KPATKO ONMUCAHUE HA HAU-BAXXHU MOCTUXEHUA

wi.-kop. CBero3ap AumurpoB MapreHon

KAHIUIAT B KOHKYpC 3a akajgemunu Ha BAH B o6s1act [IpuponomaTeMaTu4ecKu HAYKH,
HAY4YHO HanpaBJ/jieHHe MaTeMaTHYeCKH HAYKH

1. Hay4Hu nocTuxeHus

1.1. BwbBepeHue

YucneHnte mMetoauM M anropuTMM 3a pellaBaHe Ha 3ajadvM Ha u3ducnuTenHata
nnHenHa anrebpa ¢ paspegeHn maTpuuM  uMmaT  onpejenswa  pond  3a
MaTeEMaTMYecKoTO M KOMMIOTbPHO MoenvpaHe Ha npouecu, KOUTO ce OnucBaT C
andepeHumanHn ypaBHeHusi. ToBa ¢ ocobeHa cuna ce nposiBsBa Npu 3agayun c
ronisiMa auckpeTHa pa3MepHoCT. [MoHATMETO 2ossiMa pa3mMepHocm ce MPOMEHS C
pa3BUTUETO Ha TEXHOMOIMUTE N MPU MOCTOAHHO pacTawaTta NpPou3BOAUTENHOCT Ha
n3umcnuTenHaTa TexHuka. I He3aBMCMMO OT OFPOMHUA NPOrpec B ToBa OTHOLUEHWE,
pelwaBalin 3a pas3BUTMETO Ha KOMMKTLPHOTO MoAenvpaHe ca MNOCTUXKeHusTa B
obrnactra Ha 4ucneHuTe MeToauM W anropuTMuTe 3a TaxHaTa peanusaums. Ha
dourypata e nokasaHo CbOTHOLUEHMETO MeXOy eKCNOHeHUManHoTo yBenyaBaHe Ha
Obp3ogencTBMeTo Ha KoMnwTpuTe (3akoH Ha Myp, 1970) m pbcTta Ha
NPOU3BOAMTENHOCTTA Ha YUCNEeHUTe MeTOAM Ha NMHenHaTa anrebpa 3a nepuog oT
35 roguum.
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CbBpemMeHHOTO pa3bupaHe 3a 3agayun C ronama pasMepHOCT ce onpenensi ot 6pon
Ha HeusBecTHuTe oT nopsabk 10% - 10'° u popu 102, TakbB knac 3agauv ca
npeagmMeT Ha uscrnefBaHe B HanpaBfieHUETO OT U3YMCNUTENHaTa MaTemMaTuka, KoeTo
cnefBaviku Bb3npuetata B aHIMUACKUS €3MK TEPMWHONOMNA, Hapuyame HayqHu
npecmsmaHusi 3a 3adadyu c 2onsama pasmepHocm (Large-Scale Scientific
Computations).

Heka pasrnegame Hanpumep enunTuyHa rpaHnyHa 3ajada M Heka 3a HEeWHOTO
YMCNEHO peLlaBaHe e NPUoXeH METOA Ha KpanHUTE eNeMEHTU Unu Apyr NoaXO4sLL
MpEeXoB umcneH metod. MNpu MHoro obwm npegnonoXeHus, HenpekbCcHaTa 3agaya
ce cBexaa A0 cuUCTeMa OT JMHENMHW anrebpuyHM ypaBHEHUSA CbC CUMETPUYHA,
NONOXUTENHO onpeenieHa n paspefeHa matpuua A, KOATO B MeToda Ha KpanHuTe
enemMeHTW ce Hapwya mMampuuya Ha KopasuHa. Te3n CBOWCTBa Ca B OCHOBaTa Ha
edeKTBHUTE UTEPALMOHHN MEeToaM 3a peluaBaHe Ha cucTeMum OoT Buga A U = b.
CbBpeMeHHUTE UTEpauMoHHM MeToau ce dopMmynupatr B TEPMUHUTE Ha
npocTpaHcTBa Ha Kpwuno, nopogeHn ot martpuuata A. MetoabT Ha cnperHaTus
rpagmeHT ¢ npeobycnaesHe (PCG) e Han-gobpuat mamexagy m3BecTHuTe 6GasoBwu
MeToAaM 3a pasrnexgaHus Knac 3agadu.

CoblecTBeHa 4acT OT Hay4yHUTE M HaY4YHO-MPUIIOXHW MPUHOCW Ha KaHaupaata ca
CBbp3aHU C KOHCTPyMpaHe, u3creiBaHe 1 npunaraHe Ha BUCOKOEMEKTUBHN MeTOaM
n anroputMu 3a npeobycnaesiHe. CTpaTeruaTa 3a npeobycnaesiHe ce cdopmynupa ¢
noMmowlita Ha cregHuTe ycroBust 3a npeobycnasswarta martpuua C: a)
OTHOCUTESTHOTO (CNEKTpasiHo) YMCNo Ha OoBYyCrOBEHOCT € CbLUECTBEHO MO-Marnko oT
4nCcnoTO Ha OBYCMOBEHOCT Ha uaxogHaTa MmaTtpuua, T.e. K(C'A) << «k(A); 6)
cblyecTByBa epekTUBEH anropuTbM 3a pellaBaHe Ha cuctemu ¢ npeobycnaesawaTa
maTpuua (npeobycnosutens) C.

lMpes3 nocnegHuTe roguMHW, MHOrO OT HaW-CUNHUTE pes3ynTaTu Ha KaHauaaTa ca B
obnactrta Ha 4yucrneHuTe MeTOAWM 3a YpaBHEHUS, BKMAOYBaWM ApobHa cTeneH Ha
onepaTtopa Ha audyysus. [lpexogbT OT YMCHEHU MEeTOOM 3a paspedeHn MaTpuum
KbM MMbTHU MaTpuum oT Buaa A° e pyHaameHTaneH. Tyk nNpuMHOCMTE ca CBbp3aHu
CbC 3aMdHa Ha nofMHOMManHata anpokcMmaumsa Ha Al (veTog Ha cnperHaTus
rpagveHT u cboTBeTHOo PCG) c pauvoHanHa anpokcumauus Ha A, nanonssaHa B
npennoxeHna n aHanuavpaH ot kaHangarta metog BURA.

OTnpaBHa To4yka B METOAOSIOrMATA Ha U3cneaBaHe € U34YncnmTenHata CrioXXHOCT. Ts
ce onpegens OT CKOPOCTTa Ha CXOAUMOCT (CbOTBETHO OLEHKaTa Ha rpewlkaTa) u
edekTUBHOCTTA Ha anroputmuTe. lNpeactaBeHUTe pesyntaTtv MMaT KOHCTPYKTUBEH
Xapaktep, KaTo MnpenrioxXeHuTe M u3cneaBaHn MeToau ca C siCHa anropuTMUYHa
CTpyKTypa. ToBa p[daBa BB3MOXHOCT 3a oOuUeHKa Ha 6pos Ha apuUTMeTUYHUTEe
onepauun. Han-sncoka CTOMHOCT MMaT MeTOAUTE 3a KOMTO ca JOKa3aHu onTumariHum
OLIEHKWN 3a CKOPOCTTa Ha CXOAUMOCT, NPU KOETO U3YNCNUTENHATa CMOXHOCT € CbLLUOo
ontTumanHa, T.e. wumaTt acumntotuka O(N), kboeto N e pasmepHOCTTa Ha
AuckpeTHata 3agada. [lokasatencteata ca npuM  CTpora MartemMatudecka
dopMynMpoBKa, KaTo rofisiMa 4acTt OT MOSyYEHUTE OLIEHKN Ca TOYHW.

OT 195 paboTn B 00OWMA CAUCHK, 3a y4acTue B KOHKypca ca usbpaHu 68, B TOBa
4yncno 2 moHorpacpum. OT TaX, B cnncanma ¢ Impact Factor (IF) ca 48 ny6nukauumm,
kato gpyrim 8 ca B mu3gaHums ¢ SJR Index (SJR). Ot Te3n 68 pabotu, npes
nocnegHute 5 roguum (Bkn. 2024 r.) ca ny6nukyesanun 11 (Bcuykm c IF).

Pe3yJ'ITaTVITe Cca rnpeacraBeHu B criegBawjunTe 6 pasaena.



1.2.  OnTMManHU MHOrOHMBOBU MeTOAM 32 KOH(POPMHU KpaHU enemMeHTH

B toBa HanpaBneHue ca pabotu [20,21,23,24,27,31,34,38,40,49,56,60,64,66,67,68].
B Tax ca uacnegBaHu anrebpuyHuM mMHoroHmsoBu metoan ot Tun AMLI (Algebraic
MultiLevel Iteration) n TexHn pas3BUTUA U UHTepNpeTaumMn B KOHTEKCTa Ha MeToau B
crnomaraTtenHy nognpocTpaHcTBa. Te npeactaBnsBaT pekypcvMBHO 0606LieHne Ha
MYNTUNAMKATUBHU M aguTUBHW  anrebpuvyHn  ABYHMBOBM  METOAM, KbAETo
ponbrnHeHneTto Ha LWyp ce anpokcumupa € nokanHo AeduvHupaHa paspefeHa
MaTpuLa, KOATO B Criyvasl Ha nepapxuveH 6asuc e (Unm Moxe ga ce nHtepnpeTupa
KaTo) mMaTpuuaTa Ha KopaBMHa, CbOTBETCTBaWlAa Ha MpPeaxoHOTO HMBO Ha
anckpeTtusauma. 3a nofnyyaBaHe Ha onTMMariHa CKOPOCT Ha CXOAMMOCT ce M3nosi3Ba
ctabvnusnpaly nonuHoM Ha Yebuwes, BKNOYEH B anpokcumauusaTa Ha
ponbnHeHneTo Ha Wyp. KoHcTtaHTaTa y € [0,1) B yCUneHoTo HepaBeHCTBO Ha Kowu-
ByHsakoscku-Leapy (KBLU) ce pedwuHupa B pamkuTe Ha pPeKYpCUMBHO BbBeAEHUTE
ABYHUBOBW pasgensaHus. Tsa uma pyHgameHTanHa ponsa B aHanvsa Ha CKOpocTTa Ha
CXOOMMOCT W NpW [OOKasBaHe Ha TBbPAEHUS 3a ONTMMASIHOCT Ha u34yucnutenHarta
cnoxHoct. Mpn AMLI meToauTe 3a MbpBM NbT Ca [LOKa3aHW OLEHKM 3a onTumarHa
CXOOMMOCT, MpU KOUTO He HanaraT ycrnoBusa 3a (OONbSIHUTENHa) perynspHocT Ha
pelleHMeTo Ha rpaHMyHaTa 3agadva. TakbB TN pe3yntaty ca nybnukysaHu 3a MbpsBu
NbT B [68], KbAeTo e npeasioxxeH MHOrOHNMBOB MeToA 6e3 cTabunuanpaly, maTpuyeH
NOSIMHOM C MOYTM ONTMMarHa oueHka 3a 6post Ha utepaummte ot Buga O(log N). B
crtaTtum [23,29,31,34,38,56,61,67] ca gokasaHn paBHOMEPHU OLEHKM 3a KOHCTaHTaTa
B ycuneHoto HepaBeHcTBO Ha KBLU. Taka Hanpumep B [56] e gokasaHo, 4e 3a
NINHEHWU KpaiiHu enemeHTH Ha KypaHT y? < 0.75 npu Hait-06LumM NpeanonoxXeHus 3a
KoedmuMeHTHa N MpexXoBa aHM30TPOnus, kaTo B [66] 3a NpbB NbT Ca NOSTyYEHU
OonTUMasnHu pesynrtatyv 3a 3ajadn C NPOMEHSIMBO HarpasfieHne Ha LOMWHMpaLla
optoTponua. B crtatma [67] e gokasaHa oueHka 3a koHcTaHTata Ha KBLI 3a
cuctemarta OT ypaBHeHUs Ha Jlame (NuHerHa Teopusi Ha enacTUYHOCTTA), KOSTO e
paBHOMEpPHa OTHOCHO KoeduumeHTa Ha [loacoH B MOYTU HecBMBaAeMUs Criyvyan.
CrtaTtuum [66,67] ca ocHoBononarawu 3a uscrneaBaHudata B obnactra Ha pobacTHuTe
MHOFOHMBOBM METOAM, Ha KOMTO ca NocBeTeHn o063opHMTEe pabotn [27,49], KakTo 1
MoHorpaduata [40]. B [31,61] e nonydeHa xapaktepu3auusi Ha MHOMOHMBOBMU
metoan ot Tun SC AMLI (Semicoarsening AMLI) 3a 6GunnHenHn, GuksagpaTUYHN 1
OVMKYOUYHN KpaHW eneMeHTU, KaTo ca onpedeneHn napameTpu, ocurypsisalim
onTuMarnHocT. 3a nbpeBu NbT onTumaneH SC AMLI 3a TpUMEpPHU enMNTUYHK 3adayn
e npeactaseH B [23]. Nony4eHunat B [61] SC AMLI meToa 3a ypaBHeHUsTa Ha Jlame
npoabikaBa a € e4MHCTBEHUAT O MOMEHTa pe3ynTaT ¢ onTMMarnHa usdmcnuTenHa
CNOXHOCT W pPaBHOMEPHU OLEHKM OTHOCHO KoeduumeHTa Ha [loacoH B no4ytu
HecBmBaemus cnyyan. B pabotu [34,38] ca nscnegsaHm AMLI meToam 3a nuHenHa
KoMOMHauua Ha maTpuuata Ha Maca M maTtpuuaTta Ha KopasuHa. [lonyyeHuTe
paBHOMEPHW OLIEHKM AaBaT Bb3MOXHOCT 32 KOHCTpyMpaHe Ha onTuManHu Metoau 3a
pelwaBaHe Ha CUCTEMW, Bb3HUKBALLWM NPU HEsIBHA AMCKpPEeTM3aumsa no BpeMeTo Ha
napabonuyHn 3agayn. Pesyntatn OT No-pasnuyeH TUM ca nNpeacTtaBeHn B cTaTus
[64], kboeTo npeoMeT Ha u3cnegBaHe €  OMXApPMOHWYHOTO  YpaBHEHWME.
PaspaboTteHnte metoam He ca OnTUMarsHu, HO MMaT BUCOKA e(EeKTUBHOCT 3a TO3n
Knac 3agadn, CBbp3aHW C YMCIIEHOTO pellaBaHe Ha CTauMOHapHU YpaBHEHUS Ha
Hasue-Ctokc npu ronemun yncna Ha PenHongc. e oT6enexum cblo Taka crtatus
[60], kbOeTo ca MonyyeHW pesynTaTh 3a YUCMEHO pellaBaHe Ha ypaBHEHMsITA Ha
IName, B cnyyas Ha koedULMEHTHA HENTMHENHOCT, KbAETO YCNELWHO ca KOMOMHMpPaHK



MeToda Ha pasgensHe no npemectBaHus (Ha 6asaTa Ha BTOPOTO HEpPaBEHCTBO Ha
KopH) ¢ ecbektnBeH AMLI meTopa 3a nonyyeHata 65104HO-gMaroHanHa marpuua.

B kpasi Ha To3u pa3gen we pasrnegame nosiydeHuTe NpUHLMNHO HOBWM pes3yrTaTty 3a
3aja4n CbC CUMHO HeedHopoOHU KoedULMEHTU, CKOKOBETE Ha KOUTO He ca
cbrnacyBaHu C MHTepdencute Ha HayanHata Mpexa Ha guckpetmsauus. B Toau
cnyyam He e NpUNoXum nogxoga Ha nepapxmyHun 6asucm (nognpoctpaHctea). B [20]
e uacnensaH MynTUrpug MeTof C aHanuTUYHO NpeacTaBsHe Ha ornepatopa Bbpxy
oKpynHeHaTa Mpaxa. B [22,23] ca nonydYeHn KavyecTBEHO HOBM peaynTaTu, KOUTO ce
OCHOBaBaT Ha JfoKanHu anpokcuMmauumn Ha gonbrHeHneTo Ha Lyp, kaTto B [22] e
nybrvkyBaHa obLa Teopus Ha TO3M Krac MeToaun. TakbB TUM pe3ynTaTy B 3aBbpLUeH
Bu4 ca npeactaseHn B [18]. Te BkntouyBaT pobacTHa OuUEHKa Ha rpelukaTa npu
ANCKpeTM3auma CbC CMeCeH MeTod Ha KpauHuTe enemMeHTn. KoHCTpympaHuaT
aguMTMBEH npeobycnoBuTen 3a NMHEeWHaTa cuctemata CbC cefnoBa TOYKa € Ha
b6asata Ha AMLI meTog c nokanHa anpokcMmauusi Ha AonbiHeHueTo Ha Lyp B
npocTtpaHcTea H(div).

1.3. OnTMManHW MHOrOHMBOBU MeTOAM 3a HEKOH(POPMHU KpanlHU
efleMeHTU

KbMm TOBa HanpasneHue ce oTHacaT nybnukauum [27,29,30,34,35,36,38,40,44,45,47,
51,53,54,58]. IHTepeCbT KbM HEKOH(DOPMHUTE KpauHW efnemMeHTu ce onpenensa oT
TEXHUTE nMpenmyLlecTBa, KaTO CpPeAcTBO 3a YUUCMEHO pellaBaHe Ha fowo
obycnoBeHn 3agayu, 3aBUCELLM OT MasTbK napamembp. Taka Hanpumep, N3BECTHO €
ye CTaHOapPTHUTE KOH(OPMHM eNeMeHTU He ca MOAXOAsLWM 3a anpoKCumMaunsa Ha
peLeHneTo Npu CUITHO HeeaHOPOAHW Cpean C rorieMu CKOKOBE Ha KoeduUMeHTUTe.
Tyk ponsita Ha HekOH(bopMHUTE erniemeHTU Ha Kpose-PaBua ce onpegens ot gakra,
4ye Te Ca eKBMBASIEHTHM Ha CMeCeH MeTO[ Ha KpauHWUTe erleMeHTU Npu ycTonymBa
(nokanHo koHCepBaTMBHA) anpokcumMauusi B npocTpaHcTBo Ha Pasua-Toma. B
CbLOTO BpeEME, KOHCTPyMpaHeTO Ha MHOroOHMBOBM npeobycrnoButenu B
HEKOHPOPMHUA Ccrydan € 3aTpydHeHo OT (akta, 4Ye KpanHoenemMeHTHUTEe
NPOCTPaHCTBA, CbOTBETCTBALLUM HA  BIIOXEHUM Mpexu (TpuaHrynaumm), He ca
BnoxeHn. Teopusata Ha AMLI meToauTe 3a NUHENHU HEKOH(OPMHU eneMeHTn e
paspaboteHa B [47,53,54]. [Joka3aHM ca OLEHKM 3a KOHCTaHTata B YCUIEHOTO
HepaBeHCTBO Ha KBLU, oueHkM 3a noOKanmHO KOHCTpyuMpaHW anpokcMmauuMuM Ha
Bodewms 6Nok B pPeKypcuMBHO AeuHMpaHuTe MepapxuyHu ABYHWBOBU MaTpuum,
KaKTO 1 xapakTepusaums (Hapeaba) Ha knacose OT MeToAM 3a arpernpaHe. Kakto B
cnyyas Ha KOH(POPMHW KparHW erleMeHTU, OUEHKUTe ca paBHOMEPHU OTHOCHO
MpexoBaTta wu/unn kKoedpuumeHTHa aHmsoTponus. Cregsawla cTbhka B TOBa
HanpaeneHuve ca nony4vyeHute B [38,39] onTMmanHu pesyntatn 3a HEKOHM(OPMHMU
KpanHn enemeHTM Ha PaHaxep-Typek. TbM KaTO Te3n efieMeHTU ca 3aBbpTeHU
OVMNVHENHW/TPUNMHENHN, NPU  KOHCTPYMpPaHETO Ha KnepapxumyeH 6Gasuc ca
npeofoneHn HoB Tun nNpobriemMn, Kato ca HaMepeHW YCnoBWUSA 3a ydacTBawuTe
napamMmeTpu, Npu KOUTO Bb3HUKBALUUTE HENWHEWHW ypaBHEHUS uMaT pelleHue. B
ctatun [34,38] ca nscnegBaHn AMLI meTtoau 3a napabonuyHu 3agaydn. NonyyvyeHu
ca HoBM pobacTHM pes3ynTaTy 3a CUMHO aHW30TPOMHM 3adayu, KaTto ca AoKasaHu
npenmMyulectsa Ha HekoH(OPMHUTE enemMeHTn Ha Kpose-PaBuna. Te3n pesyntaTu, B
KombuHauua c npegnoxenute B [51] AMLI metoanm 3a rpadp-Jlannacuanm ca
na3nonsesaHu B [29,35], KbAeTo ca Mofy4YeHn onTMmariHM MHOFOHMBOBM MeTOAM 3a
HecTauMoHapHOTO ypaBHeHne Ha Hasue-Ctokc. NpubnmxkaBaHeTo Ha CKOpPOCTUTE C
HEKOH(POPMHN  NIMHEWHW  eNeMeHTU  OocuUrypsiBa  JflOKanHO  KOHcepBaTUBHa



anpokcMmaumsi, Koeto B KomOumHauus ¢ ontumanHute AMLI metoam BOAM OO
ONTMMAasHoOCT U pobacTHOCT Npu ronemu yucna Ha PenHongc, Kakto Ha meToda Ha
KpaHUTe enemMeHTW, Taka W Ha WUTEepauMOHHUTE MeToAu 3a pellaBaHe Ha
Bb3HUKBALLMTE CUCTEMWU OT NIMHEWHU anrebpuyHn ypaBHeHus. B cbuwusa oyx e u
paboTa [58], kbaeTto pobacTHaTta anpokcumaumsa ¢ enemeHtTn Ha Kpose-PaBua Ha
ypaBHeHuATa Ha Jlame npu rpaHu4HM ycnoeBusi Ha [upuxne ce cbyeTaBa C
onTumaneH AByHMBOB npeobycnosuten. Tyk pobacTHOCT 03Ha4aBa, Ye OLEHKUTE ca
paBHOMEPHN OTHOCHO KoeduumeHTa Ha [1oacoH B KPUTUYHMS, KaKTO 3a TeopusTa
Taka W 3a 4yucrneHuTe MeToau, NoYTn HecBuBaeM cnyyan. B kpas Ha To3m naparpacd
we otbenexunm pabota [30], KbOETO Ca NOMyYEeHM 3a NMbPBU MbT NPUHLMUMNHO HOBMU
pesyntatu 3a 3ajayM B EKCTPEMHO XeTeporeHHU cpegu C rorieMu CKOKOBe Ha
KoedmuneHTnte (8Uucoka 4Yecmoma U 2075M KOHmpacm) npu JuckpeTtusauusi C
npekbCcHaT MeTo Ha [[anbopKUH.

lonama 4acTt oT pesyntatmte B MbpBUTE [OBE HarpaBfieHUs ca CUCTeMaTUYHO
npeacTaBeHNn M aHanuaupaHu B MoHorpadum [40,48], koeTo B 0cobeHo Bucoka
CTENEH Ce OTHacA 3a NbpBaTta OT THX, KaKTo 1 B 0630pHUTE cTaTum [24,49].

1.4. MeTtoau nsnonssawm HenbJiHa (hakKTOpPU3aLMA UMK TOYHA
drakTopusauma Ha cneumnanHu Knacose mMaTpuum

lMpekuTe mMeToaM 3a pellaBaHe Ha CUCTEMU OT JIMHEWHU anrebpuyHu ypaBHEHUS
(BknouMTENHO MeToda Ha [fayc) moraT aa ce npeacrasart kato LU pakTopusaumns Ha
mMaTpuuata Ha cuctemarta. B obwma cnyyan, paspeneHocTTa Ha maTtpuuarta ce
HapywaBa B npoueca Ha dakrtopusaumnsa. Moesata Ha meToauTe, U3NOs3BaLim
HenmbnHa akTopmu3aums, ce cBexaa A0 HamupaHe Ha npubnmkeHus Ha
MHOXuTenute L n U, kouTo ca paspefeHun. Taka nonyyeHaTa matpuvua ce 1u3nonssa
B KayecTBOTO Ha npeobycrnosuten. KbM TO3M Knac npuyucnasame pesynratute
nyonukysaHn B [41,43,48,50,57,61]. Knacuyecknte MeToAM 3a HenbSiHA
drakTopusauma ce npunarar ycrnewHo B cnydas Ha M-maTtpuun. TakmBa matpuum ce
nosiyyaBaT Hanpumep nNpu OUCKpeTusauuss Ha M3OTPOMHU ENUNTUYHU TPaHUYHU
3alaym C INVHENHW TPUBIbIIHM KpavHW eNneMeHTU BbpXy TpuaHrynauuu, B KOUTO
HAMa TbnNU BbMKW. EQHa BB3MOXHOCT 3a TAXHOTO W3MNOSM3BaHe npu Mno-obm
npeanonoXeHUs e ¢ nomoLlTa Ha cnomaratenHa M-maTpuua, KOATO e cnekTpasriHo
eKBMBaneHTHa Ha fageHaTta. B [41] ca nonyyYyeHU TOYHM NoKarHO ONTUMAarnHN OLEHKM
3a crny4ast Ha HeEKOH(OpPMHK eneMeHTn Ha PaHaxep-Typek, kaTo B [47] HenbnHaTa
(hakTOopu3aums 3a ypaBHeHusTa Jlame e KomOMHMpaHa ¢ MeTo4 Ha 4EKOMMNO3ULUMS Mo
npemecTtBaHus. Llle otbGenexum cbwo Taka pabota [50], kKbaeTo € uacnenBaHa
enunTUYHa rpaHnyHa 3agada, guckpeTnsnpaHa ¢ MIMHENHN HEKOHGOPMHUN eNeMEHTMU.
MPMHUMNHO pasnnyeH NoAxo4 Ha KOHCTPYKUMS M aHanu3 e npunoxeH [62], Kbaeto e
nacnegBaH metoq ot Tun BSR BILU. Tyk HenbnHaTa aktopmusaumsa e 6no4vHa, kato
npubnmxkeHna Ha obpaTHMTEe MaTpuuM Ha CbOTBETHUTE AonbiiHEHWA Ha Lyp ce
nosilyyasaT, KaTo ce peluaBaT CUCTEMUN, CbOTBETCTBALLM HA MPEXN CbC CbLLECTBEHO
no-marnka pasmepHocT (Block Size Reduction).

B paboTtun [48,63,65] ce npunara antepHaTMBeH NOAX0A, KaTo 3a npeobycnoButen ce
n3nonsesaTt cnomMaraTtenHu mMaTpuuM, 3a KOUTO CblUecTBYyBa noaxoAdila TOoYHa
dakTopusaumsa. lNpeanoxeH e U e uscnedBaH MeTOA4 Ha UMPKynaHTHa ©6noyHa
dakTopmsaums. CneumanHo BHMMaHWE 3acnyxaBa KOHCTpyupaHusa B [61] noytu
onTumarnieH MeTod, MNpU KOWTO Ce WU3Mom3Ba MNepuoaudHO MpPOAbIDKEHME Ha
n3xogHaTa rpaHuyHa 3agada Ha dupuxne.



B nocnegHute paboTM nocsBeTeHM Ha MHOrOHMBOBM npeobycnosutenu [22,34],
KIKOYOBO MSACTO UrpasaT KOHCTPyMpaHUTE U U3CMefBaHW NOoKanHW  HenbliHU
dakTopur3aumm Ha BogewmTe anaroHanHm 6nokose B AMLI meToaa.

1.5. YwucneHn metoam 3a ypaBHEHUs, KOUTO BKIOYBAT APOOHA cTeneH Ha
Andy3MoHeH onepartop

B toBa HanpaBenenue ca nybnukauwn [1,4,5,6,7,8,9,10,11,12,13,15]. N3BecTHN ca
Genexkn nocBeTeHM Ha npecmsitaHe Ha DY2u(x) olwe B KOpPecmoHAeHUMs Ha
Nanbuuu go bepHynu u Jlonutan ot 1695 r. Passntneto Ha TeopusTa Ha ApobHuTe
NPON3BOLHM € CBbP3aHO CbLLO Taka Cc MMeHaTa Ha Ownnep, Jinysun n PumaH. B Hawum
OHW, TONeMUsT MHTepec KbM 3agadnm ¢ apobHa cTteneH Ha Audy3MOHHUA onepaTop
(apobHa andpyamnsa) e cBbp3aH C U3CNenBaHMS Ha HeroKanHW MaTemaTUyecKu
moaenwn. Taka Hanpumep, ApobHuAT JlannacnaH Ha cteneH 0<a<l1 onucea Npouec Ha
cybandyaus.

lMpeoctaBeHnTe B TOBa HanpaeBneHune paboTM ca nocBeTeHM Ha MeToau 3a
pewaBaHe Ha MHOromepHu 3agaym (d>1) npu Han-obWM nNpPeanonoXeHus 3a
reoMeTpuaTa Ha usyucnutenHata obnact. [MTbpeBuM pesyntatm OT TO3M Knac ca
nyonukyesaHu crneg 2014 r. I3BeCcTHU ca Tpu pasnuyHM nogxoda, npv npunaraHeTo
Ha KOMUTO HerokanHata d-mMepHa 3afjaya ce cBexgaa OO0 eKBMBafieHTHa rokasnHa
3agava (KbaeTo cTeneHTa Ha audpepeHumanHus onepaTtop € paBHa Ha 1) B d+1-
MepHO npocTpaHcTBo. B [10,12] e npeanoXxeH NPUHUUNHO HOB anTepHaTUBEH MeTo[,
OCHOBaBall, ce Ha Haun-gobpa paBHOMepHa pauuoHanHa anpokcumauusa (Best
Uniform Rational Approximation — BURA) Ha ckanapHa (yHKuuMsitTa B MHTepBana
[0,1]. Mo-kbCHO Oelle nokasaHo, 4Ye OCTaHanuMTe U3BECTHU OO0 MOMEHTA YUCIEHU
MeToan 3a TO3M Knac 3ajadm morat ga 6baat npencrtaBeHW, KaTto paumoHarnHa
anpokcumaumsa Ha Ha A, kato Taka e pgokasaHo 4e BURA v npeBb3xoxaa.
[lokaszaHa e ekcrnoHeHumManHa CKopocT Ha cxoanmMocT Ha BURA OTHOCHO cTeneHTa Ha
paunoHanHa anpokcumauma. BaxHo e, ye nonyvyeHute B [8,10] OuEHKM He 3aBUCAT
OT 4MCNoTo Ha obycrnoBeHOCT Ha MaTpuuata A. WM3cnegsBaHa e maTpudHaTta
peanu3auunsa Ha MeToaa, Kato e gokasaHo, ye BURA anroputmmnte nmat ontumarnHa
n3dyncnmnTenHa crnoxHoct. B ctatmm [11,13] e HanpaBeH CpaBHUTENEH aHanuM3 Ha
napanenHaTta ckanupyemocT, KOWTO OTHOBO MOKa3Ba CbLUECTBEHW NpeanmcTBa Ha
BURA meTogute.

B [7] e npeactaBeH cuctematnyeH o630p Ha YUCMIEHUTE METOAM 3a pellaBaHe Ha
ApoOBHO-AMMY3NOHHU 3aa4u, KaTo e NokasaHa BogelaTta pons Ha BURA metoguTe.

B Ham-HoBaTa crtatms [1] ca aHanu3uMpaHm obolleHns Ha metoauTe 3a BURA
anpoKcumauus Ha CTENEHM Ha CUMETPUYHUN U MOSNOXUTESNHO onpeaeneHn paspeneHu
MaTpuuM nNpu Hamr-obwm npeanonoxeHnsa 3a creneHta. [lonyvyeHuTe pesynTtaTtu
nmaT onpedensilo 3HayeHue 3a pas3BuTMe Ha TeopusiTa B Tasn obnact Ha
n3umcnuTenHaTa marematuka. EQMH NpyMHUNHO HOB pes3ynTaTt e, Ye YMHOXaBaHeTo
Ha BeKTop ¢ maTtpuua oT Buaa A™ (a>0) e uncneHo no-TpyaHa 3agada oT pellaBaHe
Ha cucTemMa CbC cbliata mMaTtpuua. ToBa MNOCTaBA B KayeCTBEHO HOBa pamka
npexoga oT enMnTUYHM KbM NapabonuyHn 3agayn.

PaboTu [4,5] ca nocBeTEHM Ha KOHCTpyMpaHe Ha HOBM edPeKTUBHIN NPeobycnoBUTENn
32 CUMHO CBbpP3aHM MHOroMallabHM M MHOroU3MYHM ypaBHEHUA U cuctemun. B
OCHOBaTa Ha Te3n pe3ynTtatu e akTbT, Ye onepatopbT Ha lNMoaHkape-CTeknoB 3a



crnegata BbpXy MHoroobpasue y ¢ pasmepHocT d-1 e cnekTpanHO eKBMBaneHTeH Ha
onepartopa Ha Jlannac-bepTpaHu BbpXy y Ha CTeneH Y.

Bbanpueta B nuTtepatypata Mspka 3a OLEHKa Ha WM34YUCrMTEenHarta CIOXHOCT Ha
METOAM W3MON3BallM pauuoHanHa anpokcumauusi € CTeneHTa Ha paunoHanHaTta
dyHKumsa. B [6] e npeonoxeH noaxon 3a peayuMpaHe Ha Oposi Ha peluaBaHuUTe
crnomaraTterniHM CUCTEMU, KaTo NO TO3M HAYMH e NogobpeHa oLeHKaTa 3a CNoXHOCTTa.

Lle otbenexmm CbLIO Taka no-paHHaTa ctatmsa [15], KOATO € nocBeTeHa Ha
cerMeHTaumst Ha ABydasHuN BOKCenHM n3obpaxxeHus. JonbnHuTenHaTa TpygHOCT Ha
ONTMMMU3aLMOHHTa 3aJa4va e CBbp3aHa C M3NCKBAHETO 3a 3ana3BaHe Ha obema (6pos
Ha Bokcenute) Ha dasuTe. MNpeanoXeHNAT MeTon BKIOYBA pellaBaHe Ha cuctema c
mMaTpuua oT BMaa Al’z, KbaeTo A e rpadp-JlannacuaH cbe crneuunanHn cBOUCTBA.

N3umcnutenHata edekTUBHOCT Ha pa3paboTeHnTe MeToau 3a 3agaym ¢ apobHa
Andysnsi ce OocHoBaBa Ha W3MNOSi3BaHeE Ha ONTUMAaNHW WUTepauMoHHM MeTod 3a
CUCTEMM C paspedeHn, CUMETPUYHN U MONOXUTESNTHO onpedeneHn maTpmumn ot Tuna
pasrneganu B Pasgenu 1.2 n 1.3.

lMpencrtaBeHnTe B TO3U pasfen pesyntatu ca cpaBHUTENHO HOBW. HesaBucumo oT
ToBa Te Beye ca untupanHu Hag 200 nbTy OT yY4EeHN Ha HaN-BUCOKO CBETOBHO HUBO.

1.6. MMapanenHun meToau U anropuTMm

B cratum [32,46,52,55,59] ca npeactaBeHn MeToauM U anroputMn, 3a  KOUTO e
n3crneaBaHa napanenHata eqeKkTMBHOCT U ca NPOBEAEHN YUCIEHN eKCNepUMEHTH
BbpXY pasfiIMyHK KracoBe napanesiHi KOMMIOTbPHU apxXnTekTypu. MsxogHuTte 3agayu
ca CWUMHO CBbp3aHK, KOETO 03HayaBa, Ye 3a ebeKTUBHA naparnernHa peanusauus ca
HeoOxoauMn creumanHo paspaboTeHn MeToaM W anropuUTMu. TeopeTuyHUuTe
pesynTaTu BKNOYBAT aCMMMNTOTUYHN OLEHKN Ha YCKOPEHUEeTO U edeKTUBHOCTTa. 3a
nporpaMmHaTta peanu3auuss ca  u3non3eaHn O6ubnuotekM 3a  napanenHo
nporpamupane MPI 1 Open MP. lNony4eHn ca pesyntaTtn BbpXy napasnenHu cuctemm
C pasnpegeneHa n obwa namet. B no-paHHusA nepuog ot paboTtaTta B Tasu obnacr,
CbLUECTBEHa 4YacT OT eKCnepuMeHTUTe ca NpoBeXAaHN B paMKUTE HA NapTHbLOPCTBO
¢ Bogewwm ueHTpose B EBpona n CALL. lNpe3 nocnegHute 6nmn3o 20 roaMHn akTUBHO
ca usnonaseaHu un 6vnrapckute cynepkomnioTpu. OT 2015 r. B MMKT-BAH paboTtun
cynepkoMnioTbp ABUTOXOS, KbAeTo npe3 oktomBpu 2023 r. 6elle OTKPUT U HOBUS
neTackenn cynepkoMnioTbp Xemyc.

Taka Hanpumep, B [59] e wu3cnegBaHa napanenHata peanusauus Ha 6no4YHo-
UMPKYNaHTHW MeToau 3a TpuMepHu 3agadn. B ocHoBaTta Ha TO3u Krac anroputmu e
npunaraHeTo Ha npaBo U obpaTHo npeobpasoBaHne Ha Pypue. B pesyntaT ce
nonyyaesa (hakTopusmMpaHo npeacTtaBsHe ¢ 6novHa CTPyKTypa, M NO TO3M Ha4yuH ce
HamanaBaT KOMyHUKauuuTe. NpuHUMAHO pasnuyeH Noaxon € NpunoxeH B [46,52,55].
3a opurmHanHaTta mMaTtpuua Ha KopaBuMHa ce MOCTpOsiBa foKanHo moauduumpaHa
anpokcMmauusi, KOSTO MMa CTPyKTypa, [faBalla Bb3MOXHOCT 3a edeKkTMBHa
naparnenHa HenbJiHa dpakTopusauma ot Tun MIC(0). [lokasaHo e, 4e cnomaraTenHaTa
Matpuua ygoBneTBopsiBa ycnoBumAta 3a  yctonumBa  MIC(0) dhakTopusaums.
3HayeHneTo Ha TO3M TUMN pe3ynTaTh 3a Pa3BUTUETO Ha napanesHu YMCNeHn MeToam
3a pellaBaHe Ha YacTHU audpepeHumanHn ypaBHeHUs ce onpeaens oT: a) nsbarsaHe
Ha HeobGXOAMMOCTTa OT BMOXEH MWTepauuoHEeH npouec, KOeTo € TUNUYHO 3a
MeToauTe, N3non3salum pasgenisHe Ha obnacTtta Ha nogobnacTtu; 6) Bb3MOXHOCT 3a
ecTecTBeHo 0606LeHne B TpUMepHUa cnydan. M3cneaBaHusiTa ca HACOYEHU KbM



GanaHcupaHe Ha napaneniHuTe U3YUCIEHNS 1 KOMYHUKaUWUN, Kakto 1 BanaHcupaHe
Ha nokanHuTe u rnobanHn komyHukaumm [32]. lNMonyyeHn ca pe3ynTaTm C BUCOKA
eEeKTMBHOCT MNpyM MHOro 0OWM NPeanonoXeHWs, BKIOYBALLUM HECTPYKTYpUPaHU
TeTpaedpanHu Mpexu C NnokanHo crbcTsaBaHe. CrneunaneH OKYC Ha Tesu
n3cneaBaHusa npes nocrnegHuTe roavHUM ca enUNTUYHU ypaBHeHMsTa C OpobHa
cteneH Ha audysma [7,8,9,10,11,12,13,15]. Te3an HenokanHu 3agayn wumart
N34MCnNUTENHa CNOXHOCT, KOATO NO €CTECTBEH HauYvH BOAW 4O HeobxoguMmocTTa OT
CynepKOMMITbpHa Npom3BoANTENHOCT. B yacTHOCT, ToBa e 6e3 anTepHaTmBa npwm
TPMMEPHM 3afadn No MPOCTPaHCTBOTO B M3uMcnuTenHa obnact CbC CroXxHa
reomeTpusi. Cb3gageHu ca HOBM anroputmm ¢ onTuMarnHa napanenHa eeKkTMBHOCT.

1.7. MartemaTtuyecko moaenupaHe

B pabov [2,3,14,16,17,20,21,25,26,28,31,33,37,39,42,60] ca npeacraBeHn
pes3yntati, B KOMTO ca pas3paboTeHu cneunanuampaHu YUCNEeHUn MeToau W
anropuTMM 3a pellaBaHe Ha BaXHW MPUIOXHM 3afayn, KOMTO ce onuceaT C
KOMMNMEKCHN MaTeMaTtuyeckn mogenn Ha 6asata Ha andepeHumanim n UHTerpanHu
ypaBHeHus1. Taka Hanpumep, paboTa [60] e nocBeTeHa Ha MogenMpaHe Ha NUNOTHU
PYyHOAMEHTU B HENMHEWHW MHOrOCNOWMHM cnabu 3eMHM macumBu. 3a e(EeKTUBHO
pelwaBaHe Ha 3agadaTa B TpUMepHa MNOCTAHOBKA € MNPUNOXEHO MHOFOHMBOBO
fIOKanHo crbCTsiBaHe B 30HATa Nof 4Yernoto Ha nunota. B ctatmsa [42] e pa3paboTeH
WHTErpypaH KOMMIOTbPEH MOAEN Ha npouecute Ha BaKyyMHO-3aMpb3UTENHO
cyweHe. 3a Bb3HUKBALlaTa CUITHO HeNWHeWHa napaboniMyHa 3agjaya e npunoxeHa
HedABHa AWUCKpeTM3auuMsi Mo BpeMeTo C afanTMBHM CTbMKM MO BPEMETO W
ntepaumoHeH metog ¢ MIC(0) npeobycnaesHe. B [39] e peanu3npaH meTon 3a
4yucreHa XoMoreHm3aumsa Ha MUKPOCTPYKTypaTa Ha TpabekynapHa KOCTHa TbkaH. 3a
uenTta e M3nonsBaHa BOKCenHa WHgopmauusa 3a reomeTpusTa Ha TBbpaaTta dasa.
Llen Ha n3cnegBaHeTo e xapakrtepm3aumsi Ha GOMexaHUYHNTE CBOMCTBA Ha KOCTHU
TbKaHW Npu M3paseH NpoLec Ha pa3BuTME Ha ocTeonoposa. B cratum [28,32,33,37]
ca uv3cnegsaHu npouecu Ha pagnmoyecTtoTHa YepHoapobHa TymopHa abnauums.
MatemaTnyeckmaT Moden ce OnucBa CbC CBbp3aHa HenvHerHa HecTauuoHapHa
CUCTEMA OT YacTHU AudepeHumnanHn ypaBHeHus. 3a AncKpeTmsaumsi No BpeMeTo €
n3non3BaH HesBEH MeTO[, KaTo 3a Bb3HUKBALLUTE CUCTEMU OT NIMHENHU YpaBHEHUSA
e npunoxeH anrebpuyeH wmynturpmg metod. B [14,17,19] ca paspaboTteHu
cneuvanumsvpaHM 4YuCNeHn MeTOAM 3a HenMHEeWHUM 3adadM OT [UMHaMuKa Ha
KOHCTpyKunnte. Te BKMOYBAT, KaKTO poOacTHOCT Ha AucKkpeTusauusaTa W
OMdypKaunMoHEH aHanu3, Taka 1 aHanua Ha U34ncrmMTenHaTa CNnoXHOCT U edpeKkTMBHaA
anropuTMM4YHa W nporpamHa peanu3auus. B cratum [2,3] ca npeanoxeHu
MaTeMaTtMyeckm U KOMMIOTbPHM MOLENM 3a aHanuM3 W NPOrHo3upaHe Ha
pasnpocTtpaHeHueTo Ha COVID-19. MogenbT ce onucea OT HecTalMoHapHa cuctema
OT O0OuKHOBEHW AaudpepeHumManHn ypaBHeHus. [lokasaHM ca Teopemu 3a
CblUECTBYBaHE M €OUHCTBEHOCT Ha peLleHNeTO, YCNoBUsS 3a YCTOMYMBOCT, KaKTO W
OLEHKMN Ha rpelkaTta. MogenbsT ce YCNoXHSABa CbLUECTBEHO NPW OTYMTAHE ponsTa
Ha W3MNon3BaHMTE BaKCWHW. 3a HacTporka M Banugauus ca M3non3BaHW peanHu
AaHHu 3a bbnrapus.

B pabotn [17,19,28,32,33,37,39] ce nony4yaBaT OUCKPETHU 3afayun, KOUTO gocturat
CTOTMUM MWIIMOHU CTeneHm Ha cBoboaa (HEM3BECTHM) MO NPOCTPaHCTBEHUTE
npoMmeHnueu. PellaBaHeTo Ha TakMBa 3a4ayM € Bb3MOXHO CaMO C MOMOLUTa Ha
BMCOKOMPOM3BOANTENHN U3YNCITUTENHN CUCTEMM C NaparnenHa apxmTekTypa.



CneunanHo we oTbenexum, 4Ye wu3cnegBaHuATa CBbp3aHM C MoOenupaxe,
cMMynaumsi 1 onTMMU3npaHe Ha NpoLecKu Ha pagmovecToTHa YepHoapobHa TymMopHa
abnauus ca npoBedeHW B MNAPTHLOPCTBO C paspaboTumuun, nNpPoM3BOAUTENU U
XVpYyp3n Npunarawm TakaBa anapaTtypa. [lonyyeHute pesyntaTtu ca BepudumumpaHm
Cc nabopaTopHM eKCNEPUMEHTU N NOTBLPAEHN OT NPEAOCTABEHUTE KIMUHUYHN OAaHHW.
Pesyntatute ca OOKYMEHTUPaHW B OTYETUTE MO CbBMECTHU NPOEKTU PUHAHCUPAHMN
oT HaunoHnanHusa NHOBALMOHEH doHAa n OnepartmBHa nporpama
KoHkypeHToCcnoco6HocT. Te ca M3nona3eaHu 3a onNTUMU3auus Ha napameTpuTe Ha
npouseexgaHa B bbnrapya u um3HacsHa B UAN CBAT  BUCOKOTEXHOMNOIM4YHa
HUCKOWHBAa3MBHa eNEeKTPOXnpypruyHa anapaTtypa.

2. MocTtmxeHus CBbp3aHN C pa60Ta no Hay4yHO-NMPUITOXHU
NMPOeKTn

MpeactaBeHnTe B TO3M pasden AeMHOCTU U pe3ynTaTu ca orpaHuyeHn 4o paboTara
MO Hay4YHO-MPUIOXHM NPOEKTM caMo Npe3 nocneaHuTe 5 roguHu.

B nepuoga 2019 r. — 2024 r. kaHANOaTLT € Oun pbLKoBOAUTEN Ha 5 TakMBa NpOEKTa,
KakTo cnefga: a) 1 goroop, MHaHCUpaHu OT BbHLUHM 3a bbnrapus natouyHmum; 6) 3
Aorosopa, (hnHaHCMpaHn OT Bbrapckn N3ToYHMUM; B) 1 MexayHaponeH 4OroBop no
ekBMBaneHT. B npeacraBeHNTE OOKYMEHTU € MPUMNOXEH CNUCHK Ha PbKOBOAEHUTE
A0roBOPU N NMPOEKTU, KaKTO U TakMBa B KOMTO e ydacTtBan. [lageHa e v nHgopmaums
3a npueneYyeHn hMHaHCOBU CPpeacTBa NO PbKOBOLEHUTE MPOEKTU.

[MonyyeHOTO hMHAHCUpPaHe OT BbHLWHKU 3a bbnrapusa nstodHnumn e B pasmep Ha Hapg
12 MunnoHa eBpo.

OcobeHo 3HauYnMm 3a To3u nepuog e prHaHCcMpaHUAaT ¢ nogkpenaTa Ha EBponenckus
doHa 3a pernmoHanHo passutue yYpes OepaTuBHa nporpama ,Hayka n obpasoBaHue
32 WHTENUreHTeH pacTex MnpoekT 3a wuarpaxgaHe Ha LleHTbp 3a BbpxoBwu
noctmxeHuns no NHdopmaTtruka n MHPOPMALMOHHN U KOMYHUKALMOHHU TEXHOMOMMN
Ha KOWTO kKaHOuMAaTbT € pbkoBoguTen. KoHcopumyMbT Ha UeHTbpa BroYBa
MHCTUTYTA NO WHMOPMALMOHHM W  KOMYHUKALUMOHHM TexHosnorum kbm BAH,
MHcTnTyTa no matematmka n nHgopmatmka kbMm BAH, IHCTUTYyTa No MexaHuka KbM
BAH, HaunoHanHus UHCTUTYT No reodusnka, reogesna u reorpacpus kbm BAH,
lMnosamsckus yHuBepcuteT [llavcun Xunenpgapcku®, MeguunHCKNA yHUBEPCUTET —
Coduma n YHuBepcuteta no OmbnumotekosHaHMe U MHEOPMALMOHHU TEXHOMOMUMU.
BaxeH pesyntat OT cbBMecTHata paboTa e cb3gaBaHeTO Ha KpUTUYHA maca oT
YYEHU C Bb3MOXXHOCTM 3a pe3ynTaTtv Ha Han-BMCOKO HUBO M TEXHONOMMYHN NpoBuBH.

Ha 19.10.2023 r. B 3ana ,MapuH OpnHos“ Ha BAH npea Hag 140 roctu e npoBeaeHo
3aKMYUTENHOTO CbOUTUE MO NPOEKTA, Ha KOETO OPULUMANHO € OTKPUT Cb3aaneHUsT
YHUKaneH HayyYeH WHJQPacCTPYKTYpeH KOMMMEeKC 3a AurutanHa TpaHcdopmauus wm
BMCOKOMPOM3BOANTENHN NPECMATAHUS.

B kavecTBOTO CM Ha BoOAell yyeH M pbKoOBOAMTEN, KaHOMAATHT MMa CbLUECTBEH
NYeH NPUHOC 3a usrpaxgaHe, nogabpxaHe un pa3sutne B bAH Ha Han-cbBpeMeHHa
HauuoHanHa enekTpoHHa MHMpPaCTpPyKTypa 3a HayyYHW u3crneaBaHus. Taka, cnepf
oTkpuTua npe3 2015 r. cynepkoMnoTbp ABUTOXOS, OT eceHTa Ha 2023 r. y4yeHuTe oT
BAH n yHuBepcuteTuTe B CTpaHata nmaTt JOCTbN 4O HOBUA Hal-MoaepeH 6Gbnrapcku
CynepKoMmnoTbp Xemyc.



KangngatbT paboT MHOrO aHraxupaHo 3a pasnpoCTpaHeHWe Ha pesynrtatuTte u
nonynspusmpaHe Ha noctuxeHusata Ha WUKT-BAH wn LleHTbpa 3a BbpxoBwu
NMOCTUXKEHUA C NPe3eHTaunn y Hac u B YykbuHa npepn HayyYHa, akagemudHa, bGusHec u
Han-lWMpoOKa ayguTopusi, KakTo U B CpeacTBaTa 3a MacoBO ocBefoMsBaHe. Taka
Hanpumep, camMoO OTKPMBaAHETO Ha CynepkoMnTbp XeMyc € O0TpaseHO C
nonoXxmtenHu otameun B Hag 120 nybnukauumn B cpeacsa 3a MacoBO OCBeJOMSBAHE.

Codus, toHm 2024 T.



