. T. 20, Ne 1 (2021)



Civil Engineering

OCHOBHOE 3HAY€HHE, XapaKTepHU3yIolllee BEININHY
YAApPHOTO BO3ACHCTBUS TPAHCIIOPTHBIX CPEICTB Ha
KOHCTpYKIMIO aAedopMannonHoro mBa. s o0-
CIIETyeMOr0  COOPYKEHHS OCHOBHBIE BEIHYH-
HBl yJApHOTO BO3JEHCTBUS B CpPEIHEM COCTABH-
m 2,42 (mm/c)/EO u 7,88 (mm/c)/mm. [omyden-
HBIE 3HAYCHUSI COOTBETCTBYIOT J1e(hOPMATUOHHOMY
mBy tuna KPM nocne nmonyroaa skciyatalnuyd Ha
MYTENPOBOJIE CO CKOPOCTHBIM PexuMOM 90 Km/d.
HepoBHoctr B 30HE ycTpoiicTBa medopMaIimoHHO-
ro 1Ba ObLTH B mpenenax 9—13 M.

3. 3aBUCHMOCTH MEXIYy BEIMYMHAMH AMHAMU-
YeCKHUX BO3ACHCTBUI M TUTIAaMU Je(QOpPMAITHOHHBIX
IIBOB MOTYT OBITb IOJYYEHBI NPH BBIIOIHEHUH
MOOOHBIX MCTBITAHUH [T HECKONBKHX COOpYKe-
HUH ¢ XapaKTepHBIMU HEPOBHOCTIMHU AehopMany-
OHHBIX IIIBOB M COIIOCTABJICHHUH OCHOBHBIX BEJH-
YUH yJJAPHOTO BO3/JEMCTBUS C BETMUYNHAMHU HEPOB-
HOCTEH W JPYyTUMH IapaMeTpaMH MHCIBITYEMBIX
COOPY’KEHUH.
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MOZ[CJ'II/IPOBaHI/Ie H YUCJICHHOC pemieHue 3aja4 ¢ OAHOCTOPOHHHUMH CBHA3SIMH
H TPEHUEM NIPU JTUHAMHAYIECCKOM JeHCTBHH Harpy3skKu

JoKT. TexH. HAYK, a0L. A. A. JIyKameBnlll),

KaHauaaThl TexH. Hayk H. K. JIyKameBnql), H. B. OCTpOBCKaHl)

1)CaHKT-l'IeTep6yprc1<1/u71 rOCYAAapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIbHBINA YHUBEPCUTET
(Canxr-Iletepbypr, Poccuiickas ®enepamms)

© benopycckuil HallMOHANBHBIN TEXHUYECKUH yHUBepcuTeT, 2021
Belarusian National Technical University, 2021

Pedepar. 3amaun ¢ 0JHOCTOPOHHIMH CBS3IMH HEPEAKH B MIPAKTHKE PACUETOB CTPOUTEINBHBIX KOHCTPYKIUI U COOPYKEHHUH.
OnpeneneHHble TPYIHOCTH B MX PELICHUM BO3ZHUKAIOT IIPH TPEHUU HAa KOHTAKTE, a TAKXKE IIPU JAUHAMUYECKOM JEHCTBUU
Harpy3ku. M3BecTHO, 4TO Takue 3a/laud ¢ MaTEMaTUYECKOI TOUKU 3peHUs SIBISIOTCS HEJOCTaTOYHO KOPPEKTHBIMU, PELICHUE
UX YCJIOXKHSETCS M 3aBUCUT OT UCTOPHU HarpykeHusi 1 1eopMupoBaHus KOHCTPYKIUH. B TO ke BpeMs BO3MOXKHOCTh yueTa
CIIOXHBIX YCJIOBHH pabOThl KOHCTPYKIHUH JENAeT €e pacdeT Ooyiee MOMHBIM M TOYHBIM. B cTaThe paccMOTpeHO pemreHHe
JUHAMHUUYECKON KOHTaKTHOM 3aaud Ha OCHOBE METOJla KOHEYHBIX 3JIEMEHTOB U METOJa IaroBoro HarpyskeHus. OpHocTo-
POHHHE CBSI3H C KyJOHOBCKUM TPEHUEM MOJAENUPYIOTCS C TIOMOIIBI0 KOHTAKTHBIX KOHEUHBIX 3JIEMEHTOB PaMHO-CTEP)KHEBOTO
tuna. [ coOMoIeHUsI OTPAHNYECHUH B YCJIOBUSIX IO NMPEAENTEHOMY TPEHHIO-CKONBKEHHIO MPUMEHSETCS CI0CO0 KOMIICHCH-
pyromux Harpy3ok. Ha ocHOBe paccMOTpeHHOH NUCKPETHON MOJEIH KOHTAaKTa M METoja MOIIaroBOro aHajiu3a pa3dpaboTaH
YMCIICHHBIN aIrOPUTM, O3BOJIAIOIIMN B OJHOM IIOLIArOBOM IPOLIECCE BBIIOIHATH OJHOBPEMEHHO UHTEIPUPOBAHUE ypaBHE-
HHUI JBIKEHHS M PeaM3allMio KOHTaKTHBIX yCIOBHH ¢ TpeHreM Kyinona. C moMoIIbio MPeAToKEeHHOro MOAX0/1a MOITyYeHbI
W TPOaHATM3UPOBAHBI YHCICHHBIE PEHICHWs 33a7a4d KOHTAKTa COOPYKCHUS C OCHOBAHHEM IPH PA3IHUYHBIX Iapamerpax
JUHaMU4YecKoi Harpys3ku. CpaBHEHUE pe3yJbTaTOB C PELICHUEM, BBIIOJIHEHHBIM U3BECTHBIM METOJOM MTEpalMil MO Ipe-
JENbHBIM CHJIaM TPEHHUs, IMO3BOJSAET CAENAaTh BbIBOJ 00 3((GEKTHBHOCTH M HAIEXKHOCTH Pa3pabOTaHHOIO aIrOpUTMa
TIPU CIIOKHBIX YCIOBHSAX KOHTAKTa M ANHAMHIECKOM HATPYy>KCHHUH.

KnarwueBbie cioBa: KOHCTPYKIIMs, KOHTAKTHOE B3aHMOI{efICTBHe, OJHOCTOPOHHUE CBA3HU, TPECHUC KyIIOHa, ITOIIAT OBEII
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Modelling and Numerical Solution of the Problem with Unilateral Constraints
and Friction under Dynamic Action of the Load

A. A. Lukashevich”, N. K. Lukashevich”, N. V. Ostrovskaya"

DSaint Petersburg State University of Architecture and Civil Engineering
(Saint Petersburg, Russian Federation)

Abstract. Problems with unilateral constraints are not uncommon in the practice of calculating building construction and
structures. Certain difficulties in solving them arise during contact friction, as well as the dynamic action of the load.
It is known that such problems from a mathematical point of view s are not correct enough, their solution becomes more
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complicated and depends on the history of loading and deformation of the structure. At the same time, the ability to take into
account the complex working conditions of the structure makes its calculation more complete and accurate. The paper consi-
ders the solution of a dynamic contact problem on the basis of the finite element method and the step-by-step loading method.
Unilateral constraints with Coulomb friction are modeled using contact finite elements of a frame-rod type. The method
of compensating loads is applied in order to comply with the limitations under ultimate friction-sliding conditions. Based on
the considered discrete contact model and the step-by-step analysis method, a numerical algorithm has been developed, which
allows in one step-by-step process to integrate simultaneously the equations of motion and implement contact conditions with
Coulomb friction. With the help of the proposed approach, numerical solutions of the problem pertaining to a structure contact
with the base have been obtained and analyzed at various parameters of dynamic load. Comparison of the results with
the solution obtained by the well-known iteration method on the ultimate friction forces allows to conclude about the efficien-
cy and reliability of the developed algorithm under complex contact conditions and dynamic loading.

Keywords: structure, contact interaction, unilateral constraints, Coulomb friction, step-by-step analysis, dynamic loading,
discrete model, finite element method
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BBenenue

KoHcTpyKTHBHO HENUMHEHHBIE 33a4d C OJHO-
CTOPOHHUMHU CBSI3SIMU HEPEAKHU B MPAKTHUKE pacye-
TOB Pa3IMYHOIO pPOAa KOHCTPYKIMH M COOpYyXKe-
Huil. [Ipu 3TOM HaMOOJIBIIYIO TPYIHOCTH B pellle-
HUM TIPEACTaBIAIOT 3aJauyd C yCIOKHEHHBIMHU
YCJIOBHSIMM KOHTaKTa, B YAaCTHOCTU IpU YyUeTe
KOHTAaKTHOTO TPEHUs, AUHAMHYECKOrO JEHCTBUA
Harpy3ku. Takoro pona 3agauu ¢ MaTeMaTHUYECKOU
TOYKHU 3PEHUS SIBISIIOTCS HEIOCTATOYHO KOPPEKT-
HBIMH (B 3TOM cCiy4ae He yJIaeTcs AO0Ka3aTb Cy-
IIIECTBOBAHUS U €AWHCTBEHHOCTH pPEIIEHUs), 4TO
3HAUUTEIBHO YCJIOXKHAET UX YHMCIECHHOE pELICHUE.
Cratuueckre KOHTaKTHbIC 33Ja4d C HUJCaTbHBIMU
U HeuJealbHbIMH OJHOCTOPOHHHUMH CBSI3SIMH pac-
cMatpuBanuch B [1-10]. B To ke Bpemsi umerorcs
pacyeTsl KOHCTPYKIUH, TJAe HYKHO YUYHUTHIBATh
TUHAMHMYECKOE JeHCTBHE MPUIIOKEHHBIX Harpy-
30k [11-14].

[Ipu pemieHUM KOHCTPYKTUBHO HEJTMHEHHBIX
KOHTaKTHBIX 3a/lady MPUMEHSAIOTCS Kak uTepa-
OUOHHBIE  (IOCNEAOBATENbHBIX NPUOIIKEHHN),
TaKk M WHKPEMEHTaJbHbIE (IIOIIAroBbI€) METOBI.
Tak, B [11, 12] nns 9ucIeHHOTO pEUICHUS AWHA-
MHYECKON KOHTaKTHOH 3aJa4M HUCIIONb3YETCs UTe-
PALMOHHBIA AITOPUTM KOPPEKTUPOBKU CKOPOCTEH
Tuna Ynzaeel, B [15, 16] npennaraerca BapuaHT
utepanuonHoro anroputrma llIsapma. B [17, 18] na
OCHOBE BapHAIlMOHHBIX (OPMYIUPOBOK KOHTAKT-
HBIX 3a/Ja4 MPHUMEHSIOTCS pa3INYHble BapHaH-
Thl METOJA UTEpalUii MO MPEAEIbHBIM CUJIAM Tpe-
Hus. Kak oTrmedaercs B 3TUX W Apyrux paboTax,
UCIIOJIb30BaHNE METOJOB MOCIEAOBATEIBHBIX MPHU-
OJIMKEHUI TTO3BOJISIET CTPOUTH SKOHOMHUYHbBIC UTE-
pallMOHHBIE ANTOPUTMBI, OO0JIafafoIIe BBIYHUC-
JIUTENBHONM YCTOMYMBOCTBIO M TapaHTHPYIOIUE
BBIIIOJIHEHUE KOHTAKTHBIX YCIOBUU ISl WJ€alb-
HBIX OJTHOCTOPOHHUX CBsi3ed. OHAKO BBHIIOIHEHHE
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YCIIOBHM TPEHUSI-CKOIRKECHHSI Ha KOHTAKTE 37eCh
MMeeT OmpeeNieHHbIe TPYTHOCTH U HE BCEr/ia MO-
JKET OBITh peaTn30BaHoO.

B [19] nns BBIMOTHEHHUS YCIOBHM KOHTaKTa
puMeHsieTcst cinabas GOpMyIHpPOBKa B BUIE JII-
JUNTAYECKOTO KBa3HMBApHAIIIOHHOTO HEPaBEHCTBA,
pelIeHre BapHAIlMOHHOM 3aJayd MPOU3BOIUTCS
C TIOMOIIBIO HESBHOW CXEMBI HHTETPUPOBAHUS 10
BpeMeHHU. PasznmuyHple CXEMBI YHCICHHOTO pellle-
HUS YPaBHECHUH MBIKCHUS TaKKe paccMaTpuBa-
orcst B [20, 21]. B mepBoil W3 HHX Ha KaXIOM
BPEMCHHOM IIIare HCIONB3YIOTCS MHOXUTEIU
Jlarpamka ¥ TPUHIWI MUHUMAIbHOW pPaOOTHI,
BO BTOPOU — Ha Ka)/JIOM IIIare PelIaeTcsi HEBBITyK-
Jast IMHEWMHAs 3a/1aua TOTOMHUTENbHOCTH. JlocTOMH-
CTBO IIIATOBBIX METOJIOB B TOM, YTO PEIICHHE 33/1a41
CTAaHOBUTCS U3BECTHO HA JIFOOOW CTaM JMHAMUYC-
ckoro Harpyxerws. [lpm 3ToM mMeeTcs BO3MOXK-
HOCTh TOYHEE YIOBICTBOPUTH YCJIOBUSM TPEHHS-
CKOJILKEHUS, TTOCKOJIBKY PEIICHHUE 3aaull ¢ YUYETOM
TPEHHS 3aBHUCUT OT WICTOPUH HarpyxeHus u aedop-
mupoBaHus KoHCTpykimu [1-3]. Ilpm muHammde-
CKOM Harpy>XeHHH KOHCTPYKTHUBHAs HEIMHEHHOCTh
OTHOCTOPOHHHX CBSI3€H IPOSIBISIETCS B W3MEHEHHUH
COCTOSIHUS OTHOCTOPOHHUX CBSI3€ 10 BPEMEHH.

JlanHas craThsl MOCBSIIEHA MOCTPOSHHUIO pac-
YETHBIX MOJICJICH U METOJIOB PEIICHUS 3a/1a4 ¢ He-
WIealbHBIMA OJHOCTOPOHHHMH CBS3SIMH TIpU JIH-
HAaMUYEeCKOM JEeUCTBUU Harpysku. [ns permeHus
MIPUMEHSICTCS JUCKPETU3aIUsl 33aJ]a4ud 110 BPEMEHU
C UCTIOJIh30BAHNEM IPAMBIX CXEM HHTETPUPOBAHU
ypaBHeHUH aBuxkeHUs [22]. PacueTHpld mar mo
BpEMEHH Ha3HAYaeTcsl W3 aHalli3a COCTOSHUS
KOHTaKTa Ha 3aJaHHOM WHTepBaje BpeMeHU Af.
Jia o’)xuaaeMoro MOMEHTa M3MEHEHHUS! COCTOSTHUS
KOHTaKTa YTOYHSCTCS BEJIMYWHA IIara WHTETPHUPO-
BaHUS W BBITIONHSETCS €ro nepepacyer. Brimonae-
HHAE YCIOBHUH TMPEACIBHOTO TPEHUS-CKOIBKCHIS
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IPOU3BOJUTCS C IIOMOILBIO KOPPEKTHPOBKHU KOH-
TaKTHBIX YCHJIMH IO METOJY KOMIIEHCHPYIOIINX
Harpy3ok. Takum oOpa3oMm, paccMaTpuBaeMbIi
HOJXOJ HMMeEeT SICHYI (PU3MYECKYyI0 NPHUPOLY H
MIPEJOCTABIsIET BO3MOXKHOCTh OTCIIEKHMBATh TEKY-
1€ COCTOSIHME KOHCTPYKIHMH B JIIO00OH MOMEHT
BpPEMEHHU.

IlocTaHoBKA 3a1a4M ¥ METObI PelIeHUs

PaccMoTpyM ITMHAMHMYECKYHO 3a/1a4y KOHTAKT-
HOTO B3aMMOJEHCTBUS  yNpyroaehopMHUpyeMbIX
Ten V' u V', UMEIOUMX KOHTAaKTHPYIOIIME MO-
BEPXHOCTH S, U S, COOTBETCTBEHHO. [l KOHeu-

HO-DJIEMEHTHOW MO JaHHON CHCTEMBI CIIpa-
BEIUITMBO MaTPUYHOE YpaBHCHWE NBIKCHUSI C Ha-
YaITbHBIMU YCIOBUSAMH [22]:

[M]{UHAI} +[C]{Ut+m} +[K]{Ut+At} :{PHAI};
(Ul =tuks {Ull={0}

rae [M ], [C], [K ] — MaTpHla Macc, aeMnduposa-
HUS M JKECTKOCTU CHCTEMBI COOTBETCTBEHHO;
{UHAI}, {Ut+At}’ {UHAt}, {PHAt} — BEKTOp y370-
BBIX TIEpPEMEIICHHUM, CKOPOCTEH, YCKOPEHU U BHEIII-
HEH y3710BOM Harpy3Kd B MOMEHT BpeMEHH ¢ + Af.
[IpuHuMaeTcss MoAENb MPOIOPIHUOHATHHOTO
nemndupoBanust (1o Panero) [C ] = OL[M ] + B[M ]

+
Ha moBepxHocTH S, 3a1aHbl TPAHUYHBIE yCIOBHS

+
B yCUIIHAX, HA S7 — B ICPCMCUICHUAX.

Ipencrasus U™ = U'+ AU"™™, cBenem pe-
IICHUE HEIMHCHHON TUHAMHYECKOW 3ajadu K pe-
IICHUIO TTOCIIEAOBATEIEHOCTH JTMHEWHBIX 33729 Ha
OCHOBE METOJla TIOIIaroBOTO aHaln3a M3MEHEHUS
COCTOSIHUA KOHTaKTa [23]:

(MU T ) +[C){o ) +[K]{ AU =
:{P“A’}—[K]{U’}; ()
Ul ={us}: {U}]_={U0}-

Jns pemrennss ypaBHEHHS (2) HCIIONB3yeTCS
KOHEUHO-pa3HOCTHas cxema Hpromapka, mpezrmo-
Jararouias JIMHEHHBIH 3aKOH M3MEHEHHUs YCKO-
peHuit B untTepBasie Af. Ilpu uHTErpupoBaHUU
MIPUMEHSIOTCS CIIEAYIONUE 3aBUCHMOCTH MEXITY
MIEPEMEIICHNUSAMH, CKOPOCTAMH M YCKOPEHHUSIMHU
B MOMEHT BpeMeHH ¢ + At [22]:
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Ut+At _ 1

o) (o
o (Ar) 20 (3)

U = Uty ((l —B) U+ BUHAt)At’

rne o= 1/4, B =1/2 — nmapamerpbl HHTETpUPOBa-
HUSI, TIPHHATHIC U3 YCIIOBHS TIOCTOSIHHOTO CpEeiHe-
r0 YCKOpEHHs B HHTEpBaie Af.

BrIpa3uB ¢ moMoIp0 COOTHOIIEHUH (3) yCKO-

perns U™ u ckopoctu U™ B (2) uepe3 mepe-
memenns U, momyduM MaTprdHOE ypaBHEHHE

s ompenenenns AU A
[&]{aums) = (P, @
rae [lﬂ =[K]+oo[M]+0oy[C]; {pwm} ={th} N

+[M](0‘2{Ut}+0ﬂ3{(jt}) [C](oc4{ }+a5{U"})_

-[K ]{U ! }; 0lg—0ls — K03 (PUIIUEHTBI, PaBHBIE:

1 B 1
0 = 5 ’ al = , (xz = ,
a(Ar) oAt aAt
OL3=L—1 oy = B—1; o= AL - At
20 20

B npousBonpHBI MOMEHT BpeMeHH ¢', Ha-
XOJAIIMICA B UHTEpBalie Af (tSt'St+At), 3Ha-
yeHust mepemeinennit U (¢'), ckopocteit U(t') u
YCKOpPCHU U (') Moryr OBITH BBIYMCIIEHBI IO
(dbopmynam, monmydeHHbIM u3 (3) mMyTEeM 3aMEHBI

BEJIMYMHBI ¢ + At Ha t':

U(l‘) U+ (Ut+At Ut);

U@y=U"+ (U’ g); ()

Uy =U'+ (¢ -+ t) D (v ).

Kpome Toro, npu pemeHud AUHAMUYECKOU
3a/laud ¢ OJHOCTOPOHHUMM CBS3SIMH U TPEHHEM
JOTIOJTHUTENIBHO K HAYaIbHBIM M TPAHUYHBIM yCIIO-

+
BUAM Ha S,, S, JOJKHBI BHITIONHATHCS KOHTAKT-

Hble ycnoBus Ha S.. KOHTakTHOE B3ammonei-

cTBHe OyneM MOJIeNHPOBATH C TIOMOIIBIO PaMHO-
CTep)KHEBBIX KOHTAaKTHBIX KOHEYHBIX JJIEMEH-
toB (KKD) [4, 9]. lanusie KKO BBOmsTCS Mexay
KOHTaKTUPYIOIIMMU TIOBEPXHOCTSIMH B3aMMOJCH-
CTBYIOIIUX TEJ, TEM CaMbIM JHCKPETHU3UPYS IO-
TPaHUYHBIA CITO Mex Ty HUMH (puc. 1).
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Puc. 1. MonenpoBaHie KOHTAKTHOTO B3aUMOJICHCTBHS C TOMOIIbIO KOHTAKTHBIX KOHEUHBIX teMeHToB (KKD):
a— KKD B 30He koHTakTa; b — nepemenienus u ycunus B KKD

Fig. 1. Modeling of contact interaction using contact finite elements (CFE):
a — CFE in the contact zone; b — displacements and forces in the CFE

3anuiieM yCJIOBHsS Ha KOHTAKTE B TEPMHHAX
MIEPEeMEIICHU W YCWIMH JUIsl Kaxaou k-il mwc-
KpETHOM OMHOCTOpPOHHEH cBsi3u (T. €. k-ro KKD)
JUUIsl MOMEHTa BPEMEHU £

u, >0; N, <0, u,N,=0,keS.; (6)

7

<|

T2 0 (1T )i =0, ke, (7)

t t
roe u,, U, — B3aUMHO€ CMCIICHUE KOHTAKTHBIX

MMOBEPXHOCTEH I k-il THCKPETHOH OIHOCTOPOH-
HEHl CBSI3M 1O HOpPMaid M MO KacaTeNbHOM;

.t t
Uy =OUy, / Of — CKOpPOCTb B3aUMHOIO KacaTellb-

HOro cmerueHnst; Ny, 7,' — KOHTakTHOE yCHIIHE
B HalpaBlIieHMd HOPMalM M KacaTelnbHOH (ycu-
mis B k-m KKD3); T, = - f Ni — npenenpHas
«KYJIOHOBCKas» CHJA TPEHHs Wi k-TO KOHTaK-
1a; f, 20 — K0dQULKEHT TPEHUS-CKOIbKEHUS.

Takum 06pa30M, COCTOsIHHME KOHTAKTa B OJ-

HOCTOPDOHHEH CBSI3M OMpPEACIACTCS  yCIOBUSMHU
t t
u,, =0, N, <0, cocrosHHe OTpbIBA — YCIOBHUSI-

n
t t_ o t
mu u,, >0, N, =0. Venosuro i, =0, |7,

t
<‘ T

OTBEYACT COCTOSHHE CIEIUICHUS (IOTpPeaeTbHOTO

TpeHus), a ., # 0, ‘Tk’ :‘ T)y| — cocTosiHEE mpoO-

CKaJIb3bIBAHUS, TIPU 3TOM HAIPABJICHUE MPOCKAIIb-
3bIBaHUA COBIIAAACT C HAIIPABJICHHUEM HOHCpe‘IHOfI
cuibl. CoObiTHeM OyieM Ha3bIBaTh MOMEHT H3Me-
HEHHSl TEKYLIETO COCTOSIHUS Ha TPOTHUBOIIOJIOXK-
HOe: cOOBITHE TPOCKATB3BIBAHUS (M3 COCTOSHHUS
CIIETUICHMS ), COOBITHE CIeIUIeHusT (Hao0opoT), co-
ObITHE KOHTaKTa (BKIIIOUEHHE OJHOCTOPOHHEH CBSI-
31), COOBITHE OTPHIBA (BBIKJIIOUEHHE CBSA3H).
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[IpencraBum anropuT™ IMOIIATOBOIO aHAIU3a
[IPY PELICHUN TUHAMHYECKOW KOHTAaKTHOU 3aJauu.
Byznem cumnrtath, 9YTO B MOMEHT BPEMEHH ¢ COCTOS-
HUE OIHOCTOPOHHHUX CBfI3¢H HM3BECTHO — YacTh
ux (keS| ) HaxoOUTCs B COCTOSHMHM KOHTAaKTa

CO cLeIlIeHueM, Apyras 4acts (k € S,,) — B cocTos-
HUU KOHTAaKTa C TIPOCKAIb3BIBAHHUEM, OCTABIIH-
ecst cBs3U (k €S;,) — B COCTOSHUHU OTpPBIBA, IIPU
atom S, =S5, U S, . US,,.

1. BemomnHseTCs O4YepemHOi mar MHTETPUpO-

BaHus At. Ilocne pemenus ypaBHenusi (4) Haxo-

t+At t+At t+At  t+AL - AL
ISTCSL BEMUUMHBL A, , Auy - Uy Uy,

NI T T s kakmoid k-if OIHOCTOPOH-
HEW CBSI3M B MOMEHT BpeMeEHHU ¢ + At.

2. Jlnsa xaxmon k- CBSI3M OTIPEACNIIeTCS MO-
MEHT f, HACTYIUICHHs OIIDKAHIIEro 1o BpeMEHH
COOBITHS HA KOHTAKTE:

— MOMCHT HaCTyl'IJ'IeHI/IH CO6I>ITI/I$I HpOCKaJ'IL3LI—
BaHUi
t t
TUk B I}c
t+At t t+At t
(5™ = 1) (15 - 73

t,=t+At , keS,; (8)
— MOMCHT HAaCTYILICHUSA COOBITHS CLCIICHUA

.t

u

tk .
|, k€S )
u‘rk Y
— MOMCHTHI HAaCTYIJICHUA COOTBETCTBEHHO CO-

OBITUH OTpbIBa NJIM KOHTAKTa:

_NI
tk:t+At ]\/;:N—_k]\]kt , kGSC, SZ(:;
W (10)
L=t +A| —— | keS,
Uy — Uy
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C moMoIpi0 MeToa MOCIe0BaTEeIbHBIX TPHU-
ONmKeHHH MOXKeET OBITh MPOU3BENEHO MUTEPALUOH-
HOE YTOUHEHHE BEJMYMHBI f,, BPeMs pacuera MpH
9TOM BO3pacTaeT He3HauuTeNbHO [13, 23].

3. VYcraHaBniuBaeTcs MOMEHT HACTYIUICHHS
Onmmkailliero Mo BPEMEHH OuYepeaHOro COOBI-
tus: ¢t =min(t,),keS,. llpu ¢ >t+ At Ha3Haua-
ercsi 0a30BBINA Mmar Af, W MIAroBEIM MPOIECC TMPO-
Jnomkaercs ¢ myHkTa 1. Ecmu £ < t<t+At — Te-
KYIIMIi 11ar ePECUUTHIBAETCS IpU Al = 1 — 1.

4. Ha xaxJ10M I1are HHTETPUPOBAHUS C LIETIBIO
BBINIOJTHEHUSI YCJIOBUI 0 NpPENeIbHOMY TPEHUIO-
CKOJIL)KEHHIO HCIIOJIB3YEeTCS METOJ KOMIICHCH-
pytommux Harpy3ok [9, 23]. KoppektupoBka cui
TPEHHs Ha KOHTAKTE NMPOU3BOIUTCS MyTEM IMPUIIO-
KEHUS K COOTBETCTBYIOIIUM IIPOTHBOJIEKAIIUM
y37aM KOMIIEHCUPYIOIINX CHJ

B Af
At

Fy ==ATy, = (Tl;;At_ Lt/k)’ keS,. (1)

OIHOBPEMEHHO KOPPEKTUPYETCS BETUIMHA TI0-
MEPEYHOTO YCUJIMSI B k-M KOHTAaKTHOM 3JICMCH-
r_ ot -
e T, =T, +ATy,.

5. B PE3yJAbTATC BBIIIOJIHCHUSA YTOYHCHHOI'O

t

mara Af ONPENENAIOTCS TEPEMEILECHUS Uy,

CKO-
- t ¢

poctu u. w ycwms N, T, nms momeHTa Bpe-

MeHu ¢. IlpouMsBomWTcs TpPOBEPKA  yCIOBHiA

HACTYIUICHUS! OYEPEJHOrO COOBITUS HA KOHTaK-

‘ t
te: npu I, =T}, — 910 GymeT NpOCKaIb3bIBaHHUE,
.7 7
npu i, =0 — cuemenne, npu N;=0 — BBIKIO-
YeHHe CBs3M, NMpH u,, =0 — BKIIOYCHHE CBS3U.

B cnywae HecpabaThIBaHHS COOTBETCTBYIOIIETO
yCIIOBUSI HEOOXOJMMO MOBTOPUTH YTOYHEHHUE Be-
JUYMHEL { B MHTepBane (¢, ¢ ) win (¢, t + At).

6. Ilpu HACTYIUIEHWH OXXHIa€MOTO COOBITHS
MPOU3BOAMUTCS W3MCHCHUE TEKYIEro COCTOSHUS

Haznauaercsa cnemyrommii mar UHTErpupoBaHus Af,
U IIAroBbIH MpoliecC NPOI0JDKAETCs ¢ MyHKTa 1.

M310XeHHBIN aNTOpUTM pean30BaH B BBIYUC-
JTUTEIRHOU TIporpamMme [24], TpemHa3HaueHHOMN
JUIA TIPOBECHUS UYWCIEHHBIX HCCIEIOBAaHUN paz-
JINYHBIX MOJEJIEH M aJITOPUTMOB PELICHMS 3a1ad
C OJHOCTOPOHHUMH CBSI3IMHU. [[ns1 cpaBHUTENB-
HOM OIIEHKH TOJIYYEHHBIX PE3yJIbTaTOB B JIaHHOU
MporpamMMme TaKXe pealn30BaHbl U3BECTHBIE METO-
Jbl pacyeTa CUCTEM C OJHOCTOPOHHHUMHM CBSI3SIMHU
U TPEHHUEM, B YaCTHOCTH METOJ UTEpALMH Mo mpe-
JleTbHBIM cujiaM Tpenus [17, 18].

Pe3yJbTaThl YHCIEHHBIX HCCIET0OBAHNH

[IporeMoHCTpUpPYyEM PacCMOTPEHHBIH MOIXOX
Ha MpUMeEpe pacueTa INIOCKOH CTEPKHEBOH cucTe-
MBI, KOTOpas, HampuMep, MOXET MOJACIHPOBAThH
y4acToK TpyOomnpoBoaa ¢ mepenanzoM peibeda B
YCIIOBHUSIX JTMHAMHYECKOTO HarpykeHus (puc. 2a).
Cumnraercs, 4TO CUCTEMa 3aKpEIjIeHa OT OOKOBBIX
CMEUICHUH (T. €. U3 TUIOCKOCTH X)) U ONHUpPaeTCs
Ha JIB€ MECTKHE OIOpHI, OMYCKAIOIINE OTpPHIB
Y TIPOCKaJIb3bIBaHHUE OMUPAOIIEHCS HA HUX KOHCT-
pykuun. Haxopdmiasicss W3Ha4albHO B COCTOS-
HUU TIOKOSl, CUCTeMa Harpy>kaeTcss WMITYJIbCHON
Harpyskoit P(f) ¢ ammmrynon 100 xkH (puc. 2b).
Benuunss! xectkocT crepxueit: EA =9 - 10° xH,
EI = 2-10° kH-M%*;, pacmpenencHHas macca m =
= 0,4 1/™M. Marpuna nemndupoBaHUs NPHOIHU-
KEHHO CYHUTaJach MPOMOPIMOHANBHON MaTpulle
macc [C]=a[M], npu 5TOM KO3DHIIEHTE! AeMII-

tdbupoBanus a = 0,2w;, B = 0. i MomeaupoBaHUs
OJTHOCTOPOHHETO KOHTAaKTa C TPEHHUEM-CKOJbXKe-
HUEM Ha Omopax IMPUMEHSINCh paMHO-CTEepIKHE-
BbI€ KOHTaKTHBIC 3JIEMEHTHI [4, 9].

BBuny oTHOCHTENHHO OOJBIION KECTKOCTH Ce-
YeHusT TPyOOIpoBoja, mpolieMa JAMHAMUYECKON
YCTOWYMBOCTH HE paccMmarpuBaercd. Ilockonbky
MIPOJIOJDKUTENIEHOCTE  JICHCTBHSI MMITYJIBCHOM Ha-
rpy3ku (0,1 ¢) Ha mOpsAAOK OOJNBIIIE BpEMEHH TMPO-
XOXJIEHHS 3ByKa Ha JABYX pa3Mepax IpoJe-
ta (0,008 c), BOTHOBBIMH TpoIleccaMu B Oajke

JJIA COOTBCTCTBy}OH.[eﬁ O,E[HOCTOPOHHeﬁ CBA3H. TaKXEC HpeHe6peraeM.
a b
y P(t), xH
100 |---
P(t
( )J\/" / 2 ra
X 1
20m 10Mm 20m 0 0.1 %c
Puc. 2. CtepxHeBas cUuCTeMa Ha OJHOCTOPOHHHX OIOpax
Fig. 2. Framed system based on unilateral supports
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B HUCXOOHOM COCTOAHUM HOPMAJIBHBIC KOH-
TaKTHBIC YCHIIUS N,{0 MPUPAaBHUBAIUCH YCUIUSIM
OT COOCTBEHHOrO BeCa KOHCTPYKLHH, IPH 3TOM
7, =0. C HayanoMm IMHAMHYECKOTO BO3ACHCTBHSA

BO3MOXHBI U3MEHEHHUS COCTOSIHUSI KOHTAKTa pac-
CUUTBIBAEMOM CHCTEMBI: IMPOCKaJIb3bIBAHUE HA
OTopax W OOpaTHBIA TMEepexo] B COCTOSHHE CIIEel-
JIeHUs, a TAaK)K€ OTPBIB OT ONOP M IOCJIEIYHOUIUI
KOHTAKT C HUMH.

UucneHHoOe pelleHne paccMaTpUBaeMoil 3aaa-
YU KaK MPEAJIOKEHHBIM, TaK U U1 CPaBHUTEIbHOMN
OLICHKU aJbTEPHATUBHBIM METOIOM IPOU3BO-
JWIOCh C TIOMOIIBI0 KOMIIBIOTEPHOH Mporpam-
MBI [24]. O1eHnBaIOCh BIMSIHUE BEIHYUHBI KO-
(uruenTa TpeHUs f Ha MOBEACHHWE KOHCTPYKIUHU
IIpY 33JaHHOM AMHAMMYECKOW Harpyske. Tak, Ha
puc. 3, 4 npencraBiaeHbI TpaQUKN CMEIICHUH KOH-

WIA OTPBIBE OT TEPBOH OMOpPHI (3HaYCHHE KOI(-
(urmenra f BappupoBanock ot 0 o 1,3).

MN3Menenne KOHTakTHBIX ycwiud T u Ny
U COCTOSHHUS OINOPHBIX KOHTakTOB IIO BpeMe-
Hu (ipu = 1,3) nmpuBomuTCs Ha puc. 5, 6.

I'paduku, oToOpakaromye 3aBUCHMOCTH MEX-
Iy TIepeMELIEHUSIMHA OTIOPHBIX Y3JI0B KOHCTPYKIIUU
1 3HaYeHHIMH KO3 (UIIMEHTa TPEHUS Ha OIope,
MIpeJICTaBJIEHbI Ha pUcC. 7.

JoCcTOBEpHOCTh TOJNYUYEHHBIX pE3yJbTaTOB
MOJTBEPKIAETCA MNPOrpaMMHON TNPOBEPKON BBI-
MIOJIHEHUSI YCIIOBUM PpAaBHOBECHS U COBMECTHO-
cTi nedopMaruii CHCTEMBI TOCIIe KaKAOTO IIara
no BpemeHu. Kpome Toro, s CpaBHHUTEIbHOM
OLICHKU PE3yJbTATOB BBINOJHAJICSA pacyeT C HC-
MOJIb30BAHUEM AJIbTEPHATUBHOTO alTrOpUTMA,
B KOTOPOM KOHTAaKTHBIE YCJIOBHUSI Ha KaXKIIOM Bpe-
MEHHOM IIare peaju3yloTcs C MOMOIIBI0 METoaa
WTEepaluil o NpeaesbHBIM CUIaM TpeHud (puc. 5 —

CTPYKIHHU IO BPEMCHU IIpU €€ NPOCKAJIb3bIBAHUHN HYHKTI/Ip).

Uy, MM

0,5 a

04 N ——- /=0l |1 A\ !
0 J[.\ —— /=05 // N i/
02 17~ _._-ff},g ,\}\ /f\_\\ /
0.1 // A ————/‘—\, _///// ‘——f-.f--‘_ ———_//\_‘____I’_
04—l \ \{ g\ 7\ /, AL N

o1 0,1 “\\ //’2 \\V o \ g/ s [y 08\ 1y A7 The

02 W /g AN / W /g A\
’ oS\ N A\

0.3 A/ - <

-0,4 \ / / / \ /

-0,5 \ J \/ \J \

Puc. 3. T'opu3oHTa/IbHBIC CMEILICHUSI KOHCTPYKLIUY Ha NIEPBOI1 omope 1o BpeMeHH

Fig. 3. Horizontal displacements of structure on the first support in time
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Puc. 4. BepTukanbHble CMEIIEHUS KOHCTPYKIMU Ha MIEPBOM OMOpe M0 BPEMEHU

Fig. 4. Vertical displacements of structure on the first support in time
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Fig. 6. Change of contact forces values in time on the second support
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on supports at different values of friction coefficient
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Kak BHIHO, pe3ysbTaThl pacyeToB MpPeAIOKeH-
HBIM U aJbTEPHATHBHBIM METOJAMH XOPOLIO CO-
TNIACYIOTCSI MEXKAY coOOM, OIHAKO alTOPUTM HTe-
pauuii Mo mpeAe’bHBIM cHiaM TpeOyeT cyiue-
CTBEHHO OOJNBIIMX 3aTpaT BpeMEHHW pacueTa (s
PaccMOTPEHHOH 3a/1a4uy — IIOYTH B JIBa pas3a).

W3 mpuBeneHHBIX Ha pHc. 3—5 rpaduKoB BUI-
HO, YTO TIpHU BO3pacTaHnu Kod(h(UIMEeHTa TpeHUS
KaK TOPH30HTaJbHbIC, TAK U BEPTHUKAJbHBIE CMe-
LIEHUS Ha OIOpax yMeHbIIaroTcs. Takke cormo-
CTaBJSUINCH PEILEHMS, HOJIy4YEHHBIE NMPH Pa3HbIX
HayaJIbHBIX Iarax WHTerpupoBanus. [IpoBenen-
HBI€ YHCJIEHHBIC HCCIIEIOBaHMs NMPOJEMOHCTPUPO-
B XOPOIIYI0 BHYTPEHHIOI CXOJMUMOCTH Ipen-
JIOKEHHOTO alrOpUTMa B JOCTaTOYHO OOJIBIIOM
JIUana3oHe 3aJaHHbIX IIaroB WHTEIPHUPOBAHUS TIO
BpeMeHn. Hamo OTMETHUTh, YTO TpU pEHICHUH
ypaBHEHUS IBWKEHUS BBIOOP A(()EeKTUBHOTO Iara
npeacTaByiseT co0o¥ TpymHyr 3amady [22].
B sToM ciydae pekomeHIyeTcsl 3aaBaTh Hayallb-
HBI{ LIar 1Mo BpeMEHH TaKHM, YTOObI IPU €ro yBe-
JWYCHUH, HAapuUMep B [Ba pasa, PacXOKACHUE
B PCLICHUSX HE MPEBBIIIANO 3aJaHHOM TOYHOCTH
pacuyera.

3aMeTHM, YTO XOTS MPEIJIOKEHHBIH MOIXO0.X
NPOMJUTIOCTPUPOBAH Ha MPUMEpPE CTEPKHEBOU CH-
CTEMBl C IOUCKPETHBIMH OIHOCTOPOHHHUMHM CBSI3S-
MU, OH MOXXET NMPHMEHSITHCS M JJsl pacdera KOH-
TAaKTHOTO B3aMMOJCHCTBUS KOHTHHYAJbHBIX CHU-
creM. [locpeacTBOM pPacCMOTPEHHBIX paMHO-
CTEP)KHEBBIX KOHTAKTHBIX KOHEUHBIX JJIEMEHTOB
MOYXHO MOJIECIHPOBATh HEHJICATbHBIE OJHOCTOPOH-
HHUE CBS3M MEXIY Y3JIaMH KOHEYHO-3JIEMEHTHOM
CETKH, PaCIIOJIOKEHHBIMU Ha KOHTAKTHBIX MOBEPX-
HOCTSIX IJIOCKMX M MPOCTPAaHCTBEHHBIX OOacTed,
n3ru0aeMoil IIUTHI U OCHOBaHHMSA, B 30HE Aedop-
MaIlMOHHBIX M TEXHOJOTHMYECKHX IIBOB, Oeperos
TpemmH U T. 1. [4, 6, 9, 13, 23].

BbIBO/IbI

1. PaccmoTpeHna 3afaya KOHTAKTHOT'O B3aUMO-
JNelCcTBUS  ynpyroae)OpMUPYEMBIX CHUCTEM TpHU
JUHAMUYECKOM HarpyxeHuu. s ee pemieHus
MPEI0KEH YUCIEHHBIN aJrOPUTM, COBMEIAIOLINNA
B OJHOM IIOIIAarOBOM IMpPOIECCE HWHTETPUPOBAHUE
YPaBHEHUI JBU>)KEHUS C IMOLIATOBBIM [0 BPEMEHHU
AHAJIM30M COCTOSTHHMS KOHTakTa. J[JIT TOYHOro co-
OJIrO/ICHYSI OTPAaHUYCHUI B YCIOBHUSAX 10 TPEICITh-
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HOMY TpPEHHIO-CKOJIBKEHHUIO TPUMEHEH CI0co0
KOMIIEHCUPYOIINX HArPy30K.

2. B ocHOBe NpejIoKeHHOro MOAX0Ja JIKUT
MOIIATOBBIA METOJ, UMECIOIIHUN SICHYI (HU3nUe-
CKYyI0 MHTephpeTauuto. PaspaboranHblil anroputm
o0ecrieunBaeT BO3MOXKHOCTH aHAN3a COCTOSHUS
KOHTaKTa Ha Ka)JIOM BPEMEHHOM IIIare W HMEeT
MIPEeNMYIIECTBO B TEX CIy4asX, KOT/a pelIeHre
3aJlauM 3aBHCHUT OT MCTOPUHU HArpyXeHHd, B 4acT-
HOCTH TP AMHAMHYECKOM Harpy>KeHHH U ydeTe
TPEHUS-CKOIIbKEHHS B OJTHOCTOPOHHHX CBSI3AX.

3. Ucnonw3yercs AUCKpeTHas pacdeTHas MO-
JIeJTb METO/Ia KOHEYHBIX JJIEMEHTOB, TIPX 3TOM IS
MO/JISTUPOBAHUS OTHOCTOPOHHUX CBS3EH C KYJIOHOB-
CKUM TPEHHEM TNPHUMEHSIOTCS KOHTaKTHbIE 3JIEMEH-
TBI B BHJIE CTEP)KHEBOH CHCTeMBI. [laHHBIE KOHTaKT-
HbIE KOHEYHBIE 3JIEMEHTHI BBOJISTCS MEXITy KOHTaK-
TUPYIOIIIIMA TTOBEPXHOCTAMH B3aUMOAEHCTBYIOIINX
Ten, oOecrieurBasi JWUCKPETHBIM KOHTaKT MEXIY
y3J1aMH CMEXHbIX ceTOK. OHHM TNO3BOJISIOT OIpesie-
JSITH YCUIIMSL ¥ CMEIIIEHHST B 30HE KOHTAKTa C OJH-
HaKOBOW M BHICOKOW TOYHOCTBIO, TPUMEHSATH HECO-
[JIACOBaHHbIE KOHEYHO-JIEMEHTHBIE CETKH, Y4H-
THIBaTh (PU3UYECKHE U TEOMETPUYECKUE CBOWCTBA
KOHTaKTHOTO IIIBa.

4. TlpoBeneHHBbIE 4YHCIEHHBIE HCCIIEIOBAHUA
MTO3BOIISIOT 3aKIOYNTh 00 d(h(eKTuBHOCTH pa3pa-
0OTaHHOTO METO/a, B YAaCTHOCTH TPH PEIICHUH
KOHTaKTHBIX 33]a4 C y4€TOM TPEHHUS U AUHAMUYe-
CKOT0 HarpyxeHus. Tak, CpaBHEHHE NPEIJIOKEH-
HOTO TOJXOAa C M3BECTHBIM alITOPUTMOM HTEpa-
OWA 10 TpefeNbHBIM CHJIaM TIOKa3bIBaeT 3HAYH-
TENBHYI0 DKOHOMHIO BpeMeHH pacdera. Kpome
TOT0, MOKHO OTMETUTBH, YTO BO3MOXKHOCTH ydeTa
CIIOKHBIX YCIOBHHA KOHTaKTHOTO B3aUMOZICHUCTBHS
OpUOMKAET PACUETHYIO CXEMY K PeaIbHBIM yCIIo-
BHUSM pa0OTHl KOHCTPYKIUHA W TEM CaMbIM TO3BO-
JIIET TOdydaTh OoJiee TOYHYIO M TOJHYIO HHGOP-
MaIIUIO O €€ MPOYHOCTH M HAJIeKHOCTH.
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Abstract. To ensure quality of dry friction clutch engagement in automated mechanical transmission during vehicle starting-up and
maneuvering the control range of clutch actuator has to be maximum wide. It depends on the consistency of the clutch actuator
geometric parameters with the electrical characteristics of the used solenoid valves, the output stage of the controller and the PWM
control signal frequency. In addition to precision electronic control the driver must be able to “manually” operate the dry friction
clutch in emergency. That is why friction clutch must have two independent control circuits. The original automated drive with
a duplicate pneumohydraulic circuit for the friction clutch is presented in the paper, as well as the research results of the PWM
frequency influence on operating range of the clutch pneumatic actuator. The research was based on the analysis of semi-natural
experiment for assessing the functional performance of the designed automated mechatronic control system for the truck mechani-
cal transmission. Ecomat R360 controllers were used as a hardware base of the test bench information control system. The deve-
loped software for the controller with one-parameter feedback on the clutch release lever movement allows to provide the PWM
signal of varying duty ratio to the proportional solenoid valve of the automated drive. A graphical representation of the research
results was performed with visualization possibilities of CoDeSys V2.3. During the semi-natural experiment, the polynomial de-
pendence between variation of the clutch actuator control range and the generated PWM signal frequency in the range up to 400 Hz
was revealed as well as practical recommendations on the choice of the optimum PWM signal frequency are also given in acti-
vity. The research results can be used in an adaptive control algorithm for automated mechanical transmission of trucks and road
trains to ensure precise control of the clutch actuator in the starting-up and maneuvering processes.
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HCTIOJTHUATENBEHBIM MEXaHU3MOM CLEIUICHHS JOJDKEH ObITh MaKCHMalbHO IMMpokuM. IllnpuHa nuama3oHa 3aBHCHUT OT cOTJia-
COBaHHOCTH T€OMETPHUYECKUX TMapaMeTPOB HCHOJHHUTEIBHOTO MEXaHHW3Ma CIEIUIEHUS C 3IEeKTPHYECKUMU XapaKTePUCTH-
KaMH HCTIONB3YEMBIX JIICKTPOMATHHTHBIX KJIAIIAaHOB, BBIXOJHBIM KacKaZoM KOHTPOJJIEpa M YacTOTOH yNpPaBIISIONIETO
HINM-curnana. [ToMuMo NpenUu3UOHHOIO 3JIEKTPOHHOIO YIPaBJICHUS BOAUTENb JOIKEH MUMETh BO3MOXKHOCTb «BPYUHYIO»
YIPaBIATh CyXUM (PPUKLHMOHHBIM CLEIIIEHHEM B aBapUHHOM CHTyalllH, BCIEICTBHE YEro MOCIeIHee JOKHO UMETh JIBa He-
3aBUCHMBIX KOHTYpa yIpaBlIeHHs. B cTaThe mpencTaBiIeHbl OPUTMHANBHBIA aBTOMAaTH3HPOBAHHEBIA NPHUBOJ (PUKINOHHOTO
CLEIUICHUs] ¢ AyONUPYIOMMM ITHEBMOTHAPABINYECKAM KOHTYPOM, @ TAK)Xe Pe3yJbTAaThl MCCICIOBAHUS BIMSHHS YacTOTHI
HIMM-curnana Ha pabouunii IUana3oH yIpaBlieHHUs ITHEBMATHYECKAM HCIIONHHUTEIFHBIM MEXaHH3MOM cleruieHus. Mcceneno-
BaHMs 0a3MPOBAINCH Ha aHAIM3E PE3yJIBTATOB MOJTYHATYPHOTO SKCHEPHMEHTa O OIeHKe (YHKIMOHAIBHON paboToCcroco0-
HOCTHU CHPOEKTHUPOBAHHON aBTOMAaTU3MPOBAHHON MEXATPOHHOM CHCTEMBbI YNpPaBJIECHUS MEXaHUYECKON TPAaHCMMCCUEN Ipy30-
BOTO aBTOMOOMIISI. B kauecTBe ammapaTtHOH OCHOBBI MH()OPMAIMOHHOW CHCTEMBI YIPABICHUS UCIBITATEIBHBIM KOMIIIEKCOM
UCIIOB30BANCH KOHTpoiuiepsl Ecomat R360. Pa3paboTanHoe mporpaMMHoe ofecrieueHne KOHTPOJUIEPOB C OJHONapaMeT-
pHUecKOi 00paTHOHN CBSI3BIO MO MEPEMELICHUIO phlYara BBIKIIOYEHUS CLEMIeHus mo3BoisieT noxasats LLIVIM-curnan nepe-
MEHHOH CKBa)XKHOCTH Ha IPONOPIMOHAIBHBINA 3JIEKTPOMAarHUTHBINA KJIAllaH aBTOMATH3WPOBAHHOrO mIpmBona. I'padudeckoe
NpeACTaBICHUE Pe3yJbTaTOB HCCIENOBAaHUN MPOU3BOIMIOCH C MOMOLIbI0 cpeacTB Busyaimmzauuu CoDeSys V2.3. B xone
MOTyHATYPHOTO JKCIEPUMEHTA BBIABIECHA ITOJMHOMHANbHAS 3aBUCHMOCTh MEXAy W3MEHEHHEM [Hala30Ha yIPaBICHHS
HCIIOJIHUTENBHBIM MEXaHU3MOM cCleIieHus U dactoroi renepupyemoro IIMM-curnana B unrepsaie no 400 I'n, a Taxoke
JaHBl MPAKTUYECKHE PEKOMEHAAIMH 110 BEIOOPY ONTUMABHOH YacTOThI MOIYJIMPOBAHHOTO ITHPOTHO-MMITYJILCHOTO CUTHAIIA.
Pe3ympraThl HCCIeOBaHUH MOTYT OBITH HCIIOJIB30BAHBI B aJalITHBHOM ITOPUTME YIPABICHUS aBTOMAaTH3UPOBAHHON MeXa-
HHYECKOW TPaHCMHCCHEH I'py30BBIX aBTOMOOMJICH M aBTONOE3JO0B JUIsl 00ECIeUeHHUs MPELM3NOHHOrO YIPABICHUS UCIIOIHH-
TENBHBIM MEXaHN3MOM CIIEIUICHUS B IIPOIIeCcaX TPOTaHUS C MECTa U MAaHEBPUPOBAHNSL.

KiioueBble cjioBa: ABTOMATU3UPOBaHHAA MCXaHUYCCKasA TPAHCMHUCCHA, aBTOMAaTU3UPOBAHHAA MEXaTPOHHAsA CUCTEMA, CyX0€
(pr/IKLII/IOHHOE: CHECIIICHUC, aBTOMaTI/ISI/IpOBaHHHﬁ npuBoO 1, ITHEBMATHYECCKUH HCITOJTHUTEIbHBIN MEXaHHU3M, IPONOPHUOHAIb-
HBIA SHCKTpOMaFHI/ITHHﬁ KJIartad, IUPOTHO-UMITYJIbCHASA MOAYJIALINSA

Jis nutupoBanus: XaputoHuuk, C. B. VipapieHne NMHEBMAaTHYCCKUM MCIIOIHHUTEIBHBIM MEXAaHU3MOM CYXOro (Gpuk-
IIHOHHOT'O CLICIUICHUS] aBTOMAaTH3UPOBAaHHONW MEXaHWYECKOH TPAaHCMHMCCHU Ha OCHOBE MOJYJIMPOBAHHOTO LIMPOTHO-UMITYJIb-
cuoro curtana / C. B. Xapuronunk, B. A. Kycsk, Jle Ban Hrua / Hayka u mexnuxa. 2021. T. 20, Ne 1. C. 26-32.
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Overview of transmission mechatronic systems
showed that automated drive of dry friction clutch
has, as a rule, an additional duplicate control cir-
cuit [1-5]. The electronic components of mecha-
tronic systems, despite their relatively high relia-
bility, characterized by intermittent faults and sud-
denness of failures occurrence. Additionally,
working medium may leak from the actuator cir-
cuit that reduces or eliminates the control system
operability and vehicle mobility.

Considering the above, as well as using the ex-
perience of foreign companies, specialists of the
BNTU Automobile Department have developed an
original duplex drive [6] of dry friction clutch,
which is integrated into powertrain control mecha-
tronic system (Fig. 1) and has two independent
control loops.

Automated drive, as the primary circuit, in-
cludes a pneumatic actuator 14 and the propor-
tional solenoid valve 13 installed on the gear-
box (Fig. 1). Duplicate hydraulic drive consists of
a pedal 8 with a hydraulic cylinder 7, pipeline and
pneumo-hydraulic booster 6 (Fig. 1, 2). Clutch
release node is a lever mechanism, which consists
of two levers 16 and 17 mounted on the bush of
clutch fork shaft. One of the levers is connected
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with a power actuator of the clutch automated
drive. Another one comes into the duplicate
hydraulic drive.

Calculation of the actuator active diameter is
based on the maximum clutch disengagement
force, the drive ratio and system’s nominal pres-
sure. When designing automated dry clutch for
serial production, the actuator active diameter is
tended to choose from a standard series of pneu-
matic cylinders. As known well about actuator on
cylindrical type, the dead zone and friction be-
tween the piston and the cylinder surface are
changed during operation of the vehicle, that influ-
ence on the control quality of the clutch transition
process. At the test stand of the BNTU, a brake
chamber (type 16) with diaphragm type was used
as a clutch actuator to improving the control quali-
ty by reducing the dead zone and friction.

At the clutch engagement in the automatic
mode, for example during starting or maneuvering,
in order to control proportional solenoid valve 13,
the strategy of the Direct Semi-Active Control [7]
is offered to use. The meaning of the strategy
is applied to the solenoid coil PWM signal with
a subsequent change of its duty ratio according to
a predetermined algorithm.
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Fig. 1. Schematic diagram of powertrain control mechatronic system with clutch duplex drive:
1 — brake pedal; 2 — mode selector; 3 — position sensor; 4 — accelerator pedal; 5 — display; 6 — pneumo-hydraulic booster;
7 — hydraulic cylinder; 8 — clutch pedal; 9 — air supply; 10 — gearbox actuator; 11 — contact sensors; 12 — speed sensors;
13, 21 — proportional solenoid valves; 14 — clutch actuator; 15, 22 — displacement sensors; 16, 17 — clutch release levers;
18 — splitter actuator; 19 — auxiliary brake valve; 20 — pressure sensors; 23 — engine actuator;
24 — pneumatic cylinder for engine turn off; 25 — engine brake actuator
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At all transient processes electronic system has to
provide such a clutch engagement tempo that would
to avoid dynamic overloads in the transmission on
the one hand and not to exceed the criterial limits for
energy loading of friction clutch, evaluated by speci-
fic work and power of slipping [8], on the other.

If the mode selector 2 is subsequently set by
the driver (Fig. 1) to the “D” position (drive) and

28

the accelerator pedal is pressed, the transmission
ECU sends a signal to the clutch control propor-
tional solenoid valve 13 and in parallel by CAN
the information about the current position mode
selector and accelerator pedal 4 is transmitted to
the engine ECU. As soon as the clutch is disen-
gaged, the transmission ECU generates sequen-
tial control signals to the solenoid valve block
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of gearbox and splitter actuators for the first selec-
ting the rod, and then enabling the optimum gear
step by actual driving conditions as: actual vehicle
speed and mass, the rotation speeds of the engine
crankshaft and driving wheels, the number of the
previous gear steps. After that, the signal on the so-
lenoid valve 13 is modified and the clutch is engaged
on the set rate. Depending on the degree to which
the clutch is engaged, the fuel supply gradually
increases in proportion to the position of the accele-
rator pedal set by the driver in the initial phase.

AMT start-up adaptive algorithm [9] in the
automatic mode of the power unit is the following
sequence of operations: transmission mode selector
control — full clutch disengagement — main and
additional gearbox control — engine control — full
clutch engagement.

After moving the mode selector 2 to the
“D” (drive) position (Fig. 1), the driver presses
on the accelerator pedal 4 for vehicle starting-up.
The proportionality between the pedal rotation
angle (by position sensor 3) and the movement of
the fuel injection pump regulator lever (by dis-
placement sensor 22) is provided by the engine
ECU by pulse-width modulation (PWM) signal to
a proportional solenoid valve 21 with using feed-
back on the movement of the fuel injection pump
regulator lever and the engine crankshaft rota-
tion frequency [10]. The required rate of vehicle
star-t-up is determined by the “gas” pedal press
speed, on the basis of which the transmission ECU
calculates the pro-required clutch engagement rate
and the enable gear number. In parallel, while
receiving signals from the mode selector limit
switch, the engine speed sensor, the fuel supply
position sensor and the accelerator pedal position
sensor, the transmission ECU generates a control
signal to open the proportional solenoid valve 13.
The valve is activated and the compressed air
comes from the receiver of the supply part 9 into
the clutch actuator 14 (pneumatic chamber), as the
result of which the clutch is disengaged. After
working out the signal from the clutch lever sensor
15, the transmission ECU sequentially generates
signals to the solenoid valve block of the gearbox
actuator, as well as the air-control valve for shif-
ting the splitter. After shifting on the required gear
(the respective gearshift limit switches are closed),
the transmission ECU sends a PWM-signal to the
proportional solenoid valve 13, increasing the duty
cycle of the signal by a certain amount depending
on the “gas” pedal press speed. The compressed air
from the clutch actuator — pneumatic chamber 14
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through the proportional solenoid valve 13 is gra-
dually discharged into the atmosphere, providing the
required clutch engagement rate. To avoid “overloa-
ding” of the clutch, feedback is introduced into the
control circuit according to the increment by time of
difference between angular velocities of the driving
and driven clutch parts (dAw/dt). The feedback is
also entered into the engine control circuit to avoid
ICE stalling by the reduction in the crankshaft angu-
lar velocity @; while the clutch is engaging.

Control algorithm adaptation occurs when the
mechanical and (or) electrical characteristics
of the mechatronic system components vary, as
well as the driving behavior or the vehicle weight
state change.

The functionality of the developed AMT mecha-
tronic system (Fig. 1) and the operational integrity
of the vehicle start-up adaptive algorithm are con-
firmed by the result of a semi-real experiment on
test complex BNTU.

Clearly, that the control quality of dry friction
clutch will depend on the width of the PWM signal
range. The range value is influenced by the con-
sistency of the actuator geometrical parameters,
solenoid valve operating characteristics and the
controller output stage. At constant parameters of
the last dominant influence on control range has
generated the PWM signal frequency.

For debugging powertrain automated mecha-
tronic system a special test bench was created in
the laboratory of the BNTU Automobile Depart-
ment. The test bench consists of diesel engine, dry
friction clutch, mechanical gearbox, inertial mass
and a load device. Ecomat R360 controllers of
CR2500 series were used as a hardware basis
of the designed control system.

To investigate the influence of PWM sig-
nal frequency to control range of clutch actuator,
a special software has developed. It allows to initia-
lize the signal generator and to provide the PWM
signal of varying duty ratio (but a certain frequen-
cy) in automatic mode to the proportional solenoid
valve VEP 3121-1 that controls the clutch actuator.
During the experiments, PWM frequency was varied
from 150 to 250 Hz in steps of 10 Hz. The clutch
lever position, fixed by the potentiometric sensor
MY-615A of angular displacements, was used as
a feedback. A graphical representation of the semi-
natural experiment results was performed with
visualization possibilities of CoDeSys V2.3. Some
records of engagement/disengagement of dry fric-
tion clutch are shown at Fig. 3.

29



Tpancnopm

4 CoDeSys - clutch_calibr.pro* - [Unbposan Tpacchposkal

(@ wafin Mpaexa Mpoext Beraeute  Acnonrenwa Onnafin Okeo  Crpaska

-8 x

BleE B@letasEE el sk

Tracing

$2) Pecypeer
EJ- 23 [ o6ansHele nepemeHHble Y
@ _5vsTEM i
B~ (] Sutimicmexa |FM_OR2500_040002.LIE 1
B3~ (] futnuomexa ULib B.11.07 15:33 24: rao 10§
Ef Boprwypran
- i Korpurupauia MK 92
KoreHrypauns sagad
Korpurypauss Tpesar 73
(i) Mevennen Sudnnorex
@, Meneanep npocnoTpa
- @ HaCTRORKM UeEB0H AT popsl
(B3 NAK Epaysep 50|

current configuration j

Trigger

|Pen 0

chastota_vrasheniyaw -

Pen 1

chastota_vasheniya. OUTPUT_G ~

Pen 2

chastota_wracheniya NORY

32 Patiouan ofinacte 700
(3 Unpposas Tpaceuposka

Pen 3

&
Pen 4

=
Pen 5

hd
Pen 6

hd
Pen 7

hd

45000
41430)

35224

28518

23613

16306

4 ¥ 10000]

current configuration:
current trace
configuration

POU| ™S Tune...| =] B P
e uaya. | $30 Pecup .

21000 ms 24000 ms 27000 ms 30000 ms 33000 ms 36000 ms 38000 ms 42000 ms 45000 ms 43000 ms

[
w start = &

5
[Erarye: 3anvch TpaccHposkM okotvena [OHNARH: As232 [3MO7. [3&MYWEHD [T0 [FARE. [Z8H [IPOCHOTE

EMAHHE N - PNt

Fig. 3. Oscillogram of clutch engagement/disengagement process at PWM frequency of 150 Hz:
first screen — digitizing the signal from the clutch lever position sensor, bits;
second screen — current to the coils of the solenoid valve, mA; third screen — PWM reload value, bit

As shows the results of experiments the PWM
signal range was the greatest at a frequency
of 150 Hz. Its value was 40.7 %. There is a steady
trend towards a narrowing of the control range
with frequency increasing. Already at 200 Hz con-
trol range decreased by 26.04 % and was 30.1 %.
At 250 Hz the range decreased by 34.15 % and
was 26.8 %. The above described control range
dependence of the PWM frequency is illustrated
in Fig. 4.
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Fig. 4. Control range dependence of the PWM
signal frequency

During the vehicle operation, the friction plates
of the clutch are wore and resulting of which is
a change in the control range of actuator. To im-
prove the quality of the clutch transition process
when starting-up vehicle, adaptation of the control
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algorithm is required. Adaptation to control range
of clutch actuator can be implemented at the soft-
ware level by the dependence of the control range
variation on the PWM signal frequency in an ana-
lytical form. The dependence of the control range
variation on the frequency of the control PWM
signal can be expressed by an approximating
polynomial whose coefficients are obtained by
processing experimental data using the Polyfit
function [11, p. 379] in the MatLab package.

Justification of the polynomial degree choice
was carried out on the basis of the smallest modu-
les criterion MAPE (Mean absolute percen-
tage error) [12, p. 1104, (1)], which makes a pos-
sible to estimate the approximation error by the
formula

‘yf =/ ‘

13 IS
MAPE =—%"121.100 %:ZZ 100 %, (1)
J

iV j
where e; — prediction step error; y, yf — actual

and predicted trend point value (PWM control
range, %); h — number of points.

The errors calculation results of the approxi-
mating by polynomial on various degree are pre-
sented in Tab. 1.
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Table 1
The errors of the approximating polynomial
Coefficient Degree of approximating polynomial
I I 111 v v
b0 59.91281818 118.1773636 142.5556 177.362515 161.286182
bl —0.14097090 —0.73855599 —1.1155831 —1.83458 —1.4192847
b2 - —0.00149396 0.003407 0.0089159 0.00466
b3 - - —3.19E-06 —2.17E-05 —1.22E-07
b4 - - - 2.32E-08 -3.13E-08
b5 - - - - 5.45E-11
Criterion MAPE, % 3.630 0.224 0.088 1.328 0.117

For a given approximation error less than 0.1 %,
the dependence of the control range variation on
the frequency of the control PWM signal is
described by a 3™ order polynomial as in formula

Dpypy =142.56—1.116v +

+0.0034v> —3.19E - 06v°, ®
where Dpwy — control rate of clutch actuator, %;
v — frequency of control PWM signal, Hz.

The variation of PWM frequency does not influ-
ence on the current range. During the clutch lever
movement the magnitude of the current to the sole-
noid valve coils varies from 0.272 to 0.614 A (Fig. 3),
1. e. operating current range is 0.342 A. Taking into
account operating characteristic of the used sole-
noid valve and its zone of stable operation it
is 50.3 %, which is a satisfactory result. Clutch
actuator hysteresis is shown in Fig. 5.

Clutch actuator hysteresis should be integrated in
AMT adaptive control algorithm of vehicle star-
ting-up process. The semi-real experience results
of start-up process when debugging of AMT adaptive
control algorithm with PWM frequency 150 Hz on
test complex BNTU are shown in Fig. 6.

130
|/

T, bit
110
100 /
KIRL7I);
80 / /

02 03 04 05 LA 07

| | | | | |
30 40 50 PWM,% 80

Fig. 5. Clutch actuator hysteresis: / — current to the solenoid
valve, A; t — digitizing the signal from the clutch lever
position sensor, bit
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CONCLUSION

The research has shown that the PWM fre-
quency has a significant influence on the actuator
control range: change in frequency of 50 Hz results
in a change of the PWM control range for
about 4-10 % (Fig. 4). However, at too high or low
frequencies valve coils heating or periodic instabi-
lity of the whole system is possible. The last one
expressed in a substantial increment of clutch lever
displacement with a slight change of the PWM
signal. Therefore, the choice of the optimum fre-
quency must be done on the basis of the specific
features of the designed system.
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Abstract. The cross-country capability of multi-purpose wheeled vehicles is one of the most important operational properties
of these technical objects. In many ways, it is determined by their traction characteristics. There are a number of ways to im-
prove traction and coupling properties of multipurpose wheeled vehicles, the main ones are the use of various kinds of traction
control systems, blocking of interaxle and interwheel differentials, the use of ballast and several others. Recently, one of the
ways to improve the traction properties and cross-country ability of vehicles on soils with weak load-bearing capacity is a
regulation of air pressure in the tires of the driving wheels of multi-purpose wheeled vehicles. The paper describes the process
of interaction of the wheel mover with the ground surface when the air pressure in the tire changes. The influence of air pres-
sure on the traction properties of wheeled vehicles is established. The system of automatic control of air pressure in tires of
mobile cars depending on road conditions is offered. The use of the proposed regulation principle will significantly increase
the cross-country ability of multi-purpose wheeled vehicles in heavy traffic conditions, eliminating the subjective factor in the
person of the vehicle operator.

Keywords: automatic regulation, tire, air pressure, propulsion, traction and coupling properties

For citation: Boikov V. P., Guskov V. V., Pavarekha A. S. (2021) Automated Tire Pressure Control System for Multi-
Purpose Wheeled Vehicles. Science and Technique, 20 (1), 33-36. https://doi.org/10.21122/2227-1031-2021-20-1-33-36

ABTOMaTI/I3I/IpOBaHHaH CHUCTEMA peryjimpoBanus J1aBJICHUA BO31yXa

B IIMHAX MHOIomejJeBbIX KOJIECCHbIX MAallIMH
JlokTopa TexH. HayK, nmpodeccopa B. I1. Boiikos"”, B. B. I'ycbkos,
KaH/I. TeXH. HayK, xou. A. C. IToBapexo”

l)Eeﬂopyccxﬂﬁ HAIIMOHAJBFHBIN TeXHUYEeCKHA yHUBepcuTeT (MuHCK, Pecrrybnnka benapycs)

Pegepat. [IpoxoagumMocTs MHOTOLIENEBBIX KOJECHBIX MAaIIMH — OAHO M3 BAXHEHIIMX SKCIUTyaTallMOHHBIX CBOWMCTB AHHBIX
TEXHUYIECKUX 00BEKTOB. Bo MHOrOM OHa oImpezmenseTcst uX TATOBBIMHU XapaKTepHCTHKaMH. 3BecTeH psij croco00B MOBBIIIE-
HUS TSATOBO-CLENHBIX CBOMCTB MHOT'OLIETIEBBIX KOJIECHBIX MAIIMH, CPEIU KOTOPBIX — IPUMEHEHUE PAa3IMYHOIO poJia IPOTUBO-
OyKCOBOYHBIX CHCTEM, OJIOKMPOBKA MEKOCEBBIX M MEKKOJIECHBIX I dhepeHIranos, NCIONb30BaHNe Oajuiacta U s JPYTHX.
OnuH U3 COCOOOB IMOBBIIMICHHS TATOBO-CLEIHBIX CBOWCTB M NMPOXOANMOCTH MAIIMH 110 TPYHTaM cO cJIabol HecylueH cro-
COOHOCTBIO, KOTOPBIM MOJIyYHJI Pa3BUTHE B IOCIEIHEE BPEMsl, — 3TO PETYJIMPOBAaHKE JABJICHUS BO3JyXa B IIMHAX BEIYIINX
KOJIEC MHOTOIIETIEBBIX KOJECHBIX MAaIlMH. B cTaThe MpHBOAUTCS MCCIEJOBAaHUE MPOLECCA B3aUMOJIEHCTBUS KOJIECHOTO JIBH-
JKUTEIS] C TPYHTOBOM MOBEPXHOCTBIO MPH U3MEHEHUH AABICHUS BO3AyXa B IIIMHE. Y CTAHOBJIIEHO BIMSHME IABIEHUS BO3TyXa
Ha TATOBO-CIETTHBIE CBOWCTBA MHOTOIIETIEBBIX KOJNECHBIX MamuH. IIpeoxkeHa cucreMa aBTOMAaTHYIECKOTO PETYIHPOBAHMS
JaBICHHUSA BO3AyXa B IIMHAX MOOHMJIBHBIX MAlIWH B 3aBUCHMOCTH OT JOPOXHBIX yclOBHi. VCTIoabp30BaHHE MPEIORKEHHOTO
MIPUHIIMIA PETyIUMPOBaHMs O3BOJIUT CYLIECTBEHHO IOBBICUTH IPOXOJUMOCTh MHOTOLENIEBBIX KOJICCHBIX MAIUH B TSKEIIBIX
YCIIOBHSIX ABIDKCHUS, UCKITIOUHB CyObEKTHBHBIHA (hakTOp B JIMIE OIIEpaTopa TPAHCIIOPTHOTO CPE/ICTBA.

KurroueBble cJIoBa: aBTOMaTHUECKOE peryjmpoBaHue, INHA, JaBJIC€HUE BO3AYyXa, IBUKUTEIIb, TATOBO-CLICITHBIC CBOICTBa

Jaa nurupoBanus: bolikos, B. I1. AproMaTH3upoBaHHas cUCTEMa PEryIMPOBaHUS AAaBICHUS BO3yXa B IIMHAX MHOIOLEIIe-
BBIX KojiecHbIX MammH / B. I1. Boiikos, B. B. I'ycekos, A. C. IloBapexo / Hayxa u mexnuxa. 2021. T. 20, Ne 1. C. 33-36.
https://doi.org/10.21122/2227-1031-2021-20-1-33-36

Anpec 1J1s1 IepenucKu Address for correspondence

Boiikos Bragmmup [erpoBud Boikov Vladimir P.

Benopycckuii HalMOHATBHBIN TEXHIYECKUI YHHUBEPCUTET Belarusian National Technical University
yi. 5. Konaca, 12, 12, Ya. Kolasa str.,

220013, r. Munck, Pecrry6nmka Benapycs 220013, Minsk, Republic of Belarus
Ten.: +375 17 293-95-96 Tel.: +375 17 293-95-96
trak_atf@bntu.by trak_atf@bntu.by

Hayka
mTeXHVIK)é. T. 20, Ne 1 (2021) 33



Tpancnopm

Introduction

It is known that the air pressure in the tires of
multi-purpose wheeled vehicles (MWYV) deter-
mines the shape and size of the contact fingerprint
and affects their traction and coupling qualities and
patency on the supporting surface. This process is
accompanied by slipping and a change in the
strength of resistance to movement due to defor-
mation of the soil. With a decrease in pressure, the
supporting surface of the tire increases and the
pressure of the propulsion on the ground surface
decreases, which leads to an improvement in the
traction and coupling properties and throughput of
the MWV. This is especially evident when driving
on soils with weak bearing capacity. On the contra-
ry, the increase in pressure when MWV moves
along artificial roads such as concrete, asphalt,
stone or rolled dirt roads when a track is not
formed improves the efficiency of the machine.
Tire air pressure regulation is currently carried out
manually by the driver when the car is moving in
different road conditions. However, when the
MWYV moves on soils with weak bearing capacity,
the driver does not always have time to catch the
moment of decrease in the tangential traction force
Fx with an increase in skidding epe, which leads to
loss of patency or due to loss of adhesion of the
mover to the supporting surface or landing on the
bottom due to the increase in the track depth.
Based on the results of an analysis of modern studies
on soil mechanics when a dynamic load is applied to
them, a set of dependencies is formed that determine
the interaction of driven sprockets with the ground
surface. The main ones are soil resistance to com-
pression and shear when applying dynamic loads.
As a method, a theoretical study of the traction and
coupling properties and patency of wheel propul-
sions when driving on dirt surfaces has been adopted.
The result of theoretical studies is the creation
of an electronic device that monitors the moment
of decrease in traction force or complete slipping
and gives a signal to reduce air pressure in the tires,
and, conversely, to increase pressure when the ma-
chine enters a solid supporting surface. Creation of
a system for automatic regulation of air pressure
in MWV tires depends on road conditions.

The process of interaction
of the propulsion multi-purpose
wheeled vehicles with a soil surface

To determine the favorable moment of turning
on or off the air flow valve in the tire, it is neces-
sary to determine the adhesion properties of the
propulsion, slipping and track depth. These pro-
perties are determined, on the one hand, by the
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system-forming parameters of the MWV, such as:
machine weight, engine power, propulsion struc-
ture, etc. On the other hand, they depend on the
physical and mechanical properties of the soil sur-
face, such as: structure and mechanical composi-
tion, humidity, soil resistance to compression and
shear [1-3].

The most appropriate real conditions are the
dependencies proposed by V. V. Katsygin [4, 5],
namely:

— normal soil compression stress ¢ is deter-
mined by the formula

6 =c,th (ih}
Oy

where G, — bearing capacity of the soil, N/m%; k —
coefficient of volumetric crushing of the soil, N/m®;
h — immersion depth of the stamp, m;

— shear stress T arising from the deformation of
the soil are determined by the expression

= f,q, 1+f_pA thkA’
ch— T
k

T

g« — pressure of the wheel on the ground, N/m?;
Js — coefticient of sliding friction; f, — rest friction
coefficient; k. — soil deformation coefficient, m;
A — shear strain, m.

A graphical representation of the dependence
of soil compression stresses is shown in Fig. 1.

I
—

o, N/m?

II

Go

h, m

Fig. 1. Dependence of compression stresses
on deformation (k = tgy)

Fig. 1 shows that there are three sections of this
dependence: the first section reflects elastic defor-
mation; the second is plastic; the third is the flow
of soil.

A graphical representation of the dependence
of shear stresses arising from soil deformation is
shown in Fig. 2.

Figure 2 shows that the shear stresses reach
a maximum at some strain Ay, and then decrease.
This phenomenon is explained by the fact that
in section I the soil is compacted (static friction),
and in section II it is shifted (sliding friction).
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Fig. 2. The dependence of shear stress on deformation

Using these dependencies, prof. V. V. Gus-
kov [6-8] developed a system of equations that
describes the process of interaction between the
driving and driven wheels of the propulsion device
with a ground surface, and which allow to deter-
mine the traction and coupling properties and
the permeability of MWV on soil surfaces. These
equations are given below.

The force of resistance to movement Fj,. due to
the formation of a track with depth £

h
Y D, —h
F,, = [bo,th K p | 2= lan,
” 4bs, "\ D, —h

where b — width of the wheel, m; D,, = 2r,, — re-
duced wheel diameter, m; /4y — soil deformation at
the corresponding Vertlcal load, m; oy — soil bea-
ring capacity, N/m*; k — coefficient of volumetric
crushing of the soil, N/m

The vertical load leadlng to soil deformation by 4,

bco k D, —h
j Dp,ln(f’—} dh.
24,D h— ]’l2 4b60 Dpr _hO
(2)
The reduced radius of the wheel can be deter-
mined by the expression

2
2 +[2\/r0hsh —13 +2nh —th
r. = . 3
or o 3)
In this expression, the value of tire deformation
under load can be determined by the Heideckel
formula

hy=—Y 4)
2Tcpsh r0rc

where py, — tire pressure, Pa; r. — radius of the tire
section, which can be equated to half the width of
the tire, m, those r,. ~ b/2.

The tangential traction force (driving force) is
determined according to the formula
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L,
F, = Ibf;kqx 1+L th é‘))‘xdx, (5)
0.X k
0 ch—];‘ T

T

where L, — reduced length of the supporting
part of the wheel, m; ¢g,— mover pressure on the
ground, N/m?; J»» Jse — coefficients of friction of rest
and sliding; §, — slipping of the wheel at the point of
contact with the x coordinate; k; — strain coefficient.

The reduced length of the wheel support is cal-
culated as:

/2r h—h
Lpr = roarctg :—_h + \[21"0}1, (6)
pr

where 4 — rut depth, m.

A typical dependence obtained when calculat-
ing the expressions (1)—(6) of the tangential trac-
tion force F} from slipping 6 of the drive wheels is
shown in Fig. 3.

Fu N ;
¢ /7 T\

F, kmax

80pt 8

[ -

Fig. 3. The dependence of the tangential force
on slipping when driving wheel on a dirt surface

Fig. 3 shows that the tangential traction force Fj
increases depending on slipping & to a certain
value 0,,,, and then begins to decrease. This is due
to the fact that when a tire with lugs interacts with
the ground surface, the latter move the soil in the
direction opposite to the movement of the machine
and in the section from 0 to J,,, the driving force
is proportional to the shear forces 7.

Upon reaching slipping d,,;, the lugs cut off the
soil “bricks” and an “earth” wheel is formed,
i. e. shear friction T, is replaced by sliding fric-
tion Ty. It is known that Ty > Ty [9-11].

Thus, when slipping a wheel, there are two
modes of slipping (Fig. 3):

— traction increases with increasing slip;

— the traction force drops and tends to a con-
stant value, due to the friction forces of the “ear-
then” wheel with a dirt surface.

Fig. 4 shows one of the options for the pro-
posed system of automatic regulation of air pres-
sure in the tires of mobile cars.
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Fig. 4. Schematic diagram of an automatic system tire pressure regulation: 1 — compressor; 2 — pressure regulator; 3 — triple safety
valve; 4 — receiver; 5 — tire valve; 6 — pressure sensor; 7 — real sensor speed; 8 — theoretical speed sensor; 9 — electronic unit

Air from the compressor 1 is supplied to the re-
ceiver 4, from which, using the bus valve 5, con-
trolled by the electronic unit 9, directly to the bus.
The air pressure in the tires is controlled by the
electronic unit according to the signals from the
real speed sensor 7, theoretical speed sensor 8 and
torque sensors 6 by controlling the tire valves.

CONCLUSIONS

1. It is established that the regulation of air
pressure in the tires of mobile cars affects their
traction and coupling properties and patency.

2. Manual control has a number of disad-
vantages when moving the machine on various soil
surfaces, when a rapid change in pressure is re-
quired.

3. It is possible to create a pressure control sys-
tem that provides automatic tire pressure control
depending on road conditions.
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Abstract. The growing electrification of vehicle drive trains is increasing their complexity significantly. The interactions
between the different drive train components should not be noticed negatively by the occupants, which is considered as good
drivability and thus contributes to increasing customer acceptance. Today’s development processes of hybrid- and elect-
ric driven cars consider energy management in earlier development phases as drivability optimization. In these early deve-
lopment phases, fuel- and energy consumption are optimized on the basis of standardized driving cycles. Drivability aspects
and influences of real driving operation are not integrated until the prototype phase. In this way, modifications of drivability-
relevant aspects phase are limited, which restricts the potential to find optimal solutions. In this context, the submitted paper
presents an approach for assessment and optimization of the drivability of hybrid drive trains in the virtual development pro-
cess. The created simulation model is exemplarily based on the P2-hybrid drive train of a VW Passat GTE. For the validation
of the drive train model and the assessment of drivability, defined maneuvers were carried out on a test track and compared
with the results of maneuver simulations. By simulating different driving maneuvers, the resulting acceleration oscillations,
which affect the passenger, are calculated and evaluated from the aspect of drivability. The assessment method is derived from
a VDI directive dealing with the effects of vibrations on the wellbeing and human health. In order to identify the influencing
factors of different maneuvers and parameters of the drive train components, both were varied in the study. It turned out that
change of gears and closing of the clutch had the greatest influence on the drivability and thus has the greatest potential for
optimizing design and control strategy of hybrid drive trains. In this way, the presented approach enables the assessment and
optimization of drivability of hybrid drive trains in the early development phase and thus reduces the gap between virtual
development and prototype phase.

Keywords: hybrid drive train, drivability, development process, operating strategy, vehicle simulation
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NmutannoHHasi Mojiesib 1Jisl OLEHKHU YIIPaBJISIeMOCTH ABTOMOOHIeM
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BOXKJCHUS. ACHEKTHI YIPaBJIIEMOCTH U BIUSHHE PEAIBbHOIO MIPOLIECCAa BOXKICHUS HE PACCMATPUBAIOTCA BILIOTH O ATalla pas-
pabOTKH M MCTIBITaHUH OMBITHOTO OOpa3na. Takum 00pa3oM, BapHAHTHI aCIEKTOB, HMEIOMNX OTHOIICHNE K YIPaBIIEMOCTH,
BECbMa OTPAaHUYCHBI, YTO CHMXKAET MOTECHIMAN JUIsl NPUHATHA ONTUMAIbHBIX pelieHui. Mcxons u3 3Toro B JaHHOU cTaThe
MIPEACTABIIEH ITOIX0 K OI[CHKE ¥ ONTUMU3ALUH YIPABISIEMOCTH THOPUAHBIX MPUBOIOB C IMIOMOIIBIO BUPTYaIbHOH pa3paboT-
Kd. B kxauecTBe mpumepa cozgaHa MMHTAIMOHHAS MOJEb, OCHOBaHHAs Ha P2-rubpunnoit Tpancmuccun VW Passat GTE.
C 1elbIo OLEHKH MPAaBUIIBHOCTH MOJIEIIN TPAHCMUCCHU U YIIPaBJIIEMOCTH IPOBECHBI ONPE/IeJICHHbIE MEPOIIPUSATHSI Ha UCIIbI-
TaTEeIbHOM IOJIMIOHE, KOTOPBIC 3aTE€M CPaBHUBAIMCH C PE3yJIbTaTaMH MOJCIMPOBAaHHBIX MaHEBPOB. Monenupys pa3IuuHbIe
MAaHEBPBI BOXK/JCHUSI, PE3yIbTUPYIOIINE KONEOaHUsI YCKOPEHHMS, BIUSIOMINE HA MACCaXHUpPa, PACCIUTHIBAIOTCS U OLEHUBAIOTCS
C TOYKHM 3pEHMs YIPaBIAEMOCTU. MeTOoJ] OLEHKM OCHOBBIBAETCS HAa PEKOMCHIALMAX ACCOLMALUM HEMELKHUX HHXKEHe-
poB (VDI), yunTsIBalomux BIUSHHE BUOpAMii HA 310POBbE YeloBeKa. (sl BBIABICHUS ONMpPEAeIsomuX (akTopoB mpu u3y-
YEHHM Pa3HBIX MAHEBPOB U MapaMEeTPOB KOMIIOHEHTOB TPAHCMHUCCHU B HCCIIEOBAHUSAX aHATM3UPOBANUCH U MAaHEBPHI, U Ma-
pamerpel. OnpenencHo, 4To CMeHa Iepejad U BKIIOUEHHUE CLEIUICHHUs OKa3bIBAIOT MAKCHMAJIbHOE BIUSHUE HA XOJOBBIC Xa-
PaKTEepUCTHKN TPAHCHOPTHOTO CPEACTBA M MOATOMY OOIaNaloT HAWBBHICIIUM ITOTEHI[HATIOM JUIS MPOBEACHUS ONTHMH3AINN
KOHCTPYKIIMHU U CTPATEruyl yNpaBJICHUS] THOPUIHBIMU TPAHCMHUCCHAMH. TakuM 00pa3oM, MpeaaraeMblid IOJX0/l O3BOJISIET
OLICHUTD ¥ ONITHMH3HUPOBATH YIIPABIIIEMOCTh THOPUAHBIX IIPUBOJIOB HA paHHEH CTaauu pa3padoTKu. TeM caMbIM COKpamaeTcs
TIEPHOJ BpEMEHN MEXTy BUPTYalIbHON Pa3pabOTKOM U 3TallOM CO3AaHMs MPOTOTHIIA.

KnioueBble c10Ba: THOpHIHAS CHIIOBas YCTAaHOBKA, YIIPABISIEMOCTb, MPOIECC Pa3pabOTKH, CTPATerus KCILTyaTaIud, MOJe-
JMPOBAHUE TPAHCIIOPTHOTO CPEACTBA

Jas nurupoBanus: Jlomusauy, M. VmuranuonHas MoJenb A OLEHKH YIPaBiIsSeMOCTH aBTOMOOMJIEM M ONTHMH3aLUA
ruOpuaHOM cuioBoi yctaHoBkY / M. Jomusaud, M. Xupu / Hayka u mexnuxa. 2021. T. 20, Ne 1. C. 37-44. https://doi.org/
10.21122/2227-1031-2021-20-1-37-44

Introduction

vehicle development processes of electrified

vehicles (xEVs) is to consider energy manage-

Due to the increasing electrification of vehicle

. ) ; L ment decoupled from drivability (Fig. 1).
drive trains, their control complexity increases

significantly. For instance, the drive train of a hybrid-
electric vehicle is considerably more complex
in comparison to a vehicle driven only by an
Internal Combustion Engine (ICE). However, the
complex algorithms for drive train control, which
influence the dynamics vehicle behavior, should
not be perceived by the passengers, which is then
regarded as good drivability or driving comfort.
The development and optimization of the ope-
rating strategy is an essential factor in achieving
optimum energy- respectively fuel consumption.
A range-optimized operating strategy depends
on various external factors, such as route profile,
driving style and drivability. State-of-the-art in

Virtual development

iy | o
] |

1 | . Energy consumption
| | l optimal <<

In the early development phase, energy mana-
gement is developed and optimized on the basis
of standardized driving cycles (e. g. NEDC,
WLTP). Drivability aspects as well as influences
of real driving operation are not integrated until the
prototype phase [1]. In this early development
phases, the operating strategy of xEVs is often
designed purely for optimum fuel-, respectively
energy consumption. Later in the development
process, prototypes are used to investigate the
impact of the operating strategy on drivability.
The possibilities for modifications in these later
development phases are limited and an optimal
solution is in most cases no longer possible [2].

Implementation drivability

v v v v A 4
Feasibility ‘ Concept ‘ Function Growth ‘ Parametrization ‘ Production

VN

First prototypes
available

Fig. 1. State-of-the-art vehicle development process [1]
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In this publication, an approach is presented for
assessment and optimization of drivability (com-
fort and performance) of hybrid drive trains within
the virtual development process. With the presen-
ted methods the gap in the development process
between virtual concept and prototype-based
development shall be closed.

In the first step, specific driving maneuvers
for the objective assessment of drivability were
defined. For the measurements and modelling of an
exemplary hybrid drive train, a P2-hybrid drive
train configuration of a VW Passat GTE [3] was
selected. In order to validate the developed simula-
tion model, comprehensive measurements were
carried out on public roads and on a test track.
The simulation model was then validated and para-
meterized on the basis of the generated measure-
ment data. Subsequently, parameters of drive
train components were varied to understand
their influence and optimization potential on dri-
vability.

Drivability assessment. Drivability is gene-
rally defined as the impact of various vehicle char-
acteristics on the driver and/or passengers. This
includes vehicle dynamics, e. g. response behavior,
shifting behavior and load-change behavior [4].

The terms driving comfort and drivability
are often used in a similar context. Nevertheless,
driving comfort is defined as the absence of dis-
comfort [5]. The determination of driving comfort
is based on a subjective evaluation, i. e. different
drivers experience comfort differently. Drivability,
on the other hand, is based on an objective assess-
ment process, which is evaluated by characteristic
parameters such as vehicle acceleration, response,
etc. [6]. Fig. 2 shows the main influencing factors
on driving comfort [6].

Response

Acceleration
50%

Fig. 2. Main factors influencing driving comfort [6]

The drive train, consisting of engine(s), gear-
box(es), traction components, wheels, etc., has
a particular influence on drivability [5]. The accele-
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rations and oscillations caused by the drive train
affect the driver (normally seated) at different loca-
tions and with different intensity. In general, driva-
bility is assessed as subjective perception, making
it technically difficult to measure. The subjective
assessments are usually carried out by trained
personnel or by test persons. For the subjective
assessment of drivability, a grading scale has
been established in which grades from 1 to 10 are
awarded for specific occurrences.

Due to the subjective character of such assess-
ment systems, attempts are made to find objective
measurement methods for assessing driving com-
fort. Accelerations of the vehicle are transferred
by the chassis to the driver’s seat, where the driver
perceives these accelerations mainly via the
backrest.

The assessment and effect of acceleration vibra-
tions on humans are comprehensively described
in the VDI Guideline 2057 Sheet 1 [7] as the basic
guideline for whole-body vibrations. In this guide-
line, whole-body vibrations are defined as vibra-
tions in the frequency range from 0.1 Hz to 80 Hz.
Experiments have shown that the relevant frequency
range for the determination of effects on humans
is between 0.1 Hz and 30 Hz [6]. In general,
the VDI 2057-1 standard defines a calculated dri-
ving comfort index or vibration comfort value
which is compared with a subjective table in order
to determine the subjectively experienced ride.
Tab. 1 shows the relationship between the calcu-
lated comfort value and the subjective perception
according to the VDI 2057-1 guideline.

Table 1
Relationship between calculated comfort value
and the subjective perception [7]

Vibration total Description
value, m/s> of perception
<0.010 Not noticeable
0.015 Perception threshold
0.020 Just noticeable
0.080 Noticeable
0.315 Strongly noticeable
>0.315 Very strongly noticeable

Several OEMs (Original Equipment Manu-
facturers) and suppliers have developed their own
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methods for the objective assessment of driva-
bility. Audi, for instance, uses the Ride meter tool
to assess the chassis regarding vibration com-
fort [8]. A commercial available assessment tool
for drivability was introduced in 1998 by AVL List
GmbH under the name AVL-DRIVE™ [9].
The AVL-DRIVE™ gystem makes it even in the
prototype phase of vehicle development possible
to assess how the vehicle reacts to the driver and
vice versa, how the driver perceives the driving
experience.

In order to objectively assess drivability, ma-
neuvers are necessary that represent the main
driving situations for comfort and performance
assessment. For that reason, maneuver plans have
been developed and assigned to the categories:
acceleration maneuvers, drive away, constant
speed, gear shifts, Tip-In and Tip-Out. In addition,
objective drivability criteria and the associated
measurable parameters were defined. Tab. 2 shows
pre-defined driving maneuvers according to [10].

Table 2
Maneuver plans and objective criteria
for drivability assessment [10]
Maneuver Sub maneuver Criteria
Acceleration | Full load 0-100 km/h Response
Elasticity Acceleration gradient
Const. speed Idle driving Speed fluctuations
Part load Vibrations
Drive away Hill start Acceleration peak
Normal start Initial bump
Tip-In After constant speed Jerks
Short Tip-In Response delay
Tip-Out After acceleration Jerks
After constant speed Initial bump
Gear shift Downshift during
braking Shift duration
Downshift after
kick down Shift delay

Drive train modelling and validation

Parameter determination. In order to provide
accurate statements regarding drivability within
a virtual (simulation-) environment, it is necessary to
parameterize the vehicle model as exactly as pos-
sible. For this reason, comprehensive measure-
ments were carried out with the reference vehicle.

40

Due to the complex P2-hybrid architecture of the
drive train, high effort was required for parameter
determination.

For the pitching model, which is required to
simulate vehicle movements in the longitudinal
direction, spring and damper parameters were expe-
rimentally determined and the chassis characteristics
were parameterized according to [11]. For a proper
re-production of brake maneuvers, the relationships
between brake pressure and brake force on the front
and rear wheels were analyzed. The validation of
the measurement approach was carried out by simu-
lating the braking maneuvers listed in Tab. 2 with
a longitudinal dynamic vehicle model. In addition,
the position and height of the center of gravity was
determined by measurement.

The analysis of various driving cycles has shown
that the drive train operating strategy of the refe-
rence vehicle includes a high number of switch-off
and switch-on sequences as well as combined
operating states of the two traction motors (electric
motor and combustion engine). With the available
measurement equipment, it was not possible to
record the various operating states of the drive
train with sufficient accuracy. For this reason,
the operating strategy of the hybrid vehicle could
not be described and examined in greater detail.
Nevertheless, it was possible to record relevant
dynamics data of the vehicle reaction with suf-
ficient accuracy for performing the drivability
assessment in the required precision.

Drive train modelling. The simulation model
was developed to reproduce the following vehicle
behavior: longitudinal dynamics for performance
evaluation; combined vertical and longitudinal
dynamics for comfort evaluation. In the first step, an
existing model of a P2-hybrid drive train in the simu-
lation environment LMS AMESim [12] was adapted
to the drive train of the reference vehicle and parame-
terized with data acquired from measurements.

Fig. 3 shows the developed drive train model
containing the following components: driver model,
internal combustion engine model, electric motor/
generator model, transmission model, clutch
model, battery model, vehicle model and hybrid
operating strategy. The modelled P2-hybrid drive
train consists of components, which interact with
each other and can reproduce real driving behavior
with sufficient accuracy.
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Fig. 3. P2-hybrid drive train model of VW Passat GTE [13]

Validation of the simulation model. In order
to verify whether the modelled drive train demon-
strates a behavior that correlates with a real
vehicle, driving maneuvers were simulated in
the simulation model and compared with measu-
rement data collected during pre-defined driving
maneuvers performed with a corresponding car.

Firstly, all drivability-relevant maneuvers listed
in Tab. 2 were carried out on public roads and on
a test track. For the measurements, the CAN-Bus
(Controller Area Network) of the reference vehicle

was recorded and the inertial measurement tech-
nology ADMA (Automotive Dynamic Motion
Analyzer) [14] was used. The data was recorded
using a Dewetron [15] measurement computer.

As input torque for the simulations, the deli-
vered information about the system torque output,
recorded during the test drives, was used, which
represents the combined driving torque provi-
ded by both electric motor and ICE. Subsequently,
the behavior of the modelled drive train was ana-
lyzed in comparison to the experimental results.
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Fig. 4. Validated maneuvers — normal start, creep, rolling stop, vehicle stop [16]
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Fig. 4 shows the validated maneuvers — normal
start, creep, rolling stop, vehicle stop as a compa-
rison of measured and simulated vehicle speed
and acceleration. The (small) discrepancies between
measurement and simulation velocity shown
in Fig. 4 are primarily due uncertainties in model-
ling of the brake system. Due to the fact, that the
present research focusses on the propulsion sys-
tem, the influence of the brake on the drivability
can be neglected.

Virtual drivability assessment

Based on the simulation model, virtual driva-
bility assessment of the conducted driving maneu-
vers was carried out. Considered were driving ma-
neuvers listed in Tab. 2, where by the simulation
was performed in several variations. The driva-
bility assessment of the simulation model was
carried out with the evaluation method according
to VDI 2057-1.

In the first step, throttle pedal position, velocity
and SoC (State of Charge) of the battery were
changed in order to recognize possible influence of
the execution of a driving maneuver on drivability
relevant aspects.

Following, a Tip-In maneuver is exemplary
analyzed. The Tip-In maneuver was carried out
with variation of the initial velocity. This maneuver
was conducted at 30, 50, 70, 100 and 130 km/h.
In this scenario, the throttle pedal was pressed fully
at a rate of 100 % per second. The resulting acce-
lerations at the seat rail for the Tip-In at 30 km/h
maneuver (starts at 35 s) are shown in Fig. 5.

At higher velocities, the accelerations look si-
milar, but occur in an extended form. This is due to

the greater acceleration potential of the vehicle
at 30 km/h compared to higher speeds. The full
actuation of the pedal therefore produces the
highest accelerations. At approximately 37.2 s,
a further increase in acceleration can be seen, which
can be explained by the activation of the Boosting
function. The calculated comfort values (Tab. 1) of
the five velocity variants are 1.798 for the Tip-In
at 30 km/h, 1.344 at 50 km/h, 0.916 at 70 km/h,
0.707 at 100 km/h and 0.325 at 130 km/h. All of
the occurring oscillations in the drive train are
therefore very strongly noticeable. However, it can
be seen that as the velocity increases also the
driving comfort increases, which is due to the
lower gear ratios at higher gears. As has already
been the case in other maneuvers, gear shifts at low
gears cause higher oscillations and must therefore
be considered as an influencing factor for Tip-In
maneuvers.

Other analyzed maneuvers were full-throttle
acceleration from 0 km/h to 100 km/h, normal
start, downshifting during braking, upshifting
during part load acceleration and Tip-Out after
constant speed. By simulating and assessing the
various driving maneuvers, occurrences that are
responsible for the oscillations in the drive train
were detected. It turned out that gear changes at
high gear ratios produce high acceleration ampli-
tudes in the driver's seat rail and thus are crucial
for the assessment of drivability. The transition
between hybrid and electric driving was also a trigger
for peaks in the acceleration signal. In general,
change of gears and closing of the clutch had the
greatest influence on the drivability and thus the
highest optimization potential for the hybrid drive
train in the virtual development phase.
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Fig. 5. Occurring accelerations at the seat rail during a Tip-In maneuver, starting at 30 km/h
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Parameter variation of drive train compo-
nents. In order to find out how the drivability
in the tested driving scenarios can be improved, the
parameters of selected drive train components of
the simulation model were varied and the effects
on the driving maneuvers were analyzed.

The effects were assessed on the basis of
the driving maneuvers full-throttle acceleration
from 0 km/h to 100 km/h (both gear changes and
hybrid operation occurred), Tip-In at constant
speed at 50 km/h (gear changes occurred and Boost
was active) and a Tip-Out after a constant speed
at 130 km/h.

Following, an exemplary parameter variation
of the clutch model is analyzed. In the clutch
model, stiffness and damping coefficient of the
torsional damper were varied, which is responsible
that oscillation peaks of the ICE do not cause
damage to the gearbox and ensure a smooth clutch
engagement. The comfort values of the parameter
variation for the three driving maneuvers are listed

in Tab. 3.
Table 3
Comfort values for parameter variation
of the clutch model

Comfort value
Parameter Value z:ile'ltehgggﬁ Tip-In' | Tip-Out

Clutch stiffness, 500 1.202 1.438 0.143
Nm/rad 600 1.204 1402 | 0.143
700 1.206 1.371 | 0.143

300 1.206 1.344 | 0.143

900 1.209 1.323 | 0.143

1000 1.215 1.307 | 0.143

1100 1.218 1.294 0.143

Clutch damping, 0 1.235 1.369 | 0.143
Nm-s/rad 0.5 1.203 1.355 | 0.143
1.0 1.199 1.344 | 0.143

1.5 1.199 1.335 | 0.143

2.0 1.198 1.328 0.143

2.5 1.198 1.323 | 0.143

2.0 1.198 1.321 | 0.143

It can be observed that the comfort value at full
throttle acceleration increases (drivability decre-
ases) proportional to the stiffness of the torsional
damper, while during the Tip-In this tendency is
opposite. During Tip-Out no change is detected.
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Overall, drivability improves with increasing stiff-
ness of the torsional damper during the simulated
driving maneuvers. The variation of the damping
coefficient shows similar results. With increasing
damping, the comfort value decreases and thus
drivability is improved.

Similarly, longer shifting times of the gearbox
model increase the drivability. Although the dri-
ving comfort is increased in this case, the per-
formance suffered and the acceleration from 0
to 100 km/h requires more time. Increasing the
stiffness of the drive shafts does not lead to the
same effect as with the clutch. The comfort values
increase in this case, but it should be noted that
a minimum rigidity must be obtained when desig-
ning the shafts in order to transmit the full torque
of the drive units to the wheels. For the wheel sus-
pension no clear tendency of the comfort values
can be recognized with variation of the spring
stiffness. However, there is a range, in which the
drivability is optimal. A stronger damping results
in an overall improvement.

CONCLUSIONS

1. In this work, an approach is presented for
the assessment and optimization of drivability
of hybrid drive trains in virtual development pro-
cesses. In the first step, various maneuvers for
the drivability assessment were defined, which
cover relevant driving situations for the comfort
and performance assessment. Furthermore, objec-
tive drivability criteria and the corresponding
measurable parameters were defined.

2. In the next step, the P2-hybrid drive train of
a reference vehicle was modelled and parame-
terized with data acquired by measurements. In
order to validate the model, comprehensive meas-
urements were carried out on public roads and on a
test track. The simulation model was then validated
on the basis of the generated measurement data.
Occurring differences between measurement and
simulation at braking maneuvers were identified
due to insufficient modelling of the brake. But if
maneuvers without braking are to be analyzed,
which is the case for most of the defined maneu-
vers, this model provides very good results. For a
more precise representation of the drive train, it is
necessary to have all data available, e. g. engine
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characteristics, efficiencies, positions and stiff-
nesses of engine bearings, maximum transmittable
torque of clutches, rules of the hybrid operating
strategy, etc.

3. By simulating different driving maneuvers,
the resulting acceleration oscillations were calcu-
lated according to the VDI 2057-1 method and
evaluated from the aspect of drivability. It turned
out that gear changes at high gear ratios produce
high acceleration amplitudes in the driver's seat rail
and thus play a decisive role in the drivability
assessment. The transition between hybrid and
electric driving was also a trigger for peaks in the
acceleration signal.

4. In order to identify the influencing factors of
different maneuvers and parameters of the drive
train components, both were varied. For instance,
stiffer variants of the torsional damper of the clutch
with higher damping and longer shifting times of
the gearbox model improved drivability. Although
the driving comfort was increased, the perfor-
mance was affected and an acceleration from zero
to 100 km/h required more time. The simulation
of driving maneuvers with optimized drivetrain
setup often resulted in high comfort values, sug-
gesting that there is potential for optimization of
driving comfort.

5. Overall, change of gears and closing of the
clutch had the greatest influence on the drivability
and thus has the highest potential for optimizing
the hybrid drive train. In this way, the introduced
approach enables an assessment and optimization
of drivability within a simulation environment and
thus supports the development process of hybrid
drive trains even in early project phases.
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Abstract. There are two types of internationally recognized engineering approaches to addressing road safety issues — proac-
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tions of the Republic of Kazakhstan require development of a new document based on analysis of the best international expe-
rience. Currently, the Republic of Kazakhstan has embarked on a gradual introduction of “road forgiving mistakes” approach
to the design and operation of roads. This fact should also be considered when revising road safety audit manual.

Keywords: road safety, road safety audit, Republic of Kazakhstan, goals of road safety audit, audit methodology

For citation: Ibrayev K., Kapskiy D., Bogdanovich S. (2021) Ways to Improve Road Safety Audit in the Republic
of Kazakhstan. Science and Technique, 20 (1), 45-51. https://doi.org/10.21122/2227-1031-2021-20-1-45-51

Iyt noBbIlIEHHS KAYeCTBA ayAUTA 0€30NACHOCTH JOPOKHOT0 IBHIKECHUS
B Pecnmy0iinke Kazaxcran

) 3)

Acm. K. l/lﬁpaeBl), JIOKT. TeXH. HayK, gou. /1. Kancknii’ , KaH/1. TeXH. HAYK, aol. C. borranoBuy

YKommnanus «onx Mpomaxrey (Hyp-Cysran, Pecry6iuka Kasaxcran),

2)Benopyccxﬂﬁ HAIIMOHAJIBHBIN TeXHUYeCKHi yHuBepcuTeT (MuHCK, Pecrrybmmka benapycs),

3)]3eJ1OpyCCI<1/1i/'1 JIOPOXKHBIN Hay4YHO-UCcienoBaTenbekuit nHetutyT «bennopHUN» (MuHck,
Pecniyonnka benapycs)

Pedepar. CymecTByIOT ABa THIIA MEKAYHAPOIHO MPU3HAHHBIX HH)KCHEPHBIX MOAXOI0B K PEHICHHIO MPobIeM 0e301macHOCTH
JIOPOKHOTO JIBUYKEHHS — YIPEKIAAIOINN U peakTUBHBIN. [IporHo3upyemsliii, WM yIpeKAaromui, OAX0 BKIKOYAET MPe1oT-
BpallleHNe aBapuil ¥ NIPUHATHE KOPPEKTHPYIOMIUX Mep JI0 TOT0, KaK OHH MOTYT NPou30iTH. OJJHUM U3 IPEMEPOB TAKOTO MO~
Xo/1a SIBISIETCS ayAUT O€30IMacHOCTH JOPOXKHOTO ABMKEHUS. DTO OTHOCUTENLHO HOBBIM HHCTPYMEHT B Pa3BUBAIOIIUXCS CTpa-
Hax. B craTtbe mpoaHaIM3MpOBaHBI MOAXOMB! K ayJUTy 0€30MacHOCTH JOPOXKHOTO JBIDKECHHS, H3JI0KCHHBIE B PYKOBOJICTBAX
Benukobpuranuu, Upnanguu, CIIA, Ascrpanuu, Kananel, a Taxke B peKOMEHIAUMAX A3MATCKOro OaHKa pa3BUTHA AJIS

Ajpec 1J1s1 IepenucKu Address for correspondence

No6paes Kenzar Ibrayev Kenzat

Komnanus «ong Iponakrey» GOLD PRODUCTS LLP

yi. Typkecran, 30/224, 30/224, Turkistan str.,

010000, r. Hyp-Cynran, Pecriy6nuka Kazaxcran 010000, Nur-Sultan, Republic of Kazakhstan
Ten.: +7 701 614-42-40 Tel.: +7 701 614-42-40
goldproducts.kz@gmail.com goldproducts.kz@gmail.com

Hayka
mextmia. T. 20, Ne 1 (2021) 45



Tpancnopm

cTpad lleHTpanbHOAa3UaTCKOr0 PErHOHAIBHOIO YKOHOMUYECKOr0 COTpyAHHYecTBa. JlIs BCeX pacCMOTPEHHBIX JHOKYMEHTOB
XapaKTepPeH CXOXKHH MOIXO0J K OCHOBHBIM OMPENENCHUSIM, BEIOOPY ayJMTOPCKOM IPYIIbI U TPeOOBaHHUSAM K €€ WIEHaM, OC-
HOBHBIM JTalaM ayura 0e30IIacCHOCTH JOPOXKHOTO JIBIDKEHUs. BO BCeX pacCMOTPEHHBIX PYKOBOACTBAX MOAYEPKUBACTCS, YTO
ayIWT — 3TO HE CPEICTBO OLEHKH PaboT MO MPOEKTy, MPOBEPKU COOTBETCTBUSI CTaHAAPTAaM, CPEICTBO PAHKHPOBAHUS WM
OLICHKU TIPOEKTOB. Takxke ObUI NMPOAaHAIM3MPOBAH IOJIXOJ K ayIuTy OE30IaCHOCTH IOPOXKHOTO JIBYDKCHUSI, W3JIOKEHHBIH
B peKOMeHIanusx, padpaboranHsix B Pecry6muke KaszaxcTan. YcraHOBIEHO, YTO JOKYMEHT HE COOTBETCTBYET NOIXOMIAM,
NPUHATBEIM B Pa3BUTHIX cTpaHax. YcinoBus PecmyOmuku Kazaxcran TpeOyloT pa3pabOTKM HOBOTO JOKYMEHTa, OCHOBAaH-
HOTO Ha aHAJIN3€ JIYYIIero MeXIyHapoaHOro ombiTa. B Hacrosmee Bpems Pecrrybmmika KasaxcTan mpucTynmia K HOCTEIEH-
HOMY BHEAPEHHIO KOHIICTIIIMY «IIPOIIAIONIeH OIMOKH JOPOTH» B IPOSKTHPOBAHUH U SKCIUTyaTalMy JIOpOr. DTOT (GaKT Takxke
CJIe/TyeT YUHUTHIBATH IIPU NIEPECMOTPE PYKOBOACTBA 110 AyAUTY OE30IIaCHOCTH JOPOXKHOTO ABHKEHHSI.

KuroueBblie ciioBa: 6€30I1aCHOCTD JOPOKHOTO JBIDKEHHS, ayIUT OC30IIaCHOCTH JIOPOKHOTO IBIKeHUs, Peciy0inka Kazax-
CTaH, LIeJX ayAnuTa 0e30MacHOCTH JOPOXKHOTO ABMYKEHHSI, METOIOIOT U ayAuTa

Jas nurupoanmsi: Vopaes, K. [lytu noBeieHust kauecTBa ayaura 0e30MacHOCTH JOPOXKHOTO JIBIOKeHHS B PecryOnuke
Kazaxcran / K. U6paes, [. Kanckwii, C. bornanosuy // Hayka u mexuuxa. 2021. T. 20, Ne 1. C. 45-51. https://doi.org/10.

21122/2227-1031-2021-20-1-45-51

Introduction

Currently, the role of traffic management
quality improvement has increased. Works to
improve road safety require further improvement
in order to reduce total socio-economic losses in
road traffic.

In all documents, developed and under deve-
lopment, such as Plan of Priority Actions for Road
Safety increase in the Republic of Kazakhstan for
2017-2020, developed with support of Asian
Development Bank, “National Concept for Road
Safety” project, developed by Interdepartmental
Research Institute, Academy of Law Enforcement
Agencies under the General Prosecutor's Office of
the Republic of Kazakhstan, as well as by other
international financial institutions: World Bank,
EBRD, as well as TRACECA, it is noted that
at present there is a gap in regulatory and technical
base in the field of road safety in terms of taking
into account interconnection of elements affecting
road safety: people, road infrastructure and
transport, as well as absence of such a preventive
tool in this system as a road safety audit.

As international experience shows, remaining
within the framework of engineering activity tradi-
tional for the Republic of Kazakhstan, which
reduces mainly to maintenance of a considerable
length of roads, it will be difficult to significantly
improve traffic safety. Based on the analysis of the
world practice of road safety provision, the country
should begin work on introduction of modern
technologies and methods of work organization in
this direction. This primarily relates to road safety
audits.
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Road safety is a global socio-economic issue.
In developing countries, the number of victims and
fatalities in road traffic accidents is growing at
an alarming rate. From economic point of view,
the cost of road traffic accidents is estimated
at about one percent (1.0 %) of gross national
product in low-income countries, one and a half
percent (1.5 %) in middle-income countries, and
two percent (2.0 %). in high-income countries [1].
According to the World Health Organization [2],
road traffic injuries will take third place in 2020
among all causes in terms of losing a year of life,
considering possible disability, compared with the
ninth place in 1990. Road Safety Manual indicates
that thirty-four percent (34.0 %) of all accidents
occurred partially or completely due to road traffic
factors [3].

There are two types of internationally recog-
nized engineering approaches to addressing road
safety issues — proactive and reactive. In the case
of reactive approach, measures to improve safety
are taken after the accident has already occurred.
In many developing countries, use of reactive ap-
proach does not bring significant success due to the
lack of regulatory requirements necessary to use
this approach [4]. Predicted or proactive approach
includes prevention of accidents and taking correc-
tive measures before accidents can occur. One
example of this approach is road safety audit (RSA,
Road safety audit), which is a relatively new tool
in developing countries. In essence, audit is an
accident prevention tool. Studies that have
attempted to quantify the benefits of audit have
produced impressive results. In the UK, road
administration estimated benefit-cost ratio for RSA
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to be 15:1, in New Zealand this ratio is estimated
to be 20:1. Cost-benefit analysis in Denmark that
passed safety audit showed an average profit
margin of 146 percent in the first year [5].

The first road safety audits were carried out in
the UK in the 1980s, and in Australia and New
Zealand in the early 90s. However, until 1996,
audits in many developed countries, including the
USA, were not conducted. During the 1990s,
audit was introduced in other countries such as
Denmark, Canada, the Netherlands, Germany,
Switzerland, Sweden and South Africa. Subse-
quently, RSA was actively introduced in develo-
ping countries such as Malaysia, Singapore, Bang-
ladesh, India, Mozambique and the United Arab
Emirates. Currently, the World Bank and the
European Council for Transportation Safety are
actively promoting their national road safety pro-
grams [6]. In a number of countries, RSAs are
practiced in accordance with the guidelines of
individual countries (their own guidelines). As early
as 2008, the European Union adopted manda-
tory Directive 2008/96/EC “Road Infrastructure
Safety Management” (hereinafter the “Directive”).
The directive became law on November 19, 2008
and entered into force on December 19, 2010.
The document introduced requirements and obli-
ged the EU member states to introduce and carry
out the following activities on the roads included
in the network of trans-European transport corri-
dors [7]:

— road safety audit;

— certification of road safety auditors;

— assessment of the impact on road safety of
road construction and repair projects;

— traffic safety inspection;

—road network safety rating;

— informing the public about accident centers.

Actions of EU countries to implement the
Directive have allowed member countries to
achieve notable success in reduction of the acci-
dent rate. In 2010-2016, the number of deaths due
to road accidents in the EU countries decreased
by 19 %. In 2016, 25620 people died on EU roads,
which is 510 less than in 2015 and 5900 less than
in 2010. The total number of deaths per 10 thou-
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sand cars in all EU countries is 0.88. For compa-
rison: in the Republic of Belarus this indicator
is 1.48 people, and in the Republic of Kazakh-
stan — 4.6 people [8].

In recent years, deaths due to road accidents in
the EU countries have remained at approxima-
tely the same level. In response to this slowdown,
revision of the Directive and adoption of a new
version, which will be significantly expanded, are
currently being prepared.

Currently, road safety audits are already used
very widely: in all EU countries, the USA, Canada,
Australia, New Zealand, and many developing
countries. Normative documents on audit conduction
in the Republic of Kazakhstan [9], Russia [10],
Belarus [11] were developed and put into effect.

The purpose of this study is to compare guide-
lines for road safety audits in selected developed
countries, with the goal of improving approaches
to road safety in the Republic of Kazakhstan.

Approaches to road safety audit
in developed countries

In modern conditions of globalization and
development of information technology, obtaining
information has been greatly simplified. When de-
veloping or substantially revising a normative-
technical document, studying experience of other
countries is not only desirable, but also necessary.
This avoids potential errors and reduces costs.
Moreover, it is important to use as samples such
documents that, firstly, do not have theoretical
errors, and secondly, have a positive experience
in their use. We reviewed approaches to road safe-
ty audit in some developed countries.

The review included road safety audit guide-
lines used in the UK [12], Ireland [13], the
USA [6, 14], Australia [15], Canada [16], as well
as Asian Development Bank guidelines for coun-
tries of Central Asian Regional Economic Coope-
ration (CAREC) [17].

All of these documents are available for review
on the Internet. The first factor considered was
definition of road safety audit. The results are
shown in Tab. 1.
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Table 1
Definition of audit in the reviewed documents
Country Definition
United Kingdom Road safety audit is an independent and formal assessment of road project during design and at the

end of construction (preferably before the road is open for traffic)

Ireland

Road safety audit is an assessment of the road during design and construction before the road is put
into operation, to identify potential safety hazards that can affect any road user, to propose measures
to eliminate or mitigate these problems

USA

Road safety audit is a formal safety audit of an existing or future road or intersection by an indepen-
dent audit team. RSA team considers safety of all road users, qualitatively evaluates and reports on
road safety problems and opportunities for improving safety

Australia

Road safety audit is an official audit of a future road project or traffic organization or existing road,
during which an independent qualified team reports on potential project problems that affect safety
performance. Road safety audit process addresses safety of all road users

Canada

Road safety audit is a formal and independent audit of road project effectiveness, carried out by expe-
rienced team of safety experts and covering safety issues for all road users

Asian Development Bank

Road safety audit is a formal and detailed study of a road project by independent and competent group

of auditors, the result of which is a report with a list of potential safety problems in the project

The essential points that distinguish most defi-
nitions, are that audit:

— is a formal procedure;

— is performed by an independent team of spe-
cialists;

— identifies potential security issues in the pro-
ject.

A characteristic feature of most of the docu-
ments examined was that they contain indication
of what road safety audit is not.

Thus, all documents expressly emphasize that
audit is not a verification of project’s compliance
with standards or best practices, it is an examina-
tion task. Audit is not a check of conformance of
a finished road to the project. In addition, audit
does not consider safety of individual structures.

A separate emphasis on the fact that audit is not
a check for compliance with applicable standards
is due to many factors, including:

— too much confidence in national standards,
without determining whether these standards are
actually suitable for safety;

— standards often contain only minimal re-
quirements. Application of several such standards
with minimum requirements may lead to a de-
crease in overall safety of the facility;

— standards usually cover the most general situ-
ations, and not all possible ones;

— in some projects, norms that do not corre-
spond to this type of road may be used;

— outdated or inappropriate national norms and
standards may be mistakenly used;
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— sometimes a combination of various elements
in project development can lead to a result that is
not the best in terms of security;

— often the designer is pressured to reduce
estimated cost of the facility, which can be imple-
mented primarily at the expense of security con-
siderations;

— sometimes changes are made during const-
ruction that do not take into account operational
safety factors.

The next step examined the objectives of road
safety audit. The following audit objectives are
indicated in reviewed documents (Tab. 2).

You may notice that the common goal in all the
documents reviewed is to identify potential prob-
lems with road safety.

Recommendations regarding stages of road
safety audit in the documents reviewed are some-
what different. In a generalized form, six stages
can be distinguished during planning, design and
construction of a road project, at which road safety
audit can be carried out. They correspond to gene-
rally accepted phases in planning, design, construc-
tion, operation and maintenance of roads:

— stage of feasibility study;

— stage of development of project documen-
tation;

— stage of development of working documen-
tation;

— stage of road construction;

— pre-operational stage;

— existing road (road safety inspection).
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Table 2
The objectives of road safety audit in reviewed documents

Country

Audit objective

United Kingdom

Identify potential road safety problems that may affect any road users and propose measures to ad-
dress or mitigate these problems

Ireland

Identify potential safety hazards that could affect any road user to propose measures to address or

mitigate these problems

USA RSA objective is to answer the following questions:

der what circumstances?

What elements of the road can pose a safety problem: to what extent, for which road users, and un-

What options are there to address or mitigate identified security issues?

Australia

The objective of road safety audit is to identify any existing project safety deficiencies

Canada The objective of road safety audit:

minimize frequency and severity of possible accidents;
consider safety of all road users, including vulnerable road users;
make sure that all possible measures have been taken to mitigate consequences of road accidents;

minimize potentially negative impacts on safety on designed road and on adjacent roads

Asian Development Bank

road facility

To minimize the risk of accidents, and to minimize severity of any accidents that may occur at a new

Usually, the earlier the audit is conducted
during planning and design process, the easier
and cheaper effective changes are achieved that
increase the level of security [17].

Existing approach to road safety audit
in the Republic of Kazakhstan
and directions for its improvement

Document R RK 218-142-2017 “Recommen-
dations on audit and inspection of road safety
on public roads” [9] is in force in the Republic of
Kazakhstan.

The following definition is given in the docu-
ment: “Road safety audit: verification of organiza-
tions activities results during design, construction
and operation of roads for compliance with current
requirements of regulatory and technical docu-
ments on organization and safety of traffic”.

At the same time, Directive on road infrastruc-
ture safety management No 96/2008, European
Parliament and Council, Brussels, 2008 is indi-
cated as a source of determination.

However, this source does not contain the
above definition. Definition in the European Direc-
tive is as follows: “Road safety audit means an
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independent detailed systematic and technical sa-
fety check relating to the design characteristics of
a road infrastructure project and covering all stages
from planning to early operation”.

Thus, original source does not say anything
about checking for compliance with current re-
quirements of regulatory and technical documents.
This approach led to a critical methodological
error, as a result of which the document, to a large
part, develops provisions that are not related
to road safety audits.

As for the audit objectives, they are not expli-
citly indicated in the document, what significantly
complicates the work.

The criteria at which the audit is carried out in
accordance with R RK 218-142-2017 do not meet
and completely contradict international practice.
According to the document, the basis for the audit
on public roads are the following:

— receipt of well-grounded complaints and pro-
posals from legal entities or individuals that con-
tain information about violations of requirements
for ensuring road safety by road organizations or
the public;

— significant changes in organization of traf-
fic, etc.;
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— contractual obligations between the Customer
and the contractor as a separate form of audit ser-
vices, and as part of design, technical supervision,
as well as diagnostics and certification of roads.

This approach means that the audit is a random
procedure, is not mandatory and is not systematic.
Conduction of the audit as a response to com-
plaints has no precedent in the world and deprives
the procedure authority.

Final results that are expected are not relevant
to road safety audit. In accordance with [9], the
results of roads audit are used with the following
purpose:

— to assess the degree of conformity of tech-
nical level indicators, operational condition and
maintenance level of roads and road structures
with established standards, based on requirements
for ensuring traffic safety;

—to rank a local site, road or network by degree
of risk of road safety;

— to assess effectiveness of appointment of
repair measures on acceptable values of weighted
average total accident rate;

— to assess economic efficiency of measures
to improve traffic safety;

— to assess the results of activities of road orga-
nizations to reduce the level of road accidents and
manage “hazardous areas” of roads;

— to establish factors and conditions conducive
to occurrence of accidents and areas of their con-
centration;

— to justify measures for organization and sa-
fety of road traffic in the planning of road works
and formation of targeted programs to improve
road safety.

The above-mentioned tasks in themselves are
important enough to improve road safety, however,
none of the tasks are solved within the framework
of road safety audit in classic appreciation of the
term.

Based on the analysis of [9], it can be said that
the term “road safety diagnostics” is the most
appropriate term for the activity described in
the document. Given theoretical errors in [9],
development of a new regulatory and technical
document is an acceptable way to correct the
situation.

Based on the analysis already performed, it can
be noted that in developed countries there is a

50

similar approach to the basic definitions, to selec-
tion of audit team and to the requirements for team
members, to the main stages of road safety audit.
There are some differences in approaches to the
stages of the road life cycle, which is explained
by peculiarities of national legislation in the field
of construction and terminology used.

Road safety audit, being a formal standardized
procedure, involves implementation of certain ac-
tions. These actions can be summarized as follows:
making a decision on the need for audit, selection
of audit team, exchanging information before audit
conduction, checking drawings and documents
in office conditions, driving of audit team on the
road in the daytime and at night, preparing of audit
report, discussion of audit report with the project
team, writing of a response report by the project
team. A separate stage, which is adjacent to road
safety audit, but may not be considered directly
as audit, is monitoring of road safety after put-
ting the road into operation, which is carried out at
differrent times: after a year, 3 years, sometimes
more.

Experienced engineers with education and
experience in the field of organization and safety
of traffic, road design are involved in the audit.
An important requirement is continuous impro-
vement of theoretical and practical training of
auditors in specialized courses. The audit team
includes at least 2 people, one of whom is the team
leader.

Currently, the Republic of Kazakhstan has em-
barked on a gradual introduction of “road forgiving
mistakes” approach to the design and operation of
roads. This fact should also be considered when
revising road safety audit manual. There are exam-
ples of such a specialized approach to audit in
the world. For example, in audit manual, which
operates in Australia and, especially, in New Zea-
land [18], all requirements and recommendations
are set out in accordance with implementation
of Safe System concept, which is actively imple-
mented in these countries.

CONCLUSIONS

1. Approaches to road safety audit in developed
countries are similar. In most cases, when deter-
mining an audit, it is emphasized that the audit is
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a formal procedure, performed by independent
team of specialists, and also identifies potential
security problems in the project.

2. Characteristic feature of RSA manuals in de-
veloped countries is that they provide an indication
of what a road safety audit is not. All documents
expressly emphasize that an audit is not a verifica-
tion of a project’s compliance with standards or
best practices.

3. Approach to road safety audit currently
adopted in the Republic of Kazakhstan contains
critical methodological errors, as a result of which
the document, to a large part, develops provisions
that are not related to road safety audit.

4. An acceptable way to remedy the situation
is to develop a new regulatory and technical docu-
ment.
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Abstract. The effectiveness of the electric braking system largely depends on how the braking is carried out, whether
the braking characteristics that it forms are acceptable for a given vehicle, how simple and reliable the technical solutions
embedded in the system are, and where the braking energy is used. With electric braking, it is possible not only to extinguish
the electrical energy on the braking resistor, but also to send it back to the storage device and again use it in traction mode.
This paper analyzes the most common methods of electric braking used in electric braking systems for traction electric drives
that are in operation on vehicles. As the main criterion for evaluating the method of electric braking, its energy indicators
are selected. The results of scientific research of the proposed new method of electric braking, which provides better energy
performance and new technical solutions for its implementation, are considered. When implementing this method, DC motors
are operated by sequential excitation generators. The current in the field windings is regulated by a DC-DC-converter. Energy
in the power circuit is accumulated in storage devices and used in traction mode. When the storage devices are filled, the en-
ergy in the power circuit is extinguished by the braking resistor, and the energy from the output of the DC-DC-converter
is used for own needs. In this case, braking characteristics are formed as in generators of independent excitation. To increase
the braking efficiency at low speeds, it is necessary to smoothly regulate the resistance of the braking resistors by shunting
them with transistor switches.
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IloBbIlIeHHE FHEPTeTHYECKUX XaPAKTEPUCTHK TATOBbIX 3JIEKTPOMOOHJIeit
B pellleHNH NPodJieMbl JJIEKTPUIECKOT0 TOPMOKEHUS
)

Maructp TexH. Hayk B. I' epachemcol), KaH/. TeXH. HayK, aou. H. IInuka",
JIOKT. TeXH. HayK, npo¢. M. Cvupusbiii®, 1. Xypy:xa"

DX apbKoBCKHil HALMOHANBHBI YHHBEPCHTET FOPOACKOro Xo3siicTsa nvenn A. H. Bexeropa (Xapbkos, YKpaunHa)

Pedepat. DpdekTHBHOCTS CHCTEMBI 3JIEKTPUIECKOTO TOPMOKEHHS BO MHOTOM 3aBHCHUT OT TOT0, KAaKHM CIIOCOOOM OHO OCy-
LIECTBIISIETCS, IPUEMIIEMBI JIH JUTS JAHHOTO TPAHCIIOPTHOTO CPEACTBAa TOPMO3HBIE XapaKTEPUCTHUKH, KOTOpBIe OHA (opMupyer,
HACKOJIBKO TIPOCTHI M HAJIEKHBI TEXHUUECKUE PEIICHHS, 3aI0’KEHHBIE B CHCTEMY, U Ky/la HCIIOIb3YeTCs SHEPTHs TOPMOXKSHNSL.
IIpwm anexTprueckoM TOPMOKEHHH MOXKHO HE TOJIBKO TaCUTh MIEKTPUIECKYIO SHEPTHIO HAa TOPMO3HOM PE3HCTOpPE, HO U OT/a-
BaTh OOpaTHO HAa HAKONHUTENb M CHOBA HCIIONB30BaTh B TATOBOM peXHMe. B cTaThe mpoaHaIM3MpOBaHEI Hanbolee pacipo-
CTPaHEHHBIE CIIOCOOBI IEKTPUIECKOTO TOPMOXKEHHS, IPUMEHSIEMBIE B CHCTEMAX JIEKTPUUECKOr0 TOPMOXKEHHS TATOBBIX JJIEK-
TPOIPHBOIOB, KOTOPHIE HAXOAATCS B HKCIUIyaTal[My HA TPAHCIIOPTHBIX CPEACTBaX. B kauecTBe OCHOBHOTO KPHTEPHS MPH OIEH-
Ke Croco0a EKTPUIECKOr0 TOPMOXKEHHS BBIOPAHBI €T0 YHEPreTHIECKHE MOKa3aTeln. PacCMOTpeHbI pe3yIbTaThl HayIHBIX
HCCIEIOBAHUH TIPEITIOKEHHOTO HOBOTO CHoco0a 3IEKTPUYECKOT0 TOPMOXKEHHUS, O0ECIeUMBAONIEro JydllIHe 3SHepre-
THUYECKUE MOKA3aTeNld, ¥ HOBBIE TEXHHUECKHME DPEIICHHS €ro peanusaluH. B ciyuyae mpuMmeHeHusl yKa3aHHOTO crocoba
3NEKTPO/IBUTATENN TMOCTOSIHHOTO TOKa PaboTaloT reHepaTopaMM II0CIEOBATEIbHOrO BO30yxIeHUs. Tok B 00MOTKaxX BO3-
OyXKIIeHUSl PEryjaMpyeTcsi ¢ HOMOLIbI0 IpeoOpa3oBaTelisi MOCTOSHHOIO TOKA. DHEPrus B CHIJIOBOH IeNM HaKaIUIMBaeTCs
B HAKOMHUTENAX U HCIONb3yeTCs B TATOBOM pekume. [Ipu 3amoiHeHMH HaKOMHUTENeH SHEprus B CHIIOBOM LENMM racutcs
Ha TOPMO3HOM PE3UCTOPE, a FHEPTHUS C BBIXOJ[a MPeoOpa3oBaTest HOCTOSHHOIO TOKA UCHONb3YeTCsl ISl COOCTBEHHBIX HYKI.
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Introduction

Traction electric drives are introduced more
and more every year in transport. They are used in
urban electric vehicles, mining trucks, hybrid cars,
electric cars, electric buses and other modes of
transport. At the same time, the dynamic, energy
and environmental performance of vehicles is sig-
nificantly improved, it becomes possible to realize
greater power and carrying capacity on mining
trucks, introduce electric braking instead of me-
chanical, and use a mechanical brake as a backup.
With electrical braking, it is possible not only to
extinguish the electric energy on the braking resis-
tor, but also, if possible, send it back to the power
source or drive and use it again in traction mode.
The effectiveness of the electric braking system
largely depends on how the braking is carried out,
whether the braking characteristics that it forms are
acceptable for a given vehicle, how simple and
reliable the technical solutions embedded in the
system are, and where the braking energy is used.

Literature review

Significant attention is being paid to improving
the energy and environmental performance of ve-
hicles, not only in the EU, but throughout the
world.

In [1], the use of various concepts of traction
drives in the Czech Republic and in the world is
discussed and evaluated, the advantages and disad-
vantages of the new concept and the possibility of
using systems with outdated types are evaluated.

In [2], the possibilities for reducing electricity
consumption in electric systems of urban public
transport using audit of their electric system were
identified. To substantiate the importance of these
problems, a mathematical model of the energy
balance of the electric system of urban public
transport and its components is presented.

In [3, 4], an improvement in the energy per-
formance of traction electric drive systems of tram
cars in some cities of Ukraine was shown to be up
to 35 % due to the introduction of electrical
equipment such as “TV Progress” based on a pulse
converter from ALSTOM.
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In the Republic of Belarus, trams, trolleybuses,
electric buses are produced in large quantities for
urban electric vehicles with a modern traction
electric drive, which has a positive effect on the
ecology of cities and energy conservation of re-
sources. Requirements to increase the reliability
of transport and reduce operating costs dictate
the need for modern traction control systems for
electric drives in urban electric vehicles. The use
of transistor control systems for traction motors
can significantly increase efficiency by reducing
energy consumption, reducing maintenance costs
and reducing downtime of mobile units [5].

The issues of reforming urban electric transport
in Ukraine are determined by the State program for
its development [6]. There are two ways to solve
them. The first is the use of pulsed DC-DC-con-
verters on a modern elemental base with a micro-
processor control system and standard traction
DC electric motors of sequential excitation. This is
a more economical option. The second way is the
use of autonomous voltage inverters with traction
asynchronous electric motors and a microprocessor
control system. In Ukraine, the use of pulse con-
verters has become more widespread in urban elec-
tric transport. This is because tram cars of the T3M
type are operated with pulse converters [7].

Given that in Ukraine, most urban electric
vehicles are equipped with a traction electric drive
with DC motors with sequential excitation and
obsolete brake equipment, the issues of improving
the electric braking system of these vehicles
and improving their energy performance are very
relevant.

Research methodology

The most common methods of electric braking
used in electric braking systems of traction elect-
ric drives that are in operation on vehicles are
analyzed. As the main criterion in assessing the
method of electric braking, its energy indicators
are selected. A comparative analysis should also
be guided by the following criteria:

e compliance with modern technical require-
ments;
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e modernization costs;

e operating costs;

« reliability;

« unification of electrical equipment.

Description

An analysis of electric braking systems that use
sequential excitation DC motors has shown that
one of the most common braking methods is the
method in which the motors operate with inde-
pendent excitation DC generators [8]. The excita-
tion windings are powered from an adjustable
voltage source that receives energy from the net-
work, and the anchor windings are shorted to brake
resistors. Braking energy is dissipated on the bra-
king resistors in the form of heat. Such an electric
braking system provides reliable entry into the
braking mode, allows you to generate braking
characteristics with constant force for equidistant
motion, which is very important for an exact stop.
This ensures restrictions on the maximum speed,
switching ability of traction motors, adhesion and
maximum excitation current.

The disadvantages of this braking method
include the low braking efficiency at low speeds,
the energy consumption from the network for exci-
tation, and the dissipation of all braking energy on
the braking resistors in the form of heat. In addi-
tion, when the network is de-energized, electrical
braking is generally impossible.

There is also known a method of electrical
braking, in which traction motors operate as
sequential excitation generators and the electrical
energy obtained during braking is dissipated in the
form of heat on braking resistors [9]. Generators
are excited by self-excitation. The braking system
generates characteristics that are more suitable for
braking on a slope than for stopping. For stopping
braking, the resistance of the braking resistors is
gradually reduced.

The disadvantages of this method of braking
should include low energy indicators, since all bra-
king energy is extinguished on the braking resis-
tors, as well as entering the braking mode with
delay in the low-speed region. To accelerate the
self-excitation of traction motors in the generator
mode, use additional power to the field windings
from the battery or use a parallel field winding.

A combined method of electric braking and
a variable structure electric braking system are
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proposed, which provide braking at the initial stage
as with sequential excitation generators, followed
by automatic regulation of the excitation current
of the generators using a DC-DC converter by
shunting the drive excitation windings of electric
motors with the input of this converter [10]. In this
case, braking characteristics are formed with con-
stant force, there is no need to consume electric
energy from the network to excite electric motors,
and the energy from the converter output can
be used for your own needs.

To increase the braking efficiency at low
speeds, it is necessary to regulate smoothly the
resistance of the braking resistors by shunting them
with transistor switches.

To effectively enter the braking mode, the fol-
lowing is proposed. Considering that the electro-
motive force of the engine in the generator mode
is proportional to the magnetic flux and revolu-
tions £ = C®n, it is necessary to apply a pulse
from the DC-DC-converter in the initial stage of
braking, inversely proportional to the speed of the
engine speed.

The operation of the braking system with a va-
riable structure is explained by the circuit shown
in Fig. 1.

Fig. 1. Functional diagram
of a variable structure braking system

The scheme works as follows. When switching
to electric braking mode, the automatic control
system 10 includes a transistor switch 6, while the
anchor windings 1, 2 and the excitation win-
dings 3, 4 of the electric motors are turned on as in
sequential excitation generators and are short-
circuited. Due to the residual magnetization in the
field windings 3, 4, on the armature windings 1, 2,
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an electromotive force will appear, under the ac-
tion of which a current will flow, which is mea-
sured by the current sensor 9. After the current
reaches the set value, the automatic control system
10 turns off the transistor switch 6 and turns on
DC-DC-converter 7, which shunts the excitation
windings 3, 4 with its input and regulates the mag-
nitude of the current through the excitation win-
dings 3, 4, as with independent excitation of electric
motors. In this case, the DC-DC-converter 7 gives off
electric energy to its own needs 8. In the low-speed
zone, to increase the braking efficiency, the auto-
matic control system 10 turns on the transistor
switch 6 and puts it into pulse-width modulation
mode, while the equivalent resistance of the bra-
king resistor decreases and expands area of effec-
tive braking at low speeds.

To implement the proposed method, the struc-
ture of the braking system is required, in which the
current in the field windings during braking does
not change direction. For this purpose, the struc-
ture described in [11, 12] is most suitable, where
the pulse converter is made according to the
scheme of a single-phase transistor bridge with
reverse diodes, the diagonal of which includes
series-connected anchor windings of electric motors
for reversing the direction of movement (Fig. 2).
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windings of the electric motors 1, 2 and 3, 4 and
the field windings 5, 6 and 7, 8, the first DC-DC-
converters 29, 30 to regulate the current through
the field windings 5, 6 and 7, 8 and turn off the
transistors 37, 38. In this case, the mode of electri-
cal resistive braking occurs and part of the energy
through the first DC-DC-converters 29, 30 goes to
energy storage 31, 32 and through other DC-DC-
converters 48, 49 to the chains of their own
needs 50, 51. At the same time formed as a braking
performance from an independent generator excita-
tion. In the low-speed range, transistors 37, 38 turn
on and go into pulse-width modulation mode
to increase braking efficiency.

Let us determine the relationship between
the parameters of the DC-DC-converter of the
proposed circuit and the coefficient of regulation
of the excitation of the traction motor.

Based on [13], for a DC-DC-converter, the ratio

Uour = ﬂ, (1
I—y

where U, — DC-DC-converter output voltage;

U,, — converter input voltage, which corresponds

to the voltage drop across the series excitation
winding of the traction motor; y — DC-DC-con-
verter duty cycle.

In accordance with the law of conservation of
energy, the following can be
written:

InUy = IOUTUOUTKDC , (2)

where Iy, lour — respectively,
the input and output current of
the DC-DC-converter; Kpc —
converter efficiency.

We substitute in the ex-
pression (2) the value of the
output voltage of the converter

U
InUy =1oyr %KDC' (3)

In accordance with the
scheme of the device, the

I8

Fig. 2. Diagram of an electric braking system with a variable structure

The scheme works as follows. In the “Braking”
mode, when the vehicle moves in the “Forward”
direction, transistors 15, 19 and 37, 38 are turned
on. After the current flows through the armature

Hayka
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output current of the DC-DC-
converter is equal to

-y
IOUT = I]N' 4)
Kpe

In expression (4), you can replace the input
current of the DC-DC-converter with the expres-

sion (1, —1)
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1—
IOUTZ(IA_IF)K Y’ 6]
DC
where /,, I, — respectively, the current of the
anchor winding and the field winding of the trac-
tion motor.
Dividing expression (5) by the current of the
armature of the traction motor, we obtain

Laop=a-p-Tezfee )
1, 1,

Since the ratio of the currents of the field win-
ding and the anchor winding of the traction motor
is equal to the coefficient of regulation of its
excitation

—=q, (7)

the coefficient of regulation of the excitation of the
traction motor is equal to
1
(=)= "% Kpe
o= 4 ) (8)
I-y
Based on the fact that the ratio of the output
current of the DC-DC-converter /oy to the current
of the anchor winding of the traction motor I,
is equal to the load factor of the DC-DC-conver-
ter K;, we finally obtain the expression for the
coefficient of regulation of the excitation of the
traction motor

I-y

Based on expression (9), the dependences of
the change in the coefficient of regulation of the
excitation of the traction electric motor o on the
fill factor of the DC-DC-converter y for various
values of K; and Kpc = 0.9 are constructed. These
dependencies are presented in Fig. 3.

From the characteristics shown in Fig. 3, it can
be seen that they are non-linear. With decreasing
load factor of the DC-DC-converter K;, the nonli-
nearity increases. Given that in practice the coeffi-
cient of regulation of the excitation of the traction
motor o is not realized below a value of 0.3, it is
possible to determine the working area for the trac-
tion motor in the electric braking mode. The wor-
king area when using the proposed method for a
traction motor in electric braking mode is limited
by the value of the load factor K; = 0.1, the value
of the excitation regulation coefficient o = 0.3 and
the value of the load factor K, = 0.5.

Further improvement of the electric braking sys-
tem with a variable structure is possible due to the
accumulation of braking energy of the power circuit
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in the drives with its subsequent use in traction mode.
Such a technical solution is shown in Fig. 4.

o T ‘

0.6 K=05 O 5
~ \
0.4 \
\
0.2 \ \ \

0 0.2 0.4 0.6 0.8 vy

Fig. 3. The dependence of the coefficient of regulation
of the excitation of the traction motor o
from the fill factor DC-DC-converter y

40

39—

Fig. 4. An improved diagram of an electric braking system
with a variable structure

An improved circuit of the electric braking sys-
tem with a variable structure works as follows.

When the electric braking mode is switched on,
transistors 15 and 19, 33 and 34 are turned on.
In this case, the armature windings 1 and 2 and the
field windings 5 and 6 of the motors, as well as the
anchor windings 3 and 4 and the field windings 7
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and 8 are turned on as sequential field generators
and shorted between each other shortly.

Due to the residual magnetization in the field
windings 5, 6 and 7, 8, an electromotive force
will appear on the armature windings 1, 2 and 3, 4,
under the influence of which a current will flow,
which is measured by current sensors 37 and 38.
After the current reaches the set value, the transis-
tors 15 and 19 and turn on transistors 55, 56,
as well as the first DC-DC converters 41 and 42.
Braking current will flow through transistors 55
and 56, the inputs of the second drives 49 and 50,
the field windings 5, 6 and 7, 8, transistors 33, 34
and motor anchors 1, 2, and 3, 4. The first DC-DC-
converters 41 and 42 by their inputs bypass the
field windings 5, 6, and 7, 8, and thereby regulate
the current in them as if the independent excitation
of the electric motors. From the outputs of the first
DC-DC-converters 41 and 42, energy is supplied to
the first drives 43 and 44 and used for their own
needs. If other drives 49 and 50 are full and bra-
king continues, the transistors 55 and 56, 33 and 34
turn off and the transistors 15, 19 turn on and the
braking energy is converted into heat on the bra-
king resistors 31 and 32. In the low-speed zone,
transistors 33 and 34 go into pulse-width modu-
lation mode and reduce the equivalent braking
resistance, provides effective braking. In this case,
braking characteristics are formed as in indepen-
dent excitation generators. The energy stored in
storage 49, 50 is used in traction mode.

CONCLUSIONS

1. The analysis of the most common methods of
electric braking of vehicles is carried out, on the basis
of which a combined method and a system of electric
braking with a variable structure are proposed.

2. When implementing this method, DC motors
operate as sequential excitation generators. The cur-
rent in the field windings is regulated using a DC-
DC-converter. Energy in the power circuit is accumu-
lated in the drives and then used in traction mode.
When the drives are full, the energy in the power cir-
cuit is extinguished by the brake resistor, and the ener-
gy from the output of the DC-DC-converter is used
for own needs. In this case, braking characteristics
are formed as in independent excitation generators.

3. The proposed method has significantly im-
proved the energy performance of the electric
braking system.
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Pedepat. [IpencraBieHsl OCHOBHBIE TEHACHIIMHA 00pa30BaHMs OTXOAOB B 3aBHCUMOCTH OT pocTta mupoBoro BBII u uncnen-
HOCTH HaCeJIeHHUs IJIaHEeThl. PacCMOTPEHBI OCHOBHBIE HAIPABICHHS KOHIEIIINY HAMOHAIBHBIX CTPATEruil yCTOMYMBOTO pa3-
BUTHS C yYETOM TIPOOIEM SHEPro- U pecypcocOepexeHns, a TakKe HeoOX0MMOCTH PalliOHATBHOTO HCIIOIB30BaHMUS IPUPO-
HBIX ¥ BTOPHUYHBIX PECYpCOB BO MHOTHX CTpaHaX MHpPOBOTO cooOmecTBa. Mcronb3oBaHWe SHEPreTHUECKOro IMOTEHIHANA
TOPIOYMX OTXOJIOB, HE HANIEINIMX TEXHOJIOTHYECKOTO IPHMEHEHHMS, JUII MHOTHX TOCYJapcTB — OJHO M3 IPHOPHTETHBIX
HaIpaBJIeHnH B 007aCTH HETPaJANLIMOHHON SHEPreTHKU. B cTaThe mpecTaBieHa TEXHONOTH OPUKETHPOBAHUSI MHOTOKOMIIO-
HEHTHBIX TOPIOYHX COCTaBOB B TBEPJOE TOIUIMBO B Pa3HbIX oOnacTsx. PaspaGoTaHHas TEXHOJOTUs MO3BOJSIET mepepaba-
TBIBATh OTXOIbI NMPOM3BOJICTBA IyTEM HMX OPHKETHPOBAaHHA C A00ABIEHHEM pa3NIMYHBIX CBA3ymomuX BemecTs. Ha mpumepe
CBSI3YIOILIETO KOMIIOHEHTA B BHJE BSA3KUX YTJIEBOAOPOACOAEPKAIIUX OTXOJOB MOKA3aHbl OCHOBHBIE TEXHOJIOTHYECKHE OCO-
OCHHOCTH ITOJYYEHUs TBEPIOI0 MHOTOKOMIIOHEHTHOT'O TOIUINBa. OnucaHo 000py10BaHUE 3IEKTPOTUAPABINUECKON 00paboT-
KH, paboTarolee B COCTaBe JIMHUM MOATOTOBKH K OPUKETHPOBAHHUIO MPUMEHAEMbIX He(TecoqepKaluX 0TX0/0B, O3BOJISIO-
IIe€ YMEHBIIATh COJIEPIKAHUE CEPhl B UCTOIb3YEMBIX OTX0/AaX, YTO AA€T BO3MOKHOCTb PETYIMPOBATH SKOJIOTHUECKUE XapaK-
TEPUCTUKU BBIOPOCOB BPEIHBIX BEIECTB HA MpPEIEIbHO AOMYCTUMOM YpoBHE. C y4eTOM acleKTOB IPUMEHEHHUS TEXHOIOTHH
BJI&)KHOTO OPMKETHPOBAHHS MAaTEPUAJIOB OTPA)XKEHO BIIMSHUE BIAKHOCTH Ha IPOM3BOIUTEIBLHOCTh B 3aBUCHMOCTH OT COJEp-
JKaHWsl CBS3YIOIIETO KOMITOHEHTA. [Ipe/yIOKEHHBIN alropuTM penieHHs IOCTaBJICHHOH 3ajadd IO3BOJISIET PalMOHAIBHO
HCIIOJIb30BaTh HEKOHIMIMOHHBIE TOPIOYME IPOU3BOJCTBEHHBIC OTXOABI IS IIOJYYEHHS MHOTOKOMIIOHEHTHOT'O TBEPIOIO
TOIUIUBA, IIPY STOM Ha CTa/IMH IPOU3BOACTBA YUUTHIBAIOTCS SHEPIeTHYESCKUE U IKOIOTHYESCKHE aCHIeKTHI.
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HUSI, TEXHOJIOTHS, OPUKETHPOBAHHUE, BEIOPOCH, OTXO/bI, HETPAAUIMOHHBIE SHEPTOPECYPCHI
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Abstract. The paper presents main trends in growth and generation of waste, depending on increase of world GDP and the
population of the planet. The main directions in extending the concept of national strategies for sustainable development have
been considered with due account of energy and resource conservation problems, as well as the need for the rational use
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of natural and secondary resources in all countries of the world community. The energy potential use of combustible waste
that has not found technological application is considered by many countries as one of the priority areas in the field of uncon-
ventional energy. The paper describes the main directions in application of the technology for briquetting multicomponent
compositions into solid fuel. The developed production technology makes it possible to process waste products by briquetting
them with the addition of various binders, and on the example of a binder component in the form of viscous hydrocarbon-
containing waste, the main technological features of obtaining solid multicomponent fuel are presented in the paper. The pa-
per describes the equipment for electrohydraulic treatment, which operates as a part of the preparation line for briquetting of
the applied oily waste and that allows to reduce the sulphur content in the waste used, and such approach in general permits to
regulate the environmental characteristics of harmful substance emissions at the maximum acceptable level. Taking into ac-
count the application aspects of the technology for wet briquetting of materials, the paper reflects the main results of the ob-
tained dependences of humidity on productivity according to the content of the binder component. The proposed algorithm for
solving the problem makes it possible to rationally use of substandard combustible industrial waste to obtain a multicompo-
nent solid fuel, while at the production stage, the energy and environmental aspects of the resulting fuel are taken into account
with due consideration of the component composition of the fuel.

Keywords: solid fuel, multicomponent composition, binder, hydrocarbon waste, heat of combustion, technology, briquetting,
emissions, waste, unconventional energy resources
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BBenenue 100
90
B nocnegnue necsatuneTvsi MHOTMMHU CTpaHaMHU 80
B paMKaxX pa3BUTHS KOHICIIUN HAIMOHAIBHBIX s 70
CTpaTeruii yCTOMYUBOIO Pa3BUTHS OCYLIECTBIISIET- g 60
CsI CTPEMHTETBHBIA TTepeXxo] K 3P GEeKTUBHOMY HC- g 50
MOJIb30BaHHIO TIPOU3BOJICTBEHHBIX OTXO/AO0B, OTXO- E 40
JIOB TIOTpeOIeHNS W OWOMAacChl C TPUMEHEHHEM =30
TEXHOJIOTUN CXKUTaHUS U TOJIY4YEHUs TOIUIMBA. 20
Hanpumep, ctpansl EBpocoro3a nexiaapupyroT A0 10
2030 r. samemenne 4eTBEPTOi HacTH MOTpeOsC- 1840 1950 1960 1970 1980 1990 2000 2010 2020 2030
MOTO TOIIMBA JUIA TPAHCIOPTa 3a CYET KHUIKHX Ton

BHUI0B 6I/IOTOHJ'II/IB2., MOJIYYCHUC KOTOPBIX 6y):[eT
OCYHIECTBJIIATECSA C IIOMOIIBIO TEXHOJIOTHI nepe-
pa60TKI/I Pa3IMYHBIX OTXOJ0B U ouomacckel. Takue
JOCTHXKCHHA B HCIIOJIB30BaHMM HETPAJUIIMOHHBIX
1 BO300HOBJISIEMBIX HCTOYHHKOB OHEPrum B SHEP-
TCTUKC BO3MOXKHBI TOJIBKO 34 CYCT HAKOIIJICHHOI'O
HCCJIICAOBATCIIbCKOIO, TEXHOJIOI'MYCCKOIr0 MU Ipak-

Puc. 1. Teanenmus pocta BBII B crpanax mupa
3a 1950-2019 rr.

I[PIH?IMI(IK?I pocTa YUCJIEHHOCTH HACeJIeHUs
Ha IJ1aHeTe 3emJist

Fig. 1. World GDP growth trend in the period of 1950-2019

Tabnuya 1

Population growth dynamics of people on planet Earth

TUYCCKOI'O OIIbITa BOBJICUCHHUSA TOPIOYUX IIPOU3-

BOJICTBEHHBIX M OBITOBBIX OTXOIOB, a TaK)Ke OHO- Toner, B KoTOpBIE Kosmectso Hepuon
Macchl KaK MCTOYHHKOB XHMquCKOﬁ SHEDTUH BO3MOJKHO BBIIIOJIHUTH | HACCJICHUA ITUIAHETHI | MEXKAY rogaMu,
p : pacueT HaceneHus 3emist, MIIpJ yel. yepes JeT
Pa3BuTHe naHHOrO HANpaBJICHUS MPUMEHEHUS TO-
1805 1 555 (c12501)
pPIOYHX OTXOJOB B KadeCTBE HETPAIUIIMOHHBIX H
BO300HOBJIIEMBIX HCTOYHHUKOB DHEPIHMH B DHEp- 1927 2 122
reTUKE B MEPBYIO0 OYepe/lb CBSI3aHO C YBEJIMYMBa- 1959 3 32
FOIUMCS. MUPOBBIM TIOTpeOJicHHEM, 00ecIeurnBa- 1974 4 15
IOHIHMC%%)IO_[CTOM KlaK ’;IaHI/IOHaHBHOFO, I/TIaK n MHU- 1987, 11 urons 3 13
0BOTO uc. 1). Tak, no gauasiM MHCTHUTYTA
p (prc. 1). Tax, 1o 1 Y 1999, 12 oxrs6ps 6 12
skoHomuku HAH Bbenapycu [1], npeacraBieHHbIM
B Ta01. 1, YMCIIEHHOCTD HacelleHHUs Ha Halell Iuia- 2011, 31 oxrs0ps 7 _ 12
HeTe TpuOaBiIsercs 1Mo | MIpA Yes. IOCieaHue 2020, 31 nexabps 7,858772994 9
60 mer ¢ mUHAMHUKON Kaxnaele 13 mer. A B Onu- * [IpexrionaraeMoe KOMMYECTBO HACETCH s Ha Kouer| 2020 T.

JKalIeld mepcrneKTUBe 3TOT Mepuo] OyAeT yMEHb-
martbcs M0 11-8 jer, 4ro Hepa3phIBHO CBs3a-

Ha done manubeix Tabm. 1, cormacHo OIeHKaM

HO C paCTymeﬁ HCO6X0,I[I/IMOCTLIO HCIIOJIb30BaAHUA
OTXOIO0B JKU3HCACATCIIBHOCTH YCJIOBCKAa W IIPO-
HU3BOJCTB.
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OOH, exeronHo u3 Heap 3eMIIM U3BIEKAETCS OKO-
m0 100 mupa T MOJE3HBIX HMCKOMaeMblX. B Tom
YHCclie Ha ITUIaHETe CKOMWINCh COTHH MUJLTHAp-
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Dnepzemuxa

JIOB TOHH TIPOMBIIICHHBIX OTXOJIOB (€XKETOJHO B
CHIA wux o0bem yBenmuuuBaercs Ha 4,5 miupna T,
B 3amanHo#t EBpone — Ha 2,0 Mipxa T, B SnoHnn —
Ha 1,3 mapn 1) [2]. He mydme curyarus u ¢ wc-
MOJTF30BAaHMEM TBEPABIX KOMMYHAIbHO-OBITOBBIX
otxoa0B. Oxkunaercs, yto K 2030 r. 4enoBeUYECTBY
notpedyerca Ha 50 % Oosblie HPOIOBOIBCTBUS
U COOTBETCTBEHHO PAa3IMYHBIX MHUHEPAJIBHO-CHIPhE-
BBIX PECYpCOB, YeM CerojiHsA. B cBsA3u ¢ poctom
HAaceJCHUS W PAa3BUTHEM MHPOBOH SKOHOMHKH
K 2035 r. rmobanpHOE MOTpeOsieHHe YHEPTUH yBe-
auauTes mpuMepHo Ha 50 % 1o cpaBHEHMIO € IO-
TpeOJIeHreM YHEPTUU B HACTOSIIIEE BPEeMsL.

CTaHOBUTCSI OYEBHIHBIM, YTO YK€ B 0003pUMOM
OyayIeM MHOTHE CTPaHBbI, B TIEPBYIO OYepeb C pas-
BUTOW CHUCTEMOW SKOHOMHKH M HPOU3BOACTBA, MO-
TYT HayaTh WCIBITHIBATh AEPHUINUT B TPHPOIHBIX
3HepreTudeckux pecypcax. C yd4eToM COOTHOIICHHUS
TEMIIOB HapalBaHUs OOBEMOB HCIOIBb30BAHUS
SHEPreTHIEeCKNX PECYpPCOB C OOECHEeYeHHOCTHIO B
MHpE 3aracaMy OPTaHUYECKHUX TOIUTUB MOXHO OXKH-
JIaTh, YTO TIPU CYIIECTBYIOIINX TEMIIaX €KETOIHOTO
crpoca CHUTyalus OyAeT BBITJISIETh CIEAYIOMINM
obpazom. Hampumep, crmpoc Ha 3IEKTPOIHEPTHIO
B [MBWJIN30BaHHBIX CTPaHAX €XETOIHO OyAeT yBe-
TUYUBaThCs puMepHo Ha 2,5-3,0 %. B cooTBeTct-
BHUH C 3THM 00€CIIEYeHHOCTh B MUpE 3aracamy opra-
HUYECKUX TOIUINB COCTaBHUT (TI0 pa3HBIM HMCTOYHH-
Kam): o HepTu — 25-48 net, o raszy — 35-64 rona,
o yrimo — 228-330 ner.

Bce 310 cBHIETENBCTBYET 00 OCTPOTE MIPOOIEM
9HEeprocOepekeHus, a TakkKe O HEO0OXOAUMOCTH
palMOHAIEHOTO WCTONB30BaHUSI MPHUPOJTHBIX U
BTOPHUYHBIX PECYpCOB BO BCEX CTpaHaxX MHPOBO-
ro coobmectBa. B To jxe BpeMs MmocleIHUMH HC-
CIIEIOBAHHSMH YCTAaHOBIIEHO, YTO 3KOHOMHYECKH
OTpaBJIaHHOE TMPUMEHEHUE TOPIOYMX OBITOBBIX M
MIPOU3BOJICTBEHHBIX OTXOJIOB KaK IHEPreTUYeCcKO-
ro TOIUIMBA TO3BOJSET MOKPHITH 26 % MupoBOH
9HEPTeTHUECKON TOTPEOHOCTH.

Texnosorus noaydenuss MSF-roniuBa

B pamkax pemeHust BOIpPOCOB oOecTieueHus
3G (PEKTHBHOTO HCIIOJIIL30BAHUSL JIHEPreTUYECKUX
PECYPCOB YUEHBIMH M HUCCIEAOBATEISIMA MHOTHX
CTpaH MPOBOMAATCS W3BICKAHUS M aHAIU3HUPYETCS
NOTEHIUAI BO3MOXKHOCTH OoJiee MIMPOKOTO MpH-
MEHEHHSI HETPAIUIIMOHHBIX U BO300HOBISEMBIX
WCTOYHHMKOB SHEPTUH, B TOM YHCJIE U OT HCIIOJIB30-
BaHUsl TPOU3BOJCTBCHHBIX, OBITOBBIX W JPYTHX
OTXO/IOB.

OpHuM W3 TyTed pemreHUs mpobieM Bo3Bpara
OTXOJIOB, HE HAIIEANINX TEXHOJIOTHYECKOTO MpH-
MEHEHHsS B JeJOBOM 000poTe, sBISETCS HX HC-
MOJIb30BaHWE B KauecTBe TormuBa. [Ipum 3ToM He
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BCErJa TOpIOYMe OTXOAbI HaXOAATCS B TOM BHJIE,
B KOTOPOM OHHW TIPUTOTHBI JJISI TMPUMEHEHHS, II0
MIPUYMHE TTOBBIIIEHHON BIAYXKHOCTH, OKHCIHATENb-
HBIX TIPOLIECCOB, CEIMMEHTAIllNH, BHEIIHETO BHJA
U T. I. A 3TO 3aTpyJIHSET U MOPON OCTaHaBJIMBa-
eT o0Onajarens OTXOIOB B MX HCIOJIh30BAHUU.
Taxoke 3a4acTyro MpoOIEMON SBISIOTCS HE TOJNBKO
BOTIPOCHI, CBSI3aHHBIE C IMTOATOTOBKOW MMEFOIIErOCs
CBIPbSl K OPUKETHPOBAHUIO, HO U C ()OPMHUPOBAHU-
€M TIPOLIECCOB CO3AaHUS TOIUIMBA, 00ECIIEUNBAIO-
LIETO KauyeCTBEHHBIE HKCILUIyaTallHOHHO-TEXHUYe-
CKHE XapaKTCPUCTHKH, YYUTHIBAIOIIUE ONTHMAIb-
HBI C JHEPreTUYECKOW M HKOIOIMYECKOH TOUEeK
3peHHust cOaTaHCUPOBAHHBIN COCTAB TOTUINBA.

[TomydeHue Takoro TOIIMBA JOCTUTAETCA MPH-
MEHeHHEM pa3pabOTaHHBIX TEXHOJOTHI MHOrO-
KOMITOHEHTHOTO OpHKETHPOBaHUS, KOTOPOE HasBa-
HO aBTropamMu MSF-tormBo (aHmi. — multicom-
ponent solid fuel) [1]. Ha puc. 2 mpencraBieHa
MIPUHIUTTHANTBHAS TEXHOJIOTHYECKasi CXeMa MHOTO-
KOMITOHEHTHOTO OpPUKETHPOBAaHUS C WCIOIh30Ba-
HHUEM CBSI3YIOINX KOMITIOHEHTOB WJIH BEIIECTB.

Texnomoruu nonydenuss MSF-tomnuBa ocHo-
BaHbI HA BIAXXHOM OpPUKETHPOBAHUU MHOTOKOMIIO-
HEHTHBIX CMECEH C HCIOJb30BAaHUEM CBA3YIOLINX
KOMIIOHEHTOB WJIM MaTepuaioB, 00eCIIeUNBaAIOIINX
B cOCTaBe OpHUKETHPYEMOH CMeCH MpoLecchl 00b-
€IMHEHUs] MEJKUX Pa30oOIEeHHBIX YacTHUI[ B KPYII-
Hbl€ CTPYKTYpHBIE COEOUHEHHA C TpeOyeMbIMU
FeOMETPUIECKUMH, MEXaHNUECKUMHU TapaMeTpaMu
¥ HEOOXOIMMBIMH PHEPT€TUIECKIMH CBOHCTBaMHU.

[IpuHTMTIHaTEHAS TEXHOJIIOTHYECKasi CXeMa MHO-
TOKOMITOHEHTHOTO OpHKETHPOBAaHHS TIPEICTaBISET
c000if MCIIONB30BaHUE PA3NMUUHBIX W3MEITBUEHHBIX
TOPIOYMX OTXOAOB PACTHTEIHHO-APEBECHOTO IPO-
ucxoxnaenus (P/-orxonos). K Hum, kak mpasuio,
OTHOCSIT OTXOABI NIepeBo0OpPabOTKH, Jeco3aroTo-
BOK, JIy3Ty, KOCTpy U T. . OHU B OOJBIIMHCTBE
pa3paboTaHHBIX MHOTOKOMIIOHEHTHBIX COCTaBOB
SIBIISIFOTCS.  0A30BBIM KOMIIOHEHTOM, K KOTOPOMY
MOXKHO JO0aBIIATH JPYTHE BHIBI TOPIHOYHX OTXO-
JIOB B OIpEACIEeHHOM (HMCCIECIOBAHHOM) COOT-
HomeHuu. Hampumep, BO3MOXHO NOOaBieHUE Ta-
KHX TOPIOYMX KOMITOHEHTOB, HE HAIICAIINX TEXHO-
JIoTUYecKoro mpumeHeHus (roprourie orxonsl HTII),
Kak oTpaboTaHHBIE HedTecomepkammue copOeH-
ThI, TOIUIMBHBIE M MAacCIsSHBIE 3JIeMEHTHl (HITb-
TPOB, ONMMJIKH W BETOIIb, HACHIIIEHHBIE HE]Te-
MPOMYKTaMH, OCAJKH CTOYHBIX BOJ| OYHCTHBIX
COOPYKEHH, OTXObI ’KUBOTHOBOJICTBA U NTHIIE-
BOJICTBa, KOMMYHAJIbHO-OBITOBBIE OTXOMBI U T. TI.
BaxapIM ycioBHEM WX TNPUMEHEHUS SBISETCS
OTpeACIeHHBIH TEXHOJOTUYECKUH LHKI IMOATO-
TOBKHM 3THUX MaTePHAJIOB, KOTOPHIH PacCMOTPUM
OTJIETIBHO.
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Puc. 2. HpI/IHIII/IHI/IaJ'ILHaH TEXHOJIOTHYCCKasA cCxeMa 6pI/IKeTI/Ip0BaHI/I$[ MSF-TormBa ¢ UCIOIb30BaHUEM CBA3YHOIIUX
METOAOM HEIIPEPBIBHOTO 6pI/IKeTI/Ip0BaHI/I}I BJIAXKHBIX MHOTI'OKOMIIOHCHTHBIX COCTABOB

Fig. 2. Basic technological scheme of MSF-fuel briquetting using binders by the method of continuous briquetting
of wet multicomponent compositions

B 3aBucuMocTH OT cocTaBa, MOP(HOIOTHIECKO-
TO COCTOSIHHSI W BJIQXKHOCTH TIOCTYTIAIONINX Ha TIe-
pepaboTKy OTXOIIOB, a TAaKXKe C Y4eTOM HX IPHO-
PUTCTHOTO COOTHOIICHUA B HO)IFOTaBHHBaeMOﬁ
OpHUKETHPYEMON CMeCH TIpUMEHSIETCS Hamboee
TEXHUYECKHU TMPOCTasi U SKOHOMHUYECKH OTpaBIaH-
Hasg CUCTEMaA IOJTyUCHUS HGO6XOI[I/IMOI>'I BJIAaXHOCTHU
CMEIINBAaEMBIX KOMIIOHEHTOB CMecH. BiaxHOCTh
IocJie Mpolecca MOJArOTOBKM — Hanboliee OTBET-
CTBEHHBIM TEXHOJIOTHYECKHI IHMKJI, OO0CCIIeuHrBa-
NI B JaJbHEHIIIEM MaKCUMaJbHYIO MPOU3BO-
JUTEILHOCTh 000pYZOBaHUS OpPUKETUPOBAaHUS U
(hopMUpOBaHHE CTATHYHOTO BJIAXKHOTO KapKaca
TOIUTMBA, MOCTyHaromero Ha cymky. [lpm sTom
JI00aBJICHUE CBS3YIONIETO KOMIIOHEHTA WJIU BeEIlle-
CTBa IIpU BJIAKHOM 6pI/IKeTI/IpOBaHI/II/I SABIISICTCA
00s13aTeIBHBIM B CHIIy TOTO, YTO C UX Y4aCTHEM
peuraeTcsi MHOTO TEXHOJOTUYECKUX 3a]1ad, OCHOB-
HBIC U3 KOTOPBIX:

e MHTEHCUBHOCTD a/ICOPOIMH CBS3YIOIIETO Belle-
CTBa ¢ OPHKETHUPYEMBIMH YaCTUIIAMU C 00pa30BaHU-
€M Ha TIOBEPXHOCTH TOHKOHU TIICHKH CBS3YIOIIETO;

e Ka4eCTBEHHOE (POPMHPOBAHUE TTOBEPXHOCTH,
(hOpMBI, TJIOTHOCTH W HEOOXOAMMEBIX THUIIOPA3-
MepOB OPUKETOB,

e BO3MOXXHOCTh PETYIUPOBAHUS TEIUIOTHI CrO-
panus (C WCHONB30BaHHEM HePTECOACPIKALIUX
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KOMITOHEHTOB, OpPraHMYECKUX M KOMOMHHMPOBAH-
HBIX CBSI3YIOIINX BEIECTB);

e CO3/IaHNE HEOOXOIMMON HWHTEHCHBHOCTH 3a-
TBEPJCBAaHUS W MPOYHOCTH OpHKETa MPHU CYIIKE
WA OXJIQKICHHH.

B crarbe B OCHOBHOM paccka3aHO 00 HCITOIb-
30BaHUHM B KayeCTBE CBA3YIOIIETO KOMIIOHEHTA
MIPEUMYIIECTBEHHO BSI3KHX OTXOJOB HedTenpo-
OykToB (Hedremuiamel, orpaboraHHbie HedTe-
MPOAYKTHI, HeTeCcoAepKAIUE IJIaMbl OUUCTHBIX
COOPYXXCHHH, MTOHHBIE OTIOKEHHS] Ma3yTHBIX pe-
3epByapoB U T. I.). OnHaKo B ciyyae HX OTCYT-
cTBHs (OKOHYAHUS) B MPOIIECCE CO3MIaHUS TaKHX
MIPOU3BOJICTB TOT K€ IPPEKT COCTUHECHHS YaCTHI]
CBIMMYYMX OTXOAOB Ha Pa3pabOTaHHOW yCTaHOBKE
JOCTUTAeTCs 3a CYET HCIIOJIIb30BAHUS HHBIX CBS-
3yOmuX A00aBOK (OpPTaHWMYECKOTO, HEOpPTaHHYE-
CKOTO TIPOUCXOXKICHUS, MOJYyYCHHbIE KOMOWHHU-
POBAaHHBIMH COCAWMHEHUSIMH, B TOM 4YHUCJIC H3
OTXOJIOB).

Pa3paboTranHbIe K HACTOSIIEMY BPEMEHH MHO-
TOKOMIIOHEHTHBEIE cOCTaBbl TBepaoro MSF-ton-
JIBa C MIPUMEHEHHEM Pa3IMYHBIX OTXOJOB olecrie-
YHBAIOT TIOJIHOE CKUTAHHE WCIIONBb3YEeMBIX B HEM
TOpPIOYMX MaTepHUajoB C BbIICICHHEM 3aJaHHBIX
TEIIOTEXHUIECKIX XapakTepucTuk. [Ipu sTom ynos-
JICTBOPSIOTCS TPEOOBAHUS TPAHCIIOPTHPOBKH U Xpa-

61

Science and Technique. V. 20, No 1 (2021



Dnepzemuxa

HEHUs, 00ecreurBasi COXpaHeHHE CBOICTB M KadyecT-
BEHHBIX XapaKTEPUCTUK TOproveit Maccsol [2].

Oco0eHHOCTH HOATOTOBKH
U IPMMEHEHHs] KOMIIOHEHTOB

Ha nmpumepe ncnonb30BaHMS OTXOIO0B JEPEBO-
obOpabarbIBarONIell  MPOMBIIINICHHOCTH  (OTIHIIKH,
CTpYXKa, TbUIb) M Pa3InYHbIX HedTecoaepKamx
IPOU3BOACTBEHHBIX OTXOJOB PAaCCMOTPUM TEXHO-
JIOTMYECKHH Tpolecc OpUKEeTHPOBAaHHS MHOIO-
KOMIIOHEHTHBIX COCTAaBOB, BKJIIOUAIOIIUI ClIEAyIO-
M€ STambl: HOATOTOBKY OTXOAOB, H3MEJBYCHHE
Marepuasia A0 TPaHyJIOMETPHUYECKOTO pasMepa ya-
crury  (0,1-8,0 MM), m0O3MpOBaHWE KOMITOHEHTOB
U TIepeMellnBaHNe, OpUKETUPOBAaHUE MACCHI, CYyII-
Ky B C€CTECTBEHHBIX YCIOBHSX WM CYLIMJIBHOH
Kamepe.

Pabora TexHONMOrHMYECKOTO OOOPYNOBaHMS B
OCHOBHOM KOMIUIEKCE OIBITHO-IPOMBILIICHHOM
YCTaHOBKM BBITIOJHSETCA B TaKOil MOcCienoBaTeNb-
HOCTH: M3 PacXoJHOTO OyHKepa-CMecuTelNs Ipen-
BapUTEIbHO TIOATOTOBJIEHHAs CMECh TIOCTYyIaeT
B IHEKOBBIH TMpecc, TIle VYIUIOTHSETCS, 3areM
HepeMenaeTcss 4epe3 KOHHYECKYIO (hOPMYIOIIYIO
Hacanky, roe npu gaineHun 20 MIla OpukeTupy-
eTcs U nepepaercs Ha cyuky. llomydenue MHOro-
KOMIIOHEHTHOTO TOIUIMBA ¢ HEOOXOAWMBIMHU SHEp-
TeTUYECKUMH XapaKTePUCTUKAMHU M ONTHMAaJIbHBI-
MH SKOJIOTMYECKHMH BBIOPOCAMHU IPHU CHKUTAHUH
TOIUIMBA XapaKTepU3yeTcs COOIIONCHUEM CIedy-
IOIIMX COOTHOLICHUH HCIONB3YEMBIX CHIPBEBBIX H
CBSI3YIOLIMX KOMIIOHEHTOB:

© OCHOBHOE CHIPBE — OTXOJBI AEPEBOOOPAOOTKH
W/UITU  CENbCKOXO3SIMCTBEHHBIE OTXOABI (coiioMma,
KOCTpa | T. 1.) MaccoBoi goiei He menee 70 %o;

e CBS3YIOIIEE CBHIPbE B BUAE YIVIEBOIOPOICO-
JepKaIluX BS3KUX OTXO/A0B (HedTeruiambl, oTpa-
0oTaHHBIE HE(PTENPOLYKTHI, IOHHBIC OTIOKEHHUS
Ma3yTHBIX pe3epBYyapoB U T. I.) — He 6onee 30 %o;

e 100aBKM (IIpU HEOOXOOMMOCTH) — MpPOMAC-
JICHHAs BETOIIb MJIM COPOEHTHI, HACHIIIIEHHEIE Hed-
TeNpoayKTaMu (MaTepuan copbeHta — Topd, MOX,
JUTHUH | T. 11.) — He Oomee 5 % [3].

W3meHsasa HacaaKy MaTpuLbl-QUIBEPHl HAa yCTa-
HOBKE, MOXXHO MPOHM3BOAUTH TI'PaHYIHPOBAHHOE
TOIUTMBO AWAMETPOM OT 14 MM, KyCKOBOE TOILUIHBO
Pa3IMYHBIX THUIIOPAa3MEPOB (KaK MpaBmiIo, OT 25 MM)
u OpukeTsl pa3HbBIX THIOpasMepoB (50-150,
50-600 mm) u dopm (Kpymiible, KBaJpaTHbIE, Mpsi-
MOYTOJIbHBIE, LIECTUTPAaHHBIC, KBaJIpaTHBIE CO
CKpPYTJICHHBIMU KpasiMu U T. 11.) [4].

B cocrtaBe NMHUM MOATOTOBKH K OpPHKETHPOBA-
HHIO TIPU HEOOXOAMMOCTH PUMEHSIETCS] YCTPOHCTBO
aneKTporuapasandeckoil oopadorku (O1'0) Hedre-
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COIEPIKAIMX OTXOJOB, TO3BOJISIONICE YMEHBIIATH
KOJIMYECTBO CEPhI B HCIOIB3yEMbIX OTXO/IaX, 4TO B
[IEJIOM JTa€T BO3MOXKHOCTH PEryJupoBaTh U obec-
MeYHMBaTh JOMYCTHMOE CONIepKaHue cephl B (hu3u-
KO-XHMHYECKOM COCTaBe MPOU3BOAUMOIO TOILTHBA
Ha KOJIOTHYECKH HEOOXOAUMOM ypoBHE. BHemmHui
BHJI YCTaHOBKH, MPeOOpasyromiell SHEPTHIO B UM-
MYJIBCHI TOKA MUKPOCEKYHIHOM UTUTEIbHOCTH IS
ANEKTPOTHIPABINYECKON 00paboTku HedTecoaep-
JKaIX OTXOMO0B, IPEICTABICH Ha PHC. 3.

\

A\

Puc. 3. Cxema ycTpoiiCTBa 3IEKTPOTHAPABINYECKON YCTAHOBKH
Uit 00paboTKK HeTecoaepKaIUX OTXOI0B

Fig. 3. Scheme of an electro-hydraulic unit
for processing oil-containing waste

CyIHOCTh pa0OThl YCTPONCTBA MOATOTOBKHU
(mpu  HEOOXOAMMOCTH) YIICBOAOPOACOMEPIKAIINX
OTXOZIOB COCTOMT B TOM, YTO BO BJIQXKHOH cpeje
He(TeconepIKAIIUX OTXOMAOB CO3IACTCS  CBEPX-
BBICOKO€ MMIYJIHCHOE THAPABINYECKOE IABJICHUE,
a ruxponuHaMuieckue 3pQekTsl mpuBOAAT K TO-
SIBIICHUIO YIAPHBIX BOJIH CO 3BYKOBOH M CBEPX3BY-
KOBOW CKOpPOCTSIMH, KOTOpble (GopMupyeT OI0K
BBICOKOBOJIFTHOTO TpaHchopmaropa 1, MMEIOIIero
B COCTaBe BBICOKOBOJIBTHBIN IMOIHBIM MOCT M Oa-
Tapeu HAKOIUTENBHBIX KOHIEHCATOPOB, yIpaBisie-
MbIE C TIOMOIIBI0 OJNIOKa IyJbTa YIpaBICHUS 2,
000pYyTOBaHHOTO HU3KOBOJIBTHOW YaCTHIO HCTOU-
HUKa nutaHus. B peaktope 3 B pesynprare crenu-
aIbHO C(HOPMHUPOBAHHOTO UMITYIILCHOTO (MCKPOBO-
ro, KUCTEBOT0) BBICOKOBOJBTHOTO AJIEKTPUUYECKOTO
paspsiia MeXIy SIEKTPOIAMHU CO3[AIOTCS MOIIHBIC
I/IMHYJIBCHO BO3HUKAOIIIUEC KaBUTAITUOHHBIC HpO-
LIECCBI, KOTOpPbIE B 3aBUCHUMOCTU OT PETYIHPYEMOM
OIIEPATOPOM ITPOAODKUTENBHOCTH, YaCTOTHI M MOIII-
HOCTH pPa3psa0B 3aIlyCKAaIOT MEXaHWIECKHE Pe30-
HAHCHBIC SIBJICHUS C aMIUTUTYIaMH, TTO3BOJIFOIIIAMH
OCYIICCTBIIT B3aWMHOE paseiicHue (IedIMYIIbIT-
pOBaHUE, TUCTICPTUPOBAHUE H T. 11.) WA dMYJIBTHPO-
BaHHMe MarepualioB. [Ipu 3TOM 3mekTporuapapiIye-
cKas 00paboTKa OTXOJIOB COMPOBOXKIACTCS IITUPOKUM
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KOMILJICKCOM (DU3UYECKUX M XUMHYCCKHX SIBICHHUN
(ma(Dpa- ¥ YIBETPa3BYKOBBIC H3ITyUCHS, WHTCHCHB-
HBIC HMITYJIbCHBIE CBETOBBIE, TEIUIOBBIC, YIIbTpa-
(bUONIETOBBIC H3ITyUYCHHUS; MHOTOKpATHAs MOHU3AIIHS
COCIMHEHUI M 3JIEMEHTOB, COICPIKAIIUXCS B JKUIKO-
CTH), TIO3BOJISIFOIIMX, HATIPUMEDP, YMEHBIAThH COZIEP-
JKaHWE Cepbl U JPYIMX XUMHUECKHX COCTUHCHUI,
BIUSIIONIMX Ha ()OPMUPOBAHUE BBIOPOCOB MPH CIKH-
TaHWW TOIUIMBA C HCIONB30BaHHEM HedTecomepika-
X KoMIoHeHToB [5]. IlogroToBneHHas cMech Xa-
pPaKTEepU3yeTCsS BIIAKHOCTBIO He MeHee 42-45 %
U Joned HedTecomeprKalluX BeEIIeCTB B CMECH,
OIpeCIIIEMOll B 3aBUCHMOCTH OT HCIIOJIb3YEMBIX
BUJIOB YIJICBOIOPOACOACPIKAIIMX OTXOIO0B, a TaKKE
C YYETOM HEOOXOMMBIX TEIJIOTEXHUUSCKUX CBOMCTB.

Ha puc. 4 npencrapieHa 3aBUCUMOCTh MTPOU3-
BOJIUTEILHOCTH P OT BIaXXHOCTH W H JI0JIN HedTe-
[IJJAMOB X COMIACHO TMOJYYCHHOMY YpPaBHEHHIO
perpeccur B BHJE IOBEPXHOCTH B TPEXMEPHOU
cucTeme KoopauHar [6].
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Puc. 4. 3aBUCUMOCTb NPOU3BOAUTEIHLHOCTH OT BIAYKHOCTH
U JIOJH He(TEILIaMOB

Fig. 4. Dependence of productivity on humidity
and proportion of oil sludge

B mponecce OpukeTHpOBaHHMSA Ha BBIXOIE M3
pabodero kKaHajia MaTpHUIlEl TEMITeparypa OpHKeTa
noBeimaercs Ha Benumauay AT = (10-15) °C, gro,
C OZIHOU CTOPOHBI, 00ECIIEUNBACT U C 3a1IaCOM YJIO-
BIIETBOPSICT TPEOOBAHUAM IOKapoOE30MacCHOCTH
npuMeHeHus: Hedrecomepkamux orxonos. C apy-
roif — HeOONBIIOE TOBBIIICHUE TEMIIEPaTyphl CIIO-
COOCTBYET YCKOPEHHIO CYyIIKHM C(OPMOBaHHBIX
OpHKETOB, a HCIOJIb30BaHUE HedTecomepKamux
OTXOZIOB B COCTaBE TOIUIMBA JOIYCKaeTcs K IpH-
MEHEHUI0 MHHUCTEPCTBOM MPUPOIHBIX PECYPCOB
W OXpaHbI OKpyKatoriei cpensl Pecriyonukn bena-
pychb cormacao TKIT 17.11-01-2009 [7].

BrnaxkHocTh cMecu B pa3paboTaHHOW ycTaHOB-
K€ WrpaeT BaXHYIO POJb M, KaK BHIHO U3 MOJIY-

Hayka
wTexHuka. T. 20, Ne 1 (2021)

YEHHOW 3aBHCUMOCTH, OHA B [IEPBYIO OYEPEb BIIU-
sIeT Ha TPOU3BOIUTEILHOCTh PAa0OTHl OPUKETHPY-
foriero obopynosanus. Tak, MpU BIAKHOCTH Me-
mee 30 % Opukernpyemass macca He (opmyercs
npu pabodyWx TmapameTpax IIHEKOBOIO Mpecca.
Ilo Mepe pocTa BIAXHOCTH CMECH MPOHM3BOMH-
TENILHOCTh CHaYasa PacTeT, JOCTUraeT MaKCHMyMa,
a 3areM yMeHblnaercs. [IpuueM mpu BiIaKHOCTH
oonee 60 % Qopmyemast Macca CTAHOBUTCS MACTO-
00pa3HO, YTO HE TMO3BONACT TMOJYyYaTh MOJHO-
LUEHHBIA yAepKUBAIOIIMNA 3aJaHHy0 (HopMy Kap-
Kac OpuKeTa, MPUTOTHBIA IJI TPAHCIOPTHPOBKU
U CYLIKH [8].

MHoroo0pa3ue (HU3UKO-XUMHUECKUX U CTPYK-
TYPHO-PEOJIOTUYECKUX MPOILECCOB, KOTOpPHIE TPO-
TEKAIOT B mepuon (HOpMOBaHHS CTPYKTYpHOTO
Kapkaca Opuketa, 00yCIIOBICHO OONBIIUM KOJHIC-
cTBOM (pakTOpoB. BimsHME KaXXKIO0TO M3 HHUX OKa-
3BIBACT BO3JCHCTBHEC HA HMHTEHCHUBHOCTH aJre3H-
OHHBIX B3aMMOJICHCTBUI KaK BO BPEMSI MOITOTOBKH
CMecH, Tak U Ipu ee OpukeTrpoBanuu [9, 10].

HccaenoBanue IKCIIIyaTalMOHHBIX
XapaKTePUCTHK

Cpennt OCHOBHBIX (DaKTOPOB, OKAa3BIBAIOIIIHX
CYIIECTBEHHOE CTPYKTYpOOOpasyloliee JeicTBUE,
KaK TOKa3aJd TPOBEIEHHBIE HCCIECNOBAHUS pa3-
JITYHBIX COCTABOB MHOTOKOMITOHEHTHOTO TBEPJIOTO
TOIUIMBA, IPEXKJE BCEro, CIEAYET yUYUThIBAThH I'pa-
HYJOMETPUYCCKUH COCTaB, aKTUBHOCTh ITOBEPXHO-
CTH, BIXXHOCTb OpPUKETHPYEMBIX KOMIIOHEHTOB,
YCJIOBUA W IMPONOpHHUU CMCHIMBAHWUA KOMIIOHCH-
TOB, NaBJICHUE OpukeTUpoBaHus. [paHymoMeTpH-
YECKUH COCTaB ONpeeNsieTcsi CyMMapHO# OBepX-
HOCTBIO COIPUKOCHOBEHHUSI OpHKETHPYEMBIX 4a-
CTHII, YKCJIOM Y BEIIUYUHON IyCTOT B CTPYKTYPHOM
KapKace TOIUTHBA, COAEP)KAaHWEM OCTPOYTOIBHBIX
9acTHIl, perbe(oM UX TTOBEPXHOCTH 1 00s3aTEITHHBIM
HaJIMYHUEM B COCTaBE MBIICBUIHBIX YacTHIL [6].

TakXe CTOUT OTMETHTh, YTO HEMOCPEICTBEH-
HOE WCIONb30BaHUE HedTecoaepKalluX OTXOJ0B
BBITIONTHSIET Psil GYHKIMH, B TIEPBYIO OYEpelb SIB-
JSETCS CBA3YIOUIMM KOMIIOHEHTOM HPH TIPOU3BOJI-
CTBE 3TOT0 BHJA TOIUIMBA, BO BTOPYIO — YBEIHUH-
BaeT N0 HE0oOXOAMMOTo (3a1aBacMOro) YpPOBHS
TCIUVIOTCXHUYECKNE XAPAaKTCPUCTUKHU MOJIYyHaeMOro
TOIUTMBA, a TPH BBICBIXaHWW HedTecoaepKalme
OTXOABl 00€cIeunBaOT THIAPOPOOHBIMH CBOWM-
CTBaMHu Tmojaydaemoe TtomauBo. Ha puc. 5 mpen-
CTaBJICHBI WCCIENIOBaHUS THIPO(GOOHBIX CBOKCTB
IyTeM TOJHOTO IOTPYXEHHsSI B BOJY PazsIUYHBIX
BHJIOB TBEPJIOTO TOILINBA.
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Puc. 5. T'padux U3MEHEHHUs MacChl Pa3IMYHBIX BUAOB TOILUIMBA, IIOTPY)KCHHBIX B BOJY:
1 — 6pukets! u3 omwiok Pini Kay; 2 — Topobpuker; 3 — MHOTOKOMIIOHEHTHOE TBep1oe Torso MSF

Fig. 5. Graph of changes in the mass of various fuels submerged in water:
1 — sawdust briquettes Pini Kay; 2 — peat briquette; 3 — multicomponent solid fuel

Hcnonw3oBanue HedTecomepKaIMX TOPIOYMX
OTXOJIOB B TEXHOJIOTUSIX OPUKETHPOBAHHS pEIIaeT
P KOMITJIEKCHBIX 3a7ad, B TOM YHCIIE€ BOMPOCHI
X KOMOWHUPOBAHHOHN yTHIIM3AINH, a TAK)XKE CKIIa-
JUPOBaHUS W TPAaHCHIOPTHPOBKU MPOAYKIHMU Oe3
MBUICHUS U TIPOJIUBOB.

[IpoBeneHHBIE WCCIIEOBAaHUS XapaKTEPUCTHK
COCTaBOB TOIUIMBA W HWHCTPYMEHTAJbHBIE 3aMepPbI
BEIOPOCOB BPEIHBIX BEUICCTB MPU CKUTAHUH TOII-
JIUB C MCIIOJIb30BaHUEM HauOOJIee pacipoCTpaHeH-
HBIX BHJIOB OTXOJIOB, 00pa3yromuXCcs Ha MPeIIpH-
SITUAX TPOMBINUIEHHOCTH, OOBbEKTHBHO ITOKa3bIBa-
0T TMEpPCHEKTUBHOCTb BHEIPEHUS TEXHOJIOTHI
nonyudenust MSF-romnuBa.

AKTyaJTbHOCTh peIIeHUsT TpodsieM mepepadoT-
KA TOPIOYHX OTXOJIOB C MCIIOJIb30BaHUEM JOCTYII-
HBIX TEXHOJIOTMH MOATBEPKAAECTCA BO3POCIIUM
HHTEPECOM K pa3pabOTaHHOW TEXHOJOTUU U TEX-
HOJIOTHYECKOMY 00OpYIOBaHHIO HE TOJBKO B Pec-
nyOnuke bemapych, HO ¥ BO MHOTUX cTpaHax EB-
ponbl u A3uM, TAE MPOBEICH pAN SKCIEPUMEH-
TaJbHBIX U TCOPETUIECCKUX HccaeaoBanmii [11].

BbIBO/IbI

1. TexHoaOrMsI HM3TOTOBJIEHHS MHOTOKOMIIO-
HEHTHOTO TBEPJOI0 TOIUIMBA METOIOM OPHUKETHPO-
BaHUS JIa€T BO3MOXKHOCTb MPUMEHSTH IIUPOKUH
CIICKTP MAJIOMCIIOJIB3YEMBIX TOPIOYHMX OTXOJO0B B
KauecTBE TBEPIOTO TOIUIMBA C BO3MOXXHOCTBIO MX
CXKMTaHWsl B Pa3IUYHBIX TEIIOTEHEPUPYIOLINX
YCTPOHCTBAX.

2. Pa3zpaboTaHHasi TEXHOJOTHA IMO3BOJAET B
MIPOMBIIUIEHHBIX 00beMax MPOU3BOAUTHE MHOTO-
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KOMITIOHCHTHOC TBepI[oe TOIINIMBO C 3aJaHHBIMU
TEXHUYECKAMH W DHEPIETHYECKUMH XapaKTepH-
CTHKaMH, YTO B II€JIOM CIIOCOOCTBYET YJTyUIICHHIO
JKOJIOTHYECKON OOCTAHOBKH.
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Buenpenue ungpoBoro ynpasjeHusi IPpOeKTAMHU CTPOUTEIbCTBA
U IKCILUTyaTauuu SHePro3geKTUBHBIX KUJIbIX IOMOB

JlokTopa 3KOH. HayK, npodeccopa B. I1. ['paxos”, A. JI. Kysuenos",
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Pedepat. PaccmoTper Bompoc o mepexosne Ha NH(POBBIE TEXHOJIOTUH YHPaBICHUS B cepe CTPOUTENBCTBA U SKIIIUIITHO-
KOMMYHAaJBHOTO X03stiicTBa B Poccum, a Takxke B Ipyrux crpaHax. PazpaboraHa onTUMH3anMOHHAS METOIUKA MPUMEHEHHS
1 (pOBOI IKOHOMUKH Ha IIPUMEpPE CYLIECTBYIOLIEH CUCTEMBI YIPABJICHHUS HEBHKUMOCTBIO — B MUKpopaiioHe « CTOJIMYHBII
ropona Mxercka (Ymmyprtckas PecnyOmuka, Poccuiickas ®denepanust). Onucanbl CyIIECTBYIONIME W pa3pabOTaHbl HOBBIC
HPOEKTHI LU(PPOBBIX TEXHOIOTHH, BHEJPEHNUE KOTOPBIX MOBBICUT 3()(HEKTUBHOCTh PEATN3aLUH CTPOUTEIHCTBA U IKCILTyaTa-
MU KWIBIX 10MOB. ChopMUpOBaHA METOIMKA CO3/IaHUS ONTHMH3AIMOHHON MaTeMaTHYECKOH MOJIEIN YIIPABIICHHS IIPOCKTa-
MM CTPOMTEIBCTBA U SKCIUTyaTalluK 3HEProdhPeKTUBHBIX JKHIbIX JOMOB. J[aHBI IIPEANOCHUIKM U CX€Ma COBMECTHOTO BHEpE-
HHS JAHHOW MOJeTH U IUGPOBBIX TEXHONOTHH ISl YIy4IIEHUs] KadeCTBa CTPOMTENBCTBA M IKCILTyaTallUH >KHIBIX JOMOB.
B pamxax HaumonansHOH mporpammsl «LludpoBas sxoHOMEKa Poccuiickoit denepannmy npeasoxkeHa MOITAaHAsS METOAU-
Ka BHEIPEHUS IU(POBBIX TEXHOJIOTHH B TPaJOCTPOUTENBHYIO AEATENBHOCTD, a Takke B Cepy JKIIMIIHO-KOMMYHAIBHOTO
X03s1iicTBa. PaccMOTpeHBI MpenMyInecTBa NCIIOIb30BAHMS TEXHOJIOTHH OJOKYEHH B yIPaBICHUN IPOEKTAMH CTPOUTEIHCTBA
1 SKCIUTyaTaliX YHeprod3((eKTUBHBIX JKIIBIX TOMOB. [IpiMeneHne pa3paboTaHHBIX METOMK, YOBIETBOPSIOMNX 3aIpOCaM
YYaCTHHKOB CTPOHUTEIBHON JIESITENBHOCTH U C(ephl JKIIUITHO-KOMMYHAIBHOTO XO3SHCTBA, MO3BOIUT MOBBICHTE (D (EKTHB-
HOCTbH HE TOJIKO CHCTEMBI YIIPABIECHUSI CTPOUTENECTBOM U SKCITyaTanuel 3HeprodpeKTHBHBIX JKHIJIBIX JIOMOB, HO ¥ OOIIYIO
3¢ dexTHBHOCTS BHEAPEHNUS MU(PPOBOTO yIpaBieHHUs B cepy HEeABWKUMOCTH. IIpeoxkeHHOE MporpaMMHOE oOecredeHne
«ABPUC» MOXET HCHONB30BaThCS B SKMIMIIHO-KOMMYHAIBHOM XO3SIHCTBE IJISI ONTHMHU3ALUHM W OTCIEKHMBAHUS pacxona
pecypcoB, JKU3HEHHO HEOOXOANMBIX ISt KOM(OPTHOTO MPOXKUBAHUS HACEIICHUSL.

KiaroueBble cioBa: nudpoBas >KOHOMHKA, XHMIHMIIHO-KOMMYHAJIBHOE XO3SHCTBO, CTPOUTENHCTBO, LU(POBU3ALUSI, SHEP-
ro3(deKkTuBHBIC KHUIIbIE 10Ma, U(PPOBbIE TEXHOJIOTHH, YIIPAaBIEHHE dKCILTyaTaluel XWwiblX 31anuid, BIM-texnonoruu, 06-
JIauHBIe TEXHOJIOTUH, porpaMMHoe obecrieuenne «ABPHCy

Jns uutupoBaHus: Brenpenne uudpoBoro ynpasieHuUs MPOSKTaMU CTPOUTEINILCTBA U OKCILTyaTallMK SHEProdhHpeKTUBHBIX
sxuibix gomos / B. I1. T'paxos [u np.] // Hayka u mexnuxa. 2021. T. 20, Ne 1. C. 66—74. https://doi.org/10.21122/2227-1031-
2021-20-1-66-74

Implementation of Digital Project Management for Construction and Operation
of Energy-Efficient Residential Buildings

V. P. Grakhov", A. L. Kuznecov"”, Yu. G. Kislyakova", U. F. Simakova", Y. O. Knyazeva"
DKalashnikov Izhevsk State Technical University (Izhevsk, Russian Federation)
Abstract. The paper considers an issue of transition to digital management technologies in the field of construction and housing

and communal services in Russia, as well as in other countries. An optimization methodology for the application
of the digital economy has been developed using the example of the existing real estate management system in the Stolichny
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Microdistrict of Izhevsk city (Udmurt Republic, Russian Federation). The existing and developed new projects of digital tech-
nologies are described, the introduction of which will increase the efficiency of the construction and operation of residential
buildings. A methodology has been formed for creating an optimization mathematical model for managing construction and
operation projects of energy-efficient residential buildings. Prerequisites and a scheme for the joint implementation of this
model and digital technologies are given to improve the quality of construction and operation of residential buildings.
The paper proposes a phased methodology for the introduction of digital technologies in urban planning, as well as in the field
of housing and communal services within the framework of the national program “Digital Economy of the Russian Federa-
tion”. The advantages of using block-chain technology in the management of projects for the construction and operation
of energy-efficient residential buildings have been studied in the paper. The application of the developed methods that meet
the needs of participants in construction activities, as well as the housing and utilities sector, will improve the efficiency of not
only the management system for the construction and operation of energy-efficient residential buildings, but also the overall
effectiveness of the introduction of digital management in real estate. The proposed ABRIS software can be used in
housing and communal services to optimize and track the expenditure of resources vital for a comfortable living
of the population.

Keywords: digital economy, housing and communal services, construction, digitalization, energy-efficient residential buil-
dings, digital technologies, management of residential building operation, BIM-technologies, cloud technologies, ABRIS
software

For citation: Grakhov V. P., Kuznecov A. L., Kislyakova Yu. G., Simakova U. F., Knyazeva Y. O. (2021) Implementation
of Digital Project Management for Construction and Operation of Energy-Efficient Residential Buildings. Science and Tech-

nique. 20 (1), 66-74. https://doi.org/10.21122/2227-1031-2021-20-1-66-74 (in Russian)

BBenenue

B coBpemeHHO#H pBIHOYHOU cuTyanuu nudpo-
Bas TpaHcdopMmanus BcexX oTpaciieii SKOHOMUKH, B
TOM 4Hcie cepbl KUIHITHO-KOMMYHAIILHOTO XO-
3siictBa (OKKX), HensOexHa. [l 3Toro enuHbIM
IU(POBBIM MPOCTPAHCTBOM JOJDKHBI OBITH OXBa-
YEeHbl BCE MAPTHEPHI U YUYACTHUKH ONPENEICHHOTO
BUJA JeSTETHFHOCTH.

CeroaHsi «yMHBIC)» TEXHOJOTHU B CTPOHUTENb-
CTBE M JKCIUTyaTallMM >KUJIBIX JAOMOB — 3TO Ipa-
MOTHO€ BJIOXKECHHE ICHEXXHBIX CPEICTB, CHMKAIO-
niee pacxobl Ha NMPOXUBAHUE, & TAKKE IKOHOMSI-
mee (MHAHCH TIPU HWCIOJIB30BAHUM PA3THMIHBIX
WH)KCHEPHBIX CUCTEM, MOBBIIIAIONUX KOM(MOPT
MPOKMBAHUS U COKPAILAIOIIKX 3aTPAThl HA YIIPaB-
JIEHUE BCEMU BO3MOHOCTSMM JKUJIOTO IOMa.

B Ommxkalinmme necsaTh JIET OJHO M3 OCHOBHBIX
HaIpaBJICHUI HAIMOHAIBHON MOJIUTUKU — CO3[a-
HHUE U pa3BuTHE HU(PPOBON SKOHOMHKH. Pazymeer-
cs, BHEJIPCHHE WHHOBAIMH 3aTPOHET a0COIOTHO
BCE CEKTOpa HKOHOMHMKH. Jlaxke ecnm paccMaTpu-
BaTh TOJBKO OTPACiIb CTPOHUTENBCTBA U cdepy
KOMMYHAaJIBHOTO XO3SHCTBa, TO MEPexo]| Ha Iud-
POBBIE TEXHOJOTUU YIPABICHUS — ATO YK€ HOBBIE
BO3MOHOCTH [1].

Ha ocHoBe aHanu3a MHPOBOIO OIBITa MpHUME-
HeHUSI MUGPOBBIX TEXHOJOTHA B CTPOUTEIHCTBE
u ctepe XKKX MoxkHO crenaTh BBIBOJ, YTO B CTpa-
Hax, JUAUPYIOMIMX TIO0 YPOBHIO HCIOJIB30BAHUS
TaKuX TEXHOJIOTH, HabmomaeTcs 3(h(HEeKTUBHOCTH
UX BHEAPECHHUS B KOJIMYECTBEHHBIX M KayecT-
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BEHHBIX 3HAYeHUsAX. Takum oOpaszoMm, myTeM
MIPUMEHEHUST UHQOPMAIIMOHHBIX CEPBUCOB B JaH-
HBIX 00JIACTSAX MOXKHO JOOUTHCS pOCTa MPUOBLIH,
MOBBIIIICHUS TIPOM3BOJIUTENIEHOCTH, ITOKa3aTesel
pEHTA0ENBHOCTH, COKpAICHHUSI POU3BOJAUMBIX
3arpar [2].

B nccnenoBanny aBTOPBI CTAThH UCTIOIB30BAIIN
KOMITBIOTEPHYIO MOJETh JKHIIOTO MHUKpopaiioHa
«Crommunsnity B Topome VbkeBcke (Yamyprckas
Pecrryommka, Poccuiickas ®epepanus), kotopas
IIpeJCTaBlIeHa B BUJIE CTPYKTYPhI CUCTEMBI YIIPaB-
JICHUS KUITUITHO-KOMMYHAJIbHBIM XO3SIUCTBOM
MUKpOpaioHa, a TaKKe TEXHOJIOTHYECKOW CXeMOU
MPOILIECCOB YMpaBieHUs. DTO JaeT BO3MOXKHOCTb
ommpoOOoBaTh pa3IMYHbIe TPHUHIUIB BHEAPEHUS
IM(pPOBBIX TEXHOJIOTUH B yIpaBJICHUE JKCILTyaTa-
Uel JKUIIBIX 3JaHUH.

B crpourensHON cdepe Beaymmx cTpaH MHUpa
BHEJIPEHUE TEXHOJIOTHN WH(POPMAIIMOHHOTO MOJIe-
mupoBanust Building Information Modeling (BIM)
MIPOUCXOAUT AKTMBHO W JOCTATOYHO MAaCIITaOHO.
3710 00BACHSIETCS BHITOJaMH, KOTOpbIE HpHOOpe-
TAIOTCS HA Pa3HBIX dTalax pealn3aluH MPOoeKTa
Y Ha Pa3NINYHbIX YPOBHIX — rOCYAapCcTBa, OTPACIIH,
OTHETHLHOTO IpeaupusThs [3].

Iudposas 3xoHOMHKA
B YIIPABJICHUM IIPOEKTAMHU
CTPOUTEJIBCTBA

JKunuiHo-KoMMyHaIbHOE XO3SICTBO — OfIHA U3
HauboJee BIHUATEIBHBIX cep, Tlie BHEIPEHUIO HH-
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(hOpMaIMOHHBIX TEXHOJOTHH TIPUHAIIICHKHUT
IJIaBHas poJib B Pa3BUTHH Beel oTpaciu. 31ech
MOJ] BO3JECHCTBHEM COBPEMEHHBIX M BHOBBb
MOSBIIAIONINXCA  U(POBBIX HMHPOPMAIMOH-
HBIX TEXHOJIOTHH MPOMCXOIAT CyIECTBEHHBIE

N3MCHCHHA B YIIPaBJICHUM W OKCIUTyara-
i [4].
Ha puc. 1 npeacrasnena kinaccupukanus

KnaccHueckas MoTenb . nuc
yopasneHHS MK «07. JKKX»
- " TIK «CT3K
i KKX»
' Mopeny ynpasieHus ;
MK/] ¢ npumeHeHnemM
Momens ynpasieHHA ] | «BUPL

00JIaYHBIX

MHOTOKBAPTHPHEIMH KKX»
JKHIIBIMH JOMAMH .

MHHOBAIIMOHHBIX
TEXHOJIOT M

MOJeNiel ynpaBieHUs] MHOTOKBapTHPHBIMH
skuaeiMu - goMamu  (MKI), meiicTByromumx
cerogHs Ha Teppuropun Poccuiickoit ®@ene-
pauuu.

C xaxIpIM rofioM Bce OosblIas 4acTh
HAaceJeHUS] MPEANoYUTaeT HCIHONb30BaTh
JIOTIOJTHUTENIbHBIE MH(POPMAIIMOHHBIE CEPBU-
CBI, I'/I¢ BO3MOKHO HAaNpsAMYIO 337aBaTh BOIPOCH
PYKOBOJUTENSIM TOPOJCKHUX YIPABICHUH, YIIpaB-
JSIFOIMX KOMIIAHUHM, TOBAapHUILECTBaM COOCTBEH-
HukoB xuibs (TCXK). CnenoBarenbHo, OAHON U3
HanOoJiee BaXKHBIX 3amad pa3BuTusa cheprl XKKX
ABJSIETCSl CO3/1aHME MHOTO(YHKIMOHAJIBHBIX HH-
(OpPMAILTMOHHBIX CEPBHCOB, MO3BOJISIONINX HKUTE-
nM OBICTpO W 0e3 mpoOiieM MONYYHUTh Ty WK
UHYIO yCIIyTy [6].

IIpuBenem cuibHblE U ciladble CTOPOHBI KaX-
noii u3 mogeneii ynpasinenus MK (tabm. 1).

OneHka mokasarenell CHIBHBIX U CIa0bIX CTO-
POH JEHCTBYIOIIMX B HACTOSILIEE BPEMS MOJENEH
ynpasneans MK/] npexncrasiena B Taba. 2.

{ Domosite.ru

«JIura XXKX»,

Monemm yupasieaua r. Exare-
MK]] ¢ npaMeHEHHEM ~ puHOYpr |
BeiycerseREoro
HHTELIEKTA Moii.Dom,

4 r. MockBa

Puc. 1. Knaccudukanus Moaeneid ynpaBieHUst
MHOTIOKBapTUPHBIMU KUJIBIMH JOMaMu [5]

Fig. 1. Classification of apartment building
management models [5]

[Ipoananu3upoBaB CHIbHBIC U CJIa0bIe CTOPO-
HBI KOHKYPEHTOB, OTMETUM, YTO OCHOBHBIM HEJO-
craTkoM cucteM ynpasienus MKJl c mpumene-
HUEM HCKYCCTBEHHOTO WHTEIUICKTa SIBIAETCS
BBICOKAass CTOMMOCTh aBTOMATHU3allUd CHUCTEMBI,
MMOCKOJIBKY JIJISl 3TOTO HEOOXOAMMO 3aHOBO CO3/1a-
BaTh wargopmy s paboTel. CHIIBHBIE CTOPOHBI
TaKUX CHUCTEM — «IIPO3PAYHOCTH» PACUETOB KOM-
MYyHaJIbHBIX YCIIYT, a TaK)Ke WHBIX MPABOBBIX J0-
KYMEHTOB, HEOOXOMUMBIX 7151 (hYHKITMOHUPOBAHIS
cuctembl JKKX, u 6e30macHOCTb ceTel MaHHBIX,
YTO FapaHTUPYET HEBO3MOXKHOCThH IEPE3aANUCH.

Tabnuya 1

CuibHbIe U c1a0ble CTOPOHBI MO/IeIell yIpaBIeHns] MHOTOKBAPTHPHBIMH KHJIBIMH JOMaMH

Advantages and disadvantages of apartment building management models

Hanmenosanue CTOPOHBI MOJICIIH YTIPABIICHUS
MOJIeIH YIIPaBICHUS XapakTepucTuKa
MHOTOKBapTHPHBIMU MOJIENH YIIPABICHUS
pTHp ACTH yIIp CunpHble Cnalsle
JKHJIBIMH IOMaMU
1 2 3 4
Knaccuueckas ABromaTuzanus paboyero mecta |HeGonplas neHa. Henpospaunocts 6u3Heca.

TCXHUYCCKUX CIICITHAIMCTOB
JJIs yu06cha pacucTa U BEACHUS |CCTHU.
JCJ1 YOPaBJISIOIIUX KOMITaHHI

Jlerkoe Texandeckoe odcmyxuBanue |HeoOXomamMoCTh B mocpeTHUKax

IIpucyrcTByer ynpasnstomuii opran, |Her rapantun 6e3omacHoCcTH ceTn

u TCXK OTBETCTBEHHBII! 3a pa3BUTHE JIaHHBIX.
TEXHOJIOTHH. Pacxob! Ha aIMUHUCTPHPO-
CpenHee noTpebIeHne KOJINYECTBa BaHME CETeH.
3NEKTPO3HEPTUH HenocTynmHOCTB K CETH JaHHBIX

IIpH TPpaH3aKIUAX.

B JIF000€ BpeMsL.

Het Bo3MOkHOCTH co31aHHA 00-
niel 3NMeKTPOHHOM 6a3bl TaHHBIX.
[Tnoxas ananranus

KaK TeXHHYECKHX CICIIUAINCTOB,
TaK u xuiboB MK/
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Oxkonuanue maba. 1

1

2

3

4

Ha 6a3e 001aunbIx
MHHOBALIMOHHEIX
TEXHOJIOTHI

Jlns pernoHa bHbBIX

1 MyHHUIUNAIEHBIX OPraHOB
BJIACTH, yNPaBIAIOLIIUX
OpraHu3alnii, pacCYeTHO-KaCCOBBIX
LICHTPOB.

OcHoBHas 11eNb — y100CTBO paboTHI
¢ aboHeHTaMH

Jlerkoe TexHuueckoe OGCJ'Iy)KI/IBaHI/IC
CCTH TaHHBIX.

IIpucyTcTBYyeT ynpaBisOLIMi OpraH,

OTBETCTBEHHBIH 3a pa3BUTHE
TCXHOJIOTHUH.
Jlerkas amanTamus Kak TEXHHYECKUAX

CIICTIMAIIMCTOB, TaK U KWIboB MK/,

JloCcTyITHOCTB K CeTH JaHHBIX

B J1E000€ BpeMsl.

Co3nanue o01e AIeKTPOHHON
0a3bl JaHHBIX.

Jlerkas aganramus >xmeioB MK/,
OTcyTcTBHE HEOOXOAUMOCTH

B IIOCPEHUKAX IIPU TPAH3AKIIIX

Hemnpo3paunocts 6u3Heca.

Her rapanTtuu 6€30macHOCTH ceTH
JIAHHBIX.

Pacxonpl Ha agMuHMCTpUPO-
BaHHE CETEH.

HeobxomumocTs cozpanus
CEpBEPOB ISl XPAHCHNUS JAHHBIX.
JloporoBusHa BHEIpEHMUSL.
IInoxas aganTanus TEXHUYECKUX
CIICLIUAJINCTOB.

TlotpeGienne 60mBIIOTO
KOJIMYECTBA ICKTPOIHEPTUH

C npuMeHeHuemM
HUCKYCCTBEHHOT'O
HUHTEIJJIEKTa

I1IO «ABPUC» TecHO cBsi3aHO

C TEXHOJIOTHEH « Y MHBIHA JIOM»,

a IMeHHO: nHdopmarus, coopaH-
Hasi ¢ Pa3IMYHbIX 10 creruduKe
PpaboThI CHICHUATTBHBIX TATYHKOB
TEXHOJIOTHHU «YMHBIN TOM»,

besonacHocTh ceTeli JaHHBIX.
CHmKeHHe HaKJIAJIHBIX PacX0/I0B Ha
aJIMUHHCTPHPOBAHUE CETEH.
Bo3MOXXHOCTD (pUKCALMK BPEMEHH
pa3MelleHust T00bIX JOKyMEHTOB.
OT1cyTcTBHE HEOOXOAUMOCTH B TIO-

JloporoBusHa BHEPEHUSI.
IInoxas aganranys TEXHUYECKUX
CIIEIMAJIUCTOB.

OtcyTCTBHE YHPaBIISIOLIErO
opraHa, OTBETCTBEHHOTO

3a pa3BUTHE TEXHOJIOTHU.

YCTaHOBJICHHBIX B KHJIBIX
3IaHMAX I cOopa nH(popManuy,
Oyzmet popMHUpPOBATHCS

B HE3aBUCUMYIO 0a3y JaHHBIX

B paMKaxX TEXHOJOTUH OJIOKUCHH

CPEeIHUKAX TIPU TPaH3aKLHAX.
[Ipo3paunocts Ou3Heca.

Her Heo6xoaumocT co3nanus
cepBepoB

TlotpeGienne 60mBIIOTO
KOJIMYECTBA SJICKTPOIHEPTUH

Tabnuya 2

OueHka nmokasareJiei KOHKypeHTOCHOCOﬁHOCTﬂ Moueneﬁ YupaBJjiecHUSI MHOTOKBAPTHPHBLIMHU KWJIBIMHU TOMaMHU

Assessment of competitiveness indicators of apartment building management models

Pemarorunii ¢axrop

OrneHka oKa3aTes

-3

-2 -1 0 1 2 3

CTOMMOCTBH aBTOMATH3alUN

__| R A

Apnanraniys K CHCTeMe aBTOMAaTH3al|Ki

TexHnueckoe 000pyJOBaHKE AT UCTIOJIB30BAHUS CHCTEMBI

T
"

BezonacHoCTh ceTeil JaHHBIX

N

«IIpo3payHOCTB» pacueToB

.

b

>

Venosnvie o6o3nauenus: ® — knaccuueckue cuctemsl ynpasnenus MKJ; P — moxaens ynpasienus MKJ] ¢ npumeHneHnemM 00-
JIAYHBIX HHHOBAIMOHHBIX TEXHOJIOTWil; M — Mozeinb ynpasierus MK]] ¢ npuMeHeHneM HCKYCCTBEHHOTO HHTEIUICKTA.

WuHOBaMoHHBIE METONIBI B c(hepe UCIob30Ba-
HUS SHEPTOPECYPCOB — 3TO KIIOY K PELIEHUI0 Mpo-
OsieMBl HEpalMOHAJIBHOTO WX MPUMEHEHHS B IPO-
I[eCCe CTPOWTEIhCTBA M JKCIUTyaTallMHd 3IaHHM.
Jis onTEMU3anuM apaMeTpoB dHEProdhHEeKTHB-
HOCTU COOPY>KEHHH HEOOXOIUMO COCPEIOTOYHTHCS
Ha pa3pabOTKe METOAOJIOTHH M3MEpEHHH W TPHH-
IIUTIaX OPTaHU3AINH ITUPPOBBIX CHCTEM 3TaHui [7].

Mogens ynpaBieHUs] CTPOUTEIBCTBOM KHJIIOTO
JIOMa W B3aWMOCBS3b B HEHl YYaCTHUKOB CTPOH-
TeJIbCTBA MTOKa3aHbl Ha pUC. 2.
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wrexHuka. T. 20, Ne 1 (2021)

PaccmMoTpuM  Momenb  ympaBieHHS  CTpPOH-
TENbCTBOM M OJKCIUTyaTallMeil »XWJIbIX JOMOB Ha
npuMmepe Mukpopaiiona «Cronuusblii» Ixes-
cka. Mukpopailon «CTonuuHBII» — 3TO ydac-
TOK 3eMIM IuIomanbio 93,7 ra, BeICOTA 3JaHUN —
ot 10 mo 25 sTaxkeid, oOmas MIomManas KBAPTHP —
650 ThIC. M”, 4TO MOXET 0OECIICUNTh MPOKUBAHIE
OKOJIO 25,5 ThIC. YEJIOBEK.

B Mukpopaiione IeiCTBYeT OAHA YIpaBJIAIOIIAs
kommanus JKKY Ne 826 OI'VII «I'BCY Ne 8». IIpen-
CTaBUM CHUCTEMY YIIPABJICHUS MHOTOKBAPTHUPHBIM
JKIJTHIIHBIM (POHIOM KaK TPEeXypOBHEBYIO (puc. 3).
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Fig. 2. Multi-apartment residential construction management model
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Fig. 3. Housing management model of management company

[Ipu ympaBIeHUN CTPOUTEITHLHBIM OOBEKTOM C
ucroiab3oBanueM BIM-texHojiornii  mosBiIseTCA
BO3MOXKHOCTh OOBEIUHCHHUS HH(POPMAMOHHON
MOJICTT COOPY KCHHS Ha dTaIle pean3aIiii MpoeK-
Ta, TUTAHOBBIX M (PaKTHYEeCKHX Mokazateneid. Kpo-
M¢ TOTO, B PEKHME PEaTbHOTO BPEMEHH MOXKHO
KOHTPOIIMPOBATh HACTOAIILYI) KAPTHHY COCTOSHUS
00BEKTOB CTPOMTENLCTBA U TONYYaTh YIPaBJICH-
YECKYH0 MH(OPMAITHIO.

JIns  Ka4ecTBEHHOTO BBINONHEHUS  JTAHHBIX
(yHKIUI K TEXHOJIOTHSAM WH(POPMAIIMOHHOTO MO-
JISIUPOBaHUsT HEOOXOJUMO CO37aBaTh JIOTOIHH-
TETBHBIC TEXHOJOTHH, MPOTPAMMHEIC MPOAYKTEHI,
9TOOBI pa3BUBaTh M IOBHIIIATh WX TOTEHITHAT B
CTPOUTEIHCTBE U DKCILTYyaTAIIUH JKUJIBIX IOMOB.

[Iporpamma «ABPUC» Oyaer ucmosib30BaThCs
B cepe XKKX mis onTUMHU3AIMH ¥ OTCISKUBAHUS
pacxozia pecypcoB, XKU3HEHHO HEOOXOIUMBIX IS

70

koM(popTHOTO TIpokMBaHMA HaceneHus. [Ipumene-
Hue «ABPUC» mo3Boiser NoOMTbCS TakuxX Mpe-
HMYUIECTB, KaK:

— BHEJIpEHHE AaBTOMATH3UPOBAHHBIX CHCTEM
cbopa JaHHBIX Ha OCHOBE MCKYCCTBEHHOTO WHTEI-
JIeKTa, MO3BOJIOIIUX HAONII0aTh, KOPPEKTHPO-
BaTh, a TaKXXe NOIJECPKHUBATh JKWUJIbIE J0Ma B
Ha/JIeKaIIeM JUId IPOKUBaHUS COCTOSTHUM;

— 3amuTa WHGOpPMAINH 32 CYET MPUMEHEHHS
TEXHOJIOTUM OJIOKYCHH — Tak coOpaHHas HHDOp-
Malks XpaHUTCS Ha MHOXKECTBE KOMIIBIOTEPOB
OJTHOBPEMEHHO, YTO HE MO3BOJISIET €€ TIOBPEINTH;

— DKOHOMMSI BPEMEHH U JEHEXKHBIX CPEJCTB;

— (UHAHCOBas COCTAaBISIOUIA — yMEHBILICHHUE
3aTpaT Ha B3JEKTPOIHEPIHI0, YTO AKTYaJIbHO IPHU
MOCTOSIHHO PacTyIIMX Tapudax.

Juis cozmaHuWsl TIPOTPaMMHOTO 0OOecrievYeHus
«ABPUC» mnpuBneueHa TEXHOJNOTUS OJIOKYCHH.
Bnokueitn — pacnpenenenHas 6a3a JaHHBIX, y KO-

Hayka
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TOpPOH YCTPOWCTBa XpaHEHUS JaHHBIX HE MOAKIIO-
4yeHBl K o0memy cepBepy [8]. DTta 0aza xpaHuT
MOCTOSIHHO PAacCTYIIMH CIHUCOK YHOPSIOYEHHBIX
3amuceld, Ha3bpIBaeMbIX Osiokamu. Kakaeiii 070K
COJIEP)KUT METKY BPEMEHH M CCBUIKY Ha Mpeibl-
Iyt OJIoK.

['maBHBIE MpeMMyIIECTBa HCIOIb30BaHMS OJIOK-
yeilHa — TPO3pAaYyHOCTh IPOBOJMMBIX OIEpanuil
¥ KOMUPOBaHHWE JITHUX OIEpalHii TaKuM 00pa3oM,
YTO y BCEX YYaCTHHWKOB IIpoIlecca BCerjga €ecTh
orepaTuBHas WH(POPMALKSA O KXKIAOM IIare mapr-
HepoB. Ho npu 5TOM y y4acTHHKOB pa3HBIN JOCTYII
K JTaHHBIM (aiinam [9].

[Iporpamma «ABPUC) cBsizaHa ¢ TexHOIOTHER
«YMHBIA JOM» TaKUM 00pa3oM, 9TO HHGOPMAIIHS,
coOpaHHast C PasIUYIHBIX MO CHEIUpUKEe PabOTHI
CHENUANbHBIX JTATINKOB TEXHOJOTHUH «YMHBIN
JOM», YCTaHOBICHHBIX B JXHJBIX 3OaHUSX IS
cbopa undopmanuu, 6yaer GopMHPOBATHCA B He-
3aBUCHMYIO 0a3y NaHHBIX B paMKaX TEXHOJIOTHH
onokueiin. CrnenoBaresibHO, Takas 0a3a MO3BOJISIET
pemunTs TpobiaeMy HEmpO3pavyHOCTH HAYMCICHUS
IIaThl 3a KOMMyHanbHble yeryru: « ABPYUCy» nos-
BOJIUT HAOJIIOJATh 38 HAYMCICHUSMH IUIATHl Jaxe
CO CMapT(OHOB C MOMOMIBIO CHEIHATBHOTO MpPO-
IrPaMMHOTO 00eCTIeYeHUsI.

Co3gaHne oNTHMHU3ALUOHHOM METOAMKHU
npuMeHeHus: UUGPOBOIl IKOHOMUKH
B YIIPaBJICHHMH HeIBUKUMOCTbHIO

OcHOBHasl 3aaya MOCTPOCHHS ONTUMHU3ALMOH-
HBIX MOJIENIeH YIIpaBJICHUS 3aKII0YACTCS B HAXOXKIe-
HHUU KcTpeMyMa (DYHKIMH TpH 3aJaHHBIX OrpaHH-

YEeHHUSX B BHJE CHUCTEM ypaBHCHUH U HEPAaBEHCTB.
Braronmapst WCHoONb30BaHMIO 3THX MOJENEH MOX-
HO HaWTH pemIeHWS MO IMOBBIMEHUIO S(PQPEKTUB-
HOCTH JEATENTbHOCTH TaKOTO  XO3SHCTBYIOIIETO
CyOBeKTa.

OnTUMH3AIMOHHBIC MOJIEITH YIIPABICHHS TIPE/I-
Ha3HAYeHbI JJIS1 BBISIBIICHHUS HAITYYIIETO PEIICHUS
IIpH COOITIONIEHUH 3apaHee 3alaHHBIX, OIPeNIeIeH-
HBIX U KOHKPETU3UPOBAHHBIX YCIOBHUU M OTpaHU-
yeHuid. MeToauka Cco3JaHus ONTHMH3AIMOHHOMN
MOJIETIM YIpaBiieHUs, Kak (hakTopa MOBBIIICHUS
3¢ HEKTUBHOCTH AEATEILHOCTH COBPEMEHHOTO XO-
3sCTBYIONIETO CyOBEKTa, IIpe/ICTaBlIeHa Ha pucC. 4.

OnpenenuM 1enb ONTUMHU3AINN MOJETH YIIpaB-
JICHHUS JIeATEIEHOCTBIO YIIPABISIONIEH KOMIIaHUH,
KaK yJydllleHHe MOoKa3aTeliell MOoIenupyeMol cu-
CTEMBI JICSITEIBHOCTH YIPAaBISIONEH KOMIIaHUH,
ImyTeM mmoadopa — BEIOOpa HEKOTOPHIX MapaMeTPOB
cucteMsbl. [lapamerpamu cucTeMbl 0003HAYHMM T10-
BhIIIEHNE I(PPEKTHBHOCTH AEATEILHOCTH YIpPaB-
JIAOMIeH KOMITAaHUH. 3a KPUTEPHUH ONTHMH3AINU
npuMeM (QYHKIMIO F(x) 1 HazoBeM ee (QyHKIHEH
ToBbIIIeHNsT 3()(OEKTHBHOCTH NEITENBHOCTH YIIPaB-
JSIFOILEH KOMITaHMH, KaK JesTeNbHOCTH COBPEMEH-
HOTO XO3SIHCTBYIOIIET0 cyOBbeKTa, KoTopas Oyaer
SIBJIATHCSI TIeNieBoi GyHknueit [10].

3aBUCHMOCTh ONTUMH3UPYEMOTO TIOKa3aTems
OT OTIENbHBIX MapaMeTpPOB X, 3HAYEHHS KOTOPBIX
MOKHO H3MEHSTh, BBIpa)kaeT LeneBas (yHKUUS.
Taxue mapameTpsl Ha3bIBAIOTCS YIPABISEMBIMU

X, =L2,..,n D

MeTonuKa cO3NAHNA ONTHMHA3AAOHHON MOIEIH VIIpaBICHIA NEATCIEHOCTRIO YT[paBJIHI-OU.[eﬁ KOMITAHHH

CdopmMupoBaH aJITOPUTM CO3AAHUS ONTUMHU3ALMOHHON MOJICIIH YIIPABJICHHS COBPEMEHHOTO X035HCTBEHHOr0 CyObeKTa

1. OnpenenieHre MOEIH YIPABICHUS IESATEIBHOCTBIO X035 HCTBEHHOTO CyObEKTa.
2. Onpenenenue rpymi nmokasatenei (pakTopoB), XapaKTepU3YIOIINX ASSITEIbHOCTh COBPEMEHHOTO X035 HCTBYIOIIETO

cyObeKTa.

3. OnpeneneHue MoKa3aTenel, XapaKTepU3yOMUX KaXIyI0 TPy, IPeUIOKEHHBIX B II. 2 JAHHOTO aJITOPHTMA.
4. ITocTpoeHre ONTHMHU3AMHOHHON MOJEH YIPABICHHUS AESTEIFHOCTHIO COBPEMEHHOTO XO3IHCTBYIOIIETO CyOBEKTa.
5. OnpeneneHue MaKCHMAJIBHOTO YPOBHS PeCypcocOepeskeHus! Y BHEPEHUH I(POBOTO YIPaBICHUS

B AEATENFHOCTH COBPEMEHHOTO XO3SIHCTBYIOMIETO CyOBEKTa.

B KayecTBE MO/ YIIPABICHHA NEATCIRHOCTRID XO3AMCTBYIONIETO CYOhEKTa GELTA BEIODAHA MOZIENb YIIPARIEHIT
JEATETbHOCTRI) YIPARIAKIIEH KOMIAHHM C [puMeHeHHeM BIM-TeXHONOTHil, OCHOEHBIMH [10K83aTeIAMI
KOTOPOH BBICTYAKT 00ECM HCOOXOIHMEX EOMMYHATBHBIX YCIIYT A MOANCPAEAH KOMGOPTHOIO IPCKHBAHAA
B 3J&HMH HACEJEHHA, O0bEM OIUIATHl 33 OKA3aHHbIE KOMMYHAIBHBIE YCIYTH, TOTOJHBIE YCIOBHS JIAHHOLL
TCPPHTOPHH, TCXHHYCCEOC COCTOAHNC HHKCHCPHBIX H HH@OPM&HI{O}H{B{X CHCTCM 30aHHA.

Puc. 4. MeTonpka co3IaHus ONTHUMH3AMHNOHHON MOACITH

Fig. 4. Methodology for creating optimization model

Hayka
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YrnpasnseMble napaMeTpsl X; HE3aBUCUMBI APYT
OT Apyra W MOTYT H3MEHSTHCA B CYIIECTBYIOIINX
npeaenax IOMyCTHMON oOmactu D, B Tporecce
ONITHMU3AIINH.

AHanuTH4Yecku 007acTh JOMMyCTHMBIX 3HAYe-
HUI MOXXET 3aJ]aBaThCsl B BUJIE HaOopa PyHKIHUN

(pk(xl, Xyy ees xn):0. 2)

Chopmynmupyem 3amgady ONTUMHU3ANNH B 00-
IeM BHJE: C YUETOM OTpPaHHYCHHUN Ha yIIpaBIisie-
MbIE€ TIEpEMEHHbIE MUHUMHU3UPOBATh MO0 MaKCH-
MHU3HUPOBATH IENIEBYI0 (DYHKIIHIO.

Iloqg MuHHMH3aLMEN WIHM MaKCUMHU3ALUEN
(GYHKIIMH 7 TIEPeMEHHBIX Ha 3aJJaHHOM MHOXECT-
Be D, OyJeM cuuTaTh OINpPENCICHUE CaMOro BHICO-
KOr0 MHHHMYyMa JTU00 MakCHUMyMa 3TOU QpyHKIuu

F(x)zF(xl,xz,..., xn). 3)

[TockonbKy MUHUMH3AIMS IETIEBOH (YHKIMU
9KBUBAJICHTHA MaKCUMM3aLUU IPOTUBOIIOIOKHOMN
BEJIMYHMHBI, PACCMOTPHM MaKCHMHU3AIUIO LIEIEeBOH
hyHKIIH

F(x) > max. 4

PaccmoTpum moBbIieHuE 3PPEKTUBHOCTH He-
ATETBHOCTH YTPABJIAIOMIEH KOMITAaHMM KakK (yHK-
IIMI0, 3aBUCALIYIO OT 00beMa HEOOXOAMMBIX KOM-
MYHaJIBHBIX YCIIYT JUIS OAJIEp KaHHUsT KOM(OPTHO-
ro NPOXXMBaHWSA B 3/aHUM HAceleHHs (X;), OT
o0beMa OIuIaTBl 32 OKa3aHHbIE KOMMYHAaJbHBIC
ycinyrd (BOBJIEYCHHOCTh HACENIEHHS B JEATENb-
HOCTb YTPAaBISIOIEH KOMIAHHUM) (X7), MOTOTHBIX
YCIIOBUH AaHHOW TEPPUTOPUH (X3), OT TEXHHUYECKO-

IO COCTOSIHHUSI MHXCHEPHBIX M HMH(OPMALMOHHBIX
cucteM 3maHusa (x;). TakuMm oOpa3om, (GYHKITHIO
pecypcocOepexeHus IPH XO3THCTBEHHOHN JesITelb-
HOCTH YIPABISIONIEH KOMITAaHWU MOKHO TIpeICTa-
BHTH B BUJIE

F(x):F(xl,xz,x3,x4). (%)

OnpenenuM 00sacTh D, Kak (QYHKIHIO Orpa-
HUYEHUH B BUJIE

B(x)= B(xl, Xy eens xn), (6)

rie B — KoMIblOTEpHas MOJeNIb KOMILUIeKca 37a-
HHUH, co3maHHasg Ha ocHoBe BIM-texHoorui.
Takum 00pa3oM, ONTUMH3AIMOHHAS MOJIEIb,
MIPUBOJAIIAS K MaKCHUMH3AIMH pecypcocOepexe-
HHS XO34MCTBEHHOW AEATEIBHOCTH YNPABIISIOLIEH
KOMIIAaHUH, OYJIeT UMETh CIICTYIOIINIA BU/I;

F(x)=F(x1, Xy, X5, x4)—>max
npu B(x) = ¢k(x;, x5, ..., x,) =0. 7

B cnyuae TouHOro omnpezneneHus yCIoBHH, IpU
KOTOPBIX HAEHCTBYeT AaHHAas HKOHOMHKO-MaTeMa-
THYECKasl MOJIENIb, €€ ONTUMH3AUUs C HOMOLIBIO
MOCTPOCHUS ONTUMHU3ALMOHHONW MOJIENI PUBOIUT
K 3¢ ¢eKTUBHOM paboTe BCEeH CHCTEMBI, a MNMEH-
HO — K TIOBBILICHUIO 3P PEKTUBHOCTH YIyUIEHHBIX
MPOILIECCOB JIEATEIBHOCTH YNPAaBISIOMIEH KOMIIa-
HUM, COBMeIas B cebe BCE JOCTHIKEHHUS Tmepe-
JOBBIX ITH(POBBIX TexHooruil. Cxema mpesrmona-
raeMoil COBMeCTHOW pabOThl ONTUMH3ALUOH-
HOW MoJiend ¥ IM(POBBIX TEXHOJOTHH MOKa3zaHa
Ha puc. 5.

ONTHMMIELMA PECXOLOE
PECYPCOE MPH CTPOMTENLCTEE

BrHeapeHue H IECIUTYaTAL MK 3HABIX
30aHHA METEMETHH2CHOR MOgEAH

UHBPOELEX TRXHOAOTHH

"

Ynpasnenue

NocTtpogxke

\

OnTuMKIaLMoHHan
HEABHKHMOCTERD — MaTeMaTHYeckan
npK nomowE BIM-cpegm Mogent
W N0 «ABpAce

N

SJHCMAYSTILMA HUAOTD 3AZHHA

ONTHMaNnsHOE pelleHHe No

&«

MoK oNTHMEN BHBDE PELI.IEHHE

PaLMOHANEHOMY
MCNONL30BAH WD PECYPCOB NPK
CTPOMTENLCTEE M 3HCTUTYATALMM

HHABIX 40MOB

Ll

Cozgaumne yndposon

naaTdopmel gaa

3PEHTHBHOMND CTPOWTENBCTER
W 3HCIUTYETALMH MHABIX

LOMOB

Puc. 5. Cxema coBMecTHOI pabOTHI ONITUMH3AMOHHON MOJETHN U MU(POBBIX TEXHOIOTHI

Fig. 5. Collaboration scheme of optimization model and digital technologies
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Bueapenue cucteMbl «YMHBIA AOM» C LEJBIO
sHeprocOepekeHus 3PPEKTUBHO NPU MPABUIHHOM
BbIOOpE KaueCTBEHHBIX MOKazarened. Eciau yuecTs
onpeaencHus ko3 HUIMEHTa ydeTa Ka4ueCTBEHHBIX
MOKa3aTesiel M OTHOCHTENBHO JIUTENBHBIA CPOK
OKYTIa€MOCTH CHUCTEMBI, TO MOKHO CJIENIaTh BBIBO/,
9TO YeM OOJIbITNIe IPUMEHEHO (DYHKIMA B CHCTEME
«YMHBIIA T0M», TeM OoJblne OyAeT roJoBOH 3KO-
HOMUYECKUH 3((EKT OT BHEAPECHUSI.

BbIBO/IbI

1. VHHOBanmoHHBIE METOBI B chepe UCIoIb-
30BaHUs IHEPTOPECYPCOB — ATO KIIOY K PEIICHHUIO
npo0eMbl HEPAMOHAILHOTO WX TNPHUMEHEHHS B
IPOIIECCEe CTPOUTEIHCTBA U AKCITyaTalluy 3AaHUMH.
Jns onTuMH3anyu napameTpoB dHEprodPpQexTus-
HOCTH COOPYKEHHH HE00XOAWMO COCPEAOTOUHTH-
csi Ha pPa3pabOTKEe METOJOJOTHA HW3MEpPeHHH |
MPUHIHIAX OpPraHU3alud TUPPOBBIX CHUCTEM 37a-
Hu#t [11].

2. Kak u mo6oii apyroii mpouecc, BHEApPEHUE
IUQPOBBIX TEXHOJOTHI MPOXOAUT PAJ MOCIEA0BA-
TENIbHBIX CTaAui. YTpaBieHUEe NaHHBIM MpoIec-
COM TOMOTaeT YEeTKO MOHATH MOCIe0BATEIEHOCTD
peanM3alud BHEAPEHHS M IS KaXKAOTO JTama
OIIPENIECNINTD LIEJIN U 3a7au.

3. IlpennokeHHOE MPOrpaMMHOE OOecIrieueHHe
«ABPUC» Moxer ucmosp3oBatbesi B cepe Ku-
JIMITHO-KOMMYHQJIBHOTO XO3SIHiCTBA C LEJIBIO OII-
TUMH3aLUU U OTCIICKHUBAHUS PAacXoAa pPecypcos,
KU3HEHHO HEOOXOAWMBIX AJISI KOM(OPTHOIO IMpo-
xkuBaHus HaceneHus. I[lpumenenne «ABPUCH
MO3BOJIUT TOOUTHCS TAKUX NIPEUMYIIECTB, KaK:

— BHEJpPEHHE aBTOMATU3HPOBAHHBIX CUCTEM
cOopa JaHHBIX Ha OCHOBE MCKYCCTBEHHOI'O MHTEI-
JIeKTa, IIO3BOJIIOIIMX HAOMI0AAaTh, KOPPEKTHPO-
BaTh, a TAKXKE IOJJIEPKUBATh JKWIbIE AOMa B HAJ-
JIeKaIEeM Ul IPOKUBAHUS COCTOSTHUM;

—3aIUTa MHPOPMAIMKM 33 CUYET NPUMEHECHHUS
TEXHOJIOTHN OJIOKYEHH — Tak coOpaHHas WH)OP-
Malys OJHOBPEMEHHO XPaHUTCA HAa MHOXKECTBE
KOMIIBIOTEPOB, YTO HE II03BOJISIET €€ MIOBPEANTS;

— 3KOHOMHUSI BpEMEHU U JAECHEXXHBIX CPEJICTB;

— (UHAHCOBas COCTAaBIIIONIAS — yMEHBIIICHHE
3aTpaT Ha AJIEKTPOIHEPTHIO, YTO aKTYallbHO IPH
MOCTOSIHHO PacTyIIUX Taphdax.

Hayka
wrexHuka. T. 20, Ne 1 (2021)

4. Jlng peanbHOro nepexoja K UGPOBbIM TeX-
HOJIOTHSIM YIIPABJICHHS, B YACTHOCTH B cepe Ku-
JIUIHO-KOMMYHAJIBHOTO X035CTBa, HEOOXOAUMO:

* YCHIJIUTB:

— poiib TOCyAapcTBa B MEPHOJ HMHTEHCHBHOTO
pasBuTHs UPPOBOIT SKOHOMHKH, a TaKke IHdpo-
BU3aIMHU C(epbl CTPOUTEIBCTBA U KUIHIIHO-KOM-
MYHaJIBHOTO XO35HCTBA;

— paboTy 1O Pa3BUTHIO €AUHOTO HMHGOpPMAIIH-
OHHO-aHAJIMTHYECKOTO IPOCTPAaHCTBA B 00IacTh
MOHHUTOPHHTA, KOHTPOJISl  HA/130Pa;

— paboTy MO UCHOJIb30BAHUIO TEXHOJOTHH
OJIOKYEHH ITyTeM CO3aHUs MHQPPACTPYKTYpPBI VIS
cbopa u xpaHeHus HHPOPMALIUH;

e IPOBECTH:

—aHauM3 M JaTh OIEHKY IOTEHIMala W BO3-
MOKHOCTEH pPBIHKA J KWJIHMIIHO-KOMMYHaJIBLHOTO
XO03SHCTBA;

— paboty, 4TOOBI MOBBICUTH FOTOBHOCTH TOBA-
pHILECTB COOCTBEHHHMKOB JKWIIbS, YHPAaBIISIOLIMX
KOMIIaHUW K BHEJAPEHUIO U JalbHEUIIEMY UCIOJb-
30BaHUIO IU(PPOBBIX TEXHOJIOTHI.

6. Ilpu mepexoae xk uuppoBoi Moxenu HaOIIO-
TAl0TCS HOBBIE KaueCTBEHHBIC HM3MEHEHUS COLH-
ATbHO-9KOHOMHYECKUX OTHOIICHUH — 3TO MPOUC-
XOAMT U B OU3HEC-CTPYKTYpaxX, U B TOCYAapCTBE.
IIpotniecc mudpoBm3auu HeceT B cede KaKk HOBEIE
BO3MOYKHOCTH, TaK M HOBBIE HIpoOiembl. Hampu-
Mep, M0 pacyeTaM aHAIMTHKOB Komnanuu Gartner,
k 2025 1. mudposas tpaHchopMaIsa KOCHETCS
abcomoTHO Bcex cdep obmectsa [12]. [Jma Toro
4yToObl BHEApeHHE IHM(PPOBON SKOHOMHKH OBUIO
3¢ dhexkTrBHO, HEOOXOOMMO pa3paboTaTh eIUHBIC
JUIL BCEX METOJHMKH. YUHUTBHIBAs MOCTABICHHEIC
HeNd U 33/1a4d, OLEHUBAIOTCS PE3yJbTaThl, KOTO-
pble JOJDKHBI OBITH NPOCYMTAHBI C OCO3HAHHEM
COIMAIEHO-YKOHOMUYECKOH MOJIB3bI.
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MeToanyecKuid HHCTPYMEHTAPUil OLeHKHU 3(PPEeKTUBHOCTH NMPOEKTOB
KalHUTAJbHOI0 CTPOUTEIHCTBA HeQTeAOOBIBAKIIUX NPeANPUATHH

Acm. E. JI. Ya3zos", 10KT. 5K0H. HaykK, npo¢. B. IL. I paxon”, 0. JI. Cumuenko”

DUkeBckumii rocynapcTBeH bl TexHUuecKkuil yrupepcuter nmenn M. T. Kanamnnkosa (MskeBck,
Poccuiickas ®eneparmst)
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Pedepar. BBuay Toro 4ro GOJIBIIMHCTBO KPYMHBIX HE(PTAHBIX MECTOPOXKACHUH Poccum, XapakTepu3yromuxcsl BBICOKOM
ce0eCTOMMOCTBIO JOOBIBaeMOW MPOAYKIMH, HAXOIATCS Ha 3aKIIOUUTEIFHON CTaINU Pa3pabOTKH, B MOCIEIHUE TOIBI BOIPOC
OINITHMM3AINH 3aTpaT pruodperaeT Bce Oombiiee 3HaueHHe. OCHOBHBIC CTaThH 3aTpaT Ha MPEIIPHUATHIX HEQTETa30BOro KOM-
IUIeKCa — MPOEKTHPOBAHHE U CTPOUTEIHCTBO (PEKOHCTPYKIMS) HE(TEIPOMBICIOBEIX OOBEKTOB. AHaIM3 NMPUMEHIEMBIX B
HacTosIIee BpeMs METOJIOB PaHKUPOBAaHUS HE(TEra30BbIX IIPOEKTOB MOKA3al, YTO BCE OHH MO CBOEH CYTHU SIBISIIOTCS CyOBEK-
THUBHBIMH, TaK KaK OCHOBAaHBI Ha JKCIEPTHOM MHEHHH. ABTOpPaMH pa3pa0OTaH METOAWYCCKHI HHCTPyMEHTapHi OLCHKH
3¢ GEKTHBHOCTH MPOEKTOB KaIUTAIFHOTO CTPOUTENHCTBA HE()TEHIPOMBICIOBBIX OOBEKTOB (Ha NpHMeEpe NMPOBEICHHS CTPOH-
TENBHBIX PabOT Ha IJIONIAJKE MOJ] MHBEHTAPHBIE NMPUEMHBIE MOCTKH U TIOJBEMHBIN arperar), MO3BOJIAIOMINA MaKCHMAaIbHO
HCKITIOUUTD BIIMSHAE SKCHEPTHOTO MHEHHS U COOTBETCTBEHHO CYIIECTBEHHO ITOBBICUTH Ka4eCTBO M 00OCHOBAHHOCTH MPHHH-
MaeMBIX YNPaBIEHUECKUX pelleHnil. BEIOOp onTHMambHOrO MPOEKTa OCYNIECTBISETCS Ha OCHOBE ABYXYPOBHEBOH OIIEHKH:
TexHuueckoit (1-i aTam) m skoHOMmYeckoil (2-i stam). [Ipum 3TOM Ha KaXKJOM STalle PacUSTHBIM IyTE€M IO pe3yJbTaTaM
aHanu3a 0ObEKTHBHBIX JAHHBIX U C TIOMOIIBIO pa3pabOTaHHBIX aTOPUTMOB OMpEENAETCs HHTETPabHBIN MoKa3aTenb. TakuM
00pazoM, MOXKHO CyAUTh 00 3(PEKTHBHOCTH JIIOOOTO MPOEKTA, HE OCHOBHIBASICH HA CyOBEKTUBHOM IOIXOJIE B OIEHKE C IO-
MO0 SKCIIEPTHOTO MHEHUSL.

KnroueBble cjioBa: NMpoekT, TeXHUYECKas OLIEHKA, SKOHOMHYECKas OIEHKA, MHTErpajbHBII MOKa3aTenb, BHIOOP MPOEKTa,
JBYXypOBHEBasI OI[EHKA, PacueT CTOMMOCTH

Jst murupoBanus: Yaszos, E. JI. Mertonnueckuii vHCTpyMeHTapHi OLeHKH 3¢ ()EeKTHBHOCTH IPOEKTOB KAaITUTAIBHOTO CTPO-
utenbcTBa HedrenoobiBatoux npeanpustuii / E. JI. Yazos, B. I1. I'paxos, O. JI. Cumuenko // Hayxka u mexnuxa. 2021. T. 20,
Ne 1. C. 75-82. https://doi.org/10.21122/2227-1031-2021-20-1-75-82

Methodological Tools for Evaluating Effectiveness
of Capital Construction Projects of Oil Producing Enterprises

E. L. Chazov", V. P. Grakhov", O. L. Simchenko"
YKalashnikov Izhevsk State Technical University (Izhevsk, Russian Federation)

Abstract. Due to the fact that most of the large oil fields in Russia, characterized by high production costs, are at the final
stage of development; the issue of cost optimization has become increasingly important in recent years. The main cost items
at oil and gas enterprises are design and construction (reconstruction) of oil field facilities. Analysis of currently used me-
thods for ranking oil and gas projects has shown that all of them are inherently subjective, since they are based on expert
opinion. The authors have developed a methodological tools for evaluating the effectiveness of capital construction projects
of oil field facilities (for example, construction work on the site for inventory receiving bridges and lifting units), which
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allows to eliminate the influence of expert opinion as much as possible and, consequently, significantly improve the quality
and validity of management decisions. The choice of the optimal project is based on a two — level assessment (stage 1— tech-
nical assessment, stage 2 — economic assessment). At each stage, an integral indicator is determined by calculation based on
the results of objective data analysis and using the developed algorithms. Thus, it is possible to judge the effectiveness of any
project without being based on a subjective approach in the assessment with the help of expert opinion.

Keywords: project, technical assessment, economic assessment, integral indicator, project selection, two-level assessment,

cost calculation
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BBenenue

[IpoekTHpoBaHWE U CTPOUTENBCTBO OOBEKTOB
He(Tera3oBoil oTpaciv B OTIMYUE OT JPYTHX BH-
JOB TPOMBIIUIEHHOTO CTPOMTENbCTBA UMEET PsA
crenn(pUIecKuX 0COOEHHOCTEH:

— coiep)KaHue TPOEKTOB 00ycTpoiicTBa 3aBH-
CHUT OT Pa3MEpOB M KOJJICKTOPCKUX CBOWMCTB 3aJie-
kK, 00beMa U3BJIEKAEMBIX 3aracoB He(TH, Kade-
CTBEHHBIX XapaKTEPHUCTHK YTJIEBOAOPOTHOIO IPO-
JYKTa;

— paccpeloOTOYEHHOCTh  HE(TEIPOMBICIOBBIX
00BEKTOB IO OOJBIION IIOIIAIH;

— coopykeHre He(TenpoBOIOB OOJIBIION MpO-
TSHKEHHOCTBIO JIISl IOCTaBKU MPOAYKIIUH TOTpeOu-
TEJIIO.

XapakTepHasi 0COOCHHOCTh MHOTUX HE(TSIHBIX
MecTOpoXAcHu Poccmm — HEOOXOIUMOCTH 00-
HOBJICHHS OOBEKTOB KallUTAJIILHOI'O CTPOUTENbCTBA
BBHUIY HX AJMTENbHOU dSKcIutyatanmu. [Ipumene-
HUE paHee PEaTN30BAHHBIX MPOCKTOB HA CTaJUH
BBOJIa MECTOPOXKICHUS B Pa3pabOTKy OYEHb 4acTo
SBIISIETCS. SKOHOMHUYECKH HEIEeNIecO00pa3HbIM pe-
meHneM. JTO OOYyCIOBIEHO CHM)KEHHEM MPOIYK-
TUBHOCTH MECTOPOXKICHHUH M3-3a POCTa OOBOJHEH-
HOCTM CKB&)XMHHONH MNPOAYKLUM, YMEHBIICHUS
neiicTBytomero HeTssHOTO (DOHIA W yBEITHYCHUS
SKCIUTyaTallMOHHBIX 3aTpar. B Takux ycrmoBwsix
CTPOUTENBCTBO (PEKOHCTPYKIHsI) HePTepOMBbIC-
JIOBBIX OOBEKTOB [OMKHO OBITh PEaNn30BaHO C
YYeTOM TLIATEJbHOW OLEHKH Ha OCHOBE HM3YyYEHHS
TEKYIIET0 COCTOSHUS Pa3pabOTKH MeCTOpOXKIe-
HUs, obecniedeHus ero 3(h(eKTUBHOM 3arpyKeHHO-
CTH U y4YeTa HACTYIIJICHHS BCEBO3MOXKHBIX PHUCKOB.

Llenp uccrnenoBanuii — pa3paboTKa METOIUYEC-
CKOTO HMHCTPYMEHTapHsi OleHKH 3(dekTuBHOCTH
MPOEKTOB KaNUTAIBLHOTO CTPOHMTENBCTBA HedTe-
NPOMEBICIIOBBIX OOBEKTOB (Ha TMpHMEpe MpOoBele-
HUSl CTPOMTENBHBIX paboT Ha IUIOIMIAAKE MOJ| HH-
BEHTapHbBIC MPUEMHBIC MOCTKU M MOJABEMHBINA ar-
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perar) [1]. Ilpu 3TOM HEOOXOIUMO PEIIUTH CIie-
JYIOIIUE 3a/1a4H:

e pa3paboTaTh aITOPUTMBI pacueTa MHTETPaIb-
HBIX MOKa3aTejied NJsl NPOBEIACHUS TEXHUYECKOM
Y IKOHOMHYECKOH OICHKHU MPOCKTOB;

e OIIPENIENNTh TOIXOA K pacueTy 3HA4YeHWH Ia-
pamMeTpoB, HEOOXOMUMBIX JIJISl OINIPENIEICHUsT HHTE-
rpajibHBIX MTOKa3aTeneH;

e OTIPE/IENNTh ONTHMAIBHBIN MPOEKT Ha OCHOBE
IBYXYPOBHEBOHM OLIEHKH: TexHuueckod (1-ii 3rtam)
Y DKOHOMHYECKO# (2-1 3Tam).

TexHHYeCKas OLEHKA IPOEKTA

C yuetoMm crieniipUKy NPOEKTUPOBAHHS, CTPO-
WTENbCTBA M IKCIUTyaTallud O00BEeKTOB Hedreraso-
BOH OoTpaciu pa3paboTaH aJITOPUTM pacyeTa UHTEe-
I‘paJIBHbIX HOKa3aTeJIeI>i IS HpOBeZ[eHI/IH TCXHUYC-
CKOHl OIIEHKH TPOEKTOB KOHCTPYKIIMH TUTOIIAIKH
[0/ UHBEHTAPHBIC NMPUEMHBIC MOCTKH U TIOJBEM-
HBbIM arperaTr Ijis BBINOJHEHHsS padOT IO Karu-
tasibHOMY peMoHTy ckBaxuH (KPC) (puc. 1).

DopMHIpOBaHHE IPON3BOACTBEHHOI IIPOTPAMMBI

KPC mist Bp100pa THIIOB OTBEMHBIX arperaros
OnpeneneHne THIIOB TPAMEHAEMBIX KOHCTPYKIIHH
IUIOINATOK

Omnpenenenne 3HaYeHUIT KPATEPHEB
UL paHXHPOBAHUA
OmnpeneneHne GaLTPHOMN MIKAIBI
IO KaKIOMY KPHTEPHIO

Puc. 1. Anroput™ onpenenaeHus] HHTErPaJIbHOTO OKa3aTes
MIPU TEXHUYECKON OLIEHKE

Fig. 1. Algorithm for determining the integral indicator
in technical assessment

Ilepsbiii 3Tan. Ha ocHOBE U3y4eHUs UMEIOLIE-
rocst ONbITA C YYETOM TEKYLIErO COCTOSIHUS pa3pa-
00TKH HE(TSIHOTO MECTOPOKACHUS CHOPMUPOBaHA
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JONITOCPOYHAsi MPOM3BOJACTBEHHas IporpaMmma
KPC. Tlo uroram wu3ydeHHs HOPOU3BOJACTBEHHOI
nporpammel KPC ompenenensl BO3MOXHBIE IS
MPUMEHEHUs] TUIBl MOABEMHBIX arperatoB. llpu
U3yUYCHHH OCOOEHHOCTeH MOHTaXa MOJBEMHBIX
arperaroB tuno A5-40T1 (YPAIJI), AITPC-CAK-
40 (KAMA3), A2-32 (YPAJI) Obuta paccumraHa
BO3MOXKHOCTh ONTHUMH3ALNU UIMHBI KOHCTPYKLUH
IUTOIIAAKU Ha 1,5 M.

Bropoii 3tan. M3ydeH OMNBIT CTPOUTENHCTBA
IUIOIIA/IOK 0] MHBEHTAPHbIE IPHUEMHBIE MOCTKH H
MOJIbEMHBIN arperaT. BBuay Toro 4ro skcmiyartu-
pyeMble MECTOPOXKAEHHUS HAXOIATCS Ha 3aKIIH04YH-
TEJILHOW cTazuu pa3pabOTKH, SKOHOMHUYECKH Lie-
JecooOpa3HbIM  pEIIEHHEM  SABJSIETCS  BHIOOD
HauOoJiee [EIIEBbIX BApUAHTOB CTPOUTEIHCTBA.
s mpoBeneHusl OLEHKH BBIOpaHbI CeMb BapHaH-
TOB: BbIMonHeHHe paboT Opuramoit KPC Heno-
CPEACTBEHHO II€PEe] PEMOHTOM CKBAa)KHHBI, IIPOEKT
KOHCTPYKLHMH W3 JKEIe300€TOHHBIX IUINT, HPOEKT
KOHCTPYKIMH W3 MOHOJIUTHOTO OETOHA, MPOEKT
KOHCTPYKIMH U3 II€0€HOUHOIO MOKPBITUS, IPOEKT
KOHCTPYKILHMH U3 IIECUAHON OTCBINKH, MPOEKT KOH-
CTPYKLMH U3 IPABUITHON OTCBINKH, UCIIOJIb30BAHUE
TPYHTOBOTO ITOKPBITHSL.

Tpurnii 3tan. Ha ocHOBe npoBeeHUsT aHANIU-
3a MPOCTOSI CKBAKUH I10 MPUYUHE OTCYTCTBUSA (He-
UCIIPABHOCTH) IUIOIIAAKH OINpPENENICHbl KPUTEPUH
Ul pacdeTa MHTErpayibHOro IMokaszarens. Kpure-
pUU pacrpesesieHbl M0 3HAYUMOCTH CJeIyIOIINM
oOpazom: Hecymias criocodHocTh — 30 %, pemoH-
TONPUTOAHOCTE — 25 %, BO3MOKHOCTb CTPOUTENb-
cTBa Kpyribiil rog — 20 %, BO3MOXXHOCTh MOHTa-
’Ka IOABEMHOI'0 arperaTa B Iepuoj 0e310p0Kbs —
15 %, yHUBEpCAIILHOCTh AJI BCEX TUIOB MOABEM-
HbIX arperatoB — 10 %. Utoro — 100 %.

YerBepThlii 3Tan. [ljus oueHkH 3PPEKTUBHO-
CTH BBIOPAHHBIX TUIMOB KOHCTPYKIHUH MO KXKIOMY
KPUTEPUIO UCMONB3yeTCs MATHOAIbHAS IIKaa.
3HaveHUs yCTaHABIMBAIOTCS COTJIACHO IPOBENIEH-
HbIM TEXHHUUYECKHUM pacueTaM. Tak, Hampumep,
JUISL TIPUHSTHS PEIICHUS 10 HanOoJee 3HAYUMOMY
KPUTEPHUIO «HECYIIass CIIOCOOHOCThY PacueTHBIM
MyTeM OMNPEACIsIH CONMPOTHBICHHE TPYHTA IO

¢bopmyne

mym
R=="12(Mk.by+M,dy'

k(le"'zﬂ"' )
+(M, =1)dyy' + Myc),

rae my, my, k, My, M, M3 — ko3 HUIIUCHTHI, TPU-
HUMaeMble 10 TaOJMMYHBIM YCIOBHAM; k, — KO-
apdurment: npu b < 10m Lk, =1mpu b > 10 m
k. =z/b + 0,2 (z= 8 m); b — mmpuHA TTOAOIIBEI
bynnamenTa; v, Y — OCpeIHEHHOE 3HAYCHUE Y ICTb-

HOTO Beca TPYHTOB, 3QJIETAIOIINX HIDKE W BHIIIE
MOJIONIBEI ()YHJTAMEHTa COOTBETCTBEHHO; ¢ — pac-
YeTHash BEJIMYMHA YJICIILHOTO CICIUICHUS TPYHTa,
3aJIeTaoero HEMOCPEICTBEHHO IO/ ITOAOIIBON
dbyuanamenra; d, — rmyOvuHa TIoBajia, T. €. paccTo-
STHAE OT YPOBHS TUIAHUPOBKH JI0 TT0JIa TToaBasia [2].

Ha ocHoBe mpoBeIeHHOTO TEXHUYECKOTO pac-
YyeTa TPU MPOCKTa HE ObLTU JAOMYIIEHBI JUIS JIaJib-
Helmeit orneHku (Tadu. 1).

AHAJOTUYHBIN IIOAXOJ BBICTABICHUS 0aJUIOB
MIPUMEHSIICS 110 IPYTHUM KPUTEPHSIM.

Hareiid 3Tan. Ha ocHOBaHUM MaKCUMaJIbHOT'O
3HAYCHMUSI TIPH CJIOKEHUH B3BEIICHHBIX OLICHOK I10
KOKIOMY KPUTEPHUIO OMPEACISUI MPHOPUTETHBINA
BapHaHT THUNA KOHCTPYKIMHU IUIomanok. Ilo uro-
raM TEXHUYECKON OLICHKM MaKCUMaJIbHBIA HHTE-
TpalibHBIN ITOKa3aTellb COOTBETCTBOBAN IPOCKTY
KOHCTPYKLHUH U3 KeJIe300€TOHHBIX IUHT (Tabm. 2).

Tabruya 1
IToka3aTeu Hecylleii CIOCOOHOCTH MOKPBITHI
Indicators of bearing capacity of coatings
[TacnopTHOE HaBIEHKME HA TPYHT Hecymas
OrneHKa 110 nATU-
Tun KoHCTpYKIMN JUIsl BEIOPAHHOTO THIA CII0COOHOCTH . IMpumeuanne
GanabpHOM MmKane
noxbeMHoro arperata, MIla nokpbITHst, MIla
IIpoexT KOHCTPYKIUHU H3:
KENe300CTOHHBIX TUTUT 0,45 4
CooTBeTCTBYET
MOHOJIUTHOTO OETOHA 0,46 4 Y
TpaBUITHON OTCHINIKH 0,30 0,32 1
MEeCYaHOM OTCHINKU 0,28 0
11e0EHOYHOTO OKPBITHS 0,29 0 He cooTrBercTBYeT
I'pyHTOBOE HIOKpBITHE 0,27 0
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Tabnuya 2
Ornpenenenne HHTErpajJbHOT0 MOKAa3aTe sl 10 HTOIaM TeXHHYECKOH OLeHKH
Determination of integral indicator based on the results of technical assessment
Bo3moxHOCTH YHuBepcanbHOCTh
BosmoxHoCTB
Hecymias Pemonro- MOHTa)a ITOJJbEMHOTO | ISl BCEX THITOB
CTPOUTENIECTBA Pamxupo-
Tun KOHCTPYKIMN CIOCOOHOCTB | IPUTOIHOCTD . arperara B I1epHoJ HOABEMHBIX
N o KPYTJIbIHA TOJ BaHHE
(30 %) (20 %) (20 %) 0e3710pOXKbs arperaToB
0
(15 %) (10 %)

Brimonaenue pabot Opuramon
KPC ¢ ucnonb3oBanuemM
KeJe300€TOHHBIX TUIUT 4 2 2 4 300
[IpoeKT KOHCTPYKIMU H3:

JKeNe300€ TOHHBIX TUTAT 4 3 345

MOHOJIUTHOTO OeTOHA 4 1 2 245

TPaBUIHON OTCHIIKH 1 5 1 3 240

TIECYaHOH OTCHIITKU 0

eOEHOYHOTO TIOKPHITUS 0
I'pynTOBOE IOKPHITHE 0

JKxoHOMHYECKAS OlEHKA MpoeKTa

DKOHOMHYECKAs OLICHKA MPOEKTA 3aKITI0YAIach B
CpaBHEHHH CTOMMOCTH CTPOUTENIbCTBA IUIOIIAIOK.
Ha puc. 2 npencraBieHa METoMKa pacyeTa CTOMMO-
CTH CTPOMTENHCTBA IIOMIAJIOK PA3INYHOTO THIIA.

Pacuer CTOMMOCTH CTPOUTEIHCTBA IUIOMIATOK
Pa3IMYHOrO THIIA OCYLICCTBISUTU MO CICIYOIIUM
hopmyam:

D
P =|V,C,+V,C, + CZ PP+BCB; (2)

F
P2,3,4 = (CP2,3,4RU2,3,4 )S—’ (3)

2,3,4

rae P34 — CTOMMOCTB CTPOUTENBCTBA IUIOLIAI0K
paznuunoro tumna; C),3 — eIUHUYHAS pacIeHKa 3a

1. BemonHeHne padboT

opuranoii KPC

2. IIpoEeKT KOHCTPYKIIUHU
W32 KENMe200ETOHHRIX TITAT

3. IIpoeXT KOHCTPYKITAKN
W2 MOHOITWTHOTO OeToHa

4. TIpo€KT KOHCTPYKIIUU
13 MEeOCHOYHOTO TTOKPHITHS

paboty TpaHcmoptHOro 3BeHa, Opuramel KPC u
croumoctu HedtH; V1,3 — BpeMmsi paboThl TpaHC-
mopTHOTO 3BeHa, Opuramsl KPC m mpocTos ckBa-
#HuHBL, CP),34 — €IUHUYHASL pAaCLEHKA CTOMMOCTH
IUIOMIAKHA PA3INIHOro THna; RU, 34 — €IMHUYHAS
pacueHKa 3a YCTaHOBKY IUIOIIAJOK Pa3IHYHOTO
TUNA; S 34 — CPOK CIIyKOBI MJIOIIAZOK PA3INnIHOTO
tuna; D — cpennuii 1e6ut Hedptu mo GoHIy CKBa-
*uH; PP — npousBojicTBeHHas nmporpamma KPC na
rOJl MO KOJUYECTBY PEMOHTOB, B — KOJMYECTBO
opurag KPC; F — oOumit GoHm CKBaXUH IS
YCTAHOBKH IUTOLIAIOK.

Jna onpeneneHuss WHTETPAIFHOTO TMOKa3aTels
OIIEHKH PHCKa BOCIIOJIb3YeMCS CIEMyIOIINM ajro-
putMoM (puc. 3).

* TpaHcmopTEBIE 3aTparhl + 3aTpaTsl Ha Opuragy KPC +
TIOTEPH OT IPOCTOA CKBAKHHEL + 3aTPAaTH HA 38KyN IUIOMAJ0K

*3aTPATH Ha 3aKyT TIOMAMIOK + CTOMMOCTh YCTAHORKH

IDIONIATKH

*3aTPATH Ha 3aKyT TIOMAMIOK + CTOMMOCTh YCTAHORKH

IDIONIATKH

*3aTpaThl Ha 33Kyl IUIOIIANOK + CTOMMOCTh YCTAHOBEH

TUIOIIa K

Puc. 2. MCTOZ[I/IKa pacueTa CTOUMOCTH CTPOUTEIILCTBA INIOMIAZIOK PAa3JINIHOTO THIIa

Fig. 2. Methodology for calculating the construction cost of building sites of various types
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Wnentndukars pUcKOB H HX KPHTEPHEB

OHpe,Z[eJIeHI/Ie PACUETHLIX 3HAYEHUI KpHUTEPHER

PHCKOB (TeOpI/IH HCUYCTKHX MHOXC CTB)

Pacuer BecoBBIX KO3(hO(HITHEHTOB KPUTEPHEB
C [IOMOINBI0 MATPHITEI APHEIX CPaBHEHHUI

Ol'[pe—)]eJICHI/Ie 3HAYCHHIH PHCKOB IIDOCKTa
Pacuet HHTEIrpajlbHOTO IIOKAa3aTeIst

Puc. 3. Anroputm onpezeneHust HHTErPaIbHOTO 1T0Ka3aTeNs Py SKOHOMUYECKOM OLIEHKe

Fig. 3. Algorithm for determining the integral indicator in economic assessment

Iepeplii 3Tan. VaeHTudukanus puckoB U UX HOBE TEOPHH HEYETKUX MHOXecCTB [0, 7]. Haiinem
kputepueB. C MOMOIIBIO OKCIEPTHBIX OIEHOK pacyeTHbIC 3HAYCHMUS KPUTECPHUEB PHUCKOB C IOMO-
OIIPECACICHBI YCThIPC I'PYHIIbI PHUCKOB CTPOMUTECIIb- 11130) Fpa(bI/IKOB MIPUHAICKHOCTH (pI/IC 4)

CTBa INIOINANOK IIOJ HMHBEHTAPHBIC IIPHEMHBIC Tpernii 3Tan. Pacuer BecoBbIX K03(hHLHUEH-
MOCTKU U IOABEMHBIH arperar: 4, — U3MEHEHUE

TOB KPUTEPHUEB PUCKA MPOU3BOIUTCS C MOMOIIBIO
MaTpPHITHI TAPHBIX CpaBHEHHH (pHC. 5).
YerBepThlil M nATHIA 3Tanel. OnpeneneHue
3HAUEHUH PHUCKOB MPOEKTa M pacueT HHTErpallb-
Horo mokasatens. OnpexneneHue 3HAYEHUH puc-
KOB MpPOEKTa MPOU3BOIUTCS Ha OCHOBE IIOIY-

npousBoAcTBeHHOM nporpammel KPC; 4, — npex-
JEBPEMEHHOE pa3pylleHHe KOHCTPYKIUHU; 43 — U3-
MEHeHHe IeH; A4 — KIMMaTUYEeCKHe YCJIOBHUS.
B kadecTBe KpUTEpHEB OLIEHKH PUCKOB OIpenene-
HBl CIEIyIOLIMe MOoKas3arenu: X; — TAXKECTh IIO-
ciaencTBuii; X, — 4acToTa BO3HUKHOBEHUS; X3 —

BEPOSITHOCTb OGHAPYKeHNs; Xy — pasMep yiuepoa; YCHHBIX PACUCTHBIX 3HAYCHHHA KPUTCPUEB U HX
X5 — pasmep 3aTpaTr Ha ycTpaHeHHe; Xy — BpeMs BecoB [8—10]. Ilpm ciokeHWUH B3BEMICHHBIX OIle-
nposiBneHus 3 dexra ot ynpasnenus [3-5]. HOK II0 Ka)XJIOMY PHCKY ONPEACIACTCS UHTErpaib-

Bropoii 3Tan. OmnpeneneHne pacyeTHBIX 3Ha- HBIH TOKa3zaTelb pHCKa s KaKIOro MpPOeK-
YeHUH KPUTEPHUEB PUCKOB — MPOU3BOIUTCS HA OC- Ta (puc. 6).

Kputepun a,;, HenoATBEpXKAEHHEe
nriaHOBOW
3¢ PeKTUBHOCTH

X, — TSKecTb NocneacTBUiA

a,, HenoATBepKAeHHe
NnaHoBoWH

X, — yacToTa BOSHMKHOBEHWSA 8
3cdeKTMBHOCTH
X3 — BepoATHOCTE 0GHapyXeHNs 8
HEXy) ! X, — pa3mep yuepba, MH py6. 27,56
M%) X5 — pasmep 3atpart Ha ycTpaHeHue, MIH pyb. 22,73
H(X3) 1 Xs — Bpems npoAsneHus agcekta OT ynpasneHus, Heq. 25
X 1 .
KX TsxecTk NocneacTBUn
X 0,9
HXs) 1T YyEETEE T S B9
HOXG) 061 ‘ Sa
< 06 |
< 04 : ,/
0,2 I /
PP i N (

|

D(PO!PGE

01 2 3 4 5 ¢ 7 9 10
EarmbU

Puc. 4. Onpenenenue pacyeTHbIX 3HaUCHUN KPUTEPUEB PUCKOB

Fig. 4. Determination of calculated values of risk criteria
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X5—
pasmep
3aTpar Ha
yCTpaHeHue

X; — Bpems
NposiBNEeHUs
achdpekTa oT

ynpaBneHus

X; -
BEPOATHOCTb
obHapyxeHus

X, -
pasmep
yuepba

X, — TAXECTb
nocneacTBUi

X, — yacTtoTa
BO3HMKHOBEHMA

Becosou
KoaddpuumeHt

Kputepumn

X| — TAXECTb
! o 1,308
nocneacTeuii
X; —vacTota
BO3HWKHOBEHUA

X3—
BEPOATHOCTb 1/3 5 1 113 1/3 5
oBHapyxeHus

0,255

0,987

X, — pasmep
ywepba

X5 — pasmep
3aTpar Ha 3 7 3 1 1 3

ycTpaHeHwe

Xg — Bpema 1/6

npoABneHus

athepekTa oT * 3 * 15 % 15 % 13 %

ynpasnexus

2,608

2,396
0,487

Puc. 5. Pacuet BecoBbIX KO3((GHUIUECHTOB KPUTEPHEB PHCKa

Fig. 5. Calculation of weight coefficients of risk criteria

I O S O I

0.9

a4, HenoaTBepKOeHNe

nnaHoBoi 3t cekTMBHOCTH 0.61

BecoBon ko3dpumeHT 1,308 0,255 0,987 2,608 2,396 0,487

WuTerpanbHbIi
noka3satenb pucka

apnatt®®

0.535 %02 |+ 0,394 % 023 + 0,786 x 0,17 = 0,642

Puc. 6. Onipenenenne 3HaYCHUH PUCKOB ITPOEKTa

Fig. 6. Determination of project risk values

Ha ocHoBe mpoBeneHHOH SKOHOMUYECKON TUMaJbHBIM BapUaHTOM pealu3allud TPOEKTa
OLIEHKH [9—12] ¢ y4eToM BIUSHHUS MHTErPaJIbHOTO SBIISIETCS.  KOHCTPYKLHMS M3  KeJIe300€TOHHBIX
mokazatens pucka [13, 14] ycTtaHoBI€HO, YTO OII- T (Tadm. 3).

Tabnuya 3

Omnpenenenue 3aTpaT N0 UTOraM IKOHOMUYECKOH OLeHKH
Determination of costs based on the results of economic assessment

IIpoeKT KOHCTPYKIMHU U3
Mokasatens Brimonnenune pabor 5 G
opurazoit KPC JKENe300eTOHHBIX MOHOJIUTHOT'O 111e6EHOYHOTO
TUTUT 6eToHa HOKPBITUS

Bcero 3arpat 6e3 y4era HHTErpaIbHOTO
MOKa3ares, ThiC. py0./Tox 373267 246240 279720 215460
WHTerpanpHblil mokasarenb, yi. 1. 0,922 0,902 0,742 0,642
Bcero 3aTpar ¢ y4eToM HHTErPaIbHOTO
TIOKa3aTes, ThIC. py0./Tox 402381 270372 351888 292595
80 I Hayka

wrexHuka. T. 20, Ne 1 (2021)



Economy in Industry

JIByXypoBHeBasl OLIEHKA MPOeKTAa

Bri6op onTUManbHOTO TPOEKTa OCYIIECTBIIA-
€TCsl Ha OCHOBE JIBYXYPOBHEBOH OIICHKH: TEXHHYC-
ckori (1-#t oram) m SKOHOMHYECKOW (2-i »Tam).
OnpenenseM, YTO MaKCUMAIbHOE KOJIMYECTBO
O6amtoB JO0DKHO ObITH He Oomee 100, mms 1-ro
U 2-ro 3TamoB — 1o 50 OalyIOB COOTBETCTBEHHO
BBUJly UX DPABHOLICHHOM 3HaunMocCTH. Ha xaxxnom
JTane OICHWBAHHUA C YYETOM CpPaBHCHUS YETHI-
peX TPOEKTOB OaJUTBI JTOJDKHBI OBITH pacIpeneeHb
creayromuM oopasom: 1-e mecto — 50 0Oasios,
2-e — 37,5, 3-e — 25, 4-e mecto — 12,5 Oamna.
[lo uToraM MpOBEIEHHOTO pacdeTa MaKCHMAIbHOE
KOJIMYECTBO OaTOB HAOpal IMPOEKT KOHCTPYKITHH
U3 KeJIe300€TOHHBIX IUIHT (puUc. 7).

ITpoeKT KOHCTPYKIMH H3 I'PaBHHHOI OTCHIIIKH

HpOEKT KOHCTPYKITHH M3 MOHOIHTHOTO GeToHa

HPOEKT KOHCTPYKITHH 13 AKene300eTOHHBIX TUTHT

Brmonnenue pabor 6puranoii KPC ¢ ucnonp3oBaHneM
JKeNe300eTOHHBIX TUTUT

B TexHHYecKan OIICHKa

1]

|

C TIOMOIIBI0 KOTOPBIX MOXKHO CYIUTh 00 HX 3(-
(bEeKTUBHOCTHU, HE OCHOBBIBASICh Ha CYOBEKTUBHOM
MOAXO0JIE B OIEHKE C TIOMOIIbI 3KCIIEPTHOTO
MHEHWUS;

— CHCTEMAaTH3UPOBAH MOJXO/ K pacyeTy 3Haue-
HUI MapaMeTpoB, HEOOXOIUMBIX ISl OMPEICIICHUS
WHTETPAILHBIX MTOKa3aTee;

— ISl TIOBBINIIGHUSI KavyecTBa M OOOCHOBaH-
HOCTH TPHHHUMAEMBIX YIPABICHUYCCKUX PEIICHUN
WCIOJIb30BaH IOJX0J] Ha OCHOBE JBYXYPOBHE-
BOi omeHKH 3()()EKTHBHOCTH NPOEKTOB: TEXHHU-
yeckoil (1-it aTam) u sxoHOMHYECKO# (2-i sTam).
ITo uToram ee mpoBenCHHS MaKCUMAIbHOE KOJIH-
4ecTBO 0ayuioB HaOpal MPOEKT KOHCTPYKIUHU H3
KEJIe300€TOHHBIX TIIHT.

50

50

100

50

B DKOHOMHYECKAA OICHKA

Puc. 7. Beibop npoekTa Ha OCHOBE JBYXyPOBHEBOH OLIEHKH

Fig. 7. Project selection based on two-level evaluation

BbIBO/IbI

1. C yyeTroM OCOOEHHOCTU SKCIUIyaTallid Me-
CTOPOKJICHUU Ha 3aKIIOYUTENBHON CTaauu pa3pa-
0OTKM OOOCHOBBIBAaETCS BBIOOp TIPOEKTa CTPOU-
TEJIbCTBA IUIOLIA/IKY 110J] UHBEHTAPHBIE PUEMHBIE
MOCTKH W TIOJbEMHBIH arperaT B pamMKax o0y-
CTPOHCTBA HEPTEMPOMBICIOBBIX OOBEKTOB.

2. Pa3paboTaH MeTOAWYECKUH WHCTPYMEHTapHid
omeHKd 3(PPEKTUBHOCTH TPOEKTOB KaIUTAIHLHOTO
CTPOHTETHCTBA HEPTEIIPOMBICIIOBBIX OOBEKTOB.

3. IlomyuyeHsl W TpEACTaBICHBI OCHOBHBIE
pe3ynbTaThl, 00ECIeYnBAIOIINE ITOCTIKEHHE I10-
CTaBIIGHHBIX 3a/1a4y, oOnajarone MpU3HAKAMU
HayYHOM HOBHU3HBI U XapaKTEpPHU3YIOLIUE Teope-
TUYECKYIO U MPAKTUYECKYIO0 3HAYMMOCTh HCCIIEN0-
BaHUU:

— MPUBEACHBl AJITOPUTMBI ONPEICICHUS] HUHTE-
TpaJIbHBIX TOKa3aTeded MAjid NpPOBEACHUS TeX-
HUYECKOM M SKOHOMHYECKOM OLIEHOK ITPOEKTOB,

[ Hayka
wrexHuka. T. 20, Ne 1 (2021)

4. B mporiecce HWCCIEIOBAaHUM TOMyYEHBI Cle-
IYIOIINE PAKTHIECKHE PE3YIbTATHI:

— OTIpeJieliecHa  BO3MOXKHOCTh ~ ONTHMU3AIIH
JUTMHBI KOHCTPYKIIMU Ha 1,5 M OT IPOEKTHOrO 3Ha-
YEeHHS 33 CYET BHIOOpa ONTUMAIIBHOTO THUIIA TOIb-
€MHOT'0 arperara;

— TI0 pe3yibTaTaM MPOBENEHHBIX PAaCUETOB TPH
MpoeKTa He OBUIM JONYILICHBI JUIS JaJibHEHIIen
OIICHKU;

— DKOHOMHYECKasi OlleHKka 0e3 yuera WHTe-
TPaJbHOTO IIOKA3aTeNlsi PHUCKAa CO3MAeT BBICOKYIO
BEPOATHOCTH BEIOOpa HEONTHUMAIFHOTO MTPOEKTA.

5. Pa3paboTaHHBINl METOUYECKUI HHCTPYMEH-
Tapuii OLEHKH A(PPEKTUBHOCTU TMPOCKTOB Kallu-
TaTbHOTO CTPOWTENHCTBA  HE(TEIPOMBICIOBBIX
00BEKTOB MOJKET OBITH peaqn30BaH Ha JFOOOM
MpeAnpUATHA  He(TEAOOBIBAIONIETO KOMIUICKCA,
OCYIIECTBIISIOIIET0 SKCIUTyaTallMi0 MECTOPOXKIe-
HUU Ha 3aKJIIOYUTEIHLHON CTaIuu.
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Bb160p MeTO1a KA4eCTBEHHOI'0 M KOJIHYeCTBEHHOI0 aHAJIN3Aa PUCKOB
AJIS IPeANPUATHI JHEPreTUKH
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Pedepar. PehopmupoBanne sHepretuxu Pecriy6nukn Benapych, KoTopoe B IOCIEIHUE HECKOJBKO JIET MEPEelnIo K CTagun
aKTUBHOTO BHEJPEHUs, IPHHECET 3HAUUTENbHbIE H3MEHEHHS B YNPABICHUE SHEPreTUUECKUMU NpeanpuaTusiMu. Buenpenue
PHCK-MEHEIXKMEHTa A SHEPreTHUECKHX OpTraHW3alMii CTaHeT HEOOXOAWMBIM 3TalloM, KOTOPHIH OOOCHOBAaH MEPEXOA0M
SHEPreTHKH K PHIHOYHBIM OTHOIICHUSIM. B CBSI3M € 3TUM cleyeT pacCMOTPETh OCHOBHBIC BOIIPOCH! OLIEHKH PHCKOB YHEpre-
THYeCKUX npeanpustuil. [IpeanoxxeHa MeToIMKa KauyeCTBEHHOTO M KOJIMYECTBEHHOTO aHalIN3a BCEX PHUCKOB, C KOTOPBIMHU
MOKET CTOJKHYTBCS HEPreTUUecKoe MPENpUATHE B Ipoliecce reHepalun sHeprun. OTMEYeHb! MOAXO0Al Pa3IUYHbIX aBTO-
POB K aNTOPUTMY KadEeCTBEHHOTO aHAIM3a PHCKA. JTO TO3BOJIMIO YTOYHUTH OCHOBHBIE 3aJ[adl, TPEOYIOIINE PEIICHUS IIpH
MIPOBEIEHUN KauyeCTBEHHOTO aHAIN3a PUCKOB. [IpecTaBien aHanm3 METOM0B KOJIMYECTBEHHOTO aHau3a puckoB. K Hanbomnee
YacTO NPUMEHSIEMBIM OTHOCSTCS METOABI CLIEHAPHOIO aHalM3a M MaTeMaTHYECKOW CTAaTHCTHKH, METOJbl aHAJOTHH M aHa-
JUTHYECKUH, METOABI OLEHKH MOTEpb, IKCIEPTHBIX OIEHOK M TEOPHM CTATHCTHYECKHX Hrp. Kakmpli M3 HUX HMeeT
CBOM JIOCTOMHCTBA M HEJIOCTATKH. BEHIOIHEHHBIN aHAaIM3 KOJMYECTBEHHBIX PUCKOB IO3BOJHI 00OCHOBATH BEIOOP METOMOB,
HNPUMEHHUMBIX ISl DHEPIeTHKHU C YYETOM CIelU(HUKH BUAA JNESTeIbHOCTH. PacCMOTpEHbI pa3nuyHbIe Kbl ISl OLIEHKH Be-
JIMYMHBI BEPOATHOCTH U BO3MOXHBIX MOTEPh OT PHCKOB. IIpeacTaBieH cpaBHUTENbHBIM aHAIN3 JAHHBIX LIKad U 000CHOBAaH
BBIOOP IIKAJIBI IS SHEPTETHIECKHUX NMPEATIPUATHIL. Y IeNeHo BHUMaHNe IpodiaeMe KiacCH(pUKanuy BEpOSITHOCTH CBEPIICHHS
PHUCKOBBIX COOBITHI. PaccMoTpena MeTouKa onpeesieHNs BETMINHEI BO3MOXKHBIX ITOTEPh MPH CBEPIICHUH PUCKOBOTO COOBI-
THst. Bo3MoxHBIE mOTepH KiacCH(GUIMPOBAHbI 10 CIEAYIOUIMM IpyNnaM: nepedon B TEXHOJIOTHYECKOM Hpolecce, Mociae-
CTBUS IS JIIOJICH, SKOJIoruyecKue nocyeacTsus. OTAeIbHO pacCMOTPEHBI BO3MOXKHbBIE (PMHAHCOBBIE OTEPH, & TAKXKE OTEPU
C TO3UIUH 3aKOHA WM PEIyTaliH. BBIMONHEH KPUTHYECKHH 0030p METONOB yIpaBieHUs puckamu. OmpeneneHsl Hanboiee
HEePCIEKTUBHBIC VIS IPEANIPUSATUI YJHEPIeTHKN METOJIbI YIIPABICHHS! PHCKAMH.

KiioueBble c10Ba: sHepreTuka, crienuduka IesTeIbHOCTH, PUCKH, yIPaBICHHE, KaYeCTBCHHbIH aHalM3, KOJIMYECTBEHHBIN
QHAJIN3, BEPOSTHOCTD, BEIMYMHA MTOCIIECTBUIl, MCTOANKH YIIPABICHHS PUCKAMH

Jist uutupoBanus: TeimMynb, E. V. Beibop MeToa KaueCTBEHHOTO U KOJIMYECTBEHHOTO aHANIN3a PUCKOB VIS TIPEAIPHATHI
snepretuku / E. Y. Teimyns / Hayka u mexuuka. 2021. T. 20, Ne 1. C. 83-90. https://doi.org/10.21122/2227-1031-2021-
20-1-83-90

Choosing Method for Qualitative and Quantitative Risk Analysis
for Energy Enterprises

E. L Tymul"

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The reform of the energy sector in the Republic of Belarus, which in the last few years has moved to the stage
of active implementation, will bring significant changes in the management of energy enterprises. The introduction of risk

management for energy enterprises will become a necessary stage, which is justified by the transition of the energy sector to
market relations. In this regard, it is necessary to consider the main issues of risk assessment for energy enterprises. The paper
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proposes a method for qualitative and quantitative analysis of all the risks that an energy enterprise may face in the process
of energy generation. The approaches of various authors to the algorithm of qualitative risk analysis have been considered
in the paper. This has made it possible to clarify the main tasks that need to be solved when conducting a qualitative risk ana-
lysis. The paper also presents an analysis of methods for quantitative risk analysis. The most commonly used methods include
scenario analysis and mathematical statistics, analogy and analytical methods, methods for assessing losses, expert assess-
ments and the theory of statistical games. Each of these methods has its own advantages and disadvantages. The performed
analysis of quantitative risks has permitted to substantiate the choice of methods applicable to the energy sector, taking into
account the specificity of activity type. The paper has studied various scales for estimating the probability and possible losses
from risks. A comparative analysis of these scales is presented and the choice of a scale for energy enterprises is justified
in the paper. Attention has been paid to the problem of probability classification pertaining to occurrence of risk events.
The methodology for determining the value of possible losses when performing a risk event has been considered in detail.
Potential losses are classified into the following groups: interruptions in the technological process, consequences for people,
environmental consequences. Possible financial losses, as well as losses from the position of the law and reputation, have been
considered separately. A critical review of risk management methods has been performed in the paper. The paper has identi-
fied the most promising methods of risk management for energy enterprises

Keywords: energy, specificity of activity, risks, management, qualitative analysis, quantitative analysis, probability, magni-
tude of consequences, risk management methodology
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BBenenue

OHepreTuka sBISIETCS OOHUM M3 0a30BBIX BU-
JIOB SKOHOMUYECKON AEATEIHHOCTH, TaK KaK OT ee
CTaOWIBHOTO (PYHKITMOHUPOBAHUS 3aBHCHT (-
(heKTUBHOCTH BCEX CEKTOPOB HAIMOHAIBHOH 3KO-
HOMUKHU. [IpoOiieMbl, ¢ KOTOPBIMH B IOCIEIHHUE
JECATWIETHs CTOJIKHYJIACh SHepreTuka (3Hadu-
TeNbHBIA (PU3NYECKUT U MOpPaJbHBIH H3HOC 000-
pyZIOBaHUs, 3aKpEeAUTOBAHHOCTh, HAJM4YUE IIepe-
KpECTHOTO CyOCHIUPOBAHHUS W T. 1.), TOKa3aH,
4TO HEOOXOAUMBI KOpEHHbIE n3MeHeHus. CeroqHs
JHEpreTHKa AakTHUBHO [BUXKETCA B HalpaBICHUU
nepexosa OT TOCYAapCTBEHHON MOHOIOIMU K PbI-
HOYHBIM OTHOUIEHMAM. [l 3HepreTudeckux
MPEeINpUATHI 3T TepeMeHBl MPUHECYT C cOo0O0i
HEOOXOJMMOCTb CaMOCTOSITENIbHOIO BEAEHUS XO-
3SIMCTBEHHOM [NESTETIbHOCTH, 4TO OyIeT CBS3aHO
c OONBIIMM KOJUYECTBOM pAa3JIMYHBIX PUCKOB.
B nacrosimee Bpemst B PecniyOnmke bemapyck Het
OOIIENPUHATON METOAMKH OLIEHKUA M YIpaBIICHUS
pUCKaMH, YYMTHIBAIOLIEH OCOOEHHOCTH MAESTENb-
HOCTH SHEPTeTHYECKHUX MPENIPUATHH.

OcHoBHasl YacTh

AHanu3 U OLIEHKA PUCKOB SIBIAETCS OOHHUM W3
OCHOBHBIX 3TaIloB MPOLIECCa YIPaBICHUS PUCKAMH.
OT KauecTBa TPOBEICHUS JAHHOIO  3Tama
BO MHOTOM OygIeT 3aBuceTh d(()EeKTUBHOCTH BCel
CHCTEMBI YIIPaBJICHUS PUCKAMH. AHalN3 PUCKOB
HPUHITO pa3fesisiTh Ha KaYeCTBEHHBIM M KOJIHYe-
CTBEHHBIH.

VYueHble TO-pa3HOMY TPAKTYIOT COIEpKaHUE
KadeCcTBEHHOro aHanuza. Tak, JI. ®@. Jloruip cuu-
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TaeT, 4YTO MPH NPOBEJICHUN KAau4eCTBEHHOI'O aHAJIH-
3a TpeOyeTcsl «BBIIBUTH OCHOBHBIE BHABI PHCKOB,
BIMSIOIINX HA (PUHAHCOBO-XO3SMCTBEHHYIO Jesi-
TENBHOCTH (PUPMBI, KOMITAHWH, U YK€ Ha HaYaIbHOM
JTale OLEHUTh KOJNWYECTBEHHBI COCTaB pHC-
koB» [1]. B. B. ApcenoB u U. B. XKapkos yTBep-
KIIAFOT, YTO TIPH TPOBEICHUM KAYECTBEHHOTO aHa-
7132 OLEHKU «yKa3bIBAIOTCS BUJ PHUCKA, €r0 MPHIHU-
HBI, TMOCJEACTBHS, MEPhl IO CHIDKCHHUIO YOBITKa
A TpOQUIAKTHIECKHE MEphD». AHAIN3 TPAKTOBOK
CYIIHOCTH Ka4ye€CTBEHHOTO aHAJIM3a PHUCKOB, OTpa-
KEHHBIX B pabOTax OTEYECTBEHHBIX U 3apyOEHBIX
aBTOpOB [2—7], Mo3BOIMI CcHOPMYITUPOBATH OCHOB-
HBIE 33/1a41 KaY€CTBEHHOTO aHAJIN3a!

1) onpenenenue GaKTOPOB PUCKa;

2) ompeneneHne 3TanoB PadOTHI, TPOIECCOB
WK XO34HCTBEHHBIX OINEpalnuii, IPH BBHIIOJIHEHUH
KOTOPBIX BO3HUKAET PUCK;

3) uneHTH(UKAMS PUCKOB M HMX XapaKTepu-
CTHKA.

BruiBiienue u naeHTH(UKALUS PUCKOB — BaXK-
HBI€ JTaIlbl, TO3BOJISAIONIHE CHOPMHUPOBATH P hek-
TUBHYIO CHCTEMY YTNPABICHUS PUCKAMH, MOCKOJIb-
Ky TOJIbKO Ha BBISIBICHHBIC PHCKUA MOKHO OKa3aTh
yIpaBJIEeHUYECKOE BO3JCHCTBHE, B TO BpEeMs Kak
HEBBISBJICHHBIE PUCKH MOTYT OKa3aTh HENpeacKa-
3yeMoe, a B HEKOTOPBIX cIydasx W KaracTpoduue-
CKO€ BIIMSIHUE Ha JIESITeIbHOCTD IPEAPUSTHSL.

PbIHOK 3HEpruM NPUHLMIHAIBHO OTIMYAETCS
OT PBIHKOB JIOOBIX IPYTUX TOBAapOB U YCIYT B CH-
Jqy cBOeH TexHOIornueckoi cneunduku. [pexne
BCEro, 3TO OOYCIIOBIECHO OCOOCHHOCTBIO IPOM3-
BOJICTBEHHBIX IPOLIECCOB B 3HEPreTHKE, a MMEH-
HO — DIIEKTPOTEXHUYECKUX MPOIECCOB, MPOTEKa-
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IOIINX B TeHepaluy U Tepeaaye dHepruu (TeXHO-
JIOTHYECKOE €IWHCTBO U COBIMAJCHUE BO BPEMEHH
NPOLIECCOB TEeHEpaIiy, Mepeladd U MOTPEeOICHHS
9HEpruy; napajenbHas padoTa BcexX CTaHIUA Ha
COBMEIIEHHBIN CYTOYHBIN TpauK HArpy3Ku paiio-
Ha; TUHAMUYHOCTh BO BPEMEHHU MapaMeTpoB HHEp-
TeTUYECKUX TPOLECCOB MPU CHHXPOHHOH padoTe
ANIEKTPOCTAaHIMK TpeOyeT aBTOMATH3ALMH YIpPaB-
JICHUS! DIIEKTPOCTAHIUSAMH U CETEBBIMH OOBEKTAMU
U T. 1.), @ TAK)KE OCOOCHHOCTHIO DHEPTUHU KaK TO-
Bapa (HEBO3MOXHOCTb CKJIaIUpPOBATh 3JIEKTPO-
9HEPTHUI0; O00E3IMYEHHOCTHh 3JIEKTPOIHEPTHH KaK
TOBapa, TaK KaK BCSA DJIEKTPOIHEPIUs IMOCTYMaeT
B 0OLIyl0 ceTb;, HEBO3MOXKHOCTb BBIOPAKOBKH
9Hepruu u T. A.) [8].

KauecTBeHHBIN aHaU3 PUCKOB C YUYETOM CIIe-
IUQHUKHA JESITETbHOCTH SHEPreTUYeCKUX MpeanpH-
SITUHA, TIPOBEJCHHBIN B [9], MO3BOJIMII ONpPENEIUTh
HepeueHb PUCKOB IHEPreTHUYECKUX NPeNIpUsTHH:
BHEIIHHE (TIOJIMTHUKO-3KOHOMHYECKHE, MPaBOBbIC
U PETryISTOpHBIE, PBIHOYHBIE, MPHUPOJHO-ECTECT-
BEHHbIE, (DMHAHCOBbIE, NHBECTULIOHHbIE) U BHYT-
pPEHHHE PHUCKU (IIPOM3BOJACTBEHHO-TEXHUYECKHUE,
(hMHAHCOBBIC, HECAHKI[MOHUPOBAHHBIX OTOOPOB,
OpraHU3allMOHHBIE, HCIIOJIHUTEIbCKUE, TEXHHYE-
CKOM 0€3011aCHOCTH, YKOJIOTHYECKHE).

KonnuectBeHHas olieHKa PUCKOB — MPOIOIIKE-
HHE UX KadecTBEHHOro asanuza. OHM mpeamnona-
raeT BbBUIBICHHE TaKUX XapaKTEPUCTHK PHCKA,
KaKk BEpOATHOCTh M pa3Mep BO3MOXKHOTO yIiepoa,
U 0azupyercsi Ha MHCTPYMEHTApUU TEOPUU BEPOSIT-
HOCTEH, MaTeMaTH4ecKOH CTaTUCTHKU, TEOPUH HC-
clieioBaHus onepatii U T. 1. CyIliecTByeT MHOXe-
CTBO Pa3JIMYHbIX METOJIOB OLEHKU PUCKOB. COriacHo
aHaim3y paboT pa3nuiHbIX aBTopoB [10-15], Hanbo-
Jlee 4acTo MNPUMEHSIEMBIMH SBISIOTCA METOIBI
CLICHApPHOTO aHalM3a M MaTeMaTH4ecKoil cTaTu-
CTHKH, METOJbl aHAJIOTHM W aHaIUTUYECKHUH, Me-
TOJNBI OIIEHKH MOTEPb, IKCIEPTHBIX OLEHOK U TEO-
puu cTaTUcTUUYecKuX urp. Kaxawiii u3 HUX uMeer
CBOM JIOCTOMHCTBA M HejocTaTku. PaccMoTpum mux
noJpoOHee.

K memooam cyenapnoeo ananuza OTHOCSTCA
MeToq; Monrte-Kaprno, MeTon «apeBa peleHui»
u nuarpamma TopHamo. OHH oOecrneyuBaroT
HaIIAJHOCTh IIOJYYEHHBIX B pPe3yJbTaTe aHaIN3a
JaHHBIX B BUJE Irpa)uuecKkoro OTOOpakeHHs pas-
JIMYHBIX BAPUAHTOB pelICHUM. Takke 3TU METObI
OTHOCHUTEJILHO IIPOCTHI B HCIOJIb30BAaHUU NP HU3-
BECTHOM KOJMYECTBE AJIbTEPHATUBHBIX CLIEHAPHEB

Hayka
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Pa3BUTHSL CUTYaIlMd C HW3BECTHBIMH BEPOSTHOCT-
HBIMH U CTOMMOCTHBIMU MOKa3arensmu. OIHaKo
00JIBIIIOE KOJMYECTBO AIbTEPHATUBHBIX BAPUAHTOB
Pa3BUTHS CHUTYaIlUU MPUBOAHUT K 3HAYUTECIHLHOMY
BO3pacTaHUI0 OOBEMOB pPACUYeTOB, YTO, B CBOIO
ouepe/ib, YBEIMYMUBACT BEPOSITHOCTH OIITUOOK.

IIpu mCmONB30BaHUH Memo008 mamemamuie-
CKOU cmamucmuKy TIPOBOJIUTCS pacyeT TaKux Be-
JTUYHAH, KaK JUCIEPCHs, CpPEeIHEKBAAPATUIECKOE
OTKIIOHEHWE, BapHuallus U KOPPEILns, MaTeMaTH-
yeckoe oxuganue. OCHOBHBIC JOCTOMHCTBA JaH-
HBIX METOJIOB — OOBEKTHBHOCTh WU TOYHOCTb B CO-
YETaHUU C MPOCTOTOM HCIONb30BaHUS. B TO ke
BpeMs IS TIPOBEIICHUST MaTEMAaTHICCKUX PacueTOB
TpeOyercss Hajaumuue OONBIIOTO 00BEMa MCXOMHBIX
JAaHHBIX, KOTOPbIE OYAyT HMPUMEHEHBI B JOCTATOY-
HO TPOMO3JIKUX BBIYUCICHUSAX. Takke MpU UCIIONb-
30BaHUHM METOJIOB MAaTeMaTHYSCKOM CTAaTHCTHKH
HE YYUTBHIBACTCS BIUSHUC PA3IMIHBIX BHYTPEHHUX
Y BHEIIHUX (PaKTOPOB.

Ananumuueckue memooObl OCHOBaHBI Ha WHC-
MOJIb30BAHUM A0COIIOTHBIX M OTHOCHUTENIBHBIX I10-
KazaTelield W HE MPEAnojiaraloT IPUMEHECHHE
CTaTHCTUYECKOH 00paboTku. OHU TO3BOJISIOT
MPOU3BECTU BCECTOPOHHIOIO OLIEHKY HAJECKHOCTH
1 3pPeKTUBHOCTH TpeAnpusaTus. Mcmomszyembie
METOJIUKH OTIMYAIOTCS MPOCTOTOH, MHPOPMATHUB-
HOCTBIO B JOCTYIMHOCTHI0. OCHOBHOM CIIOKHOCTBIO
NPy TPUMEHEHWH JaHHBIX METOIOB SIBISICTCS
OTpe/ieTIeHNe ONTHMANbHBIX (ITAJOHHBIX) 3Haue-
HUAU BBIOPAHHBIX IOKA3aTENEH, a TakXKe TO, UTO
pacyeThl COMPSIKEHBI C UCIOIB30BAHUEM OOJIBIIO-
r0 KOJIMYECTBA UCXOIHBIX JaHHBIX.

Ucnonw3oBanue memoda oyeHKu nomeps Tpe-
OyeT HanMuus 3HAYEHWH BEPOSTHOCTH BO3HHUKHO-
BEHHUSI PUCKOBOW CHTyallMd W BEIMYMHBI BO3MOXK-
HBIX TOTepb. JlaHHBIN METO]] MO3BOJISET MOJTYUYUTh
OIICHKY CTETICHH PHUCKA B CTOMMOCTHOM BBIpa)Ke-
HUU. [ JTaBHBIM €ro IMPEeuMyIIECTBOM MOXKHO CHUH-
TaTh HATJSIAHOCTH IMOJMYYEHHBIX pPE3yJIbTaTOB
B BHJE Tpaduueckoro u3o0paKeHHUs KpPHUBOM
MOTEPh WIIM KapThl PUCKOB. B To ke Bpems ¢ mo-
MOIIIBI0 TaKOTO METOJA OIpeNeNsieTCs JIUIIb ypo-
BEHb OTIENFHOTO pHCKa MO (aKTy IONyYeHHUs
KOHEUYHOTO pe3yJbTaTa.

Memoowvl sKcnepmmubix OyeHoK HAILIU TIIAPO-
KOe TIpHMEHEHUE B PHUCK-MeHekMeHTe. OCHOB-
HBIMH BapHAHTAMH SKCICPTHOMN OIICHKH SBISIOTCS
pamXHpOBaHWE, HETMOCPEIICTBEHHAsI OILEHKa, II0-
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CJIeIOBaTEeIbHOE CpaBHEHHE, MapHOE CpaBHEHHE.
Janaple Metonsl A(PQGEKTUBHBI TpU  pPEIICHUU
CIIOKHBIX, HECTAaHJIAPTHBIX U He(hOPMATU30BaHHBIX
pooIIeM, TPEOYIOIINX MIMPOKOTO CIEKTPa 3HAHUH,
OMBITA Y UHTYUIIUU KOMIIETEHTHBIX CIICHUATNCTOB.
OCHOBHBIMH HEIOCTaTKAMH METOAA AKCHEPTHBIX
OLIEHOK SABJIAIOTCA: TPYJHOCTH IIPOBEACHHUS MpoLie-
IypHl OIpOca, BEPOSTHOCTh OIMMOOK Ha CTaJnd
oTOOpa JKCIEePTOB, OTCYTCTBHE aOCONOTHBIX Ta-
paHTHIA IPABUIBHOCTH MOJTYYEHHBIX OLIEHOK BBUIY
HaIW4¥sl CyObEKTUBU3MA.

Memoo ucnonv3osanus anano208 3aKIOYaeTCs
B TIOWCKE CXOAHBIX (AHAJOTHYHBIX) CHTYAaIlHi,
NPOEKTOB WK coOBITHIH. OH MPOCT B UCHONb30Ba-
HUHM, OJHAKO BO MHOTOM 3aBHUCHUT OT 3HaHUU U
ONbITa PUCK-MEHEIXKepa, a 3HAuuT, MOJBEPKEH
BBICOKOH CTENICHU CyOBEKTHBHU3MA.

Memoowr meopuu cmamucmuueckux uep, Takue
Kak kpurepun Banpma, Casumxa, ['ypeuua, baiie-
ca, Jlarnaca u 1. 1., 4aie MPUMEHSIOTCS TP TIPH-
HATHM pPEUIEHHH B YCJIOBHSAX HEOIPENENEeHHOCTH.
['maBHBIE TpeMMyIIeCTBa — Y4€T pa3iINdHBIX (hak-
TOpoB. OJHAKO CYLIECTBYET CIOXKHOCTh B ONpeae-
JIEHWH BO3ACWCTBUS HEKOHTPOIHMPYEMBIX (haKTo-
POB, B 0COOEHHOCTH (haKTOPOB BHEIITHEH CPEIIbI.

IIpoananu3upoBaB TOCTOMHCTBA U HEJOCTAaTKU
pa3IMYHBIX METOJIOB OIIGHKH PHCKOB, a TaKXe
YUUTBIBas CIEU(UKY AESATSTLHOCTH U MPOU3BOJI-
CTBEHHOTO TMpOIlecca TEHEPHUPYIOIMNX MpeaIpusi-
TUH, MO>KHO CJIENaTh CJIEAYIOLIUE BHIBOMBIL:

— HamboJee MOIXOIAIMIMMHU Ul TPOBEICHUS
KOJIMYECTBEHHOTO aHajM3a PUCKOB 3HEpreTHue-
CKUX TIPEIIPUATHNA OYIyT aHATUTUYECKUE METO/bI
W METOJBI OIICHKH IOTEPh, MMOCKOJIBKY OHH obec-
MEYHUBAIOT JIOCTATOYHO TOYHYIO OIIEHKY Kak ca-
MUX OTIENbHBIX PUCKOB, TAK U UX CTOMMOCTHOTO
BhIpaKeHUA. [IprMeHeHrne NaHHBIX METOJIOB TaK-
K€ BO3MOXKHO [IJISl DHEPTeTHYECKUX MPeInpHs-
TUH B CBSI3U C HAJIWYMEM MOAXOJSAIIEH METOAH-
YECKOH, HOPMAaTUBHO-NIPABOBOM M HHCTPYKTHUB-
HOM 0a3;

— UCTIOJB30BaHUE METOJIA IKCIEPTHBIX OIEHOK
MOJKET HaWTH MIMPOKOE MPUMEHEHHEe IS aHajmn3a
PUCKOB SHEPreTHYECKUX MPEANpUsTUH, TaKk Kak
obecrieunBaeT HanOoJIee IIONHBIA yYeT KOJHde-
CTBEHHBIX M KaueCTBEHHBIX NapameTpoB. OmHOHI
U3 OCOOCHHOCTEH DHEPTeTHUKU SIBIISCTCS BBICOKHIMA
YpOBEHb KBaJH(HUKAIMK TEePCOHANa, YTO o0ecte-
YUBAeT HAJIWYHE OMNBITHBIX JKcmepToB. OmHAKO
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TpeOyeTcs MOBbIICHHE KBaTH(DUKANK CIeIHaII-
CTOB DJHEPreTHYECKUX MPEANpUATHH B 001acTu
PUCK-MEHE/DKMEHTa Uil yBEIMYCHHsS KayecTBa
NPUHAMAEMBIX PEeIleHNUH;

— MpUMEHEHHE METOAOB CLIEHAPHOTO aHaJH3a,
MaTeMaTHYeCKOH CTaTHCTHKH, METOJIOB HCIIOIb30-
BaHUsl AaHAJIOTOB M TEOPHUHM CTAaTHCTHUYECKHX HIP
IUISL DHEPTeTHYECKUX TNPEINPHATHH OTrpaHHYCHO.
CBsi3aHO 3TO C HEIOCTATOYHOCTHIO WM TOJHBIM
OTCYTCTBHEM HEOOXOAWMBIX CTATHCTHYECKHUX JIaH-
HBIX ¥ WH(POPMAMOHHKBIX 0a3, a Takxke mHpopma-
UK 00 aHAJIOTHYHBIX CHTYalUsX WM CIICHAPHUIX
BBU/Iy HOBHU3HBI IPHUMEHEHUS PUCK-MEHEIKMEHTa
JUISL IPEANPUATHIA YJHEPTETHKH.

B mpakTHKe OIEHKH PUCKOB CYIIECTBYET He-
CKOJIbKO OCHOBHBIX MeTOA0B. OTHUM U3 HUX SBIIS-
ercs meroq FMEA (ot anrn. Failure Mode and
Effects Analysis), KOTOpbIii TpUMEHsSIETCA IS
yIpaBlieHHS PUCKAMH TMOTEHIUAIBHBIX Je(eKToB
B HOBBIX IIPOEKTAX MPOMBIIUICHHBIX PEIIPHUSITHH.
B ocHoBe gaHHOrO MeTozAa JIEKUT OLEHKA TpeX
KPHUTEPHEB — 3HAYMMOCTH (HACKOJIBKO TSDKEIBIMU
OyAyT mocnenCTBUA JaHHOTO AedeKTa A MoTpe-
OuTensa), BEpPOSITHOCTH (KaK dYacTo BO3HUKACT
OIIpE/ICNIEHHOE HAapYIIEHHE ¥ MOJXKET JIU CHTYalHs
MTOBTOPUTHCST), OOHAPYKEHUS (BO3ZMOXKHOCTh OOHa-
pyxenus) [16]:

R=S50D,

rae S — 3HaunMocTh (Severity), 6amisr; O — Bepo-
stHOCTh (Occurrence), 6aiel; D — oOHapyXeHHe
(Detection), Gauibl.

Omnako meroq FMEA mpuMeHMM TOJBKO ISt
OLICHKU TIPOU3BOJICTBCHHBIX PUCKOB M HE IMOIXO-
IAT A npyrux BuaoB. IlosTromMy MBI cumraem
1esiecooOpa3HbIM HUCTOJIB30BaHUE HHOTO METOJa,
B OCHOBE KOTOPOTO JICXKHT ONpEACICHUE IBYX
OCHOBHBIX TIOKa3aTeleil — BEpOSTHOCTH BO3HHK-
HOBCHHSI PUCKA M BEJIMYMHBI MOTCHIUAIBHBIX T10-
cnenctBuil. s onpeneneHuss ypoBHS pHCKa
HEOOXOIUMO BOCHONB30BaThes clieaytomeil dop-
MYJIOi:

R=PS,

rae P — BepOsATHOCTh BO3HUKHOBEHHUS PHCKa, Oail-
16, S — BeIWYMHA MOTEHI[UAILHEBIX MMOCIEACTBHH,
OaJLIbL.

IlocnemoBareapHOCTE
OLICHKH MOTEPh:

MIPUMCHCHUA MCTOOAa
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— ONpEeJeNNUTh Pa3MEpPHOCTH IIKal OLIEHKU Be-
POSITHOCTH BO3HUKHOBEHHMS PUCKA U BETUYMHBI IO~
TEHIMAJbHBIX ITOCJIEICTBUI;

— 3a7aTh KaX/IOMY 3HAYEHHUIO B IIKaJaX YeTKHE
napameTpsl;

— OTIPENIEANTh KPUTEPUU KPUTUYHOCTH IS
pucka.

IlepBpIM mIaroM SIBIAETCS ONpEAETICHUE pas-
MEPHOCTH ILKaJ JUIsl BEPOATHOCTH BO3ZHUKHOBEHUS
puUcKa U TSXKECTH mocienctsuii. B mpakTuke
yIOpaBlIeHUsT pUCKaMu nOpumensitorcs 10-, 5-, 4-
u 3-OamnpHble IKadel. B Tabm. 1 mpexacrasie-
Ha XapaKTepUCTUKA 3HAYCHUH BEPOATHOCTH BO3-
HUKHOBEHHMS PHCKAa M BEJIMYMHBI IMOTCHLIHUAb-
HBIX TIOCIEJICTBUII B IIKalax pas3Iu4HbIX pas-
MEpPHOCTEH.

Ilpn mpoBeneHMy aHanmM3a PUCKOB AJIsL SHEpPre-
THYECKHUX MPEANPUITHI OyaeM HCIONB30BaTh 4-0a-
JbHYI0 HIKaly. OTO CBSI3aHO C TEM, 4YTO TaKas
Pa3MepHOCTh IIKAJIBI MMO3BOJSET M30eKaTh HU30BI-
TOYHOTO O0beMa HMH(POPMALUH, KaK MPH HCIIOJb-
30BaHud 10-0ayulbHON IIKambl, B TO K€ BpEMs
o0ecrieunBas AOCTaTOYHOCTh KOJW4ecTBa MHGOp-
Malluu.

Hanee 3agaguM Ka)XJIOMy 3HAYEHUIO B IIKallaxX
YyeTkue mapaMeTphl. Kak roBopuiioch paHee, Oyaem
WCIONIb30BaTh 4-0aNIbHYIO IIKaTy KOJIUYCCTBEH-
HOH OIICHKHU BEPOATHOCTH (Tad. 2).

Or1leHKa TSDKECTH TOCHEACTBUI TOKHA OTpa-
KaTh CHENU(UKY IEATEIHHOCTH MPEANPUSITUS.
[Iporecchl MPOM3BOACTBA PHEPTHH BO MHOI'OM OT-
JMYAKOTCS OT JAPYTHX MPOU3BOJCTBEHHBIX MPOIIEC-
COB, YTO OBLIO OTMEYECHO BBIIIC. BOJBIIMHCTBO
pa3paboOTaHHBIX MIKAl TOTEHIMAIBHBIX IOCIE]I-
CTBHH PacCMaTPHBAIOT JHOO TOJIBKO MOCIEICTBHS
ONPECICHHON TPYyNIbl PHUCKOB, JIMOO CBOJAT
OLICHKY TSDKECTH IMOCJIC/ICTBHI JIUIIb K CTOUMOCT-
HoW oneHke. OfHAKO MepeOou B TeHEepaluu dHep-
THH MPUBOJIAT HE TOJIBKO K (DUHAHCOBBIM TOTEPSM,
HO TaKkXKe MOTYT HaHECTH 3HAYUTEIbHBIH Bpe
9KOJIOTHH WJIM TPHUBECTH K TPaBMHUPOBAHHIO JTIO-
neit. [losToMy MBI curTaeM HEOOXOIMMBIM OICHH-
BaTh MOTEHIIMATBHBIC MOCIEACTBHS MO TAKUM Iia-
pameTrpaMm, Kak: BeNWYHHA (PUHAHCOBBIX MOTEPH,
MIOCIIEAICTBUS JIJIS JIFOJICH, TIOCIEICTBUS C TIO3HUIIUU
3aKOHa ¥ pENyTallud, BKOJOTHYECKHE IOCIe]-
CTBHS, TIOCJICACTBUS MEepeOOEB B TEXHOIOTHIESCKOM
nporecce (tabdm. 3).

Tabnuya 1

XapaKkTepHCTHKA BeITMYHH B PA3THYHBIX MIKAIAX

Characterization of quantities in various scales

. KauecTBeHHBII OKa3aTenb .
KonmuecTBeHHBIH 1TOKa3aTeb, KonmuecTBeHHBIH 1TOKa3aTeb,
6ann BEPOSTHOCTH BEJIMYMHBI TOTEHI[HATBHBIX Oan

BO3HUKHOBEHHSI PUCKA TOCIIEICTBUH
10 Bceerga Katactpoduueckas 10
4 5 5 4
3 9 [pakTHyecky HEN30€XKHO Kpuruueckas 9 3
8 OueHp 9acTo Beicokas 8
4 4
3 7 Yacro 3HaunTeNnbHas (Cepbe3Has) 7 3
’ 3 6 BosmoxxHo CyuiectBeHHast 6 3 )
5 Tlepuogmueckn Cpenusis 5
2 4 Penxo YmepenHas 4 2
2 2
3 MasnoBeposiTHO Huskas 3
1 | | 2 [IpakTHueckn HEBO3MOKHO [Ipuemnemast 2 | | 1
1 HesepositHO Hesnauutensnas 1
Tabauya 2
KosnyecTBeHHasI OleHKA BePOSITHOCTH BO3SHHKHOBEHHSI PHCKA 151 JHEPreTHYeCKHX MpeANpUusTUii
Quantification of probability for risk occurrence for energy enterprises
bann BepositHOCTB pricka OnucaHue pucka
4 [pakTudecku HeM30eKEH 1 pa3 B TeueHue paboUeii CMEHBI WITH YaIle
3 Yacro 1 pa3 B MecsiIl Wiu yaue
2 Penxo 1 pa3 B KBapTaJ WM Yaiie
1 He Beposten Pexe, uem 1 pa3 B monyroxnue-roa
Hayka 87
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Tabnuya 3
IIkaJja BeJTHYHHBI HOTCHIHAIBHBIX NOCJIEACTBHII PHCKOB /1151 T¢eHEPHPYIOIINUX NPeINpPUsiTHI
Scale of potential consequences of risks for generating enterprises
Benununna Iepebou DKoJIOTH-
bann| noreHHUanpHBIX | B TEXHOJIIOTHYECKOM Iocnencraus s moaen YecKue
TIOCJIEACTBUIT mporecce TIOCIIEACTBHS
4 | Karactpoduueckas ABapus IToxap, B3pBIB, HECUACTHBIN CIy4ail cO CMEPTEIbHBIM HCXOI0M
WU ¢ TIOJTHOH TOTepeil TPyZOoCIIOCOOHOCTH, TPYIIIOBOM HECUaCTHEIN
o *
CJIydail ¢ YUCIIOM ITOCTPAJABIINX J[BA H OOJICe YETIOBEK > 0,8 ITAK
3 Cy1mecTBeHHas Otka3 | crenenn | Tspkenblil HECHACTHBINA CITydaid, KOTOPBII BBI3BIBACT OCTOSHHEIC
(npod3aboieBanye), MHBAIMIHOCT WM JUTHTENBHBIE TocneacTBus | > 0,6 [TIK
(BpeMeHHas HETPYI0CIIOCOOHOCTE Oomee 30 mHei) n < 0,8 [TAK
2 YmepenHas Ortxkas Il crenenn  |[Ipenmonaraer obpamienuie paboTHHKA 32 MEAUIIMHCKOH momonipio; | > 0,4 ITIJIK
BpPEMCHHAsI HETPYI0CIOCOOHOCTD (110 30 mHEi) n<0,6 [1IK
1 [Tpuemnemas Texnonornueckoe |be3 TpaBm/3a0oneBaHuil MM MUKPOTPABMEI (HE3HAYUTEIBHBIH T10-
HapylleHue pe3, ymuo) < 0,4 I[TAK

* TlpemenpHo pomyctuMasi konueHtpaumus (IIJIK) — 310 MakcumanbHasi KOHIICHTpAIMs BEIIECTBA B aTMOC(HEPHOM BO3JIY-
xe (Mr/M’), KOTOpas He OKa3bIBACT Ha YEIOBEKA IPSIMOTO MM KOCBEHHOTO BPEIHOTO BO3JCHCTBHS, HE BIMACT HA €I0 CAMOYYBCTBHE
U He CHIXKaeT paboTocrocoOHOCTh (BKIIIOYAs OTAAIECHHBIE TOCTIEACTBHUSA).

Knaccudukarms texHonmorudeckux mnepedoeB U
OTIpeIeTICHUE aBapUX U OTKA30B JJIS1 SHEPTETUUECKOTrO
obopynoBanust npuseaeHsl B CTIT 09110.20.817-13
«MHCTpYKIMSI IO PACCIECAOBAHUIO U YUYETY Hapyllle-
HUA B pabOTe€ DHEPrOMCTOYHUKOB, DJIEKTPUUIECKIX
U TEIUIOBBIX ceTei». Takke mpu OIeHKE PUCKOB JIJIs
SHEPreTUYECKUX MPEANPUATAN BO3MOXKEH y4eT (hu-
HAHCOBBIX MTOTEPh. AHAIN3 3TUX TTOTEPh MOXKET OBITH
OCYILIECTBJICH HA OCHOBE aHAIW3a MOKazaTelel Kak
JIMKBUJHOCTH M TUIATEXKECIIOCOOHOCTH, TaK U Y eK-
TUBHOCTH HCIOJB30BaHMS KPATKOCPOYHBIX AKTHBOB
SHEPreTUUECKUX NPEATIPUSTHIA.

OYyHKUUOHUPOBAHUE DSHEPIeTUYECKUX Mpea-
OPUATHI KaK CaMOCTOSITENBHBIX XO3SHCTBYIOLIUX
CyOBEKTOB CTOJIKHET UX C HEOOXOJAMMOCTBIO OLICH-
KM MOCJIECTBUN C TOUKU 3PEHUS peryTaluu U 3a-
koHa. CBepIIeHHEe PUCKOBOTO COOBITHS MOXET B
3HAUUTETFHON CTENEeHM MOBIUATH HE TOJBKO Ha
(hMHAHCOBOE COCTOSHUE MPEANpPHUATHS, HO M Ha
OIIEHKY €ro pemyTalllii CO CTOPOHBEI MOTpeduTe-
nei. Tak, mocieacTBrUe B BUAE AUCLUILIMHAPHOTO
B3BICKaHUsI C OTBETCTBEHHOIrO JIMLIA WK BHYTPEH-
HEEe pacclieZIOBaHUE MOXKET OBITh MPUEMIIEMBIM.
YMepenusie mTpadHBIe CAHKIHWH, MPUMEHEHUE
aIMUHUCTPATUBHONM OTBETCTBEHHOCTH K BHUHOB-
HbIM WJIH Pa30BO€ YIOMHHAHHE B €AUHUYHBIX HC-
tounukax CMMU OyayT yMepeHHBIMU MOCIEICT-
BusMH. Torga Kak TpUBICUYCHHE CIICICTBEHHOTO
KOMHUTETA, IPUMEHEHUE YTOJIOBHON OTBETCTBEHHO-
CTU K BUHOBHBIM, YIIOMHUHAHHE BO BCEX BEAYILIUX
CMMU unu nosHeIN 3anpeT Ha AEATENbHOCTh MOTYT
OBITh CYIIECCTBCHHBIMHM HJIU Ja)Ke KaTacTpoduue-
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CKAMHU TIOCHEACTBUSAMHU JUIA DHEPTETHYECKOTO
MIpEeaNPUATHS.

IlepedyeHs BHJIOB MOCJIENCTBHI, a TaKXKe CTe-
[IEHb BIUSHUS KaXXIOTO BHJAA IOCIEICTBHUS Ha
KOHKPETHOE MPENIPHUATHE TOJKHBI (POPMHPOBATH-
Cs ¢ yUIEeTOM Bcex ero ocobennocreid. Ilocne Toro
Kak OyZIyT omnpejeieHbl BEpOSTHOCTh M BETUYMHA
BEPOATHBIX MMOCIEACTBUNH OT PUCKA, MOXET OBITh
pa3zpaboTaHa MaTpuIia OIIEHKH PHUCKOB. B 3aBucH-
MOCTHU OT BCJIMYUHBI 3HAYUMOCTH PHCKU MOXHO
pasgenuTh Ha Tpynnsl: oT 1 10 4 GamioB — npueM-
JIEMBIA PUCK, OT 6 10 9 OaIOB — 3HAYMTEIHHBIN
pHcK, 12 6amioB — BEICOKHH PHCK, 16 OauioB — Ka-
Tactpoduueckuii puck. OrmpeneneHne BETUINHBI
3HAYMMOCTH PHCKa HEOOXOIUMO ISl BEIOOpa METO-
Jla pearnpoBaHMUS U YIPABICHUS JaHHBIM PHCKOM.

Ha mpaktuke cymiecTByeT MHOKECTBO METO/IOB
yIpaBIeHHUS PUCKOM, KOTOPbIE MOXHO CIPYIIIHPO-
BaTh B YETHIPE OCHOBHBIE I'PYMIIBI: METOIBI YKIIO-
HCHUA OT pHCKa, METOJbI IEpe€aadn puckKa, METO-
Il CHW)KCHUS PHUCKA, METOJABI TPUHSATHS pPHCKA.
Paccmorpum  Gosiee TompoOHO JaHHBIE TPYIIITBI
METOJIOB YIIpaBJeHHs puckamu (puc. 1).

Memoowr yxknouwenus om pucka TPUMEHSIOTCS
B TOM CJIy4yae, €CIM CYIIECTBYET BO3MOXKHOCTb H3-
0exaTh WM OTKa3aThCs OT OIPEAEICHHOTO BHUIA
pucka. Yaie Bcero mpu MOMOIIM JAaHHOW TPYMIbI
METOJIOB YIPABIISIIOT PUCKAMHU, CBSI3aHHBIMH C pabo-
TOW C MOCTaBUIMKaMH WM KiueHTamu. K merto-
JlaM YKIIOHEHWSI OT PUCKa OTHOCSTCS OTKa3 OT pa-
0OTBHI C HCHAAC)KHBIMH KIIMCHTaAMHU, IapTHEPpaMH
WM TIOCTaBIIMKAMH, a TaKkKe OTKa3 OT PHCKOBBIX
CUTYyaIUH.
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Meroapl yupaBJI€HUA

pUCKaMu
1
1 1 1 1
MeTo1bl YKIOHEHHS Metoab! nepegauu MeTo/IbI CHIDKEHUS Metoabl pUHSTHS
OT pHCKa pucka pHcKa pucka
OTKa3 OT PUCKOBBIX uBepcupukanus aHHE CHCTEMBI
prck — CrtpaxoBaHue || Ausepcnduran || Cosnanne cucre
CUTyanui PpHUCKOB pe3epBoB
OTka3 oT paboThI
¢ HEHAIC)KHBIMH XeDKHpOBAHHE JlumutupoBanue CrpaTerunueckoe
KJIMEHTAaMH, [TApTHEPaAMH, PHCKOB IUTAaHUPOBaHHE
MMOCTABIIUKAMHU
Jloxanmzanus IIporao3upoBanue
— AyTcopcuHT — H — P Vp
PHCKOB BHEILIHEW Cpeibl

Puc. 1. Kimaccudukanust METOJIOB yIIPABIEHHS! PUCKAaMU

Fig. 1. Classification of risk management methods

Ecnu ke BO3MOXXHOCTH H30€kKaTb pUCKa HE
CYLIECTBYET, TO TPEOYETCsl ONPEACTUTh, MOKHO JIH
NEepeHeCTH PUCK Ha Apyrux ymy. K memooam ne-
peoauu pucka OTHOCSTCS ayTCOPCHHT, CTpaxoBa-
HHUE W XEKHPOBAHUE PUCKA. AYTCOPCHHI yIpaB-
JICHUS] PUCKAMH UMEET Psi/I PEUMYIIECTB U HEJI0-
craTtkoB. CTOWT Y4YHTHIBaTH TOT (PAKT, YTO TIPH
UCIIOJIb30BAHUN ayTCOPCHHTA €CTh BEPOSTHOCTD
MOTEPU KOHTPOIS HaJ JNEATCIHHOCTBIO OpraHu3a-
M WIN CICIUATHUCTOB, KOTOPbIC MPEAOCTABISIOT
YCIIyTH TIO yIpaBJieHHuto puckamu. [loaTroMy Hanbo-
Jee YacToO WCIONb3YeMbIMH METOMAMH Tepeaavn
PUCKOB SIBJISIFOTCSI CTPaXOBaHUE U XCIHKUPOBAHUE.

K memoodam chudicenus puckog OTHOCST IHU-
BepcH(HKAIMIO, TUMUTUPOBAHUEC U JIOKATH3AIUIO
puckoB. JIOKaNM3alMi0 PUCKOB  HMCHOJB3YIOT
KpaifHe pe/iKO, TaKk KakK Ul MPUMEHEHUs TaHHOTO
MeToJ1a TpeOyeTCsl YSTKO UACHTU(DHUIIMPOBATH PUC-
KM, UCTOYHHUKH WX BO3HUKHOBCHHSI, 3Talbl WU
YYaCTKH JESITETBHOCTH, HA KOTOPBIX BO3HUKAIOT
9t pucku. CylIecTBYeT HECKOJIbKO BapUAHTOB
JIuBepcH(UKAIUN PUCKOB B 3aBUCHMOCTH OT CIie-
TUQHUKHA ESITETHHOCTH OPTaHU3allMd U BHIA PHUC-
Ka: AuBepcu(UKaIys KaHAIOB cObITA M MOCTABOK,
nuBepcuUKaIUs BUIOB JCATEILHOCTH, IMBEPCHU-
¢ukarys uHBeCTUIMN. JIMMUTHPOBAHUE KE PHCKA
TpeOyeT YCTaHOBIICHHS CHCTEM OTPaHUYCHUH
BEPXHHUX W HIDKHHX IMPENENIOB, CHOCOOCTBYIOIINX
YMEHBIICHHUIO CTETIEHU PHCKA.

OCHOBHBIM Memo0OM NPUHAMUS PUCKOS SIBIISI-
€TCsl CO3/IaHNE CUCTEMBI pe3epBOB. J[aHHBII MeTOx
MOJIpa3yMeBaeT CO3/IaHNe CTPAXOBBIX 3aMacoB ChI-
pBsi, MaTepualioB, (UHAHCOBBIX CPEICTB JJISI CHU-
JKCHHUSI TIOCJIEJICTBUN HACTYIUICHUS] PUCKOBBIX CO-
OpiThii. Tarxke pa3padaThIBAIOTCS TUIAHBI HCIIONb-
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30BaHMS ATUX PE3EPBOB B KPU3UCHBIX CUTYAIUSIX.
K meTomam mpuHSTHS pUCcKa OTHOCSITCSI CTpaTerH-
YecKoe TUIAHHPOBAaHUE M NMPOTHO3MPOBAHKE BHEIII-
HEW cpenbl.

YuureiBas cienu(puKy TEXHOJIOTHUECKOTO MPO-
mecca u OCOOCHHOCTH JESITeThHOCTH Te€HepUpYyIo-
UX OPEANPUATANA, MOKHO CHIENIAaTh BBIBOJ O TOM,
YTO TaKUE€ METOJIbl YIPaBICHUS PUCKaMH, KaK JIO-
KalTu3aIusl PUCKOB M AUBEPCUDUKAIUS BUIOB JIes-
TENBHOCTH, HE MOTYT OBITh HCIOJB30BaHBI TPHU
YIOPABICHUU PUCKAMU ISl JAHHBIX OPEIIPUITUIM.
AYTCOpPCUHT YIpaBJICHUS PUCKAMHU TOXKE HE IMPH-
MEHUM JUIsI TCHEPUPYIOUTUX MPEATNPUITUN B CBSA3HU
c OONBIINM KOJMYECTBOM PHCKOB AEATEIHLHOCTH
1 HEBO3MOXHOCTBIO MOTEPU KOHTPOJS HaJ Ipo-
[IECCOM YIIpPaBJIEHUS] PHUCKAaMHU CIEHUAINCTaMH
sHepreTrueckoro npoduisi. Mcmons3oBanue Me-
TOJa JMMHUTHPOBaHUS pPHCKOB Oyner Haumbomee
3G GEKTHBHBIM TOJILKO MPU YHPABICHUH (PHHAHCO-
BBIMU U WHBECTULHOHHO-WHHOBAallMOHHBIMH PUC-
KaMH I TEHEPHUPYIOMUX npennpustaii. Hawnbo-
Jiee 4acTo MPUMEHSAEMBbIMU METOAAMH YIIPaBICHUS
PHUCKaMU Uil TEHEPUPYIOMIHNX MPENNPUATHN Oy IyT
CJEeYIOLIUE: METOABl YKIIOHEHUSI OT PUCKOB, CTpa-
XOBaHHUE, XEIKUPOBAHUE U CO3JIAHUE CHUCTEMBbI
pe3epBOB.

Bri6op Meroma ympaBieHUS PHCKOM JOKEH
OMUpaThbcsi Ha OCOOCHHOCTH KOHKPETHOTO BHAA
pUCKa W CIOXHBIIYIOCS cuUTyaluio. Tak, mpu
OUCHb YaCTOM MPOSBICHUHM PHCKA U KartacTpodu-
YeCcKHUX MOTepsAX OT JAaHHOTO BUIA pUCKa MPeIpu-
SITHEM JOJDKHA OBITH BBIOpaHA CTpaTErus yKJIOHE-
HHUS OT 3TOT0 pHCKa, TOTAAa Kak IMpH MaloBepo-
STHOM TPOSIBJICHUH U IIPUEMIIEMOM YPOBHE MOCIIEN-
CTBUM MpPEANpUATHE MOXET MPUHUMATh JaHHBIN
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pHUCK Ha cebst pH CO3/aHUU HEOOXOIUMOTO ypOB-
HS pE3EPBOB.

HawnGompmryro 3 QeKTHBHOCTL TpH yIIpaBie-
HAW PUCKaMU OYyIeT MMETh KOMOWHAIIMS pa3iind-
HBIX METOJIOB, KOTOpBIC MOJIOHUPAIOTCA K KaXKJIOH
KOHKPETHOM CHTyaluu, CIOXKUBIICHCS B OHM3HEC-
OKPY>KEHHHU TEHEPUPYIONIETO0 HCTOUHHUKA.

BbIBO/IbI

1. Cpemun BO3MOXKHBIX METOJIOB IIPOBEIACHUS
KOJIMYECTBEHHON OIIEHKH PHUCKOB IS JHEPreTH-
YECKUX MPEANPUATHA Haubojiee MOAXOIAIIUMU
OyIyT aHATUTHYECKHE METOIBI U METOABI OICHKH
moTepb. Takke MOXKET MPUMEHSITHCS METOJ JKC-
MIEPTHHIX OICHOK.

2. IlpencrapieHHas METOAMKA OIEHKH PUCKOB
JUTS. DHEPTeTHYECKUX TMPEeINpUATHH, OCHOBAaHHAs
Ha TI0Ka3aTessX BEPOATHOCTH W BEIMYUHBI BEPO-
ATHBIX TIOTEPb OT PHICKA, SBISETCS HanOoJee yHH-
BEpCAIIbHBIM MHCTPYMEHTOM OILIEHKH TOCJIEICTBUI
Pa3IUYHBIX BHJOB PHCKOB C YYETOM CICIU(DUKA
SHEPTeTUYECKUX MIPOIIECCOB.

JIUTEPATYPA

1. Horuns, JI. ®. YmpaBieHue pucKamMu U CTpaxOBaHHE B
ousnece / JI. ®. Jloruns. Munck: Mucanra, 2014. 321 c.

2. AnbruH, A. Puck u ero ponb B 0OIIECTBEHHOW KU3HH /
A. Anerus. M.: Meicib, 1989. 160 c.

3. banab6anos, U. T. Puck-menemxment / U. T. banabanos.
M.: dunanchl ¥ cTaTucTHKa, 1996. 192 c.

4. Jlanycra, M. I'. Pucku B npennpuHUMaTENLCKOMN AesTeb-
Hoctu / M. T'. Jlamycra, JI. I'. IllapmrykoBa. M.: UHOPA-M,
1998. 224 c.

5. Haiit, ®. X. Puck, HeOIpeIeIeHHOCTh W NPHOBLIL /
®. X. Haiit, nep. ¢ anrin.; Hayd. pen. B. I'. 'pebeHHHKOB.
M.: [eno, 2003. 218 c.

6. PeimkeBnu, B. B. DkxoHommyeckass Teopusi pPHUCKOB /
B. B. PrimkeBuu. Munck: benopyc. roc. skoH. yH-T, 2001.
208 c.

7. Ha#t, T. H. KonkypeHuuss u ymnpaBieHue pUCKaMHU Ha
npennpuaTHix B ycnosusx peiaka / T. H. Hait, IT. T'. I'pa-
OoBbii, Mapamna bacam Caiten. M.: UHOPA-M, 1999.
286 c.

8. JIrobumoBa, H. I'. DxoHOMMKa U ynpaBiIeHHE B 3HEPTeTH-
ke / H. I'. JlrobumoBa; mox obur. pen. H. I'. JlrobumoBoid,
E. C. Ilerposckoro. M.: FOpaiit, 2014. 485 c.

9. Temmyns, E. Y. Pucku sHepreTHdecKkux MpeanpUsTUi: TeX-
HOJIOTHYecKHe 1 dkoHOMHuecKkue acriekTsl / E. M. Toimyis //
OxoHomuKa. Ympasienue. Munosauuu. 2019. T. 5, Ne 1.
C. 26-30.

10. ByssuoB, B. II. Puckonorus: ympaBieHune puckamu /
B. II. bysnos, K. A. Kupcanos, JI. A. Muxaiinos. M.:
Ox3amen, 2002. 382 c.

11. TonoBauesa, 1. B. Onienka x03s1iiCTBEHHOT0 pUCKa: METO/I.
PEKOMEHAAINY JUIsl CTyHIaTeled OTACIEHHUs IMOATOT. PYK.
U cTyseHToB (ak-ta MenemxmMenra / . B. 'onoauesa,
T. II. JluzynoBa; Axkaxn. ymnp. npu Cosere MuHHCTPOB
Pecn. benapycs. Musnck: [0. u.], 1993. 22 c.

12. I'panatypoB, B. M. DKOHOMHYECKMI PHUCK: CYIIHOCTb,
METOZBI U3MEPEHUs, MyTH cHIDKeHus / B. M. I'panatypos.
M.: lexno u cepBuc, 1999. 112 c.

90

13.

14.

15.

16.

—_—

10.

11.

12.

13.

14.

15.

16.

OdunaHcoBbIil MeHeKMEHT / moa ped. E. C. CTosHOBOIA.
M.: IlepcnexTuBa, 1993. 768 c.

Xoxnos, H. B. Vmpasnenne puckom / H. B. Xoxios.
M.: FOHUTH, 1999. 239 c.

IOxaeBa, B. C. Ynpasnenueckue pemennst / B. C. IOkae-
Ba. M.: Jlammkos u K, 1999. 292 c.

[Mantokos, JI. U. IIpenBapurensHoe uccieq0BaHUE 00BEK-
Ta aHanmm3a B pamkax merona FMEA / JI. W. Ilaniokos,
E. B. IlamokoBa // MnHoBarmonHast Hayka. 2015. Ne 11.
C. 103-108.

Hocrymuna 02.07.2020
[Noanucana B mevats 29.10.2020
Ony6nukoBaHa oHnaiiH 29.01.2021

REFERENCES

.Dogil L. F. (2014) Risk Management and Insurance in

Business. Minsk, Misanta Publ. 321 (in Russian).

. Algin A. (1989) Risk and its Role in Public Life. Moscow,

Mysl Publ. 160 (in Russian).

.Balabanov 1. T. (1996) Risk Management. Moscow,

Finansy i Statistika Publ. 192 (in Russian).

. Lapusta M. G., Sharshukova L. G. (1998) Risks in Entre-

preneurial Activity. Moscow, INFRA-M Publ. 224 (in
Russian),

. Knight F. H. (2003) Risk, Uncertainty and Profit. Mos-

cow, Delo Publ. 218 (in Russian).

.Rymkevich V. V. (2001) Economic Theory of Risks.

Minsk, Belarus State Economic University. 208 (in Rus-
sian).

.Tsai T. N., Grabovyi P. G., Marashda Bassam Sayel

(1999) Competition and Risk Management at Enterprises
in Market Conditions. Moscow, INFRA-M Publ. 286 (in
Russian).

. Lyubimova N. G., Petrovskii E. S. (2014) Economics and

Management in Energy. Moscow, Yurayt Publ. 485 (in Rus-
sian).

. Tymul E. 1. (2019) Risks of Energy Enterprises: Tech-

nological and Economic Aspects. Ekonomika. Upravlenie.
Innovatsii = Economics. Management. Innovations, 5 (1),
26-30 (in Russian).

Buyanov V. P., Kirsanov K. A., Mikhailov L. A. (2002)
Riskology: Risk Management. Moscow, Ekzamen Publ.
382 (in Russian).

Golovacheva 1. V., Lizunova T. P. (1993) Assessment of
Economic Risk. Minsk, Academy of Public Administration
under the Council of Ministers of the Republic of Belarus.
22 (in Russian).

Granaturov V. M. (1999) Economic Risk: Essence,
Methods of Measurement, Ways of Reduction. Moscow,
Delo i Servis Publ. 112 (in Russian).

Stoyanova E. S. [ed.] (1993) Financial Management.
Moscow, Perspektiva Publ. 768 (in Russian).

Khokhlov N. V. (1999) Risk Management. Moscow,
UNITY Publ. 239 (in Russian).

Yukaeva V. S. (1999) Management Decisions. Moscow,
Dashkov i K Publ. 292 (in Russian).

Panyukov D. I., Panyukova E. V. (2015) Preliminary
Study of the Object of Analysis in the Framework of the
FMEA Method. [Innovatsionnaya Nauka [Innovative
Science], (11), 103—108 (in Russian).

Received: 02.07.2020
Accepted: 29.10.2020
Published online: 29.01.2021

Hayka
wrexHuka. T. 20, Ne 1 (2021)



