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ANNOTATION

Semko O.Mntellectual routing information technology sensor networks of
variable topology in the conditions of limitations and uncertainti€dualifying
scientific work on the rights of the manuscript.

Dissertation for the degree &findidate of engineering sciences in specialty
05.13.06 ¢l nf or imastituteoai telecenennications gnyg global
information space of National Academy of Sciences of Ukraine, Kyiv, 2019.

The dissertation is devoted to the research and selafithe actual scientific
problem of optimal control of data flow routing in sensor networks (CM) of variant
topology (BT), which are built on the basis of service oriented architecture (SOA)

and operate in conditions of limitations and uncertaintiestalti®e functioning of
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the distributed system of intellectual management (SIM) routimgsolve this
problem, a method aftellectualnetwork management based on a mathematical model
for solving the problem of conflict, as a problem of discrete dynanscrete
optimization, which provides decentralized management of routing in real time in the
absence of base stations or reference nodes

The aim of dissertation work is an increase of-fading and firmness of
functioning of the system of intellectual negement routing alata streamgDS)
in conflicting sensor network®f variant topology at the terms of limitations,
vaguenesses and providingwérranty andcreatingof information technology of
dynamic management routing of streams given due to pieriecf existing and
development of new models anethods

As a result of dissertation research such scientific results are got:

1. The method of describing the topologiythe computational system in the
form of a graph, a mathematical model and notatiangiiages) has been further
developed, which has made possible the use ofthaetetic model for describing
the interaction processes of elements of the sensor network:

- determine the methodology for building an intelligent management
system;

- determinethe possibility of synthesis and management of topologies, which
differs from the basic topological descriptions, such as "bus", "star" and "ring";

- to form a model for describing the interaction processes of elements of the
sensor network;

- to determime the sets of states of the elements of the sensor network in the
cybernetic space of its functioning, regardless of the linearity or nonlinearity of the
formal relations that describe this medium in the constraint system, which is
determinative in relatio to the mode of their behavior.

2. The method of solving conflicts during the operation of guaranteed service
oriented computational networks of variational topology has been further
developed in conditions of limitations and uncertainties, which alladuedto the

integral formal multiple representation of the functioning space:
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- define the set of guaranteed value of control parameters;

- to determine the numerical, and not analytical, representation of the conflict
resolution model and the constrainfglee conflating system;

- to determine the way of synthesis of optimal optimal control;

- determine the formalized structure of the algorithm, which simplifies the
conflict resolution process provided that the seradented computer network of
the varable topology is guaranteed in the conditions of constraints and
uncertainties;

- study the performance indicators of a reliable seroitented computer
network of variable topology in conditions of conflict, limitations and
uncertainties.

3. For the fist time, a model of dynamic discrete optimization was developed
for solving a conflict in the management of a seradented, reliable,
computational network of variational topology under conditions of limitations and
uncertainties, which allowed for tlsgystemstructural and systeffiunctional study
of the phenomenon:

- to investigate the basic interrelationships of the conflict with the
environment in which the conflict develops;

- determine the nature and ways of interaction of elements and subsBucture
of the conflict;

- to form a formal model of dynamic discrete optimization for managing a
serviceoriented computer network;

- develop a mathematical model for ensuring the availability of a service
oriented computer network.

The practical value of workonsists in taking of the got scientific results to
information technology functioningthe distributed system of intellectual
management routingof data streamsensonetworks ofvariable topology

The got results are attained due to the correct tiseethods of researches

and mathematical vehicle. Adequacy of select methods and models is confirmec
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by coordination of analytical researches, imitation design and experimental
verifications, and accordance of conclusions follows from maintenance of work

The practical value of the work is confirmed by the acts of implementation of
the main results of the dissertation research at the enterprises and organizations:

1. The project "Program for forecasting, assessment of preparedness an
response to artificlaand natural disasters in the ENPI of the Eastern region
EuropeAid / 129397 / C / SER / Multi" Moldova, Ukraine, Belarus, Armenia,
Azerbaijan, Georgia ", approved by the European Commission (Ares (2014)
691843).

2. Project on the finalization of the cponents of the information and
telecommunication system for electronic interaction of executive authorities (code
of research "DTSRA", state registration number 0115U006734).

3. The project on the development of requirements for the architecture of the
electronic communication system of state information resources (the code of
research "PE /-2015", state registration number 0115U007171). 4. The project to
develop a single information resource of citizens' appeals to state authorities an
local selfgovenment bodies (code of research "GD®& / 122015", state
registration number 0115U007172).

Keywords: reliability, serviceoriented sensor network, computer network,
intelligent control system, intelligent converter, variational topologynflict,

constaints, uncertainty, model, method, algorithm
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B toj ) dese B¢ R o dg® |, Blzlsd dzOdzOh Istseo Odzd 2
ftcd mMistets ™ .

[ JIstsH (] ‘ Odze sted Is d&3d BOteh tezlsdL Oy* °

Cibjtesejdgdzdn sf BEHESIK' MW L O Isjndasd
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1 tod Ff cOo dz' dzdz' BOteh tezlsdL Oy* * )
ptlcOnRtSoks s Mw M jy Od des ftedL dzOUJ dz'
tetsL totsB dzj dz' ‘ Of OtcOlsdets * i3t dzj 3§ dzls s O dz'
MdMmlsj &g ' * MisOdHOELOB] HA&Y KOS dR )t
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sOCtsy YsHOM htsets fjtoj dzOf tc O asdzjdiaigny’ § @
HOdzdr) © di3jted ' Ot L O 7 a3 M Odzd . 1
B34 ~Odz" L d3d o dL dzOyg dedzy dz2Oftew 3Gz § jtoj HO
o dL dzOyJ dzdz' BOth tczlskz § jtoj HOY' HOdzd n
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Jd dzj o34 dzls* o .

dlsotstejdadz? SO LOBJj LY Jjyjdedzw tsfflsddBzOdz c
1 o CtdaW dz' C sy Ydds s pPdammael v fiste]
Mg Lz * odeBtelz to' h jdz@ k o' Hftse ' Hdesfls

LY te@o dz' dzdzv BOteh czlsdL Oy* * & o ‘ Is tc
Yj destcOdz' L s9o Odgs OBts HJ Yj delsteOdz' L ts9 Odzts
f " HetsHEZ [12], fted wWEetshz Ctyded?2 J ®z) d&3J
s, s odCtdz’ fjodzsk WhkdzCy' ¥ BE§tcOo dz'

1 v, B 2 B LOY S  frlskzydsfls L OfftsB ' ®
o dSBted MisOdzdzy d3 t©OH ' ¢ OdzO dzlz OB fs ‘dgh s
B dz B LOY' S S d Ctsfis' RO s S desigls dz' ks
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1 028" dz¢ N fsh dted dad d&3d Odze sted Is B3O dzd
fslstsC" 9 HOdZdr © dwf, s BOLE®Is: Mw dzO ¢
SPIN (Sensor Protocols for Information via Negotiatior), DD (Directed
Diffusion), RR (Rumor Routing, GBR (Gradientbasedrouting), GPSR(Greedy
Perimeter StatelessRouting, MCF (Minimum Cost Forwarding), LEACH (Low
Energy Adaptive Clustering Hierarchy), TEEN (Threshold sensitive Energy
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Efficient Sensor NetworkisAF (Geographic Adapee Fidelity) TTDD (Two-Tier
Data Dissemination)
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{50 HSBB ddsy' Sk o' HREQJ A[ lsotc dHifCmodad ' L

fjtj HREQEZ o' dz bttOdhds ' WOCkdyd HOd .
slsted BOoh d dzse' HOdZ , OdOdzse' yded &3 ydc
MM Hde 8 obkL OB uf ' twsLfddd HOd
fsHOd hs' |tOdhdvy' ' . 'JHjHBYEEE OB d
HOded S, odStstdfmsobky yd W' obkLbtd uf

sHddR ° kdo HOddR. [ ' d5j SPHNLESBING R tOH

sOC Y tWwH ' dz' PBRINBLCH® tsilslty C tshdz] tosC tso " M Odz! o
SPINPP ( H dzw oL 0O BEHH kz-Is squl€ €FPINEC (L tsB dz' ¢
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HOdzcbiRk ,( ° , o' Hf s9 ' H dats, BOth ckzlsdL Oy "' *
SHdBsets lsted d3gzo Oy O.

GBR-9 Otc' Oy' v DDze Bisd lsdgle o ts dzw o telf) Actsg 2
Jdzg 3 dzls© (o kL dzO) 4] L dBilkr 2ttt od¢Cc«
d dz 66 jIsdyded i3d 1§ s SHOzWdzdH tOMASiO 0 CAf  IsfOslassiS © o

fsH' " [142]. | kOSCHBEz ©OL' &OwLhtkls
sOCdd yddtsd, " e Bs' de €t 6 o toHzd dzd o f
byOmls: k HsMsOeay' ' d"dn skt o.

GPSR o * Hdzsfd 5! fw Hs €Ok Odkested
CjBCEwOy ' Yy ' dW stekOy' ¢ et & Myj oLk
feshsste’ wf [138]. 1 jtejmddEo ofis sz
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SBRtSHLE L Sdz 9 ' H nkzhselegts fddadendy L, © 6 W OGNS 5 (S
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o zL dzd , w g L dzO R S HYScff Wiz 1 @u®, odz'HY- odzd
o' Hf tcOo dzd ¢ .

MCF-Odzg tsted Is dy odrtHdls: L ftedf kzh j dadzv
LOaYHd 9o " HtsdBd2 dzj &3O dzj sB R ' HdesMls’
OHtejfMmdzk MR j Bz L bkdz CSOdz datss “ Hj dzlsd W €«
"wzlsdW ' CObtstc® obkL jdz LBjte' ¢ @astcdsiOc Od3jvIsts
sy dzgs° B dz' &3Odz! dzgz o9 " HMlsOdz 9" H o kL dzO
LOHOd 2 d3j stedy” . ANzdzCy' v y' dzgd ¢ Jted HC
f OtcOd3j stce OB J dzj toc MY tsip @ az@ didtgrg, ,2 ¢ ( tzy § &
dz' dz' 2 dzes’ 9" HMlsOdz o fesMmMistste' wf, IIstshrt

LEACH 9 ' HdzsdIs' Mw Hts CdzOME ' teOtern ' Y«
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L &ZORSHW ! MY o BHd 2 LBd HENsEdk, o &t
wkzdzC y' o BOtch clzlsdL Oy "' ‘ ‘ sMmdztso ts8 ¢
| sdzso dgd 2 j dzj d3gj dzls € dzOMmiIsj ez BdteO' Is! MV
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“teOten ' ydzk MlstckzCIsktoclz dzO TEH)N@®BLY ° ¢ oz @sfitpls,
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W' Ctso0dzO o j tef' WAPTERNEIEMEve Retotids ts € S
HSH O f CNEEN®SS llr cdzkyS k2 dse’ €k L OB
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GAF L Offdzts o Odzgs dz@ C dzOfls j todets 3z tetsL B d
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okLdzd L dzZORBBHWIS! W 9o tjddi N dgozd , u f
Wistcdzlzs Is sOS¢ L 9 Odglz vigual' gtids Iz © d2! tsdzlz O fifiis s ¢
CdzOMmlsjtesds SO LOBjLYjyk® Bsdz' ststcd dze
tcjlstcOdzimdzy y*° HOdzedmr ftets '~ 7 MisOdz.

TTDDT Odze stedIlsdz, wCd2 LOMssMmMsealkz® Heo tsdzO
o [« [151]. [BHjd, wWCeCO LOMktshtso OdzO o
Mis Oy’ t5dzOte dzd d3q , O yYJ dzstcOdzr dzd 2 okzL tdz
Wstedzgz ' st mMw o L d&zOd3d 34 tod ' wgt z02 B
fJdted M' yj dedzv oz dz22 @ Mm' Is@ ¢ Is! v @OdzS &z dzadg h
9 J torn dz/ 5G thighdstie®) dzv* (9 L dzOyOs Is+ mw w G )
(disseminatiomode$ . l L dzd /[, hts L dzORtsHWIs! Mw
fJtej HOB IS! Mmoats’ HOdZ TtwFUct tso fzOR B A]Q W 12 C
O dzts ¢ dzd youlwwes{ier)s. ltcd fYtBkzHBO M sC(
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o' HBliIsMIS' ftets d3 Myd L dzO~tsSH Y J dgdzv o 2L dz'
H Odzd n 9" H yJ dzlstc Odzr dzd n okzL dz' o ‘ 9 "' H
9 " HBERZoO'Is! Mw E HoOT hPHJHJd] tc @O dgPDtf cHt
mMem' HOf o I LdgzOdz ' IsC d .

ltctsOCIsdoe dz' tcj OCIsd o dz OBts 6" BtdHC
MY ew d3tso O dz' dZzO LOBJLYJyd dedzw WwWECtsfls’ z 1
QoS (Quality of servicg dzy By ks CGOtcOdzlszo OIsd
o d BSOdats B HOIsdets s’ Ackbactzgtcj dzd = o Bf dzd w ¢
o' dz dets fjtej B "NObdM o BINO~ Bty kL
a3 toj X 4 ¥ YLtgRL GHeOHRZ ydzd 2 BOwh ckzlsdL Olsts
L dz02CtcOhddidd fsCOLddSOdRd ¢ OtcOldglstsea H BIS
MOBSstee Odz' Liso Odzdr G jlsjtetsej dzdedn & Otsc O dzl
odCstcd Mis Odzdz” d3 O dzG ts P/ d-boc CFemadsthnc® |
Vecton, DSR QOynamic Source RoutingOLSR (Optimized Link State Routing
protoco)), TORA (Temporal{-Ordered Routing Algorithin HSLS (HazySighted
LinkStat¢ , wW¢' LOBJLYjykzels: WEkdS y' tsdzlzo Odac

AODVI HdMmls Odeyj Qlsliste dzdic?] ©C Is d o dzd 2 i
H d dzO 330 tzks te 2 IsHddevO yd3ts Bdd-dec dgf © MANET (Mobile Ad
hoc Networkls © * g dgR)tstedpd H te'slstsg B i 6y Oy J dz
3O tch to Iz Is ghicaBhj ‘multicast f OC j Is' o, wed?2 ofmlsOdzts
OHtej MOISO L O o9ddisetss . 10 9" HAB d&zz 9o ' H
ftcj Bg ozdzd i3  ° LOBJj LY jyk® ode"tc hdzwga'
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BOEh tklsdL Oy’ ' . odcttedlsd odS dz¢ 5O tzj RHE
dzj MG dzgyJ dzdzts G ts tsB yd mdzj dadzv , h s ftodls O
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RREQo z -tsz0] tcy 2o OyO® o' H{ tc O RREPKRoUNgReplys © ° H
hts L d2OYyo* Emf " hdzaj ftotsatsHY j dadz?y dBsOteh
HYJtoj dzO LG' Hdets HOdzdn f tcRREQZO teinistdf tslo dz4f |
Is OB dzd y BOtch oz lsed'LHORYdZs MiIsw dsd ftots f totsa t
ftso' HiSRBRGPdzdzW st so dzé ¥ yd IsOBdzdy' dBBOth tolz!
{59’ HEBBARRELQRZUBSC dd3  yd dzs d, f RREP @B @Y 6)d
f tod L dzOyJ dzdzv f s9 dzed 2 Ho Bfis stctsdzdz’ 2 B3Ot
M sdzzyddrs okL d&' o

OLSR - OC Isd o dzd 2 foslstsCtsdz BOthtokzlsdL Oy
f s Hisdgdzj dzdzv d@3d i dIskz o O dzdaw ‘ ¢ ts dzls tc ts dz!
stsf sdzse ' ) zdzjdtefj Yo S stcdMistso 28 Is ye o odaw
ZzOMisz ff deted BAOH B dzv 2 BBOth kB du PHAP&As & G s d
SHddd3 L zOG2B "' dz' h i s t{hzdevdcdgiteed Mfe B R &5 61
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®arTOpPH, M0 BH3HATAOTH MeTOX0IOTiH iHTeIeRTyAIbHOIO0 YIPABTIHAS CeHCOPHAMHE FAPAHTO3IATHAME CepBic-opicHTOBAHAMHE
KOHQIIRTYOUHEME MepekaMH B YMOBAX o6MexeHb i HeBH3IHATeHOCTel

(APX) Ta mamiRoMiankEOTO wacy (PTA S)

[IparserHA  BHpilNeHHA  mpolmeM  IHTENEKTYANBHOTO Hepn3HauemicTh  CTAEY  eIEMEHTIB, HeobximmicTe  BpaxysaHHA  9acoBoi
VODABNHHA  CRHCODHON  TAPaHTO3MATEOR  CepBic- BEYIDINIHBEOIO  TAd  3OBHIMIHBOTO IpocTopoBoi T ACHMOTOTHYHOI
ODIEHTOBAHOK  KOEQMIKTYIOWOIO  Mepeikoio YMOBAxX CepeMOBHIIA CEHCOPHOT TapaHTO3IATHO CKNANHOCTI  AlTOPHTMIiE, & TAKOK
o0MexeHp 1 HeBH3HAUeHOCTeH IINAXOM  33CTOCYBAHES o0uHCTIOBANEEOI Mepeki B YMOBAxX POMAPANENIOBARES  OOUHCNIOBATEHHX
ANPOKCHMAI{H{EAX ANTOPHTMIiE NOMHOMIANBHOL CKIATEOCTi KOHGIIETY. mponecis  ympamiHEA B YMOBaX

KORMMKTV T4 HERH AHAUSHOCT]

IcToTHi BEMOrH 10 Moze B3aemoxil Bys1is

ceHCOpH Ol MepekiMep exi

1) CercopHa Meperka 3HAXOIMTBCA Nl BIHBOM
30BHIMEHEX 1 BHyIpimEix 30ypeEr B yMoBax
oOMeKeHb | HeBH3HAUEHOCTEH.

2) KinbkicTe BY3IiB cAMOOpTaHi3yIOu0l CeECOPEOL
Mepexi € BapiaTHBHOR.

3) Cdepa BHKODHCTAHHS MepeKeBHX TeXHONOTiH
3a0esmedyerbed Ha ocHOBL mporokomy TCP/AP mia
BysNiB ceHcOpHOI TeTeporeHHCI Mepexi fAki He
MaloTb JIOCTYIY 110 Mepeski IHTepEeT..

4) BY3MH CeHCOPHOI Mepexki € HeOTHOPOIHHMH 33
BIIACTHBOCTAMH Ta IiUIAMH | Iepemimylorrcs 3a
JIOBIIBHEMH TPAEKTOPiAMH B IPOCTOPI MApaMeTpiB.

5) ByamE cedcopHOi Mepeki DpH VOpARTHH{
MapIIPYTH3ANiEl0 MOKYTh 3HAXONHTHCH B CIaHi
KOH(IIKTY 3 {HIMHMA BY3TaMH.

6) CHCTeMa  VOPaBIHES  MapIIpyTH3ALIEH
KOH(IIKTVIOUOH Mepeskolo (00'€KTOM VIPaBIiHET) €
TEXHIMHOIO.

Caerema in'le.ﬂmyﬂmnoro yHpaBTiHASL

MeTo[ ONTHMANBHOTO VIIPABTIHES
MapIPyTHAL1€H0 MOTOKIE I2HUX B
KOHQIIKTYHHHX CepBic-0picH TOBAHHK
CEHCOPHHX MEPEKAX Bapi aTHEH Ol TONoJIoril
33 YMOE 0OMEIKEHE | HeEH3H B9eHOCTef.

MeTol CHHTEZY ONTHMANEHOTO MAPMIPYTY
Tepenadi NaHUX B CEHCOPHHUX MEpekax
EapiaTHEHOI TOTIONOT] 23 YMOE 0DMEKEHE Ta
L HEeEH3Ha4eHOCTeH

A

1l

"' eop eTHK0-MH 0XHHH 2 MOTIENE B3aeMo Il
BY3ME CEHCOPHOI Mepex! Bapi aTMEHOL
TOMOIOTHE YMOEAX 0OMEKeHE T2
HEeEH3Ha4eHOCTeH

Il

CemioTHYHA MOJIENE E336MOiI EapiaTHEHOT
MHOXHHH EEMEHTIE Mepeki B YMOBAX

IeToTHi BEMOTH 10 MeTOTy pimeRAs KOBEPIIRTY
B3aeMofil eTeMeHTIB Mepeki

1) Pimenss 3anaqi ynpasmigsS MapIIPYTH3ANIER TOTOKIB
IAHHX B KOHQUIiKTVIOUiH ceEcopHif Mepexi
3a0e3medyeThcd B MOMHOMIATEHOMY Haci.
2) Pimenng 3ajadi VIpasliHHEA MapIIPYTH3AMier0 NOTOKIB
oEEX B KoEQukTylouili  ceHcopHii  Mepexi
3a0esmeuyeTscd 3a YMOB 0OMekeHb, HeBH3HAUSHOCTeH Ta
EINNIHBY 30BHINIEIX i BHYIpIiMEiX 30ypeRs.
3) Ilpy pimeEHs 3afaui VYOpPaBIHHS MapIIpYTH3AN€0
NOTOKIE IAEHX B KOHGWIKTVIOWH CeHCOpHIH Mepexi
EDAXOBYETHCA HEBHIHAUCHICTD IepeMilleHHA  BYaliB
MepeRL
4) Kxor¢niKTyioua ceHCOPHA MepeXa Mae BapiaTHEHY
TONONOTiF.
5) Pimenni 3a7aw YIPABTIHES MapIDYTH3ANIER0 NOTOKIB
IAEEX B KoEQuikTyrouili  ceHcopHii  Mepexi
3a0e3meuyeTbCy 3 BPAXYBAHHAM BHMOT TapAHTO3NATHOCTL

00MeXEHE T2 HEBH3HAYEHO CTall

il

CeMaHTHYHI MOIRIi

Mopens cuETEZY MapIIPYTiE Mopiesms CiHTe3y TaHITOXKE
Tepepayi JaHux VIPARTiHHE MepEker

MateMaTHuHi MOZIETi OIHCY B32eMOii ByaniB

‘ Mopems fopMyBaHEE TONONOT MEpest | ‘

Mopems hopuyeanas dvHEDiT TiER |

1l

If

MeTon cHETE3Y T2 BEOODY CTpaTerii rapaHTOBAHOIO VIPARNIIE HI 0OURCTIOBATEEO) MEDEKE IPH PillerH] KorQIIKTY

Metozi ATropHIM CHETE3Y pillEHb | MAHIFOXGIE TApaHTOBIHOTO
YNpaeniHAE rapaHTO3MATHOK CEHCOPHOK) MEPEHOK

|

MeToq EM3HAYEHHA FAAHT0EAHOTO YIPABTIHH MepERe |

C:ﬂ Mertomu BH3Ha9eHHY 30VPEHE 30BHINHBOTO 1 BHYTPIIMHE0TO CEETOERIIR |
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dsdzts ¥ d detterd § A Isfd dsd 7 L dzOyd dz' .

Il dasHwyd L s ts¢@ ts, hts dgj f 2Mis O d3dzetsy d «
o ff dzdW={w:T- U}, gdztsy d 2O L dzOyj oz ¥ D' wdabs o
'n ftedfezmisddBds L &zOyj dz Y s{@ e odzY}. M
[detsy ddzO@ B BT HlsHg W 4BME Y stew HS 5o Odatss
H' 2Mded = uydmjd (dofteydsst yomi) TiidgzdY
fjtejn’ Hdd=feTEIyX3w- X}, Hj MsOd nmdmls]j d
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we Wl deBgxty=/ [e@xt) il X, L OnOdzj on' HdE o
o dL dzOyOYis{g:Mm¥X vy

] sOC sz tOL ‘" X(t) s Cigs dij ddiple puRimifizOtcd j dz
dBdzts ) Tk B R W o dzW Is(W OfitdzH) * 8H d dzO 3’ ydats ' f
TsX' (st fsH' 2 (YOLsoadd fshmssts
H'  fjtjotHWIls: MmMdmlsj BBz L BHdset MilsOdl
L BHdSEs MsOdkkz o '@ @A-L 0 P i lhiEe dadz”
MsOdz tekok, sfidhmkzsyd o feshmsse' s
wodw' MmsBB® B' ‘Clk kftcOod dadgv (tedfy.

1 OCtsdesds Iz tc O o dz'H dzdp"tckO TR X dzda", HJ L dzO
u) =kft,xt)] dz0dzj 3 dls* UBdeEzrddEj Odz' L Oy ° 4 tc O
BOIsd L dzOuj dzdz” L 3" xfped A s I Osdsiac | fipdzf) Is jLdgd 2
LoStetslsdz segts  glYH tXB tc ONtg dzdats L o tsdzv ° o dL dzO

mdmisj Bd O3 ¢ v sy &Sd fsodkz hdh
stsyds Mis! &f,L dORg lslaszvis y "xdgy. ' s+ mw  fMils Odz

rdzv fmddelsj Lz ° odBBtelz t' h jdzdzw N SHTS
o LH' 2fdgs ' Is! Mmw 5B 0" HAdOdzd wuwv L 9 H3Y
tetsL f OtcOdzj dz¥ 9 Odzdz? B Y Mdz¥ 9 Odz! dzgd = ff o5y
o Mmjdem® WEkdSy' °~ vy’ ded BOwhtelzlskz 1 1.

dlIscOIsje' Ww EZftcOodz dzdlz? oL O° dstsH " “ 8 (S
9 H wBjMmMkteh' 89 wwuv okLd 9 wf IO WOCItste
okzLdz 9 dBBjtjy", O kOCtsYy ©'H Liods hdg
odL dzOYyO¢ Is! WEdzeC y' sdzOdzt dzgd?2 MlsOdz & f 17
CodaW dz' SIsk¥ ydrer obkzLd o (BKBHYEZE IS odL d
off dzd o O Is zO MmMlstcOIlsjc' ¥ & tcDo dat [dzdev O d3fE
MddzesjL SO ode 't Cjtkze ydrn ofdzde o dzO
mdMmlsj d@Bs® .

[ Olsj &30Isd ydz© BBsH § dz! MddesjLz O {§ted:
BOteh tczlsdL Oy' “ 8 9o wf 11 Wtttz ' s+ mw L |
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AN sEROY [ THes [RIF], [98]. sftshj dO
y' sk o dfOHSE &syj Bklsd SfdMOdd k odec
D, =(Y,G,U,J,W), (2.8)

HJY - Bdztsy d d&z0 G kdgs s P! @ jBjobkdz SO 9
fted?2 505 B -fgyds;y d dz0 Mt Ols j ¢ ' 2 L-takfd2tgvdsiso
Btsy dzd o d A L dzOyJ dz dzj o H - de@lzgCdad & , y d dsdzd:
9LO" dBsLo' WL € dzj © d L dz@ ) bGztize ts Olsy d ztizd Q Gz
(WEdSy' v y' dW,- ofedls'jde" @) | dgW stedzgOy "' v
fted2 RO s v, bk YsttkOd Lo Odtsdz o dH'
Cd dz' Slsks ydn okLd o wf, kht).

1 OfmMistsMmMizeo Odzdz? dBsHojLAdD * dft2H. ' 8') Cots div dgts of Oz
odL &ZOYO' Is' Mw Isdds, hts otsd® HELoOBBE"
dzi o dL dzOyj ded s yddzded ¢ o MlstcOIlsj ' 2 L
CjOdz Lsoak Is! Mw ' dzsj dzj SlskzOdz des¥ g flsc

[ dztsy d ¥z§,U,L,W ° WEdE Yt dizOdz' des L OH O8 Is!
o' hjdedgv, "t fted2 30 Is: qw, * odL d2OYyOs Is
y' dad' (=SCOLddS' e jWjiClkdodesfyls' MmdMmlsj ds
1 8COL SR WS shls'  Osjskdj Wkiusdfooddazimis®
9 Hftso ' HdsMIs® tcj Odz' dzgse s toj L zdz IsOs Iz
fslste' Bdesdlz Hdzv  HEMY ¢ dzj dzdzV -0 ‘'d3y 6 1d O azdicfeSOR

9L O BsH'  CdWd Slkks ydr oty diztoS de)isay
f OOdij s’ o, hts NO©OCkjtdL 2y Is! BOteh
sflsdBOd dets’ oL O BBSH' o lkL d&z®b H futf Oodkd C
oLt d Bzo OYO 11 o uf, wC toj KIiRa [P ¢
[491, [r5), [79]1, [83], [89], [91], [98]

Csdeyd f y' tcOy' BdzOdz' dzts’ fsoJH dzg¢d ' dz

sflsdd LOY' ', OHOflkdodsimls', odltcOl tojf
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I bOStdBEz t©OL" t' h jComdm d2' Qus@&¥y 'yd B L @
Htsy' dz des tetsLedzZvHOIsd o fMmMisOdeso Y L O
Bdesy ddzd k' 7 L dzOyjdz y' dz seots’ Wkdy'

j(x)=min{j(x):x 1X} (2.9)
HiX-ftedfzhisd GO LEEMQ NS §-Qts Grsjsls © &z dz8
jdzj wyidds fedfzmisddsy te M jdzdzr L On QX)L ©d Ty

Edsso d MC ' dayj dedesls ' dzdetsy d dzd

[flsd BOd des i %o " fiadzs ' HO' L dzOyj dzdzy 1

j(x)=min{j(x):x ix}. (2.10)
UtsH' HdMCtojlsded?2 fJtetsyjfm HdzWw to' o dzgv dade"
Ve =W( Y, Xarn ), t 1,2,..T, (2.11)

Hi X o X gnX -2 6O0 dz' dzdzv f tod {yj,tg jisiaftits | dpdz'O d
Y, d SO vlyOslsa qtcO* s MW o dnr SH WYX, LBz
" Mdalz o Odzdzy K tc O diSopzfatf dats ¥X| Oipfl © dzy J dzdz’ |, C
Wiz dze€ g Hvdzw € s fHdiES Gotsts dzv odL d&z2O0ydilsd 3" dz'
j(ne,...0) d2O  d3dztY 3dXdz? .3 X,.
[ dzv mddalsj L 2z odeBtck BYlsd BOd dtsc ts

o[ odL dzZOyddss dzj 3O0teC ' o €& HJddzOZ ydzkz
9dGedzWH"

é. jt(yt-l’xts """ Xt)+ jO(yT) - min’ (2-12)

t=1
HJyt:W(y_l,)t(s _____ )t() x I X, yiY, (yt_l,xt_s,...,xt)l' Z, t=12..T,
X =x,t=1-5s..0, ¥, = Y’.
I L dzOud s MS ° da¥y dece'ts eSS dgde@dzd, o

L ZORsHdlsdMm’ ftesyjf to' hjddz? LOHOY'  H(
odL dz2Oyj &0 M " 99  Hdetsh jdagdzv &5 (2. 12), °
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—

Y

——) (-D:

Yoy =Wy 9o x TxX( w12y i,

o

|
.‘ (2.13)
'\

—

t=1,2,..T Y %y}

Idosuwyd L ff " &9 2n det@h)sjald ©dg 2f dqodels j L b
fMlstcOlsj &' 2 kfteOo d' dzdz? KBOLh tekzlsdL Oy’ * ¥
HddzOds ydzts sflsdds L Oy *, &ty O §tej H Mk

Lrdv  bYived dL zOyo & WedSy' ¢ oy d
HddzOd3' ydzatk,, (X)) RHOU
2. dzw eyl 0 t={T.T 4.} tsudhds

3(y)=min{ j (yox +1.(W( ¥ ¥): x X W yx X y)x (B

CSh s L DHOERO Bsyj BEISd odte’ M jdd@:,+rcf tod
I " dh sz o Y OHSE pdij d®YOX@EEY sTBY 3Od

3. (V) © & & sO0d ded s L O dadet 5 Wk d
HddzOd3" ydes™ L OHOY' .

4.1 d L 20 wEx(vls @, =W( Y, x).

5.1 v t=HRF.TH ed § MR Ok (B8, v =W (¥4, x).

Vedd(Y)< + dzj 5OLEC oMt €O HJ OB YO L C
o' hjfedpv},. stsCd 4 ' 5 Odkesttdlbdkz (s
sM¢ " olyfodd L dzOyO* B EddwOdzHdz] ki tcOs dz' dzdzw
fesyd Mk, wed2 MLeaRd" s{ipyddo] sPfHrwdd
hModdd LH 2Mdze s My §Wibd))r v &8ss st
sfld Ok dj kY W(Quxy))ddizy th ses jlsofk  fi
o3 hiz' {tj4L0F}d
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23 [ s MgweOdalsd ydz© dstsH j dz Z{ tcOo dz' dzdzv
HOdzd = © Mj demMtstedzad s d3j toj Y O

l L dzOyd dzts fmd dzls OCA) di3sda’' | dz'f tc GrawdeflzOdzO\s) ¢
My " 299" Hdatsh JjdedgW o5 (2. 4) ' ftcso jHj BB 21
[ 113] . ) sOC iRz tOM d3ittdsito|dsO diy dgfal @§tiHdj
ftcOo dPdzO ftftstc j H Mis O o dzw s-sdzj dAZ dzytf B fipdz’ H 59 dats
mMdgo sdz' o . J sOSC iz ttOL o dtcOL dtse
LOSCBHEO Ols( LO HBfGHRBsetsE ydmJj dz, h ts
fsmdz Hise dzg' Mis- o dL d2ZOYyO’ ZOBRBOdzz dz' dz' ¢
HSHOILd = ydmjdz, §Hts HBLotdy dNe HESBELOL
2O sy dqdzz d&ZOkkztcOdz' dzd~ ydfmJj dz, we ot
ftcOoR.dzOSC dd3 yd datsdz, LG Hdz dBBj IsOIsj stg’ 7,
OQtedWdBj IsdS k2 HdzZw sidmkz MddasO¢ mdyded = o dzC

]l " Hf e Hdegs MftsMtsB @ G jHjdz LOY" ° od
Ho ' dzz di3j Oy dzz di3j Oy " ¥ ¥ stcdzOdz! dzd n
fsmdz" Hiso detsMilsj 2 Wtstcedz3Odz! dzdr o dtcOL " o .

ldratsHwyd L WEkdHOM] dzsOdz! detsects ' dzH 2€ Isc
sBO0' Clsd TcHtEedddizd sB6' CIsd, w ¢ ddid
BOtch tclzlskz 1 1 :

1) D@ -W sted3Odz' dzgd?2 BO6 ' CIs;

2) W ste 3O dz' dz'a isHLE 3§ v n {1,2,3,.};

3) wehs b mizls ¥ stedzOdzd dz
@a+b),(@a*h(a °a -)E9d Mizls! WBteddOdz' dz@ BO ' ¢

lojHjdeddz Wsted3dOdz' dgd= BBO ' CIsOd3, W ¢ dd3c
My o slsOo dd@ts dzGils & jo® glzeizdzd M §d fdzlets dzj tc O
sBO' CIs' 9. sy dtsdzsze odm HAzsd3k BO " CIskz

fstosHyy k8 y' 2 WaffjjsefpuizO SAtgdcOy' v, wWCO ft
odr " Hdedr tBO' ' CIs'' 9 HO' GjHJjdz afm! Cd2 dat
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i GjHjd o Cdds desckj tesd SBOH' Clskz 1 BLE

i 6JHjJdz oM Cdd3 desdp BBHYHEB O CIskz o dHE

i Cinjd oMl Cdd oot ki, midgisE 0 Clsk o dH

CChss' GiHjd oaf! Cd2a, ZEAREHE H jS&os Hilstd 2
sBO " Hlsists GjHjd&z oM €2 detsdzgj o tsBO ' CIsk

(a+ B B ZH jJ1M,b)+2,

(a3 b B EH jJ(Hab)+2

(@a° 4 B EHjJ(3H,0)+3

(a- B B EH jJ(Hab)+3

(Ea)b B 2 H jJ(54a,b)+3,

HiJ' udmise O WkdSy v, WCO dizdik

J(ab 9= 3(a 3(b3), w,l):g(k 4D @124

10 ot sdztso Oz 2 MY s’ B dets il j e f @y W ste
5BO'Cls' o GSHSL ZOYdes Mfcghipigc Mzt §§ &z
sBO6' Cls'oa. | HOMsKBEZ odfOHSE HdAdv W[ ]
My eflsOodzw ‘ Is: v ¢ &zOfp ydfjdz, w&*' H" dzwlk

1 0 dgdetsy d dz W s tc BO dp'tedpchS teBj &6 ZQteldiy dee date:
fpd dzls ©C iy ydz© o zOMisdotsfmis® * WkdSy*  , ht

J KOS sz O Lody WEm®dzsdW " Ckzs 4o
1.(9: ()O $..( =),

1 B dedz® B8 dHE (o - ldz( PO )aip, 4zdza),

Il OBz oL ydhdse 2 1 (@ ja)petdstz@ e s
wCl(9r )@ ,(0).

sty detsdEz Mddzs OC Mduyudesdsz ftsj Hd S Oz,
Wsted3BOdz! dzdm  BO' Cls' 9, ZjecSts My of tsfyls
ydmdztsed?2 HtejHdsSOl, wWCd2 o fHtod 2 & t
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hts odCtsdz’ Is! pw 2@ ydmaz0s, we' °  &j
sBO Sl 9, dO wCdn odStdlz’ Is: qw fyd dzls OFC f

dzv o9 jHjdedr odhj MddalsOC mdydedc' {f to
o' Hftso " Hdg "~ 3 ydmdzse' fJtejHdSOI]:

1480 " HY spy(aH @M(a4d) 0),

1 (a)e " H{ sklap @rin(a4) ),

1 (@9 " HY sS@EHGOUL (O

Himabi ftedd' sdodets o) S ZEytjs &QO Y Zaak@ H W
be .

I kOSCs®E ©OL' toj S ktdfa) astzy dz® ts dey Is 20 1
odGedzWH

ga=D
(o
}a=b +g
ta=b g
1 P dgh s ts OBy Wiz e dsLj de 3O ditsy dzO 6§ H MISC
sBd3d N dddB3d C o Odzlststc O3] :
u(P=( @)DU() @)K & ()& ()&dr 2
U P)o( F( )& T)&G a= )P g
Il ftsedz 2 g t6° 9" HYts9 " Hded 3 ydmadztse d d
5§ etsdseé B kHT{a),§ ojdH ddgORUs] dzd 2 dzOMiskzy dad &3
ga=1
T(a)=%a|,1’ |
10=43§(1, b e, H)d ),
tO=43J(@2, ,b) & (¢H)d )
s O0Cdd3 yddesdz, Ijteddd *° Wstedidzdzd dzO o °
dzJ 3" Mlswis! o' dz' dzd - 9 ntSH)Y j dg CoOdzlsdV
odc day.HE

T(a)



74
ddz" H LOL&OyYdisd, s Mddsos mMdudd?2 {tc,

odL dzZOYyo’ ¢ dz €' Mmdzj L Oy dzda¥ J dzj d3j dzls
tjCbkiemdodedds, ' o fwmodd 2 & o' odL &zOYO'

s O0Cdd3 yd dzts s, z " d dzls ©C i d ydz' i s dgv
fejrHdsObd ° WkdCy' 6] ¢ ushpdueddadizfdizd

sy z1Is! Blzlsd GfdmoOds ) g wv GOtch tclzls d
tcj SetecmMdodzk OtdW di3j s ¢ z.

2. 4 l dL dzOyj dzdzv Is © 5B~ tclz dzls z 9 Odzdz™
COtOdzlstsL HOIsdzats s sO BjLYjSd WEdS y' tdz

B ©d

L tcOo dz' dzdz" BOtEh zledL QW' '8 tsHdzd &3 L dz0

SteeOdz' L Oy* WEdeC y' tsdzzo Odadzy d3j toj Y . g d
f tcOo dz' dgdzv BOwh telzlsdL Oy* ' 8 ° odBBtclz 3
9 Hfts9 HdzsMiIs' Hts L dzOyj dedgw WEkdeSy® " y' o

Gjejdz oM Cddz sBO ' Clstsdz, o' HYtseo ' Hdes 3§ Ist
1JLOdzydets 9" H tsBtOdats™ 3jlstedSCd 3 te N
gl ' odL dzOyj dzdz? tsflsd B3Odzr dese s hdzv a2z dzO
l1tod ostsH j dz¥ 9 Odzdz’ Otcrn ' Isj ClsztcftclzIs dss@ s dz
Bited " LO kEdises o dz' di3Odz' desGts L Odziz yj dedav
o ] LOBjLYjykels! mMw o fHJtdflkzh jdadzZ ¢cOtcO
HY J toj dzO  +#sts to JaditzLod®@y O Yoo fted tcjLjtcolzo (
Mttty dsMils® € OdzOdz' o .
lIsOC sz ttOL ' B dzO L OMistsmizo Olsd diBisSH J
fiJteiHOYyk 117 d&' y obkL OB d&jted " L 9d¢t
Odze stedlsdzsz " dzlsj ctcOdz' desects kM’ COdegdg?y 9 Otc’
zO2B ' dz htsegts MEzBOwHzsE s disedd ‘dglisla Olgtlc OW "t f
LOBJjLY Jyks s ftesf MCdze M ctsdzsy dz' Mis: 1
| OtcOdzlstsL HOIlsdz" Mis: d [ 1r LOBjJ LY Jykz' Is
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s rndetsdztse " ydets B dzj 3j delstseo Odzd B o 1) Iz
LOBJ LY jyjdedaw CtsdaW ' Hj dAfjfcd dztsiplaly' i da’ © Mg ® dxd
CtodflssctcOW " yded dsd OndMmlskz * dW¥ stedzOy' ° (s
Ondh jdesMmis® LOBjLY Jykze sy " o jdz ¢ OtecOdzk
10 dz2Ov o dzasfls® HtetsOCIsdodets’ Isjndesdagc’

lvs 11 MdMmilsi &3d L OrdMmisk ' daW stcd3Oy"' ° (
LOBJLYfJyk s mMw cOtOdzstsL HOIsdz MiIs+ wwuv k14

[ jIstsH Z§ tcOo dz' dzdzv BOwh ckzlsdL Oy * & I
WEkdeC y' sdzzeo Odzgdz? uw [ 9 € 14O talz alz) Mzt ® B 3 giztc fizp ¢ ¢
9 Hlsseo B dZOH dZOdzdz", O ISOCtYy LBodz hdzg =~
MisOdz o3j 6 " .

[ Ol j &30Isdydalz d3tsH jdz wf Jyo'ddsyYssdkddct

-

G=(V,E), (2.14)
HV -dBdztsy dzO0 o kL dz' 9 G tc OWE-d3désty diflz®] Hef I8 Q dedz
LO"  Hdzz® oebkzLdzd ' o  HtsSBtOY O' dsydzded?2 d3C

sty desdslz ed EB{ER MctcOWOY sfMisOo dzj dzets k& o
dzj © ' H' ' dgpzd0, "y frpdefls dzOyO' HletsflzmMSddz L HOISd
fted fitwjrHouw 1r. I ofj e8j ¥3ts o 5 ©®& 'tz dsclzOls
HSH Olsdz 5 WhkdCy' G 0 L) Bls@B o o IOl Ofs,
ZOS s dyuk’ 5! MW o totsds ¥ dedsot,lotzr sMOR  d3j toj

%fkiz afr,. 1 Vi {st (2.15)
i

dzj fitiodhk’ fsfmCds  fiffdapsdshEzshls
10dzdh S 5900 fosf M e® duL OB @ MY tcy Etc@ " |
L HOdzsis' t©jBtO ¢=q ff,.f s@ sdlz, OBt
Slsted BBz Bts L OdzG"=(ViEd)zo dyj Qe kL Ocdzd M O Is* fw

L Odzd € Wfotdsts § ZMC dzsé M esdssy d2 Mlse .
I qdzd S dzj dzdz 31 o uf odL dzOYO‘ s fqw wg
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o jteh ddz L {{ sasdiatsDr o pleclf s dzs f* o . YyOfp Ydlslsw
sBMdzzesozo Odzdz" i3 L OvVeatsC L O Edised o fMmlsOd
sddz GORJOBj LG jykz' Is! mw o do ' dz' dzj dzdzv i
Bjteiy' . . Lr9qUB2 OO CO BEXZO L OHtse tdzj dzO,
ftotsC dzOH j dzd 2 , Ists ' fmdzw L OC"' dgyg dedzv yOfMm
9 HYte Hdz s zMCdlz LXydds@z Mis ' d3tey B G B (
fsdzs ' o UjtejL psktjtza@ o QlolsH g, lsEBsH ZC Istsd

J wetsfls® sBdiE) Y Jjdesets tj MetemiEz h t
ftesf M dzz MY tetsd3dy dzlzmis W € ¢ O da@fdd da® wilxsG lsf-)
B4 6oy

[detsy ddzO tjBjte, o©dHOdzj dzdzv wWCdnr L ted
mse s YyoOmlsddz IsOSCdd3 yd dzts ds, hts ftsdzs MO |
o dL dzZOY0" ARaesipddezdaBOds’ diaf = tetsL te’ L ° oy, K@Y
ftesf 2MCdzz M s Bsy-dR,Mis' |1 yJdstOC siflztc ' taOLe
Bited ' HIdMCtjlsdats HIJdAZOR ydes'™ Bflsdd3’ L O
lr L odéesd fHls@®dpmisd ydese s Odze sted Isdi3z  * dal
LosHdIs! Mw HB §fhkzCEk &Othtkzlskz 17 dz0 2 c
9 Otclssfls" ftedmotss 8 Is: MW tojBteOd3 d3jtej ) ' €
EsLte' L' o fsHESIE * f totOf HG@CdEs; O f o S
(hopg9 Mddzlsj L so Odzse s BOh chkzilskz.

1 Odzj ydets o' H MytsmtsBlz odL dzOyj dzdz? o Otcls
WedzCy'® y' ded LOMsmMseolz’ sty chizdz § Is Qdg®
Stc’ ' dzlstseo Odzd 2 dz0 M dzls jJOMmIs'ts Mdz ¢ &'dadzV-dz® i1 tizlg
gf, wWC' BOsIs! dgO2B"' dz hd2 tjLjte sz
¢ dz ¢ Mmis! jJdzj 3j dzls* 9 MO PL 56 @eds & & ls dgz0
sBMMdzzesolzo Odzdzy dzO2B " dz' h s €' dzt S tsfMls’ L



77

25 [ Ol j &30 d ydzO [ s Gigdd! BOwh eklsdL C
C Sdz¥ dz' S dfzicdaifstedzd B o3j e ¥ OF

v dadzlsjL ‘ odB 't ' M jdzgdz" wwuv L O Bk
LOBJ LY Jyjdedz" cOtcOdzlstsL HOIsdztsfls’ LH" 2
slstcd BOdets’ 20 hdess ' OdzOdz' L 2 dwedzts Cds O 4

10 f ' HfMkOs' o' HEdBsMisj2 s dOo S sdd

dzOW 9 dztsfls f Oz WiIs® ‘ Bslsdea Oy’ °~ MmMddalsj L
Mfted2 O Is! Mw wl okL dzO 4 wv.
t sBtSISO BOIs j ©3OIs d ydats”’ B H J dz' fnd dzls

BOh olsdirOw ‘BOL L' ! MW d&zO Isj st Isd ydzd -

I L dzOyd dsts Rdztsy ddzgz Ctedlsjte’ "o OBt M
ns' ez 3 o j Chsttd, iR chn] sfsd i st ¢ s {
wWe' fls! OB fjtjHbEEswdk odhCasadsl ndsDlsea z Is
f OtcOd3] Is te ts d3, hts d&zOdzj 3 dls+ m¢ " dzyd dadz’ 2
L zOyjndz 1 ted Y sk MmMlsosts k! Mw oL O d
GRdzs Y d dzdzd d3 © ° H dzgsh | dzdzV OB

(hwhe )l Hi3H. 3. Ha.. (2.16)

.....

1 0Btz o jCIlststec’ o (2.16Y,)= ki thinkz s lss!
o MsOdzets o dz¥ * 9 Hf o " Hdz Mmls! i J ohdets = ) Isiekasls)
4§ cOo gz dzdzv

sOCdd yddsd Btded ebzdsly' B s o dL
MlstcOljc' 92 bkfwOod dede" &EOh eklsdL Oy" *

(? f:H®H, 3. B, ¥
& ={yuyomyd "y, (00010 Bk k N =D
] bOCtBE ®©OL' fMddhsjL ' odeB't MOl
st BOd dts B0 esdedvH kOB&IY' , WEOC L

((ho b i) y;) i =Lk (2.18)
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ltcOrtsolzs yd Isj, hts o LOGCOdz! desdzz o
M 99" Hdes" jdzdew &3 (2.17) * (2.18) &BO°
odBtstckz BOthtelkzlskz 11 o wf 1 6C @B QOB dd
tcj BtlocORzseitig@t wf, Pt o' HiBo HO' W istcdOC

(52 .. 8., =Lk, (2.19)

Hisui=l..n - § " HB3dsh.d@Ps. § - MisteOls 6" 8 dL dedycC
BOth tclzlsd 171 .

s O0Cdd3 yddetsdg,d mds j fists o dzOD H Odzdz? o dB Btckz
(2.14) BdtO' Is: Mw t' h jdedgw htsHES dBOh ok

Il Hf B9 Hdes HB ftod2dzwlssets to' " j dzdaw
fsmdz’ Hiso dgs s oL O @BBHS ' 99 za 'dal p tc @&E dzdd&q
L OC " dzyd dedzt-9 1 H {f toCxedds Isittsd dplzZlaLOdg@® 1 1 . 1 s
lr ol BdftcOQodzd S L Oo jtehlz' BBMdzzetseolzeo Odz

ldasHwyd L bftsdtsec' ydsimls' KOs B3OS
v, Mmddzlsj L & -dfgists yilodjddr]j lstzf ¢ tddzlsj L 2 ° o dE
Ef tcOQo dz' dzdzv BOth ckzlsdL Oy' ‘¢ 11 Htd oL O

9 bkd®kso OF B A Y j d& ' dzj © d L dzOyj dzts s j 2
EftcOQo dz' dzdgv BZ3Oteh ckzlsdL Oy * ¢ sy dz0 MW st
CodW dz' Sk’ "9 L @'kBlz' o Bj o )" Iz 9" HY t

sflsd BOdz desfyls sO ftOo ddziz Lz ddzS d,
sflsddz" L Oy*

it BL G dzv dzj d3s o B3O flstkH * ° j dzj A3 dalst @ w [ | i
ftosMiststclz WizdeS y' Qdalz o @dzdeizad . ¢ P acd y! oo
9 Otc' Olsdo dz' Mmis stsf sdzse ' BBj o X ° ftso 6w
okzLdz 9 [, O ' L @Gjljtejedadz Miss d3j toj>
My ¢ d3j dzls Intlgpdat j dntranet o d C stcd MistgOtBE GfIsdL Oy
BsH j @Bk

Il OSCtdikBkz o'l ORRBHEZ okLd @« wf o Is
9" HSBtOY O d&Owved Mis! tjBjtc CtOWk d&J tc]
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M= ™", (2.20)

HiN-C' d2 €' fils! MERTESS B Oi-¢d3E Hy ! 2O i |
o' HEBKGOYO' C'd C' Mz FO®OCkjtedmlsgsd

tcjBteOR] cwOWE (2.14) ' &tsyj BRI o]t
M'=(a', F, Wy (2.21)
O ddzsydalafiL dz2OyOs s cLOBOdSE O fwOo dd
ftcd oLO BsH' obkL@ o Bjtejy' o ftosilsist
Lo ULg e (2.22)
i=1

utsBIlsts o LOCOdz desdzz o df OHC Iz LO My
ftsdzv Islsw dBsod HoW YsttdkOd dtscts tfdfk
LOHOY' Wttkzo Odzdz? bsfQsdsc' ° wf Juv o
Il LOcOd dasdzlz o Y 'Odz§ Jzdzddgs o Odzdzts X dfjddis &
sB' " Clsd 903¢ts L OHOIC, &zOf tcd € dzOH , i tot
[ 38] . WQdH! C' dzyjod?2 BjrOdZ L3 L OHOs Od
ff o0 Hdatsh jugde’ (2.11) yj
I M 99 Hdzsh j dzd2Z) (04 Z2BWO' ( 24 s
Bisy dzd o sls* i-Como @LAOH "6 SO “dzh dBd oL
o dL dzOYj dedz'’ Bsy dzdotsfylsj 2 dBOwh tcklsdL Oy"
(tejBjte cteOWlE BRLjy' ) o st
it=(X ), (2.23)
HiX - dBdetsy dded § slsj dzy’ 2 dzgs  Btsy dzdiestise tso kzdz'd
Bjtejy" 9 Qs odL dzOyos ls! v w¢g &
ZOf " 9C jtokd Ry f Bt §OLO®Bjlste' 9 k& o
dzj o dL dzOy | detsfyls 5O ftdsedsalzt zPj o) diizs
odL ZOYO ' Is! Mw K OwOC s jiwdsh oS Q] of jftds)tdf] s
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2O 9C jtotso Odzd 7 fls O dF teof) dls Cz {f SetOD S ectiatzw
Hdd&zOd3" ydedm R OwOCljtedmisdS dBOEhteklsdL O
fjtoj HOE PkL O &jitjy' bk o HfSo WA gasls'®
ftotse dzts L, dzj o L d&zOy 4 dz° mls+ , H d dzOieg = iz ds@D
hsHts @EHEBOs dZdCO (' d2 Yy OB, 1 plOR te

ftescdzsL, HdORB Sk SO BjL f§ jQudz Biffeid.fipislig h
rdzv wf o y' dzsdskz dzj o d L dAPAIY iz’ fips™ o &y lsHOd

A:LNJAi.
i=1

1 dzOy jFdzalzy M " @9 " Hdatsh j dzdz’ (2 .i® B)z L aaPL dia
fsBkzHBe ' HBOwhtckzRE 11 o ftoshisst'

F=(f,f.d), (2.24)
Hifl -LedzOHY j d&' L dzOy | ddeg® LCLtsite H af dAD b tizy lee
Cy desets dBsdff dasedz@uy § d2 L dzOyj dedzy  f j teh

hgdHuSsfls® L B dzd € ts1g ez dzOdsh L dfOe@e d'f  teotg fi
9" HMisOdz iesCZ Ldgis 'L fiply dp Bjdadtsisis o3 tej  °
LB dzz f OtcORBiIstc’ 8 WEkdeCy' Sdzlzo Odedz? 9 ' H
Bd ©iGe° sty

IdoisHwyd L YstthkOd dséts sfdhkz Ok &
#f (2-.(2023) ' MmddzsjL bk O fteddwiskw to
BOwh telzlsdL Oy * s (R 130)2. 8p dL dzO Wdjdtsj B ‘dite ¢
ftetsyj H jeilz M dasd B stelz to' h j dedz 2@ thdese
o0t Odzs" @ [91], [93], [94], [98]Aak o
wed¥OSIkdydts OHdlkdodedds Stedlsjte’ * &
My * @99 ' Hdetsh jdedzaw &5 (2. 25) .

1 2Oy J tege¥ * §'C dels "fipf * 9 9 ' H dztsh | dzdz (2. 2°F
Coy dzsets o dHEZ (ol &zt OO 'Sty RstcOls
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f OO®R) steO®Rd WkdSy' sdzzo Odgdz” ©f  Licg BHdBS
Clo@sH j 2214, "t o HiSe HO' W sic@&0&O&kL2
b tcOo dz'Hail's | dzj Bj dels © BOwh Ozlskz 11 o fte

e k
7 A =aC/,
I i=1
by =B vy (2.25)
i S‘im‘
. AC=1
| i=1
J sOC sz oL’ LOHOYylkz MmMddalsy L 2 WY teC
CodgW dz' €5 oL O BsH' ' ©B' ‘ Gl o to(sBsisds o ¢
K=(M,A Ly, G, (2.26)

O ftesyjHlkztez MddzalsjL iz Miste@lsjce ' Hdztste * h g dd
sSfdazOdz: detsmMEBC d?2 toj Odz' L sea &k, esGRREz0d {f Gie d
odGedzwH

B =(M. AL, G

|
i cK=m

(2.27)

lde' 6 sflsddod dts' MskOljc' 'st@5 kg &
f o OoldlelOd geG, § stedslzdzs * s v o o dcdzvH'

m =inf. |qu< . (2.28)
v 99 Hdztsh j-dzdzw 282 . ZBC Isd ydats f sflsC
CodWdz" CIslz oL O dzgsH' ° B' ‘' ClIs' 8 IsO @h(d dzls |

ldMmMdzso € d HB Httkzetsets totsL H' dziz

1. ltwd HBMdz HY jdedzg 3jIstsH' & EZ§teOo dz'
My dhtstcdzdr d3j tcj 1 O~ 9o 0Otc' Olsdo dzs’ Istsif t5dzis
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LOf tetst tsdztso Odzts L Ofis s Mo kg lOtskC Iy dsdss dstl

fesyjfm' © oLO &sH' ~ Cdid Ckkzs ydr olkL
Y azs dislz, wed ¢ ZOH O s MW L fnd misd &3d
NS ZOH O Is: w L jdjijds o, ' o wCthlk'

odMmMsC et to" aWdrvdzG yfh dbdd® fzzdiais sty | 19 'dad dz't IOk j
COOdstsL HOIsdsMis' f§tod % bkde y' tsdzzo Odzedz
B s odL d&zOyj dedzv k' 7 GiMdsesdzdr oL O' &
bftcOo dz dzdz? BOth teklsdL Oy’ ‘v ks’ o H
Gilsjtotsce jdedets’ Ge3gete] vz 8 fMJj taj Hise d M j d3, W
fjtej HOY' H GntaheYinted3gttc j 4 o d W o dzj dzdz’ nOtcO!
of dzdo bz tSHddR jdzjsjdels' @8 ' § HMstkCkEkts

2. ltod ftetse jH ] dadz Hisfpdz' H Y j d& h SH S
" fdgzs yd R o R e Do dz2' dzdzgw BOh cklsdL Oy * ¥
BjtejyOR o0t Okdodes’ Iksfsdse'’ LO b
HsY' dzf deddz ° o d ¢ st flintsioszizy e * Y detfd ¢ teddjdds t
Me ZOHdzd 2 MdMmlsjd, wC' BOLEsIk! MY & o
s dMk o &OMisdotsMmisj2 fesyjMm' o, 8w,
MdMmlsjd, Nt HBLoaBdY ' Glttd®Olsd [isthsdtst
WEdeC y' sdalzo Odzdzy  IsO to' M jdadz? Hdzw fddalsjL
B 64 3 OB .

3. wdzls § G wsAedf! tsidids ¢ ° Y dz' dzd3y I §s dzdzy  H 5 © dzGohda@Ed
mMdMmissg) 3 tetsMmiststc” WikzdzC y' tsdzlz o Odzdzw HiSL 8 tSC
oL O d3dsH "’ BtsH j dz' MJ demts tc dats Bt Y
COtOdzlstsL HOIsdatsets W ilzdzC y' tsdzlz 9 O dzdaw ftod
E{f cOo dz' dzdz? BOteh tczAsdgdirO yL' * & tc Gf Asksas@ dzdzY dg o
oL O BsH'  Cwodlid Skks ydn jdj dsj dzls' o d3j t

4 . 1 Of et sSdztso Odets d3j ssH W st dzZOdz! detse s
M demtstodats BBjtejy' LO kdiiseo dzj oadL dzOyj dztsf
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5. 1 Of et Sdztso Odzts Csdzyd f IskzOdzr dzkz
Oy 2 dzsets ftcOo dz' dzdg BOth tekzlsdL Oy' * ¢
LO kZdise BBMJ NJdd ° dzgjodL dzOyd detsfylsy 2.

6. Jldosuwyd L bofitdsc' ydshls' i ds
mj dhttcdats’ Bj . ", L Odf detisyf dfsddeisln © dzts H jIsdp' s
Codat dz' Sz ayd&j By 'dz &O § HilsOs ' W’
9 kdisco On BBMHBJYJd ° dzgjodL dzOyg detsfylsyj 2.

7. ldLdOyjdes HEsYy' dzd demgO dzs Pzts iz 63O
oLO BBSH'  ebkLd o fMj dihstedts  djtjy' o

BOth tckzlsdL OYyd ‘' H Odetp B ¢

8 . 10 Gmdse tcjLikzdz sOIs" 9 Mmj d¢zOdzls d y
‘delsj dzj ClszOdz! detsets R tcOo dz' dzdgv dB3Oth tolzlsd
M dehtstedz' 2 dB@Bijteiy' 90t Osdodets’ Istsff sdzsae"
odBtstclz te' h j dz .

9. 1 OHOYlz§ igPazidz] dzdzv MW Stc Bz dz! s Odzts
HdMStej sdets’® Ylsdd L OY'

10. 1 O0Oftosf sdetso Odes OHdIsdo dzz W tsted3dz €

odBttc’ ' hjde hisHBs EZftcOo dz' dadz?y ROt t
Bjtcj Or 90t Osdodes’™ Istsff sdztsg '

{Isted di30ztz! s @5 d 9 ' Hi' L dgvs st mw 9 ' H
NP-ff so dzkz dstsH j dz ' h jdzdz?" L OHOY' Hd M¢E te
HisL @ sdzv *  tsls te d d30 Is@fdzetfisticdd’ Isddts dfj dCodis jdedi2 © o «
Ef tcOQo dz' dzgdg? dBRBOth tckzlsdL Oy ‘' 8 tHtOs:ts Co' Cote * HOAsH
s sdzse'° © bkdiisceo On tBBj Y Jjda * dzj o dL dac

10 tOdHdeted | tobLdidswBjddjjddd rfddzlsj L &z
L OHOY' ] tcOo dz' dzdzg? HBOwh telzlsdL Oy' ‘8 1§ tsls
Bjtcj Or 90t Ododess’ Istsf sdzsqdes’, ®Bfilsd®
Is © C' dzyd o t5° C' dz CsMmlis' 9 Otc” Odzls” o
S lsd 30dz! detsfls’® s IsHetH LdFOEZZY Helg 'L zata] Usd2®q{d Is d :
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-fteddzydtfd t' hjdzdgv L OHOY' k2 tcOo dz' dzdav
Ctdgi oz Slsbks ydn cjlsjtesc  dzdz®B d dnaztszi ts ts tetf B

Fdsse BB ¥4 dz@ ° daj o dL dz2Oyd detsfmlsy 2 ;
-d3d sfidmkz It sdkzise® W MJ dhstedzts’™ o3 t6d )
ctsH Jj dzf ‘ dZslsoy "' ’ (dBse d) , hts HBL 9oBdzdC

Bdzsy d dedzs’  BsH j &2 SfdMk sy g @d aasc
Bjtejy tLtesBdIlsd Ol O ydzz wBsHj dz2 |
LO Ed@ises LOBJLYJyYd ddz" GcOOdzlstsL HOIsdzsmlIs®
sBdRJ N4 d ' dzgiodL dzOyj desflsy 2 ;

-Ctedlijte' 2 sy dSd kO edettkz t' hj dz
ROk lsdL Oy * ¥ fslss¢ ' o H Odzd A Z0 tsfd
M tcsdisy dztsmils® j dzj d3j dels® & Mmj demtstedets’™  d3d t6 ]

-o zOMlsdo sMmils® dBjlssHlz to' " jdadzw L OHOY'
H Odzd ) CodW dz' Clskze ydn GJjlsjtetsej dzdzd n
s sdzts@ * LO dizcise dzi BH 3§ desfls j 2
COtOdzlstsL HOIsdzts s ' ;

-3 IssH ' M jdadz2v L OHOY' Ef tcOo dz' dadzw
LOHOY' HJddOd ydts'™ HIdMCtcjlsdes™ tslsddy L C

[ Mdzts o dz' tojLlzdz sOIsd totsL H' W[99 12k dz' ¢
[104], [106], [108], [109, [110], [111].
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tdrrwf 3
frofpmpmorfrsvodof?2 v 1L vitolJwirvce fotzt
s{1AJwsvuvdYRM & 1Y{QIRN T ofon Rmr ¢ m

JotwowvsrlIy fw s34 wwy yo vfill [uf
LI RrRYVOY[LV U B

sy’ dz dz' mls! L OfMmistsmiz o Odzda” d3d ssH " ®
GO zlsdL Oy ‘& by ) o [ lu LO Ekdise t
LOBJLY Jjyjdedzgv oddstse cOtcOdzlstsL HOIs dztsfyls
we' oddedCOslst ftoed Mlottcjdadz o' HYftse ' HC

Cosydesets obkzL d&zO ¢ NS dZOH s 9 t58 dz ' Opdz dats st
BOh wklsdL Oy' “% 11 o wuf Jlu.
ullsdz fls! odtc' M jdzdz" L OHOY' fd dzls j L

‘delsj dzj SlszOdz) detsets R tcOo dz' dzdzv BOteh tokzlsd
B34 ey Od3d fGtod L OBJLYTJ UJdedz -0 dzhtfEBO U] ]
oz LEcd dzzo OYB dzu ©@zd - 9 tc' h j dzdz' L OHOY'
sflsddz' L Oy .

| OtcOdzlstsL HOIsdz fMmls- g Juv LOBJjJLyjyk' s
S w, 9 kO LOY' ¥ fmisstclk WEdEy'
dz0o Odzls Oy j dzdz? C OdzOdz' @ ff jtoj H O BBHOdzd Ro
Bdted " . lted yYy' sz L OMssed sy yw LOBJLY J-
CtsdeV " H J dzy’ 2 detsfls’ ftcd tBd& da . 2 dz dg
HOdzdr d3 ¥ obkL kOB dBiteiy' otOrBoalkz’ Is! M
o' hjdz@ N tsHts Oachtdclrasdf Ldadg” ‘dg 1 1 .

3.1 l dL dzOyJ dadgv Is © 5B~ tolz dzls z 9 O dzdzw
BOteh tczlsdL Oy' “ ¥ o Mj deMtstedzdr G OwOdzlstsL HC

l " Hf s " Hdzs BsSHJ dzf o [ o (2.14) i
f tcOo dz' dzdzv HKBOth tclzlsdL Oy' ‘¢ odL d2OYyO' Is! fi
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1 @8 dz2 L dOykh dddd f§ OtcOd3j IsteOdzd, N s
COdzOdzz 11 ftcd oL O qBsSH' ' okL dz' & 4]
fjtejHOY' HOddr &' ) obkzL ZzOBd djtej " , W
oteOntso Odats L dzOyJ dzdzv o3 € fgis P dzze tay lisL dz@DUi}‘EJIsID
LG ' Hdzes MY " 99 ' Hdatsh jdadg®r (2. 26) .

ltcOrttolzs yd dzj MlsOy' tsdzOtedz’ Mils! L dzOy  dac
Isj ndzBdzise " ydzs L OB J L J ykze Is! fOCdIsdzlz 17
tcsLcdzZYHOIsd HO MC.zOu Bl lcd VI dz@ OF &g dgT

1o ‘ L Olsted o3¢ Iz, WO Bz dzi dzZdO MlsO
fOCjIs" 9 HOd- E o HYitteo HAHKHE {(BIsE SC
MsYO || P dzgf ‘ dzOH' 2dzd 3 f tetslsts € tsdzts o3,

o' HftcOo C k2 {Ow'" Hss d3dm) datc OL ° -Wwek Jd2d € oty dBeflatrts ¢
ftso HEdRRdz] dzgdzv o HYf tcOo dzw ¥ Is+ MW LO HBY d
ICMP (Internet Control Message Protocol f eslstsCtsdz k{f cOo dzw
Codzstesdz! dzr =, ' MEset ] dedsd) H 5 dRdzj dz’ (ted m.
f Hiseo jtH)Y J dzdza dzOW o dztsfls’ okLdzO d&j .y
f OCjlskz, fjtcj OHte] MOyY" & BOtch tclzls' o, f toC
fteslstsC 5 dzlz .

tdm. 3. 1. | OOKKMPBO {tetslstsC s5dzk



