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IIpenucnoBue

INPEANC/IOBHUE

JanHoe mocobue sBISETCA YaCThIO Yy4eOHO-METOAUYECKOro
obecrieueHust Kypca «HccnenoBanue u pa3paboTka
sHeprodeKTUBHEIX  OecrpoBogHbIXx  cereii»  (Research  and
Development for Green Wireless Networks), moaroToBieHHOTO st
aciupanToB B pamkax npoekta TEMPUS-GREENCO «Green
Computing & Communications» (530270-TEMPUS-1-2012-1-UK-
TEMPUS-JPCR), u cyXuT JOTTOTHEHUEM K JIEKITHOHHOMY MaTepHaly,
U3JI0KEHHOMY B [1, 2].

IToctpoenne  3HEProd(pPeKTUBHBIX  KOMIBIOTEPHBIX  CHCTEM
OpeAronaraeT HaxOoXKICHHE KOMIIPOMHCCa MEXKAY MOTpeOnmseMon
MOIIIHOCTHIO, MPOU3BOJUTEIEHOCTHIO (OvIcTpOnEiiCTBHEM) u
HAJASKHOCThIO. YKa3aHHasl TpHUaJa XapaKTEPUCTHK SBISETCS OCHOBOU
i (HOpMYNHPOBAHUS M PEIICHHUS] OAHO- WJIM MHOIOKPHUTEPUATBbHBIX
OINTUMM3ALMOHHBIX 3a/a4.

BecipoBomHbIE ~ KOMIBIOTEPHBIE ~ CETH  PACLIMPSIOT U
JOETATU3UPYIOT CHEKTP XapaKTEPUCTHK, HCIOIb3YEMBIX B 3a7adax
PalrOHATIBHOIO UCIIOIB30BAHUS 3JIEKTPOIHEPTUH (CM. puc. 1).

Bo-mepBpIX, B [ONMOJNHEHHWE K MOTPEOIsIEMOH  MOIIHOCTH
BO3HHMKAET HEOOXOOMMOCTb YYHUTBHIBATE W H3IY4aeMYI0 MOIIHOCTb,
KoTopasi mpuoOperaer pgaxe Oojee BakKHOE 3HAYCHUE H3-32
MOTEHLHUATBHOIO HEraTUBHOIO BIMSHHUA Ha 370pOBbE UEIOBEKa U
COCTOSIHHE ouocdepsl. OJIeKTpOMarHuTHOE 3arpsa3HeHue
AQHTPOIIOTEHHOTO  MPOMCXOXKIEHHUSA, K  KOTOPBIM  OTHOCSTCS
pazuousaydyeHHe TOYEK HOCTylla M MOOWIBHBIX YCTPOWCTB, — 3TO
COBOKYITHOCTb 3JICKTPOMArHUTHBIX IIOJIEH, Pa3HOOOpasHBIX 4YacToT,
HETaTHBHO BIMSIOIIMX Ha 4YenoBeka. Hekoropele wuccnenosarenu
Ha3bIBAIOT 3JIEKTPOMArHUTHBIN CMOT, BO3HMKILIHUH u
chopmupoBaBmmiics 3a mocnenaue 60-70 yer, OgHUM W3 CaMBIX
MOIIIHBIX TATOTEHHBIX (PaKTOPOB.

Bo-BTOpBIX, OHOM U3 BaXKHEHILINX XapaKTEPUCTHK OECIIPOBOIHBIX
CHCTEM CBSI3H SIBJISIETCS JaJbHOCTh UX IEHCTBUS, KOTOpasl 3aBUCHUT OT
MOIIHOCTH  IIE€PEAAaBaEMOr0  CUTHAja, YacTOTHOIO  JHama3oHa,
YYBCTBHUTEJIFHOCTH IIPUEMHHUKA U €r0 CIOCOOHOCTH 110 PACIO3HABAHHIO
Y MCIIPABJICHUIO BOSHUKAIOLIUX OIIHOOK.
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B-TpeTbux, CBOWCTBO HAISKHOCTH (QYHKIMOHUPOBAHUS ISt
OCCIPOBOZIHBIX ~CETel KOHKPETH3UPYETCS B BHJEC CIOCOOHOCTU
Oe3ommbOouHO  mepemaun  WHGOPMAIMM W YCTOWYMBOCTH K
JJICKTPOMATHUTHBIM ~ TIOMeXaM. B KauecTBe  KOJHUYECTBEHHOTO
MOKa3aTeNsl HaIeKHOCTH s OecripoBogHBIX cerelr Wi-Fi Hambomnee
YacTO HWCHOJIB3yeTcs 4YacToTa (BEpOSTHOCTh) OWTOBOW ommoOku (Bit
Error Rate), koTopas 3aBHCHUT HE TOJNBKO OT CXEMOTECXHHUYECKUX
OCOOCHHOCTE CHCTEMBI CBSI3M M YPOBHS JJIGKTPOMATHUTHBIX MOMEX,
HO W OT XapaKTePUCTUK HCIONB3YEMBIX CPEICTB OOHAPYKCHHS W
UCTIpaBJICHHS OMHMOOK (CPEICTB MOMEXOYCTOWYUBOrO KOTUPOBAHHS).

B To ke BpeMms, peanm3anus 3THX CPEICTB TAKKE SBISCTCS
pECYpCOEMKON B TEPMHUHAX BPEMEHHBIX 3aJIepKEK JJISi BBHITIOTHCHUS
MOMEXOYCTOHYHUBOTO KOJUPOBAHHMSI/ ICKOAUPOBAHUS, BHECCHUSI
U30BITOYHOCTH TepeaBacMoi HHPOPMAITUY, & TAKKE IO OTHUTEIbHON
SHEPruM, TOTPeONIIeMOd MHUKPOMPOIIECCOPHBIM — 3JIEMEHTOM  TIpU
BBIMOJTHEHUHU MTOMEX0YCTONYHUBBIX IPE0Opa3oBaHUM.

TToTpebnsemas
MOIIHOCTh

Wanyuaemast
MOIIHOCTD

JlanbHOCTH
CBA3H

Hanesxxnocth

IIpousBoau-
TEIBHOCTD

Puc. 1. Mojienb KOMIPOMHUCCHBIX XapaKTEPUCTUK SHEProd(hGHEKTUBHBIX
OecripoBoaHbIX ceTeir Wi-Fi
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B-uerBepThIX, MIPOU3BOJUTENBHOCTh 0ecrpoBOIHBIX
KOMITBIOTEPHBIX CETEH ONpEeHesieTcsl MPOIYCKHOH CHOCOOHOCTHIO,
JOCTYIHOH KakKIoMy aOOHEHTY M CETH B II€JIOM, a TaKKe BPEeMEHHBIMU
napamerpaMu (3aAepXKKa Iepenadd, Bapualus 3aJepKKH, BpeMs
OTKJIMKA U T.IL.).

AHanu3 TeXHOJOrui OecIpOBOJHBIX CETEH IOKa3bIBAET, UYTO HX
MPOU3BOAUTEIBHOCTD (IIPOMYCKHAsI CIIOCOOHOCTh) cocTaBisier 25-50%
OT CKOpOCTH TIepelayd, NOAJEpKUBaeMONd Ha (U3MUECKOM YpPOBHE
Mozxenu cereBoro B3aumogeiictBus OSI. B To xe Bpems s
MPOBOAHBIX CETEH, HampuUMeEp, KOMMYTHUPYEMBIX CETed ceMeicTBa
Ethernet, mpomyckHasi crmocoOHOCTH cocTaBisger mnopsiaka 95% or
CKOPOCTH Iepefadd. JTOT (akT OCTaBISET 3HAYUTEIBbHBIN 3amac Mo
TTOBBITIIEHUTO sHeprodpHeKTUBHOCTH (moBbIIIEHNE
MPOU3BOAUTEIBHOCTH IIPU TOM K€ YPOBHE MOTpEOIsIeMOi/u3ITydaeMon
9HEpruM) OECHpPOBOAHBIX CETEH 3a CYEeT JMIIb AJTOPUTMHYECKOH U
MPOTOKOJIBHOM ONTUMHU3ALHH.

KiroueBsiMu npobiaemMaMu JOCTaTOYHO HU3KOH
NPOM3BOAMUTENBFHOCTH  OecnpoBoaHBIX  cerell  Wi-Fi  sBistrorcs
3HAYUTEIBHOE BIIMSHHUE JJIEKTPOMAarHUTHBIX TOMEX, MNPUBOASALICE K
HEOOXOIMMOCTH ITOBTOPHOM IEpelayd MCKa)KEHHBIX ITaKETOB M, Kak
CIIEACTBUE, CHWXCHUIO IPOMYCKHOM CIIOCOOHOCTH, CYIIECTBEHHBIE
HaKIaJHbIE pacxoibl, 3aJO)KEHHBIE B PEWIN3ALHUIO aAJITOPUTMOB
JOCTyHna K cpene Imepefadyd, HEONTHUMAJIbHOE pPacHpeieicHue
MOOMJIBHBIX A0OHEHTOB MEXAY TOYKAMU JAOCTYNa, OOpa3yroLIMMU
OecrpoBOIHYIO uHDPaACTPYKTYPY, a TaKXKe npobiiema
HECIIPAaBEAJIMBOro  (HEPaBHOMEPHOIO) pacrpeneneHuss 3(QUpHOro
BPEMEHH MEKIY HU3KO- U BHICOKOCKOPOCTHBIMH a0OHEHTAMH.

B mocoOum mnpuBopaTcst omucaHue JaboOpaTopHBIX padoT u
CEMHUHApOB, METOIUYECKHE PEKOMEHIJAIMM II0 CaMOCTOSTEIbHOMY
M3y4YEHHIO MaTepHuaja Kypca, B IPUIOKEHUH JaHa yuyeOHas mporpamma
Kypca. [IpakTrueckas yacTe Kypca BKIIIOYAET JJaOOpaTopHbIE PabOTHl U
CEMHUHAPCKUE 3aHATHS, TIOCBSIICHHBIE aHaIuM3y, pa3paboTke u
UCCIIeIOBAHUIO:

— METOJMK pacyera M HKCIEPUMEHTANbHON OLICHKHU AaJbHOCTH
CBSI3U U HPOU3BOAUTEIBLHOCTH OECIPOBOAHBIX KOMIIBIOTEPHBIX CETEH
Wi-Fi (;1abopatoprast padora Nel);
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— (aKTOpOB, BIMAIOIIMX HAa CHIDKCHHE MPOU3BOIUTEIBHOCTH
OecIpOBOHEIX KOMMBIOTEPHBIX cerell Wi-Fi u MeTomoB perneHus
yKa3aHHOU mpo0OiemMsl (;1abopaTtopHbie padboTel No2, 3);

— METOJMK MOCTPOCHUSI OECIIPOBOAHBIX MH(PACTPYKTYP C YUETOM
TpeOOBaHUI K IMPOIMYCKHOH CIIOCOOHOCTH M KOJIMYECTBY aOOHEHTOB
(maboparopHas padora Ned);

Kaxmass w3 mabopaTtopHbIX pa0OT BKIIOYAET: IIENb, YYEOHEBIE,
MPAaKTUYECKUE U HCCIEAOBATEIBCKHUE 3aauM; MPOrpaMMy IHOATOTOBKH;
KpaTKMi ~ TEOPETMYECKUH  MaTepuall; MporpamMmy  IPOBEACHHUS
pa3paboTOK M HCCIENOBaHUM; TPEOOBaHHUS K COAEPKAHHIO OTYETY;
BapUaHTHI 3aJaHUH; KOHTPOJIbHBIE BOIIPOCHI.

CemuHapcKue  3aHSATHS  IPOBOAATCS 1O  NEPCIEKTHUBHBIM
HalpaBJICHUSIM pa3BUTHUSA COBPEMEHHBIX 0ecpoBOAHBIX
KOMITBIOTEPHBIX ~ ceTel: 1) 3HeprodPpeKTHBHOCTh  OECIPOBOIHBIX
KOMITBIOTEpHBIX cereil  Wi-Fi; Tmoka3aTenn OIEHKH ¥  METOJbI
obecrieueHusi; 2) BIUMSHUE OECHPOBOIHBIX KOMIIBIOTEPHBIX CETEH Ha
OKPYXAIOIYI0 Cpedy; 3JIEKTPOMAarHUTHOE 3arps3HEHUE OKPY)KaroLlen
cpenbl; 3) mpoOsiieMbl HHM3KOH IMPOM3BOJUTEIBHOCTH OECIIPOBOIHBIX
KOMITBIOTEpHBIX cered Wi-Fi m moaxompl K WX  pEIISHHIO;
4) TeXHOJIOTHYECKHUE OCOOEHHOCTH COBPEMEHHBIX BBICOKOCKOPOCTHBIX
OecrpoBOHEIX KOMITBbIOTEpHBIX cereil ctanmapToB IEEE 802.11g/n/ac
u 1p. OmnucaHue CEeMHHApPCKUX 3aHATHH BKIIOYAET TeMy, Leflb,
METOANYECKUE YKA3aHUsI 10 MOATrOTOBKE U MPOBEACHUIO.

Ilocobue mpenHa3HA4Ye€HO [UIi MarkucTpoB W ACIHPAHTOB
YHHUBEPCUTETOB, OOy4alOIIMXCS IO HANPaBJICHUSIM KOMIIbIOTEPHBIX
HayK, KOMITBIOTEpHON u POrpaMMHOMN WH)XEHEPHH,
TETEKOMMYHHUKALMI IpPU HW3yYEHUH IIOAXOAOB K OOECHEYCHHUIO
9Heprod(GEeKTUBHOCTH U TOBBILICHUIO  HPOU3BOAUTEIBHOCTH
0ecpOBOAHBIX KOMIIBIOTEPHBIX CETEH, a TAK)XKE MOXKET OBITh TI0JIE3HBIM
Ul TpenojaBaTeNel, BeAYIIMX 3aHATHS 10 COOTBETCTBYIOLINM
KypCcaM.

ABTOpBI BBIpaXKaloT OJIATONAPHOCTh PELIEH3EHTaM, KOJUIeraM II0
IOpOeKTy, KadenpaM YHHMBEPCUTETOB 3a ILEHHYI0O HH(OpMALHIO,
METOANYECKYIO TOMOIIb U KOHCTPYKTHBHBIE MPEIJIOKEHHS, KOTOpBIE
BBICKa3bIBAJIMCh B IIpOLleCcCe OOCYKIEGHUS MPAKTUYECKOW YacTh
JaHHOTO Kypca.
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Practical materials of study course the ‘“Research and
Development for Green Wireless Networks” are expounded in this
training textbook prepared for PhD-students within the framework of
project TEMPUS-GREENCO «Green Computing & Communications»
(530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

The course focuses on the study of development and deployment
techniques for high-throughput and energy-efficient IEEE 802.11g/n/ac
Wi-Fi networks. Course curriculum, description of laboratory works,
practical trainings and methodical recommendations for self-sufficient
study are given.

The book is intended for university master and PhD students
learning computer sciences, computer and software engineering, and
studying techniques ensuring energy-efficiency and enhancing
throughput of wireless computer networks as well as for teachers
lecturing respective courses.

Ref. — 19 items, figures — 28, tables — 6.
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INPUJ/I0OKEHHUE. YYEBHAA ITPOI'PAMMA

TEACHING PROGRAM

TITLE OF THE MODULE Code

Research and Development for Green PhD4
Wireless Networks

Teacher(s) Department

Coordinating: Dr. Olga Tarasyuk Computer Systems and Networks

Others: Prof. Anatoliy Gorbenko

Study cycle Level of the module Type of the module
PhD B Full-time tuition
Form of delivery Duration Language(s)
Full-time tuition One semester English
Prerequisites
Prerequisites: Co-requisites (if necessary):

Computer Systems and System
Analysis; Probability Theory and
Mathematic Statistics; Set Theory and
Discrete = Mathematics;  Computer
Networks;  Wireless  networking

technologies
Credits of the Total student Contact hours Individual work
module workload hours
4 108 36 72

Aim of the module (course unit): competences foreseen by the study
programme

The aim of module is to create a knowledge base for multidisciplinary research
on energy-effective wireless networks. It includes overview of methods, and
approaches to develop and deploy energy-effective wireless networks and to
investigate and enhance their performance.
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Learning outcomes of module
(course unit)

Teaching/learning
methods
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methods
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successful student will be able
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Interactive lectures,

. . Learnin in .
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S Just-in-Time
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. . Teaching
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Teaching
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aggregation techniques and set | laboratories, Questionnaire
up optimal  fragmentation | Just-in-Time
threshold. Teaching
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frequency baqd and perform Learmng. N | Module  Evaluation
channel allocations. Deploy Wi- | laboratories, Questionnaire
Fi access points with regards to | Just-in-Time
throughput requirements. Teaching

Time and tasks
Contact work hours for individual
work
2
+ S|
Themes 2 218 A
=] o 2 s =
.S 2|l > 2| =
w| S| 2|l=|3| 5l E|= Tasks
o= s 28 gl ol B
S| 2|E|E|5| 82T
SIS E| 8|2 8|52
SIS|a|&|5|=|3|E
Bt |
1. Understanding ‘Green Wi-Fi’ |6 4 10 (18 (1.5. Learning
Trade-offs of IEEE
1.1. Paradigm and principles of 802.11n/ac
Green Wi-Fi series of
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1.2. Trade-oftf model of Green
Wi-Fi

1.3. Wi-Fi performance and
range issues

1.4. Electromagnetic pollution
caused by Wi-Fi

standards

1.6. Reading
research paper
on Green Wi-
Fi networks

2. Dealing with the airtime 4 4 8 |18]2.5. Reading

consumption unfairness research paper

2.1. Unfair airtime consumption on Wi-Fi

issue networks

2.2. Wi-Fi throughput and throughput

latency assessment model evaluation

2.3. Techniques mitigating

airtime consumption unfairness

2.4. Contention window

adaptation technique

3. Optimal fragmentation and 4 4 8 |18]3.5. Reading

aggregation research paper

3.1. Wi-Fi aggregation on Wi-Fi

techniques networks

3.2. Wi-Fi fragmentation performance

technique enhancement

3.3. Throughput estimation with via optimal

regards to BER and packed size fragmentation

3.4. Optimal fragmentation and

aggregation

4. Access points distribution and |4 2 4 10 {18 [4.5. Reading

adaptive green Wi-Fi research paper

4.1. Optimal access points on Wi-Fi

allocation networks

4.2. Wi-Fi networks deployment deployment

with regards to throughput and balancing

requirements and number of techniques

stations 4.6. Prepa-

4.3. Estimation of a required ration of

number of access points and their material for

ranges seminars

4.4. Optimal wireless clients according to

balancing individual
tasks.

Total 18 2 16 36|72

89




TIpunoxenue. YueOHas nporpamMmma

Assessment Weight | Deadlin Assessment criteria
strategy in % es

Lecture 10 7,14 85% — 100% Outstanding work,
activity, showing a full grasp of all the
including questions answered.

fulfilling 70% — 84% Perfect or near perfect
special  self- answers to a high proportion of the
tasks questions answered. There should be

a thorough understanding and
appreciation of the material.

60% — 69% A very good knowledge
of much of the important material,
possibly excellent in places, but with
a limited account of some significant
topics.

50% — 59% There should be a good
grasp of several important topics, but
with only a limited understanding or
ability in places. There may be
significant omissions.

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

40% — 44% There should be some
work of some merit. There may be a
few topics answered partly or there
may be scattered or perfunctory
knowledge across a larger range.

20% — 39% There should be
substantial  deficiencies, or no
answers, across large 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.
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Learning
laboratories

in

30

7,14

85% — 100% An outstanding piece of
work, superbly organised and
presented, excellent achievement of
the objectives, evidence of original

thought.
70% — 84% Students will show a
thorough understanding and

appreciation of the  material,
producing work without significant
error  or omission.  Objectives
achieved well. Excellent organization
and presentation.

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

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

50% — 59% The work should show
evidence that the student has a
reasonable 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 organization 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
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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
some correct and relevant material,
but most issues are neglected or are
covered incorrectly. There should be
some signs 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
Evaluation percentage of correct answers to the
Quest test questions
Author Year Title No of Place of
of periodical | printing.
issue or volume | Printing house
or internet
link
Compulsory literature
B. C. 2014 3enenas UT- Xapspkos: Harr.
Xap4yeHko u nmkeHepus. T. 1 : a3POKOCM. YH-T
Ip. IIpunnumnsl, WM. H. E.
MOJICTIH, JKykoBckoro
KOMITOHCHTBI "XAN"
B. C. 2014 3enenas UT- Xapspkos: Harr.
Xap4yeHko u nmkeHepus. T. 2 : a3POKOCM. YH-T
Ip. Cucremsi, nM. H. E.
UHAYCTpUS, JKykoBckoro
COLINYM "XAN"
E. Perahia, R. | 2011 Next Generation Cambridge:
Stacey Wireless LANSs: Cambridge
throughput, University
robustness and Press

reliability in
802.11n
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Watson R. 2012 | Understanding Sunnyvale
IEEE 802.11ac Wi- Meru
Fi Standard and
Preparing the
Enterprise WLAN
J. Geier. 2010 | Designing and Indianapolis:
Deploying 802.11n Cisco Press
Wireless Networks
2009 | IEEE Std 802.11n- New York
2009. Amendment IEEE
5:  Enhancements
for Higher
Throughput
A. M. Abdul- | 2014 | Throughput Vol. 1 Communicatio
Hadi, O. estimation with ns
Tarasyuk, A. regard to airtime
Gorbenko, et consumption
al. unfairness in mixed
data rate Wi-Fi
networks
O. Tarasyuk, | 2014 Performance Vol. 12, | Journal of
A. Gorbenko Enhancement  in | Ne 2 Information,
Multirate Wi-Fi Control and
Networks Management
Systems
M. Srivastava | 2002 Power-Aware In M. Pedram,
Communication J. M. Rabaey
System (Eds.). Power
Aware Design
Methodologies.
—N.Y.: Kluwer
Academic
Publishers
R. Morrow 2004 | Wireless Network New York
Coexistence McGraw-Hill
Additional literature
D. Malone, 2007 | Modeling the | Vol.15,N.1 | IEEE/ACM
K. Dufty, D. 802.11 Distributed Trans. on
Leith Coordination Networking
Function in
Nonsaturated

93




TIpunoxenue. YueOHas nporpamMmma

Heterogeneous
Conditions
V.P. 2006 | Throughput 3rd Annual
Kemerlis, E. Unfairness in TCP Conference on
C. Stefanis, over WiFi Wireless On
G. demand
Xylomenos, Network
G. C. Polyzos Systems and
Services:
conference
proceedings
P. Lettieri, Adaptive frame | Vol. 2 Proc. IEEE
M.B. length control for INFOCOM’98
Srivastava improving wireless Conference on
link  throughput, Computer
range, and energy Communicatio
efficiency ns
J.AR. 2012 | Performance World
Pacheco de evaluation of Wi-Fi Congress  on
Carvalho, etc. IEEE 802.11 ag Engineering
WPA2 PTP links: a conference
case study proceedings
G. Anastasi, | 2000 | QoS Provided by | Vol. 6, N2. | Wireless
L. Lenzini the IEEE 802.11 Networks

Wireless LAN to

advanced Data
Applications: a
Simulation
Analysis

94




Conepxanue

COJIEP)KAHUE
MPEOUCIIOBHUE.........c.ece e e 3
1 JABOPATOPHBIE PABOTDBL.....ccoouoeiiiiieeeeeeee e 7

1.1 UccnenoBanue MOambHOCTH CBSI3U W IPOU3BOIUTENHEHOCTH
OECIIPOBOTHBIX KOMITBIOTEPHBIX CETEH ...eeevvvvrreriiieeeriieeeensireeeenaneeans 7
1.2 UccnenoBauue MPOU3BOAUTEIBHOCTH OeCcTIPOBOIHBIX
KOMITBIOTEPHBIX CETEH C YYeToM pa3HOCTH CKOPOCTEH Tepenadn
TTAHHBIX QOOHEHTOB ... evneeeeeeeeeeeeeeeee e e e e e e e e e e e e e eeeaeeeeaeeeneeeaeeannns 26
1.3 UccnenoBanue BJIASTHUS Ha MPOU3BOIUTENBHOCTh
OecCIIPOBOIHBIX KOMITBIOTEPHBIX CETEH mopora (pparMeHTaIym. .......... 42
1.4 UccnenoBaHue METOMUKH Pa3BEPTHIBAHUS OECIIPOBOIHBIX
THOPACTPYKTYP -vvveeeenrrreerauvneeesanreeeessauseeesaseeeessseeessaseeessssssseeessnseees 58
2 CEMIHARPDL ... .o 75
3 METOJUYECKHE PI:ZKOMEHI[AL[I/II/I 10
CAMOCTOSTEIBHOU PABOTE ... 78
3.1 IosiICHEHUS K YICOHOUN TIPOTPAMME ......cceeuvreeernereennreeeeeannns 78
3.2 TIoATOTOBKA K 3aHATHUSIM U 3K3AMEHY ....eeeeerrrurinreeeeeennnnnnennns 80
JIATEPATYPA ...t 81
AHOTALISI TABMICT ... 83
ABSTRACT AND CONTENT ....cooieeeieee e 85
IMPUJIOXKEHUE. YUEBHAS ITPOI'PAMMA .....ooovveieiieeeeeeenee, 87

95



Tapactokx Onsra MuxaitniBaa
I'opbenko Anaromiit BikropoBud

JOCIIIZKEHHSA TA PO3POBKA EHEPTOE®EKTUBHUX
BE31POTOBHUX MEPEX

IpakTnkym
(pOCiiicbKOI0 MOBOIO)

Penakrop Xapuenko B.C.

Komn'torepHa BepcTka
Tapactok O.M.

3B. wian, 2016

MMigmucanwmii go apyky 21.01.2016

®opmar 60x84 1/16. Iamip ode. Ne2. Odre. mpyk.

YMoB. apyk. apk. 5,58. Yu.-Buza. i1. 5,31. Haxman 200 mprm.

3amosiienns 2. [{ina BinpHa

HamionaneHuit aepokocMiuamii yHiBepceuTeT iM. M. €. JKykoBcbKoro
"XapkiBchKkHuH aBiamidHUA iHCTUTYT"
61070, Xapxkis-70, Byn. Ukanosa, 17
http://www.khai.edu
Bingpyxosano ®@OII Jlucenko 1. b.

61070, XapxkiB-70, Byn. UkanoBa, 17, MOTOpHUIA KOpITyC, K. 147
CBizouTBo Mpo BHECEHH Cy0'€KTa BUIABHUYOL CIIPaBH B ACP>KaBHUI peecTp
BHABIIiB, BUTOTOBJIIOBAYiB 1 PO3MOBCIOKYBadiB BUIABHUYO1 MPOTYKIIii

JK Ne2607 ot 11.09.06 p.



