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BU3HEC ILJIAH 3A YCTOMYUBO IMPUJIOKEHUE HA UTHOBATUBHHU ITPOAYKTH
BUSINESS SUSTAINABILITY PLAN FOR INNOVATIVE PRODUCTS

SAnura /I. YepHoroposa

Pe3stome: IlpencraBeH e OuM3HEC IUIaH 3a YCTOHYMBO TNPHJIOKEHHE HAa HMHOBATHBHUTE
MPOJYKTH, pazpaboTenu no npoekT MaXIMA, Ha cBoOoaHus nma3ap. OnucaHu ca eTanuTe
Ha pa3paboTKa Ha OM3HeC IUIaHa, aHATM3UTE J0BEIH 10 (OpPMYJIUpaHe Ha OCHOBHHUTE LIEJIH U
neuHUpaHeTo Ha HEOOXOAMMUTE ICHHOCTH 32 TIOCTUTAHETO Ha TE3H LISIH.

KarouoBu aymm: OusHec miiaH, MyITHUIUIHLIHPAHE HA PE3YNTaTH, HAYIHOU3CIECIOBATEICKH
MIPOEKT, MIPUIIOKEHNE HA IPOIYKTH, YCTOWYNBOCT Ha PE3YNTaTH

I. BBBEJIEHUE

Ot rogunu EBpoma ce cTpeMu Aa mpeojponee
,»EBpONEMCKUS mapajgokc™ M Ja MPEeKOCH T.H.
»JloJMHAa Ha cMbpTTa®. ToBa € mpomacTTa WIH
JUICBAIlaTa BpPb3Ka Ha BIUSJHUE HAa BUCOKHTE
HAay4YHUTE TOCTIKEHUS BBPXY HMKOHOMMKAaTa Ha
EBpomneiickus cpto3 (EC) cnen nHampaBenure
WHBECTHIIMM 32 pa3BUTHE Ha HWHOBALIMUTE.
Paznuunu cTpaTerun u Mepku 0sxa MpeanpUeTH 3a
W3rpakJAaHe Ha ,,MOCT MEXKIy HWHOBAIUUTE U
nmazapa u BbIpekn ToBa EC orcThmBa mo To3u
nokaszaten Ha HOxna Kopes, CAILl u Snonus, a
Kuraii HaBakcBa ¢ TEMI IIET TBTH MO-TOJISIM OT TO3U
Ha EC. EBpomeiickata KOMHCHS OmIpenens TO3U
(dakT Karo egHa OT Hai-rosemMure ciabocTu M
CBIIEBPEMEHHO IIPEIU3BUKATEICTBO 3a EBponall].

OTroBopsT Ha ChIO3a KBbM TOBa
MPEAN3BUKATEIICTBO € Hal-rojiiMaTa B HCTOPHUSTA
pamMKoBa mporpaMa 3a HAyYHH H3CJIEIBAHUS H
nHoBanuu  ,,.XopuszoHt 2020“. Kato mbpBO-
CTEeTeHEeH (PMHAHCOB MHCTPYMEHT 3a Pa3BUTHE Ha
Hay4YHOM3CIIEOBATENICKAaTa JIEHHOCT B CTPaHUTE-
YIEHKH, OT MporpaMara ce O4akBa Jia JIOBeAe 0
MoBeYe NMPOOUBHU, OTKPUTHUS U HOBOCTH B CBETOBEH
Maia0, KaTo MOMOrHe Ha TOOPHUTE HICH J1a M3JI13aT
om nabopamopusama na nazapa [2].

@OKychT € HacouyeH KbM  BBPXOBUTE
MTOCTHXEHHS ¥ IPOEKTHH MPEATIOKEHUS, KOUTO IIIe
NpEeBbPHAT MHOBATUBHUTE HUAEU B KOHKYPEHTHHU
MPOAYKTH U YCIYTH C MO-BUCOKA CTOMHOCT CIIPSIMO
BIOKeHUTe cpeactBa. C Apyru OyMH, TBPCAT ce
ycmoituugume  npoekmu, TE€3H KOUTO 1€
JOTIPHHECAT 3a Pa3BUTHETO HA MKOHOMHUKATA U CIIe]T
Kpas Ha )KM3HEHHS IIUKBJ Ha MPOEKTa, Te3N KOUTO
SICHO MPEACTaBAT IBJITOCPOYHA CTpaTerus u
Bb3MOXXKHOCTU 33 peajlu3upaHe Ha KpalHuTe
MNPOAYKTH WM YCIYTH Ha ras3apa.

Kato mnocneguna ot wmepkute Ha EC,
(UHAHCHpAIIUTe HAYyYHH W3CieaBaHus (OHIOBE,
MOCTaBAT M3MCKBAaHWS 32 BKJIIOUBAaHE Ha OH3HEC
IUIaH KbM caMust GopMyIIsp 3a KaHAWAATCTBAHE WIN
KaToO JOIIBJIHHTENIEH NOKYMEHT. To3u moaxox Ha
CelIeKTHpaHe Ha TMPOEKTHU TMPEeAJIOKEHUs ce
odepTaBa KaTo TpaliHa TEHAECHINA, HEIO TOBeYE, B
MHOTI'0 OT CJIy4auTe € IbPBUYEH €Tal 3a Moa00p Ha
YCTOMUYUBHTE MIPEIIIOKECHMUSL.

®dakTeT, e camo nBa oT Hax 10 xwmasamm
(uHAHCHpaHU TMPOEKTa MO mporpama XOPH3OHT
2020 ca ¢ KoOOpaAUHATOp OBITAPCKH YHUBEPCUTET
/emuanAT, OoT Kouto MaXIMA/, HeIBYyCMHUCIIEHO
CBUJIETEIICTBA 32 HYXJaTa OT MPOMSHA B TIOXOAa
Ha pa3pa00oTKa Ha HAy4YHU MPOCKTH y HAC, KaTo
aKkIeHTa Cce€ TIOCTaBH BBPXY JBJITOCPOYHATA
CTpaTerus 3a MPUIoKEHNE Ha Pe3yITaTUTe.

B KOHTEKCTa Ha TOPEU3JIOKEHOTO, EKUIBT Ha
MaXIMA (www.maxima-tuv.eu) BKJIIOYM B
MPOEKTHATA CH HJIesl pa3pabdoTKaTa Ha OU3HEC IUTaH
32 YCTOMYMBO TIPHIOKCHHE HA WHOBATHBHHTE
HPOAYKTH Ha Ia3apa.

ITogueprano, HAYYHUTE €KUIIN Y HAC U3I0J3BAT
u ce orpaHu4aBar B peaACTaBAHETO Ha
pa3paboTKUTE CU MPEIUMHO B HAYYHU CITUCAHUS U
TeMaTHYHu KoH(epeHuuu. He BuHarm TtoBa ce
OKa3Ba TMOJAXOsAIaTa, OlarojatHa TEPUTOPHS 3a
cpellla Ha B3aUMHHUSA HWHTEPEC MEXKAY YYCHH U
MOTEHIMANHN Ou3Hec mapTHhopu. Hero moseue,
YHHBEPCUTETHT HE € NIPUIIO3HAT KaTo CTpaHa B
€JIHO OM3HEC CHTPYTHUYECTRO.

Ilopanu  TOBa, 3a  HPEACTABIHETO U
MO3UIIMOHUPAHETO HA WHOBATHBHUTE CH MPOIYKTH
Ha cBoOoaHMA nazap MaXIMA pa3zuynu ma0ioHa,
XapaKTepeH 3a Hay4YHOU3CJIE0BATENICKUTE CPEeaY,



»/IHoBaumn v busHec” 2017 r.

4pe3 [puiaraHe Ha Ou3HeC MOJIEN 3a peanu3upaHe
Ha CTpaTerusira Cu.
II. IPEABAPUTEJIHU ITPOYYBAHUA

Crensaiiky OM3HEC MOAEITUTE 3a pa3paboTKa Ha
OW3HEC TUIaH, CKHWITbT CTapTHUpa C AaHalu3 Ha
BBHIIIHATA U BHTPEIIHATA CPE/a.

1. AHaju3 Ha BHHIIHATA cpeaa

[o oTHOMmEHNE HA BBHITHATA cpefia 0sxa
MPOYYCHU:
e [IpaBHara pamMKa Ha CTpaHaTa;
e (OOKpBKaBamaTa cpesa;
e [lorpeburenure.

AHanmu3upaHu 0sixa HOPMAaTHBHUTE aKTOBE,
Kacaelld BHUCIIETO OOpa3oBaHHME U HayKaTa.
Oco0eHO BHUMaHHE ce OObpHAa Ha NMPOMEHUTE B
3akoHa 3a BUCIIETO 00pa3oBaHKe, KbJIETO 32 IbPBU
IIBT C€ pEryaupa CTPYKTypara, yIpaBJIEHHUETO U
nerHocTTa Ha M3cieno- BaTeICKUTE YyHUBEPCUTETH.
B3se ce mox BHMMaHKE BB3MOKHOCTTA 32 Pa3BUTHE
Ha HAy4YHO- TPOM3BOACTBEHA JEHHOCT, KAaKTO W
peanuzanuara Ha CH3IaJACHUTE
HAYYHOM3CIICNIOBATEICKH DPE3YyITaTH W JOpYyru
O0CKTH Ha WHTENEeKTyallHa CcOOCTBEHOCT. BbB
¢dokyca Ha H3cieBaHeTo Oelle U akTyaIr3upaHaTa
Hanmonanua ctpaTerus 3a pa3BUTHE Ha HAayYHHTE
W3CIEBaHMSA, YUATO Wed € Ja IOBHUIIN
pe3yATaTHOCTTA u e(eKTUBHOCTTA Ha
Hay4YHOM3CIIefoBaTeIcKaTta JIeHHOCT B IMoj3a Ha
HKOHOMHKATa 1 0011ecTBOTO [3].

[Ipensun pa3HoOOpa3ueTo Ha MPOAYKTHTE U
YCIYTHTe, pa3yiaTar oT ASHHOCTTa Ha eKuma, 0sxa
HalpaBeHHU pelulia MpeABAPUTENIHN POYUBAHUS,
HacoyeHM KbM pailoHa Ha pas3NpOCTpaHEHUE U
OTAEITHUTE MOTEHIHAIHH HOTPEOUTEIH.

AHann3upan 6erie MKOHOMUYECKUAT Ipodui Ha
BapreHncka 00s1acT U XapakTepHUTE MY JIJI0BU

IMponopuru, KakKTo u HCMOI‘pa(bCKI/IH INOTCHIIMAJI Ha
HNKOHOMHWYCCKHUTC,
06pa3OBaTeJ'IHI/I 1 COIIMAIIHHM BB3MOXKHOCTH, KOUTO

permona, Ha 0Oa3aTta Ha

npejiara.

3a COHAMPAHC MHCEHUCTO Ha IOTCHIHUAJIHHUTEC

norpeburenn Oe pa3npocTpaHeHa aHKETa
npeJBapUTEeIHA OlICHKA Ha MPOJYKTHUTE.

2. AHaJau3 Ha BbTpelIHaTa cpeaa

AHaNM3BT HA BBTPELIHATA cpea 00XBaHa:

e HopmatmBHata ypemba ©Ha TexHHYecKH

yHUBepcuTeT- BapHa;
e MarepuanHara 0asa;
e Kanpure.

HampaBenute mnpomeHu BBB

PBKOBOJICTBOTO M M30paHaTa MOCOKA Ha pPa3BHUTHE.

[peueneno Oeme CHCTOSIHUETO

WHPACTPYKTypaTa, TEMIIOBETE U BH3MOKHOCTHTE

3a OChbBpEMEHSABaHE Ha MaTepuaiHaTa 6asa.

be wHampaBeHna olleHKa Ha Hal-TUHAMAYHATA
BEITMYMHA XapaKTepu3upalia BbTPEIIHaTa cpefia oT
TIIeHA TOYKA Ha TMPOMSHA B KOMIIETCHIIUUTE,

OonuTa, TCKy4€CTBOTO — KaJIpUTEC.

[lpoyuBaHusita Ha cpemaTa CIIOMOTHaxa 3a
n3rorBsaero Ha SWOT ananu3 (¢wur.1), koiTo ce

H3M0JI3Ba OT CKUIIa KAaTO HUHCTPYMCHT

OIIPCACIIAHC Ha CTpAaTCrusATa, paMKaTa Ha pa3BUTUC

Y IUIaHAa Ha JICUCTBUE.
II1. PABPABOTKA HA BU3HEC IIVIAH

Ha IIBbPBO MACTO € Ba’KHO 1A CC OT6CHG)KI/I, qc

CuJjHM cTpanu Caabu cTpaHu

- barocpoyna cTpaTerus B -
OopraHu3anusaTa -

- bnaronpusiTHO MecTOnOJI0KEeHNE -

- OnuTeH ¥ MOTUBHPAH E€KHII

- ColGcTBenn codTyepHH pa3paboTKu -

- KonkypenTtHa ceOecToiHOCT Ha
MPOAYKTHUTE
Bob3MoxHOCTH \

- 3acuiBaHe Ha HALMOHAJIHATA MOJKpera -
3a Hay4Ha JIeHHOCT -
- Hanmonanna  w/mimum  MeXIyHapoIHA
aKpeauTanus Ha KypCOBETE -
- YTBBpXKaBaHe Ha Maszapa
- PasmupsBaHe Ha CbTPYAHUYECTBOTO C
JIpYT'Y YHUBEPCUTETH
- CpBMecTHA IEHHOCT C YaCTHHUS CEKTOP

OrpanndeH Opoii eKCIIEPTH B OpTaHU3AIHATA
Hucsk nMumK B HayYHUTE Cpean

Jlumica Ha cChbBpEeMEHHa MaTepHanHa 0asa 3a
Hay4yHa JeHHOCT

Jlurnca Ha MapKETUHIOB OIUT

3amiaxn ‘

HC3aI/IHTep€COBaHOCT OT CTpaHa Ha OusHeca
3acuiBaHe Ha KOHKYPCHIUATA MCKIY
YHUBEPCUTCTUTE B PETUOHA

Cnmabu TemMmoBe Ha BHCAPSABAHE
TEXHOJIOTUN

Ha HOBH

®ur. 1 SWOT ananus

7

BBTPEIIHUTE
npaBwiHu Ha TY-BapHa, ¢ xouTo ce BbBene
(GUHAHCOB CTUMYI 3a T€3M, KOUTO pa3paboTBar H
y4acTBaT B HAay4HH NPOEKTH, 3a IMyONHKaUuu U
LUTHPaHus B pedepupaHd H3AaHUs, KaKTO U
OTKpUBaHeTO Ha HayuyeH MHCTUTYT B CTpyKTypaTa
Ha YHUBEpPCHUTETA, SICHO odepTaBa CTPEMEXHUTE Ha
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Ou3HeC IUIAaHBT € ChCTABHA U CHIIECTBEHA YaCT OT
no-BceoOxBaTeH Crtparernvecku rwiaH (¢ur.2) 3a
IBITOCPOYHO MYJITHUILIMLKMPAHE HA PE3YNTATUTE OT
neitHocture mo mnpoekt MaXIMA, upe3 koiTo
EKUIIBT C€ CTPEMHU J1a IOKPHE BCUUKH OIPEACIISLIH
(dakTopu 3a MOCTUraHe Ha YCTOMYMBOCT Ha
pe3yaTaTure.

busHec mutaHBT cUcTeMaTH3Wpa TPOIECHUTE U
JNEHHOCTUTE 3a YCTOWYHMBO pa3BUTHE HAa MPOEKT
MaXIMA wu ciex NPUKIIOYBAHE HA >KU3HEHUS
OMKBI Ha TpoekTa. [maBHaTta mem e ma ce
MYJITUILTALUPAT PE3YNTATUTE B JIBJITOCPOUCH TIJIaH.

1. Onpenessine HA LeJUTE U 1eHHOCTUTE

buznec miaHbT € pa3paboreH Ha Oa3ata Ha
MPOYYBAHUS M aHAIN3H, Ype3 KOUTO ca M3BEICHH U
pa3pabOTeHH  JCHHOCTHTE, HEOOXOMUMH  3a
MOCTUI'AHETO HA OCHOBHHTE LICITH.

Tpute OCHOBHU 1ieNnH ca:

e HaOupaHe Ha KpUTHYHA Maca OT EKCIEPTH;

e PasmupsBane Ha MIPOIYKTOBOTO
mopT¢hoJIno;

e PasmpocTtpaHeHue Ha  pe3yiaTaThre U
pasmmpsiBaHe Ha chepuTe Ha MPUIIOKECHUE Ha
MIPOIYKTHTE.

IenmuTe ce aBsIBAT M OMpPENEIAIIN €IEMEHTH Ha
IMKbJIa Ha pasButhe ((ur.3) oT miegHa TOYKa Ha
KOpeJIaTUBHATA BPb3Ka MEXKAY TSX.

CTPATETMHECKK
NAAH

YTIPAB/AEHWE HA

MJIAH 3A KAYECTBO PUCKA

Jedunupanero Ha aneKBaTHUTE JNCHHOCTH 3a
M3IIBITHEHUETO Ha BCSKA OCHOBHA IIEJI TapaHTUpa
ycrexa Ha IMKbJIa Ha Pa3BUTHE U Ch3J1aBa YCIOBHS
3a HEroBara MOBTOPSIEMOCT.

N

IIPHAGHEHNE HA NPOEYKTHTE

T i
HOBM UNBHOBE M BHIE

\_

@ur. 3 Llukbs Ha pa3BUTHE Ha OU3HEC IUIaHa

1.1 Habupane Ha KpUTHYHA Maca OT eKCIIepPTH

3a MOCTHraHeTO Ha IbpBaTa i€ CE OMpenesn
HEOO0XOIMMOCTTa OT U3IIBIIHEHUETO Ha IBE OCHOBHU
JEHMHOCTH — MpPUBIMYAHE Ha KaJpu U TIXHOTO
JOIIBJIHUTEIHO 00yUeHHE.

AHanmu3bT Ha  BB3pPACTOBUTE,  KBaIU(H-
KAaLlMOHHU W 00pa30BaTeNHU XapaKTEPUCTUKU Ha
YJIEHOBETE HA EKHIIa M0Ka3a, 4e TOH Ce OTHACS KbM
Taka HapeueHWs KpYyLWIOBUAEH THN ,JbPBO Ha
BB3pacTTa’. XapakTepHOTO 3a TO3U THI CTPYKTYpH
e, 4e mpeoOyazaBaT MJIQJUTE KaJpu U Te3U Ha
cpenHa Bb3pacT. 3a TaKMBa OPraHU3ALUH € BaXKHO
Jla ce B3eMe IpeIBUl He0OXOJUMOCTTa OT CPEICTBA
3a oOyuenume u kBanudukauus. [lopamm Tasum
MPUYHMHA U B THPCEHE HA MaKCHUMallHa

BU3HECTNAH

HabupaHe Ha KPMTMYHA MaCa O
excnepTM

PasumnpsisaHe Ha NPOAYKTOBOTO
noptdonuo

PasnpoctpaHeHue Ha
pesynTaTMTe U pasWwMpABaHe

chepuTe Ha NpUNoIeHHe

MpuBAWYaHE Ha KaapPH
MposegaHe Ha Kypcose
CodyTyepHH NPOLYKTH

Ob6y4eHne Ha HOBUTE Kaapu

MpogyKtv, paspaboTteHu Ha 30
npUHTEpH
Yuyactve B HayuHo-
WSCAen0BaTeNcHU MPOEKTI
MapKeTHHroBa cTpaterns sa
pasnpocTpaHeHue
DuHaHCOB NAaH

®wur.2 Ctpykrypa Ha CTpaTernuecKkus miaH

e(l)eKTI/IBHOCT, CKHUIIbT MHBCCTUPA B IIOBUIIIABAHC
HHUBOTO Ha HAYyYHHS KallallUTCT Ha CBOUTE YWICHOBE
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Y TIPHUBIIEYCHNTE MIIAAH y4eHU. ToBa € U enuH OT
CIUIHO MOTHBHpammuTe (akTopm 3a TpPUCHE-
IUHSIBaHE KbM M3CIIEIOBATEIICKUS SKHUII.

Hapen c ToBa, ce paboTH BBpXY HyOTUUHUS
UMUK Ha TOCTM)KGHUSTa Ha €Kula, a Ha
NOTCHIIMAJTHATE  KaHIUIATH C€  MPENCTaBAT
BB3MOXKHOCTHTE M TEPCIIEKTHBHUTE 32 KapHEpHO
pa3BUTHE U TOJIOKUTEIHUTE CTPAHU OT y4acTHE B
Hay4yHa JIe{HOCT.

1.2 Pa3mmpsiBane Ha MPOAYKTOBOTO MOPTHOIINO

3a onpenieNITHETO Ha JEHHOCTUTE 3a MOCTUTaHe
Ha BTOpaTa LeJ — pa3lIupsiBaHe Ha MPOIAYKTOBOTO
mopTd oo, OIpenensmo Oe eKclepTh3ara Ha
YJICHOBETE Ha €KHIIa, THPCEHETO Ha 1a3apa, MbJIHUS
KalmaluTeT W BB3MOXKHOCTH 3a OeHepur oT
HAJIMYHOTO 00opyaBaHe M MarepuanHa 0a3a,
TOTOBHOCTTA 32 peajH3upaHe U IPUIOKCHUE Ha
MMPOAYKTHUTEC, KAKTO U TCXHUTEC NMPECANMCTBA.

AHanu3bT MOKa3a BB3MOMKHOCT 3a npeajiarale
Ha CJICAHUTEC NPOAYKTHU U YCIIYyI'U:

e [IpoBerkaHe Ha CHEHATU3UPAHU KyPCOBE;
o CopryepHH IPOTYKTH;

¢ 3D MozenupaHe U NPUHTUPAHE;

¢ Hay4yHou3cne10BaTesICKH POEKTH.

1.3 Pasnpoctpanenue u
MPOAYKTHTE

MPUIIOKCHUC Ha

HeliHocTHUTE CBBP3aHU C PA3NPOCTPAHEHUETO Ha
pesynrature  oOxBamar  paspaboTkaTa  Ha
MapKEeTUHIOBa CTpaTerust W jAerailieH guHaHCOB
IJ1aH.

MapxkeTuHroBara cTparerus oOxBara
ONIPE/ICIISIHETO HA Ta3apHUsl CETMEHT, OYaKBaHATa
nazapHa [O3WIHUS, MAapKETHHIOBUTE IeH U
MapKeTUHTOBHsI MUKC. JlerHUpaHu Osixa eJieBUTe
TPYIH OT KJIMEHTH Ha BCEKH €IUH OT HPOIYKTHTE,
Kato ce QopMupaxa TpH OCHOBHH CETMEHTa OT
MOTPEOUTENH B paMKUTE HAa CHBKYITHHSI BHTpPEIICH
nazap. 3a peanu3MpaHEeTO Ha OYaKBaHATa Ma3zapHa
no3uuusi 0sixa ONpeAeieHH KpPaTKOCPOUHH U
OBITOCPOYHA TIETM C TOYHH M H3MEPUMHU
KonuyecTBeHH  mnapamerpu. Ilo  oTHomeHue
OTIPENENITHETO Ha MapKETHHTOBUS MUKC, CKHITBT
B3€ MPEJBUJI XapaKTEPUCTUKUTE W OYaKBaHUATA HA
pa3IMYHUATE 1EJIEBU Tpymu. Taka YeTHpPUTE
CJIEMEHTA Ha MAapKETHHTOBUS MHUKC — TPOIYKT,
1IeH000pa3yBaHe, AUCTPUOYIHMSA U IPOMOIHS, ca C
pa3nuyHa TexecT W (POKyC 3a OTAETHUTE Ha3apHU
CErMEHTH.

Pa3paboTtkara Ha QUHAHCOBUST IUIaH OOXBaHAa:
e OnucaHue Ha Hy)KHUTE HayaJIHU CPEJICTBA

® Bp3MOKHOCTH 32 HabaBsIHE Ha CPEICTBA

e Koii mie ympasisiBa cpesicTBara

e Kak 1 3a KakBo IlIe Ce U3pa3xoBaT
cpelcTBaTa

e [IporHozen roawmmieH TUIAaH (TPUXOIHO-
pa3xomHa IJIaH CMETKa)

e llkoHOMHUYECKa OIICHKA Ha OM3HEC IU1aHa

e [IpocneAMMOCT U3MBIHEHUETO Ha MJIaHa

ChIIecTBEHO 3HAYCHHWE TIPH WM3TOTBSHETO Ha
(vHaHCOBMSA TUIAaH WMalle Ch3JABAaHETO Ha
PEANTMCTUYHU, TOCTHKUMH NMPOTHO3U. ToBa O€ euH
OT HAW-TPyOHWTE eTamW, NPEABHJA JHICAaTa Ha
HUCTOPHUSI W BB3MOXKHOCT 32 CBIIOCTaBUMOCT C
MPEAXOHA MOJICIIH.

2. OnpenesisiHe CTPYKTYpPaTa HA yHpaBJeHue

3a ynpaBIeHUETO ¥ KOHTPOJIA 10 U3IbIHEHUETO
Ha OM3HeC IUlaHAa ce OINpelenH HepapxuuHarta
3aBUCHMOCT ((pur.4), ponsita ¥ OTTOBOPHOCTUTE HA
BCEKH 4JICH Ha €KHIIa, IPOLETyPHUTE 3a B3eMaHe Ha
peuieHus.

MeHUKBPBT KOOPAUMHUpPA JACHHOCTUTE Ha
eKumna, IulaHupaHu C pemeHue Ha CobBera,
pasnpezens 3a1a4uTe MeKAy YICHOBETE Ha €KUIIa U
ClleAM 3a TAXHOTO M3INbJIHEHHe B cpok. Or
YJIEHOBETE Ha EKWIla CEe O4YaKkBa Ja JOKJIaABaT
CBOGBPEMEHHO 32  BCSKO  WACHTH(UIMpAHO
otknoHeHune. HMHdopmanmsara ce o0cbxkaa oOT
CeBera Ha MaXIMA 1 nipu HyXz1a ce IpeAnpuemMar
MOJIXOJISINA KOPEKTHBHU JieiicTBusi. ChoOpazeHara,
C IPOMEHHMTE Ha JMHAMUYHATa Ia3apHa Cpeaa,
aKTyanu3anus Ha OU3HeC IJIaHa € 3aAbJDKUTEIHA U
aJIeKBaTHA PeaKLusl.

Ponsita Ha pBere BTOpMYHM 3BEHa € Ja
moxnomaratr paborara Ha MeHumKBpa 1O
OTHOIIICHNE HA OpraHU3allMOHHATa U (hMHAHCOBATa
4acT, KaKTO U C U3IBJIHEHNETO Ha MapKETHHTOBaTa
CTpaTerus 3a pa3lpoCcTpaHeHHEe Ha IPOAYKTHTE.

CbBET Ha ekun
MaXIMA

MeHungxbp

MapkeTuHr,
AnMUHUCTPaTMBHO-
peKnama, Bpb3ki ¢
CUETOBO/IHO 3BEHO
oblecTeeHoCTTa
oCTOAHHM UleHoBe | BBHIIHU / NpUB/IEYEHN
Ha ekvna UNIEHOBE Ha exnna

@ur. 4 CTpykTypa Ha ynpaBlIeHUE

3a HYXJIUTC HAa HABPEMCHHATA MPOCICAUMOCT U
KOHTPOJI Ha I[eﬁHOCTHTC CC Oormnpeacin
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NepruoANIHOCTTA Ha pa60THI/ITG CpClU U KaHAJIUTC
3a KOMYHUKaIKA.

IV. PE3YJITATHU

Pesynratute morar ma Obmar o00OmIeHH B
clieTHUTE naparpadu.

3a mocnemHaTa TroOAMHA KBM €KWMa Osxa
MPUBJICYCHH 3-Ma JOKTOPAHTH U 3-Ma CTYJICHTH, Ha
KOUTO Oerre ocUrypeHo o0y4eHrne B paMKuTe Ha 2
JISTHY IIKOJIM M TEMATHYHU CEMUHAPU.

Cunen MeXIyHapOoJeH UHTepPEeC KbM BOACHHUS OT
nou. Kpucruna brnnsnakoBa kypc no
~2AHTporiomoppHu  ¢antomu”.  [lermHeBHaTa
oOyuydWTenHa TMporpaMa € aKpeauTHpaHa oOT
eBporeiickaTa OpraHu3agusi Ha MEAULMHCKUTE
¢u3unm EFOMP u no momenTa npusieue B TY-
Bapna 40 yyxnaecTpaHHU yyacTHHKA.

CodryepHure NpPOOYKTH 3a Cb3JaBaHE Ha
koMmmoThpeH 3D Monen Ha MitedHa Jkie3a Osixa
IIAPOKO IMPENCTAaBEHU U IIPUBIIAKOXA MHTEpECA Ha
BOZCIIa CBETOBHA KOMIIaHHUsS 3a pa3paboTka Ha
MEAMIMHCKA anaparypa.

VYcenemnoto peanuzupane Ha npoekT MaXIMA
€ 0Tpa3eHo B cekuusTa Ha EBponeiickata KOMUCHS
“Successful stories”.

Ekcneprusara Ha exkuna B 3D MoaenupaHeTo u
MIPUHTHPAHETO HAMEPH TPHIIOKEHUE B TIOMOII Ha

BeTEpUHApHATA MEAWIMHA. YcCIemHo Oemre
MOJIeTIMpaHa JIMICBAll[aTa, CYyNeHa dYacT OT
Yyepynkarta Ha KOCTEHYpKa, HapaHEHa Clej
HarnajieHne Ha Kyde (¢wur. 5).

T

V. 13BOAN
be3Bp3mesguuTe  CcpeacTBa 32 HAay4HO-
HM3CJIeIOBaTEICKa  JEHHOCT, OTIlyCHATH  OT

HAIMOHAIHH WK MEXIyHapOJHHA (OHIO0BE, Clie/IBa
Jla ce MpreMaT KaTo HavyalieH KaruTajl, HHBECTHIINS
3a pa3paboTKka Ha WHOBATHBHU TMPOAYKTH C
no0aBeHa CTOWHOCT, KOUTO Jia JIOBEAAT 10 TOJIsIM
COIHANICH, TEXHOJOTHYEH WIH HKOHOMHYECKH
edexT.

HayuHou3cnenoBaTeICKUTe €KUM M TEXHUTE
pa3pabOTKH ca MOCTaBeHU B KOHKYPEHTHATa cpejia
Ha CBOOONHUS Ta3ap W 3a MO3WIMOHUPAHETO Ha
TO3M Ta3ap ca HYXHH OW3HEC MOJCIH 3a
pa3npoCTpaHeHUE U MPUIIOKEHUE Ha TPOTYKTHUTE.
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IoT-FOG MPEKUTE OT HOBO IIOKOJIEHUE KATO OCHOBA
3A UHTEI'PUPAHA CBBP3AHOCT
[IoT-FOG NEW GENERATION NETWORKS AS BUILDING
BLOCKS OF INTEGRATED INTERNETWORKING

Po3asuna /lumoBa

AGcTpakT: B qHeImHO BpeMe MMa TeHICHIHS 3a JeLeHTPaTN3UpaHe Ha OONauyHHUTe YCIIyTH
1 pa3BUTHE Ha IICHTPOBE 3a 00paboTKa O30 10 KIIMEeHTa, Ch3AaBaliku Taka HapedeHata Fog
Mpexa. ApXUTEKTypaTa Ha Ta3d Mpeka MMa CBOUTE OCOOCHOCTH, Pa3IiIelaHd B CTaTUATA

noanbpxka loT. AHaiM3bT 1OKa3Ba,

Y€ BaXCH CIEMCHT MPpHU HU3rpaXJaaHe€ Ha

KOMYHUKAIIMOHHA CBBP3aHOCT NPH WHTEIUTeHTHH eHepruitan mpexu Smart Grid ¢ IoT-
FOG mpexu e chOmojaBaHe Ha U3UCKBAHUSTA 32 KaUeCTBO Ha 00CIy)XBaHE Ha KJIIMEHTAa U
NpeABWKIAHE Ha pecypc 3a OBJElo pa3BUTHE C LieJI TapaHTHpaHe MpOITycKaTelHaTa
CIIOCOOHOCT Ha MpexaTa 3a ObACIIU IPUI0KEHUL.

KuarouoBu nymu:Fog mpexa, IoT, Smart Grid

I. BbBE/IEHHUE

C Obp30TO pa3BUTHE HA HMHTEPHET Ha
Hemata (IoT) OposT Ha cBbp3aHUTE YCTPOHCTBA ce
yBEeIMYaBa HEMPEKbCHATO. AHAIM3UPAaHETO Ha
rojxeMu o0eMH OT aHHU, TEHEPUPAaHU OT BCHUKHU
BunoBe ycrpoiictBa 3a IoT w3uckBar rosmsMo
KOJMYECTBO M3UMCIMTEIHM pecypcu H ca
Ch3IaJCHU TOJsIM Opoi TONEeMH LEHTPOBE 3a
nanau[1]. LenTpoBeTe 3a maHHW WK OONaIUTe
OOMKHOBEHO ca W3rpajicHd B OTHAJICUCHH OT
KJIMeHTa paiionu. ToBa BoAM 1O BUCOKH Pa3XxolH 3a
MIPEHOC U JIATEHTHOCT Ha yciayrara. KOeTo MOXe J1a
ObJlc HEIONMYyCTUMO 3a mpwiokeHusita Ha [oT,
KOUTO M3HCKBAT B3aMMOJEWCTBUE B PEaTHO BpeMe
WM MOOMIHOCT. 3a Ja c€ MPeomoIesiT Te3u
HEZOCTaThLM ce mpejara TexHonoruara Fog xato
oOeragaio perrenne. Meragdopara 3a mbriaa(Fog)
UBa OT METEOPOJIOTMYHHS TEPMHUH 3a 00JaK 01130
oo 3emsta, Kakro Fog wu3uncineHwsta ce
KOHIIGHTPUPAT Ha pb0a Ha MpeXara KbM KIHEHTA.
KoncopuumymsT OpenFog € ocHOBaH mpe3 HOEMBpPH
2015 r. ot unenoBe Ha Cisco, Dell, Intel, Microsoft,
ARM u yausepcurera [IpunctbH. Herosara mucus
e Ja pa3paboTh OTBOpEHA apxXUTEeKTypa H Ja
npenane OM3HEC CTOMHOCT Ha HW3YHCIUTEITHHUTE
cucremu 3a Fog.

WzuncnenunsTa, KOHTPOJIa U ChXPAHEHUETO
B "obOmaka" (Cloud) e ocHOBHAa TEHIEHIMS B
MpEXHUTE W  €JIeMEHT OT HHTEJUTeHTHHUTE
eHepruitan mpexu Smart Grid. OO6maksT ce
npespbiia B "mbria"(Fog) u ce pasnpocrpansBa
Cped KJIMEHTCKUTE YCTPOMCTBA KAaKTO B MOOWIIHH,
Taka W B Ka0emHH MpexHu. MHOXKeCTBOTO
JCIICHTPATM3UPAHU M3TOYHUIIM, PA3MONIOKEHH B
KUTUIIHATE WIK HHIYCTPUAIHUTE PalOHU NpHU
Smart Grid cnomarat 3a cbhKpalaBaHe Ha 3aryoure
B IIPEHOCA HA €JIEKTPUUECKa EHEPIUs, HO BCSKO
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KJIMEHTCKO YCTPOMCTBO HMMa U pecypc 3a
U3YHCIISIBAHE, CbXpaHeHUWe, HaOMJeHHEe U
komyHukanua. Fog Networking e apxutektypa,
kosito me nogabpxka loT. Pomdara na IoT B
VMHTEJIUTCHTHUTE €HEPTUMHUA MPEXH € Ja OCUTYpHU
BB3MOXHOCT 3a CBBbpP3BaHE HA MHTEJIUTCHTHU
00EKTH HaBCSKbBJE U M0 BCIKO BPEME M Ch3IaBaHE
Ha TPOTOKOJIM 3a OIepaTHBHA ChbBMECTUMOCT. Fog
MpPEXHUTE  H3MO0I3BAT  NPEOUIIEH ONHUT  OT
cenzopHute mpexu, P2P u MANET uszcnenBanus u
BKJIIOYBA HAll-HOBHUTE IOCTIKEHUS B oOJlacTTa Ha
yCTpoOIicTBaTa, MPEKOBUTE CUCTEMH U IIPEIaBaHETO
Ha JaHHM. Te cbB3maBaT TosIM OpoOH BB3IH,
pasMoyIOKEHH OT pa3IUYHH  ONepaTopd Ha
pasIpenenuTeIHl yCTPOWCTBA Ha pa3IMyHU MecTa
C Len Ja TMpeJoCTaBsIT pa3iMyHU YCIYTH U
NPWIOKEHUS] 3a JaHHM Ha kiumeHTa. Llenta e
HaACKACH, UHTCJIUICHTCH U CUT'YPCH MHTCPHCT Ha
HelllaTa, KOMTO € B OCHOBaTa Ha CBbP3aHOCTTa Ha
CHEPrUHHNUTE EKOCHCTEMHU.

II. APXUTEKTYPA HA FOG MPEXXUTE

Fog wmpexure ca aeueHTpanu3upana
W3YUCIUTEHA HHPPACTPYKTYpa, B KOSITO JaHHHTE,
W3YHCISIBAHETO, ChXPAaHEHNUETO U MPUIIOKEHUSTA Cce
pasnpenensT Ha Ha-JIOTHIHOTO U e(PUKACHO MSICTO
MEXIy HW3TOYHMKa Ha JaHHH H oOjayHara
cTpykrypa. ToBa pasmmpsiBa HW3YHUCIUTEITHUTE
o0iany U ycIlyTUTe KbM KIMEHTHTE Ha Mpexara.
Taka mpenuMmcTBaTa M KamamuTeTa Ha oOnaka ce
npudImKaBaT A0 MSCTOTO, KBAETO C€ Ch3IaBar
nanuu. Ilenra Ha Fog e ma mogo0pu ehekTHBHOCTTA
W J]a HaMalli KOJMYECTBOTO JIaHHW, MTPEHECEHU B
obmaka (Claud) 3a oOpabGoTka, aHanu3 U
chxpaHeHHe. TexXHOIOorusITa MOXKe Ja c€ U3I0JI3Ba U
OT CHOOPaKEHHS 332 CHTYPHOCT ¥ ChOTBETCTBHE.
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IIpunoxenudara Ha  Fog  BKIIOYBar
WHTEIIMTeHTHA EHEPruilHa Mpeka, WHTEINTeHTEH
rpajl, MHTCIWTCHTHH  CIpagd, Mpexd  3a

aBToMOOMIM u 1p. llpuHnmMonbsT Ha paboTa ce
XapakTEpHU3Upa ¢ KpallHU yCTPOICTBA U CEH30pH,
KOUTO TeHepupar W ChOUpaT NaHHU, HO TE HE
pasmonarar ¢ pecypcH 3a H3YHCISABaHE U
ChXpaHeHHUE, 32 J]a U3BHPIIBAT MO-CIOXKHH 3a]a9u
M0 aHANW3W W MAalIMHHO oOy4yeHue. Bbmpeku ue
oONayHHuTe CHPBBPH HUMaT IPABOMOIIMETO [Ja
MPaBAT TOBA, T€ YECTO Ca TBbPAE OTAAICUCHH, 32 12
o0paboTBaT  MAaHHWTE W  Ja  OTTOBapsT
cBoeBpemMenHo. OcraBa ®  mpoOiiema, dUe
CBBP3BAaHETO HAa BCHUYKH KpalHU TOYKH U
M3MIpaIaHeTo Ha HeoOpaOOTeH! JaHHU KbM O0JIaka
o HUHTEpHET MOXKE na HapyIIH
HEMIPUKOCHOBCHOCTTa HA JIMYHHMS JKUBOT U
CUTYpHOCTTa, KOCTO BOJH /0 MpPaBHU MOCIEIHIIN,
0CcO0EHO KOTraTo CTaBa BBIPOC 32 JAaHHH, MPEIMET
Ha JIbPKaBHU PETJIAMEHTH.

I[Ipu Fog wmpexure oOpaboTkaTa ce
M3BBpIIBA B ILEHTHP 3a JaHHU Ha JaJcHO
WHTEJUICHTHO YCTPONCTBO MM B WHTEIUICHTEH
MapuIpyTU3aTOP MK UTI03, KATO MO TO3W HAYKH ce
HamalsiBa KOJIMYECTBOTO JAHHH, H3MPATCHH 0
obmaka. Fog wmpexara nombiiBa, a HE 3aMeHs
o0nayHuTe W3YHCIICHUS. Ts MI03BOJISIBA
KpaTKOCPOYHH aHaJM3M Ha TPaHWIATa HA Mpexara
KbM KJIHEHTa, T.€. 00paboTKa mo-01I130 10 MSCTOTO,
KBJIETO CE Ch3/J]aBaT JaHHUTE, a 00JaKbT U3ITBJIHABA

peCypCHO-MHTEH3HUBHH, Io-
npnarocpoyny  aHaimu3u. OCHOBHATa pasiuka e
MSCTOTO, KBJICTO CE pa3roiara WHTEIUTCHTHOCTTA
W UW34McIMTeNnHata Moul. MojenupaHeTo Ha
CHEepPruiiHO e(hEKTHBHU U EKOJIOTHYHH IICHTPOBE 3a
JIAHHU W ONITUMH3HUPAHE HA CHEPTUHHUTE CUCTEMH B
MHTCJIMTCHTHH 1EHTPOBE Ca OCHOBHU 3HAYMMU
HAYYHU MPOOIIEMH.

ITpu Fog MpekuTe MHTEIMTEHTHOCTTA € B
JoKkanHata Mpexa. JlaHHMTe ce mpeaaBaT oT
KpailHATe TOYKM B IIUIIO3, KBICTO ce TpejaaBa 3a
o0OpaboTka. Cw3naBat ce MHOKECTBO
W3YUCIIUTEIIHA YCTPOWCTBA C HHCKA MOIIHOCT —
Bp3u (Fog fk), B Onuskust kpaii Ha Mpexara 3a
pa3ToBapBaHe HAa U3YHCIIUTEIHUTE JaHHU U YCIyTH
or oOmaka. CbC CBOS MajgbK Mamiad, MO-HUCKU
pasxoau 3a CTPOUTEICTBO W TOMIbp)KaHe Ha
MOOWITHOCT, KaKTO M Pa3NoJj0XEeHHWE MHOTO TO-
0IIM30 0 KIIMEHTa, T€ MOTaT Ja OCUTYpAT Obp3a
peakiuss C HUCKA 3aKbCHEHHUS W CEPBU3HO
obciy)kBaHe Ha MSCTO.

Fog mpexute ce cbcroar or Habop OT
olepaToOpH Ha YCIIyTH 3a peaaBane Ha qaHHu (SP),
BCEKH OT KOUTO KOHTPOJIMPa HAOOp OT BB3JIH, 32 Ja
OCHUTYpH HEoOXoIUMaTa yciayra 3a JaHHU Ha
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HaOop oT aboHaTH Sy, MoKazaHo Ha Qurypa 1. Kak
Jla ce paslpenesiaT OrpaHHYCHUTE W3YUCIUTCITHU
pecypcu Ha MBIVISIBH BB3IM (FOg) KbM BCHYKH S,
32 Ja Ce IOCTUTHE ONTHUMaJHO W CTaOHIHO
W3MBIHEHNE, € BaKeH mpobneMm. Towpcir ce
BB3MOKHOCTH 33 TIOCTUT@HE Ha paslpe/eicHH
ONTUMAJTHA CXEMH 3a paslpeelisiHe Ha PecypcuTe
¢ men moxoOpeHne epeKTUBHOCTTa Ha MPEKOBUTE
cucremu, 6azupanu Ha [oT.

3 OanHu
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®ur.1 Apxutektypa Ha Fog mpexure

II1. I3UCKBAHUA 3A KAYECTBO ITPU
OBMEH HA TAHHHA

B mapagurmara Ha MHTepHeT Ha Heularta
(IoT) wrpOpMAIMOHHHWTE W KOMYHUKAIIMOHHHTE
CHCTEMH Ca HEBHJIMMO BIrpaJIcHH B OKOJIHATA Cpenia
oKkoJ0 Hac. ToBa BOAM [0 TEHEPUPAHETO Ha
OTPOMHH KOJIMYECTBAa JIlaHHM, KOWUTO TpsAOBa J1a
ObIaT chXpaHsBaHU, 0OpPaOOTEHW W TPEJCTABCHH

mo  Oe3npobieMHO, €PEeKTHBHO H  JIECHO
BB3npueMana Gopma. OOnakoBara M3YUCIMTEITHA
cucTeMa MOXeE Jla OCUTYpU  BHpTyaliHarta
uHppacTpykTypa 3a TakaBa  IOJIE3HOCT -

KOMITIOTPH, KOUTO HHTErpHUpaT yCTpPOWCTBa 3a
HaOJro/IeHNe, YCTPOWCTBA 3a ChXpaHeHHE U JIp.

WuTerpupanaTa cBbp3aHOCT, OCUTYPSIBAHA OT
Fog mpexure, e HacoueH kbM Hy:kauTe Ha [oT u
WH]TyCTPUATHHUS WnTepner. OrpomMHOTO
KOJIMYECTBO WHTEIUTEHTHH CEH30PH 3a JaHHU H
YCTpOMCTBaTa 3a MPEHOC T'eHEpUpaT AaHHH, YHETO
u3Mpaiane 10 obiaka 3a o0paboTka W aHaIM3 OU
OmIo CKBMNO W 1IIe OTHEMa MHOTO BpEME.
Kommnpecupanetro mpu Fog wmpexure HamansiBa
HeoOXOoJMMaTa IIUPUHA HA YECTOTHATA JICHTA H
HamansgBa oOpaTHaTa Bpb3Ka MEXIy CEH30pUTE U
oOaka.

JlaTeHTHOCTTA € CaMO HENpUSITHA IpU
KJIMEHTUTE, KOraTo CEH30pUTe ca dYacT OT
MPUJIOKEHUETO 3a WIPH, HO 3aKbCHEHHATA MpPHU
npeJaBaHeTo Ha JaHHU B peanHu cueHapuu 3a loT

{=====d Howmponwu cuznamnu
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Morar Jga ObJaT >JKMBOTO3acTpallaBalld - B
KOMYHHUKAIIHOHHUTE CUCTEMH OT aBTOMOOWIH U
JIPYTU TPEBO3HU CPEICTBA, MPH WHTCIUTCHTHUTE
Grid) wm
TeeMeIUIUHA 3aKbCHEHUSI OT MUJTUCEKYH/IH €a OT

eHepruiiHu ~ Mpexxn  (Smart

pemaBamio 3HAYCHUC.

F 0g MPCIKUTC MPEAOCTABAT YCIYIru C HUCKaA

nmaTeHTHOCT, 0a3upann Ha MaTepHeT Ha Hema (1oT).

IIpousBogurenure Ha Xxapayep cb3aaBar loT
LUTI030BE U MapLIPyTH3aTOPH, KOUTO MOAIbpKAT
Fog wsumcnenus. IlpemumctBoTO € Habopa OT

HHACKOCHEPTHMHHN BB3IIM, KOWTO ca OJIM30 0

KpaHUTE TIOTPeOWTENH, 3a Jda MPUHOIIKAT
YCIyTUTe,  IBPBOHAYAIHO  HACOYEHU  KBM
o0JIaYHHTE [IEHTPOBE 32 JIAaHHU.

PagukamHOTO  pa3sBUTHE HA  CErallHHs

MHTEPHET B MpeXa Ha B3aUMOCBBP3aHU OOCKTH €,
ye oOMeHs U 00paboTBa uH(DOpMAIKS OT cpejara
4ype3 TEICKOMYHHKAIIMOHHH TEXHOJOTUH KaTo
Bluetooth, pammo dectoTHa WACHTHQHUKALINSL
(RFID), Wi-Fi, ontuden npeHoc u apyru [4].

Ha ¢wur. 2 ca mpencraBeHHm MOTOIUTE 3a
npejaBaHe Ha JaHHU TpH JTocThn B MHTepHer.
[MorouuTe OT HaHHM Ha QUryparta ca OKa3aHU ChC
CTpPEJKH, KaTo JeOenuHaTa Ha CTPEIKHTE €
CBBp3aHa ¢ obema Ha TpaduKa.

WHTEPHET CbPBBP

HVBO HA YCNYTUTE \

M3uckBanusata Ha QoS 3a BUACO MOTOLMTE
ChOTBETCTBAT Ha KjacoBe 6 W 7 ChIVIACHO
n3uckBanusTa Ha ITU-T Y.1541. [5]

Tabmuma 1. MznckBanus keM QoS mapameTpure Ha
IPTV tpaduann notonn

TToxazarten SDTV HDTV

MPEG 2 MPEG 4 MPEG 2 MPEG 4

CKROPOCT HA BIJEO MOTOKA 2.5 Mbps ‘ 1.75 Mbps

15 Mbps ‘ 10 Mbps

| Ha AKeTNTE

Bapuauna va

<50 ms
IARBLCHEHITETO
Koedument na 3aryén 1.9x10° 3.3x10° 487x10%  7.31x10%
CymapHo Bpeme 3a el
MPEBRIFMBAHE HA KaHAIA i
Koeduuent Ha rpemsi 1 x10

QoS rknac Knac 6, knac7

CkopocTTa Ha BHAEO-TIOTOKA HAa W3X0/a Ha
kogepute B chorBercTBHE ¢ ITU-T H.246 [86], ce
omnpeJeNs OT TEPMUHAITUTE B Pe3yJITaT Ha OOMEH Ha
CHOTBETCTBAIM MPOTOKOIHH CHOOIICHUS U ce
ompenens Ha 0a3a TPEIOCTaBEHHS IMPEHOCEH
kamanuteT. O0ema Ha nHpOpMAIHUITa OTIAKOBaHA B
eHa BHUACO paMKa He TpsaOBa Ja MpeBUIABA
CTOWHOCTHTE TIpuBeicHH B Tabmuia. 2.

Ta6nuna 2. M3uckBanus kM QoS mapamerpure Ha
BUeOTENeHOHHHS TpadUK

Iokazarenn

| @opMaT Ha I0HpaKeHIIETO 16CIF 4CIF _CIF QCIF

Yy oy v

7 7

@wr. 2 [IpenaBane Ha qanHu npu MHTEpHET 10CTHI

Baxen emeMeHT 3a  KadecTBOTO  Ha
TEJICKOMYHHUKAI[MOHHATA BpPB3Ka € XapakTepa Ha
pasIpeNeieHneTo U MapaMeTpUTe Ha pPa3TUIHUTE
BHJ0BE TpaduK, KOUTO 0Oe3reyaBaT pealn3amusTa
Ha CBOTBETHHMS TMaKeT OT ycCiIyrn. Bcsko
MPWIOKEHUE C€  XapaKTepusupa CbC CBOH
M3UCKBAHMSI OTHOCHO pecypcuTe Ha Mpexkara [3]. B
Tabmuim 1 w 2 ca nokasaHu crenuGuUHUTES
VM3UCKBaHWS KBbM IapaMeTpPUTE Ha KAdecTBO Ha
obciyxBane (QoS) 3a TpadhUIHHUTE TOTOIH.

CTemen  Ha  VIOBIeTBOpeHOCT — Ha Haii-picoka Bucoxa
A \ | nomsBaTemTe I
Bizeo kogepn H.261, H.263
AFPEMMPAHE HA OCTBMA \ UecToTa Ha paMKaTa, paMKil/sec 25-30 15-25
JTomycTimo 3aRbCHeHHE Ha MAReTITe <100 ms <150 ms
HWBO HA OCTHMNA | Bapuauis Ha 3aKbeHeHNeTo <10ms <50ms
Koeduuuenra Ha 3arydn Ha nakern 1x10° 2.5x10°
QoS rnac Knac 0 Kmacl

KomyHukannonHara Mpeska TpsioBa 1a ObJie B
CBCTOSTHHE JIa TapaHTHPa CIIOpa3yMEHUsTa 32 HUBO
Ha oOcnyxBane (Service Level Agreement - SLA:)
W Jla TpWiara W3UCKBAaHWUTE TOJIMTHKH 332 BCEKU
WHIWBUAYyaJleH notpeduren [4].

OcurypsiBaHETO Ha KOJEKTUBHO 3aeMaHe Ha
NPEHOCHUS KalaluTeT, KaTo CBHUICBPEMEHHO ce
rapaHTUpaT XapaKTepPUCTUKUTE Ha KayecTBOTO Ha
o0cIykBaHe KaTo 3aKbCHEHHE Ha MTAKeTH, 3aryda Ha
MaKkeTH ¥ LIMPOYMHA HA YECTOTHATa JICHTa, €
OCHOBCH npodieM npu TUTAHUPAHETO,
W3TPaXKJAaHETO W OOCITY)KBaHETO Ha Mpekara 3a
JOCTBII 10 KITUEHTA.
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I11. 3BAKJIIOYEHUE

IIpencraBenute ocodeHocT Ha Fog MmpexwuTe
ONpENCAT HANpaBiICHUATA HA OBICHIOTO UM
passutue. llommppxaiiku IoT, Te wu3nmon3sar
nH(ppacTpyKTypara Ha CBIIECTBYBAIIUTE
KOMYHHUKAIIMOHHA MPEXH U s TOpa3BUBaT. BaxxHO
M3UCKBAHE MPU M3TPpaXKIaHE HAa BPB3KUTE € J1a Cce
choOpassiBa MHPPACTPYKTypaTra ¢ M3UCKBAHETO Ha
MpenaBaHUTe JaHHU C 1€l yIOBJIETBOPSBAaHE
W3MCKBAaHMATA 3a KauecTBO Ha OOCITyXBaHE Ha
KIIMEHTa TP apXUTEKTypH 3a  CBbpP3aHH
uHTeNMrenTHn  obektn B Smart  Grid.  3a
V3ITBTHEHUETO W € HYXHO WHTETPUPAHETO Ha
OBJICIIOTO TIOKOJICHUE UHTEIUTCHTHH MEXaHU3MH B
SHepTrUiiHH CHUCTEMH, MPEKOBH TEXHOJOTHH,
coTyepHH TeXHONOTHH, WHTep(hEeHcH U IpyTH.
3aToBa mpu MPOSKTUPAHE Ha KOMYHUKAIUUTE 3a
Fog Mpeska TpsOBa 1a ce mpeABHkK/Ia U3MOJI3BAHETO
Ha wu30paHaTa TEXHONOTWS B OBjaemle W Ja ce
OCHUTYpH HeoOxoaumara MpOIyCKaTeIHa
CIIOCOOHOCT Ha MpeKara.
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NHTEI'PUPAHA UH®OPMAIIMOHHA CUCTEMA
INTEGRATED INFORMATION SYSTEM

Tonopka I'eopruesa

Pe3rome: Tazu craTtus uMa 3a 1el Jaa MpeaACTaBu OCHOBHUTC IMPUJIOKCHUS Ha UHTCIpHUpaHa
I/IH(l)OpMaI_[I/IOHHa CUCTEMa, Ipeajarama MOHUTOPUHI Ha XpOHUYHU 3a00JI9BaHUsT U
MpCeAOCTaBAHC Ha BB3MOXKXHOCT 3a CIICUaJIM3WpaHa MEIUIMHCKA MNOMOII B OTHAJICHCHU

PETHOHU.

Karouosu nymu: LAN, Network, Wi-Fi

Abstract: This paper presents innovations and technological solutions to help improve health
and quality of life. With the development of information systems, we now have the possibility

of remote monitoring of patients.

Keywords: Health, LAN, Network, Wi-Fi

I. BbBEJAEHHUE
TenemeauuMHCKHUTE CUCTEMH C€ TpeyIaraT KaTo
CPEACTBO 3a MOHHUTOPMHI U NpOQHUIAKTHKAa Ha

XpOHHYHUTE 3a00isiBaHms. [ prkuTe 32 TAIMEHTHUTE,
O0omHM OT AWabeT, Morar ga OBJAT IMOCOYEHU KAaTo
MpuMep 3a MEHWIDKMBHT Ha XOpa C XPOHUYHHU
3abonsBanus. llenra e mocTturaHe Ha WHTETpaIUs
MEXJ1y MbPBUYHUTE ¥ BTOPUYHU MEIUIIMHCKH TPHKH,
pa3BUBaHE Ha caMoOperyianmus W Tpocie[sBaHe Ha
3a00IIIBaHETO OT CTpaHa Ha marnueHTa. Upes cucreMHu
MPOBEPKU Ha PAa3BUTHETO W KOHTPOJA Ha 3a00JSIBAHETO
ce  TMpenoTBparsBaT  peAdlia  YCIOKHEHHS U
HeOIIaronpuaATHU Pa3BUTHS B X0Ja Ha O0JeCcTTa, KOUTO
na ObaT n30eTHATH ChC CHCTEMHA MTPO(UIAKTHKA.
3ajayn Ha UWHTErpupaHara HH(pOpMaIMOHHA

cucrema
e Pazpaborka Ha raTGopmMu, CIIOCOOHH Ja 00e3nedar
pabotara Ha roisiM Opoii TOTpeOUTENH;
I[Momnpwxkka H©Ha cpeAcTBa 3a KOMYHHUKAIuS,
CTaHIapTH 3a OOMEH Ha JaHHU W IPOTOKOIHU 3a
B3aMMOJICHCTBUE HA KOMIIOHEHTHUTE;
WHTerpanusi Ha ChIIECTBYBAIUTE pa3pabOTKH B
€JIMHHA CUCTEMa.
CTpyKTypHHU IIPOMEHH B Mojiena Ha MHTerpupanara
cHUCTeMa 3a OCUTypsiBaHe Ha CBbp3aHH Ou3HecC
MIPOIIECH, UPe3 eIMHEH MOTpeOuTeNCKu nHTepderic
1 001110 HH(GOPMALIMOHHO TPOCTPAHCTBO [1].

Pa3BuTHeTro Ha WHTerpHpaHaTa HH(POPMAaIMOHHA
CUCTEMa Ce€ U3BBPIIIBA B HIKOJIKO 00JIaCTH:

. IToBunraBane Ha onepaTuBHaTa e(hEeKTUBHOCT Ha
KOMYHAJHHUTE YCIIYTH;

[lpenocraBsne Ha wuwHOpMamust 3a  TIO-
e(eKTHUBHO YINpaBJICHUWE Ha YCIyrUTe 10 KpaiHuTe
NOTPEeOUTENH;

. [Ipunarane Ha KIMEHTO-0a3MpPaHH TEXHOJOTHUH,
KOMYHHUKHpAIIH 00CTy)KBaHETO Ha YaCTHU KINCHTH;

. PaboTa ¢ MHTENMIeHTHM MOOWIIHH YCTpPOWCTBA,
3a MO-JOCTHITHA U e(peKTUBHA YCITyTa 3a MOTPEOUTENS.

bazoBarta wH(pacTpyKTypa HW3NBIHABA CICTHHUTE
¢byHKUINY:

o YmnpasieHue Ha HATOBAPBAHETO HA CHCTEMATa;

o VYmnpasnenue, 00pab0TKa U ChbXpaHCHUE HA JIAHHUTE;

o MHudopmarmonHo o6CITy)KBaHE ¥ MOHHUTOPHHT Ha
CHCTeMAaTa;

o MWnentuduranus Ha 0OCKTHTE 32 OCHTYpsIBaHE Ha
0€30MacHOCT M KOHTPOJI Ha JIOCTHIT;

o PaOota B peanHo Bpeme.

daxTopHu, ONpEICNANIA  pPeaTM3UPAHETO Ha

WHTErpupaHara HHQpOpMaIlMOHHA CHCTEMA:
» OpraHu3anoHHa CTPYKTYpa;
* Hannuue Ha caMoCTOSTETHN OApa3AeICHNUS;
* MeToJ 3a mpUeMaHe Ha PELICHNUS;
* PerinameHT 3a U3BJIHEHUE Ha PEIICHUS;
» KoHTpO:1 3a U3NBIIHEHNE HA 33]IaHUS;
* [lonuTuKa 3a onpezessiHe IpaBaTa 3a JI0CTbII;
* OyHKIUH ¥ 33IBJDKEHHS HA BCSIKO paboTHO
MSICTO

II. APXUTEKTYPA HAMPE/KATA
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EnHa OT OCHOBHMTE LIENH TIPU PEaTU3UPAHETO HA
HWHTCIIMTCHTHA MPEXKa € MOCTUIaHEC Ha HCHATPaAIm4YuBOCT
Ha TexHojioruute. Cpenata 3a JKMBeeHe TpsOBa ja Objie
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€CTECTBEHA U J1a ChIIbpKa JICCEH U JIOCTHIICH HHTEP]Eiic
3a KOHTpoJ (Dwur.1).

. &
APaHUNMWLE 33 AaHHKW
OLAP

P

Hueo cupabp BJl

HuBo cupebp 38
NPANOKEHUS

Opranaaunommsm
NPUNDREHHA

MpoHInOACTOMMA
NPUNOMEHHR
Hueo Web copebp

Hueo Web knuenr

Bpayaup

@Our.1. ApXuUTeKTypa Ha Ha UHTeTpUpaHaTa
nH}popMannoHHa cucTeMa

ChIiuecTBYBaT pa3iMYHU TEXHOJOIMH, KOHTO
M3IION3BAT IJIAC WJIM JKECTOBE, KAaTO HMPHUOPUTET IPH
n300pa € MOCTUraHe Ha HaJeKTHOCT M KauyecTBO Ha
npejiaraHara yciyra.

Jo0bp HauuH 32 KOHTPOJIMpAaHE Ha Pa3IMYHHUTE
ycrpoiictBa ¢ Human Computer Interaction (doBemikus
KOMITIOTBD), KbM KOWUTO € TIPHIIOKEH COPTYep 32 TIIacOBO
pasno3HaBaHe 3a pa3jIu4yHU yCTpoiicTBa [2].

IIpu ch3gaBaHe Ha Mozena Ha HHTErpUpaHa

cucTeMa 3a yrpaslieHHe € He00X0IMMO KOMIIaHUSATA J1a Ce
pasriexaa KaTo CHBKYITHOCT OT TPYAOBHU, (DMHAHCOBH,
MaTepHaJHH U WHPOPMAIMOHHHA PECYpCH, YYacTBAIIH B
OHM3HEC MPOLIECUTE 3a JOCTUTaHEe Ha MOCTABEHUTE LIETH U
3agaui [3].

@DyHIaMEHTH Ha CUCTEMATA!

KopriopatuBHa wMpeka, oOenuHsBama JIOKATHUTE
MPEXH Ha MoJpasaelieHuATa U o0e3neyaBania JOCThII Ha
CBTPYIHUITH mo  HWurterpmpanara
Hudopmannonna Cucrema (MVC) upe3 MuTepHeT.

U TMapTHHOPH
[Iporpamua nnatdopma:
OrmeparuoHHa CUCTEMa, ChbPBBPU Ha TPUIIOKEHUS,

Web-cbpBbpy, xpanwiuina Ha gokymentd, OLAP-

Cpe/CTBa, XpAHWIHUIIA U BUTPUHU 32 JaHHU.

SAnpo:
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e C(CucremMa 3a yIpaBl€HHE Ha TPOLECUTE,
WHTerpupaIia (yHKIIMOHAITHUTE MOJICUCTEMH;

e AHamuTHYeH MHCTPYMEHTApHUyM 3a OllepHpaHe ¢
JNAHHUTE Ha BCHYKH IMOJCHUCTEMH, ITOIITOMAraIl
pelaBaHeT0O Ha CTPATETMYECKH M TaKTHYECKU
3a1a4H;

e [lorpeburencku uHTEpdEIC;
e Web-nopran, ocurypsiBail B3aMMOJCHCTBHC Ha

HOTpe6I/ITCJ'II/ITe C BCHUYKH KOMIIOHCHTH Ha
cucreMara.

Crpykrypa Ha cuctemarta (Dwur.2).

Measuring glucose level with Mobile Phone

3 Transmit the Results through Mobile Wireless Network

3 Data saved in the Data Center

3 Analyzing and Retrieving Data (WEB and WAB)

+ Feedback the Analyzed Results to Doctor and/or to Guardians
2 Managing Nutrition & Exercise

——

M
= Feadback

Guardian Feadback

A

Medical Doclor %
i

\l/ 1

GW!

Customer Canter

08 CalConlter
—_—

Hospita

Emergency

Direct Counsel

®ur.2. TenemeIUIIMHCKA CUCTEMA 32 TUCTAHIIMOHHU TPYKA
Ha XpOHUYHO OOJTHU

Cucrtemara ¢ WHOBATHBHA, KOMOWHHpAIia JBE
yCTpOWCTBA HEOOXOIWMH 3a HEHHOTO MPAaKTUYECKOTO
NpUIOKEHUE. TSIXHOTO peallu3upaHe € MOYTH HAITbJIHO
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ABTOMAaTH3UPAaHO M M3KIIOYUTEIHO JIECHO 3a YHOTpeba.
Upes codryep 3a mMoOwmieH TenedoH W HM3MO3BaHE HA
WHTEPHET CTPaHUIA C€ CICAAT IIOKA3aTeIMTe Ha
MAIUCHTUTE OT OTOPH3UPAH MEAUIUHCKU IEPCOHAIL.
WuTepHeT mOpTabT HAIBJIHO 3aMECTBA XapTHUCHUTE
CTaTHCTUKH, KaTO € MPOTPaMUpPaH Ja CICIU 33 HUCKH U
BHUCOKHM HUBAa Ha KpbBHaTa 3axap. [Ipm HeoOXogumocT
amapmupa 4pe3 SMS cpOOIIEHHE MalUeHTa
OTIOBOPHOTO 3ApaBHO JHle. ExeqHeBHOTO omepupaHe

u

ChC cHCTEeMaTa (He3aBUCHMO KaK € pealn3upana, Oujio To
MHTETpUpaHa WM C IPUCTABKa) 10 HUIIO HE Ce OTINYaBa
OT CTaHJAPTHOTO HW3MEpBaHe Ha KpbBHA 3axap C
TIIIOKOMEp, KaTo pe3yiTaThT ce TMOKa3Ba Ha eKpaHa Ha
MOOWIHMS TelIedoH, u3lpaiia ce 10 yed ChpBbpa U ce
3ama3Ba Ha B 0azara maHHW. MHpopmarmsTa chiio e
JOCTBITHA U TIPe3 KOMIIOTHP Ype3 UHTEPHET CTPAHUIIATA,
0e3 ma e HeoOXOANMO J]a Ce WHCTaJINpa JOMBIHUTEICH
codryep. Pesynrarure chimo Morar ga ObAaT U3MpaIianu
JI0 JIeKap, POAMTEN WIH JIPYr 4ieH Ha CEeMEHCTBOTO B
peaHo BpeMe MpHU ChIIIaCHEe HA MAlUeHTa

III. HEPCITIEKTUBHU 3A PABBUTHUE

TeHaeHIINS IPY pean3upane Ha HHTErpHUpaHarTa
UH()OPMAITMOHHA CHCTEMA:
Or

IMOACHUCTEMHU, HIIBJIHABAIIU JIOTUYCCKU 3aBLPUICHU

L4 OTACIHUTEC KOMIIOHCHTH ce KOM6I/IHI/IpaT

IMUKJIN OT ouzHec MMPOLICCUTE,

ynpaBHHBaﬁKH JANHAMHUYHUTC mnmpouecu MOXE

ONEpaTMBHO Jla C€ YyHOpaBisiBa OpraHu3amus c
MHHHUMAaJIHA HeliHaTa

3aBUCUMOCT oT

CTpYyKTYypa,
MAIMEHTH, KaKTO ¥ OT APYTH (HaKTOPH U MPOMEHINBH

OpraHM3alliOHHa ¥  IaTHa Opoit
B 3/[paBHOTO 3aBEJICHUE;
3a menra na OCHUTYpH

I/IH(i)OpMaLII/IOHHO OCUTr'ypsBaHC Ha IIPOUHCCUTC Ha

€ HeoO0XoauMo ce
pa3IM4HY HUBA HA YIIPABJICHHWE HA OPraHU3aLMUATA:

CTPATCTUYCCKO, TAKTUYCCKO 1 OINICPATUBHO.
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IV. 3AKJIIOYEHHUE

TenemenuuuHcKaTa cucreMa ¢ 6azupana Ha GPRS
TEXHOJIOTHATAa W MoOwmieH TenedoH. JlemoHCTpHpa
VHOBAIlMOHEH HAa4YMH 3a Bpb3Ka JIeKap MaIUCeHT,
OCHTYpsiBAa TPEHOC HAa MEIUIUHCKU JaHHHW, KaTo
MPOMOTHpA MAIKEeHTa KbM M0-33bJI00UeHA U OTTOBOPHA
caMmoperynarus.

[NoTeHIMaNHUTE TIOA3U OT CUCTEMATa Ca HAII'bJIHO
peannu. TexHONOTHATA TO3BOJNSBA PAa3TPBINAHETO U
ajanTanuATa # M KbM XPOHUYHU 3a00JNSBaHHSA, NPU
KOUTO PEJIOBHOTO OTYMTAHE U CJICJICHE Ha OoJiecTTa Ouxa
CIIOMOTHAJIM 3a MOBHIIABAaHE KAaueCTBOTO HA >KMBOT Ha
MaIMeHTa U I0-100pus KOHTPOJ HaJl 0OJIECTTa.
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WHOBAIIMOHHHU TOILTOU30JIAIMOHHU MATEPHUAJIN 3A IOAOBPSIBAHE HA
EHEPITHMHATA ECEKTUBHOCT B X KXUWIMIIHUTE CI'PA/IA

INNOVATIVE HEAT INSULATING MATERIALS FOR IMPROOVING THE ENERGY
EFFICIENCY OF RESIDENTIAL BUILDINGS

Ilenka H. 31areBa, Pocunia B. IlerkoBa-Ciunen

Pe3ome: B Hy6ﬂHKaHHHTa Cca pasrijiicgaHu TEXHOJOTMYHOTO PA3BUTHC U HAKOU OCHOBHHU
XapaKTCPpUCTUKN Ha TOIUIOM3OJAIIMOHHUTC MAaTCpUuaid, KOUTO HaMHUpaT MPUIIOKCHUC 3a
IIOCTUIaHC Ha TOIIJIMHCH KOBﬂbOpT B KWJIHUIIHUTC crpanu.‘ﬂpeACTaBeHH Cca JaHHHUu 3a
HMHOBAIlMOHHU THHKU TOIIJIOU30JAlIMOHHU IMOKPUTUA U € HAIIPABCH CUCTCMATU3UPAH aHaJIN3
Ha CBOIcTBaTa UM CIPAMO aHAJIOTMYHHUTE MOKA3aTCJIM Ha KIIACHYCCKU TOIJIOU30JIalMOHHU

MaTepHau.

Knro4oBu 1yMu: TOIUION30aIIMOHHY MaTepUaly, TOINIMHEH KOM(OPT, KOe(HUIIUEHT Ha

TOIUIOIIPOBOJAHOCT

Abstract: The paper presents the technological development and some basic characteristics
of heat insulating materials applied for achieving the thermal comfort in residential
buildings. Data for innovative thin heat insulating coatings are presented and a systematic
analysis of their properties to analogous parameters of the classical heat insulator is made.
Keywords: heat insulating materials, thermal comfort, thermal conductivity coefficient

I. BbBEJEHUE

OcHoBHaTa GyHKIHS HA )KIITUIIHATE CTPAIU
€ OCHTYpsIBAHETO Ha 3alluTa OT aTrMoc(epHHTe
BIIUSTHUSI HA OOMTATEIUTE M TAXHOTO MMYIIECTBO.
[Ipe3 mocnemHWTe TOAWHM BCE TIIOBEYE Ce
yBeJIMYaBaT WM3UCKBaHUATA 3a (DYHKIMOHAIHOCT,
€pPrOHOMHYHOCT, ONTHMAJICH MHUKPOKINMAT -
TeMIepaTypa, BIQKHOCT W CBEXKECT Ha BB3IyXa,
3BYKO- U TIOYKapO3alluTa.

OcHoBHara rpyma Marepuaiy, ype3 KOUTo ce
IIOCTUTAT  TOPEMOCOYCHUTE  W3WCKBAaHWA, Ca
toron3onanuonHure  marepuanu  (TM). B
MOCIIEAHUTE TOJUHHM C€ TpesiaraT WHOBAaTHBHH
pelieHus 3a MOCTUTraHe Ha MaKCHMaJleH TOTUTMHEH
KOM(MOpPT W BHCOK eHeprocmecTsBan] e(eKkT B
KWIHITHATE CTPajidi ¢ MUHHMalHa Jne0elnHa Ha
TOIUIOM30JIAI[HOHHUTE MaTepUaIH.

OcHOBHO npeaHa3HauYCHUE Ha
TOIUIOM30JAIIMOHHUTE MaTephalid € eQEeKTUBHO
MpeIOTBpaTsABaHE Ha 3aryOMTe Ha TOIUIMHA.
[locmegrnoTo ce ocurypsiBa Ype3 MOAXOJAIIA
CTPYKTypa U crenu@uyeH KOMIUIEKC OT (PU3UYHU
CBOWMCTBAa — HHCKa OOEMHa IUTBTHOCT, BHCOKA
TTOPUCTOCT u HHUCBHK KOC(HUITUCHT Ha
TOIUIONPOBOAHOCT.  JloOpoTO  KadectBo o
NPaBUIHOTO TOJAaraHe Ha  TOIUIOW30JIALUATA,
BJIaraHa B CTpajiaTa, ca TapaHlys 3a AbJITOTPaiHO
HaMaJlsIBaHE Ha TOTUIMHHUTE 3aryOu.

B mnacrosmata myOnmkamus € pasriefaHo
Pa3BUTHETO Ha TOIUIOHM3OJAIIMOHHUTE MaTepHan
[0 OTHOLIECHUE HAa BUJl U CBOMCTBA, KATO OCHOBHA
MPEANOCTaBKA 33 TOBA € MOCTUT'AHETO HA TOIIMHEH
KOM(DOPT U MMOBHUIIIABAHETO HA KAYECTBOTO Ha
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J)KUBOT B OJKWIMIIHUTE Crpagu IpH BB3MOXKHO
MHHUMaJHa JAe0elMHa Ha TOIUIOU30JIAlHOHHOTO
MOKPUTHE.

I1. U3JI0O’KEHUE
1. PABBUTHE HA TOIIJIOU30JAIIMOH-
HUTE MATEPUAJIN
3ama3BaHeTo Ha TOIIMHATA B )KUJTUILATA €
0c0o0€HO Ba)XKHO U JaTHpa OT Hal-IpEeBHU BPEMEHA.
[TspBOOUTHUTE XOPA, )KUBETH HOMAJCKH B IIELLIEPH
¥ BPEMEHHH ,,[IOCTPONKH”, ca H30JIUPATH
L, KUJIAIIATa” CU TIOJI3BANKU TIOJIPHUHU CPEICTBA —
KUBOTHHCKA KOXa, KO3UHA, TPbCTUKA, CIaMa U JIp.
Te ca ocurypsBanu OIpeneicHa 3alldTa, HO
TAXHaTa JBITOTPAHHOCT € CUITHO OTPaHNYEHa.
C pa3BUTHETO HA YOBEYECTBOTO C€ pa3BUBAT
U MOBUILIABAT U3UCKBAaHUATA, KAKTO KbM CIpaauTe
Taka ¥ KbM IIOCTHI'AaHETO Ha TOIUIMHEH KoMpopT. B
[pesen Erumner nzonupanero ot CypoBHs IyCTUHEH
KIMMaT € OCHTYpSIBAHO OT OJebeau 0O10K08e,
nanpagenu om xai. OCB3HATO H30JIUpPAaHE HaA
KOHCTPYKLMUTE € U3BbpHIBaHO B JpeBHa I'bprus
4pe3 ,,3amyniBaHe” Ha BB3AYIIHUTE MEXAWHU U
W3IMIOJI3BAHETO 3a MBPBH IBT HAa HEropuMara
ToTUTON30JAMs a30ecm. Kopkbm 3a TbpPBU TBT €
M3IIOJI3BAaH KaTO TOIUIOM3OJIAIMOHEH MaTepuall B
[pesen Pum. BukuHrure u 1pyrure ceBepHH
HapoAM Ca YCBOWJIM TEXHOJIOTMUTE 32 HaIlpaBa Ha
no0pe M30JIMpaHy KUIHIIA Ype3 M3MOI3BAHETO Ha
naacmu4Ha Kau 3a yIIbTHABaHE HA HETUITbTHOCTHUTE
MEXIy  OCHOBHUTE  TpPAJUBHH  EJIEMEHTH.
ITon3BaHeTo Ha MmbKaH MeKCMUA KaTo U30J1alusl Ha
CTEHH 1 TIPO30PLIM BOJM HAYAIOTO CH
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or CpennoBekoBuero. C HacThIIBAHETO Ha
WHIyCTpHAIHATA PEBOJIOIMS 3al04YBa MAacOBOTO
U3MON3BAaHE HA a30ecmogu MONIOU30IAYUOHHU
mamepuanu. C pa3BUTHETO HA TEXHOJOTHHTE 3a
npepaboTka Ha MaTepHanTe 3amoysa
MPOU3BOJCTBOTO HA KEpaMHYHH MAaTepUad C
MOJOOPEHN TOIUIOTCXHUYECKU XapaKTCPUCTHKH,
TOMEHUTE KAMCHHU U3JICIHS, CTHKIICHU MaTePHAIIH,
KOMIIO3UTH Ha pacTUTelHA OCHOBA W  JIp.
PazpaboTBaHeTo M MacoBOTO BHeApsiBaHE Ha
XUMHYECKOTO MPOU3BOJCTBO TOJara Ha4yaJioTO Ha
CUHTCTHYHHTE OpPTraHWYHM MAaTEpUaNH, KOHUTO
HaMHpPAT CBOETO MSCTO U KaTO TOIIOWU30JIAlMOHEH
MaTepHai.

Ta6x. 1 [lepromn Ha pa3BUTHE HA
TOIUIOM30JIALIMOHHUTE MaTepuaiu [1]

Bunose
I'pyna
Ilepuon TOTIONU30JIAIIIOHHH
MaTepHaiu
Marepuaiu
JKuBoTHHCKaA KOXKa,
EcrectBenn
BBJIHA, CJIaMa, TJIMHA,
Marepuaiu
o 1870r. CKAJTHU MaTepHaIH
WskyctBenn | Kepamuunu Tyxiu,
MaTepuaid | CTBKIO
EcrectBenu | TpbcTuKa, KODK,
MaTepuaid | IbpBECHHA
1870 Tyxm, HaITBITHEHH C
TIeTeN, KyXH TYXJIH;
1950 W3kycTBeHn » KYXH X,
A3becT, KaMeHHa BaTa,
MaTepHuaiu
¢bubpocThKIIO, NUIAKA,
eKCIaHMpaHa IrMHa
[Honucrupen
1950 - H3kycraenn TTOJTH eTpaH ’HOJ'II/I€CT6
2000 MaTepHaIu P ’ P
TTOJIMETUIICH | JP.
[Honucrupen
WskycTBeHu pet,
MOJIMypETaH, MOJIHecTep,
Marepuanu
TTOJIMETUIICH | JIP.
eJTyJIO3HU MaTepHaIn
EcrectBenu KHO IZ] cnama pa ’
nama, TJIMH
2000 — o Marepuanu PK, i >
J'bpBECHHA
JTHEC
Toruon3osauoOHHU
Hosu CTBKJIa, TepMOpedIIeK-
U3KYCTBEHH | TOpPH, HAHOMATEPHAIIH,
MaTepHald | BaKyyMHH U30JIAI[HOHHH
MaHeN! U Jp.

IIepBUTE TEXHONOTMM 3a H30JUpaHE Ha
OrpaKAamuTe KOHCTPYKIMM Ha CTpaguTe ca
paspabotenu u narenroBanu B ['epmanus u CAlLl B
Haganoto Ha 60-te Tomuuu. Ilpes 1960 1. e
n3onMpaHa mbpBaTta O6eToHHa crpaza B l'epmanus
[2].

Ilo nannu Ha aBTOpUTE B [3-4] HOpMaTHBHATA
0aza ®W TmBpBaTa METOAWMKA 3a KOHTPON Ha
TOIUIOM30JIAIIIOHHUTE CHUCTEMH 32 HM30JMpPaHe Ha
crpaaute € mpuera B I['epmanus mpe3 1982r.
IIbpBOHAYATHO KAaTO M30JIALMOHEH
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MaTtepuajg € H3MOJI3BaH MEHOIMOIUCTHPONA, a OT
cpemata Ha 70-Te TOOAWHM — MUHEpaJHATa BaTa.
JllebenuHara  Ha  OBPBUTE  CUCTEMH  3a
torutonsonamnus € 40 mm. Ot 1975 r. B 'epmanus,
Asctpus u IlIBeiimapus 3amo4Ba 00CIIEIBAHETO HA
TYXJICHH W TIaHEHU XWIHITHHA CTPagu A0 9 eTaxa.
B cpemara na 80-re rommaum B CAIl ca
tormom3onupanu  0,5%  OT  HHUCKOETaKHUTE
kuuman  crpagu. Ilpes 2004 1. ca HampaBeHU
I’bPBUTE KOHTPOJIHU W3CIICIBAHUS Ha
€KCIIOATAIIMOHHYS J)KUBOT HA TOILIOM30JAIUsITa B
I'epmanuss m e ycraHoBeHO, 4e ToW e 1o 35T.
YcraHoBeHO € CBIIO, dYe CHUCTEeMHTE 3a
TOIUTOM30JIalMsl HE OTroBapsiT Ha ChBPEMCHHUTE
M3WCKBaHWUS 32 €HeprocrecTsBane [5-6].

[IspBuTE M3UCKBaHU KbM
TOIUIOM3O0JIalMuTe 110 OTHomeHue Ha U- m R-
CTOWHOCTHUTE TaTUPAT OT Kpas Ha 50-Te U HAYAIOTO
Ha 60-te ronnan Ha XX Bek B CKaHAMHABCKUTE
CTpaHu. Tes3u HallMOHAJIHU H3UCKBAHHA Ca 6I/IHI/I
HAaCO4Y€HU KbM IIOBHIIIaBAHE Ha CHCpFHﬁHaTa
e(eKTUBHOCT M KOM(OPT B KIIUIIHUATE CTPAIH.
KomdbopTsT € mppBOnIpHYrHATa 32 TOBHUINIABAHE HA
HU3HUCKBAHUATA — B OTPAXKCHUEC HA IMOBUIIaABaAlllUA pU
YCIIOBHS 32 JKUBOT OT XOpara.

25 mm NeHONoJINypeTaH
# 60 mm MEeHOMOIUCTHPOIT
70 mm kopk

7280 mm MuHepaiHa BaTa

140 mm awspBO

250 mm neHob6eToH

500 mm xepaM3uTOOCTOH

650 mm TyxueHa

®ur. 1 BiusHue Ha TOINIOTEXHUYECKUTE
XapaKTePUCTHKH Ha MaTepUAIIUTE BHPXY JcOennHaTa Ha
H30JIAIMOHHUS CI0MH

2. ”THOBAIIMOHHHA
TOIVION30JAIMOHHU MATEPUAJIN

Bce mo-BuCOKHTE HM3UCKBAaHUS W KPUTEPUU
TIpeIsBIBaHU KBbM TOTION30JIAIIHOHHHUTE
MaTepuaal  ChbYETaHW C  PA3BUTHETO  Ha
TEXHOJIOTMMTE Ha IPOU3BOACTBO IO3BOJISABAT H
Pa3BUTHETO HA HOBH MAaTEPHUAIIH ChC CTIICTUPUIHH
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CBOMCTBa - HHUCBHK KoeuIneHTa Ha
TOIIONPOBOJHOCT W BUCOK CHeU(pUICH TOIUTMHECH
Kanaiurer.

Haii-HoBuTE Trpynu  TOMIOU30JALIMOHHU

MaTepuay ca:
- saxyymuu uzonayuonnu nauveau (VIP) —
MaTepuagy ¢ XOMOT€HHa CTPYKTypa M OTBOpEHa
MOPHUCTOCT, H30JIMPaHH C Ta30HEMPOIYCKINBA
Oapuepa [7-8]. KoeduiueHtsT Ha
TOMmIONpoBoAHOCT € 4 — 20 mW/m.K.

- eazonanvanenu narenu (GFP) - marepuammn
C XOMOTeHHa CTpyKTypa M ¢QuHaA 3aTBOpeHa
MIOPUCTOCT, 3alblIHEHa C HUCKOMPOBOAAI] Ta3 [9].
Koedwummentst Ha TOMUIOMpPOBOIHOCT € O0Koyo 40
mW/m.K.

- aepoees — HETOPUM resioo0pa3eH MaTepuall,
B KOMTO TeuHaTa (aza e 3aMeHeHa C razooOpasHa.

Koedpuunenrst Ha
TOIIIOMPOBOJHOCT € 0KoJio 13-25 mW/m.K.

- ¢pazonpomensuyu ce mamepuaiu (PCM) —
KOMIIO3UIIMH, 32 KOHMTO IPeXojAa TEYHO-TBBPAO
CBCTOSIHAE TIpH OIpEeZeNeHa TemIeparypa e
CBIIPOBOJICH ChC ChXpaHsIBaHE U OCBOOOXKJaBaHE Ha
rojemMu KoiuuecTsa eneprus [10].

HoBo  mokomeHume  TOMIOW30JaLIMOHHU
Martepuann ca u THHKOCJIOWHHUTE
TOTJION30JIAIIMOHHN TTOKPUTHUS, T. HAP. CUHMAKMHU
neHu.

CUHTAaKTHUTE TIEHH ca  KOMIIO3UTHH
MMOJIMMCPHU MaTCpUaIM Ha OCHOBAaTa Ha OPraHU4YHO
CBBP3BAIllO BEIIECTBa M HambiaHeHH ¢ oT 40% 1o
80% Kyx¥ WU IUIbTHA KEPAMUYHH, CTHKICHHU HJIH
nolMMepHH MHKpochepu. CHHTaKTHUTE TICHU
MPUTEKABAT HHUCKA TOIUIONPOBOJHOCT, HHCKA
IUIBTHOCT ¥ jgobpa  oOpaboTBaemoct  —
OnaroymapeHre Ha MHKpochepHure, U MeXaHHYHA
SAKOCT H TOHHOyCTOﬁ‘-IHBOCT - OCUrypsaBaHu OT
CBBP3BAIIOTO BELIECTBO.

B nacrosmara myGiukanys ca npeacTaBeHn
W pe3yaTaTd OT H3CIEABAHETO Ha [BE TBHHKHU
TOIJIOU30JIALIMOHHN TIOKPUTUSI HAa OCHOBaTa Ha
CUHTaKTHU [I€HU, KOUTO Ca ChC CJICJAHUS ChCTAB:

- TeYHa TMOJIMMEpPHAa KOMIIO3UIIMA Ha BOJHA
OCHOBa, CBCTOSIA CE€ OT CHUHTETHYEH KaydyK U
aKpUJIHU IIOJUMEPH C JUCHEPrUpaHu KepaMHYHU
BakyyMHH Mukpocdepu (77111), pur.2a.

- TeyHa TOJMMEpPHA KOMIO3MIMS Ha
aKpuJIHa OCHOBAa C Ta30HAIBJIHEHU CTHKIIEHU
mukpochepu (TT112), pur. 26.

3a ocHOBa Ha ONWTHHUTE OO0pa3u e
M3M0J13BaHO CTHKIO. [TosrydeHara cpeiHa CTOMHOCT
3a Koe(pUIMEeHTa Ha TOIIONPOBOJHOCT Ha CTHKIIOTO
e Aer—=0,78 W/m.K. Pa3smepute Ha wuzcrnemgBanute
o6pazmu ¢ TTII BB BCHYKM H3CIEABaHUS ca C
pasmepu 240x240x80mm. 3a

20

MPENM3HOCT Ha W3CIENBaHUATA TPEedu M Cllel

HAHACSIHE Ha  TOKPUTHETO Cca  HampaBeHHU
“3MEpBaHUs 3a JleOenrHa.
[y
a) TTIII 6) TTII2

@wur. 2 OnuTHE 00pa3ny ¢ HAHECEH CIIOH
TEPMOH30JIAIIMOHHHU MIOKPUTHUS BBPXY CTHKIIO

2.1. CTpyKTYypa Ha CHHTAKTHHTE NMEeHH
XapakTepHO 3a CTpYKTypaTa Ha
W3CIeBaHUTE CHHTakTHH neHu (dur. 3) e, ue B
MaTpulara ce  HaOJaoZaBaT  OTHOCHUTEIHO
PaBHOMEpPHO  paslpeAel]eHd  yacTUIM  Ha
'BITHUTEINTE, KOUTO ca C MpaBWiIHA CcepuvHa

¢dopma.

o9 ‘Depa na
- Inosspinocma

@ur. 3 CTpyKTypa Ha THHKO TOIUIOU30JIAIUOHHO
MTOKPHUTHE OT CHHTAaKTHA TsiHa: a) cbetaB TTIII,
6) cecta TTII2

3a nokputuero cbc cbctaB 17111 ca
pETUCTPUpaHH, KaKTO EIWHUYHH, Taka U
CTPYIIBAHHS OT YaCTULH C AUAMETHP OKOJIo 45 pm.
Yactumre ca  pasloNIOKEHW  OTHOCHTEITHO
paBHOMEpHO B JieOeNMHATa Ha CJIOs, 32 KOETO ce
CHJIU TI0 PAa3HOPOJIHUTE IO pa3Mep CeUeHHsI, KOUTO
ca (pukcupaHu HA MOBBPXHOCTTA HA MIOKPUTHETO.

3a mokpuTHETO CBhC CchcTaB 171112 ce
HaOJI0/1aBaT MOBEYE U MO-JAUCTICPCHH THITHUTEIH C
npaBwiIHa cepuuHa Gopma u AUaMeTHp OKoJao 15-
25 um. YactumuTe ca pa3nojoKeHN
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OTHOCHTEIHH PaBHOMEPHO B jJe0eNnHaTa Ha CJof,
HO C€ PETUCTPHUPAT CTPYNBAHUSA OT YACTHUITH.

2.2.Metoau 3a omnpeneJsiHe Ha

TOIIO(U3NYHUTE CBOICTBa Ha
MaTepHaJIuTe

Tomnoduznunute CBONCTBA Ha

W3CIIEIBAHUTE CHUHTAaKTHU TIEHH ca OIpeNeIeHU
Yype3 U3M0I3BAHETO Ha CIEIHUTE [1BA METOA:

- METOJ Ha HEOI'PaHWYEHUS MJIOCHK CIIOH;

- MOOM(UUIMpPaH METOJ Ha KpaTKOBpEMEH-
HUS paBHUHEH TOIUIMHEH U3TOYHUK.

Memoo na neoepanuuenus nI0CvHK Ciou

W3znon3ea ce cTeH 1, KOUTO paboTH 10 METO 1A
Ha HEOIPaHU4YEHMs IUJIOCBK CJIOW, HapeudeH Olle
»Meton Ha JI-p bok”. Ciyxu 3a ompenensHe Ha
Koe(UIMeHTa Ha  TOIUIOMPOBOJAHOCT A  OT
0.035+1.99 W/m.K Ha cTpouTenHu marepuaid u
CHUHTCTUYHHU, IO q)opMaTa Ha IJIOYHM U HOPECTU
MaTepuaiy, ako ca XOMOT€HHHU, MPHUOIH3UTEITHO
XOMOTEHHHU, PEeOHOIIOPECTH WM BIAKHECTH.

[IpuHuun Ha AelCTBHE HAa CTEHAA — MEXIY
ABC IIJIOCKH IUIOYM C pa3jindHu TEMIICPATypHu C€
moctaBs onuTHUS oOpazern. Ilimodara ¢ mo-Brcoka
Temneparypa (ropemata IIio4a) — MOIIbpKa
MOCTOSIHHA ~TeMIlepaTypa dpe3 TMoJaBaHe Ha
eIeKTpUYecKa eHeprusa. lemmeparypara Ha TIO-
CTyleHara IUIo4Ya (CTyJaeHaTra) ce TOAIbpiKa
IIOCTOsTHHA qpe3 OTBCKIAAHE Ha TOIIJIMHA
Mmocpe/ICcTBOM Boja. ['opemiara moua ce odxBaiia
OT TpeANa3Ha IUIoYa ChC ChINATa TEeMIIeparypa,
BCJIE/ICTBHE Ha KOETO Ce€ MPEeIOTBpaTsIBaAT 3aryouTe
Ha TOIUIMHA KbM OKOJHOTO HIPOCTPAHCTBO H
TOIUTMHHHMS TIOTOK C€ Haco4Ba KbM oOpazemna. Taka
MpH  KBa3WCTAIMOHAPEH PEXUM  TI0JaBaHarTa
eJIeKTpUYecKa MOIIHOCT KbM TOpeliara IJioda e
nmpornopuruoHaiHa Ha TOIUIMHHHUA TIOTOK KbM
oOpa3zeria.

Moougpuyupan memoo Ha Kpamkogpe-
MEHRHUA PABHUHEH MONJIUHEH U3MOYHUK

AHanuzaTopbT 3a 0e3pa3pyIunTeTHO
n3MepBane Ha ToruonpoBonHoct - TCi Mathis
Thermal Conductivity Analyzer wuma mupok
IMana3oH Ha M3MEpBaHE Ha KoeQUIMEeHTa Ha
tormonpoBogHoct (A = 0-220 W/(m.K)) B
temmepatypau rpaauiy (-50°C - 20°C) u e mokasas.
[To3BosiBa mpenM3HO M3MEpBaHe Ha KoeduLmeHTa
Ha TOIIOMPOBOJHOCT C TOYHOCT JI0
+1%. BpemeTo 3a U3BBPIIBAHE HA TECT € 5 CEKYH/IH.
MarepuanbT Ha M3CIEABaHUTE 00pa3Ly MOXeE Ja
O0pae mox dopmata Ha TBBPAM Tella, TEYHOCTH,
KpeMOoOOpa3HU WIIH TIPAaXxOBe.

IIpyuHiun Ha nAeiicTBUE Ha aHalu3aTopa —
BBPXY IIpubOpa ce MoCTaBs U3CaeABaHU 00pa3ell.
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KbM HarpeBaTenHus eeMEHT Ha CEH30pa Cce 10/1aBa
TOK, TPOU3BEXKIAIl HEOOXOIUMOTO KOJIUYECTBO
TomMHA. B pe3ynraTr Ha mpou3BeaeHaTa TOIUIMHA,
TeMIepaTypara Ha TpaHUYHATa TOBBPXHOCT MEKIY
ceH3opa M o0pasema ce noBumasa. Tosa
[IOBUIIABaHE Ha TeMIlepaTypara IpeIu3BUKBA
MpoMsHa B Claja Ha HalpeXEeHWETO Ha CEH30pa.
CkopocTra Ha HapacTBaHE HA HAIPEKECHUETO HA
CeH30pa ce H3NO0JI3Ba 3a OIpeleisHe Ha
TOIUIMHHUTE  CBOWCTBA Ha MaTepuaja Ha
nscnenBanus obpaseu. TomnodusnyHUTe CBOHCTBA
Ha Marepuaia Ha o0Opazerma ca oOpaTHO
IIPOIOPLIMOHAIIHY HA CKOPOCTTa Ha HapacTBaHE Ha
Hamnpe)KeHHETO Ha CceH3opa. Pesynrature oOT
M3MepBaHUATa ce 00paboTBAT ChC CIICIUANN3UPAH
codTyep KpM amapara.

2.3. Tonaodpuznunu
CHHTAKTHHUTE NMeHHN
3a wW3MepBaHETO Ha KoeHWIMEHTa Ha
TOIUIONPOBOJHOCT M CHEeUU(UYHHS TOIUIMHEH
kamanureT Ha TTII ca n3non3sBanu U 1BaTa OIMCaHu
MO-TOpe METOH - HA HEOTPAHUYCHHUS TJIOCHK CIIOHN
U Ha KPaTKOBPEMEHHHS TOIUIMHEH M3TOYHWMK. Ha
0a3aTa Ha U3MEPBAHUATA € MOJYyYCH CKBUBAJICHTCH
KOE(PUIMEHT Ha  TOIUIONPOBOTHOCT Aexs 34
cHcTeMaTa CTbKIeHAa noonodcka —  TTIL
KoepunmenTbT Ha  TOMJIONMPOBOAHOCT  HA
MMOKPUTHETO A € W3YHCIeH 10 METOWKa,
paspabotena u ormcana B [11]. B tabn. 2 ca nagenn
CpPEIHUTE CTOMHOCTHM OT H3MEpBaHUATA Ha
torou3ndHnTe Xapakrepuctuku Ha TTIL

XapaKTePUCTUKH  HA

Tabxn. 2 Tomwmodpusnunu xapakrepuctukn Ha TTII

No ) c p A
) mm | J/(kgK)| kg/m® | W/(m.K)
TTII1 0,415 1057 430 0,0028
TTII1 0,365 1057 430 0,0025
TTII1 0,265 1056 430 0,0023
TTIII 0,265 1056 430 0,0022
TTII2 0,716 988 916 0,0059
TTII2 0,716 988 916 0,0060

CpenHara CTOMHOCT Ha KOE(QHUIUEHTHUTE Ha
romtonposoaHocT Ha TTII1 e A,=0,0024 W/(m.K),
a Ha TTII2 e X,=0,0060 W/(m.K). Crienudprranmsr
tormtuHeH KamanuteT nmpu TTII1 e mo-Bucok ot
to3u npu TTII2. ToBa € TACHO CBBP3aHO M CBC

CTPYKTypaTa Ha  JB€T€  TOILUIOM3OJIALIMOHHU
IIOKPUTHSL.

Pesynratute  or  u3MepBaHuUATAa ~ Ha
TOIUIO(U3UYHUTE XapaKTEPUCTUKHU Ha

TOIUIOMU30JIAIUOHHUTE IIOKPUTHUA IIOKa3BaT J:[06pa
MOBTAPSIEMOCT.
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3. CPABHUTEJIEH AHAJIU3 HA
TONMJIOPUSNYHUTE XAPAKTEPUCTUKHN
HA TM
3.1. Tonaodusnynu xapakrepucTuku Ha TM

C 1men cpaBHGHHEC Ha TOIUIOQH3UIHHUTE
XapaKTepUCTUKU HA CHHTAKTHUTE IIEHH, B YaCTHOCT
Ha THHKUTE TOTUIOM30JIaMOHHH MOKPUTHSA, C TE3U
Ha KJACHYECKUTE TOIUIOM30JIALMOHHH MaTepHaln
ca IPOBEICHH EKCIEPUMEHTAIHU H3CIECIBAHUS U
BBPXy 0Opa3uum Ha HSIKOM OT Hal-4ecTo
W3MO3BaHUTE TOTION30JIaTOPH KaTo:

- TM1 - exkcnangupaH NEHONOJUCTUPO,
¢wur. 4a;

- TM2 — ekcTpyaupaH NEeHOTIOTUCTHPON, (UT.
46;

- TM3 — runcokapToH, ¢ur.4s.

a) TM1 6) TM2 B)TM3

@ur. 4 OO0 Bua Ha uzciensanute TM
a) obpazers TM1 — excaHAMpaH MEHOMOINCTUPOIT;
0) obpazer;y TM2 — ekcTpyAnupaH IEHOIOIACTHPOI,;
¢) obpaser; TM3 — runcokapToH

Pesynratute oT MPOBE/ICHUTE
CKCIIEPUMEHTAIHN W3CIIC/IBAHUS Ca MPE/ICTABEHU B
Tabmn.3.

Tabn. 3 Tomo¢pu3n4IHN XapaKTEPUCTUKU HA 00pa3u
OT KJIACHYECKH TOIUIOU30JIALIMOHHN MaTepUaIH

No ) c p A
) mm JikgK) | kg/m® | W/(m.K)
™I 20 1258 20 0,027
™2 8 1520 40 0,035
™3 12,5 856 900 0,19

CunHomopecTHTe, aMOp(HU U Ha TIOJMMEpHA
OCHOBa MaTepHalM NpPUTEKaBaT MHOTO HHUCHK
koepuuueHnt Ha ToronpoBogHoct (TM1 -
M=0,027 W/(m.K); TM2 - %,=0,035 W/(m.K)), a
crenn(pUIHUIT UM TOTUTHHEH KaIalUTeT € ¢ BACOKU
crortHoctr (TM1 — ¢1=1258 J/(kg.K); TM2 - c2=1520
J/(kg.K)).

3a pasyinka OT TsIX, KOMIO3UTHUAT MaTepua
Ha HEOpraHWYHa MUHEpaHa OCHOBA U 3HAYUTEITHO
MO-TUIbTHA  CTPYKTypa TIPUTEXaBa  IO-BHCOK
koedunueHT Ha Tortonpooanoct (TM3 - A3=0,19
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W/(m.K)) 1 nmo-HUCKa CTOMHOCT Ha CreHu(pUIHUSL
TorutmHeH kananuteT (TM3 - ¢,=1520 J/(kg.K)).

3.2. AHaJu3 Ha pe3yJITaTUTe

CpaBHUTEITHUAT aHAU3 Ha U3CJICIABAHUTE
obpasiu ¢ TTIT u TM, mokasBa, 4e KOSHUIIUCHTHT
Ha TOIUIONPOBOJHOCT HA WHBATUBHUTE TBHHKHU
TOIJIOM30JAIIMOHHU TOKPUTHUSI € MHOTOKPATHO TI0-
HHCBK OT TO3U Ha KJIaCHYECCKUTE
TOIUTON30JIAITMOHHN MaTepruaal — KOCHHUITUESHTHT
Ha ToruionpoBogHocT Ha TM1 e 11 mbTH mo-BHUCOK
ot Tto3u Ha TTIIl. TerHKHATE TOIMIOM30JAIMOHHU
MOKPUTHUS Ca MHOTO JTOOW MU30JIaTOPH.

I[To moxkazaren crenmuduyeH TOIUTHMHEH
KaItaureT H3CJICIBAaHUTE THHKH
TOIUIOM30JAIMOHHN TOKPUTHS OTCThIBAT Ha TM1
n TM2, Ho mpeBb3x0oxkmatT TM3. CroliHOCTHTE Ha

cnenu(UYHUS  TOIUIMHEH KararureT Ha
W3CIEJIBAHUTE  TOIUIOWM3OJIAIIMOHHA  MOKPUTHS
OTHOBO HOTBBPIKIaBaT BHCOKHTE UM
TOIUTOM30JIAIIMOHHH CITOCOOHOCTH.

CrerupuaHHAT KOMILIEKC oT
TOMIOMU3NYHN  XapaKTEPUCTHUKH HAa THHKUTE
TOIUTOM3OJIAIMOHHM ~ TIOKPUTHS  C€  OmIpeness

U3KITIOYUTEITHO OT TEXHHS CHCTaB U CTPYKTYypa.
MHoOkecTBOTO cepu C HENpeKbCHAT pa3MepeH
¢dakTop QopmHpaT THHKA 3alUTHA TEPMUYHA
Oapuepa Ha TOBBpXHOCTTa. KyXmHHOCTTa Ha

MUKPOKATICYJTUTE OCHTYpsiBa CTIOKO¥Ha
0e3BB3IyNIHA cpella, KOETO JIOTpHHACS 32
M3KITFOYUTEITHO HUCHK KOC(PUIIUEHT Ha

TOILUIOIIPOBOJHOCT U OTHOCUTCIIHO HUCKA IIJIITBTHOCT.

I11. U3BOIM
AHa.]'II/I?:T)T Ha HOJ'Iy'-IeHI/ITe JaHHU oT
HpOBeI[GHI/ITe GKCHepI/IMeHTaﬂHI/I HU3CJICABaHNA,

MO3BOJIsIBA 3 OBJIAT HAIIPABEHH CIIETHUTE U3BOIH:
e  CHUHTAaKTHHTE IIE€HHM M3IIOJ3BaHU KAaTO THHKH
TOTUTOW30JIAIIIOHHU TTOKPUTHS TIPUTEXKABAT MHOTO
n00pu TOILIOM30JIaLIMOHHU KayecTBa.
Koedunmentst Ha TormnonpoBoanoct Ha TTII1 e
1=0,0024 W(/mK), a ma TTII2 X=0,0060
W/(m.K).  CroiiHocture Ha  cHenupuuHUS
torutiHeH KanauTet ca: 3a TTII1 ¢,=1057 J/(kg.K)
u 3a TTII2 ¢,=988 J/(kg.K).

o  CpaBHUTCIIHUAT aHA/IM3 Ha Koe(HUIMEHTAa Ha
TOIUIOTIPOBOJHOCT MW CHEUU(DUYHHUS  TOIUIMHEH
KalmanuTeT  Ha  M3CIEABAHUTE  KJIACHUYECKHU
TOIUTOM3O0JIAIIMOHHU ~ MaTepuaiy W THHKUTE
TOIJIOM30JIAIMOHHU TOKpUTHUs moka3sat, ye TTII
MPHUTEKABAT U3KIIIOYUTETHO HUCHK KOSHUIIUCHT Ha
TOTUTOTIPOBOTHOCT ¥ BUCOK CHEIM()UYCH TOTUIMHEH
KaIaluTeT.
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o [IpencraBeHuTe WHOBAIMOHHU TOILIOHM30JIa-
IMOHHW MaTepuany Ouxa MODNIH Ja HaMepsT
MPWIOKEHUE B JKWIMIIHUTE Crpajad, KOETO IIe
croco0CTBa 32 HaMaJIsIBaHEe HAa TOTUIMHHUTE 3aryou
1 TTOI00psIBaHE Ha CHEprUiHATa UM €(EKTHBHOCT.
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BUCOKOHA/IEJKJEH JENTA HEHTHP 3A 3/IPABHA MTHOOPMAIMS

HIGH RELIABLE DATA CENTER FOR HUMAN HEALTH DATA

Pocen Pagkos

Pe3lome: ['prmkata 3a 3ApaBeTO Ha Xopara Hajara HM3IIOJI3BAaHETO Ha HOBH IPHIIOXKHH
TEXHOJIOTHH, C TIOMOIITa HAa KOUTO JIa Ce CJEIAT HEIIPEKbCHATO CTOMHOCTHUTE HA ONPEeICHN
HOKa3aTelIH, KOUTO ce CHeMaT upe3 CIELMaTHO pa3pabOTeHH 3a Ta3u Led ycTpolcrBa. B
HACTOSIINS AOKJIAJ ce Ipeuiara 000CHOBAHO PElleHHE 32 BUCOKOHAICKACH AeHTa LEHTBP,
HEOOXO0/IMM 3a HaJeK/IHO ChOUpaHe, 00paboTKa U ChXpaHEHHWE Ha JaHHUTE.
KaouoBn aymm:  fneiita  UEHTBp, HaJeKAHOCT, 0E30TKa3HOCT,
HETIPEKbCBAEMOCT

JIOCTBITHOCT,

Abstract: The care of people's health requires the use of new applied technologies to
continuously monitoring of the values of certain indicators that are captured by specially
designed devices. This report provides a well-grounded solution for a highly reliable data

center that is required for reliable data collection, processing and storage.
Keywords: data center, dependability, reliability, availability, business continuity

I. BbBEJAEHUE

I'pmxata 3a 3ApaBeT0 Ha 4YOBEKa B
CHbBPEMCHHUS CBST Hallara H3MOJI3BaHETO Ha
MPUIIOKHU TEXHOJIIOTHH, Ype3 KOUTO Ja ce ChOHpa 1
oOpaborBa wH(pOpMaIus 3a CTOHHOCTHUTE Ha
Pa3IMYHU MMOKA3aTeIN CBBP3aHU ChC 3[PAaBETO HA
YOBEKa, M B pe3yJITaT Ha MOCJEIBAIl aHAIN3 Jia Ce
MpaBH KOPEKIIUS B JICYCHUETO WM HAOIIOICHUETO
Ha TIANMEHTUTE. YCHENIHOTO WM MpWiaraHe e
CBBP3aHO C HAJEKJHO ChXpaHsBaHEe U 00pabOTKa

Ha  cwOpaHara 3a  menra  MHOQOpMAIHA.
HanoxuTtenHo e opraHu3upaHero Ha JeirTa
nentpoBe ([Il), xomto ca sgporo Ha WUT
un¢ppacrpykrypara (MTUC), HeoOxomauma 3a

pabotaTa Ha Te3W TEXHOJOTWMH. B YHHCOH C
M3UCKBAHMSTA HA TEKYIIMS U BIU3AIIUS B CUIIA TIPEe3
2018r pernameHnTH 3a 3aIKUTa HA TXYHUTE JaHHU €
HEOOXOJMMO Jla C€ OCHIypH TsIXHaTa BHCOKa
HaJKAHOCT U JOCTBIIHOCT KAKTO U 3aILUTa CPELLy
HEOTOPU3HMPAHO M3IOI3BaHE, MPOMsIHA, 3ary0a uiu
m3trdane. CTpeMeXbT Upe3 Te3H TEXHOJIOTHH /1a Ce
OCBIIIECTBH  HENMpPEeKbCHAaTO  HAONIOJeHWEe Ha
MalUeHTUTE U CBOEBPEMEHHOTO B3€MaHE Ha
peleHue 3a aJIeKBaTHOTO WM JICUCHHE HW3HMCKBa
nHpopmarusaTa, pecnektuHo J(I, ma Oppar
JOCTBHIIHU 24 Yaca B JCHOHOIIMETO M 365 IHHU B
ronuHara. [IpexpcBanmusTa B padorara Ha J(11 nmu
3a0aBsHE B OCHTYPSIBAHETO Ha MPEIOCTABIHUTE OT
TAX  yCOYrd ca  HEXelNaTelHu  ChOUTHS.
Heobxomumo e na ce mpuioxkar WT pemienns,
OCHUTYpSIBAIlI HEMPEKHCBAEMOCT Ha paboTHUTE
MPOLIECH M TAXHOTO OBP30 BH3CTAHOBSBAHE CIEI
UHITUICHT.

B macrosmuar fgoknam  ce  mpeacTaBst
pemenue 3a BucokoHaaexaeH 11, Heobxoamm 3a
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paboTaTa Ha IIEHTHP 32 HAOIOJeHNE Ha TAIIHEHTH
(LIHIT).
1I. U3J1I0KEHUE

Ilpoektupanero m wusrpaxknanero Ha HWT
pelieHre, yIOBIeTBOPSBAIIO ITOCOYSHHUTE MTO-TOPE
(hyHKIIMOHATHOCTH W3WCKBAa TPWJIAraHETO Ha
CHBPEMEHHU amnapaTHU U MPOTPaMHU TEXHOJIOTHUHU
[1]-[6]. Omnpenensuero Ha cbcraBa Ha [,
ONITMMAJICH 3a BCEKH EOUH CIIy4aid, H3UCKBa
33/1aBaHETO HA CTOWHOCTUTE Ha OIpeelICHU
nokasarenu [7]. Cimen aHaau3 Ha HEOOXOAMMOTO
kauectBo Ha I 3a HHII u u3BbpiIcHa OLIEHKA Ha
pHCKa ca omnpejielleHH TEXHUTE CTOWHOCTH.
1. IMokazaTesn HeoOX0aMMH 32
npoexkTupane Ha J{L1
1.1.  HoctwmHocT (availability) na JIL: 99.9%
1.2. Bpewme 3a Bp3cTaHOBSIBaHE Ha paboTaTa cliej
uHIAeHT (RTO): <250 paboTHu yaca.
1.3. HHrepBasl OT Bpeme, 3a KOHTO mie Objaar
3ary0eHu maHHW BeneactBue Ha wHIUAEHT (RTO)
(0obem Ha 3aryOeHuTe ganHM): < 3 yaca.
1.4. Pa3mepbT Ha JONMYCTUMHUTE KaIllUTaJOBH
pasxoau e onpezeneH 1o 200 000 ns.
1.5. PasmeppT Ha JONMyCTUMHTE OIEPATHBHH
pasxoau e onpezaeneH 10 35 000 xis.
1.6. Karo Bpeme 3a BHeapsiBaHE € 3a[aJCHO Ja
0b1e < 300 paboTHH yaca.
2. IIpoexTupane na AL

2.1. Mogen na JL1
JIIT MpeJICTaBIIsIBA CBBKYITHOCT oT
TIOMEITICHUS, XapayepHH u copTyepHH

KOMITOHEHTH, CbPBBPHU POJIH, YCITYTH U MIPOLEAYPH
3a ympasierne. OCUTypsIBaHETO Ha HE3aBUCUMOCT
Ha HETOBUA ChCTaB OT KOHKPETHUA HOTpe6I/ITeHCKI/I
codTyep, KOHTO OU OWIT IPUITOKEH
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B IIHII, HeoOxoauMocTTa OT OBbp3 U HABPEMCHEH
JIOCTBII OO JAaHHWUTE M OTUUTAHKH HENPEKbCHATO
yBeNIHMYaBaIIHAA UM ce 00eM, € HalpaBeHo Ha Oa3aTa
Ha Mojen Ha J[L], neduHupan kakTo ciensa:

e Jlomemenue ¢ KOHTPOJIMPAH JOCTBII H
OCUT'ypeHa KIIMMAaTU3aLus;

e EnuH M3TOYHUK Ha eJIEKTPO3axpaHBaHE H
n3rpajseHa cucremMa 3a aBapuUiHO
eJIEKTpO3aXpaHBaHE;

MUHHMMYM JBa JOCTaBYMKa Ha VIHTepHeT;
CopBBp(M) 32 6a3a OT JaHHM;

CopBBp(H) 32 MPUITIOKCHUS;

®daiinoB cHpBBHP(N);

[lomeHncku copBBP(M);

Yeb cppBBp(M);

CwpBbp(¥) 32 ynpaBieHHe HA HASHTHIHOCTUTE
U IOCTBIIA A0 MPUIOKEHUSTA;

e BupryanmzauumonHa 1uiaTgopma, —JaBamia
BB3MOKHOCT 32 ONTHUMAjHO H3IMOJI3BaHe Ha
XapIyepHUTE PECypCH, JECHO pasmupsiBaHe Ha 1]
W yHOBJIETBOpSIBAHE HA  CTOWHOCTUTE  Ha
noctbiHOoCcT, RTO n RPO;

e  KOMIIOHEHTH, OCHTypsBAaIld 3allUTa OT
W3TUYAHE HA JaHHU, HEMIPABOMEPEH JOCTBHII JI0 TSIX
W/WJIM TAXHATa MOTU(PUKAITUS;

e MpexoBa  uHOPACTPYKTypa,  pas3lensiiia
TpaduKa Ha 30HH;

e 3ammra Ha [EPUMETHPa, EIMMHUHMpALIA
NEeMCTBUETO HA HEXeJNaHW NpOOMBH U aTaky,
BOJICIIIM JI0 3aTpyJHEHa WM HEBb3MOXHa padorta
Ha UTHUC.

2.2. Csbcras Ha JI1]

3a yZoBIETBOpsIBaHE HA ITOCTABEHHUTE M3MCKBAHUS
3a goctbnHocT Ha JIII, HempekbcBaemocTTa Ha
npuwioxeHusita, wu3nomsBann B [HIT u
JOoMycTHMaTa 3aryba Ha JaHHM Tpu OeacTBUe
M3MOJI3BAMKHY TIOIX0/Ia ONKCaH B [§] e mpoekTupaHa
apxurektypa Ha [, npencraBena Ha @ur.1.
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Henure, xkouTto ca TpecieABaHH B
IIpoeKTUpaHara apxurekrypa Ha /I ca:
®  3amuTa Ha MEPUMETHpA 32 OTPAHUYABAHE WIIN
eMMUHUPaHe Ha BB3MOXKHOCTTA 33 MPOHUKBAHE HA
HeXXelaH TpaduK, BUPYCH, Mallyep M XaKepCKu
Hamecu oT VMIHTepHeT, KakTo U 3a QUIATpUpaHE Ha
CHABPKAHUETO, TPEHACIHO C  MpPEKOBHUTE
IIPOTOKOIIH;
e 3ammuTa Ha KpalHUTE YyCTpoilcTBa - 3a
OTpaHUYaBaHE WM HABIHO CJIUMHUHHUpAaHE Ha
BB3MOKHOCTTA 3a IPOHUKBAHE U Pa3NpOCTpaHEHUE
Ha BUPYCH U Maiyep, U3THIaHe Ha HHPOPMAIIS;
e OcurypsiBaHe Ha ISUTOCTHOCT, HAJIHYHOCT W
KOH()MICHIINATHOCT Ha WHPOPMAIIHITA;
e  Bp3craHoBsiBaHe Ha yCIyrure, MpejjaraHu OT
AL, cnem Oencreue, B NPUEMIIMBUS BPEMEBU
WHTEpBa;
e [IpomecswT Ha excruroatanus Ha J{L[ ma Ob1e ¢
MIPUEMITUBO BpPEME Ha TNPEKbhCBaHE Ha PaOOTHUTE
MIPOLIECH.

JL BKIItOUBA CIEIHUTE TACUBHU U aKTUBHU
armapaTHA KOMIIOHEHTH:
e 1Ba O6post cepBbpu (CopBBpl U CHpPBBHP2) OT
CpelleH Kjac C JBa NpoIecopa, HEOOXOAMMOTO
KOJIMYECTBO  ONepaTHBHA  MamMeT  (TUIHYHO
64/128GB), koHTposep 3a yIOpaBlcHHE Ha
TUPEKTHO CBBpP3aH CTOPHIK C BB3MOXKHOCTH 3a
OpraHM3WpaHe Ha MacWUB OT JUCKOBE OT HHBO
muaumMyM RAID 0, 1, 5, yeTupu ruraduToBU
MpEXKOBU HHTepdeiica, aBa 3axpaHBamy OJOKa,
amantepu (HBA) 3a Bpw3ka o iSCSI, SAS umn FC
untepdeiicu u ornanedeHo KVM  ympasneHue.
MacuBbT OT JAHCKOBE Ha ChbPBBPUTE (PH3MUECKH €
BrpajiecH B KyTHUTEe UM M € OpraHm3upaH C
YeKMepKeTa, KOUTO JaBaT Bb3MOXKHOCT 3a TIOAMSTHA
0J1 HaTpeKEeHHUE;
e  copBEP (CHpBBP 3) OT HUCHK KIac (T.H. 6a30B
MOJEN) C €IWH Tpolecop;, HEoOXOAMMOTO
KOJIMYECTBO ornepaTuBHA mameT (tunuaHo 32GB);
KOHTpoJIep 3a yrnpasieHue Ha DAS ¢ BB3MOXHOCTH
3a OpraHu3MpaHe Ha MacWB OT AWCKOBE OT HHBO
muHuMYM RAID O u 1; aBa rurabuToBH MpPEXOBH
uHTEepdeiica W [OBa 3axpaHBaulM OJOKa W
otnaneueHo KVM ymnpasienue.
®  CTOPHIX CHPBBP C BH3MOXKHOCT 32 BrpaXKIaHe
Ha 12/24 nucka W BKIIOYBAHE Ha MOJYJIM 3a
pasmmpenue, uarepdeiicu iISCSI, SAS wm FC u
IBa yIOpaBisBalld MofAyjia. bpost, Tumet u
pa3MepbT Ha JUCKOBETE CE OTPEAETs criopes obeMa
Ha wuHbOpMANHMATA, XapaKTepeH 3a BCEKH
KOHKpPETEH ClIyuaii;
e  nBa Opos 3amuTtHE cteHH (3C1 n 3C2) ot TN
UTM wm NGFW ¢ BB3MOXHOCTH 32
OpraHm3WpaHe Ha 30HH M paboTa B PEXHUM Ha
BHCOKOHAJIS)KJICH KITbCTEP;
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e 71Ba Oposi KOMYTaToOpu 3a OMOPHATa MpEXa C
yhnpaBlicHHEe ¥ OpraHu3UpaHe Ha BHUPTYAIHU
nmokamau Mpexu (VLAN). He e 3agpinKuTEITHO
yCcIOBHE  BB3MOXKHOCTTa 3a  pa0oTra  BBB
BHUCOKOHAJIS)KJCH KITbCTED;
e  MpEXOBO YCTPOHCTBO 3a CBbXpaHEHHE Ha
nmauau (YCI);
e  pabotau cranuuu (PC);
e  /1BE HENPEKbCBAEMH 3aXpaHBAILY YCTPOHCTBA
¢ momHocT He mosede or 2000VA wu wu3xon
(USB/RS232C) 3a ympaBneHHe, ITOCTaThYHO 2
ocurypu paboraTa Ha CBPBBPHUTE, 3allUTHATA
creHa, komyTtatopa u YCJl mpu TOKOBH ynapw,
OTKJIOHCHHE HA HAIpPEe)KEHHETO OT HOPMAaJIHUTE
CTOMHOCTH M KpaTKOBpeMeHHU (10 15 muHyTH)
CIHMpaHus Ha 3aXPaHBaIIOTO €J1.HAMIPEKECHUE,
e reHepaTop ¢ MomHoCT 10kW.

CucteMHUTE W TPWIOKHHU IPOTPAMHH
cpenctsa Ha JI1] ca:
e xwunepBaiizop (VMware, Hyper-V, KVM,
Proxmox, XEN, Veeam wmm apyr), KouUTo na
MO3BOJISIBA OPTaHU3UPAHETO HA BHCOKOHAAEKICH
KII'BCTEP OT MMHUMYM JIBa XOCTa, C Bb3MOXKHOCTH 32
aBTOMAaTHYHO CTapTUpaHE Ha BHPTyajlHa MallldHa
BBPXY JAPYT XOCT HpPU MPOOJIEM C XOCTa, BBPXY
KOHUTO ce € Wu3NbJHSBajla JO0 MOMEHTa Ha
WHIWMICHTA;
e  OlepaloHHa CHUCTEMa OT CBPBBPEH THII
(Windows/Linux server) cbC CIEAHHTE POJIH:
nupekTopuiina yeiyra (AD, eDirectory unu apyra),
¢aitnos cvpBbp, DNS, npuHT CBHPBBP, pONs 3a
yIpaBjieHHEe Ha MPUBWIETMH M IpaBa Ha JOCTHII
JI0 PECYPCHTE M Bb3MOKHOCTH 32 BUPTYaJIU3aIIHS;
e  ONepalMOHHA CHUCTEMa OT ChPBBPEH THII (32
npeanountane Linux Server) 3a peanusupaHe Ha
poiiu MS, WWW u DSN;
e  oOmepaluoOHHAa CHUCTEMa OT CHPBBPEH THII (3
npeamountane Linux Server) 3a cucrema 3a
MOHHUTOPHHT Ha ChCTOSHHETO Ha YCTPOWCTBATA;
e  OmepalMOHHA CHUCTEMa OT ChPBBPEH THII (32
mpenmountane Linux Server) 3a codTyep 3a
OpraHu3MpaHe Ha pe3epBHUTE/APXVBHU KOIHUS Ha
nH(pOpMaIuAITa;
e JIMIEH3MpaHa AHTHBUPYCHa CHCTEMa 3a
ChbpBBpa U PaOOTHUTE CTAHIIUK C [EHTPaIH3NpaHa
KOH30J1a 32 YIIpaBJICHUE;
e MpWIOKEeH codTyep C
MySQL/PostgreSQL wunu npyra;
®  JIMIEH3 3a 3alllUTHATA CTEHA.

Pemiennero  BkIOYBa  mpWilaraHe  Ha

BUPTyaJM3alusi 4Ype3 HIKOH OT W3BECTHUTE
XHIIEpPBai30pH, Ha 0a3ara Ha KOSATO C€ MHCTATUpAT
1 paboTSIT CIIETHUTE BUPTYaTHH MAIIUHH:
e BupTyaleH CBpBBp (VApPS), H3MBIHABAIL
ponu: cepBBp 3a npunoxenus (AppSRV), nomelin
koutposep (DC), cepBbp 3a mmena (DNS) u
(aiinmos cepBEp (FS);

0aza OT JaHHU
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e  BHUpTyaleH CbpBEp (VINS), M3MbIHABALL POIIH:
cbpBBp 3a uMeHa (DNS), momeHcku cspbp (MS) n
yeb cepBBp (WWW);

e BHpPTyaleH CBPBBpP (VMnS), peannsupain
cucTeMa 3a MOHHMTOPMHI Ha YCTpPOWCTBara M
komyHHKanuuTe (Monitor);

e BupTyaseH cBpBBp (vBcS), peanusupain
crcTeMara 3a Ch3JlaBaHe H MOAIPHKKA Ha pe3epBHU
komus Ha nHpopMmarusaTa (Backup);

e (uU3MUECKU CHPBBP 3a YIOpaBICHUE Ha
BupTyanHara ctpykrypa (VCenter).
Wudopmaruara, ¢  KOHUTO  OopaBsT

cnyxurenure Ha I[[HII, ce cherom ot daiiioBe u
0a3n MaHHW, KOWTO Ca Pa3TojI0KEeHN Ha AUCKOBETE
Ha VApS u vInS. ba3sure naHHu, CBBp3aHU C
YIPaBIECHUETO HA CHCTEMAaTa 3a pPE3EpBUpAHE Ha
uHpOpMAIUATa ¥ MOHUTOPUHTA HA YCTPOWCTBATA,
ca pasNoNIokKEHU Ha AuckoBeTe Ha vBcS u vMnS.
Tomnonorusra Ha HHGPACTPYKTypaTa € MoKa3aHa Ha
®ur.2.

®wr. 2 Tononorust Ha J{L]

Internet

ISP 1

3oHa 0
FW 3awuTHa cTeHa
30Hal | 30Ha2 | 3oHa3 | 3oHa 4
3oHa 1 30Ha 2 3o0Ha 3 30Ha 4

Soldd,

Hauwnn Ha dpyHKIIMOHUpaHE

Apxutektypata Ha [l e UT pemenue c
LEHTPATU3UPAaHO ChbXpaHeHHe M o0padoTka Ha
nHpOpPMAIIMATa, TPU KOETO BCHYKH (ailiioBe,
kouto ce noissat ot L{HII, kakTo u 6a3ute naHHHA
Ha MPUJIOKHUTE IPOTPaMU Ce ChbXpaHsIBaT Ha VAPS
u vInS. KoHTpoIbT Ha AOCTHIIA IO TIPIIIOKECHISITA
U pecypcuTe C€ OCBHIIECTBSIBA UPe3 TUPEKTOpHUIHA
yeayra DC, kato mpeaBuI YyBCTBHUTENIHATa
nHpOpPMAIIUS € 3aJOKECHO H3IOJI3BAaHETO Ha
nByGhakropHa waeHTHuUKanus. ToBa ocHTrypsBa
BB3MOHOCTTA JIa C€ aBTOMATU3Hpa PELIEHUETO 3a
Chb3/aBaHE Ha PE3CPBHH U APXUBHU KONHA Ha
nHpopmanmsTa. lLlemoctra, JOCTBIHOCTTA |
KOHQHUICHIMANHOCTTa Ha HHpoOpManusaTa ce
peanu3upaT CbC CpelICTBaTa Ha ChbpBbpHaTa
OIlepallMOHHA CHUCTEMA.

2.3.
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JBoiiHaTa CBBp3aHOCT KbM VIHTEpHET;
BHUpTyaJlHaTa CTPYKTypa, pealu3upama KIbCTep
gpe3 naBaTa OpoOs CHPBBPH M OOIIHMS CTOPHIK
CBbpPBBP; [ABETE 3aIIUTHU CTEHH CBBbP3aHH BbHB
BHCOKOHAJEXKJEH pEeXKHUM; JABaTa KoMmyTraTopa H
JIBETE HENPEKbCBAEMM 3axXpaHBallll YCTpPOMCTBa
ycTpoiictBa 3anoxkenn B Tazu UTHUC Bomsat mo
MOBHUIIABaHE Ha HAJEKJHOCTTa M  HeHHaTa
JOCTBITHOCT. ®aiinosara CTpYKTypa Ha
BUPTYaJHUTE MAIIMHU € Pa3IOJI0KEHa HA CTOPUIK
CbpBbpa. Bceku eauH OT XOCTOBETE € B TakaBa
KOH(UTypauusi, 4e BCHYKH BUPTYAIHU MAaIIMHU
MOTarT Jia ce M3MBJIHABAT Ha Hero 6e3 3aTpyIHeHHS.
IIpny HopmanmHa eKcIjoaTauusi BUPTYaJIHUTE
MalllHU ca pa3lpeiiesieHd MeXIy JBaTa XxocTa. B
cilyyaii Ha mTpoOJieM ¢ eIuHHs OT XOCTOBETE,
YIpaBJIEHUETO Ha BUpPTyalHaTa HHQPACTPYKTypa
CTapTHpa aBTOMATUYHO BUPTYaJHUTE MAaIIUHU
BBPXY APYTHS XOCT.

KontporsT Ha wMpexoBus Tpaduk ce
W3BBPLIBA IOMOLITA HA 3alIUTHATa CTEHA OT THII
UTM wnmu NGFW. ToBa naBa Bb3MOXKHOCT J1a ce
KOHTpoiHMpa Tpajuka Ha BCHYKH HHBa OT
KOMYHHMKALIMOHHUS CTEK. PaznensHeTo Ha 4eTHpH
30HUM Ce MpaBH, 3a Ja C€ OTAENAT B OTJENHHU
cerMeHTH: paboTHute cranmuu (3oHal LAN);
CBHpPBBPHUTE, OCUTYpsIBalld IMYOJMYHO YCIyTH
(3ora2 DMZ); cupBBpUTE 3a MNPUIOKEHUS U
MOHUTOPUHT  (30Ha3  Servers); CBpPBBpa 3a
pe3epBHUTE/apXUBHA KONMMS Ha WHPOpPMAaLUSITa U
NAS (3ona4 Backup). B nonbinHenue ce u3BbpBa
ynpasienne u ananmu3 Ha (IPS, IDS, Application
control, Content filtering) Tpaduka or paboTHuTE
cranuuu kbM VApS, vInS m Hartepner. Upes
CHENHAaITHO ch3aieHu npasmwia 3C, Mporycka KbM
CBPBBPUTE  CaMO  HEOOXOJUMHTE  YCIYTH,
ynpaBisiBa Tpadguka or VApS keM NAS u
3a0paHsiBa AOCThIA OT 30Ha VHTEpHET KbM 30HH
LAN, Servers u Backup.

Taka ce eJUMHUHHpPa  BB3MOXKHOCTTA
HETIOUCKaH Tpaduk oT 30Ha MHTepHeT na momnaHe
caMO B 30HM pasnuuHu oTr DMZ, kpaero ca
CBBbp3aHH MyOJIMYHO  JOCTBIHHUTE  CHPBBPH.
TpadukbT MeXIy 30HHTE € periaMEeHTHpaH, Taka
ye or 30Ha LAN ce gomycka caMo pasperieH
Tpaduk camo 10 30Ha Servers, a KOMyHUKAIHS C
NAS e pa3pemiena camo ot vBcS.

PezepBHn komms W apXuBUpaHe Ha
nH(pOpMaIuATa ce Ch3gaBaT Upe3 ChPBBP, KONTO
NpeoCcTaBsl KAaKTO CpEACTBa 3a Ch3JaBaHe Ha
aBTOMATU3UPAHU 33Ja4H ¥ YIpaBJIeHHE Ha IpoLeca
Ha W3MBIHEHWETO WM, Taka W (QyHKIHK 32
BBH3CTAHOBSIBAHE HA BUPTyaJIHA MalllHA, CbOTBETEH
¢aiin wn nanka. Crna3Baiiku onpeneneH rpaduk,
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CH3/IaJICH OT CHCTEMHUTE aMHHUCTPATOPH, BCCKU
paboTeH JeH ce CTapTHUpAT CICIHHUTE 3aJadyH: IT10
Ch3/1ajieH rpaduK Ha BCEKU TPH Yaca aBTOMATHYHO
ce CTapTupa Ch3[aBaHe Ha Pe3EePBHO KOMHUE Ha BCSIKA
€/IHa OT BUPTYAJHUTE MAIlIMHU; PE3CPBHU KOMHS HA
koH(purypanuute Ha VCenter cbpBbpa, 3alUTHATA
CTCHA ¥ KOMYTaTopa Ce MPaBsAT PhYHO MPHU MPOMEHU
B TSX.

3. M3umciasiBane Ha MOKAa3aTeJIUTe

YaoBnerBopsiBaHETO Ha 3aloxkeHuTe B T.1.1
CTOMHOCTH Ha €JWHUYHHUTE TIOKa3aTelnu ce
U3BBPIIBA KAKTO C TEXHUYECKH Taka U C
OpraHu3allMoOHHU cpeacTtia. JoctenHoctTa Ha 1]
ce u3uucigBa upe3 npenacraBsHe Ha I karo
HAJSKIHOCTHA CTPYKTYpa [9] OT mociieJoBaTeNIHu,
MapajielHyd, IOCIeI0BaTeTHO-apajIelH0  FITH
MapaJieTHO-TIOCIIE0BATEITHO CBBP3aHH
KOMIIOHEHTH Qur.3, KbAETO ca H3MOI3BaHU
o3HayeHus KakTo cnenBa: PNET — u3rounuk Ha en.
3axpanBane; GEN — reHeparop Ha HaIllpeXEHHE;
UPS1/2 -  HempekbcBaeMH 3axpaHBalIH
ycrpoiictea; FW1/2 —3C1/2; SRV1/2

— Cowpopl/2; ISP1/2 — IA1/2; SAN — cropumk
cbpBBp; HV — xunepsaiizop, OS — omnepanuoHHa
cucTema; App — MpPUIOKEH copTyep.

1 vips H vins

®wur. 3 HagexxaHoctHa cTpykTypa Ha J1]

Hexommnosupanata ctpykrypa Ha Ll ce
CbCTOM OT TpPH KIOHa — OCHOBEH U JiBa
CIIOMaraTesHH. OCHOBHHSAT KIIOH
(PNET/GEN+InS) BktouBa KOMIIOHEHTHTE, OT
paboTaTa Ha KOUTO 3aBUCH H3IIBJIHCHHETO Ha

Om3Hec nmpouecuTe BBB ¢upmara. Bropusr
(PNET/GEN+vMnS) u TPETUSIT
(PNET/GEN+NAS/Cloud) BKJIFOYBAT

KOMIIOHEHTHUTE, (GOpMUpAIIH CITY>)KEOHUTE TPOIIECH
[0 MOHUTOPHUHT Ha CHCTEMaTa W pe3epBUpaHe Ha
uHpopmanmsaTa. lloBpena B crmomararenHuTe
KIIOHOBE YyBelIHYaBa pHCKa Ja Cce MPOIMyCcHEe
chOuTHE WM aa ce 3aryou uH(opManus, HO He
Mpeau3BUKBa NPEKbCBaHE Ha OM3HEC IMPOLECHTE.
3aroBa n3uncagBaHeTo Ha nocrhiHocTrTa Ha UTUC
ce MPaBH CaMo 32 OCHOBHHSI KJIOH U € MPEJCTaBEHO
B Tabmuua 1.
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Tab6xa. 1 docrernuocT Ha JI11

Komno | MTBF | MTTR M3uucnsBane Ha
A; A
-HEHT (4qac) (4qac) JIOCTBITHOCTTA
PNET - - 0.998000
1-(1-Apner) *(1-Acen)| 0.999997
GEN 14 000 24 10.998288
UPS1/2 | 785000 72 10.999908
1-(1-
FW1/2 | 516 840 72 10.999860 Aurs* Ar*Asw* Assp)| 0999992
SW1/2 | 516 840 72 10.999860 2
ISP1/2 - - 0.997500
SRV1/2 | 100 000 72 10.999280 (1-(1-Asrvi)*(1-Asrva2) 0.999999
SAN [2000000| 72 |0.999964 Asan 0.999964
SRV3 80 000 72 10.999101 Asrvs 0.999101
HV - - 0.999999 Anv 0.999999
oS -
vInS, - - 0.999999 Aos™2 0.999998
VApPS
App-
vInS, - - 0.999999 Aapp”2 0.999998
VApS
HMocmvnnocm na JIL A=A1*Az* *An 0.999048

Or HaIlpaBCHUTEC MU3YHCIICHHUSA CC€ BMXKOA, 4€

MpeAoKeHaTa apXUTEKTypa Ha JLT
YIOBJIETBOPSIBA M3UCKBAHETO 3a JOCTBITHOCT Thil
Karo monydeHata croiHocT 0.999048 wnm

99.9048% ¢ mo-ronsma oT 3agaaeHara - 99.9%.

CroifHOCTHTE Ha APYTUTE JBa IOKa3aTels
RTO u RPO cb11o 3a B paMKUTE Ha JOMYCTUMUTE.
CroitroctTra Ha RPO 3aBucH ot rpaduka 3a1a/ieH B
cHUCTeMaTa 3a pe3epBHH KOIWsA, a KakTo Oere
MMOCOYEHO TIO-TOpE T€ C€ M3BBPIIBAT Ipe3 3 yaca.
CroiHocTTa Ha RTO 3aBUCHU u oT
OpraHu3allMOHHUTE Mepku npuioxkenu B LIHII,
THU KaTO OCBEH B HETO OCBEH BPEMETO 3a IOCTaBKa
Ha TEXHUKa C€ BKJIIOYBAT OIe M BpeMeHaTa 3a
WHCTAJIUPaHE HA  OINEPAlMOHHHUTE CHCTEMH,
TIPHIIOKHUS codryep, HHCTAaJIaIusATa Ha
000py/IBaHETO HAa MSICTO U KOMIIETEHCTHOCTTA U
obyuenocrra Ha UT mepconana.

I11. U3BOJIU

e OcwurypsiBaHeto Ha TO-I00pO JieUYeHHE U
CIIPABSIHETO C MPEAM3BUKATEIICTBATA CBBP3aHU ChC
3JIpaBOCIIOBHUATE  MpOOJIEeMH  OOYCIOBEHH  OT
BHCOKOTO HUBO Ha CTPEC U ApyTH PaKkTOPH U3UCKBA
H3II0JI3BAHETO Ha IIPUIIOKHU TEXHOJOTHN
ocurypsBaiiu IIOCTOSIHCH MOHUTOPHUHT Ha
MAIUEHTH Ha OOJIHUYHUTE OpraHU3allvH.

e VYCIENIHOTO UM TpUJIaraHe M3UCKBa HAJEKTHO
crOupane, 00paboOTKa U ChXpaHEHUE Ha JAHHUTE,
KaKTO U TAXHaTa IIOCTOSIHHA JOCTBITHOCT.

e IlpencraBeHoTo penieHue ocurypsisa
nmocThiHOCT 99.9048% mnmm ocem 4aca u IBajeceT
MUHYTH HEJIOCTBITHOCT 32 €JIHA TO/INHA.

e 1I3BBpIIBaHETO HA MJIAHWPAHU U HETUTAHUPAHU
MpoIIaKTUKA CcTaBa 0Oe3 HEeO0OXOAMMOCT OT
M3KIIIOYBaHE HAa 000PYIBAHETO.
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e IlpenBuaena e BB3MOXKHOCTTA 32 JIECHO
pasmmmpsaBane Ha J{L| mpu yBennuaBane Ha oOema
Ha JaHHUTE WU HEOOXOIMMOCT OT MOEeMaHe Ha
3aJla4¥l CBBP3aHU C HOBH MIPOLIECH.
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BASIC METHODS OF GENERATING UWB SIGNALS

Evgeniy Ivanov, Borislav Naydenov

Abstract: A brief information of what is Ultra Wide Band (UWB) signal is given and the
main challenges for UWB systems are listed. Also, five basic methods of generating UWB
signals are reviewed with their advantages and drawbacks presented.

Keywords: Gaussian pulse, Impulse radio, UWB generation

I. INTRODUCTION

The evolution of modern digital technology is
bringing the need of using more data to transfer
information. This in turn leads to raising of the
operating frequency and increase in the bandwidth
of the communication systems. However, the
transmission of information by harmonic signals in
wireless communications is not the most effective
method. During the last 40 years, the so-calledultra
wide band (UWB) technology appeared that
transmits information by short, low power impulses.
UWRB is also known as impulse radio.

UWB is very suitable for short distances
because pulse power may be small enough to fit
below the threshold of sensitivity and noise
resistance of the systems with harmonic signals.
Other distinctive features of UWB are:

- high achievable data rate;

- resistance to damping, especially when
passing through walls;

- multipath immunity;

- interference immunity due to the wideband
impulse nature;

- simplicity in transceiver design.

Because of the low penetration loss, UWB
technology can be used for creating line of sight
radars (LOS), as well as none line of sight radars
(NLOS).

There are many UWB regulatory and
harmonization organizations around the world that
set out rules and recommendations - ITU, FCC,
CEPT, APT, and others. Because of its ultra-
wideband nature, in order to avoid interference,
UWRB signals are limited below the noise threshold
of harmonic narrow band radio waves. FCC is the

first to give definition of UWB signals and legalize
the use of the technology for commercial purposes.

Any wireless system that has a relative bandwidth
greater than 20% or a bandwidth greater than
500MHz is ultra-wideband. For ETSI ultra-
wideband is any signal with a bandwidth greater
than S0OMHz. Regarding the level of the radiated
signal, the term "equivalent isotropic radiated
power" - EIRP is used, where the maximum levels
are being determined depending on the application
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and the frequency range used. More information
regarding the allowable radiated power and
operating frequency range, depending on the
particular application of the UWB and the relevant
current regulatory recommendations for the
different parts of the world at the time of creation of
this article, can be obtained from [1], [2], [3].

From what has been said, the most significant
challenges faced by UWB systems are:

- Establishing and adopting agreed standards
for interoperability between devices.

- Regulatory problems caused by the wide
bandwidth that may have an adverse -effect
(interference) on licensed users of carrier signals in
the appropriate ranges.

- Device complexity to combat interference
and low allowable emitting power. Increasing the
complexity leads to an increase in the price that
makes the system with UWB technology less
competitive than systems with other wireless
technologies.

II. SYNTHESIZING UWB SIGNALS

For data transmission in UWB systems, pulses
are used, or more precisely, packets of impulses
with certain qualities - even frequency spectrum and
lack of DC component. For this purpose, damped
sine waves can be used, as well as impulses with
Gaussian, Rayleigh, Laplacian and cubic waveform,
or modified Hermitian monocycles. The difference
in the shape also determines the different frequency
spectrum of these waveforms. Figure 1 gives an
example of Gaussian pulses - single, monocycle and
doublet. The Gaussian pulse can be represented by
the following equation [4]:

Y () =K 1 e, (1)

where K7 is a constant and 7 time-scaling factor. The
Gaussian monocycle and doublet are respectively
the first and the second derivative of the function
Vgl

It can be seen that the Gaussian monocycle and
doublet lack a DC component, which provides the
opportunity to construct simple transmitting stages
with direct antenna radiation.
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Fig. 1 A Gaussian pulse, monocycle and doublet in the
time and frequency domain

It is needed in practice, in order to decrease the
impact on closely located harmonic narrowband
receivers, UWB wave oscillations to be designed
with intermittent bandwidth or with a minimum in
the spectrum for the respective receiver under
influence. The latter is done by filtration or
combination of proper narrowband individual
pulses. The result is a multiband UWB pulse with a
suitable shape that has a cut in the spectrum for the
desired frequency and an even distribution of
energy in the remaining frequency spectrum.

One pulse by itself does not communicate alot
of information. It is important to be noted that the
transmission of information in UWB systems is
done using a train of modulated impulses. The
characteristics of this train depend on the shape of
the pulses and the repetition rate, that are taken into
account when designing and optimizing UWB
systems in order to comply with a certain type of
regulation.

The basic approaches to synthesizing UWB
pulses are realized by using differential circuit and
subsequent pulse shape transformation through
filters, or by using more sophisticated methods for
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obtaining pulses with a precise form to satisfy the
relevant regulations. A suitable antenna design can
be used as a filter circuit to provide transmission in
the desired frequency spectrum.

1. UWB generator with one transistor

One of the most elementary solutions for
obtaining UWB pulses is through a single HEMT or
HBT transistor, at which input a series of
rectangular pulses are fed [5] — fig.2. Theswitching
action of the transistor generates appropriate
currents and voltages in L and C leading to
formation of UWB pulses in the load resistor RL.
The input circuit formed by the Schottky diode D1,
Cg and Rg provides output pulses only at the falling
edge of the input signal.

UWB impulse

RL
500hm

<
Fig. 2 UWB forming circuit with one HEMT transistor

Advantage of the method is its simplicity and
compatibility ~ with ~ Monolithic =~ Microwave
Integrated Circuit (MMIC) and RF-CMOS design.
A major drawback is the output UWB pulse shape
dependence on the duration of the input signal rising
and falling edges, as well as the dependence of the
input forming circuit on the frequency of the
incoming pulses.

2. Highly effective UWB multi impulse
generator

On fig.3 and fig.4 is presented a generator of
type Full With at Half Maximum (FWHM) [6] made
by a few HBT transistor stages and delay lines for
forming complex multi impulses.

O Vel

Ta

Output
V impulse

Fig. 3 Sub-nanosecond impulse generator
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The selection of cascode circuit type is done for the output amplitudes of every pulse are

the purpose of obtaining a higher output voltage safe
for HBT. Initially, the cascode stage made by QI
and Q2 (fig.3) is generating short pulses with
duration of ~ 90psec, which are fed to a forming
group made by the cascode pairs Qal+4 + Qbl+4
and delay lines SL1 (fig.4).

The input data pulses, with relatively low
repetition rate, switch Q1 and Q2, being
differentiated by the inductance Ls at the falling
edge and forming sub-nanosecond positive pulses.
The amplitude and the duration of these pulses
depend on the inductance Ls. Passing through the
delay lines SL, these pulses are fed to the forming
group. Four different negative pulses are obtained at
the outputs of the forming cascode pairs. For
generating the positive parts of the multi impulse,
the shorted delay line SL, (=SLi/2) is used. At the
output circuit, the positive and the negative parts are
summed forming UWB multi impulse. For
obtaining a multi impulse with Gaussian likeshape,

Trigger =ignal &1

ﬁ

~
GND

Driver stage

individually adjusted by the pas through capacitors
Cci:a.

Main advantage of the scheme is formation of
UWB pulses with relatively high output voltage
(around 12V) and high efficiency (approx. 19.9% )
[6], making it suitable for application in wireless
sensors. A drawback of the scheme is the presence
of several delay lines, unsuitable for integral
implementation.

3. Monocycle generator with SRD diodes

On fig.5 is proposed an UWB generator
scheme realized by a driver stage, SRD pulse
forming group and monocycle forming group [7].
The driver stage, made by Q:+Qj3, is transforming
the input digital signal into negative pulses with
high amplitude and short duration, needed to drive
the SRD diodes D; and D3 of the forming group.
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Fig. 5 SRD monocycle generator
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The Step Recovery Diode (SRD) is a
semiconductor diode, which utilizes the charge
storage effect of minority carrier accumulated by the
PN junction. When switching from a state of
conductance to high impedance this charge is
released, generating short backwards current. The
trigger time, as well as the life of minority carriers
are important parameters of the SRD diode,
determining the steepness of the output pulses and
their amplitude respectively [7]. The Schottky diode
D; is used for neutralizing the reflected wave of the
forming group, and also for overvoltage protection.
The monocycle-forming group is using L3 as a
shorted transmission line. The generated short
negative pulse is distributed by the SRD diodes to
the output from one side, and is reversely reflected
by Ls from another side, propagating with a delay
and causing forming of monocycle at the output.
The capacitor Cs and the impulse diode D4suppress
generation of additional parasitic oscillations.

The proposed scheme has good symmetry of
the output monocycle impulse and relatively high
output voltage 76Vp-p, as well as low ringing
(below 1.5% [7]) and is suitable for building UWB
radars. A drawback of the scheme may be the
relatively broadband low-frequency spectrum, the
suppression of which may require additional filters.
The high value of supply voltage Vcc2 requires an
additional converter that complicates the design.

4. Combining sub nanosecond Gaussian
pulses from multiple sources

This method is suitable for forming complex
pulse waves without the use of forming circuits and
delay lines. The principle is based on combining
synchronized signals from Gaussian pulse
generators that run through controlled delay
circuits. The latter can be delay circuits of analogue
or digital type.

Digital control
delay circuits

-
Gaussian| |/
pulse

generator

Gaussian U
pulse
generator

-

Output
d/dt

N\
Gaussian M
pulse b
generator
Gaussian Dr_
pulse

generator

Fig. 6 Impulse former designed by combining sub-
nanosecond Gaussian pulses
Fig.6 shows an example of block scheme of
impulse former designed by combining, which uses
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digital control of the delay [8]. The four identical
Gaussian pulse generators are driven by four digital
control delay circuits and synchronized by a
common digital source (or generator). The output
Gaussian pulses, synchronized with an appropriate
delay depending on the shape of the desired pulse
wave, are summed in a pulse train combiner. The
resulting impulse is passing additionally through a
first order differentiator [8].

The main advantage of the method is its
flexibility in modeling the shape of the outputwave
impulse. With an increase in the number of the
generators, an output Gaussian triplet or quadruple
can be obtained. Building a quality impulse
combiner is a challenge for this method. Typically,
this module introduces significant parasitic
oscillations and distortions in the shape of the
Gaussian pulses [8].

5. An optical method for generating UWB
multi impulse

There are various optical methods also called
photon, to obtain UWB multi-pulses that allow
flexible tuning, various types of modulation, and
compatibility with optical communications. In [9] is
proposed an UWB pulse generator based on a
nonlinear optical loop mirror and differential
detection. The principle of operation of the
generator is based on the phenomenon induced
phase modulation, which occurs when two optical
waves propagate in a non-linear optical medium.

Fig.7 shows the proposed UWB generator. The
implementation of the Nonlinear Optical Loop
Mirror (NOLM) includes a section of Highly
Nonlinear Fiber (HNLF), Polarization Controller
(PC), two Wavelength Division Multiplexers
(WDM) and a 3dB coupler. The signal from the
External Cavity Laser (ECL1) is modulated by a
Mach-Zehnder Modulator (MZM), controlled by a
Pulse Pattern Generator (PPG) for obtaining a
Gaussian like impulses with repetition rate of
2,5GHz, and later is amplified by Erbium Doped
Fiber Amplifier (EDFA), and is fed into NOLM by
WDMI1. WDM2 is used for separation of the
pumping signal. The circuit operation is based on
the ability to shape pulses by using various transient
functions of NOLM by regulating the degree of
polarization of the pumping and test signals [9].
Upon impulse input from the pumping laser, the test
signal undergoes induced phase modulation when
spreading in HNLF. By changing the polarization
angle with PC2 at the NOLM
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coupler

Fig. 7 An optical method for generating UWB multi impulses by NOLM

output, Gaussian or UWB doublet pulses can be
obtained.

The NOLM output signal is divided into two
branches: one through an Optical Tunable Delay
Line (OTDL) for delay setting, and the other via a
Variable Optical Attenuator (VOA) to adjust the
power level. After differential detection by the
photodetectors (PD), monocycle and triplet pulses
are obtained - the first derivatives of the Gaussian
and doublet pulses. For measurement and
monitoring, a Digital Communications Analyzer
(DCA) and an Electrical Spectrum Analyzer (ESA)
are connected to the output.

An advantage of the described scheme is the
ability to work with various types of modulation
such as on-off keying (OOK), pulse shape
modulation (PSM), bi-phase modulation (BPM),
and pulse position modulation (PPM). Alas, the
high cost of optical components and the complexity
of design make it unattractive for embedding in
mass-market devices.

I11. CONCLUSIONS

Each of the presented methods has therelevant
advantages and disadvantages to be considered
when designing a UWB system for a given purpose.

e The first two methods are suitable for
embedding in wireless sensors and medical
monitoring.

The third is suitable for UWB radars.
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The fourth and fifth - for building high-speed
communications.
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ASPECTS OF MVC - AN APPROACH TO REALIZATION

Dimitrichka Nikolaeva

Abstract: The article discusses one of the most important models for the design of computer
science Model-View-Controller (MVC). The Introduction describes a three-layer
architecture model. The Statement examines responsibilities among the various components
and discusses variants and derivatives of MVC, active and passive MVC pattern. The article
examines two approaches ASP.Net MVC and ASP.NET Web Forms, and their advantages
and disadvantages are also described. In the article the superiority of ASP.Net MVC is
proved, a schematic diagram of the actual processes in this system is presented. The
Conclusion summarizes the advantages of using ASP.Net MVC for the implementation of

reliable and efficient systems.

Keywords: ASP.Net MVC, Design Pattern, Model-View-Controller, Observer Design

Pattern

LINTRODUCTION

Every software developer faces problems
with creating and shaping, designing and
implementing business logic within the available
resources. In this regard, standard approaches and
methods for creating business applications
themselves are not suitable for implementation.
Maintaining internal interface of complex systems
is difficult, especially if the system design requires
constant updates and changes to logic that can be
embedded directly in the code. This requires
rewriting code for all components that are not
included in this process if changes occur in one of
them.

MU
VMU M
[ — 1
[0 [0 [0 [0 L
v ¢ C e IBIL (#+{ BLL («-| IDRI [+ DR
’ |
¥
M DB
el
M- Modsl DE - DataFapository
V- View VM- View Model
C - Controller DB -DataBas=

IBIL - IBusiness Logic Interface
BLL - Business Logic Laver
IDRI - IDataRepository Interface

VMU - Viewhlodsl Usage
MU -IIodel Usagz

Fig. 1 Model View Controller Architectures

The problem can be solved by using an
approach based on software model - Model View
Controller. Thing Model View Editor, as they call it
in the beginning becomes a central database for all
GUI applications built by using the language
Smalltalk. This is a model, design, whose
development goes through three stages: from
invention in the context of language Smalltalk,
promoting MVC pattern in Java Server Pages and

Ruby, to reach the highest point of evolution in the
context of ASP.Net. [1]. Software systems
developed by MVC are based on the ternary
division: Model, View and Controller. Through this
approach, the internal structure of the whole system
breaks down into separate parts whose tasks are
allocated between the components. Fig. 1 shows the
architecture of MVC, which shows the relationship
between the components.

ILSTATEMENT
The following diagram shows the structure of
the MVC Fig.2.

Controller

View s Model

Direct Association
Indirect Association

Fig. 2 Structure MVC
2.1 Elements.

MVC is a ternary pattern in which the element
model relies on data functionality of application.
This is often represented by the model domain, and
objects are real objects and processes with their
properties and behavior. View element is the visual
representation of the model consisting of screens
used within the app. Component Controller is
responsible for user input to input data and
commands via keyboard or mouse. The
responsibility is to act as a bridge, allowing the user
to interact with screen data.
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2.2 Collaborations.

Under the MVC model, there is a triad MVC
for each object to be manipulated by the user. The
Model is a state structure and behavior of data that
is manipulated by the user. The Model contains no
direct link with the View or controller and can be
changed from View, the Controller or other objects
from the system. When you need to notify View,
and Controller model uses the template viewer to
send a message to the changed data. The View and
Controller are working together to enable the user to
view and interact with the model. Each View is
connected to a controller and each controller is
connected to the single view. As a View and
Controller components communicate directly with
the model. Within the implementation of Smalltalk-
80 as Controller and View communicate directly
with each other, although the connection of view
Controller is largely a byproduct of its performance,
not an integral part of the model MVC.

2.3 Responsibility.

View can also be seen as an element that deals
with the presentation of the product, and the
responsibility of the administrator is to deal with the
entrance. The responsibility is shared by two
elements View and Controller to interact with the
model. The Controller interacts with the model as a
result of response to user actions and View interacts
with the model as a result of responding to the
changes. Both elements can View and change data
within the model if necessary. As data is entered by
the user, the Controller captures user input and
responds appropriately. Some user actions lead to
interaction with the Model and can lead to changes
in the data and others lead to View change of
appearance as operations shrink the screen sliders
on menus, etc.

2.4 Pattern Variations and Derivatives.

The classic pattern MVC is no longer largely
used today in its original form, although it is the
basis for a number of variants adapted to new
development platforms. With the development of
object-oriented programming concepts and design
patterns emerge a number of modifications as MVC
concepts in the implementation of various authors
[2]. In Fig.3 Table 1 shows a sample of the MVC
pattern with a description of the building model
components.
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Tab. 1 MVC Variations

1. MVC Pattern Variations
Model View Controller
A particular piece of data One  representation Collects user input and
= represented by an of data from the modifies the model. [3]
s application. model. The same
= model might have
E multiple views
72 associated with it.
ASP. Net does not strictly The ASPX  and The duties of the
require a model. The ASCX files handle controller are split
developer has the option to the responsibilities of between two places.
create a model class, but the view. With this The generation and
- may choose to forget it and design, the view passing of events is
@ have the event handlers in object actually part of the framework
Z. the controller perform any inherits  from  the and more specifically
A calculations  and  data controller object. the Page and Control
) Zé persistence. That said, using This is different from classes.
g a model to encapsulate the Smalltalk The handling of events
'ﬁ business rules and database implementation,  in is usually done in the
= access is both possible and which separate code-behind class. [4]
= preferable. classes have pointers
> to one another
E Just like ASP. Net, Win A class inheriting The duties of the
] Forms does not strictly from either Form or controller are  split
= require a model. The Control handles the between three places.
=] developer has the option to responsibilities of the The generation and
&) E create a model class, but view. In the case of passing of events starts
> = may choose to forget it and Win Forms, the View at the OS level. Inside
= LE have the event handlers in and Controller are the .Net framework, the
—_ @ the controller perform any compiled into the Form and Control
z calculations and  data | same class. This | classes route the event
.g persistence. Again, using a differs from ASP. to the proper event
£ model  to  encapsulate Net, which uses handler. The handling
3 business rules and database inheritance, and of events is usually
access are both possible and Smalltalk, which done in the code-
preferable. have separate classes behind class.[4]
from pointers to one
other.
Business logic plus one or The user interface Flow-control
~ more data sources such as a that displays mechanism means by
S ~| relational database. information  about which the user
=43 the model to theuser. | interacts with the
== application.[3]
& 2
-

2. Derivations: A)Traditional as a compound pattern and B )Cocoa
versions of MVC as a compound design pattern

Strategy
Uszadiony  Controller
Update
[pdate
i P Notdy
Composie View G changed swe Model b
P SEIVEr

A) Traditional as a compound pattern

® Composite - The view objects in an application are actually a composite of nested views that
work together in a coordinated fashion (that is, the view hierarchy). These display components range
from a window to compound views, such as a table view, to individual views, such as buttons. User
input and display can take place at any level of the compositestructure.

@ Strategy - A controller object implements the strategy for one or more view objects. The view
object confines itself to maintaining its visual aspects, and it delegates to the all d
about the application-specific meaning of the interface beha\lor

® Obscrver - A model object keeps interested objects in an
advised of changes in its state. [3]

sually view objects

Mediator
Strategy
Usersiol Controller
Update
Notfy g
Command View Model
Composite Observer

B) Cocoa as a compound design pattern

® View objects and model objects should be the most reusable objects in an application. View
objects represent the "look and feel" of an operating system and the applications that system supports;
consistency in appearance and behavior is essential, and that requires highly reusable objects.

® Model objects by definiti late the data d with a problem domain and perform
operations on that data. Design-wise, it's best to keep model and view objects separate from each
other, because that enhances their reusability. In most Cocoa applications, notifications of state
changes in model objects are communicated to view objects through controller objects.

® The controller object in this compound design pattern incorporates the Mediator pattern as well
as the Strategy pattern; it mediates the flow of data between model and view objects in both
directions. Changes in model state are communicated to view objects through the controller objects
of an application. In addition, view objects incorporate the Command pattern through their
implementation of the target-action mechanism. [3]

Fig. 3
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2.5 Active and Passive MVC model.

The initial concept for displaying the structural

relationship between the three components: model,
view and controller shown in Fig.4.

Model |Je-----mn--- Controlky
T i
e et View

Fig. 4 MVC class structure

Besides those versions patterns MVC have

been divided into Passive MVC and Active MVC
[5].

Passive model (Fig.5a) applies when Controller
controls the Model. The Controller changes the
model and informs View about the change to
allow Vista to be refreshed. Model in this
scenario is completely independent of the views
and controllers, which means that the model
implementations of the changes do not matter.
This version of the model is commonly used in
programming.

i ol il

'1:servicel) ! i
(—— - i
! :

e T

i 3:;&'&3335 : )
) : bovee) Mae id i

Fig. 5 a) Behavioral Passive MVC and b)
Behavioral Active MVC

o Active model (Fig. 6) is used when the model

changes state without a controller to be included
in case of data from other sources, which should
be reflected in the view. For example yielding
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commodity data and have refreshing the data after
the change. In this case, only model detects
changes and informs prospects for refresh.

The behavior of the active pattern can be traced
by UML sequence diagram of Fig.5b. One of the
motivations of the MVC pattern is to model
independently. If you need model to notify the
View for change it should again to be presented
dependence, which seeks to be avoided. In the
active model MVC is inclusive of other Design
Patterns. One of them is the Observer Patterns.
The role of the template viewer is to implement a
mechanism for notification of other objects for
the change in status Pattern without present
dependencies between Model and View. So
individual views implement Observer interface
and register View. The model sheet drawn up by
all observers describe the changes. When
changing the model, take place corresponding to
registered Observer patterns occurs by notifying
of changes. The approach is known as: "publish-
subscribe". The model does not require specific
information on any view. In a scenario where the
controller must be informed of the change of
model, all you need to do is to implement
Observer interface and describe the change in the
pattern. If there are situations with many views it
makes sense to define multiple objects, each of
which describes a specific type of changes to the
model. Each view can describe the types of
changes that view.

Modd Controllar

= — ]

+ipdte) 4

7 et Qbsever
|

|

I

: Vle“
|

Fig. 6 Use of an observer for the separation of the
model in terms of the active model

For classic application of the concept of MVC
the version with the active model.

2.6 Election of approach to develop applications
ASP.Net.

ASP.Net MVC Vs or ASP.Net Web Form?
ASP.Net is a Framework for developing websites
and services. In recent years, ASP.Net has become
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one of the best Web Frameworks, suitable for the
development of secure, fast, corporate web
applications. This product is developed and
updated, making ASP.Net a serious contender for
the creation of reliable applications. Web Forms and
MVC are two different approaches to development
in ASP.Net pages. Preference for one of them
depends on the particular application. If you look at
excerpt lifecycle page Web Forms and MVC, they
are actually very similar and share the majority of
ASP.Net APIs or infrastructure. Microsoft and its
ASP.Net and Visual Studio teams invest in both
Web Forms and MVC.

* ASP.NET Web Forms. Web Forms are suitable
for rapid application development. The life cycle of
pages allowing the use of Web controls in that
component may be a separate unit, it can be re- used
without any knowledge or depending on the web
page itself. This is a very convenient way to
assemble applications in accordance with the
desktop and informing substance (as most
traditional web sites). The disadvantages compared
to traditional web forms are less control of the life
cycle and code pages (both client and server side).

* ASP.Net MVC and MVC Framework. MVC
Framework is a framework for building web
applications using MVC pattern of development.
Used three-layer model ASP.Net MVC: Model is
the basis of the application, which is responsible for
the logic of the data. Used to download, modify,
create, or delete data. View is a visualization of the
data that are most often created by the models.
Controller is responsible for interaction between the
application and the user.

It reads information from view by controlling
user input and sends it to the model. This helps to
casily manage complex applications by dividing the
responsibilities. So the developer at a time can focus
on a specific module by using of view, without
depending on the business logic, and to test
application more easily. The benefit of this
distribution is reflected in the development of the
application of a group of people, each member of it
can focus on a particular part. The advantage of
network ASP.Net MVC is Razor View Engine.
With Procedure Code it is inserted into the HTML
code using @ rather than blocks. This notation is
faster writing and compilation by facilitating testing
of the application. It was released by Microsoft for
Visual Studio 2010 in January 2011 as part of
ASP.Net MVC3. [6]
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Tab.2 Advantages and Disadvantages ASP.Net
MVC and ASP.Net Web Form

Models Advantages Disadvantages

v Web Forms supports Rich
server controls;

v Support for View State;

v Event Driven Programming;

v Rapid application
development;

v Rich server controls;

v Less learning effort.

v Project
Architecture;

v Unit Testing;

v Performance;

v Less support for
parallel
development.

ASP Net Web
Form

v Project Architecture;

v’ Performance;

v Support for parallel
development;

v Extensibility;

v Existing ASP.NET Features.

v/ Rapid
application
development

v  Unit Testing.

ASP Net
MVC

Fig. 7
2.7 Applications based on ASP.Net MVC.
Relations between sub systems.

Implementation of an application and
response in ASP.Net MVC Architecture.

The name MVC, as already mentioned
describes three subsystems, each of which takes
care of building a user interface, business logic and
data model. Often, these three elements are
combined into one overall object of developers
rather than separating them into several who work
in sync. In complex user interfaces and visualization
when data are collected in an object, it can lead to
some problems such as: difficulty to use the data off
site, difficulty to change the user interface while
preserving the data, difficulty to achieve two or
more simultaneous visualizations of the same data,
difficulty to make a display of synchronization. All
these problems arise because the user interface and
data are locked into a single object. MVC pattern
provides a method for creating two or more separate
entities that work in sync. This approach allows the
creation of more flexible applications that contain
elements with a higher level of abstraction. The
Model is the component that stores data. It functions
as a data warehouse and exists independently of the
model and controller. In order to work properly it is
imperative that model has no references to the view
and controller. However, if there are references to
specific controllers and views, the purpose of the
model is limited to them. The View is a visual user
interface subsystem. It consists of visual elements
and logic necessary to retrieve data model as well as
to use an interface as required by the user. The
Controller is subsystem responsible for processing
incoming data and commands and updating the
model and views as needed. If the
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model needs to update data, this action is performed
by the controller. Relations between subsystems can
be described as follows: The model always remains
independent of the view and the controller. This
means that you cannot know anything about any of
the other elements, which does not exclude
communication with them. The model can send
messages if the data changes, but they are sent
without necessity to whoever gets them. Usage of
events allows the model to remain separate from
other subsystems, thereby increasing the degree of
flexibility of the system as a whole. The View is
always  information  about the  model.
Communication between them occurs in two ways:
listening to messages alert to changes in the data and
retrieving the new data. The view must not make
changes to the model. Each view keeps referring to
its model, but because the latter has no information
about prospects, a single model can partner with two
or more views. The controller also has information
about the model. The information is responsible for
its updating when due to user actions or system
events this becomes necessary. [7] In [8] a test is
made that compares the effectiveness of ASP.Net
Web Forms and ASP.Net MVC by several
indicators: Response time and Content length.
Response time of MVC was much better as
compared to Web Form. ASP.NET MVC response
time was two times better than Web Forms. More
band-width is consumed when we surf ASP.NET
Web Form sites as compared to ASP.NET MVC
sites. Each request and response in an ASP.Net
MVC application could be represented by the
following structural scheme Fig.8. In Fig. 9 the
diagram describes the sequence of 5 consecutive
phases associated with the process of treatment.
Step 1: Incoming request directed to Controller.
Step 2: Controller processes request and forms a
data Model. Step 3: Model is passed to View. Step
4: View transforms Model into appropriate output
format. Step 5: Response is rendered.

Local hast: 2121

/ Madel {Data) ‘\/——-\
-/
Databame
Request Contraller
HomeContraller
[defautt) \_‘___/
Index (defaut)

Pges ) shiml

N\

Fig. 8 Implementation of a request/ response in ASP.Net
MVC Architecture
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Fig.9 Sequence Diagram for applications in ASP.Net
MVC Architecture

II.CONCLUSIONS

ASP.Net MVC provides the reliability and
performance of software systems. A three-tier
architecture achieves independence between layers
in case of a change on a certain level, thereby
avoiding the repetition of code. Thanks to MVC
more reliable and efficient systems are achieved
than ASP.Net Web Form.
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3

- MHOBALIMN U BU3HEC 2017

MWUKPONEHTOBU AHTEHU U AHTEHHM TEXHONOMMM
NMATEHTOBAHM OT TY-BAPHA
npPe3 2016r.

rJ1. ac. A-p uHx. I'eopru llanes YepBenkoB

Karenpa ,,KoMyHHKallMOHHA TEXHUKA U TEXHOJIOTUH
13 oxTomBpu 2017r.

&

HAYKA-MNATEHTHN-BU3HEC

(( MATEHTM B P Bbvnrapus npe3 2016r.

MuKpO/IeHTOBH aHTEeHH
nareHroBanu or TY-Bapna mnpe3 1016r.

Mo aaHHu oT ,OduumaneH bronetuH Ha MNB Ha PB".
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@ MaTeHTV U3gageH Ha HayYHU OpraHM3aLmmn B CTpaHaTta
(( npe3 2016r.

5

MuKpO/IeHTOBH aHTEHH
narenToBanu or TY-Bapua mnpe3 1016r.

Bucwm yunnuwa BAH

,YCNeBaAeMOCTTa“ Npu 3asBKuUTE 3a naTeHTV 3a n3obpeTeHns e
OTHOCUTENHO HUCKA — NAaTEeHT 3a M306peTeHv|e € n3gasaH B 17% ot
cnyyauTe.

3 (M3Tounmk: ModuweH omyem 2015, [1B Ha Pb, cmp.5.)

@ TY-BAPHA - JIMAEP CPEQ HAYYHUTE OPIrAHU3ALIUK
(( B BbJIFTAPUA NO U3OAOEHU NATEHTU 3A U3OBPETEHUA
npe3 2016r.

N3papeHn nateHTn oT 1B Ha PB Ha HayuHK opraHusaumm

MuKpO/IeHTOBH aHTEeHH
nareHroBanu or TY-Bapna mnpe3 1016r.

BAH, "MMKT" TY-BapHa, Kat.
9% "KYOTYB"
9%
BAH, "UM" TY-Codms
9% 9%
4 Mo paHHu o1 ,OchmumaneH OtoneTuH Ha MB Ha PB*, 2016.
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MuKpo/IeHTOBH AHTEHU
narentoBanu or TY-Bapha mnpe3 1016r.

MuKpo/IeHTOBH aHTEHH
nareHroBanu or TY-Bapna mpe3 %016r.

Hay4yHu nscneaBaHums B 061acTTa HaaHTEHUTE-
NaTeHTU-NpoaAyKTU C Nnpuio>XKeHue B 6usHeca

MateHT Ne 66540 MateHT Ne 66521 MateHT Ne 66557
W3obpetatenu: I". YepseHkos, I". Kupos

XAPAKTEPUCTUKHU U TIPEANUMCTBA Ha antena Al
v BUCOK KOC(HIIMEHT Ha YCUIIBaHE
MKAO ¢ HPO: Gyspra = Gael. msa Array>

MKAOMWU ¢ IPO: Gmspravprv = GMSBFAvAFV, HO C JIBa TIBTH
T0-MaJIKa BUCOYNHA, YETHPHU IIBTH M0-MaJIKa rmom U 0CEM
ITBTH IO-MaJTbK 00eM;

v TJIOCKA, ECTETUYHA KOCTPpYKI U,

v YeCTOTHA JICHTA: i
MKAO ¢ HPO: Af mspravarv= Af msa;
MKAO ¢ [IPO: Af mspravorv= 2. Af acmsa.

v HECJIOXHA, KOMIIaKTHA U MEXaHHUYHO YCTOWYHBA
KOHCTPYKIIUS - B KOHCTPYKIIUSATA OTCHCTBAT BH3yIITHH

MEXIUHU U AUENIEKTPUUHN MaTepUaIi C HUCKU MEXaHUYHU
XapaKTePUCTHKHU;

v TEXHOJIOTHYHANU3paboTKa — 1o oronurorpadcka TEXHOIOTHUS;

v/ OTChCTBUE HA HOH&CTpOﬁKa B ITpo1i€Ca Ha IMMPOU3BOACTBO U
CKCIIoaramnus,

v XCPMCTUYHA KOHCTPYKIUA,
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ﬁ‘

((

MHuUKpPOIEHTOBH AHTEHH
narenropanu or TY-Bapha mpe3 10161‘.

ﬁiﬁ)ﬂ

MHEKpPO/IEHTOBH AHTEHH
nareHroBanu or TY-Bapna mnpe3 10161‘.

Bb3MOXHM 061aCTK Ha npuaoXxeHue Ha nateHoBaHUTE
MUKPOJZIEHTOBU KbCU aHTEHU C O6DaTHO n3ab4yBaHe

“*Ha3eMHM PafMOKOMYHMKALMOHHN CUCTEMM - MOOMIHM K

CTauMOoHapHy;
- TENEBU3NOHHM;
- pagnopenenHn CUcTemu;
- MOBMIHWN KNETBbYHM paanoKOMYHMKaLMOHHKM cuctemn — GSM,
UMTS, LTE, 5G u cneaaLiy NOKONEHus;

** CaTeNnUTHWU paZNOKOMYHWUKALIMOHHN CUCTEMM - MOOWITHM 1

CTaLMOHapHM;

<* PaAMOIIOKALMOHHM CUCTEMY;

«* pafIOHABUraLMOHHM CUCTEMMY;

«%* CUrHarNHO-0XPaHUTEMHU CUCTEMM;

** pagmoTeNneMeTpUYHN CUCTEMM U ap.

YcTOMUMNBOCT M LEeHHOCT Ha naTeHOBaHUTEe
MUKPOJIEHTOBU KbCU aHTEHU C 06paTHO U3TbUYBAHE

rMaBHa LEHHOCT 3a 06LWecTBOTO Ha BCAKO M300peTeHne -
NPUNOX1Ma HOBOCT;

topuanyecka opma Ha 3alynta — NpefocTaBs Ha CBOS MpUTEXaTer
MOHOMOMHO ~ MOJIOXEHWEe MO  OTHOLUEHME  W3MON3BAHETO Ha
3aLLMTEHOTO U30OpETEHME:!

- npefocTtaBA Bb3MOXHOCTU 3a MakCUMU3MpPaHe Ha nevanbara;
- NpenocTtaBA Bb3MOXHOCTK 3a NOCTOAHCTBO HA NKOHOMUYECKNTE
M3roan BbB BPEMETO.

naTeHTonpuUTEXaTenar nputexasa n3cnenoBaTenckoTo
npeanMmcTBo —nony4un e ,ONOK OT NaTeHTH";

Cb3flafeHn ca MpeanocTaBki 3a MapTHLOPCTBO C WHAYCTpUSTA U

[Ipyr OpraH13aLmm 3a KoMepcuanuanpaHe Ha roToBu HayyHm
pesynTaTu.
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((6

braaromaps Bu 3a
BHUMAHUETO!

3a Bbrpocu: g.t.chervenkov@tu-varna.bg
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Croriko MapuHOB
['anga 'octioguHoBa
Kpucruna bivsnakosa

Kameopa ,, Copmyeprnu u unmeprem
mexnonocuu”, TY-Bapna
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TY-Rapma
Karenpa: CobhTyedHu M NHTSDHST TSXHONOINA

BUPTVANHO W3ICNENBANE 3A OIMPENENSHE HA
NOTEHLIMANA HA NBOMHO-EHEPTUMIAHA
MAMOIPAGUA 3A NETEKTUPAMIE HA
MUKPOKANLIMGMUKATA NPU CUPUHUHI HA
MIIEMHATA XTIE3A

Fana NocnoanHoBa
CTtolKo MapuHoB
KpuctuHa bamsHakos

IEYH

» U3MON3BAHE HA METO/IA C IBOMHA
EHEPIMA (DUAL ENERGY) 3A
NOAOBPABAHETO HA OTKPUBAEMOCTTA HA
KAIUMOUKALMUMA

» TECTBAHE HA PA3/INYHU KOMBMHALMM OT
EHEPTUM, MPU KOUTO BUAUMOCTTA HA
KAJIUMOUKALMUTE CE NOAOBPABA
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Onncanne Ha npoyysareto:

Ype3 npunoxenneto LUCMRGen ce cb3paBa
KOMMIOTbPEH Mozen (PaHTOM) UMUTUPaLL
KOMMpecrpaHa mMJieyHa »e3a;

Cb3aaBaT ce BMpPTYa/IHM MaMorpadCKM U3006parkeHums
Ha (hbaHTOMa MpU pPas/IM4HM EHEPrUM C NOMOLLTA Ha
codTyepHo npunoxkenme XRAYImagingSimulator;

CuMynupaHe Ha BOMHO-eHeprumMHa Mamorpadus -
reHepMpaHe Ha pe3ynTaTHO TPeTo U306parkeHue Ypes
TEr/I0BHO M3BarKJaHe Ha /ABE U306paKeHUs;

AHanM3 Ha NoJly4eHOTO JABOMHO-EHEPrMMHO
M3obpaxkeHue.

LUCMR cothrysp - rexHep/ipane Ha (haxTom

mm No
10.00 4
6.00 20
4.00 67

O6uo: 4971
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FeoMeTpUs Ha CRaHUpaHe

PeHTreHoB
7. U3TOYHMK

*_ PaHTOM cbCTaBeH

' OT aKpunHu ccpepu

noToneHn BLB
BoAa

Pa3ctosiHue mexay
MU3TOYHUK N OGEKT

PascTosiHne mexpgy
M3TOYHUK U AETEeKTOp

CumMmynupaH nnaHapeH o6bpa
caHTOM Ha rspaa

DeTtekTop

Comprrarausn Mazorpadicis obnaza nov 1R 19, 50

M D keV (RopUrupaHs APKOCT M KOHTPaCT)

18 keV

50 keV
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Cl(x,y) =In[la(x,y)] — RIn[I.(x,y)] + k

. 0.5 * Upyman + 0.5 & HwATERH

0.5 * pypar + 0.5 * Uy prgrs

R

K e KOHCTaHTa;
U3uncnaBa ce NUKCen no NUKcen;

[BOMHO-eHeprumHn Mmamorpadgckm nsobpaxkeHus
npu 18-60 keV u 21-40 keV

18-60 keV 21-40 keV ,
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ObaxTHBHA OURHKA3

— MeanBG
Contrast to Noise Ratio(CNR) — Max e

Opg

Max ,. - MakCMManHaTa
CTOMHOCT (Ha n1Kcena) Ha
Kasynpurkaymata

Meang; - cpeaHa CTOMHOCT Ha
peruoH ot oHa 6/1M3bK A0
Kasympurkaymata

O z,- CTAaHAAPTHO OTKJIOHE
Ha BeYe M30paHMAT per

OBsiTIsHa OUSHEAS

CNR = 1.0984
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Cunsus Hlymnd

lIpeoceoamen na Y C Ha
,, Copyoicenue busnec Aeenyus
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Hiterrey B
Europe i

Union |Europesn Regional Developmert Fud

MoaesbT 3a CbTPYAHUYECTBO
"yeTBOpHa cniypaJsa’ 3a
HacbpyaBaHe HAa UHOBAIMUTE B

IIOMOIIl Ha 3PaBE€TO
Cussus Lllymng, npedcedamen Ha YC Ha
CopysceHue busHnec AceHyusi

1

Npen

1. CTpaTternyeckute HM OKYMEHTU —CUTyaumA
N NepcnexkTUBmn

2. CuTyaumarta B CTpaHaTa

3. Cutyaumata B EBpona

4. Nybnanynute poHpose — EC/6roaKeTHN —
npobnemum

5. CobTpyaHMNYECTBOTO — CbCTOAHME U
nepcneKkTuemn
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N36paHn TeXHONOrMYHM 0bnacTu 3a
NHOBALUN:

NCUC e 6a3npaHa Ha KoHUeNuuATa 3a No-
LUMPOKOTO pa3bupaHe Ha MHOBALUMUTE, HE CaMO
WHBECTULUN B HaYy4YHU U3CNeaBaHMA UM CaMO B
NPOM3BOACTBEHUA CEKTOP, @ CbLLO TaKa U
N3rpaxJaHeTo Ha KOHKYPEHTOCNOCOOHOCTYpes
AN3alH U TBOPYECKU MHAOYCTPUU, MHOBAL UM B
coumanHata obnact mn ycnyrute, HoBu bu3sHec
MOAEeNN U NHOBALMM, OCHOBAHWM Ha NPaKTUKaTa.

ncnc

SIplationm jrc.ec.europa.ewmap?_captargmap_ WAR_CaplargMapportiel_formDate= 14812602052 228p_p_d=captargmap WAR CapTargWiappori- & & = @ 1

Search  Add priorities * * Export

N Name
) INuTS Research & Innovation Business Areas & Target
0] Description  Capabilities Market EU Priority

1. Human health & social 1. Public health

ncuc 4
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mniterrecy
Europe

Europesn Unkon |Europesn Reglonal Developmert Fund

Sharing solutions for ‘
better regional policies ‘

HoCare
[MpoeKTbT

Hocare

Llenta Ha npoekTa HoCare e ga ce nosuwu
NpenocTaBAHETO Ha MHOBATMBHU peLleHua 3a
AOMALLHU FPUXKKN B PETMOHAIHUTE MHOBALMOHHMU
BEPUIM Ype3 yKpenBaHe Ha CbTPYAHUYECTBOTO HA
Y4aCTHULUMTE B perMoHanHaTa MHOBALUMOHHA
cMcTema Npu M3non3BaHe Ha Noaxosa 3a
"'yeTBOpHaTa cnupana”’. YeTtBopHaTa cnupana e
MOAEeN Ha MHOBALMOHHO CbTPYAHNYECTBO UM
MHOBALMOHHA cpea, B KOATO NoTpebutennte,
H6u13Heca, nscnenoBaTennTe U AbprKaBHUTE OpraHn
CU CbTPYAHWUYAT, 33 Aa Npou3BeaaT MUHOBALUMN.
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YeTUpUCNUPANHUAT NOAXOA B NPOEKTA

4

YcTaHoseHa notpebHocT

OT MOMeHTa Ha ycTaHOBABaHETO Ha cneuudunyHaTa
NoTpebHOCT, 4O MOMEHTa Ha Komepcuanmsaums

DyHAIMEHTANHK
HaY4HU W3CNenBaHuA NpUACKHM MICheABAHUA NasapHa peanusauma
A A
s N/ i
H 1
H
: Eran 5:
i 1 Eran 4: ¥ KomepcHanusauma,
{ Eran 2: i Eran 3 : Mupeonavanuu . Paspabotku c nasapro
Eran1:06wu = p U omp ; paspaborku; ' npeaHasHaueHue;
npoy4sannA Wa peweHwe | pane ] wapaboTeane Ha ! YCTaHOBABAHE HA
: H npo6ua cepus . : MKOHOMHYECKS
: wu3necnocobHocT;

E
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Kbae e noaxoabT Ha YeTBOPHATA
cnupana TyK?

®a3a 1: YctaHoBABaHe U naeHTUPULMPAHE Ha
notpebHocTTa

YCcTaHOBABAHETO U MAEHTUPULMPAHETO Ha
noTpebHoCTTa MoXe Aa 6bae pe3ynTar oT
LeneHacoyYeHu aenctemna (Hanp. pesyntaT ot
M3BbPLLUEHA OLLEHKA Ha NoTpebHocCTMTE); Aa
NPou3TeYe KaTo pe3ynTaT oT APYrn NPoy4YBaHMA; Aa
npousTeye oT HE0bXoA4MMOCTTa NO NpuUIaraHe Ha
onpeaeneHa HauMoHa Ha UM MeCcTHa CTpaTerms
WU NONNTUKA; bbae YyCTaHOBEHA B X044 Ha
obunyaiHaTa AEeNHOCT Ha Bb310XKUTENA.

Kbae e noaxoabT Ha YeTBOPHATA
cnupana Tyk?

da3a 2: NMoaroTreutenHa $pasa, upes KOATO Aa ce
onpeaenaTt UHCTPYMEHTUTE, Ype3 KOUTOo
yCTaHOBeHaTa NoTpebHOCT moXKe ga 6bae

3a40B0O/J1IeHa

-CTpyKTYypMupaHe 1 U3BbpLUBAHE Ha NAa3apHM KOHCYNTaLUK
-N3BbpLUBaHE HAa NpeLeHKa 32 He0bXxoAMMOCTTa OT NpuaaraHe
Ha HOBAaTOPCKM NPOAYKT, YCAyra Uan CTPOUTENCTBO, KaKTO U
n3bop Ha cpeacTBa 3a peannsauma

-OnpeaenaHe Ha 3aKOHOCbobpaseH 1 LenecbobpaseH cnocob 3a
Cb3/,3aBaHETO Ha HOBATOPCKM NPOAYKT, YC/yra UM CTPOUTENCTBO
M B TO3X CMUCBHA1 — NPUAAraHeTo Ha ,,NapTHbOPCTBOTO 33
nHoBauMmn“
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Kbae e nogxoasbT Ha YeTBOpPHATa
cnupana Tyk?

daza 3: MpoBexkgaHe Ha Npoueaypa 3a
obuwecrBeHa NoOpbUKaA ,NAPTHLOPCTBO 33
MHOBaUun“

B cBOATa CHLLHOCT NpoueaypaTa ,,MapTHbOPCTBO
33 MHOBAUMKN" e OCHOBAHA Ha NpaBuKaaTa 3a
NpoBerKAaHe Ha CbCTe3aTesIHaTa npoueaypa ¢
AOroBapsiHe, CbOTBETHO — HA A0OroBapsAHe ¢
npeaBapuTeHa NOKaHa 3a y4yacTue B
cbCTe3aTenHa npoueaypa.

Kbae e noaxoabT Ha YeTBOPHATA
cnupana Tyk?

®a3a 4: U3BbpLuBaHe HAa Hay4yHOMU3CNea0BaTe/ICKaTa U

pa3BoiiHa 4eiiHOCTU B paMKUTE Ha aoroBopa/-ute 3a

NapTHbOPCTBO 332 MHOBALUU

®a3a 5: Komepcuanusauua (nasapHa peanusauymsa) Ha

paspaboreHaTta MHOBaUMA

* ToBa e ¢pmHanHaTa pasa OT peann3mpaHeTo Ha
,MTAPTHbOPCTBOTO 33 MHOBALMK®, B YNATO PAMKM
BbH3/1I0XKMUTENAT 3aKynyBa pa3paboTeHaTa nHoBaumA. TyK e
BAYXHO Aa oTOenemm cnepHata ocobeHocT, cBbp3aHa CbC
cnyyauTe Ha ,MapTHbOPCTBO 32 MHOBALMKN“, KOETO ce
OCbLLECTBABA Bb3 OCHOBA HA A0rNOBOPU C HAKOIKO
napTHbopa: 300 He nocTaBA M3MCcKBaHe A0 ¢asaTa Ha
KOMepcuanmsauma aa OCTUrHe eanH-eUHCTBEH NAPTHLOP
M B TO3U CMUCHA — €4UH AOCTaBYUK.
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['amuH XKeasa3koB

., Beehive Co-working Space“ Bapna
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<

Beehive § s
LNy
Bb3MO2KHOCTH 3a bHU3Hec
PasButue

g TEXHHYECKN YHWBEPCHTET - BAPHA
Technical Universily of Varna

s/ @ SBWU|EJ SWINBURNE
University of UNIVERSITY OF
GOTEBORG Stratslt1c[yde N e

UNIVERSITY  Glasgow

o”e 158

@ Web, Apps & Software

5,

ok

LReehive

Varna Co-working spacq

ABTOKMHO

Personal

BSc in Software Engineering
MSc in Global Innovation Management
MSc in Entrepreneurship & Innovation

Professional
Founder of
158 LTD - Software solutions

Beehive - Co-working space
ABTOKWHO & JlaTHo KuHo BapHa

Lived in: Sweden, Netherlands, UK,
Australia and Varna

Hobbies: fencing, gym, traveling, cinema
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LOCALSTATE
GOVERNMENT

&

COMMUNITY
EVENTS

ECOSYSTEM LEADERSHIP

[ 55 |
 sc ] ss |
INVESTMENT/
FUNDING

ECOSYSTEM FEEDERS

S

LARGE
COMPANIES

SERVICE
PROVIDERS

€

UNIVERSITIES

MENTORS

Leadership

— SUPPORTS

Support Professions

Nan-Governmental Institutions
hip Promabon in Nar

source

+Prost

LOCAL/STATE
GOVERNMENT

COMMUNITY
EVENTS

ECOSYSTEM LEADERSHIP

UNIVERSITIES

INVESTMENT/
FUNDING

MENTORS

rents ina startup
ris the entrepreneur who

LARGE
COMPANIES

stem leadership” required
imy succeed. Supporting
+ seven major categories
you see here. To the right

SERVICE
PROVIDERS

arious sub-feeders that
scosystem. Each

{tand has varying degrees
at makes up their startup
der for a startup

to have some compo-

or “ecosystem feeders”

source
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Universities:

Erasmus + lecturers exchange
Erasmus for entrepreneurs
Academic pre-accelerators
Praktiki MON

Municipality funds for Startups
Business development departments
Entrepreneurship Strategy/Legislation
Community Events

Exchange of Startup community leaders
Technical Support for new cities
Investment funds

Local offices of funds

Angel clubs on local level

Incubators and pre-accelerators
Large Companies

Spin offs

Companies accelerators

Service providers

Conferences

Startup friendly NGOs / Clusters/



http://www.hiimcaleb.me/wp-content/uploads/2014/01/The-Startup-Ecosystem.jpg
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Vﬂ'Iarketi

RA'STER MINDS

Startup Europe Week Europe Code Week Raster Minds

MEPHOA HA NPOBEMAAHE
02.09.2018 - 25.11.2018

Varna

=independently orgal TED event

Startup Grind BaexHOBEHME 3a MNaaexTa MporpamMupaHe 3a BCUYKK

SiStartup
(0 Weekend

HenosHatoto MuHano Ha Ctapa BapHa MpoekT “BesonaceH uHTepHeT"

Developer’s
beach

BeeNights

Google
(\ Developers
Venture
Capital Fund

NewBiz I t
CLUB | s‘}\faere‘lltgnd
Vaxna

GRIND

Googe for Entrepreneurs

Startup
Incubator

]

I A

[VarnaLab]

Smart City
Innovation
Fund

@

STARTUP EUROPE
‘WEEK

- 'markel:' Science &
Beeh l " e I Technology
varna Co working space Park

CodeWeek. <) Start | iCTammVarna
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TEDX

o
STARTUR
A CTORHJ\%

Beehive

Co-Workins Soace

x =independently organized TED event
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Follow us

www.Beehive.bg

www.Facebook.com/ beehive.varna

Beehive

Varna Co-Workins Space



http://www.beehive.bg/
http://www.facebook.com/
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Anekcangpa baOyHcka

Cmyouo ,, Anamopguxa “
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KAKBO E

GET INVOLY / ED
FALLIN LOVE

s /-

e LUy —

/ AN S |

R IV =
=i

=C

GEY \WNWOLY{/ ED
FALL \N LO'E

WAITHTARNA
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0 AKA
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U
DA PAbU 4
B KAKBO OA A OPA 3A TOBA
=1
- U i 2
0 0
BA
i U
1A f PABH U U
D BABC AP BA KATO
ATO HAKO 0 0 KO A
BV HAKOW
D DE L]
1A 'O

PO :

A L L 0 i np 0
bAH 1 DPA A
0 PATA

- I " L] = = -
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KON MOXE AA CE BKAKOYU B

GET INVOL EED ’?
N

FALLINLO
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LUUAPOK KPBI TPAXKAAHU

N TOCTN HA TPAAOBETE (M HE CAMO),

KOMTO HE CA C1 U TIOMUNCAAAM, HE MOTAT TOAKOBA AECHO AA
OCTABAT CBOA NMPMHOC.

fii

TBOPUUN OT PASAUYHHU CPEPU

TbPCELLN HAYMH AA PEAAN3UPAT TBOPHECKUA CU MOTEHLIMAA.
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ANOKAAHUA BUSHEC,

3A KOUTO MPOEKTBT E BBAMOXHOCT AA TIPUBAEKAT
HOBW KAMEHTA

- COFFEE HOUSE - 11 @-

. 1 L]
& F =
74, o -

Feaw coffee amn / EER
TAKE AWAY ™

NMPOCMNEPUPALLU KOMIMAHUU,

KATO MHOBATMBEH HOCUTEA HA PEKAAMHO TNMOCAAHME
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UHCTUTYLUMN,

C OTTOBOPHOCT 3A PA3BUTMETO HA TPAACKATA
CPEAA M OBLLLEECTBOTO

)

GET INVOL V
EALL IN LO VE

wrnWARNA

ED
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[Ietss KonmpuHkoBa-XpucToBa

Hnemumym no ungopmayuoutu u
KOMYHUKAYUOHHU MEXHOI02UU KbM
bwvneapckama akademus na Haykume
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MACHINE LEARNING
TECHNIQUES FOR EEG
DATA PROCESSING
AIMED AT HUMAN
EMOTION DETECTION

Petia Koprinkova-Hristova
Institute of Information and Communication Technologies

Bulgarian Academy of Sciences

PRESENTATION CONTENT

o Emotions and human brain

o EEG signals and features extraction techniques
o Machine learning for emotion recognition

o A novel approach for features extraction

o Application to affective computing
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EMOTIONS AND HUMAN BRAIN
DEFINITIONS

Emotion definition (in psychology and common use):
Complex reaction of an organism to significant objects or events.

It involves

» subjective experience
» physiological response
» behavioral response

Basic emotions are:
4 anger

d fear

U sadness

4 disgust

O surprise

U curiosity

O acceptance
O

EMOTIONS AND HUMAN BRAIN
WHY WE NEED TO MEASURE THE EMOTIONS?

DEFINITION: AFFECT is the experience of feeling or EMOTION. It is a
key part of the process of an organism’s INTERACTION WITH STIMULI.

In COMPUTER SCIENCE :

AFFECTIVE COMPUTING is a branch of the ARTIFICIAL INTELLIGENCE that
deals with the design of systems and devices that can recognize,
interpret, and process human emotions.

MOTIVATION: the ability of computers to simulate EMPATHY during

interaction with humans (HMI) i.e. the machine should interpret the

emotional state of humans and adapt its behavior to them, giving an

appropriate response to those emotions. ‘
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EMOTIONS AND HUMAN BRAIN
HOW TO MEASURE THE EMOTIONS?

» SUBJECTIVE EXPERIENCE?

v' Participants may not answer exactly how they are feeling but
rather as they feel others would answer

» BEHAVIORAL RESPONSE?

v’ External/outward expressions (audio/visual signals) that can be
also misleading and can’t be objectively measured

> PHYSIOLOGICAL RESPONSE?

v Multichannel recordings from both the central and the
autonomous nervous systems can be a more objective measure

EMOTIONS AND HUMAN BRAIN
THE LARGEST PORTION OF THE HUMAN BRAIN - THE CORTEX

EEG measures voltage fluctuations resulting
from ionic current flows within the neurons of
the brain. A typical adult EEG signal, when
measured from the scalp, is about 10-100 V

conscious
thought

FRONTAL
LOBE

PARIETAL LOBE

OCCIPITAL
senses of LOBE
smell and

sense of sight
sound, and the

processing of [5'\5‘5 Rl

complex stimuli . - CEREBELLUM
such as faces s ‘

and scenes
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EMOTIONS AND HUMAN BRAIN
EEG ELECTRODES POSITIONING I

10/20 System - IS

EMOTIONS AND HUMAN BRAIN
EEG ELECTRODES POSITIONING II

5@000@000@@
eOO®OOe

10/10 System - 64 electrodes
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MACHINE LEARNING FOR EMOTION

RECOGNITION
BASIC PRINCIPLES

= Subjects
Stimulus

TEST PROTOCOL

- Sti ﬂ
= Emotions @

CLASSIFICATION

= Accuracy "
= Classifiers Rk I
= Offline vs Online .t
= User-Dependency )

= Equipments
= Electrodes

EEG RECORDINGS

FEATURE EXTRACTION
= EEG Features

= Methods 1

ARTIFACT FILTERING

» Band Pass Filtering

= Blind Source
Separation

J

MACHINE LEARNING FOR EMOTION RECOGNITION

EEG FEATURES I

hyper brain activity GAMMA
>30 Hz
active state of mind, BETA

intense focused
mental activity 3'30HZ

relaxed mental state, ALPHA
high activity 8-13 Hz
- brain inactivation

THETA

DELTA
1-4 Hz

unconscious mind,
deep dreamless sleep

e o

s mf b

0.

/\ /\—\/\/\f“\

o

0.0

\A
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MACHINE LEARNING FOR EMOTION

RECOGNITION
BANDS USED AS FEATURES

» All the bands together - almost 37%

» Alpha, beta, theta, and gamma - 13.7%
» Alpha and beta - 7.8%

» Alpha, beta, and gamma - 7.8%

» Delta, theta, alpha, and beta - 3.92%

» Alpha, beta, gamma - 3.92% .

MACHINE LEARNING FOR EMOTION RECOGNITION
EEG FEATURES II

» Sensory Evoked Potentials (SEP) - an electrical potential signal recorded
after the presentation of an Auditory (AEP), Visual (VEP) or Somatosensory
(SsEP) stimulus.
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MACHINE LEARNING FOR EMOTION

RECOGNITION
EEG FEATURES 11

» Event-Related Potentials (ERP) - immediate responses measured as
latencies and amplitudes of positive and negative potentials at specific
millisecond intervals following a short stimulus.

3 N1
- Notions:
e NZ
et FTOPZ Letter (N/P) indicates polarity
2 (negative/positive)
& P3
PR T W T Numbers denote the order of a

0 100 200 300 400 500 pick or its latency in milliseconds
Time after stimulus (ms)

MACHINE LEARNING FOR EMOTION

RECOGNITION
EEG FEATURES 11

» Event-Related De/Synchronizations (ERD/ERS) - measure rapid
changes of power (increase — ERS or decrease — ERD) within defined
frequency band ranges in order to assess responses that occur within
milliseconds of a stimulus presentation.

A= — B 2
ERS IS

1.5 1.5+

i ERD, ERD, Fl
1 1
ref

0—500 0 52}) ms] 1000 1500 E'SJOO 0 50(0 ms] 1000 1500
Conventional - measures the deviation Generalized - defines ERD/S in
of the event-related dynamics from a relation to a dynamic referenc
constant baseline level obtained from catch trials
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MACHINE LEARNING FOR EMOTION

RECOGNITION
FEATURE EXTRACTION APPROACHES

» Short-time Fourier Transform (STFT) or Discrete Fourier Transform (DFT)
(25.4%)

Statistical (23.8%)
Power Spectral Density (PSD) (22.2%)
Wavelet Transform (WT) (19.1%)

Entropy:
v Approximate Entropy (AE)
v’ Differential Entropy (D)
v' Sample Entropy (SE)
v' Wavelet Entropy (WE) (15.9%),

» Higher Order Crossings (HOC) (9.5%)

» Common Spatial Patterns (CSP) (7.9%)

» Fractal Dimensions (mainly the Higuchi Fractal Dimension (HFD)) (7.9%) '
» Asymmetry Index (Al) (4.8%)

>
>
>
>

MACHINE LEARNING FOR EMOTION

RECOGNITION
CLASSIFICATION TECHNIQUES I

» Support Vector Machines (SVM) — almost 59%

v Kernel types:
» Radial Basis Function (RBF) (29.7%)
Linear (16.2%)
Polynomial (8.1%)
Gaussian (5.4%)
Pearson (2.7%)

v' Variations (8%):
* Adaptive SVM
» Multi-class Support Vector Machine (ML-SVM)
» Least Squares Support Vector Machine (LS-SVM)
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MACHINE LEARNING FOR EMOTION

RECOGNITION
CLASSIFICATION TECHNIQUES IT

» The k-Nearest Neighbors (kNN) - almost 14% of the works
» Linear Discriminant Analysis (LDA) - 6.3%

» Quadratic Discriminant Analysis (QDA) - 3.2%

» Naive Bayes (NB) - 3.17%

» Multi-Layer Perceptron Back Propagation (MLP-BP) - 3.17%

> Decision threes ‘

A NOVEL APPROACH FOR FEATURES

EXTRACTION
ECHO STATE NETWORKS BASICS

R(k)= 17 (W™in (k) + 7SR (k _1))

out (k) = 1o (W"“’ [in(k), R(k)

reservoir

freS — tanh

fout = identity '
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A NOVEL APPROACH FOR FEATURES EXTRACTION
INTRINSIC PLASTICITY TUNING OF RESERVOIR

(SCHRAUWEN, B. ET AL., 2008)

R(k)= 17 (diinin (k) +diagresR (k- 1)@

Tuning of @ and b — by minimization of the Kullback-Leibler
divergence:

_ ol PR | n _
Dir (P(R).p, (R)) =1 p(R)I g[p }dR

7 (R)
=—H(R)+LE((R—y)2)+log ! — min
202 o2z
2
1 R—-
If fres —tanh  then Pd(R)ZG > exp _(2—ﬂ2) .
o

A NOVEL APPROACH FOR FEATURES EXTRACTION
SOME OBSERVED BY FAR EFFECTS OF IP TRAINING

(KOPRINKOVA-HRISTOVA ET AL., 2011)
Improved stability of IP tuned reservoir neurons

Reservoir neurons dynamics before and after IP training

)
8 o ®
)
R °
L5 o &
)
I
)

(k)
°
(k)
°
(k)

4 4 04 0.1
0 10 20 30 4 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 4 50
k k k

before after ‘
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A NOVEL APPROACH FOR FEATURES EXTRACTION
EFFECTS OF IP TUNING

(RIP—;J)2 IP
» (RIP): L exp| R=tanh(®) ;1 17

o

tanh(b) o =0

25 T -3c

P_ .
, po(RP) 0 ® =dlag(a)®+b
1l b0 ®
I3 O=W"SR+ WMy

30 U 3o

A NOVEL APPROACH FOR FEATURES EXTRACTION
DENSITI DISTRIBUTIONS OF RESERVOIR EQUILIBRIUMS
BEFORE AND AFTER IP TUNING

ensty distributions of equilbrium states of 10 neuons of intial reservoir densty distributons of equilbrum states of 10 newors of IP tumed reservoir

before after
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A NOVEL APPROACH FOR FEATURES EXTRACTION
IP IMPROVEMENT FOR CLUSTERING

(KOPRINKOVA-HRISTOVA, P., TONTCHEV, N., ICANN’2012)

1 4 71013161922252831343740434649

_ . res . in —
r,= tanh(dzag(a)W r,t+ diag(a)W u, +b), u, = const.

A NOVEL APPROACH FOR FEATURES EXTRACTION
IP IMPROVEMENT FOR CLUSTERING

(KOPRINKOVA-HRISTOVA, P., TONTCHEV, N., ICANN’2012)

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

- TN < < ST O
L5 1 % ™y A EAC BN BN N
. - Y o P
* s s e sl e W e It
H
N o 7 7 N . P
. ; 7 T H oo ” P4 A
) ; ';" l : :’ ’ ” s -
SE N ] L
before IP training after IP training
ﬁ e . .
o ??? How to choose proper projection ???

chosen projection
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A NOVEL APPROACH FOR FEATURES EXTRACTION
ALGORITHM I

initial_features

Adjust a and b

r(k) = tanh (diag (a)Wininitial _ features +diag (a)W"r (k-1)+b

r, = tanh (dtag (a) Wilinitial _features +diag (a)w"®s r+ b)

initial features(d.:n ) d=1....n,,.

2D projection:
1 [extracted_feature(i), extracted_feature(j)]

extracnted features(d,1:n )=r, n =n (n — 1) 2
1 proj r\r

(k)

A NOVEL APPROACH FOR FEATURES EXTRACTION
AFFECTIVE COMPUTING EXAMPLE

(BOzZHKOV, L., KOPRINKOVA-HRISTOVA, P., GEORGIEVA P., 2016)

[} u

[ M{M o N EEG Channels
" | ﬂ j m] J}» 1 Ch 1 (FP1) N° Features
. m l’dd | 2 Ch2 (FPz) 1 N
w ‘.)' I! 3 Ch 3 (FP2) > Ao
P ﬁ w 4 Ch 4 (F7) 3 A
o 5 Ch 5 (F3) 2 A
N i 6 Ch 6 (F2) 3 Auis
T i " ¢ (.,". R 7 Ch7 (F4) 3 Ay
soméition i s Ch 8 (F8) 0 [
9 Cho (T7) 3 Lo
10 Ch 10 (C3) ) [
11 Ch 11(Cz) 0 Lo
2 Ch 12 (C4) m Lo
13 Ch 13 (T8) B Lo
14 Ch 14 (P7)
15 Ch 15 (P3)
16 Ch 16 (P2)
17 Ch 17 (P4)
18 Ch I8 (P8)
19 Ch 19(01)
20 Ch 20 (Oz)
21 Ch 21 (02)

21 channels x 12 features = 252 features ‘
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A NOVEL APPROACH FOR FEATURES EXTRACTION
ALGORITHM II

| Initialize random ESN |
1
| IP Tune ESN with 252 extracted features |
!
| Find ESN equilibrium states |

| Pool of features = ESN equilibrium states |

| Projection size = 2 |

—'| Create all possible Projections from the Pool with Projection size
v

R t unti | Train classifiers|
epeat unti T

stopping criteria

| Select C best ranked projections |

Create new Pool of features using neurons from the selected projection
v i
I Projection size +=1 |

A NOVEL APPROACH FOR FEATURES EXTRACTION
CLUSTERING RESULTS

I original features

maximum accuracy of k-maens, %
@
3

40

20 L L L Ll L L L
ESN10 ESN30 ESN50 ESN100 ESN150 ESN300 ESN500

all equilibrium states- ESN all(from ESN10 to ESN500); ii) combinations of
equilibrium states (2D, 3D, 4D, 5D, 6D, 7D); iii) initial feature matrix
(252D).

K-means accuracy (%) for varying ESN reservoir dimension. Feature sets: 1) '
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A NOVEL APPROACH FOR FEATURES EXTRACTION
CLUSTERING RESULTS

maximal accuracy of FCM, %

100

I original features
SN

40

20 v v v L L L L
ESN10 ESN30 ESNS0 ESN100 ESN150 ESN300 ESN500

FCM accuracy (%) for varying ESN reservoir dimension. Feature
sets: 1) all equilibrium states- ESN all(from ESN10 to ESN500); ii)
combinations of equilibrium states (2D, 3D, 4D, 5D, 6D, 7D); iii)
initial feature matrix (252D).

A NOVEL APPROACH FOR FEATURES EXTRACTION
CLUSTERING RESULTS

k-means dustering accuracy, %

90

80

70

60

50

40

30

20

I original features
IS o
[CJESN, 2D
[ ESN,, al
N ESN, 2D

ESN10 ESN30 ESN50 ESN100 ESN150 ESN300 ESN500

K-means accuracy (%) for varying ESN reservoir dimension. Feature sets: i) randomly

training (ESN_ip_all); iii) 2D combinations of reservoir states without IP training

generated reservoir states, from ESN10 to ESN500 (ESN_ini_all), or ESN with IP ‘

(ESN_ini_2D) and with IP training (ESN_ip_2D). iii) initial feature matrix (252D).
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A NOVEL APPROACH FOR FEATURES EXTRACTION
CLUSTERING RESULTS

I original features.
I ESN, ; al
[JESN,; 2D
I ESN, al
N ESN,, 2D

90

80

70

60

50

fuzzy C-means clustering accuracy, %

40

30

20

ESN10 ESN30 ESN50 ESN100 ESN150 ESN300 ESNS500

FCM accuracy (%)for varying ESN reservoir dimension. Feature sets: i) randomly
generated reservoir states, from ESN10 to ESN500 (ESN_ini_all), or ESN with IP
training ((ESN_ip_all); iii) 2D combinations of reservoir states without IP training
(ESN_ini_2D) and with IP training (ESN_ip_2D). iii) initial feature matrix
(252D).

A NOVEL APPROACH FOR FEATURES EXTRACTION
CLASSIFICATION RESULTS

all reservoir equilibrium states

95 ‘;
|
20 [ JEN
N <NN
85 NB
E svm
. o7
80
75
= 70 ] I
g -‘
3
8
< 65
60
55

50

a5

40
esn 10 esn 30 esn 50 esn 100 esn 150 esn 300 esn 500
Resenoir

T
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A NOVEL APPROACH FOR FEATURES EXTRACTION
CLASSIFICATION RESULTS

2D combinations

Accuracy

esn 10 esn 30 esn 50 esn 100 esn 150 esn 300 esn 500
Reservoir .

A NOVEL APPROACH FOR FEATURES EXTRACTION
CLASSIFICATION RESULTS

3D combinations

100

T
I oA
95 H I KNN
[Ine
[ svm
I o7

Accuracy

esn 10 esn 30 esn 50 esn 100 esn 150 esn 300 esn 500

Reservoir ‘
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A NOVEL APPROACH FOR FEATURES EXTRACTION
CLASSIFICATION RESULTS

4D combinations

100 T T T T
I DA

go |- | I SvMm _
I o7

85 N
80 n
751 T
70

65

60

esn 10 esn 30 esn 50 esn 100 esn 150 esn 300 esn 500

Reservoir .

Accuracy

A NOVEL APPROACH FOR FEATURES EXTRACTION
CLASSIFICATION RESULTS

5D combinations

100 T T T T
I (DA
95 | [ KNN —
| I— ]
| | EEsvM i
| m—or

Accuracy

85 .
80 .
75 4
70+ .
65 I .
60

esn 10 esn 30 esn 50 esn 100 esn 150 esn 300 esn 500
Reservoir ‘
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A NOVEL APPROACH FOR FEATURES EXTRACTION
CLASSIFICATION RESULTS

6D combinations

100 T T T

I L DA
95 |- | NI KNN -

—ne
o0 - A svm

-
85 - -
80 - -
75 -
70 -
65 - I
60

esn 10 esn 30 esn 50 esn 100 esn 150 esn 300 esn 500
Reservoir .

Accuracy

A NOVEL APPROACH FOR FEATURES EXTRACTION
COMPARISON WITH DEEP AUTOENCODERS

D M s g

Single Layer Autoencoder
T T T

80

10 0 0 0 1/ W 5w

Hidden Layer Size ‘

Accuracy [%]
) ~
=] =
T

=)
sl

91




HayuyeH ®opym ,,IHoBauum 1 busHec”, TexHnyeckn YHusepcutet—BapHa, 2017 T.

A NOVEL APPROACH FOR FEATURES EXTRACTION
COMPARISON WITH DEEP AUTOENCODERS

L G

Two Layers Autoencoder

T
L1 size: 10
L1 size: 30
001 size: 50
[ J11size: 100 |
I L1 size: 150
I L1 size: 300

Accuracy [%]
3

5 10 15 20 30 50 100 150
Number of L2 Neurons

AR

A NOVEL APPROACH FOR FEATURES EXTRACTION
COMPARISON WITH DEEP AUTOENCODERS

L A L

Three Layers Autoencoder

racy %]

Accu

u il Li
5 10 15 20 EJ 50 100 150
Number of L3 Neurons

92




HayuyeH ®opym ,,IHoBauum 1 busHec”, TexHnYeckn YHusepcutet—BapHa, 2017 T.

AnekcaHabp AJIEKCAHIPOB

Mopcku nocranux na
., Meocoynapoonama mopcka
opeanuzayus "
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28 centemBpy — CBETOBEH MOPCKM AeH
MesayHapoaHa MOpCKa opraHusauma

Hsikon xapakTepucTUMKKM Ha Gbnrapckata Mopcka Kynrtypa

AnekcaHObp I. AnekcaHdpoe

Kanuman daneyHo nnaeaHe
Mopcku nocnaHuk Ha MexxdyHapoOHama Mopcka op2aHu3ayusi

< 11

IO 5
CONNECTING SHIPS,
PORTS AND PEOPLE

28 centemBpu — CBETOBEH MOPCKM AeH
MexayHapoaHa MOPCKa opraHu3aLmsa

Mopcka agbpxaBa nu e Brnrapua?

leorpagcko 7 g L

nonoxeHuwe ce

Ha bbarapus

Teapmanns
oxeat
uecku ©
anahmy
Amna

CpedusemHo MOpe
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28 cenTemBpyn — CBETOBEH MOPCKM AeH
MexayHapoaHa MOPCKa OpraHn3aLma

UkoHOMMYecka MopcKa Kyntypa

28 cenTemBpyn — CBETOBEH MOPCKM AEH
MeayHapoaHa MOPCKa opraHu3auma

MKoHOMMYecKka 1M reononuTMYECcka MopcKa KynTypa
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28 centemBpu — CBETOBEH MOPCKM AEH
MexayHapoaHa MopCKa opraHmsauma

mope

Xawn Acnapyx

Hamounux: MHET

28 centemBpy — CBeTOBEH MOPCKU AeH
MexayHapogHa MopcKa opraHu3auus

MET-Maritime Education and training
Mopcka obpasoBaTtenHa cucrema

MopckaTa nHagyctpus e Texka. Ta uma
Hyxga oT BMCOKOOBpa3oBaHU Kaapu Ha
MeXAyHapoaHO U HaLMOHArHO HUBO,

3aLl0TO MOPCKUTE Npodhecumn ca perynmpaHu.
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28 cenTemBpy — CBETOBEH MOPCKM AeH
MexayHapoaHa MOPCKa OpraHnsauma

* camoXKepTBaTa Ha KanuTaHa Ha Kopab ,KHarnHa Mapus Jlyusa“ UsaH Tomos
M HEeroBUA eKunax, Kouto npes 1941 r., c LeHaTa Ha }KUBOTA CU cnacABaT oT
paspyweHue rpbLKusa rpag Mupes; KopabbT e B NPUCTaHULLLETO, HATOBAPEH C
6oenpunacu, Korato 3anoysa 6ombapauMpoBKa; eAUH eBEHTyaNeH B3pUB
MOXe fAa YHULLOXMW rpaja; ToraBa KanuTaHbT CBaNA €Kunaxa U camo c
HAKO/IKO AylUM M3KapBa Kopaba B mopeTo, KbAETo nocaeaBa B3pUB; BCUUKMU
3arusar, Ho lNupes e cnaceHa;

28 centemspun — CBETOBEH MOPCKMK eH
MexayHapoaHa MOpCKa opraHm3auma

CrapwmuHa | creneH Aumutbp ATaHacoB AMMUTPOB, 3aracun NoxKap Ha
60ppaa Ha Kopaba, Ha KOUTO CAYXKKU U CNACUA gpyrapuTe cu
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28 cenTemBpyn — CBETOBEH MOPCKM AeH
MexayHapoaHa MopCKa opraHmsauma

Kbaeto n aa cme no cBeTa, Aa NOMHUM, Ye cMe
Bbnrapu!

CONNECTING SHIPS,
PORTS AND PEOPLE
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