
PEUEH3I'tfl

Btpxy ArceprarlrloHHrlq rl)yA 3a rIoJIyqaBaHe

Ha o6pasoBareJlua Il HayrIHa crerleH ,,qorctop" tto:

o6lacr Ha BncUIe o6pasonaralae 4.Iplrpo4H[ HayKn, MaTeMaTHKa I{

unQopruaTIIKa, npoQecnoHaJlHo HaIIpaBJIeHue 4.5 Mareruarurca

(ll:.rncnnreJlHa Ma reMar[Ka),

Aerop Ha AuceDrauuonHLtq rpvr: He.nn Jlxr6'reea HeAelqena-Baena

Terua ua .qucepraquonn[q rpYA:. rrCra6uttlr3llpaqlr perueHllfl sa o6o6IUeH[

Pnrcaruenlr ypanHenurtt

PeqeuseHr: npoQ. grvrn An4pefi Bopucon Alr4peen

1. Arcrya,lnocr Ha reMara

llpe4uer Ha r,r3cJreABaHe B perleH3rrpaHrrrr r{uceprallrloHeH TpyA ca MarpvtIHI,I

Pvxaruenz ypaBHeHr,rs. Te clyxur 3a ynpaBrteHl,Ie Ha BaxHr4 3a MareMarl4qecKoro

MoAenprpaHe rroJrolrr,rl'ennN 4u$epeHrlrranHl{ crIcreMLI or rIbpBLI pe.u. OcneH ToBa re ca

BaxHa r{acr or reopprflTa Ha prrpr4Te. ArrIeHr ce rr)craBt Bbpxy I,ITepaIII{oHHLITe MeroAA 3a

lpg6lraNanaHe Ha peilreHr.rqra Ha crroMeHarr.rre hIarpI4qHI,I ypaBHeHLIfl. Arryalnocrra Ha

HarrpaBeHIITe U3CJIeABAHIdfl Ce O[peAens IIoHe oT oJIeHLITe IIpeAnocTaBKu:

o Pa:ueAaHure B AlrceprarlvrflTa Marpurrgt4 ypaBHeHVs. ca qacr or npvnoxeHl{tra

Ha r. Hap. MafpltqH[ rrfpu. Te ca MareMaraqecKl4 MoAeJII4 Ha HflKoI{ ronQluxrur,r

crrryarJnu e o6racrra Ha vKoHoMvIKura) crarrrcrl4Kara, 6uor'orultra u apyrn. B

. IlpunoxeHvrsTaqecTo B poxrTa Ha eArrH oT LIfpaqI4Te Ce pa3fnexAa,,[pIIpogaTd"

paz6upafti<I,I BIHIITHLI srsAefi crelat cbc c-rfraeH xapaKTep;

. BupeKr{, qe AaHHVTe (rvrarpzuHzre r,reQuuzenrra) qecro r'IMar croxacrl4qeH

xapaKTep, peilreHr,reTo Mo)r{e Ia [poBoKlrpa crpaTen4s Ha noBe.4eHl4e 3a

ynpaBxeHu e, I/tKoHoMLrqecKLI p erne:Hr4fl , {runancu v Apyf 14;



[4repaquouHr4Te Merorr4 3a HaMI{paHe Ha Marpl4qHoro peueHl4e ca BaxHa u

HeJreKa 3aaaIra. Kotro I,IMa cauocrofitto 3HaqeHlle 3a I43qI,IcJIIlTeJIHara

MATEMATLIKA.

Cuzrau, qe aKTyarHocrra uauz6payara reMa:u{Ka e 6e:cnopna-

2. flo:nasaHe cbcroflHrrero Ha npo6neurare

Terraaruxara Ha 4krceprarJnsra e Bbpxy HaMapaHe sa cra6utvr3lzpar\v pelreHrrt 3a

MarpurrHpr Pzrarr.renrz ypaBHeHr{s,. Tasz reopl,If, rlonf{l4 sa6erexurenHo pirBvrne c

yrBr,px.{aBaHe Ha Korrqeflqprrra 3a paBHoBeclre na Hanr (l\trash). Brnperu, qe HefiHara

ocHoBHa rlen e npu:noxeHr4e B r.rKoHoMerpIrJITa, Ts. orqura MHoro pa:uoo6pasnra

rzH$opuaqlroHHu crpyrrypll. JlanefiuoKBaApaTI4qHI,ITe gn(fepenqualuu urpu v.

:ruHefinoxea4.pawl.rrlkrsr croxacrrrlreH MoAen cra ocHoBHtI MeroAI4 3a HaMI4paHe Ha

o6parua Bpb3Ka H paBlroBecr.re na Haur.

Or Aucepraqvsra e Br4AHo, qe IoKTopaHTKara e MHoro 4o6pe 3arlo3Hara c eBoJlroqrltra

r,r cr,BpeMeHHoro ctcroflHlre Ha npo6reunre. Ts ,reuoHcrpl{pa BnaAeeHe Ha rexHllKvre 3a

yTBT,pXIaBaHe, H3IIOJI3BaHe LI AOKa3BaHe Ha pg3yIITaTn OT LITepaUI{OHH}ITe MeTOAI4 B

u 3rru crurenHr4Te npoqe.4ypt4.

3. MeroAurcn Ha rr3cJreABalre

B 4zceprari:4sra e LI3rIoJBBaHe KJracr4r{ecKa M.areMaruqecKa rexHI4Ka, Karo: MeroA Ha

rrr,JrHara MareMarr.rtrecKa LIHryKrIr{r; npeo6pa3oBaHils. or Marpfir{Horo cMsraHe v

lpeAcraBqHe Ha Marpr4vnz $ynruuu csoitctBa Eta Sesrpafinure MarpLIqHIa peALIqu. TesLI

TexHLrKrr o6aqe ce [punarar 3a rrpeo.{oJurBaHe Ha Aocra rpy.4HLt or MareMarzqecKa rJIeAHa

roqKa cvryar\krr4. B 4racepraquflTa:ne Jrr,rrrcBar 14 l{ecraH.4aprHz npufiouz. Tara HanpnMep

rbpceHero sa cra6ulu3r,rpaqr{ Purarneno peruerrue uecro ce 6azupa Ha ypaBHeHl4ero Ha

Curnecrrp:

AX + XB = C.

KT,Aero Aa.ueHI,ITe ty.arputlu A, B u C ca or pa3MepHocr mxm, nxn u mxn, a

Heu3BecrHaraMarpvrJa X e or rvrr mx n .

BaNes r4HcrpyMeHT npr4 AoKa3arencrBo Ha cxoAr,rMocr Ha.4aIeH vrepaIII4oHeH rlpoqec

e Aa ce ycraHoBrr, qe rIpI,{ BcsKa crbrrKa lonyqeHara Marplrqa e M -Marpllqa. EAHa

seoco6eHa KBaAparHa Marpr,rqa e M - Marpr,rua, Koraro BcI4qKn HeALIaToHaJIHLI eJTeMeHTLI

ca HerronoxurerrHvt. Toraea HefiHara oopaTHa I Hr.'oTPrI{OTeJIHa MaTpI,Iqa.



Bux ucra-n B paBHocMerKa Aa loAqeprafl, qe B Ar4ceprarlr4rra AoKTopaHTKara e

|Ip eolonrna peAr4rla MaTeMaT]rqecKu rpy.4Hocrr4.

4. Crpyrcrypa, o6evr r.r KparbK rrperJrel H:r cb4bp)r(aHr.rero Ha AlrceprauuoHuns

TPYA

lucepraqusra e B o6err,r or 137 crpa:awurd n c€) cbcrol4 or yBoA, rpl4 rnaBLI u qpITApaHa

nr4reparypa. Era6rzorpa$una BKJrroqBa 68 sarna,Bur, rroBerrero or Koltro ca n3ne3JIIl or

neqar npe3 rrocJreAHure 20 roruttu.

OcseH roBa B Ar4ceprau[oHHlrr rpyA HaKparr ca rarenvr ocHoBHure rlprlHocla (cnope4

anroprara), crrrcbK c nefinure ny6maraqu[ no,n[ceprarJrlflTa I4 Ir3HeceHI{Te AoKJIaAI4 Ha

xouQepeHqura.

Yeodrm zn$oprvrrapa n MHoro KparKa <popua (8 crpaunqn) 3a IIeJrIaTe vI

r43cJleAoBarencKr{Te gapLa'uu, KaKTo I,I Morr4BarlLrsla 3a us6opa Ha reMara. Helu Baeea e

yclqna B crerHar Br{A Aa rrpeAcraBr,r cbBpeMeHHoro cbcrosHze Ha ocHoBHI,It npo6neu sa

HaMr4paHe na cra6uttlr3lrparrlo perxeHr4e Ha a-nrr:6pnqno PnraureBo ypaBHeHLIe. Tofi e

rrpo B oKr{paH or noJrox(rlTeJrHara 4u(p epenquarrHa orzcreMa or Bvra:

i = Ax + B,u, + B2tt2, x(0)=xo, Q)

r.e. TaKaBa, rre BeKTopr;THacbcro.{Hr.rero x(t) e rreorp}IuareJleH 3aBc.f,Ko /, aKo xr> 0 u

Q,vuxqzure Ha ynpaBnenvre ul vt u2 ca HeorprruareJlHll.

f.taea nbp6a ra:J) raBa MeroAr4 3a rbpceHe Ha paBHoBecLIe rro Haru

:ruHefinor<sailparvr.tnr Ltrprr c ABaMa vrrpaqv, r.e. r43cneABaHnflTa ca lopoAeHr,r

cr.rcreMara (l).Tt ce ynpaBn-flBa or Marpraqno PraxaureBo ypaBHeHlre or BVAa

-0

Kr,Iero Marpr,{qHr4Te noeQuqraeuru A, Qt v Q, ca KBaAparHv MarpIaIII4 or e.qI4H vt crr\u

Tkrrr. a X, u X, ca HeIr3BecrHrITe Marplrqu.

.{orarnar ce reopeMur 3a HaMkrpaHe Ha cta(iuttuzupaIqo pemeHr.re (Teopevra 1.5 ut

Teopeua 1.6).

Pe:yrrarure or ra3r.r rJraBa r.r3rroJr3Bar cbllec'rBeHo re3r,r na Jank and Kremer (2004).

Talr e.4aAeH MeroA na Hroron, xofiro e lopa3Br,rr B ALrceprarluronnvts. TpyA.
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3a peuraeane ua (2) ce rpeAnara HoB r.rrepaqr{oHeH MeroA, Haper{eH Curnecrup II,

Karo Ha Bc-flKa crtnKa ce peruaBar 4ee nauefiHr,r ypaBHeHvrs Ha Czrnecrtp. Xaparrepuo

T)'K e, qe yqacTBarqvre Marpr4rlr4 ca c [o-MzInKa pasMepHocr.

ftoea 6mopa e l[ocBerena Ha u3cneABaHe) Ha lrreparlr{oHHt4 MeroALt. flrpno e

pa3rneraHo HecrlMerpr.rqHo PuKarr4eBo ypaBHenue. 3a uero ce npr4narar r.r3BecrHr,rre

r{r4cneHu rrreparluoHHr.r MeroArr: na Hroron, uolprrbuuupan urepallploHeH Mero.4 na Hroron

u nvtHeapv3Lrpar vreparlproHeH MeroA. Tesu pe:yJrrarv ce ocHoBaBar cbrrlecrBeHo Ha

pe3ynrarr{re, roJryqeHra ot Ma and Lu (2016).

flo-naramK ce rrpelcraBrr rr,roan(fzraqvrv fla u3BecrHr4 raTepauaoHHlr MeroALI 3a

TT,pceHe Ha paBHoBecl,re tto Harrr sa 3a4ariara or rr'])pBa fJraBa (rarpu c ABaMa rarpa.ru).

Z:nr,purenv aa rocrarbqHo Ha 6pofi trr4cJroHrd eKcnepl,IMeHrz (8 ua 6poit) u ca

HanpaBeHrr kt3BoArr. Karo qsno rJraBa BTopa BrrerrarJrflBa c roJIeMLIt o6eu Ha

AoKa3arencrBara. Taxa nanpzMep AoKa3areJrcrBo'lo ua Teopeva 10 e sa 12 crpaHlrrlla.

B fnaea mpema ce o6o6rqaear HsKou Mero.4r.r 3a rtpceHe Ha paBHoBecrze rro Halrr e

:runeftHorna4parldrlHl{ utptr 3a rroJroxr,rreJrHu cr4c'feMr,r, Koraro yrracrHl.rur4Te ca noBeqe or

ABaMa. Hafi-HaupeA ce pa3rnexla r{Tepaur{oHrrr.r.rrr Mero.4 ua Hroron 3a N urpaqr4

(Teopeva 3.1). Anarorra.rHr4 pe3ynrarr.r ca rrorytreHr,r 3a lrrepaqproHHzTe Mero,{r{

Cu:rnecrrp I (Teopenaa 3.3) u Czrnecrup II (Tecpeua 3.5). Cnouenarrare rprr reopeMrl

noKa3Bar cxo,4r4Mocr Ha cborBerHr4Te r4Tepallr4orrHr4 qr4cJreHrr Mero.4r4, Kofaro 6potr na

v qacrHr4rlt4 re s ruHefi HoKBaAparv.tHlr's. npoqec e rrpor.r3BonHo f ontM.

flo-nararrrrrHr.rre r,r3cnelBaHrrr B f,rraBara ca [ocBereHr.r Ha MeroA na Hrorou c

napaMerpr,r u Mero4 na Cprnnecrlp II c napiMerplr, Koraro 6poar Ha r4fpaqure e

$nrcczpaH Ha rpr,rMa. 'fesz rdero4u, pa:6opa ce, orHoBo ca lpunoxeHlr za rtpu6ttu)r(eHo

HaMr4paHe ua cra6utr43r,rparrlo pe[reHue e ruHeimoKBaAparr,rrrnvr urpv. LI ryrc e cla3eH

nprrHrlrrnbr 3a AocrarbqHo Ha 6pofi uucleHlr npulrepu.

5. flpuuocn B Arrceprarl[oHurs rpyA

Ile pe:roul4paM Moero JIr{rrHo MHeHr4e 3a no-cbruecrBeHrzTe pe3yJrrarr4, rlonyqeHu B

Ar{ceprarlu sr a Ha Herra Baena:

o OcHoBHIrre HayrrHlz rrpLrHocu B Ar.rcepran,r{oHHufl TpyA ca cBbp3aHrr c qprcJreHoro

pemaBaHe Ha ypaBHeHru Ha Pnraru (euN Harrp. (2)). llpe4loxeuu ca

I,ITepaIIr4oHHu Mero.4r,r Crarnecmp I z Czreecrup II 3a ABaMa urpaqv, Karo ca

IOKa3aHlr C6OTBeTHO TeOpeMU 3A LrT epaWtOHHaTa CXO.{I4MO CT;



Be:cnopHo nafi-nne.IallulBalqr4sr pe3ynrar B ArzcepraukrflTa e, qe rtocoqeHrlTe no-

rope ABa MeroAa ca o6o6rueHl4, Koraro 6poxr Ha nrpaqrre N e no-rolsru or 2. B

IOKa3aHI4Te TeOpeMI.r Ca n0nyrreHv ycno.BprflTa 3a cxoAr4MocT Ha urepal\voHHara

MarprrqHa pe4w\a)

flolyveuu ca ABe HoBI{ I4repauI{oHHLI npoueAypl{: Hroron c napaMerpu Lr

Clrlnecmp c rrapaMerpl{, Karo re3l{ pe3yJlTarv ca npeAcraBeHrnpkrN: -t.

B saxrro.reHrre qe noArreprtur, qe ocBeH ocHoBHr,rre pe3ynrarl,I, Aoopo BnelIarJIeHLIe

npaBu u r$axrlr, qe re ca rroAKperreHr.r c pa3Hoo6pa:nn qI4cJIoBIr eKcIIepIrMeHTLr.

6. Ilyb.nunaqrn tro ArrceprarlroHHr{s rpyA

[orropaumara vrMa rpr{ uy6naxaqzu r() p.ncepra\nsra, ABe or KoLITo ca

caMocrosreJrHr{, a erHara e cbBMecrHa c Haf{Hrrq pbKoBo.4I,Irer. EAna or crarllltTe e c

r4MnaKT-paHr. Pesyrrarure or Arrcepraur,roHHrrr rpyA ca AoKnaABaHLI vt Ha rler

xou$epenuvvr,TpLr or KoLITo ca c Mex(AyHaporHo ytacrve.

7. Bnleqo [3rroJr3BaHe Ha pe3yJrrarrrre

I4groxeHzero B Ar.rceprarlzsra noAcKa3Ba, qe) Herz Baesa I,IMa rlpeArloqnraHu-fl KbM

I43TIIICJII,ITCJIHII T4 TNIOPI{TMLIqHLI ACIIEKTI,4 HA MO.N.ENHI4 3ATAqIj, BOACIIII4 AO PCMABAHE HA

cr4creMr4 ululu Marplzrmlr anre6puunu ypaBHe]rz.s. Karo AoKTopaHT na lllyuencrczx

yHr4Bepcr4Ter ,,ElucKon KoncranruH flpecraBclcr4" Tr e qacr or ycnelxHo pa6orerqa

fpyna c MexAyHapoAHa rl3BecrHocr n o6raclra Ha HenuHefiHIare u MarplIqHvr WaBneHrr,fl,.

\4vafixu npeABr4.4 rxr{poKr.rrr crreKTbp Ha npuno)KrlHr4e Ha rIpeAcraBeHVTe B 4vceprarryrflIa

3a1av'v, cr,M yBepeH, qe He cneA Abnro Henz Brrena ue npeAno)Kl4 HoBI,I LITepaurroHHLl

anfoprrTMrr.

8. IlurupaHraq or Apyrr aBToprr

He ir,ru e r,r3BecrHo pe3ynrarr4 or .4r{ceprarrvsra Aa ca r.r3rroJr3BanvI r4Irvt r\Lrrvpanvr or

.apyf 14 c neuuzurlcTr4.

9. flpeqenrca ra anropeQepara

Aerope$eparbr rrpaBr{nHo orpa3{Ba ocHoBHr4Te rroJroxeHufl. vr Hayqnurs rlpt4Hocl{ Ha

trvcepra\uoHnvtfl, TpyA. He Mofa Aa He or6r-'nelKa o6aue, qe roft e HaIII,IcaH c



y6ex{.{eHr,IeTo, rle To3tr, KoftTO fO qeTe, Iqe pa3rlonafa u cbc caMara 4ucepra\afl..

rrprrHrlrrr, aBropeQeparBT Tpr6Ba Aa pa3rronara c orAeJrHa (pa:nuvna) or ruL3r4

Ir4cepralii4oHHl4s TpyI nllTepaTypa.

10. Kpuruqnu be.nexKll u rpeflopbKl{

flo 4vceprarlrroHHr.rr rpyl tqe HanpaBt HttKoJIKo KpI{TI4qHI4 6elexru, KoI4To He

rrpoMeHrr o6uoro MI{ MHeHI4e 3a HeroBrrre Karrec'Ba:

. MareMarr,rtrecKara Ar{cllunnuua ,,Teopvlfl Ha Lrfptrre" ge 6u MofJIa \a rzsqepnpr

roJrrMoro pa:noo6pa^aue HaMareMarrdqeoKrITe MoAeJII{ ilopr4 vr B no-TtcHa o6lacr

Ha rrpunoxeHue (crp. 4). CrutecrByBar MareMarlrqecKlr MoAeJII{, KoI4To ocBeH

cToxacTl4qeH LIMaT 14 AeTepMI4HI4paH XapzlKTep ;

o He e rcHo KaKBa e nape46ara Ha nurep arypara B rl{ceprauusra. Ts He e HI4To

az6ytna, HI,ITo noHe xpoHonoruIuHa;

o flpu u3TIon3BaHe Ha MeToAa Ha MaTeMaTIIIIECKATA I4HAYKIII4' TOBA, KOCTO I4CKAMC

Aa AoKaxeM, MzurKo rro-HaAony ce AorrycKa ra 6l.'re I,I3tIbJIHeHo (nux uaup.

Teoperr,ra 2.8, ctp.60). Tarana MareMar.irqecKa HeIIpeuI43Hocr ce sa6ertsna npu

AoKrgarencrBara ua Teoperua 3.I u Tt:opeua 3.6. Toea e JIecHo nolpaBl4Mo,

rroHexe 3a cT'rrll,Ifl IIOAXOA aBTOpKaTa e lrOAXoAI4na KOpeKTHO B .{OKa3aTeJICTBaTa

na Teopeua 1.5, Teopelta 1.8, Teopeua2,.I0, Teopenaa 3.3 u Teopeua 3.5;

. He 6usa raCrurla or qr,rcJroBpr eKcrrepr4NreqTr [a ce pa3nonara Bbpxy pa3JII4qHI4,

MaKap LI ct,ceAHu crpaHllqu. Taruna ca Ta6nuqa 2.4, Ta6nwla 2.8 n MHofo

,4pyru. Karro npra otfuqrEa:rnz ny6rvnar\krtr B xypHanl4, TaKa I4 ryK e Aonycrl{Mo

qacr or rexcra la 6'sp.e npeMecreHa,3a ra He ce nonyqaBa roBa;

o flpu rlktrr.rpaHe Ha .4Be cbceAHr{ Qopuyllr He ce ilurre 'rvlpe) a 3arreras. Hanprlnep

(1.18), (1.19), BMecro (1.18) - (1.19);

. Tps6ea Aa or6elexa roneMut 6poit arr4c.reHll eKcnepl,IMenru (o6qo 19). Bce nar

He 6usa Aa ce rBbp.qr4 or KoHKpereH rrpuMep 3a KaqecrBara Ha eALIH rII4cneH

Merol vt cpaBHeHrrero c Apyrrr HeroBr4 noAo6nu Bb3 ocuoBa Ha BaxHI4

napaMerpu, Karo 6pofi urepar1vrvt, BpeMe 3a lpecMsrane vI Apyfl{ uoAo6nu.

.{o6pe e .4a ce Aa,qe eKcnnrlrlLtrHo npn(inraNeuoro pelxeHve Ha uqrofi [pI,IMep,

MaKap It 3a MaJIKI4 croftHocru na n.

B sarrroqenne 6ux ilperlopbqan pe3ynrarr,rre, AoKJIaABaHvr Ha roH(fepenquu n Xucap

nTplanua. Aa nonyqar no.qo6asarqoro rdM ce Mrcro f cnet\uastu3vpaHr arrvIcanns.
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I l. 3ax.nrorren[e

flpe4nn4 roper.BnoxeHoro, Moxe Aa ce HalpaBr{ r,r3BoAbr, qe upeAnoxeHr.rrrr

AucepraunoHeH TpyA HarrGJrHo y.qoBnerBoprBa Lr3lrcKBaHr.rsra ua 3PAC PE u flpau,rJrHlrKa

3a npunaraue Ha 3PAC PE. 3arosa Moero MHeHr.re e ,,3A" [pucb)r(AaHe ua o6paroBareJrua

u Hayrna creneH ,,,{oKTop" Ha Henu Jlrc6.rega HeAerqesa-Baeea s o6racr Ha Br{cme

o6paronaune 4. Ilprapogur,r Ha)rKr,r, Marer\darr.rKa r.r nnQopuarura, npoQecuoHarHo

H an pdine H ue 4 . 5 MareuaruKa crrequannocr,,I,I3.rucJI]ITeJIHa u areu atnxa".
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