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Resume

The paper considers the issue of significance of innovation activities, for the
purpose of implementation of innovation activities, the task of technological support
of the cycle of innovation processes, defines the notion of innovation, innovation
process, the phases and stages of its cycle, its essence and forms. The periods of
evolution of models of innovation process is reviewed, in particular, the six
“generations” of models are presented, from simple linear models to complex non-
linear network and interactive models. The basic characteristics of the models, their
advantages and disadvantages are analyzed; basic peculiarities and main direction of
development of non-linear models are specified.

On the basis of research, conducted in regard to the models of innovation
processes, more detailed version of the linear model of the second generation is
created. The paper considers structural model of open innovation process, which we
refer to as open innovation model. It is formed on the basis of synthesis of key
characteristic of open and closed innovation models of previous generation. New
model — “open integrated” was developed, where, on the stage of generation of ideas,
special attention was paid to the process of preliminary selection and technological
support of this process.

Innovation process in the mentioned model is presented as the sequence of
certain stages with direct and reverse connections, the necessity of tight, open
relation with environment is outlined. If the closed innovation process was based
on the principle — that the innovation shall be developed only inside the company,
the process of research, development and realization is defined by open innovation
theory as the open system. It means transfer from utilization of closed knowledge
and researches only internally (within one company) to efficient utilization of ideas,
knowledge, studies existing in internal as well external environment.

For the purpose of optimization of the initial stage of open innovation process
(idea generation stage), the tasks of screening (selection) of ideas and their further

ranging are set.

Multi-criteria expert methods, based on the principles of the theory of fuzzy
sets are used for solution of the set tasks. Multiple criteria imply the existence of
qualitative and quantitative indicators, and simultaneous use of such indicators is
possible with consideration of the properties of fuzzy numbers.

For the purpose of solution of the set tasks, all stages of expert method are
realized, in particular: qualitative indicators of assessment are formed; in the case of
existence of quantitative indicators, special approach is used; fuzzy scale of
assessment is determined; the level of experts’ agreement - concordance coefficient
is calculated, weights of indicators are calculated, as well as integral fuzzy
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assessment of each idea based on them; using Chang method, fuzzy indicators are
adjusted to distinct (natural) numbers, and further ranging of the selected ideas us\\is
performed.

Quantitative values of risk in certain conditions is also calculated, making the

idea ranging process efficient.

The above-described approach towards solution of the set tasks conditions:
selection of ideas, oriented towards effective goal and strategies, their arrangement
according to importance and then — realization of priority ideas.

For the purpose of formation of efficient portfolio, other mechanism of
assessment, ranging and selection of innovation ideas is proposed in the paper, in
particular, multi-criteria method of analysis according to the proximity with optimal
—TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution), which
is also based on the theory of fuzzy sets and hierarchic representation of assessment
indicators. The procedures of formation and use of fuzzy scale are developed, and
the peculiarities of determination of trapezoid, fuzzy numbers, corresponding to
linguistic variables are determined. Relative coefficients of importance of the
relevant characteristics, corresponding to the indicators and weights, denoting
experts’ competence are used for obtaining of integral assessment of each idea.
Specific procedures of their calculation are given.

On the basis of the study, presented in the paper, intellectual system of
management of innovation ideas, based on web-technology, was developed, which
represents convenient instrument for the evaluator to select and assess the best ideas
on the initial stage of innovation idea generation.

The present doctoral thesis consists of 169 printed pages and structurally,
contains the table of contents, 3 chapters, conclusions and the list of references,
which, in itself, contains 79 references.
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5m©bmdm030  85B39690wgd0l  ©53MT53900L  BodEr0m0:  0EYOL
333900  2obLOBOZMOZ96  MoMm©abmd&Mog 85B39693gdols  I60d369wMdYdL
063)9635¢0900L Lobom (56 5MHOL 9GMMO 3630M9gEo MoEbzomo 36003b9wMdy).
LobEgdsdo 0bEIAOOMYIOIM0s J393MHMAMsTs, MIMTGWoE dm390 0bEIMZoWls
395094396l 565935300  Lobom, 0dob  om3seoljobgdom  MomgbmdMmO30
958396900l oo 3608369¢Mdss M39m9glo ¥) 8306 860336 Mds.

(om©bmdm0g30  360dzbgmdol  BmMToMgds - 0¥ MomEgbmdMmO3
95B3969093do 3909L0s dolio do6Mg 360d3bYEMds, Foswroms dshz9bgdgwro -
Lo FoMm 0639LBH0 309, S 0QYJOOL 53EMMO0 235)300056 FmMbs39090U;

A - (610,519,488,458)

B - (10000,8500,8000,7500)

C - (1042,884,832,780)

D - (600,510,480,450)

35806 o3 MBdM™ bs3egdo 0b3zguBoEos 0dbgds LyFoMm oo 39mqLoY,
58030 33090 Y3900 S GHIMBEH030L 5615835830 895351909030 dobodoer)
MoEbgl, 99 99dmbggzsdo dobodmdo 6ol 450 s gl dobodwdo as0gma3s ygzgens
®ob3by
d9L5d5d0BOE F03009000 BMOT0MYdM 553 35830Mm MoiEbgL v339 [0,1] F9sergEdo.

A - (610,519,488,458) - (0.738,0.867,0.922,0.983)

B - (10000,8500,8000,7500) - (0.045,0.053,0.056,0.06)
C - (1042,884,832,780) - (0.432,0.509,0.541,0.577)

D - (600,510,480,450) - (0.75,0.882,0.938,1)

OmEgbsg 958396900l dgBHo 3603369 mdss M3gmglo 358ob  yz9wrs
(oEb3L 3ymxm dsdbodsgrme MoiEblby.
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dogomoms  B3gbl  d9dmbgzgzsdo  Bsbg9bgdemolbomgzgol-  Foedmgdol
36OHMabMB0MHYOIO IMEFMWMOS - B3 MROM TGAHL oM dz9dL Ho®dmgds doom
139009L05

A —(2000,2610,3100,3500)
B - (5400,5670,5940,6480)
C - (10,20,30,40)
D -(620,1060,1340,1470)
dogduodscnMo 8b0dzbgemds séol 6480
5do@md Y39 Moabgzol o3 Mosbzbg gogmxols 8ggys 030090,
Bm®doMgden 360936900mdgdL
A —(2000,2610,3100,3500) - (0.309,0.403,0.478,0.540)
B - (5400,5670,5940,6480) - (0.833,0.875,0.917,1)
C - (10,20,30,40) - (0.002,0.003,0.005,0.006)

D -(620,1060,1340,1470) - (0.096,0.164,0.207,0.218).

dngohbigogybo

fhargpbiedfngn dogidorado A B C D

lis3oties ool Brageygants (610,519,488,458) (10000,3500,8000,7500)  |(1042,884,832,780) (600,510,480,450)

S0y ls0sty (0.738,0.867,0.922,0.983)  |(0.045,0.033,0.036,0.06)  ((0.432,0.509,0.541,0.577) (0.75,0.882,0.938,1)

L Jofim ofigqlihogogdlio dmpemembs |(15000,12750,12000,11250) - |(45000,38250,36000,33750) |(4381,3723,3504,3285) (400,340,320,300)

8930l Limnaty {0.020,0.024,0.25,0.027) (0.007,0.008,0.008,0.009)  |(0.068,0.081,0.086,0.091) (0.750,0.882,0.938,1

om0 3hmgedgool (2274,2085,1990,1885) 33600,30800,29400,28000) | (541998,517362,492726,443553) |(7864,7209,5553,6240)

o pd0m0 oxgooofbmemds (0.833,0.509,0.952,1) (0.056,0.062,0.084,0.068)  |(0.0035,0.0038,0.0043) (0.241,0.263,0.289,0.304

FomBrgbols 3Bt pipo {2000,2610,3100,3500) (5400,5670,5940,6480)  |(10,20,30,40) (620,1060,1340,1470)

Bengymonds (0.309,0.403,0.478,0.540)  |(0.833,0.875,0.817,1) (0.002,0.003,0.005,0.006) (0.096,0.164,0.207,0.218

SeB9bodogzs A

Bea3doMgds semg@baghogs A
LiaJofer oBiggbigogol dmpmemnds 610 519 438 458
30t biagoosty 0738 0.867 0922 0.983
Us ot 0baqligogogdlio dmEmemeds 15000 12750 12000 11250
©357M3300 oty 0.020 0.024 0.025 0.027
P00 360 ool 2274 2085 1990 1895
©3372,8060 00300000600 0.833 0.909 0.952 1.000
fFafdenbol sHmgbmbomibipo 2000 2610 3100 3500
dmmmnds 0.309 0.403 0.478 0.540
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5m©bMdMm030  35B39690gd0l 5650355300  [o®mBmeyabsdo  gooyzebs:
9m39099wo 06¢39M35¢0g00L Bogzmdz9w g LobiETs MomIbmdM0Z F5639690edL
39005094396L  565935530Mm GHM39300L o356 M0Eb3zgd0m FoMdmoagbsdo. B3gbL
0900bg93500  segm®omdo  FomEH030s.  0bFGHgMzscrol  Loa®mdol  dglsdg
86003369 mdsl 8@ gol 0bEGHgMm35¢0ol Lofiyol 860d3bgEMdsll s 3MEMdL
GM539300L 353500 M03b30L Fgmeg 30BEOL, 03039 3589MMGBO0Y FgMMg MHOB3OL
399my9g69000> 3mEmdl Iglsdgl s 0bEMY35wol 30M390 s Fgmeg Gob30
MBS ME3wgo. 9999y bBgds bmEmIoGmgds Bgdmm domomgdviemo  figlol
dobggz0m. [38,39,54]

3.2.1.3 ggb39d980b 8gors6b398-yemmbols ombols sagbs - 2960s¢vol
90056b398r9emmBs - 363065 5300L 302980309690

MM EGHMMOL 3565000 06M35:3099M0 0Ol 30039 oo Fgx35LgdOL
doMomMOEO  3MM39LOL  O(Y9d99Y, gJudgMEJOO  SLOYIEGDID  OZIWGOS,
958396900 930L5mM30L MbAgd0L 060 F OOl Fglobgd. 58 I35¢gdL (35 3gwo
9Ju39OGH0  SLEOMEgEL  sbsMRIBo  9Ju3gMEJOOL  SbMboTMGO®,  MbagdoL
5@H03oL  Loggmzadg  LobEGHgds  sIBL  Mo3Ibs 96056  gdudgmEgdo
9905bb39degdo 58 5dmEobol  2oshy39B0do.  LobGgds  Bgosbbdgdols
3M9953030963H0L 5Bl 9bIbL 9. § 396ool Tgmsbbdgdol, 3:mb63mM©so0l
3M99530309630L 398mmzwom. [44,45]

M6 9gdmbggzom  Lowoqgl dmeoL  MMHN0GMHNEIMI0GOIE9dL
306905305 9MYds. 30MGES30IM0 Bs0BO Bsd Iogdsls 235deg3l Sligmo
3938060 3507935303165 4960L5BE3MOML s Fgx3sLIL G3Ybs FFOMH™MS s
3603369m35605 9 M I0IOMEGdS QS M3 FN35605 53 M 0O gdOL
3odmbodzs  gLodegdgos  GOMEIbMdMmo30  Fsh3z9bgdEr0m.  3MEIGSE00L
309%803096¢0  dgMygmdl [-1,+1] 0b@Hghgsedo. -1 s0bodbogl MHMI o6 sGOL
3900b393000  LoEOYJOL  TMOOL  3MEOYWSE0s, 0 - 5bodbogl  bIEM356
300903090, beagnm 1- O 3m6OH9s3E0dL. M3 MBOM SHEPmUS 3026090300l
3099530309630 1-096 o0 MaG™ ©oEos 393doM0 M Fgdmbgzgzom Lowogl
dmMob.
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1b35339M50 O®M3  3mMJ35m, JMOI300L  3mIBO30I0E0  IOHMAZIMO©
0bLGOMABE0s, HMBEoL 258myabgdoms 990dwgds 890mbgg300m0 LoOIgdOL
9603569009 ©99M 30009099 g30L 3030M) BB LB S Bl ASBMAZS. vy
335900l 9bsfoergds bmGBogrmEmos, b sbermbss  BeaMBoeny
39650093096, 85806 o8m0ygbgds 30MLMbOL 3MmEMgWsEo0L 3mg303096GO.
03000 (M3bYM0o) 33WsEoLEM30L, 96 (33¢50LsM30L, MMl gobofowgds
5M1GO0MOE Foblbgszqds bm®MBsemEo 4965H0gd0LoYsb, F530b godmoygbads
130660V 96 396l 3MMGESE00L 3MROEIEEO.

BEAOGHOLGH03MMO 330093900l 36M0gdBH03sdo g3b3wgds oligmo Fgdmbggzgdo,
MMEs 00094300l 9MmMdE03Mmds BolosmMEYds 9O MO 59 M38gbody

obgdolb  d90mbzgzomo  808@Y3OMBOm.  HY30EG0I0S I YOBOIL
LEASGOLEOZNOO 39380600 M6FEI60TY (3309OLEMZ0L. YO FHo30L LoBMToE
399m0yYyqbads  IMH3WMd0MO  3MMgES300L  3mgB03096G0 - 3Mb3mEMEIEo0L
3099530309630. 351 bdo6s 396@aol Mobyqdols 3m9n0309bELE Mhm©gdgb. ol
356303 89900b303580 2960L5BL3MGds F90IA0 BMEMBMWOm.
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m2(n3-n)

©)
bogoog:

m - x3253d0 9JL39MEJOOL MoMmEYbmdss;

N - 59GHMO900L GoEbz0s;

S - 6563900 LsFSEIM 335OHBHEO FoIHOYOOL X 500;

W - 3063060053000 300953030963)09;

3063065:300L 395830:3096E0L Bgdmod I 390 BMMTIE0s 258m0g9bgds
0d  Jgdombggzolomzol, Mmas 9O a35d3l  ©s393006Mdmo  Mubygdo,
53538069090 Mobygd0  gfimgds oligo  MobgdL, Mmis gomo  9JudgPEo
UBb3oolbgs  BoJBHMOPL gMmbso®  GbL  960FdL. 98 Fgdombgzgzqdols

39100350 b{0bgdmd0m d030009000 30063065300l SMBLHME I6033690MAS.
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5353000900 M3Bygdol  Jgdmbggzsdo  3mB3MMEIE00L  3M9803096EO
399Mm0m390s 8900930 BMOIMom. [44,45]

S

W _ (10)
%mz(rﬁ—n)—mzl‘:lTi
1 oL
Ti = Ezi=1(ti3 - ti) (11)

boo@3, Li - 09900L 29609m6908500 9ergdgbEgdol Labggdol Momgbmdss i-
wWemo  9db3gmGHoL  Fgxelgdsdo, bmerm i - as68gm®gdoo  gangdgb@gdol
65090Mds |- ¢ 33sdo i-meo 9dudgMEOLIMZ0L

3630Mm5300L  3m95303096GHOL  A9BMMZWOL  SEYMOOMB0  FoROOMOL
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36900l 3060 Fgdol M3gMs30s. [43]
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B 2ccp i B ; 0 e febpdol Gobo2oby
sBmBobofup
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Fa
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mBgmfpagnol gmozogngidol gsimmges | L

o 128 —

 m2(n®—n)

amgmmhgigont gmIangnIBanl plnmzms
e Brgadnreo grddormom

Loz
m - ®pEE0 afbdgfgbol Gumppbnbsy;
n - BiRznBobemgBol (BiddmMobol) Magbany &
5 - AsBpglol Ly@mieem 335EMadmma
BSOS |
W - gmBzmA@igeol gmoseGeicoed S
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dlidgRanto dludgfighn s 1606 | | —min —n _”'ETE
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SR
Bgpfiglols BxaHogs

79



65650 19. 3006302003300 3029%03096(90L 3590300l 5¢vgHo0dO
90300900 M363900L FoGHMOEL

66600 5. 3026300605006 302990509690 - 3639800 FsH0;S

Ne /
9Jb396 9du3. | 9du3. | 9dud. | 9dus. | 9du3. | 9dud. | 9dus. | 9dus. | gdus. | gdus.1
1 2 3 4 5 6 7 8 g 0
&o

1 1 1 3 4 1 1 3 5 1 2
2 2 2 2 2 2 2 2 5 2 2
3 5 3 3 3 3 3 3 3 3 3
4 3 2 4 4 4 4 4 4 4 3
5 5 5 5 4 5 5 5 5 5 3

LobEgdolb doge  bmM309Gds MBIl  FoGHMOEOL T390,
3o6boEEn Fo9omdo 235436 39300930 Mbagdo. Bsy. 9Judg®mE10-3s
960bs0M0 Msba900 d0sbos 30639 s dgmeg dsB396909wL - 2, sbggg Fob
96065060 Mbgado ©ombgs  dgLsdg, dgmmby, Fgbrog doB3969dgeml - 3. 53
dsgoeoomdo Ly =1, Lig = 2, [43,44]

56900L Lsfyols 9503530 0535300690990 562900L
3om35¢0lobgdom, LoLEJIol dogH  JguBMEEgds  MBYGOOL  bgesbowo
RMOHINCOOHIOIOL M3GMO309, 909390 F00WIds b MIBYdOL Do@Mois: [43]

6000 6. 3063065300b 3299305090690 - sbsero Gsbg 980l GsHBops

asB / 56
odbag | 98% | 9db | 0db | odb | adb | odb | odb | odb | odb ) gdus boﬁ’g d | @
3132|3334 |35 |36]|37|38]|39] .10
O30 X500
x1 1 1 | 25| 4 1 1 | 25| 4 1 15 | 195 | 10 | 119
= | 25
X2 2 |25 1 1 2 2 1 4 2 15 19 1_1 121
x3 45| 4 | 25| 2 3 3 |25 1 3 4 295 | 0. | 0.25
5
x4 3 |25 4 4 4 4 4 2 4 4 35.5 ‘Eé 3%2
16 | 272.
x5 45 | 5 5 4 5 5 5 4 5 4 465 | ¢ | g
S 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 150 534
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20D %ij .
d=3a;—=5—=2;;—30 (13)

=[(23-2))/12=0.5
Tz =[(23-2)]/12=05
T3 =[(22-2)]/12=0.5
Ts=1[(32-3))/12=2
T = [(23-2)]/12=0.5

Ts = [(33-3)]/12 =2

T =[(23-2) + (33-3)]/12=2.5
>Ti=05+05+05+2+05+2+25=85

W= J
%‘FHE(HJE—H]—?H 3T

bosg S=534,n=5, m=10

Ti==Y(t7—t;)
W = o34 —0.58

llqlu'ﬂ{r;'* —5)—10-85

W = 0.58 - gb 8603369wmds 3boymal, ®md 9JudgMGHgdl dmMobs S0l

153995 EMbOL Ggmsbbdgds.

99535190530 M589xb0dg 9du3gMEGHOL dmMbsHogmdol ML goblbgsggds doc
99335099900 FOOL A9MIMZ5¢0s, 53 39BIbZ93980L LoEOIL 943l SGBYGdOO
36003369 mds.  Xam@meo  9gx3eligds  890d@gds  Bsomzsemml  15385M0OLO©

boodgmE  TbmEmE  395¢39Mo  9dbdgO GOl 3960  Fgmebbdgdemdols
3060M090d0. [44,45]

3.2.1.4 8s5B39698¢m980b frabgbol osggbs

35839690 9d0bmz0l fmbgdol Qo0 296Ls 3OO
3603369m35605 Fobss®lMdMm0350. 58 9B3bg 9Ju3ghBHgoo §939396 GMBgo
95B396909wos @O 3MH0MmO0G GO bbggdmsb  dgatmgdom, Mo
3obLOBO3MZL 3093 LOdMMmm  F9gal.  Hmbgdol  asdmmgzwol  ¥9360
3900Mm©0 5OLGOMBL. B39b 30949693 LvoEOL 4300935 F9EMgdOL oBMOEL s
95839690930l Mebggd0l dobgzom mbgdol ysdmmgzgerols dgommegdL. [39,50,59]
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LodMEMM  06EJAMIMOHO 565935300 FgRslindo  ImLsdgdbs  LoFoMOHms
gmggwo 9sB39690mobomzol  {mbgdol @omgzgms. ol FoMdmopgbl Ls3dsm
96003369m396 @5 FobosLMdMOZg  gBHodL. 98 @OML  9du3gOGHT>  bs
3905(Y30E MU, Mdgo 9539699900 MM 3600369crm3560
(3000m60@gEHwo), bbgs 95639690 gdmsb 99009000, o3 AobLEBOIML3L
30093 9900930l LOdMmEMmMm Lobgll  (0BbEgaMseme 5658355300 Fga3olgdsls).

SMLYOMBL  Fgx3sligdol  BoB39b9degdolomgol Hmbgdol  syqbols
3obLbbgs390o  GgoMm©Ydo. dsm  ImOmob  LEHBIOGHME  Igoml
Podmoqbls 3b5E0E03MM0 09656 Jools d90™o, Mdgero;
09000535900 0ym bos@ol doge. [59]

Bs86mddo  qo8mygbgdmeos  Jge3eligdol  BoB3969dgdol  Mobggdols
O30l dgom©o, Omdgwoi  [39,40Fd0s  e3m3s390vero.  s©bodbmero
dgom©o 989dbgds 35B39690gd0L XsFMEMO Mbygdol Fgocgdols G9wgagdL.
X90MOO  MBygd0  200m0oyabgds  9du3gdGmS  F9gmabbdgdermdol  mbols
@doLOAGD  3MB63MMO300L  3MgBOE0IDEHOL  FITMM3WOL  3OMEgldo s V)
9J39MGHJOOL  Fgmsbbdgdol mby  ©ss385gMBOWgdY0s, F5dob  BoLomgdo
096905 Hmbadols smzerol slgmo §qlog.

3.2.1.4 9980 535835800 06998 s¢mey®0 8608369¢wm80l 309365

565935800  MOEb3900L  MgMOO0L  gMm-9OH®  M30MSBHIMds© 0358600,
999850999030  MOoMmEIbMdMHO30 s bsdolbmdMogo 3539690 gd0L
IONOMMO  259myggbgdol  TgLodgdMds o FomO 96T 3OBOM
3600836903900l 89damdo go96m056905 9056 5659358300 0BG
95639690o. sLgmo Fomdmygbs olbdmdl 899ga0 9@939d0L gogesls
(3903900l Bo@o®mgdsl): [50, 51, 54]

1) ymggeo 958396900lmzol bgg®momo fmbols oy gbs;

2) ymggero 9539690¢00l G9x30lgds 9650353003 GoEbgom;

3) ©5m©gbmdm030 35639693 gd0l bmMHToMmgds;
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4) 090l (3MMm9gd@oL) 565935530m Fgx3s590900L 953MYa0M9ds dm(399E0
Pmbgdom s 06@9aM9 Mo 565835830m Fgx35L930L dowgds.
30094350  36MM9dBHoL  356599BHEM00  BobEYds  96dZoTRoMm  GOEb3gdom
X1, X5y Xy, X, bowog X, = Xy Xipy Xiza Xia ), 1=1---,n, 5 Bg9693gd0l
d9L50530L  fmbgdom o, ;.- a,, a; 20, Ya; =1. sbgo Imbs3gdgdolomzols

063 930M50me 565935300 gg3oligdoll Bmyss  9dbgds  89dgao  Loby:
X :(ZaixilizaixiwzaixiyZaiXM j = (X1, X2, X3, X4) (14)
i=1 i=1 i=1 i=1

0dob 9999y, M3 Ym39o 360HmgdEHobmzol 3090Mdm 0bEJMIEME
56503580 BHM539300L05350  MoEbgL,  bgds  9683530Mm  MHOEB306
B5s8gomo  MHoEbgzol  domgds  Bsbaol  dgomol  Lsdmeegdom,  MMIGEo3
390mbsmM3ges©  FoMEGH0300 @S LsdNgdsl 0drg3d  9MI3dTR0M  MHO(HIO
©5309356mm  33980m  (Bsd3z00)  MoEbzsdy. sdob  d9dgy  FoMEH0350
d90dangds 6gdolidogmo Momgbmds 36MHMg]Edol Mobgocmgds. M39mglbo 3s80m
99335905 6036538 300098 3OIM9JAHL.  Bobgol BMEBMSL (15) - EOML 543l

9990090 Loby:

eh(x) = (x§ + XgX, + X E;xf — X, X, —x22) . (15)

30Mm9dBHol ©@o  3mOGRIEoL  MHoblol  MoMmEIbmdM030  Fgx3sligdolomzols
09005359005 2560L5BW3MML  LETMOEM 335G oobGS O,
5650358300 LodM3mggdol  gsdmygbgdom. oy A=(a,,a,,a,,a,) OO
565035030 BM539(300L 835600 MHoEbzo, MHMIgEoE sHLOLMGAL  3MMgdEoL
0BHgaOn6 9a3olgdsl, 85806 Lsdegswm 9508369mwmds E(A) ©s ©oldglos
Var (A) 258m003@g0s 8980930 306300 [54]

_a +2a, +3a; +3,
6 (16)

E(A)

Var(A) — (a4 -3 )2 + 2(a4 B a-12)51:"11 -3, )+ 3(33 -3, )2 (17)
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E(A) (18)

by OHMA LoJoemBML 0b39LBHOEOMO 3mOERBIdo Foboslfoto Tgxzslgdols

93o3BYg 8935 ol 09900 (36093 gd0), OMAYMSE 9930 B go Mbymwo
8600369 mds s Folvdsdolbo J9bem3gdol Loldgds. [54]

3.2.1.5 09980l ®sb6:700985

Mbs  500bodbmb, MHmI  0@YgOOL 965506905 4mEoolbdmol,  doo
oPymodsl,  29baN3IM03905L  Fobolifed  godmzwrgboemo  6odbgdol Q5
dobollomgdEgdol  Jobgzom, bmwm  0bm3zsE0MMmo  0©Igdol  13Mbobo
30oLbbAMOL 009900056 59mMbBg3L Poboliom 9m3Bogdo
3603JMH0MdgdoLs s  3M0MMHOEIAHJOoL  Logmdzabg.  MbgoMgds o
136060byo FoBMOYI6g6 MOPOYMHN353806M9dME 3MMEILYdL s BoEIZS
0b6M3530996M0  3Mi3gLoL Bafgol LbGHOOsby MbEs FBbbMGMEO0gE L. [52,54,58]

09900l Mb506M930L s 1B3MOBobyol  LobmgBOL s3m36s Fgodergds
95000Dg0Mwo 0dbsl 99990 09680dg3M™d0om (0b.6sb.20).

3990g9gb9d05 dgx358900L M35 3MH0EHJMH0YFosbo 9JudgdE o
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M33H0d0Bo300L  99m356900L  4oofyzgBs  TOPSIS  go8mygbgdom
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P = (P1,P2,P3,P4) ©> M = (q1,42,93,94)
95806 99361990, 4583 gdoL S FodMSZ9dOL M3gM(30900 BHEMS393E00l

9593956 ©®03b390BHg LGOS §900 Y0 BMOIMEGOOM:

pP®q=1I[p1+91,P2+92P3+ 93 Ps + qul;
P—aq=1[p1—41,P2 —92,P3 — 43, P2 — qal ;
P ® q = [P191,P292, P393, P+q4];

® r= [plr' Pp2r, p3r, p4_1"].
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30)8060g6O90;
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X20b, 11339 Y39ws 356396900l s Y39ws ggudgdEOL dobgzgom:
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500L 9909y 33M@mdem  F9x85Lgdol  3sB3969gdgdol 360d3bgermzbmdols
ROEMO0M 39530309639l 9900 Hoboo:
Si . _—
w; = {?’,] =1,m}, (23

gboos XL w; =1 (24)
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95639690 gd0l d9L5d5d0Lo dobolinsmgdegdols 960393690 36mdols
RIOOMO0MNO 3MJR03095EGH00

th;t = 1;p];j = 1; m;
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Wi, t=1,p],j=1,m( ti1

)

Pmbgdo. 390dm 30496900 9909 BMEOIMEL

W]-Ct = Wjt. W; (25)

9909290 358396989wms @5 FobsLosMYdgms MmO E™bosbo 0gMscmJornwo
LAHOMIGHMOOLOYD (L. 1) 30PMYWMdD  JOH  ©Mbosb,  FbmErmE
doboliosmgdgEms LolEgdol Fglodsdolo  fmbgdom  (LwE. 2). 9gdpamddo
3990g9gbgdol 4585603900l JobBbom Fobsllomgdwgdo 9HM0sbEId0sb ghm G
LodMsgergdo: [60,68,70]

G= {cjk,j =1,mt= 1,p]} = {c,,z=1,7};

z=pi-1ttj=1mt=1,p,,po =0;
59 Z 560l 05b5b0smYdYEms H50mEYbMmds, Z = Y3, pj sbgor Ggdmbggzsdo

_ C _ k
W, = Wi, W, = Wj; (25)
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1 — 1 _ 1 1 1 1
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3bOoo 24. G535¢7000 Topsis 99O - Ggx3sL900L 505935300 o

565935800 G©539(300L 8533560
0by30LEOo 360d369crmdgd0

Mobzgdo
do05b LmbBo 0,0,1,2)
LmbGHo (1,2,2,3)
96033690 m© bLYLEGHO (2,3,4,5)
©5053054MB30¢ 9090 (4,5,5,6)
36093690 m© 356020 (5,6,7,8)
35620 (7,8,8,9)
do05b 3560 (8,9,10,10)

50 L3OOl JobgE30m MY a; SEEIOBIEHOZ30LIMZ0L Jsboliosmgdgero ¢, -
b9 803036905 9dudgMGH01 d0ge F9x3sLs ,39M0“ I60dz69wMdom FM39300L
05239500 03539000 53MmoboEgds 9999AbsoMms

rl, = (7,8,8,9), 99 939635 8gox30ls ,d5w056 3560 360FZ6gEwMdO0 B>dob
rl, = (8,9,10,10) s 5.9

dobolomgdgdol dobgz0m (35390 seGHIMbsGH03900L  9du3gMEgdoL
39935b900L 39939 F030090m SBgm FoGHMOEIL:

R = [r‘ilz]]'1 =1, k¢>{a}z' b%z' Cilz' d%z}'l

1,k
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9db3gmEHYdOL 303393 9bEogdol  (fmbgdo)  odmm3zwsl  sbgogbl
3999351909000, LO3GHOL Y30 9B F9gIMYIOL FoEBHMOEOL odmygbgdoo.

v, — 1,8 98 39&™O900L 353myqbgdom dmbgds d98@ga0 do@®oEol
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RV = [rid,1 =T,k < {al},b¥, ¢}, dVi}, T,k

iz’ iz’ ~iz’ Yz
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99b396MG9gd0L 308393 9630gd0L F9mM35¢0oL{0bYId0M S A9TMOMZEgds 9O

RMOIMNIO0m:
Vil
aiz = djz- Vi,
b} = bi,. v (26)
Vil
Ci, = Ciz-Vis
dii = dl,. v;;
doxo 4

59 00X By bgds 9MH05b0 H3MYH0MGOMOo FoEHMOEOL BMOIOMYDS.

RV = [r], 1=T,g < {a}, b, c,d"}, T g (27)

1= 1! g E>Riz = [riz] a4 {aiZfbizr Ciz» diz}

59 35@®030oL gagdgb@gdo gobolisbrg®mgds 9908gabsoca:

aj; = {mina;},1 =1,g}

1 Vi .
bi, = . 5 bl (28)

Ciz = ézlg=1civz- :
di, = {maxdj},1=1,g};
00x0 5
50 doxbg bmOE309©gds  Joboliosmgdegdols dghmbgs. o3 doBbom
536923060900 ds@®o3ol 9w9396¢39%0 bgoo 3996539l
dobolinsmgdEgdol dglsdsdolb Hmbadby
3sGMo30L 9engd9gbEHgdos:
Riz=[Tiz] ©{aiz, biz, Ciz, diz}

50 39653000 9909350 80009gds Jgficmboro do@®moss:

Ry = [r71®{ai, bz, iz, diz} bdosg
ajy =aj,.w,; by =b.w, (29)

W __ . w _ .
Ciy = C. Wy dy) = diz. wy;
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Mbs 8m3550bmo doMgdMEo Fo@MmoEol bmM3oeoBgds. 58 dobbom
399m0yqgbgds Hsu o  Cehn-ob dgommeo [9], MmIgwog damdsmgmdl

8909280, 9obobybEgM9ds  df = maxdyy,i=1,n, J390m»  dmEgdmwo
3900bObMgdol  godmygbgdom 30 29bolsbE3zgds bmGIoMgdMo,
3°05(1939¢H0w 900l 808900 5@®M0;35:[58,60]

RY, = [rl]eofal}, b cff i} (52,52, %, 93 (30)

doxo 7

3905(Y39GH0w 900l 80gdol JoBHM0E0sb Mbos 303M3Mmm 0YSEXIGO
30Bo@omeo 3osfyzgde (0.3.p) X, 8 dobboom ymggwo k,z=1,Z ,
5dmoMmB3zs

= {maxdl),i=1,n} (31)

3909290 dmbgds 89900930 G030l BMOI0MmYdS

A" = [d;] = [(d1,d},d3,d}), ..., (dz, dz, dz, d2)] (8)

(6) - 399mbobEd0sb 25dmE0bstg b39bl gdmbggzsdo d; =

V z, 5699 X* 856030l y39ws 9e998963¢)0 Gmeros 1-ob.

doxo 8

39900mM3wgd5 005 IOHO bgaoG0MO 45050Y39d¢ (0.6.3) AT, 50
doBboom ymggwo [69,70]

k,,z =1,Z, 803956905

a; = {minal,i=1,n} (32)

50 d0x D9 dmbgds 999ga0 FoEHMOE0L BMOI0MGDS

A~ = [a;] = [(a],a7,a7,a7), ..., (a7,a;,a;,a;)]
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doxo0 9

(2) - @MOIMwOl A59mygbgdom (35¢3990 S EJMBEH039d0LIMZ0L
doboliosmgdegdol 360d3bgermdgdol Jobg30m, godmomgzwgds  dsbdowgdo,

0.3.3-9©9 s 0.6.9-0¢09.

D;(ai ) A*) =

1
La@-dy+ G- dr+ @ - @-d) 6

- - 1
D7 Gar, A7) = [HGalt = a)? + (o — )7 + (el - a)? + (@l — a)?)
(34)
300900 36093690 md900lL dobgzom bgds 39J@ ™ML BMEOT0Md.:
[D*] = [D31, ..., Dz]

[D7] = [D7, ..., D]

doxo 10

3990003 gds 356d0egdols xsdo (35390 S GHJMboEH03900b 0.3.9-
99 s 0.6.9-0009 BMOIMgdom:

D*(a;) = y/X7=1(Dz(a;, A")? (35)
D™ (aj) = y/X7=1(Dz (a;, A")? (36)

doxo 11
39003m350Mmm 06EgaMowemo d5h396909¢00, Losbermgols

30980309630, 35390 5e0gMboEH 03900530l BMOT)Id00):

D(a;) = D*(a;) + D™ (ay), (37)
_ D7 (ap)
F(a;) = D) (38)

F(aj) bosbeomgol 3099303096306 8obgz00 35bgbo sen@g®bs@nggdol
056506909L, O53 MBOM sbembss F(a;) 309530309630 1-056 dom Matm 356900,
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©™b05bo bAGIHIDS

953969090001(85B6.1) - 063530296MH0 0oL 5350098009H0 S 3TGOHEOLICO
QOMYONWYOS
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dsbsbosc989¢ro 1_2 (Gsb.1_2) - 06023530960 000 0L S9H15¢noatreads;

dsbsbosc989¢ero 1_3 (Osb.1_3) - 0635302960 090l 2(03065¢7968s5;

dsbsboscBgcero 1_4 (0sb.1_4) - 0635302900 0@ 0l 30009(55029¢70
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99b39MEG™s 303393H9BGHWOMIOL  3M9BRO0E0IOAL.

9u3  qdu3.  gdu3.  9dus. —— 3m839¢96300b

1 2 3 4 3098030g6GO
9Jub3.1 | 1.00 | 3.00 | 0.33 | 2.00 119 028  ggudl 0.28
9Jub3.2 | 0.33 | 1.00 | 3.00 | 3.00 132 031  gqdu32 0.31
9Jb3.3 | 3.00 | 0.33 | 1.00 | 3.00 132 031  gJu33 0.31
9Jb3.4 [ 050 | 033 | 033 | 1.00 | 049 011 gdu34s 0.11

xs0o 4.83 4.67 4.67 9.00 431 1.00 xs0o 1.00
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35h.2 2 2 2 2 8 0.35
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23 1.00
30b3mMo300L 30m95303096G0: W= 0.7
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0sb.1_3 2 3 4 4 13 0.34
dsb.1_4 2 4 4 3 13 0.34

38 1.00
3Mb3mMmo300L 3953030963 0! W= 0.64
d90056b39ds Jowfgmemos
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dgmemg 35B39690¢ol Asbslsnsmgdengdols 60dg69em3bgdol Bs®EMd0mo 3mgnR0E30g6bEJdOL
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dsb.2_2
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dsb.2_4

dgbsdg 95B3969dcmols sbolinsmgdengdols 360d369¢ 36980l BsGmdomo 3mgnoEogbdgdols
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3B 3B fjeabo
dsb.1_1 0.16 0.034
dob.1_2 0.16 0.034
0.22
dsb.1_3 0.34 0.074
dob.1_4 0.34 0.074
dsb.2_1 0.11 0.039
0sb.2_2 0.35 0.22 0.077
dsb.2_3 0.28 0.097

3M98303096G0
0.11
0.22

0.28

39803096%0
0.38
0.62
1.00
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(53692060939, firbs dghimbogro)

6bGoo 29. s35¢7000 Topsis 49000 383980098:9¢70 JshMogs, prabgdo,

d9pabocro dshtogs:
32M9300 905 fmbo {mbs gfmboero

0.88 1.9075 2.005 2.79 0.030976 0.067144 0.070576 0.098208
0.77 2.02 2.02 2.79 0.027104 0.071104 0.071104 0.098208
0.77 2.02 2.02 2.79 0:035 0.027104 0.071104 0.071104 0.098208
0.88 2.125 2.23 3.1 0.030976 0.0748 0.078496 0.10912
0.88 2.125 2.23 3.1 0.030976 0.0748 0.078496 0.10912
0.77 2.02 2.02 2.79 0.027104 0.071104 0.071104 0.098208
0.77 1.725 1.8725 2.79 0:0% 0.027104 0.06072 0.065912 0.098208
0.88 2.125 2.23 3.1 0.030976 0.0748 0.078496 0.10912
0.88 1.9075 2.005 2.79 0.065824  0.142681 0.149974 0.208692
0.77 2.02 2.02 2.79 0.057596 0.151096 0.151096 0.208692
0.77 1.725 1.8725 2.79 0075 0.057596 0.12903 0.140063 0.208692
0.55 1.515 1.7675 2.48 0.04114 0.113322 0.132209 0.185504
0.88 2.0625 2.315 3.1 0.065824  0.154275 0.173162 0.23188
0.88 2.125 2.23 3.1 0.065824 0.15895 0.166804 0.23188
0.77 2.02 2.02 2.79 0075 0.057596 0.151096 0.151096 0.208692
0.77 2.02 2.02 2.79 0.057596 0.151096 0.151096 0.208692
0.88 2.2725 2.525 3.1 0.03388 0.087491 0.097213 0.11935
0.88 2.2725 2.525 3.1 0.03388 0.087491 0.097213 0.11935
0.77 2.02 2.02 2.79 0.039 0.029645 0.07777 0.07777 0.107415
0.77 1.725 1.8725 2.79 0.029645 0.066413 0.072091 0.107415
0.88 2.2725 2.525 3.1 0.06776 0.174983 0.194425 0.2387

0.88 2.2725 2.525 3.1 0.06776 0.174983 0.194425 0.2387

0.77 1.725 1.8725 2.79 0077 0.05929 0.132825 0.144183 0.21483
0.55 1.515 1.7675 2.48 0.04235 0.116655 0.136098 0.19096
0.88 1.9075 2.005 2.79 0.08624 0.186935 0.19649 0.27342
0.77 2.02 2.02 2.79 0.07546 0.19796 0.19796 0.27342
0.55 1.88 2.055 2.8 0.0% 0.0539 0.18424 0.20139 0.2744

0.55 1.515 1.7675 2.48 0.0539 0.14847 0.173215 0.24304
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0.77 2.02 2.02 2.79 0.105105  0.27573  0.27573  0.380835
0.88 2.2725 2.525 3.1 0.12012  0.310196 0.344663 0.42315
0.88 1.9075 2.005 2.79 0137 0.12012  0.260374 0.273683 0.380835
0.77 2.02 2.02 2.79 0.105105  0.27573  0.27573  0.380835
0.88 1.9075 2.005 2.79 0.143792 0.311686 0.327617 0.455886
0.77 2.02 2.02 2.79 0.125818 0.330068 0.330068 0.455886
0.55 1.88 2.055 2.8 0163 0.08987  0.307192 0.335787 0.45752
0.55 1.515 1.7675 2.48 0.08987  0.247551 0.28881  0.405232
0.77 2.02 2.02 2.79 0.205282  0.538532 0.538532 0.743814
0.88 2.2725 2.525 3.1 0.234608 0.605849 0.673165 0.82646
0.88 1.9075 2.005 2.79 0267 0.234608  0.50854 0.534533 0.743814
0.77 2.02 2.02 2.79 0.205282  0.538532 0.538532 0.743814

d0x0 6-00 J0m0mMYOO  25FMM3eqd0L BoEMmgdol 99yo© 8030090

390509393090l dowgool do@®mo3ol:

6b®oo 30. dsgserooo Topsis G900 3503PY39H0CPId0L Jom9dol F5Htro3s

B&BogroBogos
100 - By 6591530 3odLodm3gdo T e 90b603dwdgd0
35BHM0EO

3.098 6.714 7.058 9.821 0.284 0.615 0.647 0.900
2.710 7.110 7.110 9.821 0.248 0.652 0.652  0.900

10.912 0.2484
2.710 7.110 7.110 9.821 0.248 0.652 0.652  0.900
3.098 7.480 7.850  10.912 0.284 0.685 0.719 1.000
3.098 7.480 7.850 10.912 0.284 0.685 0.719 1.000
2.710 7.110 7.110 9.821 0.248 0.652 0.652 0.900

10.912 0.2484
2.710 6.072 6.591 9.821 0.248 0.556 0.604 0.900
3.098 7.480 7.850 10.912 0.284 0.685 0.719 1.000
6.582  14.268 14.997 20.869 0.315 0.684 0.719 1.000
5.760 15.110 15.110 20.869 0.276 0.724 0.724 1.000

20.8692 0.1971
5.760 12.903 14.006  20.869 0.276 0.618 0.671 1.000
4114  11.332 13.221  18.550 0.197 0.543 0.634 0.889
6.582 15428 17.316 23.188 0.284 0.665 0.747 1.000
6.582  15.895 16.680 23.188 0.284 0.685 0.719 1.000

23.188 0.2484
5.760 15.110 15.110 20.869 0.248 0.652 0.652 0.900
5760  15.110 15.110 20.869 0.248 0.652 0.652 0.900
3.388 8.749 9.721 11.935 11.935 0.284 0.733 0.815 1.000 0.2484
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3.388 8.749 9.721 11.935 0.284 0.733 0.815 1.000
2.965 7.777 7.777 10.742 0.248 0.652 0.652 0.900
2.965 6.641 7.209 10.742 0.248 0.556 0.604 0.900
6.776 17.498 19.443  23.870 0.284 0.733 0.815 1.000
6.776 17.498 19.443  23.870 0.284 0.733 0.815 1.000
23.87 0.1774
5.929 13.283 14.418 21.483 0.248 0.556 0.604 0.900
4.235 11.666 13.610 19.096 0.177 0.489 0.570 0.800
8.624 18.694 19.649  27.342 0.314 0681 0.716 0.996
7.546 19.796 19.796  27.342 0.275 0.721 0.721 0.996
27.44 0.1964
5.390 18.424  20.139  27.440 0.196 0.671 0.734 1.000
5.390 14.847 17.322 24.304 0.196 0.541 0.631 0.886
10.511 27573 27.573 38.084 0.248 0.652 0.652 0.900
12.012 31.020 34.466 42.315 0.284 0.733 0.815 1.000
42.315 0.2484
12.012 26.037 27.368 38.084 0.284 0.615 0.647 0.900
10,511 27.573 27.573 38.084 0.248 0.652 0.652 0.900
14379 31.169 32.762  45.589 0.314 0.681 0.716 0.996
12.582  33.007 33.007 45.589 0.275 0.721 0.721 0.996
45.752 0.1964
8.987 30.719  33.579 45.752 0.196 0.671 0.734 1.000
8.987 24755  28.881 40.523 0.196 0.541 0.631 0.886
20.528 53.853 53.853 74.381 0.248 0.652 0.652 0.900
23.461 60.585 67.317 82.646 0.284 0.733 0.815 1.000
82.646 0.2484
23.461 50.854 53.453 74.381 0.284 0.615 0.647 0.900
20.528 53.853 53.853 74.381 0.248 0.652 0.652 0.900

doxo 7, doxo 8

cb®oro 31. dsgseroomo Topsis G9oraoo - 0O 2)H0 32 BOBOLIBHO 5 OQLOSCPIHO

698590960 350PY29H0980b Fs5HE0gs

dsb.1 1 1 1 1 0.248387 | 0.248387 | 0.248387 | 0.248387
0sb.2 1 1 1 1 0.248387 | 0.248387 | 0.248387 | 0.248387
dsb.3 1 1 1 1 0.197133 | 0.197133 | 0.197133 | 0.197133
dob.4 1 1 1 1 0.248387 | 0.248387 | 0.248387 | 0.248387
3sb.5 1 1 1 1 0.248387 | 0.248387 | 0.248387 | 0.248387
dob.6 1 1 1 1 0.177419 | 0.177419 | 0.177419 | 0.177419
0ob.7 1 1 1 1 0.196429 | 0.196429 | 0.196429 | 0.196429
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9s5b.8 1 1 1 0.248387 | 0.248387 | 0.248387 | 0.248387
9s5b.9 1 1 1 0.196429 | 0.196429 | 0.196429 | 0.196429
9s5b.10 1 1 1 0.248387 | 0.248387 | 0.248387 | 0.248387
0OEHO %b0H06O 0O IM0 69a5HONHO 3osfg39Ho
200569309

cbGoro 32. dsgseroomo Topsis G000 - Js600¢m980 s¢rdg@bghoz0bs0330b 0.3.8. 0
0.6.3.-0056

300390 S GHYMBE030L5030L 0EOSWIH 3BOGHOME

390509393 °L0sb dsbdoegdo

1 1 1 1 0.283871 | 0.6153226 | 0.6467742 0.9 0.4459781 0.1988965
1 1 1 1 0.283871 | 0.6854839 | 0.7193548 1 0.4154885 0.1726307
1 1 1 1] 0.3154122 | 0.6836918 0.718638 1 0.4024537 0.161969
1 1 1 1 0.283871 | 0.6653226 | 0.7467742 1 0.415022  0.1722433
1 1 1 1 0.283871 | 0.7330645 | 0.8145161 1 0.3932237  0.1546249
1 1 1 1 0.283871 | 0.7330645 | 0.8145161 1 0.3932237  0.1546249
1 1 1 1| 0.3142857 0.68125 | 0.7160714 | 0.9964286 0.4038669 0.1631085
1 1 1 1| 0.2483871 | 0.6516129 | 0.6516129 0.9 0.4521253  0.2044173
1| 1 1 1 [ 0.3142857 0.68125 | 0.7160714 | 0.9964286 0.4038669 0.1631085
1 1 1 1| 0.2483871 | 0.6516129 | 0.6516129 0.9 0.4521253 0.2044173
1.7500407
1.322891
1
300390 S GHJMB5EH030L5m30L 0EOSYM BYRdGOME g505FY39E LD Fsbdowgdo
0.248387 0.248387 0.248387 0.248387 0.283871 0.615322 0.646774 0.9 0.424032 0.179803
0.248387 0.248387 0.248387 0.248387 0.283871 0.685483 0.719354 1 0.494733 0.244761
0.197132 0.197132 0.197132 0.197132 0.315412 0.683691 0.718638 1 0.540206 0.291823
0.248387 0.248387 0.248387 0.248387 0.283871 0.665322 0.746774 1 0.497093 0.247101
0.248387 0.248387 0.248387 0.248387 0.283871 0.733064 0.814516 1 0.529527 0.280398
0.177419 0.177419 0.177419 0.177419 0.283871 0.733064 0.814516 1 0.592158 0.350651
0.196428 0.196428 0.196428 0.196428 0.314285 0.68125 0.71607 0.996 0.538277 0.289742
0.248387 0.248387 0.248387 0.248387 0.248387 0.651612 0.651612 0.9 0.432949 0.187445
0.196428 0.196428 0.196428 0.196428 0.314285 0.68125 0.716071 | 0.9964 0.538277 0.289747
0.2483871 | 0.2483871 | 0.2483871 | 0.2483871 | 0.2483871 | 0.6516129 | 0.6516129 0.9 | 0.4329496 0.1874454
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2.54891
1.59653

300 9 - dox 0 10-do Im399vo BMOIMWYdoL dobgzom dggbowos dsbdowrgdol
5GBS

60600 33.0535¢7000 Topsis §9ormo -0s6docngdol dshkoss

0.1 dsb.1 | 0.445978 | 0.198896 | 0.424032 | 0.179803

ds5b.2 | 0.415489 | 0.172631 | 0.494734 | 0.244761

dsb.3 | 0.402454 | 0.161969 | 0.540207 | 0.291823

dsb.4 | 0.415022 | 0.172243 | 0.497093 | 0.247101

dsb.5 | 0.393224 | 0.154625 | 0.529527 | 0.280399

dsb.6 | 0.393224 | 0.154625 | 0.592158 | 0.350651

dsb.7 | 0.403867 | 0.163108 | 0.538278 | 0.289743

dsb.8 | 0.452125 | 0.204417 | 0.43295 | 0.187445

ds5b.9 | 0.403867 | 0.163108 | 0.538278 | 0.289743

05b.10 | 0.452125 | 0.204417 | 0.43295 | 0.187445

X500 1.750041 2.548916
1.322891 1.596532

5.2

dob.1 | 0.452125 | 0.204417 | 0.43295 | 0.187445

dob.2 | 0.452125 | 0.204417 | 0.43295 | 0.187445

dsb.3 | 0.411258 | 0.169133 | 0.549095 | 0.301506

dob.4 | 0.415489 | 0.172631 | 0.494734 | 0.244761

dob.5 | 0.393224 | 0.154625 | 0.529527 | 0.280399

dsb.6 | 0.393224 | 0.154625 | 0.592158 | 0.350651

dsb.7 | 0.412566 | 0.17021 | 0.547134 | 0.299356

dob.8 | 0.393224 | 0.154625 | 0.529527 | 0.280399

dsb.9 | 0.412566 | 0.17021 | 0.547134 | 0.299356

95b.10 | 0.393224 | 0.154625 | 0.529527 | 0.280399

X500 1.709519 2.711717
1.307486 1.646729

°.3
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dsb.1

0.452125

0.204417

0.43295

0.187445

dsb.2

0.48178

0.232112

0.401866

0.161497

dsb.3

0.441036

0.194513

0.513047

0.263217

dsb.4

0.452125

0.204417

0.43295

0.187445

dsb.5

0.452125

0.204417

0.43295

0.187445

dsb.6

0.48178

0.232112

0.461742

0.213206

dsb.7

0.454004

0.20612

0.538576

0.290065

d5b.8

0.445978

0.198896

0.424032

0.179803

3dsb.9

0.454004

0.20612

0.538576

0.290065

dsb.10

0.445978

0.198896

0.424032

0.179803

’¢wd).4

X500

2.082022
1.442921

2.139991
1.462871

dsb.1

0.415489

0.172631

0.494734

0.244761

dsb.2

0.415489

0.172631

0.494734

0.244761

dsb.3

0.500023

0.250023

0.444012

0.197146

dsb.4

0.452125

0.204417

0.43295

0.187445

3dsb.5

0.48178

0.232112

0.401866

0.161497

dsb.6

0.53917

0.290705

0.399611

0.159689

dob.7

0.501343

0.251345

0.442426

0.195741

35b.8

0.452125

0.204417

0.43295

0.187445

dsb.9

0.501343

0.251345

0.442426

0.195741

dsb.10

0.452125

0.204417

0.43295

0.187445

X500

2.234043
1.494672

1.961672
1.400597

doxo 11-do dmEgdmeo gmOIMEIdoL g58myggbgdom  2odmm3zmgdol  Bodo®mgdols

39092900 3030090 L53gEIR™ FoGHOMOESL:

30600 34.0585¢7000 Topsis G900 - bsdmemear G5HGogs

e B9gMbodogzs

*

D

D

D +D"

D'/D

*

©3bgoMmgds
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seBMbo@ogs 1 1.3229 | 1.5965 2.9194 0.5469
S B9Mbo@ogs 2 1.3075 | 1.6467 2.9542 0.5574
5e®9OB3&035 3 1.4429 | 1.4629 2.9058 0.5034
5e®9OB5&03> 4 1.4947 | 1.4006 2.8953 0.4837

99093900  Lo39009bm  SEEMbsBHoz0L  (0ogol)  bdo  godmeol
S B9MB30392, oMM O0M5T0bSE BBL  (Ooa™sds 1), G ol  y3zgamsby
SBEWMBdS 00O 3MDBOGHOE 255Y39GIBMD O 98539 OML Y39wWsBY FMEBLS

005 YM BIRSGH0IO 3505)Y39BHLMsb. [60,61]

QQO05YM5Td

1.5965 1.6467 1.4629
1.3075

1.4429 1.49471 4006

0 B9mbo@ogs 1 0 B9mbo@ogs 2 0 B9mbs@ogs 3 s BmboBogs 4

1.3229

0530535 1. 56506900 0009700l OsEMHTs

Podmpabomo  8gom©ozs  LsBNPgdsls 0derglzs  dmzsbobmm
06M3530996M0 0009900L {obslHo®o Ggxslgdol s sdmEMBY30L 9339dEIM0 LobGgdol
RMOI0MGOs,  0bM3z5309M0 3OHM3gLOL Lsfgol 9&3bI3g (00YgdOL AgbgedEO0L
039%D9)  Igladengdgeo  bggds 3°9m3moabmom  bs3ergdo  9139JGHM0 o
365943H03wo dbgeo@ Mgoe0HGdSO 00gJ00, OMIAWGO03 MBBIMBSTo 56
00056 MmEMReboBsEgool  LEG®GJR0ME  B0BbYOMLb. 53Lmsb  gMm
Pomdmpabomo  seramGomdols  Jglodsdobo  doxgIOL 303309 BHYHEO
9m9o®gds Bsdr1oegdsls 3magz3gdl  393BIMEM™ MBI0MIOIMo 0JgdOL
o630l LOLEBJIOL 9B9JGHWIOMDds, 360d369cm3bs F935930HM™ 0bM3zs30GO
3639806 dmBY36m RHBJOOL BMBJ30MboMGIOL 39M0M©O s TN 0B
06M3530900L  ©95¢0bgdol M. d608369cm35605 MbgOMGOMWO  0YgdOL

15931993900 Dg 9B9IHIOO 000JJOOL ROJBOMIdS s oL ASIM0Dgds 9.§.
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»JB9JSHNO0 0oL 3mOEGBgdo”, 9990mdo dglodem
3096M305¢00Bs300LMZ0U.

3.4 94b39mGHgd0L 3MBLGbLMLOL s Losbermgzol badolbols sygbs

9du3gOHGHS  xXAMBoL  Foge  2osfY39BHowgdol  domgdol O™
39O)350s MO0 3OMELOL  gobbmM309Wwgds: 306390 - 9dudgMEgdol
30bLgbLMLOL (Ggsbbdgdols) oYIBOL 3MIM39L0 s 29OFY39BHOWGOOL Jomgdol
363980.  3mbLGBLYLOL  OEYJBOL  IOMEILO  HMEOWGIWOE  wYbs  Oymls
39005093930 gd0L d0gdol 36Om3gLoL HobdLmgdo, Mowsd gdudgmEgdol dogH
LodMEIMM 250509390 gds  800gdYo by oyml dsmo  Ggmebbdgdols
3060md90do. LolOZ9gwos,  9Ju3gMEHJOOL  3MmBLYBLMLOL boGolbo ©sobogls
095909, 3000609 om0 dMbsfoggmdom LoliBgds @o0fygdl  gosfY39EH0Wwgdol
800900l 3Gm3gLL, 9gb3gMEHIOOL 3BLYBLMLOL obMB30L Lbzslbzs Bgmmegdo
SOBYdMBL. g9630bowsm MmE FgomEL.  9JudgmGHdol 3Mblgblmliol boGolbol
390330l boliEo 8900m©O, Mol EOHML 2obobowgds Mo 3608369cmds 0 s
1, 8500 3oL 0 - 50b0dbsgL. Md gdudnEgol MOl 56 dmbs Ggmsbbdgds, 6w
30bBLYBLMLO sl 0 36036 MdOL, bragnm 1 - 60dbsgls, M 9JudgHEHIOL JmEOl
dmbs LOMo Fgomsbbdgds. sOLYIMAL 9Jb39MGJOL Mol 3MbLYBLYLOL
bs®OLLOL goBMIZ0L MGMM dndbowo, Mdowo dgmmeog. [73,74,75]

9Ju39OHGHS  XaMBoL  Foge  39HY39GH0WgdoL  Jo®gdol  sdm35690d0
dmbsfoerg 94u3gMEHIOL Fgloxsligdws FomBmagbow seEgMbs@03gdolsdo
153056 FMI0WIOIENGD, (320D, F9TMEFPOEGDS, FBHOZSE0Y, WS 5.8. 5J30. 58
153995939000 9JU3GOEHO FITMbIEHOZL seBHIMBEH0393Dg TM YOIV GOS
(Lu et al. 2008; Montero 2008; Nurmi 2008). 9Ju3g@ds ©9bs 4953900ml 5MBg3560
503 9Mb530390006. GDM-0b 58m356980 MOl 990 IMHO35¢0 M1 EO
LOE¥POE30g00LS,  OMIgElsi  2obobowrsgbgd (Chen and Hwang 1992).
39005093930 gdol F0Mgdol 3OHM3gLedg olobo 0ygbgdbgb 3MmEgLl MMmdgwros
3399c0g3L 0613MH o300l gJu3gEEJIOL 3BLGBLMLOL baGolbol Tglobgd. MMM
Pobo  9du39MEHgOOL  3BLGBLMLNBOL 339l 0ToMIMGdS BMEIMSEMEMOL BogH
(Herrera et al. 1996; Kacprzyk et al. 1992), 8g®o@mMgdo 56 dmbsfoengmdgb
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396boe3580, B9M5d ymgzqe bsdox By 933060090056, 3sLbl 529996 s 03096
99396 G FogloToeIMo FgosbbdgdmEMdol Jlobgd s 53539 MH™L obobo
009096 25005093930 gd5L 9Ju3gMEHIOOL B3MEIbMBdOL J93E0MYOOL Tglobgd 6
@550MBML 3OMEqLO 3MbLgbLLOL BoM(9350). BMEYMSEHMEOTs MBS O3MEIL,
M6 300Mb 5@ Mbs303900@s6 dgMbg3ol LimMo dggao dol dogH
99690 9Ju39M GO0 9dmygbgdom.[75,76]

3.4.1 82990l dog6 3s@spy39¢30ergd0ol dowgds (GDM)

X3IRB0 99003905 G0 96 dgB0o 9Ju39OHEHOLOYD
E = {ey, ...em } - 9Jb3960GH9d0
369539096309%05 P = {pt, ...,p™},

X = {x1, . X, } 50 E 9053039000

S = {Sq, - Sg, } 560L @0bagz0LE M0 360336900 mdgd0L LoIME3wg LoEsg
999963900L MoMmEgbmds #S=g+1,

59 wobazolG Mo 36093690 mdgdom Goligds 9dudgMEol doge ™mGo

3BHYMbgBH030L  9OHmMIsbgmeb  F9gsMgdol  Fggyo Iy gboo
M30605GLMBIBO - 3098969630980 Pl € S - 560b M306EHILMBOL bsGolbo

Xi) Xi- 500 39Obs3H0390L dnMob e, 9Ju3gMEHol dogH dozmzboero. [75]
Mbs Q930m35cmobfjobmon:

1. S- 965 0gml QswoagdIwo: s; = 5 i = J;

2. 9560gmgol m3gMo@memo: Neg(s;) = s;, OGmEd j = g-i;

3. 8060830b @39GHo@Mme0: Min(s;,s;) = s, 09 s; < 555

4. 35Jb0d3ob 3gGoGHMGO Max(s;,s;) = s;, O s; = s;.

9ogoW0mO:

5399035, 33953l mmbo gdudgd@Go E = {ey, e;, e3, €4}, 05 0obyzoLE«eo
3600936903900l 99990 LOIMI3Y

S = {6w0(6), d5¢056 ©sdO (d), IVWO(Q), LEFNSEM(L), Bswseo (),
do056 Fose0o (d), LOHYWO - GMEHIMOO (()}
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Hobolfo® bs gobolisBwzmml cobagzoldwmo 360dgbgemdgdols GobagdO.

9mbs(399900 9MEOWGdWO®© MBS 0gml IGO0 BOHIMIOm. Slg3Y
B99mo 8mmyg3560¢0 MOMYMBOL M39MEHMM000 FboLEHBEOIOML  wobagzolEmeo
9603d369emdqd0L symzomo 36033690 mdgdo:

6bGoo 35 3006l96b9bol bstrolbol s gbs- ¢robgzobd«ymo dbodz69¢»m8980

MOMYMBS
b0 | 0by30LEHmo 3603369 mds ST e wobazolEmcmo
9600369c0mdols
0 96 930360L (69cr0) 6 (@sg)?ggﬁo)
1 35056 SO 5 do05b Bo0dE0
2 QO350 4 om0
3 BodMo™ 3 [N Py MQIO!
4 350500 2 Q350
5 do05b Jowogro 1 do05b dSE0
6 LEYWO (GHMEGITOO0) 0 Bmero

1. gmggwo gdu3gmEob fyzoobsmgzol (ep,e;))(h=1,...,m—1),l =h +
1, ..., M) 905 LosbEmgol do@Gogs SMM = [smfil],i,k =1,..n,

Loobarmgols BsMoEol boliEo 39mm@om godmmzwol ML

h _— _.1
hl _ {1: a7 Pik = Pik

STk T 0, Ubgs Eydorbgggsdo )

2. 9990093 300300 30m9dBH0MM0 LosbEmgol FoB®oEsl, SM = [smy],
OmIgog  FoMdmoygbl  9JudgM@Egdol  Losbarmgol  do@G®mogdol
536930609008 999  F0EgdM  FoG®moEsL.  Bggbl  Jgdmbgggzsdo

53693060900l B3bJE0s® 30949bgdm sHOMTYEH 03w Lodrgsemls:

smy, = CD(sm?kl,h =1..m-11l=h+1, ...,m). (40)
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3™bLgbLmLOL s LoobErmzols ba®olbo ysdmmgeroo ogm Herrera - s dog®
1996 §.

3.4.2 3m6LgBLlLOL batrolbob gsdmmgems, Losbermgol gsbmadgs
33599438 Losbermgzol  sG®oEs, 3MmbLYbLLOL bsGolbo  ASTMOMNZEgds
3999bs065:

1. 3mblgblmlol ba®olbo fiygow sen@g®bs@oggdl dcmob (x;, k) - copy, 9b
5oL 9Ju39MH GOl  3MmEgdBHomo Losbmzol o@G®moEol Jglodsdols
99996 olL GHmwo.

COPix = SMix

2. 30bLgbLlLoL bo®olbo seEg®bs@ogobsmgols

3mblgblmbol  boGolbo  x; - se@gmbsGogzobsmzols  530bodbmm

ca;, 994b39mGJdOL 3bLYBbLYLOL bscolbo 3 39MboHogologols

3900M0m3wgds BMOINWOom:

. Z’;}:Lkii(COPik‘FCOPki)
ca; = 2n-2

(41)

3. 3mbLybLlLL boeolbol Zommdomo 360dzbgermds CR, 39BLsBOZMME0s
00 30Bbom, OHMA 250DMIML Jermdsmo 3mbLgbLmLol badolbo yzgers
993960  FMbOBEOYOJIOL  domzswolfiobgdom. gl MOl Lodmom
96003690mds s BgMbso3gool  3mblgblligdols  botolbgdols o
399M003¢gd5 BMOHIMEOm;

n

CR = —i=711“” (42)

59 Mo3bg0l 36033690 Md0m 3MmbGHOMEEYds 3MBLYBLYLO.

Losbemgol gola®Bmdo,  LoFodms Fgzsp0bmm, p¢ = [pfi] B5¢GoEs
9390003 HoMdmoyabl 3o 399o 9dudgm@gdol BogM s @gMbod0n39d0olomzol
90039600 30983909630900L  B5EH®0Egd0L  {ph, ..., p™} sxdgasEosL:  pf, =
b@iks - i)
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53693060900BomM30L  498myqgbgdmeos OWA-I  Godol  saM9ga06MHgd0l
M396053MmO0 LOWA. OWA-U $o30ob m39605GHm®mo 306039wo 256Lsbn3OHmo
oym Yager-ob dog6 1988 (gul, bmwm, LOWA m3gMs@mco, Gmdgmos
©583dbgdmE0s OWA-%y, oba30LGH OO 9608369 Md900L5mM30L
39b0LsbBE3Gs Delgado-U dogM 1993 {gerl. 1996 ol 3o Herrera-d sBg9bs, Gd
QB 5oL M5E30MbIOO  Mm39MoEMM0  wobyzoLEMo  860d369wmdgdoL
9336935300Bsm30L,  dobo  obgmo  M30U9dgdOL  @odm  OMAMOOBS
301 EGOGH0OMDS, 9mbm@GHM™MbMOHMdY, S6mbodMBMdS Qo
B90@®MOH™ds.[74,77 ]

3.4.2.1 m390sd0 LOWA - 3sbls bmgi9bs:

30dzom A ={ay,..a,} oMol 00 @obazobEH Mo 3609369c0mdgdOL
LodMO3eng, MHMIJMS 5MYJ0M9O53 bs IM39bE0bMmm LOWA m3gmo@memols
3o0myqgbgdoom [76,77]

LOWA m3965@Mm60 4560L5B0360905 99000930 BmMIMegdom:

d(ay,...ay,) = WBT = C™{wy, b, k=1,..m}=w; Ob; D (1—w) O
Cm_l{ﬁh, bh! h = 2, ,m} (43)

Loog W = [wy, ... wp,] §mbgd0b 39dEm®os, w; € [0,1], By =
Wh/zgnwk’h =2,..,m
©5 B = {by,...by}, B =0(4) ={as) - Aoim)} BOWOG Ag(jy < Ay Vi < J
o) m=2 85306

CHw b, i=12=w; Os;® (1 —wy) Os; =5,k =min(T,i +
round(w1(j — i))},sj,si ES(=k) (44)

Bos@ round 5ol MY YOOL M3gMs(30, by = Sj, by = s;
o w; =1 @sw; =0,i # j 85306 C™ 35bL5BO3OI0s 9909gabsoMo©

Cm{Wl', bi,i = 1, m} = b]
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3.2.4.2 LOWA 0396552650l 3590199698000 ¢»0b3a30b5960 8608269¢8980b 586985305

5@ 9mbo@03900l 3095390903090y 930369008  baGlbOLBMBGMOZ0
9603369emdqdol 935me:

3b®ocro 36. s¢r396b5H03980b 3639390963098 B9 9379003269800 bsHobbobbmékoz0
db0G369¢78980L U350

56 9390360 ) S0
do05b OdSE0 d S1
QOO Q© S2
LSO M § s3
CRIeNIGe d S4
do05b Bomoeo ad S5
LOYWIE
(GOGO@60) © >

by  dmgzsbobmm  dmigdmwo mombo  [d,0,9,¢] wobagoldmeo
3603369 mdol 5309306905 Hobslifst dmigdmwo {mbgdol dobggom, {jmbgdos
[0,5,0,20,0,16,0,14]

[08,00,9,)] 3€09050MBO” 53930l F9dg F00MgdL Sbgo Lobgl -[ ¢,d0,00,9]
39903099600 m3gMo@meMo Lowa.

$(d8 @ 5, 3) = 0,5,0,20,0,16,0,141(3, 98 @, 9)
= c*{(0,5, 9, (0,20, d9), (0,16, ), (0,14, )}

B 0.4

B3 0.32

Ba 0.28
m=4

c*{(0,5, %), (0,20, d9), (0,16, ©), (0,14, 5) }
=0.50 & D C3{(0,40, d3), (0.32, ©), (0.28, 5)}

m=3
€3{(0,40, d9), (0.32, @), (0.28,5)} = 0.40 © dID C2{(0,32, @), (0,28, 5)}
m=2

C%{(0,32, ©),(0,28,5)}=0320 @® (1-032) O s=K

©- 2

9-So

k=min(6,0+round(0.32*(2-0))
k=1 - do
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m=3
0.40d0D do
add -ss

dqo-s1
min(6,1+round(0,4*(5-1)=2

$2-Q
m=4

05090 C?
&-s6
Q-s2
Min(6,2+round(0.5%(6-4))=4
s4- 0
$(d8 @ 3, ¢9) = [0,5,0,20,0,16,0,14]((5, 93, @, 5) = 4
3.4.2.3 ggb39geA980b 3026l96L9bols bstolbbol gsdmorzamols dsgsaroomgbo:

35g0womo 1. dmgdbogro gommo

99396MGHO0L  BssBol (930935 FgsMdOL BoBHEM0Egd0L gsdmygbgdoo,
woby30LGMEOO 86033690Mmdgd00 Jdb0sb s EHIMbs@03900L  301989M9BE0gdOL
do@eoEgol:  [75,77,78]

3bOo0 37. 5¢990b59H03980b 3639%969630980b Gs5¢HG0z980

* d ad © * 4 5 2
* ) ad 2 * 6 5
P1
6 * © 2 0 * 2
d © ad * 4 2 5 *
* d d i * 4 4 3
© * ad %) 2 * 5 6
P2
Jo | © * a 1 2 * 4
¥ 6 © * 3 0 2 *
* 0 i ad * 4 3 5
P3 © * & © 2 * 3 2
© * ) 2 2 * 6
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do | @ 6 * 1 4 0 *
* © a L * 2 4 3
da * b dd 5 * 3 5
P4
© b * © 2 3 * 2
L © 16 * 3 2 6 *

1. &M go8m3m35mm 3mblgblmlol boolbo  igzoe - Fygzows Mbos
3935050mm  gemAsbgol  9Ju3gMHBgool B0 s B Mbsdn39dolsmzol
d94dbowo 36953960 9630900L  BoBHM0(3900. BP0  SEGHIMbSEH03900L
39935b9d0Lom30L  309gbgdm  obg3z0LEHE 360d3bgeMdIdL SToFEHM™d 0
d0Bbom go8m309gbmo MO 0s:

s(sysj)=1- % (45)

30300090 Sbgm FoBMHO(39OL:

3bOoo 38. G090l Ggse980b dygsg80

# 1 0.83 | 0.83 * 1 0.67 0.5
1 * | 0.83| 0.83 1 * 0.5 0.5
SM1 2 SM1_3
- 0.83 | 0.67 * 0.67 1 | 0.67 * 0.33
0.83 | 0.67| 0.5 * 05| 0.67 | 0.17 *
0.5 * |05 1 1 * | 0.67 | 0.33
SM1_ 4 SM 2 3
1 0.5 * 1 ~ los83]| 1 * | 0.67
083| 1 |083| * 0.67 | 0.33| 0.67| *
%
* |l oe7| 1 1 *+ | 0.67 | 0.83 | 0.67
0.5 * | 0.67| 0.83 SM 05 | * 1 | o5
SM2_4
0.83| 0.83| * | 0.67 3 4 1 |083| * |0.33
1 | 067|033]| * 0.67 067 | O *
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9m35b@0bMo 53 BoBM0(3900L 530S

SM = [smy;]

536935309 3m35b0bMmm 5OHOMIYEH0 390 LyFSEM A5dmYgbgdom

smy, = O(smp,h=1,..,m—-11=h+1,..,m).

SM

- 0.81 0.83 0.75
0.72 - 0.70 0.67
0.92 0.75 - 0.61
0.75 0.7 0.42 -

dsL 9990099, 53 LosbErm3zol BsGHMOES FITMMIZOEI0Y, ASTMZMNZOCOMOD

Losbarmgol baGolbo

1. 30bBLgbLmLIgdOL batrobbo ig30e0 SEEHIMbIEH039d0BsMZ0L

1.2. copy = smy

(46)

2. 30bLgblmliol baGolbo ser@gbso@ogzolsmazols

22. ca; =

_ Yk=1k=i(CODir+CODK;)

2n-2

(47)

3. 3mbLYbLLgdoL botrolbols BsMMdomo 3609369 mdgdO

CR =

X599%0

30bLgbLyLiol baobbo
3B gMboE039d0LsmM30L

BIOOMO0MO0
36009369 mds

n

(3.36)

* 0.81 0.83 0.75
0.72 * 0.70 0.67
0.92 0.75 * 0.61
0.75 0.67 0.42 *

2.39 2.22 1.94 2.03
a1 d2 as as
0.80 0.72 0.70 0.64
CR= 0.715
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