
PEUEH3I,Ifl
or rlpo(b. A-p r4Hx(. Bopuclan [ulrurpoe Mapuuon

Ha II{cepraIII4oHHIlt rpyl Ha fJr. ac. uuN. Xpucro Crosnos Hlrrcoros
Ha reMa: ttflpra.roxeHl{e Ha ne,runefirur MeroArr or reoprrflTa 3a pa3rro3naBaHe na o6paru n

AI{craHIIrroHH[Te rr3cJreABaHIrfl Ha 3entq.ratt

3a [pl4cbxAaHe Ha o6pasonareJrHara r,r HayqHa crerreH tt4oKtoptt -

o6racr Ha Br.rcrre o6pasonanue 4. Ilpupoduu uayxu, MameMamuKa a anQop.wflmuKa)
npo(feczonirnHo HanpaBJreHr.re 4.4 Hayxu sq 3e*tnma,

HayqHa clequanHoer "r{ucmaHquoHHu uscnedeaHun Ha 3emnma u nnaHemume"

Ilpe4craneHara peueH3prf, e r{3rorBeHa B cborBercrBr.re c r43LrcKBaHVflTa Ha 3PACPB u
flpanumrura 3a HefoBoro npunafaHe r.r rrr. 20 (3) or flpanurHr.rKa 3a ycnoBr4rra 14 peAa 3a
rpu4o6Irnane Ha HayqHIr creIIeHLr sa tr4KVIT-EAH u Ha ocHoBaHr4e Ha 3anoBeA Ha Ar,rpeKropa Ha
I4KI4T-BAH sa Ha3Ha.raBaHe na Hayuno )Kypn (san. J\lo 115 / 09.10.2018 r.) u penennflranaxypr4ro,
B3err4 Ha HeroBoro rrbpBo 3aceAaHr4e, npoBeAeHo sa 15.10.2018 r.

1. O6uu cBeAeHrfl 3a nporleAypara
I,IuN. Xpucro HzroroB e 3aql,rcJreH 3a IoKTopaHT Ha caMocrorrenHa no.qroroBKa KbM ceKrlrlt

"CucreMrl 3a AVcraHrILroHHrz Lr3cneABaHprfl" Ha I4KI4T-BAH, cvurauo or 09.07.2002r. HayvHlr
KoHcynraH^IvHa AoKropaHraca6ull,u Aou. I-p uHx.,{ofino flerros u npo(f.4-p Boftuo Boftqee. Tofi
e rIoJIoxI,IJI crlequaJllr3krpanvre cuvr3rrvtrvr no,{acranqrroHHr4 r43cJreABaHlrfl npe3 u. (fenpyapu2003 r.
c orJrr4qeH ycnex (5,75) r npe3 M.roJur 2006r. c orJrr.rqeH ycrex (5,75). [orropanrbr e orqlrcJreH c
rlpaBo Ha 3arrll4ra Ha 12.07.2016r. flpoqe4ypra 3a 3an\vffa e orKpr4ra cneA oKoHqareJrHoro
prurnexAaHe na pa6orara rlpeA pirrxr{peH cbcraB Ha ceKrlr4rra "Cr4creMr,r 3a AucraHrlrroHHr.r
kr3creaBaHkrfl", rpoBe.qeHo sa 25.07.2018r. Perueuuero ra ur6op Ha xrypu n orKpr.rBaHe Ha
rpoqelypa 3a 3arqr.rra e B3ero Ha 3aceAaHr.re Ha Haytuux cbBer ya VIKVIT-EAH or 04.10.2018 r.
(flpororon J\e 33).

flo npoqe4ypra 3a 3arrllrra AoKTopaHTbr e npeAcraBr4n cneAHtrre Marepuurkrl.
- aero6zorpa$ux:.
- 3anoBeA 3a xyplrro Ns I l5109.10.2018 r.;
- Korlrat or nporoKonl,ITe 3a v3r'nlvrre - 2 6por, 3a clleqrranu3vpaHr4 Lr3rrvtrvl [o

[ucranquoHHr.r r43cneA Ba:r.:afl;
- AkrcepTa\vs;
- KorrIar na ny6rraraurrr.rre no Ar{cepraur.rrra;
- anropeQepar Ha Ar.rceprarlr{rra.

2. CseleHlafl sa KaHArrAara
Xpzcro Crosnoe Huro:ron e poAeH na 19 uapr 1966 r. Tofi npra4o6rana o6pasonaremro

xna,ruQuraq[oHHa creIIeH Marl,Icrsp c rnatrulpzKaUr4r "IrluxeHep no aBToMarv3a\vs. Ha MVHHoro
npou3Bo4ctno" e MuHHo-reoJIoxKI4fl yHl{Bepcvrer "CB. Llsau PurcKr4" (Mznno-reoJroxKpl
raHcuaryr), KbAero cne.4Ba B rreprroAa 1984-1990 r. llpe: nepr{oAa or M. flHyapu 1998 r. Ao
M. AeKeMBpu 2002 r. pa6oru Karo I4HXeHep ro r.r3rparAaHe r.r norrpbxKa Ha JroKrurHa Mpexa,
clacreMHa noAApbxKa Ha ctpBbpu rrrr.r feo$u:uunhfl, vrncrvrryr Ha EAH, B rrepuoAa or M. rnyap[
1990 r. Ao M. IoHI4 1997 r. pa6oru Karo co(fryepen LrHxeHep - cnerlr4anr.r3r4paHo nporpaMHo
oc[ryptBaHe KbM "Jla6oparopkrrTa no cJrbHqeBo-3eMur.r nr:4eficrnzfl" Ha EAH, a B nepuoAa or
M.IoJII4 1997 r. Ao M. IoHLI 2010 r. e HayrreH cbrpyAHr.rK or III crerreH Ao I crenen ro
reoun$oplnnarlIKa LI Molenupane c fIzIC, o6pa6orra Ha AaHHrz u u:o6paxeHrrr KbM "Jla6oparopkrflTa
IIo cJrbHqeBo-3eMHr.r nrsreficrnkrfl" Ha BAH. Or nr.ronu 2010r. Ao MoMeHTa e rJraBeH acr4creHT rro
reoun(poprraarrrKa r.r MoAenr{pane c fIrIC, o6pa6orrana plarevrn u:o6paxeHr4r B I4KI4T-BAH.

Karo nayueH cbrpyAHI4K KBM "Jla6oparopLrfl^Ia ro cJrbHqeBo-3eMHu nr:4eficrnufl" Ha EAH e
BoAI4n ynpaxHeHut rlo AI4cIII4rIJII4Hara ",{ucraHqraoHHll r{3cJre.4BaHr,rr u o6pa6orra na ueo6pa)Kenvtfl"
xru Mranno -reoJroxrKr4s yHr,rB epcr,rrer "CB. I4saH PurcKr.r".

Irlnx. Xpucro HuroroB e npeAcraBr,rJr 5 ny6nurauur{, Kor.rro ca BKJrroqeHLr B HeroBara
.4lrceprarluoHHa pa3pa6orxa. Csoure pa6oru rofi e ny6nnrynar Ha MexAyHapoAHr,r cr.rMno3rryMr,r rr
ron(pepenquu n Burapvs. u HaKoHrpecrr n uyx6una.
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3. AHarus Ha ArrceprarlnoHHl{fl TpyA

,{zcepraquoHHr.rrr rpya e o$opuen e o6IrI o6eu or ll4crp., or Kor.rro 110crp. reKcr,
clrrqbrlr4 na Surypure, ra6lzuure v r43rroJr3BaHlrre cbKparlleHvt. Tercrosara qacr BKJIroqBa
cbAbpx(aHr.re u paapa6orKara Ha Ar{ceprarlproHHr4r rpyA B o6eu or 101 crp., c BKJIIoqeHu 68 (furypn z
27 la6lrutlr4, KaKTo Lt clpaBKa 3a rrpr,rHocr4Te, cru4cbK na ny6rura\wre no Alrceprallltqra, crLIcbK c
rr3rroJr3BaHa nlrTepaTypa.

.{ucepraquoHHr4.f,T TpyA e o$opueu B rrer rJraBr4, Karo rrbpBara rJIaBa e yBoAHa.

3.1. Itenu u sodaqu na padomama
I{enzre v 3a7lartnre Ha prupa6orrara ca $opuyrlrpaHu tcHo B yBoAHara nbpBa rJIaBa.

Teuara Ha Ar4ceprarlnoHHvrfl. TpyA e aKTyanHa u uMa BaxHo rrpaKTlrqecKo 3HaqeHlre sa noAo6ptBaHe
Ha roqHocrra r.r AocroBepHocrra Ha pe3ynrarr,rre or ruacz$zrar1vsra Ha MHoToKaHaJIHI,I cIIITHLIKoBII

AaHHu, r.r3rroJr3BaHr{ 3a aHaJrr43ur B pa3nr4qHrr crorraHcKr{ orpacnl4 LI HayqHIa o6racru. Kpmrr na
rrocraBeHr,rre 3aAaqu BKJrrorrBa reMarr,rqHa rracu$urarJvtfl. Ha o6exru or 3eMHara rloBbpxHocr,
rlocpeAcrBoM I43non3BaHero Ha HeJrr4Hefinz uoAe:ru. Ooprraynupa:e.r ca reoperI,ItIHLITe acrIeKTlI,
cBbp3aHr,r c nprlnaraHero Ha aIeKBareH MareMarr4rlecKla arlapar rIpLI Knacu$uxaquara u [paKTI4qeH
acneKT, xoftro ce cbcror.r B anropprrMr,r3lrpaHe Ha rIpI4naraHLITe Mero.4I,I vt paspa6ornane Ha

npofpilMHr{ rrpoAyKTr4 Ha e3prrlu oT Br,rcoKo HprBo pr TtxHoTo I4HrerpLIpaHe B IItnocTHa npofpfiMHa
cI{cTeMa.

flpe4uer Ha Lr3cneABaHero ca HerznefiHrl MeroAr,r r.r MoAeJrr{, nplrnaraHl4 :a uacu$uKallut
Ha MHofoKaHaJrHr,r crreKTpar'ruvr plaH:nvr (MKCD 3a LI3cneABaHe Ha aHTponoreHHoro erg.ueficrsue s
flanarropcnus Mr.rHeH pafion 3a roALIHI4re 1999 u2006.

Ocnonnr,rre qenr4 Ha Ar4ceprarlfiflTa ca rfoprr,rynrapaHl,I Karo cb3AaBaHe Ha LIHoBarI4BHa

MeroAr.rKa sa no46op u lpeABapr,rreJrna o6pa6orxa na MKC.{, u:6op pI TecrBaHe Ha LI3uoJI3BaHI,ITe

MoAeJrlr upu o6pa6orKara u paspa6orBaHe Ha clrcreMa or Kpr4repw 3a oIIeHKa Ha pe3yJlrarl4re,
nonyqeHu rrpu pr3non3BaHe Ha pa3nLIrrHI4 MeroII,I sa rlacv$uKaul{t.

flocraseHlrre rlenu ca KoHKpervgvpanu B rrocraBeHrlTe 3a perraBaHe Ha ga4arrv rro cb3AaBaHe

na reo6asa AaHHr.r (fBD sa flaHarropcKlrr Mr.rHeH pen.roH, nefiuoro o6nosseaHe 14 aKryanLI3I,IpaHe
B:sB BpeMero, BpeMeBvr alaJwr3 Ha npoMeHlrre B KJracoBere na fE.{, TeopervqHo o6ocnonaBaHe Ha

fip[naraHero Ha nenraHefinu MeroALr or reopr4rra 3a pa3rro3HaBaHe ua o6pazu I4 T{xHoro aAarIT}IpaHe
3a reMarrrqna rlacu$krKar\vrfl. na o6errr.r, BKJrrorrBaHero Ha AorrbnHr,rrenna nntpopMallllq, piBnI,IrIHa or
crreKTpanHrrre AaHHr.r, $opuynupaHe Ha rrapanenHlr npoueAypr4, noJr3Balrlr4 crarlrcrl4qecKl,I Mero.4LI,

CbBMeCTHO C MOAenu Ha HeBpOHHLI Mpexu u MeTOAa Ha OIIOpHvTe BeKTOpI'I, TSXHOTO

eKcrrepr4MeHTiurHo [pr4naraHe v BNrLrIr4paHe Ha nonyqaBaHr{Te pe3ynTurr4 vI MoAeJrI4, LIHTerp[paHe Ha

nonyqeHr4Te MoAenr,r Ha pa3rro3HaBallr4 nporleAypu KaTo BbHrrrHr.r MoAynI4 B cbuIecTByBarII4
lporpaMHr{ rrpoAyKTr4 :a o6pa6orKa Ha AaHHu or Ar4craHrILroHHr4 r43cneABaHr4r.

3.2. Cnd'upsrcoHue Ha ducepmaquoHHun mpyd
lrpna rJraBa or pa6orara e Bgrbrrr4TeJrHa rz BKJrrorrBa Bbnpocr,rre, 3acsraql4 o6exra u

o6xsara Ha Ar.rceprarlrroHHr{r rpyA, aKTyanHocrra Ha upo6leua u cbAbpxa SopvrynupoBKllTe Ha
qenr,rre vr 3a4arryne na pa6orara.

Bropa rJraBa e rrocBereHa Ha npo6:rerraau,rKara Ha AprcraHrlrroHHr{Te Lr3cneABaHIrt.
PagueAann ca o6lacrzre Ha np[noxeHlre u pelraBaHnre 3a4arrv, cbrrlHocrra Ha eKcrrepprMeHTa npu
Ar,rcraHrlr,roHHr.rre pr3cneABaHr,rr, orpa3enura v co6crseHa pa4ua\vfl Ha rlprlpoAnIare o6pa:yBanur*,
MeroAVTe kr anaparypara 3a perr{crpl4paHe Ha orpa3eHara pap.kra\vs BbB BITALIMaTa vI 6rusrara
un$pauepneHa 3oHa. Il'upeunm pazden (fopuy.nupa rprrerara B Ar{ceprarlvronnufl rpy.u .ueQunuuur
orHocHo Qusu.recxara cbrrlHocr na IW cbrJracHo (Muuren 1981) - "4ucraHqI4oHHLITe LI3cJIeABaHvs. ca
cBbp3aHr,r c r,r3MepBaHe Ha KoJrr,rqecTBeHr4 rrapaMeTpr4 Ha eneKTpoMafHI4THoTo IIoJIe, I43JIbqBaHo I4JILI

orpa3eHo or rrpr4poAHvre pr aHTporroreHHlr o6pazysanux". lucranquoHHl4Te I43cneABaHLI.s ca
oTHeceHr,r KbM KaTefopvflTa Ha HeAecTpyKTlrBHhre MeToII{ 3a lonyrraBaHe Ha AaHHLI 3a KoHKpeTeH
o6elcr, [pr.r KoLrro r,ru(popuaqns.3avaclre4Banvrs. o6err ce nonyrraBa qpe3 rlpoBex{AaHe Ha pl3MepBanvs.

or orrpeAeneHo pa3crosHue 6eg Ar4peKTHo cbnpvKocHoBeHr.Ie c o6erra. .{e(fraHIapaHr ca HafIHLITe I{
lpunoxHr.r o6nacru [pr4 ArrcraHrlr.roHHr4Te Lr3cneABaHI4fl ([VT) - Mereoponorux, reo$vIsvIKa, reoJloruq,
xprAponor[f,, ceJrcKo Lr ropcKo crol]aHcrBo.

Bmopunm pazden Ha BTopa rJraBa rrpencraBr cblrlHocrra v oco6eHocrure Ha

eKcnepl{MeHTilJrHoTo I43yrraBaHe rrpr4 AI,IcTaHrIr4oHHr.rTe u3crrel.BaHufl, KoeTo ce ocHoBaBa Ha

cneqraSuuuoro B3ar.rMoAeficrsue Ha pa3nr,rqHr4Te npr4poAlr^vr. u aHTporroreunu o6errv c'r,c cJIbHrIeBara

Peqensur Ha Ar,rceprauxoHHlrfl rpyA Ha aH)I(. Xpracro Huxo:roe flpeAcraeun: npoQ. E. Mapuaon
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parva\Lrfl, lloco.reHu ca ocHoBHrrre KoMnoHeHTu, Kolrro ytracrBar B npoqeca Ha nonfraBaue Ha

AaHHr,r or Ar4craHrlrroHHr.r r.r3cne.qBaHus: o6err Ha u3cneABaHe, kr3TorrHt4K Ha eJreKTpoMarHvrrHa
eHepru.s, npeHocHa cpeAa r{ pefrrcrpr{parua anapaTypa.

B mpemun patden Ha BTopara rJraBa ca anurvt3vrpauu $uzuqecKure npr4Hrlr4nr,r Ha r43JrbqBaHa

eneKTpoMarHI,rTHa eHepilis B 3aBLrcprMocT oT rrapilMeTpr4Te Ha l43JrsqBarqur r,r3TorrHlrK lr crreKTpzrnHuTe
orpaxarenHra xapaKTepr.rcrr4Krr na o6errrare. PagrreAaHa e cbruHocrra Ha 3aKoHa na fhaur, rofiro
xapaKTepr{3prpa crreKTpanHr4r cbcraB Ha r,r3JrbqBaHara or a6comouro qepHo rrJro eHepn4t B

3aBr.rcr.rMocr or reMfleparypara, KaKTo r,r rroJryqaBaHero Ha 3aKoHa na Cre$an-Eorquan upe:
HeroBoro rrHTerpupaHe. flpe4cranenu ca cblrlo npr{MepHl{ cneKTpanHl{ orpaxarenHl4
xapaKTepucrrrKLt Ha ocHoBHr4 TI{rIoBe ecrecrBeHl,I unu I,I3KycrseHu o6errlr.

B veme'apmun pazden Ha BTopara rJraBa e HanpaBeH rrperneA Ha MeroAlrre r.r anaparypara 3a
Lr3MepBaHe Ha orpireuara pa4vra\afl. BbB Br{ArlMara u 6rugxara un(fpavepnena 3oHLr Ha
eneKTpoMarHvtrHvrs, crreKTbp. ,{e(funupanu ca ocHoBHr.rre KoMrroHeHTrl Ha anapurypara,
[peAHa3HaqeHa 3a perr4crprlpane Ha orpa3eHara pap.va\vs' a B HrKor4 cnyqav na co6crseHara
pa4va\vq or o6erra. flocoqeHu ca oco6enocrprre rrplr perlrcrpr,rparq[ cucreMl,I 3a MHoToKaHaJIHLI

AaHHr4 lz oco6enocrr.rre Ha (foprrazpane Ha xlrlepcrreKTpanHute ueo6paxenur*.
OcHosHure lr3BoAr4, o6o6rqegu or rr3JroxeHlrero BbB BTopa rJIaBa, ca cJIeAHpITe:

- Ar.rcraHrlr,roHHure Lr3cJre.4BaHprfl ([I4) na 3eusra ca c:bBpeMeHHa LI 6rpsoparnuBarrla ce
MynrnAucrlr{nnrlHapHa o6lacr, o6e4unxnarqa [ocrr,rxeHvrs. c reoper[qeH r4 np]InoxeH acrIeKT pI

rro3BonrBarrla peuraBaHe Ha IITLIpoK crleKTbp rlpunolKHa 3a4aqkr;
- IV ce ocHoBaBar Ha reoperr4qHtr 3aKoHr4 or pa3nr4qHr.r A{noBe Ha $nsurcara, Koero e

rrpeAnocTaBKa 3a cb3AaBaHe Ha r4HoBaTVBHt4 vHXeHepHI,I I4 TeXHOJIOIIIqHpI pelIeHI,It 3a [OnyqaBaHe
ua MKCI or !14;

- znQopuaqvsra, v3BlretreHa or MKCI rro3BonrBa ycraHoBsBaHe Ha MoMeHTHoro cbcrosHLle
na o6exrz or rroBbpxHocrra na 3eMsra u npocneArBaHe Ha rrxHara BpeMeBa rvrHaMVKa;

- nn(foprvraqvrsra or [kl e naAeNAen u3ToqHlrK 3a cb3AaBaHero Ha reMarlrqHl4 Kaprl4 LI

pa:pa6ornaue Ha MoAenr.r 3a B3eMaHero Ha o6ocnosaHrd perrreHlrfl npu yrrpaBneHlre Ha rep]IToppl[;
- cborHorrreHr4ero qeHa/pasxoAu npr.r rpafiuu [poAyKTr,r, lonyqeHrrre or .{IrI e Ha noprAbK

no-HI4cKo B cpaBHeHrre cbc cxoAHLr raKLrBa, nonyqeHu rlo Apyrll cnoco6u.
B rpera rJraBa na pa6orara ca piBrneAaHr4 rrprrHrlr{[r,rre Ha [onyqaBaHe Ha MHoroKaH,urHI4

cneKTpanHu nso6paxenvrs., [peABapLrreJrHara o6pa6oma u no4o6prBaHe Ha u4enruSura\vrflTa vr

rruTepnperarlvflTa, Karo r4 cbrrlHocrra Ha ocHoBHlrre MeroAr4 :a r.nacuQuKarlru. Il'tpcunm paeden na
Tpera fJraBa cbAbpxa un$oplraqur 3a Br.rAoBere, rrpr4Hrlrlrra Ha 4eficrnrae v xapaKTepHr.rre
oco6enocu.r Ha MHoroKaHanHr,rre cr4creMr{ 3a perucrpar\ufl.Ha uso6paxenzs. flocoqenkr ca ocHoBHr.ITe
rrpr{Hrlr4na Ha piBAeJUrHe Ha cneKTpanHlrre KaHirJrrr. floryuaeanure uso6pa)Kenvrs. ca rracu$zq[paHl{
Karo MHofoKaHaJrHrr vnrr xrrlepcneKTpilnHr,r c[opeA 6por^ u [rr4pprHara Ha r43rroJr3BaHprre KaHaJrLr.

IrIsscHeH[ ca Mero.qrrre 3a Br43yanpr3arlus. Ha uao6paxenvsra, aHaJrvr3vpanvr ca paAr4oMerpprrrHara
pa3AenlrrenHa cnoco6nocr u [porleAyp]rre 3a npeo6pasynane Ha crofiuocrure nI,IKceJIIaTe B

orpalrarenna cnoco6nocr Ha o6erra (reflectance).
Bss emopu pazden Ha rpera rJraBa e (fopuynupaHa cbrrlHocrra vr ca onurcann oco6enocrure

npu QopuupaHe Ha eraJroHHr.r MHoroKaHaJrHrl cneKTpiuHr,r AaHHLr. flpoqecrr e qacr or rrporleAypara
Ha cb3.uaBaHe ua reo6asa rannvr. Cr4rpNauara ranlpopv'arJvts. BKJrroqBa ocBeH cneKTpanHr.rre
oTpaxaTenHI,I xapaKTeplrcTr4Kpr r4 AonbnHkrTeJrHr,r AaHHpI KaTo BJIaxHocT, TeMnepaTypa n ycnoBprs. Ha
3acHeMaHe. flpuraranzm rroAXoA oplrryprBa B63Mox(Hocr 3a 4enruQpupane Ha ctorBerHr4rr
nprlpoAeH r4nlr aHTporroreHeH o6exr B pa3nnqHu u:o6paxeHvrs., a raKa cbrrlo r.r Bb3MoxHocr Lr

4euru$pzpaHe Ha Apyrr4 o6erru or cbrrlr4r KJrac B cbrrloro :ann [pyrkr u:o6paxeHur.
Tpemunm pasden Ha rpera rnaBa orLrcBa [porleAypara 3a npeABapr{Tenna o6pa6orKa Ha

AaHHr.rre. PasrreAanu ca oco6enocrr,rre Ha rplrre ocHoBHr.r rrlrra KopeKrlrau: cfleKTpoMerpvrrna,
paAr{oMerpvqHakr feoMerpuqna. Cucreuurvr3rzrpalntr ca Lr3TorrHr,rrlr4Te Ha paAlroMerplrvHkr rpelIKLI.

Pasrne4aHra ca reoMerpvrrHvre KopeKrllrr4, Kor.rro Kopllrllpar reoMerputlHl{ HerorIHocrLI,
npeAV3Br.rKaHr4 oT [oJrox(eHlreTo Ha perr{crpt4parrlaTa arrapaTypa B rrpocTpaHcTBoTo vt

lr3KprdBsBaHvrflTa, BHacsHu or orrrr4rrHara cl,IcreMa Ha anapa;rypara. (DopuynzpaHvr ca ABara ocHoBHI{
MeroAa 3a rrxHoro orcrpaH{BaHe, rrocpeAcrBoM KoHTponHLr rorrKLr or 3eMuara IroBbpxHocr (GCP)
lrnu qpe3 rpanc(foplrarllrs MelKAy Ase r.rso6paxeru4t, eAHoro or KoLITo e npuero 3a eraJIoH.

Ouracanu ca oco6enocrure na zro6paxeHr4r cbc cpeAHa pa3Aenr,rrenHa cnoco6nocr or
ceH3opr4Te TM, ETM+ u OLI KaKro pr rpunaraHr,rre npoqe4ypu 3a paALroMerpI4tIHI,I KopeKIIuu,

Peqensra.f, Ha Ar.rceprarruoHHl4t rpyA Ha I,IHx. Xpucro Huxonor llpeAcraral: upor[. E. Mapunon
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lpeo6pa3yBarTl[ [bpBr,rrrHr4Te AaHHIT Ao AaHHr{ 3a eHepfr4fiHa spKocT, per}rcTpr.rpaHa or ceH3opa r4 Ao
crofiHocrr4 Ha orpax(eHr,re. Pa3rne[a[vr ca KopeKrlvlr, orql4Tararrlpl [poMeHI4 B cpeAHaTa rpKocr
rlopaArI pa3rlonoxeHI{eTo B ocBeTeHuta vrv ceHrlecTa qacT Ha cKJIoHa, BJII,I'HTIe Ha cKJIoHa,
I]3JIOXEHI'IE, BTOPI{IIHO I,I3JIbqBAHE }I APYIU.

B qems'bpmafl pa3den Ha rpera fJraBa ce pa3rne)KAa r4Hrepnperr..rparqa rporleAypa Ha
ocHoBara na uacuQrurparqa nporleAypa c o6yuenue. (DopuynupaHe e cbrrlHocrra Ha rporleAypara
3a reMarr4qHa rracz$uraqnr, rtp]r KoflTo sa BceKr.r KoHKpereH o6err rprr6r,a Ia ocr4ryplr
cborBercrBue MexAy rrpeABapzrenno $opnrupanr crreKTpirnHr{ KJracoBe r,r rbpceHpr rlnSopuaqproHHr.r
KJracoBe. Ts ce ocHoBaBa Ha MeroAa Ha rpylupaHero Ha orAenHr.rre BLrAoBe npLrpoAHI,I vl

aHTponoreHHlr olpazynauut B rrpocrpaHcrBoro Ha xapaKrepr{3prpar{r.rre rrpr43Harlu (X[).
Cprcreuarzgvpanrrr ca ocHoBHvrre 3a4arrr{, Korrro rpx6na Aa ce pernar B npoqeca na nefinara
peanr,r3arlrafl.

3a cb3AaBaHe Ha nporleAypa, r.r3BbprrrBarua z4enrzSuraqna Ha o6ertn or 3eMHara
noB:spxHocr na 6agara na MKC.{ or [I4, e neo6xo4uruo Aa 6s4ar HaMepeHrl noAxoAflrrlkI
ArrcKpr.rMr.rHaHTHr.r (fyHrqnu, ocurypflBarru.r HaAexAHo pa3AenrHe na oberrlrre B npocrpaHcrBoro Ha
XfI, nonyueHr,r Ha 6azata Ha reoperuqHr4 [peAnocraBKr,r unu r,r3BeAeHu eMnupurrHo.

B npoqeca na rracuQr4Karlu.fl Ha AaHHr4 or IVI ce rprnarar ABa Mero.4a - rnacu(furaqus 6eg
o6yueHze (r:racrepusaqzx) u ruracu$uKarlr4{ c o6yuenue, Karo pa3rnex,qaHr.r caMocrorreJrHo BceK}I

eAkrH or crroMeHarr,rre Mero.uu r.rMa cBor,rre orpaHlrqeHprr. flpenopruna ce lpr4naraHero Ha
rou6unaqut or ABara MeroAa c rlen MaKcI{MaJIHa eQexrunHocr, npr4 orcbcrBpre Ha AocrarbqHo
AorrbnHu TerHa znSopMaurrfl 3a KoHKperH ut paitole Ha I43cneABaHe.

MeroArr ga rracraSraraqur 6es o6yuenue npeArronara npr4nafaHe Ha anropl,ITbM sa
HilMI,IpaHe Ha "ecrecrBeHo" rpyrrupaHr4Te B rrpocrpaHcrBoro na XfI o6errr,r or rlrnoro MHoroKaHiIJIHo
crreKrpanHo ra:o6paxenue (MKCITI). Cnea Kpar Ha rrporleAypara ce AonycKa, rre BcrKa (fopuzpana
rpyla (rcnacrep - cneKTpaneu rlac) [peAcraBnsBa piBlpeAeneHr.rero Ha BeporrHocrra 3a BceK]I eAI4H

KJrac or un(f opuaqrroHHvre KJracoBe, rrpeAcraBnrBalrll4 I4Hrepec.
flpunaranero Ha rracu$urarlprs c o6yrenue na MKC.{ ce ocHoBaBa Ha npeAnoJloxeHuero,

qe e Bb3MoxHo ya 6azara Ha AaHHr,r or Ha3eMHr,r r,r3cneABanvrs., Kaprr,r, cHLrMKr4 ra Ap. Aa ce
noKurnlr3rlpar MirJrKr,r xoMoreHHu o6racrz e MKCITI, B Koprro cbc cr{rypHocr ca pinnonoxeHr4
o6errrare, lpeAcraBnflBanru r]Hrepec 3a KoHKperHoro r43cneABaHe. Or rsx ce Qopunpar r{3BaAKI,ITe 3a
o6yvenue u Burkr4a\vfl. Ha MoAena, roftro rqe ce cb3AaBa 3a pr3BbprrBaHe Ha reMarr,rqHara
xracuQuxaqur.

B nemun pazden Ha rpera fJraBa ce pa3fnex4a xnacu$r{Kaur.rrra B npocrpaHcrBoro Ha
[plr3Harllrre qpe3 $ynrqzx Ha pil3crorHr.rero. Onucanu ca MeroAr.r or nafi-onpocreHr.rre KbM rro-
cnoxHr,rre. @oprvrynnpa'nvr ca,flapi]nenenlrneAHr,rrr MeroA r4 MeroAbr, r{3rroJr3Baul Maxzurano6uycono
pa3crorHlte, a Karo nafi-.recro [p[naraHll pa3crotHrrr ca nocoqeH]I eBKJILI.4oBoro pa3crotHl4e I,r

pa3crosHprero, QopuupaHo Karo cyMa or a6co.nrorur.ITe crofinocru Ha prunuKlrre. flocoqeHo e, qe
trecro I,I3rIoJI3BaH rpurepufi e Mr{HraMaKcHLrflT, rofiro Ml,rHrrMrl3rrpa pa3crornvrflTa MexAy rorrKure B

Knacrepa r4 MaKcuMkr3vrpa pircrorHr4rra MexAy Knacrepkrre. flpanu ce u3BoAa, ue naft-vecro
r43non3BaHr{Te anropurMr.r 3a Knacrepr43auvs. ca na K-cpe4nvtre kr L{reparznnus CaNao-OpraHr{3r,rparq
ce Mero4 ga Ananr.rg na ,{annu- (I4COMA,{), u:necreH orrle naro ISODATA. floco.reHo e
pa3nlrqlrero Me)K.(y r.f,x rto orHorrreHze Ha 4e(pnnupanns 6pofi rlacrep[ - [poMeHJrr4B rrplr MeroAa Ha
K-cpe4nzre pr rpeABaprlrerrHo 3aAaAeH npu I4COMA,{.

B taecmun pasden Ha rpe1a rJraBa ce pa3rnexAa crarr.rcrr,rqecKr{rr rroAXoA npLI
rnaczQrar<aqua c o6yreHue rrprr MHoroKaHaJrHvr AaHHv1 Karo ce 4e$unr.rpar ycnoBr.rrra 3a HeroBoro
rrpr{naraHe:

- MriHriMLrsr{paHe BJrr.rrHr.rero Ha cryuafiuure KoMrroHeHTkr (nanpzrraep arlrocQepa,
perr4crprlparq eneMeHT, rrpoMrHa s o6erra) nrpxy AaHHlrre, BoAerrlpr Ao noBurrraBaHe Ha fpernKara
npz xnacz$vKa\vs;

- BS3MOX{HOCT 3a [OnyrraBaHe Ha OTIeHKLT OTHOCHO CTerreHTa Ha IpLTHaAJTeXHOCT KbM AaAeH
KJrac B clyuaft Ha rrpurroKplrBaHe Ha rr3cneABaHure KJracoBe B npocrpaHcrBoro Ha rrpr,r3Harlr4Te.

Czcreruaru3krpankr ca ocHoBHlrre vgucnBanvfl... v orpaHuqeHur rrpu npr4JraraHe Ha
CTATI,ICTI,ITIECKI,I' TIOAXOA.

@oprr,rynnpaHa e cbrrlHocrra Ha orrrr.rMirJrHara crparervs.3a xracuSuxaq[r ro npaBlrnoro 3a
MaKcvMaJrHo rrpaBAorroAo6ue, npu Korro ca 4e(punupauz n KJIaca, cbc 3aAaAeHpI arrpIaopHlr
BeporrHocru z $ynrqur Ha rrJrbrHocr Ha BeporrHocr. OcnonHrasr Kpl{Tepnfi, uo rofiro ce cb3AaBa

PerleHgprr Ha Ar4ceprau[oHHr4r rpyA Ha rlHX. Xpzcro Htaxo,ros llpe4craeru: ryoQ. E. Mapuuou



5

MOAena npu npoqelypaTa 3a TeMaTr.rqHa Knacr4ovrKar\Lrs, ce cbcTolr B MuHuMusup(hHe Ha zpewKama
npu Kracu$uKar4un Hq 6ceKu eduu om nuKcenume om uso6pacrceuuemo KbM onpedeneu,
npe d e apume nu o d e QuHupaH Kn ac.

Ha ocnonara Ha r43noxeHoro B Trrr,r fJraBa ca $opuupaHz cJreAHr.rre r.r3BoAr.r:

- cbBpeMeHHrlTe crrerTpoMerpuqHa cr4creMr4 3a rronyqaBaHe ua MKC.{, r.rHcraJrr{paHvr Ha
c[brHlrKoBo r,I aepo 6azupauu KoMrrJreKcr,r, ca HaAexAeH Lr3ToqHr4K Ha AaHHr.{ ga o6erru or 3eMHara
noBbpxHocT;

- ocHoBeH rr3ToqHr{K na un$opvrarlur ocrrrypf,Bar aKTyannkr v apxunnn MKC.{ cbc cpeAHa
|IPC nopa4r{ Bb3MoxHocrra sa 6essrsN,re3AeH AocTbn v ]c^urvr:crveTo Ha rrporpaMHo ocurypsBaHe 3a
TrxHaTa rrpeABaprrTenHa oopaooTKa;

- rrpeABapr4TeJrHara o6pa6orrca na MKC,{ or crrbrHlrKoBr.r v aepo Hocr.rrerrvr uMa cbruecrBeHo
3HAIIEHIIIE, TTfi XATO NO3BOJIqBA TqXHOTO CbBMECTHO PI3ION3BAHE C AAHHI'I OT CIIEKTPOMETPI,ITIHI4 iN-SitU
rr3MepBaHpr{, Koero oclrrypf,Ba cB3AaBaHe Ha eraJroHHz o6errz B rrpocrpaHcrBoro na XfI;

- KopeKTHara vHTepnpera\us. Ha cneKTpiInHVTe KJracoBe, HzL[LrrHn n MKC.{, Karo cborBerHll
uH(fopnraqproHHrr KJracoBe rl3r4cKBa 4e(funnpane Ha npocrpaHcrBo Ha XlI, I43BbpInBaHe Ha
Knacreppr3arlrar (uo eALrH or ABara ocHoBHLr MeroAa, 6azupanu Ha crarl,IcrlralecKllt no4xo4),
rrpr4naraHe Ha Ar.rcKprrMr.rHaHTHrr $yurquz, KoLrro 4e$znupar noAo6racrr.rre 3a BceKI4 eAI4H

un$oprraaqrroHeH KJrac.

9ernrpra rJraBa na pa6orara cbAbpx(a Aeraftmro olrrcaHr4e Ha oHe3v rIpoIIeAypI4 or
pinno3naBanero Ha o6pazn, Kolrro ca o6err lrraaHuru3 B ALrceprarluonHvrs. TpyA. Te ca $opuynupaHvt
Karo rrp[noxeHr,re Ha MeroAoJrofrrrra Ha pa3rro3HaBaHe na o6pa:u sa r;raczSI,IKaIIu.t{ Ha AaHHI4 or
Ar,rcTaHrIuoHHr4Te r,r3cJIe.uBaHI4t.

Pasrne4anu ca reoperl4rlHl4Te ocHoBr,r Ha ABa MeroAa 3a cb3AaBaHe Ha MoAenIl 3a
pa3no3HaBaHe Ha o6pau c lpe.uBapr{TenHo o6yuenze Ha pirrro3HaBaruara npolleAypa or HiuIt4rIHLI

AaHHrl (learning machine approach), Kor.rro ce ocHoBaBar Ha pa3nlrqHr.r rroAXoAI{, Ho ocHoBHa rtxHa
ctruHocr e Bb3Mo)nHocrra 3a rpylprpaHe B [o-roJreMlr rrJrr,r MilJrKr4 o6racru or npocrpaHcrBoro Ha
xapaKTepr43r,rparrlzTe rrpr43Harlu. Oynxquure, Korrro orrrrcBar pa:i.4entrulrre rr4 IIoBbpxHrIHIr, B

rroBeqero cnyqav ca nenznefiHr4, Koero e ceppro3Ha lpetrKa rrpr4 rr3rroJr3BaHero Ha crarlrcrr,rqecKr,rre
MeTOAr4, OrrUCaHr,r B npeAXOAHaTa rJraBa.

Cneqzrfuuna oco6enocr rplr rr3rroJr3BaHe Ha MKCA 3a (popuupane Ha MoAen 3a
xlacuQuraqur c o6yreHr4e, AbJrxaru ce na rpaftuus o6ela Ha AaHHr4Te, rr3rroJr3BaHu 3a o6yuenue na
MoAeJIa, ce [porBrBa B ToBa,qe npLr yBenvrraBaHero na 6por Ha r43noJr3BaHrlTe XII c qer IIoBI,rrraBaHe
Ha roqHocrra, ce Aocrvra Ao raKIaBa crofinocru Ha rexHr4r 6pofi, cneA Korrro roqHocrra cnaAa -
"$enouen Ha Xro" flpu.runa 3a roBa e 3arpyAHeHoro MoAenlrpaHe rrprr foneMr4 pa3MepHocrr,r Ha
npocTpaHcTBoTo Ha rrpIBHaur,ITe.

Analugrr Ha MeroAr.rre, onrlcaHlr B rrpeAxoAHr4Te fJraBr4 Ha Ar4ceprarluoHHprr rpyA,
rro3BoJlflBa Aa ce HarrpaBr4 r,r3BoAa 3a npeAlrMcrBoro Ha rrpkrnoxeHuero Ha HeJrr4HefiHz uero4ra sa
pirno3HaBaHe Ha o6pasu, rsit Karo re rro3BoJurBar I43noJI3BaHe Ha HeJllaneftnrz AI,IoKpLTMI,IHaHTHTa
(fynrqzu 3a piuAenrHe Ha cneKTpanHr.rre KJracoBe B npocrpaHcrBoro na XfI, Koero o6ycranr
MOTr,rBarIr4{TA 34 rrOCneABarUOTO npOBeXAaHe Ha eKCrrepVMeHTr,rTe C TrX, B pe3ynTaT Ha KOeTO Ca

reHepprpaHu HerrapaMerpr,rtrHr,r MoAeJrLr, 3a Kouro ne e neo6xoArrMo npeABaprrrenHo Aa ca lr3BecrHr,r

Synrqurare Ha BeporrHocrr.rre 3a pa3rrpeAeneHle 3a AaHHLITe.
QopvryrrapaHr.rre B AzceprarluoHHvrs. TpyA npeInocraBKll, o6ycranrulvr ilpvnaraHero Ha

nenuHefinrare MeroAr4 ca: 
n

- pa3Br,rTr,reTo Ha TeopeTriqHl{ nocT}rxeHr4r, KoeTo BoApr Ao rrpeArroqprTaHeTo Ha To3u Tr4rr

MoAenr4 rrper MeroAr4Te, rroJrBarqrl crarrlcrr.rqecKr{r troAXoA, qpe3 Koero ce ocraryprna no4o6prBaHe
na r<pafinara rorrHocr;

- HIIJII,FII'IETO HA KATCTOPIIflTA OT HETIAPAMETPIAqHU METOALI, KOI,ITO HE TIPEANOJIAIAT HOPMIINHO
pa3npeAeneHr{e, rropaAlr Koero Morar Aa ce rrpvnarar u B rrpocrpaHcrBo Ha XII c BIacoKa pa3MepHocr
6eg Aa v3rrlrrBar "eQerra Ha Xro" r4 cborBerHo ca lo-HerroAarnlrBlr na upeo6yuaBaHe.

B pa6orara o6crofino ca pa3rneAaHr{ .4Ba ocHoBHr,r HeJrriHefinu no4xoAa, v3rroJr3Banur trplr
r{HTeprrperarryrs.Ha nro6paxenprr: MeroA Ha HeBpoHHI,ITe Mpex{r4 I,I MeroA Ha orlopHrlTe BeKTopI4.

Crurnocrra r4 rpoqeilypara na (fynrquoHr,rpaHe Ha HespoHHume Mputcu ca pa3rneAaHrr B

pasden n'bpsu Ha qerBbprara fnaBa. Onucanu ca ocHoBHr.rre rrapaMerpLr u xapaKTepLIcrIrKLI Ha

HeBpoHHprre Mpexr4 vr Ha'uvt:r.a na (fopunpaHe Ha Mpe)I(oBara rolloJlofiat. ,{erafi:ruo e npocneAeH
npoqeca na o6yueurae Ha HeBpoHHara Mpexa, rr3pa3tBalrla ce B sefiuara lracrl,ItlHocr, cbcroglqa ce B

PeueHsur Ha Ar,rceprarl[oHHr{r rpyA Ha I,IHX. Xpuc'ro Huroroe flpe4cranra,r: npoQ. B. Mapnuoa
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Tpr{ lpoqeca - [o.sBa Ha HoBa Bpb3Ka, MoA]r(bvKauvrs. Ha c:bqecTByBar\a vnv I,I3qe3BaHe Ha

cbrrlecTByBarrla, KaKTo r4 B rrpoMflHa Ha TexecTHr4Te Koe(bnryreHTl4 Mex.4y HeBpoHHI,ITe eJIeMeHTLI.

Ana,rusupana e [porleAypara 3a rrpeoAonrBaHe Ha JroKuuIHrITe MITHLIMyMI4 LI AocrllraHe Ha rlo6alen
MLIHI4MIM Ha rpeIIIKaTa.

OcnoeHure u3BoAr,r, KoI4To ce rrpaBtr 3a MeroAa Ha HM ca cneAHI,ITe:
- 3a MoAenure c HM nafi-saxHa e rorroJrorr4sra Ha Mpe)r(ara n crofinocrvre Ha rexecrHvre

Koe(buqueHTr.r, cBbp3Ballu o6pa6orBarrlr4re eneMeHTI4 B Mpex{ara, or KopITo 3aBvIcv AocrllraHero Ao
otrTl4ManeH MoAen;

- Ha era[ "cb3AaBaHe Ha Mo4er" c HM or oco6ena BaxHocr e AocrlrraHero Ao uo6aren
MLTHLTMyM B noBbpxHnHara Ha fperrrKara, Koero ce nocrvra c u:6opa Ha rlo.4xoArrllIa HaqaJIHI4

napaMerpr4 3a ro3r,r eran;
Crrunocrra Ha Memoda ua onopHume aeKmopu (MOB) LI HefoBoro rlpr4naraHe npr

o6pa6orrara Ha MHoroKaHaJrHlr u:o6paxenvs. ca pirrneAaHl4 B'r,B nmopun pazden Ha qerBbprara
IJIABA.

Teopraxra Ha onopHlrre BeKropu (Support Vector Machines - SVM) ce rprlnara nppl
paspa6ornaHero Ha MeroAa Ha orropHr4re BeKropr4 (MOB) sa rracnSnKalllrt Ha AaHHn. Ouronna polr
IIpI,I HeIO pIMaT TaKa HapeqeHl4Te OnOpHlI BeKTOpI,I, KOIITO npeACTaBntBaT OHe3LI TOTIKLI OT AaHHI'ITe'
Korrro ca pa3nonoxeHr4 Hafi-6nugr<o Ao nllHlrsra ur:uzr noBbpxHl4Hara, pa3Aentua MHoxecrBara v
Koraro Karo rrpaBprlo e nafi-rpyAHo Aa 6slar KopeKTHo r<racu(fzqrapaHv. Mo4erure, LI3rpaAeHIr rlo
MOB, [pvrexaBar no-4o6pa cnoco6nocr ga o6o6qaBaHe 3a cMerKa Ha KoMlpoMpIca MexAy rovHocr
u cnoco6nocr Ha MoAena 3a roqHo B63rrporr3BexAaHe Ha KoHKpeuro o6yuaBalrlo MHoxecrBo
(ranauurer ua lao4ela).

OcnoeHo npeAr4McrBo na MOB e Bb3Moxuocrra ea no-4o6pa pa3,uenl{Mocr Ha KnacoBere c
rrpeABapr{Telno za6pana lpynrqlrr, Korro uafi-qecro e nelIanefina. Kracu(frlKaq}Itra c nenr.rnefinu

$yur<qrara no MOB reoperr.rrrHo e AprpeKTHo npr4noxprMa lr npu nnneftHo piBAenuMI,I KJIacoBe, Ho aKo

AaHHr4Te n zs6pano [pocrpaHcrBoro na XII ca nuHefiHo Hepa3AenvtMvI vrv rpelrrKara, IronyqaBaHa
upu lzneftHo pa3AenrHe e HenplleMnr4Ba, To 3a rtxHoro pa3AentHe ce HaJIara pI3rIoJI3BaHe Ha

nelunefinpr Synrqzu. TsxHoro lpprnaraHe rrpr4TexaBa HeAocrarbKa, qe MoAenbr He Aocrplfa Ao
cra6zlno cbcrorHLre, Koero HaJrara Aa ce r43Bbprrrr4 TpaHc(popuaqur Ha AaHHLITe or npocrpaHcrBoro
na XII B rrpocrpaHcrBo c no-Br,rcoKa pa3MepHocr, rrocpe.ucrBoM rpaHclpopruaqur c (fyHrqzoHiuIHLI
r4pa (nosHara B nlrreparypra xaro kernel trick).

OcnosHr,rre I43BoAI,I, HarIpaBeHIz sa MOB, ca cneAHpITe:
- 3a MoAenr4re rro MOB pirAenrHero Ha AaHHr.rre ce peanr{3r{pa or Jr}rHrrt anv paBHvtHa

He3aBrrclrMo or rpaHc(foplraqunre, Ha Koprro ce rroAnara lpocrpaHcrBoro na XII LI or HeroBara
pa3MepHocr:

- He3aBr.rcr.rMo oT npr,rnoxeHara cTpaTerr,rr 3a Aocrr.rraHe Ao orITl4MaJIeH MoAen 3a

xlacu$uraqprs c HM u no MOB ocHoBHo npeAr.rMcrBo rrpeAcraBnrBa cnoco6nocrra Ha r.r3rpaAeHzt
Molen ga o6o6ulaBaHe, a ne QonycrapaHero Lr3KnroqplTenHo Bbpxy roqHoro Bb3rIpoI43BexAaHe Ha

AaHHLrre or o6yranalqara LI3BaAKa.

ErcnepurraeHTaJrHoro Lr3cneABaHe Ha pa3rneAaHrrre nenr,rnefinu MeroArI e [peAcraBeHo B

rJraBa rrera Ha pa6orara, Korro e naft-o6urvp:ua.
B pasden n'bpsu Ha rrera rJraBa e orucaHa MeroAraKara 3a vr3BrrvrqaHe Ha eAI4HLIIIHII cneKTpI4

or MKC!. Pesylrarure or crbrrKrlTe Ha nbpBprrrHa o6pa6orxa u lonyqaBaHr,rre BeKTopHLI cJIoeBe 3a
perproHa HaalaJwr3 ca rrpeAcraBenu rpaQnrrHo Ii ra6:ruqHo.

Bln emopu pasden Ha rrera rJraBa ca orlrcaHu rrporpaMHllTe rIpoAyKTI4, IT3IIoJI3BaTILI B

npoqeca Ha anaJrvrca. Tosa ca lporpaMara Neumapper, nporpaMeH KoMrroHeHT 3a HeBpoHHa Mpex(a,
Kosro e qacr or reouHQopMaIIpIoHHa cucreMa QGIS.

B mpemu pasden Ha rrera rJraBa ca ilpeAcraBeHlr [porpaMHr4 rrpoAyKTkr, KoI{To oclilIecrBtBar
rlacuQuraqvfl, Ha MKCI Iro MeroAa Ha onopHr4Te BeKTopr.r. PagrreAan e nporpaMHvtr KoMTIoHeHT

no MOB Karo qacr or reounQopMarllroHHara czcreMa QGIS, Karo r4Ma Bb3MoxHocr 3a [oJI3BaHe Ha

ABa Bapr4aHra: SVM Karo qacr or [o-paHHa Bepckrfl, na OTB znu libSVM rcaro 3aLIMcrBaHa or
6u6rnorexura 3a KoMrrrorbpHo 3peHr.re OpenCV. Apyra Bb3MoxHocr ce rlpeAocraBt or rporpaMHI4s
KoMrroHeHT no MOB Karo qacr or rrporprrMHara crrcrervra Opticks. B nes ce IIoJI3Ba rlpeAnoxeHlltr or
L. Bruzone anropr4TbM 3a aBToMarr,rqeH a:auwr3 Ha pa3nr4KoBo u:o6paxenue, nonyqeHo rIpI4

rlacu$zraqus 6es o6yrenne Ha MynrureMnopanHll uso6paxenur.

PeueHrn-fl Ha.rl[cepraur{oHHar rpyA Ha I,IHX. Xpncro Hnxoroe flpe4craaul: npoQ. B. MapuHor
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B uemetpmu pasden Ha rrera rJraBa ca cpaBHeHr{ oceM BapvanTa Ha eKcnepHMeHT[ c
p€BrnexAaHuTe [porpaMHr4 npoAyKTkr.

Iltpeunm *apuaHm anurprskrpa eKcrrepr4MeHTr.r 3a xracu$uraqkrfl. Ha MKCA no MeroAa Ha
ruacuSzrarlrs 6eg o6yueuue c yqr.rren rro MeroAa na K-cpegHr.rre r4 I4COMAA. Cpanneno e

$opuzpaHero Ha 22 xtaca, rrfi raro raKbB e 6porr Ha HaJrprrrHkrre KJracoBe, nonyqeHr.r or rrpoeKTa
Kopune 3eMHo noKpr,rrlre 3a pr3cJreABaukrs. pefvtoH. Pe:yrrurlare, nonyqeHr,r no ABara MeroAa ca
cpaBHeHr.r ra6rzqHo Lr rpa(pzuno Karo noJr3BaHr4 crur6oslr,4Hra AvarpaMr4 3a rrporleHTHoro
pa3npe.4eneur4e Ha Qopunparu,ITe KnacoBe. Haru.ruero Ha rrprKceJrv or rprrr "cMeceH Krac" e o6ercrure
ot o6yuanarrlara r,r3BaAKa'e [purrr,IHa 3a nonfraBaHe Ha HeBrlcoKr,r crofinocru 3a rotrHocrra rrpu
rnacuSzraqur ro MeroA c rrpeABapr{TeJrHo o6yuenue - HM u MOB.

Bmopunm sapuaHm anurv3vpa MeroAr4Ka 3a ctBMecrHo npr,rJraraHe Ha crarlrcruqecKr4
[oAxoA u uacra$uq[paua nporleAypa r.r3rroJr3Barrla HeBpoHHr4 Mpe]K]r, Koero no3BoJrrBa Aa ce
rroBrrrrrr4 ToqHocrra rrpu Knac[$vraqux Karo ce o6eAunsr npeA]rMcrBura Ha ABara MeroAa, BbnpeKrl
HapacHilnara cJro)KHocr rrpIa peirnv3arlulr Ha rlsrocrHara o6pa6orrarqa lporleAypa.

Konr6nnaqLrrra BKJrloqBa MeroAa Ha MaKcr.rMaJrHoro npaBAonoAo6ue, roftro e nafi-ycueunro
rpunaraHr4rr B At4craHrlr,roHHr,rre vacnerBantrs, crarr,rcrrrrrecKlr MeroA 3a rnacuQuraqur kr

rlaculpuquparqa rpoueAypa, r{3rroJBBarrla r,r3KycrBeHa HeBpoHHa Mpexa (HM), qlrflro crpyKrypa e or
rlrrr MHorocJroeH nepcerrrpoH c BXoAeH cnoft, 1 crpur (o6pa6ornaq) cnofi lr eAprH pr3xoAeH crofi.
Cxeuara ga rona6uru4paHa ruacuQurarJvrs.Ha MHoroKaHiIJIHlr AaHHI4 or AI4craHIIt4oHHI4 I43cJIeABaHI4t e
r.r3rpaAeHa or rpr{ o6pa6ornanlz 6rora, [pr4 Korro [bpBurrHr.rre AaHHI{ ce noAaBar Ha ABe napanenHo
pa6orerqu nporleAypr4 sa rracu$LrKar\vs., eAHara r,r3rron3Barrla crurvtcrvttrecKr,r MeroA, a rpyrara
HeBpoHHa Mpexa, a"ap6urpupaulara" npoueAypa ce ocbrllecrsssa or HM.

Pealugarlusra Ha MeroAa Ha onopHrrre BeKTopu qpe3 pa3nuqHr4 [porpaMHu npoAyKTLI e
aHirnLI3I{paHO BbB BapVAHTnTe OT TpeTLI AO IIIeCTZ.

Tpemunm *opuaHm rr3non3Ba xnacra(pnxaqvs. ro MOB c nporpaMHr.rr KoMrronenr OTB.
florgnaHr ca o6pa6orBarur.rre MoAynu SVM n libSVM. Karo rcprarepufi za KatrecrBo Ha rr3rpaAeHr{t
MoAen cnel eran "cb3AaBaHe Ha Mo4er" ce I,I3rIoJI3Ba o6o6ueuura3a Bcr{rrKrl KJracoBe orIeHKa koppo,
[onyqeua or Marpr,ruara Ha rperrrKprre, rron)rqeHa cneA Knacurfuraqnx Ha AaHHI,ITe, r,I3IroJI3BaHI4 Ha
eran "Barr,r4ar\ufl, Ha MoAer". B gaeucuNaocr or crofinocrra na $rara 3a orrrlrMlr3ar\prfl. aHanlr3br qpe3

Banu.4r.r3arlvs. ce Lr3B6prxBa eAHoKpaTHo vtrv ce Lr3BBpInBa MHoroKpaTHa onTI,IMI43aIIufl,, Karo 3a
orrTlrMiulHr4 ce nplreMaT napaMeTpr,rTe Ha MoAeJra, 3a KoI,ITo rperrrKaTa IIoJryqeHa rrpr{ KpocBaJrn4ar\krg.
E MUH}IMtIJIHA.

Vemeupmunm sapuaHm anurn3npa nonfreHrire pe3ynrarvnpv npunaraHe ua rnacuSvKa\vs.
no MOB c o6pa6ornarq MoAyn SVM - OTB.

Pe:yrrarure or erar,"o6yueHue Ha MoAer" c pa3nr.rrrHr4 (fynrquonannn flrpa, Kor.rro rrle ce
r{3noJr3Bar 3a rrocJIeABaIIIa reMarr,rrrHa KJracuSuraqur, ca [peAcraBeHr,r ra6nnuno, 3a pa3nr4qHlr
pa3Mepr.r na o6yvanarrlara Lr3BaAKa r.r rr3BaAKara 3a Bzuwrp;arJr4\ npv pa3nvqHra croftHocrpr Ha
ocHoBHrare rrapaMerplr C u y. Oqenxara Ha KaqecrBoro ce r43B6prxBa vpe: o6o6rleHara orIeHKa
kappa.

3a napuanra,,o6yueuue Ha MoAen" no MOB rpr4 rrpunaraHe Ha $ynrqzz c paAr{aneH 6aznc
(OPE) [onyqaBaHzre crofiHocrv 3arrpurervrs. napaMerbp 3a oueHKa Ha KaqecrBoro Ha rracu$zr<aqur
Bapprpar B cpaBHr4TeJrHo recHr4 fpaHzrlrr. flpu ro:u MeroA 3a cb3AaBaHe Ha MoAen npoM.f,Hara Ha
ocHoBHI,ITe napaMerpv r,r piBMepr{Te Ha r43BaAKr,rre sa obyreHrae pr Banr,rAarlnfl:r'e oKa3Bar cbrrlecrBeHo
3HaqeHr.re 3a uo4o6panane Ha roqHgcrra Ha xracra$nrcaqux. Ocnonno HeroBo npeAr.rMcrBo
npeAcraBn.f,Ba KparKoro BpeMe sa o6yuenze Ha MoAena.

Ilemunm napuqHm arruwl-:,npa nonyqeHr,rre pe3ynrarv rrppr rrp]rnafaHe na uacu$r.rKarlrroHHa
nporleAypa uo MOB c o6pa6ornarrr MoAyn libSVM - OTB.

Cpannenn ca pe3ynrarr{ or MoAenr4 r43rpaAeHr,r or o6pa6ornarrl MoAyn libSVM r,r HrKoJrKo
nra4a (pynrqrroHirnHrl flrpa - ruuefiuo, Synxqzx c palraneH 6azuc r rroJrktHoM. 14 n rosu cryrafi
ocHoBeH rrapaMersp, oKa3Barrl BJrvrflIJvre Bspxy KaqecTBoTo Ha BceKr,r eAr,rH oT cb3AaBaHr,rTe MoAenr,r B

npoqeca Ha HeroBoro o6yuenue, e roeQzqueur C Ha MoAeJra, a orIeHKa Ha KarrecrBoro Ha BceKr4 eArrH
cb3AaAeH MoAen 6e u:nrpnreHo rrocpeAcrBoM o6o6ulenara oueHKa kappa.

Pesymarure 3a piunlrrrHr.rre fl[pa ca cpaBHeHu ra6rlI,t.rHo. MoAemr c $ynrquoHanHo rApo
rroJu4HoM, cb3AaBaH or ro3rr Mo.qyn AaBa rro-Ao6pu pesymarlr or ApyrllTe ABe rApa, Karo [peAocraBs.
naft-4o6pz crofinocru za knppa, Ho 3a oMerKa Ha rro-lpoAbn]Kr.rrenuo BpeMe :a o6y.renze e

PeqeHsnq Ha AlrceprarlnoHHr{r rpyA Ha I4HX. Xpucro Huroron flpe4cranul: upor[. E. Mapunon
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cpaBHeHrle c Apyrure ABa BapvaHTa. Pe3ynrarl,ITe 3a JIlIHefiHo 14 RBF slpo ca [peAcraBeHr4 r,r

rpa(br4qHo B ABe r43o6paxeHr,rr.
3a rasu [porpaMHa peEInI{3aIIuq Ha MOB ca I,I3BbprnBaHpr Aorrb.rrHVTeJrHLr eKcrrep}rMeHTr.r 3a

I43l'pax,qaHe Ha MoAeJI nocpeAcrBou 6u6rurorexa OTB - caMocrorreJreH MoAyn c rpa$uuna cpe1au
I43II6JIHeHI4e Ha ilnfoplirbMa or KoMaHAeH pe,4. O.raKeaHusra 3a rrocrl,IraHe Ha no-Ao6po KaqecrBo
|4JII{ HaMaJTeHO BpeMe Ha Cb3AaBaHe Ha MOA9JIa He Ce IIOTBbpx{AaBaT LI [OpaAI,I Ta3I{ IIpuqvtIJA Ca
lpoBexAaHz eKcnepvMeHTlr B cpeAara na QGIS, Ko-f,To rro3BoJrrBa rro-Ao6bp KoHTpon Bbpxy
II3IISnHeHLIeTO Ha [pOUeCa Ha Cb3AaBaHe Ha MOAena.

lllecmunm aapuaHm a:nurusvpa nonfreHure pe3ynrarvr rrpvr nprrnaraHe na rnacuQr.rKarlr4s c
o6pa6omaq ilporpaMeu KoMrIoHeHr SVM - Opticks, Ho caMo 3a cnyqafl na ruanefiuo lpyHrquoHa.rrHo
rApo.

flpuraranero Ha ro3l4 rlporpaMeH MoAyn ce peanr43r4pa B HrKonKo srbrrKpr: npeABapr,rrenHo
reope$epzpaHe Ha BeKropHplre lpaftnone :a pafionure K6M pe$epenreH eJrvrrcolra WGS84 u
BbBexAaHe n reo6asa AaHHu B rlporpzrMara, npeo6pa3yBaHe n pafionu 3a Lr3cneABaue (RoI - regions
of interest), o6yvenue u cb3AaBaHe Ha MoAer. BrguoxHocrprre 3a 3araBaue na 6por lapaMerppr B

[poqeca ua o6yvenve npv ro3r{ nporpaMeH MoAyJr ca no-orpaHuqeHrl B cpaBHeHr4e c Apyrara
Lr3noJr3BaHa nporpaMH a 6u6tuorera - OTB.

Ceduunm napuaHm a:aanu3krpa rtonyqeHIaTe pe3ynrarn npn [punaraHe na xlacuQnKarJvrfl. c
o6pa6ornaq MoAyn 3a HeBpoHHlr Mpexr4 - OTB.

PezurnsupanlrflT B Ar{ceprarluoHHr4r rpyA MoAen Ha npoue qypa 3a r.nacu$urarlvfl. Ha MKC! c
o6y.renne, r43rron3Barrla HM, e or rr4n nepcenrpoH c eAr,IH cKpprr clofi, rrft raro e AoKiBaHo, qe raKbB
MoAen e B cbcrornvre Aa anpoKcrrMt4pa npou3Bonna (fynrqrroHaJrHa 3aBr.rcr.rMocr. Karro il ilpur MOB
MoAeJIIT na uacu$urlr4perrla nporleAypa rro MeroA c HM e r43rpaxrar v Burv4vrpaH Bbpxy cbrrlprre
4na ua6opa MKCA - 1999 u2006r.3aAaAenure napaMerplr Ha erarra "o6yueurEe Ha Mo4er" ca: 6pofi
Ha cKpLITLITe cJIoeBe ua HM; 6pofi na o6pa6ornarqr4Te eJreMeHrr4 BBB BceKrr eAr4H or cKpr4Tr4Te
cnoeBe; HaqaJIHLI crofinocrra na reNecrrirare roe$uqveHTr,r; MaKcvMirJren 6poft raTeparluu sa o6yrenne
Ha MoAena; MaKcvMilJIna crofinocr Ha fperrrKara MexAy ABe vreparluu; roeSaqrreHTa MoMeHTyM
(pasluxara e crofiHocrl,ITe 3a eAI,IH Texecren roeQuqrreHT Mex.4y ABe rrocneAoBareJrHr,r zrepaqura).

Marpuqure Ha rpeuKLITe, rIoJIyqeHI,I creA TeMarlrrrHara xracu$uKarlur na nrnnprq o6el,r
AaHHII sa 1999 r. u 3a2006 r. rr or erarr "o6yuenue Ha Mo4er" c HM ca rroKa3aHu ra6luqno.

@paruenru or reMarllrrulrre rasb6paxerulr, rroJryqeHr{ B pe3yJrrar Ha rlacu$uraqnflTa Ha
IIIJIHTII o6eu AanuLI 3a or MoAenr{ c HM 1999r. u 2006t., BKJrroqBarrlrr ocHoBHo KnacoBe rpaAcKa
rlacr? BoAHa IIJIoIq, ropcKa pacrl,ITenHocr r,r Apyru eJreMeHTrr, ca [peAcraBeHI,I rpa$uuno u ca
rpa(pra.rno cpaBHeHLI c rIoJII4roHLI, olpeAeneHr4 or npoeKTa Koprane 3eMHo rroKpr4Trre.

Ocuunm napuaHm cqAtpxa o6o6qenue Ha nonyqeHrire pe3ynrarv or cb3AaAeHrrre MoAeJrrI
3a reMarrlrrna rnacu$r.rKaur{r sa MKCI4 c HM u no MOB.

Ta6rz.IHo ca o6o6rqeHll nonyqennre crofinocrlr 3a cpeAHara rorrHocr u o6o6uenara orIeHKa
koppa 3a qb3AaAeHLITe orIrIlMilJIHt4 Ha MoAeJrI,r rro MeroAr4 MOB u HM npr4 Knacrz(fnxauur Bbpxy
I43Ba.qKara 3a BanrIAaIIvIfl14 clre4 xracraQuraqus.rrarrl';rnvrs. na6op or MKCI 3a roAlrHr.r 1999 u2006.
flpanu ce 3aKnroqeHllero, qe MoAenure, cb3AaBaHLr rro MOB, rroKa3Bar no-4o6pu rroKa3areJrv Bbpxy
I,I3BaAKara, I,r3rIoJBBaHa Ha erarl "saJtugrtpaHe Ha MoAen", Ho rpl4 rclacu$uraqvlfl. Ha rrrIrHvtfl. o6elr ne
ce rlpeAcraBrr 4o6pe B cpaBHeHple c MoAenrre, rrpprJrararqu HM. Tosu $axr npaBr4 MoAeJrr4re c HM
npe4lo.ruran us6op 3a cs3AaBaHe Ha reMaruqnu uso6paxeHlrr B cnyqavre, Koraro nbrHl,Isr ua6op
MKCA cbAbpxa KJIacoBe cneKTpanHvr AaHHp13a Korrro o6laxrr or crofinocrr,r B npocrpaHcrBoro Ha
XfI e 4ocra lo-rorsM or I43IIoJI3Ba'a:as,Ha erarr "cb34aBaHe Ha Mo4er".

IrlgsoAzte or rlpoBe,qeHr,rre eKcnepI4MeHTI,r, onl4caHu B rlera rJIaBa, o6o6uasar cbrrlecrBeHr,rre
pe3ynTaTl4 oT eKc rr epr4 MeHTa.rrHr4Te 14 3 c JreAB aHI,Ir :

- MoAenrITe, lprilaralqu nerIanefiHu MeroAr4 sa rclaczQvtnar\vs, c o6yueune na MKC,{
npeAocTaB-sT .4ocTaTbrlHo Bb3MoxHocTI,I 3a TTXHOTO npeqr{3r4paHe qpe3 TspceHeTo Ha orrTr4MilJrHr,r
napaMerppt, Koero rroBr,rlraBa r<pafi nara rorrHocr cneA TeMarr4qHa Kracr4 Q nr<aqux ;

- MoAeJII4Te rlo MOB rro3BoJrrBar rroBrarrraBaHe Ha roqHocrra npr4 rnacuQzraqur,
rocpeAcrBona rpancQopMarlr4r B rrpocrpaHcrBo Ha XII c no-nzcoKa pa3MepHocr;

- MoAenrrre c HM lpeAocraBqr no-Ao6pr,r Bb3MoxHocrlr 3a rtpururcJuBane KbM AaAeH
un$opnraqrroHeH Knac 3a MKCA 3a AaHHv r.r3BbH o6yvanarqaraplr:,Ba1lKa;

- Ir3tcHeHpI ca .qBere ocHoBHI4 rrpkr.rlrHu, Kolrro rroHr,Dr(aBar rorrnocrra Ha xpafinure
TeMaruqHu zso6paxenvs: [bpBara - lnaJrvl'vvle Ha TIVKceJII4 or r]IrI "cMeceH KJIac" B I43BaAKara,

PerleHslrq Ha Ancepraur4oHHr4r rpyA Ha r,rHx. Xpr,rc'ro Hurolor flpeAcrawur: npoQ. B. Mapnnon
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I,I3rIoJI3BaHa Ha eran "o6yqg""" Ha MoAeJI" I,I BTopara [pFrrrHa - u3rroJr3BaHero Ha peoepeHTHr4
rroJrr,rroHt4 or npoeKr K3fI, csArpxarrlr4 rrorperrrHr.r rrr{KceJrr.r no nepn(pepvflTa.

- ycnoxutBaHero Ha rorloJlorvlflTa Ha MoAena c HM qpe3 Lr3[on3BaHe Ha ABa o6pa6ornanvr
cJIofl He BoAr4 Ao cbrrlecrBeHo uo4o6prBaHe Ha rorrHocrra Ha erarr "BaJrvraagv.a ua uo4er";

- ycraHoBeuv ca 3HaqI,ITeJrHV Bapr4ar\krr4 3a roqHocrra 3a KJrac, rofiro e or crreKTpanHo
cMeceH TLI[, cbrJlacHo rlpoeKTa Kopnne 3eMHo rIoKppITI4e (K3II), a nafi-nazurrr 6pofi lofperrrHo
puBrIo3HarLI o6exru ca ycraHoBeHr{ rrpv ABa or KJracoBere, npr.rrexaBarqz cnequ$uqHr.r crreKTpanHlr
XapaKTepuCTLIKLI, pa3rpaHI,IqaBaIII[ fI,I HaAoXAHO OT OCTaHaJII4Te KnaCOBe.

Zgroxeuuero Ha npo6reunre n reKcra Ha ArlceprarluoHHu-fl TpyA e 4erafimro vr

I,I3rlepnarenno. frasure or BTopa Ao rrera rrpe.4craBnrBar clrcreMarr,r3l,IpaHo I,r3noxeHr4e or o6rqure
[pIzHIII{nU Ha ArrCTaHrIr,rOHHLrre r43CJIe.qBaH[t AO KOHKpeTHOTO Teoperr,rrrHo pa3rne)r(AaHe pr

eKcrlepuMeHTanHo rr3cneABaHe Ha MeToAurTe, aHilrvr3r4paEu B AprcepTaqr,roHHrrr TpyA.
floroxrareJrHo BrreqarJreHr,re lpaBu HaJruquero Ha r,r3BoAr,r KbM BctKa or rJraBr{Te, Koero

rIoKa3Ba cnoco6nocrra Ha aBTopa sa o6o6qeHpre 14 ga,qu6o.{eH aHiLrr.r3.

Cnucrrrr Ha npeAcraBeHrrre (fnrypu u ra6tutlu or rrera fJraBa rro3BoJrrBa no-4o6po
cl,IcreMarpl3[IpaHe Ha pe3ynrarl,ITe or pa6orara, a cllrcbKbr Ha r,I3[oJI3BaHr4Te cbKparrleHlrr ynecHrBa
rlon3BaHero Ha reKcra na paspa6orKara.

3.3. JlumepomypH a usmoqH uqu
JluteparypHara crrpaBKa cbAbpxa 101 sarraBr{{, Karo or rrx 8l ca Ha rurvtHnrla, a 10 ca Ha

KI4pI4nLIqa u 10 ca aqpecv n Znrepner (crrqo na larunuqa).
O6ennr u o6xsara Ha z3rroJr3BaHrrre nr4TeparypHr,r rr3ToqHlrrlr4 rroKa3Ba, qe .4oKTopaHTbr ce e

nocrapan Aa ce 3alo3Hae pa3HocrpaHHo Lr B MaKcr{Mares o6eu c npo6renar,rre rro Ar4ceprarlusra. Karo
cna6ocr Moxe Aa ce ot6eJlentlr, qe n[TeparypHr{Te r,r3TorrHrrUu He ca HoMepr{paHr4, Koero 3arpyAHsBa
TtxHoro cl,IcreMarrr3r,IpaHe, BbrrpeKu qe roBa ne e a6corrorgo neo6xo4zvro, lrfi Karo B TeKcra Ha
pa6otara e Bb3rrpr{ero rro-[paBr4JrHoro pe@epupaHe Ha rr3TorrHr4rlure rro r,rMeHara Ha aBTopvre vr

roAlrHara na uy6nuxyBaHe.

3.4. IlosnanaHe ua npodneua
Ct4rpxaru{ero Ha pa6orara ra saArr6o.reHr,r.f,T aHurvt3 Ha ctrrlecrByBarrllrre MeroAz rroKirBa

4o6poro [o3HaBaHe Ha paspa6orBaHl{Te npo6reuz or crpaHa Ha AoKTopaHTa Lr HeroBara cloco6nocr
3a aAeKBaren z:6op Ha noAxoArrrla MeroAprKa B 3aBr,rcltMocr or oco6enoctrrre Ha pelraBaHara 3a1avra
3a rnacuQzraqur n xapaKTepncruKr.rre Ha rrcnoJr3BaHr,rre AaHHr4. llpe4laranr.rre n pa6orara
MeroAvKa 3a I,I3BJII{qaHe Ha cneKTpanHr..r AaHHrr, Mero.4 3a cbBMecrna o6pa6orKa r4 $oplrrapane na
OTITI4MaJIHI4 MOAeJII,I, MOraT Aa CnyXaT KaTO MeTOAr,rqeCKO pBKOBOACTBO rrpr4 peIIaBaHeTO Ha 3aAaqv
sa xlacn$nKalll{t LI Aa HaMeptr npldnoxeHrre [pIa pelraBaHe Ha rrparTr.rqecKr,r 3a aqvr 3a ale.aurvc Ha
v3cJIeABaHI,ITe repllropun rr rl3[on3BaHe na Ha6opu or AaHHr4 or pirnuqHz rl3TorrHr.rqu. flonyueHr.rre
pe3ynrarll ce ocHoBaBar Ha sa4u6oueHr,rre no3HaHvrs, Ha AoKTopaHTa e o6racrra Ha r{3cJreABaHe Lr

rloKa3Bar HeroBara cnoco6nocr 3a rBoprrecKlr rroAXoA rr opt4rllHanHo pe[raBaHe na npo6leMr.rre.

4. llpnnoc[ r.r 3HarrrrMocr Ha pa3pa6orKara
OcnosHzre [pereHIII{I{ Ha aBTopa 3a rlplrHocr4 ca Qoprr,rynupanpr e 5 roqrr. flpznocure uuar

ocHoBHo Haf{Ho-[pI4JIo)KeH xapaKTep. Te ca SopnrynupaHlr B cborBercrBue c vr3vrcKBaHrlsra Ha
3PACPE.

Tpz ot npllnoclrre ca reoperprKo-rrpvnoxHr{ rr r.rMar MeroAt4rrecKr{ xapaKTep 14 ca cBbp3aHrr c
pa:pa6omane Ha Mero4vrnur u uerot'z, IrpvnaraHll rrpLr r43rron3BaHr.rre nenranefinu MeroAr4 3a
ruacuQuraqnr.

.{ra or [pI4HocLITe, KorITo ca c HoMepa 4 u 5 LIMar rrpunoxeH xapaKTep Karo npeAcraBnrBar
npaKTlrqecKvTe pe3ynTaTl4 oT flpunaraHuTe MeToAr{ Lr v3cne4BalJvfl.

flpusuana:r,t npereHllvrlTe Ha AoKTopaHTa 3a rrprrHocure vr cqr4TaM, qe re ca 4o6pe
$oplrynzpanu.

5. AnropeQepar
Tercrrr na anrope(fepara cborBercrBa Ha rvceprarlrroHHtlr rpyA rr orpa3rBa ocHoBHr4Te

noJIoxeHI,It or npo6nevrrare, ptrrnex(AaHlr n paspa6orKara, Karo e paspa6oren cbrJracHo
LI3LIcKBaHr.rflTaHa 3PACPB. Paspa6oreu e na 56 crp., or Kor4To 50 crp. npeAcraBrr ocHoBHlr MoMeHrr4
or rrerre rJraBr.r na pa:pa6orKara. B anroile(pepara ca BKnroqeHr4 orrle u clpaBKa 3a rrplrHocr,rre,

PeueHsIaq Ha Ar,rceprarl[oHHnr rpyA Ha ]rHX. Xpncro Huxoron flpegcranur: npo$. B. Maprauon



_10_

crILIcbK Ha [y6JII{KAIJVrkrTe, CBSp3aHr,r C Ar]CepTarIVrATa, CrTLrCbK C rlrtTr{paHaTa Jrr{TepaTypa r4 crrr4cT,K
Ha r,I3rIOJI3BaHIATe CbKpaIIIeHlrr.

6. Oqenra na ny6.rurKarlrrnTe no ArrceprarluoHnnq rpyA
lorropaumr e rlpeAcraBun rpvr uy6nuraqnpr, cB'bpsanlr c Ar.rceprarlrroHHrlt rpyg. E.qna or

pa6oture e AoKnaABaHa sa MeNAyHapoAeH KoHrpec n Ancrpux, ABe Ha HarlrroHaJrnu xon(fepeHrlr.rr4 c
MexAyHapoAHo yqacrrne s Brrrapkrs. v ABe Ha MexAyHapo4nu ronQepeHrlr4lr n Brnrapvrr. Tpu or
ny6ru.rxaqullTe ca caMocrotreJlHl{, a Apyrr{Te ABe ca B cbaBTopcrBo, Karo eAHara e c eAr.rH cbaBTop, a
Apyrara c rprrMa cbaBTopr{. 14 nerre pa6oru ca ny6mrryBaHu na anmuficKr.r e3rrK. E4Ha or
parpa6otr<ure e ny6rzKyBaHa upes 1993 r., a ocraHaJrnre ca or nepr{oAa 2008 r. - 2016 r. Tpz or
ny6maxaqr,rlEre ca [ocBereur{ Ha npo6neuure Ha HeBpoHHr.rre Mpexu upla AtrcraHrlr4oHHr4Te
I,I3cneABaHLLr, a 4pyrute ABe rperr,rpar npo6neMr.rre Ha MeroAa Ha orropHrrre BeKToprl. Parpa6orKr.r or
uy6nuraquvrre ca BKJrroqeHr4 B rrpeAcraBeHr4-f, AprceprarlvoueH TpyA, Ho rBHo e rlr4Tt'rpaHa caMo eAHa
or ny6rurallnllTe (or 1993 r.). CrgrpxaHr4ero lrM r4 KoMnereHrHoro onvcaHr4e ua npo6leMrrre,
pa3fneAaHlr B Ttx, AaBaT ocHoBaHple Aa ce 3aKnloqlr, qe Te ca Aeno Ha aBTopa.

7. Ilnrnpa lnufl, rr r.r3noJr3 BaHe Ha pe3yJrrarrrre

,{orropauttr He e lrpeAcraBr{n cBeAeHLrr 3a }r3BecrHr.r rlt4Tprpantrs, Ha rrpeAcraBeHr,rre
ry6rurraqun.

flpe4nararu.rre or aBTopa MeroAtlKr,r r4 MeroAr,r sa o6pa6orKa raMar ocHoBHo r43cJreAoBareJrcKr.r
v MeTo.4LIqeH XapaKTep, KoeTo AaBa B63MOXHOCT 3a Tf,XHOTO V3nOJr3BaHe lrpr4 Apyfr4
r.r3cJreAoBarencKr4 [paKTuqecxu parpa6orru.

8. KpurnuH[ 6erexKrr r rperopbKrr
Pa6orara e 4o6pe o(fopnaeua reKcroBo u rpa(fuuno. IloroNnreJrHo Brrer{arJreHLre rrpaBv

crllc:sKa Ha repMrrHzre. Kru pa6orara r{ cbrrlHocrra Ha paapa6orxara HrMaM ga6ereNru no
cbruecrBo.

Ktrr,r pa6orara Morar Aa ce HarlpaBtr ocHoBHo 6enexrra, Korrro ca ocHoBHo or rexHprqecKr.r
r4Jlr,r MeTOAI,IqeH XapaKTep.

l.Ilpe4cmntHero Ha 3HaMeHarerfl, Ha 3aBlrcrrMocrra la Mu ce orJrlrsaBa or KJracuqecKara
(fopua Ha rlpeAcraBrHe Ha 3aKoHa na lllanx (Qopuyla [3] ua crp. 14).

2.Cnyuaxr Ha rIprIrIoKpLIBaHe Ha KJracoBere, rrocoqeH 3a HaJrr{rreH na @urypa 11, ce
npeAcraBfl ro-rcHo Ha @urypa 12 or crqara rJraBa (crp. 39, 2 p"l, orgory).

3.llo MHeHrIe Ha peueH3eHra (poprnryrupoBKara Ha trerBbpra fJraBa or pa6orara
"flpraloxerule Ha MeroAoJlorurtra 3a pa3no3HaBaHe Ha o6pasu ..." e rnbpAe o6qa r,r He cborBercrBa
Ha cbAbpx(aHl,Iero Ha rJlaBara pI ro - y.qatrHo 6u 6ulo .ua ce yrotrHpr xaro "llprzJroxeHr.re Ha
nenprHeftnn MeroALt or MeroAonorlrrra 3a pa3[o3HaBaHe ua o6pa:u ..." (crp. 42, pep,1 ornope).

9. JI[.rHu BrreqarJrenr{q 3a KaHArrAara
flosHanaM uuN. Xpvrcro HuroroB or HeroBoro [peAcraBsHe Ha Hayqnu r<on$epenrryv lr

nayrno-o6pa3oBareflul{ JIeKIIupt. Toft ce [porBrBa Karo epyAr,rpaH Hayqen pa6ornnK c noAtrepraHo
KpLITLIvHo orHo[IeHr4e KbM pa3rnexAaHure npo6reMr.r Il crroco6nocr 3a rBopqecKo Mr.rcJreHe.

10. 3an.nrorrenue
Iloryuenure pe3ynraru n pazpa6orKara Ha rJr. ac. r.rHlr(. Xpucro Hraxolon, QopnayrzpaHrlre B

neftuara pa6ora nprlHocl{, Karo I{ o(fopu.auero ua neftuarapa6o'ran ny6nuxaqvr{ rroKzBBar, ve rofi
rIpI,ITexaBa HyxHLITe KaqecrBa 3a HayqHo-r,r3cJreAoBareJrcKa pa6ora u cnoco6nocru 3a
$opuynupoBKa Ha oprIrkIHiInHI,I pe[reHr,r{ r,r rrxHoro npaKTrlqecKo peaJrr{3rrpaHe.

l4lr.afixu rpeABrIA fopel43noxeHoro, rrpeAnaraM Ha yBaxaeMoro HayqHo xypr{ Aa npvrcrrLr
Ha rrHx. Xpncro CroqHos HnrcoJroe o6pasonareJrHara u HayqHa creleH t'qoKTopt' n o6nacr ua
BpIcrIe o6pa:onanue 4. Ilpupodnu HayKu, MamemamuKs u unQopnamuKa rro upoQecuonalno
HanpaBneHue 4.4 Hayxu sa 3eMnma, :nay.rr:aa cnequanHocr "r{ucmaHquoHHa uscnedesnu.fl Ha
3ennma u nnaHemume".

rp. Corfrar,

26.11.2018 r.

)rreH3eHr: /U /
(npoQl.r-p rrHX. E. Mapauon)

Peuenllq Ha A[ceprau[oHHun rpyA Ha rlHlt(. Ilpegcranu.n: npoQ, E. Mapuuoe


