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Foreword to Compendium

Energy problem is one of the most pressing global challenges of modern life as it
affects the world population growth. The energy potential of any country represents
its power, opportunities to improve citizens’ life standards, strong position at
the financial markets and overall national security. Energy provides operation of
engines, computers, medical equipment, compressor stations, lighting systems, etc.,
which are now the attributes of technological progress.

Energy security of Russia is guaranteed by several opportunities:

o the great potential of explored and used natural recourses such as oil, gas,
coal, peat, slate, wood, operating nuclear power plants and hydroelectric
power plants;
exploration and field development of new north hydrocarbon deposits;
use of alternative eco-friendly energy sources: solar, wind, geothermal
sources etc.;

e application of energy efficiency technologies in everyday life and in
industries with the introduction of innovative technologies and equipment.

Use of energy saving opportunities in Russia is rather perspective as it prevents
economic and ecological crisis and makes energy available for public. This direction
of energy security improvement requires high-skilled specialists with systematic
thinking, deep and complex knowledge of thermodynamics, economics, informatics,
processes and devices, mathematical programming, etc.

The project TEMPUS 530620-TEMPUS-1-2012-1-IT-TEMPUS-JPCR being realized
by the consortium of Russian and foreign universities is aimed at development of
a new master study programme “Innovative Technologies for Energy Saving and
Environmental Protection”. The Russian Federation educational system has no
analogues of such a programme.

The unique character of the programme is reflected in the recognition of the fact
that all economic sectors should become low-cost, energy efficient and eco-friendly.
It is evident that the consistent approach to train high-skilled professionals should
be used and educational methodology should be based on natural and industrial
systems theory, research of energy resources life cycle, interdisciplinary approach
to the analysis of energy and environmental problems, use of “green technologies”,
comprehensive energy-technological, ecological and economic analysis of
engineering solutions.

Methodological aspects of Master programme follow the European principles of
“Bologna process”, where much attention is paid to individual activity approach,
master student is an active, creative subject of the study process. This type of
training considers students’ individual and psychological features, their personal
skills, interests and needs.



Master programme presupposes use of special student-centred approach, which
encompasses methods of teaching that shift the focus of initiative to master student.
Application of such approach means the development of student’s personal potential
as a result of individual studies and development of partnerships between teachers
and students: within this framework the students’ independence is achieved in the
study process, the student himself chooses the most effective way of learning.

Considering the Bologna process ideas, Master programme in energy saving and
environmental control is based both on theoretical and practice-oriented methods
of study, forming graduates’ system of professional competences, providing easy
adaptation to concrete working situation and masters’ competitiveness at the labour
market. The realization of practice-oriented methods of study, using the student-
centred approach, is implemented in specialized innovative laboratories, formed at
universities within TEMPUS project.

The achievement of Master programme aims is fostered by the group of Russian
teachers, who completed intensive training course at Genoa University and get ready
to develop and teach the new programme.

Didactic materials developed during the Master programme implementation are
aimed at promoting both group and individual learning paths for master students.
Regarding the series of so-called textbooks, representing important teaching and
learning aids material, by this series the focus on the integration curricula among
the involved Russian Universities has been stressed, as well as homogenous
programmes between Russian and Members States’ Universities have been achieved,
together with widening and improvement of lecturers’ knowledge of environmental
technologies issues. These aims have been achieved also thanks to the cooperation
with public authorities and business partners, exploiting new training and mobility
methods for knowledge transfer and dissemination. This series, therefore, represents
a result of international teaching experiences and a useful tool for students, teachers
and researchers involved in environmental monitoring and energy saving processes.
As well as for all those who needs a valuable professional support: technicians,
engineers, chemists, managers who want to approach these topics.

The present volume has been produced undergoing to a complex process of revision,
during which fundamental have been the contributions of the Russian National
Tempus Office and the QUACING agency, appointed with the final revision. And
the GREENMA management board has been very proud to present the final results
in occasion of the international scientific conference held in Tambov in June 2016 on
“V.I. Vernadsky: Sustainable Development of Regions”.

In accordance with the perceiving of the Western Europe academic community,
Vladimir lvanovich Vernadsky (1863-1945) was a scientist, originator of the modern
theory of the Biosphere and the Noosphere, who promoted a scientific revolution and
introduced a new paradigm of life studies. The importance of Vernadsky discoveries
must be recognized as a new cultural and scientific revolution. His planetary vision
of life has opened the road to holistic sciences and to Gaia hypothesis. This is the



concept called now “global ecology”, and handled by current Gaia followers.

Vernadsky has generated a deep innovation in a field of research that is a true
«paradigm shift» in sciences as described in Thomas Kuhn’s vision of scientific
revolution in humankind progress and his “Structure of Scientific Revolution”.
The heritage of the Vernadsky thought has been duly considered in these years of
cooperation between Russian and European Union Universities in the framework
of joint projects, not only GREENMA, dealing with all the different aspects of
environmental issues: juridical, policy and strictly technological ones.

Therefore, we wish also to give evidence of the outcomes and outputs achieved by
some joint projects carried out along these years:

the FRELP project dealing with “Environmental Law and Policy in
Russian Universities, from September 2005 to June 2008;

the NETWATER project dealing with “Network for Master training in
technologies of water resources management”, from January 2010 until
July 2013;

the GREENMA project celebrated during the mentioned event;

the MARUEEB project dealing with “Innovative Technologies in
Energy Efficient Buildings for Russian & Armenian Universities and
Stakeholders”, just started in October 2015.

The Vernadsky conference, together with the present volume, allow us to affirm that
the main objectives and the different challenges planned by the GREENMA project
can be considered achieved:

1.

the establishment and implementation of Master Degrees designed in
accordance with the latest Bologna Declaration requirements and keeping
into account the labour market needs;

a process of harmonization of the Russian and European Union study
programmes;

the creation of a Higher Education network among EU and Russian
Universities and stakeholders for teaching, training and research in
Environmental issues;

the development and enhancing of links among university - enterprises -
labour market;

the involvement of junior academic staff by specific actions of
empowerment and participation to the curricular reform processes;
attention to the projects sustainability over their lifecycles by improvement
of innovation and technology transfer services;

permanent relationships with Regional Authorities, Associations of
Entrepreneurs and the Ministry Agencies in order to get their support and
recognition;

structural support to the process of curricular reform by publishing of

the textbooks in co-authoring between Russian and European Union
teachers, and setting-up of up-to-date didactical laboratories, some of them



equipped with modern pilot plants;

9. “last but not least” the stipulation of the GREENMA Network MoU
aimed at disseminating knowledge on “Energy Saving and Environmental
Control” and promoting the concept of the “Smart Cities and
Communities”.

As regards the feedback on the sustainable development at regional level, the
network will represent a very useful tool:

e to plan the creation of cluster companies and spin-offs opportunities for
graduates;
to realize an integrated local system for research, training and innovation;
to increase the competitiveness of the involved regions and to foster the
exploitation of their socioeconomic features.

Therefore, by means of this foreword, we want to share the outcomes and outputs
achieved until now and to everybody we address deep thanks, and we warmly invite
everybody to trust in the capability of the participating Russian Universities to
face the challenge for a Higher Education, which considers all the elements of the
socioeconomic framework.

The warmest thanks must be expressed to the teams of the involved Russian
Universities and stakeholders that had the strong wish to accept challenge of change
and improvement process and have assured their fundamental help in the analysis of
trends and structural changes in the Russian higher education system.

This challenge seems to be won and it will permit to the participating Universities,
not only to consider this event just like the achievement of an outcome, but mainly
to consider it the starting point for future further successes and challenges and to go
toward the wider objectives for the establishment of the common space for education.

Thank you for your attention and for your contribution.

Tambov, September 2016
Dr. Liliya Mozerova
Mr. Angelo Musaio
Prof. Nikolay Popov

Master programme designers are sincerely grateful to the European Commission for
the financial support of TEMPUS project.
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General Entry

Study programme designed according to the EU dimension (Learning outcomes

approach)

Innovations:

Student-centered designed

Fit for purpose

Learning outcomes what graduates will know understand and dill be able
to do after the successful completing of the study programme
e Organization related to the expected results

University

Voronezh State University of Architecture and Civil
Engineering, Voronezh, Russia

Programmelevel

Master level

Status

Joint International Programme

Name of the course

Design, construction and maintenance of power effective and
eco-friendly buildings

Field and classification code

Civil Engineering
270800 (Russian education classification code)

Qualification Master of Engineering and Technology

Web-site http://vgasu.vrn.ru

Institute Faculty of Civil Engineering and Faculty of Architecture

Address 84, 20-letiya Oktybrya Street, Voronezh, 394006

Course length 2 years

Workload 120 credits (in accordance with ECTS)
4,320 academic hours (in accordance with Russian education
standard)

Startdate September 2014

Professional recognition

Stakeholders consulted for the designing of the study-
programme:
- Department of Architecture and Civil Engineering
Policy of Voronezh Region
- Institute of Energy Saving of Sverdlovsk Oblast,
Yekaterinburg
- Federal Service on Customers’ Rights Protection &
Human Well-Being in Vladimir
- Union of Constructors of Sverdlovsk Region,
Yekaterinburg
- Tambov Regional Administration
- Energomera JSC in Stavropol
- Voronezh Design Institute “VoronezhProekt”

Teaching organization

Semester modules, front lectures, field visits, laboratory
works, individual work, scientific supervising, Master thesis
preparation




Preliminary statement:

The students’ workload in the Russian Federation is based upon academic hours. An
academic hour means 45 minutes according to the regulations for Higher Education.
These measures are settled in order to harmonize the Russian Federation academic
system with the one of the Bologna Declaration. The following methodology
guidelines are suggested from the Russian Ministry of Education and Science in
order to boost the introduction of the ECTS to Russian universities.

The term “Zachetnaya edinitsa” (“Passing unit”) was introduced and so-called
“Russian credit unit” (RCU) is considered to be equal to 1 ECTS credit unit.

According to the methodology suggested by the Russian Ministry of Education and
Science:

1 Russian credit unit (RCU) = 36 academic hours

1 academic week = 54 academic hours = 1.5 RCU

Discipline workload is calculated by dividing academic hours by 36
1 practical training week = 1.5 RCU

1 exam = 1 RCU

Final qualification work (project), (1 week = 1.5 RCU)

Aims of the programme:

The programme aims to:

1. provide Green Master students with the opportunity to deepen their
knowledge of innovative technologies for energy saving in Civil Engineering
and environmental protection;

2. provide students with the special knowledge and understanding of
sustainable development concerning efficient use of energy resources via
adopting a broad analytical holistic approach to sustainable management
in energy saving and environmental control which integrates theory and
practice;

3. develop student competences in a range of research methodologies dealing
with the development and distribution of energy saving technologies in
Civil Engineering and architectural environment;

4. develop student abilities to solve the problem arising during all stages of
design, construction and maintenance of power effective and eco-friendly
buildings;

5. provide the analytical skills needed at an advanced level to manage, critically
evaluate and assess development in the area of energy saving and efficient
use of natural resources to improve competitiveness due to cost reduction;

6. develop students’ ability to critically review the links between global
problems and policies and local management actions;

7. provide students with the knowledge and skills needed to develop a career
in the field of design, construction and maintenance of power effective and
eco-friendly buildings, as well as alternative and renewable energy sources.

13



GREENMA master develop the following competence and soft skills:

The Green Master will obtain complex skills in design, operation and management
with the focus on system and process engineering related to the production of main
energy areas: electricity, heat, fuel. The programme graduates will acquire proper
skill in conceptual design of energy conversion processes and their components.
They will be able to evaluate and solve main engineering problems (thermal,
environmental, mechanical, chemical, electrical) which may occur in the modern
energy conversion systems. The Master after the completion of the programme will
be able to analyse and assess operational and maintenance properties of energy
systems, to use renewable energy sources and nonconventional technologies.

Study-programme model:

Knowledge of equipment

Qualification frameworks
Calculations

Economical evaluations

I Risks

Business requirement

B —
Knowledge
Knowledge A and M
C .understanding A
kill
Skills H Sp Prac. skills S
Application | E T
of knowledge| | «GREENMA» | Graduate skills| g
and skills —————>
0 R
R -

Technologies

The educational needs of the labour market and other stakeholders

The scope of the graduate professional activities, the types and tasks of these activities
are specified by Federal State Higher Educational Standard dated 30 October 2014
(http://www.fgosvo.ru).

Design, construction and maintenance of power effective and eco-friendly buildings
are the objects of the graduate professional activities.



Programme purposes and tasks are agreed with the stakeholders of the educational
relationship, including employers — social partners.

1.
2.

i R O

9.

Federal State Institution of Civil Engineering

The ministry of construction and infrastructure development of Voronezh
region

StroyProekt Ltd.

JSC “Voronezhpromstroy”

“The company CENTROPROEKT” Ltd.

“TECHCON” Ltd.

“Construction Company OBLPROM” Ltd.

Union of design, research and survey of enterprises and organizations of
the Voronezh region

Design and investment company “Voronezh GrazhdanProekt” Ltd.

10. Union of Civil Engineers of Voronezh region

In accordance with the qualification, graduates will be able to realize their
professional activities in the field of:

engineer support and equipping of construction projects and urban areas as
well as transport infrastructure;

engineering survey in construction;

realization of research studies and educational activities.

Graduates will be able to perform professional activity in:

design organizations;

construction, production and erection associations;
organizations involved in construction object expertise;
industrial and utility enterprises;

public and municipal authorities;

research organizations;

educational establishments of a proper type.

15



The following competences should be developed as the result of graduates’
programme mastering:

Knowledge and Understanding

e know and understand the fundamental laws of applied disciplines in the
Master programme;
applying Knowledge and Understanding;
develop physical and mathematical (computer) models of phenomena and
objects relevant to graduates’ activity profile;

e develop technologies, targets and programmes of research and projects
realization, prepare assignments for performers, organize experiment and
test realization, analyze and summarize the results obtained.

Making Judgements

e be able to interpret correctly the results of calculations performed by
means of CAD software and mathematical modelling.

Communications (and Team-working) Skills

e be able to act in non-typical situations, to bear social and ethical
responsibility for decisions made;

e  be ready to communicate verbally and in writing in Russian and foreign
languages to solve tasks within the professional activity;

e be ready to be in charge of a team in the field of graduate’s professional
activity.

Learning Skills

e acquire independently new knowledge and skills by means of information
technologies and practice them in new areas of knowledge that are not
directly related to graduate’s professional activity, widen and deepen his
scientific world outlook.

Key Competences Programme Learning Outcomes

1.  Know and understand fundamental | The ability to shape independently
laws of applied disciplines in the contemporary scientific view of
MA course; the world realizing own social

2. Be able to act in non-typical responsibility for consequences of
situations, to bear social and ethical | professional activity.
responsibility for decisions made;

3. Demonstrate the level of thinking,
the ability to analyze scientifically
socially significant problems and
processes.




1. Demonstrate the level of thinking, | The ability to apply profound
the ability to analyze scientifically | theoretical and practical knowledge
socially significant problems and and to acquire new experience in
processes; special method development to solve

2. Be able to study independently non-standard research and project
in order to choose appropriate tasks in the area of energy saving and
methods of theoretical and design, construction and maintenance
experimental investigation and of power effective and eco-friendly
analysis of results; buildings.

3. Estimate the correctness and
consistency of the selected methods
of testing;

4. Be able to analyze the problems
of scientific and technical
development of modern society.

1. De able to schedule training; The ability to perform various types of

2. Estimate the quality of teaching teaching and guiding activities at high
material learned by students; professional level.

3. Be able to develop and realize
oneself using creative potential.

1. Be able to communicate and The ability to communicate verbally
negotiate in a foreign language and in writing in a foreign language to
with different stakeholders; achieve tangible results in the process

2. Be able to study independently of studying, research or career in the
the sources of literature in foreign | area of energy saving systems and
languages; design, construction and maintenance

3. Be able to improve constantly a of power effective and eco-friendly
spoken foreign language. buildings.

1. Be able to use statistical methods of | The ability to collect, analyze and
hypotheses verification; systemize the information about

2. Be able to derive regression construction objects with the help of
equation and to value its information technologies including
components; those applied in new areas of

3. Have basic methods of ordinary knowledge that are not directly related
differential equation solutions and | to graduate’s professional activity
their systems; for the purpose of widening and

4. Lay down initial and boundary deepening graduate’s scientific world
conditions for differential equation | outlook.
solutions of various types.

1. Have skills of scientific and The ability to organize, plan

technical problem statement, of
methodical method and solution

techniques selection;

and carry out research activities
independently, to present results, to
find organizational and managerial
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2. Have skills of collecting, decisions in non-typical situations,
processing and analyzing and the ability to bear responsibility
results, of theory and experiment for these decisions made.
identification;

3. Have skills of independent
planning and carrying out research
activities.

1. Estimate the validity of The ability to design, construct and
mathematical modelling results maintain power effective and eco-
and their validation in a modelling | friendly buildings by means of
object; modelling techniques, automated

2. Have skills of computer-aided analysis and design in course of
design of energy efficient systems [ research and engineering activities.
in Civil Engineering;

3. Use estimation methods during
designing power effective and eco-
friendly buildings in terms of their
reliability, energy and ecological
efficiency.

1. Be able to choose methods of The ability to model mathematically
specific problem solutions; phenomena and processes of

2. Acquire skills of task formalization; | engineering systems for numerical

3. Acquire skills of modelling result | investigations, modelling result
analysis and adequate assessment. | analysis for the purpose of choosing

optimal energy efficient decisions in
course of research and engineering
activities.

1. Be able to choose methods of The ability to solve the systems of
specific problem solutions; differential equations of various types

2. Acquire skills of task formalization; | using general and special software

3. Acquire skills of modelling result | for the purpose of energy efficient
analysis and adequate assessment. | processes and equipment design.

1. Model life-circuits in static The ability to use special software in
conditions and transient processes; | designing energy efficient buildings.

2. Use independently computational
models when designing energy
efficient buildings;

3. Demonstrate the skills of data

transfer into various software.




Be able to analyze current state
of the economy of an enterprise,
region or country;

Use contemporary methods of
state estimation, sustainability
and efficiency management of
construction company operation;

The ability to analyze economic
aspects of the utilization of energy
saving technologies and renewable
energy sources.

Evaluate internal and external
environmental impacts on the state
of a construction company by
means of expert method.

Solve technical problems applying
theoretical concepts and practical
knowledge in industry;

Select and put into practice
adequate methods and technologies
to diagnose and estimate technical
state of energy efficient equipment.

The ability to select and practice
adequate methods and technologies

to diagnose and estimate technical
state of energy efficient equipment for
providing operational reliability and
sustainability.

Use technical and economic
methods to study energy saving
activities used in design and
operation of construction objects;
Use energy investigation methods
in buildings and structures;

Be able to make building energy
rating certificate.

The ability of making decision aimed
at effective utilization of energy
resources in research and design
activities.

Have skills of scientific and
technical problem specification,
of methodology selection and its
solution means;

Be able to collect, process and
analyze results, to identify theory
and experiment;

Be able to plan and carry our
research independently;

Have skills of writing scientific and
technical report.

The ability to achieve results that
can be introduced into production,
regional economy, socio-economic
sphere or writing Master’s thesis.
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Programme languages: Russian and English
Admission criteria:

e  Bachelor or Specialist degree in a relevant branch of Science or
Engineering; work experience in the field is appreciated.

e  English language (to be assessed by an interview) including the knowledge
of Civil Engineering terminology.

e Foreign candidates are required to have the certificate of Russian language
course attendance at B1 level or higher.

Teaching methods

Seminars, academic advising, practical work, creative workshops, problem solution
classes, laboratory classes, internships, mobilities, e-learning.

The peculiar feature of the programme is introducing the latest international
education achievements, with specific reference to:

1. Tuning methodology;
2. Dublin descriptors;
3. ECTS.
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Programme structure

Compulsory subjects (SES —a discipline required by the State educational standards
of the Russian Ministry of Education and Science)

Philosophical problems of science and technology (SES)

The methodology of scientific research (SES)

Special sections of mathematics (SES)

Mathematical modelling (SES)

Basics of pedagogy and androgogics (SES)

Business foreign language (SES) and English Civil Engineering
terminology

Information technology in Civil Engineering (SES)

Methods for solving scientific and technical problems in Civil Engineering
Standards and legal base of energy saving

Modern world experience of the solution of energy saving problems and
increase of efficiency of energy utilization

Life cycle of energy resources and real estate objects

The main trends of energy saving at design, construction and maintenance
of buildings

Theory and practice of increase of energy efficiency

Methodology of fitting the cycle dynamics of energy resources and real
estate objects

Energy balance and energy audit

Methodology of assessment of the efficiency of energy saving
technologies implementation

Elective subjects

Programme-aided methods for increasing the energy efficiency
Advanced problems of energy saving in Architecture

Ecological safety and power sustainable development

Renewable energy sources

Economic justification of application of energy saving technologies
Ecological aspects of investments in civil engineering projects
“Green construction” for sustainable development of territories
Utilization of secondary energy sources

Practice and research experience (SES)
Master’s thesis (SES)
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GREENMA programme learning outcomes

The possession of master key competences should be achieved through the
programme learning outcomes, given in the table.

Programme Outcomes

A. Knowledge and understanding

1. Fundamental knowledge and
understanding of innovative
technologies in energy saving and
environmental control.
Understanding of optimization
approach and methods of energy
and resource saving processes.
Understanding of energy saving
as the basis of green technologies
development.

Knowledge of administrative
authorities and legislation in the
field of environmental protection
and energy saving.

In-depth knowledge of design,
construction and maintenance

of energy efficient buildings and
energy saving technologies.
Knowledge of mathematical and
analytical concepts and models for
solving energy saving problems on
all stages of design, construction
and maintenance of energy
efficient buildings.

Critical evaluation of current
methods of energy production and
utilization.

Teaching/learning methods

Students gain knowledge and
understanding through lectures,
seminars and laboratories attendance.
Besides a variety of learning activities
is conducted, such as: group projects,
case study analysis, field trips, student
presentations. Electronic resources will
be used to enhance student learning
experiences. Students will be directed
to explore a wide range of various
learning materials, such as books,
journals, patents, as well as electronic
sources and web links.

Assessment methods

Students’ knowledge and
understanding are assessed by a variety
of methods such as tests, laboratory
reports, case study analysis, student
presentations and examinations.

B. Practical skills

1. Ability to provide engineering and
managerial input into planning

of energy and resource saving
projects and facilities.

Ability to solve engineering
problems through the application
of theoretical knowledge and
practical skills in industrial
environment.

Teaching/learning methods
Students acquire cognitive skills
through participating in seminars and
laboratories, doing group and mini
group projects, making case study
analysis, having field trips, preparing
student presentations.

Electronic resources will also be used
to enhance student cognitive skills.
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Ability to carry out laboratory and
field experiments, collect, analyse
and interpret data.

Select and use appropriate
methods and technologies for
energy and resource saving.

Use appropriate Information
Technology for engineering and
management purposes.

Ability to design the energy
effective buildings.

Assessment methods

Students’ cognitive skills are assessed
by a variety of methods such as
examinations, tests, laboratory reports,
case study analysis and presentations.
A specific accent in the assessment

is made on the ability of a student to
classify, assess, discuss, interpret and
manipulate.

C. Graduate skills

1. Develop critical thinking and carry
out research (e.g. compare their
views and those that differ from
their own both in Russian and
English).

Identify and use various learning
sources in learning activities.
Communicate and negotiate
effectively with different
stakeholders individually and in-
group using verbal, written, and
electronic ways of communication
(both in Russian and English).
Make professional decisions
based on scientific knowledge and
appropriate criteria.

Work effectively individually or
in groups to accomplish assigned
tasks.

Develop efficient time
management skills.

Evaluate social impact of research
and practical work in the field of
study.

Personal and peers’ reflection and
evaluation of learning outcomes.

Teaching/learning methods

Students acquire graduate skills
through participation in seminars and
laboratories, doing group and mini
group projects, case study analysis,
field trips, student presentations,
completion of dissertation module, and
specific modules attendance.
Electronic resources will also be used
to enhance student cognitive skills.

Assessment method

Students’ graduation skills are assessed
by dissertation module, laboratory
reports, essays, group project and data
analysis assessment.
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Module determination by semesters, teachers and credits

Title Credit Type of Academic
of the discipline points assessmenti staff

(per in current

semester) | semester

SEMESTER 1

M1.1. Philosophical 2 Written paper, | Docent Volkova E.S.
problems of science and test
technology
M1.3. Fundamentals of 2 test Prof. Radugin A.A.
pedagogy and androgogy
M1.4. Business foreign 3 test Docent Lukina L. V.
language
M2.1. Mathematical 2 test Prof. Golovinski P.A.
modeling
M3.1. Standards and legal 2 examination | Docent Isanova A.V.
base of energy saving
M3.2. Modern world 4 examination | Docent Kononova
experience of the solution of M.S.
energy saving problems
M3.3. Bases of energy 3 examination | Prof. Semenov V.N.
saving and increase of power
efficiency
MS5. 1. Power balance and 2 examination Docent Isanova A.V.
energy audit
M6.1. Ecological assessment | 3 test Prof. Sazonov E.V.
and audit

23

SEMESTER 2

M1.2. Methodology of 2 test Prof. Shitikova M.V.
scientific research
M2.2. Special sections of the | 2 Written paper, | Prof. Sedaev A.A.
higher mathematics test
M3.1. Standards and legal 2 test Docent Isanova A.V.
base of energy saving
M4.1. Life cycle of energy 4 test Prof. Semenov V.N.
resources and real estate
objects
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M4.3. The main trends
of energy saving at
design, construction and
maintenance of buildings

2 Course
project,
examination

Docent Semenova
E.E.

MS5.3. “Green construction”
for a sustainable
development of territories

3 test

Docent Bogatova T.V.

M&8.2. Research work during
semester

16,5 test

MBS.1. Research practice

3 test

MS.1. Pedagogical practice

3 test

37.5

SEMESTER 3

M2.3. Information
technologies in civil
engineering

3 examination

Docent Proskurin
D.K.

M2.4. Methods of the
solution of scientific and
engineering tasks in civil
engineering dealing with
energy saving and efficiency

2 test

Prof. Shitikova M. V.

M4.1. Life cycle of energy
resources and real estate
objects

4 examination

Prof. Semenov V.N.

M7.1. Methodology of the
assessment of energy saving
procedures

2 test

Docent Vorobieva
Yu.A

M4.2. Methodology of cyclic
dynamics of energy resources
and real estate objects

2 test

Prof. Semenov V.N.

MS5.2. Program-aided
methods for increasing the
energy effectiveness

3 test

Docent Kitaev D.N.

M6.2. Ecological safety
and power sustainable
development

3 examination

Prof. Sazonov E.V.

M7.2. Assessment of
technologies of increase of
power efficiency

3 test

Prof. Sazonov E.V.
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SEMESTER 4

MS8.2. Scientific and 34,5 test
research work
MO. Final state examination, | 3
Master thesis defense
37,5
Total for 4 semesters 120
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Module indication

Module 1 Title Theoretical bases of scientific research

Course Titles MI.1. Philosophical problems of science and technology
M1.2. Methodology of scientific research

M1.3. Fundamentals of pedagogy and androgogy

M1.4. Business foreign language

Credits Total: 9 credits, 324 academic hours

M1.1. 2 ECTS credits, 72 academic hours
M2.2. 2 ECTS credits, 72 academic hours
M2.3. 2 ECTS2 credits, 72 academic hours
M2.4. 3 ECTS credits, 108 academic hours

Module leader and | Prof. Shitikova M.V.
assistant (if any)

Study terms M1.1. Year 1, semester 1
M1.2. Year 1, semester 2
M1.3. Year 1, semester 1
M1.4. Year 1, semester 1

Aim of the module

The course introduces students to the current problems of scientific and
technological development of modern society. Preparation of students to

study new advanced concepts in Civil Engineering based on energy saving
technologies. In-depth study of English as a language for adaptation for specific
terminology in the field on energy saving on all stages of design, construction
and maintenance of energy efficient buildings and structures, for reading special
scientific and engineering literature, for utilizing international information

data basis, for communication with colleagues in research and work teams.
Study of the history and significance of Bologna Process for higher education
development.

Lectures Semester 1: 36 hours
Semester 2: 36 hours

Laboratory works, | Semester 1: 108 hours
seminars Semester 2: 18 hours

Individual work Semester 1: 108 hours
Semester 2: 18 hours

Module Learning outcomes
Knowledge and understanding:
e forms and methods of scientific knowledge
e advanced trends in current scientific knowledge
e English as a language of business communication
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Practical skills
e sclection and implementation of methods of scientific research
e analysis of the problems of scientific and technological development of
modern society
e development trends and perspectives of technological society
e oral and written English for business purposes
Graduate (or Transferable) skills
e ability for adaptation for advanced aspects and methods in Civil

Engineering

e methods of scientific explanation and prediction based on energy saving
technologies

e level of English required for work in an international interdisciplinary
team

Assessment methods
Students’ knowledge and understanding are assessed by a variety of methods
such as tests, students presentations and examinations.

Module Learning Outcomes Contents and/or Educational Activities that
contribute to the achievement of the MLO

The ability to orient in the world | Know trends of scientific knowledge
of science and technology in development.

conditions of technicalization of
humanitarian relations.

Be able to analyze the problems of scientific
and technical development of contemporary
society.

Know forms of scientific knowledge.

The ability to use philosophic Understand methodological unity and

methodology in unity diversity of modern science.
with scientific cognition Understand scientific rationality and its
methodology.

historic types.

Be able to select research methods and the
ways of their realization.

The ability to articulate thoughts | Have the concepts of problems, hypothesis
consecutively, logically and and theory, scientific law as the scientific
conclusively. knowledge element.

Demonstrate the principles of thinking.

Estimate the accuracy and consistency of
accepted research methods.
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The ability to get over the
extremes of subjectivism
and objectivism in obtaining
objective truth.

Know forms and methods of scientific
cognition.

Know empirical and theoretical scientific
methods.

The ability to defend values
and ideas in the realization
of corporate and production
interests (axiological ability).

Understand mathematization and
computerization of modern science.

Estimate the role of innovations and traditions
of modern science. Estimate perspectives of
modern scientific formulations.

Be able to analyze socially significant
problems and processes in the field of energy
saving and ecology.

The ability to communicate
orally and in writing in a foreign
language for success in process
of training, research or career

in the area of energy efficient
systems of heat and gas supply
and ventilation.

Know and understand the principles and rules
of grammar, phrase formation and general and
professional vocabulary.

Acquire skills necessary for successful
communication with native speakers in
personal or professional environment.

Understand a text in a foreign language.

Translate texts from Russian into a foreign
language.

Be able to communicate and negotiate with
stakeholders using a foreign language.

Be able to learn independently the sources of
literature in foreign languages.

Module Learning Qutcomes

Teaching / learning method and Criteria of
Assessment

The ability to orient in the world
of science and technology in
conditions of technicalization of
humanitarian relations

lectures

seminars, public speech, debating

oral examination

The ability to use philosophic
methodology in unity

with scientific cognition
methodology

lectures

seminars, public speech, debating

paper submission

oral examination

The ability to articulate thoughts
consecutively, logically and
conclusively

Seminars, oral presentation, debating

oral examination
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The ability to get over the
extremes of subjectivism
and objectivism in obtaining
objective truth

lectures

seminars, oral presentation, debating

oral examination

The ability to defend values
and ideas in the realization
of corporate and production
interests (axiological ability)

seminars, oral presentation, debating

paper opponency

oral examination

The ability to communicate
orally and in writing in a foreign
language for success in process
of training, research or career

in the area of energy efficient
systems of heat and gas supply
and ventilation

translation of texts related to the area of
energy efficient systems of heat and gas
supply and ventilation

oral presentations

credit test

examination
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Module 2 Title Mathematical analysis and modeling of power
effective systems

Course Titles M2.1. Mathematical modelling

M2.2. Special sections of the higher mathematics

M2.3. Information technologies in civil engineering
M2.4. Methods of the solution of scientific and
engineering tasks in civil engineering dealing with energy
saving and efficiency

Credits Total: 9 credits, 324 academic hours

MI1.1. 2 ECTS credits, 72 academic hours
M2.2. 2 ECTS credits, 72 academic hours
M2.3. 2 ECTS2 credits, 72 academic hours
M2.4. 3 ECTS credits, 108 academic hours

Module leader and | Prof. Shitikova M.V.
assistant (if any)

Study terms M2.1. Year 1, semester 1
M2.2. Year 1, semester 2
M2.3. Year 2, semester 3
M2.4. Year 2, semester 3

Aim of the module

The main aim of the module is to acquaint students with the advanced
methodology of mathematical modelling needed for the reduction of the problem
to be solved to the set of differential equations describing adequately the object
under consideration. Students should get general knowledge and skills on
mathematical formulation of the physical problem, derivation of governing
equations in differential or integral form with further their analytical and/

or numerical analysis. Students should also gain the skills for providing the
comparison and estimation of divergence of the mathematical modelling results
from experimental measurements.

In-depth knowledge of advanced information technologies applicable for solving
the problems arising in Civil Engineering.

Lectures Semester 1: 36 hours
Semester 2: 36 hours
Semester 3: 36 hours

Laboratory works, [ Semester 1: 18 hours
seminars Semester 2: 18 hours
Semester 3: 108 hours

Individual work Semester 1: 18 hours
Semester 2: 18 hours
Semester 3: 36 hours
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Module Learning outcomes

Knowledge and understanding:

e advanced methods of mathematical analysis for solving the problems of

energy saving

e detection and analysis of current problems of energy saving and their
description with adequate mathematical models
e advanced information technologies

Practical skills

e selection and implementation of methods of research

e analysis and generalisation of the results of scientific research

e ability and willingness to apply the knowledge on modern methods of
research in engineering practice

e application of new information technologies in research and engineering

practice

Graduate (or Transferable) skills
e the choice of methods of theoretical and experimental verification of
the adequacy of mathematical models adopted for solving different

engineering problems

o  skills to evaluate the adequacy and accuracy of the solutions obtained
e all-life learning of information technologies.

Assessment methods

Students’ knowledge and understanding are assessed by a variety of methods
such as the analysis of analytical and numerical research exercises, laboratory
work, tests, students presentations and examinations.

Module Learning QOutcomes

Contents and/or Educational Activities that
contribute to the achievement of the MLO

The acquisition of mathematical
modelling skills to describe
phenomena and processes in
engineering systems.

Study modelling principles based on
differential equations of various types and
boundary condition tasks.

Study the principles of validity estimation of
calculated results.

The acquisition of mathematical
modelling skills based on fuzzy
logics.

Study basic notions of fuzzy logics: fuzzy
variables, fuzzification, fuzzy dediction,
defuzzification.

The acquisition of optimization
modelling skills based on
genetic algorithm.

Study basic notions and principles of genetic
algorithms formation.
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Module Learning Qutcomes

Method and Criteria of Assessment

The acquisition of mathematical
modelling skills to describe
phenomena and processes in
engineering systems

lectures

independent task solution

credit test

The acquisition of mathematical
modelling skills based on fuzzy
logics

lectures

independent task solution

literature source study, paper preparation

credit test

The acquisition of optimization
modelling skills based on
genetic algorithm

lectures

independent task solution

literature source study, paper preparation

credit test

Module Learning Outcomes

Course units

The acquisition of mathematical
modelling skills to describe
phenomena and processes in
engineering systems

written reports

The acquisition of mathematical
modelling skills based on fuzzy
logics

oral presentations

written reports

The acquisition of optimization
modelling skills based on
genetic algorithm

oral presentations

written reports
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Module 3 Title Standards of energy saving ensuring and increase of
power efficiency

Course Titles M3.1. Standards and legal base of energy saving

M3.2. Modern world experience of the solution of energy
saving problems

M3.3. Bases of energy saving and increase of power
efficiency

Credits Total: 9 ECTS credits, 324 academic hours
M3.1. 2 ECTS credits, 72 academic hours

M3.2. 4 ECTS credits, 144 academic hours
M3.3. 3 ECTS credits, 108 academic hours

Module leader and
assistant (if any)

Study terms M3.1. Year 1, semester 1
M3.2. Year 1, semester 1
M3.3. Year 1, semester 1

Aim of the module

Gain the in-depth knowledge of standards and legal base of energy saving in
Russia and EU countries, the comparison of their merits and demerits. Studying
of modern world experience in solving the energy saving problems from
different points of view. Advanced methods of increasing the power efficiency.

Lectures Semester 1: 30 hours

Laboratory works, [ Semester 1: 60 hours
seminars

Individual work Semester 1: 234 hours

Module Learning outcomes
Knowledge and understanding:
e standards and legal base of energy saving
e up-to-date world experience of the solution of energy saving problems
e methods resulting in the increase of power efficiency
Practical skills
e application of standards and legal base of energy saving in engineering
practice
e application of up-to-date world experience of the solution of energy
saving problems in research
e implementation of advanced methods resulting in the increase of power
efficiency at all stages of design, construction and maintenance of
buildings
Graduate (or Transferable) skills
e select the most efficient method for solving any particular problem
e  skills to evaluate the efficiency of the solutions obtained
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Assessment methods

Students’ knowledge and understanding are assessed by a variety of methods
such as tests, students presentations and examinations.

Module Learning Qutcomes

Contents and/or Educational Activities that
contribute to the achievement of the MLO

The study of economic aspects
of energy saving technologies
and renewable energy resource
utilization.

Know basic principles of models of
developing enterprise economic sustainability.

Know techniques of analyzing the state of the
economy of an enterprise, region or country.

Know methods of evaluating internal
and external environmental impacts on
construction company state with expert
method.

The study of ways to provide
economic sustainability of
enterprises and organizations in
construction industry.

Know principal approaches of evaluating
sustainability used both in Russia and abroad.

Know the ways of applying modern

methods to evaluate the state, sustainability
management and effectiveness of construction
company operation.

Module Learning Qutcomes

Teaching / learning method and Criteria of
Assessment

The study of economic aspects | lectures

of energy saving technologies seminars
and renewable energy resource —
utilization examination
The study of ways to provide lectures
economic sustainability of seminars

enterprises and organizations in
construction industry

literature sources study, paper preparation

examination

Module Learning Qutcomes

Course units

The study of economic aspects
of energy saving technologies
and renewable energy resource
utilization

written reports

The study of ways to provide
economic sustainability of
enterprises and organizations in
construction industry

oral presentations
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Module 4 Title

Methodology of energy saving and increase of energy
efficiency

Course Titles

M4.1. Life cycle of energy resources and real estate
objects

M4.2. Methodology of fitting the cyclic dynamics of
energy resources and real estate objects

M4.3. The main trends of energy saving at design,
construction and maintenance of buildings

Credits Total: 10 ECTS credits, 360 academic hours
M4.1. 4 ECTS credits, 144 academic hours
M4.2. 3 ECTS credits, 108 academic hours
M4.3. 3 ECTS credits, 108 academic hours
Module leader and | Prof. Semenov V.N.

assistant (if any)

Study terms

M4.1. Year 1, semester 2, Year 2, semester 3
M4.2. Year 2, semester 3
M4.3. Year 1, semester 2

Aim of the module

The in-depth knowledge of life cycle of energy resources and real estate objects
of various purpose and their interrelation. Methodology of evaluating and
estimation of efficiency of cyclic dynamics of energy resources and real estate
objects during their construction and maintenance.

The formulation, evaluation and estimation of the main trends of energy saving
at all stages of design, construction and maintenance of energy efficient
buildings, and their utilization in engineering daily practice.

Lectures

Semester 2: 54 hours
Semester 3: 18 hours

Laboratory works,
seminars

Semester 2: 108 hours
Semester 3: 18 hours

Individual work

Semester 2: 54 hours
Semester 3: 36 hours

Module Learning outcomes
Knowledge and understanding:
e  Methods of the analysis and description of life cycle of energy resources
and real estate objects
e  Methodology of cyclic dynamics of energy resources and real estate

objects

e Advanced energy saving technologies useful for design, construction
and maintenance of energy efficient buildings

Practical skills

e To analyze the life-cycle of different energy resource
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e  To apply the methodology of cyclic dynamics of energy resources and
real estate objects for the estimation of their current state
e To apply the advanced energy saving technologies for design,
construction and maintenance of energy efficient buildings
Graduate (or Transferable) skills
e To create the energy efficient buildings
e  Skills to deep into the new energy saving technologies using information
from the literature.
Assessment methods
Students’ knowledge and understanding are assessed by a variety of methods
such as tests, course project, students presentations and examinations.

Module Learning Outcomes Contents and/or Educational Activities that
contribute to the achievement of the MLO

The study of basics to theory Know basic requirements to the design of

and practice to provide the heating, ventilation and air conditioning
quality and reliability of systems in terms of energy conservation.
equipment of various types and

Know methods to provide quality and

Purposes. reliability of equipment.
The study of types and Know the organization of maintenance of
organization of service and equipment.

regulation of equipment. Know methods to handle equipment.

The study of methods to Know basic methods to evaluate the technical
assess technical condition of condition of heating, ventilation and air
engineering systems. conditioning systems.

Know technical diagnostic tools.

Module Learning Qutcomes Teaching / learning method and Criteria of
Assessment

The study of basics to theory lectures

and practice to provide the seminars

quality and reliability of
equipment of various types and
purposes

credit test

The study of types and lectures

organization of service and seminars

regulation of equipment - -
literature sources study, paper preparation

credit test
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The study of methods to
assess technical condition of
engineering systems

lectures

seminars

literature sources study, paper preparation

credit test

Module Learning Qutcomes

Course units

The study of basics to theory
and practice to provide the
quality and reliability of
equipment of various types and
purposes

written reports

The study of types and
organization of service and
regulation of equipment

oral presentations

The study of methods to
assess technical condition of
engineering systems

oral presentations
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Module 5 Title Theory and practice of increase of energy efficiency

Course Titles MS5.1. Power balance and power audit

M5.2. Program-aided methods for increasing the power
efficiency

M5.3. «Green construction» for a sustainable
development of territories

M5.4. English Civil Engineering terminology

Credits Total: 13 ECTS credits, 468 academic hours
M5.1. 4 ECTS credits, 144 academic hours
M5.2. 3 ECTS credits, 108 academic hours
MS5.3. 3 ECTS credits, 108 academic hours
M5.4. 3 ECTS credits, 108 academic hours

Module leader and | Prof. Semenov V.N.
assistant (if any)

Study terms MS5.1. Year 1, semester 1
M5.2. Year 2, semester 3
MS5.3. Year 1, semester 2
M5.4. Year 1, semester 2

Aim of the module

The aim of this module is the necessity to introduce to the master students
methods of energy resources revision and loss reduction in every system of
energy supply with simultaneous environmental control. Traditional energy
audit, described in the present module, includes technical investigation, analysis
of energy generation and consumption systems efficiency to minimize energy
resources consumption. Environmental audit methods are shown in the frames of
investment projects and energy saving programs establishment.

In the process of study of the present module master student acquires knowledge
in the sphere of energy and environment audit, as well as skills to work with
tools for energy and environment processes control.

Lectures Semester 1: 18 hours
Semester 2: 18 hours
Semester 3: 72 hours

Laboratory works, [ Semester 1: 36 hours
seminars Semester 2: 54 hours
Semester 3: 72 hours

Individual work Semester 1: 18 hours
Semester 2: 36 hours
Semester 3: 72 hours

Module Learning outcomes
Knowledge and understanding:
e  Acquire knowledge of methods of systematic inspection of industries for
energy efficiency and environment safety
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Understand energy and ecology audit organizational order
Gain knowledge of audit conditions and audit tools
Understand technologies of energy saving in branches
Gain knowledge of «Green constructiony for a sustainable development
of territories
Practical skills
e  Organize energy audit
Recording/documenting audit results
Statistical methods of data processing
Develop recommendations
Make audit reporting
Implement practical recommendations on the application of energy
saving technologies in daily engineering practice
Graduate (or Transferable) skills
e Define goals and objectives of energy and audit
e Choose assessment criteria for inspection results
e  Prepare presentational materials
e  Prepare forms to make the conclusion
Assessment methods
Students’ knowledge and understanding are assessed by a variety of methods
such as tests, students presentations and examinations.

Module Learning Qutcomes Contents and/or Educational Activities that
contribute to the achievement of the MLO

The study of methods of Know basic principles of energy efficiency.

systematic inspection of
industries for energy efficiency
and environment safety.

Know techniques of analyzing the
environment safety.

Know methods of “Green construction” for a
sustainable development of territories.

The study of audit conditions Know principal approaches of evaluating
and audit tools. audit tools used both in Russia and abroad.

Know the ways of applying modern methods
of energy audit.

Module Learning Outcomes Teaching / learning method and Criteria of

Assessment
The study of methods of lectures
systematic inspection of . seminars
industries for energy efficiency —
and environment safety examination
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The study of audit conditions
and audit tools

lectures

seminars

literature sources study, paper preparation

examination

Module Learning Qutcomes

Course units

The study of methods of
systematic inspection of
industries for energy efficiency
and environment safety

written reports

The study of audit conditions
and audit tools

oral presentations

41




Module 6 Title Environmental problems of energy saving and ways of
their decision

Course Titles M6.1. Environmental assessment and audit
Mo6.2. Ecological safety and power sustainable
development

Credits Total: 6 ECTS credits, 216 academic hours

Me6.1. 3 ECTS credits, 108 academic hours
M6.2. 3 ECTS credits, 108 academic hours

Module leader and | Prof. Sazonov E.V.
assistant (if any)

Study terms M6.1. Year 1, semester 1
M6.2. Year 2, semester 3

Aim of the module

The aim of this module is the necessity to introduce to the master students
methods of environmental control. Traditional ecological audit, described in the
present module, includes technical investigation, analysis of ecological safety
and power sustainable development.

In the process of study of the present module master student acquires knowledge
in the sphere of energy and environment audit, as well as skills to work with
tools for energy and environment processes control.

Lectures Semester 1: 36 hours
Semester 3: 36 hours

Laboratory works, | Semester 1: 36 hours
seminars Semester 3: 36 hours

Individual work Semester 1: 36 hours
Semester 3: 36 hours

Module Learning outcomes
Knowledge and understanding:
e Demonstrate the understanding and adopting the methods of
environmental control,
Analysis of ecological safety and power sustainable development;
Knowledge in the sphere of energy and environment audit, as well as
skills to
e  Work with tools for energy and environment processes control
Practical skills
Organize ecological audit
Recording/documenting audit results
Statistical methods of data processing
Develop recommendations
Make audit reporting
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Graduate (or Transferable) skills
e  Ability to implement of power sustainable development issues in

engineering practice
Assessment methods

Students’ knowledge and understanding are assessed by a variety of methods
such as tests, students presentations and examinations.

Module Learning Qutcomes

Contents and/or Educational Activities that
contribute to the achievement of the MLO

The study of the methods of
environmental control.

Study public laws in the field of
environmental control.

Study regional legal acts in the field of
ecological audit.

The study of tools for energy
and environment processes
control.

Study energy-saving technologies used for
environmental processes control.

The study of statistical methods
of data processing.

Study mathematical statistics approaches for
energy saving evaluation.

Module Learning Qutcomes

Teaching / learning method and Criteria of

Assessment
The study of the methods of lectures
environmental control seminars
examination
The study of tools for energy lectures
and environment processes seminars

control

literature sources study, paper preparation

examination
The study of statistical methods | lectures
of data processing seminars
examination

Module Learning Outcomes

Course units

The study of the methods of
environmental control

written reports

The study of tools for energy
and environment processes
control

oral presentations

The study of statistical methods
of data processing

written reports
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Module 7 Title Economic justification of application of energy saving
technologies

Course Titles M7.1. Methodology of the assessment of efficiency of
implementation of energy saving aspects

M7.2. Assessment of technologies of increase of power
efficiency

Credits Total: 4 ECTS credits, 144 academic hours
M7.1. 2 ECTS credits, 72 academic hours
M7.2. 2 ECTS credits, 72 academic hours

Module leader and | Prof. Semenov V.N.
assistant (if any)

Study terms M7.1. Year 2, semester 3
M7.2. Year 2, semester 3

Aim of the module

This module will provide the students with the knowledge of the methodology
for the assessment of efficiency ofimplei implementation of energy saving
aspects at all stages of the design, construction and maintenance of energy
efficient buildings. Economic aspects for the assessment of technologies
resulting in the increase of power efficiency will be given.

Lectures Semester 3: 15 hours

Laboratory works, | Semester 3: 30 hours
seminars

Individual work Semester 3: 99 hours

Module Learning outcomes
Knowledge and understanding:
e  Acquire knowledge of methods of productions economic efficiency
calculation
e  Gain the knowledge of the methodology for the assessment of efficiency
of implementation of energy saving aspects at all stages of the design,
construction and maintenance of energy efficient buildings
Practical skills
e  Skills for the assessment of advanced technologies resulting in the
increase of power efficiency
e  Assess the quality of the obtained solutions with due account for
economic criteria
Graduate (or Transferable) skills
e  Skills to make the evaluation of the advanced technologies resulting
in the increase of power efficiency and their further utilization in the
engineering practice
e Critical estimation of the quality of the obtained solutions based on the
advanced economic criteria
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Assessment methods

Students’ knowledge and understanding are assessed by a variety of methods
such as tests, students presentations and examinations.

Module Learning Qutcomes

Contents and/or Educational Activities that
contribute to the achievement of the MLO

The study of state policy and
legislation in the field of energy-
saving.

Study public laws in the field of energy-
saving.

Study regional legal acts in the field of
energy-saving.

The study of efficiency of
implementation of energy
saving aspects at all stages of
the design, construction and
maintenance of energy efficient
buildings.

Study energy-saving materials in the erection
of buildings and structures.

Study energy-saving technologies in the
erection of construction objects.

Study energy saving in the use of buildings
and structures (energy performance certificate,
energy performance monitoring).

The study of methods of rational
and efficient use of fuel and
energy resources.

Study regional fuel and energy resources.

Study waste energy resources.

Study utilization of alternative and renewable
energy.

Module Learning Qutcomes

Teaching / learning method and Criteria of

Assessment
The study of state policy and lectures
legislation in the field of energy- [ (o inare
saving —

examination
The study of energy-saving lectures
technologies, materials seminars

and facilities utilized in the
processes of erection and
operation of construction objects

literature sources study, paper preparation

examination

The study of methods of rational
and efficient use of fuel and
energy resources

lectures

seminars

examination
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Module Learning Qutcomes

Course units

The study of state policy and
legislation in the field of energy-
saving

written reports

The study of energy-saving
technologies, materials

and facilities utilized in the
processes of erection and
operation of construction objects

oral presentations

The study of methods of rational
and efficient use of fuel and
energy resources

written reports
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Module 8 Title Approved practical and research experience

Course Titles Total: 57 ECTS credits, 2052 academic hours

M8.1. 6 ECTS credits, 216 academic hours for practice
MR8.2. 51 ECTS credits, 1836 academic hours for Master
Thesis

Module leader and | Prof. Semenov V.N. and all scientific supervisors
assistant (if any)

Study terms MS.1. Year 1, semester 2
MS8.2. Year 2, semester 3, Year 2, semester 4

Aim of the module

The module will be carried out in cooperation with a scientific supervisor in
industrial organizations / research centres / university laboratories. Students will
be inserted into research and practical activities with possible future employment
perspective. Students will carry out projects and tasks assigned by the
organizations. This experience will give them the opportunity to take initiatives
as well as to develop the self-confidence, interpersonal and adaptation skills.
Research activities during the creation and fulfilment of their Master thesis will
prepare students for future work in research and design institutions dealing with
energy saving technologies at all stages of design, construction and maintenance
of energy effective buildings and structures.

Learning outcomes

To carry out projects and tasks given by a lead organization during the period
of Master’s internship. To conduct research-based experimental work, results
receiving, accuracy and authenticity proving, review of data, discovering cause-
effect relations, determination of research innovative and relevant features.
Research results to be included and implemented in master thesis.

Module Learning Qutcomes Contents and/or Educational Activities that
contribute to the achievement of the MLO

The ability to conduct Study and analyze scientific and technical data
experiments as a part of result- | from domestic and foreign experience in the
oriented research work and to area of energy efficient heating, ventilation

prove the accuracy and validity | and gas supply systems.

f th Its obtained. T ;
of the results obtained Be able to set scientific and technical task,

to select methodical ways and means of its
solution.

Get mathematical modelling methods of the
processes in heating, ventilation and gas
supply systems and computer methods for
these models realization.
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Get mathematical modelling methods of the
processes in heating, ventilation and gas
supply systems and computer methods for
these models realization.

Acquire skills to design computational
methods and means of automation design.

Acquire skills to arrange and conduct
experiments and to provide metrological
assurance.

Acquire skills to develop and use databases
and information technologies for solving
scientific, technical and economic problems in
the area of energy efficient heating, ventilation
and gas supply systems.

The ability to process data, to
discover cause-consequence
relations, to define the scientific
novelty and functional
significance of the results, to
make scientific and technical
report.

Acquire skills to prepare data for making
reviews, reports, scientific and other
publications.

Be able to collect, process and analyze the
results to identify the theory and experiment.

Be able to provide the results of the

works completed applying modern
techniques (reports, papers, thesis, articles,
presentations).

The ability to carry out
projects and tasks of
leading organizations in
new conditions and in
cooperation with colleagues,
to find organizational and
administrative decisions in
non-typical situations and to
bear responsibility for their
realization.

Know the influence of psychological factors
on the course and quality of an experiment.

Be able to plan and conduct research
independently.

Be able to organize the application of the
results of research and practical formulation.

Be able to negotiate, make contacts, reconcile
conflicts of interests.

Module Learning Qutcomes

Method and Criteria of Assessment

The ability to conduct
experiments as a part of result-
oriented research work and to
prove the accuracy and validity
of the results obtained

design and research works, presentation
literature sources review

report presentation
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The ability to process data, to
discover cause-consequence
relations, to define the scientific
novelty and functional
significance of the results, to
make scientific and technical
report

design and research works, presentation
literature sources review

research report presentation

The ability to carry out
projects and tasks of
leading organizations in
new conditions and in
cooperation with colleagues,
to find organizational and
administrative decisions in
non-typical situations and to
bear responsibility for their
realization

design and research works, presentation

practice research report presentation, advisor’s
testimonial

Module Learning Qutcomes

Course units

The ability to conduct
experiments as a part of result-
oriented research work and to
prove the accuracy and validity
of the results obtained

paper literature sources review

The ability to process data, to
discover cause-consequence
relations, to define the scientific
novelty and functional
significance of the results, to
make scientific and technical
report

research report

The ability to carry out
projects and tasks of
leading organizations in
new conditions and in
cooperation with colleagues,
to find organizational and
administrative decisions in
non-typical situations and to
bear responsibility for their
realization

practice report

49




Module 9 Title Total state certification. Defence of Master thesis
Credits 3 ECTS credits, 108 academic hours
Module leader and | All scientific advisors

assistant (if any)

Study terms

Year 2, semester 4

Aim of the module

To prepare Master Thesis according to all requirements

Learning outcomes

Preparation of the Master’s thesis and passing final State examination.
Valuable practical results of the Master thesis and their application for the
regional economy and the socioeconomic environment.

Module Learning Outcomes

Contents and/or Educational Activities that
contribute to the achievement of the MLO

The development of an original
theme based on independent
research and related to the
development of energy-
efficient heating, ventilation
and air conditioning systems in
buildings

study literature sources

conduct experiment

compute (mathematical modelling)

present thesis

Module Learning Outcomes

Method and Criteria of Assessment

The development of an original
theme based on independent
research and related to the
development of energy-
efficient heating, ventilation
and air conditioning systems in
buildings

independent study of literature sources

design and research work

public defense of master’s thesis in State
Examination Board

Module Learning QOutcomes

Course units

The development of an original
theme based on independent
research and related to the
development of energy-
efficient heating, ventilation
and air conditioning systems in
buildings

Master thesis
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Assessment strategy and methods

e Internal current control of student progress according to IQ-net and ISO-
9000 procedures (at the end of semester)

Oral presentations

Field practice reports

Professional portfolio

Written reports, essays (including references, etc.)

Tests after each topic, course exams, Master thesis assessment.

Posters

Peer review and evaluation by the group

Self-evaluation

Quality assurance
Internal

e  General expert evaluation by the Tempus project Evaluation board
e  Students feedback
External

e  Evaluation by European academics from partner universities

e  Accreditation of the programme by the Academic Council of Voronezh
State University of Architecture and Civil Engineering

e  Ministry of Education and Science of the Russian Federation official
recognition (licensing)

e  Evaluation by employers

Employment opportunities

Civil Engineering research and design institutions, Government and private
construction enterprises, Municipal and Communal Service, Research and Quality
Control Processes; Public Administration related to environmental protection;
institutions and enterprises applying energy saving and ‘Green construction’
technologies. Graduates can work as industrial consultants for environmental
protection.
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Learning resources

(Learning resources available at the Chair
bought in the framework of the project)

Educational laboratory equipment set “The device, work and the account in
systems of heating of the building” (LS/PO-URUSOZ)

The laboratory complex acquaints students with the main instrumentations used in
systems of water supply and heating, the principles of their work and possibility of
application, definition of performance data of elements of systems of heating.

The laboratory stand “The Device, Work and the Account in Systems of Heating of
the Building”™ of floor execution represents the operating closed hydraulic system
with the established samples of sensors which are applied in monitoring systems and
the accounting of a consumption of water, pressure and water temperature control
on objects of housing and communal services, and radiators of water heating. The
system of pipelines and spherical cranes allows to model necessary for performance
of laboratory works a configuration of system of heating.

The laboratory stand is intended for acquaintance of students with the main
instrumentations used in systems of water supply and heating, studying of the
principles of their work and possibility of application, definition of performance
data of elements of systems of heating.

The personal computer is intended for management of operation of the stand as a
whole, namely: operation of the pump, the electric boiler, spherical cranes with the
electric drive.

In the package of delivery is included the electrified training module with training
indication. The training module represents the interactive light-dynamic touch
panel, allowing one to provide training and software testing to check of the acquired
material. The marker touch surface allows one to bring adjustments in training
process. The established software “The virtual teacher”, allows to provide group
training. The module is the tool of the teacher allowing him/her to present a material
on safety measures during the work with educational laboratory equipment in the
sphere of housing and communal services.
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Programme learning outcomes

Knowledge and understanding

Al | Fundamental knowledge and understanding of innovative technologies in
energy saving and environmental control

A2 | Understanding of optimization approach and methods of energy and
resource saving processes

A3 | Understanding of energy saving as the basis of green technologies
development

A4 | Knowledge of administrative authorities and legislation in the field of
environment protection

AS | In-depth knowledge of design, construction and maintenance of energy
efficient Buildings and energy saving technologies

A6 | Knowledge of mathematical and analytical concepts and models for
solving energy. Saving problems on all stages of design, construction and
maintenance of energy efficient buildings .

A7 | Critical evaluation of current methods of energy production and utilization

Practical skills

B1 | Ability to provide technical and managerial input into planning of energy
and resource saving projects an facilities (in native language and in
English)

B2 | Ability to solve engineering problems through the application of
theoretical concepts and practical knowledge in industrial environment

B3 | Ability to carry out laboratory and field experiments, collect, analyse and
interpret data

B4 | Select and use appropriate methods and technologies for energy and
resource saving

BS | Use appropriate information technology for engineering and management
purposes

B6 | Ability to design the energy effective buildings

Graduate skills

C1 | Develop critical thinking and carry out research (e.g. present critically and
compare their own views and those that differ from their own (in native
language and in English)

C2 | Identify and use various learning sources in students’ scientific occupations

C3 | Communicate and negotiate effectively with different stakeholders

individually and in-group using verbal, written, and electronic modes of
communication (in native language and in English)
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C4

Make informed professional decisions based on scientific knowledge and
appropriate criteria

C6 | Develop efficient time management skills

C7 | Appreciate the social impact of research and practical work in the field of
study

C8 | Reflect and evaluate on own learning and evaluate peers in a professional

manner
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Didactic programme materials

The textbooks series has been developed and printed specially for the new
programme in cooperation of the Russian and European teachers. It consists of 9
textbooks and the Glossary of the project.

Textbook title | Book Editor
1. D. Mendeleev University of Chemical Technology of Russia
Green technologies for sustainable development | N. Tarasova
2. Tambov State Technical University
Energy efficiency improvement in natural and N. Popov
industrial systems
3. Genoa University
Basis of thermodynamics and exergy analysis L. Tagliafico
4. Ural Federal University n.a. Boris Yeltsin
Lifecycle of energy, energy management and N. Shiryaeva
optimum decision making
5. Tambov State Technical University
Energy and environmental audit N. Popov
6. Russian Academy of Architecture and Construction Sciences
Engineering and economic analysis of energy saving | S. Fedosov
activities
7. Stavropol State Agrarian University
Environmental safety and energy sustainable N. Kornilov
development
8. Voronezh State University of Architecture and Civil Engineering
Practical application of energy saving technologies | V. Semenov
9. Vladimir State University n.a. Stoletovs
Modelling technological and natural systems | Y. Panov
10. Genoa University and Tambov State Technical University
Glossary for GREENMA project A. Musaio

L. Mozerova
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Tests for summing up modules

Program-aided methods for increasing the energy effectiveness

How are the volumes of produced energy and heat distributed for
generation sources?

Give approximate number of fuel and oil resources stock. Describe
recourses consumption system in 21st century.

What does Russian economy contain as energy systems saving
reserves (%)?

How are water resources distributed in industries?

How do industry and transport affect the atmosphere condition?
How does energy saving influence on emissions reduction?

What are the main energy resources saving methods at industries and
everyday life?

What state bodies control energy saving?

Name the main fields of energy saving state policy.

Does energy saving require business development?

How is energy saving programme implemented in regions?

What kind of organizations of the Voronezh region are interested in energy
saving programmes realization?

“Green construction” for a sustainable development of territories

What are the tasks in “Energetic programme of Russia till 2020?
Enumerate main activities for energy saving.

What tools are applied for commercial measurement of power
consumption?

Give the definition of two-winding electrical transformers.

What is the influence of active and reactive power correlation on energy
losses in energy saving systems?

Define the principle of electric motor reactive power compensation and
related applied devices.

What are the technical means of reactive power compensation?

What are the components of electric motor total loss?

How does motor controller load influence on its energy efficiency
conversion and when do we manage the electrical motors change?
Name general activities for energy saving of electrical motors exploitation.
Life cycle of energy, energy management and optimal decision making

Life cycle of energy resources and real estate objects

What are the components of energy consumption balance?
What is the purpose of enterprise energy balance?
What forms income and expenditure sides of active power energy balance?
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Power balance and energy audit

What do power costs at enterprise and housing and utility sector define?
Give examples.

What factors define energy efficiency of water supply and water
consumption systems?

What energy saving reserves can be applied in water supply of industries
and residential buildings?

What energy saving reserves can be applied in drainage?

What is the role of water supply and drainage systems automatization for
energy saving?

Evaluate the reasons of power overspend in water supply and drainage
systems.

How are power saving volumes evaluated in water supply and drainage
systems?

Methods of the solution of scientific and engineering tasks in civil engineering
dealing with energy saving and efficiency

What is the role of individual water control of consumer?

What is the purpose of energetic examination of boilers and ancillary
equipment?

What necessary certification does boiler plant equipment require?
What does equipment and widget certification at thermal engineering
mean?

Explain the influence of air on fuel losses at boilers.

What is chemical unburned fuel? Its influence on boilers economy.
Explain the function of economizers and direct contact heat exchangers at
boiler plant.

Give examples of energy saving activities and their efficiency during
boiler plant work.

What is the role of water purification for heat and power equipment?
What is the purpose of deaeration of boilers and heat systems make up
water?

Practical recommendations concerning the application of energy saving
technologies

Name modern technologies of water preparation.

What are the complexones and how do they remove limescale from
heating systems?

Name the types of deaeration devices of make up water and their operation
cycle.

What are the areas for technological processes analysis calculation?
Assess the efficiency of specific activities for energy saving in district
heating systems.

Give definition of “building heat shield” term.
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Name the rates of building heat shield.

What are the classes of building energy efficiency according to standards
0f 23.02-2003.

What are the normalized values of thermal resistance?

Name the energy saving reserves of housing construction.

Name the energy saving reserves of housing heating.

How can steam boiler plants energetic potential be applied?

What are the energy losses of consumers heating substations?

Name heating consumption control devices.

What is the meaning of regulation of heating delivery and consumption?

Life cycle of energy resources and real estate objects

What are the components of heat consumption balance?

What is the purpose of enterprise heat balance?

What forms heat energy expenditure sides of housing and utility sector
enterprises?

Name the main energy losses types of compressor installations.

What is the influence of compressed air pressure on its leaks through holes
and power losses?

How to economize the energy during compressor exploitation?

How do you understand heat and chemical pollution of atmosphere?

What are the blow air conditioners and their function in boiler’s operation?
Name other application of steam at steam boiler plants.

What does the heat and power cogeneration mean in heating system and is
it possible to apply it at steam boiler plants?

Ecological assessment and audit

What are the main legal documents of energy and environment audit?
What organizations can conduct the energy and environment audit?
What are the purposes and tasks of energy and environment audit?
What are the main stages of energy and environment audit?

Name the motivations of individual control of energy recourses for
population.

Name requirements for devices applying at energetic inspection.
Define the application of technical and economic analysis.

What does building energy and ecology certificate involve?

What does onsite energy loss elimination programme involve?

Name the assessment of investment efficiency for enterprise energy saving
programme.
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Laboratory works Nel-7

Laboratory works Nel-7 are developed for the following modules:

e  Green constructiony» for a sustainable development of territories

e  Methods of the solution of scientific and engineering tasks in civil
engineering dealing with energy saving and efficiency

e Power balance and energy audit

Laboratory works are conducted with help of special stands providing alternative
energy sources application: solar collectors, heat pumps and wind generators.

Textbooks for laboratory works contain the following materials:
Solar collectors, their constructions and purpose working principles.

Practices with solar collector: operating mode choice, energy conversion efficiency
estimation.

Wind turbine installation capability study, construction features analysis, application
in Russia. Definition of optimal operating regimes of wind generator in Russia.

Study of heat pump construction.
Calculation of pump heating load at household.
Heat pump stand practice.

Laboratory work defense is conducted with the help of results demonstration at
stands.

Requirements for laboratory work acceptance
Work is “defended” if:

a) It is organized according to department’s requirements. Master student can
work with stands and answers 90% of teacher’s questions.
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Teaching methods in GREENMA programme

Various teaching methods are being used in the frames of GREENMA.

a) Laboratory method when the students study equipment, its application and
study variants of equipment application in different climate conditions. The
reports and analysis are made based on the results of lab works.

b) Research method encouraging students’ creative activity by setting new tasks
and problems. Students use INTERNET search tools and conduct patent
search.

c) Active study directed on obtaining skills of energy saving technology and
methods. Realized during stage and practical study at enterprises.

d) Problem solution method is used at the final phase of study when the topic of
master thesis is chosen.

Active study in GREENMA programme

The programme supports the individual work of master student provided by
individual choice of thesis theme, individual Internet search of literature, personal
tasks organization, self-education skills development. Among the enumerated
technologies a special attention is given to case-studies.

VSUACE study programme involves two types of case-studies:

a) analysis and assessment of energy saving problem teaching;
b) decision-making teaching.

One of the examples of case-studies application in “Improvement of energy
efficiency in civil and industrial buildings” is the task of energy saving during
the stages of design, construction and maintenance of buildings. Its solution is
conducted gradually. In the beginning of each stage a teacher defines the aim of
master students work. At the end of stage its success/fail is demonstrated. It is useful
both for individual work and team work.
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Different assessment criteria

Assessment criteria for test results
a) competence assessment criteria (results)

Test questions show the comprehension level of students’ knowledge, skills and
abilities according to competences. Credit test includes different tasks allowing
assessment of competence acquisition for:

determination of technical concepts;

energy saving processes characteristics;
equipment efficiency factors characteristics;
appropriate judgement choice.

Students should answer the questions of credit (examination) test in the expected
time, choosing one of four given answers. The results of discipline sections are
checked separately.

b) description of assessment scale

o  Up to 40 % of right answers — competences are not acquired, test
repeating;

e 40-60 % of right answers — partial acquisition of competences, extra
questions for subject sections if low grades;
60-80 % of right answers — sufficient level of competence acquisition;
More than 80 % of right answers — high level of competence acquisition

Assessment criteria Assessment scale

Assessment scale Test results 60-80% — knowledge | “passed”
of subject is shown, answers to the main questions
are right

Test is not completed or result is less 60% — “failed”
knowledge is poor, answers to extra questions are
with essential mistakes

Exam assessment criteria

Assessment criteria Assessment scale
Full answer is given, comprehended knowledge is “excellent”
shown, main issues are disclosed, task is solved

Answer is logically structured, applying modern “good”

technical terms, some inaccuracies or small mistakes

are made
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Answer is insufficient, logic is broken, task is not “satisfactory”
solved or serious mistakes are made

1.
2.
3.

The answer is vague with significant mistakes “unsatisfactory”
No answer
Reject to answer

Procedure of preliminary review of graduation qualification work (thesis)

Prepared and organized graduation qualification work (GQW) passes the procedure
of preliminary review at commission meeting. Commission consists of head of
department, person in charge of MSP of HE, SEC members (staff of VSUACE),
GQW managers. Commission members are approved by department’s head order,
responsible for MSP of HE. GQW pre-consideration Commission meeting is held
one week before SEC meeting. The dates of both meetings are appointed and brought
to students’ attention at the same time.

Following materials are provided for GQW pre-consideration Commission meeting:

GQW got compliance assessment, checked for plagiarism and organized
according to CTII VSUACE 07-97 “Diploma and course projects (works).
Registration rules” and recommendations for graduation works fulfillment
in e-form, confirmed by VSUACE rector’s order dated 14.05.2010, Ne
125-04 (provided to students);

Review of GQW supervisor (presented by GQW supervisor);

GQW check results for plagiarism (presented by GQW supervisor);
Student’s academic record book (presented by SEC secretary).

GQW preliminary review Commission:

Evaluates student’s readiness for GQW defense;

Checks the full set of materials for GQW defense;

Gives results of competences level, based on current grades of student (for
students FSES HVE or FSES HE);

Based on GQW check results for plagiarism, concludes about the
requirement fulfillment for GQW borrowing;

Forms and gives results to student about level of general and professional
competences and GQW defense permit (for students FSES HVE or FSES
HE) or GQW defense permit (for students FSES).

GQW defence procedure

SEC meetings for GQW defence are held according to time schedule of study
process, considering:

One meeting period is no more than 6 hours;
During one meeting no more than 12 GQW can be defended;
Only 30 minutes for student’s GQW defence.
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GQW defence includes student’s report (10 minutes) with presentation, analysis of
supervisor’s comments and reviews, commission questions, student’s answers. It
can also include reviewer’s and GQW supervisor’s presentations.

SEC meeting is minuted by secretary and signed by all SEC.

Assessment for GQW presentation and defence and qualification awarding are
preceded during SEC private meeting after all appointed works defence. The
decision is made by majority of votes.

SEC decision about GQW grade, “Master” qualification award in 270800 — “Civil
Engineering” is announced to graduates in the same day after private meeting.

Assessment criteria for GQW accomplishment and defence

Discussion and final assessment of GQW defence is completed at SEC private
meeting, defining the grade — “excellent”, “good”, “satisfactory”, “unsatisfactory”.
Each student’s answer is evaluated according to score system, considering the

minutes, proceeded by SEC secretary.

The student’s answer is evaluated by score summing up. Total score of SEC member
is defined as average grade comprising student’s report, student’s answer for each
extra question and for participation in discussion, ability to give arguments and
take a stand, 66 considering SEC members’ views. Final assessment is determined
according to average score of each member grades:

e  Grade “2” — “unsatisfactory”;
e  Grade “3” — “satisfactory”;

e Grade “4” — “good”;

e Grade “5” — “excellent”.

Grade “excellent” is given if the following conditions are fulfilled:

GQW meets FSES requirements;

GQW fully corresponds to the theme, contains given task solution;
theoretical and practical parts are correlated,;

based on source study, the thesis presents individual analysis of real
material;

thesis presents individual conclusions of student, student demonstrates
knowledge of material, confidently answers most questions;

e thesis is presented in time, with full reviews and supporting documents.

Grade “good” is given if the thesis is completed and defended in the following way:

work is acceptable but has some shortcomings in respect of FSES;
exposition of the topic is insufficient, some questions are not answered;
theoretical and practical parts are correlated enough;

graduate uses material soundly, but doesn’t answer all questions
adequately;

graduate needs supervision during material and source analysis;

thesis is presented in time, with full reviews and supporting documents.
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Grade “satisfactory” is awarded if the thesis is completed and defended in the
following way:

work is acceptable but has shortcomings in respect of FSES;
exposition of the topic is not clear enough, the work doesn’t provide clear
answers for all questions (many misunderstandings);
number of learning resources is less than 30;
material and learning resources individual analysis is not provided;
graduate doesn’t demonstrate sufficient knowledge of theoretical
approaches for problem solving and correlated works of leading scientists;
e thesis defence is uncertain, commission members are not satisfied with
answers;
o thesis is presented after registration date of GQW, the thesis content has
significant shortcomings.

Grade “unsatisfactory” is awarded if the thesis is completed and defended in the
following way:

e work is presented after registration date of GQW, the thesis content has

significant shortcomings;

review is not provided;

work doesn’t meet FSES requirements;

graduate can’t provide support facts to theoretical statements;

graduate doesn’t know learning resources;

conclusions are not logically and clearly presented, graduate doesn’t

answer questions;

e proposals are not made for subsequent research, decision-making and
conclusions are not provided;

o thesis has large abstracts of plagiarism without references.

If the votes for grade awarding are divided equally, the Head of SEC is responsible
for final decision.

The GQW results are available for students after private SEC meeting.

If the student fails thesis defense, a new examination is offered according to the
order of Vice-rector for educational activities after thesis revision.

SEC Head and secretary prepare GQW defence report, which is approved at the
department meeting.
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Meton Case-Study B nporpamme Green Master

IIpumepbI HCNIOIB30BAHUS METOA KeiicoB
IIporpammuas kapra Keiica (aJroputm o0y4eHust)

ToioTop: Crynenr:
Bhi60p KTIOYEBBIX ®opmupopanue
TIMIAKTHIECKUX T KOMITCTEHIHIT
Crynenr:
TEXHIICCKUX
. TTonck TeioTop:
0COOEHHOCTEH
U aHaJIu3 IIpoBepka
Hauano HYKHOI pemienuit
Keiica uHdopmanumn
[po6ieMuas Iocranoska _)@_) Pemle}me
CUTyanus 3ajiain
1 sTana 3a1a9n

ThroTop:
IIpomexyTounas
OLICHKA
paboThI CTyfIeHTa

ie—itl [—

1. O0mmwmii pe3ysbTaT 00ydeHUs
2. NmxeHepHoe perieHne

{

Konerr keiica
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Module M4.3 “The main trends of energy saving at design,
construction and maintenance of buildings”

Case Study No.1 “UccnenoBanne BausiHAs GOPMBI
U pa3MepoB 31aHHUsI HA CHUKeHHe TeIionorepsp”

1.1.TeopeTnyeckne OCHOBBI BJHSIHMS (GOPMBI 31aHUSI HA CHHUYKEHHe
TeIJIonoTephb

I[J'IH OIMPCACIICHNA TCIJIONOTEPb YC€PE3 HAPYKHBIC OTIpAXKIAIOIINUC BAXKHO
COOTHCCTHU UX BCINYUHY C pa3sMEpaMu 31aHU.

[Tpu pa3paborke OOBEMHO-IUIAHUPOBOYHOIO PEILICHUST 3JIAHUST BBIOOP
OCHOBHBIX pa3MEpoOB — IUIMHBI, HIMPUHBI, BBICOTHI — CIEAYET OCYIIECTBISThH
B 3aBHCHMOCTH HE TOJIBKO OT HAa3HAYCHHWS 37aHUsl, HO M OT TOTO, KaKylo OOIIyI0
IUIOLIA/Ib HAPY)KHOW ITOBEPXHOCTH OyleT UMETh COOPYXKECHHE JAHHOH (OpPMBL
[lpu sTOM cCilemyeT y4YWTBHIBaTh, YTO 3JaHHE PAaBHOTO O0BEMa M OIMHAKOBOIO
KOHCTPYKTHBHOTO PELICHHSI MOKET MMETh Pa3HbIe pa3Mepsl (IIPOJIET, IUTHHA, BEICOTA),
a ClIe/IoBaTesIbHO, Pa3Hble IUIOIA/IN UX HAPYIKHOI MOBEPXHOCTH U HEOIUHAKOBYIO
BEJINYMHY TEIUIONOTEPS.

Tpu 3maHmsa: omHo KyOmdeckod ¢(opmbl, a oBa APYrHX — B Qopme
napajuenenuiena. Bece Tpu 30aHMS MMEIOT ORMH M TOT K€ O0BEM, HO Pa3HYIo
IUTONIA]Ib HAPY)KHOW TTOBEPXHOCTH.

12

12

®

£92 o
9 12

Puc.1. ®opmbI 31aHMI OHOTO M TOTO ke 00bEMa:
a) — ky0 ; 0, B) — mapaJuienenumneab

Menbliee 3HaueHHe S/V UMeeT 31aHue B popme Kyda
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Tabauua: «3HavyeHue S/v B 3aBUCUMOCTH OT pa3MepoB 00bEKTOB»

dopma 3naHus S v NAY
Ky©0 864 1728 0,5
[Mapamnenenunen 1068 1728 0,618
[Mapannenenunen 1512 1728 0,875

SHN/vV — TTomaAb HApYKHOH MMOBEPXHOCTH

CJ'ICHOBEITCJ'II)HO, S,HaHI/Ie-Ky6 HanMMCHCC MaTepI/IaJ'IOéMKO, HanboJee PKOHO-
MHYHO U OTIIMYACTCA HAMMCHBIIMMUA TCIIOMOTCPSAMMU.

[TpuHsIB 3a 3TaJOH KOMIIAKTHOTO PEUICHHs 37[aHue KyOHMuecKo (OpMBI,
MOXKHO JIaTh CPaBHUTEIIbHYIO OLEHKY 30aHUAM APYroi (OopMbl, HO ¢ TeM Xke 00bE-
MOM OTHOLLICHHUSL:

J=(S/Vv)30. / (S/v)om.

MOKAa3bIBAET, BO CKOJIBKO pa3 CpaBHUBAEMOE 31aHHE MEHee KOMIIAKTHO, YeM 31aHue
stasioH. T.k. 00bEMBI 3MaHUI paBHbI, TO:

f=(8)30. / (S)am.

OnpenenuB 3TO OTHOIICHHE IS 3AaHNUHN, TOTYIHM, YTO 30aHMI 2 U 3 MeHee
KOMITaKTHBI, YEM 3/1aHHE — dTAJIOH COOTBETCTBEHHO B 1.236 u 1.75 paza.

1.2. TeopeTM'{eCKne OCHOBBI HCCJICIOBAHUSA BJAUSTHUA PA3MEPOB 31aHUA
Ha €ro Temjaonmorepu

Haubonpmmii 3¢(hext B SKOHOMUH IHEPTOPECYPCOB 3/TaHUS CBSA3AH C IIIH-
PpUHOI 31aHus.

aHepFOG)I(OHOMI/I‘IHOCTB 06’BéMHO-HHaHI/IpOBO‘IHOFO peuIicHuss MOXHO OoLe-
HUTH C TOMOIIBIO OTHOMICHU S BEJIUYUHBI TEIIJIOTIOTEPD 3JaHUA U €TO IOJIC3HOM TITO-
maan — yaeJIbHOI'o pacxoaa Terjia.

C yBenuueHueM MUPUHBI Kopiyca ¢ 12 M 10 18 M yaenbHbIH pacxof Temia
1 TIpUBEAEHHBIC 3aTpaThl CHIKAIOTCS Ha 18 1 14,6% (COOTBETCTBEHHO), T.€. TEXHU-
KO—3KOHOMHYECKas 3((EKTUBHOCTD IMOBBIIIACTCS C YBEITHUCHUEM IIUPUHBI 37aHUSL.

TemonoTepu CHIXKAIOTCS ¢ POCTOM ATAXKHOCTH 31aHUA. B ycnoBusix cypo-
BbIX 31M (-26...-60°C) u3MeHEHHE YTAKHOCTH aIMUHUCTPATUBHOIO 3/1aHus OT 1 10
3 sTaxeil CHIKAET yaelnbHbIe TeruronoTepn 28. ..32%. YBenmueHne 3TaXHOCTH 3 10
12 sraxeii cHnkaeT temonorepu Ha 1...2%.

CHIKEHHE TEIUIONOTEPh B 3[aHUSX BBICOKOH dTaxkHOCTH (12 aTaxei n 0o-
Jiee) IPUMEHUMO TOJIBKO TPH HAAEKHOW repMETH3aLUH HAPYKHBIX OIPaskAA0IINX
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KOHCTPYKIUSX.

JIist TOCTHKeHNs! SKOHOMHHU TEIUIOBOM 3HEPIHMH HEOOXOAMMO COKPATHTh
IUIOIIAb HAPYXKHBIX OorpaxkaeHuil. C 3TOHM HEenbi0 MPOESKTUPYIOT MHOTOATaKHBIC
3[aHKs, UMEIOIHe OONBINYIO IJIOMAAb B IIJIaHE.

1.3. Onpenenenue ONTHMAJBLHBLIX Pa3MepoB 3JaHHS MO0 MUHHUMYMY
TemJIonoTeph

Paiion crpouteabcTBa — P® r. Boponeik
HMcxonnblie JaHHBIE:

Kosdbourment ocrexnenus hacana 3nanus /=0,56 m° *C/Bm
CormpoTHBIICHHE TeTIIONEepe/Iaye:
cren R, =2,975 i °C/Bm
- OKOH R, =0,4875 m"°C/Bm
- TOKpPBITHS R, =4,45 M °C/Bm
- TepeKphITHs moxsana R,,=3,925 MZ °C/Bm
Hapyxuprii 006éM 31anus: V= 40 000 »’
Beicora ataxka h=3 m
Iupuna 3nanus A=15 m

Pemenue:

Cpenuuii K03 GUIHESHT TETUIONEPCIAH TEMIOTEXHIMCCKH HEOHOPOAHBIX
BEPTUKAIBHBIX OTPAKICHUN Koepm, Bm/(M ‘C)

k@epm: k@epm +f ’ (koxikcm)

e f— ko3 HUIMCHT OCTEKIICHUS,
kem — KO3 PUIIMEHT TeTIIONEpeaaun CTEHBI, Bm/(M C),
kox — koadprrmenT Teruonepenaun okna, Bm/(v’+ °C),

kyupw=0.3361+0.56-(2.0513-0.3361)=1.2966 Bm/(3’-°C)

Cpemuuii ko3¢ dUIHEeHT TEILIONEPE/IAH  TENIOTEXHUUECKH  HEOHOPOAHBIX
TOPU30HTAIBHBIX OTPAKIACHUN Kopus, Bm/(M C)

kenpm:l/j] : knox—’_l//Z ' kuor(
T /), Y, — MOHWKatoIe KodpQUIHeHTbI, PaBHbIE COOTBETCTBEHHO 0,9 u 0,6;
ko — K03 (UIMEHT TeTuToNepe1auy MoTOIKa, Bm/(/vz ‘C);

ko — KOO UIMERT TETUTONEPEIAYH T1OTIa, Bm/(m’-°C).

kzupu3:0,9'0,2247+0, 60,255:Bm/(M2 oC')
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YJICJ'II)HI)IG TCIUIOMIOTCPU 31aHUA

qenpm_

P 1
? 'keepm—’_ﬁ 'kzopux

rine P — nepuMeTp 3/1aHus, M,

2
S — rIommank 37aHus B IaHe, M,
H — BBICOTA 370aHUS, M.

Taoauna 1.1: «PacuéT yneJbHbIX TEMJIONOTEPH 3MAHUSI CTPOUTETbHBIM
. 3 -
00BémoM 40 000 M~ 1J1s1 pa3JIMYHON ITAKHOCTH

Zﬂ . = %1 5 q

§ :5 ; V;i ; 5 _ _ eopus
o) A g = = = S £ wC
3 9 15 4440 1296 |622 (0,140 | 0,111 |0,221

5 15 15 2670 178 |386 0,145 0,067 0,211

9 27 15 1485 |99 228 10,154 (0,037 (0,212

12 36 15 1110 |74 178 10,160 | 0,028 0,218

16 48 15 840 56 142 10,169 | 0,021 |0,227

[To pesynbratram pac4yéToB CTPOUM Ipaduk.

I'pa¢uxk 1: «'padux 3aBHCHMOCTH YACJIbHBIX TeNIoN0Tepb 31aHUsl OT
ITaKHOCTH NpH 00béMe 31anust V=40 000 m™.»

0,228
0,226
0,224
0,222

0,22

3

20,218
(=2
0,216
0,214
0,212
0,21

0,208
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
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BriBoa:

Ha ocHOBe pac4eToB MOMKHO CAEIATh BBIBOJ, YTO IATHATAKHOE 3aHHE C
LTMPUHOM U BBICOTOH paBHOM | 5M HanMeHee MaTepranoéMKo, Hanbonee 3JKOHOMUIHO
" OTIIMYACTCd HAMMCHBIIMMU TCIIJIONOTEPSAMU.

Yro nesaet ThIOTOP? Yro genaer cTyleHT? Yro penawr

COBMECTHO?

1. Crasur 3agaqy
OHpe)IeHPITI) OIITHU-
MaJIbHBIC Pa3Mephl
3JIaHHS TI0 MUHAMY-
MY TEILIOTIOTEPb.

2. 3HaKOMHT C Teope-
THYECKHUM OCHOBA-
MH HCCIIEJOBAHUS
BJIMSIHUSL Pa3MEpOB
31aHUs Ha €0 Te-
TUTOTIOTEPH.

3. Pexomenmyer
BCIIOMOTATEIbHYIO
JIUTEparypy.

4. 3amaeT KOMIICTEH-
LMY IS JAHHOM
JMCIUTUIAHBL.

OcymiecTBisieT
TIOUCK HEOOXOAMMOMN
nHpOpPMALUH IS
peLIeHus 3a/1a4u 110
OTIPEICTICHHUIO OIITH-
MaJIbHOTO pazMepa
37aHUS.
AHanusupyer u
oOpabartbiBaeT
nH(OPMALHUIO 110
PAacIIOIOKEHUIO
3MaHUs, MaTepua-
JIOB OTPaykKAAI0IMINX
KOHCTPYKLUHI U UX
CBOJNCTB.
Bemmonaser pacuer
YAETBHBIX TEIIO-
MIOTEPh UCXOJIS U3
CTPOUTEIBHOTO
o0bema 31aHusl.
JlemaeT oCHOBHBIE
BBIBOJIBI 110 BBITTOJI-
HEHHOI1 pabore.

1. OO6cyxnaioT mpe3eH-
TaIH CTYJCHTOB.

2.  @opMupyIoT 3aMeya-
HUS 110 pacueTy u
X0y paOOTHL.

3. VYdacTByioT B
MIPOBEICHUM OIIPOCa
10 )OPMHUPOBAHHIO
KOMIIETEHLIUH.

4. TlomyuaroT utoro-
BYIO OIICHKY.
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Module M4.3 “The main trends of energy saving at design,
construction and maintenance of buildings”

Case Study No.2 “OneHka 3K0HOMHYECKOI 11eJ1ec000pPa3HOCTH NIPHMEHEHHS
JHeprocdeperarouieii cBeTOAUOIHOM JIaMIIbl OCBELLIEHUS] BMECTO JIAMIIbI
HAKaJUBaHuA"

2.1. Teopern4yecKHe OCHOBBI JJsl OLEHKH 3JKOHOMHYECKOil
11eJ1IeCO00PA3HOCTH NPUMeHeHHs 3Heprocdeperauieil CBeTOAMOAHON JaMIIbI
OoCBelleHHsI BMECTO JIaMIIbl HAKAJIHMBAHUS

CBeTO,HI/IOZ[ — HOHprOBOZ[HI/IKOBHﬁ HpI/IGOp C JJICKTPOHHO-ABIPOYHBIM
nepexoaom, coaepmamnﬁ ONTUYCCKOC UBIIYUCHHUC NPU MPOINYCKAHHWU 4Y€PE3 HETO
OJICKTPUIECKOI'0 TOKA B IIPSIMOM HaITPaBJICHUHN.

CBeTOAMOIHbIE JIaMIIbl WJIM CBETOAMOMAHbBIE CBETUJILHUKHM B KayeCTBE
HCTOYHUKA CBETa WCHONB3YIOT CBCTOMUOMABI, MPUMEHSIOTCS sl OBITOBOTO,
MIPOMBITITICHHOTO U YIIMYHOTO OCBeteHst. CBeTOAMOTHAS JIAMITa SIBIISICTCS. OMHUM U3
CaMBIX IKOJIOTHIECKH YNCTHIX NICTOYHUKOB CBETA. [ [pHHITHIT CBEYCHNUS CBETOIMOIOB
MMO3BOJISICT TPUMEHATH B TIPOM3BOJACTBE W paboTe camoil Iammbl Oe3omacHbIe
KOMITOHEHTHI.

CBeTOMUOMHBIN CBETWIBHUK — CBETHJIBHHUK, COCTOSIIMN W3 KOpIyca,
CBETOAIMOJHOTO HMCTOYHHMKA CBETA W IJIEKTPOHHOro jpaiiBepa (mpeoOpasoBarels
MATaHU).

HpCI/IMyHIGCTBO CBETOAMOAHOI'O CBCTHUJIbHUKA IO CPABHCHUIO C JIaMIIaMU
HaKaJIMBaHUA

HU3KOE PHEPromnoTpedieHue,

3asIBJIICHHBIN JTONTHH cpok ciry>k0bl oT 30000 no 50’000 u Gomnee vacos,
MPOCTOTa YCTAHOBKH,

OoJiee HU3KAs TeMIlepaTypa KopIyca 10 CPaBHEHHIO C JIAMIIOH
HaKaJINBaHWs, HMEIOLIEeH CPABHUMYIO IPKOCTD,

BBICOKAss MEXaHUYCCKasd MPOYHOCTD,

3a4acTyto HeOObIINe rabapuTh.

TMOJTHASL IKOJIOTHYECKast 6E30MaCHOCTh MO3BONISAET COXPAHITh
OKPY’KAIOLILYIO Cpeay, He Tpedys CreHaTbHbIX YCIOBHUH MO YTUIN3ALUH:
HE COICPIKHUT PTYTH, €€ MPOU3BOAHBIX M IPYTHX SIMOBUTHIX, BPEIHBIX HIIH
OITaCHBIX COCTABJIIOIINX MAaTEPHAIOB U BEILECTB.

OCHOBHbBIE HEJOCTATKU — BBICOKAs 1IeHa, MHOTHE CBETOJUOHBIC JaMIIbl
CBETAT TOJNILKO B OJIHOM HAIPaBICHHU (YTO MOXKET OBITh W JOCTOMHCTBOM). B
JEIIEBBIX JIaMIIaX 3a CYeT SKOHOMHH Ha KOHACHCATOpaX BO3HHUKACT HEBHINMOE
HEBOOPY>KCHHOMY TIJIa3y BBICOKOYACTOTHOE MEpIlaHWE, a M3-3a SKOHOMHH Ha
TETUIOOTBOSIINX AJIEMEHTaxX IMeperopaHue OT MeperpeBa, 0COOCHHO B 3aKPBITHIX
mwiadonax. Kpome Toro, mpu BBIXOJIC U3 CTPOS JIFOOOTO U3 IEMEHTOB CBETHIILHUK
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qaumie BCCTO IIOJJICKHT 3aMCHC Ha aHAJOTHYHBIM. DTH HCIOCTAaTKKU 4Yali¢ BCCIro
KOMIICHCUPYIOTCA SKOHOMHEH OJICKTPOIHEPIrUu, SKOHOMHEH Ha O6CJ'Iy)KI/IBaHI/II/I
(BaMCHC J'IaMH), YTO 0COOCHHO AKTYAJIbHO JISL YIMYHOI'O OCBCIICHMUS.

JHeprocoeperaomei

2.2. OGocHOBaHHE IKOHOMHYECKOI I1e1eco00pPa3HOCTH MPUMEHEeHHUs

HaKaJIuUBaHUs.

Hcxoanblie JaHHDbIE:

[TorpeOiisiemasi MOIIIHOCTh

NH =90 Br

NH — notpebisiemMast MOIITHOCTH JIaMIThl HaKaTuBaHus, BT
N»= NH/9=10 Bt

N — noTpebnsiemMas MOITHOCTH dHeprocoeperaromas iamma, Bt
S5, = 3,23 py6/KBT-u

855 — Tapud Ha EKTPUIECKYI0 dHEpruto, pyo/Ker-u,
t,= 10 u/cyT.

1, — cpeHee BpeMs pabOThl OCBELIEHHUS, 4/CYT,

Ky =13,50 py6

K} — cTOMMOCT® JIaMITbl HAaKaIUBaHHUs, PyO,

K5=320 py0.

K5 — cTouMocCTh 3HEprocoeperarolei Jamiibl, pyo.

Pemenue:

1.

CBETOAUOMHOM JIaMNbl OCBellleHHsI BMeECTO JIAMIIbI

CTOMMOCTh COKOHOMJICHHOU OJICKTPOIHCPI'UU 3a 1 yac pa60T1,1 OCBCIICHMUA,

py6/a
AS’-l: (NH_N3) : ]0_3' Sas’

KonuuectBo yacos pa60T1>1 OCBCIICHU:A, 3a KOTOPOC
3Heproc6epera101uaﬂ Jlamria, 4gac,

_ KD_KI

Lo A Sq

T070BBIC  OKCIUTyaTAllMOHHBIC — 3aTpaThl HA  OCBCIICHHE,
onpenensercs mo Gopmysie

3.1 st mamMin HaKaIMBaHUSA

Do =N-107- t,- 3658,
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3.2 s sHEprocOeperaronyX JIaMIT

Ouoon=90-10—-3-10-365 - 3,23 = 1061,06 py6/200

D0 =N-10°-1,-365-S,,

Deoon=9-10—-3-10-365 - 3,23 =106,11 py6/200

4. Tonosast 5kOHOMHMS OmpesesieTcs, pyo,

A920() = 920{) Ho 9200 E)

ADuo= 1061,06 — 1106,11 = 954,95 py6.

6. Cpok OKynaeMoCTH, TOJ, NpPH CPEJHECYTOYHOM BPEMEHH pPabOTHI
ocsemenus t = 10 g/cyT.

_ KB_KH

TOK a A 320()

Tox=(320—13,50) / 954,95 = 0,31 rem = 4 mecsaya

BriBoj:

Ha ocHOBe pacueToB MOXHO CHEIATh BHIBOJ, UTO MATHATAKHOE 37aHUE C
IIMPUHOMN 1 BBICOTOH paBHOM | 5M HanMeHee MaTepranioéMKo, Hanbonee SJKOHOMUIHO
1 OTIMYAETCsI HANMEHBIINMH TETJIONOTEPSIMU.

Yro nesaer ThIOTOP?

Yro nesaer crygeHT?

Yro gesaor
COBMeCTHO?

1. CraBur 3agaqy
OTIPENIETUTH OITH-
MaJIbHbIE pPa3MEPEI
3J1aHus IO MUHUMY-
MY TEIIONOTEPb.

2. 3HaKOMHUT C Teope-
TUYECKIM OCHOBa-
MU HCCIIEOBAHUS
BJIMSAHUA pasMEpPOB
31aHUs Ha €ro Te-
IJIONIOTEPH.

3. Pexomenpayer
BCITIOMOTATEIbHYIO

JIUTEpaTypy.

1. OcymectBuser
MMOUCK HEOOXOIMMON
HHGOPMALIUH IS
peLIeHUs 3a]a4u 110
OIIPE/ICTICHUIO OIITH-
MaJIFHOTO pazMepa
37aHUS.

2. Ananmsupyer u
oOpabarbiBaeT
HHOPMALIUIO 110
PAacIIOIOKEHUIO
3[1aHUs, MaTepua-
JIOB OTPa’kKAAIOIINX
KOHCTPYKIMUHI U UX
CBOMCTB.

1.

2.

OO6cy)IaroT Ipe3eH-
TalUH CTYICHTOB.
DopMUpYIOT 3aMeua-
HUS TI0 pacyeTy
X0y PaOOTHI.
Y4acTByloT B
MIPOBENICHUH OIpOca
o (hopMHUPOBAHUIO
KOMIIETEHITAH.
ITosnyuaror uroro-
BYIO OLICHKY.
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4,

3ajaeT KOMIIETCH-
WX IS JaHHOM!
MCIUATUIAHEL.

BeinosnHsieT pacuer
YIETbHBIX TEILIO-
MOTEePh UCXOJIS U3
CTPOHUTEIBHOTO
o0beMa 31aHus.
Jlenaet ocHOBHBIC
BBIBOJIBI 10 BBIIIOJ-
HEHHOI1 pabore.
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Module M5.4 “Practical recommendations concerning the
application of energy saving technologies”

Case Study No.3 “CpaBHHTe/JbHBIH aHAJIN3 IKCIUIYaTALMOHHBIX 3aTPaT NpH
HCIO0JIb30BAHUH HA MPOMBIIIJIEHHBIX MPEINPUITHIX KOTeJbHBIX H TEMJ0BBIX
HACOCOB”

3.1. TenioBbie HACOCHBIE ycTaHOBKH. IlociienoBaTenbHOe coeIMHEHHE
TEeNJIOHACOCHOI YCTAHOBKH

TemmmoBoit nacoc (TH) — ycTpoiicTBO i mepeHoca TEIUIOBON
SHEPrHMd OT HCTOYHUKA HU3KOMOTEHIMAJBHONH TEIUIOBOW SHEprud (C HU3KOH
TeMIIepaTypoil) K TOTpeOUTeINo (TEIIOHOCUTEITI0) ¢ 00JIee BBICOKOH TeMIIeparypoii.
TepMoarHaAMHUYECKN TETIIOBOM HACOC aHAIOTHYCH XOJIOAMIBHONW MamuHe. OTHaKo
€CIIM B XOJOIWIBHOM MallnHe OCHOBHOH IIEJBIO SIBISIETCS] TIPOM3BOACTBO XOJI0/1a
myTéM OoTOOpa TEIUIOTHI M3 KAaKOTO-THOO 00BEMa HCIapHUTeleM, a KOHACHCATOp
OCYIIECTBIIET COPOC TEMJIOTHI B OKPYXKAIOMIYI0 CpPely, TO B TEIUIOBOM Hacoce
KapTuHa oOpaTHasi.

Paccmorpum ciydaii, koraa Heckoiabko TH coeMHEeHbI mocie0BaTesIbHOC
MIPOTHBOTOYHBIM JABIDKCHHEM TerioHocutened (cMm. puc. 1). Ilo cpaBHeHHIO C
OJITHOM YCTaHOBKOM TakoW k€ MOUIHOCTU WiN Heckonbkumu TH, coeanHeHHbIMH
HapajyieIbHO TI0 JIBHKCHUIO TEIUIOHOCUTENEH, JOCTHraloTCsl CHIDKCHHEM IOTEPh
9KCEPruM B Mpoleccax TerioooMena. IToT apdeKT JocTuraercs, Tak Kak B KaykJI0M
TH rtemmeparypsl McHapeHus M KOHJICHCAIMM MAaKCHUMaJIbHO HPUONMKAIOTCS K
TeMIleparypam TeIUIOHOCHTEIIEH.

Kax/(kzK)

KM1, KM1 — xomnpeccop Nel u Ne2 coomeemcmeento,

JIP1, JIP2 — opoccenv Nel u Ne2 coomeemcmeenHo,

K1, K2 — konoencamop Nel u No2 coomeemcmeeHHo,

Ul, U2 — ucnapumenv Nel u Ne2 coomsemcmeento;

1,2,3,4,5, 6,7, 8— mouku cxemvl, xapaxmepuzyroujue cocmosiHue xaa0azeHma,
CRIIOWIHbBLE TUHUU — TUHUU OXAAdCOeHUs Ha cxeme b

NYHKMUPHbLE TUHUU — TUHUU Hazpesa Ha cxeme b.

Puc.1. Cxema mocie10BaTeIbHOrO COSUHEHHS TEIUIOHACOCHBIX YCTaHOBOK 110 HarPeBaeMOMYy U
OXJIaXK/[aEMOMY TEIUIOHOCHUTEIISIM € POTHBOTOYHBIM MX JBMKEHHEM M rpauK KPYroBbIX IIPOLIECCOB
¢ IMHUSAMU (IITPUXOBBEIMH) HArpeBa U OXJIXKACHUS TEILIOHOCUTEIISH: a) IPUHIUITHAIbHAS CXeMa
JIByXCTYIICHYATOH TEIJIOHACOCHOH YCTaHOBKH, 0) rpaduk KpyroBoro mporecca IByXCTyIeHIaTon
TEIIOHACOCHOH YCTaHOBKH.

78



Cxema MoxeT ObITh cocraBieHa u3 THY Kkak ¢ OIMHAKOBBIMH, Tak M
C pa3NIMYHBIMH pPa0OYMMHU BeIIecTBaMHU. BTOpOil BapHaHT IO JHEPTETHYCCKOM
A(pGEKTHBHOCTH TMPEANOYTHUTENBFHEE, TOCKOIBKY B KaXIOH IOCIEAyIOmeH
ycTaHOBKe (TI0 HANpaBICHUIO JBIDKCHHUS HArpeBaeMOTr0  TETUTOHOCHTEIS)
TeMIeparypa KOHCHCAIIUH IOBBIIIACTCS M IIPU OJHOM U TOM e paboueM BEIeCcTBe
NpHUOIIKAETCS K €0 KPUTHUECKON TeMIieparype.

B TO XK€ BpeMs MOBBILICHUE TEMIEPATypbl HCHAPEHUs IMPOUCXOAUT
3HAYNTENHHO clabee, Tak KaKk MpHUeMIIEMOe CHIDKEHHE TEMIIEPATyPhl OXJIaXK1aeMOT0
TEIUIOHOCUTEJIE BO BCEH IOCIIENOBATEJIBHOM LENM MCIApUTeNel, Kak IpaBuio,
HeBenuKo. IHBIMM CITOBaMHM, KaXK/IbIi MOCIEIYIONINIA IIMKII pacrnojaraercs B Oonee
BBICOKOM H 0OJIee IMUPOKOM TEMIIEPaTypHOM HHTEPBAJC, YeM IPEIbLITY .

Tak e cieayeT OTMETHTD CIeIyIoIee:

1. TH paboTaroT Tpud MEHBIIUX PA3HOCTSIX MEXKAY TEMIIepaTypamu
TCIUIOTIPUEMHAKA W  TEIUIOOTAATYMKA, YeM YCTAaHOBKH TIITyOOKOTO
OXJIAXKJICHUS

2. TlonesnsiM B TH sBNsieTCS HE TETUIOBOM TIOTOK B UCTIApUTEINE, TIOABOAMMBIN
IIpYU IOCTOSIHHOM TeMIlepaType UCIIapeHus, a TeIJI0BOM IIOTOK, OTBOAUMBII
B TEIUIOOOMEHHHUKAX BEpXHEH YacTH IUKJIA TPU 3HAYUTETbHOM U3MEHEHUHU
TEeMIepaTypsl XJIagarcHra (0T COCTOSHUS IEPErpeToro mapa 10 COCTOSHUS
OXJTKICHHON YKHUJTKOCTH )

3.2. 3amemenne padoThl KOTEJIbHOH, (PYHKIMOHMPOBAHHA ABYX
TeIUIOBBIX HACOCOB, COCIMHEHHBIX IOCIEJ0BATEJBHO C MPOTHBOTOYHBIM
JABHUKEHUEM TeNIOHOCUTEJIsl

3.2.1. PacueT 3KOHOMHUH YCIOBHOI'O TOILIMBA

MoI1HOCTb, TOTpebisieMas 3JeKTPOABUraTeIeM TeIIOHAHOCHON YCTaHOBKHU

N,=Q6/u (1.1)
[ToTtpebnsemMas MOIIHOCTH C YYE€TOM MOTEPh B DJIEKTPOCETSIX.

N= N/, 42

Pacxox TormmBa Ha KDC ams BEIpaOOTKH AIEKTPOIHEPTHH IS MPHUBOIA
KOMIIpeccopa TeINIOHAHOCHOH YCTaHOBKH

BT=N33' bzcac (1.3)

rae b3x3c=0,340-0,360 KT yCIIOBHOTO TOTUTHBA/(KBT* 1) — yIempHBIH pacxof] yCIOBHO-
ro torutuBa (y.T.) Ha 1 kBT anekrposHepruu, BeipadoTanHoii Ha KOC.
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PaCXOI[ TOIlJIMBA B KOTeJ'H)HOf/i Ha BLIpaGOTKy TCIia
BK: Qs /Qp.HA N (1.4)

e O, , - TEMIOBas HArpy3Ka 3aTpaunMBacMas, Ha POU3BOJACTBO 1 KT y.T. KOTENBHOM,

JIx/(a-kr)
DKOHOMHUSI YCIIOBHOT'O TOILINBA
AB = BK - BT (1.5)
DKOHOMHS YCIIOBHOTO TOIIJIMBA

Ab = AB/O, (1.6)

3.2.2. Pacuer nnsa nacoca TH-1

Onpenenurs SKOHOMHIO TOIUIMBA TPH HCIIOJIB30BAaHUU TEIJIOHAHOCHOU
YCTAHOBKH JIJISl TOPSTYEr0o BOJAOCHA0XKEHHsI BMECTO KOTesbHOM. TerioBast Harpy3ka
0,/=500 xBt (1,81 T'lx). Kospdumment TpaHchopManuu TEIUIOBOTO HAcoca
wi=3.4; KI1[] anexrpocereii #,=0,95; KI1 /1 xorensroit #,=0,85

MOoOIIHOCTb, HOTpEOsieMast 3JICKTPOABUraTEIeM TSIIOHAHOCHON YCTAHOBKHU
N, ;,=500/3,4=147,7 kBm

[Totpebisiemast MOIIIHOCTB C Y4E€TOM IOTEPH B AIEKTPOCETSIX
N, =882/0,95 =154,8 kBm

Pacxox TommmBa Ha KDC s BEIpaOOTKHM AIEKTPOIHEPTHH IS MPHUBOIA
KOMITpeccopa TeIUIOHAHOCHOH YCTaHOBKH

B,=92,9-0,350 = 54,2 ke y.m./u
PaCXOH TOIJIMBA B KOTSJIBLHOM Ha BI)Ipa60TKy TCIia
B.=1,81-10°/(29300 - 0,85) = 72,5 ke y.m./u

BKOHOMI/IH yCJ'IOBHOFO TOIIJINBaA
AB =72,5-54,2 =183 keym./u

VnenpHast 5KOHOMUS Y.T. (Ha €AMHUILY OTIYIIEHHOTO TeTia)

Ab =18,3/1,08 = 10,2 ke y.m./I [{occ
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3.2.3. Pacuert nig nacoca TH-2

OrnpenenuTh SKOHOMUIO TOIUIMBA TPHU HKCIOJIB30BAaHUU TETJIOHAHOCHOU
YCTaHOBKH TSI TOPSTYETO BOIOCHAOKCHHS BMECTO KOTEJIbHOW. TerioBas Harpys3Ka
0,500 kBt (1,81 IIx). Koaddunuent tpanchopmaiymu TEIIOBOro Hacoca
1;=2,78; KI1J] anexrpocereii #,=0,95; KI1J1 xorensHoii 7,=0,85.

MOH.IHOCTB, HOTpe6ﬂﬂeMa}I QJICKTPOABUTATCIIEM TETIJIOHAHO CHOM YCTaHOBKH

5=500/2.78 = 179,7 kBm

[Torpebisiemast MOIITHOCTE C Y4E€TOM IOTEPH B AIEKTPOCETSIX
N,,=62,63/0,95 = 189,3 kBm

Pacxon TormuBa Ha KDC a1 BBIpaOOTKH AIICKTPOIHEPTHH JJIS MIPUBOIA
KOMIIpECCcopa TeMIOHAHOCHON YCTaHOBKHU

B,=65,92-0,350 = 66,3 ke y.m./u
Pacxoa TOILIMBA B KOTCJIBLHOHI Ha BI)Ipa6OTKy TCIL1a
B.=1,08-10°/ (29300 - 0,85) = 72,5 k2 y.m./u
DKOHOMUS YCJIOBHOT'O TOILIIMBa
AB =72,5-66,3 = 6,3 key.m./u

VnenbHast 5KOHOMUS Y.T. (Ha €AMHUILY OTIYIIEHHOTO TeTia)
Ab,= 6,3/ 1,81 = 3,5 ke y.m./l [[oc

3.2.4. Pacyet 5KOHOMHH TOIUTMBHBIX PECYPCOB
CyMmMmapHasi 5KOHOMHS YCIIOBHOTO TOIIJIMBA COCTABIISICT
24Ab=b,+b, (1.7)
24b =105+ 3,5 = 13,6 ke y.m./I []oc

DKOHOMUS YCJIOBHOI'O TOIUIMBA B KT' Ha OTITYCK TEI1JIa B YacC

B=4b-(Q,+ Q) (1.8)
B=13,6-3,6=4896key. m.
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DKOHOMHS YCIIOBHOTO TOILIMBA B KI' HAa OTITYCK TEILIA B TOJT
B,,=B"-z (1.9)
IJIC Z — KOJIMYECTBO YaCOB B TOIY.
B..,=48,96 - 8760 = 428,6 m y. m.
TomoBast S9KOHOMUSI HOPMAITEHOTO TOTLTHBA
B.= B/ k1 (1.10)
e K; — KOA(UIMEHT IIepeBoia B HOPMAIEHOE TOIUTHBO.
B,= 428600/ 1,14 = 376000 »’
DKoHOMHUS raza
2.=8B, -« (1.11)
/e Ky — CTOUMOCTH | M rasa (ma 2015 r), pyO®.
2,= 376000 - 3,43 = 1289,68 m. pyo
Pacxox snexTposaepruu Ha BIpaboTKy 1 KBT Teria TemIoBEIM HACOCOM
3arparsl Ha ANEKTPOIHEPTUIO TOM
3,=(N,;+ N32) - k; (1.12)
e K2 — ctouMocTh | kB1/4 anekrposnepruu (Ha 2015 1), pyo
3,=(154.8 + 189.3) - 2,99 - 8760 = 9012,80 m.p
Pacxox snexTposrepruu Ha BeIpaboTKy | KBT Terra KoTenpHOH HacOCOM

3arparsl Ha AIEKTPOIHEPTHUIO B IO

9, =N, K3 (1.13)
rae Nx — KOJIIMYECTBO AJIEKTPOIHEPTHHU TTOTPEOIIIeMON KOTENbHOH B rof, KBT.
2,=417-2,99 - 8760 = 10922,23 m.p
Pacuer pa3zHHIBI pacxo/a MEKTPOIHEPTUH Ha BBIPAOOTKY 1 kBT Termta

9012,8 — 10922,23=-1909,43 m.p

BriBoa:

Ha ocHOBe pacueToB MOYKHO CIIEJIATh BEIBOJ, UTO ISl IIPOMBIIUICHHBIX IPEATIPUSITHN
9KCILTyaTallMOHHbBIE 3aTparhl MPU KCIOJIL30BAHUU KOTEIBHOM BBIIIE, YeM IpU
HCIIONIb30BAaHUHU TEIUIOBBIX HACOCOB. Pacxos anekrposHeprun Ha BhIpabOTKy 1kBT
TeruIa TeMIOBBIM HacocoM MeHble Ha 1909,43 T.p. B rox.
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Yro nenaer Tol0TOP?

YTo nesiaet CTyleHT?

Yro nexawor

COBMECTHO?
CraBut 3a1auy Ocy1iecTBisieT 1. OOcyxnaroT npe3eH-
BBITTOJHUTH CPaB- TIOUCK HEOOXOAMMOMN TalMU CTYJCHTOB.
HUTCTHHBIN aHAIN3 HHPOPMALIUH IS 2.  ®opMHupYIOT 3aMeya-
IKCILTYaTaluOH- peLICHUS TOCTaB- HUSI [10 pacyeTy u
HBIX 3aTpar Mnpu JICHHOW 3aj1auu. XOJ1y paboThl.
HCTIONB30BaHUH Ha Amnammsupyet u 06- | 3. YyacTByIOT B
MTPOMBIIIIJIEHHBIX pa6aTbIBaeT UCXoa- IMMpOBEACHNHU OIIpocCa
TPEANIPUSTHSIX KO- HYI0 HH(OPMAIIHIO. 110 (POPMHUPOBAHHIO
TEJIBHBIX U TEII0- BemmonaseT pacuer KOMITETCHITHH.
BBIX HACOCOB. 9KOHOMHUH ycIoBHO- | 4. Tlomy4aroT utoro-
3HaKOMHT € OC- r'O TOIUIMNBA, PACUYEThI BYIO OICHKY.

HOBHBIMHU BHJIAMH
TEIUIOBBIX HACOCHBIX
YCTaHOBOK U UX
MOCJIeIOBaTEIIbHOE
COEIMHEHHE.
Pexomennyer
BCIIOMOTaTEIbHYIO
JIUTEPATYPY.

3amaeT KOMIIETEH-
IIUU IS JAHHOM
JMCIUTUIAHBL.

JUISL ABYX BUIOB.
HAaCcOCOB, pacueT
SKOHOMHMH TOTLIUB-
HBIX PECYPCOB.
JlemaeT 0CHOBHBIE
BBIBOJIBI 11O BBITTOJI-
HEHHOM paboTe.
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PYKOBOICTBO 11O ITIPOI'PAMME

[porpamma oOyuenust pazpaboTaHa B COOTBETCTBUH C €BPOINEHCKUM H3MEPEHHEM
(ITomxox Ha OCHOBE Pe3yabTaTOB O0YUYCHUSI.)
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®  T0JXOJ, OPUCHTHPOBAHHBIH Ha CTYyJCHTa
®  COOTBETCTBHUE IIEJU
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Cpoxk 00yueHus

2 roga

Harpy3ska

120 xpenuToB (B coorBeTcTBHU ¢ EBponeiickoii
CHCTEMOI NepeBo/ia U HAKOIJIEHUSI KPeIUTOB U
Poccuiickum 06pa3oBaTesIbHBIM CTAHIAPTOM)

3amyck IporpamMMsl

Centsi0pb 2014

Ipodeccuonansuoe
HpU3HAHHE

KoncyapTHpyiomue opranu3auuy npu paspadorke
NMPOrpaMMblI:

- JlemapTaMeHT apXMTEeKTYPbl U MOJUTUKH
rpakIaHCKOT0 CTPONTEILCTBA Boponexckoii
obs1acTu

- MWHcruTyT 3Heprocoepexenusi CBepai0BcKoii
odsactu, Exatepundypr

- ®degepajbHas ciy:k06a 110 3a1MTE NPaB
norpeduTesieii M 0;1aroNOTy4Hsl Yea0BeKa,
Buagumup

- Coro3 crponTeeii CBepaiioBcKoii odmacTu,
Exarepun0ypr

- Anvunucrpanus Tam0oBckoii o01acTu

- OAO «Juepromepa», CraBponosn

- BopoHec:KKHii NPOEKTHBI HHCTHTYT
«BopoHexnpoexT»

Opranu3zanus
y4eOHOTO mpoiiecca

CemecTpsbl (MO1Y./1H), JIEKIHH, IPAKTHYECKHE 3aHATHUSI,
nadopaTopHble paboThl, caMOCTOSITeIbHAsI padoTa,
Hay4YHOe PYKOBO/JCTBO, HAIMCAHUE MAaTUCTEPCKOit
AuccepTaluu.
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[Iporecc BHENpeHNUs IBYXypOBHEBOI CUCTEMbI 00pa3oBanus B Poccuiickoit
Odeneparyu TOTPeOOBA H3MEHEHHUS ¢TUHHIIBI 1T OTIPEICIICHIs Yy4eOHOW HArpy3KH
CTyZIEHTa. DTO NPEANPUHATO [UIsI FapMOHHU3ALUUU POCCUICKOH M €BpONEHCKOi
cucteM obpaszoBanmus. Tepmun ‘“Poccmiickas kpeautHas enuauma’ (PKE), mo-
anmmmiickn “Passing unit” Obi1 BBenmeH B [ocymapcTBeHHBIM 00pa3oBaTeNIbHBIN
CTaHapT TPETHEro MOKOJIEHUsI HecKoabKo JeT Hazaa. Oxanoit PKE coorBercTByeT |
KpeUTHasl €INHUIIA €BPONEHCKON CHCTEMBbI KPEUTOB.

Cerognsi Harpy3ka:

Maructepckoii nporpammsl — 120 PKE
[Iporpammer 6akanaBpuata — 240 PKE
[porpammer crierranmurera — 300 PKE

CormnacHO MeToMKe, peUIoXkKeHHOH MuHncTepcTBOM 00pazoBanus PD
1 Poccutiickas kpeautHas equaumna (PKE) = 36 akagemmuueckum yacam

Iesu nporpamMmsi:

[porpamma GREEN MASTER mnpemraraer cryneHTamM BO3MOXKHOCTB
YITyOUTHh CBOM 3HAHHS B OONIACTH SHEPrOCOEPEeKEHHS M 3aIIMUTHl OKpPY’KaIomen
Cpe€abl, MPEAOCTAaBUTh CTYACHTAM CIICIIMAJIbHBIC 3HAHUA U TIOHUMAaHNUE yCTOﬁqHBOFO
pa3BUTHA B O0OJACTH HHEPrOpecypcoB 4Yepe3 IPHMEHEHHE aHAJIUTHIECKOIO
LIEJIOCTHOTO TTO/IX0/1a K YCTOWYNBOMY MEHEPKMEHTY B SHEProcOEpeKEHHN U OXpaHe
OKpY>KaloIIei Cpesibl, YTO BKIIIOYACT B ceOsl TEOPHUIO M NMPakTUKY. [Iporpamma takxe
MIPeyCMaTpUBAET Pa3BUTHE CTYACHUECKUX KOMIIETCHIIMH B 00JIaCTH METOMOIOTHN
HayYHbIX MHCCIICIOBAaHWH, CBS3aHHBIX C PAa3BUTHEM M PACIPOCTPAHEHHEM
9HEeprocOeperaroImux TEXHOJIOTMH B CTPOMTENBHOW W apXUTEKTYpPHOH cpemax.
HemasnoBa)KHOI 1171610 IPOrPaMMBbl SIBJISIETCS Pa3BUTHE Y CTYJICHTOB CIIOCOOHOCTEH
pemarh 3ajadd, BO3HUKAIOUIME Ha CTAJHUAX IPOEKTHPOBAHMUS, CTPOUTEIHCTBA H
o0ciyxnBaHus SHEProd(P(HEKTHBHBIX U IKOJOTHIHBIX 3/1aHui. Taroke mporpaMMoin
MIPEAYCMOTPEHO Pa3BUTHE Y CTYJCHTOB AaHAINTHYECKUX HAaBBIKOB, TPeOyeMbIX
JUISL YTIPaBJICHHUS Ha BBICOKOM YPOBHE, KPUTHUECKOH OLIEHKH M OIEHKH Pa3BUTHS
B obmactu »HeprocOepexeHuss W IPPEKTUBHOTO HCIONB30BAHUSA MPUPOIHBIX
PECYpPCOB C LIEJIBIO MOBBILICHUSI KOHKYPEHTOCIIOCOOHOCTH ITyTeM CHHIKEHUSI 1ICH.
Brimyckuuk nporpammsl Green Master OyzeT skcriepToM B cepe BO30OHOBIsIEMON
SHEPTUM U SHEPTeTUIECKOM MEHEKMEHTE, TPOCKTUPOBAHHH.

O0pa3oBaTeqibHAs NporpaMMa IpejaraerT BbINYCKHUKY  CJedyloliue
MporpaMMHBbIe KOMITeTeHIINH (/1M 001IIHe HABBIKH):

Beimycknuk nporpammsl «Green Master» OyzneT 061agaTh KOMIUIEKCHBIMA
HaBBIKAMH KOHCTPYHMPOBAHUS, OTIEPUPOBAHUS M YIPABICHUS TEXHOIOTHUCCKUMHU
CHCTEMaMH M MPOLECCAMHU B OCHOBHBIX 3HEPTeTHYECKHUX OTPACIISX: 3IEKTPUIECTBA,
OTOIIJICHUS M TOTIIHBA.
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BBIIyCKHUKH ~ MpOrpaMMbl  TMPUOOPETYT  HEOOXOAMMBIC  HaBBIKU
KOHIIETITYaJIbHOTO TIPOEKTHPOBAHUS TIPOIECCOB MPEoOpa3oBaHMsl SHEPTHU M HUX
cocraBsFomuX. OHU CMOTYT OIICHHBATh M PEHIaTh TEXHOJOTHUYECKUE MPOOIEMBI
(TepManbHBIC, SKOJOTHUYCCKHE, MEXaHWYCCKUE, XUMHUYECKHE, DICKTPHUICCKHE),
KOTOpBIE MOT'YT BO3HHKHYThH B COBPEMEHHBIX CHCTeMaX IMpeoOpa3oBaHMs YHEPTUH.

Ilocne 3aBCPUICHUA MPOrpaMMbl MAruCTp CMOXCT aHAJIU3UPOBATL U
OLICHUBATh OIICPAIIMOHHBIE W JKCIUTyaTallMOHHBIE Ka4ye€CTBa DJHEPIETUYCCKUX
CHUCTEM, HUCIIOJIB30BATH BO300HOBJISIEMbIC UCTOYHUKH OHEPIruv U HETPAAUIHNOHHBIC
TCXHOJIOTHUMU.

SI3bIKM 00y4eHHUsI: PYCCKUN U aHINIMHUCKUN
BerynurenbHble KpUTEPHU:

e Crenenp OakanaBpa WK CICIUATICTA B COOTBETCTBYIONICH OTPACIH
HayKH WM TeXHUKU, MEOIIel OTHOIICHUE K POMBIIIICHHON
XMMHUH, XAMUYECKON TEXHOJIOTHH, IPAXKIAHCKOMY CTPOUTEILCTBY,
HHEProcOEPeKEHHIO, IIPUPOJIOIOIH30BAHUIO U 3AIUTE OKPYIKAFOIIEeH
CpeJibl; JKeJaTeJIeH OIBIT Pa0OTHI B yKa3aHHBIX 00IacTsX.
Brnanenne aHIIMIACKUM SI3BIKOM (OyZIeT OLIEHUBATHCS B XO/I€ HHTEPBBIO).
WHoCcTpaHHBIM KaHAKMaTaM HEOOXOIUMO UMETh CepTU(HKAT-
MOATBEPIKICHUE MTOCEIICHHSI KYPCOB PYCCKOTO SI3bIKA.

MeToab! 00y4eHHs
I[Tponecc 0Oy4eHns OpraHU3yeTCs B COOTBETCTBHHU 3 OCHOBHBIM NTPUHIIUIIAM

YCHUIICHHBIN MEXKTUCIIUIDTHHAPHBIA TTOIXO]
TTOJIXO/T CHHTE3a PA3INYHBIX MPEIMETOB
MOJICTTUPYTOIINE HHCTPYMEHTHI aHaJIH3a Mporecca

Pe3ynbraToM gaHHOTO MOAX0/A SABISIETCS TPOPEeCcCHOHANTbHAS BO3MOXKHOCTh
MIPUMEHSATD U ICJIUTHCS 3HAHUSIMU B c(hepe 3HepodI(hPEKTUBHOCTH B CTPOUTEIILCTBE
1 Heprod(HEKTHBHBIX 3TaHUH.

[Iponiecc 0Oy4yeHUs COCTOMT M3 CEMHMHAPOB, HAyYHOIO PYKOBOJCTBA,
MPAaKTHYECKUX 3aHATUH, CHMIIO3UYMOB, 3aHSATHH MO pEmIeHHIo IpolieMm,
11a00paTopHBIX paboT, CTAXKUPOBOK, MOOMIIBHOCTH, ITPAKTHYECKON JICATEILHOCTH B
po¢heCCHOHANBEHON 00JIACTH, JICKTPOHHOTO OOYICHHS.

OTIu4nTeNEHON YepTOH IPOTrPAMMBI IBJISIETCS BHEIPEHHUE B HEE MOCTAeTHUX
JAOCTHKEHH MeKTYHAPOIHOro 00pa30BaHus, a UMEHHO!

1. Meroponorun TroHuHTa
2. JlyOIUHCKHUX AECKPUITOPOB
3. EBpomeiickoii cuctembl epeBosia ¥ HaKOIUICHHS KPEAUTOB
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B coorBerctBUM ¢ «/lyOIMHCKUMH JeCKPUNTOpPaMu», KBaJH(pUKAIMS,
03HAYaoIIasi 3aBeplIeHHe BTOPOr0 IMKJA, TPHCYKAAETCH CTYIeHTaM,
OKOHYHBIIMM Y4eQHYI0 IPOrpamMmy, KOTOpbIe:

MIPOJIECMOHCTPUPOBAIIN 3HAHUE U TIOHUMAaHKEe, OCHOBAHHbBIE HA U
BBIXOJISIIHME 32 PAMKU 3HAHHMA, OOBIYHO aCCOLMUPYEMBIX C YPOBHEM
OakayaBpa, KOTOpbIE COCTABJISIOT OCHOBY 00JIacTH 00y4eHUs;

MIOKa3aJIi OCBEJIOMIICHHOCTB O CYIIECTBYIOIINX TPOOIeMax 1 HOBBIN
B3IJISI HA HUX, COBPEMCHHBIC HHCTPYMCHTHI U HOBBIC TIPOIICCCHI B
oOmacTy 3HaHUH, 100 pa3BUTHE MPO(ECCHOHATHHBIX HABBIKOB;

MOTYT IPUMEHUTh CBOU 3HAHHS ¥ CIOCOOHOCTD PeIlaTh 3a/1a4i B HOBOKM
WJTM HE3HAKOMOM Cpefie B IMUPOKOM (MITH MEXAUCIIUIIITHHAPHOM )
KOHTCKCTC, OTHOCAIICMCA K UX oOnactu 06yqu1/151;

00J1a/1a10T CIIOCOOHOCTBIO HHTETPUPOBATH 3HAHUSI, CIIPABISTHCS CO
CIIOXHOCTSIMH U (pOPMHPOBATH CYXkJICHNSI HA OCHOBE HETIOIHOH Min
OrpaHMYEHHON MH(POPMAIINH, B KOTOPBIX OTPAKACTCS OCO3HAHHE
COLIMAJIBHOM U 3TUYECKON OTBETCTBEHHOCTH 3a IPUMEHEHHUE ITUX 3HAHUN
U CYXICHUI;

MOTYT BECTH UJIM UHULIHUUPOBATH ACATCIBHOCTD U 6paT1> Ha Ce6§1
OTBETCTBEHHOCTH 33 MHTEIUIEKTYAIbHYIO JIESITeIbHOCTh WHIIUBHYYMOB
WK TPYIII,

MOT'YT YETKO M SICHO [Iepe/laBaTh CBOU BBIBOJIBI (& TAKIKE JICKAIINE

B MX OCHOBE 3HaHHS M COOOPAKEHHs1) ayJJUTOPUH CIICIIUATUCTOB U
HECTICI[HAJIMCTOB;

00J1a/1a10T HaBbIKAMU 00Y4EHHsI, TIO3BOJISIOIIMMH OCYIIECTBIISATh
JanpHelee 00pa3oBaHKe ¢ OOIIBIIEH CTENEHbI0 CAMOCTOSATEILHOCTH U
caMoperyJIupOBaHuUsI.
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CTpykTypa nporpaMmmsl

ba3oBble JUCHUIIIMHBI

OCHOBHBIE HAIIPABJICHNS] FHEProcOepeKeHNS TPH IPOESKTUPOBAHNH,
CTPOUTEIBCTBE U OOCITYKUBAHUH 31aHUH

Oo0s13aTeJIbHBIE TN CIUIIIHHBI

®dunocodckne mpodIeMbl HAYKA U TEXHOJIOTHH.

MeTonon0rust Hay4HbIX UCCIIENOBAHNI.

CHGHI/IEU'IBHBIG pa3aciibl MaTCMaTHUKH.

Marematuyeckoe MOJIEITUPOBAHUE.

OCHOBBI IEIaTOTMKX ¥ aHJIPArOTHKH.

WHocTpaHHas TEPMHUHOJIOTHS B 00J1aCTH OM3HECA M TPAXKIAHCKOTO
CTPOUTEILCTBA.

WH}popmManinoHHbIE TEXHOJIOTUH B CTPOUTEIIHCTBE.

MeTOI[I)I peUICHUA HAYYHBIX U TCXHUYCCKUX 3a4a4 B CTPOUTEIILCTBE.
CraHJapThl ¥ IPaBOBBIE OCHOBBI IHEProCOEPEKEHHUSI.

CoBpeMEeHHBI MUPOBOH OIBIT B PEIICHNUH 3a/1a4 YHEProcOepeKeHHs 1
TOBBIIICHUS 3(PPEKTUBHOCTH YTHIM3ALMH SHEPTHH.

JKW3HEHHBIH IUKII 3HEPrOPECYPCOB 1 0OBEKTOB HEIBM)KUMOCTH.
Teopus 1 MpaKkTHKa MOBBIIICHHUS YHEPT03(H(HEKTHUBHOCTH.
Mertononorus 6anaHca UKINYECKON TUHAMUKN SHEPTOPECYPCOB U
00BEKTOB HEIBUKUMOCTH.

DHepreTHdeckuii OaiaHC ¥ YHEPTreTUUCCKUH ayanT.

MeToz0710T 1S OLICHKH IPUMEHEHHSI SHEProCcOeperarommx TEXHOIOTHil.

JyMcuMnnHbI 1o BLIGOPY

MeTo/bl aBTOMAaTH3MPOBAHHOTO MTOBBIMIECHUS 3€HPTOIPPEKTHBHOCTH.
DKONOTUYECKUI KOHTPOJIb U MOACIUPOBAHUE 3HEProd((HeKTUBHBIX
MPOEKTHBIX

[TepenoBble 3a1a4n SHEProcOEPeKEHNS B apXUTEKType.

Dxosnoruyeckas 0€30MacHOCTh M YCTOMYNBOE PAa3BUTHE SHEPTHH.
VlcTo4HnKN BO30OHOBIISIEMO SHEPTHH.

DKOHOMHYECKasl OI[EHKA IPUMEHEHHsI SHEProcOeperaroInx TeXHOIOTHil.
DKOJIOrHYECKHE ACTIEKThl HHBECTUPOBAHUSI B IPAXKIAHCKUE CTPOUTEIIbHBIC
MIPOCKTHL.

«3eJIeH0e CTPOUTENBCTBO» VISl yCTOHYMBOTO PAa3BUTHS TEPPUTOPUH

HpaKTI/lqecxoe HCCIeI0BAHHE. HayLIHO-I/ICCJ'IeL[OBaTeIILCKaH pa60Ta B CEMECTPC.

IIpakTHYecKoe ucciaegoBanne. Hayqno-mccneoBaTenbekas MpakTHKa.

Marucrepckasi AuccepTanus
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Pacnpenesienue MmoayJiei 1mo cemecrpam

HaumeHnoBanue Kpenutsl | ®opma IIpenogaBaresu
JTHCHUIIIMHBI (oOumii OTYETHOCTH'

3a B TEKYyLIEM

cemecTp) | cemecTpe

CEMECTP 1

M1.1. ®unocodekne mpo- 2 P, 3 Jouent Bonkosa E.C.
ONeMBbl HAYKH U TEXHOJIOTUHI
M1.3. OCHOBBI IEIATOTUKH | | 2 3 Ipodeccop Pagyrun
AHJIPAroruKu AA.
M1.4. lenoBoit nHOCTpaH- 3 3 Houenr Jlykuna JI.B.
HBIH SI3BIK
M2.1. Maremaruueckoe 2 3 IIpodeccop T'onoBuH-
MOJIETTUPOBAHUE ckuii [LA.
M3.1. CrannapTs! 1 mpaBo- | 2 C) Houent Mcanosa
BbIE OCHOBBI HEprocoepe- A.B.
JKEHUS
M3.2. CoBpeMeHHBbII 4 C) Jouent Kononosa
MHPOBOH OITBIT B PEIICHUH M.C.
3aJ1a4 SHEProCOePErKCHUS U
MOBBIIICHUS dPPEKTUBHOCTH
YTUIU3ALUH SHEPTUU
M3.3. OcHOBBEI 3HEproc- 3 C) IIpodeccop Cemenon
OepeXeHUs U TIOBBIICHHS B.H.
sHeproddpdexkTuBHOCTH
MS5.1. DHepreTrudecKuit 2 6] Houent Ucanoga,
OaJlaHC W DHEPTreTHYCCKUI A.B.
aAyauT
M6.1. Dxonoruueckas oues- |3 3 IIpodeccop Cazonor
Ka U ayquT E.B.

23

CEMECTP 2

M1.2. Merononorus Hay4- 2 3 Ipodeccop Ilurtuko-
HBIX UCCIIeOBaHUMI Ba M.B.
M2.2. CnenmanbHele pazjie- | 2 KP, 3 IIpodeccop Cenaen
JIBl BBICLIEH MareMaTuKu AA.
M3.1. CrannapTs! 1 mpaBo- | 2 3 Jouent Hcanosa,
Bast 0a3a YHeprocoOepexKeHus A.B.
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M4.1. )KusHeHHBIN UK
9HEPropecypcoB U OOBHEKTOB
HCABMXXHUMOCTHU

Ipodeccop Cemenon
B.H.

M4.3. OcHOBHBIE HalpaBIIe-
HUS SHEProcOepekeHUs IPH
MIPOEKTUPOBAHNH, CTPOU-
TEIbCTBE M 00CITY)KUBAaHUH
30aHnAi

KIL, 5

Honent CemenoBa
E.E.

MS5.3. «3eneHoe cTpouTeb-
CTBO» JUIsl yCTOMYMBOIO
pa3BUTUS TEPPUTOPUIL

Jonent borarosa
T.B.

MS.2. HayuHo-uccnenona-
TeJbcKast paboTa B ceMecTpe

16,5

MS.1. Hayuno-uccnenona-
TCIbCKAs MPAKTHUKA

MS8.1. [legaroruueckas
MPaKTHKA

37.5

CEMECTP 3

M2.3. UndopmannoHHbIe
TEXHOJIOTHUH B IPaskIaHCKOM
CTPOUTEIIBCTBE

Houent IIpockypun
JAK.

M2.4. Metozp! pelieHus Ha-
YUYHBIX U HH)KCHEPHBIX 337124
B CTPOUTEJIBCTBE, CBSI3aHHBIX
C JHEeprocOepeKCHUEM U
9Hepro3(GpHeKTHBHOCTEHIO

IIpodeccop utnko-
Ba M.B.

M4.1. )KusHeHHBIN UK
9HEPropecypcoB U 0OBHEKTOB
HEABMXXHUMOCTHU

IIpodeccop Cemenon
B.H.

M7.1. MetonoJiorus OleHKH
9HEProcoOeperaroux mpo-
oemyp.

Jonent BopoObeBa
10.A.

M4.2. Metonoiorus 6ajianca
LAKIMYECKON JTMHAMUKHA
9HEPropecypcoB U OOBHEKTOB
HEIBKIMOCTH

IMpogeccop CemeHoB
B.H.

M5.2. Metozpl aBTOMAaTH-
3MPOBAHHOTO MOBBIIICHUS
sHeprodhdekTnBHOCTH

Houent Kuraes /[.H.
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M6.2. Dxonoruueckas 3 C) IIpodeccop Cazonon
0e3011aCHOCTH U yCTOWYNBOE E.B.
pa3BUTHE YHEPTHH.
M?7.2. OnieHka TeXHOJIOTHI 3 3 IIpodeccop Cazonon
TIOBBIIICHUS SHEPTOIPPeK- E.B.
THBHOCTH

22

CEMECTP 4

M8.2. HayuHo-uccnenosa- | 34,5 test
TeJNbCKas paboTa
MO. locaksameHn, 3aiuTa 3
MarucTepcKoil paboTsl

37,5
Total for 4 semesters 120
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Pe3y.]'leaTbI 0CBOCHHUS NMMPOrpaMmbIl

A. 3HaHue U IOHMMAaHHe

1. 3HaHMe UCTOYHHMKOB SHEPTHH,
0COOEHHOCTH €€ TeHepaliy 1
nepeiadm 10 noTpedouTes.
[ToHMMaH1e METO/IOB CHCTEMHOTO
MO/IX0/IA K QHAIN3Y U CUHTE3Y
MPOLIECCOB SHEPrONnOTPEOICHUSL.
3HaHMe METOJUK TEXHUKO-
HKOHOMHYECKOT'0 aHaJIM3a
IIPOLIECCOB SHEPIONOTPEOICHUSL.
[ToHMMaHKe METO/IOB MOUCKA
ONTHUMAJIbHBIX PEIICHU.
I'my6okoe 3HaHHE TEXHOJIOTHH
MPOBEIEHUS DHEPTOIKOAY/IUTA.
ITonumanue MMPCACIIbHBIX
TEPMOIMHAMUYUECKHUX MTAPAMETPOB
JHEPTOMOTPEONSIONINX CHCTEM.
Oco3HaHue HeOOXOIUMOCTH
KOMILJICKCHOTO U3Yy4eHHsI O0bEKTOB
UCCIICIOBAHUSI.

3HaHUE dHEProcOeperaroImnx
CHCTEM U 000pYOBaHHSI.

MeTtoapl npenogaBaHus/o0y4eHus
CTy[eHTHI OTYyYaroT 3HAHMSI, TOCEIIast
JIEKIIMH, CEMUHApPBI U JIA0OpaTOpHu.
Kpowme Toro, npoBoauTcs 60ib1110€ KO-
JIMYECTBO OOYYAIOIINX MEPOTIPHSTHIH:
IPYIIIOBBIC MPOCKTHI, aHAIU3 KOH-
KPETHOTO CIIy4asi, IPOU3BOJICTBEHHAS
MPaKTHKa, CTYJCHYECKUE MTPE3CHTAIIH.
Tak ke MPUBIIEKAIOTCS TEKTPOHHBIE
pecypchl Julsl YIy4IIeHUs] KauecTBa
00y4eHHSI CTY/ICHTOB.

CTyneHTHI HCIIOTB3YIOT OOJBIIOE
KOJIMYECTBO Pa3HOOOPA3HBIX YIEOHBIX
MaTe€puajaoB: KHUTH, )XYPHAJIbI, TaTCH-
TBI, & TAKXKE IEKTPOHHBIC PECYPCHI U
WHTEPHET CCHUIKH.

MeToabl OlIEHKH

3HaHMs U TOHUMAHUE CTYJIEHTOB
OIICHUBAIOTCS Pa3HOOOPA3HBIMH
METOJaMH, TAKMMH KaK dK3aMEH,
TecT, Tab0opaTOpHBIC OTICTHI, AHAIIH3
KOHKPETHOTO Cily4asi U IPe3eHTaI1
CTYJCHTOB.

B. IIpakTnyeckue HAaBbIKH

1. CnocoOHOCTH TPOBOAMTE OOCIIE-
JIOBAaHHE SHEPTONOTPEOISIIONINX
CHCTEM B IIEJISIX MOBBIMICHUS X
9HEeprod3(pGeKTUBHOCTH U FKOJIOTHU-
YeCKoi 0e301MacHOCTH.
[IpoBenenme nccnenoBaHus MH-
CTPYMEHTOB JTMArHOCTUKU COCTO-
HUH DHEPreTHYECKOTro X035 cTBa U
9KOJIOTHH TTPOU3BOJICTB.
CocraBiieHIE YHEPTETHUECKUX U
IKCePreTHIECKUX OalaHCOB Ha
00BEKTaX UCCICIOBAHMS.

Br16op xpuTepueB oLleHKH Bapu-
AHTOB PEIICHUH B DKOJIOTO-IHEpre-
THYECKoi cdepe.

Opranmu3anys TBOPYSCKUX TPYIIT
JUTSE KOMIUTEKCHOTO 00CTIeTOBaHUS
MIPOM3BOJCTBEHHBIX MTPOIECCOB.

Mertoasbl npenogaBanus/o0y4eHust
CTyneHTsl TPUOOPETAIOT MBICITHTEINb-
HBIE HaBBIKH, yJacTBYsI B CEMUHAPAX
1 JIAOOPATOPHBIX 3AHSITUSX, BBITOIHSIS
IPYIIIOBBIE TPOEKTHI U ITPOEKTHI B
MHUHHU-TPYIINax, aHAJIH3 KOHKPETHOTO
Cily4ast, IPOU3BOACTBEHHOM IPAKTHUKE,
TOTOBS CTY/ICHUECKHE TPE3CHTAIINN.
Tak ke PUBJIEKAIOTCS TEKTPOHHBIE
pecypcehl JUist JIy4ILEero pa3BUTHSI MbIC-
JIUTEJILHBIX HABBIKOB CTY/ICHTOB.
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Pazpabotka mraHoB paboT 1Mo
9HEProcOepeKEeHUIO.
O6ocHOBaHNE BEIOPAHHBIX
Hay4HBIX IMOAXOA0B K PCHICHUIO
IeJIeBBIX 3aJ1a4.
DKcnpecc-aHann3 NOTEHIHATbHBIX
BO3MOXKHOCTEH 9Heprocoepexe-
HUSL.

O1EHKH 9KOJIOTHYECKHX MTOCTE -
CTBHH OT peaju3anuu 3Heprocoe-
pEraroIux MEpOIPUATU.

MeToabl OlIEHKH

MpbicnuTeNnbHbIE HABBIKU CTY/IEH-

TOB OIICHUBAIOTCSI Pa3HOOOPAa3HBIMH
METOJaMH, TAKMMH KaK dK3aMEH,
TecT, 1a00paTOpHBIC OTYETHI, AHAIH3
KOHKPETHOT'O Clly4asi U IIpe3eHTal1u.
OcOoO0bIif aKI[EHT B OI[CHKE [TOCTABIICH
Ha CIIOCOOHOCTH CTY/ICHTA KIIACCHU-
(huMpoBaTh, OIICHUBATh, TUCKYTHPO-
BaTh, UHTEPIPETUPOBATH U YIPABIAThH
TCXHHUKOM.

C. O6mme HABBIKH

1. Pa3BuTHE KPUTHYECKOTO MBIIII-
JICHUSI 1 TIPOBEJICHNE HCCIIeN0-
BaHMH (HarpuMep, CpaBHEHHUE
CBOMX COOCTBEHHBIX CYKACHHH C
OTJIMYHBIMH OT HUX HA POJHOM U
AHTJIMICKOM SI3BIKAX).

Br16op 1 ucnonp3oBaHue pas-
JIMYHBIX YY€OHBIX HCTOYHUKOB

B 00y4aromux MEpOTPHATHIX
CTYACHTOB.

YenemHoe HHANBUYaIbHOE HITH
TPYIIOBOE OOLICHNUE U MTEPEro-
BOPBI C y4aCTHHKAaMH IpoLiecca
C MCIOJIb30BaHNEM BepOaJIbHBIX,
MTUCEMEHHBIX WJIN JIEKTPOHHBIX
cpencTB oOmeHus (Ha pOJHOM U
AHTJIMICKOM SI3BIKAX).

[Mpunstue npodeccroHa bHBIX
pELICHU, OCHOBaHHBIX Ha Hay4-
HOM 3HaHHH ¥ COOTBETCTBYIOIINX
KPHUTEPHSIX.

D¢ddexruBHas rpymIIIOBast WK
camocTosATeNbHas padboTa s
BBITIOJTHEHHSI 3a/1aHMSI.
BeipaboTka HaBbIKOB A EKTHB-
HOTO yTIPaBJIEHUSI BpEMEHEM.
OrneHka connanbHOro BO3EH-
CTBUSI HAYYHOM U NPAKTUUECKON
paboThI B M3yyaeMoii obracTu.
OTpakeHue 1 OIeHKa CBOETO
00y4eHus ¥ npohecCUOHATbHAS
OLIEHKa COKYPCHHUKOB.

MeTtoapl npenogaBaHusi/o0ydeHns
CryneHTs! IpHOOpETArOT 00IINe HAaBHI-
KH, ITOCeIIas CeMUHAphI U Jlaboparop-
HbIC 3aHATHS, BBIIIOJIHAA I'PYIIIIOBLIC
MIPOEKTHI, aHAJIN3 KOHKPETHOTO CITydast,
MIPOM3BO/ICTBEHHYIO MTPAKTHKY, TIpe-
3CHTAIIWY, HAIIUCAHHUE TUCCEPTALIMU U
HOCEIIeHHe CIIeNUAIbHBIX MOTYJICHL.
Taxk xe IIPUBJICKAIOTCA DJICKTPOHHBIC
pecypcehl JUist JIy4ILEero pa3BUTHSI MbIC-
JIUTEJILHBIX HABBIKOB CTYIEHTOB.

MeToabl OlIEHKH

BrlnyckHbIe HABBIKU CTYJEHTOB
OLICHUBAIOTCS TAKUMM METOJIaMHU KaK,
HaIMCaHUe TICCEePTAIlUH, JTadopaTop-
HBIC OTYETEHI, ACCe.

94




Onucanue moxayJiei

Monyas 1 TeopeTuyeckne 0OCHOBbI HAYYHBIX HCC/IE10BAHUM
Ha3Banue M1.1. ®unocodckue 3a1a4u HAYKU U TEXHOJIOTHU
JUCIHHUIIIMHBI M1.2. Merononorusi Hay4HbIX UCCIIETOBAHUIMA

M1.3. OCHOBHI ITEIaTOTUKU ¥ aHAPATOTHKU
M1.4. THOCTpaHHBIN S3BIK B OU3HECE

Kpenursl Bcero: 9 xpenuros, 324 akageMHYECKHUX Yaca
MI.1. 2 xpenura, 72 akaJeMHIECKUX Jaca
M1.2. 2 xpenuta, 72 akaIeMUYECKHUX Yaca
M1.3. 2 xpeauta, 72 akaJIeMHYECKHX Jaca
M1.4. 3 xpenura, 108 akageMuuecKkux 4acoB

Benymmii moayis [Tpodeccop Ulurukosa M. B.

IHepuonst 00yuenus | M1.1. | rox oOyuenwus, | cemectp
M1.2. 1 ron o6yuenwus, 2 cemecTp
M1.3. 1 rog oOyuenus, 1 cemectp
M1.4. 1 ron o6y4enus, 1 cemectp

Henu monyns

JlaHHBIN Kypc IPENCTaBIsIeT CTYAEHTaM TEKYIUE 3a0a4l HAyYHOTO U TEXHO-
JIOTHUYECKOTO Pa3BUTHsI COBPEMEHHOT0 o01mecTBa. [10aroToBKa CTyIeHTOB K
U3YUYCHHIO NIEPEJOBBIX KOHIIEMIHUI B CTPOUTENBCTBE, OCHOBAaHHBIX Ha SHEProc-
Oeperaromux TEXHOJIOTHAX. YITyOJIICHHOE H3y4YeHHE aHIIMHCKOTO KaK SI3bIKa JUIs
aJIanTalyy Creu(UIecKoil TEPMUHOIOTHH B 00JIACTH SHEProcOepekeHNs Ha
BCEX CTaIUAX MPOCKTHPOBAHUS, CTPOUTEIHCTBA M 0OCTyKUBaHHS dHEProdddex-
THUBHBIX 3JaHUHI U COOPYKEHUM, Ul YTEHUSI CIIELUAIbHON HAyYHO! U HHKEHEP-
HOM JIUTEPaTyphl, U1l HCIIOJIb30BAHHS MEK/TyHAPOJHBIX HH(POPMAIIMOHHBIX 0a3
JIAaHHBIX, JUIS OOILEHHUS C KOJUIEraMH B Hay4YHBIX U pabouux rpynmax. Msyuenue
WCTOPHH | BIMSTHUS BOJOHCKOTO Iporecca Ha pa3BUTHE BBICIIETO 0Opa30BaHusI.

Jlekuuu Cemectp 1: 36 yacoB

Cemectp 2: 36 yacoB
IIpakTnyeckue Cemectp 1: 108 yacos
3aHATHSA, Cemectp 2: 18 yacos
CeMHHAPBI

CamocrositeabHast | Cemectp 1: 108 wacoB
pabora Cemectp 2: 18 yacos

Pe3yabTaThl 00y4eHus

3HaHUSA ¥ NOHNMAaHUeE
e DopMbI U METO/Ibl HAYYHOTO 3HAHUS.
e [lepenoBbie TpeHIBI B COBPEMEHHOM HAy4YHOM 3HAHHH.
e JlemoBO¥ aHIIIMICKUH S3BIK.
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IIpakTHyeckne HABBIKU
e  Bribop u mpUMEHEHUE METOIOB HAYYHBIX MCCIICIOBAHUI.
e  AHanm3 pobJeM HayYHOTO M TEXHOJIOTHYECKOTO Pa3BUTHS OOIIECTBA.
e  YCTHBIA M MMCHMEHHBIN aHTTIMINCKAN S3BIK I ON3HEC-IIETEN.
OO01mue HABBIKH
L] CHOCO6HOCTB aganTanuuuu B HpO}IBI/IHyTBIX aCIICKTax CTpOI/ITCHBCTBa.
e  MeTonbl HAyYHOTO OOBSCHEHUS ¥ MPOTHO3UPOBAHMUSI, OCHOBaHHBIC HA
JHEProcOeperarouX TEXHOIOTHIX.
e  YpOBEHb aHIIIHKCKOTO S3bIKA, TPEOYEMBIi Ist pabOTHI B
MEXAYHApPOAHON MEXIUCIUIUIMHAPHON KOMaHAe

MeToabl OlIEHKH:
Pe(bepaT, OTYET 11O MPAKTUICCKUM pa60TaM, Mpe3cHTalusA, 5K3aMCH, aHKETHUPO-
BaHUC.
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Monyab 2

MaremaTuyeckuii aHAIU3 U MOJeJTHPOBAHUE IHEPIO-
3(pPeKTUBHBIX CUCTEM

HasBanue
JUCHHUIIIHHBI

M2.1. Maremarn4yeckoe MOJIETUPOBAHHE

M2.2. CrenpanbsHble pa3fessl BBICIIEH MaTeMaTHKI
M2.3. UndopmannoHHble TEXHOJIOTHN B CTPOUTEILCTBE
M2.4. Metopl pelIeHNs] HAyYHbIX U MHXXEHEPHBIX 3314
B CTPOHUTENBCTBE, CBA3AHHBIX C 3HEProCcOEPEIKEHNEM U
3HEPro3(HHEeKTUBHOCTHIO

Kpenursbi

Bcero: 9 xpenutoB, 324 akageMH9IecKIX Jaca
M2.1. 2 xpenuta, 72 akaiIeMUYECKHUX Yaca
M2.2. 2 xpeauta, 72 akaleMHYECKHX Jaca
M2.3. 3 xpenura, 108 akaremMuueckux 4acoB
M2.4. 2 xpenura, 72 akaieMUYECKHX Yaca

Beayuuii moayJist

[Mpodeccop lnrnkosa M. B.

Iepuoan 00yyenus

M2.1. 1 rox oOy4enus, 1 cemectp
M2.2. 1 rox oOyueHwus, 2 ceMecTp
M2.3. 2 rox oOyueHwus, 3 cemecTp
M2.4. 2 ron obyueHus, 3 cemecTp

enu monyns

OcHOBHasl Lie/b JaHHOTO MOJYJISl — 03HAKOMJIEHHE CTY/IEHTOB C I1€PeI0BbIMU
TEXHOJIOTHSIMU MaTeMaTHYeCKOTO MOJICIIMPOBAHMSI, HEOOXOANMBIMHE IS CBEJIC-
HUSI perraeMoii 3a1a4u K Habopy nuddepeHratbHbIX ypaBHEHUH, a1eKBaTHO
OTIMCBHIBAIOLINX PACCMATPUBAEMBI 00bEKT. CTYAEHTHI JOIDKHBI HOIYyYHUTh 0011ee
3HaHME 110 MaTeMaTHIeCKOMY (POPMYIUPOBAHHIO (DH3HUECKON 3a/1a4H, BHIBE-
JICHUIO OCHOBHBIX YpaBHEHHUH B An(epeHIInanbHOi U HHTerpalibHOI hopmax

C MOCJIEYIONINM HX aHAJUTHYECKUM U/UIIM YUCICHHBIM aHaIn30M. CTYJIeHTBI
JIOJIKHBI PA3BUTh HABBIKY [IPEICTABICHUS CPABHEHUS U OLIEHKU CXOIUMOCTH
Pe3yabTaToB MaTeMaTUYeCKOro MOACIUPOBAHUS € IIOMOILBIO OKCIIEPUMEHTAIIb-

HBIX U3MEPEHMH.

VYrryOneHHOe 3HaHHE MEePEA0BbIX HH()OPMAIIMOHHBIX TEXHOJIOTHH, TPUMEHH-
MBIX JUTS 3314, BO3HUKAIOIIUX B CTPOUTEIBCTBE.

Jlexkuuu Cemectp 1: 36 gacoB
Cemectp 2: 36 yacoB
Cemectp 3: 36 yacoB
IpakTnuyeckne Cemectp 1: 18 gacos
3aHATHSA, Cemectp 2: 18 yacoB
CeMHUHAapbl Cemectp 3: 108 yacos
CamocroarTeasnasa | Cemectp 1: 18 yacos
pa6ora Cemectp 2: 18 yacos

Cemectp 3: 36 yacoB
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PesyabTarnl 00y4eHns
3HaHMsl ¥ IOHUMAHUe
e [lepenoBbic METOIBI MATEMATUICCKOTO aHATN3A ISl PEIICHHS 3a1a9
SHEProcoOepexeHUs
e  OrmpeneneHne U aHATH3 TEKYIUX Ipo0IeM SHEProcOepekeHIS U UX
OIIMCaHHuEC aI€KBATHBIMU MAaTECMaTU4YCCKUMHU MOACIISIMA
e [lepenoBsie HH(MOPMAIIMOHHBIE TEXHOIOTHH
IIpakTHyeckne HABBIKH
Br10op 1 mprMeHeHre METOIOB UCCIICIOBAHUN
AHanmm3 1 00001IIeHIe PEe3yIBTaTOB HAYYHBIX MCCIICTOBAHUIN
CriocoOGHOCTH 1 KeJTaHNe IPUMEHSAT 3HAHNS COBPEMEHHBIX METO/IOB
Hay4HbIX HCCJIEJOBAHUIN B MHKEHEPHOU MpPaKTHKE.
e [IpumeHeHne HOBEHIINX HH(OPMAIIMOHHBIX TEXHOJIOTHH B HAyYHBIX
UCCIIEIOBAHUSAX U UHKECHEPHOH MpaKTHUKe
OO01mMe HABBLIKH
e  Bribop METOOB TEOPETHUESCKOH U IKCTIEPUMEHTAIEHO TIPOBEPOK
aJIeKBATHOCTH MaTEeMaTHYECKUX MOJEIICH, MPUMEHEHHBIX JUTS PEIICHUS
Ppa3IMYHbIX WHXKCHCPHBIX 3ajJia4
HaBpIku OLIeHKH a/IeKBaTHOCTH U TOYHOCTH TOJTyYEHHBIX PElIeHUH.
[MTocrostHHOE M3yYeHHEe NH()OPMAIIMOHHBIX TEXHOIOTHI

MeToabl OLIEHKH:

3HaHus CTYACHTOB U UX TOHMMAaHHUEC OLICHUBAIOTCA Pa3JIMYHBIMHU METOJaMU,
TaKHMMH KaK aHaJIu3 pra)KHeHl/II‘/II AHAJIUTHYCCKUX U YHUCJICHHBIX HCCHC[{OBaHHﬁ,
na6opaTopHLIe pa6OTBI, TECThI, CTYACHUCCKUC IMMPE3CHTAIINN, DK3aMCHBI.
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Monyas 3

CranaapThl 3HeprocoepeskeHus, rapaHTUPYIOLIHE U
yBe/IM4YuBaKwLue 3Heprod¢gpdekruBHOCTHL

HasBanmue
JUCHUILTHHBI

M3.1. CranzmapThl 1 IpaBoOBbIE OCHOBBI IHEProcOepexe-
HUSI

M3.2. CoBpeMeHHBIII MUPOBOH OIBIT PEIICHUS 3a/1a4
JHEPTrOCOCPEIKCHHUS.

M3.3. OCHOBBI PHEProCOEPEIKCHNUS 1 MTOBBIIICHUS SHEP-
o3P PEKTUBHOCTH

Kpenursi

Bcero: 9 xpenuros, 324 akageMHUECKHUX Yaca
M3.1. 2 xpenura, 72 akaJeMHYECKUX Jaca
M3.2. 4 xpenura, 144 akageMUvecKuX yaca
M3.3. 3 xpenura, 108 akagemuueckux gaca

Beaymuii monyJisi

IIpod. Cemenon B.H.

Iepuons 00yuenns

M3.1. | ron obydenus, | cemectp
M3.2. | ron obyuenwus, | cemecTp
M3.3. 1 rox oOyuenwust, 1 cemecTp

Henn monyns

[Tony4nTh TITyOOKHE 3HAHUS CTAaHIAPTOB M HOPMATUBHO-IIPaBOBOW Oa3bl FHEP-
rocoepesxxenns B Poccun u crpanax EC, cpaBHeHHe HX JOCTOMHCTB M HEIO-
crarkoB. M3ydeHre COBpEeMEHHOTO MUPOBOTO OIBITA B PEIICHUH MTPo0IieM
9HEProcOepeKeH s ¢ pa3HbIX ToueK 3peHust. COBpeMEHHbIE METO/IbI TIOBBIICHHS
9HEPreTUIecKoil 3pPpeKTHBHOCTH.

Jlekuuu Cemectp 1: 30 yacoB
IpakTnueckne Cemectp 1: 60 gacos
3aHATHS,

CeMHUHAPBI

CamocrosteabHasa | Cemectp 1: 234 gaca
padora

Pe3yabTarhl 00y4yeHust
3HaHUSA ¥ NOHNMAHUE
e  CraHIapThl ¥ HOPMaTUBHO-TIPaBOBasi 0a3a IHEProcOepeKEeHMsI
e [locnexnuit MEPOBOH OMIBIT PELICHHS TPOOIEM YHEPrOCOCPEKECHHS
e MeTObI, MPUBOASIINE K TTOBBIMICHNIO SHEPTOIPPEKTUBHOCTH
IIpakTHUyecKkne HABBIKU
e [IpuMeHeHHE CTaHIAPTOB U HOPMATHBHO-TIPABOBO 0a3bl
9HEProcOepekeHHs: B MHKEHEPHOM NpaKTHKe
e [IpumMeHeHHE caMOro COBPEMEHHOI'O MUPOBOTO OIBITA PEIICHUS
po0JIeM SHEProcOepekeHNs B 00JIACTH HAYYHBIX UCCIICAOBAHUH
e  Buenpenue nepenoBbIX METOAOB, IPUBOISIIMX K TOBBILIICHUIO
SHEPreTHIECKoi 3P(PEeKTHBHOCTH Ha BCEX 3TAMax MPOCKTUPOBAHMS,
CTPOMTENHCTBA U IKCITyaTAllNH 31aHIH
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OO01mue HABBIKK
e  Bribop Hanbonee a3 pekTHBHOrO MeTo/1a /ISl peIIeHUs] KaKOH-TTH00
KOHKPETHOH IPOOIeMBI
e  HaBbIku 11 oneHKH 3)(HEKTUBHOCTH IOIYYEHHBIX PEIICHHH

MeToabl OlIEHKH:
TeCTLI, MMpEe3CHTAUN, SK3aMCHBI.
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Monayas 4 MeTtonoJiorus 3HeprocoepeskeHust ¥ MOBbILICHUSI

HeprodGpeKTUBHOCTH
HaszBanue M4.1. )Ku3HeHHBIN UK SHEPTETHUECKUX PECYPCOB U
JUCIHUTITHHBI 00BEKTOB HEJIBHKUMOCTH

M4.2. Metogoiiorus 0ajlanca HUKINYECKON TUHAMUKHA
SHEPreTUIECKHUX PECYPCOB B OOBEKTOB HEJABIKIMOCTH
M4.3. OcHOBHBIE HANIPABICHHUS YHEPTOCOEPEIKESHUS
P IPOCKTUPOBAHUH, CTPOUTENHCTBE U DKCIUTyaTallun
3JaHUN

Kpenursl Bcero: 10 xpenuToB, 360 akageMHUECKUX YaCOB
M4.1. 4 xpenura, 144 akagemMuueckux daca
M4.2. 3 xpenura, 108 akageMuueckux 4acoB
M4.3. 3 xpenura, 108 akajeMUUYECKUX YaCOB

Benymmii mogyass | [Ipodeccop Cemenor B.H.

IHepuonasi o0yuenus | M4.1. 1 rog obyuenus, 2 cemectp,
2 rox o0ydeHus, 3 cemecTp

M4.2. 2 ron oOyueHwus, 3 cemecTp

M4.3. 1 ron obyueHns, 2 cemecTp

enu monyns

I'my6okoe 3HaHHE )KU3HEHHOT'0 [IMKJIa YHEPreTHYECKUX PECYPCOB U 0OBEKTOB He-
JIBUKMMOCTH PA3JIMYHOTO Ha3HAYEHUS U UX B3aUMOCBSI3U. MeToq010THs OLIeHKU
1 o1eHKa 9 QEKTUBHOCTH IUKIMYCCKON TMHAMUKH YHEPTETHUECKUX PECYPCOB
00BEKTOB HEIBI)KUMOCTH B TPOIIECCE MX CTPOUTEIHCTBA U IKCIUTyaTaluu.
CocTaB ¥ OLIEHKAa OCHOBHBIX HAIIPABIEHHUN 3HEProcOEPEKEHNS HA BCEX ATAIAaX
MIPOCKTUPOBAHHSI, CTPOMTENILCTBA M DKCIUTyaTalluK SHEProd(hHEeKTUBHBIX 3AaHUM,
a TaKoKe MX MCIIOJIb30BaHUE B MH)KEHEPHON MOBCEAHEBHON MPAKTHKE.

Jlekuuu Cemectp 2: 54 yaca

Cemectp 3: 18 yacos
IpakTnuyeckne Cemectp 2: 108 waca
3aHATHSA, Cemectp 3: 18 yacos
CeMHUHAPBI

Camocroareasnasa | Cemectp 2: 54 vaca
pa6ora Cemectp 3: 36 yacoB

PesysbTarsl 00yueHust
3HaHMs U NOHUMAaHUe
L4 MCTO)IBI aHaJIn3a 1 ONMUCaHUs ) KU3HCHHOTO IMUKJIa SOHEPTCTUICCKUX
pPeCypcoB ¥ 0OBEKTOB HEJIBUKUMOCTH
e MeTOnOOTHS HMKINYECKON TUHAMHUKH YHEPTeTHUECKUX PECYPCOB H
00BEKTOB HEBM)KUMOCTH.
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I[TepenoBble 3HEprocOeperaIne TEXHOIOHH, HCIOJIB3YEeMBbIE IS
NPOCKTUPOBAHHUS, CTPOUTEIBCTBA M IKCILTyaTallHH SHEProd(hPeKTHBHBIX
30aHNi 3HaHHE METOANK TeXHUKO-3KOHOMHYECKOTO aHaJIHu3a IIPOLECCOB
9HEPronoTpedeHNs

HpaKaneCKne HaBbIKH

AHanu3 KU3HEHHOTO [UKJIA Pa3InYHbIX SHEPreTUUECKUX PECYPCOB
[TpuMeHeHHE METOOIOTHHU IIUKIINICCKOW JHHAMUKHI SHEPTeTHICCKIX
pecypcoB i 00BEKTOB HEABIKUMOCTH I OIIEHKU MIX TEKYIIETO
COCTOSIHUS

[IpuMeHeHne COBPEMEHHBIX YHEProcOeperaromux TeXHOMOTHI IS
MIPOEKTHUPOBAHUS, CTPOUTEIBCTBA M HKCILTyaTalluy SHEProdPPEKTUBHBIX
30aHui

OO0mMe HAaBBLIKH

Co3znanne 5HeprodPPEeKTUBHBIX 3TaHUH.
HaBbiku yrimyOneHns B HOBbIE 3Heprocoeperaromme TeXHOIOTHH ¢
UCIIOIb30BaHUEM MH(OPMALIUK U3 JINTEPATYPHI.

MeToapl OIEHKH:
TecTbl, KypCOBBIE TPOCSKTHI, CTYICHYSCKHE MPE3CHTAIINH, IK3aMEHbI.
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Monyas S Teopust ¥ NPaKTHKA NOBBILIEHUs JHEPropPeKTHBHO-

CcTH

Hassanue MS5.1. DHepreTudeckuii GajlaHC ¥ ayauT

JTUCHHUIIIMHBI MS5.2. ABTOMaTU3UpOBaHHBIE METO/BI MOBLIIIEHUS YHEP-
roaddexTuBHOCTH

M5.3. «3eeHoe CTPOUTENBCTBOY IS yCTOWIHBOTO pas-
BUTUS TEPPUTOPUIL.

M5.4. CrpoutenbHas TSPMHUHOJIOTHS B aHITIMHCKOM
SI3BIKE

Kpenursl Bcero: 13 kpennToB, 468 akageMHUECKUX YaCOB
MS5.1. 4 xpenura, 144 akagemuueckux daca
MS5.2. 3 xpenura, 108 akageMuueckux 4acoB
MS5.3. 3 kpenura, 108 akajeMUUYECKUX YaCOB
MS5.4. 3 xpenura, 108 akageMUUYECKUX YacOB

Benymmii mogyasa | I[Tpodeccop Cemenos B.H.

Hepuonas o6yuenus | MS.1. 1 rog oOyuenus, 1 cemectp
M5.2. 2 ron oOyueHwus, 3 cemecTp
MS5.3. 1 rox obyueHus, 2 cemecTp
MS5.4. 1 ron obyueHns, 2 cemecTp

Henu monyns

Llenpro TaHHOTO MOAYJIS SIBISIETCS. HEOOXOIMMOCTh O3HAKOMJICHUSI MAaruCTpaH-
TOB C METOJJaMH IIEPECMOTPa SHEPTETHIECKUX PECYPCOB U CHIDKCHUS ITOTEPh B
Ka)XJJOH CHCTEME YHEPTOCHAOKEHHSI C OTHOBPEMEHHBIM IKOJIOTHYECKUM KOHTPO-
sieM. TpaiumOHHBII HEProayauT, ONMCAHHBIN B HACTOSIILIEM MOJYJIE, BKIIIOYAET
B ce0s1 TEXHHUYCCKOE 00CIeI0BaHue, aHAIN3 d3PPEKTUBHOCTH IIPOU3BOACTBA
SHEPrUH U CUCTEM MOTPEOICHHS A1l MUHUMH3ALUK PAcX0/ia SHEPropecypcoB.
MeTo/1bI SKOJIOrNYeCKOTo ayAnTa MPE/ICTaBICHBI B paMKaX HHBECTHIIMOHHBIX
IIPOCKTOB M CO3JJaHNUS SHEPTOCOEPETAIONINX TPOTPAMM.

B nporiecce n3ydeHus HACTOSIIETO MOIYIS CTYCHT IPHOOPETaeT 3HAHUS B
0051acTH SHEPTETUKHU U ayIUTa OKPY’>KAIOIIEH CPeibl, a TAKKe HaBBIKK PabOTHI ¢
MHCTPYMEHTaMHU U1 YIIPABJICHUS SHEPIETUKHU U OKPY KArOIIEeH CpeJibl IpoLec-
COB.

Jlekuuu Cemectp 1: 18 yacos
Cemectp 2: 18 yacoB
Cemectp 3: 72 yaca

IIpakTnyeckne Cemectp 1: 36 gacos
3aHATHSA, CemecTp 2: 54 yaca
ceMHHapbI Cemectp 3: 72 yaca

CamocroaTeasHasa | Cemectp 1: 18 wacos
padora Cemectp 2: 36 yacoB
Cemectp 3: 72 yaca
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PesyabTarnl 00y4eHns
3HaHUS ¥ NOHNMAHUE

[Tomyuenne 3HaHUS O METOAAX CHCTEMAaTHIECKOTr0 00CIIeIOBAHMS
oTpaciei MPOMBIIIIICHHOCTH B 00J1aCTH YHEPTOAPPEKTHBHOCTH U
9KOJIOTHYECKON 0€30MacHOCTH

Ilonnmanue OPraHMU3aIMOHHOI0 NMOPpsAJAKa ayaAuTa SHEPTUH U SKOJIOTUU
VYKperuieHrne 3HaHus YCIOBHU ay/IuTa 1 HHCTPYMEHTOB aylnuTa
[TonnMaHue TEXHOJIOTHI YHEProcOepeREHHs B OTPACISIX

[TomyueHne 3HaHUS O «3€JIEHOM CTPOUTEIBCTBEY ISl yCTOHYHUBOTO
Pa3BUTHS TEPPUTOPUIL

HpaKaneCRue HaBbIKH

Opranu3anys >HePreTUYeCcKOro ayauTa

3anuch / JOKyMEHTHPOBAHUE PE3YIIbTATOB ayJqHTa
CraTucTHYCCKHAC METOBI 00PAaOOTKH JTaHHBIX

Pazpabotka pexomeHmarmii

OTt4aeTHOCTH aynuTa Mapka

OcyIiecTBICHNE TPAKTHYECKUX PEKOMEH/IAINI 110 TPUMEHCHHIO
SHEProcOeperarIuX TEXHOIOTUI B OBCCIHEBHON HHKCHEPHOM
MPAKTUKE

OOmMe HAaBBLIKH

OmnpeznencHue TeeH U 3a1a9 YHEPTETHKH U ayInTa
BbIOOp KpUTEPUEB OLIEHKH PE3yIETATOB KOHTPOJIS
[ToaroToBKa Mpe3eHTAIIMOHHBIX MaTepHAIOB
[ToaroroBka hopM TSt 3aKITHOUCHHSI

MeToapl OIEHKH:
TecTbl, CTyJICHUYECKUE MIPE3CHTAIIH, IK3aMEHBI.
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Monyab 6 IIpo6aeMsbl okpy:kaouIeil cpeabl B IHEProcoepexeHun
M MYTH UX PelIeHnst

HasBanue M6.1. OtieHka OKpyKarouiei cpesbl 1 ayiuT
JTUCHHUIIIMHBI M6.2. Dxonoruyeckas 6€30MacHOCTh H YCTOWYHBOE
pa3BUTHE YHEPTUHU

Kpeantsl Bcero: 6 kpenutoB, 216 akageMU4eCKUX 4acoB
M6.1. 3 xpenura, 108 akajeMUUECKUX YaCOB
M6.2. 3 xpenura, 108 akageMUUECKUX YacOB

Benymmii mogyas | [Ipodeccop Cazonos E.B.

ITepuonsni o0yuyenns | M6.1. 1 y4ueOnsii rox, 1 cemectp
M6.2. 2 y4ueOHbI TO1, 3 ceMecTp

Henu monyns

Ilenbro JaHHOTO MOAYIS SIBISIETCA O3HAKOMJICHUE MAaruCTPaHTOB C METOIAMH
SKOJIOTMYECKOT0 KOHTPOJIs. TpaJullnOHHBIN KOJIOTHYECKUI ayIuT, ONIMCAHHBIN
B HACTOSIIEM MOJYIIC, BKIIFOYACT B Ce0sI TEXHHUYCCKOE 00CIICIOBAHUE, aHAIIU3
AKOJIOTUIECKOH OE30MaCHOCTH U YCTOHYHBOTO SHEPTECTHUCCKOTO Pa3BUTHSL.

B mporiecce n3ydeHus HACTOSAIIETO MOAYIS CTYACHT IPHOOpPETAaeT 3HAHUSA B
00IacTH YHEPTEeTUKH U ayAUTa OKPYKAIOWIEH Cpelpl, a TaK)Ke HABBIKU PaOOTHI
C UHCTPYMEHTAMH JUIsl YIIPABICHUS 3HEPTETUKON U IIPOLIECCAMU OKPYIKaOLIEH
cpenbl.

Jlekuuu Cemectp 1: 36 yacoB

Cemectp 3: 36 yacoB
IpakTnuyeckne Cemectp 1: 36 gacos
3aHATHSA, Cemectp 3: 36 yacoB
CeMHUHApPBI

CamocroaTeasnasa | Cemectp 1: 36 yacos
pa6orta Cemectp 3: 36 yacoB

PesyabTarsl 00yueHust
3HaHMs U NOHUMAaHUe
e  JleMOHCTpamusi MOHUMAHUsSI U IPUHSITHE METOJIOB DKOJIOTHYECKOTO
KOHTPOJIS
e  AHajM3 9KOJIOTMYECKOH 0e30MacHOCTH U SHEPTETUKH YCTOWIHBOTO
pasBUTHSA
e  3HaHMA B 00JIACTH SHEPTETHKHU U AyANTa OKPYKAIOIIEH CPEebl, a TaKkKe
HaBBIKH B PabOTe ¢ HHCTPYMEHTAMHU AJIs YTIPABICHUS SHEPTETUKOM U
MpoLIeccCaMu B OKpYKaroleit cpesie
IIpakTHYecKne HABBIKH
e  OpraHu3anus SKOJIOTHYECKOTO aynTa
3anuch / TOKyMEHTUPOBAHHE ay/uTa
CrarucTiuueckre MeToIbl 00pabOTKH JaHHBIX
Pa3pabotka pexomeHmaruit
OtueTHOCTH aynuTa Mapka
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OO01mue HABBIKK
e  VYMeHHeE OLICHUTH IKOJIOTHIECKYI0 0€301acHOCTb
e  BO3MOXHOCTB peai3aliy BOIIPOCOB SHEPIEeTHKH B 00nacTn
YCTOWYHMBOTO Pa3BUTHUS B MH)KEHEPHOM IPAKTHUKE

MeToabl OlIEHKH:
TeCTLI, MMpEe3CHTAUN, SK3aMCHBI.
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Monyas 7 JKoHOMHYECKOe 000CHOBaHUE IPUMEHEHHUsI IHEeProc-
Oeperaromux TeXHOJI0T uii

HaszBanue M7.1. Mertoauka oneHKH 3)(HEeKTUBHOCTH

JMCIMILTAHBI pealu3aIy YHEProcOeperarIux acleKToB
M7.2. OueHka TeXHOJIOT Ul MOBBIILIEHUSI YHEPreTUYECKOM
3¢ PEKTHBHOCTH

Kpenursi Bcero: 4 xpenura, 144 akanemuueckux yaca

M7.1. 2 xpenura, 72 akaieMUYECKHX Yaca
M?7.2. 2 xpenuta, 72 akaJeMHYECKUX Jaca

Benymuii moayJisi

IIpodeccop Cemenor B.H.

Iepuonas 00yuenus

M?7.1. 2 ron obyueHus, 3 cemecTp
M?7.2. 2 ron obyueHus, 3 cemecTp

enu monyns

OTOT MOAYJIb NPEIOCTABUT CTY/IEHTAM 3HaHHsI METOMOJIOTHH JUIsl OLEHKH 3 dek-
TUBHOCTH BHEJPEHHUS SHEPTrocOepEraronIiX aclieKTOB Ha BCEX dTarax IMpOeKTH-
POBaHMs, CTPOUTENHCTBA U 00CITYKUBAHUH YHEProd(PpHEeKTUBHBIX 3TAHUH.

BynyT naHpl SKOHOMHYECKHE aCHEKThI JUIsl OLICHKN TeXHOJIOTHH, TPUBOISIINX K
MTOBBIICHUIO SHEPTeTUIECKON d(PPEKTUBHOCTH.

Jlexuuu Cemectp 3: 15 yacos
IIpakTHuyeckue Cemectp 3: 30 yacoB
3aHATHS,

ceMHUHAPBI

CamocroaTeasHasa | Cemectp 3: 99 yacos
padora

PesynbTarnl 00yuenns
3HaHusA ¥ NOHUMAaHHUE

e [lomyueHne 3HaHHUA METOAOB pacdyeTa YKOHOMUYECKOH 3 PeKTHBHOCTH

MPOU3BO/ICTB
e [lomyueHue 3HaHHUS O METOIOJIOTHH JUIsl OUEHKU 3()(PEKTUBHOCTH
BHEJIPEHHSI DHEProcOeperaroInx acleKToB Ha BCeX JTarax

MMPOCKTUPOBAHUS, CTPOUTCIIBCTBA U SKCIIITyaTallun 3H€pr03(1)(1)eKTI/IBHLIX

30aHUN

IMpakTHYecKue HABBIKU

HaBbIku 1151 OIICHKH MEPEOBBIX TEXHOJIOTHH, TPUBOIAIINX K
MOBBIIICHUIO SHEPrO3PPEKTUBHOCTH

o OHeHKa KaueCTBa MOJTYUYCHHBIX peIHeHI/Iﬁ C Y4€TOM SKOHOMHUYECCKUX

KpPHUTEpHEB
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O0mme HaBBIKU
e  HaBbIKM OIIEHKM NEPEAOBBIX TEXHOIOTHH, TPUBOASIIUX K MOBBIIICHHIO
9HEPreTH4ecKoi SPPEKTUBHOCTH U UX JAIBbHEHIIIEr0 NCIIOB30BAHNS B
MHKXEHEPHOU MTPaKTUKE
e  KpuTtHueckas OlEHKA Ka4eCTBA MOJIyYCHHBIX PEIICHUH Ha OCHOBE
MEPEAOBBIX SKOHOMUYIECKUX KPUTEPHEB

MeToapl OIEHKH:
TecTbl, MPE3eHTAIMH, YK3aMEHBI.
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Moayan 8 HayuHno-uccienoparenbckas padora B cemecTpe
Hayunas u nenarornueckasi NpaKTHKH

Kpenursl Bceero: 57 kpenutoB, 2052 akageMuueckux Jaca

MS.1. 6 kpenutos, 216 akageMUUECKUX YaCOB JJIs
MIPAaKTUKA

MS8.2. 51 kpenurt, 1836 akageMUUECKUX 4acoOB [yl Ha-
MUCAHNS MaruCTePCKON KBaTH(PUKAIMOHHONW PaOOTHI

Benymmii monyns | [Ipodeccop CemenoB B.H. u Hay4HBIC pyKOBOOUTETH

Ilepuons! o0y4yenns | M8.1. 1 rox oOyuenus, 2 cemectp
MS.2. 2 ron obyueHns, 3 cemecTp
2 rox oOy4eHus, 4 ceMectp

Henu monyns

Moyns OyIeT OCYIIECTBISTHCS B COTPYIHHUYECTBE C HAYYHBIM PYKOBOJHUTEIICM
B IIPOMBIIICHHBIX OPraHU3alusX / NCCIIEI0BATEIbCKUX IIEHTPaxX / yHUBEPCHUTET-
ckux Jlaboparopusix. CTyaeHTHI Oy/TyT BKITIOYEHBI B HAyYHbIC NCCIECAOBAHUS 1
MPAKTUIECKYIO ICATEIEHOCTD C BOZMOXKHOI OyayIel IepcreKTHBON 3aHATOCTH.
CTy}:[CHTBI 6yI[yT BBITIOJIHATD MPOCKTHI U 3a/1a4H, ITIOCTABJICHHBIC OpraHu3alu-
SIMH. DTOT OIIBIT JIaCT UM BO3MOKHOCTB MPEAIIPUHSATH HHUIIMATHBBI, & TAKKe
pa3BHBaTh YBEPEHHOCTD B ce0e, MeXKJIMYHOCTHBIC H a/IallTAlIHOHHBIC HABBIKH.
Hayuno-nccnenoBaresbckas A€ TEIBHOCTD B ITPOIIECCE CO3AHUS U BHIIOIHEHUS
HX MaruCTEPCKOH muccepTannu OyeT TOTOBUTH CTYACHTOB I OyayIieit pado-
TBI B HAYYHO-HCCIIEI0BATEIbCKUX U MIPOEKTHBIX MHCTUTYTaX, 3aHUMAIOIINXCSI
BOIPOCaMH 3HEprocOeperaronix TeXHOIOTHIi Ha BCEX dTarax MpoeKTHPOBAHUS,
CTPOUTENHCTBA U OKCILTyaTalluy HeprodpHeKTUBHBIX 31aHUH U COOPYKEHHUH.

MeToapbl OLIEHKH:

Jlns mpoBeieHust NCCIIeTOBAHNN Ha OCHOBE SKCIEPUMEHTAIBHBIX PadOT, MoIyde-
HUE Pe3yJIbTaTOB, TOUHOCTh M JOCTOBEPHOCTb, JI0Ka3bIBatoIIee, 0030p JaHHBIX,
BBISIBJIICHHE IPUYNHHO-CIIEICTBEHHBIX CBSA3€H, ONpEACIICHNE UCCIIEIOBAaHUMN
WHHOBAI[MOHHON M COOTBETCTBYIOIINX (DYHKITHIA.

Pesynbrarhr ncciieroBanuii OymyT BKITIOUCHBI M PCATM30BAHBI B MATUCTEPCKOM
JIUCCEePTaINH.
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Monyab 9

O0umii I'ocakzamen.
3ammuTa MarucTepcKoii Juccepranun

Kpenursi

3 xpenuta, 108 akageMHU4ecKiX 4acoB

Beayuuii moayJis

Bce HayuHBIE pyKOBOIUTEIH.

IHepuonas! 00yuenns

2 rox oOy4eHus, 4 ceMecTp

Henu monyns

HOﬂl"OTOBKa MaFHCTepCKOﬁ KBaHH(l)HKaHHOHHOﬁ pa60T},1 B COOTBCTCTBUU C

TpeOOBaHUAMHU.

MeToabl OlIEHKH:

IToaroroBka MarucTepckoi Auccepraiuu U IpOX0oK/IEHUE UTOTOBOM rocyaap-

CTBEHHOM arTccTaluu.

HGHHBIG MPAKTUYCCKUEC PCIYJIbTAThL MaFI/ICTepCKOﬁ AUCCePTallii U UX MIPUMCHE-
HHUE IJIA peFI/IOHaJILHOﬁ OKOHOMHUKH U COHHaJILHO-BKOHOMH‘IGCKOﬁ Cpe€asbl.
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MeToabl OlIEeHKH

e  BHyTpeHHHUI TEKyIIUN KOHTPOJIb 3HAHUM CTYAEHTa COMIACHO IIPOoLEeAypam
o IQnet u ISO-9000 (B KOHIIE KaXKIOT0 CEMECTPA)

YeTHBIe pe3eHTan

OTYeTsl 0 MPONU3BOJCTBEHHON IPAKTHKE

[IpodeccronansHbie TOPTHOIHO

ITrcbMeHHBIE OTYETHI M 3cCE (BKITFOUYAOIINE CITUCOK JIUTEPATyPhl)

TecTbl mocie ka0l TeMbl, IK3aMeHBI 110 IIPeIMeTaM, OLIEHKA 1 3aIlInuTa
MarucTepcKoil AuccepTainuu

Ioctepst

OreHUBaHUE CTYAEHTaMH JIPYT IpyTra

CamoorieHka

O0ecneueHne KauyecTBa
Buyrpennee

e  OOmas npodeccronanpHas oneHka OIEHOYHOH KOMUCCHH TIPOCKTA
e  OT3BIBHI CTYCHTOB

BHeminee
e OueHka eBpONEHCKUMH yUEHBIMHU U3 YHUBEPCUTETOB- MAPTHEPOB
e  OdunmansHoe npusHanue MuHHCTEPCTBA 00pa30BaHusl U Hayku PO
e  Omuenka paboronareneit

Bo3Mo:kHBIE 00,1aCTH TPYIOYCTPOIicTBA

BBIMyCKHUKN ~ MarucTepckod  MpOTrpaMMbl  UMEIOT  BO3MOXHOCTH
TPYAOYCTpPOMCTBA Ha MNPEeNNpHUATHSIX cTpouTesnbHOl oTtpacau u  JXKKX, B
apXUTEKTYPHBIX MACTEPCKUX, BJIA00PATOPUSX, HAYIHO-HUCCIIEA0BATEIBCKHUX [IEHTPaxX
0 M3YYEHHIO TPOOJIEM SHEProcOepeKeHUs U MOBBIILICHUST SHEPTOIPPEKTUBHOCTH
MIPOMBIIIJICHHBIX CUCTEM.
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10.

I1.

12.

13.

14.

15.

16.

17.

Cnucok peKoMeH/1yeMoil JTUTepaTypbl

Kishimoto A. Advanced Energy Saving and its Applications in Industry,
2013.-75p.

Li Xianguo Green Energy. Basic Concepts and Fundamentals, 2011. — 288 p.
Magrini A. Building Refurbishment for Energy Performance, 2014. — 252 p.

Hakansson A. Sustainability in Energy and Buildings / Proceedings of the
4th International Conference in Sustainability in Energy and Buildings
(SEB’12),2013. - 554 p.

Howlett Robert J. Sustainability in Energy and Buildings/ Results of the
Second International Conference in Sustainability in Energy and Buildings
(SEB’10),2011. —302 p.

M’Sirdi N. Sustainability in Energy and Buildings / Proceedings of the
3rd International Conference on Sustainability in Energy and Buildings
(SEB’11), 2012. — 650 p.

Lee Shaun H. Sustainability in Energy and Buildings / Proceedings of
the International Conference in Sustainability in Energy and Buildings
(SEB’09), 2010.

Ziebik A. Energy Systems of Complex Buildings, 2013. — 345 p.
Zamfirescu C. Sustainable Energy Systems and Applications, 2012. — 816 p.

Geller G. Sustainable Rural and Urban Ecosystems: Design, Implementation
and Operation. Manual for Practice and Study, 2012. — 179 p.

Rassia Stamatina Th. Sustainable Environmental Design in Architecture.
Impacts on Health, 2012. — 338 p.

Rassia Stamatina Th. Cities for Smart Environmental and Energy Futures
Impacts on Architecture and Technology, 2014. — 301 p.

Ortigueira, Manuel Duarte Fractional Calculus for Scientists and Engineers,
2011. 154 p.

Lizarraga-Celaya C. Maple and Mathematica. A Problem Solving Approach
for Mathematics, 2nd ed., 2009. — 484 p.

Wagon St. Mathematica® in Action. Problem Solving Through Visualization
and Computation, 3rd ed., 2010. — 574 p.

Borwein Jonathan M. An Introduction to Modern Mathematical Computing
With Mathematica®, 2012. — 224 p.

Sibikin, M. Sibikin. Alternatives and Renewables energy sources, 2012.
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18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

V.I. Vissarionov, G.V.Deriugina etc. Solar energy, 2011.
A.B. Alhasov. Renewable power generation, 2010.

0O.D. Samarin. Thermo-physical and technical- economic foundations of
Thermal Engineering safety and energy efficiency in buildings, 2007.

A.N. Dmitriev, Y.A. Tabunshikov etc. Manual on estimation of economical
efficiency of investment in energy-efficiency, 2010.

LM. Kvashnin. Emission limited values of plants into the atmosphere.
Dispersion and establishment of standards. 2011.

M.M.Brodach. Industrial emission into the atmosphere. Engineering
analyses and inventory, 2011.

Y.A. Tabushnikov, M.M. Borodach. Mathematical modeling and
optimization of buildings’ thermal effectiveness, 2012.

V.N. Karpov. Hot water heating systems of multi-storey buildings. Technical
guidelines for the design, 2012 Instruction on the calculation of heat loss in
rooms and thermal loads on the heating of residential and public buildings,
2012.

New English-Russian , Russian-English dictionary of technical terms and
phrases for Heating, Ventilation , Air-Conditioning , and Thermal Physics,
2011.

M.M. Brodach. Engineering equipment of high-rise buildings, 2011.

Technical guideline on the organization of ventilation in the apartments of
residential buildings, 2011.

V.M.Magadeev. Sources of heat supply system, 2013.

A.Salihov. Unvalued and unrecognized ‘““small” energy, 2009.
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Pe3y.]'[I)TaTI)I MporpaMmmal

3HaHNe ¥ IOHUMAHHE

Al | dynpameHTanbHBIC 3HAHHMSA M IOHUMaHHE HHHOBAIIMOHHBIX TEXHOJIOTHH B
9HEProcOEepeKEeHNH U KOHTPOJIE OKPYIKAIOILEH Cpelibl

A2 [ IToHnmaHHe ONTHMHU3ALMOHHOIO ITOJX0a K METOJIOB SHEPrO- H PECYpCcOC-
OepexeHus

A3 | 3nanue oCcHOB ’HeprocOepeXeHUs Ha OCHOBE Pa3BUTHSA 3€JICHBIX TEXHOIIO-
TUui

A4 | 3HaHue aqMHHUCTPATUBHBIX HOPM U IIPAaBHUJI B 00TACTH OXPAaHBI OKpPYIKaro-
e cpeibl

AS | YriryOreHHOE 3HAHHWE TIPOCKTUPOBAHHUS, CTPOUTEIBCTBA U OOCITY)KUBAHNUS
9HeprodGGEeKTUBHBIX 3TaHUK U SHEPTOCOEPETAIOIINX TEXHOIOTHI

A6 | 3HaHue MaTeMaTHYCCKUX M aHATUTUIECKUX KOHLCIIIHN IS PEIICHIUS
3aj71a4 3Hepro3(P(PEeKTUBHOCTH HA BCEX CTAAUSIX MPOSKTUPOBAHUS, CTPOU-
TENBCTBA U AKCIUTyaTalK SHEProdMHEKTUBHBIX 3AaHHI

A7 [ Kputnueckas oleHKa TEKyLIMX METOIOB IPOM3BOICTBA M YTHIN3ALUH

SHEeprun

IpakTHyeckne HABBIKH

B1 | CiocoOHOCTh BHOCHTH TEXHUYECKUH M YIIPABICHYECKUH BKIJIA bl B TITa-
HUPOBAaHHUE SHEPrO- U pecypcocOeperaonux MpoeKToB (Ha POJHOM 1 Ha
QHIJIUICKOM SI3BIKAX).

B2 | CiocoOHOCTh penaTh HHKEeHEPHBIE 33141 ITyTeM IIPUMEHEHUSI TEOPETH-
YEeCKUX KOHIICILHUH 1 NPaKTHYECKUX 3HAHUH Ha POU3BOICTBE

B3 | CiocoOHOCTB ITPOBOUTH JIAOOPATOPHBIE U MOJIEBbIE SKCIIEPUMEHTBI, COOU-
parb, aHAJIM3UPOBATh ¥ MHTEPIPETUPOBATH JAHHBIC

B4 | BeiOop u ucnonb30BaHKE COOTBETCTBYIOLIMX METOJJOB M TEXHOJIOTHI SHEp-
ro- U pecypcocOepexreHns

B5 | Mcnonb3oBaHKue COOTBETCTBYIOMINX MH(DOPMAIIMOHHBIX TEXHOJIOTHIA JIJIst
WH)KCHEPHBIX U YIPaBICHYECCKUX LeeH

B6 | CriocoOHOCTB TPOEKTUPOBATh SHEProd(HEKTUBHBIE 3JaHUS

O0ne HAaBLIKH

C1 | Pa3BuTHe KpUTHYECKOTO MBIIUICHHS U TPOBEJCHNE HAyYHbBIX HCCIIEI0Ba-
HUH (HanpuMep, NPEeCTaBUTh KPUTHICCKH U CPABHUTH CBOU COOCTBEHHBIC
B3IVISLABI C TEMH, KOTOPBIC OTIIMYAIOTCS OT HUX (Ha POJHOM S3bIKE U Ha
AHTJIMHCKOM SI3BIKE)

C2 | Ompenenennie 1 NCTIONB30BAHNE PA3THIHBIX PECYPCOB B CTYACHUCCKOM

Hay4YHOMW 3aHATOCTH
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C3

D¢ dexTnBHOE 0OIIEHNE 1 IEPETOBOPHI C PA3INYHBIMHU 3aNHTEPECOBAHHBI-
MH CTOPOHAMH B HHAWBUAYAJIHHOM ITOPSAKE U B TPYTIIIE

C4 | Ilpunsitue 000CHOBaHHBIX MPO(ECCHOHAIBHBIX PEIICHII, OCHOBAHHBIX Ha
HAyYHbBIX 3HAHUSIX M COOTBETCTBYOIIMX KPUTEPHUSIX

C6 | Pa3Butne 3()eKTUBHBIX HABBIKOB IJIAHUPOBAHHS BPEMEHU

C7 | LleHuTh conMaIbHbIC MOCICACTBUS UCCICIOBAHUN U MPAKTUICCKOM pabo-
TBI B O0JIACTH U3YUYCHHUS

C8 | 3amyMbIBaThCS M OIICHUBATh CBOE COOCTBEHHOE OOYYEHHUE U OLICHUBAThH

KOJUJICT B HpO(l)eCCI/IOHaJILHOﬁ MaHEPEC
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I[I/I)IaKTI/I'leCKI/Ie MarTrepuaJbl IPOrpaMmabl

Cepust yueOHHKOB OblJ1a pa3paboTaHa M Harle4aTaHa CIICHUATBLHO JAJIs1 HOBOH
[IPOrpaMMBbl IIPH B3aUMOAEUCTBUM POCCUICKUX U €BPONEUCKUX MpenojaBareiaeii u
BKJTIOYaeT 9 y4eOHHUKOB U TIIOCCAPHIl TPOEKTA.

Ha3Banne yyeOHuKA Penakrop
KHUTH

1. Poccuiickunii XMMUKO-TEXHOJIOIMYECKUH yHUBepcuTeT umenu J1. W.
MenneneeBa
3eneHble TEXHOIOTHH [UIsl YCTOMYUBOTO PAa3BUTHS | H. Tapacosa

2. TamOoBCKHUit TOCYIapPCTBEHHBIN TEXHUIECKUH YHUBEPCUTET
[ToBbImeHHE S3HEPTOAPPEKTUBHOCTH IPUPOIO- H. TTonos
IIPOMBIIUIEHHBIX CUCTEM

3. Yuusepcurer r. ['enyn
OCHOBBI TEPMOJMHAMUKY U SKCEPIeTUUECKUH aHaIU3 | JI. Tanbsipuko

4. VYpanbckuii Gpenepanbubiii yausepcurer uM. b.H. Enpunna
JKu3HEHHBIH UK SHEPTrUl. JHEpreTHUeCKuit H. lnpsieBa
MEHE/DKMEHT U NPUHATHE ONTUMAIIbHBIX PELICHUI

5. TaMOOBCKHIT TOCYNApCTBCHHBINM TEXHUYECKHI YHUBEPCUTET
DHEPreTU4ecKuil 1 SKOJOTHUECKUH ayTuT H. INomos

6. Poccuiickas akaneMust apXUTEKTYPbl U CTPOUTENIBHBIX HAyK
WnxeHepHbIN 1 SKOHOMUYECKH aHanmu3 sHeprocoepra- | C. denocos
IOLIUX MEPONPUATHI

7. CTaBpOnoJIbCKUI rOCY1apCTBEHHBIN arpapHblil yHUBEPCUTET
Dkonormyeckas 0e30MacHOCTb U YHEProyCTONINBOE H. Kopuusnos
pa3BuTHE

8. Boponexckuii rocygapcTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBIN YHUBEPCH-
TET
ITpakTHyeckoe IPUMEHEHUE YHEProcOeperaroux B. Cemenos
TEXHOJIOTHI

9. Brnagmvmupckuit rocynapctBennsiii yausepcuteT uM. Al u H.I. Croneto-
BBIX

MonenupoBaHue NPUPOAHBIX U PoMbIUIeHHbIX cucTeM | FO. [lanoB

20. Yuusepcuret I. ['enyn u TamO0BCKUii TOCY1apCTBEHHBIN TeXHUYECKUI
YHUBEPCUTET
I'moccapuii npoekra GREENMA A. Mycauno

JI. Mozeposa
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QUi ARG QUACING Agency
\G AC QU for the Quality Certification and EUR-ACE
QlIJNG Accreditation of Engineering Programmes

A% NG ENQA Affiliate

Prot. n. 54/16 del 27/07/2016 Universita degli Studi di Genova
Area Ricerca, Trasferimento tecnologico e
Internazionalizzazione
Servizio Relazioni Internazionali
Via Balbi, 5
16126 Genova

Ref.: Assignment of tasks for accreditation of the Programme handbook,
GREENMA Tempus Project

The present letter to confirm that on July 2016 we completed the overall
revision of the programme handbooks of the following six Master programmes in
“Innovative Technologies for Energy Saving and Environmental protection (GREEN
MASTER)”:

— ‘Innovative Technologies for Energy Saving and Environmental Protection’, D.
Mendeleyev University of Chemical Technology of Russia, Moscow, Russia;

— ‘Innovative Technologies for Energy Saving and Environmental Control’,
Stavropol State Agrarian University, Stavropol, Russia;

— ‘Innovative Technologies for Energy Saving and Environmental Control’,
Tambov State Technical University, Tambov, Russia;

— ‘Innovative Technologies for Energy Saving and Environmental Control’,
Vladimir State University n. a. Alexander and Nikolay Stoletovs, Vladimir,
Russia;

— ‘Design, construction and maintenance of power effective and eco-friendly
buildings’, Voronezh State University of Architecture and civil Engineering,
Voronezh, Russia;

— ‘Design and operating of heating system, gas supply, ventilation and air
conditioning’, Ural Federal University n.a. the First President of Russia B. N.
Eltsin, Yekaterinburg, Russia;

with specific reference to the ‘Identification of the educational needs of the labour

market and other stakeholders’, ‘Definition of the educational objectives’, “Definition

of the learning outcomes’, ‘Definition of the educational process’.

Agenzia QUACING WWWw.quacing.it
Via XX Settembre 5 segreteria@quacing.it

00187 ROMA

118



The attached certificates attest the conformity of the design process to the
student-centred approach and the coherence of the educational objectives with the
educational needs of the labour market of reference, of the learning outcomes with
the educational objectives and of the educational process with the learning outcomes
of each Master programme.

Best regards.
Vito Cardone
President
,/
Lfﬁ,ﬂﬁm
2
Agenzia QUACING WWWw.quacing. it
Via XX Settembre 5 segreteria@gquacing. it

00187 ROMA
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QUALITAAG | QUACING Agency
16 ae %Y for the Quality Certification and EUR-ACE
Qllfm Accreditation of Engineering Programmes

A% ine ENOA Affiliate

Certificate

of conformity of the design process to the student-centred approach and of
coherence among educational objectives, learning outcomes and educational
process of the Master programme

Design, construction and maintenance of power effective and
eco-friendly buildings
of the

Voronezh State University of Architecture and civil Engineering,
Voronezh, Russia

developed in the framework of the Tempus Project 530620-TEMPUS-1-2012-
1-IT-TEMPUS-JPCR "LLL Training and Master in Innovative Technologies
for Energy Saving and Environmental Control for Russian Universities,
involving Stakeholders - GREENMA”

The programme handbook lists the educational objectives of the programme,
expressed in terms of competences to be developed and obtained by students at the end
of the educational process, established in agreement with stakeholders of the labour
market of reference.

The programme handbook prosecutes with the list of the programme learning
outcomes to be achieved by students at the end of the educational process in order to
develop and obtain the established educational objectives. The learning outcomes are
grouped under the headings ‘knowledge and understanding’, ‘practical (or
disciplinary) skills” and ‘graduate (or transferable) skills’.

Then the programme structure is presented, with the description of the learning
outcomes associated to each module of the programme, again grouped under the
headings ‘knowledge and understanding’, ‘practical skills” and ‘graduate skills’.

The steps of the design of the programme evidenced by the programme handbook
are consistent with the student-centred approach, which requires first the identification
of the educational needs of the stakeholders, then the definition of the programme aims
(educational objectives), followed by the definition of the programme learning

1

Agenzia QUACING Www.quacing.it
Via XX Settembre 5 segreteria@quacing. it
00187 ROMA
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outcomes and of the programme structure, with the definition of the module learning
outcomes.

The results of the analysis of the educational objectives established in agreement
with stakeholders of the labour market of reference, of the programme learning
outcomes and of the module learning outcomes show that the programme learning
outcomes are substantially coherent with the educational objectives and the module
learning outcomes are substantially coherent with the programme learning outcomes.

Therefore, with the present certificate QUACING Agency attests:

— the conformity of the design process of the Master programme ‘Design,
construction and maintenance of power effective and eco-friendly buildings’ of the
Voronezh State University of Architecture and civil Engineering, Voronezh,
Russia, with the student-centred approach, and

— the coherence among educational needs of the labour market of reference,
educational objectives, learning outcomes and educational process of the Master

programme.
Roma, 27/7/2016 Vito Cardone
President
Aé, —_— A sa
2
Agenzia QUACING www.quacing. it

Via XX Settembre 5 segreteria@quacing. it
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w Textbook for the Master Programme
“INNOVATIVE TECHNOLOGIES FOR

ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by N. Tarasova

Green Technologies for
Sustainable Development

3eneHble TeXHonornum
Ansd YCTOVI‘IMBOI'O pa3BUTUA

Mog pepakumnen H. Tapacoson

YuebHoe nocobue ans marMctepckoi nporpaMmbl
"MHHOBALIMOHHbIE TEXHONIOTUU B COEPE
OQHEPIOCBEPEXEHUA N SKONMOrMYECKOIro KOHTPONA”.
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w Textbook for the Master Programme

“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by N. Popov

Energy Efficiency Improvement in
Natural and Industrial Systems

MoBbiweHne 3HeproaccgpeKkTnBHOCTU
NpUpPOAO-NPOMbILLUNIEHHbIX CUCTEM

Moga pepakuven H. MNMonosa

YuebHoe nocobue ans marMctepckoi nporpaMmbl
"MHHOBALIMOHHbIE TEXHONOIUN B COEPE
OQHEPIOCBEPEXEHUA N 3KONOrMYECKOIro KOHTPONA”.

Project
TEMPUS
“LLL Training and Master in
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Energy Saving and
Environmental Control
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‘ Textbook for the Master Programme
“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by L.A. Tagliafico

Basis of Thermodynamics and
Exergy Analysis

OcHoBbI TepMmoauHaMUKu
n 3Kcepl'eTM‘-IeCKMﬁ aHanus3

Mop pepakuven J1.A. Tanbaduko

YuebHoe nocobue Ans MarucTepckoy Nporpammbl
"MHHOBALIMOHHBIE TEXHONOIMAU B COEPE
QHEPIOCBEPEXEHUSA U 3KONTOrMYECKOIO KOHTPOMNA”

Project
TEMPUS
“LLL Training and Master in
Innovative Technologies for
Energy Saving and
Environmental Control
for Russian Universities,
Involving Stakeholders
GREEN MASTER”

[MpoekT
TEMMNYC
“ObyyeHve
B TEYEHWE BCEN KU3HU 1
maructparypa B obnactu
VNHHOBALIMOHHbIX TEXHOMNOTNIA
B cdhepe sHeprocoepexxeHns n
3KOJIOrMYECKOro KOHTPONS B
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w Textbook for the Master Programme
“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by N. Shiryaeva

Lifecycle of Energy,
Energy Management and
Optimum Decision Making

YXU3HEHHbIN LUKN 3Hepruum.
OHepreTU4eCKUn MeHeMKMEeHT
M NPUHATUE ONTUMANbHbIX PeLleHUn

Mog pepakuven H. LWnpsesoit

YyeBHoe nocobue Ansi MarncTepPCKoii NporpamMmbl
"MWHHOBALIMOHHbIE TEXHOJIOTMU B COEPE
SHEPTOCBEPEXEHUA U 3KONOrMYECKOIO KOHTPOII

Project
TEMPUS
“LLL Training and Master in
Innovative Technologies for
Energy Saving and
Environmental Control
for Russian Universities,
Involving Stakeholders
GREEN MASTER”

MpoekT
TEMMNYC
“Oby4yeHve
B TEYEHWE BCEN XNU3HU U
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VHHOBALIMOHHBIX TEXHOMOTHI
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‘ Textbook for the Master Programme

“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by N. Popov

Energy and
Environmental Audit

OHepreTu4eckKkum
M IKOJNOrMYeckumn ayguT

Moga pepakuven H. Monosa
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‘ Textbook for the Master Programme

“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edit by S. Fedosov

Engineering and Economic Analysis of
Energy Saving Activities

MHXXeHepHbIN 1 3KOHOMUYECKUN aHanus3
3HeprocbeperarWmX MEpPONpPUATUNA

Mop pepakumnen C. depgocosa
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d Textbook for the Master Programme
“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by N. Kornilov

Environmental Safety and
Energy Sustainable Development
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Mop pepakumen H. KopHunosa
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‘ Textbook for the Master Programme

“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by V. Semenov

Practical Application of
Energy Saving Technologies

MpakTnyeckoe npuMeHeHue
3HeprocbeperarLWmx TEXHONOrMn

Mopn pepakumeit B. Cemerosa

YuyebHoe nocobuie Ansi MarucTepckoit nporpaMmbl
"MHHOBALIMOHHbLIE TEXHONMOIUN B COEPE
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GreenMA
w Textbook for the Master Programme

“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by Y. Panov

Modelling Technological and
Natural Systems

MogenupoBaHue NpUpPoAHbIX
M NPOMBbILWNEHHbIX CUCTEM

Moga penakuwei HO. MaHoBa
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w Textbook for the Master Programme
“INNOVATIVE TECHNOLOGIES FOR
ENERGY SAVING AND ENVIRONMENTAL PROTECTION”

Edited by A. Musaio, L. Mozerova

Glossary for GREENMA Project

Mmoccapun npoekta GREENMA

Mopn pepakuven A. Mycaiio, J1. Moseposon
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PARTNERSHIP AND COOPERATION AGREEMENT

“NETWORK INTRA RUSSIAN-EUROPEAN UNION SMART COMMUNITIES ON

SHARED SUSTAINABLE DEVELOPMENT.
GREENMA NETWORK”

AMONG THE CONSORTIUM MEMBERS OF TEMPUS “GREENMA” PROJECT

S o R B

10.

11.

12.
13.
14.
15.
16.
17.

UNIVERSITY OF GENOA (UNIGE), Italy;
TAMBOV STATE TECHNICAL UNIVERSITY (TSTU), Russian Federation;
URAL FEDERAL UNIVERSITY n.a. BORIS ELTSIN (URFU), Russian Federation;
VLADIMIR STATE UNIVERSITY n.a. STOLETOVS (VLSU), Russian Federation;
STAVROPOL STATE AGRARIAN UNIVERSITY (SSAU), Russian Federation;
VORONEZH STATE UNIVERSITY OF ARCHITECTURE AND CIVIL
ENGINEERING (VSUACE), Russian Federation;

TYUMEN STATE UNIVERSITY OF ARCHITECTURE AND CIVIL
ENGINEERING (TSUACE), Russian Federation;

IVANOVO STATE UNIVERSITY OF CHEMISTRY AND TECHNOLOGY
(ISUCT), Russian Federation;

NORTH OSSETIAN STATE UNIVERSITY n.a. K.L. KHETAGUROV (NOSUK),
Russian Federation;

D. MENDELEYEV UNIVERSITY OF CHEMICAL TECHNOLOGY OF RUSSIA
(MUCTR), Russian Federation;

PERM NATIONAL RESEARCH POLYTECHNIC UNIVERSITY (PNRPU),
Russian Federation;

IVANOVO STATE POLYTECHNIC UNIVERSITY (IVSPU), Russian Federation;
CITY UNIVERSITY OF LONDON (CULUK), United Kingdom;

SILESIAN UNIVERSITY OF TECHNOLOGY (SUTPL), Poland;

UNIVERSIDAD DE ALICANTE (UDAES), Spain;

INSTITUTE OF ENERGY SAVING (INES), Russian Federation;

FEDERAL SERVICE ON CUSTOMERS' RIGHTS PROTECTION & HUMAN
WELL-BEING (ROSPONVL), Russian Federation;
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18. UNION OF CONSTRUCTORS OF SVERDLOVSK REGION (UCOSR), Russian
Federation;

19. TAMBOV REGIONAL ADMINISTRATION (TRA), Russian Federation;

20. TICASS CONSORTIUM (TICASS), Italy;

21. ENERGOMERA JSC (ENERG), Russian Federation.

In the framework of Tempus “GREENMA” Project on “Innovative Technologies for
Environmental Monitoring and Energy Saving. Green Master” (530620-TEMPUS-1-
2012-1-IT-TEMPUS-JPCR), coordinated by the University of Genoa, hereinafter
referred to as the project, the consortium members institutions of the said project,
hereinafter referred to as the partners, being represented by their respective Rectors or
First Vice Rectors or Deputy Rectors for International Relations, considering that:
a) the partners are committed to carry out and foster actions aimed at the so-called
“Smart City”, in which solutions able to reduce pollution and save energy are
pursued;

b

=

the partners desire to provide the academic community (students, teaching staff,
researchers), in the EU Member States and in the Russian Federation, with a broad
range of curricula and unique learning, teaching and research experience in topics
related to the technologies for Environmental Monitoring and Energy Saving;

c) the partners wish to get a permanent feedback from relevant and outstanding
stakeholders on their own socio-economic environments;

d

=

the partners pursue to establish an EU - Russia network on shared sustainable
development, having three main outcomes:

i. to discuss the creation of cluster companies and other networking tools;

ii. to realize an integrated system for research, training and innovation;
iii. to increase the competitiveness of the involved regions and to foster their

development;
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e) the partners intend to foster the positive experience of the project, and have a
mutual interest in creating and developing international cooperation agreements;
f) the partners are interested in: developing delivery of double degrees; internships
for students and graduates; master classes; mobility of students, teachers,
managers and researchers, in addition to meetings and possible convergence

processes towards joint integrated educational models;

o

g) the partners take commitment to promote original, sustainable and low-costs
projects, also proposed by third parties,

hereby agree as follows.

The partner n. 22, “NORTH-CAUCASUS FEDERAL UNIVERSITY” (NCFU),
Stavropol, Russian Federation, integrates the list of the participating institutions, in its
position of Russian University involved in Tempus project “GREENCO - Green

Computing and Communication” (530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR),

having aims and objectives similar to the GREENMA ones.

Article 1. Aims and objectives
The Parties commit to spread the common values defined by the GREENMA project
with specific reference to Environmental Monitoring and Energy Savings. The non-
university members of the GREENMA project consortium express their commitment
to foster work experience actions targeted to the GREENMA graduates.
By the present agreement, the Parties undertake to:

a) organise joint study programmes, destined for the development of study
courses at the various levels, including for purposes of awarding a double
degree;

b) promote scholarship for research / training development in the partner
universities and institutions, also for brief periods;

c) increase the exchange of professors, researchers, students and technical -

administrative personnel;
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d) enhance co-operation in the field of scientific research, through collaboration in
activities of particular scientific interest, as well through the possibility of
exchange of experiences in the use of particularly complex technical and
scientific equipment.

The Parties take commitment to pursue Smart Cities & Communities (SCC) vision of
sustainable urban and territorial development. Based on this vision, European Union
and Russian Federation institutions should be places of advanced social progress and
environmental regeneration, as well as places of attraction and engines of economic
growth based on a holistic integrated approach in which all aspects of sustainability
are taken into account.

The parties take commitment to cooperate across the areas of energy, transport,
environment, and information & communication, in order to accelerate the
deployment of innovative technologies, organisational and economic solutions to
significantly increase resource and energy efficiency, improve the quality of life and
drastically reduce greenhouse gas emissions in urban areas. Multi-sectorial,
international collaboration, specialized knowledge and relevant expertise from many

different organizations is in fact vital to make Smart Cities a reality.

Article 2. Implementation agreements

The present agreement defines the general rules for its execution and for the
governance of the relations within the said partnership. In order to achieve the
objectives indicated in Article 1, specific implementation agreements shall be prepared
for defining and ruling working programmes or other actions, on a reciprocal basis,
both at bilateral and multilateral level. Such agreements shall be submitted for the
approval of the respective competent bodies of the Parties involved in such actions
and will be aimed at developing the following actions:

1. integrated didactic and scientific activities, including the development of

Teachers’ mobility for brief and intensive periods of visit;
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2. integrated Study Programmes for students, graduate and PhD students to enrol
for study periods, training and specialization courses in partner Universities’
excellence structures;

3. starting up of new joint study courses degree and PhD degree with double
value or Master and specialization courses;

4. increase of joint research activities, also among affiliated work groups of the
partners;

5. reciprocal expertise mobility flows aimed at delivering master classes lectures
on subjects suggested by the hosting University;

6. delivering of training modules to be attended by employees of the stakeholders;

7. development of database reporting data and info relevant on environmental
protection and energy savings.

The said implementation agreements shall:

- quote that the specific working programme or action is implemented in the

framework of the present agreement;

- be sentin copy to the coordinator of the above-mentioned Tempus project.

Article 3: Contact persons

A support office is designated to oversee and facilitate the implementation of any
further agreement stipulated pursuant to the present agreement. Such office is the
International Relations Service (SRI) of the University of Genoa, mail:
<intstrat@unige.it>.

For the definition of coordination and supervision of the present agreement and/or
setting-up of more specific programmes and actions, the partners shall refer to a
Steering Committee. This Committee shall be composed by the contact persons of the
above-mentioned Tempus project partners, by the head of the above-mentioned

support office (SRI) and by the Vice Rector for International Relations of the University

of Genoa, who shall act as coordinator of the Steering Committee.
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Article 4. Exchange of personnel
In order to achieve the contents of Article 1 and the development of the specific
implementation agreements, exchanges of partners’ personnel may be planned, in
accordance with the terms of the following paragraphs.
University personnel maintain, to all intents and purposes, the status of employees of
their home university.
In general terms, travel costs, mobility expenses, board and lodging have to be paid
by the home university or by specific funds available for this purpose.
In accordance with the principle of reciprocity and with the regulations in force in the
Institutions involved, the host university can pay further remuneration to the
university personnel for additional lessons, seminars and conferences.
The Parties involved shall assist in arranging for permissions for approved staff to
enter and leave the Countries concerned, whenever necessary for the implementation

of this agreement.

Article 5. Exchange of students

During the exchange period, the students, under conditions of reciprocity, are exempt
from tuition fees and contributions in the host university, except for teaching and
training courses having particular provisions.

Travel costs as well as board and lodging expenses have to be paid by students
attending integrated study programmes. The home university may contribute to these
expenses, provided specific funds are available for this purpose. The host university
shall assist students in finding accommodation, as well as allow them access to

canteens and other services provided by the university to its own students.

Article 6. Duration, termination, renewal

This agreement shall come into effect upon the signature of all the Parties.
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The date of the last signature thereof taking precedence. This agreement shall remain
in effect for five years. No tacit renewal will be allowed at the expiry of this Agreement.
Each Party may terminate this agreement by serving six months’ written notice and
supplying adequate motivation for termination. Any activity in progress at the
moment of termination or expiry of this agreement shall be completed in accordance
with the conditions established in the activity's specific implementation agreement.
The termination of this agreement, for any reason, should not influence the status of
delegated student to each University or hinder them from continuing their studies for
the desired qualification.

Each University shall implement this agreement according to the executive procedure
determined by the concerned academic boards.

Amendments to this agreement can only be made after consultation and written
mutual consent by all the Parties.

In the event of renewal of this agreement, the Parties may confirm, amplify or modify
the objectives of this agreement and the methods of implementation, subject to the

approval of the respective competent bodies.

Article 7. Intellectual property rights

Ownership of the technical and scientific results produced by this agreement shall,
unless established differently by a specific implementation agreement, be assigned to
both Parties. In accordance with their respective legislations, the Parties shall take all
reasonable steps to protect and promote the value of such results. In the event of results
produced through separate research initiatives, the intellectual property rights of these
results shall belong to the Party where the results are obtained, unless otherwise
previously agreed.

In order to promote the marketability of the results obtained, the implementation

agreements shall also establish ex ante the procedure to be adopted in the face of
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possible claims to property rights made by personnel belonging to one of the Parties
or by those in contact with such personnel.

All the partners listed in the preamble have equal right to use the GREENMA
trademark as registered and recognized by the competent Russian Federation’s

authorities.

Article 8: Confidentiality of Information
The Parties shall take all reasonable steps not to divulge to third parties any
confidential data or information acquired in relation to or in the carrying out of the

activities foreseen by this agreement.

Article 9: Costs, assistance and support

With the aim of carrying out the activities foreseen by this agreement, the Parties shall
raise the necessary economic resources within the limits of and in accordance with
legislation in force in their countries. Each Party shall provide, in accordance with their
respective laws and regulations, all necessary assistance and support to visiting
students, teaching staff, researchers, and technical and administrative personnel as
established in the specific implementation agreements mentioned at article 2.

The costs related to the initial stipulation of the network will be on charge of the

GREENMA project budget.

Article 10: Safety
As regards safety in the workplace for visiting members of staff of the partner
University, where the host University belongs to an EU Member State, the host
University shall conform to applicable European Union legislation; where the host

University belongs to a non-EU Member State, the host University shall conform to

&y B
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applicable national legislation.
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Article 11: Insurance
In accordance with the applicable provisions in force of their respective countries, both
Parties shall verify the insurance cover, including healthcare, of participating
personnel.
Where the implementation agreements set forth in Article 2 foresee scientific and
laboratory activities, such implementation agreements shall specify the details of

insurance cover.

Article 12: Handling of Personal Data
The Parties shall handle and store data held on computer and on hard copies relating
to the carrying out of the activities foreseen both by this agreement and the
implementation agreements set forth in Article 2 in accordance with their applicable

national legislations.

Article 13: Incompatibility
The Parties declare that none of the personnel participating in the activities foreseen
by this agreement find themselves in a situation that might give rise to incompatibility
or conflicts of interest pursuant to applicable national legislations and that the related

provisions of such legislations shall be respected at all times.

Article 14: Disputes and Final Provisions
The Parties consider this agreement as a declaration of intent that does not have the
legal force of a formal legal contract. The Parties agree therefore, wherever possible, to
seek an amicable resolution of any dispute.
The specific cooperation initiatives described shall be started only if sufficient
economic resources are available; no Party shall be obliged to participate in or develop

an activity for which external or internal resources are not already available.
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The resolution of any disputes arising during the carrying out of any executive project
as referred to in Article 2 shall conform to the provisions established in the project's
specific implementation agreement. In all cases, the present agreement shall apply
solely to the extent it does not contradict applicable national legislation.

The present agreement is issued in English language and signed in original by each
party. The Parties receive one copy each. If either party wants to issue a version of this
Agreement in a language other than English, and in case of inconsistency of

interpretation, the English text shall prevail over the language texts.
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Genoa, 31 May 2016

For the University of Genoa

Professor COMANDUCCI Paolo

AN/

Stavropol, .
For the Partnef n° 21 [ENERG]
ENERGOMERA JSC
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1 JUN 2016

Genoa, 31* May 2016 Ivanovo,
For the University of Genoa For the Partner n° 8 [ISUCT]
s '—% > Ivanovo State University of Chemistry and Technology
Redtar Ticttore Rector
Professor COMANDUCCI Paolo Prof. BUTMAN Mi epe
Seal
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For the University of Genoa
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Professor COMANDUCCI Paolo
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For the University of Genoa For the Partner n° 10 [MUCTR]

Rector '-% e

Professor COMANDUCCI Paolo

D.Mendeleyev University of Chemical Technology of Russia
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Genoa, 31t May 2016 Vladikavkaz,
For the University of Genoa For the Partner n° 9 [NOSUK]
North Ossetian State University n.a. K.L. Khetagurov
Rector j? m@/fﬁ»ﬁ; Rector
Professor COMANDUCCI Paolo Prof. SOZANOV Valeriy ‘
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Genoa, 31 May 2016

For the University of Genoa

Rector k% %’/‘IM

Professor COMANDUCCI Paolo

3 JUN 2016

For the Partner n° 11 [PNRPU]

Perm National Research Polytechnic University
Rector
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