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rrpoQecuoHaJrHo Ha[paBJreHue 5.3. ,rKouynlrrcaqrroHHa [r KoMrrrcTbpHa TexH1;Ka.,

ornocno: Al'lceprallroHeH TpyA sa npn4o6uBaHe Ha o6paronare rrla u HarrHa crerreH
,rr(orcroptt n upoSeczoHaJlHo HanpaBJreHrae 5.3.,rKo*rynuxaqrroHHa rr KoMrIrcTbpHa
TexHuKa,,.

Anrop: Teo4opa llnanona flacapercxa, AoKTopaHr Ha caMocrorreJrHa rro,uroroBKa B
AoKTopcKa rrporpaMa,,Terexou;rur.rKarlr.ru., _ HEy.

Teua Ha AlrcepralrlroHHlrfl TpyA: ,,Irl3cle4aaHe Ha MeroAr.rre 3a nJraHr.rpaHe H
piBnpeAeneHr.re Ha paruoqecrorHr,r, cneKrbp n peny6nux a B.sffapufl* .

Hayven pbKoBoArrrer: npoQ. .q-p flnaueH Mapunon I{nerron.

OcHonanue 3a rlpeAcraBffHe Ira perleH3[sra: qJreH Ha Hayuro xypu, c6uracHo
3auose,q Ilb3-PK-27I17.10.2024 r. uapexropa Ha HBy.

PeuensHsta e rl3rorBena cro6pasuo 3axoH a 3a pa3Burr,re Ha aKareMgrrHu5r cbcraB Ha
Peuy6ruaxa Etlrapr'Ix, flpaauauuKa 3a [p[nararrero Ha ro3rr 3aKoH u Hape46ara 3a pa3Brrrr.rero
Ha aKaIeMr{rrHr,r, clcras s HEy.

1. 3na.rurlocr Ha [r3cJIeABaHHs npo6leu B HayqHo r.r Hayrrno-[pllJroxHo orHorlleHne
Teltara Ha npeAocraBeHl'Lsr MI{ 3a craHoBrlule Aaceprarr}roHeH rpyr e ,,I,I3cle4naHe Ha

Mero.[I'ITe 3a nnaHupaHe H pa3npe.qeneHl.Ie Ha paAr.roqecrorHru cneKTbp n peny6.rruxa
Etrrapul"' I'IscreAsaHurr npo6leM e 3Hatrr{M 3a pa3Br,rrrdero Ha reneKoMyHr.rKaquoHHr{fi
ceKTop u uMa BIwIflHue Bbpxy I{KoHoMI'IKara y Hac. Ero salqo axTyaJrHocrra Ha paspa6oraauraa
B AI'IcepraII[oHHrIt rpya upo6JIeM B HafrHo LI HayqHo-[punoxHo orHorrregr,re 

"-6"r"nopru.,{ucepraquoHHl'Irr rPYa e s o6Iu o6eu or 274 crpa:rrurlrir BKrrorrrirreJrHo reKcr, ra6mlqrn
I'I Hffocrpalluu' Cr4rpxaHl'Iero My e crpyxTypupaHo n 5 rranu, BKrrorrBarqrr rr 3aKJrroqeHr,re.
,{ncepraquoHHl{flT TpyA 3aBBplIrBa cr,c ctr]rcbqtr Ha u3rroJr3BaHr,rre r.r3TotrHr,rqu ua un(popuaqux
r.r H a r.r3 rr oJr3 B aHr,rre cbxparue H r.r fl u le $uuu\uu.

loreMrasr o6eu r'IgnoJBBaHrI JIlITeparypHH rr3roquw\u (212 na 6poft) e cBgAereJrcrBo
sa o6ctoeH o6sop lI e B cBorBercrBl{e c reMarr.rKara Ha Ar.rceprarlInoHlrr{{ Tpyr o6xnarrlafixu
ocHoBHI{Te rIpI'IHIII'IIIU Ha yflpaBJleHl,rero ]r pzBEpeAeJreHr.rero Ha paA[OqecrorHr,r{ c[eKTBp.

otpopunenreto Ha AoKTopcKara pa6ora, HarrpaBeHr,rre vrgc,re1Ba,u,, a*anilglr u
KoHcTaTaIIuu, tIoKa3BaT KOMIIeTeHTHOCT'Ia Ha AOKTopaHTa OTHocHO pI3cneABaHur npo6leu.

,{ncepraquoHHllrr rpy.q r{Ma cBoHTe Hayr{Hr.r H Hayr{HoilpunoxH}r rrpr4Hocu, ocHoBaHrana o6crofiul,re lpoyqBaHus' 14' a*ar.3vt, KaKTo a Ha npeAnoxeHara MeroAr{Ka 3a rrpoBexAaHeHa CI{MyIaII}IoHHO I'I3cJIeABaHe 3a OnpeAen,lHe Ha B3aLIMHOTO BJII,I'HI{e Me)KIypaA[oeneKTpoHHo o6opy,qnane Ha rloJl3BareJrr.rre Ha paArotrecroreH pecypc 3a cMece,o
lon3BaHe.



2. odocnosaHocr Ha rleJrrrre v saaaqvre B Ar{ceprarlr{oHHrrfl TpyA
lrceptaquoHHlrflT TpyA e pa:pa6oreH Ir rIeJrH !u no"ry*r.r Karo HarrHo-MeroAr.rqecKo

pbKoBoAcrBo rlpu pelrlaBaHe Ha peanHr.r npo6.neurl, cB6p3aHr.r c pa3[peAeJreHr.rero,
NJIAHIIPAHETO I,I YIPABJIEIII{ETO HA PAAUOqECTOTHI,I, CIIEKT'P Y HAC.

<Dopuynrapa,r,rre ocHoBHr{ rlen, B Ar{ceprarl,oHHr.r, TpyA ca:
1) I4scne4naue Ha MeroAldre 3a pa3npeAeneHue, nnaHrrpaHe il ynpaBneHr{e Haparl{oqecrorHl{.s c[eKTGp :a o6esueqaBaHe Ha BHerp{BaHero Ha cbBpeMeHHr{

6e:xaqnure IxlIpoKoneHToBI4 eneKTpoHHa cro6rqurenHr{ ycJiyru u rocrl,paHe Ha
eQuxacno, ctIoAeJIeHo, AI,IHaMI,IqHo LI ro.,ulHo I,I3noJI3BaHe Ha ro3rl pecypc;

2) PasupeaeJlrHe Ha ,4ocrar-bqeH vr [oAxoAflrq paAuoqecroreH c11eKTbp 3a
rrpeAocTaBfl He Ha TeneKoMyHr.rKarlrroHHr,r ycJryrlr;

3) ocurypxBaHe Ha ycnoB,Ifl 3a KoopAr{Hr,rpa'o rr xapMo,r.r3r.rpaHo rr3rroJBBaHe Ha
paAr,rotrecToTHr{.s cner(Tbp.

3a uocruraHe Ha onpereneHllTe IIeJru B Ar{cepral\hflTa ca resasupaHrr cJrerHr.rre
ocHoBHI.I 3aAAIl,U:

3aAa'ra 1: Ana;rug Ha aKTy.n,oro cbcrof,Hr,re Ha MeroAr.rre, [oAxo.qr,rre r,r crparer,r4Te
3a TJIaHI'rpaHe rI ynpaBJleHue Ha pa,{uoqecrorH}r, cneKTbp n Peuy6nara Binrapux u
XAPMOHI,I3IIPAHETO UU C ENPOUEfiCXPITE }I CBETOBHII TEHAEHIII,IU.
3a.uaqa 2: LlscrelsaHe I'I aH,rw3 Ha ocHoBHure rrprr,rl vt vt vr cBBpeMeHHr,r reHre,rlr{a
,,pl4 ynpaBneH Llero H pa3 [peAeneH 14 ero H a paAr.r o qecrorHr.r, crr eKTbp.
3a.ua'Ia 3: I4screAsaue Ha Bb3MoxHocrr{Te v nnaHapaHe Ha ueo6xo4uuure
TexHlIqecKI'ITe, perynaTopHl'I Lr oplaH[3aUI4oHHLI flpoUeAypl{ 3a O6egneqaeaHe
BHeAp'BaHero Ha cbBpeMeHHI4 6esNlz'{Hure [rilpoKorleHToBr.r eJIeKTpoHHr.I
cro6rqurenHr.r ycJryr[.
3a,qaqa 4: Paspa6orBa*e Ha rloAxo.q, H MeroAvrKa 3a yrrpaBneHr.re Ha pa,q[oqecrorH,rfl
crleKTbp' Paspa6orraHe Ha KoMnIorbpHI,I Mo.qenrr, npoBexAarre Ha cr{Mynarlgo HHu u
pearrHr{ [oJreBr.r r.r3cneABauvrs. Ha o6erru.
B saxJrloqeHHe, rHcepraIIEoHHLl,IT Tpy.q npr{TexaBa scHo Ae6raur.rpaHr,r v HarrHoo6ocuonauu qena u 3a1aqu.

3. crorsercrBrre Melr(Ay u:6panara MeroAoJrorilfl kr MeroAHKa
IOCTABEHHTE UEJIII II 3AAAIU HA AI,ICEPTAIIIIOHHIIg TPYA
I4e6pauare Mero.{onoril, I'I MeroAr.rxa Ha r4scneABaHe B AorTopcrara pa6ora ca BcrorBercrBue c Qopuynlrpaur,rre qenr,t u 3araqu.
B 4rceptaqYlo*Hvtfl rpya ce cnerBa Meroronorvfl Ha,3cnerBaHe c MeroAr{qeH nJraH 3a4eficreue, cBbp3aH c HsKoJrKo ocHoBHr{ Haco*a, KaKTo cneABa:o flpasu ce aHaJII'ITHrreH nperner Ha a*TyaJr,oro cbcrorH ue Ha paAuoqecrorHt4,

crleKTbp n Peuy6nura Btnrapufl' u xapMoHr.r3r{paHe c enponefic1r.rTe r{ cBeroBHr.r
TEHAEHIII4I,I

o Asanr'Igllpar ce HTBeMHI'ITe Mpex[ E paAraoqecrorHH o6Xnarn g00 MHz u lg00MHz. pa.:ueAann ca paAroqecrorHlr o6xaaru 2 GHz, 2.3 GHz, 2.6 GHz u 3.6GHz, o6xnaruT00MHzu g00 MHz.
o O6cneAna ce paAl'IoqecrorHllf,r crreKTbp 3a qerBbpro noKoJreHze (LTE), 3a

Ha3eMHo rlu0pono paAl{opai}[pbcxBaHe - DVg-t, ,r"ror"rre o6xearz [oAxoAf,rrlu
3a Mpexl4 oT BLIAa,rToqKa KbM TotIKa" a Mpex[ or BrIIa,rTorIKa KbM MHoro ro{KI.,I,,,
KaKTo I'I careJIHTHIr reJIeKoMyHI'rKaIIlIoHHH Mpexlr 3a IlpeAocritBfHe na uo6nnurEycJlyrll, pa'4uotlecroreH crleKTbp 3a ycrpoftcrna c MaJrtK o6cer na 4eftcrnre,qecrorHl,I o6xnarr,r npeIHa3HarreHLI 3a KoMyHLIKaIIvtfl ,,Mlnrylua-Malrruua,, (Machine
to Machine-M2M) lr Apyru.

o I'l:*p,rna ce H3cJIeABaHe Ha Mero.qlrre 3a pa3npeAeneHr.Ie, [naHrlpaHe HynpaBneHrle Ha paALIOqecrorHH' crreKTbp, Karo ce aKrleHT[rpa Ha MeroA 3a

HA rr3cJreABAHe u



NOJBBAHE HA CIIEKT'P, KOfiTO HE E UHAU,,UIYAJIHO ONPEAEJIEH, MCTOA ,,P}II'IHAIIBI'I.4ytIJIHO OIIpeAeneH orpaHr'rtreH pecypc, MeroA Ha Jrr{rleH3r,rpaH cEBMecreH
AOCT5II AO paAr.roqecToTeH CrreKTbp r.r MeTO.4 3a onpeAensHe npaBOTO 3a rroJr3BaHe
Ha pa4.roqecToTeH CrreKTbp.

o I4scre'qna ce BHeApsBaHero Ha cbBpeMeHHa 6esxuqHr,r ulrpoKoJreHToBr.reneKTpoHHra cro6ruureJlHll ycJIyrI4. AxrIeHr ce nocraBfl Ha HoBoBbBereHr,r, KaToTexHonorrl{m 5G }r r{HTelpaqus ua IoT .o Auar[s,rpa ce ylpaBJleHuero Ha cneKTbpa r,r HopMarr.rBHara paM*a, Karo ceor6ers:nat nurleH3l'IpaHero I'I pa3npeAeJrenr.rero Ha qecrorur{.r{ crleKTbp, uy6nuvuo-qacrHHTe [aprHbopcrBa, opfaHI{3aIIrIoHHI'ITe crparergl] u pa3Burr{e HauuQpacrpyKrypara, KaKro 14 oneparaBHoro ynpaBrreHu e.o Paspa6orna ce Merorl{Ka 3a npoBexraHe Ha cr.rMynarluoHHo H3cJrerBaHe 3aorrpeAeJrsHe Ha B3ar{MHoro BJrr.r.sHr.re MexAy paAuoeneKTpoHHo o6opy4naue uanoJBBareJII'ITe Ha paAl'IoqecroreH pecypc 3a cMeceHo rroJBBane. npeacrurr, aacrIeHapI'III r I'I3JIOXeHI{e Ha MeroA Ha Cr{Mynaqr4oHHO r{3CneABaHe. cr6upar .a , aaaHanr.r3r4paT AaHHrr.
o I4srotsx ce MareMaTI4rIecKI'I a*arru3 LI MoAenI4 Ha cMyrrleH ufl rrpLrHoBoBb3Hr,rllsilrrur

cI'IcreMrI I{ TexHrIKa xato 5G 6asonu craHIII{[. dnp.g.rri ce MareMarr.rqecKr.rI(OHUelquE I{ TIOAXOAI4 3a I'I3CneABaHe Ha cMyIUeHI{rra Ha 6asosure craHlllIpr, Karoce o6cneAna pa3[pocrpaHeHl'Ie Ha carHana, Mo.qeJrupaHe Ha cMyrueHa.f, r,r rexHrrKrr3a HaMirJI{BaIre Ha cMyrrleHr.rrTa.
o flposexAar ce recroBe I'I I'I3cneAB a,vrs.,3aBbprrrBarqu c KoHKperHr{ pe3yn raryt vrOUeHKa Ha BaJrr.IAarI[rrTa Ha B3ar.rMHoTo BJrI,r.,IHr.re MeXAy paAr{oeneKIpoHHoTO

o6opygnane Ha [on3BareJII'ITe Ha paruoqecroreH pecypc 3a cMece,o [oJr3BaHe.B o6o6ueul4e Moxe Aa ce loAqeprae, qe u3rroJr3BaHure Meroronora, a MeroruKa HaU3CJIC.{BAHC CbTOBCTCTBAT HA IIOCTABCHI{TC IICNI }I 3AA',U B AI{CEPTAq ilOHHLIg. TPYT,.

4' Hayuuu u Hayq'o-[prrJrox,lr [prr,oc[ Ha Auceprarl[orrHlrfl TpyA
c'ruta'u, ue 6poxr ua (popuylupaHlrre oT AoKTopaHTKara npr.Hocr4 e [peKaJreHo roJrrM(o6rqo 37), xouro n npeo6na4ururr,uru c,{ qacr 3a HarrHo-[p]rnoxHr{.
Y6eaena c'M, qe [peAcraBeHI'ITe or Teoaopa rlacapencra [pr.rHocr.r B Arrceprarl[o,Hr.r,rPYa ca ueffuo co6qrneuo AeJIo, no 6uxa Mornrr^Aa ce npercraBm o6o6rqeHo, Halp,Mep B.JIeAHI'ITe 5 rpyull, Kacael,Iu <<I4scle4naHe>, <<AHaru:>>, <Irl:c.uegnane u Auaru3>>,<cucreuarr'r3r'rpaHe), <paspa6orKa Ha HoBH [oAxoAr,r, Mo.{enla r.r MeroAr{ru> (ryr 6rxa uomr.Aa ce orHecar rprrHocr{ c HoMepa 22,24,32 u 36).
B sarcmoqeHl'Ie, He3aBI'IcI'IMo or Ha[paBeHI,ITe 6enexxu, e Harluqe roJIrMa no o6eupa6ora' AoKa:lBarrla KoMlere,THocrra Ha AoKTopaHTa ,,o TeMara Ha Ar,rcepraqr{oHHr,r, TpyA,IOCNCAOBATCJIEH H AHAJII,ITHIIEH IIOAXOA NPA U3BbPIIIBAHC HA IIPOYIIB AII.IIflTA }I YMEHIIE 3AcI'IHTe3I'IpaHe Ha flpou3Tllqalqu I'I3BoAI'I, 3aKJIIogeHils u [p]IHocu. flpe4noxeHllTe 11puHocr,IMolar Aa ce orHecar K6M ronyqaBaHe Ha HOBr.r 3laHufl z o60rarssura a HOBr.r 3HaH I{fl. HAIl3cneABaHara o6lacr, KaKTo r{ KbM npanoxeHpre Ha HayrrH ure 3HaHufl.B [paKTaKara. Te uuar[oreHIII'Iana Aa o6orar'f,T Harpyrla,ure reoppl z [paKTr.rKa e o6racrra aru noryrr*arl]roHHr{TeTEXHOJIOfI,II,I.

5. fly6mrrcaqrr ro ArrceprauuoHHrrfl TpyA
fly6nr'IraqroHHara Aefinocr Ha AoKTopaHTa cborBeTcrBa Ha oolacma HaAI.cepraIIuoHHrL rPYa' rlpeacraBeHrl ca 6 nyltur(arlLtrr, Bcr,rtrKu ny6mrxynaug npe3 2022-pa u2023-ta roAI,Ha' Yerupu or uy6lnxalll{r,rre rrpeAcraBn Bar HayqHu crarr.ru B perleH3r,rp a*pt vrpe0epuparu'I Har{HI'I cflplcaHr.r, u c6opnuqu orpe0epeHr,r.r, crrr{cbK ra HA(I4{.or upegcraBeHl'ITe uy6nlrxall,nli KbM Ar-rceprarlltoHHr{fi TpyA nr.rrrcBar raKEBa, Koprro raca pe0epuparrl4 B cBeroBHo a3BecrHH 6asa or o";"rr, ;;; ny6ruxaquz r vyNozHa KaKro r.r



IaHHI'I 3a III{TI{paHI{fl. He3aBI'IcLIMo or roBa, ny6nr,rxarlr4oHHara AefiHocr Ha AoKTopaHTa e
AooTafltqHa 3a IIoKpLIBaHe Ha l,3vlcKBa]i,LlflTa, cBbp3aHI,I c npeAcTaBrHe u 3aIIIlITa Ha
.ql,IcepTarlHoHeH Tpy,q.

6. Ilnrupane orApyrr aBToprr
Kru uoueHTa Ha l{3rorBtrHe Ha craHoBr,rulero Jrr.mcBar rlrlrl{paHufl. Ha uy6m.rraquu ua

AoKTopaHTa B cBeroBuo r{3BecrHH 6asu or AaHHr,r.

4 - doi:

7, MuenuR, rrperopbKll u 6e.uexrcu
Cuutau, rre AI'IceprauLIoHHLIflT TpyA r{Ma cBorra HayqHa crofiuocr rr orroBap, Ha

3arbJIxI'ITeJIHI'ITe 3aKoHoBI,I LI3II0KBaHT{s ua 3PACPB, IlpanuJrHr.rKa 3a HetoBoro flpr{JraraHe,
KaKTO r4 Ha HOpMarHBHara ypea6a Ha Hoe Er,ffapcxu ynunepcuter.

lracepraquoHHl'LflT TpyA npaBl4 BrreqarreHr4e KaKTo c o6eua Ha r.r3BbprrreHr.rre
lpolnrBaHl'Is', aHaJrvI3Lt [I pe3ynrarpl, TaKa pr c o6eua na anrope$epara ra Soprvry.rrupaHr.rre
npl{Hoclz. Msenuero M}I e, qe anropeseparsr 6w cneABaJro Aa ce npeAcraBr.r [o-KoMrraKTHo, B
HaMiIrIeH o6eu, a [p]IHocI{Te Aa ce o6o6uur, Koero HrMalre Aa HaMaJrr.r ctofinocrra na
u3BbpllreHara or AoKTopaHTa pa6ora. II{e or6enexa c6rrlo, qe (o6crofiHo) }r <Aerafilno) uppr
$oprrlynupanero Ha 

',pI'tHocI'ITe 
He ca noAxorfirqr{ oflpe,qen e,fis. 3a KarrecrBeHara orIeHKa r4

KOJI}IqECTBEHOTO I,I3MEPBAHE HA PE3YJITATI,ITE OT AI,ICEPTAIIHOHHI,Ifl TPYI.
Cuqo, or (fopuynkrpalrTe [pI{HocH He craBa rcHo ranIl ca paspa6oreHr.r KoMrrrorbpHr.r

MOAeII'I 3a rIpOBexAaHe Ha CI,IMyIaIIIoHHU I{ peiurHl{ [OneBLr ]r3cJreABaHVfl Ha O6errr.l, Koero e
rracr or 3a,qaqa 4 aa auceprarlr{oHHr.r, TpyA.

Kru 4ucepraIIpIoHHI'I.rr rpyr rr 6rAeulara Aeftnocr Ha KaHArarara rrle orrrpaB, HfiKoJrKo
npeEopsKr.r:

o llpenopbrrBaM 6rAerqara HayrIHa axrr.rBHocr Ha KaHAr.rAara ra 6r.ue opueHTr,rpaga
ocHoBHo KbM HayrrHu uy6mlraquzu B cBeroBHoI,{3BecrHr{ cleqrlaJrl,I3r{paHg
cnrlcaHfl, u pe$epupa]Hu u pelleH3llpartu 6azu AaHHr4 xaro Scopus, Web of science
u rPyru'

o flpeuoptqBaM Aa ce pa3IIrEpI{ r{acruero Ha AoKTopaHTa B MexAyHapoAHr{ HarrHr{
Oopyr"ru, B pa3[I'IqeH (popuat, xaro xouQepeHrlr{l,t, cr,rMno3r,r],r!{pr, KoHrpec H fi Ap.,
BKJIToqIITeJIHO [I B vyx6uua. Tosa ue AoBeAe Ao cBeroBHo [peAcraBrHe Ha
HafrHI{Te ny6luraqupl Ha :ral$fiAar4 Ao ycrauoBflBaHe Ha rroJre3Hr,r HafrHr{
KoHTaKTI'I r Ao 6tAelq,r crrpy/i1f,'qecrBa B rrrlrpoKara HafrHa o6qnocr.

3AKJIIOqEHIIE
flpe4crane]f-luflT Mu 3a craHoBrlnre Ar.rceprarlr{oHeH TpyA c aBTop Teo4opa I4nanosa

flacapelcxa npe,{craBnsna o6mupHo I,I3cneABaHe, LrMarrlo cBorra HarrHa I,r HaytrHo[p[noxHa
crofinocr.

,{oxropcxata pa6ora oTroBapfl Ha 3aAbJrxr,rreJrHr,rre 3aKoHoBr{ r.r3r.rcKBaHr,r, Ha
3PACPE u flpanurul'IKa 3a HeroBoro Irp[naraHe, KaKTo u ua Hopuarr.rBHara ypeg6a Ha HosEurapcru Ynurepcurer.

Bt: ocuosa Ha BcuqKo topeKa3aHo AaBaM cBogra rroJroxrrreJrHa orreHKa orHocHo
AI'IcepraIIlIoHeH TpyA Ha reMa ,,Ll3ctegtaHe Ha MeroAlrre 3a [naHr.rpaHe H prclpeAeJreHr{e Ha
paAl'IoqecrorHl{, cneKTbp n Peuy6nnxa Burapur" u flogrcperqM npr.rctxraH.rb ,a Teogopa
I'IsaHona flacapercxa na o6pasoBareJrHa u HayrrHa cre[eH ,goxrop;, ,,o HayqHa crreq]rzurHocT
"Telexouy1114lalll{}I"1 n upoSecuoHiurHo HarrpaBneHue 5fi'. Konaynirarlronru r,r KoMlrorbpHa
TEXHIIKA.

,{ara: 26.10.2024r. floAnuc:.
/Aou. a

Elsa or Aeno3r.rpaur{Te HayrrHu uy6ruaxaqau (c HoMep
' I doi.orgl 10.339 19 IYT elecomm-22.9 .7) e qurrEpaua n Google Scholar.
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