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TenekoMyHWKaUMOHHOTO 0bopyaBaHe € CKbMo. He BCAKO yunnuLle v yHUBEPCUTET MOXE
[la CM NO3BOSIM 3aKynyBaHETO Ha TakoBa obopyasaHe. AkO MMaT AOCTbM A0 TakosBa paboTHO
obopyaBaHe, HMKOM HsIMa Aa MM MO3BOMN Aa NPEKOHUrypupaT 0bopyABaHETO, 3a Aa NMpPOBEPAT
peakuusiTa Ha TenekoMyHUKauuoHHaTa Mpexa. CnegosBaTenHo e HeobxoaMMo Aa ce M3non3sar
coTyepHN NPUIOXKEHUS, KOUTO MOraT Aa Ce M3MOoN3BaT 3a MOAENNPAHE HA TENEKOMYHMKALMOHHN
Mpexu. B paboTtata e HanpaBeH npernes Ha nporpaMmMTe, W3MNON3BaHM 3a MoAenvpaHe Ha
KOMYHUKaLMOHHN MPEXMN.

MperneabT e pa3geneH Ha TPU OCHOBHM Fpynu: nporpamm 3a mogenupaHe Ha IP 6a3supanHu
MpeXu, MporpaMn 3a MoAeNMpaHe Ha BCSKAKBU TENEKOMYHWMKALMOHHM MpEeXu WM nporpamm 3a
MoJenvpaHe Ha obnayHu MHMPACTPYKTYpU. 3a BCAKa OT rpynuTe ce npeanara rno eaHa nporpama,
obocHoBaHO 3awo e u3bpaHa. W3bpaHute nporpamm ca: GNS3 (cumynatop Ha IP mpexa),
akageMnMyHo u3gaHue Ha Riverbed Modeler (cvMMynaTtop Ha TeneKOMyHMKAUMOHHA Mpexa) U
GreenCloud (MoaenvpaHe Ha obnayHu nHgpacTpykTypn). C BCsika OT nNpeasioXXeHuTe nporpamMm ca
pa3paboTeHn CUMYNauMOHHW MOAENN HA KOMYHWMKAUMOHHW Mpexu. [lokasaHu ca HAKou OoT
pe3ynTaTuTe N Bb3MOXXHOCTUTE Ha BCSKA OT nporpamuTe.

3a mogenupaHe Ha IP — 6a3upaHn Mpexu e npeanoxeHo m3non3saHeto Ha GNS3.
MNpeaumcTBaTa My npen OCTaHanuTe nporpamMuM 3a MoaenupaHe ca: 6esnnateH, pabotn ¢
OMepaLMoHHM CUCTEMU Ha peasiHu MpEeXOBW YCTPOMCTBA; NpUTEXaBa Bb3MOXHOCT 3a CBbp3BaHe C
peanHun ¢usnyeckn IP Mpexu; MMa Bb3MOXHOCT 3a MHTErpupaHe Ha KAuMeHTu, paboTewm Ha
BMPTYa/lHW MalWHW, C KOUTO MoraT fAa ce peanu3npaT pas/iMyHu  (QYyHKUMOHANHOCTU Ha
MoJenvpaHaTa Mpexa; nputeXxxaBa Bb3MOXHOCT 3a CbBMeCTHa paboTa C pas/uMyHu nporpamu 3a
MOHUTOPUHT Ha IP Mpexu.

Riverbed Modelear no3sonsiea Aa ce MoAennpaTt BCAKAKBU TENEKOMYHUKALMOHHU MPEXW:
IP Mpexu, 6e3>KMUYHMU MPEXK, KNETbYHN MpPeXun U MHOro Apyru. Nporpamata AaBa Bb3MOXHOCT Aa
ce cnegat ronsaM  Habop OT napaMeTpu  HeobxoAMMWM  MpW  MPOEKTUpPaHETO  Ha
TENEKOMYHUKALMOHHUTE MPEXMU.

Green Cloud no3sonsiBa Aa ce ™MogenupaT o06nadyHM MHMPACTPYKTYpU C  pPasinyHK
napaMeTpu: pasnnyeH 6poi KoMyTaTopu B TpuTe Cflosi Ha obnaka (access layer, aggregation layer
and core layer), MmoaenupaHe Ha MHPPACTPyKTypa C pa3nimyeH 6poi aboHaTW, BUPTYanHWU MallMHK
N CbpBBbPM.
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OCHOBHOTO MpeavMMCTBO OT WM3MOMI3BAaHETO Ha Crneunanu3npaHn nNporpaMn 3a MoaenvpaHe
Ha KOMYHWMKALMOHHM MpPEXW e LieHaTa U Bb3MOXHOCTTa 3a HenpekbCHaTO NpeKkoHMUrypupaHe Ha
MpexaTa C Lef NocTUraHe Ha TbpceHuaT pesyntaT. ObopyaBaHeTo, He06X0ANMO 3a U3rpaxxaaHeTo
Ha rofieM1 KOpnopaTuBHM MpEXu e CKbMo. JoCTbn A0 TakmBa paboTewm Mpexun C uen Tectose U
€KCNepuMeHTU e HEeBb3MOXEH. 3aTOBa € MOAXOASWO W3MON3BAHETO Ha MPEXOBU CUMYNaTopwu.
NHCTpyMeHTUTE 3a BUPTyanu3aums U CMMynaumsa Ha MpexaTa ca anTepHaTMBa, KOATO MO3BOJIsiBa
Ha MpEeXOBUTE AM3aiHeEpPW M pa3paboTuMuM fa peannsmpat MHOXECTBO MPEXOBM KOMMIOTPM,
XOCTOBE M MapLupyTM3aTopy BbB BUPTyanu3upaHa cpeaa no MKOHOMUYEeCKn edpeKTUMBEH Ha4yuH, 3a
Ja BanMauMpat W TecTBaT HOBUTE MPEXOBM MPOTOKOAM W [a MNPOBEPAT KOHKPETEH MpPEXOB
anroputbM. CuMynaTopute Ha Mpexm Cbwo ca ocobeHO Mone3Hn, 3a Aa MNOo3BONAT Ha
AM3aiHEpUTE Ha MpexaTa fAa TecTBaT HOBM MPEXOBM MPOTOKOM WAM  Aa MNPOMEHST
CblLEeCTBYBaALLMTE NPOTOKO/IM MO KOHTPONIMPAH U Bb3NPOU3BOANM HAUMH.

B HacTosiwaTa paboTa e HanpaBeHO MofenvpaHe Ha IP — 6a3mpaHa KoprnopaTvBHa Mpexa C
pasnnyHo TpaduyHO HaToBapBaHe — pabota B WHTepHeT, BMAEOKOH(EPEHTHM BPb3KM,
oTaaneyeHa paborta ¢ 6a3a aaHHKM K nposexaaHe Ha VoIP pasrosopu. Llenta Ha MoaenupaHeTo e
[a ce NpoBepu BPEMETO 3a KOHBEprMpaHe Ha MoAenupaHata Mpexa 3a pasfiMyHuTe TpaduyHu
HaToOBapBaHUSA MpW W3MNONA3BaHe Ha pPas/IMyHW AUMHAMUYHM MNPOTOKONM 3a@ MapLupyTuaMpaHe.
MopenupaHeTo e HanpaeeHO 3a cnegHuTe npotokonu: RIP, EIGRP, OSPF, OSPFv3 u RIPng.
[onbAHUTENHO € HanpaBeHO MoAennpaHe Npy NpekbCBaHe/Bb3CTaHOBSBAHE HA YaCT OT BPb3KUTE
MeXay OTAeNHUTE KNOHOBE B MpexaTa, 3a Aa Ce YCTaHOBM KAKBO LLe € BPEMEeTO 3a KOHBeprupaHe
npv NpoMsiHa Ha TOMNOMOrMsTa Ha MpexaTa No BpeMe Ha paboTa.

B pesynTaT OT MoaenvpaHeTo ce Nnosy4vmxa criegHuTe pesynTaTtu:

e [pn n3nonseaHe Ha IPv4 Hall — 6bp30 MpexaTa ce KOHBeprupa npu usnonssaHeto Ha EIGRP.
Han — 6aBHO MpexaTa ce KOHBeprpa npu u3non3saHeTo Ha OSPF 3a BCcUUKUTE BMAOBE
TpadmyHN HAaTOBapBaHUS.

e [pn nsnonseaHe Ha IPv6 Moxe fa ce TBbpAM, Ye Ha — 6bP30 MpexaTa ce KOHBeprvpa npw
n3nonssaHeTo Ha OSPFv3

o OT nony4eHuTe pe3ynTaTn ce BUXAa, Ye ako MpexaTa Lie ce u3nonssa camo 3a VoIP pasrosopu
e Heobxogmmo pa ce wmsnonssat EIGRP wnu RIP 3a IPv4. Kato 3a npegnountaHe e fga ce
n3nonssa EIGRP nopaan npuHumnbT My Ha pabota. Ako ce nsnonsea IPv6 e HeobxoamMo fa ce
nsnonssa OSPFv3, 3apagn no — 6bp30TO KOHBEPrMpaHe Ha Mpexata npu Cciydaute C
OoTnagaHe/Bb3CTaHOBSIBaHE Ha BPb3KMTE, KOUTO B peaslHUTe Mpexa ca exxeaHeBue.

o AKO MpexaTa e 3aTBopeHa (6e3 aocTbn Ao MHTepHeT) u Wwe ce u3non3ea camo 3a paboTta ¢ 6a3u
faHHM e Heobxoaumo pda ce um3nonssaT EIGRP wnm RIP, 3a IPv4. 3a IPv6 oT nonyyeHuTe
pe3ynTatm ce BMXAQ, Ye WM 3a Asata npoTtokona — OSPFv3 m RIPng BpemeHaTa ca noyTtu
eJHaKBM.

o AKO MpexaTa e oTBopeHa (uMa goctbn Ao MHTepHeT) e Heobxoammo aa ce m3non3sa EIGRP,
3apaan no — MankoTo cnyxebHa mHpopMaums, KoTo reHepupa, 3a IPv4. lMpu usnonssaHe Ha
IPv6 e Heobxoanumo aa ce m3non3sa OSPFv3, 3apagu no — MankoTo cnyxebHa uHdopMauus,
KOSITO reHepupa.

o [Ipy n3non3BaHe Ha MpexaT 3a BMAeo BPb3KW OTHOBO € XefnaTenHo Aa ce m3nonssa EIGRP,
nopaaun npeaumcreaTta My cnpsMmo RIP. Ako ce u3nonsea IPv6 e xenaTenHo Ada ce M3rnon3Bsa
OSPFv3.

» HopManHo e npu n3non3saHe Ha EIGRP mpexaTta aa ce KOHBeprupa no-6bup30, OTKOMKOTO npwu
nsnon3eaHe Ha OSPF, koraTo ABaTa MpPOTOKOMA Ca C TEXHWTE HACTpOWMKM Mo noapasdbupaHe.
ToBa ce AbmkM Ha (akTa, Ye EIGRP noaabp)xa Bb3MOXHM HacnefHUUM B TOMOMOrMyHaTa My
6a3a aaHHM, KouTo ca 6e3 6e3kpariHn 0BUKaNsSHUS anTepHAaTUBKN Ha HaW-A0OPUSIT MbT.
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NHTepHeT e HaBCAKbAe OKOoNo Hac. IP MpexuTe HaBnu3aT BbB BCUMYKM Cdepu Ha
TEXHONOrMNTE — TENEKOMYHMKALMOHHN MpeXu, MOBMNIHM MpeXun 1 opu BeYye ce npunarat v npu
YNpaB/IEHNETO HA CUIOBM ENIEKTPOHU YCTPOMCTBA KaTo: PV KOHTponepu, ynpaBleHue Ha
3axpaHBaHeTo (PDU), cunoBu enekTpoHHWM npeobpasyBatenu u Apyru. 3aToBa e Heobxoanmo aa
ce 3Hae kakBa MH(OpMauMsi, @ B YaCTHOCT U ciyxebHa, ce reHepvpa OT Te3n ycTpoicTBa. KakbB e
HEMHWST pa3Mep, 3a Aa He Ce Mony4YyaBa TeCHUM MecTa B MpexaTa. KakBo e AomycTMMoTO
3aKbCHEHME Ha MAKeTUTe, KOEeTO He 6M Hapylwwuno HopMmanHata paboTa Ha Te3u yCTpPOMCTBa.
Mopaan Te3n u Apyrn NpUYMHKU e HeobxoaMMO da ce HanpaBu npeaBapuTeneH MOHWUTOPWHI, Ha
reHepupaHaTa WHGOpMaumus OT Te3u YCTPOMCTBA, MpeaM Aa Ce M3rpagy KOMyHMKaLMOHHaTa
Mpexa, HeobxoauMa 3a YynpasneHMeTo W HabnAeHVMETO Ha TakuMBa CWUIOBU  €N1EKTPOHHM
ycTpoicTBa. lNonyyeHute pesyntaTti MoraT Aa Ce WM3Mon3BaT 3a OLEHSIBAHE BJ/IMSIHUETO BbpXy
3aKbCHEHUATA M HAAEXAHOCTTa Ha npeJaBaHaTa KOMYHMKAUMOHHA WHGOpMauusi npu CBbp3BaHe
Ha CMJTIOBUTE YCTPOWCTBA KbM CblUeCTByBalLaTa (M3rpajeHa BeYe) KOMyHUKaLMOHHa Mpexa.

N3cneaBaHa e  ekCnepuMeHTanHa Mpexa 3a HabnwgeHve Ha  reHepupaHus
KOMYHMKaLMoHeH (MHGOPMaUMOHEH) TpaduK OT CUMIOBU €NeKTPOHHWU YCTPOWNCTBa. M3cneasaHuTe
CWMNOBM ENEKTPOHHM YCTPOWMCTBa Ca: MOAyN 3a pasnpedeneHWe Ha eHeprus, YynpaBnsiBaH
oTaaneyeHo npe3 WHTepHeT, u UPS ¢ ABOMHO npeobpasyBaHe, OTHOBO YMNpaBisiBaH OTAaseYeHo
npe3 VHTepHeT. HabntogaBaHUTE KOMYHMKALMOHHN NapaMeTpu ca: reHepuyeH Tpaduk, pasmep Ha
naketa, 3abaBsiHe Ha naketa M Ap. Ha 6a3ata Ha nonyyeHute pe3ynTaTtM OT MOHUTOPWHI
MaTeMaTUyecKn pasnpefeneHns no roieMmHa Ha MakeTn ca HarpaBeHW, KOUTO Ce MU3Mon3saT 3a
AONbIHUTENHA OLEHKa M aHanv3 Ha u3cneaBaHUTe yCTpoiCTBa. HanpaBeHu ca u uscneaBaHvst ot
KbM CTpaHaTa Ha KMH6epcuMrypHoOCTTa Ha KOMYHMKAUMOHHATA Bpb3Ka M OOMeHa Ha AaHHW Mexay
TECTBaHUTE CUTOBU €NEKTPOHHM YCTPOWUCTBA 1 paboTHaTa CTaHums.

MpeanoxeH e KNacM4ecKkUaT NacMBeH METoA 32 MOHUTOPUHT Ha IP Mpexu ¢ npunoxeHue B
cunoBaTa eneKkTpoHuKa. MeToabT e 0 pa3BUT C NpeasIOKEHNETO Aa Ce MU3MNOo/3BaT MaTeEMATUYECKN
pa3npegeneHns 3a AOMb/IHUTENHO OLEHSIBAaHE U aHaNu3 Ha pe3ynTaTuTe OT MOHUTOPUHIa.

MNpeaonoxeHata  eKkCnepuMeHTanHa Mpexa 33 M3cedBaHe Ha  reHepupaHuaT
KOMYHWKaUMOHeH TpaduvK € npuioXxmMa M 3a U3CNeABaHe Ha ApYrn CUMOBU  €NEKTPOHHM
YCTPOMCTBA KaTO: MHBEPTOPW, POTOBONTANYHN KOHTPOSIEPU U APYTH.

Bb3 oOcHOBa Ha MonydYeHMTE [daHHM MOXe fAa Ce MNpeanoxu Han-noaxogsiiara
KOMYHMKALUMOHHA Mpexa 3a CbOTBETHOTO CW/IOBO ESIEKTPOHHO YCTPOWMCTBO WSIM OLEHKA Ha
Bb3MOXHOCTT@ 3a M3MOM3BaHE Ha CbLUECTBYBalla TakaBa. 3a TeCTBAHUTE YCTPOMCTBA HAMa
OrpaHNYyeHns B TUMBLT Ha KOMYHWMKaLUMOHHaTa Mpexa, KbM KOATO MoraT Aa 6baaT BKIIHOYEHW,
nopaan MankusiT Tpaduk, KOMTO reHepupar.

N3cneaBaHa e CUMypHOCTTa Ha KOMYHMKaUMOHHATa Bpb3ka (ObMeHa Ha AaHHWM Mexay
TECTBaHUTE YCTPOWCTBa M paboTHaTa CTaHuMsl) C MOMOLWTa Ha nakeTeH aHanu3atop. W agete
YCTPOWCTBa HE M3NoN3BaT KpUnTupaHe Ha KOMyHMKALMOHHATa Bpb3ka. TOBa € ronsaM HefoCTaThbK,
3alL0TO BaXkHa MHMOPMaUMS KaTo aBTEHTUMUKAUMA U ynpaBnsBaliy KOMaHaM ce rnpeaasaT B YUCT
Tect. Taka ycTponcTBaTta MoraT Aa 6baaT NecHO XakHaTh U Ja ce MaHunynmpat. AKo yCTponcTBaTa
Ce M3MNoN3BaT B NIOKanHW Mpexu, 6e3 focTbn A0 WHTEepHET, TO3M TexeH HeaoCTaTbk He 6u ce
B3MMan noA BHUMaHue. [pu HeobxoAMMOCT OT OTAaneyeHo yrnpaeneHue, npe3 VHTepHerT,
OCUIypsIBAHETO HA KPUMTUMPAHOCT HAa KOMYHMKaLMOHHATa Bpb3Ka, MOXE [a Ce OCbLECTBM ype3
n3nonssaHeTo Ha VPN.

PesynTatute OT HacTosilwaTa paboTa MoraT Aa Cce M3Mon3BaT 3a Cb3JjaBaHe Ha MpenopbKiy,
CBbP3aHM CbC CUIYPHOCTTa U HaAEXAHOCTTa, NpyU BbBEXAAHETO Ha IoT B cunosaTta eNeKTpoHUKa.
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CbBpeMeHHUTE TeNeKOMYHUKALUMOHHN MpeXu CTaBaT BCE MO-C/IOXHM Mopagn TaxHaTa
TEXHOJIOTMYHA XeTepOreHHOCT, PYHKLMOHANHA CNOXHOCT Ha M3Mon3BaHUTE MPOTOKONAN U FONSIMO
pa3Hoobpasue OT NpefoCTaBsAHWU YCIyru 1 NpUNoXeHus. MNnaHMpaHeTo M ynpaBfeHMETO Ha Te3un
MPEeXM U3UCKBA TOYHN N ePeKTUBHN U3MEPBAHUSA U MOHUTOPWHI. [punaraHeTo Ha KriacuyeckuTe
noaxoan 3a W3MepBaHe, MOHUTOPUHI W MNaHUpaHe Ha cbBpeMeHHu IP 6a3upaHu Mpexu e
npeamsBukaTenHa 3agada. MscneasaHunsita, NpoBedeHN Npu MpeXoBU M3MepBaHua U TpaduueH
MOHWTOPWHI Mpe3 NociefHuTe roavHW A0BeAoxa A0 HOBM MEeToAONOrMW M A0 M3BbpLUBAHE HA
3aabn60YeHn TeopeTMYHM W CTAaTUCTMYECKM aHanuau. W3mepBaHusiTa, MOHWUTOPUHIBT WU
NAAHUPAHETO Ha peasHUTe TeNIeKOMYHUKALUMOHHN MpeXu € akTyasnHa 3ajada. Ype3 namepBaHusita
N MOHWUTOPWHIra Ha IP MpexuTe ce uenn ga ce OUEHSAT W aHanu3upaT pas/IMYyHK acnekTu KaTo:
TOMOMOMMA M CBbP3AHOCT Ha MpexaTa; MaplpyTu3auus; CUrypHOCT; aTaku; Ka4yecTBO Ha
obcnyxsaHe; GUNTpUpaHe U T.H.

Lenta Ha cTtaTusTa e Aa ce u3cneasaTt notouuTe OT AaHHM B onpegeneHa IP — 6asupaHa
Mpexa, 3a Ja Ce NpoBepu HelHaTa (YHKLMOHANHOCT — UMann roflieMM 3aKbCHEHUSI B OOMeHa Ha
MakeTW, KOM € Ha — YecTo M3MON3BaHWUAT MPOTOKON B HabnogaBaHaTa Mpexa, KakBo e
TpachMYHOTO HaTOBapBaHE U ApYru.

HabniogaBaHaTta paboTella KOpnopaTMBHa Mpexa ce CbCTon OT ABe TenedOoHHU LueHTpanm
(Open Scape Voice and Asterisk). mame ,N” Ha 6poit IP TenedoHu, YacT OT KOUTO Ca CBbp3aHu
KbM efHaTa LeHTpana, a Agpyrata 4Yact kbM Aapyrata v ,N” Ha 6poit paboTHM CTaHUMKM 3a
cnyxutenute.  3a HabnoaeHWEeTO M MOHWUTOPWMHIa Ha MpexaTta € M3MOM3BaH KaCU4ecKusT
nacueeH MeTod 3a HabniogeHue. TpeanoXeHO € M3MOMA3BaHETO Ha  MaTeMaTU4ecKu
pa3npeaeneHunsl No BpeMe3akbCHEHNE Ha MaKeTUTE U MO ronNeMmnHa, 3a AOMbAHUTENHO OLeHsIBaHe
Ha Mpexara.

M3MepeHO e HaTOBapBaHETO Ha MpexaTa 3a onpedeneH nepuoj OT BpeMe C pasfiMuyHu
WHTEpBanM Ha oTumMTaHe. OueHeHa e W npoMsHaTa Ha Tpaduka B MpexaTa. HanpaBeHa e
pa3bvBka Mo NPOTOKON Ha MPUIOXHO HMBO M pa3buBKa Mo rosieMnHa Ha NakeTuTe.

HanpaBeHn ca u3MepBaHMA Ha MpexaTa, KaTo Ca MpoCniedeHn: M3Moa3BaeMoCcTTa Ha
nopToBeTe OT onpedeneH NPOTOKO/, BUAOBETE NPOTOKOMN, reHepupaHaTa MHdopMauns, pasmepa
Ha MakeTuTe U rofleMMHaTa Ha UHTEPBasIMTE MeXAy MOMEHTUTE Ha MOCTbMBaHe Ha NakeTuTe.

MpeonoxeHn ca MaTeMaTMyecku pasnpegeneHus 3a [AONbJHWTENEeH aHanu3  Ha
pe3yntatute oT HabnoaeHneTo. HanpaBeHn ca MaTeMaTUYECKW pasnpeaeneHns Ha pa3MepuTe Ha
nakeTute un Bpeme3akbCHeHueTo. OT nonyyeHuTe pasnpedeneHnsl 3a BpeMe3aKbCHEHWETO Ha
naketa ce yCTaHOBM, Ye 3aKbCHEHMSITA MeXAy MakeTuTe ca MOCTOSHHM 3a r1acoBuM M BUAEO
NnoTOLM, KOETO 03HAYaBa, Ye MpexaTa e NPaBUIHO NPOeKTUPaHa 1 HAMa aHOMasniMKn B Hesl.

OT MaTteMaTM4ecKoTO pasnpegeneHve Mno pasMepa Ha naketa 6sxa OTKpUTU cnegHuTe
pe3ynTtatu: belle yCTaHOBEHO, Ye MO BpeMe Ha BWAEeO CTpUMMUHI ce u3nonsBa Packetized
Elementary Stream (PES). ToBa BoaM A0 ONTUManHO U3MoNn3BaHe Ha MpexaTta. AKO ToBa He ce
“3Mnon3Ba, ToBa e 6bAe BpeaHO 3a MPOM3BOAWUTENHOCTTA Ha MpeXaTa, Tbil KaTO BUAEOMOTOKbLT
MMa Bb3MOXHOCT [a YBENNYM CpefHNs pa3Mep Ha NakeTa B peasiHO BpeMe.

Pa3MepbT Ha nonesHnaT ToBap 3a koaeka G.711 ca 160 6aita 3a 20 ms noneseH ToBap U
240 6arTta 3a 30 ms noneseH ToBap. lonyyeHaTa pasnMKa B MOME3HWUS TOBAp Ha rlacoBuTe
NakeTu ce Ab/HKM Ha pasnnyHuTe uanonssanu IP TenedoHHu ueHTpanu (Asterisk n OSV).

MonyyeHnTe pe3ynTaTM MokassaT HeobXxoAMMOCTTa OT WM3MEpBaHUS M MOHUTOPUHI Ha
Tpaduka B IP H6asvpaHuTe Mpexu 3a onTUMM3aums M NiaHWpaHe Ha MpexaTa, ocurypsiBaHe Ha
KayecTBO Ha ob6CnyXBaHe M OTKpMBaHe Ha NpobrBK B CUrypHOCTTA.

MOHWUTOPUHIBT MoKasea, Ye aAseTe IP ueHTpanu u3non3eaTt pas3fMyHW ayavMo Kodeuu 3a
npefasaHe Ha UHGopMaLus.



MpeactaBeHMAT MeToa 3a HabnogeHue M xapakTepusupaHe Ha Tpaduvka Moxe aa ce
M3MNon3Ba 3a AaBaHe Ha Mpenopbku 3a NoaobpsiBaHe Ha paboTaTa Ha MpeXuTe M OTCTPaHsIBaHe Ha
npobnemu.
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Ob6nayHnTe TEXHOMNOrMM Ca OCHOBEH ABMraTen Ha pactexa u nHosauuute B rnobanHus UT
cekTop. ToBa € TEXHOMOrMsl, KOATO Ce W3MoN3Ba fAa noMara W paseBuMBa OHManMH WUT
nHdpacTpykTypaTa. Ta ce npeBbpHa B HOBaTa TeHAEHUMS 3a MpeaoCTaBsHe Ha NoTpedbuTenckun u
6usHec npwnoxeHnss u ycnyrm. O6MakbT € WMKOHOMMYHA, [bBKaBa WM HagexaHa WT
NHGPacTpyKTypa.

B Hactosiwata paboTta e HanpaBeHO MogenvpaHe Ha obnayHa WHQPaACTpyKTypa CbC
cneunanuaupaH codptyep. MU3cneasaHo e noBeaeHMETO Ha obnaka npu Mankm u ronemMm TpauyHun
HaTOBapBaHUS W pasnnyeH 6poit Ha noTpebutenute. O6eKT Ha HabnoaeHne ca OnopHaTa
KOMYHMKALUMOHHA Mpexa, MpexaTa 3a pa3npegeneHne Ha TpaduuHuTe noTouM , MpexaTta 3a
[JOCTbMN, M3YUCIUTENHUTE MYy Bb3MOXHOCTM, @ CbllO Taka M KOHCyMUpaHaTa eHeprusi OT
eleMeHTUTe, KOMTO ro m3rpaxaaT. B pe3ynTtaT Ha npoBeaeHUTE W3CNeABaHWS Ca HarpaBeHu
NpenopbkK 3a ONTUMU3MPAHE Ha MoaenvpaHaTa obnavHa MHMpPaCTpyKTypa ¢ Len nogobpsiaHe Ha
eeKTUBHOCTTa, HaMansBaHe Ha KOHCyMauusiTa U nogobpsiBaHe Ha eHepruiHata eheKTUBHOCT.
MogenvpaHeTo W u3cneaBaHeTO Ha obnayHata MH@PacTpykTypa B HacTosiwarta pabota e
HanpaBeHo 4pe3 GreenCloud. ToBa e CNOXeH CMMyNaTOp Ha MAaKeETHO HMBO 3a onpefensiHe Ha
eHepruHata edeKTMBHOCT Ha 06nayHM LEHTpoBE 3a [JaHHM C (OKYC KbM o0bnayHuTte
KOMyHMKaumn. Moxe aa ce u3nonssa npu pa3paboTBaHETO HA HOBWU PELUEHUS B MOHUTOPUHIA,
pa3npegeneHne Ha pecypcuTe, pasnpefesieHne Ha HaTOBApBaHETO, KakTo W ONTMMM3auMs Ha
MpexoBaTa WHdpacTpykTypa. Cbllo Taka AaBa MHMOPMaUMs 3a eHepruiHaTa KOHCyMauusl Ha
OTAENHUTE KOMYHWUKALIMOHHM YCTPOWMCTBA, U3rpaxxaallum obnadvHata MHdpacTpykTypa. Mogennpanu
ca ase obnavyHn MHMPACTPYKTYpU KaTo pasnvkata mexay asete 06nadyHu MHMPacTpykTypu € B
6post Ha aboHaTuTe - BbLB BTOPUAT Moaen 6posiT Ha aboHaTUTe € yBeNnYeH Tpu MbTU.

MonyyeHnTe pe3yntatM OT MOAENMPAHETO Ca: KOHCYMMpaHa eHeprusi, TpacduyHO
HaTOBapBaHe, W3YMCUTENHO HATOBapBaHE Ha CbpBbPUTE, OPON WM3MbAHEHM 3adayun, 6poi
N3MbJIHEHW 33a4ayn OT BUPTYanHWTE MawuHW B obnaka, TpachuyHO HaToBapBaHe Ha LieHTbpa 3a
AaHHW, TpadMyHO HaToBapBaHe Ha KOMYHUKAUMOHHUTE BPb3KM Mexay cnoesete, TpapuyHo
HaToOBapBaHe Ha KOMYyTaTOpUTE M W34YMCAUTENHO HATOBapBaHe Ha BUPTYanHUTE MalWnHW. Ha
6aszaTta Ha Te3n pe3ynTtaTn MoraT Aa Ce HanpaesiT CleaHUTe U3BOAMN:

e MopennpaHaTa WHMpPaCTpykTypa B MbPBUAT C/lydail ce CnpaBs C MNOCTaBEHUTE 3ajayu.
Bpb3knte Mexay oTAenHUTE CoeBe He Ca HaTOBapeHW Hamb/aHO. Taka MoaenupaHata
obnayHa MHMPaCTpyKTypa MOXe Aa M3MbJIHSBA OLEe 3a4auu;

e BropaTta MogenvpaHa obnavHa MHMpPaACTpyKTypa, KbaeTo 6posiT Ha aboHaTUTE e yBenuyeH Tpu
MbTU € 3HAaYUTENHO HaToBapeHa. Ta ycnsiBa Aa obpaborea 3agjauute. ViMa msuncnurteneH
pe3eps 3a 0bpaboTka Ha olle 33ayun, HO He e MPenopbUYNTENTHO A Ce 3aJaBaT ole 3ajauu,
3aW0TO TpsibBa M3UMCIUTENHUAT pe3epB Aa Ce 3anasv 3a U3Mon3BaHe B MOMEHTW C MHOro
BMCOKO HaTOBapBaHe. Bpb3kuTe B nNpaBuMAT KaHan He Ca HaTOBapeHu, 3a pas3nnka oT
0bpaTHMAT KaHan. ToBa NoKasBa, Ye Taka MoAeNMpaHn Bpb3kMTe B 0bnaka He ca HaToBapeHu
paBHOMepHO. ToBa MOKa3Ba, 4Ye Taka MoAenuvpaHaTa WMHMPACTpyKTypa He e MnpoekTMpaHa
npasBuiHo. iMame HepaBHOMEPHO HAaTOBapBaHE Ha BPb3KUTE B ABETE NMOCOKY;

e [lpenopbyBa ce Aa ce M3non3Ba 06Mak C NO-Manko NOTpebutenun, KOWTo Moxe Aa 06paboTu
noeeye 3aAaun Npu No-mMasika KOHCyMaumsl Ha eHeprus.



I. Nedyalkov, A. Stefanov and G. Georgiev, "E — Learning for IP — Based
Telecommunication Networks," 2018 International Conference on High Technology for
Sustainable Development (HiTech), Sofia, Bulgaria, 2018, pp. 1-5. doi:
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TenekoMyHUKaLMOHHUTE MPEXU HENpPeKbCHATO ce pa3pacTeaT. HOBM M HOBW TEXHONIOTMU U
yCnyrn ce npefoctaBsT Ha noTpebutenute. Mopaan ToBa 6bP30 M CKOPOCTHO paspacTBaHe €
HeobxoaMMO Aa MMa NoAroTBEHU CMeUManncTy, KOUTO Aa MoraT da noaabpxaT ToBa obopyaBaHe.
3a Ja MoXe creuvanucTuTe Aa ca BMHaru NoaroTBeHu, Te Tpsibea Aa ce oby4yaBaT HenpeKbCHaTo.
MpexoBoTo obopyaBaHe € ckbno. He Bcuukn yuebHM 3aBeaeHuss mMoraT fa Cu MO3BOMSAT
3aKyrnyBaHeETO Ha Takosa obopy/aBaHe. 3aToBa € NoaxoAsLWo Aa Ce U3NOM3BaT NPOrpaMHu cpeam,
KOWUTO CMMynupaT UM eMynupat Takoea obopyaBaHe.

B HacToswara cratua we 6baaT pasrnegaHy TakuBa NporpaMHy cpeau, Ypes KouTo MoraT
[ia Ce MoAenMpaT TeNEKOMYHUKALMOHHM MPEXW, U3rpageHn OT pas3/IMyHM MPEXOBW YCTPOWCTBA —
pyTepu, KOMyTaTopu, CbpBbpu 1 Apyrn. Taknea nporpaMHu cpeam ca Cisco Packet Traser and GNS
3. N pBeTe nporpaMHu cpeau ca noaxoaswm 3a obydyeHMeTo Ha cneuvanuctn B obnacrrta Ha
TENEKOMYHUKALUMOHHUTE MPEXMN.

Cisco packet tracer nossonsBa Ha CTyAeHTUTE Aa NPUAOBUAT 3HaHWSA U YMEHUs B
npoektMpaHeto Ha IP — 6asupaHn Mpexu. [JONbAHUTENHO Ce 3ano3HaBaT C HauMHa Ha
KOH(UrypupaHe Ha MpexoBuTe yCTpoWcCTBa. Packet tracer mosBonsiBa Aa ce cb3gafe KapTa
(cxema) Ha pa3nonOXeHWETO Ha OTAENTHUTE 3BeHa Ha MpoeKkTupaHaTa Mpexa. Nokassa BuU3yanHo
M3MNON3BaHUTE MPEXOBU YCTPOWCTBA W TSAXHOTO pPa3nofIOKEHME B KOMYHMKAUMOHHUAT LKad.

Packet tracer paBa Bb3MOXHOCT Ha CTyAeHTUTE [a pa3lWupsBaT Bb3MOXHOCTUTE Ha
n3bpaHMTE MPEXOBM YCTPOMCTBA, Ype3 [06aBSHETO Ha pas3/IMyHM  PasWMPUTENHU  MOAYNW.
Hepoctatbk Ha Packet tracer e nuncata Ha 4act OT (YHKUMOHANHOCTT@ Ha MpEXOBUTE
YCTPOWCTBa.

GNS 3 e npegHasHauyeH 3a NO HanpeaHanu noTpebuTenn U MpEXoBWU CreumanunucTy.
MporpamaTta emynupa peanHu onepaumMoHHU CUCTEMM Ha MPEXOBW YCTpoMcTBa. Hsma nvncea Ha
yHKumoHanHocT. CTyaeHTUTe KOHMUIrypupaT yCTPOWCTBaTa ype3 ,TepMUHaN", KaTo Ha peanHu
Cisco yctpoiictBa. GNS3 nosBonsiBa konabopauusta Mexay MoOAeNMpaHaTa Mpexa W peanHa
TakaBa win konabopaums c¢ WHTepHeT. Packet tracer Hama TakaBa @yHKuMoOHanHocT. GNS3
npeanara uHTerpypaHa paboTta C pasMyHU MPUNIOXKEHUS 338 MOHUTOPUHI Ha MpexaTa. Taka
pa3spaboTunumMTe Ha MpexaTa e MoraT Aa AobuaT npeacTtaBa Kak ce AbpXW, NpoekTupaHata oT
TAX Mpexa, npeau aa 6bae nycHaTta B ekcrinoataums.

Cnep 3aBbplUBaHe HA HAKOJIKO YMPaXHEHUs C ABETe Nporpamu CTyAeHTUTe e MmoraT Aa
KOHUrypupaT v NoAAbpXaT MPEXOBU YCTPOMCTBA.

W asete nporpammn Morat Aa 6bAaT M3M0N3BaHW 3a Cb3[laBaHe Ha MpaKTUYeCKU Kasycu 3a
TeCTBaHe Ha HMBOTO HAa 3HaHWATa Ha CTyAEeHTUTE: MOoraT /M Ja HaMepsT npobnema, Aa OTCTPaHAT
npobnema, Mmorat v Aa paspeLuaT T03un Npobnem u T.H.

I. Nedyalkov, A. Stefanov and G. Georgiev, "Characterization of the Traffic in IP-Based
Communication Networks," 2018 International Conference on High Technology for
Sustainable Development (HiTech), Sofia, Bulgaria, 2018, pp. 1-4. doi:
10.1109/HiTech.2018.8566486

KntoyoBa MeToA0/10rvs 3a pasbupaHe Ha TENTEKOMYHUKALIMOHHWUTE MPEXWN U CITIOXKHOCTTa Ha
NHTEpHET e upe3 HabnoaeHne 1 XapakTepusnpaHe Ha Tpaduka. ToBa kapa uscneaoBaTenvTe Aa
NpaBAT TpaduWuHU M3MEpBaHWUA 3a TOJIEMU MEPUOAN OT BPEME W Aa aHa/IM3MpaT MoJyYeHuTe
pe3yntaTh. OCHOBHWUTE YCW/IMA Ca HACOUYEHW KbM HabnoAeHWETO Ha uenus Tpaduk. Mma asa
OCHOBHM noaxoaa (MeToza) npu M3MEpPBAHETO Ha Tpaduka. EAMHUAT e akTUBEH, KOWTO MOXE Aa
Ce peanuanpa KaTo Ha onpeaeneHn 6poilt KOMMITPU CE MHCTANMpaT MPUNOXKEHUS, KOUTO
HabnoaaBaT NOBEAEHUETO Ha MpexaTa. [pyrusaT noaxod e MacuBeH, TOECT caMo ce Habnoaasa
TpaduKka B MpPEXaTa, HO HE MOXE [a Ce KOHTponupa 6posi Ha aboHATUTE, MHTEH3MBHOCTTA Ha
NOCTBLMNBAHE U MPOABLIHKUTENHOCTTA Ha CECUUTE.



B HacToswata paboTa e HanpaBeH aHanu3 U xapakTtepusupaHe Ha Tpadwvka B eaHa IP -
6a3mpaHa Mpexa. lNpeanoxeH e edpukaceH M eBTUH METOZ 3@ MOHWUTOPUHI Ha TO3M TUM MPEXMU.
M3non3saHWTe MHCTPYMEHTM Ca Taka noabpaHu, 4Ye fJa MoraT Aa NpeaocTaBAaT AOCTaTbyHO
nHdopMaumnsa 3a xapakTepusmpaHe Ha Tpaduka B HabnogaBaHaTa Mpexa. M3BbplBaHu ca
n3MepBaHus U ce HabnwogaBaHW CnegHWTe napaMeTpu: M3MOM3BaeMOCTTa Ha NopToBeTe OT
KOHKpeTeH NPOTOKOS, BUAOBE NPOTOKONW, reHepupaHa MHgopMauus, pa3Mep Ha nakeTta u ap.
HanpaeBeHn ca MaTeMaTU4eCcKu pasnpefeneHns 3a pa3Mepa Ha MakeTa U MOMEHTUTE Mexay
NOCTbMNBAHE Ha MakeTuTe.

HabntogaBaHu ca ase IP Mmpexu. EgHaTa Mpexa ce nonsea OCHOBHO 3a paboTa B IHTepHeT
n IP Tenesusns - mpexa “A”. [pyrata mpexa, Mpexa “B”, e koprnopaTuBHa, CbCTaBeHa oT ase IP
TenedoHn UueHTpann 1 MHoXecTBo IP TenedoHu - ToeCcT 13nonsea ce OCHOBHO 3a NpoBeXaaHe Ha
IP Tenedonus.

HanpaBeHu ca 3aabnboyeHn uscneaBaHusi Ha Cly4yalHOTO noBeaeHwe B IP MpexuTe C
nakeTHUAT aHanu3atop Capsa. Cnea npoBedeHWUTe U3CNeABaHusl € YCTaHOBEHO, Ye TpauKbT B
HabnogaBaHata Mpexa ,A" e oT MynTMMeameH Tun, a B HabniogaesaHaTa mpexa ,B" e rnasHo
ayavo. B onpepgeneHn MoMeHTH BMAeo Tpaduk cbllo ce 3abensssa. U 3a ABeTe Mpexun TpadukbT
€ CUJTHO CTOXacCTUYEH N pa3HOPOAEH.

HanpaBeHo e MaTeMaTU4ecKo pa3npeaeneHnsi OT MOSyYeHW AaHHUTe OT Mpexa ,A".
M36paHn ca Han-pobpuTe NpUBAMXKEHUS Ha Pa3npeaeneHNeTo Ha MHTEPBANIUTE MEXAY MOMEHTUTE
Ha nMOCTbNBaHE Ha MakeTUTe B Wu3CneABaHata Mpexa (Pa3snpocTtpaHeHne Ha Dagum).
AnpokcuMaumMuTe MOKasBaT CpeAHaTa CTOMHOCT Ha 3aKbCHEHMSITa, KOMTO Ca C pasfiMyHu
CToMHOCTW. TOBa NoKasBa, Ye MpexaTta TpsibBa aa 6bae onTuMuM3anpaHa 1 QoS aa ce noaobpw.

Bb3 OCHOBa Ha nony4deHuTe pesyntat OT Mpexa ,A" MOXe fa Ce HanpaBu cnegHaTa
npenopbka: 3abenssBa ce, 4Ye CKOPOCTTa € OrpaHMyeHa M HefoCTaTbyHA. ToBa Ce Ab/MKWU Ha
Cb3aBaHETO Ha TECHW TOYKM B MPEXOBUTE YCTponcTBa. CneaoBaTenHo Te3n YCTpoMCTBa TpsibBa
Aa 6baaT 3aMeHEeHN OT ApYru YCTPOWCTBA C NO-BUCOKA CKOPOCT Ha npeAaBaHe.

MOHWUTOPUHIBT Ha Mpexa ,B" noka3Ba, 4e pasroBOPHUAT TpaduK NpoTUYa Mexay
TenedoHUTE KaTo npemMmHaBa npe3 TenedoHHaTa ueHTpana Asterisk. [Jokato npu apyrata
TenedoHa ueHTpana OSV (Open Scape Voice) TpadukbT NpoTMya camo npe3 TtenedoHuTe, 6e3 aa
npemMmnHaBa u npe3 TenedoHHaTa ueHTpana. EAMHCTBEHUST Tpaduk, KOWTO MMHaBa npe3 OSV, e
CUrHanHata MHdopMauus, U3non3saHa 3a u3rpaxaaHe Ha Bpb3kaTa.

I. Nedyalkov, A. Stefanov and G. Georgiev, "E-Learning on Wireless
Telecommunication Networks,” 2018 IX National Conference with International
Participation (ELECTRONICA), Sofia, 2018, pp- 1-4. doi:
10.1109/ELECTRONICA.2018.8439127

MobunHute ycTponcTBa — TenedoHn, Tabnetm u Apyrn ca HaBCsSKbAe OKOMO Hac. Te ca
4acT OT XwuBaTa n buta Ha xopaTa. MoraT Aa ce M3non3eaT 3a No4vTu BCskakea pabota. Ho 3a aa
MoraT Aa Ce M3rnon3BaT Ha BCAKbAE U Hal-Beye Aa MMaMe Bpb3ka ¢ MIHTepHeT, Tpsbea aa MMame u
KayecTBeHa paamo Mpexa. KauvecTtBeHaTa pagmo Mpexa ce CBbp3a C 06xBaT HaBCAKbAE W
NoAAbPXKAHE Ha BMCOKM CKOPOCTW 3@ MPEeHOC Ha [AaHHW. Te3n TeNeKOMYHUKAUMOHHU MpeXxu
TpsibBa aa 6bAaT NpoekTMpaHM U NoAAbPXKaHW OT cneunanucTu. Tesn cneumanuctn Tpsbea aa ce
pobpe noaroTeeHu n 0byyeHun, 3a Aa MoraT Aa Cce CnpaBsT C BCAKAKBM CUTYauMW, KOMTO MoraT Aa
Bb3HWKHAT. [06bp HaunH 3a o0byyeHMETO Ha Te3u CheumannucTu e upe3 WU3MNoNA3BaHeTo Ha
pasfiyHN NPOrpaMHM Cpean, KOMTO MoraT Aa MM noMarat B 06y4yeHumeTo.

B HacTosiwaTa cTaTtmsa We ce pa3rneaar ABe NporpamMmmn, KOMTO Ca NOAXOASLM 3a Tasu uen —
NI Multisim and Radiomobile. B HacTosiwaTa paboTta ca pa3rnegaHu ase nporpamHu cpeay — NI
Multisim and Radiomobile, kouto ca noaxoaswm Aa ce M3non3eaT 3a obyyeHue Ha CTyAeHTU M
cneuvManuctn B obnactta Ha 6e3XUYHUTE TEeNeKOMYHMKAUMOHHM Mpexin. NI - Multisim e
npegHa3HayeH 3a CUMyNMpaHe Ha pas/iMYHU  ENIeKTPOHM CXEMU C  MNPUIOXKEHWE B
paanMokoMyHukaumte, Radiomobile e npegHasHayeH 3a MogenupaHe Ha pa3npoCTPaAHEHUETO Ha



pagvoBb/HUTE B onpeaeneHa obnact Mexay npedasaTeflHM M NPUEMHU CTaHumW. 3a ABeTe
nporpaMun ca nokasaHu NpuMepu 1 NpUIoXeHus.

NI Multisim e noaxoasia Aa ce M3Mon3ea Npu MOAENMPAHETO Ha Pa3nMYHMN YCTPOWCTBA,
CXEMM C MNPUNOXKEHUS B paAMOKOMYHMKauuTe. Ype3 Hes CTyAeHTUTEe OCBEH, Ye Lue ce 3arno3HaBaT C
NpuHUMNA Ha paboTa Ha CMMyNMpAHUTE CXEMU, HO Lie Ce Hay4aT Aa paboTaT cbC crneundunyHn
n3MepsatenHn ypeau. lporpamata noaabpXka peanHu MoAeNnuM Ha efeMeHTUTE M Ha 4YacT oT
n3MepBaTeniHuTe ypeau.

Radiomobile e HacodeHa KbM MO TeCeH Kpbr OT CrneunanucTu. Ypes Hes Moxe Oa ce
Moenvpa M CUMynupa pasnpoCTPaHEHWETO Ha paanoBbAHW. [porpamata paboTn ¢ UMdpoBM
KapTu, B KOMTO Ce oTyuTa peneda, pacTUTENHOCT U ApYrn reorpacCcku rnapameTpu, KOUTO ca OT
ronsiMO 3HayeHue Mo BPeMEe Ha npoueca Ha MpOeKTUpaHe Ha efHa PaAMOKOMYHMKAaLOHa Mpexa.
HepoctaTbk e nuncata Ha mHgopMaums 3a crpagu. Radiomobile noagabpxa pasnuvyHu Tunose
aHTEHW, KOETO MO03BOJSIBA Pa3fIyHM BapuaHTM 3@ MOAEeNvMpaHe Ha Bpb3KaTa, C uen onTuMasneH
n3bop wn HacoudeHocT. [lpunoxeHneto pasa 6orata craTUCTMYECKa WHMOpPMaUMsl, KOSITO
[AOMbHUTENHO A0MpUHacs Npu oby4yeHNeTo Ha CTyaeHTUTe.

C pBeTe nporpammu MoraT Aa ce Cb3A4aBaT pas/IMyHU KasyCu C NpaKTUYeH XapakTep, C uen
no-gobpa NoAroToBKa Ha CTyAeHTUTe.

Nedyalkov, 1v., Arnaudov, D., Hinov, N., Kanchev, Hr., "Modelling of an off-grid
photovoltaic power supplying system for telecommunication equipment”, 15th
International Conference on Electrical, Machines, Drives and Power Systems (ELMA), 1
- 3 June 2017, Technical University of Sofia, BULGARIA, ISBN 978-1-5090-6690-2,
IEEFE Catalog Number CFP17L07-PRT

B HacToswaTa pabota e MogenvpaHa (boTOBOSITaNYHa 3axpaHBaLla CUCTEMA C NPUIOXKEHNe
3a 3axpaHBaHe Ha TeNeKOMYHMKAUMOHHO obopyaBaHe. 3axpaHBaHOTO obopyaBaHe Moxe Aa 6bae
NN PaSNOKOMYHUKALUMOHHO, UMW akTUMBHO obopyaBaHe 3a OMTMYHM NPEeHOCHU cpean. Mopgena e
pa3paboTeH B cpefa LabView. MogenbT no3BonsiBa Aa ce onpeaeny aann nsbpaHute KanauuteTtu
Ha efnemMeHTUTE 3a CbxpaHeHwe Ha eHeprus (ECE) e poctatbyeH unm He. B npeanoxeHata
3axpaHBawa cnucteMa ECE ca 6atepuss M cynepkoHAeH3aTop. 3a fAa Ce  yOb/DKM
€KCMNI0aTaUMOHHUAT XXMBOT Ha batepusTa e HanpaBeHa CbBMeCTHa pabota mexay
cynepkoHaeH3atop u 6atepus. Cb3gageH € M e npeasiokeH anropuTbM 3a YNpaBfieHue Ha
€HepruHUTE noTouM BbB (DOTOBONTAaMYHATA 3axpaHBalla cucTeMa. ANrOpUTBMBLT CbLIO €
Cb3gdajeH Cc noMowa Ha LabView. Kora ga ce u3nonssa eHeprust OT CynepkoHAEeH3aTopa uan OT
6aTepuaTa 3aBMCM OT MOCTbMBaWaTa eHeprusi oT (oToBONTaMyHaTa cuctema. B pabortata ca
ONMCaHN KaK u3rnexaaTr ToBapoBuTe rpacduvuM Ha paaMOKOMYHMKAUMOHHO obopyaBaHe W Ha
HeobCny>)kBaeMoO akTMBHO 060pyABaHe, U3MNO0M3BaHO B ONTUYHUTE MPEXN.

MopenbT Ha oToBOMTAMYHaTa 3axpaHBalla CMCTeMa Ce WM3MOM3Ba 3a CUMynauus Ha
paboTaTta Ha cucTemaTa 3a pas/IMyHU: BXOAHW U U3XOAHM AAaHHWM, KOMTO MOraT Aa Ce M3Mnon3saT 3a
onTuManeH ns3bop Ha eneMeHTU 3a CbXpaHeHue Ha eHeprusi. PaspaboTeHMsST Moaen Mo3BossiBa
peanu3npaHe Ha pas3uMyHu paboTewm anropuTMui. MoaenbT MO3BOMsSIBA pasliMpsiBaHE Ha
Bb3MOXXHOCTUTE CM upe3 p[obaBsiHE pas3IMYHW U3TOYHMUM HA €Heprus W HaToBapBaHUS.
BUpPTyanHUAaT WMHCTPYMEHT CbLIO Taka MO3BOJSsSIBA YMNpPaB/ieHWE Ha €EHeprumHuTe noToun B
3axpaHBalla cucTeMa, OCBeH MoAenvpaHe Ha cuctemata. KbM mMoaena mMoxe ga ce nobaBu ToYeH
MOAEN Ha XapaKTepuCTWKa Ha paspexaaHe Ha 6aTepusTta. 1o TO3M HauvH MOXe fa ce creau
HMBOTO Ha 3apaa.

MpeanoXxeHussT anroputbM yAab/KaBa XWBOTa Ha 6atepusta. MogenbT MOXe Ada ce
M3MNON3Ba 3a MPOBEPKA Ha Pas/IMYHM anropuTMK C ornes onpeaensHe Ha onTuManHata CTOMHOCT
Ha kanauuTeTta Ha ECE.
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HaBnu3aHeTo Ha HOBW TEXHONOMMU N YCIYIrU B TENIEKOMYHUKALMUTE M3MCKBA 3aXpaHBAHETO
Ha obopyaBaHeETO fAa ce ocurypsiBa OT poToBONaTanyHu cuctemu. lMopagn cneumdukata Ha
paboTaTta Ha TakoBa obopyaBaHe, N3MCKBALLO rofisiMa KOHCYMaLuMsi Ha eHeprusi 3a KpaTbK nepuoj
OT BpeMe, € MOAXOASLIO M3MON3BAHETO Ha 3axpaHBaLlO YCTPOWCTBO, OCUIypsiBalLO CbBMECTHa
paboTa Mexay CynepKOHAEeH3aTop W akymynaTtopHa 6atepusi. CbBMecTHaTa paboTta Ha Te3mn
eNneMeHTU 3a CbxpaHeHue Ha eHeprus (ECE) ce ocurypsiBa OT ABYNOCOYHKM npeobpasysaTenu.

B Hactoswarta pabota e pa3rnegaH ABYNocodeH npeobpasysBaten M3MNon3eBaH B
3axpaHBalla CcuCTeMa Ha paaMOKOMYHMKaUMOHHO obopyaBaHe. [Mpeobpa3yBaTtens ocurypsiea
3apexaaHeTo Ha eNieMeHTn 3a CbxpaHeHue Ha eHeprus (ECE) — cynepKoHAEeH3aTopu, a CblLUO Taka
OCUrypsiBa M3MoON3BaHETO Ha CbXpaHeHaTa eHeprys 3a 3axpaHBaHe Ha KOMYHUKALMOHHOTO
obopyagaHe. [1BynocouHmAT npeobpasyBaTen e CbCTaBeH OT pPe30HAHCEH WHBEPTOP M CUMHXPOHEH
nsnpaeuten. Bcekn eamH OT ABYNOCOYHWUTE npeobpasyBaTenn 3apexaa OTAENeH eNneMeHT oT
b6aTepusaTa 3a CbXxpaHeHue Ha eHeprus. Cb3gageHnTe MoAenu Ha ABYNOCOYHUTe npeobpasysaTtenm
Nno3BONsIBaT M3CNeABaHETO Ha CMCTeMaTa, KoraTo OTAenHuTe npeobpasysaTteny paboTaT BbpXy
obw, ToBap. [lpeanoxeHaTa cuUCTeEMa € NOAXOAsAWA 3@ 3axpaHBAHE HA KOMYHWKAUMOHHO
obopyaBaHe, KOeTo MMa cneundunyeH ToeapoB rpadmk (KOHCyMauusiTa B peXXvMM Ha npeaasaHe € B
MbTU NO-roNsIMa, OTKOIKOTO KOHCyMauusiTa B PeXMM Ha M34vakBaHe). B pabotaTa ca pasrneaanHu
ocobeHocTUTe KbM 3axpaHBaHETO Ha paanNoOKOMYHWUKALMOHHO obopyaBaHe.
PaanokoMyHWKauMoHHOTO obopyaBaHe ce XapakTepusupa C [Ba peXxuMma Ha paboTa — pexuM Ha
n34yakBaHe (YCTPOWCTBOTO HE npefdaBa M KOHCYMUPA MHOMO Manko €Heprusi) U pexmMm Ha
npeaaBaHe (YCTPOWCTBOTO KOHCYyMMPa MaKCMMajiHa MOLLHOCT 3a KpaTKo Bpeme). 3axpaHBallaTa
CcUCTeMa e CbCTaBeHa OT HAKOJSIKO ABYMNOCOYHM npeobpasysaTtens, KOMTO ca napanesiHo CBbp3aHu
KbM TOBapa — paAnOKOMYHMUKALMOHHOTO obopyaBaHe. Korato 06opyaBaHETO He M3nbyBa U MMaMe
noeeye eHeprus ot PV cuctemata, TO TS Ce 3anacsiBa B CyrnepKoHAeH3aTopuTe. 3apeXxaaHeTo Ha
CyNnepKOHAEH3aTOpUTE Ce OCUrypsiBa Ype3 pe30HaHCeH MHBEPTOP U CUHXPOHEH U3npaBuTen.

Pa3spaboTeHnTe Mogenu npefocTaBAT Bb3MOXHOCT 3a M3yyaBaHe Ha KOMOMHMpaHaTa
paboTa Mexay oTAenHUTe ABYNOCOYHM NpeobpasysaTenu.

C nomowTa Ha pas3paboTeHWTe MoAenn ca MOAYYEHW Pas3INYHM XapaKTEPUCTMKM 3a
npeobpasysatens. Te3n XxapakTepUCTUKM MO03BONSBAaT MoAenHo 6asvpaHo npoekTMpaHe Ha
U3CNeaBaHUST ABYNOCOYEH npeobpas3yBaTen, Tbii KaTO MOPaM COXHOCTTA Ha MpouecuTe B
BepuraTa e TpyaHo Aa ce u3BeaaT aHaIMTUYHU U3pasn 3@ TOKOBETE N HanpexXeHusTa.

MNpepnaraHaTa cuctemMa 3a 3axpaHBaHe MO3BOMSIB@ MOAYMHOCT. 0 TO3M HayumH, KoraTo e
HeobxoaMMa No-BMCOKA MOLLHOCT AOMbAHUTENHM MOAyNM MoraT Aa 6baaT AobaBeHn KbM cucTeMa.

Mo BpeMe Ha peXxMM Ha pa3psia TOBApPHUAT TOK € C MHOIO Manku nyncauuu.

MpepgnaraHaTa cxema Mo3BOMsBA NPOAb/HKABaHE Ha 3axpaHBaHE Ha ToBapa, AOPU aKo
eavH OT MoaynuTe e noBpeaeH. ToBa ce Cy4dBa 3a CMEeTKa Ha Apyrv paboTHM 3BeHa.

HepoctaTbk Ha Te3n MHorocdasHu npeobpasyBaTeniv € Bb3AeNCTBMETO Ha aCUMETPUSITA
BbpXY OTAENHMTE 3BEHA. Ta3n acMMETpUS Ce Ab/MKU Ha AOMYCTUMUTE OTK/IOHEHMSI B CTOMHOCTUTE
Ha eneMeHTMTe. 3a fOa Ce peannsvMpa Bb3MOXHOCTTA 3@ M3B/IMYAHE Ha eHeprus OT
CynepKkoHAEeH3aTopa MpyU Bb3MOXEH LMPOK AMAna30H Ha W3MEHEHWe Ha HarnpeXeHWeTo BbpXy
Hero, ToBa € HeobxoAuMO Aa ce npoekTupaT TpaHchopMmaTopu C noaxoasw, KoepuuMeHT Ha
TpaHchopMaumsi. KoepuumeHTbT Ha TpaHchopMauus BOAU A0 OFPaHWYEHUs Ha CTOMHOCTMTE Ha
pe30HaHCHMU €eneMeHTM B BepuraTta, 3a Aa Ce OCUTYpSAT MOAXOAsL, PeXuMu 3a [ABYNOCOYHUS
npeobpasyBaTten M pexuMM Ha 3apexaaHe 3a efeMeHTUTE 3a CbXxpaHeHune Ha eHeprus (ECE).
KakTo e M3BecTHO npu Te3u BepurM 4pe3 MpoMsiHAa Ha CbOTHOLIEHWETO Ha CTOMHOCTUTE Ha
koHaeHn3aTopute Ck / Ce orpaHMyaBaHeTO Ha TOKbT Ha 3apsa MOXe Aa ce perynvpa. Tosa BOAM
[0 yBenn4yaBaHe Ha 3arybute B npeobpasysaTens.



MpeBkAOYBAHETO Ha paboTHUS pexXmMM Ha [OBYMNOCOMHUMAT npeobpasyBaTen Mexay
3apexpaaHeTo Ha ECE n paspexpaaHe Ha ECE ce u3BbpluBa 3a onpeaeneHo Bpeme. ToBa M3MCKBA
cucTemMaTa 3a ynpaBneHuMe Ha ABYMNOCOYHMAT Npeobpa3yBaTen [a ce CMHXPOHM3Mpa C cucTeMaTa
3a npefaBaHe Ha KOMYHMKAUMOHHOTO 0bopyaBaHe, 3a Aa Ce OCUrypu Mno-ronisiMa MOLHOCT B
MOMEHTUTE Ha npeaaBaHe.

Pa3paboTeHnaT Moaen Ha ABYMNOCOYHUST Npeobpa3lyBaTen Mo3BossiBa MOAENHO 6a3upaHo
NpoeKTUpaHe Ha NpeaiaraHoTo YCTPOMCTBO.

2. HayuHu ny6nukauummn, pedepumpaHm B Scopus wu/vwam Web of
Science

I. Nedyalkov, "Studying the Traffic Flow between a Modeled and a Real IP Network,"
2019 X National Conference with International Participation (ELECTRONICA), Sofia,
Bulgaria, 2019, pp. 1-4. doi: 10.1109/ELECTRONICA.2019.8825606

UNHCTpYMeHTUTE 3a BUpTyanu3auus u cumyrnaumsa Ha IP Mpexu ca antepHaTmBa, KOSITO
MO3BO/ISIBA HAa MPEXOBUTE AM3alHEPU WM pa3paboTuvum Aa peanu3npaT MHOXECTBO MPEXOBM
YCTPOWCTBA KaTO KOMMIOTPU, XOCTOBE, KOMYTaTOpMW, MapLlpyTu3aTopu M Apyrv BbB BUPTyasHa
cpepa. lNpeamMcTBaTa OT M3MOJM3BAHETO HA MporpamMu 3a MoAenupaHe Ha IP Mpexxu moraTt fda ce
CBeaaT Ao ABe:

o /IKOoHOMMYeCKM: He € HeobX0AMMO 3aKyMNyBaHETO Ha CKbMOCTPYBALLO MpeXoBO 0bopyaBaHe;

e Bb3MOXHOCT 3a npoMsiHa Ha KoHdwurypaumsta Ha IP Mpexata BbB BCeKM €OWH MOMEHT U
npocneasisBaHe Ha pe3yntatute OT Ta3u npomsiHa. B peanHa paboTtewa IP Mpexa TakuBa
€eKCNeprvMEHTN Ca HEBb3MOXHM.

B Hactoswata paboTta e wu3cneaBaHa M HabnwpasaHa IP Mpexa cb3gageHa OT [Be
noaMpexu — BupTyanHa u peanHa. Cb3fageHa € Bpb3ka Ha BUpTyanHata Mpexa c WHTepHeT
nocpeacTsom peanHata IP Mpexa. BupTtyanHata IP Mpexa e cb3gafeHa OT eMy/iMpaHu MpPeXxoBu
YyCTPOWCTBA WM XOCTOBE, 4pe3 u3non3eBaHeTo Ha GNS3. HanpaBeHa e konabopauus Mexay
BMpTyanHaTa u peanHata IP mMpexa. bnarogapeHve Ha u3rpageHata konabopauusi, BUpTyanHaTa
Mpexa MOoXe Aa ce CBbp3Ba C [NobanHaTa Mpexa. bnarogapeHue Ha HanpaBeHaTa Konabopauus,
XOCTOBETE OT BWpTyasiHaTa Mpexa MoraT Aa AoctbnBaT WHTepHeT, KOeTo ce [oka3sa oOT
pe3ynTaTuTe OT MOHUTOPUHra. M3cneaBaH e TpachMUHUAT MOTOK, KOWTO ce 0BMEHsI Mexay ABETe
Mpexu. 3cneaBaHeTO Ha NOTOKa OT JaHHW MeXay [ABETE MpEeXW € HanpaBeH ype3 CTaHAapTHU
WHCTPYMEHTU Ha MOHUTOPUHI Ha IP Mpexu. 3a uenta Ha uscneaBaHeTo e mnirpageHa VoIP Bpb3ka
mMexay aboHaT BbB BMpTyanHaTa Mpexa M aboHaT B peanHaTa Mpexa. W3rpageHata VoIP
KOMYHUKaLUMS MeXAy KIMEHT BbB BMpTyasiHaTa MpeXxa M K/IMEHT B peanHaTta mMpexa. HesaBucumo
OT baKTa, Ye egHaTa OT ABETE MpEXMU € BUMpTyasHa, CTpykTypaTa Ha VoIP noTtouuTte e kato Ha IP
MpeXxa, U3rpafieHa OT peasiHM YCTporcTBa. [JOMbHUTENHO € peanu3npaHo paboTta B MHTEpHET oT
BMpTyanHaTa Mpexa. 3a u3cneBaHeTo Ha NoTouMTE Ce M3M0J3Ba Bb3MOXXHOCTTA 3a MHTErpaums Ha
GNS3 € MHCTpyMeHTM 3@ MOHUTOPUHI Ha IP Mpexu — Wireshark. JonbaHUMTENHO € M3Mnof3BaHa
MpexoBu aHanusatop Capsa Free 11.1 3a MOHUTOPMHI Ha Tpaduka Ha u3xoda Ha BUPTyanHaTa
MallMHa BbB BMpTYyanHaTa Mpexa. 3a AOMb/HUTENHO OLUEeHsIBaHE Ca HanpaBeHW MaTeMaTUdecku
pa3npegeneHunst No rosieMmHa Ha nakeTuTe n no Bpeme 3akbcHeHune. KonebaHusta BbB BpeMeHaTa
Ha MNOCTbMBAHE Ha MaKkeTUTe BbLbB BMPTyasiHAaTa Mpexa ca MoYTW KaTo 3a peanHa Mmpexa. [lpu
OTYMTAHETO Ha KonebaHnsTa BbB BpeMeHaTa TpsibBa Aa ce B3vMa Noj BHUMaHWE U 3aKbCHEHUETO,
KoeTo ce Aobass OT M3uncnuTenHarta pabora Ha paboTHaTa CTaHUMS, KOSITO eMynnpa Mpexara.

Pesyntatute oT u3cneaBaHeTo nokaseaT, ye GNS3 Moxe M e npenopbyuTesiHO Aa ce
13non3sa Npu naaHnpaHe u TecteaHe Ha IP Mpexu, npeau aa 6vaat peanusmpanu dusndecku. 3a
nnasHata paboTa Ha nporpaMata 3aAb/DKUTENHO TpsibBa paboTHaTa CTaHUMS Aa € C BUCOKK
N34YUCITUTENTHU Bb3MOXHOCTW.
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I. Nedyalkov, "Studying of a Modeled IP — Based Network Using Different Dynamic
Routing Protocols,” 2019 X National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2019, pp. 1-4.

KOMMIOTbPHUTE MpEXW Ca HABCAKbAE MO CBETa. Te Ce WM3MOM3BaT OT MHOM0 M Pas/ivyHu
noTpebuTenn, AOMAKMHCTBA, YYEOHWU 3aBedeHWe, YYpexaeHust U MHoro apyru. CneumanucruTte,
KOWTO NPOEKTMpaT TE3N MPEXMW, YECTO CU 3a1aBaT BbMpoca ,KakBo 61 cTaHano ako:"

. KaKBo LLie € 3aKbCHEHWETO B MpEXaTa, ako 6poAT Ha aboHaTUTE ce YBEeNUUM ABa MbTU?
. KaKBo LLie e HAaTOBapBaHETO Ha MpeXaTa Mo BpeMe Ha Hal-roneMusT Tpaduk?

. Kak e ce npeHacoyBa TpadhUKbT, aKo HAKOW OT MapLUpyTU3aToOpUTe He paboTu?

. Apyrw.

3a fJa ce OTroBOpM Ha Te3W Ha BbMPOCK HE MOXEe [a Ce MpaBsaT eKcrnepuMeHTu ¢ paboTella
Mpexa. 3a Ta3n uen e NoAaxoAsllo U3MON3BAHETO Ha MoaxXOoAsdwWwM MporpaMu 3a MoaenvpaHe Ha
TeNeKOMyH/UKauMoHHM Mpexxu. B paboTata e HanpaBeHO MoaenupaHe C nporpamata Riverbed
Modeler Academic Edition 17.5. Ha kopnopaTuBHa MpeXa CbCTaBeHa OT LUECT K/I0Ha, pa3nosioXeHu
B pa3nnM4yHM rpagose B EBpona. M3non3saHuWTe MoAenM Ha MpeXOoBUTE YCTPOMCTBA Ca Ha peasnHu
TakvBa. MogenupaHeTo e npaseHO 3a CfiegHnTe NPOTOKOMM 3a AMHAaMUYHO pyTupaHe: RIP; OSPF;
EIGRP. JlonmbnHUTENHO € HanpaBeHO MOAENMPaHe Ha Mpexara C u3non3saHe Ha IPv6 u cnegHute
npotokonu: OSPF v3 and RIPng.

MogennpaHo e 06MEHSIHETO Ha pa3/IMyYHM BMAOBE AaHHM B MpexaTa - daiinose, MMennu,
pabota ¢ 6a3u gaHHW. M3cneaBaHo e BAMSIHWMETO Ha OTAENHUTE MPOTOKONN BbPXy MoAenvpaHata
Mpexxa. MogennpaHeTo e HanpaBeHo 1 3a ABaTta Buaa IP agpecupaHe - IPv4 n IPv6. B gonbaHeHue
€ HarnpaBeHO M3C/eABaHe KakKbB LEe € OTroBOpbT Ha u3cneaBaHaTa Mpexa, KoraTto 4act oT
napamMeTpuTe Ha MpexaTta ce NPOMeHsT. M3non3saHnTe Moaenu Ha obopyABaHETO Ca Ha peasHu
TakuBa.

Mpu wusnon3saHeto Ha IPv4 apgpecupaHe wu RIP npoTokonbT ce 3abensssa, 4e
BPEMe3aKbCHEHUATA Ca Hall - Mafku, 3a pasnvka npu Apyrute NpoTokonn. ToBa ce Ab/MKU Ha
npyHUMna Ha pabota Ha npoTokona. HesaeBucumo, ye EIGRP e AMCTaHUMOHHO - BEKTOpeH
NPOTOKO/, OT MNonyyYeHuTe pe3yntath 3a IPv4 agpecupaHe ce 3abensizaBa, 4e Ce AbPXM KaTo
NPOTOKOJ 3a CrieleHe CbCTOSHWETO Ha Bpb3KaTta. 10 napaMeTbpbT BpeMe 3a KOHBEprupaHe, rnpu
n3nonssaHeto Ha EIGRP ToBa BpeMe € Hal - KpaTko. Hali - npoab/KUTENHOTO BpeMe 3a
KOHBeprupaHe ce 3abensssa npu nsnonssaHeto Ha OSPF. MNpu nsnonssaHeto Ha IPv6 agpecupaHe
ce 3abenassBa nuncaTta Ha pas3nvka BbB BpeMe3akbCHEHWETa Npu m3non3saHeTo Ha RIPng wu
OSPFv3. Pa3nuka ce 3abens3sa caMo Npu HabntogeHNETO Ha NapaMeTbpa BpeMe 3a KOHBEPrupaHe,
KbAeTo nsnonssaHeto Ha OSPFv3 Boan A0 No - 6bp30TO My AOCTUrAHE.

MNpy NpoMsaHaTa Ha HAKOW OT MapaMeTpuTe Ha MpexaTta - KaTo HanpuMep HamasnsiBaHe Ha
YyecToTHaTa JIEHTA Ha 4acT OT BPb3KUTE, NpU NpefaBaHETO HA eNeKTPoHU nNucMa v paboTta ¢ 6asu
[AaHHW, He BOAM A0 ApacTUYHa NPOMsiHA BbB BpeMe3akbCHeHusATa. Ho npu pabotata ¢ FTP cbpBbp
(obMeH Ha ¢haninoBe C HEro) ce MoslyyaBa yBe/MYaBaHE Ha BPeEME3aKbCHEHMETO, Mopaau no -
ronemMusT pasmep Ha dannoserte, 3a pasnuka npy paboTta C enekTpoHHa nowa u 6as3un aaHHu. B
pe3ynTaT Ha HamaneHaTa YeCTOTHa JIeHTa Ha BPb3kUTe, Npu nsnonssaHeto Ha RIP, ce 3abens3sa
yBeNIMYeHMe Ha BpeMe3aKbCHEHWETO, nopaau yectmat obmeH Ha RIP cbobuweHus (Ha Bcekun 30
CeK).

I. Nedyalkov and D. Arnaudov, "Attacks and Security Measures of the Exchanged
Information in the Charging Infrastructure for Electromobiles,” 2019 IEEE XXVIII
International Scientific Conference Electronics (ET), Sozopol, Bulgaria, 2019, pp. 1-4.

M3cneaBaHusiTa CBbpP3aHM C E€NEKTPOMOBUINTE OCHOBHO Ca HACOYEHM KbM XapayepHaTa
CTpaHa — METOAM 3a 3apexaaHe Ha 6aTepusTa, M3MoN3BaHe Ha PasNuyHM npeobpasyBaTteny,
NOBULLIABaHE Ha e(heKTUBHOCTTA M Apyro. HeobxoanMo e uscneaBaHusATa Aa 6bAaT HACOUEHU U KbM
ApYrM CTpaHu Ha npobneMa KaTo KOMYHWUKAUMATa MexAy OTAENHUTE ENEMEHTU, MU3rpa<aaliu
KOMYHMKaLMOHHATa Mpexa, 4Ype3 KOoATO Aa Ce ynpaBnsBa xapayepa. B HacToswarta pabota e
pa3rfnefaHa apxuTeKTypaTa Ha MpeXaTa Ha ornepaTop Ha 3apsaHu cTaHuuu. HanpaBeH e nperneq,
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Ha OCHOBHWTE KOMMOHEHTW, OT KOWUTO e CbCTaBeHa M kakBa (yHKUMS M3BbpliBaT. HanpaseH e
0b6CTOeH npernea Ha Hai — MacoBuTe Kubep ataku. PasrnegaHu ca Mo OTAENHO M ca AadeHu
npuMepu Kak AafeHa aTtaka QyHKUMOHMPa U KakBo b1 ce Criyunno cnea Hes.

MpeanoxeHn ca HAKONKO HauMHa 3a 3awmta Ha obMeHsiHaTa uWHdopMauus B
KOMYHMKaUMOHHATa Mpexa Ha onepatopa. lpu aBa OT npeanoXxeHuTe MeToAa Ce M3Mon3eat
KpunTorpacdckn MeToamn. Te ca NIeCHN 3a peanuanpaHe 1 ca NpPUIoXKMMK B Hall — MaAcoBUTE Cly4al
— Korato obMeHa Ha AaHHW Mexay OTAeNHUTE MOAY/M B KOMYHMKaUMOHHaTa Mpexarta CTasa
nocpeactBoM UHTepHeT. TpeTuaT HauuH 3a 3aluTa Ha [AaHHMTE B MpexXaTta Ha onepaTtopa Ha
3apsaHUTe CTaHUuMM Ce npeanara M3rpakaaHeTo Ha cobCTBeHa, oTaeneHa oT MHTepHeT mpexa,
nocpeacTsoM m3snon3saHeto Ha dark fiber. MpeauMCTBOTO Ha Tasu TEXHONOMMS € CUrypHOCT U
3alMTa Ha AaHHUTE B MpeXxaTa, 3all0To TOBa € CaMOCTOsITeNHA, OTAENIEHa MpeXa, A0 KOSITO HUKOM
HAMa AocTbn. HepgoctaThk e 3HauuTenHa mMHAHCOBa MHBECTULMSA U Bb3MOXHOCT OT 3HAUMTENHO
3abaBsiHe BbB Bb3CTaHOBsIBaHe (PyHKLMOHANHOCTTa Ha MpexaTta npy OTCTPaHsiBaHe Ha nospeau no
ONTUYHOTO Tpace nopaau He HabnoaasaHeTo Ha dark fiber OT TeNEeKOMyHUKALMOHHMAT onepaTop.

3. HayuyHu ny6nmkaumm B HauMOHASIHU U ME@XAYHAapPOAHU Hay4HMU
¢popymu

UNBaH HegsikoB ,CHMy/IaynoOHHO M3C/IEQBAHE Ha [ABYNOCOYEH rnpeobpasysartesi,
ocHrypsiBaly CbBMECTHa paboTta Mexxgy aKkyMyJ/iaTopHa 6arepusi U cynepKoHgeH3arop”,
12 HaywnoHasnHa KOH@EpeHUHns1 C MexagyHapoaHo y4acrne ,Enexrtponnka" 2014, 15
Mai 2014r. HaynoraneHn AOM Ha Haykara n TexHunkara, C6opHnk fgokaagn cTp. 350 —
356.

B Ta3n paboTta ca pasrnegaHn Bb3MOXHUTE peXnMU Ha paboTa Mexay CynepkoHAe3aTop w
akymynatopHa 6artepus - 6ydepeH pexuMm u paboTa npe3 ABynocodeH npeobpasysaTen.
HanpaeeHo e cMMynaumMoHHO npoy4BaHe Ha asynocoyveH DC - DC npeobpa3ysaten, nspaborteH ot
[ABe pa3/IMyHM WMHTErpanHu cxemu. lpeanoxeHaTa CxemMa MOXe Aa Ce W3MoNn3Ba B Pas/iMyHu
xnmbpuann Off - Grid cuctemmn ¢ Bb306HOBSIEMU EHEPIrUMHN U3TOYHMUN. EHeprusita, reHepupaHa ot
PV KoHTponepa, ce wu3npawa kbM ToBapa M 6aTepusita M ako € HeobxoaumMo MnO-ronsiMo
HanpexeHue, cbbpaHaTa eHeprusi B CynepKkoHAEeH3aTopa, MoXe Aa Ce U3nos3ea.

Ha 6a3aTta nposBegeHMTe CUMYNAUMOHHWU M3CNeaBaHus ce BUXKAa, Ye CxemaTa e noaxoasia
[a ocurypsiea CbBMecTHa pabota Mexay akymynatopHa 6atepus M cynepkoHaeH3aTop. B pexum
Ha 3apsifl Ha CYNepKOHAEH3aTOpa CXEMAaTa OCUIypsiBa PEXMUM Ha 3apsii C KOHCTAHTEH TOK, KOWTO
MOXe [a Ce 3aJaBa B 3aBMCUMOCT OT napaMeTpute Ha PV — KOHTpONep n CynepKkoHAEeH3aTopbT. B
PEeXMM Ha OTAABaHE Ha eHeprus OT CynepKoHAEH3aTopa KbM TOBapa, M3cieaBaHaTa cxema pabotu
KaTo CTabunmsaTtop Ha HanpeXxeHue, OCUMrypsiBall UCKAHOTO M3XOAHO HaMpeXeHue, npu nNpoMsiHa
Ha HanpeXeHWeTo Ha cynepkoHaeH3aTopa. NpeasnaeHnTe MHTerpanHu cxemmn - Ul n U2 pasart
Bb3MOXHOCT [a Ce peanu3npaTt pas/iuyHu anroputMn Ha CbBMeCTHa paboTa Ha oToBONTaMYHaTa
cucTema, ABYynoCcoYHMAT npeobpa3syBaTten u CynepKoHAEH3aToPbT.

UBaH Hegsanxos, Anmnrop ApHayaos, ,M3cneqBaHe pexxmmmuTe Ha pabora Ha e/1eMEHTH
or ghoroBonTanyHa cHCTeMa, 3a 3axpaHBaHe Ha TE/IEKOMYyHHUKaUNOHHO obopyaBaHe',
22 —pa HaywnorHanHa KoHgpepeHyns ¢ MexxgyHapoaHo y4acrue ,Tenexkom 2014", 23 —
24 oxromBpmu 2014r., HAHT—Cogns, ctp. 135 - 143

B paboTtata e npoBeAeHO M3CneABaHe Ha peXxmMMuTe Ha paboTa Ha NUTMEBO — MOHHA
6aTepusi, CbCTaBeHa OT MOCNEAOBATE/IHO CBbP3aHM NIUTUEBO — MOHHW KNeTku. batepusTa e yacT
oT (hOTOBONTAaNMYHA CUCTEMA 3a 3axpaHBaHe Ha TeNeKOMYHMKAUMOHHO obopyasaHe. B pabotaTa e
pasrnefaH NPUHUMNBLT Ha paboTa Ha YCTPOMCTBO 3a ynpaBieHue Ha 6aTtepusita - BMS (Battery
Management System). Pa3rnegaHn ca u ca u3cneaBaHW pas/IMYHW BapuaHTM Ha CxeMu 3a
n3paBHsBaHe Ha 3apsda Ha OTAenHuTe KeTkn Ha 6atepusta. CbBMecTsBaHeTO Ha paboTaTta
Mexay NMTUEBO — MOHHaTa 6aTepusi M CynepKOHAEH3aTopa Ce OCbLUECTBSIBA OT [ABYMOCOYEH
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npeobpasyBaTesn, KOWTO Cbll0 € O06eKT Ha wu3cneaBaHeTo. [poBeAeHM ca eKCnepuMeHTasHU
U3CneaBaHWs Ha 3apeXKaaHe Ha NIMTMEBO - OHHA 6aTepusi CbCTaBEHa OT HSAKOJIKO MOC/IEA0BATENHO
CBbP3aHu KNeTku ¢ 1 6e3 n3nonssaHe Ha BMS. lNpeacTaBeHn ca CUMyNaLMOHHU MOAESIM Ha CXeMM
3a M3paBHsBaHE Ha HANPEXEHMETO BbPXY NOCNEA0BATENHO CBbP3aHU KNIETKU.

MpoBeAeHUTE EKCMEPUMEHTANIHN W3CEABAHUA HA 3apeXAaHeTO Ha JIMTMEBO WOHHA
6aTepusi ¢ M 6e3 BMS noTBbp)XAaBaT TEOPETUYHUTE Pe3yNTaTH, Ye 3a paBHOMEPHO 3apeXxaaHe Ha
KNeTkuTe e HeobXoAMMO M3MoS3BaHETO Ha BMS. lpoBeaeHMTE CUMYMAUMOHHWU pe3ynTaTv Ha
NPeANOXKEHUTE CXEMM 33 3aPEXAAHE Ha €/IEMEHTM 33 CbXPaHEHWE Ha EHEepPrus MnokassaT TEXHUTE
Bb3MOXXHOCTUTE A Ce M3MON3BaT 3a 3apeXAaHe Ha aKyMynaTopHu 6atepum 1
CynepKoHAEH3aTopHK 6aTepun, 6e3 Aa e HeobxoaMMO M3MON3BaHETO Ha BMS 3a M3paBHABAHETO
Ha HanpexeHusiTa Ha KNeTkute. ToBa Ce mnocTura 6narogapeHve Ha CBOWCTBATa Ha caMmuTe
CXeMWTe 3a 3apexaaHe.

UBan Hegssikos, [leoprn [eoprmnes, "HM3cnegsaHe Ha €/1€EMEHTU OT CHCTEMA,
H3r10/13BaHa 3a 3axpaHBaHE Ha TE/IEKOMYHHUKaUMOHHO obopyasBaHe', TognWHNK Ha
Bucwe yuynsmiwye no renexkomyHmukaymnmn m nowy tom II, Cogpmus 2015, ISSN 2367-8437,
crp. 47 - 52

Pa3BuTMeTO Ha TexHonornmTe B 061acTTa Ha NOAYNPOBOAHWKOBUTE NpMbOpK: MO — Masnku
rabapuTi Ha eneMeHTUTe, Manku enekTpuyeckn 3arybu, Bogewn Ao No — Masku TONMHHK 3arybu,
Bucok KM v apyrn HOBOBbBeAEHWS, BOAM A0 Cb3[ABAHETO Ha HOBM peLleHUs 3a OCUrypsiBaHe Ha
3axpaHBAHETO Ha Pa3NIMYHM KOHCYMATOpM, B TOBA YMCIO 3aXpPaHBAHETO Ha TesleKOMYHUKaLMOHHM
YCTPOWCTBa 1 MOAyN. HenpekbCHAaTOTO pa3pacTBaHE Ha TENEKOMYHUKALMOHHUTE MPEXMW BOAW A0
yBefiMyaBaHe 6posi Ha TENEKOMYHUKALMOHHOTO 0bopyaBaHe M Moaynu. Te3n MoAy/IM U yCTPOMCTBA
Ce HY>X[AsT OT HernpeKbCHATO 3axpaHBaHe, KoeTo Tpsbea Aa 6bae rapaHTMpaHO. 3aXxpaHBAHETO Ha
HeobCNy>XBaeMUTE MYHKTOBE OT Bb30OHOBSIEMU EHEPIrUMHU U3TOYHMUM CTaBa BCE MO AOCTBIHO,
nopaav n3bpoeHuTe No — rope NPUYMHN 1 U3NON3BAHETO HA HOBU €1EMEHTUN U TexHonorun. Kato
Hal — YecTo U3Non3BaH Bb30OHOBSEM M3TOYHUK HA EHEPrUst € CITbHLUETO MM MO-TOYHO aBTOHOMHA
¢oToBONTAMYHA 3axpaHBaLla cucTeMa. B HacTosLwwaTa CTaTusl € HanpaBeH npernes Ha eneMeHTuTe
Ha eaHa aBTOHOMHa (POTOBONTAMYHA 3axpaHBalla CUCTEMA. AKUEHTUPAHO € Ha ABYNMOCOYHUAT
npeobpasyesaten B cucTemMaTa, KaTo ca pasrfefaHn pasfiiyHM CXEMU Ha  ABYMOCOYHM
npeobpasysatenu.

B pe3ynTaTt Ha HanpaBEeHOTO M3cneaBaHe ce AOCTUIHa A0 CneAHuTe U3BOAWN: NPeanMCTBOTO
npyv WM3MNON3BaHETO Ha eauH [ABYnocoveH npeobpasysaTten e: u3rnon3sBaMe egHa Cxema, KOSTO
ocuUrypsiea 3apsiia M paspsiga Ha CynepKkoHAe3aTopa; M3non3eaT Cce eHU U CbLUM eNeMeHTU MNpu
paboTaTa B ABaTa pexuMa.

HepoctaTbumM Ha cxeMaTa: CNoXHa CMCTEMa 3a YrpaB/ieHWe; Tbi KaTO peakTUBHUTE efleMEHTU ce
N3Mnon3eaT M B ABaTa peXxuMa Ha paboTa, 3aToBa e HeobXxoAMMO Aa Ce U34akBa U3BECTHO BpeMe, B
paMKUTE Ha KOETO, HaTpynaHaTa eHeprusi B TsX Aa ce pa3pean. Cnea KaTo Ta3u eHeprus ce
pa3spean, npeobpasyBaTensaT MOXe Aa NpeMuHe B Apyrus cv paboTeH pexuM. 3apaau ToBa Tesmn
CXEMM Ca C ronsiMa MHEpPTHOCT; MpPeMUMHABaHeTO Mexay ABaTa pexuma ctaBa 6aBHO; 3a Aa ce
peanu3npaT HyneBn KoMyTaumm TpsibBa Aa ce M3MNon3BaT CIOXKHU CXEMHU peLUeHus.

MNpeanmMcTBaTa Npu U3Non3BaHe Ha ABYNocoYveH npeobpasyBaTesn, CbCTaBeH OT ABa €4HOMOCOYHM
npeobpasyBaTens ca: He Ce U3MCKBa C/IOKHA CUCTEMa 3a YnpaB/ieHne, KOSTO Aa ynpasnsisa ABaTta
nprbopa; Npv TO3N BapuaHT Ha peannsauunst HyneBMTe KOMyTaumMmM MoraTt Aa ce nocTturat MHOro no
— JIeCHO OT KOMIKOTO B MpeaulHus BapuwaHT, nopagu TOBa, 4Ye uMaMe [Ba OTAENHU
npeobpasysartensi, peakTUBHUTE eleMeHTM He ca obuwm n He e HeobxoaAMMO M34YaKBAHETO Ha
onpeaeneHo BpeMe 3a pa3ceiBaHe Ha HaTpynaHaTa eHeprus B TAX, 3a [Ja Ce NPEBK/IOYM CXeMaTa
B ApYyr pexuM. CnegoBaTenHO MHEPTHOCTTA TYK € MHOro no — Marska.

HepoctaTbum: No — ronsiMa MHCTanMpaHa MOLLHOCT.

MpoBeaeHu ca eKCnepuMMeHTanHN U CUMYNaUMOHHW U3CNeaBaHUS Ha OTAENHU eNeMeHTu OT
3axpaHBawata cuctemMa. CuMMynaumoHHWTE  pe3ynTaT  MOKas3BaT, uYe  MpensioKeHusT
npeobpasysaten e pabotocnocobeH M u3NbAHSABa npeaBuaeHuTe My ¢yHKuMM. B pesyntaT Ha
eKCrepuMeHTanHuTe Mn3cneaBaHns € MOCTPOEeHa MOLHOCTHA XapaKTepuCTuKa, KOSITO MOoKa3Bga
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reHepmpaHata MOLWHOCT OT CbOTOBOJ'ITaM‘-IHVIHT naHen 3a eauMH AeH. Ype3 Tasu XapakTepucTuka
MOXe Oa Ce onpeaenn aanv naHenbT € MOHTUPaH NpaBuM/IHO U Apyra CTaTUCTUYECKU AaHHN.

Anmnrep AprHaygoB, UBan HepgsankoB, leoprm [leoprues, 'llpeobpa3yBare/sin 3a
€/IEMEHTH 34 CBbXPaHEHMNE Ha EHEPrusi B TEJ/IEKOMYHHKaUNOHHH TOKO3axpaHBaLyn
ycTposictBa”, lognwhunk Ha Bucwe yunnmwe rno resexkoMyHukaymu yu nowm tom II,
Coghnus 2015, ISSN 2367-8437, ctp. 70 — 73

3a ocurypsiBaHe Ha HenpekbCcHaTaTa paboTa Ha KOMYHMKALMOHHM YCTPOWCTBA M CUCTEMM
ce npuwnaraT pasM4yHN BWUAOBE €N1EMEHTM 3a CbXpaHeHne Ha eHeprusta (ECE). Ham-
pa3npoCcTpaHeHUTe ca akyMynatopHuTe 6aTepuu u3rpageHu OT Pas3/IMyHU TUMOBE XUMUYHU
enemeHtT — NiCd, Li-ion, Li-pol, Pb. B nocnegHuTe roaMHu C HaBNM3aHETO HA HAHOTEXHONOrMMTe
N CrnagaHe Ha UeHaTa Ha MNpoM3BeXAaHUTe MO Te3n TEXHOMOrMM NpoAyKTW, BCE MO-LUIMPOKO
npunoxeHue kato ECE HamupaT v cynepkoHaeH3aTopuTe. [pyr U3TOYHUK HA eHeprus, u3non3saH
n kato ECE, ca ropuBHuTe KneTku. lpunaraT ce Hail-Beye Npu CTaLMOHApPHO KOMYHWKAaLMOHHO
obopyagaHe. Makap 4ye Ha nasapa ce npegnaraT Beye M FOPUBHU KNETKM 3@ MNPeHOCMMO
obopyagaHe. lMpu pe3epBupaHe Ha 3axpaHBaHWS C ronsMa MOLWHOCT, kato ECE ce u3non3eat u
maxoBuum (flywheels). Tean cuctemm OCHOBHO ce wm3nonssaTt kato bydep npu oTnagaHe Ha
OCHOBHOTO 3axpaHBaHe, AOKaTO [AOCTUrHE B HOMMWHANIEH PEeXWM pe3epBHOTO 3axpaHBaHe. KbM
MOMEHTa Te Ca C HeloCTaTbyeH KoedULUMEHT Ha NONE3HO AEUCTBUE, HO C Bb3MOXHOCT MUMHOBEHO
[a OCUrypsIT OrpOMHO KOJIMYECTBO eHeprus 3a KpaTko BpeMe. Llenta Ha HacToswaTta paboTta e aa
ce npeacTaBsAT BapuaHTM Ha npeobpasyBaTenu Ha enekTpudecka eHeprusi, M3nos3BaHu Mnpu
efleMeHTUTe 3a CbXpPaHeHWe Ha eHeprus, a Cbll0 Taka fAa Ce MpeactaBAaT pesynratu oT
n3cneaBaHusl Ha Takuea npeobpasysaTtenu. MNposBeaeHn ca CMMYNAUMOHHN U3CeaBaHNS Ha roTOBM
npeobpasysatenu 3a 3apexaaHe Ha ECE ot cBeToBHM npoussoanTenu. MNpeanoxeHa e HoBa cxema
Ha npeobpa3yBaTen 3a 3apexaaHe M U3paBHsIBAHE Ha HanpeXeHWeTo BbpXy MNocneaoBaTenHo
cebp3aHun ECE. poBeaeHn ca CMMYNauMOHHU U eKCnepuMeHTanHu U3cneaBaHusa C NpeaoXxeHara
cxema. [lpeguMmctBa M HegocTaTbuM Ha MNpeAnioXeHaTa Cxema 3a 3apexgaHe Ha ECE:
npeanoXxeHarta cxemMa Ha npeobpasyBaTten e noaxoasiia 3a npunaraHe npu no-ronemMm MOoLLHOCTH;
3a NpWIaraHeTo Ha HOBUTE CXEMU MPU HUCKWU 3axpaHBaluM HanpexeHusl € HeobxoaMMo aa ce
n3non3sat MOS TpaH3UCTOpU 3a CUSIOBU KJTKOYOBE, A CbLLO Taka M 3a peanu3npaHeTo Ha aAvoauTe,
C uen HaMansiBaHe Ha 3arybute; npeanoxeHaTa cxeMa MO3BOMSBAT MNoBuWaBaHe Ha paboTHUTe
4YeCcTOTM WM HaMansiBaHe Ha rabapuTuTe Ha W3AENMEeTO; HeAOCTaTbK Ha CXeMaTa € YC/IOXHEHMUS
anropuMTbM Ha cucTemaTa 3a ynpasreHue, 0cobeHO M ako BMecTo auoan ce wmsnonssat MOS
TPAH3MCTOPW; APYr HeAOCTaTbK € CI0XKHATa KOHCTPYKUMS Ha CbriacyBawms TpaHcgopmatop Tr.
3a n3bsreaHeTo My MoraT Aa ce M3Mnon3BaT U OTAENHM TpaHCHOPMaTOpK NpU OnpeaeneHn pexmnMmn
N CXeMW Ha CBbp3BaHe.

Togopka LllymanoBa, WBan Hepgsisikos, leoprn leoprues, ,MHOBaruBHM MeTOAM 3a
YYIXKQOE3MKOBO OBYYEHMNE, M3IMOJI3BaAHKN MHPOPMALYNOHHN TEXHOMornn. fognwHNK Ha
Bucwe yuynsmwye no renexkomyHmukaymnn m nowy tom II, Cogpmus 2015, ISSN 2367-8437,
crp. 120 - 123

B CbBpeMeHHUs1 CBAT Ha HEMPEKbCHATO pa3BMBaLLM Ce TEXHOMOMN, KbAETO BCUYKO Beye e
NMOYTN MOMECTEHO B Hawwus k06", MHTEPaKTUBHOTO ObyyeHue He OCTaBa Ha 3ajeH nnaH. Bce
noeeye paspaboTunmum Ha NPUNOXEHUS HENPEKbCHATO Cb34aBaT HOBM MHTEPAKTUBHU METOAM Ha
obyyeHue B pa3nnyHM 06nacTn OT HaykaTa KaTo: reorpadusi, buonorusa, ¢msmka U1 MHOro Apyru.
Yy>xa0e3nkoBOTO 0byyeHue CbLo TpsibBa Aa ce Bb3Mnos3Ba OT Te3N TEXHONOMN, KOETO e AoBeae
[0 MO — JIeCHO YCBOsIBAHE Ha MaTepuana, yBenuvaBaHe MHTepeca KbM e3MKOBOTO obyyeHue Ha
Aeuata, npaBerikn ro 3abaBHO M MHTepecHO. OCBEH MO — MHTEPECHO 3a MaNku Aeua, TakbB TUM
obyuyeHune 61 6Mn noneseH n 3a xopa B NO — HanpeAHana Bb3pacT, KaTo OTAENHUTE ypouu MoraT
Aa 6baaT BM3yanu3anpaHu Ha TeXHUTE MOBUTHK yCTpoicTBa: TenecoHn unm TabneTtu.

B Hactoswarta paboTa ca pasrnegaHn HOBUTE METoAM 3a MNpenofaBaHe Ha 4yXA e3uK.
MpeanoXeHn ca HOBW €NEeKTPOHHU M MyNTUMeauu MNOoXBaTW 3a npenofasaHe. [peacTtaBeHn ca

14



pasfiMyHM  npuMepu 3a 0bOydyeHue, W3MON3BallkM HOBW TexHosornu. M3non3BaHeTo Ha
MHMOPMaLMOHHMTE TEXHOSIOMMM B YYXXA0E3MKOBOTO 0ByYeHne BoaM A0 MOBMLLABAHE Ha MHTEpeca
KbM 0BYy4YeEHWETO. YNecHsiBa NpenoAaBaHEToO KaTo Ce WM3MoN3BaT MHOro M pasfiMyHM NpuMepu 3a
oHarneasiBaHe. Oby4eHWETO MOXE [a Ce M3BbPLUBA HABCAKbAE M MO BCSIKO BpeMe, KaTo 3a HAKOM
OT MpPWIOXEHUATA € HeobxoaAMMO 3aAb/DKMTENIHA CBbP3aHOCT kbM WMHTepHeT. [MpakTukaTta
MokasBa, Ye KOMOMHMPaHOTO obyyeHue: Nmue B SMUe U eNEKTPOHHOTO 0byyeHue ca BMCOKO
edeKTMBHM, U3NON3BaHWN 3aeaHO.

Anmursp ApHaygoB, Hukxosnai XunoB n UBan HegssikoB, "OCHOBHM CbOTHOLUEHHS B
PE30HaHCEH MWHBEPTOP C O6paTtHH MU OrpaHnyYuTesNIHH panogn”, HaynonanHva
KOH@bepeHyns ¢ mexxgyHapogHo yyacrne “"Enextponnka 20167, 12 - 13 mai 2016 r.,
Haywnonanen gomM Ha Haykata n TexHukara, C60pHnk goknagn cTp. 119 - 124, ISSN
1313 - 3985

Pe3oHaHcHMTe npeobpa3yBaTenn U B YaCTHOCT pe30HaHCHWUTE MHBEPTOPU HamupaT BCe Mo
— TONSIMO MpUJIOXKEHWE He CaMO B WHAyCTpuanHaTa €eneKTpoHuMKa, HO M B 6uta. TexHuTe
npeaMMcTBa Ca 06O M3BECTHW KaTO: HanMuyme Ha HyneBM KOMYTauMU Ha CUIOBUTE ENIEMEHTW;
HaManeHn rabapuTi; NOCTUraHe Ha M3rNaXaaHe Ha HaMpPEeXEHMETO C MO — MaJikM CTOMHOCTM Ha
duntposuTe enemeHTn. bnarogapeHve Ha Te3n cu NpeauMCTBa, Te3uM npeobpasyBaTteny ca
noaxoAsiluM W 3a 3apeXAaHETO Ha €eNeMEeHTU 3a CbxpaHeHue Ha eHeprua (ECE), kato
CynepKOHAEH3aTOpPU WM aKyMynaTopHu 6aTepun. 3a Aa MOXEe Aa Ce OCUrypv 3apsida Ha Tesn
€eMeHTN OT MHBEpPTOpa, € HeobxoaMMO Aa Ce CBbpXe TOKou3npaeuTen. 3a nosiyyaBaHe Ha
Pa3/IMYHN XapPaKTEPUCTMKM Ha 3apsid, MoraT Aa Ce M3Mon3BaT pPe30HaHCHW MHBEPTOpPU C 0bpaTHU
ANOAWN WM PE3OHAHCHW MHBEPTOPU C OrPaHMUMTENHU Auoan. KOWTo M Aa e OT BapuaHTMTE Ha
pe3oHaHceH uHBepTop Aa u3bepem, Tpsbsa Aa NpeasvMaMM M Bb3MOXHOCT 3a M3paBHSIBAHE Ha
HanpeXeHNeTo Bbpxy nocnegosatenHo cebp3aHn ECE. lpegnoxeHata cxemMa Ha pe30HaHCeH
nHBepTOp C 06paTHM W OrpaHNuYMTENHU AMOAM, B HacToswaTta paborta, obeavHsisa B cebe cu
CBOMCTBaTa Ha [BETE CXEMHW pa3HOBMAHOCTWU. [pyro ronsMo npeaMMCTBO Ha CxemaTa e
ocurypsiBaHe M3paBHSIBAHETO Ha HaNpPEXEHWETO BbPXy nocneaoBaTenHo cBbp3anu ECE.

B HacTosiwata paboTa e HampaBeH aHanM3 Ha CBOWCTBaTa Ha CXeMa Ha Pe30HaHCeH
NHBEPTOP C 0bpaTHM W orpaHnuuTenHu amoan. MocTpoeHn ca rpadmky, NOKa3BaliM OCHOBHM
CbOTHOLUEHMSI Ha TOKOBETE B Pa3/IM4HM €Tanm OT Mnpoueca Ha 3apsa Ha CynepKoHAeH3aTopw.
HanpaBeHM ca CUMMynauMOHHM UM3CNEeABaHMSI Ha Pe30HaHCEH WHBEPTOP C obpaTHu u
orpaHuunTeNnHU avoan. MacneaBaHaTa cxema e € napanesniHo CBbp3BaHE HAa MbPBUYHMTE HAaMOTKM
Ha TpaHcdhopmaTopuTe Ha UM3NpaBUTENMTE, 3apexaalm cynepkoHaesatopuTe. OueHeHn ca
CBOWCTBaTa Ha CXeMaTa MNpu APacTUYHW Pas/IMKM B MHAYKTUBHOCTMTE Ha HaMOTKuTe. MoaennpaHu
Ca NpouecnTe 1 Npu pas/IMYHN CTOMHOCTU Ha KanauuMTeTUTe Ha KOHAEH3ATOPUTE U HanpeXeHuaTa
Bbpxy TsX. OT npoBeAeHMTe CUMYNAUMOHHW W3CNeABaHMsl U CPAaBHEHWETO Ha pe3ynTaTtuTe,
nony4eHu oT paboTaTa Ha cxemaTa Npw ABe pa3/IMyHM CTOMHOCTM Ha NapaMeTbpa ,p", MoraT Aa ce
HanpaBsAT CNeAHUTE 3aK/TIYEHNS:

e [lpeacraBeHaTa CxemMa OCUIypsiBa M3paBHSBAHE HA HaMpeXeHusiTa BbpXy OTAENHWUTE KNETKU
HE3aBMCMMO OT Haya/IHUTE HarnpeXeHWs BbpXy TAX, pa3nukata B KanauuvTeTUTE Ha OTAENHUTE
CynepKOHAE3aTOPHW KJIETKN U MHAYKTUBHOCTTA Ha TpaHC(opMaTopuTe;

e [lpn pocTvraHe Ha onpegeneHa CTOMHOCT Ha HanpeXeHWeTO BbpXy CyrnepKOHAEH3aTopa,
cxemaTa 3anoyBa fa paboTy KaTo CTaHAapTHAa CXeMa Ha Pe30HaHCeH MHBEpPTOp C 0bpaTHu
anoan. HanpexeHneTo, npy KOEeTO cnvpaT Aa NpoBeXAaT OrpaHUyYMTesIHUTE AMoAM 3aBUCK OT
CTOMHOCTTa Ha napametbpa ,p". Mpy1 No — ronsaMa CTOMHOCT Ha ,p" OrpaHUYUTENHUTE AMOAM
cnupaT Aa paboTaT Npu No — HUCKO HanpeXeHWe BbpXy CyNepKOHAEH3aTopa;

e [lp NO - ronemMu CTOMHOCTM Ha napameTbpa "p" MaKCMManHaTa CTOMHOCT Ha Toka npe3
npubopute e no - Manka;

e [lpn no - ronemn cTtonHoCcTM Ha "p" cxemaTta paboTn No - AbArO BpeMe, B MpoLeca Ha 3apsa,
KaTo CTaHAApTeH pe30HaHCeH UHBEPTOP € 0bpaTHU Anoau;

o [peanoXeHnsT BapuaHT Ha peanusvpaHe Ha M3NpaBUTENHUTE Tpynu, OT OTAeNnHW 6nokose u
napanesniHo CBbp3BaHe Ha BXOAOBETE MM, OCUIypsiBa Bb3MOXHOCT 3a MOAY/THOCT.
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NBan Hegsankos, [leoprn [leoprmeB, "OBJIAYHU YC/IYIHN- HHCTPYMEHTHU 3A
MOLEJTUPAHE U CUMYJIALUNN", 24 —Tta HaynoHasiHa KOH@DepeHLNsI C MexxgyHapogHO
yuvacrmne ,,Tenekom 2016, 27 — 28 oxkrtomBpn 2016r., HAQHT—-Coghusa, crp. 131 - 141,
ISSN: 1314-2690

O6nayHuTe yCnyrm NoCTOSIHHO €BOJIIOMPAT, @ CbLUO Taka ca 1 6bp30 pa3npocTpaHsBaLLm ce
N3YNCIUTENTHU CUCTEMW, OT KOUTO Ce MHTepecyBa KaKTO MHAYCTpUATa, Taka M akajeMuyHata
06LHOCT. MHOro eKkcnepTy cMaTaT, Ye Te3M yCnyrm MHOro 6up30 Wwe craHaT goMuHupawm B IT —
cekTopa. B pe3yntaT Ha ToBa YHMBEPCUTETUTE aKTMBHO BbBEXAAT 00/1aYHUTE CUCTEMU B TEXHUTE
y4ebHn nporpamu. Monemust npobnem, crosw npen obnayHuTe ycnyrn, e nuncata Ha nporpamu,
OCUrypsiBallM Bb3MOXHOCTT@ 3a CUMMyfauum U MoAenuvpaHe Ha Te3uM cucTeMn. B HacToswara
pabota we 6bae HanpaBeH nperneq Ha HAKONKO npeanaraHn nnatdopMu, OcUrypsiBalim
CUMynMpaHe U MofenupaHe Ha obnaynm ycnyru. CbLio Taka, MOCPeACTBOM eaHa OT nnatgopmuTe,
we 6bAaT HanpaBeHW CMMynauum MNo 33aJadeHN KOHKPETHW MapaMeTpu U we ce Habnwogasat
CUMynauuoHHuTe pe3yntatu. B pabortata ca pasrnegaHu OCHOBHUTE  YCNyrn, KOWUTO ce
NpeaocTaBsaAT OT m3uucanTenHute obnaum B Mpexarta. ObbpHaTO € BHMMaHWe Ha MogenuTe Ha
yCnyr 1 Ha Har-0606L1eHMTe UM TOMoNorMK. HanpaeeH e npernea Ha ycnyrute, NpeaocTaBsiHA OT
obnayHMTe CUCTEMM, KOUTO Ca Ha PasnosiokeHne Ha notpebutenuTe, BeaoMcTBaTa M
opraHusaumute. O6bpHATO € BHUMaHWe N Ha pasnnyHUTe MOoAEeNN Npu obnayHnTe yCcnyru.

Pa3srnegaHu ca cnegHuTe NPOrpamMHM NPOAYKTUM U MHCTPYMEHTW 3a cuMmynauust B obnauute
— CloudSim, OCT, GreenCloud, kaTo UM e HanpaBeH KpaTbK aHa/u3 MU Ca M3TbKHATM OCHOBHUTE
npeaMMmcTea M Hegoctatbun. M3bpaHa e nporpama 3a cumynaumm - GreenCloud. lMNposegeHuTe
CUMYNAUMOHHUN U3CNeABaHMs Ca: U3YMCTIeHa e eBeHTyanHaTa KOHCYMUpaHa eHeprus, TpaduKbT Ha
NpoLecopuTe Ha Pas/IMYHUTE CbPBbPU OT CUMYNMPaHUs obnak, 6poaT Ha M3NbAHEHWUTE 334aun OT
BUPTyanHUTE MawuHU B obnaka, TpaduvKbT MOKa3Ball, HATOBAPBAHETO HA LEHTbpa 3a [AaHHW,
HaTOBApPBAHETO Ha OTAE/THUTE IMHUK, CBBP3BALLUM KOMyTaTopUuTe.

B pesyntaTt Ha cuMynaummMTe MOXe Aa ce ob606wwAT cnegHuTe pe3ynTaTu: 3ajajeHaTa
mMpexa (0bnak) ce cnpaBsi C NOCOYMEHUTE 3ajayn, a HAaTOBapeHOCTTa € Janedy OT Bb3MOXHaTa
MaKCMManHa TaKaBa, pa3npefdenuTenHaTa Mpexa € HaW-HaToBapeHa, Habniogaea ce cnabo
HaToOBapBaHe Ha BPb3KUTE M roMsIM KanauuTeT B pe3eps (CNpsiMO 3aaieHNTE KOHKPETHM 3a4aun)
33 KOHKpeTHus obnadeH mogen. MogenvpaHuatr obnak MoXe Aa HaMepu NPUIOXKEHWEe KaTo
yacTeH, nybnuyeH n xmbpuaeH obnak.

leoprn Neoprunes, Usan Hegsnkos, "lpersieq Ha nporpamMHyu CpeEQH 3a MO[ENTMPAHE Ha
IP - 6aznpann mpexmn”, HAUWOHAJIEH ®OPYM "EJIEKTPOHHNKA 2017°, 18 - 19 man
2017 r., HaynoHasieH JOM Ha HayKaTta n TexHukara rp. Cogpms, crp 59 — 64, ISSN 1313-
3985

NHCTpyMeHTUTE 3a BMpTyanusauus M CMMyfauMs Ha Mpexarta Ca anTepHaTuBa, KOsITO
MO3BO/ISIBA HAa MPEXOBUTE AM3alHEpPU WM pa3paboTuvMum Aa peanuanpaT MHOXECTBO MPEXOBM
KOMMIOTPK, XOCTOBE M MapLUpPyTM3aTOpPU BbB BUPTYanM3npaHa cpeaa no MKOHOMUYECKN edekTuBeH
HauMH, 3a Aa BanuaupaT M TeCTBAT HOBUTE MPEXOBWM MPOTOKOAM WM Aa MPOBEPST KOHKPETEH
MpeXoB anroputbM. CuMynaTopute Ha Mpexu MoraT Aa 6baaT KaTeropvsmpaHuM Bb3 OCHOBA Ha
TAXHOTO MpefAHa3HadyeHne U (YHKUMOHANHOCT, A0 MHOrO MPOCTU WAWM CIOXHW, NAATEHW WK
CUMynaTopu C OTBOpeH KoA. EAMH nmpocT cvMmynaTtop Moxe Aa MMUTMpa Masika TOMosorns Ha
MpeXkaTa, KaTo MOCOYM Bb3NWUTE, BPb3KUTE 3a AaHHW MeXAY Te3n Bb3/IN U MPEXO0BUS Tpaduk, HO
€[IMH C/IOXXEH TaKbB €MyNMpa MHOMO Pas/IM4HN TUMOBE MPEXOBU YCTPOMCTBA M KOMYHMKALMOHHK
NPOTOKO/M 3a 06paboTka Ha MpeXxoBusa Tpaduk.

B paboTaTa e HanpaBeH npernea Ha pasnuMyHu cpeau 3a mMoaenupaHe Ha IP - 6a3vpanHu
Mpexu. Ype3 Te3n cpeau MoraT Aa Ce MOAENMpaT MPEeXW, KOUTO Ca CbCTaBEHW OT Pa3NYHM
MPEXOBW YCTPOMCTBA - pyTepu, KOMyTaTopu, paboTHM CTaHumMM M Apyru. 3a BCska edHa oT
pasrnegaHWTe niatopMM € HanpaBeHO KPaTKO OMUCaHME Ha HENHUTE Bb3MOXHOCTU U
(yHKUMOHanHoCcTU. M3bpaHa e eaHa nporpaMHa cpeaa M C Hesl e MoaenupaHa M TectBaHa IP -
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6asnpaHa Mpexa. M3bpaHaTa nporpamMHa cpeda € GNS3. T Moxe Aa paboTu C onepauvoHHM
CUCTEMM Ha peaniHy MpPEeXOBM YCTPOMCTBA. Ype3 Hea MoraT Aa ce MOAeNnpaT pas/ivyHu TOMosorm
C peasiHM MpEexXoBM YCTPOICTBA. lMporpamaTta Mo3BossiBa BHeApsiBaHE HA Pas3/IMiHM MPOTOKOSHM
aHanmsaTopu B Hes. M0 TO3M HAuMH Lie MOXE [Aa Ca HanpaBu MNpeaBapuUTeSIHM U3MEPBaHUS U
MOHWUTOPUHI Ha MpexXkaTa, Mpeay Aa Ce M3rpaan M NMycHe B peanHa eKkcnsioatauusi. TecTBaHaTa
nporpamMa Moke Aa ce M3Mon3Ba U 3a 0BYUMTENHM LieSK, 3a NOAroToBKa Ha 6baelun CneumuanmucTu
B NOAAbPXXAHETO M HabnoaeHWeTo Ha IP — 6asupaHy Mpexy.

Hegsankxos, UB., Neoprunes, I. ,N3non3BaHe Ha "OPNET" 3a e/1eKTpPOHHO O6y4YeHHne rno
TE/IEKOMYHHKALHNOHHN Mpexkn”, MexxgyHapogHa HayyHa koHgpeperyns "YHUTEX'17” —
lrabposo 2017, 17 — 18 HoemBpn 2017 TexHunyecku yHnBepcurer — Fabposo, Tom 2,
crp. 214 — 221, ISSN 1313-230X

KoMnioTbpHUTE MpeXM Ca HaBCSAKbAe MO CBeTa. Te ce M3MNOon3BaT OT MHOMO M PasfiMyHm
noTpebutenun, AOMaKMHCTBA, Y4ebHW 3aBeaeHue, yupexaeHuss u MHoro apyru. CrneumanuctuTe,
KOWUTO NMpOeKTUpaT Te3n MpPEXHn, YeCTo C1 3a4aBaT Bbnpoca ,Kakeo 6u craHano ako:"

o KakBo LLe e 3aKbCHEHNETO B MpexaTa, ako bposT Ha aboHaTuTe ce yBenMun aga nbTu?
o KakKBo LLe e HaTOBapBaHETO Ha MpeXxaTa Mo BPeMe Ha HaW-ronemMusT Tpapuk?

e Kak Lle ce npeHacouBa TPaduMKbT, ako HSIKOW OT MapLupyTu3aTopute He pabotu?

o [Ipyrn.

3a Ja ce OTroBOpM Ha Te3W Ha BbMPOCK HE MOXEe [a Ce MpaBsaT eKCrnepuMeHTu ¢ paboTella
Mpexa. 3a Ta3n uen e NoAaxoasLlo W3MON3BAHETO Ha MoAXOAsAWM MporpaMu 3a MoaenvpaHe Ha
TeNeKoOMyH/MKaUMOHHN Mpexu. Takasa nporpama e ,Opnet". B HacTosiwata paboTta e pasrneaaH
copTyepeH nNpoaykT, KOMTO MOXe Ja Ce W3Moni3Ba 3a CuMMynauMM M Npoy4yBaHe Ha
TENEKOMYHUKALMOHHM Mpexu, u IP - 6a3upanHn Mpexu. MNporpamaTta no3BosisiBa Ha CTyAeHTUTE Aa
NpuaodmnaT 3HaHMSI U YMEHMS 3@ pellaBaHE Ha Pas/IMYHU TEXHOMOTMYHM cnyyvan B IP-6a3mpanu
TENEKOMYHMKAUMOHHM Mpexu. [MporpaMata e noaxoaswa 3a obyyeHnMe Ha cneumanuctn B
obnacTTa Ha TENEKOMYHMKALMUTE U KOMMIOTbPHUTE TEXHOMOMMN.

HanpaseH e mogen Ha IP — 6asvpaHa TeNeKOMyHMKaLMOHHA Mpexa, W3Mnon3Balla
AVHAaMU4YeH NpPOTOKON 3a MapuwpyTtusmpaHe RIP. MogenupaHa e n BUAEOKOH(EpeHTHa Bpb3Ka
Mexay 6e3xnyHM paboTHM CTaHUMKM B ABE OTAENHW, HO CBbp3aHu nomexay cv IP mpexwu. Ypes
NpoBEeAEeHOTO CUMMYNauUMOHHO M3CnedBaHe Ha JABaTa pa3paboTeHn Kasyca ™MoraT fAa ce
npocneasisaT npouecnTe, KOMTO Bb3HMKBAT B MpoLeca Ha paboTa Ha MoAenMpaHuTe Mpexu, Aa ce
3a4aBa Bb3HMKBAHE Ha BCsKakBu npobnemn, Kouto HBuxa ce NosiBUIM No Bpeme Ha paboTaTta Ha
MpexuTe M Aa ce HabnogaBa peakuMsTa Ha MpexaTa, KakTO € HanpaBeHO M B ABaTa Kasyca.
“Riverbed Modeler” Moxe pa ce u3non3ea 3a OOYYEHMETO HA CTYAEHTM W CneuManuctn no
TENEKOMYHMKALUMOHHM Mpexu. Ype3 Hes MoraT fa ce mMoaenupaTt pasfivMyHu cbbutus B AageHa
Mpexa. ToBa € 0cobeHO None3Ho 3a CTyAEHTU, KOMTO ce 0byyaBaT 3a NAaHWpaHe U NpoekTMpaHe
Ha TENEKOMYHMKALMOHHM Mpexu. Taka Te MoraT Aa ce 3ano3HasT C eBeHTyanHM npobnemm, KomMTo
6uxa HacTLNWUAKM B TAXHaTa NpakTuka. “Riverbed Modeler” naBa Bb3MOXHOCT Aa ce cneasT ronsm
Habop OT napaMeTpy HeobxoaAMMWM MpU MNPOEKTUPAHETO Ha MpexaTa KaTo: TpaduyHu
HaTOBapBaHWs, HAaTOBapBaHWA Ha JIMHUMTE, HAaTOBAapBaHUS Ha OTAENHWUTE YCTPOMCTBA B MpexarTa,
obMeH Ha nakeTn, TpaduyHM HAaTOBApPBaHWSA CBbp3aHW C NpedaBaHe Ha rnac uavM BMAEO M MHOMO
Apyrn. Ypes nporpamata MoraT Aa Ce Cb34aBaT pas3/IM4HM Kasycu, C KOMTO Jda ce TecTear
3HaHMATa M Bb3MOXHOCTTA Ha CTYAEHTUTE Aa OTKPUBAT NMPUYMHMTE 3a Bb3HUKHanuUTe npobnemu.
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NBan Hepgsankos, leopru [leoprnesB, "HN3noszBane Ha miaargpopmara "GNS 3”7 3a
obyueHne no IP- 6asnpaHu TE/NEeKOMYHHUKaUHOHHN Mpexxn’, 25 —ra HaynoHasHa
KOHgbepeHynsa ¢ MexxgyHapogHo y4dyacrme ,, Tenexkom 2017", 26 — 27 okromepu 2017r.,
HAHT-Codghus, crp. 71 - 74, ISSN: 1314-2690

TenekoMyHUKaLMOHHUTE MPEXU HENpPeKbCHATO ce pa3pacTeaT. HOBM M HOBW TEXHONIOTUU U
yCnyrn ce npefoctaBsT Ha noTpebutenute. Mopaan ToBa 6bP30 M CKOPOCTHO paspacTBaHe €
HeobxoaMMO Aa MMa NoAroTBEHU CMeUManncTy, KOMTO Aa MoraT da noaabpXaT ToBa obopyaBaHe.
3a Ja MoXe creuvanucTuTe Aa ca BMHaru NoaroTBeHu, Te Tpsibea Aa ce oby4yaBaT HenpeKbCHaTo.
MpexoBoTo obopyaBaHe € ckbno. He Bcuukn yuebHM 3aBeaeHuss mMoraT fa Cu MO3BOMSAT
3aKyrnyBaHETO Ha Takosa obopy/aBaHe. 3aToBa € NoaxoAsLo Aa Ce U3MNOM3BaT NPOrpaMHu cpeam,
KOUTO CMMynupaT unuM emynupat TakoBa obopyasaHe. GNS 3 (Graphic Network Simulator 3) e
nporpama (cpega) 3a eMyfiMpaHe Ha MpPEeXOBW YCTPOMCTBA KaTo: pyTepu, KOMyTaTopu WU Apyru.
CpenaTta no3BosisiBa eAHOBpPEMeHHa paboTa Mexzay peanHu v BUpTyanHu yctponctea. GNS 3 ce
N3Mon3eBa OT MHOIO OpraHusauum U CrneumanncTu B TeNeKOMYHUKALUMOHHUTE MPEXW 3a TaxHaTa
noaroTtoska. [lageHa Mpexa npean aa 6bae pusnyeckn peanusnpaHa, TS MoXe Aa ce mogenvpa B
Tasun cpena. B HacTosilwaTta ctaTna e npeanoXeHa v pasrnegaHa nnatdopma 3a mogennpaHe Ha IP
— 6asupann mpexun - GNS3. Cpepata nossonsisa Aa ce mogenupat IP — 6a3upaHu Mpexu ¢
MOZENN Ha peasiHM MPEXOBM YCTPOMCTBA Ha BOAELUM CBETOBHM NMPOM3BOAUTENM. TOBa NO3BO/SBA
GNS 3 pa ce npunara B 06y4eHMETO Ha CTyAEHTUM UM TeCHW MpexoBu crneumanuctu. Cpepata
Nno3BOJIsSIBa CBbP3BAaHETO HA MoAeNMpaHaTa Mpexa KbM peasiHu Mpexn n MHTepHeT. Mnatdopmata
npegnara Bb3MOXHOCT 3a paboTa C nporpaMuM 3a MOHMTOpUHr Ha IP — Mpexun. ToBa AaBa
Bb3MOXHOCT fAa ce HabnogasaT npouecute B MofenupaHaTa Mpexa npean T9 Aa 6bae
peanu3npaHa. Ype3 GNS 3 MoraT fda ce Cb3fadaT pas3/IMyHM TEXHUYECKU Kaslycu, C KOUTO Aa ce
NpoBepsiBaT 3HaHUSATA Ha CTYAEHTUTE B peasiHn cuTyauun B npakTukata. KaTto Taka Te we 6baat
NOArOTBEHM 3a TaKMBa CUTYaLNN.

B pabotata ca nNpoBeAeHN CMMynauMM Ha PasIMYHU MPEXOBM TOMOMOrMM, 3a Aa ce
[AEMOHCTPUPAT OCHOBHWUTE (YHKUMOHANHOCTM Ha nporpaMata. GNS 3 e npeagHasHadeH 3a no
HanpeaHanu noTpebuTenn n Mpexosu cneunanucTu. Mporpamata eMynmpa peasHn onepaLmnoHHN
CUCTEMM Ha MPEXOBM YCTPOWCTBA. HAMa nmnca Ha hyHKUMOHANHOCT, KakTo € MpWU HAKOM Apyrv
nporpamn. CTyaeHTUTE KOH(UrypupaT ycTpoMcTBaTa 4ypes ,TepMuHan”, kato Ha peanHu Cisco
ycTpoiictBa. GNS3 no3BonsiBa konabopaumsta Mexay MoaennpaHaTa Mpexa 1 peanHa Takasa uim
konabopauusa ¢ WHTepHeT. GNS3 npeanara uHTerpuvpaHa paboTa C pasnuyHU MPUIOXKEHUS 3a
MOHUTOPUHT Ha IP — 6a3npaHn Mpexu. Taka paspaboTumuute Ha MpexaTa we moraT Aa fobuat
npeactaBa Kak Cce [ObpXW, MNpoeKTUMpaHata OT TAX Mpexa, npeay pfa 6bae nycHata B
ekcnnoataums. Ype3 GNS 3 MoraTt Aa ce Cb3AaBaT pa3/IMyHN TexHMYeckn npobnemu un Kasycu, C
KOWUTO [a ce MpoBepsiBaT 3HAHUATA U YMEHWUATA Ha CTYAEHTUTE B OTKPMBAHETO U pellaBaHETO Ha
TEXHUYECKN Npobnemn, KOUTo buxa HaCTLNWUAN B NpaKTUKaTa.

4. HayyHu ny6nnkauum B peLeH3mpaHu CnMcaHus

Dimitar D. Arnaudov, Nikolay L" Hinov, Ivan I. Nedyalkov, "Comparison between
circuits for charging and voltage balancing over series connected elements for energy
storage”, journal "Elektrotechnika & Elektronica E+E”, Vol. 50. No 11-12/2015, pp. 11
- 18, ISSN 0861-4717

C pa3BUTMETO Ha CbBPEMEHHUTE TEXHOMOIMMM U HyXAaTa OT E€KOJIOTMYHM 3axXpaHBaHWA
CDOTOBOJ'ITaVI‘-IHVITe 3axpaHBalln CUCTEMU CTaBaT BCE MO - AOCTbIMHMW. 3aTtoBa e HeobxoamMmo
reHepupaHaTa OT TAX €HEPrusa Aa 6bae CbXpaHsiBaHa, KaTo LeNnTa € KOJIKOTO CE MOXe MnoBeYye oT
Ta3n eHeprys Oa Ce HaTpynBa B €/IEMEHTU 3@ CbXpaHeHue. TakvMBa eneMeHTU ca NUTUeBUTe
6aTepvw| N cynepkoHaeHsaTopuTe. lNpeanMcTBa ca BCeobLO M3BECTHU. EAWMH OT OCHOBHUTE WM
HeoCTaTbUM Ca HUCKOTO HarpexeHue BbpXy OTAeNHaTa KneTka. 3a Aa Ce MnpeMaxHe To3u
HEAOCTAaTbK CE€ M3MOJi3Ba MOCNEAOBATE/NHOTO CBbP3BaHE HA TE3M KJIETKWU, KAaTO TaKa MoJly4aBaMe
XENaHOTO MO — BWCOKO HanpexXeHue. np06ﬂeM'bT, KOWTO Cce nosiBABa CNeAcTBME ToBa €
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HeobxoaAMMOCTTa OT 6afaHcMpaHe Ha HanpexeHusiTa BbpxXy OTAENHMTEe KeTku. He
6anaHCMpaHETO HA HAMPEXEHWETO BOAM peauua npobnemMyu KaTo: CbKpallaBaHe Ha
€KCMM0aTALUMOHHMAT XMBOT Ha KNETKUTE, HEMPABWU/IHO HAaTOBapBaHe, Bb3MOXXHOCTY OT Npe3apsij U
npepaspsia M Apyru npobnemMu. EnvMMHMpaHETO Ha Te3n npobieMu CTaBa C M3MON3BAHETO Ha
AOMbIHUTENHU CXEMHU PELLEHMS, KOWTO B MOBEYETO C/ly4yalt Ca aKTUBHU WM NAacMBHU METOAM 33
6anaHcupaHe. 3a 3apeXAaHeTo Ha Te3W eNeMeHTM CbLUEeCTBYBAT Pas/IMyHKM CXEMM U METOAM 3a
3apsA: 3apsaa yYpes KNYoB CTabunmnsaTop v 3apsia C KOMMNEHCaUMOHeH cTabunmsaTtop. HesaBucuMo
KO OT [BaTa METoAA 3a 3apsA Ce M3MOoN3Ba, NPM 3apaaa Ha NUTUEBM aKyMynaTopy, CbCTaBEHM OT
NoCneaoBaTeNIHO CBbp3aHM K/IETKM, € HeobXoaMMO W3paBHSIBAaHE HA HAMPEXEHUETO BbpXY
OTAENHUTE KNEeTKU. 3aToBa € HeobXoAMMO M3MON3BAaHETO Ha CXEMM, KOWTO W3BbpLUBAT
€AHOBPEMEHHO 3apsfl U M3PaBHSIBAHE HA HAMPEXEHWETO BbpXY OTAENHUTE KNIeTKU. B paboTaTta e
HaNpaBeHO CPaBHUTENHO U3CNefBaHe MeX/y [Be CXeMU 33 €AHOBPEMEHEH 3aps U U3paBHSIBaHe
Ha HanpexeHueTo. [lpoBeaeHVM ca 3adbNbOYEHM CUMYNALUMOHHWU W3CNeaBaHusi, C KOMTO ca
“3cneaBaHn MPOMEHWTE, HACTLMBALM B peXUMMUTE Ha paboTa Ha ABETE CXEMM, MPU 3apad Ha
NnoCneaoBaTeNlHO CBbP3aHM K/ETKM Ha akyMmynatopHa 6atepusi. Ha 6asata Ha nosyyeHuTe
peE3yNTaTu ca MNOCTPOEHN XapaKTEPUCTMKM, C KOUTO MOXE [a Ce OLUEeHM KauyecTBaTa Ha
CUHTE3MpaHNUTE cxeMu. Mpu cxemaTta C OrpaHUYMTENHU ANOAM, NMopaan CBOMCTBOTO M Aa 3apexaa
C MOCTOSIHHA@ MOLLUHOCT, MMaMe Maslku WU3MEHEHWUS B 3apsiAHUTE TOKOBE WM KOHCYMUPAHMAT OT
U3TOYHMKA TOK.

Dimitar D. Arnaudov, Nikolay L" Hinov, Ivan I. Nedyalkov, “Characteristics of an
electronic converter for super capacitor charging”, journal “Elektrotechnika &
Elektronica E+E”, Vol. 50. No 7-8/2015, pp. 7 - 13, ISSN 0861-4717

CynepkoHaeH3aTopuTe ca NepCcnekKTUBHU €eNeMEeHTU 3@ CbXpaHEeHWEe Ha eHeprus
6narogapeHve Ha TeXHUTe NPeaMMCTBaA B CPaBHEHME C KlaCMYeCKMTe efleMeHTM 3a CbXpaHeHue Ha
eHeprusi. TlopagnM CpaBHUTENHO BMUCOKUTE LEHW W HUCKaTa rpaBUMETPUYHA MABLTHOCT Ha
eHeprusTa, cynepkoHaeHsaTopuTe Tpsbea Aa ce M3nonssaT 3aedHo C akyMynaTopHa 6atepus. 3a
[la Ce U3MNoN3BaT CynepkoHAEH3aTopU B CUCTEMA 3a CbXPaHEHWE Ha eHeprus, e HeobxoauMo Aa ce
n3nonsea ABynocoyeH npeobpasysaten. [peobpasyBaTensst € HeobxoAuMM 3a ynpaBfeHue Ha
E€HEPruHUS MOTOK OT / KbM CynepkoHAeH3aTopa. B Hactoswata paboTa ABYNOCOYHUST
npeobpasysaTten e HanpaBeH OT ABa eAHOMOCOYHN npeobpasysaTtens. B pabotata uicneaBaHuaT
npeobpasyBaTten ocurypsiea CbBMecTHaTa paboTa mexay (oToBoNTanyHaTa cMCTeMa U efeMeHTa
33 CbXpaHeHMEe Ha eHeprusTa — CynepKoHAeH3aTop. TOM ynpaBnsiBa €HEPrumHMTE MOTOLM OT U
KbM cynepkoHze3aTopHata 6atepus. [lpoBegeHM ca  CUMYNauMOHHM U eKCnepuMeHTasHu
n3CcneABaHUs Ha CwWioBaTa 4YacT OT cucTtemaTa. [OCTpoeHW W npeacTaBeHM ca OCHOBHUTE
XapakTepUCTUKN  Ha u3cneaBaHus npeobpasysaten. W3cneaBaHuaT npeobpasyeBaten e
AOMbHUTENHO [OPa3BUT KaTo KbM M3XOAUTE Ha wmanpasutenute ca MoHTupanu CL - ¢untpwm.
MNpoBeaeHn Ca CMMynauMoHHM M3cneaBaHUs Ha npeobpasysaTtenst ¢ gobaseHn CL - ¢punTpu. 3a
NPOBEXAAHETO Ha eKCnepuMeHTaNHUTE u3cneaBaHus e pa3paboTeHa cuctema 3a ynpasfieHne Ha
6a3ata Ha LabView.

Ha 6a3aTta Ha npoBeAeHOTO U3CneaBaHe ce YCTaHOBWU ClieAHOTO: pa3paboTeHaTa cxema Ha
npeobpa3yBaTens 3a yrnpaB/ieHWE Ha EHEPrUMHUTE MOTOUM NPU 3apexaaHe Ha MocneaoBaTeNHO
CBbp3aHM  CYNEPKOHAEH3aTOPHM  KNETKM  OCUrypsiBa  3apeXaaHe Ha  KneTkaTa  Ha
CynepKoHAEH3aToOpa C HaW-HWCKOTO HarnpeXeHuwe BbpXy Hes. ToBa € eAHO OT HeobxoanmuTe
YCNOBMSI 3@ peaniM3vpaHe Ha NPeAnoXeHUsl anropuTbM 3a YnpaB/ieHWE Ha €HEPrumHUTE NOTOLM.
Cnen wu3paBHSIBAHE HaA HaMNpPeXeHUETO BbPXY K/ETKMTe Ha CynepkoHAeH3aTopHaTa 6atepus,
CXeMaTa 3apexaa BCUYKM KNeTKM eaHoBpeMeHHo. [lobaBsHeTo Ha CL - dwmnTbp BbB Bepurarta
ocurypsiea 3apexxaaHe ¢ noctosiHeH Tok. CL - unTbpbT He NpoMeHs paboTa Ha MpeanoXeHuaT
npeobpasysaten. [llonyyeHUTe XapakTepUCTMKM Ha TOKa nMpe3 efieMeHTUuTe no3BonssaT
Bb3MOXHOCT 3a OLEHKa Ha KadecTBaTa Ha npeanioXxeHata cxema. B ponbnHeHve, Te moraT Aa
6baaT M3non3BaHN 3a NPOEKTMPaHe Ha NpeasioXkeHaTa cxema.

rn.ac. o-p Uean Heasankos
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I.Nedyalkov, A.Stefanov and G.Georgiev, "Software Platforms for Modeling of
Telecommunication Networks”, 2019, 27th National Conference with International
Participation (TELECOM), Sofia, Bulgaria, 2019, pp- 8-11. doi:
10.1109/TELECOM48729.2019.8994903

Telecommunication equipment is expensive. Not every school or university can afford to
buy such equipment. If they have access to such working equipment, no one will allow them to
reconfigure the equipment to check the response of the telecommunications network. It is
therefore necessary to use software applications that can be used to model telecommunications
networks. This paper reviews programs used to model communication networks.

The review is divided into three main groups: modeling programs for IP-based networks,
programs for modeling of any kind of telecommunications networks, and programs for modeling of
cloud infrastructures. One program is offered for each group, explaining why it was selected. The
selected programs are: GNS3 (IP network simulator), Academic Edition of Riverbed Modeler
(telecommunication network simulator), and GreenCloud (cloud infrastructure modeling).
Simulation models of communication networks have been developed with each of the proposed
programs. Some of the results and capabilities of each program are presented.

GNS3 has been proposed for modeling of IP - based networks. Its advantages over other
modeling programs are: free of charge, it works with operating systems of real network devices;
has the ability to connect to real physical IP networks; there is an opportunity to integrate clients
running on virtual machines with which various functionalities of the modeled network can be
implemented; has the ability to work together with various programs for monitoring of IP
networks.

Riverbed Modelear enables modeling of any telecommunication networks: IP networks,
wireless networks, cellular networks and many more. The program allows to monitor a large set of
parameters required for the design of telecommunications networks.

Green Cloud allows to model cloud infrastructures with different parameters: different
number of switches in the three layers of the cloud (access layer, aggregation layer and core
layer), modeling of infrastructure with different number of subscribers, virtual machines and
servers.
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I.Nedyalkov, A.Stefanov and P.Apostolov, "Modeling of the convergence time of an IP-
based network with different traffic loads”, IEEE EUROCON 2019 - 18th International
Conference on Smart Technologies, Novi Sad, Serbia, 2019, pp. 1-6. doi:
10.1109/EUROCON.2019.8861735

The main advantage of using specialized communications network modeling programs is
the cost and the ability to continually reconfigure the network to achieve the desired result. The
equipment needed to build large corporate networks is expensive. Access to such working
networks for testing and experiment purposes is impossible. Therefore, it is appropriate to use
network simulators. Network virtualization and simulation tools are an alternative that allows
network designers and developers to deploy multiple network computers, hosts, and routers in a
virtualized environment in a cost-effective way to validate and test new network protocols and
validate a specific network algorithm. Network simulators are also particularly useful in allowing
network designers to test new network protocols or modify existing protocols in a controlled and
reproducible manner.

In this work, modeling of an IP - based corporate network with different traffic load -
Internet browsing, videoconferencing, remote work with database and making VoIP calls is done.
The purpose of modeling is to verify the convergence time of the modeled network for different
traffic loads using different dynamic routing protocols. The modeling was done for the following
protocols: RIP, EIGRP, OSPF, OSPFv3 and RIPng. In addition, modeling was performed when
disabling/restoring some of the links between the individual branches in the network to determine
what the convergence time would be when changing the network topology at runtime.

The following results were obtained after the modeling:

o When using IPv4, the fastest network convergence times are reached when using EIGRP. The
slowest network convergence times are when using OSPF for all types of traffic loads;

» When using IPv6, it can be argued that the network convergence fastest when using OSPFv3;

» The results show that if the network is going to be used only for VoIP calls, it is necessary to use
EIGRP or RIP for IPv4. It is preferable to use EIGRP because of its working principle. If using
IPv6, it is necessary to use OSPFV3 in order to speed up network convergence in cases of failure
/ reconnection of connections that are commonplace in real networks;

o If the network is closed (no internet access) and will only be used for remote database
operations, it is necessary to use EIGRP or RIP for IPv4. From IPv6 the results show that for
both protocols - OSPFv3 and RIPng times are almost the same;

« If the network is open (Internet access is available), it is necessary to use EIGRP because of the
less service information it generates for IPv4. When using IPv6, it is necessary to use OSPFv3
because of the less service information it generates.;

» When using the network for video, it is again desirable to use EIGRP because of its advantages
over RIP. If using IPv6, it is desirable to use OSPFv3;

o It is normal that EIGRP converges faster than OSPF when the two protocols are with their
default settings. This is due to the fact that EIGRP keeps feasible successors in its topology
database which are loop free alternatives to the best path.

I. Nedyalkov, A. Stefanov and G. Georgiev, "Studying the generated communication
traffic from power electronic devices,"” PCIM Europe 2019; International Exhibition and
Conference for Power Electronics, Intelligent Motion, Renewable Energy and Energy
Management, Nuremberg, Germany, 2019, pp. 1-8.

The internet is all around us. IP networks are gaining ground in all areas of technology -
telecommunications networks, mobile networks and even are already being used in the
management of power electronic devices such as: PV controllers, power management (PDU),
power electronic converters and more. Therefore, it is necessary to know what information, and in
particular service information, is generated by these devices. What is its size so as not to get
bottlenecks in the network. What is the acceptable packet delay that would not disrupt the normal
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operation of these devices. For these and other reasons, it is necessary to pre-monitor the
information generated from these devices before building the communication network necessary to
manage and monitor such power electronic devices. The obtained results can be used to evaluate
the impact on the delays and reliability of the transmitted communication information when
connecting the power devices to the existing (already established) communication network. An
experimental network for monitoring the generated communication (information) traffic from the
power electronic devices was proposed and studied. The studied power electronic devices are: a
remote-controlled power distribution module (PDU) and a double conversion UPS remotely
controlled via the Internet. The observed communication parameters are: generic traffic, packet
size, packet delay, etc. On the basis of the results of the monitoring, mathematical distributions of
packet sizes have been made, which are used for further evaluation and analysis of the studied
devices. Cyber-security studies of the communication link and data exchange between the tested
power electronic devices and the workstation have also been conducted.

The classic passive method for monitoring of IP networks with application in power
electronics is proposed. The method has been developed with the proposal to use mathematical
distributions to further evaluate and analyze the results of monitoring.

The proposed experimental network for the study of the generated communication traffic is
also applicable for the study of other power electronic devices such as: inverters, photovoltaic
controllers and others.

Based on the obtained data, the most appropriate communication network for the
respective power electronic device or an assessment of the possibility of using an existing one may
be proposed. For the tested devices, there is no limit to the type of communications network they
can be connected to because of the small traffic they generate.

The security of the communication link (data exchange between the tested devices and the
workstation) was studied by using a packet analyzer. Both devices do not use encryption of the
communication. This is a major drawback because important information such as authentication
and management commands are passed in a plain text. This allows the devices to be easily hacked
and manipulated. If the devices are used on local networks without internet access, this
disadvantage would not be taken into account. If remote control is required over the Internet,
securing the communication link can be accomplished through the use of a VPN.

The results of this work can be used to generate safety and reliability recommendations for
the introduction of IoT into power electronics.

Ivan Nedyalkov, Alexey Stefanov, Georgi Georgiev, "Studying and Characterization of
the Data Flows in an IP-Based Network”, International Journal on Information
Technologies and Security, No. 1 (vol. 11), 2019, pp. 3-12, WOS:000460045600001,
ISSN: 1313-8251

Modern telecommunication networks are becoming increasingly complex due to their
technological heterogeneity, the functional complexity of the protocols used and the wide variety
of services and applications provided. The planning and management of these networks requires
accurate and efficient measurements and monitoring. Implementing the classic approaches for
measuring, monitoring and planning of modern IP based networks is a challenging task. The
network measurement and traffic monitoring studies in recent years have led to new
methodologies and thorough theoretical and statistical analyzes. Measurement, monitoring and
planning of real telecommunications networks is an up-to-date task. Measurements and monitoring
of IP networks aim to evaluate and analyze various aspects such as: network topology and
connectivity; routing; security; attacks; quality of service; filtering, etc.

The purpose of this article is to study the data flows in a particular IP - based network in
order to test its functionality - are there long delays in packet exchange, what is the most used
protocol in the monitored network, what is the traffic load and others.

The observed working corporate network consists of two telephone exchanges (Open
Scape Voice - OSV and Asterisk). There are "N" number of IP telephones, some of which are
connected to one exchange and the other part of the IP - phones to the other exchange. Thera
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are also "N" number of workstations for the employees. The classic passive monitoring method
was used for the monitoring of the network. It is proposed to use mathematical distributions for
packet delay and size for further evaluate the network.

The network load over a period of time was measured at different reporting intervals.
Changes in the network traffic are also estimated. A breakdown by application layer protocols and
a packet size breakdown was made.

Network measurements were made and the following were parameters were monitored:
the usability of the ports of a particular protocol, the types of protocols, the generated information,
the size of the packets, and the magnitude of the intervals between the moments of packet arrival.

Mathematical distributions are proposed for further analysis of the monitoring results.
Mathematical distributions of packet sizes and time delays are made. From the received
distribution for the packet delay, it was found that packet delays are constant for voice and video
streams, which means that the network is properly designed and has no anomalies in it.

From the mathematical distribution of the packet size, the following results were found:
Packetized Elementary Stream (PES) was found to be used during video streaming. This results in
optimal use of the network. If not used, it will be detrimental to network performance since the
video stream is able to increase the average packet size in real time.

The payload size for the G.711 codec is 160 bytes for 20 ms payload and 240 bytes for 30
ms payload. The difference in payload of voice packets is due to the different IP PBXs used
(Asterisk and OSV) in the monitored network.

The obtained results indicate the need to measure and monitor traffic in IP-based networks
to optimize and plan the network, ensure quality of service, and detect security breaches.

Monitoring shows that the two IP PBXs use different audio codecs for transmit ion of the
information.

The presented method of monitoring and characterizing traffic can be used to make
recommendations for improving network performance and troubleshooting.

I. Nedyalkov, A. Stefanov and G. Georgiev, "Modelling and Studying of Cloud
Infrastructures,” 2018 International Conference on High Technology for Sustainable
Development (HiTech), Sofia, Bulgaria, 2018, pp- 1-4. doi:
10.1109/HiTech.2018.8566664

Cloud technologies are a major driver of the growth and innovation in the global IT sector.
It is a technology that is satisfying to help and develop online IT infrastructure. It is supported by
the new trend of providing consumer and business applications and services. Cloud technologies
are an economical, flexible and reliable IT infrastructure.

In this work, modeling of cloud infrastructure with specialized software is done. The
behavior of the cloud at low and high traffic loads and different number of needs was studied. A
subject of the monitoring are the core network, the aggregation network, the traffic flows,
computational capabilities of the cloud, as well as the power consumption of the elements,
building the cloud. As a result of the carried out studies, recommendations have been made to
optimize the use of the modeled cloud infrastructure in order to improve the efficiency, lowering
the power consumption and improve energy efficiency. The modeling and analysis of cloud
infrastructure in this work is done by using GreenCloud. This is a sophisticated packet-level
simulator for determining the energy efficiency of cloud data centers with a focus on cloud
communications. It can be used for developing new solutions in monitoring, resource allocation,
load distribution, whatever the optimization of network infrastructure. It also provides information
for the energy consumption of individual communication devices, building the cloud infrastructure.
Two cloud infrastructures were modeled, with the difference between the two cloud infrastructures
in the number of subscribers - in the second model the number of subscribers was increased three
times.

The obtained results from the modeling are: consumed energy, traffic load, computational load of
the servers, number of proceeded tasks, number of proceeded tasks from the virtual machines in
the cloud, traffic load of the data center, traffic load of the communication links between the
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layers, traffic load of the switches and computational load of the virtual machines. Based on these

results, the following sources can be made:

¢ In the first case, the modeling infrastructure copes with the set tasks. The links between the
individual layers are not fully loaded. The modeled cloud infrastructure can perform more tasks;

e The second modeled cloud infrastructure is heavily loaded. It manages the tasks. There is a little
computational reserve for handling more tasks, but it is not advisable to assign more tasks
because the computational reserve needs to be kept for critical uses. Links in the downlink
channel are not loaded, unlike the uplink channel. This shows that the modelled infrastructure is
not designed properly. Uniform load on the links in both directions is not presented;

e It is recommended cloud with fewer users to be used. This cloud can proceed more tasks with
less energy consumption.

I. Nedyalkov, A. Stefanov and G. Georgiev, "E — Learning for IP — Based
Telecommunication Networks," 2018 International Conference on High Technology for
Sustainable Development (HiTech), Sofia, Bulgaria, 2018 pp. 1-5. doi:
10.1109/HiTech.2018.8566595

Telecommunications networks are constantly expanding. New and emerging technologies
and services are provided to consumers. Because of this rapid growth, it is necessary to have
trained personnel able to maintain this equipment. In order for specialists to be always prepared,
they must be continuously trained. Network equipment is expensive. Not all schools can afford to
purchase such an equipment. Therefore, it is appropriate to use software environments that
simulate or emulate such equipment.

In this paper, such software environments will be explored through which
telecommunication networks built from different network devices can be modeled - routers,
switches, servers and more. Such programming environments are Cisco Packet Tracer and GNS 3.
Both programming environments are suitable for training of telecommunication network
specialists.

Cisco packet tracer allows students to acquire knowledge and skills in the design of IP-
based networks and learn how to configure network devices. The packet tracer allows you to
create a map of the location of the individual units of the designed network and shows the visually
used network devices and their location in the cabinet. Packet tracer allows students to expand the
capabilities of selected network devices by adding a variety of expansion modules. A disadvantage
of the Packet tracer is the lack of a part of the functionality of network devices.

GNS 3 is designed for advanced users and network specialists. The program emulates real
operating systems of network devices. There is no lack of functionality. Students configure devices
via a terminal like real Cisco devices. GNS3 allows collaboration between the modelled network
and a real one or collaboration with the Internet. Packet tracer does not have such functionality.
GNS3 offers integrated work with various network monitoring applications. Thus, the network
developers and students will be able to get an idea of how their designed network behaves, before
it is put into operation.

After completing several exercises with both programs the students will be able to
configure and maintain network devices.

Both programs can be used for creating practical case studies for testing the knowledge
level of the students: can they find the problem, troubleshooting of the problem, can they solve
this problem etc.
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I. Nedyalkov, A. Stefanov and G. Georgiev, "Characterization of the Traffic in IP-Based
Communication Networks," 2018 International Conference on High Technology for
Sustainable Development (HiTech), Sofia, Bulgaria, 2018, pp. 1-4. doi:
10.1109/HiTech.2018.8566486

A key methodology for understanding telecommunications networks and the complexity of
the Internet is through the monitoring and characterization of the traffic. This causes the
researchers to make traffic measurements over long periods of time and analyze the obtained
results. The main efforts are focused on monitoring of the all traffic. There are two main
approaches (methods) in measuring traffic. One is active, which can be implemented by installing
applications that monitor network behavior on a number of computers. The other approach is
passive, only the traffic on the network is monitored, but the number of the subscribers, the
intensity of enroliment and the duration of the sessions cannot be controlled.

The present work analyzes and characterizes the traffic in an IP-based network. An
efficient and inexpensive method for monitoring of this type of networks is proposed. The tools
used are so selected that they can provide sufficient information to characterize the traffic on the
monitored network. Measurements are carried out and the following parameters are monitored:
usability of specific protocol ports, protocol types, generated information, packet size, etc.
Mathematical distributions were made about the size of the package and the moments between
the arrival of the packages. Two IP networks have been observed. One network is mainly used for
Internet and IP TV - network "A". The other network, network “B”, is a corporate network
consisting of two IP telephone exchange and multiple IP phones - it is mainly used for IP
telephony.

In-depth studies of the random behavior on IP networks with Capsa Packet Analyzer have
been performed. The studies have shown that the traffic on the monitored network "A" is of
multimedia type, and in the monitored network "B" is mainly audio. Video traffic is also noticeable
at certain times. For both networks, traffic is highly stochastic and heterogeneous.

Mathematical distributions were made from the obtained data from network “A”. The best
approximations of the distribution of intervals between the moments of packets receipt in the
studied network (Dagum distribution) are selected. The approximations show the average of the
delays, which have different values. This indicates that the network needs to be optimized and the
QoS improved.

On the basis of the results obtained from network "A", the following recommendation can
be made: it is noted that speed is limited and insufficient. This is due to the creation of narrow
points in network devices. Therefore, these devices must be replaced by other devices with a
higher transmission rates.

The monitoring of network “B” shows that call traffic flows between phones passing
through the Asterisk PBX. Whereas at the other phone exchange, the OSV (Open Scape Voice) the
traffic flows through the phones, without going through the telephone exchange. The only traffic
that goes through the OSV is the signaling information used to establish the connection.

I. Nedyalkov, A. Stefanov and G. Georgiev, "E-Learning on Wireless
Telecommunication Networks,” 2018 IX National Conference with International
Participation (ELECTRONICA), Sofia, 2018, Pp- 1-4. doi:
10.1109/ELECTRONICA.2018.8439127

Mobile devices - phones, tablets and more are all around us. They are part of the living and
of the people. They can be used for almost any job. But in order to be able to be used anywhere,
and most of all, to have an Internet connection, there have to be a quality radio network. The high
quality radio network has a wide range of connectivity and is maintained at high data rates. These
telecommunication networks must be designed and maintained by specialists. These professionals
need to be well-trained and trained to handle any situations that may arise. A good way to train
these professionals is to use different programming environments that can assist them in their
training.
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This paperwork will look at two programs that are suitable for this purpose - NI Multisim
and Radiomobile. This paper examines two programming environments - NI Multisim and
Radiomobile, which are suitable for training students and professionals in the field of wireless
telecommunications networks.

NI Multisim is suitable for use in the design of various devices, circuits with applications in
radio communications. Through it students will not only learn about the principle of simulated
schemes, but will learn to work with specific measuring devices. The program supports real models
of the elements and some of the measuring instruments.

Radiomobile is targeted at a narrower range of professionals. It can model and simulate
the propagation of radio waves. The program works with digital maps which contain information
about the terrestrial, vegetation and other geographical information. These data are very
important for the design of the radio communication link. Disadvantage of Radiomobile is the lack
of information for built — up and urban areas. Radiomobile supports different types of antennas,
which allows modelling of different options for the links. So optimal choice and direction of the
antennas will be achieved. The application gives rich statistical information which further
contributes the education of the students.

Both programs allow creating different practical case studies which will improve the training
of the students and will check their level of knowledge. With both programs can be created tasks
with deliberately created problems which must be solved by the students.

Nedyalkov, 1v., Arnaudov, D., Hinov, N., Kanchev, Hr., "Modelling of an off-grid
photovoltaic power supplying system for telecommunication equipment”, 15th
International Conference on Electrical, Machines, Drives and Power Systems (ELMA), 1
- 3 June 2017, Technical University of Sofia, BULGARIA, ISBN 978-1-5090-6690-2,
IEEFE Catalog Number CFP17L07-PRT

In the present work, a photovoltaic power supplying system with an application for power
supplying of telecommunication equipment is modeled. The powered supplied equipment may be
either a radio communication or an active optical transmission equipment. The model was
developed in LabView environment. The model allows to determine whether or not the capacity of
the selected energy storage elements (ESE) is sufficient. In the proposed power supplying system
the ESE are a battery and a supercapacitor. To extend the battery life, a combined work has been
made between a supercapacitor and a battery. An algorithm for managing the energy flows in a
photovoltaic power system has been developed and proposed. The algorithm was created with the
help of LabView too. When to consume power from the supercapacitor or the battery depends on
the input from the photovoltaic system. The paper describes the loading profile of a radio
communication equipment and non-serviceable active equipment used in optical networks.

The model of the photovoltaic power supplying system is used to simulate the operation of
the system for various: input and output data, which can be used for optimal selection of energy
storage elements. The developed model allows implementation of different working algorithms.
The model allows to expand its capabilities by adding different sources of energy and loads. The
virtual tool also allows the management of energy flows in a power system, in addition to
modeling the system. An accurate model of the battery discharge characteristic can be added to
the model. This way, the charge level can be monitored.

The proposed algorithm extends the life of the battery. The model can be used to test
different algorithms to determine the optimal value of ECE capacity.
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I. Nedyalkov, D. Arnaudov and N. Hinov, "Modelling of a Bi-Directional Converter from
a Power Supplying System With Application in Radio Communication Systems ," PCIM
Europe 2018; International Exhibition and Conference for Power Electronics,
Intelligent Motion, Renewable Energy and Energy Management, Nuremberg, Germany,
2018, Print ISBN: 978-3-8007-4646-0, pp. 1-8.

The introduction of new technologies and services in telecommunications requires the
power supplying of the equipment to be provided by photovoltaic systems. Due to the specific
nature of the operation of such equipment, which requires high energy consumption for a short
period of time, it is appropriate to use a power supplying device that provides co-operation
between a supercapacitor and a battery. The joint operation of these energy storage units (ESE) is
ensured by bi - directional converters. In this paper, a bi - directional converter used in a power
supplying system of radio communication equipment is considered. The converter provides
charging for the ESE - supercapacitors, and also provides the use of the stored energy for power
supplying of the communication equipment. The bi-directional converter consists of a resonant
inverter and a synchronous rectifier. Each of the bi-directional converters charges a separate
element of the ESE battery. The created models of bi - directional converters allow to study the
system when the individual converters are working on a common load. The proposed system is
suitable for power supplying a communication equipment that has a specific load schedule
(transmission mode consumption is many times higher than standby consumption). The paper
deals with the peculiarities of the power supply ing of a radio communication equipment. The radio
communication equipment is characterized by two operating modes - standby mode (the unit does
not transmit and consumes very little power) and transmission mode (the device consumes
maximum power in a short time). The power supplying system consists of several bidirectional
converters that are connected in parallel to the load - the radio communication equipment. When
the equipment is not transmitting and there is more power from the PV system, it is stored in the
supercapacitors. The charging of the supercapacitors is provided by a resonant inverter and
synchronous rectifier.

The developed models provide an opportunity to study the combined work between the
individual bi - directional converters.

Various characteristics of the converter have been obtained with the help of the developed
models. These characteristics allow model-based design of the bi - directional converter under
study, because of the complexity of the processes in the circuit, it is difficult to deduce analytical
expressions for the current and the voltage.

The proposed power supplying system allows modularity. Thus, when higher power is
required additional modules can be added to the system.

During discharge mode, the load current is with very small ripples.

The proposed circuit allows continue powering of the load even if one of the modules is
damaged. This happens at the expense of the other working units. The disadvantage of these
multiphase converters is the effect of asymmetry on the individual units. This asymmetry is due to
the tolerances in the values of the elements. In order to realize the possibility of extracting energy
from the supercapacitor with a possible wide range of voltage variations on it, it is necessary to
design transformers with an appropriate transformer coefficient. The transformation coefficient
leads to limitations on the values of the resonant elements in the circuit to provide suitable modes
for the bi - directional converter and charge modes for the energy storage elements. As it is known
in these circuits, the charge current limitation can be adjusted by changing the ratio of the
capacitors Ck / Ce. This leads to increased converter losses.

Switching the operating mode of the bi - directional converter between charging and
discharging is done for a specified time. This requires that the bi-directional converter control
system be synchronized with the transmission system of the communication equipment in order to
provide more power at the transmission times.

The developed model of the bi - directional converter allows model-based design of the
proposed device.
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2. Scientific publications published in Scopus and / or the Web of
Science

I. Nedyalkov, "Studying the Traffic Flow between a Modeled and a Real IP Network,"
2019 X National Conference with International Participation (ELECTRONICA), Sofia,
Bulgaria, 2019, pp. 1-4. doi: 10.1109/ELECTRONICA.2019.8825606

IP network virtualization and simulation tools are an alternative that allows network
designers and developers to deploy multiple network devices such as computers, hosts, switches,
routers, and more in a virtual environment. The benefits of using IP network modeling programs
can be reduced to two:

o Economical: No need to buy expensive network equipment;
» Ability to change the configuration of the IP network at any time and track the results of this
change. In an actual working IP network, such experiments are impossible.

In this work, IP network created from two subnets - virtual and real - is studied and
monitored. The connection of the virtual network to the Internet is via the real IP network. The
virtual IP network is created by emulated network devices and hosts using GNS3. Collaboration
was made between the virtual and the real IP network. Thanks to the collaboration, the virtual
network can connect to the Global Network. Thanks to the collaboration, the hosts from the virtual
network can access the Internet, as evidenced by the monitoring results. The traffic flow that is
exchanged between the two networks is studied. The study of the flow of data between the two
networks was done using standard IP network monitoring tools. For the purpose of the study, a
VoIP connection was established between a subscriber in the virtual network and a subscriber in
the real network. A VoIP communication between a client on the virtual network and a client on
the real network has been created. Despite the fact that one of the two networks is virtual, the
structure of VoIP streams is like an IP network made up of real devices. Additionally, working in
the Internet has been realized from the virtual network. The study of the data flow was done by
using the ability of the GNS3 to integrate with IP monitoring tools like the Wireshark. Additionally,
Capsa Free 11.1 network analyzer was used to monitor the output traffic of the virtual machine on
the virtual network. For further evaluation, mathematical distributions of packet size and time
delay were made. The fluctuations in the time of packet delivery to the virtual network are almost
like in a real network. When reporting the time fluctuations, it should also be taken into account
the delay that is added by the computational work of the workstation that emulates the network.

The results of the study show that GNS3 can and is recommended to be used during the
planning and testing of the IP networks before being physically implemented. For the smooth
running of the program, it is essential that the workstation has high computing capabilities.

I. Nedyalkov, "Studying of a Modeled IP — Based Network Using Different Dynamic
Routing Protocols,” 2019 X National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2019, pp. 1-4.

Computer networks are everywhere in the world. They are used by many and different
users, households, schools, institutions and more. Specialists who design these networks often ask
themselves "What if:"

* What would be the delay in the network if the number of subscribers increased twice?
e What will be the network load during peak traffic?

e How will traffic be diverted if one of the routers does not work?

e Others.

Experiments with a working network cannot be performed to answer these questions. For
this purpose, it is appropriate to use appropriate telecommunication network modeling programs.
In the paper a modeling with Riverbed Modeler Academic Edition 17.5 is done of a corporate
network of six branches located in different cities in Europe. The models of the used network
devices are real ones. Modeling is done for the following dynamic routing protocols: RIP; OSPF;
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EIGRP. Additionally, network modeling was performed using IPv6 and the following protocols:
OSPF v3 and RIPng. The exchange of different types of data on the network is modeled - files,
emails, work with databases. The influence of the individual protocols on the modeled network is
studied.

The modeling is done for both types of IP addressing - IPv4 and IPv6. In addition, a study
was conducted on what would be the response of the studied network when part of the network
parameters are changed. The models of the used equipment are real ones.

When using IPv4 addressing and RIP protocol it is noticed that the time delays are the
lowest, unlike when using the other protocols. This is due to the principle of operation of the
protocol. Although EIGRP is a distance vector protocol, it can be seen from the results, when
using the IPv4 addressing, that it acts as a link - state protocol. The convergence is the shortest
when using EIGRP. The longest convergence time is observed when using OSPF. When using IPv6
addressing, there is no difference in the time delay when using RIPng and OSPFv3. A difference is
only observed when observing the convergence time parameter, where the use of OSPFv3 leads to
a faster reaching it. Changing some of the network parameters - such as reducing the bandwidth
of part of the links, sending/receiving emails and working with databases - does not drastically
change the time delays. However, when working with a FTP server (sharing files with it) there is
an increase in the time delay due to the larger file size, as opposed to using email and databases.
As a result of the reduced bandwidth of the links, an increase in the time delay is observed when
using RIP, due to the frequent exchange of RIP messages (every 30 seconds).

I. Nedyalkov and D. Arnaudov, "Attacks and Security Measures of the Exchanged
Information in the Charging Infrastructure for Electromobiles,” 2019 IEEE XXVIII
International Scientific Conference Electronics (ET), Sozopol, Bulgaria, 2019, pp. 1-4.

Electric vehicle research is mainly focused on the hardware side - methods for charging the
battery, using different converters, improving efficiency, and more. Research should also be
directed to other aspects of the problem, such as communication between the various elements
that make up the communication network through which hardware is managed. In this paper, the
network architecture of a charging station operator is examined. An overview of the main
components of which it is composed and what function they perform has ben made. A thorough
review of the most massive cyber attacks has been made. They are examined separately and
examples are given of how an attack works and what happens after it. There are several ways to
protect the information exchanged on the carrier's communications network. Two of the proposed
methods use cryptographic methods. They are easy to implement and are applicable in the most
general cases - when data exchange between modules in the communication network is made via
the Internet. The third way to protect data in the network operator of the charging station is to
build own separate Internet network by using dark fiber. The advantage of this technology is the
security and protection of data in the network because it is a standalone, separate network that no
one has access to it. The downside is the significant financial investment and the possibility of a
significant delay in restoring of the network's functionality when troubleshooting over the optical
route due to the non-observance of the dark fiber by the telecommunications operator.
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3. Scientific publications in national and international scientific
forums

Ivan Nedyalkov, ,, Simulation study of a bi — directional converter, providing joint
operation between a rechargeable battery and a supercapacitor " , 12 National
conference with international participation , Electronica 2014", May 15, 2014, National
Science and Technical Centre 108 Rakovski Str., 1000 Sofia, Bulgaria, pp. 350 — 356,
ISSN 1313 - 3985.

This paper examines the possible modes of operation between a supercapacitor and a
rechargeable battery - buffer mode and operation through a bi - directional converter. A simulation
study of a bi - directional DC - DC converter made from two different integrated circuits is made.
The proposed circuit can be used in various hybrid Off - Grid systems with renewable energy
sources. The energy generated by the PV controller is sent to the load and to the battery. If more
voltage is needed, the energy stored in the supercapacitor can be used. Based on the simulation
studies, it can be seen that the circuit is suitable to provide co-operation between a battery and a
supercapacitor. In supercapacitor charging mode, the circuit provides a constant current charging
mode that can be set depending on the parameters of the PV controller and the supercapacitor. In
the mode of supplying energy from the supercapacitor to the load, the tested circuit works as a
voltage stabilizer, providing the required output voltage when the voltage of the supercapacitor
changes. The provided integrated circuits - Ul and U2 make it possible to implement different
algorithms for the photovoltaic system, the bidirectional converter and the supercapacitor.

Ivan Nedyalkov, Dimitar Arnaudov, ,Studying the working regimes of parts of a
photovoltaic system for power supply of a telecommunication equipment', XXII
National conference with international participation "TELECOM 2014°, 23 — 24 October
2014, National Science and Technical Centre 108 Rakovski Str., 1000, pp. 135 — 143,
ISSN: 1314-2690

In this work, the operating modes of a lithium-ion battery consisting of series connected
lithium-ion cells were carried out. The battery is part of a photovoltaic system for power supplying
of telecommunication equipment. In the work the principle of operation of the BMS (Battery
Management System) has been reviewed. Different variants for voltage equalization circuits for
series connected cells have been reviewed and studied. The work between the lithium-ion battery
and the supercapacitor is combined by a bi - directional converter, which is also the subject of the
study.

Experimental studies have been carried out on charging lithium - ion battery composed of
several series connected cells with and without the use of BMS. Simulation models of voltage
equalization schemes for series connected cells are presented. Experimental studies of charging a
lithium-ion battery with and without BMS confirm the theoretical results that the uniform charging
of cells requires the use of BMS. The simulation results of the proposed circuits for charging
energy storage elements show their ability to be used to charge rechargeable batteries and
supercapacitor battery without the need to use BMS to equalize the cell voltages. This is achieved
by the properties of the charging circuit.

Ivan Nedyalkov, Georgi Georgiev, "Studying of the elements of a system used for
power supplying of a telecommunication equipment”, Yearbook of the University of
telecommunications and post, Volume 11, Sofia 2015, pp. 47 — 52, ISSN 2367-8437

The development of the technologies in the field of semiconductor devices: smaller element
sizes, small electrical losses leading to less heat losses, high efficiency and other innovations, leads
to the creation of new solutions for providing power to different consumers, in this case of power
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supplying of the telecommunication devices and modules. The continuous expansion of
telecommunication networks leads to an increase in the number of telecommunications equipment
and modules. These modules and devices need uninterruptible power supply, which must be
guaranteed. The power supplying of non - serviced points from renewable energy sources is
becoming increasingly accessible due to the reasons mentioned above and the use of new
elements and technologies. The most commonly used renewable energy source is the sun, or
rather, a standalone photovoltaic power supplying system. This article reviews the elements of a
standalone photovoltaic power supplying system. Emphasis is placed on the bi - directional
converter in the system, and various circuits of bi - directional converters are considered.

As a result of the study, the following conclusions were obtained: the advantage of using a
single made bi - directional converter is: use a circuit that provides the charge and discharge of
the supercapacitor; the same elements are used when operating in both modes.

Disadvantages of the circuit: complex control system; as the reactive elements are used in
both modes of operation, it is therefore necessary to wait for some time during which the
accumulated energy in them is diluted. Once this energy is exhausted, the converter can switch to
its other operating mode. These circuits are therefore highly inert; the transition between the two
modes is slow; sophisticated circuit solutions must be used to achieve zero switching.

The advantages of using a bi - directional converter made up of two one-way converters
are: no complex control system is required to control the two instruments; in this embodiment,
zero switching can be achieved much more easily than in the previous embodiment; Due to the
fact that we have two separate converters, the reactive elements are not common and it is not
necessary to wait for a certain time to dissipate the accumulated energy in them in order to switch
the scheme to another mode. Therefore, the inertia here is much smaller.

Disadvantages: Greater installed power.

Experimental and simulation studies have been carried out on individual elements of the
power system. The simulation results show that the proposed converter is operational and
performs its intended functions. As a result of the experimental studies, a power characteristic was
constructed that shows the power generated by the photovoltaic panel in one day. This feature
can determine if the panel is properly installed and other statistics.

Dimitar Arnaudov, Ivan Nedyalkov, Georgi Georgiev, "Converters for energy storage
elements in telecommunication power supplying devices’, Yearbook of the University
of telecommunications and post, Volume I1, Sofia 2015, pp. 70 — 73, ISSN 2367-8437

Different types of energy storage elements (ESE) are applied to ensure the continuous
operation of communication devices and systems. The most common are rechargeable batteries
made of different types of chemical elements - NiCd, Li-ion, Li-pol, Pb. In recent years, with the
advent of nanotechnology and the decline in the cost of products manufactured using these
technologies, supercapacitors have become increasingly used as ESE. Another source of energy,
also used as ESE, is fuel cells. They are mainly used for fixed communication equipment. Although
portable fuel cells are already available on the market. When booking high power supplies,
flywheels are also used as ESE. These systems are mainly used as a buffer in the event of a
primary power failure until it reaches a standby power supply in nominal mode. At present, they
have insufficient efficiency, but with the ability to instantly deliver huge amounts of energy in a
short time. The purpose of this work is to present variants of the power converters used in the
energy storage elements and to present the results of studies of such converters. Simulation
studies of ready-made converters for ESE charging from world manufacturers have been carried
out. A new converter circuit is proposed for charging and equalizing the voltage across a series-
connected ESE. Simulation and experimental studies have been carried out with the proposed
circuit. Advantages and disadvantages of the proposed ESE charging circuit: the proposed
converter circuit is suitable for higher power applications; for the application of the new circuits at
low supply voltages it is necessary to use MOS transistors for power switches and also for the
realization of diodes in order to reduce losses; the proposed circuit allows for increased operating
frequencies and reduced product dimensions; a drawback of the circuit is the complicated
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algorithm of the control system, especially if MOS transistors are used instead of diodes; another
disadvantage is the complex construction of the matching transformer Tr. Separate transformers
may be used to avoid it under certain modes and wiring diagrams.

Todorka Shumanova, Ivan Nedyalkov, Gerogi Gerogiev, ,Innovative methods for
foreign language learning using information technology”, Yearbook of the University of
telecommunications and post, Volume 11, Sofia 2015, pp. 120 — 123, ISSN 2367-8437

In today's world of ever-evolving technology, where everything is almost in our pocket,
interactive learning is not in the background. More and more application developers are constantly
developing new, interactive teaching methods in various fields of science, such as geography,
biology, physics, and more. Language learning should also take advantage of these technologies,
which will make it easier to absorb the material, increase interest in children's language learning,
making it fun and interesting. In addition to being more interesting for young children, this type of
training would be useful for older people as well, with individual lessons being displayed on their
mobile devices: phones or tablets. This paper examines the new methods of teaching a foreign
language. New electronic and multimedia teaching techniques have been proposed. Various
examples of training using new technologies are presented. The use of information technology in
foreign language education leads to increased interest in learning. Facilitates teaching by using
many different examples to illustrate. Training can be done anywhere, anytime, with some
applications requiring mandatory internet connectivity. Practice shows that blended learning: face-
to-face and e-learning are highly effective when used together.

Dimitar Arnaoudov, Nikolay Hinov, Ivan Nedyalkov, "Main correlations in a resonant
inverter with reverse and limitation diodes”, National conference with international
participation , Electronica 2016°, May 12 - 13, 2016, National Science and Technical
Centre 108 Rakovski Str., 1000 Sofia, Bulgaria, pp. 119 - 124, ISSN 1313 - 3985

Resonant converters, and in particular resonant inverters, are increasingly used not only in
industrial electronics but also in everyday life. Their advantages are commonly known as: having
zero switching of power elements; reduced dimensions; achieving voltage smoothing with smaller
values of filter elements. Due to these advantages, these converters are also suitable for charging
energy storage elements (ESE) such as supercapacitors or rechargeable batteries. In order to
ensure the charge of these elements from the inverter, it is necessary to connect a rectifier. To
obtain different charge characteristics, resonant inverters with reverse diodes or resonant inverters
with limiting diodes can be used. Whatever one of the resonance inverter variants to choose, we
should also consider the possibility of equalizing the voltage across series connected ESE. The
proposed circuit of a resonant inverter with reverse and limiting diodes, in the present work,
combines the properties of the two circuit types. Another great advantage of the circuit is the
provision of voltage equalization on series connected ESE.

In this paper, the properties of a circuit of a resonant inverter with reverse and limiting
diodes are analyzed. Graphs have been constructed showing the main current ratios at different
stages of the supercapacitor charging process. Simulation studies of resonant inverters with
reverse and limiting diodes have been carried out. The studied circuit is in parallel connection of
the primary windings of the transformers of the rectifiers charging the supercapacitors. The
properties of the circuit are evaluated for drastic differences in the inductances of the windings.
Processes are also modeled at different capacitor capacitance values and voltages on them. From
the performed simulations and the comparison of the obtained results from the operation of the
circuit for two different values of the parameter "p", the following conclusions can be drawn:

e The presented circuit provides equalization of the voltage over the individual cells irrespective of
initial voltage over them, the difference in capacities of individual supercapacitor cells and
inductance of transformers;
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e Upon reaching a certain value of the voltage over the supercapacitor, the circuit begins to
operate as a standard circuit of a resonant inverter with reverse diodes. The voltage at which the
limiting diodes stop conducting depends on the value of the parameter "p". At higher value of
"p" the limiting diodes stop working at lower voltage on the supercapacitor;

e For larger values of parameter "p", the maximum value of the instrument current is lower;

e At higher "p" values, the circuit operates for a longer time, in the charging process, as a
standard resonant inverter with reverse diodes;

e The proposed variant of realization of rectifying groups, from separate blocks and parallel
connection of their inputs, provides an opportunity for modularity.

Ivan Nedyalkov, Georgi Georgiev, "CLOUD SERVICES - TOOLS FOR MODELING AND
SIMULATION’, XXIV NATIONAL CONFERENCE WITH INTERNATIONAL PARTICIPATION
"TELECOM 2016", 27 — 28 OCTOBER 2018, National Science and Technical Centre 108
Rakovski Str., 1000 Sofia, pp. 131 - 141, ISSN: 1314-2690

Cloud services are constantly evolving, as well as rapidly expanding computing systems
that are of interest to both industry and academia. Many experts believe that these services will
very quickly become dominant in the IT sector. As a result, universities are actively integrating
cloud systems into their curricula. The big problem facing cloud services is the lack of programs
that provide the ability to simulate and model these systems. In the present work, several
platforms offering cloud simulation and modeling will be reviewed. Also, through one of the
platforms, simulations will be made on given specific parameters and the simulation results will be
monitored. The report looks at the main services provided by cloud computing. Attention is drawn
to service models and their most generalized topologies. An overview of the services provided by
the cloud systems is available to users, departments and organizations. Attention is also drawn to
the different models of cloud services.

The following cloud simulation software and tools are reviewed - CloudSim, OCT,
GreenCloud, and are briefly analyzed and highlight the main advantages and disadvantages. The
simulation program - GreenCloud is selected. The performed simulations are for: the possible
consumed energy, the CPU traffic of the different servers from the simulated cloud, the nhumber of
performed tasks by the virtual machines in the cloud, the traffic indicating the load of the data
center, the load of the individual lines connecting the switches.

As a result of the simulations, the following results can be summarized: the assigned
network (cloud) handles the specified tasks, and the load is far from the maximum possible, the
aggregation network is the busiest, there is a low connection load and a large capacity in the
reserve ( given specific tasks) for that particular cloud model. The modeled cloud can be used as a
private, public, and hybrid cloud.

Georgi Georgiev, Ivan Nedyalkov, "Review of software environments for modeling IP -
based networks", NATIONAL FORUM "ELECTRONICS 2017°, May 18 - 19, 2017
National Science and Technical Centre 108 Rakovski Str., 1000 Sofia, pp.59 — 64, ISSN
1313-3985

Network virtualization and simulation tools are an alternative that allows network designers
and developers to deploy multiple network computers, hosts, and routers in a virtualized
environment in a cost-effective way to validate and test new network protocols and validate a
specific network algorithm. Network simulators can be categorized based on their purpose and
functionality, to very simple or complex, paid or open source simulators. A simple simulator can
mimic a small network topology by specifying the nodes, data connections between those nodes
and network traffic, but one complex can emulates many different types of network devices and
communication protocols for processing network traffic.

The paper reviews different environments for modeling of IP - based networks. Through
these environments, networks that are composed of different network devices - routers, switches,
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workstations and others - can be modeled. For each of the examined platforms, a brief description
of its capabilities and functionalities is provided. One program environment was selected and an
IP-based network was modeled and tested. The selected software environment is GNS3. It can
work with operating systems of real network devices. It can model different topologies with real
network devices. The program allows the implementation of various protocol analyzers in it. In this
way, it will be possible to make preliminary measurements and monitoring of the network before it
is built and put into operation. The tested program can also be used for training purposes, to train
future specialists in maintaining and monitoring IP-based networks.

Nedyalkov, 1v., Georgiev, G., ,Using "Opnet"” for e-learning ON telecommunication
networks”, International Scientific Conference UNITECH 2017, 17-18 November 2017,
GABROVO, Technical university — Gabrovo, Volume 2, pp. 214 — 221, ISSN 1313-230X

Computer networks are everywhere in the world. They are used by many and different
users, households, schools, and more. Specialize in designing these networks, always asked
themselves "What happened if:"

o What will be the delay of the network if the number of the subscribers increases more than
twice?

o What will be the network load during peak traffic?

o How will traffic be diverted if one of the routers does not work?

¢ Others.

To answer this, it is impossible to experiment with real working networks. Thus is suitable
to use telecommunication network modeling programs. One such program is Opnet. This paper
reviews a product that can be used for simulations and studying of telecommunication networks
and IP-based networks. The program allows students to gain skills and knowledge to solve various
technology cases in the IP-based telecommunications networks. The program is suitable for
training specialists of telecommunications and computer technology. A model of an IP-based
telecommunications network that works with a dynamic RIP routing protocol has been created.
Video conferencing between wireless workstations in two separate networks but connect to each
other has been created. By the carried out simulation study of the two developed case studies, the
operation process in the two network models can be observed. Additional it is possible to simulate
any kinds of network failures and to observe the network reaction to them, as is made in the two
case studies. The Riverbed Model can be used to train students and telecommunications network
professionals. It allows modeling of different events on a network. This is especially useful for
students who are trained in planning and designing telecommunications networks. In this way,
they may become aware of any problems that might arise in their practice. Riverbed Modeler
enables you to monitor a wide range of parameters required for network design, such as: traffic
loads, line loads, network device loads, packet exchange, voice or video transmission traffic, and
more. Through the program, various case studies can be created to test students' knowledge and
ability to identify the causes of problems.

Ivan Nedyalkov, Georgi Georgiev, "Using GNS 3 for e — learning on IP based
telecommunication networks”, 25TH NATIONAL CONFERENCE WITH INTERNATIONAL
PARTICIPATION TELECOM 2017, 26 — 27 OCTOBER, National Science and Technical
Centre 108 Rakovski Str., 1000 Sofia, pp. 71 - 74, ISSN: 1314-2690

Telecommunication networks are constantly expanding. New and emerging technologies
and services are provided to consumers. Because of this rapid growth, it is necessary to have
trained personnel able to maintain this equipment. In order for specialists to be prepared at all
times, they must be continuously trained. Network equipment is expensive. Not all schools can
afford to purchase such equipment. It is therefore appropriate to use software environments that
simulate or emulate such equipment. GNS 3 (Graphic Network Simulator 3) is a program
(environment) for emulating network devices such as: routers, switches and more. The
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environment allows for simultaneous work between real and virtual devices. GNS 3 is used by
many organizations and specialists in telecommunications networks to prepare them. A network
can be modeled in this environment before being physically implemented. In this article, a
platform for modeling IP - based networks - GNS3 is proposed and discussed. The environment
allows to model IP-based networks with models of real network devices from leading
manufacturers. This allows GNS 3 to be applied to the training of students or close network
professionals. The environment allows connecting the modeled network to real networks and to
the Internet. The platform offers the opportunity to work with programs for monitoring of IP
networks. This makes it possible to monitor the processes in the modeled network before it is
implemented. GNS 3 can create different technical cases to test students' knowledge in real-world
practice situations. As such, they will be prepared for such situations.

In the paper, simulations of various network topologies have been performed to
demonstrate the basic functionality of the program. GNS 3 is designed for advanced users and
network professionals. The program emulates real operating systems on network devices. There is
no lack of functionality as with some other programs. Students configure devices through a
"terminal" like real Cisco devices. GNS3 enables collaboration between the modeled network and a
real one or collaboration with the Internet. GNS3 offers integrated work with various applications
for monitoring of IP - based networks. This will allow network developers to gain an idea of how
their network is designed before it is put into operation. With GNS 3 it can be created various
technical problems and cases to test students' knowledge and skills in identifying and solving
technical problems that might occur in practice.

4. Scientific publications in peer-reviewed journals

Dimitar D. Arnaudov, Nikolay L" Hinov, Ivan I. Nedyalkov, "Comparison between
circuits for charging and voltage balancing over series connected elements for energy
storage”, journal "Elektrotechnika & Elektronica E+E”, Vol. 50. No 11-12/2015, pp. 11
- 18, ISSN 0861-4717

With the development of the modern technology and the need for green power,
photovoltaic power systems are becoming increasingly available. Therefore, the energy they
generate needs to be stored, the goal is to store as much of that energy as possible in energy
storage elements. Such elements are lithium batteries and supercapacitors. Advantages are widely
known. One of their main disadvantages is the low voltage on the individual cell. To eliminate this
drawback, the series connection of these cells is used to obtain the desired higher voltage. The
problem that arises is the need to balance the voltage over the individual cells. The not balancing
of the voltage leads to a number of problems, such as: shortening the life of the cells, improper
workloads, recharge and overload capabilities, and other problems. These problems are eliminated
by the use of additional circuit solutions, which in most cases are active or passive balancing
methods. There are different charging schemes and methods for charging these elements: charge
via switching converter and charge with linear converter. Regardless of which of the two charging
methods is used, the charge of lithium batteries made up of series connected cells requires the
equalization of the voltage across the individual cells. Therefore, it is hecessary to use circuits that
simultaneously charge and equalize the voltage across individual cells. In the work a comparative
study between two circuits for simultaneous charging and voltage equalization is made. In-depth
simulation studies were conducted to study the changes occurring in the modes of operation of the
two circuits when charging series connected battery cells. On the basis of the obtained results,
characteristics have been constructed which can be used to evaluate the properties of the
synthesized circuits. In the circuit with limiting diodes, due to its constant charging capacity, we
have small variations in the charging currents and the current consumed by the source.
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Dimitar D. Arnaudov, Nikolay L" Hinov, Ivan I. Nedyalkov, “"Characteristics of an
electronic converter for super capacitor charging’, journal “Elektrotechnika &
Elektronica E+E”, Vol. 50. No 7-8/2015, pp. 7 - 13, ISSN 0861-4717

Supercapacitors are promising energy storage units thanks to their advantages over classic
energy storage units. Due to the relatively high costs and low gravimetric energy density, the
supercapacitors should be used in conjunction with a rechargeable battery. To use supercapacitors
in an energy storage system, it is necessary to use a bi - directional converter. The converter is
required to control the energy flow from / to the supercapacitor. In the present work, the bi -
directional converter is made of two unidirectional converters. In the work, the studied converter
ensures the collaboration between the photovoltaic system and the energy storage element -
supercapacitor. It manages the energy flows from and to the supercapacitor. Simulation and
experimental studies of the power section of the system have been carried out. The main
characteristics of the studied converter are constructed and presented. The studied converter is
further developed with CL - filters added to the output of the rectifiers. Simulation studies of the
converter with the added CL - filters have been carried out. A LabView-based control system was
developed for the experimental studies.

On the basis of the carried out research the following was established: the developed
circuit of the converter for control of the energy flows at charging of series connected
supercapacitor cells ensures the charging of the cell of the supercapacitor with the lowest voltage
on it. This is one of the necessary conditions for the implementation of the proposed algorithm for
energy flow management. After equalizing the voltage across the cells of the supercapacitor
battery, the circuit charges all the cells simultaneously. Adding a CL - filter to the circuit ensures
constant current charging. The CL - filter does not change the operation of the proposed
converter. The obtained characteristics of the current through the elements make it possible to
evaluate the qualities of the proposed circuit. In addition, they can be used for the design of the
proposed circuit.

Assist. Prof. Ivan Nedyalkov, PhD
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