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I'edHijddj
bjndsdztedyi MCOY fsHEBIssa SO St dzj € fiyc
edwisdd btjBlkjls OdOdzdL O fttsdL o tsHMm
woa ftser M dedd ¢ iLvishe jOldisfdre daChissjdie Oyl twl
nd ez HmMSda toj MetemMse [ ctlkzh € ddO, 2
mMdzj HEE P da L OHOY:
sftcjHjdzjdd] onBH = HOdMM =;
MsLHOdd] &BsHjdj?2, sbtOyOshdrn Mehiss

yJmmse ;

1T fesedesL Jietso Odegdy MsMbBW detbB yff gt 9 SH f
1 tOLtcOBtsC O OdzetstedlsdBso B OZzOdzlJtetso € d
tdnddedy tsMmMsOodzjdzdzr 7 LOHOY §BSHELGOL Zd3J
dzdv jHddets?2 dJdaW sted3OydBdedets? MtejHT HdzY s
dLetsHMmMIse O.

1. Jtejdgjdedz §j twwH' fHtojHftodWls

Il fsdzday j vy OdzOdzdL HtetsdL o sHMlse j dede’ =
9BHO. 1 OHOYO Mhissdls o IItsd, Yylstser e C
Bsh desisd. RLOjMIsde 2 fsHAtsH EZ§ tcOo dzj ded W
Bl IssHsEZEedd, tBEMdtse dzj dedets2 £ tO©d s devdzly algd «
ZOSC s dzj dzdz" § 5 MksOlsdmMisdsy fHtesdL otsHMIse
fSHARBHO Wodw jlsfpw MEkh jMise jdedetsj dzj Mistslsoe
sjdvdid ftesdLotsHMiso ® d MBteOdzdzr d3d Mis Ols |
d Hie., 2017], BkMdsddr faafsy dzd:dzj HEz8 b d d3

T Hdzdlsj ozt dz' 2 otej osj dedzgts?2 ddzlsj tco Odz L o dz

wWduydjdzstse L ftesdLeosHMmlse jdadzr = f5C OL

1 dzj o sL sy desMmis? HJdZOBI Yy MEs2 OHOYISOYOC

SHT, Ctltster j djde hj ¢t Hdzdlsj dz detsfls d
dzd v ;

I B ssHBdgscffttj HEMBOStcda Ojls OHOYIsOYdsH

otsHMIse Iz.

jLE Bdtelkzw, By dets slsdgi Isd s L dz0ydlsj dz' d
¥ OJ s Issydesfls: . o dzOdzdL qtczw 1 Isd d3;lsts
d tltcOy 0Osls Octcjcdtetseo Odadzz® d kMmtcj

yqWwded ftesdLotsHMlse jdeder = sy Mt
dd fwesyjmmr ftejrHmlsOs dd3r der]‘itGJ
OdzOdzdL j HtesdLoBsHMmlse jdeder 7 ftetsy,j M
sdL Oydd WadzﬁdeBméBOdZ’s‘Jd@’WCEJGBBtGd dels s 5t
a3, of tdsimugiipds) ddzH d S O ster tMis Blsfr]W d
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fsekls BrIs! orHjdzjd fMmdijinkzehdj Idfr o
I WsdzH tcOBtYjcets otej d&3j dzad MtlstclzH dzd € ts9 ;
1T atej 3% tOBSIsr Jdzmistelz d3j dzls O;

T Ss1 WWdydjdes ftesdLeotsHdIlsj dzX detsfyls d ;

T dfmMf sdz L s9 Odzedj § dzsh OH§ 2 ;

T dL dztsfyp ddzmlstez d3j dzls O.

[ dzv e fjn Isd fdsoy diftste isffjtdnimtgiodzd Is ' d3d W ydz"
LOIjdzj?2, HdAzv Ctslster n By des dHj dzZsd¥ dydtst
LsoOdzdjd3 otej d3gj dede' = twHBe [ Perfilieva,
hdj nOwLOSIjtedmisdSd ot d3dj dgdz" = W HBe: M
dzr § bydaijdPedrycz, 2013].

2Fftcj sBtcOL ts9 Odzd §

Fftcj sBtcOLtsoaOdzdj HteiHYtsdZOGOjls L OHOdzd J
Modz! desets digdetsy i Mlso © [ Perfilieva, 2006]
dzj wdz' 2 dezlblj.teo0@N dEMY o2 ) d3dz € dxisdzOa, I
§tej HY tsdztsykdz< X, Uls 5 to d=ux), F xn.
1 5H dzj UJ IsS d Ba, b O LeBlzjHjjddg jidis did BOBY & dgls-o t5 ¢ |
ydA, AsfabY[O0, 1], bkHtodgjlottewshdn fdzj
1) Ac:[a b Y0, 1], Adx) = 1;
2) A(0=04 foed x, x(, , ¢HJ Hd&Y jHddSESBELOL Y
i 5 dzts Xotf @ Xne1=b;

3) A\ dzj o] tor o dzO;

4) A, k=2, .nfilstescts o tsixtahs@j isdBcls B
(X Xiea];

5) &AMX=1Hdzv sify.n

ANzdzC A d AdzOL T 9 O8 Isfyw B OL dMde” &3 W kdzC ydw
yda, A.Bsckls Mdzydls: ©OCyj WekdSydwdhd f
fSH BdzEY) Mise ( SBSL dZOYj dedY WlkdC yd2  dgdzt
90dz ). [ldijkdd, Ykt YstedO BOLdMd 7 %ko
dedlsj dz' des d Mbc ZOMss OO M kOSJdHB] kkjsts
6 ZOH S sfls: |

udzj HzE N ) Wttdkzd ftojHilsOs dw fxisx] dzj Wd Is

sz yj dedets ] Mo sC by datsfls? 8 WizdzsC yd2:

a8 (x-x)

T1- —== X I[x, %],
A=l

10,d dz0uJ ,



e(x- %) i
. XE % 00 %],
(x- %)

h

0,d dz0yj ,

A(¥=i1 X D% %]

—) =) =) ——) —>—

e (X-x.4)
Ai(x):il- hnl X I[)ﬁwl )$]
10,d 20 uj ,
G Hki=1, nél, hgd= X1l X

ltojHYsdzsy dd3, fulBpj B gg? B dzOMIs! & s
A MPsfp,....n} Eab, dxg [ dsyBhidsoj sy f dsl
Slsdetsdilsj dz dets dzj WAL.SASG 5] fledf B o § tatf dzdzj dzts
" KC'DACR) ».

P emBAp)=2a,k 4,..nmj %..], IS56 HO AdDEs lzPr O o O-
JIsmw ®&@OItedyj 2?2 dzaj yiPsSCsdzts O BGE T MY te @y
Mmlse O:

1 ¢ K("ay 10,1;

T (D& 2 2

Fftcj sBtcOL ts9 Odzd jtsif tooj JHSj g @B o3 3OIsted yJ 2

J dzdh\w  dzOL 5o JFBfle § EFISfE (F.. F)q'l;_ajlau J.

|1a1J
stssteH d dzOIsTF [ jdOs tiste @ o3 € 5 i3 dejsdze@d3ds o B dz
[BBL dz,Oa;L{qjéiilqj,i 4.0 ksERQaF)=A*f. st&fts-

dzj dzlsf tc FsB tcOL 59 O dadfsy CVOaiglfw vdis(fige dzlz BO W 2 dzC y
Ctedlsjted?2 oLoO N jdedasets Mtej Hdzj €0 OH 8 Ols d y dat
1 EMEIf] j Misf tFsBtcOL 5o Obzd js el caytria). dsts j
[ BlcOlsdf taly B tc OL B ]QBR] jsig § d3f g, Cas'tsued fydzv j 37 2
VW iste BiAMGFF[fI*A. [ Y dets HBEC OLnDIST L, to Ofgldst® j s iy dzd

foa(p) M7 5 H FEHY=1...N



3. lscdsL (BBGoOhago J [dzj Ui lsSdn s

rdzv ftesedzsL qtetseo Odzdw ydmazser 7 L dzOyg dzd
ddv ftetsjSlsO tstecOdadL Oydd © HOdzdesd3 f totsH &
90dzdw 1 v [Kacprzyk, 2009], CSBlstster 2 (-
fslsjL [ctkhCddzO, 20167 .

1LdfslsjL O MsnteOdj dedi A f) dgp dz'dzy i ¥ dzte O BO s
ftocjH" HEP 2 fjtedH. J1tedtsL Jqtekzj dzgsj L dzO
t,=t+, dHiftescdtsL dO0 MmdjHks "R fQded-sH
dzts§ L dzOyJ deff o J e3] Msi3he@alsj dzd J Isj dzH j dzydd L C
fjtedtsH ote] d3j dzd .

1diskjL O EmMss2ydetmisd/ dzaj s (| s &gt dc
dedw dMmftsdr L kzjlsw M e L W EGH JT Ldp@y Hade] jj : H S
Bddedtelzs h j 2 dgj yilsSts?2 IsjdeH jdeydd. 1 tjL ko
fejH" HEN d2 or BLOMd 2 fjtdsH o BJ®©O]jilsf)
Hjdeydd d HjdzOjlsmw ftosedest s ftedo jHY d
IsjdeH j dzeydw. 1ted BHJdAdOS Ha[Rr 5§ Hard dayidB o @n
dlsw tsflsdddmisdyds 2 ftescdetsL, Ists jfMls: o
Ud ded j Isj deHj dzyd?.

ltosedzsL qistso Odzdy dzO L OH Odzdy d26 tiftg ddsidis HY tal
Ldtetso Oded™¥ 2O f jtodtsH dgO tsfdese j Isj dzH j dzy
CCMY Jj ol cdfPjiffflso 5 tcOMMdzOIstedo O d3" = Isj dzH
cdsH, dZOftwddj O s® K dzs FfPds? tsdz L OH O] I
dzOB st O Isj dzH § dzyd 2, Ldz2Ow fJtejHY sdzsy dlsj dz
tsd a5 de@rp Stedyds, f [ Oz §  dH 5o YdmiiRy dddo Bosts
ofmdnrn MisOd d' s §toius' HiWds " tedHQA. 2 d

sty
sOIlsj dzOR 5 H j dzdlwiz Y@ 60y Isddve, s 0@ B O Is Is § tzH
fdzj Istsets dzO2IH j dzdstiedsts| Isdg@B i@ ¢ detsL , 5B 21
u d J.Cgtul = !+ 'tnl,;ﬂ :

{ Mdzd Blsmizilsfise EBj Is Cls®I:stic? 2 dz@sbtf @y Od B '
fsdme OBt ftsoltstew jlsfpw, des ExJj dhjls
Ssd3 BIsC dztsdzy dedw o tsHdzz Isj dzn j dzydes . v OS¢
Hils dzO2Hjdz fsHRatsHWA.d2 dzOBtstc Isj dzH j dzyd 2

rdzv o' BBtKO dOddzEzyh j2 edfslsjLr HBY tsdzdz
lt [cteeh€ddz® d HE., 2017].



4. 1twscedsLdesoOddj Jt f dmftsd L
[ dzv  fescdesL dieseo Odzgdw  deseor n L dzOy4 dzd 2
s smisd daj Ud IsS2 Isj dzr j dalgd(d . daf 1 JsksGits 2 f
Hjdoydd dzO WOLBets?2 fdazsmMismisd. [dv {lssé:
jlsmw 9jfm. 1 dv fomsesjddy WOLtssts?2 f{ dsfh
Hts?2 IsjdgH jdeydd LOHOjIsMw ftejHjdzj dedatsj L ¢
Isj deH §j deyd d s toj Hsjfis™ j lsdfwy HZO Co jtdn@sidRiz Is § dzH | o
hj2 btySd d ojMmtsds Isjdenjdeydd o IsjSkzhj?2
1dSBAatHdBE EddW¥dydtese Ols! dda¥ stedzOyd ¢
ydd d jj MSstsmls:s. JosHdlmMw SCsHdiso S
2O CtststoHddzOlsdets? f dzsMCtsMmisd (kOB dz. 1) .
v OBldz
stsHl ifm |rddzOd3 vsysc O Rdzsj tef toj IsO
Hjdzyllsjdzn j | f dztsiC
syt © o dz0OYyOdzj
o =0 | =0 |®ONOFudE mgmsjdo o
fmilssvw dzd d
; I Mmdmilsj &3§ dzOB
1| >0 >0 |$dB2O0N g MmlsOBqddL O
94 tls dzdf w
olststeOWf jdz "M jJj  OHJ dag
2| =0 >0 o jtolsih et f Onj dad ™
lstGJ-LSJJ mMdMmisj & dzOB
3 <0 <0 0 &l dzd J ddzd MmlsOs |
J tsfls O
Uibsojfjdz hd2 tsfls
4 >0 <0 Yjkojh et tsmko
dlsOBddzdL OYHO@OH j
5 | =0 >0 20 BMl g w jshw st
Mf cOo cfnlstsWdzq’W)
dlsOBddzdL Oydw
6 | =0 <0 [|®BO BMggwismw ssd g
mdzj o © W dzd W )
_ Zz0 sy .
7 >0 =0 fnSJtG:IZ[tSfUIS f shdzj totsf
_ &0 s . . _
8 <0 =0 ) dzq L bz 1 0OHjded § ¢ sMdzj

wzj HEY 0 24 ek yg dgdw

slso jlsfise dw
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1 Of sd3d dzO¥ Isfpw L dzOyd dedw Isj dzv j dzyd 2 H dzw
odd&zO d2. IsOB dz
v OB dz. 2.

4lsOB ddz d t sfls } OH j dzd §

0 qdzd 50d 0 qzdqdzd 3| 0 qdzg 1 d dzq
qdzd 5 qdzgf4| ddzd 5 g2 6

1 ddzd 45d 1 ddzd 47d 2 ddz8 8

2 ddazd B36(d 4->1 2->3

RL 1Isdr fttOoaddz Hj ZOjIsMmw tWwH or aBHTSY .
Il jtoor gidzd syc© WoOoLBsots?2 f dzsmCtsflsd H
Hjls dzj 3y Ol: o yjdastej SCStstHdddOIs (SsH 0) ,
dzedj dgj yjlsSts?2 IsjdegHjdzydd BEHjIs Mtstlse jlsMml
Il ®lststgr g Mdzd bsycO© BEHJl tOMY{ sAzOEOds- !
9jtelsd, ddzd dzj ¥ Ol! dO BMd Y orhj 0, It
Metslse jlsMlsatsea Ols! { sMisk. I LBy jd 2yjl
Hjdzydw ( sfmls ttOLBdoOjlsmw dzg© 3 Isj dzH J dzydg
ddzOB " 2, wtjHdzd?2 ddzd wdodz dzr 2.

l-stcj Is)idfdzd ksys¢O BEHjl ttOMmMf sdzOc Olss Mw

E)JtGlSW", ddzd do0 tffd Y ddxJi 0, Ikt L dOyd
9ilsMsoso Ol 1 0OHjdds . ILBSYJdz Eudls ddz
Hjdzydw 1 0OHjdzdj tOLBdo Oj Ismw dzOdz8) d b glatizgH j ¢
Mlsd: wdzOBBj, wtwjHdd ddzd add desj.

lted OdzOdzdL j 1t GtjHjdvelsmw mojdr o
fsmSsmisd. [ftejHjdvjlshvy yOmkslksO §jtjn
Y dedzts? CtsHtsdZ) ©® Hwkzekz®r. 10 sMmdaseaj YO
KOV Mo jBED jfdadery. | Lt MRjdj StH dOyOd
fdsyjddy ssySd @O WOoLset?2 §dsmSsmisd
Its LdzOyjdeds SCSBHO Hdzvw Ctsdgj ydets?2 Issysd o
sjdeH jdzeydd (dr oy jls Brls! Btodzj L Gistzp?2) .
B3r 4 L dzOyj dzdvw dzO@ wMmdese j L Isdr Isj dzn g dzyd?
dzj Misd fosdzzyj dzdj dzj MEdzr Cdr 0o dztso 5L MBS
stste' 7 IstejBlzjlMw or BtocOl! fsHdss.

5. wdMmlsj &30 BOZOdMJses ¢ d fJtetsdL o tSH

{ OL OB 5l OdzdzO" et ts BOY G5 Gedz@ 2 j s fdzj H
sdz0dz dzf | oL B desMmisd:
1 sfkh jMmlsodzv jIs tOMmMuils ftesdL o sH Mmlse j dzde
Torwodvjl HiWdydls d Ysttddkzjls tj¢tdj
Hyg dzww oL diisy detsflsd fJtej wOMY toj H;J dzj dad v



I sftejHdZVjls dzp BBEROH A fiplszded Isj dz' dzr =
dzr 7 fzsh OHj2 d GBttckzHtse Oded W ;

1 sftejHjdzvjls dzgj sBrtsHd®RsMIs! dZOBKLO d
I MmMdzseodzr ©3d o~ BHAZ d¢3d HOdzdzr 3 wWo dzv j Ismw
dZs? fotetOBi .« [ dZ20 EMisOdzOe dzde OjIs Mt d Mt
McOddv, twOMftejHjdjdd » 8 fittdsHOd. [
sjdzv s HtesdLotsHMIse jdedzr » ftesyd Mmtse dn
tcjtcOMftcjHjdzwIs! BI jJd3 tOBBIST d@iYHE ot
sO¢ ECOLOds orhj, dMyisd LEkslsmw Isted I

sj@®@d dz" | d fttsdL osHMIse j dader | . r dzv fteso

fMseo jteh dls! Mdzj Hkshdj hOed.

1 sftejH]j dzdls! §SHEGOLH] djddY, H&' ¢l
Bs " dats fls o

T Hdz?" COYHBSEB HBSHBOLHJjdjddY o' ydmddls:
Hsets dL ktjn kdfse ©jMkemse ;

T HEZ? O HBSEts YSHIGBOLH| dzj dedY ftej HI dzd Is
CONHBES L ktjr kdfse tjmtehmse.

sdzj HEE hdj hOed LOadmwls ls sdfO tj Mzt
O3 dzj sBrsHddBs EMlsOdesea dls! Mmdzj Hzs hdj o
fijtejotsH dBjyHE f SHdEOdEY 'd dad @ ey ls dp 2O . |
hdy WOChktsti dz0BdC dlsGRAC tcj Isdz" 7 fMlstelzH dzd
slMiesyd dedz" 2 MlsOtels OB SIsr MslstezHdzd €O 1

dbdzestedlsdt BOROMNdEeso S d kjskjkmy HBY

T ifmdd Ml MmMotBtSHM § UJjdd) liBIdEHTEG,

Btsydnr, Its d&3 {1Iss or ff sdzdzg" j d3;

T o ftesksdodasdy Mz yOj dzOdzd BOj B OB sl dac

Clsd "Ocd fBCOLT o008l fedstedlsjls o' BBtsC
ftedwisdj .

[ ObjtedOdz dz" § tj Mktemr, kOSd) ¢OC GBSt
HO9 Ols! dBjyHE lsH j ROBdzNJIctso 8§ i3 tiigdylsg c
s lsfpw oL d@Isy desfisd Hdzv §jtej tOMYtej HJ dzj ded
MeotsetsHd » toj MktemMtse dzils, Iss JjHJdzeMlse j dzdz
dzdj desotsets GBtstelzHtso Oded W .

vOCYd Mbsdls lsdBilsdls: M| ddetsfyls! ¢ ted
hOH | 2. Rrn fjtejtcOMmitej Hj dzj dzed sOCyJ dzj
dZzOyoOls! dmftsdz Ltso Ols! deser j fesdL oatsHflse
fsdz LsoaOdedj HtetsdLotsHMIse jdzde" = f dztsh OH j 2
dzdv, LOdJ®EOsh jets 1Id f§dshOHd. sD&Y st
Bsy des 9" BLOI! SflsddBOdz dz" 2 90tedOdzls L OG't
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vjCkhoOw tjOddLOydwy dJdda stedOydtsdedzs? iy
LdOyjdedvn f8COL0OIjdzj2 o Isjyjdedj ctsHO.
dzr j twHr dJdHdSCObttttse f Btsdzjj yY®fpler d3d
BzHjls tfftejH]jdvis: dOC Y dzj dedzgOwW  de¥ ste Oy
sdedz’ 7 MdMmisj BOR ftojHftedwisdw.

1 OC dzs yJ dzd §

¢ 2OdzdL Mmbkh jMlsokzs hdn Odzestedlsdise, H Odzd
fsCO0LO0dz Mddz desy dz2OStfdzi dedd wBhdeBE o
Bisdz 5] U thetzfF izffzded] ©f jtcOlsdo dzsets d3ts da

t OfMBslstej dzdz’ j §BSHABHT fLotdVE S bk
MEB2 fHelteCd My drr = ftetsdLotsHMmilse. 1
9 0dedw otcjd3j deder » W HtSe fLoOotsdwWE I o' f
h jded 2.

sl 5§ dzdlsj Okt

[cteEh CddzO drezl:sj c2O0YdyY ftosi Clsder = HdOGCLORBE d
Mdtese S d Bsh dsmisj?2 OCodOMmistetsdlsj dz dzsets ff toj H
EZOMm! joO, J1.1. 146HO, [.s. uQQdthr & Bdetso ,p. ¢
t sdsOdese // polssdi3OIsdL Oyd?P™ ftetsyj Mmse 2§ tcOo

[cteh CSddzO0 d jHa® ,4 dAsCelsA]ldd o tyjdtd SOy mlse O
1.1. ctEh¢ddO, RrR. ¢. vddBddO, [.1. SCete [/
dzj dedvw o ddalsj dzdzj S IszOdz' 0jl 713 j Asdetizdzts ¢ v | ( ] Hirfj .
dz0 z yfiais QG s 52 CtsdaW jtej deydd, 2017.

[cteEh Cddz@,0 sAROG]d L Jieso Odzgdesy s CIsdteseo Odzed
Ldtetso OdegdW dgj ujlsSdrm Isjdenjdeyd2 osjIsteds / 1
XV1 O0ydtsdzOdz dets?2 StsdaW jtej dzydd 5 dmSkemmise j§ dz
dzr d3 IyQ@tpls 2016 .

[ ctelzh € dded, sH2j0AAsS 9 Odzd j Htetsyj MMO Isj - dzsdztse d 1
otsHMIso O O BMdese | Gdastsdzsedud MS ST 6 ez dzd
.1, [ettese, 1 .w. [hCddz | .Cle.sozdWC¢ dhdgls ¢
sdLOydvy foo)yddmtse 2R EQo dz 4 .

[Kacprzyk, 2009] Kacprzyk J. Using Fuzzy Linguistic summaries for the comparison of
time series / J. Kacprzyk, A. Wilbik // 2009 International Fuzzy Systems Association
World Congress and 2009 European Society for Fuzzy Logic. 2009.

[Pedrycz, 2013]Pedrycz W. Time Series Analysis, Modeling and Applications: A Com-
putational Intelligence Perspectivelfeok Google) / W. Pedrycz, S.M. Chen // Intel-
ligent Systems Reference Library. 2013. Vol. 47.

[Perfilieva, 2006] Perfilieva, I.: Fuzzytransforms Theory and applications. Fuzzy Sets
and Systems. 2006. Vol. 157.

[Perfilieva, 2013]Perfilieva I., Yarushkina N., Afanasieva T., Romanov A. Time series
analysis using soft computing methods // International Journal of General Systems.
2013. 42:6

11



vrs 004.931

¢l ffovrRyruas r Ja11¢TUrr1R[ F
S/ ¢edRARSOARC [ [ARJLGS?13IMm
B8] RY[HSRM o[ 3URE

. 5. ) Ozi@d@@ict.sbiasru)
g. (. Iptphu@iet.sbisru)
RdzMisdIlskzls o ydmdzdlsj dz dgr = Isj n datso
1 sBasmde Jtem¢

JfdMmr 90jIsfqw IsjrdesdzsedY OQolstsdBOdyj M et
coydd Mmj2fmedyj M¢dr Mserisd?2, kO¢drn ¢O¢
dzdw d ftetsdg" hdzjdedzr § oL te" o' . Ujndesdzse dw
h OB dzsdzts 9 st te Gl B, DOEOMMI¥ S Oydd or Bstets
dzse, fJtddzydfr wtttcOdzdL Oydd d odLEzOddL Oy

yd2. [fdsebk Odkecstedlsdise MsMisOodvesls ftojts
L delstetstf d2dets?2 BtsHj dzd, YssLotsdzweh j2 tsBtSBMO
ZzOf ttOQo dzj ded W o5 d L d34{ e ndzPd dzd EBts § n iy Bz 6 d A3
cdydz &3 BsHjdvdd. | OBl 1Ists Lo tsdd
uimedj Wekdtydd mj2mEdyimisets fsdv J do
edlsd3 tsBdzOtelzy j dzd¥ d CzOMMdW JCOydd Mg 2Mmd3

sz yj or j: fgdslefplsd ud M¢ dJ fsCBO s dtwdzO fiffipdsitdd3 O Is
Coyqw, {ddstesfqdy j dsHjdd, ROOSIsjtdhls
e sq2, djr §oHEBdW

I'e jnjdedj

dSIskEOdz des? LOHOYJ?2 tjedtsdOdz dzr 7 fdMls
wodzw sy B dzOtelzy jdzdi d S dzOMMdW¥dS Oydd e
fedieH @mER MAlse j dzdescts ftosdMASY H dadw, ¢
BOcddlskHj d d&sCOdkdLOoydd.

]  dzObkydetsds ©OLHJjdzj S &OMMd¥deoydd fmj2
RBdzsy j Mlso s ©OBGIssMf sMsedz" » fsHAaBHBY, ¢
(BB ddzOydd ftesyjHizte Wddjto@pEdgzd L Qf nYlst
e, dqdsjctdelkzjd & f BO2jMsemSdd f SHA
dzj Qtetsdedz' = Milsi?2 d § &zOfMmlsj tedz" d3 OdzOdzd L ts5 8.

11 OBlO or ftsdzdzj 2@ st g ol § gzO fizh 5 8-67PAI)s j C Is
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 sMisOlstsydzts fsHtcsBd 2 GBLEBSEKE 9 t6OBBISY

2011 GetSHO oCdzt ydlsj dz' dets. 1 tsdz§ lEtsd tdlists
dj dHjBdZtedd: ©OLKOBBISCO ttedcddzOd dz
Uzmwm@r: Oz stedlsdise § &zOMMdW S Oydd,
ls Bts cmommqwqcouqq Hdzv dLoe jMmisde 7 f to

BQOLO@@r dzj cOlsdodgr 2 4 W
ydmédr YosHARBHEBS d2OS ZOH T
j&r, MowLOddsr j M Heshsi{ ,
sCOLOL! Mw ftoddj djdedj HtSHAtHES M dGOd o
Mlsok dMAtHMs? Jdistdoydd.

stetsdzy btsets, daf B30detEzy dAsE sSsezj dzd ¥ Oolststs
ftotsimr B" MistesH j2Mlsoadw, otL @y dtsfisd § tslis
s ©OLo jtlsr 9 OdzdW € zOMMd% S Olststetso .

] ©O0Lodo0Oj ks OolsswO®d §sHABH] JMftd
LdzO¢ cjdz L dMmO Mj 2ififdsdteridn CBisdectdeShpifste disodjh J d
PHeBdRE HAY &EOddfEzdvyd?2 dd MiOe dzj dzd W
sBjMfjudoeOjls Br Mistekzs t©OL©OBBICE h OB dzt
dqd3g s M j2mw Mmjlkd M o&dddBOd d' &3 L OO0
flsOdzydd .

RMNfsdz! L s Odzd J d3evHsdtelosf y dsltsod@bddztds 2 Is | 3 dzd

I - -
goe_od @

dzv jIs ftedL dzOSCsats] HtesMistcOdzMlsots o [EHtsB da
dzofmisd, d fsLreotsdzwjls dMftsd L s Ols: o C0OY
BrIsdw fp dHjdelsd¥W¥W dydtetse Odzdz" dsd " OB dzts dzO dzqd
ded 2 d3d y HE' B dzis 3§ 16 tztc O B .

oSz desfyls! ftoj HiNlsOodzj dzde" = dH 2 (s
Yydls: fodzdkzs OslstsdkOdL Oyds ftesyj Mhd ¢ dz
sd2 m dedL Cts2 MbtsdBsMmis: 85 twOL 9o jtels' o9 Odad W
fslssydscets dmY tsdzdzj dzd v .

1. mOOSCIsjvdihbd y®Hy Omy 2 Mdsd yd MS 5

[Ohh@BB&d@ Codzj ydz' 2 x}HiEDE B Isdgii FOMd ¢ dzC

Y4 Is dzts sCdets ddzd ydmdzs tslsfudlstse. | dzv f &
ydd JGB dMatsHd § L dOujddy LOdkjd":Ish

YydoeOjls dzj slsted yOlsj dz¢ desmls+ o j dzdyddz Hozw

d=x -x, i 1.=N.
I rmydfmdzv j Isfmw do,§ SLisOddg] dv,J fiptgjeC Istste 1 dzlstetsf ( -
=d/a.d.

Ent= ging.
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CzZlstesy d2 dzgOV BtsH j dzr Ent B zO j B gels ¢ 5 M iy d3d dz®
dzr 3d Mots2Mmlse ORd " j dedetsdzso MC 52 + delstetsf dd
ftod days@C o jtotswisdzsMisit o "LedEd@ d=llgfyd s O

ClsO WdBsHjd B iMfjudeoOjls OHHdIsde dtsfyls!
s MdedzOdzz d, c dzOodesj, OHHJIsdo desfyls!
Mdder tetsdzdz” = tslsmyd sSOR.

15 dLdzsy j dzdesdBz o7 h | Odze sdz'd b 3% ts dg i dzjsd
J 2 B W i) Kdog,& Mfiss dipls Oden Osls dz s 58 5L &ZOUJ
ded 2 JL dgNpgezdud ipdzv s Isw 4 dzls tEaty B} danty BsH ]

Il ydfdzw j s d&sHjdz2 tsBtsB N j dadatsRL o jdad jis-tc o3
dzd 2 :

H=Ent. +Ent, E£nt.

10 fsmdzjHdegj 5 1 sOfj o ydmdzw j sfqpv 2SOt O

YjiMmMisets fosdzy o tOMyjlsdesds € dzj :
C=8.H

10 Mydl OSCkRBzdJteso Odzdw o 1 Ists?2 dBsH | &
Mistsn OMisd ¢ d tstedassz) dolsthp? @ SOBytg GLdaRtsXzis R s to o
syjodHdz @3 ftoj H] dzsdz dzOMr M jmdsd)=3(nYL Mo 52 f

MOtOCIsjtedzr 3 tslsdzdydj @3 oL tcr atse B®ls MBBT
ded W Wodzwjlsfw dzOdzd ud P-o tsfigpaiz joy @xdhyij cissiz g[S
~OdBd. I fmdziHnfmlsedj | KftscHse if dguzkztyOfy lsi3e Hixtsta g @z
d Helkr MbkfjdyOlskzr ~Ott@SIsjtedmisdyj MS ks

dlsOydsdzOtcdzs@its B j fsfsH Y G Oj s R stetsh 2z Of
SMtej Hdzj dede’ d3 ( MG dzOy j dzdz” d3) H Odzdz” 5. w&dzj H
EmMddzj dz cOL tcOBsSISC 82 h OBdzsdatse ) L OH Odadz ¢
dzdv BEedB O hdn disHjdzd SHtse " j dzdzats?2 d daW tste

2. zOBddzsdzr MmMsBr Isd2

r dzv  f sfyls to tisjdasdoy  fift®B ds d 2 dz©® o ' B tc Odzdzats 2
MCdn dzOBdz¢ Hjdzd2 dzj SBRBSHdBES Sty Hjddls!
ttj MO, tyjddls: otejkw L W¥WjCkdodasets L Ok
ttj EdtsdzOdz dz 7 M’ Isd2 dz2O0 MisOdzydd N o' Bt
o Mj@z dzfidzd Blsyjlson.
10jd3 dzgj sBrsHd B GlstsBtOls! ¢ 0Oyj Mise j dad

Brlsdw 5 C&zOmMMOd o oNdfi ifkclom i dis o O fHdt
COYHEBEE Cd&ZOMMO 5 ftedojH,j ddesdkz o' h j Oc
Uimedj WkdSydd. RL' dedf Kadzd des OB tztgdz® izd 5
CteOdzgdyr © HBAWAR MtejHdz] CoOHBOLIYJ MEBSES
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dlssej dsydts ¢ sdzizydls! h OB dzts dz tej O
Iustéc‘)) d Hdzw L jdgdzj stewfjded?2 (AEart|
odzj dz7 2O tedfy. 1.
dZW ttj OzdL OYQ@afsfBBIS§BHIMEdn ¢ ZzOMMHdW d ¢
j st WtktOcd3] dzZlsOtedetsy 5§ OHOdedy MmtsBT IsdV
e WekdSydd
f(t)=A(t/Tr?)"exp(n -t/ Tr) -Aois

fl § 5HB Bt d A/TOPG tisdfdssipy  dzOB Ste SH des BSH O
E;O&Oﬁﬂjﬁaqfﬂ& WikzdeC yd 2 ndised 28 B tp Ot Qrjdis yaf p
vtejBlzjd3"J OBMIstcOCIsdz Jj h OB dzsdzr H sdzy dz
desj ftesotyHjddj Mj2MBdujMSitsets oL gz j
1T &0 o r-tHj i Wav dMalyled- rdo nit WalviedFr ont

T dzO0 o rWMaHvje-Réar n WdJV @&ReglariWaVve®eRear

1T 9 MMjtejHddzgy SO Mt Mk Waddiddigyd, o dzj
fwavelLeft ‘WavéRighdt Mttslse jlsfise j dzdzts.
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tdfm. 1. 108Gt ddjddr 7 h O dzsdetse (R OLOS I tod f

ZOBdzsdz iWaveMi ddl ed s9adg] alsp fjBh OB tzéd dzO
stewfjdzd?2 MAEarthQuakeéodo Wsttdkdtkzj bls {§ tsH
h OB dzfs dzts @ dle]’tsdzdzf: d Md3j M j dede" = ©ls yj dzlst
Hdd3 OBMIstcOCIsdz 2 hOBdzsdz t6cOQo desEj tedeSGE 5 e
AWhiteNoiseo, CoRBREHWdY]HCHERtcDEaI s MJ

vsOCOw MmdMmlsj ZO h OB dizsdzgse Y tstc" 9 OjIs 9 j f
IzdzCucfQ, Clstster | dsceckls Brils! §tsdzkzyj dr ¢

=
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3. 1dqocdsmisdyj MSOvw &Okiedyd® g OdEs

dtse zOfmMdes OdzestedlsdBz o ydMmdzj dedw =~ O OC s
e dz dZOR sHWYW IsfQY 9 BGHdRE Bilstedyd MEsd3 f tsts
ZzOMmr h jddw. uvusEHO, §dzOcOw hOBdsd ftodl
LOo dMmdd3r c3d dzOB dz¥ HjdzdW d3d) , BtsY Jjd3 HEY tsd
tOCIsjtedmisdyd MEts2 WEkdS ydgj 2 cths?l{dﬁ@]lslth’dfsuf
fs 102ifmMk fElsjd MsOdHOLIsdL Oydd o B j ¢

Dx=(Cyx -m! s,
GHIiJ=1 .. ,N; k=1, ..,K H;ki dztsd3zj O h @i et iletzts ; N OB dzts dat
mdsiitmtej Hdzj 4 d Mtej Hda] SoOHBOBIYd MEtSy L dzC

]l ROlsBdiy ds tsyj dzdls' oHBBJ orf BStesYd
WeEdSydd COyHBREZ hOBdsdEz dL dOBsttd® ¢ OC
COBd. ¢Yftedstods e iR jdgsd OB Isjr ddzd dd
fMeh imMsoakzjls, ftcilktsdklkz o IsjSkhji2 ogofmedd Is
dzr § Hdzv dzsdzd dzOdz dzfak , § 2§ 0 &P S o t[OGC azd yed d
idstsets ol'=B td@dztst d MIs Odzyd 2 .

vjifjte! meydts toj OdkdL s Ol! fsilsj2hkzs
COYHOWY HdMBOdzydw dd3j s tsHddz 6 Bdzism, ¢t
BOdz! des?2 HdfMsOdzydj?2 HB or Btetsydss?2 - OtcOF
MzBBdeso Odzdj] codshtse k ¢ Ogpy B &R EXIOB dzis da
é K USEGHO MmH]j &zOIs! 9" 9tsH & Bdzdy O2h jdg N
LIstsEts o' o SHO dBsydes 5 fMdzj Hize M j2 faj By .

1. 1 0ftsdzdg j Isipw KI@B d&zd yO H dMils Odzyd 2

2. [ftejH]jdv]lkmv toj 2Rsidudidn dEsO sinHizey® jho QB &
BtcOdzdzOW HdMls Gedaydits 2 H S OB jtedMisd yd ME 1
RO dz' dzO.

3. [fwjnjdvjlsmy ds®Ejtt hOsdsdd f o
K. =argmaxg . .

4. kipdE] JjrHddzmise jdzdzr 2 (JPhj ®BHdzd h OB dztsc
csdzsfse), Its of BtetsydzOW R OOCIs | tedlsdyy

5. (kipdidh d dzflse j dzdz" 2, Ists C d&zOMMtsds o' B Stk
WEdtydd f@r ddzlsin dzts Bj kgt d3 o dHilgd dagj jd3) Z fyls C
90jIsmwY dzOH j Y desMis! o' 9ats5HO:

5. 1. k[, M3 ( OBMisdzs sdztsj BBd2r h Jazmlseats) , s

5.2. kMg (SoOdzd¥ dydtetso Odzdztsj B tsdz h d dz
HsMisse j todz" 2

5.3. khwaL 4( feshists) Bsd hddhses), It
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5. 4. kfgi2@L 4, st o' Bs@bjtzdiis§ QM Ow W
MsOjkmw BjL § dZOMMO.

vO0Cdd3 sBOL A, MSOddJtkzy Mdedod toMmy
B3y dd (udmdzz slsyjbtse) d ftoddj dzv
Mdtetseo Ols! Ywowodzjded] BBBMEB dzj dedetsG s

4duvjMmMsdteso Odzdy d tBMEZyHjddj 6]

10 tdfif.tej HiMlsOo dzj dz@ tej L kzdzr sOIsT € dzOMMd
CtleOBR Hozdlsj dz? dzsfpls! 3 yOMO 45 dBddezls s+
tejLkzd OO OSSO O, yYlsts Mt 7 ¢ sd3dj dzls
ftesds" " &) dedz'tcr 9, fsf OHOW 9 tOfmyj s ¢
otsdzdz Hts ftocdrSHO Sshdatze st f OF pls Getsy dz" |
ydd L jdsdzjlstewfjdedw AEarthQuakeéo. [ HAO
Oy sdesj S dets f sdzdesis! 8, dets BEOMMdW C
dzj dzdz" 2 oL tcr ®@ OBl ustéo. 1dddizOdedy +{ Ists2
Hdd Mddso0¢mMdui Mitset ©OLBSKO ftoslstst s5dzO
Bzdzdtcso Ols! o jtodets] dlstsetsatsj L OCdzs yj dad g .

N

1000

e

cges
ca<ae

de
e

< eeece
<age

«
ea
+eaa @
s
-
*c a o
+e.e o
¢ sesa
geoas
ses

A4
+

10000 10500 11300 11500 12000 12500 13000

0 1000 1500 2000 2500 3000 3500 4000 4500 500D 5500 6000 6500 7000 7500 6000 8500 $000 9500
Time from start poi

{df. 2. {OLe kSO CdOMndydSoydd %ocd) diso
ASGSR; ofjd" GMT, hod 1 MjC). [OwCHtOoR]
HisMistso jitelzps; s ifds 6y wifldshsigEe; CAZzOommMdW dSoOoydd

I 1t feddjte] SEOMMd¥dydiess Odr 8 oL
s dzOdz dzr B L j d3dzj Istew f)j dzdddd L Q) t5df) Shismis thotss o
e’ sd2 f ddLSs?2 {djtedj?2 shsOddn' bj
flsj 50 MftOo ddkOf: 1 ¢ &OMMI¥dEOYydj2 oLt
hgomw o HOTDLGdh) T 500Hddds d f  tej H ded d3
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1l Oy dets, ybts dzOMistets?2 ¢ @ dMdifigdyj dzs o SO fiffipdd;
ltejBlzjls Itsd €65 fjtojtcOMUjlsO OBMisteOS Isdz -
Yj bdesets s5CdzO fted Mmizh jMmilse j dedets s d L d3j daj dac
zj Colsstets] Stdzdyjfmbsets ftojHMisOo dlsj dz dz A

M dzd 2 Hdzv {§ shses jedpdddz dd Rdztitse ™ Isd?2 .

]l fMsOd dts?2 yOfmlsd Odkéstdlsd $ zOmmdWw d
MSCd2, d dzj btjekjls adgjhOljd Mo O i jtaC
mMisdud MSsets M Isdw, dd dO MsOHdd f tsdziz-

s HBMissddhlseo O Odketstedls BO dig ls St s Misls d
WedCyd?2 d SHEsftesatsHd n dsjtOoyd?2 (Mkzk

ZOMtesj C; skhmkzlsMisodj ojlodyded?2 ¢ t©jSk
p0jls o' MBSt B' MstsH,j2Misodj aECerEdlsBO.
i7 3,2 11y M 32 PAARN di3d et fsdxtzy gztkd | dsdesc s
sflsddi3dL Oydj?2 o fsdzde” jIsw BideiJ 800 fMj
LOfdMmd MtHjteydlsmwy 864 Mjc. uvjd MOB d3
Md2Mdidud MSdr MdcdOdse o tixddd BdodLCE
fsd Lo Odztff dzB Bz P8 tyud s MlsOdzyd?2 d/ d dzg
9" yqmdzj ded 2 .

1 OC dz¥ yj ded j§

t OLtOBISOd SttdeddzOdz d&f 2 Odetstedlsd § dz
d2, o Coltttsd dtsodLdzz fBHASHO MMl
Odzdv MdcedzOdzses € | dzlstcstf B B Bz @ls t3ts ¢ gatizi &
sB tMtsej dzdesisw i otsdzdzgtso ' 7 Wisteds s
9@da®bl l HickEedddd OdzOdztse d ydz' &3 BSH,
ndesdzse dw S dzOMMdW S Oydd dz0 tshmdetse j |
@qw flosctcORBBds?2 toj OdzdL Oydd H slece Oda
dzj dzd2. [dz0 tsBjMfjudoOjl f sdzdesfyls! & (
d
¢

Scrw

—0OoF . FoF "

Coydd mi2msdui mM¢dr Mt Isd2 d B Mist
dj MlsoOdeydd.

s dMBC ddlsj ©Olk k"

[1OOKCOjo OHBPKLOjRAOL6D., I1tftse w.[., [t
Cogdmj 2MdBdyd MSdr MBrlsd?2 dZO thdtse j 1 dalster
AdLdSO 14 digdzd, 2016, -~ 3.

[Gan et al., 2007]Gan G., Ma C., Wu J. Data clusterlng theory, algorithms, and applica-
tions (ASASIAM series on statistics and applied probability) // Sodietyndustrial
and Applied Mathematics Philadelphia, PA, USA. 2007.

[MacKay, 2003] MacKay D. Information Theory, Inference, and Learning Algorithms //
Cambridge: Cambridge University Pre2603.
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1 0ydsdzOdz dzr 2 dMmMmdzj Hise Ols§ dz ME d =
¢clrmhow hCsdz® Y GEko®] S de

v. 1. [ Qtpradhslev@hseru)
1®uq'lSdZ®Cﬂ2ﬁ“]fI0w2ﬁHBSOlSszifr]Qd2 z dzd o §
¢l mMh Ow hCsdz@ ¢+ [ tsighsalzd ¢
LORIA (CNRSi Inriaiv dzd o j efdlsjls [ slsOted dze
l OdzH-gzp ®©dzlnd, AtOdzydw

¢ . 1 O(nsedeggpoli@loria.fr)
LORIA(CNRSi Inriaiv dzd o j emdilsj s [ slsOted dze
l OdzH-gzp @ dzfnd, AtcOdzydWw

I SHR®H'JLodzj Ujded® L dzOdzd?2, tMmdetse Odede’ § dz0O
fsdwlsd2, ftsLotdvesl ofjMiststesdadsj dMMmdzj His
yde fssfmecjHMmMlsotsds SBRtsHO ML HO9 O] d&ids2 tej h |
tinikSd ekl MtHjkyO! {CMfsds dzyd Odz dzt
L dzOd sty fjIs tis@dpj dzdz" = § sSHAtSHES € Ed3j dzt h J
w lsfr]W slsBtste dzO0 tsMmdetsej ddzHj Cftse. 1 H Oda
ts Ltseo Oy fteddeydt d3ddzd dsOdz dzts?2 Hdzd dz¥ s
COC jets ftodadjdyj dedy sy jls Eazzyh dl: tjL zc
O JdzgH j HIGODEOjI PR GSHABH Bsyjls dMfsd Lt
Hdzw L OdRC dglzlsr =, des d Hdzvw ftesdL otsdz dzr °m d3d

d
dz
q

sdzs yjor j: fidssted®Odz dz" § ftsdewisdw, d3d ded d3Odz! «
dzdw, wlkBtste Bdtsy i Mlse ftedL dzOC 5o

I'eajHjdedj
O ZOLdL WottdOd d' 5 fsdvlsd2 (6Al) JEO
Odz' desds OdzOdzdL j HOdedzgr = d dBOh Jdedetsds tsB EZY
dzdd oAl MsOdkSdoOs lsfw f) fssdj Bs2 L S0y
BOd dzr & fsdzvisd?.
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I dzOflstswh jj otej Y H Odfdsthve jiHidseodizgaglzQf tetg .

fsimstsBtcOBSISCd, o' ydfimdzj dedj &3 § tod B dzd 3 § dzdz"
et al., 2018]). Ajdzs {fjitjudidzj dedezr = d
hsets dzOBBKO ddzlsj toj Mdz -, L d2Oyddzr = tsdav
SO¢ Y] B dzZOH OIls! B 'd3e tHAq dg®fdds ‘dats 2[ Bfwuz makov et
des?2 MOl j & dimfmdzjHkzj B3 OS] ddetsy j Mls:
10tewHbE f) ddzHj SMOR] tyj &S d fsdvisd2 &
dzs?2 HAzddzr s dmioosh d(f 2PV 7] Gr Clstster 2
dzi Bsdz! P 52 dzOB Stc Heoe EiEsts B G @b das F o jdls oz § d3
{BdMfiudeOw Mmy0Oldj HOdd ~, fteddydyi [
BiyHEZ COyjMmbsotsd cisHMistes2Cde §tsH H Odzdz
Bzjls ftojHtftejHjdjddy Hsfsdddlsj d d - {§!
s0¢ d mBhtzse Odedzsy 2O Mdedy j dedd ©WOL 3j t6
1989; wuvjtejoddk®, 1986; | dksktse, 1984; !
fSHAGH fLotdvjls fsdzydls! sfdmoOddj E
ttOL i3 todzsisd, SHEROSE tBEOHOjI ftoddydtd
Is sfgdzed ¥ J dzgd v tcOL Bj tedzsfisd fsLotdzvjls o H
dydzs 3 tsls dmosHdses, fodL dOSse sd 1 ot
fsHAatsH By dts ©OMMdiOIlsted 8 Ols CO¢ dijIstsH
CteffORF Bl jSCktss, CBSECHO C@Pua = dHf tH B
MistcOdzmiso OF dMrSHMBSES ftodL dZ0S o se s ff tots
[T OS] dqLEYOjd& ot s kB, OS¢
BdteOj B & ftsdvisd? Ksckls Bri! dhfsd Lss
dMfsd LsoOl! ddHjSMr COC Of toqsfiplstal j d
feddsj dwis: [ Hdhv EBdayhjddv ¢COyjMmise O
dqdzi j SMOB] ftsdwisd2. 1tejHEZOCO] B 2 fSHAS
Bote Bdtsyj Mlse fodL zOCce (fOllsjtedatsn) o
syj et d ddasjtej mdesfisd f H Oz dijQM j  dfjsididsH
BdL Oydd Hdzdd fdmMoOoddw M HBY sdddlsj d' d
Ud ded W asd weodzwesw ddzhj Cfr tsyjdbd Jdalsg te
Yybsts ftej HdZOCO]j d3" 2 Y BHABBH dsydls BT iIs! o
fMtsH j ey Oded s, Is. jJjMboO&EBBEEtsd B3dtdkdasy, des d
Bdesy j Mlso Oz ftodL dzOSC ts9 .

1. oOdkdL VWtsttdod d & fsdvisd2. |

1HiMd & fwedotsHdds sSMdetsadz | fsdaWisdw s
dzv Is Gantetal. , 19991 . 1EkMmis! L OHG dzd3casdF Hilsipls
ftod L dDE swd dzQtcdztsj tSlsdzs I P@UN, dsjEHED  didsoeds
dzr 5 Stsdzlsj CSMstsdz d@M,M)e. O j lsth a3 disoe) g 2fifls® j( B |
NdfMmlseoj ftedL zOCtse LOHOERO fjtOydwA (L) aq
PGJBPMtsdzO fted dad 58O Is fMmdzj Hizs h 2 o dH:
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A ={mec M|Vge A glth, B'={gc G| Vme B gl.

AXftej HIMlsOoa dzw jIs MsBts?2 dBdesy j Mlsea s f ted L daC
dcBdzets ) | MB¥ Gdesy j Mlsets BI jCIsse, tB dzZOH OB h (.
BBOCY] dzOL' 90l §Oljtdsd [§jBObists
GdzOL " 9 Oj Isw HBXEXicOfRG2] j Odedzs ] tSlstsBteOY
HOJjIs MmdzjHiehdKkd Mot2Mmisd ®RBEX) , du § b5t Bz
s MEPGX] d &t dats Is X 8edd dg s HiX P &)L

ASteBOd d2 8 fsdvisdj (B BlzOL AR @ BIPIM d §f Otc ©
AEBBEAAGBAZOL T 90815 B jBsd g MBHJ ey Oded J
kqw, Mmolse jlslss j dzdzts.

1 tod s tf OfMisslstedds ¥ stedOdz d& 2 Ctsdelsj € fls
[dzsy jsots WsttROd dF & ftsdvisd2 MshlsOs dv
dz" Is doi, ga(gfh {m, me} ) Mmtstsise jislse iz lsm i¥4d odstisclz d3.
( ZOfm i j tefyisy ¢5j dzv ¢ s wmOzdgjsts2 ydo ' nmEi 7t
YJ ergsdzmidzj o' Hj dzmidp] ez§tsted Ydag bl Rdzj dz' 2,
mei j ter 2.
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2. ltwddydf o&ddddod ds?2 Hdkdd si{
SlsBsEO ddsy jMise fodL dzOC s (4 ¢

teddzydty oB3dded Z3Odz' dets?2 Hdzddzr GfdmMOdzdw o
teddz dzdtelz j Isiqw Mmdzj Hiz¥ h dd3 SBIOL sd3: dzlzyh «
stster §j BBJMfJjydo Ot ls BOSMHdBOd desjy My O
Mzso 2 HOddBets fBHARtHO MMisCo@fdd ¢ E
MOdzr dzj Sslstster j HOIIsjtedy [yh @fdzS s Bo O6
Zzdyo sBiMfjydeOjls BOCMdBOd dsj My Okd]
Is. § . 3d dzd B3d L(GTie®) & (D HOBef tela | CT) ,  LEDH £T) 7

H dzd dzO© dzO B ta @D CHECHOAdE t5ho O dizdz™ - S fis H fiste BT, Is O B dzc
L(CT|D)i H dzd dz0@ € tsH 59CE,2 dsrOwdifgfdyj dzdzts 2 dz©@ tsfdats
dzr B. 1 dzv SCtHttso Odzdw B jCIsO dzlzy dzts o' B
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JSbo. [ tBuB) dRald Becover)} ¢ sdzd uj Mise s dMmy
9 Odzd 2  BHsdzYj totfdso tGrBd@,U&BEBéCTQJQB)S'I'SBBShJJ ¢ s-

Zqujfmlsets dMytsd Lso Odd?2 o fj B dvo IolssiSaatztsod
ZOB S50 OddedRzyd ' §shmstts ddv o Omafdyr. |
[ SftejHjdjdd" Hdd StHdtse Odd¥ § O
dsj fejWqShmds] CtHJHB)e=CgPiB)z | dadzs dz®] © s
desfls!  or yddzv j lsmvw ) =+HuByU. d dg O afteldd L dssdE O |
fOllsjtedy M o' s oo OWfitls sstg 2 Isq gty stz hikz v
shlsOodv j 5 HjlsOdkd tjOddLOydq mMajd CSHJ
k' d. I1mMCtd Sk o HOdMS?2 OBl o dj
¥, HOdjj BEHjl ©OMMHEOKETDPS' Hv" CEE BB
Eudlsr o O lsfgdls [qdpySdits M dzOCOj &5’ j, ROLOCIS] &
dshis: ¢ §Oklsj edso :

LOICT)=Y" 3 1B)=-3" uB)logX®

- 1
ge D Becover(g) BeCT U

L(CT| D)= > codeB} | B)
BeCT
GHgodeB)iydfmdzs Bdls HdzvW RtcOdgj dzv Bdesy § Mise

1 0 dzOyoOdz desds { sOf ] SCBHtso OV IsOp@E-y0O f
Isjtodzso m} [ml W).. {{OCY ] dd&j 4 sMwi zde@acts ta s Q diz
desj] o Mttlse jlsMmisadd or BteOdade' &8 Ctedlsj tod j
dBselzls BT Is! HBBOodzjdzr o CtHBoke I[sOBdzd y!
Cdzt yOjlsfmw o {(tsfdzj Hiso Olsj (zf tets 6" B 5 © Grdztizgsldz
sjteds) §Oblsjtedd, f§jtjor yudmdy ddd fsCtr
Ld2OSC s d orfr ydmdzj dedd dzseo 52 Hdzd dz" . [ fydzc
ftoj ' HEN j2, IS5 HOddzZ 2 fOllsjtedz HiSB Qo dzv
ftesHBd Oj kMY Hts bBEFftolttedL § ROOSE® ] S @ @H C
ftesmbslstej dr .

1 0Btstc COdZHdHOItss Bsyils B Isy MsMmlsOo dzj
Isjtedetse ( dsdetsy j Milse f ted L dzOC ts o-ggdats i jofiplsia o ds dz
l ¢€Ooyifmkej Stdlsjtedw, o MmMtstslse jlsMmlsadd M
My ®dL dzOS s, By jls Brils! or BtcOdz dz¢ B2 ¢
Krimp [Vreekenetal. , 2011] f§Ollkjtdyr EfstwWHydse C
fts Yyofmtslsy dn oMmlstcj yoj i3smisd o dzOBtStej |

1 sMStsd S fesBdzj BO o' BSKO f§flsdBOd dat
dB3d osOjf sdzdz" 2 fjtejBBBte ofMjnrm oBLABSYyd n S50
d2vsls OL dzdyds j {otdmisdSd [ 4 &OHEdz 197
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g @mMmMdsslsteddz, SOC o ydmdzw j Isimw CtSHB
dzr 2 Ctsdelsj €Mls, ftojHMmlsOodzj dzdz” 2 o IsO]
oM WsttdzOdA BE, j ki tsdew s sy j (dzdz" Al Bl f dzts
OB dz. 2 ftwijHMmMlsOodzj dz fsh Oectsar 2 fosyy
j i Y@ORIsslsO dmMysdz' L so Odzdw  Olslsj tedzO (L
L IsOfj IOBdJdYyO Mmissdls mfL | tOH dftgtadajtc
HSB Qo dzvv j Isfypw  f j oo rI2MWC QfdCdter Adsd, J . Jitds
CHDHdzw desots?2 IsOBdzdyr d3j dz' Mgl toj H ™
Ojlsimw o CtHttoalky IOBAdZJyYk. 1 t6Strisd
j dai dL B dv jIsfw (M. SCSdtsdSlkz c¢cr O
Ctse® sfghH SO0 didEmM@sIstcj d2r .
v OB20z.
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Qo e g% w&ﬁ-s
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OFPROF T

q_%ﬁ_
722
= g
s o

SSHB9 OW IsOB| 1 Odedzr 4§ d ¢ OBt § (
[} YR | IsdJ {1 dzj d&3d stso, f d
< Im 4 [ (m)(mp)(me)(me) Tumems, 6
v | M 3 | (my)(mg)(ms)(my) mh 3, 6
o | M 2 | (my)(mg)(me) MMemsme, 4
N[ My 1 | (mg)(mu)(me) MyMmemsny, 4
Me-Mg 1 Mymsmg, 3
ms 0 Mgmsme, 3
w | MMM 2 | (mumpm)(me) MM, 3
O | M 2 | (mumpmg)(my) MeMmsme, 3
N | My, My, Me-Mg 1 | (my)(mg)(me) My, 2
my, Ms 0 (mg) (M) (Mo)
MiMemg 2 | (Mumpme)(me) Mgmymo, 3
O | Mmmsmg 1 | (mumemg)(ny)
N | Mg, M4, Me, My, Mo 1 | (mMmsme)
My, M, Ms, Mg 0 | (ms)(my)(mo)
MyMems 2 | (mumemg)(ime)
MMgMg 1 | (mumamg)(my)
O | mgmume 1 | (Mmumsme)
N mg, my 1 | (memymy)
My-Ms, Me-My 0
3. ltddydf &dded BOdz dzsets 5§ d MOC
slsBtstc® WistedOdz! dz' 7 ff sdzv Is JRtc d 1L dROL telalz)ls
lteddsj dej dedd fteddeydfo [r [ foLosdvjls {ft
MtcOo dzj dzad & M istptisdeslsy] Azzyts & B tc O dedz’ d3  d dzH
dz2" &5 ftei daskzh jMlso O3 Slsdetsmw Ismyw fdzj Hizs M :
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MCtsdz Cts5 1 dzj d3j dzlstse  H ts dzy disggdrts yisj iy lsee ' tsB tiNasdEtg
tOL destsBteOL dzf § (dzgj ftsatydj s Otdts) f tsdzw
dzjBsdz' "5 5 tOL®Bjtelz, fted +Isd3 ydhmdds -
Yydmdzo fisdvlsd?2 o dMosHdsd dRdetsy j Milse j .

[ dzv Hj BsdemistcOydd EZSOL Odzds' B20f 3 j gz § &
fijteddgjdelstsoa. [r dhif sdz' L sbUSEHDD Coezen | toj
2003] . 1 SOvyjMmised d3iAsB)d dasdiffdnidifdsticlls do didth
shdd ddzij CMmr: &shlaa@iFd  fHths] das Oa) v sB81 j «
IAl ., OB AsPr(B)/[[Pr(b), ®w fisldasdlsj dz dzOw yOfls

beB

fMlse O ftedL dzOC 59 9 dzOB ste H O dz
SED@,B)=GAIIBI){ZIQ{HZIMI—IAIIB . {bBj B, Ukt
geA me B

dvIsd?2 o dzOh jd&B3 Mz yoj thdse Od dO tyj dzt |
LOHOYO d@sy jls BT Is! Blsdzj M=o £t Bifstelg diL o & de
dcBdetsy j Misea ftodL dzOC 50 .

rdzv eor ydmdzj dedvw fsCter sdw o3  ifiripezdztse 5o (
tc d &Kidgp [Vreekenetal.,2011). tcd 1 Issd3 dzOB tster C OdzH dH Ols
) Mstslse jlsmilsea dd fn  area df@= JeRENOMB,
area_lIB )= lenB X liftB), area_IsB }= leB X se,d ¢ sfMmdzj His9 Ols_
de' 3 Zftstew Hisydo Odzd j clenyBi fifBP,deBE)d tftdd | ¢ Mts o
len(B)d sepB ).

stisdi e, & nylssusgRd (dEngtdf uor s
NOdedj Ctslstster i MsMistsdls dL tSHdsets fftodL da
n tsftjHjdv dztsfiy! ttOL iBj tets 3 Mtstslse j sfise Izt
sflsdB3Od dzr » ftsdawisd 2. [ Odzdz" 2 YwHABH s
dizzh jmMsea © fteddeydf O [r [ o Gletstej 5 L O
]l IsOGBdz. 3 fCOLOd MmMejHdid Stddyj mise
dzf dfdeH j SMOd3 f 4 todikpuz] Had P B dzy [ fWIsd dzOB |
1 SHattH dO imdtse j [ [ Y10, olek jslolzvsltlB td @l
6,4%).

gbkzh jMmlse jdeder &3 ftej ddi3zh jmMlsosds HOdzEsE
sd?2 M tOL dstseteOL dz@ &3d d ¢ Isdff dstpdz'H Bdiaz (-~ (
Yy zsdz, O daj GSlHjdz dz" §j Jjet BBI jCIsr) Mt
dsects WOCIO Hdzv COy)BHEbGRGdsH] Hisf Odzf s 2
N( sBBL dzZOY O jSER)e tsi3'H O fiji dis Isto j dzd niktletste y Mils o
Hsyd dzde” = fsde Isd2 ( Sp)tsLYdsd yO'j Bidis@ dzdz" HOD daf dz
fMteOo dzd dzd dr MBHj toy Oded v .
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v O B3z
Gl [IM]|Y dMmdz®{ area | area | area | len | len | len
B3¢ dzlz Is| len | len | len fr lift | sep
§ sdgv Is| fr lift

breast |[699 |16 [702 32 20 26 37 |37 |37
ecoli |336 |29 |690 56 16 25 64 |66 |64
iris 150 |19 |183 29 13 14 35 |34 |35
led7 3200 |24 |3808 118 |64 98 109 |109 |108
pima |768 |38 [2769 106 |36 65 121 112 |121

ltcdo jHjd3 tojLbkd sOLr s ROwOCIjtedMmisd¢

shdn o LIkt qj Rdsy jhmisej Bdjj tBMjJ |
fsCtcr o Ojded BSOCHEGIE 5] MsHjtey Odzdi) d HBddzv
dz" -, fsCter 90j 3" n  @gdetsy § M s o Oz deinidsdH2] . tc X VO i
) dz' ") flsCOLOLjd, bkjdB Bdj] ©OLMSEE G
fedvisd?, YPRiE8@LOFj2z , Ikj& BSdj MEH,
slsfyw . 1ty HMisOa dzfp glatzlz jiz' 2O Is s d B O Mteg @ s B
fsLotdjl ftdzydisdL dios RO de thdz fitgH j oy Oc
hdr Bsdzijj BN dr o Istd3 3§ ddetsydfmlsej),
SCOLT 908 sy MisH j oy @ertb( s dztf Is & B g © glzelztiz] d3tf
dzj i ©OL dessB&PL A2 i, Yd B o

06 08

05
04 08
! B area len_fr_asc

03 04 B area_len_lift_asc
02 ' N area_len_sep_dec
0 h ‘02 — en_fr

. I = en_ift

| -
X

00
00 .. len_sep

‘i‘w $-°“ W vz"" ¢@3 “za%" ed;\\ i \ed\ vﬁw
tdfm. 1. wtjHd"vw ©OLddYyO o ydfmdi SeEHBmpi tBH (
(fmMdzj o0) d MtejHdWW tOLddYy® o Htsdzj HIwsiter Isr A
dSop( MO0 O) . I sz dlilsj dz' dz" § LSO j iz Pl p
zzyh dj ti,L8gdsOpds Btsdzt hj L dzOyd dedw, Swlsj d3 B ts5¢

SoLf sCtcr 908 ls o H%Wj B dgdmh 2O 24L &ZOC s o
NdgMmisoj, ftd { Istsd &paf Biptdz h @Y o3 eiPh fgdy @Odz'hj
arealf, Yybsts L dzOyOjls Mmdzjanellt finji MY B8 dzw L waddd
Ir A sHRBHO BkHOJisthty davflasgd@lz, y dfiss H j toy Odzd v G ¢t
008l 9 MicjHdegj g 2O 71, 4% Btsdz hj ftodL dzO!
dzed v dzntfisd@ Isd2, o' BtOdzdzr = s 1 sts?2 Wi &

-0.1
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1 O¢ dz¥ uJ ded J

ltjHdztsy jdz Bj IstsH  tsis B ts te(Oh tsdgdztdop jChiptfo?  fiitdscha
dr 7 fsdvisd?) , sdzseo Odzdz" 2 dz0 Hteddzydy j
fsLotdvs hd2 f) dhfsd Lo Ol HEsY tsdddlsj d
toj MdesMmMisd wlsBdttOj i3 = Ldzj d3 dzlsts o (9" tcOY
sy dz¢d dBdetsy jMise fodL 2OOH P O BE Ml & d fiBEE
desoj [rf, dai btjBlkzw 99 jHjddw HEY{ sdzdzd s,
dZzzydls! dzj Btsdz h 52 dzOBtste gdetsy J Mlse Y tedL dz
ttOL dz" 3 d BB XZOHOs s Atstsh j2 sfdMmolsj d dat

s dMBC ddlsj tOlk k"

[ 020 0Lvwd d} tedes ZOH BB | MIsOIsdMIsd ¢ ©. s dzommdW d ¢
desfylsd / 1 tsH tejiHf.. 4. A] dz@RIPOLI difls Ols flsd ¢ O,
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[ | dzslstse d dslsiso1984] , 11 0dj lsbedOVi [isitcOIsd W
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[ 1 sHddzetse MCIJRH d RO 2 1. 1. Jojujdaddd o Isj 5tk
BesctsCtedlsj tedOdzr dzr 7 L OHPUOR Affcdzbidzds, 0P

[t 2L jdeL BdsR2 L@ Bz | .)1]. sfshts ' telddesp§ ded st
ftosMistcOdzMIso © Hdzw BYfdMOdedw Mzsy dzr = MdMmisj d
otsmMisd dmMSkmmlse j dedetsegts dazls g dzdzy $s©G, 2005, -~
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o Odzffv..: 1 0ECO, 1986.

[Aggarwal, et al., 84]Aggarwal C.C., Han J. Frequent pattern mining // Spririgfet4.

[Baldi et al., 2000]Baldi P., Brunak S., Chauvin Y., Andersen C.A., Nielsen H. Assessing
the accuracy of prediction algorithms for classification // Bioinformatics. 2000. No0.16
(5).

[Buzmakov et al., 2015]Buzmakov A., Kuznetsov S.O., Napoli A. Fast generation of
best interval patterns for nonmonotonic constraints // Joint European Conference on
Machine Learning and Knowledge Discovery in Databases. 2015.

[Coenen, 2003oenen F. The ludsdd discretised/normalised arm and carm data library.
T http://lwww.csc.liv.ac.uk/~frans/KDD/Software/LUCS KDD DN.

[Ganter et al., 1999]Ganter B., Wille R. Formal concept analysis: Logical foundations
1999.

[Ganter et al., 2000]Gante B., Kuznetsov S.O. Formalizing hypotheses with concepts //
International Conference on Conceptual Structur&pringer.2000.

[ Gr ¢ nwa | The miirfuéh dgscription length principle // MIT press. 2007

[Kuznetsov et al., 2018Kuznetsov S.O., MakhalevT. On interestingness measures of
formal concepts // Information Sciences. 2018. No. 443.

[Kuznetsov, 2004]Kuznetsov S.O. Machine learning and formal concept analysis // Con-
cept Latticesi Springer Berlin Heidelberg, Berlin, Heidelberg. 2004.

[Vreeken et al., 2011]Vreeken J., Van Leeuwen M., Siebes A. Krimp: mining itemsets
that compress //Data Mining and Knowledge Discovefl1.No. 23 (1).

26



u [ s004.896:621.865

frovdr towd 1191l dvrRc #Altn 19 J
verddrtreorefeoriam fAlrefoes

. 1. [ thEhdseomskyd@@gmail.com)
1 OydsdzOdzt dz" 2 dmMmdzj His9 Ols§ dz ME
cskteyOltseomMEd?2 ddmisdlskzlseé

]l OBl BfdMm a0jlmw d&jlstsH ©OMY sL dz0o Od
tOBBIsOE N d2 9 HO O 1 IsOf O.dzjIHjstdsofrtedj Hij sk fdz- § te
dzr 7 BsHjdzi?2 fsLetdvil fsdkzydls: B st
fMsedw Myjd . Ibstes?2 150 fsoLotsdvjl kMl
fskzydls' &OSMdBOd ds kstsydr 2 d GHoSL dOy
®sydls B! feddiddd o MdMsj d@d O-IstejBlz" |
dzdw fmyjde d t6j Ocdieso OdedY dz@ dL B dzj dzadd e
sj ndzdud MSdn.

sdzs yjor j: fcsipfosL dz0e Odzd j My dz, dzj HisSY toj H

I'edHijddj
j| ttOBtsls] wWOMMBZOIstedo Oj sy L OHOYO O
fted sy dzaj dzdd BjIstsHO dzgj Hists toj HJ dzj dzdz" = BE
MisOdzd ddzlsjtej Mse Ols! Mw , -7 dz@ wHudedan, 1971; M j to
Roberts, 1965] R L dzOy O dz' Qs & dedodz3@ APy ¢ ©O¢ tOL B d
Bsects COHLO dz0 tBdOMIsd, ©OLd j ft5 MH]
dz" 7 tBi jClstsa. uvOCYj] ©® HOdzdzs?2 L OHOY] a3t
ddijeOmMf sL &zZOo Odzgdj dL sBtOY j dd¥ o -dagjsdes d3 ¢
CdzOmmiz, j azOftes{ dIs f 2 dzOB dz¥ H O IS 34 Mis dzts
B MisdesMmis! ) ddzd otej d&3dj dzed etsHO (L ddgded2, ¢
Lizslsfmw d3jIstsHT 9f|—|4d24dzq’W ftodL &zOS s, O I
[Parizietal, 2012; Zhowetal., 2014] [ IsH j dz! dzf &3 ftSHAGSHESA W ¢
Wdgseoydw fl']tSff]lSOE)dZW“th: fMyj dz d or Hj dzj dzd
or a3 1 sOf ts5df tseH nHsMdpdz g dzv j Isyw -figts fplg @) dagsjh ds:
Myjde d tjedmlsteOydy Blsdetsh jdzgd2 BjyHE ¢
dzr 7 Odkzetstodlsdiiss HftesdmMosHdl MteOo dzj dad j o
glzh ijmMsalzjls By jMlsets fsHAatsHBe ¢ twjh | da

11 0BlkO orf sdd Z0 ftd vOMlsdudss?2 W d dzOdzf)
- 116-00018.
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tj 6O dBsydets ftedojMmisd ¢ ¢ azOmMmdu) Mcde |
BsW j j,0,BJj1OBHE] d MY sdz' L k¥ A[phnsoi@tddld dzd L ¢
5 rIZHO ,d dtissHT 1906 Isdzse jed s 5@ dels
eng et al., 2018; Kwitt et al., 2012] O 1OSYyJ dzsedyj M¢
74 IzGOdzdsaJLsQ,DdzBQizf' Ofmf j €Isr HOdzdets?2 L O
i U dHjl 8 MdMmisj 3O0R o9 dHj 5dzOB dzt H j dad W

SOA.j ot 7, dmsBddzd dgf | OGJ dalsr 5B ydaets s
Ug dzdz" 3d dr' daddpizddsigh des s w R, EOC COC d
Btsls wodzwjlsfqw MmdMmlsj Bs?2, CtsbsteOW Hisdy
odw fBH dLKjdzj dzdVv BCEzy O8N j2 MejH,
i B Mt ftsdkzydl: tlkojls o &zt B2 dBisd
j dz
2

s

dz
O]

>oO0OC

&mgﬁﬁmﬁq

dilz0 oemwed2 Makzyo2e). [ shsdedlzls: 1 Is
dzj tBWLOdz B'ls! KROCMdBOd dats Istsydz c
Yydzj dz. [Hdzd 3 dL B rOdedL dEtse, (5L otsdzw
qv sOCdds BBLOL 5d, Weo dws Isinwdtwa) jsdfd)j H
ted dzHwsdzd . 4 99 8]

1. 1tjHEZOCO] &g 2 B stsH

] AsHde 3 HOdzde" &3 Hdzv ftoj HdZOE O BSE 5 ¢
L dzOdzdz’ & ©B) dgofsHsty S tslstste’ s ofMj GHO dBsY dafs
sdtsh Rded® OS] BfdmMOddj 1 sOdtsddets?2 My,
sk Mizzy®j LOHOjlsMmw §jtjuydidj ddjd sB]
h T Pef tso,. 2[0sl1dkj ssHO ktjBljlsmw orf Hj dzd |

—TORNES 333‘6

sBl jCIr, Yyt ©BwOLEZtIl IstejBlZj Bzt 1 IsOdzis
Isj dz' deE@H jldz2 L OHOj sy Odgdptea J a9 O &G 0 7 ]
M= (V,R W, C), 1)

CHVT dsdzsy j Mise 5 O cOdiizisdsc sHW itfgdginfl s o & W k2
uyd2 ftedfeCadipddsdydivilso s WlkdC yd2 el j ¢
d3dzts Jfr]lsas 56 te0Oded W dzd 2 .

d
I O] di3ts?2 L OHVOsjte Odzdaty ysififiyls elaxizd € O dz! dzr o3

Myd dr . sOYHT 2 L dzj g dals dzl@yj daqd J thtej drGPBIO- 5 gz,
dzadj HftojHMsOoadzw jIs MsBB2 dzOB B twOMY 5L dzO
9dIsmise j dzdzts dzOyOdz! detsjy L dzOyj dedjy S OYHB?2
ofMinrn LOMNY seeZOjdisses HOddksets Isdf 0.

0 ¢ EMBRE D NoOE MO . 2)
[ dzsy j WMydet§ HlsOo dzv j s Mses?2 YkdSydd f§iet
sBl j ClsO&]:
© ol v.
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ANz deS ydwWy, dsislse jIsfiseozjls € tsde ktoj dals dets dzkz ¢t
J & Is @dzffOn, Wan d L d3§ dzv § Is  tfdp@y jdSipdigdztiqzh Odzv W L
sBi jClIsr £ Ctliter n  dgj or f sdzdzw j sy s dat
ANzdC ydaoff tefse j oW s ls, BTF dzO dzd EMmMlstcOdzi dzO dzj
4t i3j dedz’ =, ddg &3 Mmdzso OBds, ¢ UslslzS vpdrdsdizsigits
dsets dzd HBs dzgzdzw tsBi jCktse. [ desyjMlsats
Mtsdb dL BewOdedyj dedw, yYlsts sHddz d Istsls
dzOH dzj 3 Ols! B tsdzfLdzQpy jaglacfs*H dEtSISYS 5§ dstsy dIs BT
9 1 s0dzsdzdets? Myl dei f b BH tfezOJ B & ) .

vOCdd3 sSBKOLBAR, dO fitwesd hOcj or ydmd

yqw WL stsise jIsfilse 28 M quis 1t jOteigdaB)y dadi' zd$z¢ dyud v
tIsd fjtej 3 dd j, bOC vybt {tcdWj @lsdadizj iy
dL d3j dzv dedz’ j § Jtej d3j drg'rnj W I deSfusedApdded j Is o s H
yqedz or ucffndzjdchQ. SBEHO fttyj W] HiftAss d figd
AnsHdls ftose jeC O dzO L Oo jtoh jdzdd ftetsyd HEZte!
shdr Mmdzzyow=a:
T odf jtcor n, -f O Y dztlzOVY Htoj HMISOo dzj dzO 5
T owiIstste’ 7 ,d L Sfjdmd)j d3j dzdz’ = § tod dzv dzO zz dzj o
sMisOdztsf! dad tHdSEts tBI j Cls0O) ;
T ostejls! dn, Ctddyd Mifgts] dsj degetzg ded © o to s
ydSsdz tcOo dets dalz dzv .
[ Mdzd dzad BBHddz dL tIsdr Stedlsjtedjo daj or
ydqedz 4 € fjte]j d3j dzdz]j dg¥ © WA zts & ) J A5t Izt oflszid -
fste, CO tsHdd L Stdlsjtedjo dzaj McOB SIS

]l Mmekzyoj jhmdad Odeésttdlsd L Os jth Ojlsmw
HOdz dzj2h dAa Hj2Mlad?2 daj bjslzjlsmw, d MM
dzts>1q’lstzl dzr 2 twjLbkd Ol OdetedlsdiO.

Il sty OMdzE s stedls 5 Istsdg, Y sjSkhow
9ntSHdZ » HOdzdz" n. [ IstedyOlsj dz' dzr 2 toj L 2dz Is(
stejlsd?2 3 MzEyo0?2 MmMttske jlfseokjlk bkitdgk,
zsfm:! dLBJYOI! ftejHdsSY jdde i3 B sBHBAR, ©
GHO ot o0kl B rf toHf H MIsOo dzj dats MtcOL & dzgj ME ¢t
stsets ylstser EMisteOdzedls! HOdzdzkz® dzgj sffted Hj dz
fMls Qo dzj dzdzOWY Btsdzj j UJ B tSHdJdB tsBI jCIssdy M
syjtejHdts sMlsOo v jlsmw wHddz t5BI j ElsdadL o
WdekttOydd LOfEMCOJ MY WHS &OF ¢ d3dsj ozd dzf &
wlisd ©MisOdatsea $d. [ Mdzd EZHOdsh! Hisisdedzzls
dsets tjLEzd sOO, ks tsdz or fdMmr e 0jlsmw,

tej CrtemMdo dzs f solststew j Is ijwdzde d2v {fis)frids)Qiglg! deddz’ ~n |
HsfMisdcedzils tsdzsydlsj dz desets o dzd tsLsth’uOls;
BSISCO IbtejBlzjbmw bd ¢t o Isd Mdkzyo,,
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9r Hjdzdl! COyHEY dL Myjde | fslsdos dzsds
ydvw/ tslsfizlsfls o d WdzOn GeigdgeRn jfagy jSdP H toj  d3ts y dzts
h O] OdkdsttedlsiO.

RL Y jdade" 2 o7 hj 3jlstsH ftetsd dzdzs lstedtetso

} terfclg) g o . 1t 0 L
R ctefudfceft Oy w 1t teCO oo n L et dj
R gt e A
|

t dho C oz dzgj dzdz®jvls tH-Q BOO MY sL dzO 9 O dzed W

2. lwddijte OBl Mdhlsid ©onmy
t Ommdslstedds ftesmiss? foddite MmMyjd , ¢t
lefmis! ddasjted Mks M Ow Mmyj Bd @t HLjGepHT R Igta d

stster A Htsdzy jdz B Is! Mtsj H didzj dzrfis HHlE 3 d dgd da
BZHjIs wodvwelsimw COklsddzO, ftoj HmlsOo dzj dzdzO:

qfp.  [Bi jCIkr d LO®jcedMbsedese Odzdy j lsdash j
" Hjdzj 20 B &OMIs!, CclSEk® kGjBljlsMY tOMY S

HBC dZOMdzes S MOdzdets Bz o h-f | gy Godetzr s B
qujmise b B8 ijR Bdoa o Isipy jisdgjls o j dzdzts, 1 dfy) s t
dr L dOyj dedvdd, ¢t MowLbkehdd isdtsh j dad W ¢

v OB dz. 1

{Isdatsh ji1-fjtej d3j|) dzOyj ded™ 1§

r By, B2, Bs, Ba
Ry, Re, Rs, Ry
Ry, Re, Rs, Ry
G, G, Gz, G4
Gy, Gy, Gs, G4
B, By, Bs, B4

r

r

T OO0 D@
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§FgQIT T W=
F0+ 0 0=

—

ntslsw

s
fnw
SBtOL 53
j Clsr

dz0 H Odzdzts o3

LOfEMS Oj Isihw

ftoj Hdztsy j dedzOW
tetso j 6Cd lsdesh jdzed2.
j 20 Mg sk ezd JR b Q ddizdets B | det

9" ydif
fjteo 52 |

B ' S H Bzts IsHADEA @ v HisHyw 5B

BzHEls BkHOdzj dz
hOcj) .

ils EkHOdjBRs oo \CQEd jdzj

g

.'JS

@z Yoj-fFePdy feizh? . JuOL ddi3 SBKGOL fSC
]

q d3 -§ bao iRiatply 20 daj J

Mshlssdl

OdkzOdztse d ydz' d3 s
LRizj BH@s B ZHEZIs IR Oftzls dzBE © slaf vaP dzd & o

v OB dz.

Hiskad |

{bdetsh j1-4Jte] BJ

1 dz20yJ ded
3] dadats 2

1 20y dzq
3] dadats 2,

B, B2, B, B4

By

Ry, Re, Rs, Ry

Ri1, R2

Ru R2, Rs

Ry

Gl, GZ, G3, G4

Gy, G2

Gy, G3

G1

W OO0 @

Bl, BZ, BS

B

dzdzv dzO fi) !

CEMmyJtedd3j dalst
, dagi L d&z2Oydlsj dz' dzts
dzy dzdzts iy 3

odHdzs dL

dzzlsts dzd tSHdzsE s
o uqmdzj dzd 2,
9jtSd wslsdatsh jded2.
stsdz ¢ 5 RBEBLIGE IsT
3. {(JLkzd IsOlIst
B IstsH
9 ntsHdZ =
1T dzO0 ftse jH] O tsyj dzg¢ O
teg " J dzd §

6 Hdztsy j dzdz’ 2

(tedfm.

H dzw
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Is @eBtiz. y d2C, dz@  olg jyulj frpidej j dz 1w
Ctedlsj tod W

L dzO Yy,

2

dz

sfls Odz@ e YA,S daf

Colsster 2-d3 ' Cztc df i) s B dzs © dzP dzff B s
tojLizde sBigj delisf 55 16 Pk

1 CMmY §j od d3j dzls ts

seiMmMfjydeOjls
HOdzdz" ~ .

otsL B
fdLkzd O
ot d3j

J L OEfPldf. df ¥fnded
Mydd M ©OLd & udhdsd &

o dzdW jIs dzO

Yls = dz@i-O dzj «
ot d3w
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19 20 22 028~ 29 Q@ B8l nI¥2mcdl eddee . 5 m

tdB. 1 OadMmddsmls! otj d3j dzad dzO wWOMY 5L dzOo Odzd §
Hdzw fmyjder dL 3 Bi jCIsBe
lojHdtsy jdzdzr 2 o) ssH MicOodzdo Oz & B '
f 5L dz0o Oded ™ My dze dz0 shfss§ OO g CORJaz0 7
tddj dls' §sCOLOdd, ybst k &jssHO d&O ¢&C
OMY 5L dz0s Odzd d Myj dz, MW h R -3 LS EROMS ¢
JCbtso) 1 0 fMyj dz0r o B E3EH" dife jiprfGndiss dIBjsiB b
&0 cwOWOR (tdm. 4 d 5).
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32



[ 6] OdzdL Oydd ftojHdtsy j eesets o5j ssH O
jd dr & Bsh dshlsj?2, sOC, dOftddjt, sd
O tdtse | di3d BapbamBlo! hisiitts@eo | 0Oo Is s dats d3dets ¢
dzd ud Métsets Lgjdedw (Md3. tedfm. 6) .

S

{d6. dolstdsdd 2 HOUGS Isj o dduj MC SOIBARP toj dad v
d dmytsd LEshd2 fiojHdsy dd 2 djssH

1 OC dz¥ yj ded §

t OLtcOBBISOdZ d tjOdzdL s90dz d¢3Gj IssH ©LOMY 5L
fso. 1} jtear 2 1 B jdz) 2 s fipdsEpstedn jilks dzk y d Is ¢
BOYyds 5 dOddydd fyjd @O SOHtj. Ikttt
jSlr Myjdr o MkkzyOj, SBSEHO dO dJL SBOY
My 0. (OLBdjdedy dz©O HO O 1 ISOf O (¢B' Mists
mMdMmisj &3, o ¢ slsfstedzizydskej Biz’jfiglietsj, dets dzj
dzs Isdzs Issydzesy tojhj dad g . [ ilbtsH ftosH j i3t d
desfls! d fsCOLOdz Btsdzjj of MsCky ftosdL ot
dL BBd "h"jess CtsdzdyimMlse® Bl jCIstsa, Yd BB

s dMBC ddlsj ©Olk k"
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[ skEykc Odztselz,yzZ0UAsle ¢. ). RrRdzsj dzdzj SlskzOdz dzOv s
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fr]fr]q’er]Qq’Q Edzdo jtemdilsjls Htekzy BT
£ 1S tc 5 L rsednm@rozovéyandexu)
Jrsfr]CisaandQ sjodtsdzse dyj MSd2 kdzd:

l OBl wOMM&EOItedos Oj sMw L OHOYO Istej n d3j
fsiRsh 8 M) B pFlOtcmdzzy dls HdY B2 tcOo dzj ded v
94J¢0. [ d&zv EkZ§ftwOodzjdedw dstsHjodzr ¥ fioddsj davels
esls©, BOMhIsOBdtetso Odzdw, Htetsj ydtetso Odedw d
4gmq4mq¢4¢$o¢1&r' dmm@§H$&®¢¢qu&O&QH2&
dLBB©OY jdod § Hdzv o GBOfesdtzPo Otz eisd " § flafj dL
Njded2 o' fsdzday jlsfipw BjIssHOB CteOHd ] dals dzts @
o' § sdzdzj dz¥ ) (DIRE difF eiz) dizf § dslz@y uj dzse j € O.
Szt g o fJ D e Odz0 o QitadHi) daz@y . dzd yJ , dL 5B Oy
Bjstey CsdemlstezS ydvw, dzOo jH j ded

IlrrruRre

CEMY jted S @b oP¥ s Hylsits] 2B ¢ s 56 e Oded U
dzj dzgd i, IsMmStsdz S dr LOtkzHddIlsj dz2 dats dfy
fted ©OLdEZJqude » ©OSCEttMOR cdser, JjMisjfMmls
Hiczedrn tsdBjn. 16l ofMmj edigs jhdgwjds, o didk
dzyj dzdgr dgf M sdz' L s9 Oded BB C OB s o HEE sEED
o jdzdydls: Istsydztsmyls d sk oM sL da
JH@SXJ@S Bzse s dtsor o @GilssHtse d Odets
ydméd ofmMi foHARtSHN L OtOCIjtedL 8 Isfw da
d viltsMmisder = M Edsse dfO yhlj tseste O>pj didn €O G «
I jSIlstse dz0 o dH | s tsmdzj Hise Olsj dzt desflsw 7.
Mzso des?2 Y tSHABH € tojh jdeds fHtetsBdzj 3@
JHoOtedlsjdzt dets] o] sBtoOLtsoOdzdjy dMmn tSH da
9" " ROLOCIjtdmisds d ¢ dzOommd#ld C Br@Ydets
rBtcOdedets? MdMisi 3 ftedL dzOCtso. [ sydes €«
fdztse Odzdzr 2 20 -df tc3fipp @jcdzPdelszD 7 B B dzls s 9
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Is d
uqd
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{
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w
w

f) LWWjClsdeody &3 & ZOMMdW I ® st jc@dsd d dz@ dzo ©
wipw  dej L oBj dedets? fted s H,dzddz@tdas Fd3iftds i @
d&d vl Buinloee] & [

1 sH -PBLDsB tc Oy jEAdidg® J K )W -dzj Ctlzdn) e datdzO W W kzd
f(xy,2 5016 Hj dzj dzdzOw 2O ¢ DEYRG R IRizfs d3f ddgtssfird Is
how Ctsdzj ydz' 2 dzj dilztelr dgisti@ts dg eiffisty HztaieOaltsf d ) dzlz
WdCydw wwCsflsd, dLojmisdO" kOCyj ¢OC
ydiWtetsotscts d sy Baxiydgdy stsd! S5 yj dzsyd fmdzj
fted vyfxdgdm AdWttset] dLtsBteOy | dzdj Istsey ydats
HdMStejIsdL Oydd dzj §fdy %z s EBMb Y df yH 6 Oded Is
frebjtey o odHj Iste]jRHjkd tcdsiep l HOMHdo O
j=0,1,..N, -1 j=0,1,.,N, -1  SOYH' 2 { dzj Bj dgls { 556t

fMlsO@o ™ jIs MBB2 §dCMmjd f ddasj defdoe dzsyls
Hol-1. ) j dzduspdzOudzs Wo dzw jlsfw flsj§ j dz' ¥ Ho
256) d dzOL' 9 0OjIsfw ek ddets?2 (L 5B Oy § dzd

1.1 sfls tc sdea j &z Ddzd y O

vtejnd3d tedzOW toj CsdzMistezC ydw M § ted d3 dzj dzd
dzd¥ MmdzjHEEM j2 LOHOY]:

Ax=h (1.1)
€ - X' T, -TX T, X % s X - Ty, :
Al WY T LY T LY 4 e b, daY T
e TR T, B U €U e gz
éll 14 21 24 31 34 U éz l%l é44 41 l
grli_-rliyz T222 'T2243f 32 '34)% H grztiyz 'T422 l

THITICBL W Wdydj des dsOIs j diCAs @ dpiCtes'?,  dfistsi jj H
dzj dzdzs? BOLtedyj?2 4n4. 1 0Lt jd3 sz B3Ot
sBEMmdzse dzj dedesflsd BwBOIted yr or ydmdzw s ls ydme
detsy d 3q ded 3O Az dztsy d L ARY deif dzdfJ d3fi tdag diad af j s
HOI! fydzj Hiz® " ddi3d ydMmdzOBd :

0=maxd™ [AY

Tmaxs - A= min—
xo" x| <o [

cHlx =alx]|. ydmds tsEMmdss dj ddshlsd dOltedy
condA=Q ¢ Y Jjd&3 BaRAA " jIsj &3 B dzd AJC BO ldctashw@ dz-
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dtsflsd. RMMdzjHtse Odzdj tBEMdss dzj dedesmilsd W
Hjdzjddd Efmlss2ydesfisd tjh j defdel & Hg@udd .o
HOdz dzj 2N j o5 Mudls @jvdg,dzvldstiny v s Bllsstisdfs) & 58 Iz ) dz

Lise jtoy Hirdadlgd K.st W dyd jAddls " lsos@istgdyy "o 8
ydzj datwe ZteOo dzj dzdd (1. 1) dL d3pAzde! 0 dO«
ejhjddj LOHOU] tjStdhbezSydd, fsdzyj d
h d=a CoOHKGOIss9 , dL d3j dzd Is fypw dzO
D 0@ [kA &)(A B |AA-

1 8COJd3, ubts jmdd CtA GV Hstaeiy GOobe
Ydzj datsfe a3 dzd s dz@ ROdz j o jdzdyddr ., st
his RBjlssHO dOdBjde "dn SoOHBOBEE Zj diL O
2016]. [ dzv i lstE PO jHjdB ABSLIKRD BEh @ " DIt
hd §sltejelkjd, Ubster Mddskzdvtwd j ydfiod
MseMise j dzdz” = YWNBRI ddrd deDltdadfdzdfyd dz@ Mo j terkz
fsOdzass2. 1 sRBs MdMmisjdgr (1.1) twoOfMhdsis:

(At+teA)x = b, (1.2)
GHejl BOdzr 2 f OO jIste. [j tojh jddj ddBjjls o
x, =((A eA)A )'(A #B(R Be
t OMmdsslstedds o wWOY j ded § :
J=(A ©A)A &),
GHD 3x, x|iclC ddj ddj J dsjdasyd ddojmisd ¢ od
J=eA(E -A(AA)" AR ©A(b A AH" AP O
GHBTJHddd ydzOvy d&OIstsdyoO.

[ Ot WO scztsy dlsj dz! dzgts tSftej Hj dzj dzO. 7 dzO Y«
el bts Meot2fisets fisn to Q& gAS)IAY + ), H d) dzk @ I6)ts ¢ 1
uies dddj &

D=0 [kA &)(A M| |44 (13)
vOCdd3 BBKOL A, ®KOd j dLKjdj dzdv f OttOd
d nttesh j2 tBEMdsse dj dedetsilsd W Iz dzi O 3§ dzls
B dLdjdej dedvd3s toj"jdedv LOHOYd ostMmiksod
sBtOy j dzdztsets tsBi j C50O.

OfMfdslstedd o OtedOdads’ sflsdddL Oydd L OHG

o
&
q
COC It fSCOLOhS o kOB 1.

dq

L
{

©

37



v OB dz.

vdf L OH t dhddedy
f ddzed 3L Oy (A AV A
dzj Co OHEO x=(AA) Ab
s ¢ dzts dz]) dasfls
oy hjddw &
o
L Oy sa,x+a,y +a, z
Bsets B sd fa*“ayyfzﬁ)
gdZTSdZJ dZCfW Jla(z ay2y a, 'l?
Tax3X+ay3y+az3Z -l?
fa.x+a,y +a,z $
[ ddd BdL Oy ga x+a,y +a,z
dzi 9 OH OIS Ie@X+ayy+qZZ
515 ¢ dzts dg casf 18X &, Y 18,
CteOdzj 2 Isj [8:X¥ 8,y 18,2 b
fa.x+a,y ta,z 4§
f dded i3d L Oy X+ay+az
fd GO d datsa | =5 AT L
dzj dzdNVtsls @ i ata; 18
sjlstcOl HiGO Aei ax,ay, a,a, _
pantyaTy 7 ety °
¥Xa®ay+yai +2 a_a,.@. 07
’I‘ i A ﬁ i ib
i )
Txg=22+y 34 ayag, +z;'3',aii 0=
[ i i 6 i ib GHJ
P =P ﬁDf,ii{1,2,3,4}.
fdded &3dL Oy LA,
dzj Co OHtOIs —+ya@ 7z A 0:
sls ¢ dzts dzj dzd P A P,
clf\lL CBteH ag,?y,+yé% a:y_z o

38



20Cy jedd3j dalst My IEdftEeiQoddjdgrd jdzgl W3 D

rdzv kftcOQodzj dgdvw BtsH jdz 8 fHteddgj dgwe Isimqw
hisOBdiese Odzd W, ftetsj ydtetse Odedw d Mmd3j h j dad

[%: ¥, 0.1]=[x ¥ 2] R R
1HiRYIsBtsBh j dzdzOY ftoj 5B OL Z¥ M OW dBOIsted
eda, f ) MBi"jddy d&Qy,.a) dd ydga@h" 6 0§ dtetse O

S,,S) RT  &Otdy0 fjydesdp Odd™ 2O { dzsf!
¢ AS B§ C50 a000
_eDs E§ Fso _ D100
Ri_geg HS IS0’ _g;oooo’
e x % z 1 0001
GHJ:

A=cos@ )cos(b); B =sin(dcos( g;C = sin(
E =cosg@ ) cos(g) +sin( gsin( Ysin(
D= sin@)cos(g) €os( gsin( Ysin(
F =cos@)sin(g; G =sin( &sin( )gicos( )gan( )cos(
H = <cosg@ )sin(g) sin( asin( Yeos( )y =os( )cbs(_
4 Zyj btd Sy S [stshdzj & didzis sy yaflldzds 5y € ¢
sBBN jdedzlzs  f toj t5B tc Ry dzlizy o dglz Oolsj tekdlsytze
B Ya Bl
GHJ:
X, =(cos@ )(x cos(b) +sin( H¥ sin( yz cos( )p sin( |
*(ycos@) -zsin(g9)S «,
Y =(sin@)(xcos(b) +sin( O sin( gz cos( ))g €os( ;
$(ycos@) -zsin(g)S v,
z, =( sin(b)x eos(b)ysin( § zcos( Yeos( Fy ¢
1 EMmis: stcj » 3 tedets § Is jNddtsts Y @ H Oalzts € 20Ot8 Hsdsc
(% Y Z), k=1 .,N, Ctbtste’ & ftedfdHdEshsy o d
Zoftedd3d o, wttiwfMmisd. 1 iMO Isyd ¢ odzdwsl
BBd dzj dzedj dBsyjls ftede j Misd € dzgj steH d dzOte dzts 2
SO d3OMMm o dL d3j daj dedé Btedj dzsOydd MO\t
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9 MOBsd dzOyOdzi Loy diEssjj ffOEREl] tej f J
JCIsO (o jtHtsegts Isj dzO) dzO jets ftso jtcn dztsfyl
1l Is0OB dz. 2 f toj B80St jddgddz dfdey@BzjUg dztse j € O.

v OB dz. 2

] Oted Odzls ' & O fds dsBejCsd "dzd3'D oz

3. 16Mmistesj dedj dzd dzd AFGHEG dAg R dafiy o

1 Mmlsy dzdddvw fodtsyjddy ftesatsHdls yjtedl
sBi jClsO:

=Af  Aaf &

C iz [ i E
CH{X V21 SttsteHd dzOlsT Yy jdaste® Iswy jflsd tBi j¢
ttOL Iz j lsablgty dzsfw i3 CtststeH d dzOls OX, Odts OZ
LouqmosJX_'l’é:Mmi_'z, lum,nikcdsor j St W
m n

jdzst fwds?2 o ftosfisteOdmlse j, Ctlstster j H
IsOIs§ tejh jdvy, Zi@Hs@UeH;d dzOIs’ ftetsdL o tsdz' dats 2
{ Gfssw dddRj lsdsyS d B jCkO Hts dMCsds? dd
Bz azj

ge=%-ImAy I [(y yn(z-PRIC23z(x)%7

k |2+m2 +n2 .

[ &z2v EZHBMIsa O LOfdMmMd 99 jHjd tsBESL dZOYj

A=a (X X)* f, B=a(y V)’ f.c=a(z 2 f,

D=4 (x Ny N E=a(x Nz ILF=40, NG I
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1§ dzd Al dg'F dzOL tso § d3 Bsd3j dels Osd ddzj eydd
dmMf sdz’ L s Ols! CO¢C foMmistswdadz j Sts4 WWdydgj

rdzw tjhjddy LOHOYd MmdzjHikjils dzO3Ystsl Yy O
fjtej Bjldzagndf fodwOo dgvls: dn dezdzs . 1 tshydzj
Lo Odzd?2 fedisHdd € Mdmsj dj kOs dzj dzd 2 :

ég,=(I” m* @)(B Gl Dm Cp- (B Gf «£C Mrh -

1+(A ®)F 2DIm 2EIn 2Fmy 0 =

fg,=(> ™ W)(C Am DI F3- (B ¢1 € C pm

f+(A B)F 2DIm 2EIn 2Fmn 0 =

Tg,=(1> " W)(A Bn B+ Fi¥ (B G14C prh -

f+(A B)rf 2DIm- 2EIn -2Fmn) ©

ltedBjter Mt ddy dddd? Yodsyjddy f

_— -
L S Y

——

tdhl eddisjte’ f§shistetsj ddWw dzddad?2 { tsdztsy j ded ™

[ jlsH cdzdded?2 f hsezsozf e @ sMisOlssydats Istsn
dsmdlsjd’ d 2 ©OLeottksl Heoka Isjd Ykt s
HOYd d®Oo jHjdedw d o ff sdzdzj dedv i jteOydd

cOMmYf sL dzOdgdw dzdofy [1ekzjdz, 2016

4. 1 tedd3j dzj ded j D3t P azeiz§ dzdzf y® yJ dzts o
o O sL dzOo Oded

]l LOHOYOR tOMmMftsL kO Odzdw BBWOL B oL d
3D-3tsH j dzv B dzdy Hdzw Ay ddY fsitydd,
Cbstesets Ctodlsjtedy, € LOHOMdMs@Ez JLtsBiCO:
GOV duj MSdn BB tc @O Ofdasdiesjjdzjdsls szl . 1 O
dZsects dz@o jHjdzdw tjh Ojlsmw o dzOMlsswh j2 1t
r dzw LlIssets fsdZzZOcOjd3 dL o j Misdgr d3d dzOy O dz
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ded (P, B, B). 1 2Oy dzd v f OOR) stetse Y ted B dzd ¥,

k]
Bk dzp =" ¥ @, D =w (P, Gwmm:mﬁéa'

(k=0.1,..)i detsd3j e P OYOEL? dls | WOyEsisBd ez s -
hg2 St WWdydjdds [4jdHteddzO, 2008]. r dzv
ECOLOddses &jlssHO B dzd dMisd Lso Odr {1
leddjte MOodzdo O d B BSH| dzj 2 dedy Uj &
ftojHMsOs dzj dz 2O tedf. 2 d 3.

LOHOdzdzse 5 L 5

} e d @Dt diipte Q alatpj dafiny ©

tdm.

tds. t4jLkd OB Mo fs@®H jjdds L e 12O diaff j 3D

tetso JHjdedz" | 1 S jteddzd dzesOdz! dzr § dMmfmdzj H
Bdzsfyls! tOMMdtsistej dedatsets 3 StSHO  dzOo j H
d BSC d  dfdtyyzO @ @gjjlsimwy , Ut KBjstsH dzvyjls o
OBZ' ftsdMEO yYyjdtse O s jes WislstsetO!
d dz0dzd yerd yg OL " 3D
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1 OC dz¥ yJ ded d
]l dzOflstswh j2 tcOBtsilslg M ts&apgjods i lsdj &S dV dz
D-BtsH jdzd B jJCIO, ftsMmistetsj dadats?2 M s
odd RAttesh j2 dOyodz dzes? tBEkMdzse dzj dzd

tdyr. [ Odd feddjter oL BEYd & f§shlsd
HOY Itej nd3jtedzs? toj CtdelstezC ydd, tlsdzg
ltcdojH] dzO BpRAsEddY dddd?2 §sdtsy | d
Brls! dmitsd Lso0dd HEY SCtttejCldses
sBl jCIstsea. | tOBKlsy LOHOYO dzO9o jHJ dz

dZse s Moz GOOSISOdzde’ §| Odzetstedls 3 ftoj HAdOL «
dzdy yj iztse j € O.

s I Mg ekl or

[1jdzHteddzDj dzr OO &P R . 5. sOIsOj 90 -&Bj BfjMt ™y O
Ctsy fYesmsedg . JtOHdjdzlsde § d BotwOydal § d3dls
ssdkm¢, 2008.

[V ckzjdz| QBDABOI 2 AtsRBEdZ [ . 1., mOykd®ss 1. [ . |
M ls O dzts ofdigj tmfHvd dzOIs § ted dBsH ] dzdtetso Odzd d Istej - d3j
dzed § &3 Misjtej sdL 5BwOY j-Mzd R J ) H Iz dpGudsty HeoftsRolz" dz@ By d
tojdaydd ¢t OMYtejnHjdzjdedz j CtBY! e Isjteds § d Isg
dzj ded 4, o' yd mdzj €2d0jl1,6 )frpe,w L2210 1(6DC QN 2 .

[1 ek cjd 12 vaOd, mOykdtse 1. [ . SHJ
dLBBGOY jdd2 o L OHOMY maﬁ]&tqtnﬂzﬁ)@&dzd@ dzezlg § d
sdj tjhjdd?2, 2016,

[Hu, 1962] Hu M.K. Visual Pattern Recognltlon by Moment Invariants // IRE Transac-
tions on Information Theory.962.Vol. 8.
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¢f L {tRrRUf VvstULUIVL[1RC RLIULTIOG[?
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rdovfrtiram Lt oARYVGH [ B

JRII[’[‘RKRlHSRM

S . kb dH tstbmsisidorbv@mail.ri
1 . W .d dzO Isrfilat@a99@mail.rj
veojJtemME 2 etsmMkHOteMmlse j dzdz” 2 Isj m dzd u
vojte!

-

dz,l]’tSHntSH Hdzw tojh j dedw
Isj2 BB HIYyddhSdn M
90dzd i { BsYyddzOdz dzlsa |
sCOdzdL Oydd d dzls j to Odz:
Ld&ZOC B9 . Rdzsjtco Odzr ECtlf

¥ 1dgo dzd § @) tf detOlp «fIsiAn W € st
WdCOlsteO s fjtodyds a3 H
O fteslsiMmMisdictss OO dzO tej

FAIN-IG—
CTNRFoS RS
0L ENRIagn
= =g "0
Qg rggNIG
s_Q‘sq_. [

> G O

Mo OiedIsdz, cttO¥dyui MEOY L OodMmd
siMlsseo OW o Biste§ O dz@ di3ts yyd &y ,uJ dzts
judlsSdj ftodL dzOCd

I'edHiddj
]l fMmMdzjHdd] HOO HiMwWisddzIsdw BBd hts]
dLEuyjddY thoej ddshisj?2 { @BcydsdOod dset
9 0dzdw L Isdr MojHjded2 Hdzw ftsorhjdadw COyd
misj B3O dB3d etplG20GHt Marselletal.,2010; R df 2 0 1 1 ; A d zO0
SsR2®,17]. 1 ©ORBCOR HOMDksets dOf ttO9o dzj dzd W
BtslsCd MmtejHMlse € dzOMMdW S Oydd Bl jSIsse,
Ctojlsdgr = ftedL dzgOCso. g dzv EMY jh dsMmisd tejh |
ots ddzsesd3 MisB dz¥ H Ols ! s ddsudt fidsodisdiy) fiff takklj Ly dB@L t
Mis+ ¢ sfdmMoOoded?2 Moets2Mmlse Bl jECIlssa. | mMdl
sjdz boydtsmlsd s BlssBLOY O di3F &3 Mo 2 Miso
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Fojddyjddj uyudmdzO ftedL dzOStsea. 1 SHEBB S|
dsisw g tsBi jEtsdR®W dH jusQdzdz Oydvw disckls fte
mMzsy dsisd Odketstedlsditse ¢ zOmMMdW¥ dS Oydd d

dzdv e j dedets YOfmMsts ftosWweodwe lsimpw o fd
dzj 2tesmjlsjor j CdzOMMdW dCOlste . ¢ dOdzdL St
9 Ols! f (ftusdysj Hise Olsj dz! dz = tOMh dtsj dad 2
ftesyjHEtT BzHEIS fMewLOdzr fm Eklstsyds dzdw dzd

[Mdzso des?2 o tsftetsfy, otLddCOs N d2 ftod kO
RBdesy j Mlsos COCdr HtodL dzOC s dzj 5B R H Jd B

Ltejdedw, MtsLHOdd] ¢ zOMMmdW dCOudd i § st
Bltetso Odzd?2 fts olststed ydzr l]'lsde dwds, Lo

Hizter ECttkztfdzjdedv ftodL dzgOCStse, BEZHjIs dzOdBt
ddjdiz. 1 dbscecj, fHted  SHEB dats qmmﬁ BQIls d
dzr § sfdmOddv s ¢d&zOMMOdG Bl jSIsts f  dzC
H z 8904].

lted tejhjdedd twHO HtoedC dzOH e R HOY
CdzOmmdW¥ S Olstster , CBIstster | mOBBbOBB fn or
LOadMmddisMmisj 2. 1 OHBUBOQPdzdtcOW d U J S g ¢ |
fsHicsBdzs ttOMMBOIsted 9 Otetal® 0 @ 2 ;tc Ofs BVEPIEZ Is 5 d
Rangayyan2 0 1 5] . 1 ts9r 2 {§fBHAatsH & tjhjdde 11Is
tcOBtslsOr dHeDe o Adu@RORlodd M fiEsh 1 8 t5C
dzj 2 otz = djteOQterdui MSdrn MbtekzSlskzte (1 R
B2 HOd dzj2hjj tOLedlkdy dHji?2 t©Omlskzhdn
9 0dzdzr » Hdzv OBl 5 dzgj udibsSddz s dmOdedVw
Bs?2 dzgj yjlsSsets dzsedyi MStets o' oapsEID. H @dg
d2 7 OdzestodlsdiBses fsCOLOdzd, yYbts MtsL HOdzdz .
Bsh 8 1 R HOEIs oL @Bsy desfyls! dkzZsC OdzdL 59 O
sjtcoOdzr ) BSHJRZOCBSON @3 nOLOCIS]j sd3 dL d3gj dz
MlsOo dzv ¢ Is 9 ts cdEEDAEEN I 5 HSR Is@H @y de J ¢ dr@dgfy d Wi
ydd Heobkdzjtedsr = ctOWdudMmMedr L OoadMmdBshmis:

1.08 jSIr € d&OMMdWdSoydd

rekggjteds j cwoOWdyimedy LOeadMmddshisd,
dSbse CazOMMdWdEOydd, B’ Yydets ftcj HMNIsOo d
Mlsoesd3 Itsyd €. lted dmMitsdz LsaOdzedd S OY HTES2
L dzO0¢ O, cOL d3j tedztsMls ¢ 94iC st SgHOdfw
Métsdz! ¢drn Mlsjdz HEs IsrmMwy ftedL dzOStse. 1 d
Nd COWdeOoOdm yohj emicects MeatsHdlsMmw ¢ ML
Bsdzj § 10 COyjmbe jdede’ 7 ftedL dzOSC B89, C(Silstst
zsedud MEdJ tMmtse2Pehdzisdydd. @ 0[10¢zOH & dg,H 5B dzF §
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Mo sk dsmisd M Mkh jMmlseks hdddd ddzHde dH Iz
dzd S s BB HJYddzmM S dr MdcdzOdzses H OB Is o s
s yjdzj MssBteOL detsls d I]’JtGJ:tSHO C OffOtOls
JdC o
J

ydd HOddz 7 ctOY
lteddgvIsts HBE kN j Yylsts CttteHddOk" st
{5 tihd Gpfithypdin 0dOddL delkzj &3" = ftodL &ZOCtso

Jet L dOyj dzd J BUtGJHJdZWJSBp‘Q(Wafda'JuSﬂBJQdZWW
stsyj ¢ Hokdii tedats? Gtequ’qur]Qisncfdmqufchf@j;isfnl
LdW¥deoydd ftodL &zOS s MsL HOB Isw h § @iz o dH |
Il mMzj nfmMsedj bets, yYbts ftodL ZOSd OOl ISt
adMmd ddsmisd, sts Hdzw GJjdzgj eOyYdd dzj yd s¢ts?
Isj telgldzets y j s o ts, Ctslstsitqﬁmjo o Chidks OWEdj,Is fA3MI D o ,

dzd ¢ ¢ W, %@ ,ri,é ,rm}, G Hrji S sstoH d-d20btsySd d h O
sfnd OB Mydmf, fntstslsa;Lsfr]lsalz;ls Bdztsy J Miseo t5:

RF= G {(Talew), (T2e2), (Takea)}, (1.2)

G HEj 23T MisBlse jIsMisealze M dj L dzgOyj dddys ftedL dzO¢ ¢
lrhjijftedeo jHjdzdzOVY HtesyjHEZteO WOLLdWJdESCOY
tedIs d3d , ftoj HdOL dzOYj dedetsdz Hdzv € d&ZOMMdW d & C
[ AqzOdEa @ 1 4] . 1 ngkzB®ghsas ddsszyOs h j2 or B
dg edtezHUsd@MMdW dS Oydesdedz = ftcOoddz, BGlstcOy
stso [1 5 Motsles jlsmMisoks hdd3 teOL Hj dzdlsj dz' «
RdzZsj ctcOydw ©OLtcOBSIsOdzdzts?2 1 R d OdzE st
HO HOjIs oafBL @3ty detsyls &zOn tsHdIs! C O) HB
2 CdBOImd dgoOdz dets? Milsj g jdzt ¥ fted dgOH dzj % c
sj dtsSoddL zslsqy EyOMmist d, £ Colstster n
n ftedL dz2OCtse. Clsts WOSIsduyuijméd ojHils ¢
Ctsea dz2O Eyomised, Z Ctlstste’ » B isH s dzO
tczClskztodzr d@3 Mots2 Mo Od3. |1 tOBBIS] o©r Ho d
j dzj dedv ftesyjHEter Micd3j dzZlsOydd Hokzd3j todzr
fMstc OdzMise O, BOLdtks h jesmwy dz20 ECtwikzf d
oddzzlss? editslsjL’ w©WOCERBEISDdicMgd W ¢
desfylsd 1 RH.

2.0 zéstedlsd3 ZCtol dzj dedw ddzls j teo Ozt d

ltotsOdz0dzd L ez j a3 tod M j dad J -0 @zapdy Mifiste Hdz@

dZ' n cOWditse. sOYHGRBE C&OMME HOJIMw
CoMk(KT CStsdzd yd Mo ls=1R2QKMtsor, dzv € O H B S d3dzt
sftej H] dzj dzr Eyomlsed, 5 Cwlsster d3 dzd dzc o ( f
Ctso ftodded 3Ot Is tsSHddzOC s J L dzOyd tdiv. 1 s
cddzlsj tco Odzr  sMistsw dzinlso Oé:

7 -8~ 0ad

SGo=agI3=ENG T

s
H
A
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,.\e. F?:Fi)ﬂ’ i:m'z
|

H dZ¥M, | fw=dp, .P

I dais § teln @RZ.P,, B!
CHIJ s Bj 6 f WiLdEpQEi@S 5] L &zOWy dzdj ftedL dzOC
10 Wdffesddds Hstdieso Odes 5§ dMOdedj WOd
fejHmlsOo dzv jIs Mes?2 C@MlaS6ERpE)* f(todL dzOS |

|
) 2.1)

T P In, |

I In, | I Iny 1
[Number [ 0 [ 1 T 2 T 3 ] 5 1T 6 | 7 [ 8 [ 9 T[T 10 [ 11 [ 12 | 13 [ 14
| Name | 107 | 118 | 129 | 139 [ 150 | 161 | 172 | 183 | 193 | 204 | 215 | 226 | 236 | 247 | 258

04
‘ M, ‘ hi:l7  hi:l17 bi:17 hi:]l7 hizl7 hizl7 hil7 hizl7 hicl7 hil7 hill7 biel7 | mid:7 ;) hidl6 hil7

| Tty
| P Iy, |

tdf. tOMftdH]ddi Lde@yuddgodnfstedL dod!

r dzv B IClpsells spr i dMOdzdw M oling didetsy jddDIE
Ctsdd » de€C ydd §ted dedidi®y Is [ de®n(j dedg lgd W OL L
ftedL zOS OR f SHictB dzfs  tenGDigicfiptEAdq dz’Cldss2 . OB ts
OdzOdztse d ydats o H jMzf deth) | isdetsy{j ddOSH o Ctsdd &
BOs Is L dzO uQWid J. d desMpfnds oM f j o M € OF sty
P=M//M,=150, 161, 172, 183, 193Class204,
dijéls or MsSdy LdOyjdedj orf Hj dziCimRin ftod
nOKBOCIj dy BPdedj daO&@®W)) dzd VW s HO Mdzj HIzj
dqdzls j g Qdz1) s fjteadyde &3 ftedL dzOC OdE R Ot
ZOyj dzdv 3d 5 dddcodmisdyujMSdd "< OdkzOd.
sfqw ktsd! St fted §jtej isHOS dL BHosEs €
sdsisdz HOjls oL Btsy dztsfyls! OdzOdzdL dtetso G
oL dOE 8 0Yj Mo | &Pouiscts OGCOFIsERBYOLZs h j ¢
tcOcd3j dzls Hokzdgjtedes?2 CGOWdyUjMEBs2 L OadMmdr
ltesyjHbEter s HtsBOodzj dzgds detse™ n f tedL dzO
Hiso Ols j dz dzisfyls ! Gs o) te@juidjRdzdz’ 7 d dzik)) e, © dzO 2
RORBHW MY §jtj Miuj ddy ©d@dds)disk sddin oz
Classl: Inio= GHL P Ci= GM P ()W e 0 ¢ d3j @lassaningy= GL2

PcCe= GL P  @ATf udMdzs § tod L dzOC tseClassts fagsdy j dzw & f

Misslse j Is Ml p{PididgdPi € K}, (" K) {Pd InzHPc=LOW)).

lotsHdlMmy dasePri) B o@&@ngar [ v e Mmjets (
pO0kO ¢jdzjtedielzs kMW Mmitslse jlsMisaks hdj §SHC

22 NG
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P Iniol Ingo, P_Ingal [Nz, P_|n1,on P Inya, Clstster J 9 C dzv yos Is
Nd HtodL do¢d, dts dzgfj BHddzOCBer j L dzOyd dzd v
PInoeC O¢ MOBsMisswilsjdz d& 2 ftodL dzOC dzkzy dats
Ui sSddz ddesy § lse Os. ‘

ltetsH j dssdzmistedtelz j d f sHtsB dats § Bl j HJdz
P Inio(f,fr), Ctltster 2 fdmMOdz s GHddtsd d3gd dedze” o3
fsdz LsoOdz 9 COyj Mmlsaj L dEy( tealffi®.) H dzy dzlleg §
dzd j @11 Hdzv Bl jBSHHQ s  Bdesy j Mlsets sty ¢

(P3¢P¢R):DP. R dzls PRom BHlZj s tc O f) i 3OBumEPe O lsls My .
o COyjfmbej dasfdlsj dzv w.dzvu jag juri b &EBDP db dzlsiyidis
Mstslse jlsMmlso Pjls o jth ddzj

t OmMMBsilstej deff, jo) ZrudlsLipj 1 ©Bi jCltse [1 ft
desy Ctdzd yd Mise s dajlal=E€ g Rfgdzdes Bflga dded o
YjbCdj Rty jMmlse O, dO or ntHj f§dzzyo] s
SftejHjdvIs! L dOyj dtfg=lBEE6ECH (todL dzOS O:

A

tp [

AP | P

Ps

P Iny, Py AP Py
y . - Biftedd3jtc dzj uilsSdn
Ofteddsj 6 tSBI jHJdY, L 20¢ O

tdB. MOOCkjtedmisdCd ftdL dzOS s et § tof

{ Mdzts o ORed ¥ e3cz¥ j s v  mingels ae(@)Ojdz [R MY sdz! L 59
LIss?2 ftesyjHbkter ffoLoatdvjls MBLHOI! {5 &
MC ks hRI@dE=HI()GHI(2)Gé GHI(lY. 1 dbtsej, &ty d
dzd s d N © dzd ¥ m& AR, fits \P.g2):

1) 1 =G2oR G(P4-1) . P411=P_Im;

2) 42 =G} _oRk G(P4-11), P411=P_In24.
R L EmMsOtjoahdr fodL dOStsor n §eisflstc O dzm
P Inio P In;ad HEsSB OO dzv j MW PrilzBBR. f tcdL dzOC
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Number 0 1 2 3 4 (Pyin) 5 6
Name 107 118 129 139 150-226 236 247-158

[ Class1 [ hi:l7  hi:l7  hil7  hitl7 hill7  mid:17 hil7 |
[Class2 | || mid:7 0 midiT _dewss

tdB. lteddzjte wwOMftejHnjdjddy fedL dOS 5o

lted s{dhmoGy ¢l BEBEsEUOMseks s L GO  dad

( @1 =(C1\P_Im)GPs11, C2=(C2\P_In24)GP411; ( eePuj ded §

EHOzY j diisets ftedL dzOC O tcOodets L dzgOyj ded®  dats

dzdd khdss R, PR). Bt Sldtelzjshv ¢teOdd

(dLdgjdev j sfyw ydihdzs fRedL z2OC s, oth juh dno
v jfMisdtetso Odedj OdzE tsted s BO

vsiMmMsdieso Odegdy OdzetstedIlsdBO tsMmizh j Mise dzj dats
dudo" s MdedOdzse d 6§64, slstsBtcOY OF
2 Q) dBsOftL] cdd3j dels Odzt dzOw 9" Bt O Mo
Lyr wjud d CGCy), ddzdzs lstedtelzs h dj
b

JB3 7 ftod OkzHdtseodL EOdz dzs? fylsd sz dz

1LCMf jted d&3j delstse ff SHtctsB atl, 2648, d i) © dzC
Filatovaetal.,2 0 1 6 ; ANQEQARBEo O,] Wtedzdtotseo Odzedd o
Eyomlsdy 11 deyuydde d 5 yidhddz 9 oL tcOM
(240 Ctdstetsd d 7 wkMMSdn %KoL c¢co¢ ¢ s
Hisdzy dlsj dzt detsfpls! 8 Hits 70ddp@ Az diHts to dfsls: G O'dzj i
kts?2 HdMCtjlsquOodd d 02 Rgssqlisdzd j{d3 ©IOA y'- € G 4
COdzOdz! d 7 BjL Ol jWOCIdy © fObljtodtse) , t
Mo tcOdzj dz © WO22&OZ WstedROO *. ASKI | f -

]l kQA@Bditedo jfiplg@mr fusB zyoOs hdrn or BstesS (
BstetsC Classli)slsted yOlsj dz' pplags2 iidas@ sded dz' dzts j Mt
dzd; Class3i f tscztsy dlsj dz dzr j + dBsydd) .

v O Bldz.
s &zOmMMmr Bl J
lresetd Classl | Class2 Class?,c_jI
tdudo J1 (1 50 29 31
md ¢ dzO U 1(130) a7 34 49
¢y J1 (9 30 30 30
vl (1 50 50 50

] SCOujMmboj ©OLHjd"shBIsHtdsROREH S I e
feslsdshisd &sh dshisqg () f), ©OMMudlOdds

49



dzd § o3 ¢ sdzizs 6 ts Bf Mistetsa ts ftc] SBMIBDL 59 O
dzj fBe 62013 . SOYHT 2 sBi jCls sfdmr o 0j Isfy
X={X, %, € ,%,€,%}, XHBtHddZOO MfjClttd &sh dts:
fizadA x i L dzO Y j-clae § f tc d If id2OR O ; f w2 O fgfsvshls jy,0 - e

MsslsO HdMFBjIsHte O dsC dzO 11 A. RMftsd L 5o
Ltso OdzdwY mjdBdBddzc © (h dteddz®@ 1024 7T Hdzw tsBt
CCl).Oddy’ yYOmtskdsct HJOf ONIEAEd), H davdzv i

¢ ¢ jo1251 y.
[fdmMOdedj Hdzv w©BI jCIs@)Yde HenlseEOmacE ] jls(ffiy d3.
X2 o= {x1, %2, € , %, (3.1)
X(S)s ¢ = {X1, X2, € , X}, { X1, X2, € , Xe}2, €, {Xe, X2, € , X}, (3. 2

CHXYDi uX(S)scjiod CSIstster ftoduiz@bBtcubpi | CIsO to,
Mdc z@iRs d3j t6 B ZS451CR,6C, 240;1 7 detsdzj t6 tSlso j H j
<.‘<.‘4I 1,2,6 ,19; k7 desdzj 6 ftedL dzOC O w1l | Hdzw  to,
k=1,2.6 .100 0 (h0c tOMmyjilsydides @) ts 0P 6 da dz@S O
H W ¢£l|,2,é,40 (h0oe¢ ©OMUjls®) #1f ©Os jd 3

RMMdzi Hso Odedj w1 f Mdc ddPEASOL Odz tsedgssth d3ts y
S OdzdL Oydd ddzlsjtco Odztse f dzOdBtsdzj j d dzW
dzv s h ddsd tsBj M j yde Ols! Swtetsh dj ktetse dzd tsi
sBl jCIstse o fHtwdojHjdedzr m € dzOMMOR. r dzv  te
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