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bypeacku c60600en yHusepcumem

[IpeacraBeHTO WH3CHENBaHE € €IUH BUJ
IPOABIKEHNE Ha aHallu3a HalpaBeH OT aBTOpa B
[8]. B uurupanara cTyausi ce€ KOMEHTHUpA, 4Ye
nosiata Ha JjuncBamu ctoHoctu (JIC) mpum
u3cienBaHuTe npomeHnrnBu B HaOmioneHuero Ha
pabotHata cwiia B bwenrapus npe3 2007 r. caensar
MexaHu3Ma Ha He ciydaiiHo juncsaimu (HCJI)
CTOMHOCTH, KOETO Hajora ThpPCEHETO Ha MOJEI
onucBanl TsaxHara nosiea. Cnex karo ce mpuiiara
npoueaypa Ha KiacTepuzamus no menona K-
cpennu (K-means) ce mocrtura ao pasmensiHe Ha
JIAHHUTE HAa JIBE: €/IHA I0-MaJika Irpyrna, HapeueHa
KnacTbp 7, cbe cpeiHI XapaKTepUCTUKU OJTU3KH 10
61 yaca u egHa mo-royisiMa rpymna OT OCTaHAJIUTE
JaHHU CbHC CPEIHU XapaKTEPUCTUKH TpHU
npomennuBute ¢ JIC Omu3ku no 41 daca. Taka
Bb3HUKBa ujaesta 3a 3amectBane JIC, npu
mexanusma HCJI, upe3 TpetupaHe Ha JaHHUTE B
JIBETE IPyIU MOOTAEIHO.

B Hacrosmoro wuscneaBaHe (OKychT ce
Haco4yBa KbM CPABHEHHMETO Ha pE3yJATaTHTE OT
MPUJIaraHeTo Ha JBa KOHIIETITyalTHO MHOTO OJIU3KH,
HO TEXHUYECKH MPUHAJJICKAIINA HA JBA Pa3IMYHU
CTaTUCTUYECKH NMOAX0JA aHAIN3U. EAMHUAT aHanu3
¢ EM ajarorursMbT, IpU KOWTO KAaTO HAa4WH HA
NOCTUTAHE Ha pe3ylTaTUTE Cce€ Hu3M0J3Ba
MaKCHUMHU3HUpaHEeTO Ha (GYHKOUSITAa Ha
MaKCUMAaTHOTO mipasaonogooue (PMII), a npyrust
€ AJrOpUTBMBT 32 yBeJMYaBaHe HA JaHHUTE
(Data augmentation algorithm), xoilito 3a
yno6cTBO ce chbkpamasa ¢ DA', Gasupan Ha
OeiicoBusl MOAXOJ M M3MOJI3Bal] MHPOpMALUs OT
NOCTEPUOPHUTE pa3npegeNeHUus Ha
npomennuBute. W ngBara anropurpma ca

] Tosa CBbKpalllCHUE € 06Hl0HpI/I€TO W U3110JI3BAaHO BbB BCUYKHU €3UIN

3a 0003HaUYaBaHe Ha TO3HU AJITOPUTHM, KOE€TO MOATHUKBA aBTOpa Aa ro
H3MO0JI3Ba U B 61,nrapc1<1/151 C3HK.

36

UTEepaTuBHU U NbpBUAT - EM wucropuuecku e
CTaHAJI OCHOBA 32 CH3/1aBAaHETO Ha BTOPUSAT - DA.
Bb3 ocHOBa Ha Te3u J1Ba aNropuUThMa, HE3ABUCUMO
€IMH OT JPYT, C€ BbBEK/IAT JIMTICBAIIMTE CTOWHOCTH
B Oa3ara manHu. Ha crnenBamia cThhka ce MpaBu
ananu3 Ha JIC mocpencTBOM KOMOMHAIIHS OT JBaTa
METO/1a, @ UMEHHO ITbPBOHAYATTHUTE TIapaMeTPH Ha
pasnpeneneHusTa Ha MPOMEHIIMBUTE €€ B3eMa OT
pesyaratute oT EM anropursMma, a mocienBamioro
BbBexAaHe Ha JIC ce momyvaBa ot DA anropurbma.
B pesynar ce HarpaBu ONUT 3a CpPABHEHHUE HA TPUTE
nojxoja Mmpu paimaBade Ha rnpobiema ¢ JIC mpu
HaOmoneHneTo Ha paboTHara cuia B bearapus
(HPC) mpe32007T.

HaoOuarwnennero Ha padoTHara cuja B
bbarapusi-2007r.

B wu3cnenBaneTo ca W3MON3BAaT JAaHHU 3a
mwtata 2007 . HaGmromaBamum ca o6mo 160
MpHU3HAIKM, YacT OT KOHUTO OMpeeNsT dYpe3
nemMorpadcku XapakTepUCTUKH JOMaKUHCTBOTO U
eIMHUIIATA, JIIETO OT JOMAKHHCTBOTO, OOCKT Ha
W3CcIe/IBaHe, Apyra 4acT ce OTHACAT 3a 3aeTOCTa
Mpe3 MocJieIHaTa CeaMuUIla ChOTBETHO HA OCHOBHA
W JONBIHUTENHAa paboTa, KakTo ¥ (opmu Ha
3a€TOCT U aKTUBHOCT IIPU ThpPCEHE Ha padoTa u Jp.
B ananmza ce Hanmara peaynuupaHe Ha MPU3HALUTE
ropaau HAKOJIKO mpuunHu. OT eiHa CTpaHa TOBa, ue
YMa MPEeXoI MEKTy BRIIPOCUTE B aHKETHATA KapTa,
T.€ aKO €/IHa eIMHUIIA J1a]Ie ONPEIeTICH OTTOBOP Ha
JaIcH BBIIPOC TO TOBAa BOAM JO AaBTOMAaTHYHOTO
OTIIaJIaHe Ha BBIIPOCHU B aHKeTHaTa Kapta. Ot npyra
CTpaHa peaulla OT MPHU3HAIUTE Ca TEXHUYECKHU
UIACHTH(UKAIIMN HA CIUHUIUTE B CHBKYITHOCTTA,
BBBEJICHU OT MH3CJIENOBATEICKUS EKHIl, KOHUTO
JIOTUYECKH HE CE€ OTHACAT KBbM H3CJIEIBAHOTO
SBJICHHE, a HMEHHO JIUIICBAIIUTE CTOWHOCTH.
CrennuyeH naTepec B [8] mpeacrapisiBa mosisara
Ha JIC mpu 3aeture numa, T.e. C€ BKJIIOYBAT
€IUHUIIUTE Jajdd TOJOXKUTEICH OTTrOBOP Ha
Bpupoca: , Illpez3 MUHAJIATA CEIMHUI[A
pabomunu au cme HAKAK8A paboma cpeuyy
sanaawane unu opye 00xoo (nowe 1 uac)?”. Jlpyro
BKHO pa3/eJICHUE Ha €IUHUIIMTE CE€ NPAaBU Upe3
TOBa Jalli 3a€TOCTTa € Ha MBJIHO WIW HEMbIHO
pabotHO Bpeme. B ananmmsa ce BKJIIOYUBAT camo
€IMHUIIM 3a€TH HA MBJIHO pabOTHO BpeMe U Taka
MIpU3HAIUTE, 00CKT Ha aHAJIH3, CE peAyUpar 10 26,
a eQUHHIINTE PETUCTPUpANNd 3HAUCHUS MO Te3U
npusHaim 48 529. Jlenst Ha JIC ipu Te3u npu3HaIu
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€ HECHK H PRUPCKH TOBA OPEACTABMEBA OCOOCH
pETpec 3a BefimoferHe mopaap Gaxra, dHe
MeXaHHIMBT Ha TaxEara nosea ¢ HCIIL.
Ipranagere ¢ no<maan fx Ha JIC ca: Koo
vaca cedsuno pabomume OBHKHOBEHO na
OCHOBHATA PAFOTA? (vi4); Xaww vaca obyo
cme pabomuru nped MAHA/IATA CEJMUIIA ra
OCHOBHATA PAROTA? (v22); Koamo waca
cednanaio acesaeme oapabomuwme - obuo? (v25).

B mocnemErTe rorar EM aTOpETRMET
OpEAOGEBS BCC DO-TOIAMAR OOOYIRPHOCT B
cTaETHCYHeCKETa Oobpaborxa #a HHQOpMAIMTA,
H¢38BECEMO OT OPEXMETHATS ofnacT EHa
oprioxerne. Hapej cic cposTE NONYNSPHOCT TOR
ce ,paIsABs” H HAMHADE CPOH [ISPERATE B JPYTR
smeroma (menpumep DA amopeTraaT Ba Tanner x
Wang (1987)). 3a ocHOBarenm H3 MOTORBT
6G=3CcTIORBO ce N0CCIRET 83T0pATe Dempster, Lair &
Rubin (1977) [1], seupern 98 nomobeu HAEM C
ACCCTRNCTHS ApIXGIAT TAIN VySrHEEnEE, Meng
B van Dyk noxa3ser B CBOATS CTSTHE, 9¢ ESIANHETE
pien Ba EM anropATEMET MOrar fa c€ OTKPEET B
paborara Ea McKendrick » paoeamara 1926 1,
EAKTO H B Hiewre Ba Fisher 1925 1. [5].

OcHoBHATA ®mARes 3amersaga B EM
&ITOPETEMLT € N8 CC MRAACS PCIBCHEE HA TpobueMyT
¢ JHICBAETC CTOMROCTH 9pPed IOCISAORATCIHO
pEIABIHEE B Oo-n¢ceur mpofncyma GATApAHE HA
DhIEETa 6asa faBEm.

EM aiaroTBT»NBT € ZBYyCICIcHHA
HTCpPaMBHA NP OLEAYPR CHCIURIER CC O E-CTRIED K
M-cthaza (E CTLUERTR NOIYIERS CBOCTO HMC OT
AHITAMCEKRYS NyMA expectation, 8 M crenEzrs or
JYMSTa maximization). Hreparasaara nponexypa
SRICYRa ¢ BAYAJHHE OINCHER Ha BECKTOPS HR CPeIEETe
ApATMETHYHE H KOBSpREOHOHHEATA MBTpRAnA. Ha
Ta3H HEYATHR ETCDAIMY JTATICRSNIA TS CTOREOCTH C¢
OTCTPaHSBAT LOCTCPABOM OPEMAXBAHC H3
CNUHHIETe, OPE ENHTO €a Ce NOABAIE. Taxa
OLpBoBeMAORO 6a3sra JHHHE ¢ OT GIHEHEIM, 38
EOMTO HMP HBDIFQIOHES TpH BCHYKE IPHIHANE
ORIER 6833 naEEm. E  cTeOkeTA H3NOI3BA
CIICMCHTATC HA BCETOpPE H3 CpPCAHHETE K
EOBapRaI[NOHHATE METPHIa 38 /I3 @STPAfA CHCTCMA
OT PCIPCCHOHHE YPABHEHHKE, KOETO A4 OIEINET
ppoyorimapeTe ¢ JIC. Ifarra B B - craukaTa o za
saMec™ JIC upes perpecROBENTE 3E8BECEMOCTE
Mexay IpoMeHIEBETEe, B pocnexsamera M-
CTHBOES Ce OPANATaT NOCHCRAOBATEOHO

U—
CT8EASPTHEIC O$opMynE 38 IOXyYABIHE H3
CPeHET® APATMOTHYHH H ROBAPHAIHOHHATA
METpHTA, HO Bei¢ OT DRABATS 6asa JAHHR OT
BCHYKH €AHEHHIH, BKIOYHTCIHO H TE3H C
NCITLTHEHY 3HA9CHAS OT CTHIER E, AmropETRMLET
OTHOBO C¢ BpLmMA KbM E-CTEIRATA, H3NOTRARER
monydJesaTa HHQOpMamHMs oT M-cThOKara H
Hezopo onend ExTeHRETS ¥4 JIC. Tosa ce cnempa
oT M<cTrER, K410 0OGBORIB3 NEpaMerpm@Ie HA
Gasara MMHEE CPE/EM U KOBAPEMI(WE HR Oasara ma
pocaegaare oncaxn 38 JIC or E- cranxars A TE.

PanarareTo Ha apEaaTa nocpeacrsor KM
ANIUPETHME MORXC 3 C¢ ON[IRINYH B4 ESKEIRAHE HA
»BEpXa” Ha ¢YHENHATA MaKCHMaNnHOTO
npaagonarofme [3]. Taxa HEWANEWTE OTEHKR HA
CPCAHATE ¥ KOBSPHEAHEETC B OEPB3Ta B  Cronxa
MOITAT /A Ce HBPEKAT HIWIHR EOCPAHEEIY Ha

gero. ITocnemsameTe M B E craoxm ca
STaTe® RAd FA2EEYBAHETO, KRTO BCEE3 CIGIBIIEA
BOTA 110 ,ATATEDE IK-BOCOED’ [0 ITETH XEM BEDXQ,
Ilps gofmixARibe HA NERNBATA TOIKE CTHUKHTE
CTABAT HCE II0 MANKA H HO-MANKA JOKATO
OPSACTHEST AR ¢ A8 CEmMD A TOBS CC BAPHEIA
€nEBSpTEHIPS HA Mofens. Koraro nmpomerHTe BbB
BEXTOpPA HR CPEeIHETE APATMETUYHN H
EOBApHSIHSTAa IPAKTAYCCKE HC HACTHIBAT
INPpOMEHE npe3 Pa’lIBBIHHATE HTCPaARER
MNOICUMANBEIS CTOHBOCT HA (QYHEIASTS H3
MRECUMPIIHOTO IPARAONCA06MD ® AOCTHAIHETA B
DpONeCHT OERIIFIBA.

Tlpeacrapen B NO-taETeMBTHIHpAAR PopMa
EM amropETEMET E3MCANA 110 CORTHUE HETHH, Ja
yo5cTRO ¢¢ E3IOIIB3 GPEMED C JBC APMER/THRD
X 7 Y, Earo JIC ce maGmorasar camo nmpH Y.
TlosEeBafikR MCXAHEIMST HA QyENBOHBPAHE HA
MOTUA3 [PH ABYMOPEH MOAR I TOH JISCHO MOX® I8 €O

0605 33 MAGIRMEPEE.
ThpBOEZIAIHETE YCNOBEX 33 AHANHRS CC
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¢t HIYACNBST MBECHMANHG IPABAONOZ0OHETS
OCHBOBHE MEDAKTCPHCTMER CpeHAa EPATMCTHYHA,
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OUCIepCcHss M KOoBapualus, HeoOXOoquMHu 3a
OILICHKAaTa Ha PErpeCHOHEH MOJEN ChC 3aBUCHUMaA
BenmmunHa Y u (akrtopHa npomennmBa X. E-
CTBIIKAaTa OIL€HsA 3HA4YeHHUsATa Ha Y 4pe3
rapaMeTpUTE Ha MOJZIEJIa:

Ot cBos cTpana Besika E-cThIka e cienBana
oT M cCThIKa, KOATO H3I0JI3BA HOBOOLIEHEHUTE
3HAYEHUs Ha 3aBUCHMara MpoMeHInBa Y U
nocpenctsom ¢dopmynu 1 mo 3 mpeoneHs
XapaKTepUCTUKUTE Ha MOJeNIa 3aJ0XKEHU BbB
dbopmynu 4 no 7. TpssOBa na ce uma nipensu, e E-
CThIIKaTa HE BbBBEXKJA JIUIICBAIIUTE 3HAUYCHUS B
0azara JaHHHU, a CaMO OLIEHS OYaKBaHUTE
CTOMHOCTH Ha Y B II0JI3a Ha M3YMCISABAHETO HA
OCHOBHMTE XapaKTepUCTUKU Ha OazaTa [aHHHU.
[IpouechT mnOpuKIOYBA KOTATO MPOMEHHUTE B
OCHOBHUTE XapaKTEPUCTUKU CTAHAT KJIOHSIIIN KbM
HyJa.

AJropuTBMBT 32 YyBeJHYaBaHe Ha
JaHHUTE, € MHOTO OJM3BK 0 U3BagKuTe Ha ['noC
(Gibbs sampler), koliTo OT CBOsI cTpaHa € popma Ha
Mosute kapio anropurbma - MCMC (Markov chain
Monte Carlo). Kakro e u3zBectno MCMC e c6op ot
TEXHUKH 3a IOJIy4aBaHETO Ha TICEBIO-CIyYyallHU
onuTH (M300pH) OT BEPOSTHOCTHH PA3MPEIEICHUSI.
[Ipe3 nmocnennute 30 romuuu Te ca 0OEKT Ha TIO-
0COOEH MHTEepeC U ca B OCHOBAaTa Ha JI0CTa J100pH
NpakTHECKHU pEelIeHHs Ha MHOI0 3aJadu.
OcnoBnara 11en1 Ha MCMC e reHepupaHeTo Ha €1HO
WJIY TIOBEYE 3HAUCHMS Ha ClTydyaiiHa MIPOMEHJINBA Z,
KOSITO THUIUYHO € MHOroMmepHa [3:ctp. 68]. Enno
OBbp30 ONKCaHNE HA METOa MOXKE JIa C€ HATPaBHU 110
cnequusi HaunH. Heka ¢ P(Z) = f(Z) ce o3naum
IUTBTHOCTTa Ha Z, KOETO C€ Hapuya U yenego
pasnpedenenue Ha npomeHaueama. ChIO TakKa ce
renepupa pemuuara {Z", 7%, 7°,..., 7",..}, B
KOSITO BCEKH CJeaBall €JIEeMEHT 3aBUCH OT
NpEeIXOJHUsS MO HSAKAKbB HAYUH, U KbAETO
IPAHMYHOTO MAPTUHAIHO pasnpenencHue Ha Z°,
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nput , e f. [Ipu t gocTaTbuHO TONAMO, 7" moxe ma
ce pa3riex/ia Kato ciaydaiiHa uzBajaka ot f. Cunara
Ha MCMC e B ciydyaure, KOraro € HEBb3MOXKHO
WJIM MHOTO TPYZIHO J1a CE€ HAIIPaBST CIIy4yaiHU OMTUTH
JTUPEKTHO OT f, HO € MOCTHUKUMO J1a ce TeHepUpar
peutm ot Tuna Z" 3a csika n3yyaBaHa IPOMEHIIHBA.
Metonbr MCMC 00UKHOBEHO ce Kiacupuimpa
karo beiicoB mnm karo ,,belicoBa moctepropHa
cumynanus’.

HU3Bagkute Ha I'ndc (Gibbs sampler) ca
MOXke Ou Hai-momynsipHuss BapuanT Ha MCMC.
MeToasT € KpbCT€H Ha aMEepUKaHCKHUS (PH3UK,
xuMuk u Marematuk Josiah Willard Gibbs
(11.02.1839 . 28.04. 1903 r.) OT HETOBUTE aBTOPHU
Oparsita Stuart and Donald Geman mipe3 1984 . [3],
HO TIOJTy4YaBa CBOSITA MOMYJISIPHOCT MO-KBCHO TIpe3
1990 upes myonukanusta Ha Gelfand u Smith [4].
CrInHOCTTA Ha U3BAAKUTE Ha I MOC MOXe 1a Oble
Mpe/ITaBeHa HaKPaTKo IO CIeIHUS HAYUH.
Hexka ciryqaitnus Bektop Z ce pasnenu Ha J
MOJBEKTOpA:!
7=(Z2,72,,....7).
Heka P(Z) npencrass pa3npeneneHUeTo Ha
Z, XOeTo B OIpeIe]IeH aHalu3a € HeoOXoauMo Ja
O0pae cumynupano. [locpencTBoM H3BaaKUTE Ha
I'ubc ce mpaBsAT MOCIENOBATEIHU OMUTH OT
3aBUCHMOTO paslpe/iesieHue Ha BCEKH MOJBEKTOP
MpU JaJeHd BCHYKH OCTaHanu. Torama, MpHU
3Ha4YeHHE Ha Z BEKTOpa Ha CThIIKa t:
70=1797" .. 7",
MOJKE J1a CE 3amuIIie 3a CThhKa (t+1):
Z(m): {Zl(ﬁl), Zz(ﬁl)" . ZJ(M)}’
KOETO Ce M0JTy4aBa OT MOCIJIEOBATEIIHUTE OITUTH OT
YCIIOBHUTE Pa3IpeICIICHHUS
(t+1) ® 7 ®
)
2 2 1 943 9™
(8)

(t+1) (t+1) (t+1) (t+1)

Z; " ~P(Z, | Z7 2y, L)
Kazano no apyr HauuH, Ha BCAKa UTEPALIMS
C€ NpaBAT W3BIMYAHE HA 3HAUYEHUATAa Ha Z, OT
YCIIOBHUTE pasnpenenenuss Ha Z,, Z,, ..., Z,
3aBUCUMHU BCEKHU BT OT IMOCICIHUTE HAIpPaBEHU
OIIUTHU IIPU OCTAHAJIUTPE YCIOBHU Pa3NpEACIcHUs

HA [MOJABEKTOPHUTE.

1
Crep nonmydaBaHe Ha 3HadeHusTa Ha Z',

2
10 aHJIAIOTMYEeH HA4MH Ce MpoAbkapa 3a Z'~,
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Z"Y ntH. Penunara Z mput=1,2, ..., ] o6pasysa
MapKOBCKa BepHra, KOSTO HMa paslpeiesieHue
uneHtuyHo ¢ P(Z) rakosa, ue Z(t) — Z, koraro t —
Q0.

AJTOpUTHMBT HA YBeJHYaBaHe Ha
JaHHUTE € TMposiBa Ha WH3BaAKUTe Ha [HuOC
npeacraBed ot Tanner u Wang 1987 r [7]
CIIEMAJIHO 32 aHAJIW3 Ha JIMIICBALY CTOMHOCTH. B
yBOJIa Ha CBOSITa CTATUsl T€ OMUCBAT Mojeja KaTo
KOHKypeHTeH Ha EM anropurbma 3a peliaBaHe Ha
npoOiIeMbT Ha MaKCUMU3UpaHe Ha (PyHKIHATA Ha
MPaBIONOA0OHETO, B CIIy4auTe, KOraTto TS He MOXKe
na ObJe ampoKCHUMHUpaHa 4Ype3 HOPMATHOTO
npasaonoaodue. B To3m ciaydail MaKCHMaHO
MPaBIOTOAO0HUTE OLEHKH M TEXHUTE TPEIIKU HE
MoraT Ja ce H3MOJM3Bar 3a MOoJdy4YaBaHETO Ha
BaJMIHU 3akimodeHus. [Ipu mpencraBsHeTo Ha
MeToza TpsiOBa /1a ce uMa MpeABU, Ye ce pasnosiara
C CIly4ailHUsI BEKTOp Z U TOW € pasleseH Ha JBa
MOJIBEKTOPA, Z = (U, V), ¥ pasnpeaeneHneto P(z) e
MOXe J1a Obae CUMYIHpPaHO, HO YCIOBHHUTE
pasnpenenenus P(u|v)=g(u|v)uP(v|u)=h(v|u)
Morar.

CnenBailkiu JIOTMKaTa TMpEICTaBEHA IMpHU
u3BajgkuTe Ha ['MOC, TO ako ce HalpaBu U3BAJKA C
o0eM m OT pasnpeleeHUueTo, KOEeTOo ce
anpOKCUMUPA KbM IIEJIEBOTO pa3npeaeantue - P(z),
IIpU UTEpaLys t MOXKe J1a ce 3arule:

79=(2",2°,.... 2. ) =((u",v,"),

(", v, (0, v, "))

Ta3u u3Bajka ce BB3NPOU3BEXKAA B JIBE
CTBIIKH 110 OTHOIIIeHUe Ha u u v. [IbpBara,

U(m) _ (ul(m)’ uz(ﬁl),' . um(ﬁl))

ce IMojyueBa 4Ype3 CIy4aeH HE3aBUCUM
nox6op Ha u,""” ot pasnpeneneruero g(u | v,"), mpu
1=1,2, ..., m. Bropara cTpnka u3nuckBa ciry4daiiHa
HE3aBHCHMa W3BaJIka MPH paBHA BEPOSTHOCT 3a
noa0op OT KOMIIO3ULUSITA OT 3aBUCUMUTE
pasnpenenenus h(v|u™"), or kbaeTo ce nonyuasa:

(t+1) __ (t+1) (t+1) (t+1)
V=, v, ,...,,V, ) Karo
)
Taka HoBaTa u3BaiKa npu t+1 nma Buaa:
(t+1) (t+1) (t+1) (G2
Z _(%1 (922 9'(“7 'm - (
_ (t+1 t+1) t+1) (t+1) t+1) (t+1)
_((ul » V) ),(u2 >V )""5(um > Vin ))

W3non3Baiiku (ykiponaneH aHanu3 Tanner
u Wang nokaspat, ue pasmpeneneauero Z"
KOHBeprupa kvM P(z), npu t — co. PazMepbT Ha m He

e HykHo 1a 0bae roism. Karo ce Bmxaa mpu m=1
DA anroputsMbT ce TpaHchOpMHpa BB BapHUaHT
Ha u3BagkuTe Ha ['mbOc (8), mpu koito J=2. Axo
BTOparTa CThIIKA OT aJropuThma ce Moauduupa B
HE3aBHCHMHU OIHUTH OT CHOTBETHHUTE YCIOBHHU
pasmpaeneHus, BMECTO OT KOMMO3UIUS OT
pasmpenenHusl, mokasaH B (9), a IMEHHO:

v ~h(v|u“")3ai=1,2,...,m

TO aJTOPUTHBMBT C€ MpeBpbhIIa B m
HE3aBUCUMH, TMapajelHu MPUIOXKEHUS Ha
u3Bajkute Ha ['ubc [6, crp. 71]. Kommo3urusita ot
YCIOBHUTE pasznpeneneHuss h(v | u) Ha Bcska
uTepalys Morar Ja He JajarT TOoJKoBa J00pu
NpakTHYECKH pe3yJiTaTH B CKOpOCTa Ha
KOHBepreHnuaTa Ha Z”, HO KOrato m e ToJsMo
paBeHcTBara mpenactaBeHn B (9) maBar moOpa
aQHAIUTUYHA aTPOKCUMAIIHS HA ITBTHOCTTA , aKO
mo00Ha anpoKCUMAaIIMs € )KeaHa.

AHAJIU3 HA JTAHHUTE

ITocnenoBarenHo ce ChIOCTABAT pe3yATaTu
Moy4eHu o Tpute Matoaquku EM anroputrsm, DA
anropuTbM ¥ DA anropuTeM TpU JaHHU 34
HayaJHUTE mapaMeTpH (CpeIHH U KOBapHallMOHHA
Marpula Ha npoMennuBure) or EM anroputbma (B
W3CIIEIBAHETO 3a KPATKOCT Ie ObJe O3HAYEHO C
DA(em)). Kakro Bedye O6e orOens3aHo, JaHHUTE ca
paznenieHu B niBe rpynu  Kiactep 7 U ocTaHanu
KJacTbpd B 3aBUCHUMOCT OT HalpaBeHaTa
KJlacTapusanus Ha nanHute B HaGmiomenuero Ha
pabotnara cuna B bwiarapus 3a 2007 1. B [8].
OcHOBHUTE XapaKTEepPUCTUKH CPEIHU
APUTMETUYHH W CTAHJAPTHU OTKJIOHEHHUS - Ha
npomensiuBuTe pu Kimtactep 7 ca momectenu B Tad.
1. Te ca oueHeHu mpenw mnpoleaypara Ha
BbBEXK/IaHE, HO CJIE]] OL[CHKA Ha MapaMeTpuTe Mpu
ormucanute anamu3u. OueBuaHa € OnMM30CTTa HA
pe3yATaTuTe Npy BCUUKH aHAJTU3H.

Anamusute ce mposexaar ype3 NORM
codryepeH makeT paszpadboreH ot Schafer, J.L. 3a
nenute Ha obpaborkara Ha JIC. ToBa obsicHsIBa U
HSIKOM Pa3JINyus B Pe3yJITaTUTE [IPEICTABEHHU B TOBA
u3cienBaHe U B [8], KBAETO H3YUCICHUSTA ca
HanpaseHu upe3 SPSS 16.

IIspBonavanno ce npuinara EM
aJIropuThMa, KOMTO JOCTUra KOHBEPreHIUS MPHU
62-para uTepanus IpHU OLEHKA HA MAaKCUMAJIHOTO
npasaonogodue MII = -5704,37. Ouenkute Ha
OCHOBHUTE XapaKTEPUCTUKH ITPU IPOMEHIUBUTE C
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JIC cnen wnampaBeHOTO BbBexgaHe oT EM
arjopuThMa ca moMecteHn B Tabm. 2. IlpaBu
BIEYATIICHUE CHWIXKABAHETO Ha CTaHIapTHAaTa
rpellika B CPaBHEHUE C TbPBOHAYAIHUTE 3HAYEHUS
Ha TPOMCHJMBHUTE WJIM T. H. HaOIIOIaBaHU
CTOMHOCTH®, KAKTO M eKCTPEMATHUTE CTOHHOCTH B
pasmpenaeneHusita mno-rogeMu ot 90 wyaca Ha
ceqmuua. /lmarpamara Ha pasnpenesieHusTa ce
noka3Bat B ['pad. 1,a95% nosepurennu

HHTCpBAJIX HaAa CPCAHUTC APpUTMCTHYHU Ha
BbBeJIeHUTE CTOMHOCTH Ha [ pad. 2. V3kimounTeHo
rojeMusi €KIeC Ha W3XOJHUTE JaHHU € 3ala3eH U
cieq BbBexkAaHeTo. Hemno, koeTto He ce BWXKIa OT
MpPEACTAaBEHUTE pe3ylarard, € Y€ BbBEIACHUTE
CTOMHOCTH J100Ope BB3MPOU3BEKIAAT EMIUPUUYHOTO
pasmpenencHre Ha HAOMIOMaBaHUTE CTOMHOCTH, HO
0e3 Ja 1aBaT TOJIKOBA TOJISIMO TETJIO Ha MOAAHATa
CTOMHOCT.

Ta6auna 1. OCHOBHM XapaKTePUCTHKHU HA0II0aBaAHUTE CTOIHOCTH HA MPOMEHJIUBHTE

NPH NPUIOKEHHUTE aHAJM3HU 3a JaHHUTe oT KascTnp 7

IIPOMEH | CPEJHHA MAPAMETPU HA | IAPAMETPH HA IAPAMETPHU HA
JINBA APUTMETUYHHA N MNPOMEJIUBUTE | [IPOMEHJIUBUTE | IPOMEHJ/IMBUTE

CTAHJIAPTHH CIELEM CJIE]] DA(em) - 1000 | CJIEJ DA - 1000

OTKJIOHEHMSI HA UTEPALIAU UTEPALIUU

HABJIOJABAHUTE

JTAHHH

CP. CT. CP. CT. CP. CT. CP. CT.

APHT. OTKJL APHUT. OTKJL APHUT. OTKJL APHUT. OTKJL
v14 61.3580 7.72655 61.3512 7.60949 61.2138 7.42120 61.2138 7.42120
vl5 1.97636 0.157626 | 1.97636 0.157591 | 1.98102 0.160776 | 1.98102 0.160776
v16 0.255692 | 1.66417 0.255692 | 1.66380 0.209866 | 1.70139 0.209866 | 1.70139
v17 1.91900 0.355185 | 1.91900 0.355107 | 1.92362 0.364516 | 1.92362 0.364516
v18 0.0547285 | 0.334967 | 0.0547285 | 0.334893 | 0.0641897 |0.335863 | 0.0641897 |0.335863
v19 1.97767 0.204913 | 1.97767 0.204868 | 1.97627 0.206314 | 1.97627 0.206314
v20 0.156305 | 1.83856 0.156305 | 1.83815 0.153062 | 1.83004 0.153062 | 1.83004
v21 0.128284 | 1.40449 0.128284 | 1.40418 0.122177 | 1.39399 0.122177 | 1.39399
v22 61.4314 8.05913 61.3635 8.15735 61.3244 8.15384 61.3244 8.15384
v23 2.93564 0.281989 | 2.93564 0.281927 |2.93771 0.283379 | 2.93771 0.283379
v24 0.0223292 | 0.251026 | 0.0223292 |0.250971 |0.0215159 |0.254036 | 0.0215159 | 0.254036
v25 59.9337 8.92692 60.3989 8.30762 60.3729 8.35125 60.3729 8.35125
v26bgr 5.85902 3.21684 5.85902 3.21613 5.73158 3.19571 5.73158 3.19571
v26va 2002.06 492017 2002.06 4.91909 2001.85 4.96252 2001.85 4.96252
v26vb 2.05035 3.38060 2.05035 3.37986 1.98264 3.38602 1.98264 3.38602
v26g 0.699212 [ 0.938391 |0.699212 |0.938185 |0.681140 |[0.947798 |0.681140 |0.947798
v26d2 1.09238 0.289628 | 1.09238 0.289564 | 1.08626 0.301350 | 1.08626 0.301350
v26d3 0.115149 [0.385181 |0.115149 |0.385097 |0.105337 |0.402799 |0.105337 |0.402799
v26d4 0.789405 | 3.56859 0.789405 | 3.56781 0.723341 | 3.72948 0.723341 | 3.72948
v26egr 0.0245184 | 1.17176 | 0.0245184 | 1.17151 0.0307248 | 1.18481 0.0307248 | 1.18481
v26j 5.42338 2.59768 5.42338 2.59711 5.53314 2.62544 5.53314 2.62544
V262 1.76795 0.423269 | 1.76795 0.423176 | 1.77791 0423184 | 1.77791 0.423184
v26k 1.84151 1.00298 1.84151 1.00276 1.81641 1.01311 1.81641 1.01311

2
Ta3u yact or IIPOMCHIIMBUTE, 3a KOUTO MMa PETHUCTPUpPAHa

nHpopmanus npu Habniogenuero Ha paboTHaTa cuia.
Hab6nronaBanure croiiHocTH 3aeaHO ¢ BEBeneHuTe JIC mpaBsT 6a3ara
JTaHHH IThJIHA.
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