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»3EJIEHA“ PAKETHA TEXHUKA 3A BUTA - OT UJEUTE 10 ITIPOTOTUIIA

Xpucrogop Crangaauen

“GREEN” ROCKETRY FOR CIVIL PURPOSE — FROM IDEAS TO PROTOTYPE

Hristofor Skandaliev

Pestome: [lpedcmagenu ca peanHu NApAKMU4ecKu pe3yimamu Om HPOBEOeHU NPULONCHU HAYYHU
U3Cned8anus, HACO4YeHU KbM paspabomeanemo Ha paKemu, pakemuu 08ueameny U paKemuu mexHoio2uu 3d
usnonzeame 6 epaxcoarckus cexkmop. ObOOCHOBAHU ca NPeouMCmeama Ha pazpabomenume UHOBAMUGHU
NPOMOMUNY, C8bP3AHU C MAXHAMA eKOJO2UYHOCH, OOCMBIHOCM, 0e30NACHOCM U HUCKA CcebecmOuHOCH.
Ilocouenu ca KoHkpemHu obnacmu Ha NPULONCEHUEMO UM U BbIMONCHOCMUME 3d NPesPbUjaHemo HA
npomomunume 8 peainu nPoOOYKmu 3a U3Noj3eare 8 buma.

Kntouoeu doymu: Paxemu, pakemnu 2opusa, aepokocmuiecky mexHoiocu, eKouio2us

Abstract: Real practical results of conducted applied research aimed at the development of rockets, rocket
engines and rocket technologies for use in the civil sector are presented. The advantages of the developed
innovative prototypes related to their environmental friendliness, accessibility, safety and low cost are
substantiated. Specific areas of their application and the possibilities for turning prototypes into real

products for use in civil sector are indicated.

Keywords: Rockets, rocket propellants, aerospace technologies, ecology

BnBenenmne:

BypHOTO pa3BuTHE Ha paKETUTE W PAKCTHUTE
TEXHOJIOTUM  HMCTOPUYECKH €  Hal-CHUITHO
00BBp3aHO ¢ 00JACTHTE HA BOEHHOTO JCIIO H
kocMmoHaBTHKaTta. Ot cpenara Ha XX Bek, obaue,
3aIouBsa ITUPOKO M3II0JI3BaHe Ha
CIEIUATU3UpPaHd  PAKeTH, M3BECTHH  Karo
Sounding rockets, 3a u3cneaBaHe Ha 3eMHaTa
atMocdepa, cbOMpaHe Ha METEOPOJIOTUIHHU
JaHHU, €KCIIEPUMEHTH B cpena Ha
MUKpOTpaBUTAIM, AUCTAHIIMOHHM METOIU 3a
HaOI0/IeHUE ¥ MOHUTOPUHT. [1]

B nameto exenHeBue ynoTpebara Ha pakeTH He
€ TOJIKOBa OYEBHJHA, HO CBHIIECTBYBa B
MHO>KECTBO DPa3NIU4YHU (OPMH - OT pPaKETHUTE-

¢oiiepBepku, npe3 MOJEIINUTE Ha
PaKETOMOJIENHUCTHUTE, pakeTure 3a
Moau(UIMpaHE HA BPEMETO, MPOTUBOIOKAPHU

PaKEeTH, MOIICHCKU PAKCTH, xo0u paKeTHu, Ta A0

CelAJIKN B aBHALMATA, W 3aKOTBALIM BBXKETA B
KopabormiaBaneTo. [1,2,3]

Ynorpebara Ha paketu B bbarapus, H3BBH
KOCMOHABTHKaTa U BOeHHaTa cepa, € OCHOBHO
CBBP3aHa C:

- IEMHOCTTA Ha IJIOLIAJKUTE 32 IPOTUBOTPaJ0BA
3alllMTa, Pa3MoJ0KEHH U ONIEPUPAIIN B Pa3INYHU
palloHM Ha CTpaHara

- B MereopoJiorusTa - npe3 80-te rogunu Ha XX
BEK Kpalhi  AXTomoia € TIOCTpO€Ha U
eKcruioatupana 0aza 3a pakeTHO COHAMpaHe Ha
atMocepata g0 100 kM BHCOYMHA TOJ
pbKOBOJICTBOTO Ha mnpod. Bacunm 3axapues,
KBJETO ca CbOMPAaHU JaHHU U HATIPABEHU MOJICIH
Ha arMmocdepHuTe Tpolecu Han bankaHckus
nosyoctpoB U M3rouna EBporma.

- B PpaKeTOMOJENHN3Ma, KbJETO OBJITapCKUTE
chCcTe3aTeld W OTOOpW TPAJUIMOHHO ca B
OIBbPBUTE TPU MECTa Ha BCUYKU CBETOBHH,
€BpONEHCKU U PETMOHAIIHU HAJIIPEBapH.

pa3jiniH pakKCTHU CUCTEMHU 34 HU3XBBPIISIHC HA - IIPpU TIOOHUTEIICKUTE XO0H paKkeTH, IIpe3
CIIACUTCIIHHU napamryTu u KaTammyJaTupamunu MOCICIHUTEC JABC JACCCTUIICTHA 6Lnrapc1<1/1
H3CIICA0BATCIIN pa3pa60TBaT n npujiarat
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WHOBATUBHU EJIEKTPOHHH OOpIOBH CHUCTEMH,
€KOJIOTMYHM  TBBPAM  TIOpUBa M HOBH
KOHCTPYKTUBHU  MaTepuaiad, IpPU3HATH  OT
OOIIIHOCTUTE Ha CBETOBHO HUBO [5]

EnHo oT rnaBHHTE NOpeaM3BUKATEICTBA 34
BCUYKU BHJIOBE A€POKOCMHYECKHU TEXHOJIOTMHU B
XXI Bek € NpUBEXKIAHETO UM KbM BUCOKA CTEIICH
Ha €KOJIOTMYHA ChbOOPa3eHOCT IpH 3ara3BaHe Ha
(GYHKIMOHATHUTE W TEXHHUKO-MKOHOMUYECKUTE
IapaMeTpy Ha HOBOCH3/aBaHUTE U3JIENIHUSIL.

ExcnepumeHnTasHa 1eifHOCT U pe3yJITaTH:

[Ipe3 2011r ot rpynma Mjagud y4€HHU, CTYACHTH,
VUEeHUIIM W eHTycwactd B Tp. KrocreHamn e
yupeneH Kiy0 3a apoKOCMHUYECKH TEXHOJOTUH
»3OJANAK", umuto menm ca CBBP3aHU C
M3y4YaBaHEe U pa3BUTHE HAa paKeTHaTa TEXHHKa,
MPOBEXKJaHe Ha MPUJIOKHU HAyYHH U3CIIeIBAaHUS,
HAaCOUYEHM KbM Chb3JlaBaHE Ha HHOBAaTHUBHU
KOHCTPYKTUBHU MaTepHalld, TBBPIU paKeTHU
ropuBa, OOpIoBa €IEKTPOHHKA M CHUCTEMH 3a
tenemerpusi U HaBuranus. [4] Tasu geitHOCT €

OCBIIECTBSIBaHA B CHTPYIHUYECTBO c
npenoaaBatenu U cryaeHTH oT XTMY, Codus u
TV, Codus.

Bonema TeHnmeHnus B HM3CiIEOBaHUATA HA

chopmupaHata  Tpymna oT KOJICTH u
CHMUIIUICHUIIM € CTPEMEXKBT KbM MpHIIaraHe Ha
,»3CJICHU " TPAKTUKU B JACHHOCTTA, HACOYEHU KbM
HaMaJIIBaHe Ha BpPETHUTE €KOJIOTUYHHU
BB3JEHCTBUSI M IOCTHraHe Ha BHCOKO HHBO Ha
0€301acHOCT M HAJACKIHOCT 3a pa3padOTBaHUTE

HABOP “OCOIOBO:-

@ur.1 Pakeren Habop ,,OcOroBo* u MOJET HA MOJEI C ACTAHIHN OT KOMILIEKT ,,30JHaK"

2. B TBPCCHC Ha 6C3OHaCHO, JCCHOOOCTBIIHO U
HCTOKCHUYHO TBHPAO TOPUBO 34 JIFOOMTEIICKU
paKkeTu v CKCIICpUMCHTHUPAHA nacsaTa 3a
BKJIIOUBAHC Ha Hepa(bI/IHI/IpaHI/I TJIOAOBU 3axapu

uznenus. Hskoum oT pesynrarure Ha eKUIIHATa
eKCIIepUMEHTaTHa padoTa MoTar Jga ce 0000mIsaT
B CIICHOTO KpaTKO OIHMCAHHE, IPEICTABSAIIO
PAa3BUTUCTO HA €HA YaCT OT HOBATOPCKUTC UJACU
JI0 peaTM3UPaHETO Ha ACHCTBAIIM POTOTHUIIH:

1. 3a oOydyeHue M KOHCTPYKTOpcka paboTa B
KPBKOLUTE M0 pakeToMozenu3bMm Impe3 80-te
rOAMHM Ha MHHAIAA BEeK B 3aBog 3a
KOHJICH3aTOpH B rp. KIOCTCHIMIT € MpOn3BeKIaH
pakeromojiened  Habop ,,OcoroBo.  JloOpe
IIo3HaT Ha MOJCIHUCTUTE OT TE3W TOAUHH,
HETOBOTO ChHIbpXKaHUE € OWJI0 Taka MoaOpaHo,
ye Jla MoraT Jia ce HampaBsiT 4 Oposi pakeTHU
MOJETH 32 TPEHUPOBBYHH U CHCTE3aTCITHU
nojetd. B Hamm AJHU TaKuBa KOMIIJICKTU B
bearapus He ce mpousBexkgaT, a 3apaiu
BHCOKaTa IIeHa Ha mpejlaraHuTe B EBpoma u
CAll mnomobnm Habopu, HAMAa ¥ BHOC.
KnyboBere  3a  MoaenusMu,  KakTo U
HayMHAeIlUTe pAKETOMOJEINCTH B CTpaHara,
M3MUTBAT HEOOXOIUMOCT OT TaKUBa W3JEIHS 3a
CBOSITA  MOATOTOBKA,  KOETO  IMPOBOKHpA
pa3paboTBaHeTO  Ha  MOJEpPEH  OBIArapcku
pakeToMo/ieNieH Habop, YMETO ChAbP)KAHUE J1a €
CbOOpa3eHO C TMOCJIEIHUTE M3UCKBaHUS Ha
MexayHapoanata (eneparus FAIL. Ce3manmen e
OPOTOTUI HAa TaKbB KOMIUIEKT, O3HAa4YeH C
MWIOTHO HWME ,,30/IMaK", ChAbPKAIL MOJCPHU
KOHCTPYKTHUBHU MaTepHalii, a TBbPJOTOPUBHUTE
MOJIETTHU JABUTaTEIM ca C MHOBAaTHBHA Oe3XJI0pHa
dbopmyna Ha ropuBoTO. Dur. 1

=
=

-

KaTO IOpUBCH CJICMCHT B PAa3HOBUJHOCT Ha TaKa
HApCUCHUTC KapaMCJIIHU PAKCTHU T'OpHUBA. Te ca
MHOT'O TIOITYJISAPHU CpEa J'IIO6I/ITCJ'II/ITC, KaTo 3a
HU3rOTBAHCTO HM CC€ H3II0J3BaT Hpepa60TeHH
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3axapyd MW HUTPATH HaA aJKAJIHUTC MCTAJIN B
poJiAiTa, CHOTBETHO HA TOPUBO U OKHCIUTEIL
Ynorpebara Ha JAUPEKTHO HW3BJICUYEHH OT
IUIOJIOBETE 3aXapy € HETPAAUIMOHEH INOJIXOJ
HSMa CBEJECHMsS Ja € Ipuiarad 1o cBeTa. 3a
menta Ha pazpaboTkara ca M3MOJI3BaHH 33 IIbPBU
II'bT YEpPEUIOBU IUIOJIOBE C BHCOKO 3aXapHO
ChbJIbp’KaHUE, HO C JIOLIO [1a3apHO KadecTBO.
[Ipe3 2014r wmsnurta mhpBaTa TECTOBA pakera,
3aJIBUKBAaHA C YEPELIOB Kapamesl, a MOJy4eHOTO
HETOKCHUYHO TOPUBO € HapeyeHo ,Yepuka“.

b

®ur.2 B cneapamnu eranud Ha U3CIEABAHUATA ca
NOJy4eHH TOAOOHM TopHBa, Oa3WpaHH Ha
HATYpaJHA 3axapd OT MOJXOAAIIN COPTOBE
siOBJIKY ¥ ciuBU.  VIHTEpeceH MOJXO e
U3I0JI3BaH 32 M3MapsBaHE HA W3JMIIHATA Bjara
OT TpepabOTBaHUTE IUIOJIOBE — CHEIHAIHO
KOHCTpYHpaHa M3MapuTelHa KaMepa, MOHTHUpaHa
BB (okyca Ha napabojnueH CIIbHYEB
KOHIICHTPATOP, OTIOJI30 TBOPSIBAILL
BBH300HOBsSIEMATa SHEPrUsl HA CTPHUCBUTE JILYH.

[7.9]

®ur.2 ['opuBHU 3apsiau OT TOPHBO ,,Yepuka“ ¥ MbPBH PAKETEH MOJIET C HETOBA yIoTpeda

3. Heo0xomnmoctra oT MOJICpHU
KOHCTPYKTUBHU MaTepHalid 3a JBUraTeluTe U
KOPIIyCUTE Ha EeKCIIEPUMEHTAHUTE paKeTH
Hajara U3IBIHEHUETO Ha MmarniaOHa
u3cie0BaTescKa nporpama, HapeueHa
.bropakeru. HeilHata ocHOBHa 1en €
pa3paboTBaHETO HAa MHOBATHBHHM OHMOPa3rpaIuMu
KOMIIO3UTH OT €CTEeCTBEHHM MaTepuaiu 3a
U3MOJI3BaHE B PaKeTH 3a €IHOKpaTHa yrnoTpeoa,
KaKBUTO Ca HampuMep MPOTHUBOTPAJOBUTE U
IIPOTUBOIIOKAPHHUTE. [6]

B pesynrar Ha BHUMareneH MoadoOp Ha
MaTepuaIl U IpoAb/DKUTENHA TecToBa paboTa ca
MoJTy4eHH (hamMmusi pa3IuyHu OMOKOMITO3UTH U
TEOKOMITO3UTH 32 JIBUTaTEeIHU KOPIYCH, HOCOBU
00TEeKaTeM M COTUIOBH OJIOKOBE Ha PAKETUTE OT
cepudara ,.,buo*“. [6,8] B Monenute oT 4eTBBPTO
nokoseHue ,,bno-4“ 6mzo 90% oT rpaguBHUTE
UM 4acTH ca pa3rpaJMU B MPHUPOJHA cpena, 3a
nepuoj; He moBede OT 1 roAuHa, JOKa3aHO OT
peIBapUTETHUTE TECTOBE HA KOMIIO3UTHUTE.
®wur.3

®wr. 3 EcTecTBeHHN CHCTaBKU Ha KOMIIO3UTHUTE U IIOJICT HAa TECTOB MOJCII ,,BI/IO-4“
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4. JIBa pgeiicTBamM MPOTOTUIA Ca CH3/AJCHU C
KOHKPETHHU MPHJIOKCHHS HAa PAKETHUTE H3ICIIUS
—  NPOTHUBOTPAJOBH W  MPOTHUBOIOKAPHH.
Koncrpykuusita umM e jgocra Onm3Kka Karo
BBTPEIIHA apXUTCKTYpa, HO MHPOTECXHUUCCKUTE
3apsaM 32 3aJIBIDKBAHE, paslpbCKBaHE Ha
nemooOpasyBail peareHT MW IPOTHUBOIIOXKAPEH
aepO30JICH ChCTaB Ca C Pa3jMYHU T'COMETPUYHU
napaMeTpH, pa3lindHa Maca W MpeaHa3HauCHUE.
[7,10] CrapTroBHUTE UM 3apsiiu Ca U3MBJIHEHH OT
METAJIM3UPAH KapaMeJIeH ChCTaB Ha TOPUBOTO, a
MapIleBUTE 3apsId ca KOPEHHO pa3MdyHu. B
MPOTUBOTPAJOBHS MOJENT Hal-IbJrara 4acT OT

OamycTUYHATA TPACKTOPHS C€ H3MO0J3Ba 3a
3acsiBaHE Ha peareHTa, ChAbpXKalll ce B caMus
MapuieBu  3apsn.  [lpy  mpoTuBomoskapHata
pakera, HapedeHa ,,JIpakoH®, OrHEracUTEITHUAT
aepo30JIEH ChCTAB 3all04yBa CBOETO JAECWCTBUE YaK
IIpU JIOCTUTaHE HA OTHUILETO Ha moxapa. dur.4
Koncrpyknusara m Ha pJBata npoToTHIIA €
W3MBJIHEHA OT MaTepualid, KOUTO 3a IEIHS CH
JKU3HCH NUKBII HC OTACIAT TOKCUYHU BCIICCTBA 1
HE 3aMbpcABaT MPUPOJATa C HEpasrpaauMu
OTIagbIIN.

OEWACTBALL MPOTOTUMN HA PAKETA "OPAKOH"

®wur.4 [IpoTuBomnoxkapHa pakera ,,JI[pakon*

3akJarouenune:

IIpencraBenute 4 mpumepu ca INoKa3aTeIHM 3a
€lHa MaJIka 4acT OT IMPOBEXKIAHUTE NPHIOKHU
Hay4YHHM M3CJE/ABAHUA, CBBpP3aHU C OBP30TO
IIPEBPBIIAHE Ha HOBAaTOPCKU UIECHU B pabOTeln
NWIOTHM 00pa3uy, Oa3upaHd Ha ,,3€JlEHu’
TEXHOJIOTUM M BlaraHe Ha O0e3BpeIHH U
HETOKCHYHM Marepuanu. OO0Ia XapakTepucTHKa
Ha pa3pabOTEeHUTE MPOTOTUIM € TSAXHATa HUCKa
ce0eCTOMHOCT, KOeTO € MpearnocTaBKka 3a
YCHEIIHOTO WM MpPEBpbLIaHE B KOHKYPEHTHHU
nazapHu npoayktu. llomydenure pesynratu ca
07 Ha J00pe KOOpPAWHUPAHO IpuiaraHe Ha
CleluaNu3upaHl  copTyepHH NporpaMu  3a
CUMYJMpaHE M MOJEJIMpAaHE Ha MPOLECUTE,
CbUETAHO C IMPOBEXKIAHE HAa  MHOYKECTBO
€KCIIEPUMEHTAJIHU TECTOBE, CTEHIOBU U3NUTaHUS
U TIOJIETH Ha PAKETHU MOJIENU B KOHTPOJIMpPaHA
cpeaa, 3a BepupHUIMpaHE Ha TEOPETUUHO
IIPECMETHATUTE TTapaMeETPH.

Karo 1710, pakeTHUTE TEXHOJOIMH Ca MOLIEH
MHCTPYMEHT, KOMTO MMa OrpOMEH NOTEHLMAN 3a

NPWIOKEHHWE B pa3iuyHu cepu Ha HaykaTa U
TEXHUKATa B HAIIETO exenHeBre. OTKII0YBAHETO
HAa TO3M TOTEHUMAl € BBIPOC HA CMEIHU
WHXXCHEPHU  pEHIeHMs,  MPOBOKUPAHU  OT
HEO0OXOIMMOCTTa 32 OCUTYpsIBAHE Ha YCTOWYUBO
pa3BuTHE HAa OBACUIUTE MOKOJEHUS B eHa J00pe
oma3eHa U NpUSTHA 32 JKUBEEHE M TBOPUYECTBO
OKOJIHA Cpefa.
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IMPOBJIEMMU ITPU TIPEJCTABAHETO HA EJIEKTPOHHO OBYYEHUE B
YHUBEPCUTETCKOTO OBPA30BAHUE

Tonopka I'eoprueBa, 3opHuna AHresnosa

PROBLEMS IN THE PRESENTATION OF E-LEARNING IN UNIVERSITY EDUCATION

Todorka Georgieva, Zornica Angelova

Abcmpakm: Pazsumuemo Ha e-learning e npsko c6bp3ano ¢ HApACMeaujume 6b3MONCHOCIU U HAMATIA6AHEMO HA YeHamd
3a docmvn 00 UHGOPMAYUOHHUME U KOMYHUKAYUOHHUME MexXHoIo2uu. Bwamooicnocmma na ungopmayuonnume u
KOMYHUKAYUOHHUME MEXHON02UU Od NOoO0O0bpICaAm obyueHue u Nnpenoodsane, OCHOBABAWO Ce HA U3NON38AHEMO Hd
MYIMUMEOULIHU PeCypCU, Cho e NPUUUHA 33 HAPACMEAWUS UHMeEPeC KoM eNeKMPOHHOMO 0OyyeHue.

Kniouosu oymu: enexmponno obyuenue, exun, unosamusHo, cpeoa

Abstract: The development of e-learning is directly related to the growing opportunities and the reduction of the price for
access to information and communication technologies. The ability of information and communication technologies to
support learning and teaching based on the use of multimedia resources is also the reason for the growing interest in e-
learning.

Kev words: e-learning.team. innovative. environment

.LBbBEJIEHUE

OcHoBa Ha €JIEKTPOHHOTO OOydeHHE ca T. Hap.
,Course Management Systems* (Cuctemu 3a
yOpaBlieHHE Ha KypcoBe), IO3HAaTH M Karo
,Learning Management System* wumm LMS
(Cucremmn 3a ympaBieHHE Ha OOyYEHHUETO) H
,BHUpTyamHa cpena 3a oOyueHue™ wimm VLEs
(Virtual Learning Environments). Toma ca
CUCTEMH 32  MHOTOMOJYJIHO  €JIEKTPOHHO
Mpe/iCcTaBsHe Ha JIEKIUOHHU MaTepHad 3a
cryaeHtute. Taka Te morar ja ce ,,CBbpXkKar' CbhC
CBOMTE  MperojaBareid, KaTo  MpeaaBaT
€JIEKTPOHHO MHUCMEHUTE 3aJaud, J1a y4yacTBaT B
WHTEPAKTUBHU O0Opa30BaTEJIHU CECHUM WIH B
peaiHO BpeMme ce sBsiBaT Ha M3NUT. B momoOHa
cpena TMpernojaBaTeNuTe MoraT ¢ MHHUMAaTHU
YCUTUSL M CPEJICTBA Ja OoOUlyBaT MHAWBHIYaTHO
WIH €IHOBPEMEHHO ChC CTYJIEHTHTE, KaTo TOBa
UM TIOMara IO-JIECHO Jla OLEHAT TEeXHUS TPY/.

CryneHTtuTe camMm 1o cebe CH ca YIeCHEHH
MaKkCUMaJHO Tipu paboTa B ekurn. Te Hammpar
,Course Management Systems® kaTo OCHOBEH
HopTall 3a JOCTBI J0 OPYrH YCIYIH U PECypCH,
KOETO MOXE J1a 33/I0BOJIM €HA YacT OT TEXHUTE
nHpopMarmoHHu HYXu. [1]

2. U3JIO)KEHUE

2.1 EnexTpoHHOTO OOy4YeHHE HsAMa KOHKpETHa
HACOYCHOCT TI0 TII0JI, paca WM BB3pacT M €
HAaCOYCHO KBM BCEKM JKejaen| Ja ce oOydaBa
(Pwr. 1).

Bunaru nma sicHo gopmynupaHna e, Hy)KHa 3a
00y4eHHMETO M BpeMeTO Ha OOydeHHue Hu €
chboOpazeHa C HYXKIUTE Ha oOydaemure. 3a
peau3upaHeTo W Ce W3M0J3Ba HMHTEPHET U
UH(POPMAIMOHHU u KOMYHHKAIIHOHHU
TEXHOJIOTUW, a  pe3yJTaTbT €  BHUHAru
MOBHIIIEHOTO Ka4E€CTBO Ha 3HAHUS U YMCHUSI.

]annuma h BY3 h I Buanec h ]CemeﬁCTBo i

Opraxu 3a ObuwecTBeHn |Y~m‘renw H Pogwtenn h
ynpasnexue opraHmM3auum

KoHteHnt %’ '

Hocten go
WNHTepHeT

MpexoBa uHdpacTpykTypa

Apyr yenym

@ur. 1. EnexrponHo oby4yenue
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Bcuukm Te3m eleMeHTH ca HMIUVICMCHTHPAHU H
ChOOpa3eHU C BCHUYKU IIEJArOTMYECKH acCIeKTH
Ha  oOpasoBanmero W  ce  oOiekyaBa
B3aUMO/ICHCTBHETO npernoaBaTena-o0ydaeM.

lapanTupar ce oOpa3oBaTeNHHUTE YCIYIH KbM
obyuaemusi 0e3 cwhoOpa3sBaHe C BpemMe U
MPOCTPAHCTBO [2].

PesynrarsT Moxke aa ce 0600 Ha (Owr. 2).

KoHTeHT

:

Oumno Kypcose
JdapouHo Cemarapn Momewenun OfyueHne
AHCTaHLMOHHO Mporpamu LMS, LCMS TecTaaHe
CmeceHo OBpazoBaTENHA TEXHONOMMK Ceprudmiauna
Moprany 3a oby4eqne KoHcynTaum
YyalHu maTepuani AYTCORCHHT
PaapaboTki no nopbyka
TexHUMECKD ChNPOBOXAaHE

®wur. 2. KoOMIOHEHTH Ha €JIEKTPOHHOTO 00yUeHHUE

OOBBp3BaHETO HAa BCHUYKH €JIEMEHTUTE rapaHTHpa KauecTBeHaTa MH(GOpPMalMOHHO-00pa3oBaTeHaTa

cpena (dwur. 3).

Ymnepcurer

WHopmaumoHHo-obpasosaTtenta cpeaa

E-learning

@ur. 3. Undopmanmonno-odpazosarenna cpena(M1OC)

Axko ce pasraeaar enementute Ha MOC, te me
uMar cieaHus popmar:

JTUCTAaHIIMOHHOTO OOy4YeHHE € Pa3HOBUIHOCT Ha
€IeKTPOHHOTO  OO0y4YeHHe U  TPEeICTaBIsIBa
LIEJIEHACOYEH MPOLIEC Ha B3aUMOJICHCTBUE MEX/y
mpernojaBaTesl M CTYASHTH, C H3MOJ3BaHEe Ha
cpena 3a oOyueHue, KOUTO HE ca OOBBp3aHH C
BPEMETO U MpocTpaHcTBOTO. [Ipennara kommiekc
OT YCIYrM M TeJaroruyecka cucreMa 3a
peanusupane Ha oOpa3oBaresieH mpoiec. [2]

UHTEpHET oOydeHHue — MpeJcTaBisiBa oO0ydeHue,
IIPU KOETO CTYIACHTUTE Ca CBBP3aHU C U3TOYHHUK
Ha uHpOpMaLUs: MpernoaaBaTesl Ui UHTEPHET.
(2]

eJIEKTpOHHa OMONIMoTeKa - AnlapaTHO-IPOrpaMeH
KOMIUIEKC,  OCHMIypsiBalll  BB3MOXHOCT  3a
CbOMpaHe aKTyalu3allud W TpeloCTaBsHE Ha
noTpeOUTENUTe  4pe3  TeJIeKOMYHUKAI[MOHHA
Mpexa Ha MH(QOPMAIMOHHU pPEecypcH C yuyeOHO-
CIIPaBOYHO U APYro NpeaHa3HaueHue. [2]
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Keiic - Habop oT y4yeOHM Marepuanu Ha
Pa3HOPOTHU HOCUTENH (TI€YaTHH, ayAn0-, BUIEO-
, CIIEKTPOHHM MaTepHajn), JaBaHU Ha CTY/AEHTA 3a
caMoCTOsITeNIHA paboTa W  ONUCaHME Ha
KOHKpETHA MPAaKTUYeCKa CUTYalHs, MMPeUIoKeHa
Ha CTYyJICHTa 32 CAaMOCTOSITEJICH aHaIu3. [2]
KelicoBa (moptdeiniHa) TexHosorus  (Kekc-
TEXHOJIOTHSI) 3@ JUCTAaHIMOHHO oOOy4deHHe -
peanu3upa ce ¢ MOMOINTA HA CHemnuaneH Habop
Hkeuc”, moprdein”, ,KOMIUIEKT) y4eOHO-
METOJIMYECKH MaTepUaNd, SICHO CTPYKTYpHpaHH
M TI0 CHOTBETEH HAYMH KOMIUIEKTOBAaHHU. Te3u
MaTepualii Cce TMpemaBaT Ha oOydaemMus 3a
CaMOCTOSITEJIHA MTOATOTOBKA. [2]

KOMITIOTBPEH (€JEeKTpPOHEH) YydeOeH Kypc Uiu
EIIEKTPOHEH y4eOHO-METOJIMYECKH KOMILIEKC,
OCHUTYpsIBalll  BB3MOKHOCT Ha  oOy4Jaemus
CaMOCTOSITEJIHO /1a YCBOU y4eOHHsI Kypc B on-line
n off-line pexumu c¢ uen Qopmupane u
YCBOSIBAHE HAa HOBH 3HAHWSI, YMCHHS W HABHIM B
oTIpesieNieHa MpeaMeTHa 00JacT W B ONpeIeiieH
ooem. [2]

enektponHo wu3manme (EW) -  emektponeH
JOKYMEHT (Trpyna eJleKTpOHHU JOKYMEHTH),
pEeMUHAIIN pelaKIMOHHO-U3IaTeIICKa

00paboTKa, MpeIHA3HAYCHH 3a Pa3pPOCTPAHCHUE
B HEM3MEHEH BU/I. [2]

yueOHn  enektponHu  usmanus (YEN) -
U3MBIHSABAT CE€ B CBHOTBETCTBUE C TIpUETa

THUIIOJIOTUA 3a yqe6Ha u METOJHUYCCKA
JIUTCparypa, morar Ja npeacraBsaBaT
KOMIIJICKCHU oT y‘IC6HI/I u METOIUYECCKHU

MaTepuagd C pPa3IMyHO HHUBO Ha MporpamMHa
peanuzanuu. [2]

TIOTOp - ceptudunupad B 0a30B0 y4eOHO
3aBeJICHHE MIPEIoIaBaTeNI-KOHCYITAHT
(MHCTPYKTOp,  HAaCTaBHHK),  IOMarari Ha
oOy4yaemus B OpraHu3aiusTa Ha

UHAUBUIYAIHOTO OOy4eHHE U OCBHLIECTBSABALL
y4eOHO-METOIMYECKO PBKOBOJCTBO Ha Y4EOHMS
mpolec B paMKuUTe Ha KOHKpeTHa YydeOHa
nporpama. [2]

Ha mnpaxtuka MOC npexacrasisiBa mporpamHo-
TEJIEKOMYHUKALIMOHHO u NEAArOrNYECKO
IIPOCTPAHCTBO C €AMHHU TEXHOJIOTUYHU CPEICTBA
Ha BojieHe yueOHMs mpouec B MHTepHeT cpena,

HE3aBUCHUMHU oT npodecroHaiHaTa
crnenuanu3anys (HMBOTO Ha  MPEIJIaraHoTo
oOpazoBaHue), OpraHU3alMOHHO-TIpaBHATA

¢dbopma u popMarta Ha COOCTBEHOCT Ha yUeOHHUTE
3aBefieHus. 2]

2.2. [Ipobnemu ¥ BB3MOXKHH PELICHUS
Haii-noOpure yHuUBEpCUTETH B CBETA H3IOJI3BAT
€JIEKTPOHHOTO OOy4eHHe B KOMOHMHALUS ChC
CHINECTBYBAIIUTE TPAIUITMOHHHN MeToIu. Taka ce
NPEIOCTaBAT  HOBH  BB3MOXXHOCTH 3a
pasmmpsiBaHe Ha YYacTHETO B YUYEHETO IIpe3
HEeNusl KUBOT, 32 TEPCOHAIN3UPAHE HA Y4eOHHUS
npolec H Ch3JAaBaHE HaA NPEANOCTaBKH 32
oborarsBaHe Ha y4eOHHs ONUT W KAYECTBOTO Ha
yuene. [3]

EnextpoHHOTO 00y4eHHE B HACTOSIIUS €Tal OT
CBOETO pa3BUTHE € W3MPABEHO IpeJ MpoOIeMH,
CBBP3aHU ChC CH3JIABAHETO HA MEPCOHATM3UpPaHA
yueOHa cpena, KOATO Jla € CchoOpaseHa U
ajanTupaHa KbM MOTPEOHOCTUTE "
ocobeHocTUTe Ha BcekM oO0ywyaeM. Bceuuku
yUaliy ca yHUKaJIHU - HAMa JBamMa oOydaemw,
KOWUTO JIa TIOCTHTHAT €IHAKBU pE3yIATaTH OT
00y4YEeHHETO B peauiia MpeAMETHH 001acTH. [4]
AnantuBHoTo OoOy4yeHne e  oOpa3oBaTesieH
MOJIXOJI, P KOWTO C€ MPEIOCTaBs aTalTHBHU
YCIYTH 32 €JIeKTPOHHO OOydeHHe U y4eOHH
MaTepuail, KOUTO ca CIELUUaTHO MPUTOJICHH 3a
aJIalITUBHO YY€HEe, KaTo Ce MOCTaBs 3a LieJ Jia ce
chueTae CcrmocoOHoCTTa 3a pazOupaHe u
OTKpHUBaHE Ha CHEIU(UUYHUTE MOTPEOHOCTH Ha
naneH oOydyaeM € MOJXoAsiiara MeAaroruyecka
CTpaTerus U MojaoOpsiBaHe HAa yuyeOHHS IpoIeC.
Cropen mnbpBOHauamHaTa U 3a aJalTUBHO
€IEKTPOHHO O0O0ydeHue, ChAbPKAHUETO Ha
aJIalTUBHUS Kypc TpsiOBa aa ObAe MOAXOAIIO 32
o0yvyaemu ¢ paznudyau npodunu. Tesu npoduau
Morar Ja cChbIbpKaT HH(OpMalus 3a IeNuTe,
OpeINoYnTaHusATa,  HUBOTO  HAa  3HAHUS,
MOKa3aHWUTE pe3yiaTaTd, CTUJa Ha  y4eHe,
MICUXOJIOTHYecKus mpodun Ha obyyaemMus u Jp.
AnanTuBHOCTTA MOKe it} e KaKTO
WHAMBUAyallHa, TaKa U rpynosa. Yecto yueOGHOTO
ChIbpKaHUE € pPa3pabOTeHO 3a HIKOW TPyIU
CTYIEHTH, KOUTO HMaT CXOJHU CTOMHOCTH Ha
€IMH WIH HSKOJIKO TapaMeTbpa Ha mpoduia Ha
oOydaemusi. 3a KOJKOTO MOBEYE PA3IUYHU TPYyIU
oOydyaeMu € ajanTupaH eAuH ydeOeH Kypc,
TOJIKOBa  TO-BUCOKA e CTETIEHTa  Ha
nepCoHaTH3AIH Ha y4eOHUs mpoIiec.
AJanTUBHUTE CUCTEMH 32 €JIEKTPOHHO O0y4YeHHE
(ACEO) BxIouBar ISUIOCTEH M CHUCTEMATHYCH
mpolec Ha IUIaHWpaHe, AW3aifH, pa3paboTBaHe,
OIICHSIBaHE W aJIalITUPAHE Ha y4yeOHHs MaTepual
KbM HYXIUTE Ha 00ydaeMusl.
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Anantupane Ha y4eOHOTO ChIbpXKAaHHE B
cucremute 3a enekrpoHHo ooyuenue (ACEO) ca
00EKT Ha aKTMBHO M3CJICJIBAHE B MOCIEAHUTE TPH
necermietns. KakBo Moke na ce ajgantupa €
TeMa, KOSTO HENpeKbCHATO ce oboraTsiBa W
pazBuBa. ToBa noBexJa U A0 TroysiM Opoit
KJacu(uKauu, YecTo C MperuiuTalmil  ce
TepMuHu U ABycmucine. Criopen bpycunoBcku B
aJIaNTHBHUTE XHUIIEPMEIUIHN CHCTEMH MOTAaT Ja
ce ajanTHpar JBa OCHOBHM KOMIIOHEHTa —
CHIBP)KAHUETO Ha YUeOHHTE CTPaHUIU U
XHTIEPBPB3KATE MEKAY TAX. [I]

B mpexara ca ommcaHM HSKOJIKO OCHOBHH THIIA
aJIaNTHBHOCT: aJaNnTHpaHe Ha MOTPEOUTENCKHUS
untepdeiic (interface-based); anmanTupane Ha
nporieca Ha oOydenue (learning flow-based);
ajanTupaHe Ha y4eOHOTO chIabpxaHue (content-
based), WHTEPAKTUBHH, MO AIIOMarariu
paspemiaBaHeTo Ha TpoOJeMH;  aJarnTallHH,
buntpupamu wHpOpMaIMA, W adanTanus Ha
TpyIy, QJanTHBHO OICHSIBaHE W IPOMEHH B
IBIDKEeHUE (T. €. ajanTanus TpU JHHAMAYIHO
MIPOMEHSIIITN CE ChCTOSTHHS).

DU OCHOBHM KOMIIOHEHTa ydacTBaT B €JHa

Oamancupana  ¢opmyaa 3a  aJanTUBHOCT:
notpeburen  (oOydaem,  Y4YCHHK),  yUUTEN
(MHCTpYKTOp, TMpemnoaaBaTen) W HaboOp OT
npeneUHUpaHd — TpaBWiIa,  3aJaJCHU  OT
WHCTPYKTOpa. ANanTHBHOCTTa OOWKHOBEHO €

dbokycupana BBpXy oOydaemus. ToBa nmaBa
BB3MOXKHOCT YYCOHHUAT BT JIa € TMHAMHUYCH — J1a
Ce MpEeMHHE Tpe3 pa3IUYHUA eTamd U TeMH B
3aBUCMMOCT OT 3HaHMITA W YMEHHATAa Ha
o0y4aemus, KaKTo u npu MTOBTOPHO
npeMHHaBaHe Ha oOydaeMusi Ipe3 ChUIUS KypC.
AnantupaHe Ha y4eOHOTO ChABpPKAHHE —
pecypcuTe U IeHHOCTUTE TUHAMUYHO MPOMEHSAT
ChABPKAHUETO CH, KAKTO € IIPH aJalTHBHHU
UHTEpHET-0a3UpaHd CcHUCTeMU 3a oOydeHwue,
H3I10JI3BAIU MHTEJIUTeHTHU areHTu 3a
aJlariTHpaHe Ha TPEJICTaBSHETO WIM aJalTHBHA
npe3eHtanus  (adaptive presentation). pyr
acmeKT Ha aJalnTHpaHe Ha ChIbPKAHUETO €
MOJAaBAaHETO Ha TMOAXOMAL] YyuyeOeH MaTepuan
CHpSMO CTUJIA HAa YY€HE Ha BCEKH €IMH 00yJaeM.
[5]

Mopenupanero Ha agantanusata Ha ACEO moxe
Ja Cc€ W3BBPIIM MO PA3TUYHU KPUTEPUU:
MOJeNTUpaHe Ha TMOTpeOUTens; MOJeNUMpaHe Ha
y4eOHOTO ChABPIKAHUE; MOJCITUPAHE Ha TIpoIeca

Ha oOy4yeHue; MOJenupaHe Ha KOHTpoja Ha
3HAHUETO.

Monenupane Ha Y4eOHOTO CBABPKAHHE —
CH3/1aBaHETO Ha y4eOHOTO ChIBPIKAHUE € MPSIKO
3aBHCHUMO OT IIesiuTe Ha o0yuenuero. Cucremara
OT WEJNW OTpa3siBa CHBKYMHOCTTa OT 3HAHUS,
YMECHHSI W KOMIICTCHIIMH, KOUTO TpsOBa Ja
noyiyuu oOydaemusi B Kpasi Ha yueOHus Kypc. 3a
Ch3/IaBaHETO M  YIPaBIEHHETO Ha y4eOHO
ChIbP)KaHUE € OTrOBOPEH HETOBHSAT aBTOP.
CraHmapTU3UpaHETO TI03BOJISIBA MPEHOCHMOCT
MEXIy IIaTPOpMUTE UM ChXpPaHCHHWE B
XpaHWIWIma 3a y4yeOHWM  enuHUIM. Taka
peanu3upanu, e-yporuTe MoraT Ja ce H3IO0JI3BaT
3a CaMOCTOSITEITHO TIOCTHUTaHe Ha
obOpaszoBatennute 1enu. Crenpailku Mojena Ha
nmpeaMeTHaTa 00JacT, y4eOHOTO ChABPKAHUE
TpsiOBa 1@ OBJEe MPEIOCTaBEHO OT Yy4eOHU
obOektn. CucTemMara ChCTaBsi aBBTOMATHYHO TECT B
KOHTPOJTHUTE TOYKH, Ha 0a3a Ha MOCETEHHTE OT
o0yJaemusi yaeOHU OOCKTH U CHIIIO0 ABTOMATHYHO
OIICHsSBAa OTrOBOpHUTE; 3amada — ChABPKA
TEKCTOBO ONMCAaHWE HAa U3UCKBAHUATA KbM JaJIeH
NPOEKT WJIM ONuCaHhe Ha MpolsieM, KOWTO
oOyyaemusT TpsiOBa g1a paspemu. Tema 3a
nicaHe Ha ece (CBOOOJEH OTroBOp) — 3ajaBa
eIHa WIM HIKOJIKO TEeMU 3a ece, OIKCBa
M3HMCKBaHUATA KbM HEro, KPUTEPUU 3a OLICHKAa U
HAacokM 3a paboTa. 3a BCeku ydeOeH OOeKT
TpsiOBa Ja ObJe 3aJajeHa HEeroBaTa CJIOXHOCT.
[Ipu cwr3maBaneTo Ha ydeOHU OOEKTH, TPsAOBaA 1a
ce B3eMe I0JI BHUMaHUE TAXHOTO paslpesiesicHue
B 3aBUCUMOCT OT THUIa UM U H3MOJI3BAHUTE
CTHJIOBE Ha ydeHe. ToBa e HeoOXoaumo, 3a Ja
MOJKE MPH MPOEKTUpaHE HAa y4yeOeH Kypc Ja uMma
JNOCTaThYHO BApMAHTH 3a KOHCTpyHpaHe Ha
ChIbpPKaHUeE, MOAXOSAIIO 32 PA3TUYHUTE YUCOHU
cTHiIOBe. AKO yueOHMAT 0O0ekT, obaye, e
IPOEKTUpaH Taka, 4e Ja JaBa BH3MOXKHOCT 3a
IPOMEHU B pEaTHO BpeMe, TO MPEernoaBaTessT
MOK€ Jla TPOMEHS HayuHa, TO KOWTO
oOydaeMUsT BB3NpPHEMa Kypca W HAuWHA, IO
KOWTO TpoTuya: 1) mpemojgaBaTeNaT MOXe [a
OOHOBsIBA  CHIBPKAHHETO BB3 OCHOBA Ha
npeaBapuTenHo JehUHUPAHO TaKoBa WIH Ja
Ch37]aBa HOBO CBHABPIKAHME; 2) MPENoaaBaTesuT
MOXKE Ja BiIMsS€ Ha Y4eOHUs IBT, Ka4YBANKU
daiinose, NOKa3BalKN UM CKPUBAWKH €IEMEHTH
Ha ChIIBPKAHUETO U CTPYKTYparta.

[IpobGnemu mpu pa3paboTBaHE HAa aJaNTHUBHO
€JIEKTPOHHO y4eOHO ChABPKaHUE
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B noBedero ciaydau ce npuiiara KOMOMHAIMSA OT
CTUJIOBE HA y4ye€He, T.e. MOJUMOP(PHUUYEH CTWI Ha
ydyeHe, mopagu Qaxrta, ye B IOBEYETO CIIydau
oOyyaeMuTe MPUHAUICKAT B PA3IMYHA CTETICH Ha
HSKOH OT TSX M TOYTH HUKOTa CaMO Ha €IUH OT
Te3W CTWIOBE. Pa3nnyHuTe ONMUTH 32 JUPEKTHO
TpaHchopMupaHe W TpHCIOCOOsBaHE  HA
TpaIUIIMOHHN METOJH 3a oOy4eHue B ciydas Ha
e-o0yueHue, B TIOBEYETO CIy4ah Ce€ OKa3BaT
edexTuBeH. [5] -
3a na Obae edeKTHBEH €IWH y4eOeH MpoIlec e
HEoOXouMO y4eOHHUTE MaTepuaiu Ja ObaaT
CbOOpa3eHU C pa3IU4YHU XapaKTEepPUCTUKU Ha
oOyuaemus Karo crnenupuIHU (&) 150
MPEAMTOYUTAHNS, 3HAHWS, CTHJI Ha yICHE U JIp., U
Ha Ta3w 0aza Ja ce W3MOJ3Ba MOJXOIAIla
neIarormyecKa CTpaTeTHsL. AJanTHBHUTE
CHCTEMH 3a 00y4YeHHE Mo-100pe OTYHTAT HUBOTO
W CTPYKTypaTa Ha HavajHaTa MOATOTOBKA, KAKTO
U pe3yNTaTuTe OT TEeKYIIOTO CBhCTOSHHUE Ha
oOy4yaemute. ToBa TO3BOJISIBA PAITMOHAHO Ja CE
M30MpaT MOAXOANM YIeOHH MaTepuau, 3a1auu
M yOpaxHeHUss  3a  [OBUIIaBaHE  Ha
edekTuBHOCTTA Ha 00ydeHuneto. CrienupuIHuTe
0COOEHOCTH, KOUTO TPpsIOBa Ja ObJAT pasrieaaHu
B Ipolleca Ha TNpuUjlaraHe Ha aJalTUBHO
€JIIEKTPOHHO OOy4YeHHE ca: HMBOTO Ha 3HAHUS U
yMeHHsI Ha oOy4yaBaHHS, KaTo ca ChILIECTBEHU
KakTO  I[’bPBOHAYAJHOTO  HHUBO, Taka U
BPEMEHHOTO CBhCTOSIHUE MpU IMPOBEXKJIAaHE Ha
MEXJIMHHU TE€CTOBE; MHAUBUAYATHOTO TEMIIO Ha
ycBOsiBaHe (pabOTOCIOCOOHOCT) W HHMBO Ha
KOTHUTHBHA M MpakTH4ecKa aBTOHOMHOCT,
€CTeCTBOTO Ha TMpOIeCUTe Ha MHUCJICHE Ha
pasnuuHUTe Tpynu obydaemu u ap. Paznuuusra B
KOTHUTHBHHUTE CTHJIOBE Ha OOy4YeHHE OTpa3siBaT
pa3IMYHUTE HAYMHHU, IO KOUTO XOpaTa pearupar
Ha ydyeOHM curyauuu. llpu peanuzammsaTa Ha
a/IalITUBHOCT u WHIUBUAYaTNU3ALNS e
HeoOXoIuMO Jla ce pa3depe akTHBHATA POJIsl MPU
n30opa Ha cTpareruss ¥ MeToAu Ha paboTa 3a
MOCTUTaHE Ha MPEABAPUTENHO 33/aJICHU LENU U
3a/aud, W TOPEOBUIACHHUTE  pe3yaTaTd  OT
obOyuenueTo. [5]

III. 3BAKJIKOUEHUE

NHoBaTBHOTO 00yueHHE € MHOBAIWA, KOATO CE
M3HCKBA Jl1a C€ YCBOM OT JHEIIHUTE O0ydyaeMu.
HeoOxoauMocTra mpou3TMYa OT  MacoBOTO
HaBIM3aHE HA TEXHOJOTUUTE B TJIOOATHOTO
obmectBo. A TO camo mo cebe cu Hamara
JTUTUTATU3AIUs Ha 00pa30BaTeHUS MTPOIIEC.

HeoOxomuMo € na ce MOATOTBAT TEXHUYECKH
oOyyaBamuTe, Ja MpEeMUHAT TMpe3 penula
oOyyeHHs, Ja MM c€ NPEIAOCTaBiAT peaula
JTUIeH3W U mpodee. A oOyuaBaHuTe TpsiOBa 1a
MOJTy4aT Ka4yeCTBEH IPOLEC, KOWTO Ja CIequ
TCXHUA HAIIPEABK, Ja CC UMINICMCHTUPAT BCUYKU
IPEUMYIIECTBA Ha EIEKTPOHHOTO OOydeHHe U Ja
ce cBeJle 10 MUHUMYM CyOeKTHBU3MA.

ToBa BOAM U 10 IPYyry MPEAUMCTBA, @ UMEHHO:
Heorpannuenn Bb3MOKHOCTH 10 PECYPCH;

Bunaru ca HaJINYHU u npeainarat
WHIUBUAYAIU3BM W CJICABAT HAIPCAbKa Ha
00yJaemMusIT;
I'vBKaBU Ca, CIIeCTaABaT BpEMEC U HC CC€ BIIUAAT OT
bopMann3bMm;
CrectsaBaT MHOTO pasxoar Ha opraHusalusaTa U
o0yJaBaHUTE.

EnextponHoro oOydeHne B KOMOWHAIMsS C
MPUCHCTBEHOTO OO0y4YeHHUE € Hal-T0OpUAT HaYWH
3a TIOCTUTaHE HAa MAaKCHUMAaJTHH PE3YJITATH.

Ho curyanmsita, B KOSTO CM€ TIOCTaBEHH,
W3WCKBA W3I0JI3BAHE HAa HOBOBBJICHUS U TO
JOCTaBSIIIA MaKCUMaseH e(eKT.

JIMTEPATYPA:

[1] Enena Konesa, Hatama Konesa, O6maunure
TEXHOJOTUU B TMpodecroHalHaTa AEHHOCT Ha
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YHUBEPCUTET, Pymsna [TeitueBa-dopcaiir,
Penera boxankoBa, Becenmuu Kosaues, Eprenus
KoBauesa , CY, 2019

[4] http://www.edutechjournal.org/wp-
content/uploads/2018/08/1 2018 119-124.pdf
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MNEPCOHANTM3UPAHO  EJIEKTPOHHO  OOYYHMTEITHO
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II'bPBU CTBHIIKU U U3ITOJI3BAHU METO/IU ITPU AHAJIN3 HA APTE®AKTHU

ﬁopnaﬂ Bosip:kueB

YBoa
apredakr- (arte — W3KYCTBCHO, H factus —
HalpaBeH) € Hai-00l0 BCEKU H3KYCTBEHO
Ch3JaJ€H IMpeaMeT, MpPOAYKT Ha 4YOBEIIKa
nenmHoct. B apxeosormsta gymara ce €
IpeBbpHaja B TEPMUH C OCOOEH HI0OAHC U ce
ompezienss KaTo OOEKT, BB3CTAaHOBEH upe3
apXeO0JIOTUYECKU YCHIINS -PAKOTIKU| YUKUTICTHS .

[IspBUTE CTHIIKK B aHATU3a Ha apTepakTUTE €
7la ce OTIPEJIEININ - KaKBO C€ ONMUTBAME JIa OTKPUEM
U KakBM TEXHHUKHM MOTar Jia ce u3noJs3Bar. Te3u
CTBIIKM MOTaT Jla Cé CUCTeMaTH3upar Taka:
I. Anroputrsm Ha AeiicTBUE
II. O6paborka u rpaduyHO MpeacTaBIHE Ha
apredakTu.
[II.Bunose, ¢popma M HaydHH BB3MOXKHOCTH 3a
OTKPHMBAHE U MOJIEIIMpAHE.
IV. Ananu3 Ha W}3NOJA3BAaHUTE METOIU TMPHU
uaeHTuuIrpane Ha apTedakTu.
en

llenra nHa Hacrosimiata paboTa € nga ce

MPOCIIEIN  pa3TIekKAaHus MpoOseM(aHan3 Ha
apredakT W Hali-BeYe-TIPHJIOKEHUETO  Ha
BUOPOAKyCTUYHU METO/M) KaTo HATpyIaH OMUT B
TY-Bapna, kakTo U B CB€TOBHAaTa 0a3a OT JaHHHU.
AHanu3upaHu ca  JaHHU Ha  Pa3IMYHU
nuTepaTypHu u3TOouHHIM. CTpeMexbsT € 3a
Ch37[aBaHe Ha TEOPETHYHU U MPUIOKHHU MOJIEIH,
OTpa3siBallld Bpb3KaTa MEXKIY BUOPOAKyCTUUYEHO
uneHtuunrpane Ha apredakTh B o0ma
riobanHa, perdoHalHa U JIOKaJdHa Cpena,
MO3BOJISIBAILIA B3aMMHOTO UM CHHXPOHHM3UPAHE U
OTHOCHUTEIIHO U a0COIOTHO JaTtupaHe mo ¢a3u u
eTanmu Ha pasButHe. Mnum — MakcUManHO
W3BJIMYaHE HA ToJie3Ha  uHopmamus ¢
MOCJICTHUTE TEXHOJOTUYHHU TOCTIKEHUs (Hail
Be4e Ha BUOPOAKyCTUKATA).
Hsznoxenue

[Ipunaranero Ha mpuHIUOHUTE Ha ,,AHAYyCTpUHs
4.0 1 Bce mO-MacOBOTO HAaBJIM3aHE HA CUCTEMHU C
W3KYCTBEH MHTEJIEKT, HajlaraT IpeoleHKa Ha
CHILIECTBYBAIIUTE U pa3paboTBaHE Ha HOBU
MEeTOaU 3a uaeHTHu(UKalus Ha o0ekTu. Bceku
apreakT CHIBPKAa JaHHU 3a YCIOBUATA Ha
paboTa W CBHCTOSIHHETO Ha MpoIyKTa. TakaBa
nH(popMalusg MOXKe J1a ce chhepe, akTyanusupa u
oneHsBa. M ToBa ca NpMHLUMIM KOUTO MaoraT Aa

Ce MPUJIOKET KAKTO KbM ChBPEMEHHH MPOIYKTH
— Taka M KbM aptedaktu. [Ipumepu:

[Ipucturar B nabGoparopusita Ha TVY-Baphna
3asBKHM Jla C€ aHJIM3UPAT 3JaTHUTE MPEAMETH Ha
Bapuenckus XAJIKOJIUTEH HEKponoJi(oT
Pernonannuss  ucropuuecku — Mysei-Bapha),
nevyatute Ha Bacun JleBcku u mymka Kpbaka(oT
Pernonannus  ucropuueckn — Myseu-Benmko
THpPHOBO) U peIKM aHTUYHH MOHETH OT My3esl Ha
KOTBaTa B AXTOMOJL.

I. AnropursM Ha JecTBUE — KAaKBO ThPCUM HIIU
nckame ja pazoepem?

3a 37maTHUTE TIPEAMETH-KATO Y€ JIM Hal-BaKHO

€ M3TOYHMKA Ha cypoBHHa M Kak mpeau 7000
roauHu ca Owinm m3padoteHu[1], 3a meuatute[2]
U TyIIKaTa —TOBa € OT KaKbB MaTepuall, Mo KakBa
TEXHOJIOTHS U aKO MOXKE JIa CE MPEIOJIONKHU KbJIe
ca u3pabOTeHHU, 3a PEAKUTE MOHETHU IMO-CKOPO
CTOU BBIpOca Aain ca aBTeHTU4YHHU[3]? U Bcuuko
TOBa 332 YHUKAJIHH apTedakTh, KOUTO TPsOBa na
ce A3CIIeaBaT oe3 JECTPYKTUBHU
U3CIIEI0BATEIICKU METOM.
II. O6pabotka m  rpaduyHO TpEACTaBSHE-
BBHIICH OTJIe]] (MM MaKpOCKOIICKO HM3CJIEBAHE)
Ha apredakTa KaTo reoMeTpus, peaed U cieau oT
00paboTKa Mo MOBBPXHOCTTa MYy BHU3YadHO WIIU
IIPU MAJIKW YBEJIHUYEHUS.

BoeamausaT ornen Ha 800 3matHu apTedakTu OT
Hamepenute 3078(2435 ca MBHHCTA) TIO3BOJIH Ja
Ce pa3mpeleNiaT CIope] OCHOBHATa TEXHOJOTHS
Ha U3paboTKa B Tpu rpynu-¢wur.l-temn,
IUTACTUHU, OTIUBKHU.

KnacudgpuumnpaHe Ha npeaMmeTuTe

+ Hanpaseuu oT Ten
CBOTBETHO C KPBrNo K
NPasobLranHo CeveHue

= HanpaseH# OT NNacTrHn
CBOTBETHO PABHUHHK W
oSemHu

= OTnuBku cboTBETHO Des
CbPUE W CbC Chpue

@ur. 1 IlpencraBurenHa u3Bajka OT OCHOBHUTE
TpU Tpynu 37IaTHU apTedaktu oT BapHeHCkus
XaJIKOJIUTEH HEKPOIIOJI, CIOpEJ] OCHOBHATa
TEXHOJIOTUS Ha U3pabOTBAHETO UM.

N3BECTHUA HA CbIO3A HA YUEHUTE — BAPHA 1°2021
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Crmupata

"~ JedesT mpn oramsame ua

TPNENATA, FATORD HIY AN

Haavcaen Texcratonores RADLET TR 3IP3SOTRA HA MIISICTATA © pRsane

—rrreonoeas

Yoo M os

¢wur. 2. [ledektn, ciaeau Mo NOBbPXHOCTTa W BEPOSTHA TEXHOJOTHS HA M3pabOTKa Ha 37IaTHU
apTedakTi OT BapHEHCKHSI XaIKOIUTEH HEKPOTIOJ.

[II.BunoBe, popMa u HaydHH BBH3MOXKHOCTH 32
OTKPHMBAHE U MOJICIIHPAHE.

OcCHOBEH METOJT 3a OIICHKA Ha BCEKU MaTepua
€ XUMHYECKUAT My aHanu3. Pa3bupa ce umaiiku
MPEIBUI YHUKAIHOCTTA HA 3JIATHUTE apTedakTh
W HENPWIOKHMOCTTAa JOPH W Ha AN
pEHTreHO-(IIYyOPUCIIEHTEH METO(MIOBBPXHOCTTA
TpsiOBa Makap | JIEKO Jla CE 3a4UCTH MEXaHUYHO)
ce mpeMHHa KbM J0OpusS cTap MeToa 3a
OTIpEJIeIISIHEe Ha peajHaTa ILTBTHOCT C U3MEpBaHe
Ha Macara Ha U3MECTeHATa OT MPeaIMeTa TEYHOCT
(apxumenoB wmeton). Toi ce ©Oa3upa Ha
W3MEPBAaHETO Ha IMOJIEMHATa CWIa, ChIIIACHO
3akoHa Ha Apxumen. [Topaau ToBa BCSKO TSIJIO
MOTOIEHO B TEYHOCT OJIEKBA C TOJKOBA, KOJIKOTO
TEXHU OTMECTEHATa OT HEro TeYHOCT. Ta3u MeTon
Ha W3MEpBaHE € MO-TOYCH, Mopamu ¢akTa, ue
M3MEpBaHe Ha MacaTa Ce M3BBpPIIBA C BHCOKAaTa
TOYHOCT. B cnmydas € M3Mon3BaHa eNeKTPOHHA
BE3HA C TOYHOCT Ha H3MEpBaHE 0,001g
N3mepBaHeTo ce M3BBHPIIBA MO CXeMa, MOKa3aHa
Ha ¢ur.3. IIbpBO ce mperernas u3CIeABAHUS
o0ekT Ha enekTpoHHa Be3Ha (Precisa 310-M).

- Ha enexrponnara Be3Ha ce TOCTaBs ChA C
JeCTHIIpaHa BOJa.

- Hynupa ce Be3Hara.

- B cpma ¢ pmectunmpana Boma ce moTams
HAITBJIHO M3CJIeIBaHUS OOCKT, OKa4eH Ha THHKA
HUMmKa (0OCKTHT He TpsSOBa Ja WMa JOMHUP C
JBHOTO WJIM CTEHHUTE HA CHJA).

- HM3mepBa ce Terinoro Ha OTMeCTeHaTa OT
u3CleBaHus IpeaMeT AecTuiupana Boja. Karo
3HaeM, ye lcm® jecTunIMpaHara Boja MMa Terio
lg, m3aMepBallku TErJIOTO Ha OTMECTEHaTa OT
oOexra  gecTwiupaHaTa  BoJa(g), MOXKeM
JIMPEKTHO JIa OTYETEM HEroBUs 06eM B cm’.

Cnen xaTo € U3MEpPHO TENJIOTO |
omnpeneneH obema Ha m
u3cnenBanus  mpeamer ce P T 7
npecMATa IUTBTHOCTTa MYy IO
¢dopmymna:

KBJIETO:

p - MHTErpajHa MIBTHOCT Ha 00ekTa, [g/cm’];
m - Maca Ha u3clieJIBaHus 00eKT, [g];
V - o6eM Ha u3cneaBaHus o6ekT, [cm?];

14
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@ur.3. OnuTHa yCTaHOBKA 3a U3MEpBaHe Ha
o0emM, 4pe3 ompeaesssHe TEerJIOTO Ha U3MECTeHaTa
OT IIpeJMeTa IeCTUIINpPaHa BOJA.

Ilo mousTHH MNpUiIrHHU, TMPOU3THUYAIIA OT
VHUKQIHOCTTAa W TOJIeMHs Opod Ha 3JIaTHHUTE
apreakTd, IIBTHOCTTa C€ ONpEeNeNu IO
ropeonucanata Meroauka Ha 409 wu3bpanu
npeaMetn ot Hekpornona.

Ompenenenara IUTBTHOCT Ha
U3CIeABAaHUTE MaTepuaad I0Ka3a MO-TOJIIMO
pa3celiBaHe Ha CIUIaBUTE, KOWTO IO TO3HU

2 rpyna-18 4g/en

VG t\/: \ l|'-

mapameTbp Morar ga ce kiacupunupar Ha 7
rpymu:

1 rpyma - [IBTHOCT mo-rojisMa ot 19
g/em’® - 99 + 100% Au (24 xapara);

2 rpyna - misTHOCT OT 18 10 19 g/em?® -
95 +99% Au (23 - 24 kapara) ;

3 rpyna - misTHOCT OT 17 710 18 g/em’® -
85 +95% Au (21 - 23 kapara) ;

4 rpyna - mwisTHOCT OT 16 110 17 g/cm’ -
75 +85% Au (18 - 20 kapara) ;

5 rpyma - mwisTHOCT OT 15 110 16 g/cm® -
60 + 75% Au (14 - 17 kapara) ;

6 rpyna - mabTHOCT OT 14 n0 15 g/em?
-50+60% Au (12 - 14 xapara) ;

7 rpyna - mreTHOCT noj 14 g/cm® - mogx
50% Au (nox 12 xapara) ;

Ha ¢wur. 4 ca mokazanum mnpeameTrd OT
BapHeHCKHs XaJIKOJIMTEH HEKPOIOJ, TPYIMHpaHu
C pa3lUYHU CTOMHOCTM Ha IUTBTHOCTTA Ha
CIUIaBTa B 3aBUCHMOCT OT KOJIMYECTBAaTa METAJId
- Au, Cuu Ag[1].

€

1 rpyna-19g/cm-
Hus Ne1-2210

',’1-}4* 13;*%« 1\_4

2N\ /\

9 v/\ ,\ i

! e
::

"o

bt

o

Ny

®ur. 4. CTOHHOCTH HA ITBTHOCTTA-P,g/CM’ Ha CILIABTA B 3aBUCUMOCT OT KOJIMYECTBATA METAIH -
3nato(Au), mea(Cu), cpedpo(Ag) u 3maTHU MpeAMEeTH OT BapHEHCKH XalKOJIUTEH HEKPOTION OT
Pa3TUYHUTE TIO MTBTHOCT-XUMHUYECKH ChCTaB rpymnu|1].

N3BECTHUA HA CbIO3A HA YUEHUTE — BAPHA 1°2021
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3a 1a ce ompenen BEPOSTHUSAT M3TOYHHMK HA 3J1aTO CE B3eXa IUIMXOBU NpoOH oT 30 M3TOYHMKA Ha
pazcurHo 31ato —ur 5.

FFOROLD

I\L‘I‘!"gﬂﬂ!h
}s

p—

®wur. 5. 30H1 Ha Pa3CUITHO 37aTO B bhirapus— Hali-BEpOSTHU U3TOYHUIIM Ha CYpOBHHA 32
n3paboTBaHE Ha 3JIATHUTE MPEIMETH OT BapHeHCKUs XalKOJIUTEH HEKPOTIOJ — OKa3aH!u ca
XapaKTEpHO 3a palioHa mpeodiaaaasamio croTHomeHne Au/Ag/Cu

@ur. 6. Jlmarpama  3a
ompesielsiHE Ha ChCTaBa Ha
TPUKOMIIOHEHTHAa CIUIaB  OT
cucremara Au-Ag-Cu o
JaHHW 32 ITUTBTHOCTTA Ha
TBBPAMS pa3TBop B g/cm’[1].

HUsnomsBaliku  DaHHUTE 34
IUIBTHOCTTa  HAa  3JIaTHUTE
OpeaMeTd, Mo JuarpaMara Ha
¢ur.4 mMoxxke ma ce ompeaenu
OPUEHTUPOBBYHUS UM
XMUMHUYECKH ChCTaB U OT (ur. 6
Jla ce MPEANOoJIoKH KOl € Hail-
BEPOSITHUS PAaliOH — HU3TOYHHK
Ha 37aro 3a u3paboTKa Ha

Ca% ' npexmerute. Hampumep, 3a
CIJIaBTa Ha 3J1aTHATa rpuBHA(MIOKa3Ha ¢ JedeKT —TrazoBa myria Ha ¢ur. 2) oT rpod 4 (uuB. Ne 1-2070)
¢ wisTHOCT 18,4 g/cm® ce npeanonara chabpskanue nox 10 % mnpumecu Ha Ag u Cu U Haii-BeposTeH
n3T04YHMK — CTpanmxaHcko-CakapcKusT paioH[1].

Pazbupa ce Hail-Obp3uM M HEyBpeXJallld aHAIWM3M HAa XHWMHUYECKHs CBbCTaB Ha MaTepuaja Ha
apredaxTa ca peHTIeHO-(DIYOPCIEHTHUTE CIIEKTPaTHU METOAM. 3a 1esTa Oellle 3aKylneH OT HeMCKara
¢upma BRUKER nmnpenocum ypen 3a peHTTEHO-(JIOYpPECLEHTHM aHalu3d, CcbhoOpa3eH 3a
0e3pa3pylIUTEIHO U3CIIeIBaHE Ha MeTanuTe-(ur.7.

@ur. 7. pou. . JAuMHUTPOB HACTpOWiBa pPEHTIEHOB
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IV. Ananu3 Ha M3MOJI3BaHUTE METOIU NPU HUICHTU(UIIMpPAHE HA apTehaKTH.

[To monba Ha mupekropa Ha Pernonamuust uctopuuecku Myseii-B TvpHOBO a-p MBan LlbpoB ce
M3BBPIIN MeTanorpadcko m3cienBaHe Ha JBaTa Nedata Ha bbarapckus peBONIOLMOHEH LEHTpajeH
komuteT (BPLK), m3paborenu mpe3 1870 roamHa— KOETO € BaXHO YCIOBUE 332 HCTOPUUYCCKH
00001IeHNs, KaKTO U 32 MPEICTaBIHETO Ha apTehakTuTe Ha W3JI0K0HU. M3BeCTHO €, Ue IbPBUST revar
e mo mpoekT Ha Jroben Kaparenos, a Bropusat — Ha Amnocrosia Bacun JleBcku. Ha mbpBuUs TBBBT B
LIEHTbpa Ha NevaTauius JUCK € 0e3 KOpOHa, a Ha BTOPHsI — C KOPOHA, CUMBOJI Ha XPUCTOBUSI TPbHEH
BeHell. MnesTa 3a no0aBsHE Ha KOpOHa J0Ka3aHO € Ha AmocroJjia Ha cBoOoaara. HeroBusr npoexr,
Makap M Mo-oOMKHOBEH KaTo M3paboTKa, HE CaMo Ce € HAJIOKWII Haja To3u Ha Kapasenos, HO JleBcku e
penII U 1a IpeMaxHe OT HEro , IPUBPEMEHHOTO PAaBUTENICTBO ™, ,,IBPBH OT/EN , @ OT abpeBuarypara
BPIUK nma wu3Bamm ,.0ykBata ,JI|” — mentpasnen. BeposrHo ToBa My ce € CTPyBaJlo Ka3WOHHO,
npuObp3aHo. Jlpyrara kopekius Ha AMocToja € peBoJIIoIIMOHHaTa Jo0aBka ,,CB000 a2 WIH CMBPT —

®wur.8.[TeuaTsT HO TIpoekT Ha JI. Kapasenos. Ilewarst mo mpoekT Ha B. JleBcku. [2]. OOm Bun [2].
I[MPOTOKOJI 3A KOHTPOJI XUMNWYEH CbCTAB HA METAJIHU HAXOIKM-22.10.2015 1.

3AABUTEIL: 0-p Hsan [{vpos - oupekmop Pecuonanen Ucmopuuecku My3eu—BeJm7<0 T ’prO@O

OBEKT: 1-Bu neuar Ha brarapckusa Pepomornmonen Lentpanen Komurer

HEJI HA KOHTPOJIA: xumuuen ananuz XRF

KOHTPOJIMPAHU ITAPAMETPH -XumMmuuecku cbcTas

TEXHUYECKU CPEJICTBA 3A KOHTPOJI:

Peumeenos cnekmpomemvp Bruker SI SORTER

YCJIOBUA ITPU KOHTPOJIA
EKCIO3UIIMOHHA 3aj1a ¢ KOHTPOJIMPAHa TEMIIEPATypa. mafafffiz‘
PE3VJITATHU OT KOHTPOIJIA: e - B
Tabn.1 YcTaHoBeH XUMUYEH ChCTAB 1-BU II€Uar. 3, e in
aHaJINn3
Nel amaam3 1 | ananms 2 aHaam3 3
% aHaans 4
0o CJICMCH
Cu 69,8+/-0,6 | 63,0+/-0,45 | 68,4+/-0,59 |62,9+/-0,43
Zn _ [27,1+/-0,52] 33,5+/-0,31 | 28,5+/-0,35 [33,7+/0,29 anamms 1

Sn 0,79+/-0,14] 0,51+/-0,11 | 1,18+/-0,21 |0,83+/-0,12
Pb 0,77+/-0,14| 1,03+/-0,14 | 0,98+/-0,19 |1,32+/-0,14
Ni 0,27+/-0,04 ] 0,26+/-0,03 | 0,28+/-0,05 | 0,3+/-0,03
Fe 1,26+/-0,06 | 0,63+/-0,04 | 0,44+/-0,05 [0,76+/-0,04

Mo - 0,21+/-0,02 - 0,21+/-0,02
W - 0,86+/-0,08 - -
Co - - - 0,03+/-0,00
Ti - - 0,18+/-0,15 -

3AKJIIOYEHUE :\HeanTDT € U3paboTeH OT JbPBEHA JPHKKA U METaJIEeH KOPITYC CIII00eH oT 3
METaJTH! YacTH, U3pabOTEHH OT CTaHJAPTHU MEHU CIUIaBU, KOETO 3HAa4YM, Y€ HE € IPAaBEH OT
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MalicTop-3aHaATuus B beirapus, a B ciequanu3upano arenue B bykypei, Buena win bynanema.
MeTanHUT KOPIYC € HallpaBeH, KaTo ca CrII00€HH TPU OTIAEIHO U3pab0TEHH YacTH - OCHOBHO TSUIO,
KOETO € Mpelr3Ha OTIMBKa opopmsima rpadukara 1 TeKCTa Ha rnevara. [1o BbHITHUSA AUaMeThp Ha
OCHOBHOTO TSUJIO € 3alI0€H NMPBCTEH, 0OPMSII] TO3H MPaBWIEH BHHIICH AuamMeThp. OT3a1 KbM
OCHOBHOTO TsJI0 € IIPUKPEINIEHA METaHa IPbKKa, B KOATO € MOHTHPAHa IbpBEHATa APHKKA Ha
reyara.

&

M3BBPIINIIM KOHTPOJIA: ri.ac. n-p uHX. ﬁopnaH bosmxues -TY-Bapua , Cumeon 1[BeTkoB-crieriuamucT
o erHorpadus-PUM-Benko TepHOBO
3abenexka: M3mepBanero e u3BbpiieHo Ha 16. 10. 2015 roguHa B eKCIIO3UIIMOHHATA 3aJ1a.

I[MPOTOKOJI 3A KOHTPOJI XUMNYEH CbCTAB HA METAJIHU HAXO/KM1-22.10.2015 r.
3AABUTEIL: 0-p Hean L{vpos - oupekmop Pecuonanen Ucmopuuecku Myseii-Benuxo Tvproso
OBEKT: 2-pu newat Ha bwenrapckus Pesomronmonen Llentpanen Komurer '

HEJI HA KOHTPOJIA: xumuuen ananuz XRF W
KOHTPOJIMPAHU ITAPAMETPH -Xumuuecku chCTaB
TEXHUYECKU CPEJICTBA 3A KOHTPOJI:

Peumeenos cnekmpomemvp Bruker SI SORTER

VCJIOBUA TP KOHTPOJIA
Excno3unimonHa 3aga ¢ KOHTpOJIMpaHa
TeMreparypa.
PE3VIITATHU OT KOHTPOJIA:
Tab6n.2 YcTaHOBeH XUMHYCH ChCTaB 2-pH MeyaT
aHAJIN3
Nel amaam3 1 | ananms 2 anain3 3 | anaams 4
% eJieMeH
Cu 75,3+/-0,5 | 74,5+-0,49 | 75,2+/-0,47 |63,3+/-0,58
Zn 19,9+/-0,24 | 20,9+/-0,24 | 20,6+/-0,23 |36,1+/-0,41
Sn 1,94+/-0,17 | 2,14+/-0,18 | 1,98+/-0,16 -
Pb 1,85+-0,17 | 1,76+/-0,16 | 1,5+/-0,15 |0,34+/-0,13
Ni 0,19+/-0,04 | 0,2+/-0,04 | 0,19+/-0,03 |0,19+/-0,04
Fe 0,67+/-0,05 | 0,49+/-0,04 | 0,46+/-0,04 -
Mo 0,09-+/-0,02 - - 0,08+/-0,02
Co 0,02+/-0,01 | 0,03+/-0,01 - 0,00-+/-0,00
3AKJIFOYEHMUE :

[leyaTbT € M3pabOTEH OT ABPBEHA APBKKA M METalleH KOpIyc Crio0eH OT 2 MEeTalHHU 4YacTH,
n3pabOTEeHU OT CTAaHAAPTHU MEIHHU CIUIaBU, KOETO 3HA4M, Ye He € MpaBeH OT MalCTOp-3aHasTyus B
beirapus, a B ciennanusupado arenue B bykypem, Buena mnu bynanema. MerannusT xopryc e
HampaBeH, KaTo ca CrJI00€HU JIB€ OTJENHO M3pa0OTEeHH YacTH - OCHOBHO TsUIO, KOETO € Mperu3Ha
OTIMBKa odopmsia rpadpukaTa U TeKcTa Ha nedara. OT3a] KbM OCHOBHOTO TSUIO € 3all0€Ha MeTajlHa

APBiKKA, B KOATO € MOHTHPAaHa AbpBCHATA APBIKKA Ha II€4aTa. \5."/
[

MN3BBPIINIIM KOHTPOJIA: rn.ac. a-p uHxX. ﬁopaaﬂ bosixues -TY-Bapna , Cumeon L{BeTkoB-crienuanuct
no erHorpadus-PUM-Bennko TepHOBO
3abenexka: M3mepBanero e u3BbpiueHo Ha 16. 10. 2015 roguHa B eKCO3MLIMOHHATA 3aJ1a.
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IIpu u3cnenBane Ha pelKM aHTUYHU MOHETH OT MYy3€sl Ha KOoTBara B AXTomoui[3] cTou BbIIpoca Janu
ca aBTeHTHMYHU. KakTro aHaJW3bT Ha TIeOMETpUATa, HAANMCUTE, TErJI0TO, pa3MEpUTe, Taka U
XHUMHYECKHUS ChCTaB - MPH CHBPEMEHHOTO HMBO HA TEXHUKH HA Qammuduippane -He Morat aa Obaat
M3IUI0 TOYHU KPUTEPUU 3a aBTEHTUYHOCT. Korato ce mpaBu ¢ 1ien npojaxkoa kato ¢dammudurar Ha
CKbIIa MOHETa, OOMKHOBEHHO M TpaMaka W MaTepuajia ca HUICHTHYHHU, KAaKTO MPUMEPHO ATHHCKH
terpanpaxmMu-¢ur.9 M3non3Bar ce UCTHHCKU aBTCHTUYHH TETpaJpaxMu Ha AJekcaHasp Bemuku wmm
Ounun 1, KoHTO ca 10cTa MO-€BTHHHU M KOUTO, Ype3 CTOISIBaHE, MOTaT Ja ce u3paboTAT KaTo aTUHCKA
TeTpaapaxma. Taka ce mocTura MakCUMaJIHO OJIM3KO MO TErJI0 M ChCTaB MOHETaTa, OJIM3Ka IO aTWHCKA
TeTpajgpaxma

®ur.9. ATuHCKa TeTpaapaxmMa 0KOJo
490r.mp.H.e[4]

\ ®wur.10. U3cneaBana cpedbpHa MOHETa-
. BeposaTHO (anmmmduKaT-coBara € ¢ pasnepeHu
Kpuiie

®ur.11. ABrenTuyna monerta: 17,1 rpama /28
MuIuMeThp nuameTbp/ Xum. CberaB: CpedbpHa
CILJIaB.

Terpagpaxma Ha Anekcanabp Benuku - ceueHa B
nepuona 320-315 r. np. Xp. B AMdumnon.

Agepc: broct Ha Anekcanabsp Benuku B npogun
HajsacHO. OOnedeH e ¢ KoKa Ha  JIbB.
(HemetlickusT n1bB yOUT OT Xepakbil C TOJU
pwie)

Pesepc: bor 3eBc e cenHan Ha TPOH - B MpOTErHarara My pbKa € KallHaJl Opell, a B Apyrara Abp)KH
ckuntbp. Otopen e wu3o0OpaseH rpebeHecT LyleM, OTA0JNYy MoHorpam. OTCTpaHM HaJIIKC!
ALEXANDROYT4].

@ur.12. Qammuudukar:

15,3 rpama / 27 munumeTrpa auaMeTsp/

Xum. CoctaB: Pb-77,6 %; Sb-14,3 %; Sn-3,09
%; Ag-4, 12%
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®ur.13. ABteHTMuHa MoHera: 52,38 rpama
/41munumersp auamerbp/ XuM. ChCTaB: PUMCKH
MPOBUHIMAJICH OPOH3.

W3knrounTenHo psaaka puMcKka MOHeTa(MeIaIboH )
OT NPOBHMHIMANIEH OpoH3, u3paboTeHa ot Jlurara
Ha TpuHagecer rpaga (Momms) mexay 139-144
T'OJIUHA.

ABepc: nmneparop Antonuii IIuii(ynpasisBan ot
138-m0161 romuua) e w300pa3eH ¢ apanupaH
OrocT B ipo(mI TIIeall HaJISIBO, IJIaBaTa € YBeHYaHa ¢ JaBpoB BeHer. OkonoBphe Hammuc: AV KAI
TI AI AAPIANOC ANTQNEINOC EV

PeBepc: Otenuuanero Ha Ilepcedona ot Xamec. EnuH 0T Hall-M3BECTHUTE OT TPBIKUTE JICTCHJIM.
Xazec, ¢ U3AyTUTE XJIaMU/a, B KBaJpura 3aJBWKBaHa OT Epoc, IbpXH CKUNITHD B €IHATa PHKa, a C
npyrara [lepcedona, kosTo ce 6opu na ce ocBodomu. Jloiry moa koHeTe € maaHaino nsere. OKOIOBPHC
Haamuc: KOINON IT" [IOA€QN [TTPO M KA ®PONTQN] ACIAPX KAI APX IT" TIOA€QN]S].

®ur.14. danmudukar:

71 rpama / 43 munuMeTpa quaMeTsp/
Xum. CocraB: Pb-83,4%:;

Sb-8.97%; Sn-2,13%; Ag-3,94

3a KoHTaKTH:
TV — Bapna, katenpa MME
riac, 1-p, mk. Mopaan Bosmknes
e-mail: ] _boyadjiev(@abv.bg

[
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CASE STUDY: DEMONSTRATION OF A REAL SCALE HOLOGRAM
OF A REMOTE LARGE SCALE OBJECT AT THE SPACE OF ANOTHER
LARGE SCALE OBJECT VIA MIXED REALITY APPLICATION BY
DEVICE MICROSOFT HOLOLENS 2

Nadya Stamatova, Antoni Angelov

\"

r Abstract: The case study is a demonstration of the project for renovation of a remote large scale object (the
municipal dormitory in Malko Tarnovo, Bulgaria, that is a demonstration site of H2020 project BIM-SPEED) into the
space of another large scale object (the building of the Scientific and Technical Unions — Varna, where are the offices
of the BIM-SPEED partner Architectural Spies) via the most powerful device for mixed reality Microsoft HoloLens 2.

Key words: MR, Mixed Reality, XR, Extended Reality, AR, Augmented Reality, VR, Virtual Reality, Microsoft

HoloLens 2, HoloLens, BIM, Building Information Modeling, Building Information Modelling

What is the best way to visualize a project for
renovation of a building? In the past century it
would be a physical mockup, after the 1990’s we
would expect two-dimensional views and videos
from virtual 3D models, and nowadays we have
choice between the different types of extended
reality. Each of them has their advantages and
disadvantages. The relationship between the AR,
AV, VR, MR, and XR as an umbrella on all of
them, was explained in our other publication [1].
This case study relates to a specific method in
demonstration by the means of MR, which the
authors believe has not been resolved so far this
way.

Till now the team of Architectural Spies has
created VR and AR applications for
demonstrating the variants of renovations of the
two Bulgarian demonstration sites of the H2020
project BIM-SPEED, as well their BIM,
photogrammetric, and thermo-photogrammetric
models [2], [3], [4], [5].

a4
-

nded Reality

Fig.1 Our device Microsoft HoloLens 2 [6]

The case study about exploring in scale 1:1 the
projectfor renovation of the municipal dormitory
of Malko Tarnovo (fig.2), (fig.3) via visualizing
it into the space of the building of the Scientific
and Technical Unions in Varna (NTS) (fig.4) is
based on one developed by our team 3 methods
for visualization of the architectural situation
via the high-end MR device: Microsoft
HoloLens 2 (fig.1), [7].

SEuel BRI -

|| A

Fig.3 Dormitory in M.Tarnovo — S/W view
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. 3 » = i
Fig.4 The building of the Scientific and
Technical Unions — Varna (NTS), West view

a) Demonstrations of holograms in small
scales

Our team tested holograms of different kinds
of models (BIM (fig.5), photogrammetric,
thermo- photogrammetric, CAD model
textured with thermal scans (fig.6)) in small
scale. The illustrations present views from
HoloLens 2 of holograms of the dormitory,
as tested in the office of Architectural Spies.

Fig.5 Hologmim of'the BIM of the renovation
project of the dormitory

Fig.6 Hologram of CAD model, textured
with thermal scans of the existing condition

b) On-site demonstration in scale 1:1

With a preselected starting position on both
the virtual environment (hologram) and the
physical building, our team works on the
demonstration of the renovation project on-
site, fitting it to the real building. During the
walking in the real, but not yet renovated
demonstration site, the user could observe and
analyse the project for renovation. Observing
the realistic 3D model outside and inside in
scale 1:1 is impressive and effective with the
opportunity to obtain realistic sense for the
space and comparing the existing condition to
the new design.

The on-site demonstrations in scale 1:1 also
are possible to be used in reverse: after
finalizing the renovation, while walking in the
completely renovated building the user could
observe the past condition of the building, its
BIM model for the condition before the
renovation and also its photogrammetric
model (fig.7) and thermo- photogrammetric
models in different seasons.

Fig.7 Photogrammetric model of the dining
room of the dormitory before the renovation

c) Demonstration in scale 1:1 at another
location

This example shows a MR demonstration of the
project for renovation of the dormitory in
Malko Tarnovo, using as a hosting place for
demonstration the building of the Scientific and
Technical Unions (NTS) in Varna, where the
office of Architectural Spies is located. The two
buildings are physically separated by about 300
km. What helped our team for this experiment,
was the similar planning scheme of both
buildings — the real one in Varna and the

22
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demonstrated hologram of the building in
Malko Tarnovo. Both are based on corridor
scheme (fig.16), both are on same planning
axes 3.60 m (fig.16), the staircases of the both
are on clockwise direction (fig. 12, 13, 14, 15).

7

Fig.13 Hologram of the staircase hosted by the
real staircase, with low transparency

Fig.9 Intersection of the real building (in blue)
and the demonstrated building (in pink)

4

)
"
2
&

Fig.14 Regulating the transparency
(right: real landing, left hologram)

Fig.10 Starting point on 5™ floor in the real
building

Fig. 11 Preliminary test with not fitted starting

point and 100% transparency Fig.15 Staircase of the dormitory
in Malko Tarnovo
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E}J pathway about 1 m wide, common for both
i i j corridors (the real one and the unreal one).
] [ i
I ]
1l i o
Staircase |
_l. []] :| J_
" [ AL
I (o 11
:. | e 1)
| m! Hj] ] Fig.17 On left: 6™ floor of the real
| : building, on right: hologram of the 2™
7 I ° floor of the demo building (both points of
i ik i view don’t fit)
1
a I mm} e e o]
; :
Il ([l [ smarr]
H] s ]
s T
_ o4 |l
i ¥
1 : : (RO,

Fig.16 Route, starting on f1.5 in the real Fig.18 Hologram of the dining room of
building, hosting the fl.1 of the hologram the dormitory at 1% floor, hosted at 5®

There are some differences between both floor of the real building
buildings, resulting in the hologram not
perfectly fitting to the hosting space. The
first one is the different height of the floors.
The floors of the real building in Varna are
higher than the floors of the dormitory in
Malko Tarnovo. The result is the feeling of
the user that that his body becomes higher
after stepping on the landing of the upper
floor due to the higher point of view (fig.17).
This effect could be corrected via adding a
regulating function in the application.

Another negative effect, coming from the
imperfect fitting of both staircases, reflects
on the distances of both corridors (the real
one and the unreal one) from the staircase

landings (the real one and the unreal one). In Fig.19 The sunspace (glassed lobby)
our case the user would be able to move in a
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The route of the mixed reality walk started in
the end of the corridor of the 5™ floor of the
real building in Varna (fig.16), hosting the
hologram of the 1st floor of the dormitory. The
walk of the user starts in the so called
sunspace, designed on the Ist floor as a
glassed lobby on the place of the former
opened terrace of the not- renovated dormitory
(fig.19), then passing through the renovated
dining room (fig.18), passing through the
corridor across the reception desk, climbing by
the staircase (fig.12,13,14), turning back on
the corridor of the 2nd floor (figl7), going
across the pass way with vending machines
(fig.20), and finalize the walk in the glassed
lobby on its balcony (emporia)
(fig.21,22,23,24). If he continues, the
application offers 2 variants: with and without
gravity. If use gravity variant, the user
teleports to the first floor in the same glassed
lobby. If he excludes the gravity, he could
levitate and approach the details of the metal
structure of the glassed roof or levitate outside
and approach the exterior of the wunreal
building, from a distance that permits the
space of the real building.

Fig. 20 Hologram of the pass way with vending
machines, 2™ floor

Fig.21 Hologram of the balcony in the sunspace

Fig.24 View from the balcony to the 1% level of
the sunspace (hologram)

The conclusion is that if the interior spaces of
two buildings are similar, the space of the real
one could be used for hosting the hologram of
the other in scale 1:1 and the user to walk
inside the real building, obtaining visual
information about the other building. In this
case study the corridor is a match, and so is the
staircase which allows us to explore two (or
more) floors of the building, interact with the
NPCs or avatars inside and explore the
situation just as we would, when we are on
site.

N3BECTHUA HA CbIO3A HA YUEHUTE — BAPHA 1°2021
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The real building is significantly larger than
the demo site and thus we start at a measured
distance from the staircase. The staircase
which is almost identical in both buildings is
our zeroing point and with that we are able to
walk inside the next floors of our demo site. In
this case study we did a test for 2 floors, but
the method could be applied for many levels
and used for buildings and other facilities to be
spatially explored by the user. For example, a
safe scaffolder at the construction site could be
used for obtaining real impression about the
future building or facility.

The holograms in MR are semi-transparent,
and the transparency could be regulated by the
user. Also, when the user moves his head
around in a quick way he could get glimpse of
what the real world is without the added
hologram. That’s seen on (fig. 12,18). It’s also
a good example as to how the corridor matches
the path inside the virtual environment.

There are a few simple ways to zero the
hologram onto the real world. One is with
the use recognizable symbol (like QR code)
that is static in the real world. Another
variant is to mark the starting point (for
example by a sticker) where to stand when
starting the software. With that however
inaccuracy may vary from session to session
having a difference of half a step may not
necessarily be that much of a factor. This of
course only applies to the use of a substitute
building or an open field to view the project.
If we are at the site and we need to apply
the former or future look on the interior, the
accuracy needs to be much higher. There is a
whole list of downsides when using MR on
the actual demo site, starting with the need
to travel to the location, higher accuracy
demand, the higher accuracy can lead to higher
level of trust into the virtual environment,
which can lead to dismissing a real hole in
the floor or wall and causing an accident and
SO on.

Using a different local site as a substitute
removes the need for travel, can provide the
same experience of walking up and down on
stairs if correctly planned and can be sufficient
for the immersion. What’s more by using our
office building instead of the demo site any
visual changes required by the client could be
done much faster during his visit, while as on
site the situation would be a lot more difficult.

The team of Architectural Spies doesn’t have
information about any similar case study for
using Microsoft HoloLens 2 in the AEC
industry. It could be considered an original
approach in the frames of the project
Harmonised Building Information Speedway
for Energy-Efficient Renovation - BIM-SPEED
[8]. This project has received funding from the
European Union's Horizon 2020 research and
innovation programme under grant agreement
No.820553.
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AHAJIN3 HA CXEMMU HA YTUJIN3AIIMOHHU YPE/IBU 3A KOPABHU JIBUT'ATEJIN
MAN DIESEL

B.A.Mopnanos, A.I'.JlaHuI0BCKHii

ANALYSIS OF WASTE HEAT RECOVERY SYSTEMS SCHEMES FOR SHIP ENGINES MAN

1. BLBeaenue

DIESEL

V. A.Yordanov, A.G.Danilovskiy

Pe3tome: B Odoxnada ca pasenedanu 06a 6axcHu bnpoca npu ousauna Ha enepeemuynume ypeodou (EV) na
MOPCKU MPAHCNOPMHY KOpabu.: 3a uzbopa Ha 6uoa 2o0puso u 3a uzbopa na eexmueHu cxemu 3a YMuiu3ayus Ha
monaunnume 3a2you 6 EY. I'onam 6poil nybaukayuu anaiuzupam memooume 3a UNbIHEHUe HA USUCKBAHUSMA Ha
IMO Tier Il u Ill 3a epednume emucuu om Kopadbu 6 OKOIHAMA cpedd u npeodiazam usnoi3eanemo Ha NPUpPoOeH 2a3
Kamo eopuso. Ho yenama na npupoonusi 2as npes nocieOnume meceyu ce e y8eauyuia 3Ha4umenHo 6 CpasHeHue ¢
npeoxoodnusi nepuod. B cvuyomo epeme yenama na opyau 2opuea ce e yeeauyuna 6 no-maiko omuowenue. Cxemume
3a ymunuzayusi Ha MONIUHHUME 3a2yOu U MUna Ha YMuIu3ayuoHHume ypeoou 3a6ucsim om 6udd Ha 20pueomo u
opyau paxmopu, 3a Koemo ce npagu AHAIU3 8 O0K1AOd.

KurouoBu xymu: kopabu, uz60p na 2opugo, npupooeH 2as, Yymuau3ayuoHuu ypeoou

Abstract: This paper deals with two important questions of power plants (PP ) design of sea transport ships:
about the selection of the fuel type and about the selection of effective schemes for waste heat recovery system in PP.
Many publications analyze the methods for applying of IMO requirements (Tier Il and Tier IlI) for ships harmful
emissions in the ambient environment and offer the application of natural gas as fuel. are used. But the natural gas
price has increased highly in recent months compared to the pre-transition period. During the same time the price of
other fuels has increased in a smaller ratio. The schemes and the type of waste heat recovery systems depend on the
fuel type and other factors, as it is presented in this paper.

Keywords: ships, fuel selection, natural gas, waste heat recovery systems

HpenoquHTenHo € ChIO TakKa Ja cC€

IIpe3 nocnennure necerunerus ce HaOmo1aBa
IIOCTOSIHHO YyBEIMYaBaHE Ha LIEHUTE HAa BCHYKHU
BUJIOBE T'OPUBA, KAaTO Ipe3 MOCIEAHUTE MECELH
3HAYUTEIHO C€ YBEJIMYaBa LI€HATa HA MPUPOIHUS
ra3. ['a3pT e mepcrnekTUBHO TOpPUBO HE CaMo 3a
KOpaOH OT MOPCKHS U peueH TPAHCIOPT, HO U 3a
paboTa Ha TOIUIMHHU €JEKTPOLEHTPaIu U
XMUMUYHHU TPOU3BOJCTBA, U 3a OMTOBU HYXJH.
Ilenata Ha Apyru METPOJIHU TPOIAYKTH C€ €
yBEIMUYMWIA B MO-Majka crerneH. Heobxoaumo e
Jla ce OILICHAT MEepCIEeKTUBUTE HA TOBA SIBJICHHUE,
Ja ce OLEHM CpaBHUTENHATa €(PEeKTHBHOCT Ha
pa3NUYHUTE BUJOBE TOpHMBAa B MOMEHTa U B
IIEpCIIEKTHBA, Ja ce ompenenu "crnpasemBara'
LeHa HAa  Ta3a, KaTo NEePCHEKTHUBEH
SHeproM3TOYHUK B Oopbata ¢ TJ00AIHOTO
3aTOIUISTHE U 3aMBPCSIBAHETO HA OKOJIHATA Cpefia.

Ipuiiarat BCUYKM BUJOBE METOJM 3a MECTEHE Ha
€Heprus. M OIa3BaHE€ Ha OKOJHaTa cpena oT
BpEHU €MHCHM IIPU U3I0JI3BAHE HA TOPUBA BHB
BCUYKH oOlactu Ha  JEHHOCT. Bonem
MPOU3BOJUTENl Ha JIU3EJOBH 0OaBHOOOOPOTHU
neurarenu (BOJI), xouto ca Hali-MKOHOMHYHU
JBUTATENM 32 MOPCKHU TPAHCIOPTHU Kopalu, e
¢dupmara MAN DIESEL, npemmarama [1]
peauua TOIUIMHHU CXEMH, HACOYEHM KbM
[0Jy4aBaHE Ha TOIUIMHHA M EJEKTpUYECKa
€HEeprus 4Ype3 YTUIM3alus Ha TOIUIMHHUTE
3aryou.

Te3u cxemu obade, HE OTYUTAT TCHICHIIUUTE
3a U3MOJI3BAHE HA MPUPOJIEH ra3 KaTo TOPUBO HA
KOpalu U CJeI0OBATEeNHO Ce HYXKAaAT OT aHAIU3 U
YCBBBPLICHCTBAHE.
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2. MeTtoau 1 MmaTepuamn

[lonacrosmieM  MOPCKHTE  TPaHCHOPTHHU
KOpaOH TPaJMIIMOHHO HM3II0JI3BAT TEKKO FOPHBO -
Ma3yT MOpajgu HUCKaTa My IeHa. KonmnyectBoTo
csipa B TakoBa TropuBo € okojo 3,5%.
Tpanuunonnara cxema 3a pabora Ha KopaOHaTa
eHepretuuHa ypenda (EY) He otroBaps Ha
m3uckBanusata Ha IMO Tier III ot 2020 r. To3u
npobseM € 0co0eHO OCTBp 32 TAHKEPHUTE, KOUTO
M3pa3xo/BaT MPUOIM3UTEITHO JIBAa ITBTH IOBEYE

TOPUBO 3a €IWH peiic, mopaau paboraTa Ha
CIIOMaraTeJHuTe naporeHepaTopH, KOHTO
OCHUTYpSIBaT TMOJOTPEB Ha MPEBO3BAaHUS TOBAP -
TEeXKKH HEQTONPOIyKTH M mapapuHOoBa HEPT.
ToBa ropuBo MOKe J1a ce M3MO0JI3Ba HA KOpaduTe
B ClOy4ail Ha CHEIHATHH MEpONpHITHI 32
penaynupane Ha cspara d9pe3 Ckpyoepu [2].
BapuanT 3a 00110 pasmnoiokeHre Ha cKpyoepuTe
B MammHHOTO oTaenenue (MO) Ha kopaba [3, 4]
€ TokaszaHo Ha ¢wur. 1 (HanpedeH pazpe3 Ha MO).

i\
\“ 3-rd stringer

2-nd stringer

1-st stringer

|
|
| silencer
“| sparkarrester
1-st deck
Main deck
a = -.-.- {
\ . J i )
'DG | " [ DG| e
2nd N~ ~—A R ATPR A K — [ —
platform i e R N T

.............

@ur. 1. BapuanT Ha 001110 pasnoiokeHue Ha ckpyoepute B MO Ha TaHKep

IIpu To3um Bapuant (ur. 1) ce uzmon3Bat
nBa ckpybepa: 1/ckpybep (MES) c¢ uyerupu
Bxoda - 3a riaBuusa asuraten (I'[-ME) wu

tpute auzenreHepatopa (AI'— DQG); 2/ckpybep
(ABS) c¢ nBa BXOJa - 3a JBaTa CrioMaratejHu
naporenapatopu (CIII" — AB).
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B  cbcraBa Ha  Ta30M3IyCKATEIHUS
tppOompoBox ot [JI-ME e wunHcranupan
yriwimzanuoneH mnaporenapatop (YIII'-EGB)
U JIONBJIHUTENEH (QUATHP 32 a30THU OKCHUM.
OcHoOBHaTa peayKIusi Ha a30THUTE OKCHUIH CE
OCBIIIECTBSIBA B ABHUTATENS MPpH (PPAKIUOHHOTO
BIIPbCKBAHE HAa TOPUBOTO M PEATH3HPAHETO HA
UKL, ONM3BK 1O UWKBIAa C H300apHO
MoJiaBaHe Ha ToruiMHa (UK Ha J(u3en).

AJNITEpHATHBHO TOPUBO € Ma3yT C HHCKO
chabpxkanue Ha csapa — M-100 ¢ 0,1% cspa
umu M-40 ¢ 0,5% cspa. U nBere ropua ca
MaJIKO PasMpOCTPAaHEHH M 3a MIUPOKOTO UM
M3II0JI3BaHE € HEOOXOIMMO J1a Ce OpraHu3upar
JOCTaBKH /10 OyHKEepHU 0a3H.

3. AHaau3 Ha
YTHJIH3AIUOHHH ypeaou

cxXemMuTe Ha

[Ipemnoxenara or MAN DIESEL [1] cxema
3a  yTWiau3aluus Ha  TOIUIMHATa oT
oTpaboreHuTte razose Ha [/l e mpencraBeHa Ha
¢ur.2. Cxemara Ha ¢Qur.2  BrIIOYBA
eqHocrenen  YIII' ¢ emHa cexkuusa w
yTuin3anuoHHa TazoBa Typbuna (VI'T),
3a/IBUKBAIIA €JIEKTPUUECKU F€HEPATOpP.

Cxemata MOXe Jla HaMmMepu NPUIIOKEHUE
OpU  CyXOTOBapHM KOpabOH, KOUTO HE ce
HYXKIasT OT HO-TOJSIMO KOJMYECTBO Mapa.

Mapa 3a
ynr obw,
.\ norpeburenu
oTpaboTeHu TypbokomnpcopHa cuctema
rasose y c cunosa TypbuHa u reHepartop
I Vs T
'
wnosa /_.
p6MHa %
TCS-PTG ar
1 1 =
1. d
Oxn
Haaays.
Bb3AYX
JRC ar 4
ra
~/= 00 /—
\w YectoTeH npeobpasosaten NPT

@ur.2. Cxema Nel 3a yrunusanus Ha TOIUIMHATA,
npenioxena ot pupmara MAN Diesel [1]

To3u YIII' renepupa caM0O MaJIKO KOJIUYECTBO
mapa, TOpaad BHCOKHTE TIapaMeTpu  Ha
BropuyHata mapa (1 MPa), nHeoOxoauma 3a
MOJOTPEB HAa TEXKOTO TropuBo — Ma3yr M-100
(HFO), xo#iTo ce momaBa B [ABHUraTens C
TeMIeparypa 1o 155 rpanyca nensui.

Henocratpk Ha cxemara ot ¢ur.2 e, ue
U3MOJI3BAaHETO Ha TypOOKOMIAayHAa CHCTeMa
(TKS+PTG) 3a 3aaBWKBaHe Ha TeHeparopa e
OIIaCHO MOpaayd Bb3MOXHA eKkcIuio3us Ha YI'T
MIpU CIY4ailHO M3KIIIOYBAaHE HA TOKAa B HAMOTKUTE
Ha TeHeparopa. Camara ra3oBa TypOuHa € ¢
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HUCKa uHepuus U Obp30 Habupaiiku 00opoTH,
TS Ce paspyllaBa Clie]l U3KIII0OYBAHE HA TOKA BbB
BB30YyK/IaIIaTa HAMOTKA.

24

2 2 3 >
condensafte
recovery A A
i | * *
0 0

Hue npemnoxxuxme u M3cieABaxMe cxema Ha
yTUIW3alUoOHHA ypenba [5] ¢ IByceKIHMOHEH
VIII', xosiTO € mpexacTaBeHa Ha ¢ur.3.

steam fo heat consumers

15 14 /13
Y;y ‘\ <] @ <]

®wur.3. Cxema Ha yTuiIn3amoHHa ypenda ¢ asyceknuonern YIIIT

[IpenuMcTBaTa Ha mpemIOKeHATa pas3jeiaHa
cUCTeMa 3a yTWIM3aluusi Ha TOIUIMHATa Ha
OTpabOTEHUTE Ta30Be W HAa MPOAYBBUHHUS
BB3/lyXa TO3BOJISIBAT TpU  HPOABIDKUTENCH
XOJIOBH PEXHUM JIa CE YBEIMYU KOJIMYECTBOTO Ha
MoJIyueHaTa HacUTEHa Mapa MOYTH TPU IBTU B
CpaBHEHHE ChC cxemara Ha Gur.2 u mpes3 usiata
roauHa (C M3KIIOYEHHE Ha €IMH 3MMEH MEecell)
no nuHusAta CaHkr- [letepOypr--XiocThbH, Ha
TaHKepa HAMBIHO CE€ OCHIypsBaT BCHUYKHU
KOHCYMaTOpH Ha TOILJIMHA.

Baxxen Bwpopoc e OamaHcupaHeTo  Ha
MOIIIHOCTTa HAa aBTOHOMHHUS TEHEpaTop U
HYKIUTe Ha Kopaba oOT eJeKTpOeHEeprusl.
Hyxoute oT enexTpoeHepruss Moxe Aa ObaaT
ONpe/IeJIEeHU C MOMOIITa Ha MeToukara Ha 3A0
"HHUNM®» (CII6) [6], a BB3MOXKHOCTHUTE 3a
TeHepUpaHe Ha €IIEKTPOCHEPIHsI B
yTWIM3alMOHHUSA Ta3oTypOorenepatop (YI'TI)
Morar Ja ObJaT OMpEeNeNeHU C MpUIaraHeTo Ha

arpOKCUMAIIMOHHU 3aBUCHUMOCTH [7,8].
[Ipon3BOACTBOTO Ha MO-TOJsIMA M IO-Majka
MOIIIHOCT B CpaBHEHHE C HeoOxoaumara
MOIIHOCT € €THAaKBO HenmpuemanBo. Ha ¢ur.2 u B
cienamure cxemu Ha MAN Diesel To3m
npoOiieM € peleH  4ype3 HWHCTalIupaHe Ha
obpaTum BaJIOT€HEPATOP-EIEKTPOABUTATEIL.
Koraro ce renepupa mno-majika MOIIHOCT OT
HeoOxoaumarTa, Ts ce 100aBs OT BajoreHepaTopa.
IIpu mo-romsama momuHoct B YITI, 14 ce
mperaBa Ha oOpaTUMa MallldHa, KOSTO paboTu
KaTO EJIEKTPOJIBUraTes 3aBbPTBAlll BaJIOIPOBOJA
u noBumaBam  edekruBHocTTa. Taka ce
MoJiyyaBa HamallsiBaHe Ha CIEeUU(UYHHS Pa3xol
Ha ropuBo B asurarenute MAN Diesel mo 152
g/kWh.

Cxemara Ha ¢wur.4 BkimouBa aBycekunoHen YIII
C IperpsiBaHe Ha Mapara BbB BCSKAa CEKIUS, C
MEXIUHHO OXJIaKJaHE HA HAJAYBBUHHUS BB3IYX,
KOWTO Ce M3IO0JI3BA 3a MOJArpsBaHe Ha

N3BECTHUA HA CbIO3A HA YUEHUTE — BAPHA 1°2021
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3axpaHBallaTa BOJA Ha
BHCOKOTeMIleparypHata cekuuss Ha YIII, a
BKJIIOUBA CBIIO u YTUIIU3aLHOHEH
typborenepatop  (YTI), C  MEXIUHHO
nojasexaeHe Ha mapa ot YIII. Hmenno
MOTEHLIMAJHATa EHEeprusi Ha HaJISIraHeTo €
W3TOYHMKBT Ha IPOU3BOJCTBO HA EHEPrusi B
napaust YTI. HeoOxonumo e na ce anamusupa
X042 Ha pabOTHUS MPOIEC M0 TOpPHATA IPaHUYHA
KpUBa Ha BOJIHaTa Iapa U ako BJIAXHOCTTa ce
nobnmuxu A0 TpanuuHara croitHocT (13%) e

[IperpsiBanero Ha  BTOpHMYHATa  Imapa
OCHT'YpsIBa JIUTICATa HA BJIara B I'bPBUTE CTETICHU
Ha TapHata TypOWHA, HO TOBa HaMalsiBa
TeMIIepaTypaTa, a CJIeI0BaTeIHO U HaJSTaHeTO B
U3MAPUTEITHATA CEKIIHSI.

B snpenure mapotypOounnu ypenou B CAILLL ce
U3II0J13Ba TIOJI0OOHO pEIICHHE. .

Upe3  cexmusita 32  OXJaXIaHe  Ha
HA/UTYBBUHUS BB3AYX € BB3MOXKHO Ja C€ MOIY4H
HE caMO Topema Boja (KakTo € B cxemara Ha
¢ur.3), HoO U mapa ¢ mapameTpH, JOCTaTbYHU 3a

BB3MOXHO Ja C€ BKIOYAT CCIapaToOpHUTC nmoaaBaHEC B HUCKOTEMIICpaTypHaTa CCKIOUSA Ha
CEKILIHH. VIII', xoero mo3BoisiBA Ja CE€ YBEIUYHU
momrHoctTa HAa YTT g0 1,5 — 2 mbTH.
MapeH konektop HH
ynr
Wanaputen
HH { MapeH konekTop BH
Mapo- <
nperpesarten > >
HH ”
Wanaputen g > Y 4
Mapo- 3
nperpesaren > h
BH > HH Y
N Y BH
OtpaboTeHu > ]
rasose /|
Mapa 3a
obuo-
YT
R o KopabHute
ﬁ_‘aﬁ Q-‘ v r;lya:,@:"a l norpeéurenu —
Exhaust gas receiver LiuctepHa
= Y 3a ropetuy
Oxn. Ha E KOHAEeH3aTH
Haaaye +
Bb3AyX
Scavenge < KoHpeHsatop i BycepeH
air cooler TaHK
< KoHaeHsHa nomna P
PTO/PTI ra Mowmna 3a |C" .
3axpaHBalla
Boga FPT
[ I E
YecToTeH npeobpasysaten Bopa ot Ll—u
UMNMHAPOBUTE PU3K BakyymeH feaepaliioHeH TaHK
~/~ 00
| -

@ur.4. Cxema Ne2 3a yrunusanus Ha TOIUIMHATA, MpeiokeHa oT pupmara MAN Diesel

Tperata cxema (Ne3) , mpeanoxkena ot MAN
Diesel He e moka3aHa TyK MOpagu MalikaTa CH
pasnuka ot cxema Nel oT ¢ur.2 — B Hed camo
cuiioBata TypobuHa oT cxema Nel e nombiiHeHa
KbM NapHusi TypOoreHepatop. [lo To3u HauuH U
TpPUTE CXEMH TpeciieaBaT LeJITa 3a IPOU3BOJCTBO

yTUIU3allMOHHA TIapHa TypOuHa
cpBMecTHO oT YI'Tu VIIT.

BB  BCcHMUKM Te3WM cXeMM 3ajadyara 3a
OamaHcupaHe Ha MOIITHOCTTA Ha
TypOOTreHepaTopa U HYKIUTE OT eJIEKTPOSCHEPTUs
ce pemaBa upe3 BKIOYBaHE Ha 00OpaTUM
ITocnenaust

(VIIT) wu

Ha €JIEKTPOEHEPIUs B aBTOHOMHHU  BaJIOT€HEPATOP—EJIEKTPOIBUTATEIL.
TypOoreHeparopu  — 3aJBWXKBaHM OT CHJIOBa HMa

yTWIM3aluoHHa TazoBa TypObuna (YI'T) , ot
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roJieMd pa3Mepu M Maca U ToJisiM Opoit
nBoiikn  momrocu.  Cral0wiM3upaHeTo  Ha
4ecToTaTa Ha eNEKTPUUSCKUsS TOK J0 CTaHAapTHA
CTOMHOCT  C€  WM3BBpIIBA B  YECTOTCH
npeoOpasyBaren.

OTunTaliku TEHICHIIMUTE 3a W3II0JI3BaHE Ha
aITepHaTUBHU TropuBa Ha Kopabute, B [3] e
W3BBPIICHO  CPaBHUTEIHO  H3CJEeIBaHE  Ha
9KOJIOrMYecKaTa 3P PEKTUBHOCT u
WKOHOMHMYCCKHATE TIOKa3aTeId HAa BapUaHTH Ha
Tankep npoekt 05-55 ¢ Tpu BapuaHTa 3a KOpaObHU
SHEPreTHYHN ypeadu padoTeny ChC CEPHHUCTO
TOPUBO, C HUCKOCEPHUCTO TOPUBO U C TIPUPOJICH
ra3. Pasxomure 3a ropuBo Osixa NpUETH Ha
HUBOTO Ha TEKYIIHTE IICHW Mpe3 IMepuoja Ha
W3CJIEeIBAHETO: Ma3yT (CEPHUCT U HUCKOCEPHUCT)
— 310 USD/ton u mpuponen raz — 208 USD/ToH.

[Tpu U3M0I3BaHETO HA HUCKOCEPHHUCT Ma3yT B
IBUTATEIINTE, € HeoOXoauMo ma ce go00aBu
omommzen no 1+5 % mo maca. Ilpu paGora c
MIPHUPOJICH Ta3 ce KOMIIPECHpa CMeC OT BB3AYX U
ra3, KOSTO HE € 3amajiiMa OT KOMIIPeCHsTa.
Heo6xomuma e no6aBka OT 3amajauTeIHO TOPUBO
B kommuectBo (1+10%) [7, 8, 9] npu
CHOTBETHOTO HaMaJsiBaHE HAa OCHOBHOTO TOPHUBO.
AHanu3bT OTYHUTA KOHCYMaIusiTa Ha
mapunrazon (MGO) Mpu MaHEBpH H B
MIPUCTAHUIIE, W IleHaTa Ha nobaskute: MGO —
535 USD/ton, ounomguzen — 900 USD/ToH.

B ciydyaii Ha u3noi3BaHe Ha CEPHUCT Ma3yT €
HEOOXOIMMO U3IOJI3BAHETO Ha CKpybepu —
yCTpoiicTBa 3a 00paboTka Ha OTPaOOTCHHTE
razoBe C IeJl OTCTPaHSBaHE Ha CEPHUCTUTE
cbenuHeHus. PasmnonoxeHuero Ha ckpyOepure
HAa TaHKepa € TmpeacrtaBeHo Ha  ¢wur.].
CroitHocTTa Ha T€3W €INEMEHTH € OIpe/esieHa B
obem 2257470 USD. B cayyaii Ha u3n0J3BaHe
Ha cnomarateneH mnaporeneparop (CIII) e
HeoOXoIuMa CHUCTEMa 3a CbXpaHsBaHE U
W3MOJ3BaHE Ha rasa, BKJIIOYBAIla KPHOTEHHO
obopynBane, o00eMH 3a CbXpaHsBaHe Ha
BTCUHEHHS] W M3MApEHUs ra3, u o0OpyaBaHE 3a
nerazauua Ha CIII.  CroitHocTtTa Ha TOBa
obopynBane e ompezaeneHa B obem ot 868311
USD.

[Ipy MOCOYEHOTO CHOTHOIICHHWE Ha IEHUTE
Oelie M3BBPIICHO CpaBHEHHE Ha e()EeKTHBHOCTTA
Ha eKcIuloaTanusa Ha TaHkep npoekt 05-55 ¢
TPHU pa3NMYHU BUAOBE TOpPHBA M C OTYUTAHE Ha
JOMBIHATETTHOTO 000pyABaHE

Pesynrature OT CpaBHEHMETO Ha TpPUTE
BapuaHTa ca MPEJICTaBEeHH B Ta0JI. 1, KbIETO:
e OUJK - oTumcieHuss 3a M3IOJI3BaHE Ha
IomeIHUTENIEH Kanutan, USD/ron
e TP - Tekyuwm pazxoau, USD/rox
e [IP - [TpuBenenu pazxomu, USD/ro.

[Toxaza- N3non3Bano ropuBo
TeIn M-100 M-100 [Ipuponen
3,5% S 0,5% S ras
Bapmuanr 1 Bapuanr 2 BapuanT 3
ONJIK 338620 - 130247
TP 4174866 | 4618611 3005370
I1P 4513386 | 4618611 3135617
TP, % 138,91 153,68 100
I1P, % 143,94 147,30 100

Tabn.1. CpaBHeHUE Ha TP BapuaHTa ypeaou B
3aBHCHMOCT OT TOPUBOTO

KakTto ce Bmxma oT Tabm.1 (mpu moco4eHoTo
CbOTHOILIEHWE Ha  IIEHWTE), MPHUBEICHUTE
TOJIMIIHK pa3xoau 3a Bapuant Ne3 (c mpupojieH
ra3) ca ¢ 43,9% mno-manku ot Bapuant Nel (c
Ma3yT-3,5% S) u ¢ 47,3% no-manku OT BapuaHT,
Ne2 (¢ mazyr-0,5% S) .

[TonacrosimieM IieHaTa Ha BCHUYKU BHJOBE
ropuBa HapacTBa M C€ H3MEHS NPAKTUYECKU
exxenHeBHo. HeoOxoaumo e jga ce MOBTOpPHU
TaKOBa H3CIlie[aBaHe, KAaTO Ce€ B3eME€ MpPEeaBUI
NeficTBUTENHATa CTOMHOCT Ha ILIEHUTE, U OCBEH
TOBa € BB3MOXKHO Ja C€ H34YaKka H3BECTHO
cTtabunu3upaHe Ha IeHuTe. B ChBIIOTO Bpeme

TpsOBa 1@ ce€ OIEHM Taka HapeudeHara
"crpaBe/yiBa'"  IleHa HaA Trasa, TbA KaTo
HapaCTBAHETO Ha IIeHaTa Ha Ta3a uMa |
KOHIOHKTYpHa  ChCTaBJISIBAIlA, KOSITO ce

ompeieNnst OT HEJIOCTaThUHUTE 3allacH Ha ra3 3a
3UMHHUS Tepuoj, oT Oopbara ¢ ra00aTHOTO
3aTOIUISTHE, OT Ka4eCTBOTO HA TPHOOMPOBOIHUS
M Ha  BTCYHCHHMS  TPUPOJCH Ta3, OT
MOBUIIIABAHETO Ha IIEHUTE Ha raza B EBpoma u
IOrOM3TOYHA A3US U IpyTH PaKTOpH.

AKO Te3M KOHIOHKTYpHM BIMSHHMS HE ce
oTueTaT, ToraBa (DYHKIIMOHATHUSAT MPUHIUI
TpsiOBa a ObJe MpU3HAT 3a ompeaensn] GhakTop.
['opuBOTO € mpeaHa3HAa4yeHO 3a MOJyyaBaHE Ha
TOIUIMHHA EHEprusi W XapaKTepucTUKaTa Ha
HeroBata (yHKIUS € TOIUIOTBOpHaTa My
crocoOHOCT, a "cnpaBennuBaTa' II€eHa ce
ompesens OT IleHaTa Ha €IUMHMLA TeHepupaHa
ereprus, USD/MJ ninu RUB/MJ.
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[To mannu ot 5.11.2021 r. nenara Ha Ma3yT
M-100 cropen MMBb (MockoBckas
MEXOaHKOBCKasi BatOTHas Oupxka) e 26200
pyomu/Ton (319 nonapa/ton). llemara Ha
npuponus ra3 e 810 momapa/xunsaga m® (ot
orueta Ha [l'asmpom 3a centemBpu 2021r.).
TomnotBopHara cnocobHoct Ha MasyT M-100 e
40,61 MJ/kg, a Ha npupoaHus ras e 33,5 MJ/m?>.
Eneprusra, renepupana npu u3rapsHe Ha Masyr,
ctpysa: 0,007855 USD/MJ unu 0,644 RUB/MJ.
Eneprusira, reHepupaHa mpu u3rapsHe Ha ras,
ctpyBa: 0,02419 USD/MJ, xoero e 1,98
RUB/MI. Ilo To3u HayWH, MO OTHOIICHHWE Ha
MPOU3BOJICTBOTO HA E€HEPTHs, Ta3bT € HaIleHEH
nmoBeue OT 3 WHTH M HeEromaTa 'crpaBenauBa’
1eHa TpsiOBa fa 0vae 263 nonapa/xuiisia M. PO
nmpojaaBa ra3 Ha Momosa 3a 450 gonapa/xuisaa
M3, koeTo e 1,7 MbTH T0-BUCOKO OT KaJopuiiHaTa
orienka. OcBeH ToBa TpsiOBa J1a ce MMAaT MPEABUT
u Apyru (GakTopu, KaTo €KOJOTHMYHUS (akTop.

4. U3Boau

4.1. Cxemure Ha YTHIU3AUOHHU YypenoH
MPEUI0KEHU oT MAN DIESEL, ca
IpeJHa3HaYeHU 3a W3IO0J3BaHE MPEAUMHO IpU
CyXOTOBapHHTE KOpaOM W ca HACOYEHH KbM
[OJIyyaBaHE Ha EJEKTPUYecKa EHeprus B
aBTOHOMHHU TypOOr€HepaTopH, 3aJBUXKBAaHU OT
YTUIIM3aLHOHHU ra3oBu TypOWHH,
YTWIM3AIMOHHH ITapHU TypOUHHU U CHBMECTHO OT
kommuiekca  YI'TH+VIIT. HM3non3Baneto Ha
BaJIOTE€HEPaTOP-EJIEKTPOIBUraTeNl MO3BOJIABA Ja
ce pemm mpobrema ¢  OamaHca  Ha
IIPOU3BOJICTBOTO u KOHCyMalusaTa Ha
€JIEKTPOCHEPI s, U Jla C€ yBEJIMYM e€HepruiiHaTa
e(heKTUBHOCT.

4.2. TIlpm TaHkepuTe mO-e(PEKTUBHH ca
CXEMHUTE Ha YTUJIM3ALMOHHH YpeaOu C paslienHa
cCUCTeMa 3a yTWIM3aluMs Ha TOIUIMHATa Ha
OTpabOTEHUTE Tra3oBe W Ha NPOAYBBUHHS
BBb3/lyXa, C JIBYCTENIEHHUM  (JIBYCEKLHOHHU)
naporeHepaTopu, KOUTO MPOU3BEXKIAT HACUTEHA
napa.

4.3. IIpe3 nepuoaa 2017-2020 r. e HanmpaBeHO

U3CJe/IBaHE Ha CpaBHHUTENHAaTa e()EeKTHUBHOCT Ha
U3MOJI3BAaHETO HA  pa3M4YHU TOpHBa  IpHU
TaHKEpPUTE, BKIIOUMTEIHO Ha Ma3zytu M-100
(cepHHCTM ¥ HHCKOCEPHHCTH), KaKTO H Ha
BTE€YHEH NpupojeH ras. [Ipu nenure aerictpamu
0 BpeMe Ha [MPOYYBAHETO, MPUBEICHUTE
TOJIMIIHY pa3xoau 3a Bapuant Ne3 (c mpupojieH
ra3) ca ¢ 43,9% no-manku ot Bapuant Nel (cbe
cepuuc Mazyt-3,5% S) u c 47,3% mno-manku ot
BapuaHt, Ne2 (c nuckocepuuct mazyr-0,5% S) .
4.4. Tlpe3 mocienHuTe Meceld IIeHAaTa Ha
OpUpOHUA Ta3 (TPHOOMPOBOTHUS U BTCUHEHHS
IOPUPOJIEH ra3) ce € yBelIWuuiIa 3HAYUTEITHO U
MOCTOSIHHO  ce  Kosebae. Bb3moxHu ca
NOMBIHUTENIHU  M3CIIEJBAHUS  NpU  HOBO
CHOTHOILICEHHE Ha IIEHUTE Ha TopHBaTa, HO MPHU
cTabunmn3anus Ha TIXHOTO HHUBO.
4.5. Taka HapeyeHara "crnpaBeyiMBa' Ii€Ha Ha
raza B MOMEHTAa C€ OIpenenas OT Herosara
TOIUIOTBOPHA CHOCOOHOCT (KaJOpPUYHOCT) M €
npubnu3utenHo 263 momapa/xuisaa m:. B
CBIIOTO BpEME IIpH ONpEIENsHE Ha IIeHAaTa Ha
raza € HeoOXOIUMO Ja ce B3eMaT MpeaBU]
OpYTUTEe MY TIOJIOKUTETHH CBOWMCTBA H TO-
CIEIUAJIHO BHCOKaTa My €KOJIOTUYHA
e(eKTUBHOCT.
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Safety Training in Extended Reality (XR)

Piotr Dymarski, Christopher Kowal, Antoni Angelov

Abstract: The case study demonstrates the most viable uses in initiation in the work environment. It can be applied
for both new workers and experienced workers when a new technology or work environment is added. The definition
of XR aka Extended Reality includes both Augmented reality and Virtual reality the application of which can be

added in every aspect of the work environment.

Key words: XR, Mixed Reality, training, education, work environment, ERP, control, AR, VR, mobile, signs,

display, Scenarios, Unity, equipment, safety.

I. Introduction

Safety training is one of the cornerstones in
preparing workers for their new work
environment. It can be done before the worker is
on the field, as well as during field training and
in both of these cases, Extended Reality (XR) can
contribute to improving the experience. If
supervisors are out of the building, but a worker
is at the workplace doing work without knowing
how to start a machine, it would not be an issue.
The supervisors can just point where to click via
a mobile app, and the worker will see it on their
augmented reality glasses and click the correct
button. They can guide them, and also train them
before the fact. If a training program is
entertaining, a worker may be willing to train on
it, even during their free time, which will
increase their efficiency significantly. Any work
done by the worker outside their paid hours,
including preparation, is beneficial for the
company, so it is worth making it entertaining.
There is also the concern in ensuring the user’s
focus on the subject which may be lacking if the
training material is not entertaining. This makes
the current subject not only technical, but also
psychological, although with testing it can be
made effective.

Currently all sorts of applications are in use for
both training and controlling safety by warding
off dangers. It can be through a notification on a
smartphone signaling if a worker is headed for an
area that is either dangerous or where they have
no work. Both audio and visual signaling can be

used in steering the worker away from danger
and keep them as an efficient unit in the
production system. This can be managed via an
advanced Enterprise Resources Program or ERP
for short, in which a manager or the software
itself can manage the tasks and program of the
worker. Such systems are becoming common
place everywhere, such as cards for controlling
access, a system detecting the output of a worker
in real time via their station and so on, the
applications are endless.

There is a whole philosophy in improving the
efficiency of a production system, starting from
terrain markings to the signals and signs all the
way to worker habits and duties.

There is hardly any room for further
improvement of a modern production system via
established means, however the Extended Reality
(XR) tools are a relatively new experience and it
is a field yet to be fully occupied.

A detailed explanation about the specifics and
differences between AR, VR, etc. and XR as an
umbrella term for all of them, is explained in
another publication, about the Extended Reality
(XR) use for the Architectural Engineering and
Construction (AEC) industry in the frames of
work on the BIM-SPEED project [1].

The project BIM-SPEED has received funding
from the European Union's Horizon 2020
research and innovation programme under grant
agreement No. 820553
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II. Health and Safety training scenarios
One of the uses for XR in the construction field is
to create health and safety training scenarios for
both new and existing employees. The use of
extended reality is a potential improvement over
conventional training methods, as it will most
likely be a novel experience for the person being
trained and therefore increase the amount of
information retained from the lessons. Two
scenarios for health and safety trainings have
been developed: personal protective equipment
and securing technological openings

Collecting data using 360° capture

A potential way to fully utilise the technology of
XR is to capture the existing state of the
environment to be as representative as possible.
Setting it up requires one to scan a building or at
least an area that should be included in a safety
training scenario.

In order to demonstrate this, a laser scan of the
Marshal’s Office of the Province of West
Pomerania was used (Fig.1). Scanning was
conducted using the NavVis VLX mobile
scanning tool, which captures 3D measurements
using two multi-layer LIDAR sensors in
combination with industry-leading SLAM
software that delivers survey-grade point cloud
quality.

Chosen 3D scanner specifications
Max. accuracy: 6mm
Acquisition speed 600,000 points/s
Camera resolution 20 MP
Working range 100 m

Table 1. 3D scanner specifications

For further information about the device look at
Table 1.

Figure 1. Scanning and 360 photos capturing

Four 20 MP cameras positioned on top of the
device take high resolution images in every
direction for a complete 360° capture, without the
operator appearing in the field of view. The
combined panorama has a resolution of 335 MP

The scan of the 3000 m? building was completed
in about 8 hours. Before scanning began,
reference points were created using traditional
surveying techniques, which increased the
accuracy of measurements and the point cloud as
a whole. This method produces a fast and
accurate depiction of the current state of the
building. Because this method can provide up-to-
date information on the state of the building, it
may also be used to brief workers or site visitors
of potential dangers.

A 3D scan of the construction site may either
become a reference for the creation of a BIM
model, or it can be viewed on its own through the
use of XR tools. Problematic locations on the
construction site may be tagged in the 3D model
(either CAD made or derived from the point
cloud) by an OSH manager, who may then brief
individuals on those hazards. The briefing can be
a record or done live if the job is specific.
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Scenario One: Personal Protection

Maintaining worker safety on the construction
site is ensured through proper training on the use
and application of personal protective equipment
(PPE). Workers are taught prior to the start of
their employment at a construction site what type
of PPE they will need to wear when entering the
site. A simple training scenario has been
developed that teaches workers, through a game-
like simulation, about what PPE they require
using a virtual reality (VR) environment.

The VR simulation begins with the worker
finding themselves on the construction site, with
the ability to move their head and look around a
360 degree image. Located on the image (Fig.2)
is a person without proper PPE as well as a test
form where the trainee will have to fill in the
appropriate fields as a response to the message.
The trainee then needs to select the correct items.
If the trainee selects the helmet, high-reflective
vest, and boots, then they successfully pass the
test.

Scenario 1:
Personal protection
Please select the minimum personal pi

equipment from the list, that you must.
you are entering the construction site.

N N

T
Reset ||

Selectable:

A @il
N [S] ] Gl

Figure 2. Basic Tests

Scenario 2: Securing technological openings
The second developed scenario is one that
describes the procedure to enact when finding a
construction site safety hazard, such as an
unsecured technological opening. The worker
will be shown an area with a wall opening
without any railings or barriers present that
indicate possible danger (Fig.3). The worker will
then follow a series of prompts and

instructions advising them on how to conduct
themselves in such a situation.

Figure 3. Testing in environment

First the worker would have to identify the
problem, and then simulate reporting the hazard.
The simulation would allow the worker to place
virtual cones that fence off the danger zone. The
worker should be able to freely walk around and
interact with the environment. The worker will
also be guided on how to prepare for securing the
area if there is a risk that they themselves could
be injured: this would include getting the proper
permissions, wearing the appropriate PPE,
putting on harnesses, and instructions on how to
install the barriers.

III. Implementation and IT side

In regards to the tools for XR there is a vast
selection to choose from but in this case the
choice was set on Oculus Quest 2 (Fig.4) [2]for
hardware, and Unity[3] for software development
environment. The Oculus is one of the most
popular solutions for cost effective XR
equipment with Pico Neo [4]as close second.

»

Figure 4. Oculus Quest 2

Although marketed as a VR set, it has the ability
to see and recognize the outside world.
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This in turn can expand its use as an AR device
as well. Of course for this project its use is
limited to VR and while AR is viable in most
cases, the idea of people walking on a
construction site with the headset with its limited
vision is incredibly dangerous.

That is the main benefit of dedicated AR
hardware such as Hololens 2 by Microsoft which
uses transparent displays that provide an
augmented view as a semi-transparent hologram
instead of the complete control of the sight of the
user. With it you can see what you need to see
without being unable to notice the specifics and
dangers of the environment around you.

The Oculus Quest 2 hardware has similar
performance to high-end This can allow highly
realistic virtual environments and although
photo-realism is not always entirely necessary for
the task at hand it can noticeably improve the
immersion and interest of the worker that will be
put into the simulation. It can also raise the stress
factor which is also necessary for the simulation
as the ability to work under stress is quite
important.

The software used included the Unity game
engine as a software platform in which necessary
libraries such as OpenXR and others were
imported. Much of the libraries, although open
source, are overcomplicated, so if one were to try
to build software from scratch one would need a
very large team just handling the compatibility
between the software and the libraries working
with the hardware. The work is much simpler
with Unity since when a company launches new
hardware they always want to make it compatible
with what is popular (such as Unity). Open XR is
a project for the standardisation of VR, whose
site is very helpful. The necessary libraries are all
available on Oculus Quest’s site as well as their
account in the Unity Marketplace. They are free
to download.

It all takes about 10 minutes to set everything up
and so the focus can be on the actual training
environment.

Add Open Scenes

Figure 5. List of scenes

Unity also supports levels which are also known
as scenes. Work can be separated into levels, as
seen in Figure 5. This way everything on the
machine does not have to load at the same time.
It 1s possible go up and down the levels and load
just what is needed for the current task. The
libraries and the functionality are all in the same
files in the hard drive, while the scene is what is
currently loaded in the RAM memory. This is
important as it is needed to drag and drop from
the libraries to the scene each and every time a
new level is set. Either that or copy the level
work as the next level and then modify it. The
Drag and Drop process only creates instances of
the classes without copying the actual files.

# Scene o Game @ As

= Hierarchy
+v o Display 1 ¥ Free Aspect

< Level1

9 UlHelpers

igure 6. A scene’s work tree
(Hierarchy Window)

Seen on Figure 6 is the scene for Level 1. In
white letters are the standard parts of the Scene.
Such as for the level’s directional light (Sun). and
the added from the scene canvas with buttons
called “Menu screen”. They are part of Unity.
The parts in Blue are the ones added from the
library import from Oculus. A standard scene
also comes with a Main Camera which needs to
be deleted as OVRPlayerController comes with
its own VR camera. Ul Helpers contains scripts
such as laser guided button clicking whose
trigger for buttons is the same as if it was
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clicked with a mouse. The beauty of Unity is that
it is modular and much of the work in it will
work the same regardless of difference in
hardware or the nature of the tasks they are
implemented for. Clicking buttons is the simplest
case as their trigger can come from VR, desktop
clicks or even if they are shot in a game if the
gun or its projectiles are registered as an
operator.

s |
|}
15}
ok
n
o
T
o - |
e
=
.}

Figure 7. How Unity Editor works

On Figure 7 the selected canvas “Menu screen”
can be seen along with all of the things that have
been added to it. OVR Raycaster is added as a
receiver of the Laser pointer. The laser pointer is
added to the hand and from the scene it is
selected and dragged to the Pointer position.

With knowledge of what the libraries do, it is
possible to connect them together without having
to write even a single line of code.

“Level 1. Script” however, is entirely custom
written code in which lies the true beauty of
working with Unity and that is that it is
exceptionally easy to create modular scripts that
can be used in all sorts of situations.

Level 1 scripts has Chosen Images which is an
array whose size is defined by the box right next
to it and its content is below it.

How it is structured is all up to the developer but
the rule of thumb is to make it as simple as
possible while also to be usable for other tasks as
well.

That is why the array size is defined in the editor
and not the script.

For simple tests such as the first level of the
training simulation, it is advisable to lock down
the movement of the user. That way they will
have the panel with the test in front of them to
work with and not much else to distract them
from their work. Instead of terrain around them a
simple 360 skybox is absolutely sufficient and
since they can’t exactly move from their spot the
absence of actual terrain will not bother them
much.

The second level is a task-by-task where one
would need to walk around. The terrain is the
CAD model of the building which can be
provided as an .IFC file. A direct CAD model has
good geometry of the terrain but material-wise it
is usually as minimalistic as possible. A short
work with a 3D modelling program such as
blender and with the use of smart materials, a
blank-looking, pale model can be turned into
realistic vibrant terrain for the level.

Collision with the model is not hard to add and
once that is done, most of the work is completed.
A task-by-task simulation is not so much about
testing the worker if they will make the right
decisions but rather to ingrain the procedure into
their brain as to have them follow it as a reflex
[5]. If there is a dangerous spot it should never be
ignored and its resolving should not be postponed
for later. Postponing usually leads to forgetting
and an unresolved problem especially a
dangerous one can cost a person’s life.

Even if it is told to a worker a thousand times, it
may not have the same effect as going through
the simulator and having it ingrained into their
psyche with its careful design and focused
attention to specific details.

Another issue is that dangerous situations are
often something a worker is rarely exposed to.
And that’s where the danger is most prevalent, as
parts of the manual may be forgotten. XR is a
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good alternative to remind the worker of it[6],
although it needs to be crafted professionally
because a bad simulation can do more harm than
good.

IV. Conclusion

When it comes to safety it always needs to be
made with the lowest possible expectation of the
capabilities and attention of a worker as even the
highest skilled worker may temporarily lose their
attention to their environment due to stress or
being tired and the possibility of an accident is
simply something that should be fought against at
all costs.

If there are means that effectively reduce the risk
of accidents, they simply need to be
implemented. That is often the law.
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MNPUJIOKEHUE HA PASMUTHU MHOXECTBA 3A B3BEMAHE HA PEHIEHUA

BanenTuna Ilerposa

APPLICATION OF FUZZY SETS FOR DECISION MAKING
Valentina Petrova

Pestome: B cmamusma ce usnonzeam pamumu MHONCECMSA 30 MOOeupane HA npoyeca HA G3eMane Hd
pewenus. Muoeoxpumepuannusim memoo 3a 83eMane Ha peuetust, Modice 0a ce KIacuuyupa Kamo KOH8EeHYUOHANEH U
pazmum u 0a ce npunodicy eqhekmueHo 3a Kiacupane na armepramugy. Muozokpumepuanuusm npooiem ce uspassied 6
mampuuna opma, kboemo pedoseme u KOJIOHUME NOKA36aM AIMepHAmueume U Kpumepuume.

KuarouoBu nymMu: pasmumu MHOJCECMEA, MHO2OKDUMEPUATIHO 83eMAHe HA PEeUleHUsl.

Abstract:

In the paper fuzzy sets are utilized to model decision making process. A multi-criteria decision

making method, classified as conventional and fuzzy, is effectively used to rank alternatives. The MCDM problem is
expressed in a matrix form, where rows and columns indicate the alternatives and the criteria.

Keywords: fuzzy sets; multi-criteria decision making.

1. BuBenenue

B cratusta ce pasraexaar OCHOBHHTE
MPUHIIAIIA OT TEOPUsATA 32 B3€MaHE Ha pElICHUE,
KOSITO M3CJIe/IBa W aHAJM3Upa IMPOIECUTE Upe3
MHOTOKPHUTEPUATTHU MOIXOH, H3I10J13Ba
MaTeMaTHYeCKH amaparT Ipd B3eMaHE Ha
peleHue M IMmocoyBa METOJ 3a M300p Ha Haii-
nobpa  anrepHatuBa.  Pa3pemaBaHeTo  Ha
pa3IuyHU MpoOJIEeMHU OT MPAKTHKATA ca CBBP3aHU
C KOHKPETHH 3aJaud 3a B3EMaHE Ha pelIeHUue,

KOUTO C€ XapakKTepusupar ¢ HAJIUMYIUC Ha
MHOKCECTBO BB3MOXXHOCTH, BapuaHTH 3a
ﬂeﬁCTBHC, HapCUCHU  aAJITCPHATHUBH. Te ce

OCBIICCTBABAT Ha Oazata Ha I/IH(1)OpMaI_II/I$I,
OTHaciAIa C¢€ OO0 TCKyllaTa curyaluss W Ha
IO AXO A0 HOI[6paH MHOTOKPHUTCpHUAJTICH
MaTEMaTUYICCKNU MOJICJI 3a B3EMAHC HAa PCIICHUC.
2. HpI/IJ'IO)KeHI/Ie Ha TCOpHUATa Ha
Pa3SMUTUTE MHOKCCTBA ITPU B3CMAHC Ha PCIICHUC
Pa3muTa joruka CIIY’KH 3a MOJCIIMPAHE Ha
HCETOYHOCT B YCJIIOBUA Ha HCONPCACICHOCT U
HCMIPCACKA3yEMOCT. Pa3sMuTuTe MHOXKECTBA U
pasMuTarta JIOTHKa ca MaTeMaTUu4CCK1
HHCTPYMCHTHU 3a MOJCIHUPAHC U YIIPABJIICHUC Ha
HECUTYPHU CHUCTCMU. Hznomn3sar Cce 3a
HpI/I6J'II/IBI/ITCJ'IHI/I Pa3ChKACHUA TIPU B3CMAHC Ha

pelIeHus TIpH JIMIca Ha TWbJIHA M TOYHA
uH(bOpMAITHS. Wsnbaassar CBII[ECTBEHO
3HAYCHHWE, KOraTo Cce NpHJIarar KbM CJIOXHHU
npoOJieMH, KOUTO HE Ce€ peliaBarT JEeCHO C
TpaJIUIIMOHHATA MaTeMaTHKa.

B TeopusiTa Ha MHOXKeCTBaTta € IPUETO
MHOXXECTBO M J1a ce Hapuya CHBKYIIHOCT OT
00exTH wiM enementd. KasBame, 4ye eleMeHT a;
NPUHAUICKH HAa MHOXECTBOTO M H 1o
O3HavyaBaMe ¢ @ € M WiaM ako HEe MPUHAICHKHU:
ay, & M, TBepacHHUETO ,,a1 TPUHALICKH HA M e

BAPDHO, a BBB BTOpUS — HeBspHO. [lpu
U3MOJI3BAaHE Ha XapaKTepUCTHUHA  (PYHKUUA
xm(an):

l,a, €M
xtan{g
,ay EM

B MHOXecTBOTO Ha pa3sMHMTUTE 4YHCIA,
€JIEMEHTUTE TPUHAIIEKAT HA MHOXECTBOTO, C
pa3yinyHa CTeNeH Ha MPUHAJJICKHOCT, U3MEpeHa
C peanHu uucna B uaTepsana [0;1].

Axo U e ynuBepcym u ASU e Heroso
(HUKCHpPAHO MOJMHOMXECTBO, TO MHOKECTBOTO OT
HapeaeHu ABoMkU PA={<x ; uA(x)> | x€U}.

ce Hapuya Pa3MUTO MHOXECTBO BbpXY U,
ako ¢yHkmusaTa HA(x) chrocraBs Ha Beako XEU
TOYHO €HO PEeaJlHO0 4YHCIIO, MPUHAIEekKAIIO0 Ha

N3BECTHUA HA CbIO3A HA YUEHUTE — BAPHA 1°2021

43



CEPUSA “TEXHUYECKU HAYKIT”

ISSN 1310-5833

unrepBana [0;1]. Croiinocture Ha pA(x) ce
HapHuuaT CTENEHU Ha IpuHaaIexHocT [13].

Pasmurara JIOTUKA M3I10JI3BA
JUHTBUCTHYHU  TPOMEHJIMBH, JIMHIBHCTUYHU
MOU(UKATOPH, CHKIUTEHA Pa3MUTA JIOTHKA U
MpaBHIa 32 U3BO/I.

Heka 4 ={ay, a;,.., a,} € MHOXECTBO
OT anTepHaTuBy, ¢ Ki — ca 03HaueHU KpUTEpUUTE
, @ C tj ca Teryiata Ha CbOTBETHUTE KpUTepuu i=1,
2,...m.

B3emaneTo Ha pemieHHe € CBBP3aHO C
n300p, KJIAacHMpaHe WM TpynupaHe dpe3
CpaBHsIBaHE Ha anTepHartuBuTe. TpsOBa ma ce
B3€Me€ IPENBUJ] CIEAHOTO, KOTAaTO C€ M3ITBIIHIBA
TOpEroCOYEeHOTO:

— TEXHWTE pPa3MHUTU TMPEICTaBIHUSA 32
BCHUYKH KPUTEPUH;

— TEXECTUTE, NPWIOKEHU KbM BCEKH
KpUTEpU;

— BB3MOKHHTE TPYAHOCTH pu
CPaBHSBAaHETO Ha JIB€ QJITEPHATHBH, KOTATO

elHaTa € 3HAYMTEJIHO Mo-A00pa OT Apyrara Io
MOJAMHOKECTBO OT KPUTEPUHU, HO MHOTO MO-JIOIIA
M0 TMOHE €AWH KPUTEpU OT JONBJIBALIOTO
MTOAMHO>KECTBO.

[IpoGnemute cBBbp3aHM C B3eMaHe Ha
pelieHus TpU HECUTYpHOCT MoraTr naa Objaar
KJ1acuUIUPaHU B JIBE TPYIIU:

1) anTepHaTUBHUTE OIICHKHU MO KPUTEPUUTE
ca SICHM, HO TpOIEAypuTe 3a B3eMaHE Ha
pelIeHus UMUTHPAT YOBEUIKOTO MOBEJCHHE, T.€.
U3M0JI3BAT TEOPHUATA Ha Pa3MUTH MHOXKECTBA;

2) KpUTEpUUTE Ca Pa3MUTH, T.€. OLICHKHUTE
Ha aJITepHATUBUTE ca JUHTBUCTUYHU
MIPOMEHJIMBH M B3€MAHETO Ha PElICHHE MOXE Ja
Ce OCBIIECTBH 4Ype3 MpuiaraHe Ha TPAAUIIMOHHU
Wiy pa3Mutu metoau[13].

[IpoGnemute OT BTOpaTa rpymna Morar Jia ce
CBEZAT JI0 Te3U OT II'bPBATa, aKO JIMHIBUCTUYHUTE
OIICHKH ce TpaHchopMHUpaT B KOJMYECTBEHHU.
JIMHTBUCTUYHUTE NPOMEHJIMBUA MOTaT Ja ce
MpEeACTAaBAT KaTo pa3MHUTH yucia. Moxe aa ce
ompenenu pyHKIIMOHAIHO CHIIOCTABSIHE HA BCSIKO
Pa3MHUTO YMCJIO HA peasiHa MPEACTaBSHE.

Martpuna ¢ TpUbI'bJIHU Pa3MUTU €IIEMEHTH
3a CpaBHEHHE MO JBONKH

Pa3mutu yncna u pa3MuUTH MaTpULIU

B cayyaute koraro ekcrnepTuTe ce
3aTpyAHsIBAaT Ja U3BBPIIAT CpaBHEHHE Ha
ONpEeNeNICHN JIBOWKM KpHUTEpUU C€ H3MOJ3Ba
MpeJCTaBsHe Ha JaHHUTE Moja Qopmata Ha

pasmuTu uuciaa. B mpaktmkara ce mpearar
peauua MeToAu, KOWTO M3I0JI3BAT MaTpULM 3a
CpPaBHEHHUE II0 JIBOMKHU C Pa3MUTH €JIEMEHTH. B
cTaTtusiTa Cce Mpwiara CoQTYepHHUAT IOAXO],
omucan oT Ram’itk [1, 6, 7]. OcHoBHHTE My

npeanMcCTBa ca MaT€MaTH4YCCKU ariapar,
MO AXO A1 3a MN3YHCIICHUA. TpI/I’bF’bHHI/ITe
pPasMUTH YMUCIIa HaMUpaT M[OPHIIOKCHUC 3a

MOJIEIUPAaHE HAa HECUTYPHM CTOMHOCTH IIpH
MHOTOKPMTEPHATHO B3eMaHe Ha  pelleHHs.
TpUBIBIHO PAa3MUTO YHCIO GEKBUBAIEHTHO CE
u3passiBa c TPOWKa peajHu YHuCia, Te
3= (a ;at; aY), sa KOI/ITO € W3IMBIHEHO, ab <
aM<al. AKO aL =aM=aY torama dce ka3Ba, ue
€ He € pasMHTO 4YHCIO, a TNPUHAIIESKH Ha
MHO’KECTBOTO OT YMCJIa, KOETO € M30MOp(hHO Ha
MHO>XECTBOTO Ha peaJ'IHI/ITe qucia. EHeMeHTI/ITe
Ha peHI/IHpOQHaTa ManI/IHa ca HOHO)KI/ITeHHI/I

TpI/ILFLJ'IHI/I pasmutH umcna a = (ab; a™; a%),
KbreTo a->0.
3a ga ce pasrpaHdyaT pasMHTH U

HEPa3MUTH YMCIIa, PA3MUTHTE CE O3HAYABAT, KAaTO
BEKTOPH U MaTPUILIM C TWIA HAJl CHMBOJIA.

B npuioKeHMs MOAXOJA Martpuuara Asa
CpaBHEHME IO JABOMKH € C Pa3MEpPHOCT nXn  ce
CbCTOU OT TPUBI'BIHU PA3MHUTH uucia. Beuuku
eIEMEHTH Ha ANpeACTaBIABAT TPOMKHM peaHH

qyHuciia U uMa CJICOHUSA BU:

_ (ais, aflr af;)
A= .

(afﬁr afl’ ‘131]

(a1 @1, 031)

L M w
[:ann’ Dpns O

KBJIETO 3a BCAKO 1, ] =1,...,n
L.a',a’, ca peannu umcna, 3a xouto

a:},au,au,
M U
za; a4;%0 3a

1/o < af;
dbukcupana g = 1,

al] (a:_;l’ :_;l’
i 1 1 1
gl M gL

Lj Lj Lj

n30bpaHa

] KaTo PEeUUNpoOYHOTO €:

e

A e peouiipodyHa MaTpula € TPHUBI'BJIHU

pa3MI/ITI/I qucia, € paSMepHOCT nxn, aKO 34 HEA €
1 1

EJ:‘1_] (a”r ijr Uj Hajl _TF_W _I-_,
|

. Heliausat Bug € CJ'IeI[HI/ISIT.

HU3IIBJIHCHO

3a BCsiko 1,j = 1,2,...

1! 1.! 1) (ﬂi‘n, ﬂ’fn’ ai‘r?‘!j
A= —1 —1 —1 1,1,1)
rr M* _L i
EI,U ﬂ,i}. ﬂ,”

KBJIETO
L M
0= a;; = a;; <a

= i_i"

i,j=12, ..,
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[Mpeanountanure UHTCH3UTETH,
NPEJOCTaBEHH OT CKCIIepTa, HE ca OrpaHUYCHU
no wunrepBaia [1/9; 9], HoO Morar ma mpuemar
obma ¢opma ot uaTepBana [1/c; ¢] 3a uzbpana
cToitHocT Ha ¢ > 1[1, 12].

[IpomechT 3a B3eMaHE Ha PEUICHHE MOXKE
112 e MPEACTABH B CIICAHUTE CTHITKH:

Crenxka 1: Jlepunupane Ha nienra

Crpnka 2: OrmpenensiHe Ha PHUCKOBUTE
baxTopu

Excrieptute mpemiarat cBosi u300p MOJ
dopmara Ha TPUBI'BIHU PAa3MUTH CICMEHTH B
MaTpuIla 3a CpaBHEHHE IO JBOWKH. 3a 1a ce
M3BEaT TeryiaTa OT MaTpHIla U Ja Ce M3YMCIHU
MOCIIEIOBAaTeTHOCTTa Ha HWH(popMamusaTa 3a
NPEAMOYNUTAHUSITA HA B3EMAIUTE PEUICHUS, Ce
M3M0JI3BaT MAaTPHUIIUTE 338 CPABHEHHE MO JABOKH C
TPUBT'BIHK Pa3MUTH eJeMeHTH. Excreprurte
OTIPE/IETISIT TeryiaTa Ha eIEMEHTHTE HaJl TJIaBHUS
JIMaroHan. Bsemamiurte pelieHus —mpeiarat
BCEKH TPUBIBICH Pa3MHUT €JIEMEHT Karo TpHU
YUCIIA, pa3leleHu C WHTEpBaI. [pPUBIBIHUTE
pasMHUTH €JIEMEHTH IIOKa3BaT Terjiara Ha
puckoBHuTe (hakTOpW, MOCTAaBEHH B MaTpulla Ha
Caaru [9, 10, 11].

Termara Ha puckoButre (QakTopu Ha
MaTpuliaTa 3a CpaBHEHHE [0 JBOWKH Ce
u3pa3sBaT C TPUBI'BIHA DPA3MHTH EIIEMEHTH.
Moxe na Obae mpoOieMaTHYHO 33 EKCIIEPTUTE
B3EMalll PEIICHHs Ja CPaBHIBAT OIPEICIICHU
JBOWKH KpUTepuH. B Te3m ciaydam ce m3nomn3Bat
JaHHUTE He caMmo 1o (hopMaTa Ha pealHu YuCIa,
HO Y pa3MHTA JIOTHKA.

Ternmata Ha  KpuUTepUUTE  ONPEICINAT
OTHOCUTENIHATAa  BA&XHOCT,  U3BJIIEYEHA  OT
UHTEpBIOTA C JIMIA, B3EeMalld peIleHus,

aHanuzaTopu U ekcneptd. CremoBaTesHO ¢
KOPEKIUU T€ MOTaT Jia CIyXaT KaTO0 UHAUKATOPH
3a JIpyrd MHOTOKPUTEPHAHU W3CJIEeIBaHUS 3a
B3E€MaHE Ha PEIICHUSI.

Onenkata Ha puckoBute ¢GakTopu ce
M3BBPILIBA OT B3EMAIllM PEUICHUs, ONPEACIECHU B
ctbiika 2. Bceku oT ekcneprutre u3MeEpBa
BaKHOCTTA Ha (PaKTOPUTE MOOTIEITHO.

Crenka 3: IlocouBa ce CIHCBKBT C
aJTepHATUBH, KOUTO CE€ OIICHSBAT.

Crpnka 4: IlpencraBsaT ce ekcrepTure,
B3€Mall1 PEILICHHUS.

[Ipemnarar ce aHaJIN3aToOPH,
CHELUATUCTUOT  TpaKTUKaTa, EKCIEepTH IO
agMuHUCTpUpane U ap. OleHkaTa ce U3BbpILBA

OT JMIla, B3eMamu pemieHus (excrneptu). Te
M3MEpBaT BaXXHOCTTA Ha kpurepuurte [3, 4, 5].

Crpnka 5: Jlebpunupat ce cuieHapunuTe

Crpika 6: M3Bnuyane Ha €KCIEPTHU Terja

Crpnka 6.1: Ompenenst ce Terna 3a
eKCIIepPTUTE, B3EMALU PEIICHUS U CE MOCTaBSAT B
MaTpHU1La.

AKO eKcrepTbT € caMO €IMH CThIKa 5
JIMIICBA U C€ U3ITBJIHSBA CTHIIKA 6.

Crpnka 6.2: Pesynratute, HOJYy4eHH OT
Marpulara 3a CpaBHEHHWE IO [JBOMKH, Ce€
nokaspar noj ¢opmara Ha rpaduka. M3uucnssa
Ccé KOHCHCTEHTHOCTTa 4pe3 wuHAekca NI
[Ipennoxenara TeXHUKa U3BIMYA Pa3MUTH TerJia
OT MaTpuua U  clej  ToBa  HM3MepBa
HECHOTBETCTBUETO Ha MIpeI0KEHUTA,
MPEIOCTABEHH OT B3E€MAIllUTE PEILIEHUs, 3a Jia Cce
onpenenu uaaekca NI. CToiiHOCTTa Ha UHIEKCA €
Mexay 0 m 1. Ako e 0 ToraBa € HambJIHO
KOHCHCTEHTHA.

Crenka 7: Omnpenensat ce Terja Ha
KPUTEpUH, BEPOSITHOCTM Ha CIEHApUHd U Ce
OIICHSBAT  CLIEHAPUHM  CIOPSAMO  Pa3IMYHUTE
Kputepuu. M3Bexnaar ce pedyararu B rpadpuyHa
dbopma u mHIEKCa Ha KOHCUCTEHITUs NI.

Crooka 7.1: IlocmemoBaTelHO BCEKH OT
eKcnepTuTe u3nbiHsBa crbnku 7.1.1, 7.1.2 u
7.1.3:

Crpnka 7.1.1: omnpenmens Terna Ha
KpUTEpUUTE M TH TOCTaBs B  MaTpulia,
pe3ynTaThT ce U3BeXkIa B rpaduyHa Gopma u ce
n3uncisiMa nanexc NI.

Crpnka 7.1.2: nmoGaBs BEpOSTHOCTH Ha
CIICHApUU U TU MpHJIara B MaTpHIla, pe3yaTaTbT
ce u3Bexkaa B rpaduuHa popma U ce u3uucIsIMa
naaexc NI.

Crpnka 7.1.3: ako o3HaunMm Opos Ha
kputepuute ¢ K, a Ha crenapuute ¢ S ce
noJiyyaBa CjeJHaTa 3aBHUCHMOCT, KaTo 3a BCSKa
ce u3Bexaa rpaduueH pesynrat u unjaexc NI:

OnensBa cuenapuii | oTHocHO Kputepui 1

OnensBa cueHapuii | OTHOCHO KpUTepHi 2

OnensBa cuenapuii 1 otHocHO kputepuid K
OuensBa cueHapuii 2 OTHOCHO KpuTepui 1
OnensiBa cueHapuii 2 OTHOCHO KPUTEPHH 2

OnensBa cueHapuii 2 oTHocHO kputepuid K

OnensiBa cueHapuid S OTHOCHO Kputepuid 1
OnensiBa cueHapuid S OTHOCHO KpUTepuil 2
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OnensBa cueHapuil S oTHOCHO Kputepuit K

Crpnka 8: UMs3Bexxgar ce pesyiarary,
CBBpP3aHM C B3€MaHE Ha peuieHue u u3bop Ha
Hal-7100pa  anTepHATHBAa, OT BCEKH  OT
excrieptute[ 1, 2].

3. 3akioueHue

[IpaBwiara 3a B3eMaHe Ha pEIICHHUS ca
CBBKYIIHOCT OT MHOTOKpPUTCpUATIHUA MCETOM,
TEXHOJIOTHATA 3a MAaTEeMAaTUYECKO peIllaBaHe W
pa3paboTeHN MOJIEH 3a OIICHKa U U300D.

B3emanero Ha pemieHWe € CBBP3aHO C
OTIpEJICNITHE HA: TEXHOJIOTHSTA, KOSTO IIe Ce
mnmpujara; HOOAXO0AHW, MATCMAaTHYCCKU arapar,
pasnelssHe Ha mpoOjieMa Ha MO-MaJIKA SAMHHIIA
3a  TO-JIECHO pa3peliaBaHe; eKCIIePTUTe |
MOTPEOUTEIUTE  ydacTBallM B IIpoOIleca;
MIEPHOJIBT, 32 KOUTO IIE Ce pealli3upa; KaKkBo IIe
ce MmpeAnprueMe Clie]] IOCOYBaHEe Ha PEIICHHETO.
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