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ABSTRACT

Hrybkov S.V.Information technology of the decision making based on modifiec
heuristic and evolutionary methods and algorithms fod feaompaniesi Qualification
scientific work as a manuscript.

Thesis for the degree of Doctor of Engineering Sciences in specialty 05i13.0¢
information technologyi National University of Food Technology of the Ministry of
Education and Science of Ukrain The Institute of Mathematical Machines and Systems
Problems of the National Academy of Sciences of Ukraine, Kyiv, 2021.

The main result of the dissertation research is that there was found a solutior
thescientific applied problem of increasing th#iciency of food company management
processes through the development of an information technology to support decis
making on théasis of modified heuristic and evolutionary methods and algorithms.

The thesis develops a mathematical model of theraggecution planning process,
which, in contrast to the traditional models, provides a breakdown by management le\
and departments, as well as an assessment of the plan effectiveness, taking into ac
external and nternal influences based on thpgoposed partial criteria and general
constraints. Thanathematical model takes into account all the camaktiof the food
company and therder execution planning process. These conditions are the followir
ones: the shelf life of raw materials and finidhgoducts; the possibility of occurrence
and the need to process substandard products; features of execution of each order; fe:
of using technological equipment, etc. An additive convolution of criteria is used to formr
generalized objective functio Thedeveloped mathematical model allows to form an
order execution plan, taking into account all operations of the technological process
products manufacturing. The created mathematical model allows to adjust and evaluate
efficiency of order exadion depending on objective and subjective advantages of
person who makes decisions, and also provides both consideration and exclusion of ce

partial criteria depending on the situation.



The paper proposes modi fi c atcikaen sal agfo
theapplication of which allows reconfiguration of the plans while reducing the tim
necessary to find the opti mum. Modi fic
by wusing | ocal optimizati on aqpkéad oalidyersi
selecting templates from the best alternative solutions to the problem.

A research of the application of the following algorithms aimed at solvin
theproblem of order execution planning has been conductetiea colong algorithm,
acchaotic bag algorithm,ca bat algorithm based on Levy flight search stradegy bat
algorithm based on reduction facdpracg e net i ¢ a kfighoshaadt algonithm, a
acwolf packe algorithm, a modifiedgwolf packe algorithm, can ant colony algoritm
using elite ants, a modifiedcant colong algorithm. Whenthere are less than 2iders,
all algorithmshavethe same valueandthe best indicators of search time have standarc
versions of algorithmswhen there are >50rders, the best indicators hawsodified
algorithms.The obtainedesults of theesearchndicated the neetb usemodifications of
cant colong a n dvolfgpacke algorithms which allowto reconfigura¢ the plans when
reducing thesearch time for the optimum by almost Z0compared to beer versions of
thealgorithms.

A combined decisioimaking method based on tigéish shoaé and themodified
cwolf packe algorithms has been developed. This method works stably for small al
mediumsized problems and reduces the search time t&,3takinginto account 5%
partial criteria. Due to the fact that the total number of iterations is distributed betwe
different algorithms, there is a total reduction in the search time. That means that if e
algorithm requires 100 operations, then all of threguire 200 operations. As a result of
the conducted experiments, it was found thatntnaber of iterations between algorithms
should be divided in the ratio 30:70. érations are allocated to thgfish shoad
algorithm, 701 to the c¢wolf packe algorithm. Such distribution was chosen
experimentally. In multcriteria cases, it provides search acalen by 339 % compared
to the modified cwolf packe algorithm, by 31% compar ed t o t h
algorithm, by 38% compar ed t o tdithm. Thereferd thes gropasdd e
combined algorithm should be used for companies witareow range of products and



with a minimum amount of process equipment, because it is more effective in findi
limited-criteria alternative optimal plans (up td & patial optimality criteria). Such
enterprises are the ones that use automated technological complexes that provide
production.

A combined method based gant colony andc¢wolf packe algorithms, as well as
onthecgeneti c al gor i t hdand&hishneteod &tablg worksl envrnadlki o
criteria problems of different size and has the search spédetb %0 higher than other
algorithms. Amo di f i ed ¢ ant hadbken nsgckwitrathegim rofiobtdinmng a
primary plan After thatthere was utilizeéa modi fi ed c¢wol f pack
beta and delta wolvesere used as the best optiaigainedin the result of the use tie
cant colony algorithm. If the version of the plan does not improve for a given number ¢
Il terations,i d hahgdrhiet hgngee nies used. | f S
current, and a new iteration begins. At each iteration of the use of mutation, crossover
crossbreeding operations, new modified versions of order execution plans are quic
obtained. In fagttheapp | i cati on of the ¢genetic al
alternative plans based on the best tlumes A repeated application of all the algorithms
leads to halvinghe number of iterations for each algoritHtrcontinues until thepecified
number of iterations is performed. Thappearnew options and theg a n t col
algorithm is appliedo them A combination of three algorithms in one modified method
provides finding complex options for scheduling at midéim food industry compees. It
is confirmed by the results ¢ésts conductedn retrospective dataccording to therder
execution plan$or different previous periods of foammpanis activity. According to the
information obtained after conducting teeperiments, there & reason to believe that for
multi-criteria problems theombined method provides a faster search than othe
algorithms. It is advisable to use for companies that manufacture a wide range
multicomponent products and require complex technological opesaseparated by
certain areas of production.

An information technology for order execution planning, which provides
theformation and operational reconfiguration of plans in a short period of time throug

acombination of data mining for pidassificaton, as well as the use of modified



algorithms and methods based on a combination of algorithms, is developed in the the
The proposed technology makes it possible to select a set of algorithms and metf
adequate for a particular subject area. The afsdata mining provides an increase in
thespeed of finding solutions through data analysis for previous periods which allows
identify the best sequences of the use of specific technological equipment
themanufacture of products according to cutresrders. The application of this
technology allows to find additional alternative optimal plans for the execution of ordel
and thepresentation of the results of their comparison in the form of a visual petal diagr:
helps the responsible person to makeeffective decision quickly.

An architecture of a hybrid welkased decision support system has been develope
It implements the proposed information technology and is based on flexible integration
the data lake of information from statistical angbent sources. Data lake, data download
tools, data warehouse, knowledge base, server partuserbinterface are the main
components of the system. It is important to note thatiske interface is displayed in the
user's browser in the form of wglages Databases of information systems and the dat:
lake are the sources of data for ta#a warehouse which ensure the adequacy an
reliability of information support to support management decisions. The accumulation
information in the data lake and iretldlata warehouse is automatic due to the use of da
download tools. It is proposed to choose a maltel data warehouse architecture which
provides integration and harmonization of data from the data lake and other sources
into avirtual data warkouse and then into the data showcase.

The proposed architecture makes it possible to combine the following informati
technologies: anrder planning technology which provides the creation and adjustment
operational and calendar plans through the afsenodified and combined algorithms;
approaches of the experodeling system of manufacturing recipes that gives the chanc
to pick up in production conditions replacement of components dangounding;
atechnology to improve the process of analysid planning of orders at food companies
which, in contrast to the known ones, is based on determiningartige and adjusting

recipes to reduce costs and provide faster execution of ordel



When building the software part of the webented decision supposystem, the
classic multilayer architecture is used with the division into the following components:
layer of controllers which provides interaction with the client part; adapters, at the level
which the data from customer requests is convertedtiv@main business objects that are
further processed; classes that check compliance of the input data with the establis
rules; business services that are directly responsible for the implementation of busir
logic; auxiliary tool classes to which &iness services delegate the execution of individua
operations; repositories which are designed to work directly with the data warehouse.
functionality of the server part meets the needs of users of theoneslied decision
support system and is geatly divided into modules designed to solve specific tasks
During the request processing, each module requests data to the data warehouse or
knowledge base. When data processing and necessary calculations are carried ou
client part displaysthe result in the specified form. The number of modules is no
regulated, and, if necessary, it provides the modernization of existing and the inclusior
new modules in order to solve decisioraking problems. The main modules of
thesystem are the foll@ing: decisioamaking modules and decisionaking modules that
use data mining, management functions support modules that combine statist
accounting and reporting, expert system modules.

The use of the webriented decision support system, which wiliclude
theproposed information technology, will provide the following issues: prompt formatio
of operational order execution plans aimed at cost minimization and profit maximizatic
prompt reconfiguration of the existing schedule of orders which wslilenoptimal use of
technological equipment and minimize costs in the event of emergency situations
subsequent urgent orders; minimization of costs for raw materials storage; a cl
distribution of all tasks concerning the execution of each orderelestywroduction units,
which allows to take into account the sequence of execution and necessary resources
a timeline. The use of a wdiased decision support system that implementgribygosed
information technology will improve the technical and mmmic performance of the

enterprise.



The process of the creation of a decision support system using a spiral mode
software development has been formalized. In addition to the traditional ompéacheof
refactoring in such a system is clearly defin generally allows to reduce development
time and increase development efficiency. The use of the access refactoring categ
which allows to implement changes related to data sscee theadministration of
therepository and data showcases withaogsl of system performance, is justified in
thethesis. In the process of designing knowledge bases, showcases and data warehc
approaches to labeling and automated implementation of updating their components
elements through the use of access tefawy and specification of semantic versioning of
databases were used. It resulted in quality improvement and reduction of developn
time.

The results of the dissertation research were tested and transferred to L
¢Slobozhansky Bacan LLC ¢Prodece, LLC ¢Kozyatyn Meat Processing Plant.LC
cLime Systems, LLC ¢Ferax, PJSC¢cObolore with the aim of solving the problem of
order execution planning. These acts are confirmed by the relevant documents
certificates. The executives of the stated compatoek into account the results of
industrial testing and provided recommendations forrtipdementation of the described
information technology in food industry companies.

The results of the dissertation research are implemented into the educatiorss pro
of the National University of Food Technologies in teaching the disciglifeProject
Managemerd for the students of bachelor programs in specialty il2@mputer science
of the educational and professional progra@omputer Scien@e discipline ¢Client-
Server Technologi@sfor the applicants for a master's degree in specialtyi 1&imnputer
science of the educational and professional progmnfermation control systems and
technologieé and¢cComputer environmental and economic monitoging

Keywords: food company management, decision making, decision support systen
order execution planning, combined algorithms, combined deemaking methods,
information technology.
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sBd3] Y J dedgw 3, Odzj oltcOyYyOoafmw Lo' wLtsC EfMm' A

1 dzOdz 9o dtesB dzd ylso O { toe Sty ' 2 ¢ 5 tsof dsSdt=RiD@E
slstcd 30 dzdz" HOEMYBOd&zztlzC 2 L O L OHOdzd?2 ¢ tetsd3
o d ¢ t5dz0O dzdz™ oz d3tstp mag Hd Iz L Oc Odz! dzd 2 Mistc Ols
f " Hftcd ' dBMise O, d3" dz" d3° L Iz° L d3° dzdz’ o lstcOL
o d to ts B-KHzff R thets dzs ¢ ' Yy dzj 5B dzOH dzOdzdzw . y ' /' § tefOdz
o dctslsdzaptiz f otsHEZC y'dr odfdgdHA@ OREz IsOC¢

Adzj sBR " Hdz Mils: 9 Cdzs yj dedzv k  ff dstisdsdg patpdy |
s dz2 € d daB@" 2o diAssC d2 o' stedlilsjls o d¢ 5dzO dzdew

Ao ddzd Cdzj dzdz? tsL Oh Y Blodzdd O B QY Pstclz
ZOHAHzezy §] Mdtesoadded O B@OIjtc' Odz' o, i Sy
5B dzOH dzO dzdzv |, L tkh jddvd zdktse Hseotstc' @

Amtsy"' Qdf txiddists o SUsEj B f sS910 W M@ dz'ts dzdzed s Is ©
of sHEBB OdzdzY d3d MY sy do OY"' o ;

AL iz MisteOls j ¢ ' ydzts dsds ' dz@{f tevdg ¢ i frpsda! Odats i)

[ OdzO L OHOYoO " HdgsmdlIls: mw H S C zOMmkz
sflsdd3’ L Oy 2dzds L OH Oy, o ¢ dzg YO tc' L dz Yo
O odB' 't fld®BOd dtsects to' " j dzdgw od¢ st
 3© akfd, 12,18, 22, 44.

[ dzv " Hf@dyhHtsd EO0odzkzL ' YOI CdHE Is C clfBY

ABOSCMdd LOY' v ftedekzlsSClz 9" H 9d¢ tsdzO dzdz™
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AR dz' &3' L Oy v YOfmkz dzO o dcEtslstse dzj dadz? ff tot

ABOSCMdd' LOY" v L OfOMmME yomiz ftd od¢ tsdzO

Adz' dz° 3" L Oy ' Wic GiflZ dg0O tad@f ndzjhelsy Ofmdzj o d ¢ s dzO

A dz2 &3 Loy w Mz BOtcdzse s YyOMmMkz ftetsMist
S5B ZOH dzOdzdz? IsO 9" HH'® d&z' 9

A3" dz2' &3 L OYy' v MikzkOtededn o dlsteOls fted o et

As" dz' &3 L Oy w fykz 30 te dzdiints do ddsjteo@fsS tsate’ dHi) Is Ot
Ctsdafj W C° Isj ndetsdzts G 'L d@y O 1§ dzls T©d , dzj dzjff © Is e §
d iz S b@sishff dzsd o O dzdz” ;

Ad dz22 &3 L Oy w Mz 30 tc dzd n o dlstcOls dzO0 { J
dzj SsdzHndy' 2 des’ HtesHEZCY' W ftod od¢C sdzOdzdz’ L

Ads' dz' &i5' LOY' v MZzBoEddOddy st®istsdz®’ L § ot
IstcOdzmf tstcls z o O dzdzw ;

A" dz' di3' L Oy v MEzdOtcdedr odltOls dzO LBt

LLOdzj Y dzetsfyls” " H My’ Odz dzts’ sO j ¢ tdzts
By dzgj HY J 6O, wCd2 o' HY s ' -A O thjCdEQlsiEiistz@ HdEDiEeiz"
LOMBso dzj dzgdz" , L OHOYO disyj odt' " ZEHHERY Mw L C

Ro y' dzy' JWJiClsdda@azjndzs Otsdztg cw® Isffdz@algz o d
otcOnBolze s Mw EM" Ctedlkjte’ ", O LOCKY o t5dac

ALOHOYO Mftetsh ez o ddBE p@dEHsCtsoadn SCtodl

rdzv Ctedlsjte’ "o, cu®h sy~ dsugdyvE, L Of
LGStelBS O MisOdetso dzj dedzy d3 S g das® ¢Fls jLIs ' dzd ~H dztz &
C tsdzgl toj Is dzd di220 3P, IBAH € 5 3

1 OcO0dz dzO By' desydz0 WE@S WOHdIlsgkHzls® ff 1o
Ctedlsj2d): " o (

10
Fi=/,F - & /,F, - max, 2.0

g=5

M/, TS W y' * dals o Oy dzdf O®fEs/, =1S tedlsj tg'
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L LOdzj ydesfils' dets” H SBB Yy O=irzts 3’ ydzts mdlst
ad3d dzd HY J 6O, wed?2 ® Hftseo " HO' L O M¢ dzOH (
LOBSo dzj dzdzv, L OHOYO By j odt' ko Olsdm: L C
{ Istc d &30 dzdzv BOS Md B3O dz' datsG s fticdBlzlsC k2
detslstso dzj dzdzvL Off tatHzEdy 2 YOMmtse d2 ftotsd3” Xt

edlsjts sy dz2Sd W j Szt if s20 o @O dABHEE@2). f | t

Lo I )

n

Ft+Dt) =& (g * (sd (t+Dt)- (vg(t+Dr)+vz(t+Dt)))*op [t +Dt)- max, (22)

i=1

Hj (t+Dt) 1§ zOdzts o d 2dzQ MK fH oL OR B & * Fez® dz;
ti yofm f§syOlSk odStdOdzdz  &zOdzz, wCd
o d dzd dzd ;
Dti YyQmoO w¢d2 dzj 5BS ' H s dzg d2outdaRicizO Ciz fiy
i TLOMBe dzj dzdzv , "5 L ZOBFE B Bhtzls BZ0 Y ¢
WOk dzj sBR' Hdzs o dtfFBjyls g3 dls &S ] teté jscHdzO B3] dzls
Offkz o Odzdz" ;
nNiLOEOdz &z ¢ dzr €' fyls! L Odgtse dzj dz' (t+ BY;C |z
difOtcOd] Bffed ? &G°  {OdO(q FHzdzvw 4 5 L OGBS0 d
odCtsdzz‘ Is! Mv+DY);@ =0g te* tBHtsBE o df OHS k) ;
sd(t+Dt) i o Otels "Hiffstzd yts f tetsid€ y'L OdE alzj dzdz™

11

==

t+a),
VG(t+ D ifsfls' 2dz odlsteOlsd dz0 o ¢ t5lsiseiszj
L Ogts o dzj cdzdzM(t+Dt® f jto* SH

vZ(t+Dt) i L 3" dzdz' o dlteO@ld dzO o d¢ tslsts oiekjsdz

L ORso dzj dzdgMt+DtD  j o' SH



69
op(t+Dt) i sBfwe ebsots’ fsHkzSy' ', ik

L O3ts o dzj dzdzv (4D, f j to' tSH
["dg i3 LOYy" w yofmkz dz0 o d ¢ silsud 0z dadzy dzjf de
fjtetsh)  yOmsStsodd 6@ ‘ dgO' L OCOdz dzB |
f zOak) ( O GRd) ) odedetrOB] dsk’ o d ¢ s s 4t dddt)dzdz
sBd3j qJ By B LEBse dzv L O¢ " dzyd dzdzv o dcectslsts

odL dzOyj dese s Isj tod3' dzlz .

WS

Far DA dact(ey 5+ g+ tpd) min, @23
tet H,(t +H)Dt ¢t (24)
te¢t 4, +)Ddt (25)

Hjlt+Dt) i f dzOdzts o  2dz@ j"S o eSL LONtso z° s fw
ti Yo §syokSkz o, dSwezpiddy sif ZOwR"' Is! fw
n o ( dzd deq ;
Dti yQimo wCER' Wagts o dC tsdzOls dn szdndzd dz@Akts o o
iTL OB dzj dedz, s L dzORBHAI! Mw dz® yj te
ftosHEZC" Oz sED ' Hdzs o dif+HDfllsdlsd L O ff jte' tSH
jidzts d3j to ‘I lsBditzy d dAdl wj) b @ifd ® L Od3ts o dzj dadz” ;
WiC d € Mt dzj s5BA ' Hd-BsjilsOR e dzg dedzts s
i dets d3j t6 5B 2O His@sdpdivdzd  tiBstrO HAtEOmzdaY © ds3ts o dzj
S ¢t dz § fyls! L OH' Wds@ts 5B dzOH dzO dzdzw
9 d ¢ sls ts'acdrp dgtied dzj dzdzV ;
t1 YO fits wpGsSSs dz0 dzday O tois @ ¢z a)dz] dzdzy of;
dti yQipe® wed2 dzjtsBR' Hdzts o d-dBisis Bl & dzj tath
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@i T yofm o d¢ sdzO dzdzvj -G t5jHIS O frizdtais iz’ dzO H dzO dzdz
9 dctslstso dzj dzdzVi-dif te tOHsCoul |’ dzdzav @3;

pt, T YOQUpj 5B - ' Hdzd 2 Hdevs 8 dzOHds@Bdadz'SC dH dz2¢ 5L
JsOoflz §tod ofdetsmildsayds) dz@ s o dzj dzdzV o3, BN
f HelBCO dzj ( BSiIstc’ B dz2O,;

to ,TUOMm §itejrtsHi/ sy ¢ kd®ddsory]d-jHts @f is;

m, T yOfm wHdv sydhjddz" Bz OdEdzdeYd G
ftotsH Z2C-W L O36 o dzljdgiatzy dzO Hz@O dzdz' |

o, TfOLOdj s, "t §@RAGSL, wEGREjjideddy s
o d¢ t5dzORYs BB H dzO dzdz' H dzv o d G G is3s a d@ pi3tzde dg jfizday
fTe "' dhtsdizz e df OHC L) .

[OCMddB LOY v LOfOMkE YOkt Ot dzf Gztetz0

(t+Dt) © yOMisC g deds’ Godh dzv  f j o dz8 ¢ H2d a @ d3ty oy
jWiCldodz fMis: (26Ptc' Odzls © 1 zO dakz

gdt- (t HF,(t )P wChE tf FIeD t<
F(t+ D %—0, o dh sz o G OHC I max, (2.6)

Hjt+Dt) 1 f zOdetsded s j¥ C 2 thLtcONSo bk’ st fw
ti yom fyOlSlk od¢tdOdedzy f dzOdzlz, w ¢
~ 9 d dzd ded ;
Dii yQmoe wemR' wagts o d ¢ sdzOIs dn szdndzd dz@ARs o dz
| T desdzj 6 L Odits o dzj dzdzv hts L dzOrtsHdIls! fmw
sHdde adH fesHESYy ', wCk @Bprn Hdts odflkzh
jidesd3i e jlsOfk L (iGderdidzd | OEfs' azj dzdz”
WwiC'  dz ¢ Mls! daj SBA' HA-B 5| 5O dz dadzts ks
T yom otz o d¢< tsdzO d@izz {f Ot Uy ‘dZdzv 1d3;
dti YOO wIHEBRtzh &zt o d G lss9-glsd O 315 &5 ez Gza
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['d & LOY' v MkzkOtdscts yYyOmkz dzjodS st
5} 0t dslzts 6 5 5B dzO H dzOUZdatzts dsbOS b2 Hai § alz® y @ Is ¢
(2.7)[4, 18,22];

n " s

F,(t+Dt) = a. a a (oijl * (tZ|i(j-1),I B tplij.l ))' min ) (2.7)

i=1 j=11=1

Hjlt+Dt) i f dzOdzts o  2dz@ j" fH SL LORtso 2° Is! fw
ti yom YOStk odStdOddsy § &zOdez, w¢Cd
o d dzd dzd ;
Dii QMmO wiEr' wazs o ¢ s5dzOls dn szdndzd dz@aits o d
I TLORBSO dzj dgdzv, N5 L dz2ORtSHdIs! MW dzO yJ te
ftesHESC Y °, wCk dzjtsBo(t+#Dists odfbfisdlsd L O
jidztsd3j to ' lsa@dptzy d d4d1 vg) s @ifc ® L Odsis o dzj dadz®
wiC' dzt SzjBBE T Hdzd n jIsOf-618 1 @ dgisis trp dagzizd
i dzts 34 t6 5B 2O Higsdpdfdzd 1 B @ KRS dzdz® d3ts;0 dzj
S ¢ dz € Mls LOH' W dzgts@d s 5B dzOH dzO dada?
9 d G sls ts'acdy] ded@ d3ts o dzj dzdz" ;
NiLOE0Odzr dz@ €' dzr ¢ fMls! L Otso dzj dzt+ By ¢
tzly, T UOM L Oo j totzp dadgvl) -6 § C s Odflz  tezOMAR'H d2D!
o dceBlstse dzj dadz'i-d3f tc ®©uRsD Q7] dzdav E3;
tply, T UOM § 5YOISC kj-cesd € jslsADiftirzy dss dzO#i ez d
o dceBlstse dzj dadz'i-d3f tc ®©uRsD @7j dzdav E3;
0, 1T { OteOd3j Istdf, ted® BD2 {QA (o] dedzy v Cjhds j IS C
o ¢ sdzkz lbd3lits's da@BBdzdz’ §ted o d ¢ Sl tsoid dedd d3tsth teAg
o,=09 ' dhsdBz odf OHCE) .

ijl
s zdi3Otcdzd?2 oL B tc hIsOW' 9 L O dzj o yomdaj
fijte, SHEd2 odL dzOyoO'(WB):Mw L O W stcd3kz dztss
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F+D)=5 (g *Y *hk)- min. (2.8)

i=1

Hjt+Dt) i zOdeso d2 f jte" SH dzgO@ wWCd2 teL teOR &

ti yom §oyOkSlkz od¢tsdzOdzdzy  &zOdzz, v S (
o d dzd dzd ;

Dii yOm® S d 28 Mjrsdes o d € 5 dzO s d7 ezdndzd dz@Rts o o

I TLORSO dzj dgdzv, N5 L dz2ORtSHdIs! MW dzO Yy te
ftesHES Y ', wCk dzjtsBoft+#Dists odfbfisdlsd L O

gitesL a3 tc ,f @O & HisEtsO St6' wed2 d
Oksodzd Sz, wWChEi-Blrtegs sl Fdz@dzdz? L ORso o

QiStjW' Yy ‘dzs tesL cONc2%) BHNzOYO* ¥ tzist
9' HN CsHEZzo Odzgdz" L OBsSo dzdS bk, WChtdtBbH] § Stk

11

-

% jél,WQhﬁi+t2i(-F®t <

"0, 0 sz p i C (2:9)

HiETyuom fsyuOkSk oS tsdOdd "aid ¢ ©ltso dzjj dd
hkiCsjWw' y' ‘dals, wWCd?2 owORGolk' dzj SERL @G
Ctsy dzk tatsBRORSok  Is! M L O Ystedkzdss (9) :

gl W G hgss L bils 16 OW 'S ) s bo@jdal @) yod & dz WS

1,
i _{gwg,a‘ dz" 15l GHELEdZO Y Otz gl (210

|
ztsfisdd Ctedlsjte’ * &g *° L dzOyj dzdev fylz BOtedzd -

-6 jlsOfk ®mOZOH O §td o dé-tglscOdidde] d
SHJdzd ybo yomk, OHYJ WwChi bkjmndibdzte ' ,ydzBtsH
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otcOnlslofgw ko jMm! YO JjECMf dzEOOY' ~ 211)28 30¢ 51
32]:

Fo(t+Dt) = an. % a (Oijl * (ptijl +Dt, +ht, ))* G

i=1 C =1 I=1

- min | (2.11)

|-OOO

Hjt+ Dif dzOdzso f 2d2Q j" dsH L tOR B lz' st fw
ti yofm fsyoOlkCk odStdOdadzy f &zOdzz, w¢d(
~ 9o d dzd dzd ;
DiiyQmo w2 wapts o dSdsxiptdsjddzdedndzl] dzQ- ;
I T desdzj 6 L Odts @ dzj dazdz” |, hts L dzOR tsHdIst fw
sHddz oadH fsHESY' ', wWCk @D8Bo Hdzs o dif zf
jides d3j 6 ' lsBdptizy d dAd| W) b @dfc B L Od3ts o dzj dzdz”
wiC' dz € Mist jdPB D » difdids moQidjtdadadyj dzdz" ;
i dzts d3§ t6 5B tzZO Hisii@sdgdfdzd 1 Ba@ wizzOEHzd2Y P datzy dz
s, T €5 dzt €° Mmls LOH WdzsGts 5B dzOH dzO dzdzW
9 d G sls s'acdy] ded@ d3ts o dzj dzdzv ;
@i T yom o d¢ sdzOdzdzyj-6 5L H ] B @ifdgidzddros dzOH dzOC
o dctslstso dzj dzdzvi-dff witde Hz§ dzdzv dz; O
pt, T YOblgj sBr ' Hdzd?2 HUtsd ZzOwWdGdd? dH Vs L
J Otz ftwd o dctslstssdyj dz@etZts § dzjsdedzt o3, ~ BEPS
f " Hetslssoa CO dzj f tslstc’ B dzO;
c, TodlstcOIsd cis® d talz dzlf tc  j-6 1§ 'Is7Off degs ke dzO H dzO
HdzW o dcetsilstse dzj dadgy L Psts 8 HZ§ dzdz" d3; O
m, T YoM Hdzw sydh j dzdzv  jsBEz@G @ dedetsfo dz]
ftesHEZC M L QB o dzj-dedpBdgzOde@z0dzdz , W Ch s o Bdzts
dzj SBR  Hdzgts § jtoj H { tfteotsiH jor@gvisdy ysigddts dessdats |Is ;
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o, T f OteOd3j Istef, .o BD2  L{@dO (pj dhdzv W CjMAUs j IsC
By dzd o 5 o ( ClEFzGIS fzO HARO dzdz' Hdzv o d @ tsls s dzg
L O350 dzpdates o' dz" sz o Jf OH S &) .
4! sBdB Stedlsj'te Oyl v odflsdsOds O tSErBlsds@ H dzC
odifOHSCE, Cdzd o B EZOHMOMEZ * Ctdiskzted,d
o dL dzOYO' Is! fw 212XR2,18@ 82ABL dzts s (

n o w oS

F7('[ + Dt) = a a a (NOT(Om )* (tzl(j-l)ll - tplij|I )* cp *VK)' min 1 (2-12)

i=1 j=1 1=1

Hjt+Dt) T dzOdztso o 2dz2Q jMSLARD Atdtd 2 * s v o o5 B d
ti Yo YOSk od¢tdOdedzy  &zOdzz, WG
n o ( dzd dzq ;

DT yoOmo wCgr' wWaets o d ¢ sdzOls dr dzdndzd dz@ARs 9 dz

| T detsdsi e L O3S tzj dzdOR sH s Mw  d2O yj et
sHddz oedH ftesHECY ', wWCbk (@HDYB - Hdzts od§ kzf

jidesdzi o jlsOf k2 L (jdzeglmicfedzty | B Gy HAj datiav ¢
dzj sSBE S HdS Of * 9 o4 65k Oaktzy dagatizdzv ;

i dets O3 t6 15 B tzO HisEsddgdzd B IP@ HAEO Ezday O d3tssH dzj
iC  dzr €' Mls! L OH' WdatsEts tsBAZOH IsZDflZday i tdafi -G andf «
L Od3ts o dzj dzdz™ ;

nNiLOeOd dz@ €' dz ¢ Mis! L Odstso dzj dg/(t+ By, ¢

tzZh,y, T UOM L Q9 jteh j dzdat)ice d § bs @afiddzdaemOdzO H dz0 d
o dcetslstse dzj dzdz'i-d3f tc OIS GZ ‘dzdav @3;

tphjg, T UOM  § 5YOISS Iz jicow C 5 Hz0 itz =EOdzO H dz0 dz
o dcelstse dzj dgdz'i-d3f & ©HRPBES ¢7Z] dzdav €3;

Kifotto®Rjste, ht ¢ @dAder, w E&D wmizaeztz0 dzdz!
ftetsflsts’ BO° ftsis' 2uss0o ¢ dzupdgz 8 dzff By izl ) ;
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cpiodisteOIsd { ligsdis 8f de@Hpz@sdzdzw
0, T OtcOd3j Istdf,ted? BP2  L{WO {pj ©czy W CjhAs | IsC
Bsy dzd o 5 9 d ¢ lEzda®ds drO H diz® dzdz' H dzW o d ¢ tsls 5-03dzj
L Bso dzj dggleOcdsp ' de" sz o df OHC IZ2) .
Il st B3dd3 Stedlsjte” " o5 ° d3 dzg@ 3" L OYy' v odilsts

dzj SsdzHdy' 2 des’ fJesHEZS Y~ fted oo | dz@a@dS -
W s to o3z (@z18Y
RE+D)=3 4 A (0, *cn *vnk *op(t+Dt))- min (2.13)

i=1 j=1 1=1

Hjt+ Dif dzOdzso f 202Q j"S dsH L ORBo lz* st fw
ti yofm fsyoOlSlk od¢tsdOdedz? § dzOdzlz, W C(:
n o d dzd dz(d ;
DiiyOmO wEER" wazts o ¢ tsdzOls dn szdndzd dz@ABE o dz
T dztscsj 6 L Odss o dzj dedzy, h 8 L dzOrtsHdIs! Mmw
sHddz oedH ftesHECY °, wWCbk (@HDYBC- Hdts od§ kzf
jidzts o3j to i lsa@ditizy o dAdl vj) e @dftdse L O d3ts;o dzj dazdzw
WwiC' dz ¢ Mls! dzj SBR' HAz-B 5| 5O dzg dedzts Is t
T des d3d 6 tSB 2O HZEAsGRENRG d#PIdeder dares L O dsts;o dzj
Si 1 ¢ dzr € fls! L OH'  WdsE s 5B d&ZOH dzO dadz®
9 dGtslssbady dadd fZts o dzj dzdzv ;
NiLOEOMd dz0 ¢ ' dz €' Ml! L ORse dzj dz(t+De) ¢ °
cn, i © Otels' Mls! 4 jtojtetsBdzj dedz" yd bklsddz L O
ftesHizCy' ° fiedts oL@ dstsibdigezizdzy - dzts dzts 6 ' ydzts dzlz s
op(t+Dt) i sBMWe cbktsats’ fesHESY' ~, '“®KSE
L O3t o dzj deczv(tB DY, ¢ j to' S
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vk, i L O Odz &z0 €' dzr €' Mls!  dej StsdeH gy B dats
sHdddys fsHizSy' '~ f-oB JOBHD | Ok dibgtzd
Isj mndetsdztse * ydes 3z tsB dzOH dzO dzdz’ ;

0,1 OO Isets d X A2 {0dbQqy Fldzdz™ F 5) 5O st
o d C s dzQ3ts BRAD H dzO dzdz’ H dzv o d ¢ 8 i8i¥s a @ ji3izde dg j=tfiaday
io ' dhtsd3sz o df OHCE) .

rjoodowiksdds Stedlsjte’ * df * 3 dz &3 L Oy w PpAls

odL &ZzOYyo' Is! MwRuMP W tstcdgkz dzts

F,(t+Dt) = an (vz*op (t + Dt)* max(,dt - (t, +F, (t+Dt)))- min (2.14)

i=1

Hjlt+Dt) i f dzOdzts o  2dz@ j" fH SL LORtso 2° Is! fw

ti yom fsyOlSk od¢tcdOdzdz  &zOdgz, w¢Cd
o d dzd ded ;

Dti yQmoO wCER' wazs o ¢ tsdzOIs d2 szdndzd dz@is o dz

T desdzj 6 L Odstso dzj dedgv, P ts L dzgOmSH IS+ Mw |
odH ftesHbECYy' ', wob dzj de+rD);ndets o Efmisdlsd

op(t+Dt) i sBfMwe cEbtoat’ HsHEZSY °~, Lk
O Bts o datf dafigl -+ D

vZieo Otels' Mmis' L BJ to' & dad® d3tif dcdzq dzdzycdlz; L O

di7T yOQiO wCd2 dejcuslis oHddists] off i talls H KXd3fs 9¥dz LA

vV 9adfOHSE, SCtdd § Hitd' ®Rilsets L H' 2fdes

11

-

OBfts L H' 2 Mmdzs LBJte" ¢Odzdzy G Bdsjtsd’ o5 dzOtfiAs telad &
Ctedlsjte" 2 9 f j tegdlsho)ts st dslAyw fipz@z0Mc dz' o dIstec
fjtcjojLjdadzy ftesHEZSCY' W ©°'H LOeatsHE HB o] C
Coydetbe s o dHEZ ftesHEZCY" ', O L OcOd dz miz

o d ¢ d216)[22 48}
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Z; Z R R R B
I:9i (t + u) =X (VZgth * Zg¥t2)+ X X (ngtzr* VCgItzr)-l- X (VZgﬁr * thtr)-l- X X (Cgttrb * chttrb) Y min ! (215)

z=1 z=1r=1 r=1 r=1b=1

Fo(t+Dt) =X Fy (t+Dt) Y min, (2.16)

i=1

HJziL Oadz@ WY ¢tz o i3 lsdfdisdz zIS yhW ;

Z1¢C' dzt € Mlsy L OoatsH 'i¥, oo GCip'ls'ts;o dzv * Is
ritcj 6" sdzOdz' dzgd?2 MmME dzOH ;

Ri¢" dz2 €' Mlsy tjc' sBdzOdz degdrm MG zOH ' 9 ;
biiL Odiidse dzd €, WiRRd >dei®e3is® o~ ;

Bi¢" d €' Mls! L Odstso dzd ¢ dbffetaits HILS y 'L ' Od3ts o d d
zgt, 1T 9 Otels ' Mmls L B j toi'-cetO dzatzf H #s'H f wafa®lz £11C» t

s a3 dzlst; YOz
vzot, T sB fiwees o dHE fwsHlEzCy" ~, ZisO L &gy dg) dzl

cot,, T ©@ Otcls ' Mlis iy €dedl Wisj dadgdvn s  tetsH ZCHyS
toJ 6' tsdzOdz' dzts @ s 3fg E3giafels 2 YO Mz

vegt,, 1T sBMiv-&gdts odHlkz JtesHkzCy' | hts Zsk®dz
tej 6' tsdzOdz! dzts @ s o3fg E3giaels 2 YO Mz

zgt, 1T 9 Otels' Mmis L B j tol-GGRO dadaf' H s Hifftdas[nylz € y
Me dZAHO dBiitdzls YoMk

vzgt, T sBMivges o dHlkz fwsHEZSYy' °, s LBjtlE GC
L O dsdBithels yOMmkE

cgt,, T © Otecls ' Mmls i jtc] ol Lusj dadgvH zts HifdtsiyZ € y '
M ZzOMtEO i3 o dzad OO B d3Jtzls YOMiz

vegt,, T sB fMiwges o dHEZ ftosHEzSCY ~, hts teOdzemf ts
rHts L O @zdd®®Odzjtdzls yOMmiz
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[ B3] ) J dzdzv dzO 9 d3'zbizvciE deOfiHzE L O isHiZE yt' -
odL dzOyoO*‘ Is+ Mw L O Wstedglzdztss (2. 17) :

|
X vzgt, ¢V, (2.17)

i=1

HyJgTdtsdy @dii3se dzj dedzv, hts toj e dzO3y dzlsz® tSH (¢
ritej 6' sdzOdzt dzd?2 mME< dzOH ;
vzol,i sB Miwees o dHEkz HtwtsHEZzCy' ~, hHisdscdgjjdds ¢

lTL O Odz! dzgO €' dz¢ ¢ ' frplsy W B3ty d dzj dz'@ S H dzO ¢
Vil L O 0Odz! dets HBY EMisd dige2s toedfmvize, i tdsts Hdgty
ZzO0 MG dzOrtsH dz®yg BMR dzts .
{ B3I J dedz? dzO o B Mlis ridzOc "ditsdl) dinlsdat= deEniz®) ¢ ldl
Wistedsz dzts (2. 18) :
>I< vrgt, ¢V, | 2.18)

i=1

HJg-2 odH fJtesHEZzSCY"  ;
vrgt,T sB Mivees B daisH ZC y' 7, hs LBjt' 6O' Is' M

lTL Oc Odz! dz® G 'Ods® ‘dAflslz? ©BHRZOS S ts’™ f tisSHLE

VilL O 0dz! dets HEsH ZMmis d diesX tsts ofigfHdz , § 6 tsH sy
dz2® j ¢ ' s dzO0dz' dztlz@Glz d3fg E3giadels © YO Miz

rdmvisdd Stedlsjte’ " &3 * d3 dz2 3" L OY" v oglst
hts dzj sBrR' Hdz2 HdzZw odcdtslstso dzj dadzy o =RHBR2A " °
48]
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Fo(t+Dt) = é a (vsn( *rk., *op (t + Dt)* max(0,t. - rtik) - min (2.19

i=1 k=1

Hjt+Dt) 1§ zOdzts o d 2z MK sH tesL ttORso kz* st fyw
ti yofmnm ¢ syolSlkz dely,C sWwOddzy § fz@&Oyo' Is! MV
7o d dzd dzd ;
Dti yoQmoO wCrR' Wzkts o ¢ s5dzOIs dr dzdndzd dz@ARs 0 dz
T LORBSo dzj dzgdz?, P s L dzZORBHdIS! MW E Y teol
ftesHECH dzj S8 0 "  Hazs o df+HPthlsdlsd L O f jte' SH
kiodH tojfMkztemikz, wCd2 dzjitwesn 'LHOAERD dayj ddadzy
nifitejd ¢ dtsBr Hdzdr tod Mzt o itdxlzw
L O d3fs dzde d3;
vsiki 8 Otels ' Mis! ke t wdfdielz] dzls Oi-6iHzV L @ dft€ dsdi
kT sBfMwv e MdAgtss Gdzei dzd?2 Hdzw o de tslstso dzj dz
B L Oditse dzj dzdzV d3;
op(t+Dt) i sBMWYe Bl s’ ftesHkzCy ~, "“HB(E Lk
L Odsts o dzj dzdz" (DY, § j to' sH
tiyofm fsyOlsClkz odc tlsisdg dzj Qzdzy o dfjcdedzzd®;y "
riki YO dzOH ckisHsy Cdedlyf tsdzj dzls O -6tz L © dftS dsdizDa
[ d&zv  ftoj HMis O dzglztlets® BRBO |§ z30 ESEDSS &o ls 1 v
sSBd3] ) J dawO- 9Ll sy EM' s dkzde smis® L OH Oy
1. s s dj Isj m dats dzts ¢ ' Yy dzj s B BzGzg g zdz *° OB 15
odCtsdzzo Olsd dzj |-B 5dz bs@tff BH @aRE d5dzj dzdzv , h 5 St
W st dz2.20):
é’il oy =1, (2.20)

J
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2.1 dzv e, htse sSkoddkOkd csltsolk §EtHL

LG' HdBd&Odse d &sd ,L Okhts'e dzj st dzdf so d dzdz' B EIsd
fslstc' Bdetsets Isj mndesdzse ' YdzB2l)s 5B dzOH dzOdzdzy L C

'é ng o, =Ww, (2.21)
=1 1=
Hyl 7T Isjrndesdztse ' ydzj 5B dzOH dzO dzdzv |, hts  dzO
Isj rdesdzts@ ' Yydes s tsB dzOH dzO dzdz”
jibjrdegsdzse ' ydzd?2 jlsOf, hts ontHYI! HT
.rdzv CtydscsOlito dzj dedzg? dgj sB R Hdzs 9 tcO
Isj rndetsdztse * ydesets ftesyj Mk dksyj L fsyOlsdf
JsOf " 9. g, f.5F16ls Og, =1, IS H' Yyom f sy@lsS iz s
odL dZOyoO' Is' 229 o qtcOL sd3 (

Figi-na-n T DEigoyan $ Ly, (2.22

Hi £ T UOM § 5UOISS Ifj-B ] & 6§20 jlzdzdlz! isasts L GsdP ez
ZY-)fsf jtejHde Bz Isjndsdtse’ ydtsdzz 5B &ZOH dzC
Dty | MEBOEdd 2 YO (I-J)Sfiffdiatls@z 565 Isj
5B dZOH dzO dzdz"  H (dzl) foftS jtaiOdprevitas s L O O § bzj dzdzw ;
t, TYOm f§syOls ¢ F-casd J isdz@dgdidscss L jAsdgfslixtizjz dzc
Isj mndetsdztse ' ydes 3z tsB dzOH dzO dzdz’ .
4.[ Bl j d2EY) (6 ¢ OB dzsk* o d ¢ 5ls s otz Prizdz dzf

Bsyd odatsHdld LO y° &y’
5 [B 3] jaBdey S(Bkzdtseo dzs © L OC " dayj dedz? o d ¢ s
odL dzOyj desets Isjtedz dzgz o MlsOdetso dzj dese s L O3S €
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6.y Off § syOIls¢ E-6dd ¢ ©dz® ddditiz dzdzj - B dzts 6 ° Y dzts
BsYd BEkISd LOHOMdMs (SdnlsOdistss yd ftsd 3¢
CodStojlsdzs’ BiedcOHd ftd W OMkzo Olddd J § ®E 2y
odHEZ s fMigW s d BEBL sd3 (

o, =const OB d5Ii [ab], ab- const. (2.23)

1 Of tod € dzOH ,dzdevd & ©lzsts ® dzj dzdzv  so Jdzdets ff tod
L &3 dzz, oyd §6:16R3:55.

7270 odfOHSE, WGt tod@ HY O dz e g DYO" ! fw
tcj I dfldcday * ZOCIsdydzdr tesB ' ls dzO f j o desczglz ¢
tesLBdo O Is! mMwv dzZO Ho O Hftesdz ¥S¢d: HE IsO ' fi

8B.uMm'" odHd toj Miztchmi-Cots H AdDA3tsee fiE] twiettd dzdifvts o d dz
sBmMwL ", O "7 d&OHAtHYjddgw ¢ tso ddzdzs B HiEds «
LOMBso dzj dadzw , N s o 220 y0O*‘ Is' Mw o dtOL td3 (

a rk, * op (t+Dt)2 rkz, (2.24)

k=1
trp, ¢4,

Hiyt, T Yyofm §syokslz j-on ¢ § d@@ddzvL OBt o difstzdz
Isj ndetsdztse * Yydes 3z tsB dzOH dzO dzdz’ ;
kiodH tojfmMiztembkzu dzj &8 G SiE deBdzd®3ts 0 dzj dzda" ;
nifjtejd €, djednidads HEY odcdslap d
L Od3ts o dzj dzdzv d3;
op(t+Dt) i sBfw e CcEbtsot’ fsHkESY' °, WSk

L O3ts o dzj dzczv (D, f j to' tSH
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rkkT 8B MW e MmMdgtsa G dzei dzd?2 Hdzv o e tslstso dzj dz
B L OB dzj dzdz™ d3;

rkzsi s MW e My delipdnztcmiz, hts dzOH " Bph;tso

trp, T YOM dzOH -6 pddrdzy t6j MztemMkz HE fHEBO
f slstsydesd 6 5] s@ifRsdadzlaizAs | = des dzts 6 * Yydets sz 5B dzO |

9. 1 o OF Is! odf OHSC ], ¢ tsdzd dzj 5B = ' H dats
fto' stedlsjlsdz’ Mis: o dCtsdzOdzdzy L Ostso dzj dzdzv , Is
tcOde zo Odzdzy L Odzsodzj dz' ', O IsOC By ' IfSey Sfd=d
u<p, WwWIg@idesdzjted L Oditso dzj dz' .

10. [BfQW e o dctslstso dzj dada” ftosHlzS y"' ’ dzJ
By dzdeoz ik d Mig? dztf Bl o d L RINBDED): v W stcd

MinOp, ¢ op (t + Dt) ¢ MaxOp, (2.25)

Hjlt+Dt) i f dzOdzts o  2dz@ j" s ESL LONtso z° Is! fw
op(t+Dt) i sBfwe cEbtsot’ fesHbkSYy' °, WSk
L OB ezde” 5 k(DY) sH
MINOBR ;&' d BOd dats  dsts Y ddsetsch2dz tizeizf W IiClads 6 &
L Odsts o dzj dzdzv (3 DY, §WjQed ZsHB ZH j; toj dzgls OB j dz' dzd o
MaxOp i i3O ¢ Bdzz dzts KRB Y degdnv ¢ 9 d ¢ tsls 19 @zidzd:
L OBts o dzj dzdzv(t4D. § j o SH
11. s jted3" dz L BJ t6' G Odzdgw Ctslsso 5° ftotsH ZC
ftcdHOlsdztsmis® HEts o9y doOdzdzw SO Isj d24P6)dz f j toj t

tvug(t +Dt) ¢ tvug(t + Dt) +tper(t + Dt) ¢ tvug(t + Dt)+tvidg (t + Dt) ¢

¢ tvug(t + Dt) +tprid. (t + Dt) (2.26)

Hjt+y Dif dzOdzeso f 2d2Q j"S dsH L tcOR B z* st fw
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tug(t+ @) @ yOff odcetlstse dzj dzdz ftotsH zCiyly
L Osts o dzj dzdzV (B DY,  j ' SH
pert+Dt) T YyOMM O wCd?2 dBsydzdets LH' 2Mmddlsd
o d¢ctslstsd-adidzd OB o dzj dzdft“+®);z ff j to' SH
tvidg, (t+Dt) T yOfgj tej L wWCd2 ditsyddzde ‘sH oLOHzIS20My did
ftetsH ECtRy ' B ZdzO o d OEYs 5 DdBjsdeEzj dzdg®):z § j to' H
tprid, (t+Dt) T YyOMm HtodHOlsdatsmls Cslstso 5° tf -tgts H
L O d3ts ovadj dizdz fft 3 B). ts H
12 v jted3" dz LBJjte" GOdede" Mdtetse dzd dzj d3stsy
oS sted MisOdzdz? *° L @2WP* k' v W isteBz dzss

tr, ¢tr, #vug,, (2.27)

HJRiyofm dzOHRBH)Y J dedzy Mdtetse d dzd ;

tvug, T yome d2 dsyj LBjte" ¢OIsdmw Mmiftctse d dzC

13. 1 B J t6' G Odzdz” odctslstse dzj dats’ f toc s H et
L B J to' @®yzdzy (

pg (t) ¢ Maxpg(t), (2.28)

hi po(t) i sB Minces o dHE ftesHESY' °, w¢d2 odg
2O Bsdijzs YOk
Maxpg(t) i 3OS fd B3Odz! ded &5 sBifude fosHEZS Y'
LBjte' ¢OldMmw ts RBsdgj dzs YOk
1417 BJjtc" e Odzgdzy Mmdtetseo ddzd B d3d Y J dz@.29Bs ) dzd ¢

pr. (t) ¢ Maxr,(t), (2.29)
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Hpr(t)ise fikess o dBEd@de v Cd2 f iz 2 d
Maxi(t) i B3OS fd EOdz' def® e Ese o dzd, W& d?2
9 BB dzls yOoOmkz

t SLiesB dzj 2O d3OIsj BBOIsd ydz© hBsH J dz2 HO' -L o
C Odzj dzH Ote dzd 2 f zOdz o d ¢ tsdz0O dadz™ L Odsts o dzj dz'
BOGOISBS tgd Is j-ipS ROH diaf -AzOW Bz ~18, 22D30 CB2]

4 C zOH dz' Mis! Lo bW L Odzdzv ISOC 5° LOHOY'
LB ' dzt hjdegdgv a3 jIsOf " & t' Ldzdr 9 0Otc’ Odzls’ 8 9 (
o dJetsB dzd ylso O.

1 OHOYO hisyj BEIsd Mftesh j,de@ Is'j &disdztsdzO
odeBlstso dzj dzdzv HtesHEZGCY" " HBEZ9o O' Is! Mw dzO
Csdi3f dzj €M, hHts BO Ctsdzo j " cdzed?2 BJLY jtojteo
Bzlsd &BOCOtotsdzdzy o dttsBdzdylsots, HJ odc lde c
ZO BHd 2 Oolssd@OIsdLASaddz’.?2 Isjndesdzse ' ydz' 2

1iJBBR"  Hdztisd p ' Hds IsYOfMisd dz0  dsh Ca©tel flAQisisizy Iz *
9 ' lsydLdwdzedr ROyt gBtcjfe H'f cd sk ® ©8 d 8z L
fted oftcsoOHY jdedzs desodrm odH' o ! tdWH ZeCdysS 6 (
dzO dzOh Is Iz ot)jdedizvdzs @ Bzdas dzts ¢ © Yydzts & 5 9 s B 2B B 20O detlzf)
ftosyj HbdstsIs s o dzj dadz” ftesHEC Yy . 1 Of tc@ € gizcze
CtsoBOMdzd m MOAB®HSEL Is ' ffjWH zh 2 o Okzeli@zv , ‘tsdadPdsO ¥
L OL dzO Y d dzjineasfiug O iz § Iiste ® O ) dzts ¢ [1] D af felsts dzlz 6z
SHd®REZ Isj-dsdzse' ydsddz B &zOH dzO0 dzdz .

10 dz o H | GBziz@ds d iszO  dstsH j dzX f te s jOfelg dak
C 59 B Odnflae(BRO 99] H § d&2O (2 | BHOILS k2

1 Of totsf sdatso OdzO OIS j BBOIsd YydzO @ H gzdz! o d3ts
L OH Otglz § @@edzvy o d ¢ s dz@zedes HAD GEatdz) dzF " Hf tcod
Hdzw ' H{fHe'dW dgfnidg’'omlis! wCdrn o dwWdOdd cisls tz®
ftocsdzgd mMdzsoe d - Istso Otc' o .
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22u ls o tstc | @eldzy dz@s dgty Hzjlf dzO dzlz o OEAGAY O y O dzdz ddipd t
ftcd Cdprk'tcso e L OoatsHEz

YOMIsddzO § " Hftcd  ddmilse  jtcj tcsB ets d o d5'@is O
ffdtetse ddzdf, wCO &GO Mo =W BIHEzO gl 3t fiAs tc  fiyls
ltedC dzOHEBsd3 IsOCtsegts " HY ted ' dzfmis o G ts B dagiippts Quilies
ftesd3d Mdztse sfls” - Otzdzn dg' Mbzd 7 Is § EBzO§ ‘tae ¢ W
mMdtctse d dzd . C@Bsfaetso o dd@iszf Olsd yYykzSCtesoad® |
IStcts sl dZ®dzlz © Odzdzy ff j toj tetsB dzj dzdz™ L OC d&zOH O Is
Ckdz skte, OHYJ ¢ddzdtc'os Mdzdzo OMK tcige Odzj i & ¢z
fMdtetse d dzdets® L sl O wSBigdH' skttt tet o
f setstdesizOIsdydedr EZdsse o jcjlsOy’ 2desets ff j te
LBjtc" g@dpdpdz o dH 6" BtodH' ' o o ' i jdegdtRds’ da® o
o zOMmisdoe sflsw o3d , Isjted3 dzORBd Isj mdetsdztsc ' ydatse
YykeStedmlstsmis SO dzj yStsMmls® . 10 tORkdesS ¢
G BtocdH' & dzjtsBrn ' Hdets ftsfls' 2des L H' 2Mmdzs 9 Ols ¢
IO § jtoj totsB C[f]l. Mdteso d dzd

bolststcd [@ts O liods §f sdiAlxle OdiAgIls d ydzlz di3sH j dz2 9 (
FtcORzo Odzdav 3 1 sCOL dzgd & " © Mdtetsoe d dzd .

[Mdeso dzgz  Bj sk WkdSy' tsdzze Odzdz? o d tetsB dz
Htsy' dz@ des o dL dzOydlIlsd2.3Q) dz' seotss WkdgCy' * &

fzéé(xj—xjdi)dg—éii@i—éuir— max, (2.30)

Hi isBMwe § sMsOyYOdadzy Gk Cipdtotdid cil 1» k) QL t

L O C tshdedj2dz dzOH A tSHY j dzdzv IsLdO yslzjSfite'ts ot ji [1» t]3 HO ¢
9" H fjth et ()t diyfnlc@dedsistsc tsiz@H - 15§ t$ {5 szdatzdzis
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ki¢' dz ¢ fls! MmMdetseaddededn L tsdz, ;L wCdn

Zii SsjW f dgs L OBtolzHdzj detsfyls Ctstej daSf dz
Mdtetse d dedets® L s5dzd ;

ciiod3 Mils oykxtotizj dzj f dztsH O Yk$ tosoldSGitss B L
Mdtotse ddzdzts’ L §ekg j ot O € 5 dzd 2

xTolteOlsd ®BOMI kLt dndis sm e fi2ids" myjods defo
® LOotsHM! §d2 ¢ OcOlOR

HTolteOlO YkCtok o-cC tsiipg thtpt dZSHOER] L * H
o BOH Cdn COE0OLOEL;

briogdlstcOIlsd dz0 IkteOdzy tstels z b-t© dzdgd teustp U telst
2O ftod?2 BOdz dzd 2 f Zdf9lls yYykStetsotsets L OotsHLE

' a2 59 O 2.20dzC O te QoLdDBdz@  dg@ j dzdzv  ROC
ykStlk L Mdwsedde, "t dzOH 20 Z0 O YkS et
Cdlbjgg’lsdoz” L Oy~ ° BOCMHIB LOY" v oddzlzud
@D sa-s5L Mdtetse d di » k)L Ots @i prHedjRdz’ dzOH A SH Y
fjt' 5H woBlsd yji[btlpseth L @gtehlisc 6 (f)HHsd S
tetsB tslsd dzOH RS H ¥ dzdaw ts{ad2fB1 [9]:

C=ac - max (2.3

HGTykStedmls® Mis! yYkStese 546 -5 B Hjafidtds, d dadis
Coydgf2H j dz@ dzZOHRBHY jdzdz" L O oM+ ' SH to
His s Qidedztes e s tsisd  dz@H - 5 15 G ozdatzdzs’ L sdzd )

l tesedetsL so Odzd?2 o dtetsB' Fsf)' oS ez Jlowdts
tg) Lzdz' IsOIsOdiz23B®IMIs » J dz’
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& x®3
&7 100 2
=& v (2.32)

HJP, T ftosc datsL 59 Odz odzzlstc’ h dgt sL O tsH M €
9 Hf so ' HdzsG 5L BGY 1B tdfO1 dRdz 't Qi) §f  tStdedSAzdawOigde | -G
oM sHOMbE§ O B BOMY Hted2dzvIsdr BERLWC ' ¢

Vo T flotscdetsL 50 Odzgd 2 b d& " ey yECOQagfiffd  ff j t
Bztew ¢ o,

S.,d f dztsh O Mmdtetse d deelets "o " Hf dzd * Hdztd t® ¢C
Bkttw C O, G O.

l tosedetsL soa Odzgd?2 o©dm' H yYykStekz E o Hmtsls¢
o dL dZOY0' dBs 1263 Y% Stcdk dztss  (

Ve =C; s SB- 4 , (2.33)

HJC T ykeStedmils' Mmls G ' BicdHO BERGWECO LO tc]
Cotej dzgj f dzsH ' 8 dz0 {doc sBgWRS i) " dwddeRWO Any sktStakishy ti
HE di30OMmMd BERtEwWC' 9o;

SBT detstcd3OIsd o dzO Mk &3O 9 Is tc OlsH tsy A HEgj tta YO tadtz’
ftotsHPE Wts BBOMd L Ocetslssoadzj dzgdr (fted2dzwIsdr)
4, | dested3sOlsdo dzd?2 o d3' Mis Yk ztemmL' i Masls 39 B
BztewC ' 9, EM' (¢ 0OL'ded$ dndacs® ftsipdiass’ Is /L fifpvdzdH dzW

V oadtesBdzd ydrm EZdstso OR HodEACOipoDCH | Glpdfy Y 20 s

odHE ykzCtcso sets Bztow C Iz Is © L sH d2OC 59 5

sdeslsse dzj dgs’ fesHECY' ®  dzj SH&OC e ' . |
dj 5BD Hdzs o' HE kdlsd ' Lddy¥ od Mk
o' 3L SeNdOidddjnf dzsH ' & ' ' Mdzv LBt ¢Odzdaw

sefMwed C' dyj flsets fesHESE |
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1 it mMdtetso d daftists o d dg® GedO B tc 2 Hidsj' dz 0] Ct
L OBtolzH dzj dztslIs* Hdzw MmMdetseoddzed L IsOREBA): L tsdzac

z ="M 4o, (2.34)
m

HiMio OO Mdic®s tf tzd dzj Bzdz o3
mio @0 Mdtesodded BjL HBE hsS, Cg.
[ v C thpdets’s d dedizy’  ddgtds 6 B dre Olstd O dzf) fatidsiad tz0
HsMisBd &ls Jifjdzp W tste BBz

Ti=4 ((x - 2,)0 0} min, (2.%)

=1

HJZ,T9 0G0 L OB tstOH dzjOdgtsidt) la)'j dzts ls ', v Qp@CL etz cd
dz' Rdilac d 2 zOtzlz de§f B O -
Vie' HiMlsQdg®' dndactse dqdzdzes’; L tsdzgd HBS L O9 SH
rM Yyf ) destc 3EOIsdo dzd 2 IsOtcd¥W dzO Oolstsff j tod
ykzCtekz o vy jsozisfdg weGsdzdrEg) Is tc
[ dzv dBBOSC M¥ROWSs dlasdzsc s o d ¢ sted Mis OdzdzY Md to
dzj sBrn Hdzs otcOrnBsoakzoOld B' sdzZce ' ydzj HiSL to
dzj sB R~ ' Hdz Mis: otcOnBsolzo Ols Isj ted3' dzd L Oo
tesL tcORBOYE IsOMO®dz' dz0 9 OB OB EO®o g Iz (B HIOHM LT tc

R+R +R - max (2.30)

HJF{:éayXyTLOSJLJdZdZW 20 ykzCtetsod?2 L;09t5H t
G1

R2=§nyy'|'LOSJLJdZdZW &ZzO ykzCtetsod?2 L Qo tsH
Uz
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R=A4X TL 08 jLjdd" z0 YkCtetsod?2 L OpPEH
G3

diykCtedmis Mis! o HiBBbBdSEELEY BEJH O
RiseBmMwWe ykCtwsedn sel2d; 9 HOdses Isdf
I THJGCOHd HBLW©" 90dedz?" G  BtedH & yYykstets
o jto) MO Al 5° HjSOH] ddMmssy OHO)
X, ik gOEdzd 2 BMYc HEHEBYO s sk @Y Glis.
yio' HfGe 'snHdHE ¢' BtedHOyl (b diccosets BlztsY
diL OcOdz d&zO €' d49,13. Mls+ @' BtdH" ' 9o
| JetsB dzd YR E iiziSitasds © 2 f e Bd fdzse shls® (€
sHddz " LlzddBO P ad@y f c5COLddC 9, SOC wWC o' dz fy
odtetsB dzd Us' H' Wd dzsfls’ f' Hitd' Bhlse O ' L
Yy tecso se B3I/ OoasHEZ (

T=X_—, (2.37)

HMTME®BOBA]? ¢ S sMIsOyYOdzdzy 9 ye § s d mdzise 5L
k, TomMlsOdztso dzj ded? CtsjW' y' “dzas oadisstedmls
PinsBBsa O fBlskydz Mis! yYykzCtwwsoatses L O BH

[ dzv  LjOwjjdzdgy G lsd 3Odz dzts’ twtsBtslsd yYke et

dzj sBn ' Hdzts MW stcdzgzo Olsd L ONHA@MhH 'TEBB(S 0 d dzd dzO

te kK d

NPeaaa(x,)eMP, (2.39)

=1 i=1 y=1

HNTO9HJ dzdzed 2; L Of Ofn
Mi 15H j dzdzd 2 L Of iz togiLSHAc s 0 56 5
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yiodH ¢ 'BtedHO yyl(l»disets BEteW Sk
diL OcOdzr &zO ¢ " dz €' Mls! " BtodH" 9.
LLOdz Y dtsmis’ 9 H nOOCIjtedMisdS L OotsHI
ykewsets Bztew Sz d@sy ] BRI L d3 dzj dats.
l s dztied Bo Yz dz®@figezd 2 f sMis OyYoO dzdzy oy zCHtast0o" tH
G'BtM,H® oM JJjte' sH d2O yYykzCtctso d22.39:09 tsH

Xy=a axy, (2.39

Hji T Mdtetse d deczil 1»kiskzD S " dzt € fls! fdtetse d dz
dZOHRrBHdIs! yYkStosead?2 BERZtWWC
jidesdzj e Hdzw fsMlsoaCd LO ojMm! j=bt, SH
o' H fJteh st ditisi diwvfn lde@dgds Is dz© H AfsHoSjo dfdardats’
[ dzv L OBJjLY jyddda" fflsddBzOd dzsets L Oo Odz
Hslstcd BB OB dstgy d hs ftocedesL s9o Odgd?2 GBMW G
i sojdddz B kzdgjddzhdg) W OC Isd ydzts2.40).o totsy O2 detsfls*  (

X, ¢S ®,, (2.40)

HS T dzshi-O mMdtese d dzetets’™ L sdzd
U, T Etetsy @52 dz' f)stej dzj §f dztsH * o LO tjLzdz Is
ZOMOHY jd&@ IO BOMd € toj dzj- dztmd tots edgdzdie ts BLC
1 09 jHjdO dOIsj &30IsdydzO ' st g irOde@B iz e H
ZOdzj y s+ HB ¢ dzOMEkz NPHE OB Gzf § Is £ tis'd3B dz'paifs s @
tctsLoOWL Odgdgy dzgj sBr' HdzB o dC BtcdMistsea zo Olsd ¢
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23 wlso tstcj dadsvj d3@s fsdz’j ifk dzOH Odzdzy tetsL & dzOH
L OBts o dzj dz sO LOBjL Y jy dedav B OdzO dzm iz v dfy d
Bedzst 5L O sHEz

I e odh BiglsBo 5T Okl L Odzj 3 Ols!
dzj sB~ ' Hdzts 9 yOfMmdes f sMmMlsOoadlsd dzO0 ' Hited' o3
semwL ' . o3f s @&ydedezy Mdtseo qdzs® L O2 d3OE Is! f

fmis” 2ded?2 d&sde Iststedsaze dafp'ss Mis O s dzizy | jndedz”
B'dzt ' fmMlsy odisBdzd ¢  ©8 L OC dzOH O Is! HSH Ols ¢ t
b Odls' fls! colsto s sOfYRH HC WE .H dsezidkss dzj dz
dzj d3tsy dzdfotsdifiisisd Y O dzdzy  dzj SBES didas ¢ B dzs o 8 Iz f i s C
LH' 2fdzs “ s v § sMlsOUOdzdz® B' dz' ' H fstatse iz hf
p Otels' M’ Mduesoaddd. uvtsBlt, bk odktOlsd da
f sMlsOyOdzdeyj ' Bddghad.m I fj yj of dzdo OL[46O o O

v MdEOY' W&, Ctdf ifoyoiHde, dz6 { Rkt iz
f dzOdzze o deslstso dzj dgdg? ftesHEC Y ', hts off dzd e C

[MeBdkdots cMmistts { totsaHIpdOf ' Hsitsdd ydidsz"
f tso 0 WL OolzPe Sl oditg diasiaydzd » o B s ERSAZS C s i3 €
Mdtetse d dats & Bsyj olstcOlsd Isufts dipo tso  daCtOM Is * dzj
oo JHHGAIBRSO dn GB&jYjd bk HBOBSE GO s diiyls @ |
2.1.

10 dstsd3j dats dzjudEz’ wa@B j L § j udlsd HisflsOls dgs
dzj sBR ' Hdets' HdtsBfjésRtsd tzlptgdatl): ftotsHEZG y'

p

X vs, OV, (2.4))

p=1

HvS, i sB Mitasts o dHE Mdtetss dodzdclsO f ds@nks Otay O@kL'



92
Vi B dz BOdz dgeeds toedipize | fipd 5w 8 o dzdzd 2 H dzv
' fesHEC Y )W Cis s sask ‘yoDiigy L O ¥ sted

J

V=4 (x *vsn), (2.42)

=1
Hivsn T dzj sBrn' Hoz@ S8 iniE Mdse dded H dz9-G B (
odHE fHECY"
X,  sBmMwe otk Gz 5.8 nW Hilzs da@ cdstsdsjotdflds dy
1dBBR  HdzB otcOR ko O, s BCjd MisO
dzfj dBOId dtsy dzdoe sfls” LOBJ LY Judilsd fodd H & @i
BOIsjtc' Odz' 9, IssH' HBOjHiIk! MW HBCEZftsokzo O
et Yy d2Oodsd. v OC 0O kd@tsad): sfdmkz’ s Mw W istec

VSjpt ¢ Vgpt ’ (243)

HJvs, T sBMp-&ts o dHE Mdse daozdp-dst®© dFofipslg @y
d3ts a3 dzlst; YOk

Vp, T BOC Md &30 dz! ded? HGHszP dhl d iz igls©® RO
Pt fMisOyYOdz dzd StO dzO dBsdzj dzls Yy OMkE

[BBOOWLCSOts otcORtsalz' Is! Mw sitcdlstste’ Od
StcOdzmt stelsdz’ odlsteOIsd dzO HBMISOe Sk t6j Mizte
odLdOyjdez o j dzdyddzz, It "  Hfted' dEMlseolz H -
tdeh dr fsMisOyOdzt dzgdS e L O edhddid y' dzOdd,
UOCO Ed@itco O sfdmiz2HMy48r B B¢ J dedag oz (

J

X Ctg, " vs, ¢ CTy, (2.44)
j=1
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Hyvs, i sBMp-&dts adHiz Mdictse dazdp-dsD fdiohply @ G
d3ts d3d dalst; YOk

cts,, T Otels " Mis! IstcOdeM GBSz ® @ dedlz” M #o ¢f dad] Yac
o 't fBMisOyYOdz ded CtP dzO0 Bsd3d dzls yOfk

B4 0T BOC M BOdz! ded? HEHszhddl HEgse dded
PGt fsMisOYUOdz dzad StO dzO Bisdzj dzls YOMmkEz

{BMwed §oMmisOs ¢ Hdaj d3tss>y 520 ydsOsial' s as® >3
(2.45):

0¢vs,, j=1.J, p=1.P. (2.45)

) Hited BMlsolm dud hl ifS@H ECy' * J o drd Sots totg jif
lted y' Sk o' HE&G-csOpdRd (B hdeteditc Olsd € 15

6 Metemlz &0 o d 1§ & MiSe s Hodddadzy ' FSsyzREg ©

1 JLOo O O yd dzg0@ HEsMisOldzs ¢ dzr €' Mls! totsB
MzyOmds bkksed oddBOcOsl! §fjtOlsdo dzscs fo
¢ ZOH Odzdzy 1 j tc Ols @ elzdats ¢ 15 O Y3z® dzfz dzd o § s dz

241 d mdaprots tesL H ' dzz 2

t 5L totsB &Y dzis B3O IsdgtsupdgiAafzdzO dzlz 0 © dzlizts dzQ dgndyts o dzj dz
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[ Ols j O lsigfsw dpfiite O 1 ez ‘Bssid v dz' 2B gt 6 Kic d ‘s
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ftotsH Iz W™ 'dzd 0 & dydzd ¢ dap Qeldgvts B = ° H de'tef ls'tslm] s deH d Y
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s te'lafises’, dz " “hHsY te d ~ @3t gt dotis B fridlals® slip'dz’ ¢ O dz
s j 7 dztshotisHotd 'c s ls ts § trj dztizd s Is W otctds H 2MC t20’°C ,dz© o B8ts G -
H 18 5 s to d dgApiEdRtavds ts fPls YGis Is t @ H 2SS O Is | & ts 2y Gl @ d:
dzj 5B FH dEfdz® > d ® @ziz s 4o * s @'tste cizs N telrf delesiz Is Iz .
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t BL 9 6 WLLCHAEIRPO dzlz o0 Mdzdg O fipdgfsrbc@sam f s H O tdf ¥ tsols@aigdr
o' ®jtc' oz §H Stsic G z al0igafidy z Qlzdc & dzSLGBRizIs @) d 59 d «
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o ff dzd ezO@' L ddrfofdzSEntc O 9 dd' fulzdziL. B © dzidstH ' W @ & Istfistied
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YJjQOdg C tsdzH f tpsP diafotye Wiz B 'd dz' IsL@y " 1 daff FB] teasls mOls
YO MdstEOs # s o dz' findsts s 'O d3ts 0 dAf dagdn Is ts ¢ tv EDdAbaY AEOREID 3 ts
ftoedL o Bilds'tc Ols .

[ s Aoz " HYf tod - Gxfglg WOl € tc @) sB - 3O KEE] Is tsls1 @
Is j » dztsHidEvGo' ' H Clas@E s € Is d todft? cladcls 18 VY iz ts tc d3lz off Qizipddzlz
o d ¢ tsdad gt o drjCdz@e j L W jsuc@ittr o tfogdmy O Isff dr @zl § € ts dz0 d
L Oss o zjddtly 5" L @f'ls'tckOkz0 f tc O ode®igR'S ) d d3' i OFYE 2 Is ¢
st j tcOlkd & dzldzl * ¢ bnz® o OfiE dzH Ode@AE T} § 5 daOEatigvoizjh dis |
L OB J L ftg tfulsidsdsodef Cdigite d fislg G dazedzts 6 B tz@ris disS@ipdatz’ o3 L
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tdrrwf 3
rdegfwrrrril1c frvorltrReVRYLRM ¢Of L JTRUS W

fdrraws 1 o1 rRMm ¢ 4t RUJ W
3.1 ¢ dzasHeytsds] dzts® € sdztsdz

s zOMmdyded 2 B ded tstdaf ldaty '€ (Altifici@tss Bee Colony (ABC)
Algorithm, BeesAlgorithm (BA)) e ' afga] Is' MW HB OdzetstedlIlsdy o
BOLE  Is: Mw dzO " &3 IsOy' ' f Wfasjor ‘HdzwylzC do LB @ "sisdelzdz
LHOdtsMmIs' odSCtsdzzo Olsd ' L dzg HiSB ] stec O
(WJiSlkdeadz Mis! od¢sted Mmis OdadAd O B @ optis dAF4j2AEd B3 1© 6
236, 2382415|.

rdzv LBtz crlay ¥ ts@dcdz @z Qfiplsisisigas o 2z ¢ Istd t9.We ' BHHD

BH¥pd&{ Is dd ¢ dtc 5 L1oH 3HitzdadO y ° L H* Asipdelzt IsdzO 1 lds)
ZzOo Ctsdzts, o@ dzAff Sz L OC " dzyj dzdzv B B RBE 1Y dalo
ftes €' dz2 €' fls: dzj CIsOlz, o' HMls Odz s O st
CdeW sted3OYB HY Btz s d dz' Is Ok I8!0 ¢ O ydg'ddy y§dsOHES Gtayty
sdds B' dz' h j BHY ' dz oaddz' IsO* HES dg tsGts. 1
M¢ ZOHfstetlz ¢ ' dzr €' Mis! LOdzdh Sk dgj CIsOtelz o
9 ' Ho ' H[RAD HNEFdz"

1l HY e[l 9 HEZo Oy’ O ftsyoktkz fthkzCk LH
&ZzOof oW 3¢ On © ©BOH' kM’ dz' slskz o dL dZDa OKds s
dzs o ° H Y Jist®jtantsP tc didg € H ° CdeW st dzOy "t B y®f Y SBz®Y ¢
sOdzyt ¢ ftced o jtodzgjdzdz HBS okzdzd CO. s t5BH&O
ckrnk SO &offGisted bz yd * dW stedkOYy" & 9 H
L dzZOR tSH Y j dadz? H° dzv dz€ dinlas dg@2'Bls "da' hss@ B fig dik
I MsOlstsydzed?2 odB ' toc BHYtSdzd odL d&zOyo* Is: mw o
yomkz o&o* B' dz hd2 ofdzde dzO MYy se ONj d@des, fr
tej Wdzj Qefj.L ozt SOIs 9 ¢ sdzOdzdz” t=ff tO«dzd & 5 d2Y J?
Mottt twBtslskz dOo Cdzts 3" myw [2383 22 B " dz' M d O3
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10 st f&avlsOR] tesLecdvHO' Is! W 5B &G
odCtsted Mistso 28 Is! My Sdedf'lsyj @Y~ LOB Oy d&z' s O W

10 Stydg 2 ‘" Isjte@dusB dzOhis§ @ I 'dFffw L dzOyj ok
WedeCy't T, wigy HOOIORE Is* dz" ¢ us@ddedd,r Ish 5 dzC
fdtemMfJSCsdddedidzd L OHOIsd §J o dalety” ¥3' oie’o dgEl2' dis}
H' dzv dz§ Osdglz  © it Cezd dzbf B dgj Gagizbizde™ dzC © L ¢ th
y' &z sets’ WkEdSyYy' W LO®R dz‘ls! W Odz Isj tedzOls
ZOMmskzf dz' 2 " kjteOy' " Ht ddr d&a§.md 0 s fw

{ sBSO OdzettedlstBz HigIEO N @S Gif ‘Gz L Oy ' W
ftshiz¢ .

lted ' dz' y' Ot IOy HizonGy © & jdzjtolzs Ist Mmw
ZO2ftetsfis "tscBz o df OHSE odStstedflsts . Is+ fyw

[ cCo 2 fhES MCFEOHDOBESE fipv: L sOC

Af " fdzv W istedBz e Quidid ‘M dHe&Meg j Cls doyled 7 d3'tsh
9 HftwOQodw' ' Isimw Jjodd ¢ d ¢' Mmlis! tctsB syd n
wesfyls'® tBd&OMIs', L btySd Ltttk Y & sgts’ O
CststcHdzOISO 9" Hf tcOo dzj dzdzv ISOEHE3.1BHY " dz o dL

X = NP

(e = Nia HRNdk rad i I= A, k1= & (3.1)
HjTdatsdzj tc tsB dzOMls *
ki dzs g t&B sSyYts’ ; B HY Bdzd
cTC dz €' M H &Y A
NiC" dz GBMEEMBLCON ddisd L dzgOyJ dedey dgd y*' dz' s
Ni,iyd delste CtststeH ddzOls tsB dzOMls' , SkHd o
randi W Iz dz§, y '"ms cojddfjQa tso Iz L[d jlfzd u d dzkz
RnditcOH " &M, o WEOHRJ lsizf Bl H  tsdzO.
Afted Ctsy dz RsL 8s'jHeOO " fr tizis § tc O v dBZONEEStiNd Iz
(3.2):
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=N, Rnd* rad i %=.0d, k 1= €, (3.2)

nPcP+(i 1)c® K ij-1

HiTdtsdzj o6 tsB dzOMIs* ;

kidsd3j otsEzEtBL 8" Hdzd € O;

ciC  dz €' MistsL 8 HY e * o

TS dzr €' Mls! tesBtsSYdn BHY ' dz

n71¢ dz €' Mis! fjtemMfjSIsdoadedr B dzOMIsj 2 ;
NNT¢C" dz €' MY "B R@IPIS jd i3 L dzOyj dede? &5 Y
Nl Tyj dzlste S ssteH  dzOls B dZOMIs' , SkZHd o ¢
randi W z dz€ y' v o, ohdf GeHjCdgjotddz (el jlbzd yd dzz L
RnditcOH " Mg, o wCd2 &ty GkteOfdisd BH>

[ dzw tcj Odz' L &g’ 'Is OO dec@BigidLlsf j y j dedzw fsh k¢
3' dz' B3O dz' dzd 2y Offntzts dzjistB: * H d2s fHf OE O G jclOtsd: kDO
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C'dzr €' Mlst BHY  dz Hdzv ¢ syddetoges dfxinCiifigls & dz'd
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Sty dzO BHYBSEZO o s’ tcsLedzZ"HO' Is! lpw ,w(
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2Bts o ' todas s M 5 -teasH OB EEEYCls d Is ¢ Is © dz H tetpispEstdzO
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\Nij
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r.=1-r.=e >°. (3.4
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fshikzCkz.
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-
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ofmM' &3 tes‘cdgsB Odz! dzts® dzO2 CtcOh s fsLdy' ‘& .
BHY dzO  tstc' o dz¥ ° L d&zOyd dzdzv ftedH Olsdzetsfls t
s dz2 € BHYtSdEZO oadwedls: HYtsLdy' & L B' d2r h ¢
L Od3" dzO 2tsets L dzOyd adedg? ¥ dz® H Y stebydzlf j BISH (G
tetsLf sH' dzg g dzr de@ f OtcOdzj dz! dzd = ftesyj m' o,
LB dzv M 18 o s s kR4 B 2445205

Il dH" dzw 8 Is! sCtcj d3s ¢ OdzestodIsdz d3j H tsdats
co' tlskzOdz dadriial BeasyAlgadthm ( VB A) . B tsaftds Yy ez Is ¢
W tstc d3lz o O dzdz™ CLGKBO’ o' tolskzOdz dzd A BHY '  dze,
o' Hf Qo dzv “alsfdfiMc dzd?2 nf sh z2C s d 2 ftesmils' tc.
cCo' ' tolskzOdz' dgdrm BHY ' dzé Hdzw tsf 260236 B8y’ = Wk

1) Mbeowstejdedzg? ftsfzdzvy' ° ¢o' tolskzOdz' dzed ~
foR wis' ;

2) CBHEZzoOdadzw Yy ' dzj?2 WkdeCy' W sflkdd L Oy

3) odLdOyjdedz? Ctdlsjtc’ " o &Oftew ik ' o

4) fiteirn' H IDIbUwsd dgeedzdzsy S fsLdy’ ~ o
sO fshdtcj dedg?y ' deW stcd3Oy’ ° fHtes °~°  tetsL IsOh kzs

5) f'  mMdzw §joeodessets yoOmkz jotsdzs y' '’ B d
ZO2CtOhz fsLdy’ ¥, Mt oadL dzOydd Isis vt ' das'jd

6) HJSCSBHEZOOdzdzgw tojL Ezdz! SOIs' &8 Hdzv slstcd d3
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[BHAW Cco0dO foLdy' ¥ Sydts' BHEGHEIE o

Xt =x*(1- b)+x,.* b+a*(Randi)- 0.5), (3.6)
Yt =Y * (A b)+ Yioo* b+a* (Rand(i)- 05), (3.7)

HJa,biHo' HEBSHOIsSd ‘¢ Oyl daldzoH, 58w Co'd f OH €
fMAtHY Jddz" o' HY 59 Hdzfs;
Xpest Yoest | 02O 2 S 6 O * ftDte O dig jistae@fy *
Rand (fiedf OHSCtse ] yYydmdzs o d&jy0O0- [ 0, 1] .
St &ZOB@&@ >y o tos’ Hdod d5'Mis@e dzj azPS=IxsH@ K, s OH
Ve =y ¥.2 v, )T S ststeH d dzO s d
] slstsydz@y s ( Istzigf O fif list8 te'Gs Btdd O rjp' B s+ mw
(3.8):

Si<+l = SL + Soest+ Srand ’ (3 8)

HiS =Ny T slssydz® L dy W E ftesfiststs’ B
S=K.y)ifsfjejndY feLdy v  feshsst’
Seoi=(Roese Yoo T f BISBYURO F5L Yy W ks’ f tshlcom”™ "8
Saa = KaneYeard) T T OHC 50 O f 5L y' Wi-sk 1 st fiplOmts

320 E ClogflOd Okl @ 256t BsHIW' COY'

O zc stedls d3 (Ga@y Gadt' por i t hm( BB ) H'EOBOHZ Iv! fif
fsdzs o G2dpO.dzd o S Sl B @YIssf sh Sk ' IsC
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h dzw R 2 [BOkz 312218, 222, 223, 2461 OoHWw Cd JrtdBf Oowdy
tctsL ISOM zo Odzdz * R Nudzs ® g HZOW@MIs.z§ dz' tlzr

¢ dze sl PRz’ Has Is te d dBiH - Is ff figYO o I @X

A C Odg®@ dzdf frpdefsCots @ dzdigis- ts dzts © @Gz’ Ias * H ) ls &dz
fJodzse s OB BsE@ICHWROE Is' ', § ¥ thgdtedg S SH

ACOy Ottt n O B HOBC B hodi§ syt W' Cmtso
Yyombstflgse L d3' dzdetse H Sy Jadsylz-~igwis L dz021sd L

A COx Odzd a3t w3z Hz¥ oH@Eodh d dzz (B Az YyOMIstsis Iz,
YOoMm/isiOse y ddz0 Seodd ), odfkimS Odadzri [0kl & dz
L Odzj y Olsthls®dzH B HY jjo dzgsets 8BO ' CIsO

AfsC @€ dz ¢ zydetsfls® L d3 dzt ‘ Ist MW ¢ooH tH dgj' dalr!
fsMmis’ @ dzB g Piedz”

ltcOrtso z¥ yd, hts hodHC® Mis LokGE 9o it
HsoyddzO Rreddz Hd&W LekSCEk L (§tshmls' BePtss Yy O

[ =—, (3.9

SO 0dzed od¢C stoddnds®sl ¢ Isn  a Pfststs d3H dzt @ @ dzde'd:
o' H d&zkz dedgvyt t@ LyoOfm' odwedzj dedzv o * Hiteak dafias B tizH
Istodd d3' tedzz dBsH j dz syl yses ftosmisstel,.
osdzd odweodzwe ls! 9" HMis Odz HS ltyke ydna
hodHC Mis! 77 twkrk. l1ttd yYy' sk otded o d¢ st
L d3" dz'@ yoOMmilstsls * ° ot dopdidede) Hzazf zyj tej L telzm H
cShts HYyjtoj dzs R o ddz tczr @O Ist Mw 9o Mjtcj HIBE
o' HMMlsOdzr B 3 roddzvwddd LOdzjydls! " H hoadHSE
CShB HYyjtojdzs tekr O Is! v  ds ts eiAOH tc WaBL v S 6 B dz
Hso Y ddzO =~ o ddz)' Ldg)afc@Czls ‘tefips O Is friffwic tsols d diK) ty te
HY Jtod dzz, Ists H 59 y @ dzD ts tc GO, 223 |24Bfm W
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(3.10

Hiwi Skt ©O yOmlstslsO rodd ;

miheodHC" " Mis! Aasd dijie jdrjzdets o d h * ;

viheodun¢' Mis! HY Jtej dzZO LokCE o HddztsMmdzats
HY Jtoj dzs dzOB dzd y 2°,1s' v wethkO P2 ¢g@ Q@zv ' Is' Mmw)

[ dzv tesBBIsd Odetstedlsd@kz o d ¢ Bk FIRR2IFZ 24K 1 M

Ayomistslsd moddz L dzORBHY[ELME & L OH Odsts dit

Ao Hftseo' HOs Is! H' Of PL.5 ez Htsoy dded = o d dz

it 2@ dztsc 5 5 W thitzd3 ks @aig[13):

fi = 1:min +(fmax - fmin )b, (31—1-)
V=X x ), (3.12)
=X (3.13)

Hpil o]Jioadf OHS 89 O 9 j dzd yd dzO;
x 1202 CtcOh d2 Yolsydzd?2 ttsLoadwL C.
1O CyddWp ' Isodes SHerfsal' Is! W s dat adgl jbrdrzv
IEt j MW, stdd S Oy GddzesddP&cls
B1d, O YOMsclkO ' Gf@H). M o Le d "k Is! fiyw

A" =al, A- 0 (3.14)

W e 1
rit1=in§L_ e-_9§’ rit_ rio, t- o, (3.15)
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H JJi € s dafn® 0 dktsl;
o1 € 5 dzi B PBQkzls

VLLOGCOdZ desdzz o Jf OHSE YMjoHBSEBH OdzdstOd
[222 223, 24¢:

1. dL dz2Oy 0O’ dislz ¢ gy s o Iz

2.wdz' Yy Odz' L 2 di3s txGYizgde @ ¥ C Oy Odz o

3. dL dzOy0o’ diis ybHndeslsxz § zdz mMiz

4wdz’ y' Odz' L z2° dsgs \g@mlistzlsyelz’ ‘mdsf z dx' Mz r

5.While(t<Max ¢ " dzz €' fpls+ " IsjteOy’ 2)

5lulsotstes ' d3ds detseo ' " to' M jdadgw ", toj Glzdz¥ B Y

52.[ detso dzt ' dBBs h o dH CtE'Misj dzls© dztsC Oy "' &

5.3.1f (rand > ).

531l des ' tg te" N jdzdz?" MJjtejH dOACtOPdn ' hj

532ulsotstet * s dzsC Odz! dzj o' M jdzdzgv Mmj.toj H t

54.8 " daJfy:

5.5.1f (rand <A && f(x) < f(x)).

5511 to 2 30" dits datseo ' to' h j dadzw

5.5.2) B ' dz' "'ris'Odsts d3j dAh 2 d3ts

5610¢ " deyg dzdzv | f

57.1 Odz) z9 Odadz? SCROSHOIGHEERE B O L O X .

6.1 O¢ ° dewhyledzdzw

7.1 do jJHjdzdlzvy tojLEdzr SOIs® 9

ltcd odStstedMmMisOdzdz’ HOdesets Odze stedIlsdzlz  dzj
L Odzj ¥ d Is! " H L i3 todatsMmis’ LOHOY' ; ¢ daz
Ocjdzls’" 9, Nts od¢ tstcd MAREK A2R,245" MW o OdzeBtedIso
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3210 e B Bsls d ydzscds § Oy OdzO

b dzcstedlsdz ~OBIsdydzsets SOy OdzZO (chaotic
shdztso sjste" 8 ROz - Ol dsucddis FGiaaty B50 [y C
257].

mogds MdMmisj &sd °  Hiztgd totf Hsdecf{dc j 2] B OF, (
we' BBOe st MCzOHdEZz, odfOHSCBok IsO Istsydsz -

MOBIsdydedi2 yjtczmizy § dzj MlsOB " dz' dzd 2 telzn l
sBd3d qd dzd? feshisstesdi § dzi f & 3R] UdfNjcls  edrts. fit
bdz SOzt @sOd? detss 2 dzj oz dz' 2dedn fMdflsj ZOR .

MOtsls@udafzr o' HBOZz 9t©° dsdzindzdas digis (8" HB 4 W ¢
sdf sej didaizd = OBERMIs § d3

S<+1 = ,7SK+1(1- S<), (3.16)

HgmiC W' y' ' dzls ' j Gty Gftple @ dzls 8 4s;

S T LdOyj dzdzd CsGH G bdAisO0 L O 0o ddzs
Si(01. 1 smd BsHUS MHis'Hjlsj el dzthd BdeERs OWwOO L
ftcOo d dztsdy MO@Hslsd ydats® §

widzz¥l®! Isdfsedn odH' o n Ok igdugd d: Cdak
nOslsdydzs’ COtlsd GBdEO' Is! v hdvitsdk s
sjMmissodn WkdzCy' wan.

L ictsB tF4Y B z dzts  f tots O dzO difj 1 o dguidrts  ta ' Ofiplsiss 7 ¢
L Of o 5dus@dddits “sHs dzORAfpsdhtso s - OBIsd ydets'  C

l1ted Y sdlz L Ofcm®Ofst dzts g O @szOfy jsdzdz'0BQ L § j Y
L dzZOR tsH Y j dadz? s Isd B3Odz! detsets to " j dadz™ .
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3.2.20 dz¢ Stk O O dz0 &O Ghdse ' MisteOlg e’ ~  f ¢

Il Bhdtseo " HOdsets 3 Jssls Y 5 azOw ‘sde@ dvy Mightz:
Search Strategy Bat Algorithm (LBA)) 2 C g OL kz° Is!' Mw dzO@ IstcO' C K
f"H yofm fghikzCkz ~ x° ' dzj odL &) tgj detsagld " s O
[ Jo° M€ dipPH Ok CteslsCdr h o dHifdJhr HisE don
fjtej Mkzo Odz' .

I sdz' 5lsd [jo' o HEBLOXBEE' OlcOOR B
WtekClssodn HEeBLBY' d 1o jH' d€0O ftd sk |
dzj L Odzj % dzd = Htsfpdz' Hdzed € ' o, Ctsdzd o HBIZ9o O |
CHLOh o Odzdz? b fshisst' , O lOCy daj dEar.dd

30,31,231, 249257].
tea COYOdZO © HOdBHBEZ Odetsttdlsd o' Hi
ftetsyj Mz, LH' @Wdzt €' fplg'dzd R tc d BECO DO Islis tc @ o ts 1
Zof o 3E®E HBLOBMY' twLhdtedlsd ftotsMmis' to ff &
L f 5° H dzO dzdz’ L WizdeCy' ‘¢ JrsdzsC Oy
JWiShkhEL O dIs O dedsts tisds iz d3dz[230, @49B RO U izl dz2v o
ez dlEsMS sdzOdz] dzd 2 O dze stc §19d3 te 'Oadziddakzdzw dg * (o dzv «

Xit — >¢'1+Ievyx ()gt-l _ )Q)"‘Vit. (3.17)

I1sdz'ls [jo' odSCttdmissolkz Is! Mw ©Ctoj dgd B
¢ Odz! desets ff tsdztsy § dedey , N 5 Lf@BgjLef jioydL' 9@
Fcdztse Odz! desdsz f.esyfin’ yfjsddYisOo dzj des dzO L
ZsC Odzt dzgd?2 tsflsddizds SO ftedMS st dadz?y L dzOR 5 H
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3230 dzC SeeflOf OO dz0 shdgse ' SCwsg¥h' y' * dzs O

O dzG stechldly OdzO 2O tsmhdetso ' ¢ 8 j(shrinky Tactazlbad
algorithm(SBA)) * &sHdW '™ € Oy' ' ¢ Crdddm JOddsssstds] 108G S
ftosBdzy 3O s OHOdzdz" £ dzs5C Qddfdeg? ¢ O § d B3
CdzsB Odz! dese tiz. tsiflsrf/dzlz diz dzd ¢ dzj dzdzv stOf ffsts dzlz ‘ff
odCtstedmlstsozo OIsd St W' y' j aabls ¢ is'tousdziy digdalz', Is
sO f disg ¢ Clsdo dz' fMmls fshzCk tflsdBzdiz. [
VWsted3BAZD ( j tcd so tstet ' Is BAF[2448B1|N Stc Bz dzlz  (

Vv (x - x ) (3.18)

2
‘Z-d-M"

HJdTCtMisOdzlsO®, s " HdpjddEd® ‘des.mw j S jted

1 O tcjLEzdz sOIs Odzd f stc’ o dzv dzdzv tesL G dzw
odEBtedMlsOdzdzy Ok stcdlsdzz SO OO d&O tMhmdtso

¢ dzG StecklOPg OdzO dzO tsMmdetso CBIW Hlpo'jdlsEq Iz
JWJCdkdipls 'd3] BB OHSC Boatsets fshkCE HAdY L OHC
HEHOISCtsoadrs YOMIsEBodr Ctodlsjte’ " o.

s dzj Hsdz' €' 9 H Odztsicly fidsidls mH zdifdz’ HY d frpdztsH
L dzOyj dgdzv wCdrn yoOmlsts L Odzj 3 dls! tej L & dz'eles@dt,
ydnes L d2Oyd dz@ [ 31].

33ci jdzi sdyudzd2 e Odze sted s ds

10 Mmets’ &  dotg fizg sHfapds’ € ©'dae dzeigsldlzdmwy  H s ¢
odfOHCBaBEe tsh €Iz, wed?2 dzj LosHdIs! Mw
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ftosmMistste’ Hsf ZfMmisd d&3d - ' h j dg L O a £ sSedf i) lsif;
HtsfMeo " Hz, dOBEZltsets Cydests Hsflzdvy' ‘8 o
we' 2 fjtejHBOYO' Is! Mw ff tsdi' zdBC YS90, 2050206, J08zdz
211, 253, 254

[ sy d2O odH'  dzdlsd HOo O tsMmdeso dz' f ° H - SHHdf' da
Sflsdd3’ L Oy’ 8 tsdzpOvsindigslod Y ded ~ [2060268ste d Is d3° o

l1jwehd?2 §"HR'"H LOMdsos Odzd?2 dO  jtoj lso stk
L OHOY' ) LOHOyYykz mMC Oodzw tedets” sflsdds" L Oy* °
LEBlsE O dztsC Odz/L ddfE0 df tdafslsjiztc ' "dals j & tc O dz' dzts A3z
tctsL o' WL zo Odzd - BOGOItsCtcdlsj te' Odz' dzd - L OH C
MY stcdzz dz' tso Odzd = L O9 H Odg SHdsCtedIlsj to° Odz
BOGOLCtcdIlsjtc' Odz? dzgdm= L OHOY odS'stcdfmMistfEzy
[ Odzd2 "  HR ' H Mftow didtse Odzd 2, we fteOo ddzts,
BOGOI! sn fOCIsdydzdr L OOHOdzdzV » B OGC OIsts§ te
Sis tc d d30 dzdzts 'tz tc Iz

rtcze d 2 f ' Ha " H H 5 Oz stedIsd3" L Oy Is d d3C
L Ofmdzts o Odzd 2 2O o d¢§ stcd firls © dgtztiziz o2C8HHRRNG f U 'y S
odL ddOUPY dzj BHJdzdydzy to° " j dzdzv, O didetsy d d
1 Otej Ists) 'h CBttOW tcdisB tzOfglss f Sf B&H &3O«
Hisfpdz' HY 2" d&sd ingvdzjrdedyy S tsd3f etsd3” " o . [ dztsy d dz
tc' Ldzdr totsL A3 to' o, Odzj LOLodyoO?2 tsldyls] ta
[206].

[ JrOdz2 L3 cEhzedydzscte L Odzy 86 I BIZOH O' Is
sfdeseo dzd = R0 20 Iststc’ o

At i f esWilfSesyi M, o YCsgEz - ©adEieak@ dd
Yy dz' se s’ WiEZd y' . [ jtweObte tojfftesHEZSC Yy
IstsBlsts o d do OdzdzV d3 dzO2 Md dz! dz' h d~ .

As o ts iy Mitdhprjtdg " o Odedz?y B OIs! ¢ afyp! Cdn f Ote,

A zlsOigy 'w 664§ OF yddaeded C° o .
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1 06 Odzr dz0 { tednjoalzjH dsch wizkztidsts 3®'dzc Is @ § [BIR, 214, ¢
353

1.[BteOdzdz? dzj 5B R Hdzts' €' dzK)C.5flsOH G frolsts e
= 0.

2. AstodBzo Odzdz?  sYOlsPfso ' ts ik iz O fists s
o d 4y OH Susfedafsdgs.

3.1 dL dzOyg dzdzv HdzWw C 5y dzs’ ts ) ts BRYxfitnest(k) dz<
i=1.k'  f 5§ k& dw yF(X)=fitmess(R). dzts Bz

4.1 jtejo SO0 Edtsed ftedfddsj dzdzv tetsBtSlsd,
SB®RjNjd SO L dORBHY | ddeYdE IsO0¢ etz dvjyd
fsfzdvy s, wehts oadCtsdlz’ Is: mMw, st swy [ A?.

5,/ BdtcOdzdzy L f jodetst 2dRse tedz Mlss tsMEE
{5 jtojHdsy S §Ctsd dzdzv Hdzw GPRtej M o Odadaw .

6. Y OHS 890 fMjdziCy v §thsed'ddd BOSECR
50 L NREboset®, MY 0 wOHK dldesL SO o Odzdz”
{54 zdEP.y"

7.4ntejh jdzdzv tBteOdzdR B @S E * o B OIELEPYL @t
' Bse ' tedz flss Pfipndeyj hdotjdd@is d CdZDh OHS ' o Ikdik

8.t sSL A3 M jdedzd § scztso Rz dEh QWA e ERPIYt L

91 4 odetss 2 Bgmed CtisdzOftslelsr BzlsOy' ¥ Mt ddz

TP, { tod P, q&PRikz
10.f sL A3 N j dedzv tslstcd dGzgOdets’ rtAsfRMsd3d o dat
11.] d S sdzOdzedzy s jteOy' ~ , ktf@slyd dz0 yd L 1 zc
127 B dz2 M j dzdgy des 3 Ot #. slssydesets yoOfmk
13.cChts oadEsdzOdzOM! bkERBso O LEfddsd, Isdfs |
fJtedm" H d2O Ctts¢ 3.
14. swyA?.

I dzehke § 30 € dz@fy dia) dets{cutsizts ¢ &sdz@enzc ezl @. A .
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I dMEzBAS ¢ dztehfs § 3O € dzaefy flaj dsts[cuslzsc &8 O dze st

s dz028' dzh  §&h dte] dedjrdzj leabwudid R OO

HiSe sdzw ¢ Is!

tcsLoO0vwWLEzoOIlsd

LOHOY'

B 2D . s ¢ tc C
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ASPEA| Strength Pareto Evolutionary Algorithm;
AVEGA i Vector Evaluated Genetic Algorithm;
AFFGAT Fonseca and Fleming's Multiobjective Genetic Algorithm;
ANPGA NichedPareto Genetic Algorithm.

b ®jlksH' SPEA Moty Is! MW L tsods h dgv
LBjt' COdedp" dzgj HESd dgzs ydo ' " j dz .
s"d €' Mmls! " dHde H'e, Nht o9& dsyosls! fyy

CdzOfmisjtedL Oy ° L dzOlg daz0 y § dzdzw Ols dzts fifgs ‘Is s 1 Sizn B
LH" 2fdes “ Is! fiqw  Is* dz € hts'Hts dsdztelardjded H' & C 'L s
fljdj Sy’ > dO to' odz L 208Pld.8d ydzj zORd Y sk

1 0¢0d dz BBk BjlssHE ISEEA HY' d dafs

lLuY stekzo Olsd f j tcoP, iffdsrte Sfytfslz dzwtsye' dg' h dzs 3
A=1,t=0.

2. sSHjtocdz Lzoa Olsd L tsodz hdzt dgdetsy d dzlz.

21l dL d&20ydilsd ftotsdy x dzz AicBo dz' h dz¢ d3datsy d dzl

22. 4S5 89 0Od to' hj dadav, hts Adgj dscdEsoficfodl *
o Ol Bobks s v SOCdd odEOL t5d&:

A A=AC{X|xI AAXT p(A)}.

23.1 dHOddIsd ' Attty ddd ¢ MOt At d te
Yy! sz, wehits ‘xipdaA 3,0 dBsHA ' W

2410 HBfB®RBSGEEHE ftesyj Hikzted CdzOMIsjtedL C
LBt O Is! mMw Bk Lieds hdg 2 sdztsy o dz'dztsy ' dzd |
P+1,

3] dtcORzo Olsd L dzOyj dzdz” RE@Nf H Olsdztsfls® ' dzH

4.9 jdzj Sy' V. AFitsC defiflsxfdz@liNgs OLdzv H

41.) df OHS s 5 o dBdeed sHy/ AHOPS & * dz

42.c¢h B(X)<F(y) ftod to' h jdzdz L OH OMis A X% dz' dx

' dzh s sz sAFFHACG. Iz
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514 Stsd3B" dzOy"' v .

6.f lsOy" v .

70 OC " dzyj dzdz" R+1{=Ai s @<z tls OIs

CEPhBT, TRIBOSCMd &3Odz: dzgO ¢ ' dzr €' Mils! §5¢ B
9" HBJdWOs Ist MW  dzj H tsd3t <dz0 dzlstftsils s fiptsdats| . § tgof jh tdsdzlz
2. so0fd 5 6 (tod S’ dzOy' v BzlsOy" w)
GG j dzj Isd ydzts ¢ s [ZDze 2% REE &KLz [ sOf ftedL dzOYd ¢
9 Hte' LdgW ' s mMw o' H YH BdEsGts 9 L OGOdz dzts
sO¢C 8 Mmaj BB .

l.stsy desdslp ' wiizh ff ted fno 56 * Is MS( X1 UOMHO Y J drdzBO
cmMddz0e (OBt 9060) B ddd. | dzOyJ dadz” ¢ i)
yi P, Hdzwx>wy @B49.

:yl P Ex>
S(x):{y y Nt+1X y}_

(3.19)

sOCdd3 yddetsds, § e H Olsxdz' dg®dzj yffss B Ot R * o &
21 e HOlsdz fiybPo fMtz®@YO* Is! Mvw sOCdd3 yd dats o3

Fly)=1+ & s(). (3.20)

xi Ai,x>y

) ted Y sk, ydd &kjdz" 0 fedmlsshse Od s
ROMsky dzgj § S tsdz' dzdzv .

LV € dzj Is d Y dzt BEGADER® isd s &Y v YOMisS o'
ud mj dz wAesd dz. plsy Gs s jac" wfso' HO' ' H d3dat

fsfzdvy" " RAtEagsS MY z dv y’



113

L Ctsydz 2 YOMmMIsCRse ¥ sdelis'fliz'dMwy’ dzj L Odzj ¥ dz
ClsjtcF'" &3 [ HdOE OMtsy' Oy v Mrtcd " 2o Odzdaw
f s z 02064208 217]].

VU Y' BBz Odkettedlsde MjdiSy ¥ od¢tsdkz"
ZO2CtOh O sMsBddzO® o Ctydz 2 YOl twas 2 Wi
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odJOLBdr (5. 3) :

tjWoOClktsted

DSS({ }1/21/‘91%61)@%% E)ssn{ }, (5.3)

H J Dssn{f, pmi, KD{t,tr,r,W, sp, K, per},eﬂ iy DW{DM{ },t,tr,r,w, sp,d, per}} T
gl 1" mMdzw ftotseo jH jdedg" toj WOCItstcddzclz C tsHIz;
VifsyoOlkStsoO ojtem' v Mmdmisj dzd ;
vhie jteim' w MmdMmlilsj d&3d, hts o' HSBtO)Y O L &3
htf jtej HEORO] Hj dedzw 6] WOSIststed dzG Iz
fidgdetsy ddzO@ WhkdzCy' 8 megmzPdsd, dzy C KBsy j B
OHXYJ Yd Mefjtej udls! Jdzdz 2Oy j dedz® toj W OCIstste
pmd di3sdetsy d dz0 f totsctcO'RBdzchY otz D oz] dzed &3 H 5
fijtcjHEORO]Hjdedzw tcjWOCIBBtedqdzez € tHE;
etldi dzdzts ) df d@z® G tc ARIsdadziiaz Glstcd B3O dedzw , ydh j
L Oo Odzls Oy j dzdz™ H Odzd A E Mmrsodhi B @ dzth AP Hle
HESY So dzj difdgvtelg, H P BSEOJ H j dzdzv toj W OSCIsteddzaz ¢ s
KDiB OL O L dzOdz' ;
DWifmMatsedh j; HOdz] n
Df ico  stedded HOdzedr e, ftodL dzOyj dz@ HdzW 9«
1 0L O L dzOdz' , Mmedts dsdsd jdz®H @RAZD R IOC]Is; drjv d3 JL dzlds
tT dgdztsy d dz@ yls OB dz
tri dsdzts b dizd G;4 o o
ridgdetsyOf dz6 WL €' 9 d3f ¥ IsOB dzd yw &3
wi dsdzsog® tc j H Mis;09 dzj dz
spi dsdetsOf ézj toj Y Zo Odedr ftetsyjHlzte SO WEZdzC y
di Bz @@dzgf & ° LB jtcMEB®Y N M OO dag;d" Istcd dz'
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peri GzdzsOf thtcd Miszo OyY' 9 .sO o HBMEYE
Ve B tee z, toj ¥ OCds@dg'g dze M3t @ADL I9nEtg digs[ L dz0 dat

‘L oy sty f BER@BOIsiddeddr it j WeOSIsts o de@dzy & P ‘dls
odJOLBdr (5. 4) :

tjWoSClEstdd

DSS{ } 120145358 DSS{ }, (5.4)

H j DSS{f,pmiKDftitriri,wispik, peri},et, DW{DM{ },t,tr,r,w,spd, per} i
gl " mMdzvw ftesojHjdzdzw tjWOCItsteddzeclz BOL

Vif syOlSso 0O o jtem' w Mmdmlsj d&3d ;

vhie jtei' w MmdMmlsj d&3d, hts o' HSBtOY O L &3
hf jlej HE OO HJ dedzY t6j WOCIststed dzG Iz

fid3dzsy  dzO W EzdzC y' @ megmizosy , g2y 8 Y L C
OHYJd yYd M jitejydls! odL dzOyJ dedzt toj W OCIststco

pmd dzdztsy d 20 H otsctcORBdzd A toths D gz] dzd &3 H s
fjtoj HEBBEO'jHjdadzgw toj WOCIsteddzacz CtsHEZ, OHY
J dzj d3j dzlst dzOdsOILi] o d & dzd & Olsd dzff 1850 E@3alasj dpaizy
BsHEzd 9 yYjtejL L Odzj y dz fifridse iz S B E@azdzts G 5 G ¢

KD T digdzts ) d dzO© | dzj dzflzdldz’ o of 5 @piaf | dfdzv tg J WO
L d3° das(efia] dzO M Ig il digf) Azls © o

t Dd3dats ¥Qlf @B dzd W' o f tf O usC Iz 3" dzd B I8 s (zdf GGt dfp

t M G3desQifdzd 6, j td2 90 FE OusC Iz ,d3° dzd Isted ¢ jtta o=t
Bdzs A dzo WL ¢ o 3, ) ks @efelffOutCdgd d3' dzd L
Blkdzts, rd@3&E'rd3ts

wa dzdzsyfdej HMis,00 Hlzj dzeffCOHSE I, d3' dzd dzf tc gzt M IB
RO W= w
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pern Gidzesyafdstcd Miskzo OY' 9 IO ki toQpof O t&fg IsLizdf
CstedmMlszo Oy 8 O HacrO@=prg BERZds, ®&EO' Bt

Ki BBdztsy ddzO® L dzOdz', WwCO LBy tef®&BYSMhw L
tcl WOCIsBtod dze @B dEz dzj L d3' dzt ‘' s+ Mmw;

etli dzdzts ) f ®&2® ¢ tc ARIsBdZRIZYO Glsted BOdzdzy , tydh |
L O Odzls Oy j dgdz?" HOdzedr E Matgdhj HOd- IO L

DWimMantseadh j HOdglssQoe divs {fiipdsiBHes & d A zjSdzjf ddg’ deld

Df 7 co "' Isdcwf@xe = § tod L HaRW j dzqlaey ' "fjide dese s € s
M¢ dzAsOw L Isdem J dzf d3 delsOtedzd = d3dztsy ddz, N s

ti dgdztsy d dz0 s OB dzd Yy ;

tri dgdetsy d dzO@ Istcedc jtc' o ;

ridgdasd dzO@ Lo d6wLC 9 &3 4 OB d&zd yv o3d ;

widsdetsy d dz0 f toj H Mis O dzj dz' ;

spidgdzsy dzO@ LB jteiykzoOdedr HfsyjHbkzte IO W

di diz3dets )  &zOWE Odzed B j t6' ¢ O Is'chWIsted i sB @ bz ~

peri d3dztsy d dz0 C stedMmMlszoa Oy 9 IO ftcO®o HEsMIs

td WOCIstEdsdadd h O y JO ddd@igls tc z ¢ Isiintgidisg s d M OL H (
Bjlstss f§ sCEkOb§szy i ‘1] YeOISHEtodddzcO s § @ fpd o Is
odJOLBd (5. 5):

6jWOSEstkdd

DSS{ } 2% He39521 Dss { 1, (5.5)

H j DSS{f,pmiKD{t,tr,r,w,spk, per,eti, DW{DM{ },titri,ri,wi,spi,di, peri}} i
W1lt ' My o jH,jdd' tj%oCkstddck M5 ca

vifgsyoBSsspten’ W mMdmisj &i3d ;

vhio jtem' w Mmdmilsj d&3d, hts o' HSBIEOY O L &3
" o) HE BEOI Hj dzdzt toj W OC IstSted dzc bz ;

i gdzsy  dzO0 WhkdC y' & W hte® g, ozl S @y j B
OHYJ Y Mefjtjudl: odL dzOyj ddzt 1% OC Bt
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pmd dizdetsy d dz0@  totsc tc Odgded & f telissor@isaf geedatf idzizdzw
flJteclJ] HEBGEO'J H ] dedzv 6 j W OCSIstcddzeez C tsH Iz, OH
Jd dzj d3j dzls® o mMrtseadh O HOdzd R Bsy o d¢dzd¢ Ol
ftoesctcORBdzdn dBHEZAZ @0 yYjBFs € Oy d' mis! Mistiet
HOdzd - ;

KDT dgdztsy d dz©@ j dzj d3j dzls" @ B OL d L dzgOdzr |
L d3' ded dzd DG e dzj o34 dals© o :

ti dgdztsy d dz2©@ s OB dzd y* ;

tri dgdetsy d 2O Istcdc j to' o ;

rifagdzsy ddzO@ Lo o6wL " 9 d3 ¥ OB dzd yv i3q ;

wi dsdatsy ff 2 H fyls O dzj dz' ;

spidBdzsy ddz0 LB jtoj ko Odzgdr ftetsyjHEZt IsO

Ki dBdzsy ddz@ L d&z@dz', wSCO LBgye®ylmmw |
tcj WOCIsBto dgai Bz dzj L d3' dz¢ ‘ s+ mw;

peri d3dztsy d dz0 C stedMmMlsza Oy 9 IO ftcOo HEsMIs

et 1710 d3detsy d dzO B Bc tcBsH Zdz' o H dzW tsls tG ¢
fitcllso stej dzdgvdedzy L O @ddgfsFO Y 2 - tsaLdjeits  erH CoidEg ]
off tctso OH Y j dadaV L3 dz Hts dgdesy ddzed j dzj dzj dzls
otftcso OHY jJdada" L 3 dz His gdetsy ddzd ff tots@ tc Od3dzd
(sHiz o' H MbtekSCIskztced Mratsadh O HOdz] R ;

DWifjaso dh j HOdpsOe dws  ffirfdsisHes & d M 2jC dzjf ddg' dig

Df 67 co ' Isdenj@ze » ftodLHzDVY jaolz tc' M j dzdzav ff j o dat
mMCez@s: Mw L Isdm J dzj d3J dzls Otedzd = d3detsy d dz, N ts

t DRz YA @dzd, Yy 'z o FE OusC &, di3' dzd Is OB dzdf pi=t dzj

t M GRdesQbdzd ¢, j td2 90 FE OsC Iz ,d3' dzad Istcd ¢ jtta' o=t

ro dgdzsyadzovwLC" 8 3,y kls@edfiffprCdgd d3' dzd L
Blkdzts, rd3&E'rd3ts

wao dizdzsyOffdej tofigdg@z'z o PEOHSC I, d3" ded f toj H s
BO " was=s w
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s piodsdztsyod de j toj Yy o Odzad m»  f o5y jlH ZacdviSADHSCWEZ dz
ftesyjHkzte O WEkdSyp @@= BERZAEZs, KO’ &t

perodsyaftdstcd Misizo Oy 8 50 i tceOP COHEE fipls i3
CstcfMBY' 9 SO ftcOpedg=pizs, KO’ B

doi dgdztsy d dzO, YHOQ dgdjRcisfg® Ek M=~ o J B d aad -
sdetso dzt ‘' Is! MW Hf sofdf s B Ezdzd o dzj Mj dz L d3' dzd .

1 O ted m.4 tc HH Bls Of 2] tdEDdFsdE ] tktsL ctsB ¢ d f tots

LOBJ LYY ug dafdOo ol dipyJ o 1fj 18 O jisHs jledfdize Izte

ek ¢yl

\\IS s
s © dzd
| ©Odzkz o O ‘/d*/ 5L tesBCC
2OMmlsk { ¢ i dh' oy

i Oy Womisddd

tdmedztE§ § B O8Isstcddzc k2 M " tcOdz! dz' 2 BBHJ d&Z' |
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el Od dzgz |BsHj &z By O sfdmolsd w¢ ¢
sy dz0 'kjOy v GPuOfuhd He&bd dofls'] sBE HOY
BsH ' Mdy L O Epbtzpdzdy sjtOy' *, L tess ddCd
9'H LOKES &0k Y deY wimEOY' 2 dets’ Mdmisji &
C sy dz 2 9 sy BcDapdd Usdz@vzjlsdaipidzj Gdgy SOOW d BsE  H s
ftesHESE, odL dzOyj dedzy € dz G Gp@ezR ' bOMwW ¢
ROMlsky ez " IsjtOy ' ¥. (jWOCkstedde ftsosHd

B3j stsHsdzZS G " 7, hts o ¢Cdzs yo o MmjiBj tc tf ) @ dzdz
ftosctcORBdesets CtsHEZ dBctiPdiEas'c s C®IBGB.d ff vg dA
1 " fydzw ¢ ey dgt®y ' ftos' Cls MlsO ¢ dzOH dz' !

tcj WOCIsteddzeg, IstsH' L Cwydaetss ' Isj20BAf. ‘' ¥ BEL

LOC 0O dsH | dz e Q' GBdgiAdP g s iz © O dzdz , tc @ W[EHD I&3t
311: od¢ dtttes®'j H j dedzy  toj W OC Issteddzec 2§ ° fmdzw
IsJ Mislkzo Odzdz, o tsfel Iskhs janctsy fry Isf' tetfise | dasigvw O ¢ |dzstftgjdtelcH
J O sd3 ¢ OHBgjOd2dG s ff tetso j H jfdeigV o diffBsfy e[ dzdzig Is (
ojtm' ™ ' dWstedzOy' 2des’™ MmdMmisy d&3d .

1 slstej BO Bk tj W OSC Issted dzededz o didsdgdodzts Cf tdaf
o d dzd € dzj dzdz' CsdWdz' CSIs'' @ y' dzj2 ¢(lstsydets’
fsf jtejHdz = " IsjtcOy"’ 2. l S sted MisQdedzw otc j W 1
CoOHWEORES "o, d ¢ SGBAPHISDgsE " @9 E ftesyiMm (Jtesiss]

L tcsBRY' L tesBdzj dzs 3 IsOY' 2 dzz  di3gsH §
ftoso jHjdedew tojWOSCIkisteddzelz §tod totsi fipdsde@iyisdz °
1dBBR Hdzs 9" HB" BOEY 2 dzh2As dgtsH j dg 9tOR 59
tesL tesBdzd & * 9, hts KOSty 90Oy dzdodd3s H dzw
tcjLizdz sSOIs' &9 JSMfjteddyd dzlskz o MilsOdztse dzj dzts,
L dgj dgh j dedz® L O Odz detse s yOfmkz dzO f{f 8 ED jyllgsdzdz
9 Hftse Hdzs WwWGC' fMis! C'dyjotsets ftosHECIE
HtsYy' dz' desWw dztbsp tsledz dzOH H B E 6OIEJd o @dkdsf it
dzj JWjSlsdoadz Mis! LOMssicsO &izORic] ¥ © &b Gdizd bzt
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NSt BOw fiesgNfge Stej dede? M Mmisy B3d §° Histed d
L OMmMissMmizeo Odzdz? 3 MY ' e Odz' dats’ BtsH j dzf tctsL tofsB
HSHOIBS HEts ItcOHdY' 2dets’ , Y' St o du GaRQp]dat
5B tdzZsPEERd o dB ' o, O BOB®BHYLIREY L 4 QY dt
f ' Hodh jdedz" jWjiCldo desfilscOntsBztemES d "a fplsa
BzH] offttso OHY o Olsdmw dzO to' L dzg' * dif sHtdfdsdfls de
L Ofistsiizo Odzdzy LtOjBY Q Y ttEgs®@er " s Bz dzj ¢ ¢ Ml
tsLodlsSk o vyY' dztkk.

53) 'Sz o Cu@zvinls o tste j dzdgw  j dzj d3j dzls' & B OL L

f BHJ dz¢ 9 Odzdgvls Ao diffuri dzls* @ MrSodh O H Odzd
L dzOdef C s dzOdats © 0o Is s d3Qls daL dsCo taizfshihtO ditety isdef ALy 2
AllFusion Erwin Data Mogller [2, 16, 17, 25, 29110, 111 A j 2 { totsG tc O d3dzd
f "  Histed &3z’ tofcdsagal Is Iz [ 110] 11] sO MmMkzlkls' 9t G
ftesctcORdzsc s L OB b dapay aslary *° telg€ s dlicde Ols d * ff
BOL IsO MmMaseadh HOdkIA, O OCtY c¢Jjdg tckzo Olso

dlso Stoj dizfatsj dzls* @ MrcsEd § & @ deHsEedRELY SLUdFQED * |

L fsBkHtseod ' A dzs G ydzts® s H § dz° . 10 ) dzw
o' HSBOY®f dmMEz'’ , WfistotdegEDy ¥ 9 toj Odzd dats d3kz
fsalBa O ZO0 W' LYPydeSdglf sdc” 0w @2 , )£ dis Bz
BtsH § dz¢ 9 O dzdzW ‘ mMeCky dz' Mis ftsoedvwL Odzd n

9L O @dso ' Hdetsh j dzde” d3° 3 dad B3] .

l jdzds¢ s f jleljPwWsisen AEr win Data Modjl e
tc' L dz' s H j dzf HOdzd - , odwedzwisd oA LB )Y
st Odz’ L Oy’ LBJjt' ¢cOdedzgv iZgsH j dzj 2 HOdzd~ B
wed?2 ' HIsteddqzglz® Wiz dz€ y' tsdz@tkH dgzdpR - f @y g
HOdzd -, Nt L OB Loff' jHulas o ' onddetdfffds j depdve  d3tsH j dzj
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[Cted BB dZ J dzf o3 dzlstsad5 BOLO L dzOdz , weo
hisHis Isjmdzsdztse ' ydzd - smMtse dzd o sMis j 2 9dcBist
LB FBOdzdz" HBoceBMstcsisodnes WOCI' o, WwWC' s df
ftocsHikzCIsE f tcOo d dz, w g sf dmizs Is 9 ' Hdzts
Hj S zOtcOIsd o dzd n229.3@Ba@8. [ 15, 21

ltesHEZC Yy 2 dg ftcOoaddzO o BOL L dz@ dz'H j 3@
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~nOGB®jtc SO " HAatHdIs! HAv "Otytsedms ' HY tcd

TIPS OBJECT_EXPLOTATION
TIP_ID INTEGER OBJ_ID INTEGER
TIP_STATE VARCHAR(30) OBJECT_NAME  VARCHAR(100)
TIP_ACTION VARCHAR(30) DESCRIPTION VARCHAR(300)
TIP_SOLUTIONVARCHAR(300)

|

RULE_TIPS OBJ_RULES
RULE_TIPS_IDINTEGER OBL_RULES_ ID INTEGER
RULE_ID INTEGER OBJ_ID INTEGER
TIPS ID  INTEGER RULE_ID  INTEGER
ATIP_ID  INTEGER

PTC_TRUCTINTEGER

N\

RULES
RULE_ID  INTEGER
RULE_NAME VARCHAR(100)

RULE_DATE DATE
RULE_SCRIPT VARCHAR(300)
DESCRIPTION BLOB

fdmMzdeE @ sz Istc® BOL Jd L dzOde
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ftcOQogtz@ dBRWBE IDT 2dz' C Odz! dzd 2 dzRId4E NAMEG Q@BEOPH d2C
ff tt O BUED DATEi H Ol © flso tstc jRIZLEY SOQRIBD @ qf dOL , N
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4, OBJRULES i [sOB dzd yw LoOwWLGC " 9 a3 N
OBJECT _EXPLORATI ON Is©O RULES.

5. RULE TIPSilsOBdzdy™w Leod6wLSC o & 3 Jdj d&3j dal

vlstclzCIskztc Oco € sty datzde toHs® dadsd dzv &zOfw L ¢ ' H dzt
fjod®HOE GOHWBARBOY' ° L O¢ lf'jloteEid®0 {H GdzdsHe
ftedL dzOyd dedzv  IsO 3" Misd s dzOB " tc HOdzd =, A
fteso jHjdadzw MCZOHddr OdzOdz' sdydedr L OfdlIs’
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stecdo Odzddz, O "  fmMdzw 2tset L OC" dzyj dadjv dzj tsB -

10 M! seHdz hdzg' 2 Hjdgr " fMdgz' L dzgOydz©® ¢
Hdzw tctsBIWBdOLS j cOdRd L B3 ss8 tccdzis 8 © O
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Ao dH' dzj dedzv Mo josd BOLd HOdz] R ;
AL zdlslsw fmnjd3 BOL HOdzdm .
[jlst% odCttdmisOddy ] @Oidhdyc LSd ko
i shse' o OB EsEdds EOYs ° O [ fdzso dzdakiy

sfjeOy' ~  Sskftsdkiksoy v fOotsdy Sstdhlst
ltesyj M LOMstsiize Odzdzy 15 iy jteddlayd W * Sc@ il dpo
yskdie! 57 jsOf' o (o jH,j d] sfjtoy’ ' tojl

1.1 dH " dzv * di3tsco | drjodpcaigsL H OV C s Oy © s Po
Cstedmiszo Oyo, W< deo "dsbecd dads plfd ~rH s y*© °

2ulsotstes ' dk3s detso s s CtstedMmislzo OYO.

3.1 dzt ' s € xed B § dz@ U Osigdipls s sdsz s O
Mdted Hsoadh ' . 1 tegds's lista dff adsdz@ @ iz JsH d3j s olsGiz Ols af datS fE
LO ObttdBlzZlsO®RRd MIsOsets Ctstedmlskzo OyYoO.

4.1 JHOdzv " i3t MIsOtsets CtstedMmMiskzo Oy O.

1 tod o ¢ sted Mis Odzdz' s j toOplg] dzls gL' B ' Odg® ~ &
ctoj WOCIststcddze HEtsMlskzfze dzg oltcOYO' Is Mw {1
LOfdisd ¢ dz'ls" dzlg'inef "B lats SBtetsBdzy dz' . [ jIstss 9
ftcdo dzj ® HBMsEzfEZe MEOMEzo Odzdz” f tcd o ' o
Bsdzj dzls off tctso OHY J dedzw s jtcOyY' 31Ltcj W OCIsstcd C

lesydm LOMssmizeo Odzdzy s j w®MLy lxa oig§ gz
s@% Ctts¢C' 9 fHteso jHddzgd 8B tcOy' ~ t6J W OCISE

1. ] dH' dzv " dsts 9 ' Isted dzz H Odzd ~d30 1 ts fiplwE o Solis
Cstedmlsze Oy

2ulsotstes " i3s detsoa s s CtstedMmlskzeo OYO.

31 tad?2 CtsicdmbiihGo zd3'Isihyywr L o 2y jedsdz'ts Hidids
OkzHdls o Istedded HOdzedr d2O HtjH®B]IS dzOW o dzts
ftedeo dzjwdzdd, w&C¢' ' HiOdzd " H Lolkyjdzda".

4.1 JHOdzj dzdzv bk MsOtesets CBtedMmlskzo Oyo ted

lted Lokzyjdedz Htodoe dzj o HEMstkztflztcsisdzg ¢
L' hilstseo n dzzIs d frpvd delz ulsfpds,d Mted o ' dzj ’ - f 4o dedn
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YyoOfmilsd dz0 Mmr o ot dz@es, 5 GudsfriRs zf € sted i) lok s@@UX
o' Hinklsdz' 2.

l S tsted MlsOdedzy s jtcOY' ° cLobkzyjdedew Htodo
Hefiszf zé HO' LBk bkddSdbkzlsd kOCE’ ndlsk
CstedMmlszo OQYMs iRz BB Migw = L o lzy j dedgy  {f teodfip""
LOf dIsd By ks BB tBtesBdZj d2 [ 24,

[ jteOy" W ctetsL h d tcj dzdzv ftedoe ' dzj o  dedgflk
' fdzgz s ysdBz Sttedmiskzeo Oyl 0o HisMskz s sk
dzj HsMiskz Y dz° . 1 02 yoOfmls® h j odStedmistsalz* Is! f
o cso OHMYHZAZVO 2O S dzj dedzY OB B HBSH O9 Odadz? Ht
HOdzd m Mk lsdztsdgisgit® MHJOsEZz [ 2 4,

ltesydm LOMstsmMizeo Odzdzy Y J Oy~ ctotsL hdte
Ho sn REB: o

1.1 dL d&z0y0o* Is! mwv yomsddzO Mrtsodh © OBt 9
wedrn dzgjtsBr ' Hdets Blsted3OIsd § jodesdgz € tstcd Misk

2.ststed Mis @Y s dzdzj sBr " Hdz2 ftodoe  dzj ' HEST

lted totsL h dtcj dadz ftedeo dzj o HBMsEzE tot
tcsLtesBdIsd GflsddzOdz dzgz § smdz" His9 dz' Mmlis o d
toj L zdz sOIskz. v OCHdsds fiyd dies dy reffchmbiefvIs tad@sy Qe ts B dzj dzd
hts sy BLklsd HBMdIls'e "ta' LHAs]i " oH L @) e ¢
311].

fidlstse oftcso OHY J dedz" ¢codH' dzj dedz? Mmn J B
IsOB dzd y* , ftcj HMMIsOo dzj dz' 5,0 Nt j tcgd ) Is8 @ dzlf & s
HOdzdr), HEEEZEGRicds' 1fgsyjm L OMistsmizo Odadza”
HOdZdre MEAEZOH O Is: Mw L hjMmisd JjlOf "' 9o311h dzv &

1.1 dL dzOydlsd MmMjedijdzls HOdedr E Matseadh'

2.l dHOdzdIsd Leo6wLSd a3 3 jdzj Bj delsOdzd, N s

S dlsotstcdIlsd dztmoEUD ClBcdiinistcj 8 “ tcdIsd f tcOyY
mMdMmlsj d&dd E IjMmssoatsdik MmMjtejHsOdh " . l tetso j
Lo jtedzi d2 HB odsCtej d3dzj dzdm HOdzdm o' H ' d3j O
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4alsotstedIlsd desokz o' steddzgz HOdzdr IsO o ¢ ts
5.1 O3' dzdolssic tsdztsk sted Miszo OYO L O MlsOtess

MstckzCIlskztcd.

6. 1 dHOddIsd odtiMeajisgdfjidd?2 Mmj ¢ dj dals

Kjditsy dzdetisB dIsd L EZtcOrlzo Odzdz" d@3 Ists¢G s, h ts
o' lszOdz degse s Mrsoadh O IsO tsCtcj d3dm o' Isted dz.

lted odStted3f @dzOy” ° MEY 3 ° dmy @adaf H Odzd
ctoj] WOCIststeddze HtsMiskzf zée ftOyYjLHOID Mis!
hOodse Hsfmiskzy HB of' 7 J dzjadsipsdpy &) fifiy- sodf
mMdMmlsj B3O L Odzdh O s Mw HftOYjLHOIdSE .

[JfiJtOy' v c¢cLd&dlslsw fipg @ dz0L L HzQ tzif B © dediZD
"HJuUzz d3j Iss MY tesh j dedab e ®gzO@E yOY' SOB L Odzj
L OHO\Y. ltesyjMm LOMsMikzeo Odzgdzy Y jtcOY"' cL
CtetsBllp [

1. JHE vy o Isteddzd, ‘"HOIsdfj.tsB R Hdzs 1 s

2.) csols'Higdz WY R@YS tBO' ClIs' 9 o " Isteddz H Odac

3.1 dL dz20y0*' s MW codzsodzO® o ' Istcd dzO H Odzd n
LH" 2fMdzs ' Is' Mw & ctcOY' W HOdzd - .

4.1 O3’ dg* ‘' Is' Mmw Cstedmiszo Oy HikzetsteW H dats”’
Csted@®is@o ¢ sdztso dats’ 9 Istedded HOdzd . 1 jtoj o
Isj Mssotsdge MjtejHtsoadh ' . 1 H' 2Mmdzs " s mw OkH
HOdzed=s © ' H ' d@Bjdz CtdMmMlskzoaOy' 9 HikzEtsteW H dzt

5] dH Ole2v v HtezestewHAd o' steddzd HOdzd = .

lted oddefCdeffdebizeined L dzdilslsw Hj ¢ drlsQeOiyC
HsMiskzy HWs L£'lsitelrsdz HOdZdr, s L dzde O Is: Mw .

1 ted o dCdktcd fif Qta@fUslsw cinpn j dB3d BOL HOdzd R €
HisfleftfetOyJ L H Olsdz’ Mis d i) lsigh dsde d3ORYI$ @ Sdais B @ ErjtsHnty f I
His ofMm' °n g 'ddsdgf@impd ro, o W € O3 dedas My BSoffs u dodk
sy 2ls! BERIsd tsBtesB dzj dz' .
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Il S tsted Mils Odedzy  tmy] WABRREOte'd dzcflZ Hoo M j dadzt N ¢
mMdMmlsj &3 O wCtsmis® ftesctcORBdzsects HtosHEHSC IS
tetsL totsB dzd ¢ 'Hots © jNidg] dptiz@ARR1T. |
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56 jLIzdz IsOIsd offtctso OHY j dadz" Htsfdz' HY j dz
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HsMiskzd HEt MY BIsEFEd HY | B 6820.

t SL Gdzw dzy dzs (s dzts ddire S taijiedytsiin] o =iEHIs o0 O dzts
f dzOdzzo Odzdzv o S sdzOdedzy L Odstso dzj dz'@ dzO o G sk

1 € dzO HE10UzO dzlz © DOEAIRY dzOLdRE s eedzj dz'te d 1fth). 1508 j L |
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cnnp x  +

& C @ https;//localhost:8443/dss/planning

* 0 :
CMMP nnaHyBaHHA BUKOHaHHA 3aMOBJIEHb Mpu6kos C.B. 8
oo | eoere s

"ePiOA naaHyBaHHA : Big | 02/10/2020 |EI Ao: | 09/10/2020 |@I E = Q B
e

Homep 3amosnenns Mpoaykuii 3aMoBHUK Jo Uirpad | O6car (kr) | Mpioputer
1 1301 Mpogykuia1 | TOB "Mignpuemcrso1” | 02/10/2020 | 05/10/2020 | Tak 110 40
2 1302 Mpogykuisn2 | TOB "Mignpuemcteo 2" | 02/10/2020 | 05/10/2020 | Tak 200 30
3 1303 Mpogykuia3 | TOB "Mignpuemcrso 3" | 04/10/2020 | 08/10/2020 | Hi 160 30
4 1304 Mpogykuis4 | TOB "Mignpuemcrso 2" | 03/10/2020 | 07/10/2020 | Tak 320 o
1305 Mpoaykuias | TOB "Mignpnemcrso 1" 05/10/2020 | 08/10/2020 | Hi 90 o

=R
MapameTpu NowyKy naaHy O6epiTb MmeTopA NOLWYKy : | "3rpas BosKis" H

M PekoHdurypyeati noTouHnin D Aianorosuii pexxum

[Cd)opmysa‘rvn J

t d Mk dikic] S5zOHC O ¢} zOdzz o Ocdzdz” o g S 5dzO d

1 fgdzv oo jHj dedzt f SYOHQlsd sl @@ oSt ey j 1
fJtojddditse dzjhds dzj sBrn' Hdzt o dCtsdzOIsd L O 9 MmisC
sOCd?2 fjtejd ¢ fwjumlsOody dzs bk IsOB dzd Y«
ftots C sy dizjj dddaAPREBY H C 5 o dEs2d3 jldeBdiyy dodiffc tzezt C @dits o dzd
Isjdtc dz o d oS UmA=dzdzrd *° P IsteOWdz MOdSy® ™ L O daf
[ dzv Sy deséts L Od3ts o dzj dadzv Bts ) dzd 9 ' Mls O
5OC sy 1 j teov Scfijdsizdz@H dzO dzdzy  dzj 5B S H d2f S ¢ 22V dzG
Mdtcse ddzad dzj SEB' B P c d OH Az | &8 R3S dedzO dztzr o O dzl
[5 MYtekse Odzse s § j tzff do't6Cdir W dOsdgts o defghdz' Lok
odHOddIsd dOwWedz . | dzv CBydesegts L Od3tso dzj dzdg
oded A dMd&zO o H 1 Higskzy 530 0.f) I PR jdDiEy o ot °
fils Odztslo d(lsdz®2 d3j dzh j ) . Jtod totsL ©ORkea®EHS telsy
fjtcjcOnBoks Is! MBE[LSP W stchk dztss
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U —a—u (5.6

HjioojHjdsj CSttedimlskoOyjds L dzOyj dedz® ¢ to'

1 tod dzOlsd M< Odzdz' QdZ'a,QLcDW@dIZVO‘tGI@demVISthJé ¢
By dzde ' fis! L OHOLd §O0LOHRjted fshkzCE, O
ftshkCk tflsddOod dscts § ZOdkhlstsy R o @ls dEiis sH dz
HOdzZ odSttedMBz®zd Ok J BB zzd oa@in o @B OB dils * fe
md tctso dodmO myfodizjotBlssd H dz' Mis! o' Ho Odzls Oy § dada™v |

1 fpdzv  dzOlsdMS Odzde? Cdetsf Cd cuWistodszo Olsd &
Odz' Isj tcdzOls d o el B dzP deetiz’ © OBZB.0 dzj dz' (tedfm. 5. 1

cnnp x S - g 2

& C @ https;//localhost:8443/dss/planning » e :

CMMP nnaHyBaHHA BUKOHAHHA 3aMOBJ/IEHb rpubkos C.B. B
T N T

Mepion nnaHysaHHA: Bif | 02/10/2020 @ Ao:l 09/10/2020 |ﬂ| a = m B

Ne | Homep 3amoenenna | [Mpoaykuii 3amoBHMK Big Jo Lrpad | O6ear (kr) | Mpioputer
1 1301 Mpogykuis1 | TOB "Mignpuemcteo1” | 02/10/2020 | 05/10/2020 | Tak 110 40
2 1303 Mpogykuia3 | TOB "Mignpuemcreo 3" | 04/10/2020 | 08/10/2020 | Hi 160 30
3 1302 Mpoaykuis2 | TOB "Mignpuemcteo 2" | 02/10/2020 | 05/10/2020 | Tak 200 30
4 1312 Mpoaykuia7 | TOB "Mignpuemcreo 7" | 05/10/2020 | 08/10/2020 | Hi 210 o
1315 Mpogykuia4 | TOB "Mignpuemcrteo 2" | 03/10/2020 | 07/10/2020 | Tak 320 o

{ d bk dzBiCy W5ts dztondd ds | to dz@idim dz'

Next I'Ipep,crasvrrvn y BUrnAai giarpamm l'al-n'a] [ MpuiiHaTn ] K-Tb Ha cTop.

1" LzOd daj ftojHiisOo dzj dak® dston Gl dEMETEQ§ 68
o' HEBLBOY O' fsMd Hisodz Mis! o d¢ sSdzOdzadz” L Ot
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10 CtydsdBz jsOfticj " BB o BOIsigs M 5 dzO 2
i dzO dzlz . [ MtsB O, hts M¢ dzOH O i dzO dz, z H '
sflsd 30dz! dese s f dzOdzlz 9 S s dzOdzdz? HBE o S’ 9 .
| dBEpdzMis! ©BOdd? { EgoOtsPy tlsd Okd o d 6 dz
zZ Microsbif§ &Qr e Qlldstedsts § dzOdzze o i z2mMEz § to

ffMmis] d3tse  tc JOH fipls[Gis Gz j8Bz.11 dz

[JlaTa BUHKOHaHHA
Hac BUKOHAHHA eTany, rof,
BupoGhmya ginAnka 7:00/8:00{ 5:00|10:00]11:00| 12:00 13:00|14:00|15:00|16:00 17:00(13:00/15:00|20:00) 21:00| 22
TIpHTOTYBaHHA PapLuy
Ocamua batoHis
KyniHapHwi BapixHxA

Lex: HonueHHa

OXON0oMEHHA
T1aKYBaHHA

Koebaca "Mockoecbra", HaniBKONYEHA
Hoebaca eapeHa "MonouHa"
Capaenoku "CTyoeHTCbRI"

{ Mk dzBC) BOdE, MW stdss Oded2 dj daj H

[laTa BHKOHAHHA
ac BUKOHAHHA eTany, rog
10:00{11;00 12:00 13:m\14:m|15:m\1&:m 17:00]18:00{18:00]20:00| 1:00|22:00| 23:00| 0:00) 1:00{2:00|3:00| 4:00{5:00| 6:00 | 7:00

T —

Koebaca "MochoecbHa", HaniBHONYUEHA
Hoebaca eapeHa "MonouHa"
Capaenoku "CTyoeHTCbRI"

t d iz dzs’C) dBOdt, L Of tetstf sdzso Odzd2 w1l ]

BupoGiua ginAHka
TIpHroTyBaHHR dapLy
(Ocapya Gatowis
Ky ninapHuii BapinHA

Lex: Konuewxxa

OxonomeHHA
[1akyBaHHA

WL CtOW CO odHds, s MYstedss Odd?2 jf &
o dC sdOdzdzY L Od@3soadzj dz# ° L H' 2Mmdzs " s mw  dzO
Cshis' o ftod jCMY dzzOOY' W ISj-dsdse’ Yydsdts
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CChs o0t' Odzls" § OBkl | BBl Mis! (s
oS tstedmlsOdedey &5  j drtchyldB)sbs’l H' OC tc Odzd

cnnp X  + = o %
L C @ htips;/localhost:8443/dss/planning » e :
= Y
~—Bapianr | exoHurypauiro
F10, . .
= ~Dapia2 - (O) Y
/ /% .
I =»~Bapianr 3
i ~#-Bapiaut 4
Ne | Homep 3ar / / AV . car (kr) | Mpioputer
F9 (L »— F5  ==DBapiaut 5
1 1301 AN //1/1/ 40
AARAARAARA [
2 |1303 ANEPE 30
«\ «\ \
3 1302 30
\\ OSSN
4 1312 FSV‘/ \ 0
5 |1315 )
Previous II| K-Tb Ha cTop.
BapianT1 Bapiant 2 Bapiant3 Bapiant 4 BapianT5

{ d Mk 261K t6d CldzOH f Ste' o dzv dzdzg"  dE® Wi jqdz®e DS ezl

IS ZOHG B dEs tesdzr @  S(Hag@BpzdziSs Ll s dzv ©  f § 8,
L Ots o di ddzfizve BC tsdzOdz’ L O f joded?2 fjto' tSH.

1 O Htf sSds@ sk Cdetsf € c) Oo Wt Gl g Is W
9 HYBS9 Hdgs HEts tsBtOdzdm W' dz' ste”" ®8 SO BEHJ
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= (] X

cnne X +

& C @ https://localhost:8443/dss/planning » e :

CIMIMP nnaHyBaHHA BUKOHAHHA 3aMOBJIEHb Mpubkos C.B. B
| I'Innuyaaul-m BUKOHaHHA 3aMOB/I€EHb TexHonoriyHe OGJIBAHBHHﬂ |

Mepiog nnaHysaHHA: Bif l 01/10/2020 @' AO‘I 02/10/2020 |_| . a = a B
Llex 1 -_ 3miHa: 3miHa: (O\ Mowyk

Homep 3amosnenHsa Mpoaykuii 3amMoBHUK Big Do LWrpad | O6car (kr) | Mpioputer
1 1275 Mpoaykuia6 | TOB "Mignpuemcrso 7" 25/09/2020 | 01/10/2020 | Hi 170 o
2 1204 Mpogykuia3 | TOB "Mignpmemcteo 4" | 25/09/2020 | 02/10/2020 | Hi 210 o
3 1300 Mpogykuisn4 | TOB "Mignpuemctso 6" | 27/10/2020 | 01/10/2020 | Tak 210 o
4 1299 Mpopykuia6 | TOB "Mignpuemctso7” | 28/10/2020 | 01/10/2020 | Tak 210 o
1290 Mpogykuia3 | TOB "Mignpuemctso 8" | 29/10/2020 | 01/10/2020 | Tak 120 o

t d Mz dzBC)] bdzAH C O ¢sBBdzlstetsdzr o d ¢ t5dzO

Next npe.qcrasmm y surnagi AlarpaMVl fanTa ] [ 3aBaHTaXXnUTn ] K-Tb Ha cTop.

1 tod 9d¢ tsted Mlis ©dzdz' g1 1t o' Hd3' yJ dets fr
st j tc O Palafeeizn Otcdzd L O § O Uz ¢ ° i tfdedgd o &2d ¢ daj !
Isjted3’ degtsodm LOMBBSOdzj dzr SO 5L OMISsOIsdzdes Mmd
sBkzdiisodzj dets © f jtojBBWAR fMisOyOdedzy Mdtotso
tc] I elfldcdssy © ZzOC Isdydedr tetsBSlIsOn dzO Isj - desdzts @

Il S tsted Mls Odzdzv welsts t8' t¢ doalsdizdp =0 dzd - mMdMmisj &3 1
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yOpaBJliHHS, [0 € HAayKOBO-TPAKTUYHHUM  pe3yJbTaTOM  JOCIHiKEHb
I'pubkosa C. B.

Mertor npoMuciioBoi anpobaiiii € nepeBipka epeKTHBHOCTI 3aCTOCYBaHHS
iHpopMaLliiHOT TeXHONOril IUIs YJIOCKOHAaJIEHHS IIpollecy YMIpaBJIiHHA Y
BUPOOHMYMX YyMOBax Ta MNpaKTH4YHa peaji3allis MpPOrpPaMHUX MOJIYIMIB,
MaTeMaTUYHUX MOJeJeil, airOpuTMiB, 6a3 JaHuX s onTUMizalii opMyBaHHS
KaJleHJapHO-OTNepaTUBHUX IUJIaHIB BUKOHAHHS 3aMOBJICHb.

3a pe3ynbTaTaMu NepeBipkU e(PeKTUBHOCTI 3aCTOCYBaHHs iH(poOpMaLiiHOT
TEXHOJIOTI], 110 BKIIOYae KOMOiHOBaHI anropuTMH, 3adesnedye: GopMyBaHHS
aJbTepHATUBHUX IUIaHIB BUTOTOBIICHHS MPOAYKLIl 3a KOPOTKHH mepion yacy;
IIBHJ/IKE pearyBaHHsS Ha BHHUKHEHHs II03allTaTHUX CHTYallili; 3MEHIIeHHS
30UTKIB; 30UIbIIEHHS NPUOYTKY, CKOpPOYEHHSI BHUTpPAT Ha BHUIOTOBJICHHS
OpPOAYKIil; ONTUMaJbHE BUKOPUCTAaHHS BHUPOOHMYMX Ta  CKIAACHKHUX
NIpUMILLeHb NpU 36epekeHHI CHPOBUHHM Ta FOTOBOI IMPOIYKIIii.

3a pesynsraramu anpobartii kepiBHUUTBO TOB «CnoGoxxaHChbKkUil OeKOH»
BBaXkae, 110 NPOrpaMHUN MPOAYKT, po3poOiieHWid Ha OCHOBI iH(popMaliiHOT
TexHoJsorii, 3abe3meuye miATPUMKY GYHKIIH yhnpaBiiHHS Ta MOXe OyTH
PEKOMEHI0BaHU# 10 BIIPOBA/DKEHHS HA MiAMPUEMCTBAX ray3i.

Big TOB «Cnob6oxaHCcbKHUU OEKOH» Big HYXT

7
4? M.I. MapTuHeHKO ; C.B.I'pubkos
(‘“\44[ —=_0O’10. ®ypra -'/f
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AKT
BIPOBAUKEHNHS Pe3yJibTaTiB auceprauiiinoi podorn I'pudkosa C.B
na TOB “IIpoaexo”

Mu, wo nwxkye niandcanucs, aupexrop Ianjziok O.3., imkeHep-rexHosor
bepesoscokuii [LB. Ta npeacrasuuk HauionanbHoro ysiBepecurery XapuoBHX
rexuosorid (HYXT) k.1.1., gouent I'pubkos C.B. cxnanu ueit akt npo rte, 1o y
sBupodHuuux ymosax TOB “llpoaexo™ 3iificueno anpoOatiiio indopmaitiiinmx
TEXHOJIOrIH NPUHHSTTS pillleHb Ha OCHOBI MOJAU(DIKOBAHHX EBPUCTUUHUX |
eBOJIIOLLIHMX METOAIB Ta alirOPUTMIB, 110 € HAYKOBO-NPAKTHUHUM PE3YJIbLTATOM
nocaipkens 'pubrosa C. B,

['pubkos Cepriit  Biraniiosuu orpuMan  psil  NPUKIAAHUX HAYKOBHUX
pe3yJILTaTIB 3 METOI0 po3pobKM iHPOpMAaIiHHUX TeXHONOrIH HpUHHSTTS pillieHD
Ha OCHOBI MOAM(DIKOBAHMX EBPUCTHUHUX 1 €BOJIOLIHHUX METOMIB Ta allrOPUTMIB,
10 HAMpaBIeHO Ha YJOCKOHAJICHO METOJIB YHPABIIHHS B yMOBax pH3MKY Ta
HeBu3HaveHocTi. Hum 3polbiieno, 30kpema, HacTyHe:

1. Po3pobiieno maremaruyity MoJeilb 1J1aHYBaHHs BUKOHAHHS 3aMOBIICHD 73
ypaxyBaHHsIM OCHOBHHMX OCOOJIMBOCTEH isSILHOCTI MIANPUEMCTB XapuoBol raiysi.
Crsopena MareMaTH4yHa MOJE/bL  JIO3BOJISIE  KOPUIYBATH T4  OLIHIOBATH
ePeKTUBHICTL BUKOHAHHS 3aMOBlIeHL B 3QJEKHOCTI Bl 0O0’CKTUBHUX T4
cyO’exruBuux nepepar naganux OIIP, a Takox 3a0esneuyc siK BpaxyBaHis TaK |
BUKJIIOYCHHSI MIEBHUX YACTKOBUX KPUTEPITB B 3aJ1KHOCTI BiJL NEBHOT cuTyallii.

2. Pospobsiena indopmaniita TeXHOJOrS  [JIAHYBAHHS  BHKOHAHHSI
3amoBlieHb 3a0e3rnedye CTBOPEHHsI TA KOPUI'YBAHHS ONEpaTUBHO-KaleHlapHuX
[JIAHIB 38 paxyHOK KOMOIHYBaHHS aJFOPUTMIB MypalluHOT KOJIOHIT, CIPUX BOBKIB
Ta reHeTHYHOTO

3a pesynasraramu anpodauii xepisuuirrso TOB “llpojexo” BBaxkae, 110
OTPUMaHI B XOJI BMUKOHAHHS JOCIIJKEHHS pesylibTaT AucepTauiiHol poboru
MOXYTb OYTH PEKOMEHJIOBaHI [0 BIPOBAUKEHHS Ha MIAINPUEMCTBAX Trailys3i B
SIKOCTI JIOJIaTKOBUX MOJIYJIB JIO €AMHOT 1H(OpMAILIHHOT CUCTEMHU T TIPUEMCTRA,

Bl TOB /1 ym“ Big HYX'T
7"}' 0.3. I'an310k C.B.I'pubkos

 ZEZ=— | B Bepesoscebkiil
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TOB «KO3ATUHCBKUUN M'ACOKOMBIHAT »
Yxpaina, 22100, Binnusxa obn
v Koartus syn., foexenka, 33
Ten.: +380 (4342) 2-2242 ®akc: +380 (4342) 2-112¢

\Sj qCOKOMOIHATY
& = Bikpaup M.M.

AKT
NPOMHCJI0BOT anpobauii pe3yIbTaTiB AHCePTALIHHHX J0CTIIKEHD
I'pubkosa C.B. na TOB «Ko3sTuHcbkuii M’sicokombinam

Mu, mo HWx4Ye mnianucanucs, MeHemkep 3 po3BuTky Pyas M.C.. Ta
npeacraBuuk HauionansHoro yHiBepcuteTy XapyoBux TexHonorii (HYXT)
K.T.H., toueHT 'pubkos C.B. ckianu 1eit akT npo Te, 1o y BAPOOHHYHX yMOBaxX
TOB «Ko3saTHHCBKHIT — M’sicokomOiHaT» 37ilicHeHO anpobauiio HayKoBO-
MpaKTHYHUX pe3y/bTaTiB AucepTauiitnoro pocnikenns ['pudkosa C.B., a came
moaudiKoBaHI METOAM Ta AIropuT™MH, iHpopMmalliiiHa TeXHOIOris NMPUHHATTS
pilueHb /U1s pO3B’A3aHHA 3a/1a4i IUIAHYBAaHHA BUKOHAHHS 3aMOBJICHb.

Mertolo npoMHcIIoBoi anpobalii € npakTHyHa nepeBipka eeKTHBHOCTI
3acTOCYBaHHA MOAM(PIKOBAaHHX METO/IIB Ta aJIrOPUTMIB, a TAKOXK iHpOpMaLiHHOT
TEXHOJIOrT NPUIHATTS pilleHb IS PO3B’A3aHHA 3a/1a4i IUIaHyBaHHA BUKOHAHHS
3aMOBJIEHb Y BUPOOHHYHMX YMOBaXx.

PesynbTaTH repeBipKM 3aCTOCYBaHHA MOAM(DIKOBAHMX METOIB Ta
aNrOpUTMIB, a TaKOX 1H(GOPMAaLIifHOT TeXHOIOTIT NPUHHATTA pillleHb MOKa3alH
CBOIO e()eKTHBHICTh Y BUPOOHHYUX YMOBaX.

Kepisuuureo TOB «KossTuHcbkuit M’scokoMOiHaT» BBaxae, L0
3aNpOIOHOBaHI pe3y/bTaTH AuceprauiiiHoro aocmimkenus ['pubkosa C.B., a
came MoaudikoBaHi METOAM Ta QIOPUTMH, iH(opMaliiiHa TexHooris
NPUIHATTS  pilleHb Ui PO3B’A3aHHA  3aJa4i TUIAHYBAaHHS, TOBHICTIO
3a/I0BOJILHAIOTH BUPOOHMYMM NOTpebaM Ta MOXYTh OyTH peKOMEH/I0BaHi /10
IIMPOKOIO BIPOBAKEHHS Ha MiAMPHEMCTBAX XapyoBOi ranysi.

Bix TOB « Ko3sTHHCBKHH Big HYXT
/M’ﬂcoxom6iuar»

: =

eJUKep 3 PO3BHUTKY,
K.T.H. Pyns M.C.

— C.B. I'pubkos

- >
An @SSX Group Company



SATBEPJDKYIO
JupEEsQp

anpobauii pesyarTaTiB Aucepraniiinnx pocaimxkens I'pubkora C.B.

Mpu, mo Hmwkue mignucanucs, aupekrop [nmaakos C.A. Ta NpeACTaBHUKA
Hanionanesnoro ysiBepcutery xap4opux Texnosorid (HYXT) k.T.H., HONCHT
I'pubxos C.B. cxiianu ueit akt npo te, mo y BupobHuunx ymosax TOB «Jlaiim
Cucremc» 3ailicHeHo ampobaniro iHGOpMalIHHUX TEXHOJNOTIH IPUIHHATTI
pilieHs JUIs pO3B’S3aHHS 3a]1a¥i INIAHYBAHHS BHUKOHAHHS 3aMOBIEHb, IO €
HAayKOBO-IIPAKTHYHUM pPE3yJIbTaTOM JUCEpPTALIMHMX AOoCiHiKkeHs I['pubxoma
C.B. :

Merowo mnpomuciaoBoi anpobanii € npakTWYHa peaiisaiis Mozeied Ta
AIrOpUTMIB IPHHHATTA pilOeHs I PO3B’A3aHHA 3aJayi IUIAHYBaHHSA
BUKOHAHHS 3aMOBJIEHb 1 I€peBipka €(eKTHBHOCTI 3aCTOCYBAaHHS CTBOPEHMX
iHpOpMAILIHHUX TEXHOJIOTIH Y BHPOOHHYMX YMOBaX.

Pesynbratn mepeBipKH 3aCTOCYBaHHA 1HGOPMAIIMHUX TEXHOJIOTIH
IPHHHATTSA PIlIEHb Y BUPOOHHYMX yMOBax Nokasanu ¢(CKTHBHE IUIaHYyBaHHI
BUKOHAHHA 3aMOBJICHb, MO0 OOYMOBHJIO MiJABHMIIEHHA TEXHIKO-CKOHOMIYHHX
IIOKa3HMKIB IMiANPUEMCTBA.

3a pesynsratamu anpobauii kepiBHUUTBO TOB «Jlaiim CucteMc» BBaXae,
O[O 3alponoHoBaHi iHQopMamiiHi TEXHOJIOril NOBHICTIO 3aJ0BOJILHAIOTH
BUpOOHMYUM TmOTpebaM Ta MOXYTh OyTH PEKOMEHIOBaHI [0 IIMPOKOro
BIIPOBAIPKEHHS Ha Pi3HUX HiAIPHEMCTBAX.

Big TOB «Jlaiim Cucremc» Bix HYXT

C.B. I'pubkoB
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AKT
NPOMHCJIOBOI anpodauii pesyabraris qucepTanifuEX 10CiKeHb
I'pnbkosa C. B. na TOB « ®EPAKC»

Mu, o HWXYe MANUCATNCA. 7O TOREI T TSXHOIOr Hladhpanosuy B.C. 15
npeAcTaBHUK Hauionanehoro yhisepcurery xapyoBux TexHomorid (HY A1)
K.T.H., poueHt I'pubkor C.B. ciuany uefi axT mpo Te, WO y BHPOGHI 11X
ymoBax TOB «®EPAKC) nposescio anpobamifo HayKOBO-NPaKTH: iilix
pesynbTaTiB AucepTaiiiinoro sociiixenns I pubkosa C.B.

Meroto mpomuciioBoi anpofaiii € npakTaYHa nepesipka epeKTHBHOCT]
3aCTOCYBaHHs - IH(popMaNiiinei Texronorii npUiHATTS pillieHb Ha OCHOBI
MOJN(IKOBAHUX METOMIB Ta alrOpWIMIB A0 PO3B’S3aHHS 3a1ay TUIaHyBat s
BUKOHAHHS 3aMOBJIEHb V BUDOOHUYMK VMOBAX,

Pesynbratn  nepeBipkn  zactocysansa  iHGOPMALiMHOT  TEXHOOTH
NPUHHATTS Pilletb HA OCHOBI MCIV(IKOBRHMX METOHIB Ta AIrOPUTMiL
BUPOOHUYMX YMOBAX MOKA34. 11 e KTUBHE 11aHYBAHHS BUKOHAHHS 3aMOBIIC 5,
1110 00YMOBHMIIO NI ABUIIEHHS TEXHIKO-EKOHOMIMHEX MOKA3HAKIB MiANPHEMCTRA.

3a pezyasratami anpofatii kepisiuntso TOB «®EPAKCY» BBaxkae. i
3AIPOITOHOBaHA  TH(OPMuIHHA  Texyonoria  TMOBHICTIO  3a/I0BOJLUAE
eipobHYHM  noTpebaM Ta Moie OyTH peKOMEHIOBaHa [0 MIMPOKOro
BIIPOBAKEHHS HA (TIANPAEMCTBAX XapHoBol ~alivai.

C.B. I'pubxos




3ATBEPIDKVYIO
Hupextop 3 indopmamniitHux
TEXHOJIOTiH

AKT
BIPOBA/ZKeHHA pe3yJbTaTiB AHCEPTANIHHAX JOCTIAXKEeHD
I'pubkoBa C. B. Ha [IpAT «OBOJIOHBb»

Mu, o HKYe MiamHcanucs, AUPEKTop 3 iHQOpPMALiHHHUX TEXHOJOTiit
IIpAT «OBOJIOHb» ITmenuunuit O.M Ta npexacraBHuk HauioHansHOroO
yHiBepcuTeTy XapuoBux texHojorii (HYXT) nouent kadenpu Indopmariitaux
cucreM K.T.H. I'pubkoB C. B. ckianu uei akT npo HacTyIHE.

I'pubkoBum C. B. Oyna Hapmana iHQopMmaliiiHa TEXHONOTIA NPHWHATTA
pilleHb AJIA PO3B’S3aHHS 3a4ay IUIaHyBaHHS BHUKOHAHHS 3aMOBJIEHb Ha OCHOBI
MO (IKOBaHUX EBPUCTHYHMX 1 €BONIOLITHUX METO/IB Ta aJITOPUTMIB.

HapaHi pe3ynbraTi AUCEpTALifHOTO JOCIiKEHHs MPOUILTH TEPEBipKy iX
BHKOPUCTaHHS y BUPOOHUYMX YMOBax, MiATBEPAWIN CBOIO €(QEeKTHBHICTH NMpPH
MJIaHyBaHHI BUKOHaHHS 3aMOBJI€Hb, i BUKOPUCTOBYIOTHCS NP BHPIIIEHH] 3a1a4
yHIpaBliHHS MiANPHEMCTBOM.

Ilepenana indopmaniiina TexHOJOTiS MOXe OYTH peKOMEHIOBaHa MJis
BIIPOBaKEHHA Ha MiJIPHEMCTBaX Xap4oBOi raiysi.

i

Hupexrop 3 iHdopMaIliiHIX HouenT kadenpu [ndopmariiinmnx

cucrem HYXT, k.T.H.

C.B. I'pubxosB
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MIHICTEPCTBO OCBITH I HAYKH YKPATHA
HAIIIOHAJIbHUM YHIBEPCUTET XAPYOBHX TEXHOJIOI'TH

8 A. L Ykpaineun
B 30 06 2049

BIPOBA/’KeHHS Pe3ybTaTiB HAYKOBO-A0CiAHOI poboTH y
HaBYaJbHHH Npouec

3amoBauK  HanioHanbHUM YHIBEPCHUTET XapYOBUX TEXHOJOIIH
(naliMeHyBaHHS OpraHisauii, yCTaHOBH)

Pextop Ykpaigens A. 1.

(T1.LB. kepiBHHKa MiANPHEMCTBA)

JlaHHM aKTOM NiATBEPAKYETbCS, W0 Pe3yJbTaTH OPUKIAJHUX HAYKOBHX JIOCIi-
keHs «HaykoBe oOIDYHTYBaHHsI Ta pO3pOOJEHHsI aKTMBHHMX IaKyBaJlbHUX CHCTEM
Xap4oBux IpoaykrTiB», 0118U003558

(HaiiMeHyBaHHs BHIY poGoTH, HaliMeHyBaHHS TeMH, Ne epik. peecTpaulii)

BUKOHAaHOI Ha kadenpi iHdhopMallliiHUX CHCTEM
(naliMenyBaHHA Kadenpu)

BukonyBaHnoi 3 01.04.2019 p. no 30.06.2019 p.

(TepMiH BUKOHAHHS)

BIIPOBA/KeHi Y HaBYaJIbHUMN mpouec kadenpu iHdopmaniinux cucrem HYXT

(naliMeHyBaHHA CTPYKTYPHOTO MiAPO3Ainy, A€ 3AIHCHIOBAIOCH BIIPOBAIKEHHS)

1.. Bua BnpoBaizKeHHX pe3yJbTaTiB: iHGOpManiliHa TEXHOJOTIS IS PO3B’s3aHHA

3a,uaqi IIJIAHYBAHHS BUKOHAHHS 3aMOBJICHb
(rexuosoris, 06nagHaHHA, METOJHKH TOLIO)

2. ®opma BnpoBazkenHs: Po3miny aucuumuiin. Marepiany 11s 0poBeieHHs 1a60-
PATOPHUX Ta JIEKUIHHUX 3aHATS.

3. Hosu3Ha pe3yabTaTiB HAYKOBO-JOCIITHHX POOiT: SKiCHO HOBI
(nioHepchKe, MPHHLMITOBO HOBI, AKICHO HOBI, MOM(ikaLig cTapux po3pobok)

4. IMepenik KypciB i JHCHHIUIIH, Y paMKaX SIKHX BHKJaJeHi pe3yJibTaTH
HAP: Mucuumiina «KimieHT-cepBepHi TEXHONOTID Juist 3100yBayiB OCBITH CTYNEHS

Marictp crnemiansHocTi 122 «KoMn’roTepHi HayKW» OCBITHBO-NPOGMECIMHUX MPOrpam
«IadopMmaliiiiHi yripaBJsirodi CUCTEMH Ta TEXHOJIOTI
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