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Beenenue

BBEJAEHUE

B mocobuu W3JI0KEHBI MaTepUalbl  MPAKTHYCCKOW  YacTh
(maboparopusix  pabor)  yuebmoit  aumcrmmmuasl  «3EJIEHBIE
TEXHOJIOTMM B  TEJEKOMMVYHHUKAIIMAX»  («GREEN
TELECOMMUNICATION TECHNOLOGIES»), moarotoBieHHOTO
JUIS MarucTpaHToB B paMkax mnpoekra TEMPUS «Green Computing &
Communication» (530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR),
KOTOPBI  BBITIONHACTCS ~ KOHCOPIIMYMOM  YHHUBEPCHUTCTOB W
aKaJIeMUYCCKUX opraHuzanui EBpomneiickoro Coroza
(Bemukobpuranust, I'perust, Uramums. CooBakus), YKpauusl u Poccun,
HaunHas ¢ 2012 r. JlabopaTopHble paOOTHl IMOCBSILEHB OCBOCHHIO
METOJIOJIOTHH TOCTPOCHUST W TPAKTHKH HWCCICAOBAHHS <GEIICHBIX>
9Hepro3GPEeKTUBHBIX TEIEKOMMYHHUKAIIMOHHBIX CUCTEM.

B mocobum mpuBOAATCS ONHMCAaHHWS JAa0OpaTOPHBIX pPaboT, B
MPUIOKCHUSIX H3JIOKEHBI yueOHas mporpaMmma Kypca U METOTUUCCKUE
PEKOMEH/IAIHH [T0 CAMOCTOATEILHOMY M3YUCHHIO MATEPHATIOB Kypca.

IlepBEIii pasmen MOCBSIICH MOIYIIO ydeOHOTO Kypca «Mojmenu,
METOJIbI, TEXHOJIOTHH M MHCTPYMEHTATBHBIC CPE/ICTBA, UCIIOJIB3YEMBbIC
B TENEKOMMYHHKAIIHAX TSt OLICHUBAHUS napameTpoB
3HeprocOepexkeHuss U SHEProdG(PEKTHUBHOCTH» M COICPIKUT
TEOPETUYECKUH MaTepuall U ONUCAHWE IMOPSJIKA BBITONHEHUS TPEX
nabopaTopHbIX paboT. JaHHbIe TabopaTopHbIC PabOTHI HANPABICHBI HA
uccieioBanne  dHeprodG EeKTUBHOCTH  ammapaTHBIX  CPEICTB ¢
pexxumom Energy Efficient Ethernetynepromorpebienust smeMeHTOB
OCCIPOBOJHBIX CHCTEM CBS3M B 3aBHCHMOCTH OT WHTCHCHBHOCTHU
Tpaduka U CTPYKTYpPBI CETH, a TAKXKE SHEPreTHUCCKON 3P HEKTUBHOCTH
CHCTEMBI CBSI3H C UCIIOJIb30BAHUEM ITOMEX0YCTOWYHBOTO KOJMPOBAHUSL

Bropoii paszmen MOCBAIIEH MOAYI0 y4eOHOro kypca «MeTosb
MOBBIIICHHSI 9Hepro3hHeKTHBHOCTH u SHEprocOepeKeHHUs,
WCTIOJIb3YEeMbIe TIPU MPOCKTUPOBAHHU TEICKOMMYHHKAIMOHHBIX CETeH
U CHCTEM» U COJICPKUT TEOPETUICCKUI MaTeprall U ONKMCaHUe MOpsaKa
BBIMOJIHCHHUST TISITH  JIAOOPAaTOpPHBIX  paboT. B HeM  omucaHsl
nabopaTopHbie pabOThl, B KOTOPBIX MAarucTpaHTaM HEOOXOTUMO
uccleoBath 3Heprod@@eKkTuBHOE yrpaBiieHHEe TPaQHKOM B CETAX C
JTUHAMHYECKOW MapipyTU3alue, SHepreTnyeckyro 3(dekTHBHOCT
CHCTEM CBSI3U C PA3IMYHBIMU BHIAMH MOMAYJISAIHH, YHEPTETHUCCKYIO
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Beenenue

3¢ ()EeKTUBHOCTh  CHUCTEM  CBS3M B YCIOBHMSX  3aMHpaHUH,
3HEProdhHEeKTUBHOCTh MOOHMIIBHBIX CTAHIMKA CETeH OECIpPOBOIHOTO
JOCTyHa OT HM3MEHEHHsI XapaKTepUCTHUK IIOTOKA [AHHBIX, a TaKkKe
CHEKTPaIbHYI0 3(PPEKTUBHOCTE CUCTEM MOJBIKHOM PagUOCBSI3U OT
MapaMeTpoB COTHI.

Pucynku, Tabmuiel u Gopmynbl Jiisi ynmoOCTBa HYMEpYIOTCS B
npenenax Kaxmaoro pasziena.

ITocobme  Moxxker  OBITh  HCIIOIH30BAaHO ACTIMPaHTaAMH,
00y4aIOITIMHUCS 1o HaIpaBJIeHUSIM sHeproapdekTHBHBIX
TEJIEKOMMYHHKALIMOHHBIX CHCTEM, a TaKKe MOXXET OBITh IOJIE3HO
npenojaBaTeisM, BEOYLIMM  3aHATHS 1O  COOTBETCTBYIOLIUM
TUCTIMTIITHAM.

[locobue moaroroBiaeHo 3aB. Kadenpodl HHPOKOMMYHHKALUN
CeBepo-KaBkasckoro ¢enepansHoro yHuBepcurera (CraBporos,
Poccuiickass ®enmeparust), I-poM T€XH. HayK, moil. Juumom I'. 1., morr.
kad. nHPOKOMMYHHKAITUH, KaHI. TeXH. HayK, moil. SkosmeBeiM C. B.
(mabopatopHas pabora 2), upod. xadeapsl HHOOPMALMOHHOU
0€30I1aCHOCTH aBTOMAaTH3UPOBAHHBIX CHCTEM, J-POM TEXH. HAYK, MpOd.
IMamuunessim B. I (mabopaTtopubie pabotsr 5 u 6), mpod. kadempsr
nH(pOPMALIMOHHOM 0E30MaCHOCTH aBTOMATU3UPOBAHHBIX CHUCTEM, J-POM
TexH. Hayk, npod. KammbikoBeiM U. A. (mabopatopHas pabora 3),
npod. kadeapbl OpraHu3allMd W TEXHOJOTHH 3alluThl MH(OpMAIIHH,
KaH7. TexH. Hayk, npod. XKykom A. Il. coBMecTHO ¢ acmupaHTaMu
IaBpumeBsiM A. A. u Bypmuctpossim B. A. (maGoparopHsie paboTs 7,
8 u mpuioxenue B), mom. kadeapbl oOpraHM3alUM U TEXHOJOTHH
3ammThl  MHQOpMaIuM, KaHi. TexH. Hayk Ky3pmuHoBbM 1O. B.
(mabopatopubie pabotel 1 m 4). Beenmenue, npwioxeHus A, b
MOATrOTOBIEHBl 3aM. JAupekTopa HWHcTHTyTa HMHGOPMALMOHHBIX
TEXHOJOTHA W TEIeKOMMYHUKalni, KaHAa. ¢u3.-Mar. HayK, IOL.
Mesennenoit O. C. OOmiee peJakTUpPOBAaHUE TPOBEACHO JIOKT. TEXH.
Hayk, npod. Xapuyenko B.C. (HammoHanpHBIH a’3pOKOCMHYECKUIA
yauBepcutet uM. H.E. Xykosckoro «XAW») nMesennesoii O. C.

ABTOpPBI BBIPXKAIOT OJIArOJIAPHOCTH PEIIEH3EHTaM, KOJUIEraM 10
NPOEKTY, COTpyZHUKaM Kadeap 3a LEHHYI0 HHGPOPMAaLHIO,
METOJIMYECKYIO TOMOIh M KOHCTPYKTHBHBIE MPEIOKEHHUS, KOTOPHIE
BBICKA3BIBAINCH B TIPOIECCE OOCYKICHUS JaHHOTO TIOCOOWSL.
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Buknaneni Marepiaiv MpakTUYHOT YACTHHH HABYAJIHHOTO KypCy <«3eJeHi
TexHoJIOTii y TenekomyHikamisx» (Green Telecommunication Technologies),
MATOTOBJICHOTO IS MaricTpaHTiB B pamkax npoekry TEMPUS «Green
Computing & Communication» (530270-TEMPUS-1-2012-1-UK-TEMPUS-
JPCR).

Kypc npucBsyeHumii MeTONOJOTIYHMM 1 IPaKTHYHHUX  AacleKTaM
po3pobieHHs eHeproeeKTUBHUX 1 eHepro30epiralounx iH(pOKOMYHIKaLIHIX
CHCTEM 1 MEpEeX, ONTUMI30BaHUX Yepe3 BUKOPUCTAHHS METOJIB CTPYKTYPHOTO
1 IapaMeTpUYHOrO CHUHTE3Y, ieHTU]iKauii Ta KOHTPOIIO, IO 3a0e3NeuyioTh
3HWDKEHHSI BUTPAT €HEprii Ha mepeaady oauHULI 00'eMy Tpadika y cydyacHUX
MEpEeXHUX JOAaTKaX. PoO3rIsAgaloThes KOHLCMII, 3arajibHi IPHHIMIH,
METOJM, TEXHOJOTii TPOEKTyBaHHS, pO3pOOJICHHs ¥  0OCIyroByBaHHS
eHeproeeKTUBHUX 1 eHeprosdepirarounx iHOOKOMYHIKAI[IHHUX CHCTEM 1
Mmepex. [lpuBomuThCs HaBuyalnbHa IIPOrpamMa Kypcy, [Hae€Tbcsl OIHC
nabopaTopHuX poOIT, METOMWYHI PEeKOMEHAAINii IIMOJA0 CaMOCTIIHOTO
BUBUYCHHIO MaTepiary Kypcy.

Jns maricTpaHTiB 1 acmipaHTIB YHIBEpCHTETIB, IO HABYAIOTHCSA 32
HampsiMamu ~ «EJIEKTpoHIKa 1  TeleKoMyHikamii»,  «HpOKOMyHIKaIiiHI
TEXHOJIOTII Ta CHUCTEMH 3B'I3Ky», <«EJEKTpOHIKa, paJiOTeXHiKa 1 CHCTEMH
3B'A3KYy», NIPH BUBUYCHHI METOJIB Ta 3ac00iB po3poOku eHeproeekTHBHUX 1
€Heproz0epiralouux CHUCTEM 1 Mepe 3B'A3KY, @ TAaKOX MOXe OyTH KOPUCHO
JUUISl BUKJIQIa4iB BiMOBITHUX KYPCiB.

bi61. — 80naiimenyBanb, pucyskis — 100,rabmumnp — 22.
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Abstract and content

ABSTRACT AND CONTENT

UDC 004: 504(045)

Green Telecommunication Technologies. Practical training.
[ Pashintsev V. P., Kalmykov I. A., Linets G. I., Zhuk A. P., Mezentseva O. S.,
Yakovlev S. V., Kuzminov Y. V. - Ed. Kharchenko V. S. and Mezentseva O.
S. — Kharkiv: National Aerospace University «kKhAl». — 2015. — 247 p.

ISBN

Practical part materials of training course «Green Telecommunication
Technologies» which was prepared for TEMPUS «Green Computing &
Communication» (530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR) masters
are posted.

This training course is about the methodology and development practice
of energy-saving and energy-efficient communication systems and networks
optimized by using methods of structural and parametric synthesis,
identification and control which ensure the reduction of energy consumption
for the transfer of a unit volume of traffic in modern network applications.
Concepts of common principles, methods, technology, design, development
and maintenance of energy efficiency and energy saving communication
systems and networks are viewed. Course study program, a description of
laboratory works, methodological support for self-study course materials are
presented.

This training course is intended for masters and post-graduate students of
«Infocommunication  Technologies and communication  systems»,
«Electronics, radio and communication systems». Also it can used in the study
of methods and tools for the development of energy efficiency and energy
saving systems and networks, and may be useful for teachers with training on
relevant courses.

Ref. — 80 items, figures — 100, tables - 22
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[TPUJIOXXEHUE A. YUEBHA ITPOI'PAMMA
DESCRIPTION OF THE MODULE

TITLE OF THE MODULE Code
MSc4. Technologies of Green Communication
MM3.5 Green telecommunication technologies
Teacher(s) Department
Coordinating: Prof. Pashintsev Vladimir Institute of

Others: Prof. Linets Gennady, Prof. Zhuk Aleksandr|Information
lecturer Mezentceva Oksana, lecturer Yakovlev Serg&gchnologies and
lecturer Kuzminov Yuri, lecturer Malsugenov Oleg | Telecommunication

Study cycle Level of the module Type of the module
Master A Full-time tuition
Form of delivery Duration Language(s)
Full-time tuition One semester Russian/English

Prerequisites

Prerequisites: Co-requisites (if necessary):

Mathematic analisys; discrete
mathematics; fundamentals of
network constructioand data
transmission systems; computer
systems and system analysis;
hardware and software of
telecommunication networks and
systems; technologies and protocols of
modern data networks
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Credits of the
module

Total student
workload

Contact hours

Individual work
hours

3

90

36

54

Aim of the module (course unit):

competences foreseen by the study programme

Acquisition of theoretical competencies and skills of design, developmen
maintenance of energy-efficient and energy-aware telecommunication
networks, the use of mathematical apparatus for modeling and optimizat
telecommunication infrastructure in accordance with modern green

technologies.

t and

on of

Learning outcomes of module Teaching/learning| Assessment
(course unit) methods methods

At the end of course, the successful | Interactive lecturegModule
student will be able to: Learning in Evaluation
1. Define the basic principles of laboratories, Questionnaire
telecommunication networks Just-in-Time
optimization through the usage of the | Teaching
following methods: structural, parametfic
synthesis, identification and control, ta
ensure the reduction of energy
consumption per unit information volume
transfer in modern network application.
2. Identify the optimization methods fainteractive lecturesModule
the performance and efficiency of the | Learning in Evaluation
modern telecommunication networks daboratories, Questionnaire|
systems. Just-in-Time

Teaching
3. Develop and create the modern Interactive lecturesModule
telecommunication networks based on Learning in Evaluation
energy-efficient and energy-saving laboratories, Questionnaire
technologies. Just-in-Time

Teaching

4. Be able to use infrastructure
optimization methods of the modern
telecommunication systems and netwa

Interactive lectures
Learning in
ikboratories,

Module
Evaluation
Questionnaire|
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in energy efficient telecommunication
systems and networks designing.

Just-in-Time
Teaching

5. Be able to assess the completenes
and effectiveness of the use of applied
green technologies in telecommunicati
networks.

sinteractive lectureg
Learning in

daboratories,
Just-in-Time

Teaching

Module
Evaluation
Questionnaire|

Contact work hours

Time and tasks
for individual

work

Themes

Consultation
Seminar

Laboratory wor
Individual work

Practiacl worl
Placement

Tasks

# [ Lecture:

1. Review of Green technologie
in telecommunications

1.1. Green technologies in
telecommunications general
concept and terminology.

1.2. Energy efficient technologies
in communication networks and
energy-saving technologies of
telecommunication nodes.

1.3 Analysis of the modern
telecommunication systems ang
networks standards as energy
saving and energy efficiency.
1.4. Review of existing Green
solutions in telecommunications
and features of their application

& | Total contact work

()]

2. Models, methods, 8
technologies and tools used in
telecommunications for
estimating themetrics of energy!
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saving and energy efficiency
2.1. Models and methods for
metrics estimating energy saving
and energy efficiency in
telecommunications.

2.2. Measuring and estimating
technologies of energy saving and
efficiency metrics in
telecommunications.

2.3. Evaluation aspects tools of
Green technologies.

3. Energy efficiency and energy|6 19 |16
saving increasing methods for
designing of telecommunication|
networks and systems

3.1. Algorithms and methods fo
optimization of the
telecommunications networks
topological infrastructure.

3.2. Optimization of transport
flows basis on the dynamic
routing protocols.

3.3. The topological infrastructure
optimization of the backbone
transport network based on the
load balancing between nodes.
3.4. Constructions technology of
energy efficient wireless data
links.

3.5. Energy efficiency improving
of the communication trunk
channels and telecommunication
networks active equipment.
3.6. Protocols optimization for the
management and transmission pf
proprietary information in
telecommunication networks.

24

Total 18 18 (36

54
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Assessment
strategy

Weight
in %

Dead|
ines

Assessment criteria

Lecture activity,
including
fulfilling special
self-tasks

10

7,14

85% — 100% Outstanding work, showi
a full grasp of all the questions answerg
70% — 84% Perfect or near perfect
answers to a high proportion of the
questions answered. There should be &
thorough understanding and appreciati
of the material.

60% — 69% A very good knowledge of
much of the important material, possibl
excellent in places, but with a limited
account of some significant topics.
50% — 59% There should be a good gr
of several important topics, but with onl
a limited understanding or ability in
places. There may be significant
omissions.

45% — 49% Students will show some
relevant knowledge of some of the issu
involved, but with a good grasp of only
minority of the material. Some topics m
be answered well, but others will be eit
omitted or incorrect.

40% — 44% There should be some wor|
of some merit. There may be a few top
answered partly or there may be scatte
or perfunctory knowledge across a larg
range.

20% — 39% There should be substantia
deficiencies, or no answers, across larg
parts of the topics set, but with a little
relevant and correct material in places.
0% — 19% Very little or nothing that is
correct and relevant.

ng
o

i

asp

es
a
ay
ner

Al

Learning in
laboratories

30

7,14

85% — 100% An outstanding piece of
work, superbly organised and presente
excellent achievement of the objectiveg
evidence of original thought.

70% — 84% Students will show a
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thorough understanding and appreciatipn
of the material, producing work without
significant error or omission. Objectives
achieved well. Excellent organisation ahd
presentation.

60% — 69% Students will show a clear
understanding of the issues involved and
the work should be well written and well
organised. Good work towards the
objectives.

The exercise should show evidence that
the student has thought about the topig
and has not simply reproduced standand
solutions or arguments.

50% — 59% The work should show
evidence that the student has a reasongable
understanding of the basic material. There
may be some signs of weakness, but
overall the grasp of the topic should be
sound. The presentation and organisation
should be reasonably clear, and the
objectives should at least be
partially achieved.

45% — 49% Students will show some
appreciation of the issues involved. The
exercise will indicate a basic
understanding of the topic, but will not
have gone beyond this, and there may
well be signs of confusion about more
complex material. There should be fair
work towards the laboratory work
objectives.

40% — 44% There should be some work
towards the laboratory work objectives,
but significant issues are likely to be
neglected, and there will be little or no
appreciation of the complexity of the
problem.

20% — 39% The work may contain somn
correct and relevant material, but most
issues are neglected or are covered

17

[¢)
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incorrectly. There should be some sign
of appreciation of the laboratory work
requirements.
0% — 19% Very little or nothing that is
correct and relevant and no real
appreciation of the laboratory work
requirements.

Module 60 8,16 | The score corresponds to the percentage
Evaluation of correct answers to the test questiong
Quest
Year No of | Place of printing.
Author of Title periodical| Printing house or
issue or volume| intrenet link
Compulsory literature

Linets G.I. 2014 | Methods of Stavropol, «Fabulap

structural and

parametric

synthesis,

identification and

management of

transport

telecommunication

networks for

maximum

performance
Linets G., 2011 | Efficiency, cost and St. Petersburg
Budko P., quality of Military Academy
Muhin A, information and of
Fomin L. telecommunication Telecommunication

systems.

Optimization

Methods
Pashintsev V., |2006 | The influence of the Moscow: Phismatli

Solchatov M.,
Gahov R.

ionosphere on the
characteristics of
space data
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transmission

systems
Linets I., 2014|Building Multi- pp. 41-45| «Information and
Fomin L., networks Based on Communication
Govorova S., Functional Technologies», Vol.
Medenets V. Transformations 12, No. 4. Samara:
Traffic Limited Company
«Airprint»
Matthew 2015|Energy-efficient  |Electronic |Electronic Notes in
Forshaw Checkpointing in  |Notes in [Theoretical
High-throughput [TheoreticalComputer Science
Cycle-stealing Computer
Distributed SystemgScience,
Volume
310,5
January
2015,
Pages 65-
906
Mitsuaki 2009 |Approaches to pp. 396- |FUJITSU Scl. Tech
Kakemizu, Akira Green Networks 403 J., Vol.45, No. 4.
Chugo
Aruna Prem 2012|Green Distributed [pp. 3219—Computer Network
Bianzino, Algorithm for 3232 Volume 56, Issue
Luca energy-efficient IP 14.
Chiaraviglio, backbone networks
Marco Mellia,
Jean-Louis
Rougier
Aruna Prem 2010|Energy-Aware pp. 1452-IEEE Globecom
Bianzino, Claud Routing: a Reality {1457 2010 Workshop on
Chaudet, Check Green
Federico Larroa Communication
Dario Rossi,
Jean-Louis
Rougier
Giuseppe Lami,|2013 | Derivation of Gree[Software |Publisher
Metrics for Softwargrocess

Luigi Buglione,

Springer Berlin
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Fabrizio Fabbrini

tand
Capability
Determinati
n
Communicg
ions in
Computer
and
Information
Science
Volume 349

24
13th
International
Conference
SPICE 2011
Bremen,
Germany,
June 4-6,
2013.

ImprovemellHeidererg

2013, pp 13-

Proceedings

fom/chapter/10.100
9%2F978-3-642-
8833-0 2

D

Mohammad Das
baz,

Colin Pattinson,
Babak Akhgar

2015

Green Information|Print Book

Publisher

Technology

Morgan Kaufmann

om/product.jsp?isb
=9780128016718&
agename=search

Additional literature

R. Bolla,
R. Bruschi,
F. Davoli,
A. Ranieri.

2009

Performance
constrained

power consumption
optimization in
distributed network
equipment

pp. 49-54

1-st Workshop on
Green
Communications,
GreenCom '09

http://link.springer.¢

http://store.elsevien.

T S

Bianzino, A.P.,
Chaudet, C.,
Rossi, D.,

2012

A Survey of Greern
Networking
Research

pp. 3-20

Communications
Surveys & Tutorialg
IEEE, Vol. 14, Issu
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Rougier, J. 1
Linets I., 2013 |Total load balancinpp. 266- | Collected papers of
Krivolapov R., algorithm based on270 XXXII All-Russian
Kovalev M., the specified load science-technical
Chaika S. factor of conference
communication «Problems of
channels transport efficiency and safe
networks of complex technic
and information
systems»
(Serpukhov 27 —28
June 2013) part 5. -
Serpukhov: Branch
of Military
Academy of the
Strategic Missile
Forces.
M. N. Jambli, |2007 | Cross-Layer Desigiechnical |http://www.cs.ncl.ag
A. Tully for Information report .uk/
Dissemination in |series. publications/trs/pape
Wireless Sensor  |University|rs/ 1011.pdf
Networks: State-of:of
the-Art and Newcastle
Research upon
Challenges. Tyne,
March,
2007.
T. Logenthiran, |2011 | Intelligent IEEE http://www.ncl.ac.u
D. Srinivasan Management of  [Ninth k/eee/research/pulli
Distributed Storagelnternationcation/196835
Elements in a Smaldl
Grid Conference
on Power
Electronic
and Drive
Systems
(PEDS). —
Singapore
2011.
pp. 855 —
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860.
M. Aliberti 2010 | Green networking |Proceedinfipttp://www.isti.cnr.i
and energy s, article n/
efficiency: the KNX2. KNX [research/publication
case. In: KNX associatiofs.php? year=2010
Scientific , 2010.
Conference 2010
(Pamplona, Spagna,
4-5 November
2010)
M. Aliberti 2011 |Green networking iConsumernPublisher:
home and building |[ElectronicHEEE
automation systems IEEE
through power statd ransactighttp://ieeexplore.iee
switching ns on e.org/xpl/articleDeta
(Volume:5jils.jsp?arnumber=59
7, lssue:|55178
2)
P. Barsocchi, |2014 | Smart buildings: afERCIM http://puma.isti.cnr.
A. Crivello, energy saving and|NEWS, voliy/
E. Ferro, control systemin |99 PP- 51 1rmydownload.php?fi
L. Fortunati, the CNR Researchigszu:pec'a lename=cnr.isti/cnrii
F. Mgvma, Area, Pisa Software sti/2014-A0-031/
G. Riolo quality. 25 2014-A0-031.pdf
years
Ercim:
challenges
fo ICTS.
Ercim,
2014.
Juk A, 2008 | The feasibility of |pp. 16-19./Information and
Cherniak Z., using ensembles of Communication
Sazonov V. orthogonal signals Technologies, Vol.

with variable
dimensions in the
CDMA system

6, No. 4, 2008.

Pashintsev V.,
Malofey O.,
Juk A.,

2010

Development of th
theory of synthesis
and methods of

D

Moscow. Phismatli
2010. — 196 pp.
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Samus M., formation of
Gaichuk D., ensembles of
Sazonov V. discrete signals for,
advanced radio
systems of different
wavebands
A.A. Orekhov, |2014 | Building energy- |All-UkraingiHarkiv: National
A.P. Plakhteev, efficient sensor  [Scientific  |University of
G.V. Skripkin networks conference| perospase "Harkiy
Integrated| iation Institute”
Computer
Technologie
sSin
machinery
IKTM-
2014"
Harkiv:
National
University
of
Aerospase
"Harkiv
Aviation
Institute”
Vol. 2. —pg
205
TELECOMMUN|2014 | ITU-T L.1340 Switzerland Genev
ICATION Series L: 2014
STANDARDIZA construction,
TION SECTOR installation and
OF ITU protection of cableg
and other elements
of outside plant.
Informative values
on the energy
efficiency of
telecommunication
equipment.
TELECOMMUN|2014 | ITU-T L.1500 Switzerland Genev
ICATION Series L: 2014
STANDARDIZA construction,
TION SECTOR installation and
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OF ITU

protection of cable
and other elementg
of outside plant.
Framework for
information and
communication
technologies and
adaptation to the
effects of climate
change.

TELECOMMUN
ICATION
STANDARDIZA
TION SECTOR
OF ITU

2011

ITU-T L.1400
Series L:
construction,
installation and
protection of cable
and other elements
of outside plant.
Overview and
general principles
methodologies for
assessing the
environmental
impact of
information and
communication
technologies.

"z

Switzerland Geney
2011

TELECOMMUN
ICATION
STANDARDIZA
TION SECTOR
OF ITU

2014

ITU-T L.1300
Series L:
construction,
installation and
protection of cable
and other elements
of outside plant.
Best practices for

green data centres|

12

Switzerland Geney
2014

TELECOMMUN
ICATION
STANDARDIZA
TION SECTOR
OF ITU

2014

ITU-T L.1310
Series L:
construction,
installation and

12

protection of cable

Switzerland Geney
2014
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and other elementg
of outside plant.
Energy efficiency
metrics and
measurement
methods for
telecommunication
equipment.

TELECOMMUN
ICATION
STANDARDIZA
TION SECTOR
OF ITU

2014

ITU-T L.1320
Series L:
construction,
installation and
protection of cable
and other elementg
of outside plant.
Energy efficiency
metrics and
measurement for
power and cooling
equipment for
telecommunications
and data centres.

"z

Switzerland Geney
2014

European
Telecommunica
ons Standards
Institute

2013

ETSITS 102 706
Environmental
Engineering (EE).
Measurement
method for energy
efficiency of
wireless access
network equipment.

European
Telecommunicatiorn
Standards

Institute, 2013

European
Telecommunica
ons Standards
Institute

2011

ETSI TS 203 215
Environmental
Engineering (EE);
Measurement
Methods and Limits
for Power
Consumption in
Broadband
TeIecommunicatioT

Networks

European
Telecommunicatior|
Standards Institute
2011
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Equipment

European
Telecommunica
ons Standards
Institute

2008

ETSITS 102 533
Environmental
Engineering (EE)
Measurement
Methods and limits
for Energy
Consumption in
Broadband
Telecommunication
Networks
Equipment

European
Telecommunicatiorn
Standards Institute
2008

European
Telecommunica
ons Standards
Institute

2012

ETSI EN 301 575
Environmental
Engineering (EE);
Measurement
method for energy
consumption of
Customer Premise
Equipment (CPE)

L)

European
Telecommunicatiorn
Standards Institute
2012

European
Telecommunica
ons Standards
Institute

2013

ETSI ES 203 184
Environmental
Engineering (EE);
Measurement
Methods for Power
Consumption in
Transport
Telecommunication
Networks
Equipment

European
Telecommunicatior
Standards Institute
2013

European
Telecommunical
ons Standards
Institute

2013

ETSI ES 203 136
Environmental
Engineering (EE);
Measurement
methods for energy
efficiency of router
and switch
equipment

European
Telecommunicatior
Standards Institute
2013
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European 2014 | ETSI ES 201 554 European
Telecommunicati Environmental Telecommunicatior|
ons Standards Engineering (EE); Standards Institute
Institute Measurement 2014

method for Energy
efficiency of Mobilg
Core network and
Radio Access
Control equipment

European 2009 |ETSI TR 105 174- European
Telecommunicati Access, Terminals Telecommunicatior
ons Standards Transmission and Standards Institute
Institute Multiplexing 2009

(ATTM);
Broadband
Deployment -
Energy Efficiency
and Key
Performance
Indicators.

IS
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HPUJIOXKEHHE b. METOAUYECKHE PEKOMEHIAIINN
110 CAMOCTOSTEJIBHOU PABOTE

IHosicHenusi K y4e0Hoii mporpamMmme

CaMmocTtosiTenlbHyI0  paboTy HaJI JAUCHUIUIMHOW  <«3ejieHble
TeXHOJOTHH B TeJeKOMMYHHKAIIAX> («GREEN
TELECOMMUNICATION TECHNOLOGIES» ) cneayer HauMHATE
C u3ydeHHUs y4eOHOH mporpamMMbl, KOTOpas TpPUBEICHA B JaHHOM
[Ipunoxenuun. Ita mporpaMma BKIIOUYAET CICTYIOIINE SJIEMEHTHIL.

O0beKT M3ydyeHUsI — DHEProdpQGeKTUBHBIE U  JHEPro-
cOeperaromue  TEICKOMMYHHKAIIMOHHBIE  CHUCTEMBI U CETH
ONTUMU3UPOBAHHBIC MOCPEJICTBOM  KCIIOJIB30BaHUS  METOJIOB
CTPYKTYpHOTO ¥ TapaMEeTPUUYECKOr0 CHHTE3a, WACHTH()HUKAIUN H
KOHTPOJISI, 00ECIICUNBAIOINE CHIDKCHUE 3aTpaT SHEPTruu Ha Tepenady
SIMHUIBI 00beMa TpauKa B COBPEMEHHBIX CETEBBIX MPIIIOKCHUSX.

IIpeamer u3yueHuss — KOHIICTIITUK, OOIUE PUHIIHAITBI, METOIHI,
TEXHOJOTHMH  TPOCKTUPOBaHUS, pa3pabOTKM U OOCITy)KUBaHUS
9HEProdhHEKTUBHBIX W YHEPTOCOEPETAIONINX TEICKOMMYHHKAITMOHHBIX
CHCTEM M ceTeil, MaTeMaTHYeCKHi ammapar Ui MOJCIHPOBAHHS H
ONTUMU3AIUN  TEICKOMMYHHKAIIMOHHOW  WH(PACTPYKTypel B
COOTBETCTBHHU C COBPEMEHHBIMH SKOJIOTMUECKUMU TEXHOIOT HSIMH.

TpeGoBaHusl K MCXOAHBIM 3HAHUSM M HABBIKAM, KOTOpbIE
He00X0AMMO MMETh Mepe] HAYAJI0OM U3YYeHUs

— 0a30BbIC 3HAHMS B 00JACTH COBPEMEHHBIX MH()OPMAIIMOHHBIX
TEXHOJIOTHH ¥ TeJIEKOMMYHUKAIIMOHHBIX CICTEM H CETCH,

— TIPUHIIMIIE ¥ METOJIBI CHCTEMHOT'O aHAJN3a,

— MaTeMaTHYCCKHUM aHaJIN3,

— NUCKPETHAs MaTeMaTHKa,

— OCHOBBI IOCTPOCHHMSI CETCH M CUCTEMBI ITepeaadr JaHHBIX,

— amnmapaTHOE ¥ IPOTPaMMHOE OOECIICUCHHE CETEH U CUCTEM;

— TEXHOJIOTMM W IPOTOKOJBl COBPEMEHHBIX CETECH Iepeaadn
JIaHHBIX.
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Heab0 u3ydyeHHs] JAMCUMILNIMHBI SIBISCTCS NPHOOpETeHHE
CTy[JCHTAaMH TEOPETHYECKUX 3HAHWH W HaBBIKOB IPOCKTHPOBAHUS,
pa3paboTku u 00CITy>KUBaHUS 3HEpPro3(hHeKTUBHBIX u
SHEeprocOeperanux TeIeKOMMYHHKALMOHHBIX CETel, UCIOIb30BaHUE
MaTEeMaTHYECKOTo ammapara Juil MOJCIUPOBAHHMS M ONTHMHU3ALUH
TEJICKOMMYHHUKAIIHOHHONH ~ MHQPAaCTPYKTYpbl B  COOTBETCTBHU C
COBPEMEHHBIMH 3KOJIOTHIECKUMH TEXHOJIOTUSAMH.

B pe3yabTarte ee usyueHus o0yuaemMble J0JKHbI HAYYUTHCS:

— MpPOBOAMTH  aHAIW3  I[oJlydaeMoi  WHPOpMamuu |
CHUHTE3UPOBATh HA OCHOBE 3TOT0 Kaue€CTBEHHO HOBYIO HH(POPMALHUIO;

— MpaBWILHO (POPMYIHPOBATH, YETKO U SICHO 3a]]aBaTh BOIIPOCHI
U COOTBETCTBEHHO YMETh TIPaMOTHO OTB€YaThb Ha IIOCTABICHHBIE
BOTIPOCHI;

— MBICIIUTh KPEATUBHO W KPUTUYECKHY;

— IpealpUHHMATh HCCIEN0BATEIbCKUE NEHCTBHA M OLICHUBATH
[OJly4aeMble  pe3ylbTaThl C HCIOJB30BAaHUEM KAdEeCTBEHHBIX U
KOJIMUYECTBEHHBIX MTOKa3aTeNew;

— (¢GopMynHpOBaTh  BO3MOXHBIC  TPAKTHUECKHE  pPEHICHUS
npobaeMbl, 3Q(HEKTHBHO MCIIONB30BaTh BPEeMs U JOCTYITHBIE PECYpPCHI
JUTSL TOCTYKEHWSI LIEeH JUCTIUTIINHEI;

— JE€MOHCTPHUpOBATH THOKOCTB, aTanTUPYEeMOCTh u
VHUIMATHBY, YMCHHE BBIPAKATh CBOC MHCHHE,

— COBEpUICHCTBOBATh W Pa3BUBATh CBOW WHTEIUICKTYAIbHBIN U
OOIIEeKYyIbTYPHBII YPOBEHB;

— pealu3oBBIBATH  CHOCOOHOCTH K  CaMOCTOSITEIHbHOMY
00y4eHHI0 HOBBIM METOJIaM HCCIIEOBaHUS, K U3MEHEHUIO HAYYHOTO U
HAYYHO-TIPOM3BOJCTBEHHOTO MpoQumiisi cBoe mpodecCHOHAILHOM
JEeSTENBHOCTY;

— MPUMEHATh I[EPCIEKTHBHbIE METOABl HCCIEJOBAHUS U
pemieHnss TpoQecCHOHANBHBIX 3a/a4 Ha OCHOBE 3HAHHUS MHPOBBIX
TEHACHIUN Pa3BUTHA TEIEKOMMYHHUKAIIMOHHBIX CETEH U CUCTEM,;

— BBHIOMpaTh  METOIBI W  pa3padarbiBaTh  aNTOPUTMBI
9HEepro3()(peKTUBHOTO YNpaBICHUS TEICKOMMYHHKAIIMOHHBIMU CETAMHU
Y CUCTEeMaMH.
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BcaeacTBue N3YYCHUSA TUCHUIIVIMHBI MaruCTpbl 00s13aHBI:

1) meopemuueckuii Komnonenm:

— momyuuTh 0a30Bble TMpeiacTaBicHus O cdepe mpodiem,
CBSI3aHHBIX C BOIIPOCAMH B OOJIACTH MOCTPOCHUS SHEPT03(PPEKTUBHBIX
TEIEKOM-MYHHKAITMOHHBIX CETEH U CUCTEM;

— HMETh NPEICTABICHUE O MPUHIINIIAX UCITOIH30BAHUS METOIOB
CTPYKTYPHOI'O M MapaMeTPUYECKOr0 CHHTE3a, HWACHTH(HUKAIUNH |
KOHTPOJIA [Isl ONTHMHU3AIMKM TEIEKOMMYHUKAIIMOHHBIX CHUCTEM U
ceTew,

— HMETh TIPEACTABJICHHE 0 MeToaax OIITHMU3AIAHN
MIPOU3BOAUTEIEHOCTH U 3 dexTrBHOCTH COBPEMEHHBIX
TENIEKOMMYHUKAIIMOHHBIX CETEH U CUCTEM;

2) nosnasamenbHblil KOMROHEHM.
— 3HaTh (YHIAMCHTAIBHEIC TIOJOXKEHHUS B OOJIACTH <GEIICHBIX»
TEXHOJIOTHH;

— 3HaTh OCHOBHBIC TIPUHIHITBI OTNITUMHU3AITUH
TENEKOMMYHHMKAIIMOHHBIX ~ CETeH  MOCPEICTBOM  HCIOJL30BAHUS
METO/IOB CTPYKTYpHOTO u napaMeTprUIecKoro CUHTE3a,

WACHTU(QHUKAIMY M KOHTPOJIS, JJIsi OOeCHeueHHs CHIDKCHHsS 3aTpaT
SHEPrUM Ha Mepenavyy eIuHUIBl 00beMa HHPOPMAIM B COBPEMEHHBIX
CETEBbIX MPUIOKEHHUSIX;

— 3HaTh METOJbl ONTHMHU3AIMH TPOU3BOJUTEILHOCTH U
3pGEeKTHBHOCTH  (QPYHKIIMOHHPOBAHWS  COBPEMEHHBIX  TEJEKOM-
MYHHKAIIMOHHBIX CETECH U CUCTEM;

3) npaxkmuueckuii KOMROHEHM.

— yMeTh UCIIOJIb30BaTh METO/IbI ONITUMU3AITUH
HHPPACTPYKTYPHl COBPEMEHHBIX TEICKOMMYHHKAIIMOHHBIX CHUCTEM U
CeTell MpH CO3MaHUU SHEPrO3(PPEKTUBHBIX TEICKOMMYHHKAIIMOHHBIX
CHCTEM M CETEH;

— YMETbh OIICHUBAThH MOTHOTY U 3P (PEKTHBHOCTH HCTIOIH30BAHHUS
MPUKIIAJHBIX 3KOJOTMYECKAX TEXHOJIOTUH B TEIEKOMMYHHUKAIIMOHHBIX
CeTsX.
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Cmpykmypa u cooepoicarue mooyneti. JINCIIMIUINHA BKIIOYACT TPU
MOJTYJISL:

MOJIYJb 1. OB30P OKOJOTMYECKHX TEXHOJIOT U B
TEJEKOMMYHUKAIIUAX

Jexkuuu

TEMA 1. OGmiast KOHIEIIUS U TSPMHHOJIOTHS SKOJIOTHICCKUX
TEXHOJIOTHH B TEJIEKOMMYHHKAIHX.

TEMA 2. Dueproad¢eKkTHBHbIE TEXHOJOTM B CETSIX CBA3M M
sHeprocOeperanme TEXHOIOIHU TeJIEKOMMYHHKAIIMOHHBIX Y3JI0B.

TEMA 3. AHanu3 CTaHZapTOB  COBPEMEHHBIX  TEIICKOM-
MYHUKAaIlHOHHBIX CHCTEM MW CeTed ¢ TO3HLUMi oOecredeHus
sHEeprocOepexeHus 1 SHeProdHEeKTHUBHOCTH.

TEMA 4. O630p CyIIECTBYIOMINUX AKOJIOTHYECKUX PEIICHUH B
TEJIEKOMMYHHUKAIUAX U OCOOCHHOCTH UX MMPUMEHEHHSL.

MOAYJIb 2. MOJAEJIU, METO/Ibl, TEXHOJIOI'MU U
HMHCTPYMEHTAJIBHBIE CPEJCTBA, UCIIOJIB3YEMBIE B
TEJEKOMMYHUKANUAX 111 ONEHUBAHUSA
IMAPAMETPOB SHEPI'OCBEPEKEHUS 1
SHEPI'OO®P®EKTUBHOCTHU

Jexkuuu

TEMA 1. Mopenu © MeETOIbl OICHUBAHHUS IapaMeTPOB
sHeprocOepeskeHus 1 SHeProdHHEKTUBHOCTH B TEICKOMMYHHUKAIIHSX.

TEMA 2. TexHooruy W3MEpPEHHsS M OLICHUBAaHHUS IMapaMeTpPOB
sHEeprocOepekeHus: 1 SHEPro3HHEKTUBHOCTH B TEICKOMMYHHUKALIHSX.

TEMA 3. UncTpyMeHTanbHbIe CPEACTBA OLCHUBAHHS ACIICKTOB
9KOJIOTHYECKUX TEXHOJIOTHH.

JlaGopaTopHbIe padoThI

JladopaTopHasi pa6ora Ne 1. HccaenoBanue IHEPro-
3(peKTHBHOCTH anmapaTHBLIX CcpeacTB ¢ pexumom Energy
Efficient Ethernet (2 gaca).
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Lenv pabomui: IprOOpETEHE HABBIKOB BBITOJHEHUS OTEpaIiid
HACTPOMKHM W YNPaBIEHHS KOMMYTHPYEMOU CEThIO C HCIIOJIb30BAHHUEM
texHonoruu Energy Efficient Ethernet.

JlaGopaTopHasi padora Ne 2. McciienoBanue 3HepronoTpedieHust
3JIeMEHTOB OeCNpPOBOAHBLIX CHCTEM CBSI3M B 3aBHCHMOCTH OT
WHTEHCUBHOCTH TpaduKa U CTPYKTYPHI ceTH (4 yaca).

Llenv  pabomwei: lenplo sBiIsETCS MONYYEHHWE HABBIKOB
WICCIIETIOBAHNSA YHEPrONOTPEOICHHS 3JIEMEHTOB OECIIPOBOIHBIX CHCTEM
CBSI3U.

JlaGopaTopHas padora Ne 3. HcciieqoBaHue 3HepreTu4eckoii
3¢ pekTBHOCTH CHCTEMBI CBSI3H c HCIO0JIb30BAHHEM
MOMeX0yCTOIYHBOro KoqupoBanus (2 yaca).

Lenv pabomoi. npuoOpeTeHne HABBIKOB UCCIIEOBAHUS BIMSHUS
MapaMeTpoB MTOMEXOYCTONYMBBIX KOJIOB Ha MOBBILIEHNE
SHEPreTHYECKOM 3)(HEKTUBHOCTH CUCTEM CBS3H.

MOAYJIb 3. METOAbIITIOBBIINEHUS
SHEPI'O®@®EKTUBHOCTU U DQHEPI'OCBEPEXKEHNU A,
HUCIIOJIB3YEMBIE ITPU IPOEKTUPOBAHUU
TEJEKOMMYHUKAIIMOHHBIX CETE 1 CUCTEM

Jexkuuu

TEMA 1. ATTOPUTMBI B METOIBI ONITUMHU3AIIIH TOITOJIOTMICCKON
UHPPACTPYKTYPHI TEIIEKOMMYHUKAIIHNOHHBIX CETEH.

TEMA 2. Onrtumusauusi TPaHCIOPTHBIX IOTOKOB Ha OCHOBE
[IPOTOKOJIOB JMHAMHUUYECKON MapIIpyTH3aLUH.

TEMA 3. Onrumuszanus TOINOJOTHYECKOH HH(PPACTPYKTYPBI
OMIOPHOH TPAHCIIOPTHON CETH Ha OCHOBE OAJIAHCHUPOBKHM HArpy3KH
MEXY y3JIaMu.

TEMA 4. TexHonorum TMOCTPOCHUS  3HEProdhPEeKTUBHBIX
0ecIpOBOJHBIX KaHAJIOB Nepeadn JaHHBIX.

TEMA 5. IloBbimenne 3Hepro3h(HeKTUBHOCTH MaruCTpaibHBIX
KaHaJIOB CBSI3U U aKTUBHOTO O0OPYAOBaHMS TEIEKOMMYHHUKALMOHHBIX
CEeTEH.

TEMA 6. Ontumusanusi MPOTOKOJIOB YHPABJICHUS U Tepenadu
ciyke0HOM nH(OpMaLUK B TEJIEKOMMYHHUKAIIHOHHBIX CETSIX.
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JlaGopaTopHbIe padoThI

JlabopaTopHasi padora Ne 4., HccaenoBanue JHEPro-
3(¢¢eKTHBHOrO ynpapJjieHHus TPA(PUKOM B CeTAX ¢ AUHAMHYECKOM
MapmpyTu3anueii (2 yaca).

Lens pabomul. mproOpeTeHNE HABBIKOB BBITIONHEHHS OMEPALIit
yIpaBeHUs paclpeleiICHHbBIMA ceTsaMU Ha Oa3e mportokoiga OSPFc
UCTIONB30BaHUEM  OHEProd(EeKTUBHOTO  M3MEHEHHS  BECOBBIX
K03()PUITMECHTOB KaHAJIOB CBSI3H.

JladopaTopHasi padota Ne 5. UcciienoBaHue dHepreTudecKoi
3(PeKTHBHOCTH CHCTEM CBSI3H € PA3JHYHBIMH BHAAMH MOTYJISIIHA
(2 yaca).

Llenv  pabomsi: TpUOOpPETEHHWE  HABHIKOB  HCCIEAOBAaHUS
SHEPreTHUECKONH 3(PPEKTUBHOCTH CHCTEM CBSI3M NPU KOTEPEHTHOM H
HEKOT€PEHTHOM TpUEME JIUCKPETHBIX CUTHAJIOB C Pa3IMYHBIMUA BHIAMU
MOJYJISIIUN Ha (OHE aJJTUTUBHOTO OEJIOro IrayCcCOBCKOTO IIyMa.

JladopaTopHas padora Ne 6. UcciienoBaHue 3HepreTH4eCKoi
3()(peKTHBHOCTH CHCTEM CBSI3M B YCJIOBHSX 3aMupanuii (24aca).

Llenv  pabomsi: TpUOOpPETEHHWE  HABHIKOB  HCCIEAOBAaHUS
SHEPTreTHUECKONH I(PPEKTHBHOCTH CHCTEM CBSI3H TPU KOTEPEHTHOM H
HEKOT€PEHTHOM TpUEME JTUCKPETHBIX CUTHAJIOB C Pa3IMYHBIMUA BHIAMU
MOAYJIAIIMM B KaHAJlE C 3aMHpPAHUSIMH W aJJUTHBHBIM OEIbIM
rayCCOBCKHUM IITyMOM.

JlabopaTopHas padora Ne 7. HcciienoBanue 3aBHCHMOCTH
3Hepro3gpeKTUBHOCTH MOOMWJIBbHBIX cTaHUuMi cereil
0ecnmpoBOHOI0 AOCTYNA OT W3MEHEHHSl XAPaAKTePUCTHK MMOTOKa
AaHHbIX (2 yaca).

Llenv  pabomwi: TPUOOpPETEHUE HABBIKOB OLIEHKH SHEPro-
3¢ GEKTUBHOCTH MOOMIBHBIX CTaHLUH ceTel OeCIIpOBOJHOTO A0OCTYIA B
3aBHCHMOCTH OT U3MEHEHHs XapaKTePUCTHK OOCITYyKHBAa€MOTO MOTOKA
JTAaHHBIX.

JlabopaTopHas padora Ne 8. HcciienoBanne 3aBHCHMOCTH
CNeKTPAJbHOH I(P(PeKTHUBHOCTH CHUCTEM MOJABUXKHOM PaaUOCBAZM
0T MapaMeTPoB coThI (2 yaca).

Llenv pabomwi. npruoOpeTeHne HABBIKOB OLIEHKH CIIEKTPaIbHOM
3)GEKTUBHOCTH CHCTEM IOJIBUKHOW PaTUOCBSA3U OT HCIIOIB3yEMBIX
XapaKTEePHUCTHK COT.
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MeTtoabl OLIEHKH

Ok3amen (100 %).
ITo okoHuyaHuH Kypca mpoBoaUTCS 90-MHUHYTHBIH SK3aMEH.

Omuemnocms no ()ucuunﬂuﬂe BKJIIOYA€T OTYETBHI IIO KaXIOMY
BUAY HPAKTUYCCKOI'O 3aHATHA, a TAKXKE OK3aMCH, KOTOpBIﬁ BKJIIO4YacT
TUIIOBBIC BOIIPOCHI U 3aJa4U.

IloaroroBka K 3aHATHAM U IK3aMEHY

[Ipu moAroToBKE K JIaOOPATOPHBIM 3aHATHIM CIEAYeT OOpaTHThH
BHHMaHHE Ha YsACHEHHE Lesieil 1 3a1ad (y4eOHbIX WIIH TCOPETUUCCKHX,
MPAKTUYECKUX U MCCIICAOBATEIbCKHUX) M 3HAHHUMA, KOTOPBIC HYXKHBI JIJIs
X BbmoiHeHus. [lpu BeIMONHEHWH pa3pabOTOK W UCCIEAOBaHUI
HEOOXOJIMMO CTPOTO PYKOBOJCTBOBATHCS ONHCAHWEM M IIOTBITATHCS
HAWTH OTBETHI Ha BOMPOCHI, MPUBEACHHBIC B KOHIIE Ka)XIOW pabOTHI.
Oco0oe BHUMaHWE CICAYET YACTUTh (HOPMYIUPOBKE BEIBOJOB IIO
pesyibpTaTaM  HccIeoBaHWK Tmpu  opopmiieHmm  oTdera. Ilpwm
CaMOCTOSTEIHFHON TIONTOTOBKE K JabOpaTopHBIM paboTaM BaKHO
MPaBUIBLHO CIUIAHUPOBaTh KaK CBOIO HMHIUBUAYAIBHYIO, TaK |
KOJUICKTUBHYIO paboTy, OpraHM30BaTh OTOOP W aHAIU3 HEOOXOIUMOMN
JUTEpPATypHl, MOATOTOBKY K OTBETaM Ha BOIPOCHI, MPUBEACHHBIE B
KaXKIOM pasiede.

Cnenyer oOpaTuTh BHUMAaHHE Ha BOIIPOCHI, BBIHECCHHBIC Ha
CaMOCTOSITEIbHOE H3Y4YeHHE, KOTOpPbIE NPUBOASTCA B IMPOrpaMMe H
YTOYHSIOTCS TPEIO0/IaBaTENEM.
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[IPUJIOXEHUWE B. YACJIEHHBIE PACUETHI 3HAUEHUI
OOPMVIJIBI OPJIAHT'A

Tabmmma B.1. BeposTHOCTH TOTEph HA MTOJTHOAOCTYITHOM ITYYKE

Y, Opn

N Ps

1.0%|1.2%(1.5%(2% [3% |5% | 7% | 10945%20% 30%940%50%
1 (.0101.0121.0152.0204.0309.0526.0753.111(.176|.250/.429.667|1.00
2 |.153|.168| .190 .223 .282 .381 .4f/0 .5996/1.001.452.002.73
3 |.455]| .489| .535 .602 .715 .899 1.06 11260/1.932.63|3.484.59
4 1.868|.922| .992 1.09 1.26 1.52 1.f5 22050/2.953.39/5.02/6.50
511.36|1.43| 1.52 1.66 1.88 2.22 2.50 23854.01/5.196.608.44
6 [1.91|2.00| 2.1 2.28 2.54 2.96 3.30 34/645.116.51/8.1910.4
7 1250 2.60| 2.74 2.94 3.25 3.74 4.4 4%5%6/6.237.86/9.8012.4
8 |3.13|3.25| 3.40 3.63 3.99 4.54 5.00 56680/7.37|9.21{11.414.3
9 (3.78|3.92| 4.09 4.34 4.75 5.37 5.88 67/555/8.5210.6(13.016.3
10/4.46 | 4.61| 4.81] 5.08 5.53 6.22 6.Y8 7&£629.6812.014.7/18.3
115.16 | 5.32| 5.54 5.84 6.33 7.08 7.9 §916910.913.316.3/20.3
12/5.88 | 6.05| 6.29 6.61 7.14 7.95 8.61 9M¥812.014.7/18.0[22.2
13/6.61 | 6.80| 7.05 7.40 7.97 8.83 9.54 105K913.2/16.1/19.6(24.2
14{7.35|7.56| 7.82 8.20 8.80 9.73 10.5 113%0/14.4/17.5/21.2/26.2
15(8.11 | 8.33| 8.61 9.01 9.6 10/6 11.4 1241/15.6/18.922.928.2
16/8.88 |9.11| 9.41] 9.83 10.5 115 12.4 13%216.820.324.530.2
17/9.65|9.89| 10.2 10.7 11.4 12|5 13.4 146318.021.7|26.2/32.2
18/10.4 | 10.7| 11.0 11.% 12.2 13|4 14.3 1%54/19.223.1/27.8/34.2
19(11.2 |11.5| 11.8 12.3 13.1 14|3 15.3 1685/20.4/24.529.5/36.2
2012.0 | 12.3| 12.7| 13.2 14.0 15/2 16.3 11%6/21.6/25.931.2/38.2
21]12.8 | 13.1| 13.5 14.0 14.p 16|12 17.3 18(r822.827.332.840.2
22/13.7 | 14.0| 14.3 14.9 15.8B 17|1 18.2 1917924.1/28.7|34.542.1
2314.5|14.8| 15.2 15.8 16.f 18|1 19.2 2@3025.330.1/36.1/44.1
24/15.3 |15.6| 16.00 16.6 17.p 19|/0 20.2 2248226.531.637.846.1
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Y, Opn

Ps

1.0%

1.2%

1.5%

2%

3%

5%| 7%

104

/4.5%

20%

30%

40%

50%

25

16.1

16.5

16.9

17.5

18.5

20.021.2

22.8

25.3

27.7

33.0

39.4

48.1

26

17.0

17.3

17.8

18.4

19.4

20.922.2

23.9

26.4

28.9

34.4

41.1

50.1

27

17.8

18.2

18.6

19.3

20.3

21.923.2

24.9

27.6

30.2

35.8

42.8

52.1

28

18.4

19.0

195

20.2

21.2

22.924.2

26.0

28.7

31.4

37.2

44.4

54.1

29

19.5

19.9

20.4

21.Q

22.1

23.825.2

27.1

29.9

32.6

38.6

46.1

56.1

30

20.3

20.7

21.2

21.9

23.1

24.826.2

28.1

31.0

33.8

40.0

47.7

58.1

31

21.2

21.6

22.1

22.8

24.0

25.827.2

29.2

32.1

35.1

41.5

49.4

60.1

32

22.0

22.5

23.0

23.7

24.9

26.728.2

30.2

33.3

36.3

42.9

51.1

62.1

33

22.9

23.3

23.9

24.4

25.8

27.729.3

31.3

34.4

37.5

44.3

52.7

64.1

34

23.8

24.2

24.8

25.5

26.8

28.7130.3

32,4

35.6

38.8

45.7

54.4

66.1

35

24.6

25.1

25.6

26.4

27.7

29.731,3

33.4

36.7]

40.0

47.1

56.0

68.1

36

25.5

26.0

26.5

27.3

28.9

30.732.3

34.5

37.9

41.2

48.6

57.7

70.1

37

26.4

26.8

27.4

28.3

29.6

31.633.3

35.6

39.0

42 .4

50.0

59.4

72.1

38

27.3

27.7

28.3

29.2

30.5

32.634.4

36.6

40.2

43.7

51.4

61.0

74.1

39

28.1

28.6

29.2

30.1

31.5

33.635.4

37.7

41.3

44.9

52.8

62.7

76.1

40

29.0

29.5

30.1

31.0

324

34.636.4

38.8

42.5

46.1

54.2

64.4

78.1

41

29.9

30.4

31.0

31.9

33.4

35.637.4

39.9

43.6

47 .4

55.7

66.0

80.1

42

30.8

31.3

31.9

32.8

34.3

36.638.4

40.9

44.8

48.6

57.1

67.7

82.1

43

31.7

32.2

32.8

33.9

35.3

37.639.5

42.0

45.9

49.9

58.5

69.3

84.1

44

32.5

33.1

33.7

34.7

36.2

38.640.5

43.1]

47.1

51.1

59.9

71.0

86.1

45

33.4

34.0

34.6

35.4

37.2

39.641.5

44.2

48.2

52.3

61.3

72.7

88.1

46

34.3

34.9

35.6

36.5

38.1

40.942.4

45.2

49.4

53.6

62.8

74.3

90.1

47

35.2

35.8

36.5

37.9

39.1

41.543.6

46.3

50.6

54.8

64.2

76.0

92.1

48

36.1

36.7

37.4

38.4

40.0

42.544.6

47 .4

51.7

56.0

65.6

77.7

94.1

49

37.0

37.6

38.3

39.3

41.0

43.945.7

48.5

52.9

57.3

67.0

79.3

96.1

50

37.9

38.5

39.2

40.3

41.9

44.546.7

49.6

54.0

58.5

68.5

81.0

98.1

51

38.8

39.4

40.1

41.2

42 .9

45.547.7

50.6|

55.2

59.7

69.9

82.7

100.1

52

39.7

40.3

41.0

421

43.9

46.948.8

51.7

66.3

61.0

71.3

84.3

102.1

53

40.6

41.2

42.0

43.1

44.8

47.549.8

52.8

57.5

62.2

72.7

86.0

104.1
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Y, Opn

Ps

1.0%

1.2%

1.5%

2%

3%

5%

7%

104

/4.5%

20%

30%

40%

50%

54

41.5

42.1

42.9

44.9

45.8

48.9

50.8

53.9

58.7

63.5

74.2

87.6

106.1

55

42.4

43.0

43.8

449

46.7

49.9

51.9

55.0

59.8

64.7

75.6

89.3

108.1

56

43.3

43.9

44.7

45.9

47.7

50.4

52.9

56.1

61.0

65.9

77.0

91.0

110.1

57|

44.2

44.8

45.7

46.8

48.7

51.9

53.9

57.1

62.1

67.2

78.4

92.6

112.1

58

45.1

45.8

46.6

47.8

49.6

52.6

55.0

58.2

63.3

68.4

79.8

94.3

114.1

59

46.0

46.7

47.5

48.7

50.6

53.4

56.0

59.3

64.5

69.7

81.3

96.0

116.1

60

46.9

47.6

48.4

49.6

51.6

54.6

57.1

60.4

65.6

70.9

82.7

97.6

118.1

61

47.9

48.5

49.4

50.6

52.5

55.6

58.1

61.8

66.8

72.1

84.1

99.3

120.1

62

48.8

49.4

50.3

51.9

53.5

56.4

59.1

62.6

68.0

73.4

85.5

101.0

122.1

63

49.7

50.4

51.2

52.5

54.5

57.9

60.2

63.7

69.1

74.6

87.0

102.4

124.1

64

50.6

51.3

52.2

53.4

55.4

58.6

61.2

64.8

70.3

75.9

88.4

104.3

126.1

65

51.5

52.2

53.1

54.4

56.4

59.4

62.3

65.8

71.4

77.1

89.8

106.0

128.1

66

52.4

53.1

54.0

55.3

57.4

60.4

63.3

66.9

72.9

78.3

91.2

107.6

130.1

67

53.4

54.1

55.0

56.3

58.4
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