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YMNPAXHEHWUE 1: M3non3saHe Ha BATbpHATa eHeprua

ONUCAHUE

M3cnensaHeTo Ha TbHKOCTUTE Ha BATbPHATa EHEPrs MMa OFPOMHO 3HAUYEHME B CTPEMEXKA HU KbM
YCTOMYMBM U BBL3OOHOBAEMM E€HepruitHn U3ToYHMUM. 3agbnboyasaiiku ce B Tasu Tema, Hue
npuaobusame npeAcTaBa 3a OrPOMHMA NOTEHLMAN HA OBNAAABAHETO Ha BATbpHATa eHeprus u
HelHaTa OCHOBHa PonA B 0GOPMAHETO Ha BbAELLETO Ha YMCTATa eHeprus.

Pa3bupaHeTo Ha UCTOPUYECKUA KOHTEKCT, HACTOALLMUTE MPUNOKEHUA U BbAeLmMTEe NPOrHO3M HA
BATbPHATa €Heprua HU NpPefocTaBA 3HaHWA, KOUTO Ca OT CbLIECTBEHO 3HaYeHWe 3a cnpasaAHe C
rnobanHuTe eHepruiiHk NPeAM3BMKATENCTBA M HACbPYaBaHe Ha eAMH MO-eKONOMMYHO OCb3HaT
cBAT. ToBa M3cnesBaHe nojyepTaBa 3HAaYEHUETO Ha BBH3NPUEMAHETO Ha MHOBATUBHU PeLLeHUA,
KOWTO CbyeTaBaT TEXHONOTUM, EKONOTUYHM CbOBPAKEHNUA U HAYYHU NOCTVMIKEHUSA, 3a Aa Cb3AasaT
YCTOMYMBA U XapMOHWYHA BPb3Ka C HallaTa naaHeta.

ANOAKTUKO-METOAUYECKM KOMEHTAP

Harnessing Wind Power npegnara yBnekaTenHa nnatoopma 3a yyeHUUMTe Aa ce BMycHaT B
obnacTTa Ha Bb306HOBAEMATa eHeprua 1 yCTOMYMBOCTTa Ha OKONHATa cpeaa. Tasn Tema Hacbpyasa
VHTEPANCUMNANHAPEH NOAXOA, MHTErpUpaLl, KOHLUeNnummn oT pu3nKaTa, HayKaTa 3a OKoNIHaTa cpea
1 UHXXeHepCcTBOTO. Ypes uscnedsaHe Ha NpUHUMNKUTE 33 NpeobpasyBaHETO Ha BATbPHA eHeprusa
W MPOEKTUPAHETO Ha BATbLPHM TypbUHW, CTyAEHTUTE MOraT Aa PasBWAT Mo-3a4baboyeHo
pasbupaHe Ha TEXHONOTMYHUA HaMpeabK, ABUMKELL, CEKTOpa Ha Bb306HOBAEMaTa eHeprua.

[VAAKTUYECKUAT MOAXOA BKAOYBA KOMBMHALMA OT TEOPETUYHO OBy4YeHMEe M MPAKTUYECKM
eKkcnepumeHTU. CTyaeHTUTE moraT Aa u3cnedsaT ¢wM3MKaTa Ha BATbpHaTa eHeprua upes
VNHTEPAKTUBHW CUMYNALIMMN U NPaKTUYECKM AeitHoCTU. OCBEH TOBA EKCKYP3UM [0 BATbPHM NapKose
WUAN BUPTYaNHU OBUMKONKM MOraT Aa OCUrypAT KOHTEKCT OT peanHuA CBAT U BHUKBaHe B
NpaKTUYECKUTe NMPUNOXKEHNA Ha OBNaJABAHETO Ha BATbPHaTa eHeprua. CbBMECTHUTE NPOEKTU U
rpynosuTe AUCKYCMKU AOMBAHWUTENHO NoAo6pABaT pesynTaTUTe OT O06Yy4YeHMEeTo, Hacbpyasaiiku
paboTaTa B eKMN U YMEHUATA 3a KPUTUYHO mucaeHe. KaTo uAano Tasu Tema AaBa Bb3MOMKHOCT Ha
yyeHUUMTE [a CTaHaT MHOOPMUpaHWM rNo6anHM rpaxaaHu, NOATOTBEHM Aa ce ChpaBaT C
HanexalluTe eKoNOTUYHU NpeAu3BUKATeNCcTBa M Aa ce 3acTbNBaT 33 PeleHusa 3a ycToiuusa
eHeprus.

MPUMEPHU PECYPCU 3A EKCMEPUMEHTAJ/IHA PABOTA B STEM CPEZIA NO TEMATA
" U3NON3BAHE HA BATbPHATA EHEPTUA“:

Pecypc 1: Komnaekm moden Ha 8AmbpHa mypbuHa . U3zpademe manbK moden Ha 8AMbPHA
myp6uHa, 3a 0a pazbepeme 0CHOBHUME NMPUHYUNU HA MPeobpazysaHe Ha BAMbPHA eHepaus.
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Pecypc 2: Komnsaekm aHemomMembp 30 ckOpocm Ha 8AmMvpa . KoHcmpyupaiime aHemomembvp 3a
u3mMepeaHe Ha CKOPOCMMA HA 8AMBPA U MPOy4eme Poaama My npu OUeHKama Ha nomeHyuana

Ha 8iMbpHAMQA eHepaus.

Pecypc 3: Copmyep 3a cumynayus Ha supmyaneH eambvpeH napk . Pasanedaiime supmyanHu

8AMbBPHU NapKose, 3a 0a pazbepeme pasnosnoxeHuemo Ha mypbuHume u da onmumusupame
cmpameauume 3a rpou38o0CcMeo Ha eHepaus.

NMPUMEPHU PA3CNEABALLU BBMPOCKM NO TEMATA, NMPEAHA3SHAYEHM 3A
NPOEKTHU AEAHOCTU B STEM CPEJA:

10.

Kak ce pasnunuyasaTt AM3aiiHUTe Ha BATbPHUTE TYPBUHM 3a PA3NUYHUTE YCNOBUA HA
BATbPA M M3UCKBAHWUATA 3a NPOU3BOACTBO Ha eHeprua?

Kakeu ca Bb3AENCTBMATA BbPXY OKOJHATa CPesa, CBbP3aHW C MHCTANUPAHETO U
eKCnnoaTaumaATa Ha HaseMHW 1 OPLIOPHM BATBPHM NapKose?

KaKk WMHTerpupaHeTo Ha BATbpHaTa €HEepPrva B eHepruiiHaTa Mpexa BAuAe BbpXy
UAN0CTHATA CTaBUAHOCT M HaAEKAHOCT Ha MpexaTa?

Kaksu ca MKOHOMUYECKUTE CbobpakeHUa Npu pa3paboTBaHETO U NOALBPMKAHETO Ha
NPOEeKTN 3a BATbPHA €Heprua B CPaBHEHWE C TPaJULUMOHHUTE eNeKTPOUEeHTpanu,
6asupaHu Ha U3konaemu ropmea?

Kak HanpegbKbT B HayKaTa 3a matepuanute AornpuHacs 3a paspaboTBaHeTo Ha no-
ebeKTUBHM 1 U3LPBIKAUBY KOMNOHEHTU Ha BATbPHU TyPBUHK?

KakBw ca npeausBuKaTesncTBaTa U Bb3MOKHOCTUTE 3@ MPOEKTU 33 BATbPHA eHeprus,
cobcTBEHOCT Ha OBLWHOCTTA, 3a HacbpyaBaHe HAa MECTHOTO MPOM3BOACTBO Ha
Bb306HOBAEMA eHeprua?

Kak MoxKe BATbpHaTa eHeprva Aa ce KOMBUHMPA C APYrY Bb3OGHOBAEMU EHEPTUITHN
M3TOYHULM, KAaTO CAbHYEBA M BOAHOE/NEKTPUYECKa eHeprus, 3a Aa ce Cb3hagat
XMBPUOHU eHepruitHn cuctemm?

KakBM ca noTeHUMa/NHUTE Bb3AEUCTBMA HA WM3MEHEHMEeTO Ha KaumaTta Bbpxy
6baeLmTe MOAENMN HA BATbPA M NPOM3BOACTBOTO Ha BATbPHA eHeprua?

Kak morat TexHo/noruuTe 3a BATbPHa eHeprusa Aa 6baaTt agantupaHu u mawabupanu
3a M3M0/13BaHe B Pa3BMBALLM CE CTPAHU U OTAANEUEHW PETUOHM C OTPAHUYEH AOCTbN
[0 TPAAULMOHHW EHEPrUAHU U3TOYHULN?

Kaksu nonuTukM M pasnopesbu ca HeobXOAMMM 33 HacbpyaBaHe Ha LIMPOKOTO
npvemaHe Ha BATbPHA EHeprus v 3a yCKopABaHe Ha NPexoAa KbM HUCKOBBLIIEPOAHO
eHepruiiHo 6baeLe?
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Pecypc 1
KOMMNNEKT MOAEN HA BATbPHA TYPBUHA
KPATKA NH®OPMALUA 3A YYEBHUA PECYPC
Xumuma, [OVEVEN buonorua,

Cy6ekmm NHPOPMaLMOHHN TEXHONOTUM

Bb3pact YyeHunum

Bpeme 3a 2 yaca

M3NbAHEHUe

Tosu yyebeH pecypc e NpaKTMYecku obpasoBaTeNeH KOMMAEKT, MpejHa3Ha4yeH Aa NOMOrHe Ha
yyeHuuuTe Aa pasbepaT NPUHLMNUTE Ha BATbPHATA eHeprua U GYHKLMOHANHOCTTa Ha BATbPHUTE
TYPEMHW. KOMNAEKTBLT BKAOYBA BCUUYKM HEOBXOAMMU MATEPUANN U UHCTPYKLMU 33 yYeHULUTE Aa
n3rpagat csoi cobctBeH paboTew, mMogen Ha BATbpHa TypbuHa. Ypes criobasaHe u
eKCNepuMEeHTUPaHE YUYeHULMTE e HayyaT 33 KOMMNOHEHTUTE Ha BATbPHA TYpbUHa, KaK BATbPHaTA
eHeprua ce npeobpasyBa B eNEKTPMYECTBO U (GAKTOPWUTE, KOUTO BAMAAT BbpXy paboTata Ha
TypbuHaTta. KOMNAeKTbT NpeaocTaBa yBAeKaTeNeH U MHTEPaKTMBEH HauWH 33 yyeHuuute ga
n3cneagat KoHUenuuuTe 3a Bb30OHOBAEMA eHeprua U Aa NPUAOBMAT NPaKTUYECKU ONUT B
npeameTuTe Ha STEM.

BbBEAEHUE U TEOPETU4HU OCHOBU

BbBeAEHNETO B KOMMIEKTa MOAEN Ha BATbPHA TypbuHaA NPeAOCTaBs Ha yYeHUUMUTE Nperaes Ha
3HAYeHMETO Ha BATbPHATA eHeprua KaTo Bb306HOBAEM pecypc 1 HeliHaTa pona B NPOU3BOACTBOTO
Ha ycToitumBa eHeprus. CTyAEHTUTE e HayyaT 3a HapacTBaWOTO rM06anHO TbpCeHe Ha
aNTePHATMBM HA YMCTa E€Heprus W 3HAYEHWETO HA OBNALABAHETO HAa BATbPHATA eHeprus 3a
CMeKyaBaHe Ha W3MEHEHWeTO Ha KAMMaTa M HamansaBaHe Ha 3aBUCMMOCTTA OT M3KoMaemwute
ropusa. BbBeXXAAT Ce TEOPETUYHM KOHLENLMM, CBBP3aHM C TPe0bpasyBaHEeTo Ha BATbPHA eHeprus,
BK/IOYUTENIHO aepOAMHAMMKA, AM3alH Ha POTOpa M reHepupaHe Ha eNeKTPUYecTso, 3a Aa ce
NO/I0XKaT OCHOBWTE 33 pa3bupaHe Ha TOBA KaK PabOTAT BATbPHWTE TYpOUHU. 3aabab0oyYaBaiiku ce B
TeopeTMyHaTa OCHOBA Ha BATbPHATA eHeprus, CTyAeHTUTE e Pa3BuAT No-Aba60oKo pa3bupaHe 3a
Hay4YHWUTE MPUHLMNK 3af TEXHOMOrMUTE 3a Bb30OOHOBAEMAa €Heprus U TeXHUA NOTeHuMan 3a
CnpaBAHe C eKONOTUYHWUTE NPeAM3BUKATENCTBA.

OBOCHOBKA 3A NPOBEXAAHE HA EKCMEPUMEHTA

EKCNepMMEHTa/IHMAT YPOK 3a MOAEN Ha BATbpHa TypbuHa npegsiara Ha yYeHMLUMTe NpakTMyecka
Bb3MOXXHOCT Aa M3CNeABaT NPaKTUYECKUTE aCNeKTU Ha reHepupaHeTo Ha BATbPHA eHeprua u
HEMHOTO NPWIOXEHWE B CLEHapuMM OT peanHua CBAT. KaTo yyacTBaT B TO3U €KCNEepUMEHT,
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CTYAEHTUTE MOraT Aa NpuAoBUAT no-3agbnboueHo pasbupaHe Ha OCHOBHUTE MNPUHLMNK,
3a/1erHanm B OCHOBATa Ha TEXHONOTMATA HA BATbPHWUTE TYP6UHM W HeliHaTa pos B NPOM3BOACTBOTO
Ha ycToMuMBa eHeprus. Ypes NpaKTUUECKU eKCNepUMEHTU CTYAEHTUTE Lie M3CNeABaT PasnunuHm
daKTopw, BAMAELM BbPXY paboTaTa Ha BATbPHWUTE TYpBUHM, KaTo AW3aiiH Ha NepKUTe, CKOPOCT Ha
BATbPA W PA3NO/IOKeHWe Ha TypOUHMUTE, W LWe aHanW3MpaT TAXHOTO Bb3AEMCTBUME BbPXY
NPOU3BOACTBOTO HA €/1IEKTPOEHEPTUA. TO3M EKCNIEPUMEHT CbLLO HACbPYaBa YMEHUATA 33 KPUTUYHO
MUC/NEHE, T KaTo YY4eHULMTE OLEHABAT AaHHUTE, NPABAT 3aK/IIOYEHUA U NpeanaraT pelweHus 3a
ONTUMU3MPaHE Ha ePeKTUBHOCTTA Ha BATbPHUTE TYpOUHW. B KpaiiHa cMeTKa, Ypes NpoBexXaaHeTo
Ha TO3M eKCNEPUMEHT, CTYAEHTUTE Le PasBUAT UANOCTHO pasbupaHe Ha Npeau3BUKaTEICTBaATA U
Bb3MOXHOCTUTE, CBbP3aHU C OB/MAAABAHETO HAa BATbPHATA €HEPrva U HelHWTe nocneauuu 3a
cnpassaHe ¢ r106aNHUTE EHePrUtHN HYKAN.

NPEONEXAT OA CE U3NMBJTHAT CNEACTBEHU 3AAAYU

1. EKCNepuMeHT C NPOoeKTUpaHe Ha NonaTku : YuyeHuuuTe Le u3cnensat epekta oT
PasNMYHN AM3ailHM Ha NonaTkuTe BbpXy paboTata Ha BATbPHWUTE TypbUHK, KaTo
KOHCTPYMPAT MOAE/NN Ha BATbPHU TYpBUHM C PasinMyHu GopmMu M pasmepu Ha
nonatkuTe. Te e U3MepBaT CKOPOCTTa Ha BbPTEHE M U3XOAHATa MOLHOCT Ha BCAKa
Typ6UHa NPy KOHTPOAMPAHU YCNOBKA Ha BATBLPA, 3a Aa onpeaensaT Hali-edeKTUBHaTa
KOHUrypauma Ha nonaTkuTe.

2. AHanu3 Ha CKOpOCTTa Ha BATbPA : YYeHUUUTEe e aHanM3MpaT Bpb3KaTa Mexay
CKOPOCTTa Ha BATbPa M FeHepPUPaHETO Ha eNIeKTPOEHEepPruA, KaTo 3annceaT U3xoaHata
MOLLHOCT Ha MOZeNa Ha BATbPHa TYpPbKUHa NPU PasNNYHKM CKOPOCTM Ha BATbPA. Te e
M3M0/13BaT aHEMOMETDBP 3a U3MEPBaHE Ha CKOPOCTTA Ha BATbPA W e HabnloaaBaT Kak
NPOMEHUTEe B CKOPOCTTa Ha BATbPA BAUAAT Ha paboTaTa Ha TypbuHaTa.

3. MpoyuBaHe Ha pa3nonoKeHueto Ha TypbuHata : CTyAeHTUTe wWe w3cnessat
B/IMAHWMETO Ha Pa3no/IoXKEHWeTOo Ha TypbuHaTa BbpXy NPOM3BOACTBOTO Ha eHeprus
4pes NosnLMOHMPaHe Ha Mogena Ha BATbPHA TypOUHa Ha Pas/NYHK MecTa CPAMO
CUMYAMPaH BATbPEH U3TOYHMK. Te Lie M3MepBaT U CPABHABAT M3XOAHATA MOLLHOCT Ha
TypbuHaTa, KOrato ca NOCTaBEHM Ha Pas3/NMYHKU NO3WLMKM, 33 A3 WAEHTUdUUMpaT
ONTUMANHOTO PA3NOJIOKEHME 33 MAKCUMA/IHO YNaBAHE Ha eHeprus.

4. EKCNepuMeHT ¢ NPOMAHA Ha HAaTOBAPBAHETO : YyeHUUUTe Lie u3cneasaT epekra ot
Pa3NNYHU eNeKTPUYeCKM ToBapu BbpXy paboTata Ha BATbpHaTa TypbuHa upes
CBbP3BaHe Ha Pa3/IMYHKU PE3UCTMBHW TOBApMU KbM M3xogda Ha TypbuHata. Te e
M3MepBaT HanpeXeHWeTo 1 TOKa NPe3 TOBapHWA PE3UCTOP, 3a a U3UUCAAT U3XOAHATA
MOLLHOCT M [a@ aHanu3MpaT Kak MPOMEHWTE B eNeKTPUYEecKWUA ToBap BAMAAT Ha
paboTaTa Ha TypbuHaTta.

Xunoteza : Jokamo npusnazame eHepaocrnecmsasawu cmpameauu Kamo
pez2yanupaHe Ha besaume Ha s10namKume U onmumusupaHe Ha pasnosioxfeHuemo Ha

Mpoekr 2022-1-BG01-KA220-HED-000088567 3eneH STEM mogen 3a obyyeHue Ha yuntenu
CrtpaHuua 501 84



Co-funded by

the European Union b

Green

myp6uHama, oyakeame 0a Habnwodaeame HamanseaHe Ha nompebaeHuemo Ha
eHepausA U CbomeemHoO HamanAeaHe Ha emucuume Ha CO 2.

CNEACTBEH EKCNEPUMEHT

EKCMEPUMEHT 1: U3CNEABAHE HA E®EKTA HA PA3/IMYHUTE OU3AMHU HA
JNONATU BbPXY E®EKTUBHOCTTA HA BATbPHATA TYPBUHA

Heobxogumu matepuanu:

L] KomnnekT mogen BATbpHa TypbMHa CbC CMEHAEMM N0NaTKM

[ ] AHEMOMETbP

L] PernctpaTtop Ha faHHU UK 3aNMCBaLLO YCTPOICTBO

L] XpoHOMeTbp Unu Talimep

L] TeTpaaka / enekTpoHHa Tabauua 3a 3anuceaHe Ha HabaoaAeHUs

Mpoueaypa:

1. HacTpoiite KomniekTa mogen Ha BATbpPHa TypbuHa Ha MACTO C NOCTOAHEH BATbPEH
NOTOK.

2. 3anoyHeTe, KaTo MPUKpenuTe efuH TUM NepKa KbM TypbuHaTa M ce ysepeTe, Ye e
34paBo 3aKpeneHa.

3. M3nonsesaiiTe aHEMOMeTbpa, 3a A3 U3MepUTe CKOPOCTTa Ha BATbPA Ha MACTOTO Ha
Typ6uHarTa.

4. CrapTupaiite TypbuHaTa U 3anuiieTe reHepupPaHOTO eNEeKTPUYECTBO 3a onpeaeneH
nepuog, KaTo M3non3saTe PerncTpaTopa Ha AaHHW.

5. MoBTOpeTe CTbMNKM 2-4 C BCEKM TUN OCTPUE, BKIIOYEHO B KOMMNEKTa.

6. CpaBHeTe JaHHUTEe 3a reHepupaHe Ha eNeKTPOEHEPruA 3a BCEKM AW3aliH Ha nepkaTa
M aHanu3npaiTe passiMkUTe B NPOM3BOAUTENHOCTTA.

7. 3anuwerte cBouTe HabAOAEHWA M KOHCTATaLMK B TeTPaAKaTa/eNeKTpoHHaTa Tabavua.

EKCMNEPUMEHT 2: AHA/I3 HA BPB3KATA MEXAY CKOPOCTTA HA BATHLPA U
NPOM3BOACTBOTO HA ENNEKTPUHECTBO
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Heobxogmmu matepuanu:

L] KomnnekTt mozen Ha BATbpHa TypbuHa

[ ] AHEeMOMeTbP

o PerucTpaTop Ha AaHHM UM 3aNUCBALLO YCTPOWCTBO

[ ] XpoHOMETbP Unu Talimep

[ ] TeTpaaxka / enektpoHHa Tabamua 3a 3anucsaHe Ha HabaaeHns

Mpoueaypa:

1. MocTaBeTe KOMMNAEKTa MOLEN HA BATbPHA TypbuHA B 30HA C Pas3iMYHA CKOPOCT Ha
BATbPA.

2. M3non3saiiTe aHemomeTbpa, 3a A3 W3MepBaTe CKOPOCTTAa Ha BATbPa Ha PefoBHU
MHTEpBanu.

3. MycHete TypbuHaTa M 3anuweTe eNeKTPUUYECTBOTO, lEHEPUPaHO Mpe3 BCEKU
MHTepBa, KaTo U3Moa3BaTe perncTpaTopa Ha AaHHu.

4. HauepraiiTe rpaduka, nokassalia Bpb3KaTa MeXAy CKOPOCTTa Ha BATbpa M
NPOU3BOACTBOTO Ha ENEKTPOEHEPTUA.

5. AHanusupaiTe JaHHUTe, 33 Aa naeHTUdULMpaTe BCAKAKBU MOAENN UK Kopenauum
MeXAy CKOPOCTTa Ha BATbPA U NPOU3BOACTBOTO Ha EN1EKTPOEHEPTUA.

6. 3anuweTe cBOMTE HAB/IIOAEHWA W 3aK/TIOYEHNA B TETPaAKaTa/eNeKTpOHHaTa Tabauua.

EKCNEPUMEHT 3: WU3CNEABAHE HA BJ/IMAHUETO HA TMOCTABAHETO HA

TYPBUHATA BbPXY NPOU3BOACTBOTO HA EHEPIMA

Heobxopmmu matepuanu:

KomnnekT mogen Ha BATbpHa TypbuHa

OTKpuTa 30Ha C Pa3/IMYHN BETPOBU YCI0BUA

AHemomeTbp

PeructpaTtop Ha JaHHW UM 3aMMCBALLLO YCTPOMCTBO
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®  XpoHOMeTbp Unu Taiimep

®  Tetpaaka / enekTpoHHa Tabaunua 3a 3anucBaHe Ha HabaoaeHusA

Mpoueaypa:

1. HacTpoiite Komnnekta mMogen Ha BATbpHa TypbuHa Ha pasNMUHM MecTa, KaTo
NPOMEHATE PA3CTOAHWETO OT NPENATCTBUA KATo Crpaiu UK AbpBeTa.

2. M3non3saite aHeMOMETbPA, 3a A3 U3MePUTE CKOPOCTTa Ha BATbPA HA BCAKO MACTO.

3. CrapTupaiite TypbuHaTa U 3anuweTte reHepUpaHoOTO eNeKTPUYECcTBO 3a onpeseseH
Nepuos, Kato 13nos3BaTe PerncTpaTopa Ha AaHHM.

4. CpaBHeTe [aHHWTE 3a NPOM3BOACTBOTO Ha €/IeKTPOEHEPrus 3a BCAKO MACTO M
aHanusupaiiTe Bb3AENCTBMETO HA Pa3NONOMKEHMETO Ha TypbuHaTa BbPXY
NPOU3BOACTBOTO Ha eHEpPrus.

5. 3anuuwerte cBouTe HabAOAEHUA U 3aKNIOYEHNA B TeTpa,D,KaTa/eﬂeKTpOHHaTa Tabnuua.

EKCNEPUMEHT 4: USCNEABAHE HA E®EKTA HA MPOMEH/IUBUTE ENNIEKTPUYECKU
HATOBAP BbPXY EQEKTUBHOCTTA HA BATbPHATA TYPBMHA

Heobxogumu matepuanu:
®  KomniekT mogen Ha BATbpHa TypbuHa
®  Pe3nCTOpU UMW APYTU €NIEKTPUYECKM TOBAPH C Pas/IMUHO CbNPOTUBIEHWE
[ ] BontmeTbp
®  PerucTpaTop Ha [aHHM WAM 3aMUCBALLO YCTPONMCTBO
®  XpoHOMeTbp WU Taiimep
®  Terpagxa/ eneKkTpoHHa Tabauua 3a 3anucBaHe Ha HabloaeHws

Mpoueaypa:

1. HacTpoiite KomnnekTa Moaen Ha BATbPHA TypbUHA U O CBBPXKETE KbM PE3UCTUBEH
TOBap, KaTo pesuncrop.

2. N3mepeTe M3XOAHOTO HampexXeHue Ha TypbuHaTta ¢ nomoLLTa Ha BOATMETBP.
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3. 3anuuwerte U3XOOAHOTO HanpeXeHue 3a BCAKO HUBO Ha eNeKTpuUyeCKn ToBap, KaTto
perynupare CbNpoOTUBAEHMETO, aKo € HE06XOAUMO.

4. CrapTupaiite TypbuHaTa M 3anuwieTe reHepUupPaHOTO eNeKTPUYEeCTBO 3a onpeaesneH
nepuog, KaTo U3nos3BaTe perncrpaTopa Ha AaHHU.

5. AHanusupaiTe Bpb3KaTa MexAay eneKkTpuueckus ToBap U paboTtata Ha TypbuHarta,
KaTo B3emeTe npeasus GakTopu KaTo M3XOLHO HaMpeKeHue U reHepupaHe Ha
e/leKTpoeHeprma.

6. 3anuuweTe cBouUTe Ha6l1l0,ﬂ,eHMﬂ W 3aKN1K04YeHUA B TETpaAKaTa/eﬂeKTpOHHaTa Taﬁnmua.
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YMNPAXHEHWE 2: N3non3saHe Ha cAbHYeBa eHeprua

ONUCAHUE

KoraTo cTaBa BbNpoC 3a OBNaAABaHE HAa CUNATa Ha CABHUETO, M3MNON3BAHETO Ha C/AbHYEBaTa
eHeprua cTou KaTo dap 3a yCcToMYMBM MHOBaLumMU. CAbHYEBATa eHeprys, NosyyeHa oT AbymncraTa
CBeT/IMHA M TONIMHA Ha CAbHLETO, Npeanara Bb3o6HOBAEM M M306MNEeH U3TOUHUK Ha EeHeprus,
KOMTO AbPKM K04 KbM NO-UYUCTO M No-3e/1eHo Bbaelle. Ypes n3non3saHeTo Ha GOTOBONTAUYHM
KNETKW UAU CBHYEBM NaHenu CibHYeBaTa CBET/IMHA ce npeobpasysa B €/1EKTPUYECTBO WK ce
M3M0A3Ba AMPEKTHO 3a OTOM/JEHUE U OCBETNIeHWE, KOeTO A MpaBu Ge3ueHeH pecypc 3a WKUPOK
CMEKTbP OT NPUNOKEHUS.

B ToBa 06pasoBaTeNHO HauMHaHWeE, GOKYCMPaHO BBPXY M3MON3BAHETO Ha CAbHYEBaTa eHeprus,
CTYAEHTUTE Ca MOKaHeHW [a u3cneasaT OCHOBHWTE MPUHLMMM Ha CAbHYEBATa TEXHONOTUA U
HelHuA TpaHchopmmpaly noTeHuMan. Ypes 3agbnboyaBaHe B TEeMU KaTo CbHYEBU GOTOBONTAULM,
C/bHYEBM TOMIMHHM CUCTEMM M YCTPOMCTBA, 3aXpaHBAaHM OT CAbHYEBa eHeprus, CTyAeHTUTe
npuaobusat npeacTaBa 3a MexaHWKaTa Ha npeobpasyBaHe Ha CAbHYEBaTa eHeprua U HelHuTe
NPAKTUYECKU NPUONKEHUA B PA3/IUYHU CEKTOPU.

ANOAKTUKO-METOANYECKU KOMEHTAP

Ypes npaKTMYecKu [AeNHOCTM, EKCNepuUMEHTU W U3CNefoBaTesICKUM MNPOEKTH, CTyAeHTUTe ca
OB/IaCTEHM Aa M3CNeABaT MOA3MTE 3a OKOJIHATa CPeAd, MKOHOMMUYECKaTa YKM3HecnocoBHOCT U
TEXHONIOTMYHUA HanpeabK, CBbP3aHM C M3MNON3BAHETO Ha CNbHYEBa eHeprua. OT aHanu3MpaHeTo
Ha epeKTUBHOCTTA Ha C/TbHYEBUTE MAaHEN A0 NPOEKTUPAHETO Ha PeLLeHUA CbC CTbHYEBa eHeprus
3a nNpeausBuKaTesICTBa B peasHUA CBAT, CTYAEHTUTE Ce HacbpyaBaT Aa MUCAAT KPUTUYHO, Aa
pelwasaT Npobaemun TBOPYECKM M Aa CU CbTPYAHMYAT edeKTUBHO NpU UscnesBaHe Ha OrpoOMHUTE
Bb3MOXXHOCTH, NpeasiaraHn OT CAbHYeBaTa eHeprua.

[loKaTo yyeHMUMTE y4acTBaT B ToBa 06pa3oBaTe/IHO MbTyBaHe, Té He CaMO PasLIMPABAT CBOMUTE
Hay4YHU NO3HAHUA U TEXHUYECKU YMEHUSA, HO U KyNTUBMPAT NO-AbABOKO OLeHABaHe Ha YCTOWUMUBUA
HauMH Ha KMBOT M rPUXKaTa 3a OKONHATA cpefa. M3nonsgaiikm cunata Ha CAbHYEBATa eHeprus,
y4eHuuunTe CTaBaT areHTM Ha npomAHaTa, ,D,BVI)KeI‘/‘IKI/I Hanpea npexoga Kbm I'IO-yCTOI‘/'I‘lI/IBO n
yCcToMYmMBO 6baeLe 3a 6baewmTe NOKoNeHUA.

NPUMEPHU PECYPCU 3A EKCMEPUMEHTAJIHA PABOTA B STEM CPEOA HA TEMA
»MN3MONI3BAHE HA CTbHYEBATA EHEPTUA“:

Pecypc 1 : CibHYe8u (homosomauyHu Kaemku — 0ros30meopABaHe Ha CIbHYe8ama ceemsauHa
30 2eHepupaHe Ha enekmpoeHepaus. PasbupaHe Ha NpuHYumuUmMe u yHKYUOHAAHOCMMA HA
CIbHYesuUme naHesnu.
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Pecypc 2 : Ca1bHYesu cucmemu 3a omorsneHue Ha 800a — [IpoyysaHe HA CAbHYE8U MOMAUHHU
mexHosi02uu 3a 6umosu U NPoMUWAeHU npunoxeHus. OnpedensHe HA egpekmusHOoCmMMa Ha

cnvHYesume 6bolinepu.

Pecypc 3 : Yempolicmea, 3axpaHeaHu cbe CIbHYe8a eHepaus — MPOEKMUPAHE U KOHCMpPYyupaHe Ha

CbHYe8U 3apAOHU ycmpolicmea, ceemauHu u Oxcadxcu. [lpoyyeaHe Ha npakmuyeckume
MPUNOHEHUA HA CAbHYEBAMA eHepaus 8 excedHesuemo.

NMPUMEPHU PA3CNEABALLKU BBMPOCKM NO TEMATA, NMPEAHA3SHAYEHM 3A
NPOEKTHU AEMHOCTU B STEM CPE[IA:

10.

KoM ca Kno4oBWUTE KOMMOHEHTU Ha CAbHYeBaTa GpOTOBONTAMYHA KNETKA U KaK Te
paboTAT 3aeAHO, 33 Aa NpeobpasyBaT CIbHYEBATA CBET/IMHA B €/IEKTPUYECTBO?

Kak ce npomeHs ebeKTMBHOCTTa Ha CNbHYEBUTE NaHe/Nu B 3aBUCUMOCT OT daKTopu
KaTo bbb/ HA HAaKNOH, OpUeHTaUMA n 3aceHyBaHe?

Kakeu ca npegmmcTeaTta U OrpaHNYEHUATA Ha CABHYEBUTE CUCTEMMU 3@ HArpABaHe Ha
BO/A B CpPaBHEHWeE C KOHBEHLMOHAIHUTE METOAM 3a HarpABaHe Ha Boga?

Kak mo»Ke fa ce M3n0/13Ba CAbHYEBATa EHEPrUA 3a 3aXpaHBaHe Ha NPUNOKEHUA U3BBH
MpexaTa, KaTo AMCTaHUMOHHU CEH30PW, YAMYHU CBETIMHU U KOMYHWKALMOHHM
ycTpoicTea?

KaKByM ca MKOHOMUYECKUTE U €KONOTUYHUTE NOA3U OT UHTETPUPAHETO Ha CUCTEMM 33
C/TbHYEBA €HepPrua B XKUIULLHU U TbPTrOBCKK crpaaun?

Kak reorpadckoto MecTononoXeHWe W KAUMATUYHWUTE YCIOBUA BAWAAT BbPXY
OCBLLECTBMMOCTTA U ePeKTUBHOCTTA Ha M3M0/I3BaHETO Ha C/TbHYEBaTa eHeprua?

Kaksu ca nocnegHUTe NOCTUXKEHUA B C/TbHYEBATa TEXHO/IOTUA U KaK Te A0NPUHACAT 3a
nogobpsasaHe Ha edeKTMBHOCTTa M [OCTbMNHOCTTA HAa CAbHYEBUTE eHEepruiHu
cuctemu?

Kak moxe ga ce M3non3Ba CAbHYeBaTa eHeprua 3a Ce/ICKOCTOMAHCKU Lenu, Kato
HanofABsaHe, CylleHe Ha KYATypu U ynpasaeHune Ha [06UTbKa?

Kaksu ca npeausBuMKaTencTsata, CBbpP3aHU CbC CbXPAaHEHWETO Ha CbHYEBA eHeprusa
W WHTErpauMnaTa B MpPEXKaTa M KaKBM WMHOBATMBHWU pelleHus ce paspaboTsat 3a
cnpassHe ¢ Tesu npeaunsBuKaTencresa’?

Kak moraTt xopaTa M 0b6LHOCTUTE Aa ce 3acTbNAT 33 MNOAUTUKM U CTUMYAU 3a
HacbpyaBaHe Ha LIMPOKOTO NpUemMaHe Ha TEXHO/I0TUM 33 CTbHYEBA eHeprua?
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Pecypc 1
CNTbHYEBU ®OTOBO/ITAUYHU KNETKU
KPATKA NH®OPMALUA 3A YYEBHUA PECYPC
Xumnsa, dusuka, buonorus,
Cy6eKTtn
NHbOPMaLMOHHM TEXHONOTUK
Bb3pact Yyenunum
Bpeme 3a 2 yaca
U3NbAHEeHKne

B nogTemarta "CnbHUEBM GOTOBONTAUUHM KNETKU" yueHULMTE ce 3a4bN60YaBaT BbB Bb3MOXKHUTE
DYHKUMM M CTPYKTYPEH CbCTaB HA CAbHYEBWUTE KAETKM, U3N0N3BaNKM paboTHU maTepuanu.
MonynpoBoAHUKOBUTE NOCNEAO0BATENHOCTH, 33 KOUTO TE3M NPOCTPAHCTBEHW KOOPAUHATH Beve ca
n3BecTHU, 06MKHOBEHO ce ny6nKyBsaT B 6a3u gaHHM B UHTepHeT. OTTam CTyAeHTUTe moraT 4a M
M3TerNAT Ha coBCTBEHUTE CU KOMMIOTPU U fa M BMU3yanusmpart kato 3D moaenw. M3non3saitku
npvmepa Ha CAbHYEBM GPOTOBONTANYHU KNETKM, TOM AeMOHCTPMPa Kak moraTt Aa ce u3nonssar 3D
mogzenu, 3a Aa ce pasbepe CTPYyKTypaTa U GYHKLIMOHMPAHETO Ha Te3n KaeTku. OcBeH ToBa TO3M
KOHTEKCT ce 3aabnboyaBa B M3CAEABAHETO Ha Pa3NMYHM MOAYNPOBOAHWMKOBU MaTepuany,
M3M0/I3BaHN B C/TbHYEBM MaHENN, KaTo 6a3nMpaHn Ha CUANLMIA CIBHYEBU KNETKU U anTepHaTUBHU
matepuanu.

BbBEAEHUE N TEOPETU4HM OCHOBU

CnbHYyeBUTE d)OTOBOﬂTaVl"lHVl KNeTKU M3NMBbAHABAT Pa3/INYHN BaXKHU d)yHKLl'l/IVI 3a ynagaHe U
npeo6pasyBaHe Ha CAbHYEBATa CBET/IMHA B enekTpuyectso. lMopaau ToBa Te ca OT ocobeHo
3HayeHne 3a npegmerta XMmmAa U Cca noaxo Al U 3a npegmeTa ¢M3I/IKa KaTto ¢OTOBOJ’ITaVNHVI
ycTpoiicTBa. OT CTyAeHTUTe Ce M3UCKBA A3 NPOBEXAAT U3CNeL0BaTE/NICKU eKCNePUMEHTH, 3a Aa
NPOBEPAT CbCTAaBa M HAKOM OT CBOWCTBATA HA CTbHYEBUTE KNETKU. BUOCMHTE3aTa Ha CbHYEBUTE
KNETKM MOKe Aa 6bae nscneasaHa B Abn6oumnHa.

OBOCHOBKA 3A NPOBEXAAHE HA EKCMEPUMEHTA

YueHunumuTe n3non3saT TO3M maTepuarn, 3a Aa Pa3BUAT OCHOBHU MO3HAHWA 33 CTbHYEBUTE KNETKU.
3a ga HanpasAT TOBA, T MbPBO CbCTABAT Bb3MOXHUTE QYHKLMM Ha C/TbHYEBUTE KNETKU NO AcCeH
HauuH. Cnep TOBa Ce 3aHMMaBaT CbC CTPYKTypaTa Ha oTAeNHWUTe GOTOBONTaUYHUN KNETKU, TEXHUTE
BPB3KM M MNPOCTPAHCTBEHOTO pPaA3NOJ/IOXKEHME Ha OCTaTbuuTe OT C/AbHYEBUTE KNETKU.
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DOTOBONTANYHUTE KNETKU Ca FPAAUBHUTE NEeMEHTU Ha CTbHYEBWTE NaHeNu, HO Teé UMAT U MHOTO
Apyrv GYHKUMKM B CNbHYEBaTa eHepruitHa cuctema. Hakou ¢GOTOBOATAMYHM KNETKU ca OT
CbLLECTBEHO 3HAYeHMe, KOeTO 03Hauyasa, ye TpAbBa Aa 6bAAT MOJMYYEHWM OT OKO/MHATA cpeaa,
A0KaTo Apyru morat Aa 6baaT Npon3BeAeHN OT CaMOTO TANO. AKO KenaeTe, TemaTa MoKe A3 6bae
3agbnboyeHa B NOCOKa Ha BMOCMHTE3A HA CBHUYEBM KNETKU MW MOAUDUKALMUM HA CAbHYEBU
KNETKM UK MOXKe Aa Bbae BbBeAeHa B 6a3ata aHHW Ha CTbHYEBU KIETKU.

NPEONEXAT OA CE U3NBJTHAT CNEACTBEHU 3A0AYU

1. W3cneppaitte edpekta OT NPOMEHAMBUA MHTEH3UTET Ha CBET/IMHATA BbPXY U3X0AA Ha
e/1eKTpoeHeprva oT CibHYEBUTE GPOTOBONTAUYHM KNETKM, KAaTo U3MON3BATE U3TOUHUK
Ha CBET/IMHA (KaTO !laMI'Ia), NOCTaBEH Ha Pa3/IN4HU PA3CTOAHUA OT CTbHYEBATA KNETKA.
M3mepeTe v 3anuieTe HaNnpeXXeHUEeTo M TOKa, NPOU3BEAEHU OT CbHYEBATa KAeTKa
Npn BCAKO HUBO HA MHTEH3UTET Ha CBET/INHATA.

2. W3cneppaiite BAUAHMETO Ha TemnepaTypaTta BbpXy €$eKTMBHOCTTa Ha CAbHYEBUTE
¢OTOBOI’IT3VNHVI KNEeTKU 4Ype3 HarpAaBaHe WM OXNaXgaHe Ha CAbHYeBaTa KNETKa,
M3M0N3BalKM CbOTBETHO W3TOYHMK Ha TOMAMHA WAW NakeT ¢ nes. Mamepete u
CpaBHETEe MOLLHOCTTa Ha C/TbHYEBATa K/IETKa NPW PasNnyHu TeMNepaTypHU HUBa.

3. AHanvsupaiiTe BAUAHUETO HA Pa3MYHU MaTepuanm BbpXy paboTtaTta Ha CAbHYEBUTE
HOTOBONTAaUYHM KNETKW Ypes3 KOHCTPyMpaHe Ha CAbHYEBM KAETKM C MOMOLLTA Ha
Pa3nUYHU NONYNPOBOAHUKOBM MaTepuany (Kato CUAWMUMIA, ranves apceHug uau
Kagmues Tenypusa). CpaBHeTe MOLLHOCTTA Ha ENEKTPOEHEPTUA U ePpEKTUBHOCTTA Ha
BCEKM MaTepuan 3a CIbHYEBU KNETKU.

4. W3cnepBaiite brnosata 3aBUCMMOCT Ha C/bHYEBUTE (OTOBONTAUYHW KAETKM, KaTo
HaKNaHATe CAbHYEBMA MaHen noa pPas/Ind4HU bran CNpAMO BXOAAllaTa C/AbH4YEBaA
CBeTnHa. M3mepeTe 1 cpaBHeTe M3XOA4HATa e/IeKTPOEHEPrnA Ha CAbHYEBMA NaHen
NpW pPasIMdHU BIAN Ha HAKNOH, 3a Aa onpeaennte ONTUMasHaTa OpPUEHTauua 3a
MaKCMMaTHO reHepupaHe Ha eHeprua.

Xunotesa : Cbcmaebm u ceolicmeama Ha cAbHYesume homoeoamaudHu Kaemxu
mozam 0Oa 6v0am onpedeneHu eKcnepumMeHmManHo 4Ype3 u3cnedeaHe Ha
evb3delicmeuemo Ha pa3nuYHU Nnapamempu KAMo uHmMeH3umem Ha ceemauHama,
memnepamypa U XapaKmepucmuku HA Mamepuanad, U3non3eaHu  npu
KOHCMpyupaHemo Ha Kaemkama.
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CNEOCTBEH EKCMEPUMEHT

EKCNEPUMEHT 1: U3CNEABAHE HA E®EKTA HA MPOMEH/INBUA UHTEH3UTET HA
CBET/INHATA BbPXY C/TbHYEBUTE ®OTOBO/ITAUYHU KNIETKU

Heobxogumu matepuanu:

(] CnbHYeBa GpOTOBONTAMYHA KNETKa

[ ] N3TOYHUK Ha cBeT/IMHa (namna)

[ ] M3mepBaTen Ha MHTEH3UTETA Ha CBETIMHATA WU IYKCOMETbP

[ ] MyntumeTtbp

Mpoueaypa:

1. MoctaBeTe cnbHYeBaTa POTOBONTaMYHA KNeTKa Ha Aobpe OCBETEHO MACTO C AOCTbN
[0 eNEeKTPUYECKM KOHTAKTU.

2. MocTaBeTe M3TOYHMKA Ha CBETAMHA (namna) Ha GUKCMPaHO Pa3CToAHME OT conapHaTa
KneTka.

3. N3mepeTe 1 3anuiieTe NbPBOHAYaANHOTO HaNPEXEHNEe U TOK Ha CbHYEBaTa KaeTKa C
nomoLLTa Ha MyATULIET.

4. BK/tOYETE M3TOYHMKA Ha CBETAMHA W PeryavpainTe HeroBua UHTEH3UTET (ApPKOCT) Ao
npesBapuTeNIHO ONpejeneHo HUBO, KaTo M3MN0/3BaTe CBET/IMHEH WHTEH3UTET MAu
nNyKcomep.

5. OcTaBeTe conapHaTa Knetka Aa 6bje U3NOXKeHa Ha M3TOYHMKA Ha CBETIMHA 3a
onpeaeneH nepuog ot speme (Hanp. 5 MUHYTH).

6. Cnep nepvosa Ha eKCno3nLmMA usMepeTe 1 3anuiieTe U3XOAHOTO HanpeXeHue 1 ToK
Ha C'bHYEeBaTa K/eTka C MOMOLLTa Ha MyNTUMETbpa.

7. MosTopeTe cTbnkM 4-6 3a pas/IMYHM HMBA Ha MHTEH3UTET Ha CBET/AMHaTa, KaTto
perynvpate APKOCTTa Ha M3TOYHMKA Ha CBET/IMHA.

8. AHanusumpaiiTe aaHHuMTe, 3a fa HabniopasaTe Bpb3KaTa MeX/y MHTEH3uTeTa Ha

CBET/INHATA N MOLWHOCTTA Ha CAbHYEeBaTa K/eTKa.
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EKCMEPUMEHT 2: U3CNEABAHE HA Bb3AEACTBMETO HA TEMMNEPATYPATA BbPXY
CNBHYEBUTE ®OTOBONITAUYHU KNETKU

Heobxopmmu matepuanu:

o CnbHueBa GOTOBONTAUYHA KETKA

o M3TOYHUK Ha TON/AIMHA (Hanp. IaMna WaK celwoap) Uan NaKeT ¢ nes

o TemnepaTtypeH AaT4UK UAU TEPMOMETBP

[ ] MyntumeTtbp

Mpoueaypa:

1. HacTpoiite crbHYeBaTa GOTOBOATaMYHA KNETKA B KOHTPOAMPAHa cpefa ¢ A0CTbN A0
eNeKTPUYECKU KOHTaKTU.

2. M3mepeTe 1 3anuiieTe NbPBOHAYANHOTO HAaNpPEeXeHWe U TOK Ha CbHYeBaTa KaeTka ¢
nomoLyTa Ha MynTULeT.

3. AKo uscnegpate edekta Ha TONAMHATA, BKOUYETE U3TOUHMKA Ha TONAWHA (namna uau
celwoap) M ro noctaBete Ha GUKCUPaHO Pa3CTOAHME OT CAbHYEBaTa KaeTka. AKo
n3cneapate epekTa Ha CTy[a, HaHeceTe NaKeT C fief, BbpXy CONapHaTa KaeTKa, 3a Aa
HamanuTe Temnepatypata i.

4. OcTaBeTe cAbHYeBaTa KneTka Aa 6bAe M3N0XKEHa Ha U3TOYHMKA Ha TOMAMHA MK
naKeTa c fied 3a onpeaeneH nepuos ot Bpeme (Hanp. 5 MuHyTm).

5. Mo Bpeme Ha Nepuosa Ha eKCno3ULMA HENpPeKbCHATO creaeTe TemnepaTtypata Ha
CN'bHYEBATa K/eTKa C MOMOLLTA Ha TeMNepaTypeH CeH30p UAU TEPMOMETDP.

6. Cnep, nepuofa Ha eKCno3nuUmMA USMepeTe U 3anuiieTe U3XOAHOTO HampeXeHue U ToK
Ha C'bHYEBATa K/eTKa C MOMOLLTa Ha MYNITUMETBPA.

7. MosTOpeTe CTbNKM 3-6 3a Pa3NYHM TEeMNEePaTYPHU HMBA.

8. AHanusupaiite gaHHWUTe, 3a Aa HabnlogasaTe Bpb3KaTa MexAy TemnepaTtypaTta u

MOLWWHOCTTA Ha CNbHYEBATa K/eTKa.
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EKCNEPUMEHT 3: AHAZIU3 HA BIMAHUETO HA PA3IMMHUTE MATEPUA/TU BBPXY
CNBHYEBUTE ®OTOBONITAUYHU KNETKU

Heobxopmmu matepuanu:

o CnbHYeBa GpOTOBONTANYHA KNETKA

o PasnuWuyHM NONYNPOBOAHWKOBM MaTepuanu (Hanp. CUAWMLMIA, ranves apceHua,
KaZMUeB Tenypua)

[ ] MynTumeTbp

[ ] W3TOYHUK Ha cBeT/IMHa (namna)

Mpoueaypa:

1. KoHcTpymnpaiiTe CAbHYEBM KNETKM, KaTo M3No/i3BaTe PasNvyHU NOAYNPOBOLHWUKOBU
maTtepuanu (Hanmp. CUAWMUMIA, FanueB apceHua, KaaMWEB Tenypwa) CbraacHo
YCTaHOBEHW NPOTOKOJ/IN MW UHCTPYKLMU HA NPOU3BOAMUTENS.

2. YBeperte ce, Ye BCUUKM CbHYEBU KIETKM Ca C eHaKbB pasmep v KoHburypaums 3a
nocneAoBaTeHOCT.

3. HacTpoiiTe BcAka cAbHYEBa KNeTKa B KOHTPOIMpaHa cpeaa C 40CTbN A0 €N1eKTPUYECKM
KOHTaKTU.

4. M3mepeTe 1 3anuwieTe MbpBOHAYAZHOTO HAMPEXEHWe WM TOK Ha BCAKA CAbHYeBa
K/leTKa C NOMOLUTa Ha MyATULeT.

5. MN3n0KeTe BCUYKM CBHYEBM KNETKU HA €HAKBO HMBO HA MHTEH3UTET HA CBET/IMHATA,
KaTo M3N0/13BaTe Iamna AW APYr U3TOYHUK Ha CBETAWHA.

6. OcTaBeTe CMbHYEBUTE KNETKM Aa 6bAAT WM3/NIOXKEHW HA M3TOYHMKA Ha CBET/IMHA 3a
onpegeneH nepuog, ot Bpeme (Hanp. 5 MUHYTK).

7. CJ'IEA neproaa Ha eKkcno3numa usmepeTe U 3anuueTe U3Xo4HOTO HanpeXeHune n ToK
Ha BCAKA CbHYEBA K/IETKa C MOMOLLTA Ha MyATUMEeTbPa.

8. CpaBHeTe MOLLHOCTTA Ha eNeKTpoeHeprua U edeKTMBHOCTTA Ha BCEKM maTepuan 3a
CNBHYEBU KNETKM.

9. AHanusupaiTe AaHHUTe, 3a [Ja HabnoaaBaTe Bb3AEMCTBMETO Ha  PasNUYHM

NoNyNpPOBOAHUKOBM MaTepuann Bbpxy paboTata Ha CibHYEeBUTE POTOBOATAUYHM
KNneTKu.
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EKCNEPUMEHT 4: U3CNEABAHE HA BI/1IOBATA 3ABUCMMOCT HA CTbHYEBUTE
®OTOBONITAUYHU KNIETKU

Heobxogumu matepuanu:
o CnbHYeB naHen
o Perynvmpyema MOHTa)XHa CTolKa unu onopa
[ ] N3TOYHUK Ha cBeT/IMHa (Hanp. namna)
[ ] MyntumeTtbp

Mpoueaypa:

1. MocTaBeTe conapHWA NaHen BbPXy peryanpyema MOHTa)KHa CTOMKa uau ornopa B
[obpe ocBeTeHa 30Ha C AOCTbN A0 NEKTPUYECKM KOHTAKTH.

2. PerynupaiiTe brba Ha C'bHYEBMS NaHeN CNPAMO BXOAALLATA CTbHYEBA CBET/IMHA A0
Pa3NNYHM BIAKU Ha HakIoH (Hanp. 0°, 30°, 60°).

3. N3mepeTe U 3anuweTe NbPBOHAYANHOTO HaNpPEeXeHUe U TOK Ha CAbHYEBUA NaHen ¢
NOMOLLTa HAa MyANTULET.

4. BK/ItOYETE M3TOYHWKA Ha CBET/NIMHA (1IaMna) 1 ro nocTaBeTe Ha GUKCUPAHO Pa3CTosHWE
OT CONapHUA NaHen.

5. OcTaBeTe CONapHWA naHen Aa Obfe W3/0OKEeH Ha M3TOYHWKA Ha CBET/IMHA 3a
onpegeneH Nnepuog, ot Bpeme (Hanp. 5 MUHYTK).

6. Mo Bpeme Ha nepuofa Ha M3naraHe MOAABPNKANTE CAbHUYEBMA MaHeN MoOA
npeABapuUTENHO ONPeAeneHNA brb/l Ha HaK/NOH.

7. Cnep neproja Ha eKcnosuuma n3mepere 1 3anuiieTe U3X04HOTO HaNpeXKeHue U TOK
Ha C/TbHYeBMA NaHeN C MOMOLLTA Ha MYyATUMETbPaA.

8. NoBTOpETe CTLNKK 2-7 33 PA3/IMYHM BI/IU HA HAK/OH.

9. AHanusupaiTe AaHHWTE, 33 Aa onpejenvTe ONTUMANHMA Brbll Ha HaKAOH 3a
MaKCUMaNHO reHepupaHe Ha eHeprua.
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YMPAXHEHMUE 3: Bb3geinctameTo Ha CO 2 OTnevaTbKk M npunaraHe
Ha CTpaTernu 3a HamansfBaHe my

OMUCAHUE

B TO3M YpOK y4eHWuWTe We ce BMycHaT B MbTyBaHe, 3a Aa 3agbnbouar pasbupaHeTo cu 3a
Bb3/€/CTBMETO Ha eMUCUUTe Ha BbrepogeH anokeua ( CO ;) Bbpxy OKONHaTa cpesa v Aa npoyyat
NPaKTUYECKM MEPKM 3a HamanfABaHe Ha TeXHUA BbINEepPOAeH OTnevaTbK. Ypes yBAeKaTenHu
OUCKYCUM W UHTEPAKTUBHM [LEeMHOCTU CTYAEHTUTE LWe PasKpuAT B3aMMOBPB3KAaTa MexAay
YOBELIKUTE AEMHOCTU U U3MEHEHMETO Ha KAWMaTa, CbC CreuuaneH akueHT BbpXy ponsTa Ha
emucuute Ha CO ;3a CTUMY/IMPaHe Ha ro6anHOTO 3aTON/AHE M BNOLLABAHETO HA OKOJ/IHATa cpeja.
Te we Hay4yaT 3a pasNMYHUTE M3TOYHULM HA BBIIEPOAHU €MUCUM, BKIKOUUTENHO TPAHCNOPT,
notpebieHne Ha eHeprva U NPOMMULLAEHU NMPOLECH, KaTo Le NpuaobuAT NpeacTaBa 3a ToBa Kak
oTAEe/HWUTE AeWCTBUA LONPUHACAT 338 KONEKTUBHWA BbINIEPOAEH OTNEYaTbK.

OcBeH TOBa CTYAEHTUTE e ce 33AbA60YAT B 3HAYEHMETO HA M3MEPBAHETO Ha BbINIEPOAHMA
OTNeYaTbK KaTo KM3HEHOBaXKHa CTbMKa KbM €KOJIOTMYHA OTYETHOCT U YCTOW4MBOCT. Te we
uscnensaTt pasiIM4HU MeToamn U UHCTPYMEHTU, U3MON3BAHU 33 U3YUCNABAHE HA BbrIepogHuTe
eM1CKK, BapupaLLy OT OHNAMH KaNKynaTopu A0 NO-U34epnaTeNHu OLEHKU Ha MU3HEHWUA LUKbBA.
MpuAao6MBaitKM NPAKTUHECKW OMUT B U3MEPBAHETO HAa COBCTBEHWA CU BbIEPOAEH OTMNEeYaTbK,
yYyeHUUMTE Lie pas3BuAT No-3aabiboyeHa NPeAcTaBa 3a TAXHOTO Bb3AENCTBME BbPXY OKO/HATa
cpeaa v 3HauyeHMeTo Ha B3eMaHeTo Ha MHbopMMpaH U3bop 3a HamanaBaHe Ha emucuute. Ypes
TOBa M3c/nefBaHe yyeHUuuTe We 6bAAT OBNACTEHM A3 NPEANPUEMAT CMUCIEHW AeNCTBUA 3a
CMeK4YaBaHe Ha U3MEHEeHMEeTO Ha KNMMaTa U HacbpyaBaHe Ha No-ycToiMuMBO Bbaelue.

ANOAKTUKO-METOAUYECKM KOMEHTAP

Mo Bpeme Ha TO3M YPOK Le 6bAe U3M0A3BaH NOAX0A, OPUEHTUPAH KbM YHEHWKA, 38 HAaCbpyaBaHe
Ha aKTUBHOTO aHraxmpaHe W KPUTUYHOTO MUCAEHe cpes, yyeHuuuTe. [lefiHOCTUTe 3a CbBMECTHO
o6yueHwe, KaTo rpynoBM ANCKYCUM M 334341 33 PELUABAHE Ha NPOBIEMY, e HACLPYAT yHeHNLUTe
A3 OBMEHAT uaew, Aa CNOAENAT rNefHW TOYKM U KONEKTUBHO A3 M3CNeABaT peleHus 3a
HamanABaHe Ha Bbr1epoaHuTe emMucuu. OcBeH TOBa NPAaKTUYECKNTE EeKCNepUMEeHTU w“
MHTEPaKTUBHWUTE AEMOHCTPALMM e OCUTYPAT Ha YYeHUUMTE oce3aemMu MPexuBABaHUA, 3a Aad
3agbnboyat pa3bupaHeTo CU 33 M3MePBAHETO Ha BbINEPOAHMA OTMeYaTbK M cTpaTteruute 3a
HamansBaHe. OCBEH TOBA, WHTErpPUMPAHETO Ha MYATUMEAUAHU Pecypcu, BKAIOUUTENHO
BUAEOKNMNNOBE, MHHOrPadUKM U MHTEPAKTUBHU CUMYNALMK, LLE Ce MOFPUMKM 3@ Pa3/IUYHM CTUI0BE
Ha y4eHe U We nofo6pu pasbupaHeTo Ha CNOXKHM EKONOTUYHU KOHLENLUMWU. Ypes BKIIOYBAHETO Ha
meToam 3a 0byyeHue, 6asnpaHn Ha 3aNUTBAHWA, M NPUOKEHWUA OT PEasHUA CBAT, TO3U YPOK MMa
3a Lien A3 AaAe Bb3MOXKHOCT Ha YYEHWLUTE Aa CTaHaT areHTV Ha NPOMAHaTa B HaCbpPYaBaHETO Ha
YCTOMYMBOCTTA Ha OKO/IHATA cpeAa B TEXHUTE OBLLHOCTY.
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MPUMEPHU PECYPCU 3A EKCMEPUMEHTAJIHA PABOTA B STEM CPELA NO TEMA ,,
Bb3JIEMCTBUETO HA CO . OTMEYATBKA U MNPWUATAHE HA CTPATEMMKU 3A
HAMA/ABAHE “:

Pecypc 1 : MoHumopuHa Ha eHepauliHa edpekmueHocm u emucuu HA CO 2 ¢ uncmpymenmu

stem o Ocueypeme Ha yd4eHuyume uHcmpymeHmu STEM, kamo usmepsamenu Ha
eHepaus Unu CeH30puU 3a OKOAHAmMa cpedd, 060pyd8aHuU cbe ceH3opu 3a CO 2, KOUmMo
moeam 0a 660am c8bP3aHU KbM CMapMgOHU uau mabaemu. YyeHuyume mozam 0a
u3Moa38am me3su UHCMpymeHmu 3a edHO8PeMeHHO U3mMepaaHe Ha nompebaeHuemo
Ha eHepauA u emucuume Ha CO 28 PasnU4HU 4aCMU HA C80emMoO yyunuuje uau Oom,
Kamo KaacHu cmau, nabopamopuu unu obwu Yacmu. Cobupaliku u aHaausupalku
eHepeuliHu 0aHHU 3aedHo ¢ emucuume Ha CO >, cmydeHmume npudobusam
yAsocmHo pasbupaHe 3a maxHOomMo 8b3delicmaue 8bpxy OKoaHamMa cpeda u moaam
0a udeHMuUGUYUPAM 8L3IMOXHOCMU 30 HOMA/AABAHE KAKMO HA nompebaeHuemo Ha
eHepaus, MaKa u Ha 8baaepooHUMe emMmucuu.

Pecypc 2 : [TpunoxceHue 3a NpocnedsasaHe Ha 8baaepodeH omnevyamuvk : 3anosHalime
y4yeHuyume ¢ npusaoxeHus 3a cMapmeoHu, npedHa3HaYeHU 3a npocaedssaHe Ha
8baesepodeH omnedamuvK. MpunoxeHus kamo "Capture” unu "Footprint"” noseonssam
Ha nompebumesnume 0a 8beexOam cgoume exeoHe8HU 0eliHoCMU, 8KAYUMENHO
mpaHcnopm, KOHCYMayus Ha eHepaus u u3bop Ha XpaHa, 3a 0a us4ucaam ceoume
8b2s1epodHU emucuu. CmydeHmume moz2am 0a U3rnosa38am me3u NpuaoxceHus, 3a 0a
Habnwoasam c80A 8benepodeH Oome4yamvK C meyeHue Ha epememo, 0a cu
nocmasam yenu 30 HOMAAABAHE U 0a U3CAe08amM HAYUHU 30 MUHUMU3UPAHe Ha
8b30elicmauemo cu 8bpxy oKoaHama cpeda.

Pecypc 3 : [Ipedussuxkamesncmeo 3a _ycmolyue mpaHcriopm : AHeaxcupaiime
yyeHuyume 6 npedu3sukamesncmeo 3a ycmolidue mpaHcropm, Kamo u3nosnseame
MPUAOHEHUA 3a CMApPME@OHU U UHCmpymeHmu 3a GPS npocnedasaHe. CmydeHmume
moeam 0a u3nonseam npusaoxeHus kamo ,Strava” uau ,Google Maps”“, 3a Oa
npocniedssam excedHes8HUMe cu Mapwpymu 3a nbmyeaHe 0o pabomHomMo MACmo u
sudose mMpaHCIopm, Kamo xooeHe, Kosoe3deHe, CrodesneHo MbmysaHe uau
usnosszeaHe Ha obwecmseH mpaHcriopm. Ypes cvbupaHe u aHanU3 HA OaHHU
yyeHuyume mozam 0a cpasHABAM 6b27epodHUME eMUCUU, C8bP3AHU C Pa3AuYHU
MpaHcnopmHu onyuu, u 0a NPoy4am HAYuHU 3d HaOMA/ABAHE HA 8b2AepO0HUA cU
omne4yambvK 4Ype3 HACbPYABaHe HA YCcmoldyusu nPAKMuKu 3d nbmysaHe 00
pPabomHOMo MACMOo 8 MAXHOMO yyuauwe uau obuHocm.

MPUMEPHU PA3CNEABALLUM BBMNPOCK MO TEMATA, NPEAHA3SHAYEHU 3A
NPOEKTHU AEAHOCTM B STEM CPEJA:
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1. Kon ca ocHoBHWUTE M3TOYHMUM Ha emucmnn Ha CO » B HawwmA YHUBEPCUTET
NN AOM U KaK Te KopenunpaTt C moaenunte Ha n0Tpe6neHMe Ha eHeprvm?

2. Kak npomeHuWTe B TemnepatypaTa BAWAAT BbpXy noTpebneHueTo Ha
eHeprusa u emvcunte Ha CO 2 BbB BbTPeLIHaTa Cpesa M KakBU cTpaTternm
MoraT A3 6bAaT NPUNOKEHM 33 ONTUMU3MPaAHe Ha cucTemuTe 33
oTOMNEeHME M OXNaXaaHe?

3. KakBo e Bb3geicTBMETO Ha m3bopa Ha ocBeTneHWe (Hanmp. namnu ¢
Ha)keXkaema Kuuka, payopecueHTHU namnu, LED) Bbpxy notpebneHneto
Ha eHeprua u emmcuuTe Ha CO 2 M Kak MoxKe Aa ce Nofobpu epeKTMBHOCTTA
Ha ocBeTneHneTo?

4. Kak eHeprocnecTaBaluTe NOBeAEHWUA, KaTO U3KNIOYBAHE HA OCBETNIEHNETO
M U3K/IOYBAHE Ha eNeKTPOHWKaTa, BAMAAT Ha obwwoTo notpebneHne Ha
eHeprua n emucuute Ha CO 2 c TeueHue Ha BpemeTo?

5.  Kaksu ca pasnukute B notpebneHveTo Ha eHeprua u emucumte Ha CO »
MeXAay AeNHUYHWUTE U NOYMBHUTE AHU U KaK MPaKTUKWUTE 3a necteHe Ha
eHeprua morat Aa 6bAaT aganTupaHu, 3a Aa ce NPUCNocobAT KbM Tesn
Bapuauun?

6.  Kak M360pbT Ha TpaHCMopT BAKAE BbpXY 06wwmuTe emmcun Ha CO 2 1 Kaksu
anTepHaTMBM CbLLECTBYBAT 3@ HacbpyaBaHe Ha YCTOWYMBM NPAKTUKM 3a
nbTyBaHe A0 PAaBOTHOTO MACTO B HALLIETO YYUULLE UAK OBLLHOCT?

7. Kak moraT Bb30OHOBAEMUTE EHEPrMUHWM M3TOUHWLM, KaTo CAbHYEBU
naHenn uAm BATbPHMU TypOMHK, Aa 6bAAT MHTErPUPAHU B HALIETO YUMAMLLE
WAN JOM, 33 4a Ce HaMaau 3aBUCMMOCTTa OT M3KOMaemu ropuea u ga ce
HamanaT emmcunte Ha CO 2 ?

8. KakBa pons moxe ga urpae BuM3yanusaumata M aHaAM3bT Ha AaHHM 33
noBuUWaBaHe Ha 0CBEAOMEHOCTTa OTHOCHO NOTPeBAEeHNETO Ha eHeprusa u
emucuute Ha CO 2 M 33 MOTUBMPAHE HA MPOMAHA Ha NOBEAEHUETO KbM
ycTonumsocT?

9.  KaK KOHCymauuaTa Ha eHeprus Bapupa B Pas/MYHUTE YacTU Ha HaluuA
YHUBEPCUTET UM LLOM U KaKBU GaKTOPU AONPUHACAT 33 TE3W Bapuaumm?

10. Kak MOXeMm [a Cv CbTPYAHWUYMM C MECTHM 3aMHTEPEecoBaHM CTPaHM, KaTo
[0CTaBYMLM HA eHEPrvA UM eKOJIOTMYHU OpraHM3aumu, 3a NnpunaraHe Ha
ebeKTUBHM MEPKM 3a eHepruitHa eGeKTUBHOCT M HaMaIABaHe Ha eMUcunTe
Ha CO > B Hawara o6wHocT?
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Pecypc 1

EHEPTUAHA EQEKTUBHOCT U MOHUTOPUHI HA EMUCUUTE HA CO , CbC
STEM MHCTPYMEHTH

KPATKA MUHO®OPMALUA 3A YYEBHUA PECYPC

Xumnsa, dusuka, buonorus,
Cy6eKTtn
MNHbOPMaLMOHHM TexHONOrUK
Bb3pact Yyenunum
Bpeme 3a 2 yaca
U3NbJ/IHEH
ue

MNoaremata ,EHepruiiHa edekTMBHOCT U MOHWUTOPWMHT Ha emucuute Ha CO , cbe Stem Tools”
npeaocTasa Ha CTYAEHTUTE NPAKTUYECKU ONUT B MOHUTOPUHIA U aHANIMU3a Ha I'IOTpE6}1€HVIETO Ha
eHeprua n CO , emucum c nomowta Ha STEM MHCTpymeHTU. Ypes To3M NPOEKT CTyAeHTUTe e
nNpUA06UAT NpaKTUYECKM YMEHUA 3a CbbuMpaHe, aHaAW3 U MHTEprpeTauus Ha AaHHW, A0KaTo
13cneABaT BPb3KaTa MeX Ay NoTpebeHNeTo Ha eHeprs 1 Bb3AeNCTBUETO BbPXY OKONIHATA cpesa.
Ypes aHraxkuMpaHe B peanHu NPUAOXKEHUA Ha NpUHUMNUTE Ha STEM, cTyaeHTUTe We pasBUAT no-
3a4bn604yeHo pasbupaHe 3a eHepruitHata epeKTMBHOCT M YCTOMUMBOCT U LWie 6bAAT OBNACTEHN A3
B3emaT MHPOPMUpPaHU peleHNA 3a HamanABaHe Ha CBOA BbINIEPOAEH OTNEYaThK.

BbBEAEHUE N TEOPETU4HM OCHOBU

B AHewWwHwWA CBAT pa3bupaHeTo 1 CNPABAHETO C eHepruitHaTa epekTUBHOCT U emucunTe Ha CO ;ca
OT MbPBOCTENEHHO 3HaYEHME 3a YCTOMUYMBOCTTA. Ypes TO3M NPOEKT CTyAeHTUTE e ce 3aabnboyat
B TEOPETUYHATa OCHOBA HA EHEPrUIMHUA MOHUTOPUHT U emucunTe Ha CO ,, KaTo usnonseat STEM
WHCTPYMEHTM 33 aHa/M3MpaHe Ha AaHHU U NpeanaraHe Ha pelleHns 3a no-3eseHo bbaelle.

Ha eHeprMﬁHaTa ed)eKTI/IBHOCT n emmncumte Ha CO 2 Cé OCHOBaBa Ha NpuUHUUNWUTE Ha ¢I/I3I/IKaTa,
HayKaTa 3a OKO/JHaTa CpeAa M aHanM3a Ha JaHHW. Ype3 u3cnedBaHe Ha KOHUENUMU KaTto
eHeprocnecTABaHe, EMWUCUMM Ha MAPHMKOBM a30Be M YCTOMYMBOCT, CTYAEHTUTE Lie PasBUAT
UANOCTHO pasbupaHe Ha daKkTopuTe, BAMAEWM BbPXY MNOTPeGNEHMETO Ha eHeprua W
Bb3/e/CTBMETO BbPXY OKONHATA cpeaa.
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OBOCHOBKA 3A NPOBEXAAHE HA EKCMEPUMEHTA

O60CHOBKaTa 3a MPOBEXAAHETO HA TO3M EKCMEPUMEHT Ce Kpue B CMmelHaTa HeobxoaMmocT oT
cnpaBaHe C U3MEHEHMEeTO Ha KIMMaTa 1 HacbpyaBaHe Ha YCTOMYMBM NPAKTUKK. Ypes MOHUTOPUHT
Ha eHepruiiHaTa epekTMBHOCT U emucumute Ha CO , ¢ MHCTpyMeHTM STEM, cTyaeHTUTe nosyyaBaT
npakTUYecKa NpeAcTasa 3a Bb3AeNCTBMETO BbPXY OKO/IHATA CPeAa U Ca 0OBNACcTEHM Aa ce 3acTbneaT
3a MoNOXKWUTEIHA NPOoMAHa B cBouTe 0b6LWHOCTU. OCBEH TOBa TO3M E€KCMEepPUMEHT Hacbpyaea
KPUTUYHOTO MUCAEHE U YMEHMWATa 3a pellaBaHe Ha nNpobiemu, NOAroTBANKK yYeHUUUTe Aa ce
CMpPaBAT CbC CNOXKHMN €KONIOTMYHM NpeAn3BUKaTeNcTBa B bbaelle.

NPEONEXAT OA CE U3NMBbJTHAT CNEACTBEHU 3A0AYU

1. W3mepBaiiTe 1 aHanusupaiTe notpebneHveTo Ha eHeprusa : M3nonssaiite STEM
MHCTPYMEHTM 3a cbbupaHe Ha AaHHW 33 NOTPe6IEHNETO HA EHEPTUA B PA3/IUYHU 30HU
Ha YHUBEPCUTETCKUA KaMnyc UaW JOMa, BKAKOUYUTENHO eNeKTPUYecTBo, OTONAeHUE U
TpaHCNopT. AHanusupanTe JaHHWTE, 3a Aa WAeHTUOUUMpaTe TeHAeHUuUTe W
mogfenute B noTpebaeHneTo Ha eHeprus.

2. Habntogasaiite emucuute Ha CO , : U3nonssaitte STEM MHCTPYMEHTHM 33 M3mepBaHe
1 HabnogeHve Ha emucumute Ha CO ,, CBBP3aHM C NOTPEbNEHMETO Ha eHeprua u
TpaHcnopTa. CpaBHeTe HMBaTa Ha emucumn Ha CO , Mexay pasanyHUTe AelHOCTU U
NAEHTUOULMPAITE USTOUHULMTE HA BUCOKM EMUCUMN.

3. MpoyyeTe eHeprocrecTasawm ctpateruu: NMpoyyeTe 1 NPUAOKETE EHEPrOCMECTABALLM
cTpaTterum KaTo nofobpaBaHe Ha U301aUMATa, U3MN0N3BAHE HA EHEePrUtHO ePeKTUBHM
ypeau M HacbpyaBaHe Ha YCTOMYMBM BbB3MOXKHOCTM 3a TpaHcnopt. U3mepete
Bb3JE€CTBMETO Ha Te3W CTpaTervun Bbpxy NoTpebAeHUETO Ha eHEPrUA U eMUCUUTE Ha
CO,.

4. AHanusupaiiTe aHHUTE U NPeAoXKeTe pelueHun: AHanusnpaiiTe cbbpaHuTe AaHHM,
3a A3 naeHTuduumMpate obnactu 3a nofobpeHve U Aa NPeaoKUTE pelleHua 3a
HamannBaHe Ha noTpebAeHUETO Ha eHeprua U emucumute Ha CO , PaspaboTsaHe Ha
nnaHoBe 3a AeNCTBME WM MpuAaraHe Ha NPOMEHM 33 HacbpyaBaHe Ha eHepruitHata
epeKTUBHOCT U YCTOMUYMNBOCT.

Xunotesa : [lpunazaHemo Ha cmpameauu 3ad necmeHe HA eHepaus U
HacbpyasaHemo Ha ycmoliyueu MNPAKMUKU, KAKMO e yCmaHoeeHo 4pe3
MOHUMOpPUH2 Ha nompebneHuemo Ha eHepaua u emucuume Ha CO :» C
uHcmpymenumu STEM, we Ooeede 00 u3Mepumo HAMAAABAHE KAKMO Ha
nompebsieHUeMo HaA eHepaus, Maka u Ha emucuume Ha CO 2.
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CNEACTBEH EKCNEPUMEHT

EKCMNEPUMEHT 1: USMEPBAHE U AHA/ZIU3 HA KOHCYMAUUATA HA EHEPTUA

Heobxopmmu matepuanu:

L] STEM MHCTPYMEHTU 33 eHeprueH MOHWTOPUHT (Hanp. eHepromepu, UHTENUreHTHU
KOHTaKTH)

[ ] XapTua 1 XMMKKan 3a 3anuc Ha gaHHu / KomnioTbp ¢ nporpama Microsoft Excel

L4 [octbn A0 faHHM 3a noTpebneHWeTo Ha enekTpoeHeprua (Hanp. CMeTKM 3a
KOMYHA/IHW YC/IyTY, OHNAMH nnatdopmm 3a HabaoaeHve)

Mpoueaypa:

1. NaeHTMdUUMpaiiTe 30HUTE MAM YCTPOMCTBATA, KOWUTO Aa 6baaT HabnoaasaHu 3a
notpebsieHne Ha eHeprua (Hanp. KNacHU cTan, KOMMIOTPK, OCBETAEHME).

2. WHCTanupainte enekTpoMepu UAN UHTEAUFEHTHU Wencenn Ha u3bpaHu ycTpoicTea
WU B ONpefieneHn 301K, 3a fa u3smepsaTe NOTpebNeHNETO Ha eNeKTpoeHeprua.

3. 3anuwete 6a3oBuUTE JaHHK 3a NOTPEBNEHUETO Ha eHeprus 3a onpeaeneH nepuos
(Hanp. eaHa ceamuua), KaTto Msnonssate STEM UHCTpymeHTU.

4. AHanusupaiite cbbpaHuTe AaHHW, 33 A3 UAEHTUOULMPATE TEHAEHUMUTE U MOAENUTe
B I'IOTPEGJ'IEHVIGTO Ha eHeprua, Kato MNMKOBM MOMEHTU HA U3MNOJ3BaHe WU
eHeproeMKku felHoCTU.

5. CpaBHeTe NoTpeb1eHNeTo Ha eHeprua MexAy PasNMiHM 30HWU UK YCTPOIACTBA, 3a Aa
npuopuTUsMpate 061acTv 3a EHepProcnecTABaLLM UHTEPBEHLIUN.

6. M3nonssaitTe paHHMTE, 3a Aa paspabotuTe cTpaTerMu 3a HamansBaHe Ha

noTpe6seHMeTo Ha eHeprus, Kato Hanpumep M3KYBaHE Ha OCBET/IEHMETO, KoraTo
He ce n3nona3ea, Man oNTUMU3UPAHE Ha CUCTEMUTE 33 OTONJIEHUE N OXNaXKAaHe.

EKCNEPUMEHT 2: MOHUTOPUHI HA EMUCUUTE HA CO

Heobxogumu matepuanu:

YcTpoiicTea unu ceHsopu 3a HabntogeHue Ha CO ,
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[ ] XapTua v XMMuKan 3a 3anuc Ha gaHHu / Komniotbp ¢ nporpama Microsoft Excel

[ ] [ocTbn A0 TPAHCMOPTHM AaHHM (Hanp. 3anucK Ha npober, pasxod Ha ropueo)
Mpoueaypa:

1. Onpegenete U3TOYHULMUTE Ha emucumn Ha CO ,, KouTo Aa 6baaT HabnloAaBaHW, KaTo
Hanpumep TPAHCNOPT UAKU NoTpebaeHne Ha eHeprus.

2. MHcTanupaiite yctpoiictea Uam ceH3opu 3a HabnoaeHne Ha CO ; g cuorsernure somu (Hanp.

NPEBO3HY CPEACTBa, KNACHH CTau) 3a M3MEPBaKe Ha emncuuTe Ha CO 2

3. 3anuwerte 6a3oBuTE AaHHM 3a emucumuTe Ha CO ;33 onpegeneH nepuog, (Hanp. egHa
ceamuua), KaTo usnonssate STEM MHCTpymMeHTH.

4. AHanusupaiite cbbpaHuTe AaHHK, 33 A3 WAEHTUOUUMPATE U3TOYHWULM Ha BUCOKM
emucum Ha CO , M noTeHuManHu obnactu 3a nogobpexue.

5. CpasHeTe emucumnte Ha CO , Mexay pasnuyHK AeMHOCTU UAK BUAOBE TPAHCMOPT, 33
43 npuopuTUsMparte obnactuTe 3a HaManABaHE Ha eMUCUUTE.

6. W3non3BaiiTe gaHHUTE, 3a Aa pa3paboTuTe cTpaTerMn 3a HamasnABaHe Ha emucumnTe

Ha CO ,, KaTo HanpUMep HacbpyaBaHe Ha XOAEHe Mela WK KoNoesfeHe BMeCcTo
wodupaHe UK U3NON3BaHe Ha eHEPrUHO edeKTUBHU TPAHCMOPTHU ONLUMMU.

EKCMNEPUMEHT 3: U3CNEABAHE HA EHEPTOCNECTABALLU CTPATETUU

Heobxogmmu matepuanu:

® MaTepuany 3a npunaraHe Ha €HeprocnectABally cTpaTervu (Hanp. usonaums,
EHepruitHo epekTUBHM ypeam)

[ ] XapTua 1 XMMMKan 3a 3anuc Ha gaHHu / Komniotbp ¢ nporpama Microsoft Excel
[ ] [ocTbn Ao faHHM 33 noTpebneHune Ha eHeprua (cbbpaHu B EkcnepumeHT 1)

Mpoueaypa:

1. W3cneppaiiTe  eHeprocnectABaliM — CTpaTerMu, KOMTO Ca  OCBLIECTBUMM 33
u3cneagaHata cpesa (Hanp. yunauuie, Aom).

2. MpunoxeTe n3bpaHu cTpaTernm 3a necTeHe Ha EHeprusa B ONpeaesieHn 30HN UK CbC
cneumduYHM  yCTPOWCTBA, KATO HanNpUMep WHCTaNMpaHe Ha wW30nauua  Wau
HaArpaXxaaHe Ao eHepruiiHo eGekTUBHU ypeau.
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3. 3anuceaiiTe AdHHU 3a I'IOTpeﬁﬂEHMeTO Ha eHeprua npeau v cneg npunaraHeTo Ha
eHeprocnecTaAsalym cTpaTernu.

4, AHal‘IM3Mpal>’iTe C'b6paHVITE AaHHW, 33 Oa oueHute E¢EKTMBHOCTT3 Ha npunaraHute
CTpaTernun 3a HamasnaBaHe Ha nOTpe6neHmeTo Ha eHeprua.

5. NpeHTuduumpaiite BCUYKM Npeau3BMKaTENCTBA UM NPEYKU Npes npunaraHeTo Ha
eHeprocnecTaAsalym cTpaTernm u obmucnete NOTEHUMANNHU peLlleHunA.

6. W3nonsgaifTe  KoHCTaTauuwTe, 3a Jda  npeuusupate UM ONTUMM3MpaTe

eHeprocnecTaBalluTe CTpaTerMn 3a MakcumanHa eGeKTMBHOCT.

EKCNEPUMEHT 4: AHAZIM3UPAHE HA JAHHU U NPEONATAHE HA PELLUEHUA

Heob6xogumu matepuanu:
[ ] [aHHK, cbbpaHm oT ekcnepumeHTu 1-3

®  XapTMA M XMMMKan 3a 3anucBaHe Ha Hab/IIOAEHWA U NPEANOXEeHU pelweHus /
KomntoTsbp ¢ nporpama Microsoft Excel

Mpoueaypa:

1. CvbepeTe 1 opraHusupaiTe gaHHUTe, cCbbpaHn oT EkcnepumeHTH 1-3, BKALOUMTENHO
KOHCyMauMA Ha eHeprusa, emucunm Ha CO , U edeKTMBHOCTTa Ha CTpaTeruute 3a
necTeHe Ha eHeprua.

2. AHanusupailTe AaHHUTE, 33 A3 uAeHTUdMUMpaTe TeHAEHUMUTE, MOAeNuUTe |
Kopenauuute mexay notpebneHveTo Ha eHeprus, emucunte Ha CO , U NPUNOKEHUTE
cTpaterum.

3. OueHeTe ycnexa Ha MNPWIOXKEHWTe CTpaTerMu 3a MOoCTUraHe Ha eHepruiHa

epeKTUBHOCT U HamansBaHe Ha emucumuTte Ha CO ,.

4. VaentnduumpaiTte 061actv 3a nofo6peHue v NOTEHLMAIHU PELLEHMs Bb3 OCHOBA Ha
aHanM3a Ha cbbpaHuTe JaHHU.

5. PaspaboteTe nnaHoBe 3a AeWCTBME WM MpPESJ/IOKETE PElWeHWa 33 NOo-HaTaTblHO
HamansABaHe Ha NoTpebneHUETO Ha eHeprua U emucumute Ha CO ,, KaTo B3emeTe
npeasus, GakTopuM KaTo OCHLECTBMMOCT, PEeHTabUAHOCT W Bb3AENCTBUE BbPXY
oKo/HaTa cpefa.

6. MpeactaBete  KOHCTaTaLMWM M NPEAJIOKEHU  PELEeHUA Ha  CbOTBETHUTE
3aMHTEPECOBAHM CTPaHW (Hanmp. YYMIWUWHM  AAMUHWUCTPATOPW, YNEHOBe Ha
06LLUHOCTTA) U CY CbTPYAHMYETE 3@ NPpUNaraHe Ha MPOMEHM 3a NO-yCTOMUMBO Bbaelle.
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YMPAXHEHWE 1: BogeH enektponmsatop
OMNMUCAHUE

ENEKTPOXMMUYHUAT BOAEH LMK 06XBalLa Habop OT TeXHONOrMM M NPOLLECU, KOUTO M3NoN3BaT
€N1eKTPOXUMUYHUTE MPUHLMMKU 33 MaHUNYAMPaHe Ha BOAATA 3a PAs3/IMYHU LU, BKAIOUUTENHO
reHepupaHe Ha eHeprua (ropUBHM KNETKM) M CbXpaHeHue (enekTponusatop). Tesau TexHonorum
MMaT 3HauuTeNHO obeluaHve 3a cnpaBAHe C NPeAW3BMKaTeNCcTBaTa, CBbP3aHWU C YCTOWYMBOTO
NPOM3BOACTBO Ha EHEPrMA U 3aMbPCABAHETO Ha OKO/IHATa cpesa.

EnekTponunsarta e OCHOBEH e/1eKTPOXMMUUEH MPOLIEC M MOXKE Jja Ce pasrnexa Kato eaHa CTbhKa
B €IEKTPOXMMUYHUA BOAEH LMKb/. BOAHWAT eNeKTponus3aTop e yCTPOiCTBO, KOETO M3Mon3sa
€/1eKTPOXMMUYEH NPOLEC, HApPeYeH eNeKTponu3a, 3a pasgensHe Ha Boga (H , O) Ha HeltHuTe
CbCTaBHM enemeHTH, Bogopog (H ) u kucnopog, (O ; ), C nomoLyTa Ha eNeKkTpUYecku Tok. Tosmn
npouec 06MKHOBEHO Ce U3BbPLLBA B @NEKTPOIMTHA KNeTKa, CbAbPXKaLla eNeKTPoAM, NOTONeH! B
€/1eKTPONIUTEH Pa3TBOP, KOWTO 0BMKHOBEHO € Pa3TBOP Ha KWUCENWHa, OCHOBA WM COM BbB BOAA,
3a A3 ce Nogo6pu HerosaTa NPOBOAUMOCT.

ANAAKTUKO-METOAUYECKU KOMEHTAP

Tasu yuebHa eAMHMLA € NPOEKTUPAHA KaTo MHCTPYKLMA CTHINKA NO CTbMKA. YYEHULMUTE Le HayyaT
rnoseye 3a €/1eKTPO/IN3aTa, KAOYOB NPOLEC B YCTOWYMBOTO MPOM3BOACTBO Ha eHeprua upes
eKcnepuMeHTanHa paboTa 1 KaTo U3N0N3BaT y4eBHULM U APYTU HAIUYHU U3TOYHULM.

NMPUMEPHU PECYPCU 3A EKCNEPUMEHTAJIHA PABOTA B STEM CPEAA HA TEMA

,BoaeH enektponusarop”

Pecypc 1: O6ukHoseH 8odeH enekmpoausamop . [a ce uzepadu esmuH 800eH enekmpoau3amop
¢ u3nonseaHe Ha obuyaliHu mamepuanu u 0 ce QHANU3UPA BAUAHUEMO HA Mpakmuvyeckume
eKcrepumeHmMu 8bpxy MpPou3800cmMeomo Ha 8000p00.

MPUMEPHU PA3C/IEBALUM BbBMPOCUM MO TEMATA, MPEAHA3HAYEHU 3A
NPOEKTHW AEMHOCTU B STEM CPEJA:

CneundUYHN UHKEHEPHM BBNPOCK:

1. Kak npomsaHaTa Ha HampeXeHWeTo BAMAEe Ha CKOPOCTTa Ha NMPOM3BOACTBO Ha BOAOPOZ U
KUCNOPOA, N0 BPEME Ha e1eKTpOon3a?

2. KakBa e onTMManHaTa KOHLUEHTPaLMA Ha eNeKTPO/IMTEH Pa3TBOP 3a MAKCUMMU3MpaHe Ha
edeKTMBHOCTTa Ha eNeKTpoansaTta’?

3. Kak pasnunuyHuTe eneKkTposHMU maTepuan BAUAAT BbpXy edeKTUBHOCTTA U AbAroTpaiHocTTa
Ha npoueca Ha eNeKTpoamsa?

4.  Kak moxe fa ce nopobpu eHepruiiHata epeKTMBHOCT Ha BOAHATa eNeKTponn3a, 3a 4a ce
Hamanu o6wwoTo noTpebeHve Ha eHeprua?
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5. KakBu ca Bb3jeicTBMATa BbPXy OKONHATa Cpeja, CBbP3aHW C PasNUYHUTE METOAM Ha
€/1eKTPO/IM3a, U KaK MoraT Aa 6bAaT CBeAEeHU 0 MUHUMYM?

6. Mma nv HOBM KaTa/sM3aTopu WAM MaTepuany, KOUTO MoraT Aa NoaobpAT edpeKTUBHOCTTa U
YCTOMYMBOCTTA Ha BOAHATA eNeKkTponunsa’?

CbxpaHeHuWe 1 U3non3BaHe Ha BOJOPOA.:

1. Kou ca Haii-epeKTMBHWUTE METOAM 3a CbXpaHEHWe W TPaHCMOpTUpPaHe Ha BOAOPOA,
npousBeAeH OT BOAHA eNeKkTposinza?

2. Kak moxe BOJOPOADBT fAa ce U3M0/3Ba eGeKTUBHO KAaTo YMCT EHEPrueH HOCUTEN B FOPUBHU
KNETKW MW APYrU NPUNOKEHUA?

3. KaKBM ca WMKOHOMMYECKMTE W TexHUYeckute 6Gapvepu npes LUMPOKOTO NpuemaHe Ha
BOJOPOZHO rOPUBO, MONYYEHO OT BOAHA €1EKTPOAM3a?

O6LwM BLNPOCK 3a YCTOMUMBOCTTA:

1. Kak MOXe M3INLWBKBLT OT eNIeKTPOEHEepPrua OT Bb306HOBAEMU EHEPTUHU U3TOYHMUM Aa ce
13non3sa eGpeKTMBHO 3a €1eKTPOaM3a 3a NPOM3BOACTBO Ha BOAOPOJ, 32 CbXpaHeHWe Ha
eHeprua?

2. KakBu ca TEXHUYECKUTE U MKOHOMMUYECKUTE npeausBMKaTencTsa NpuU UHTErPUPAHETO Ha
BOAOPOA, NPOU3BEAEH OT BOAHA €/1eKTPO/IN33a, B CbLUECTBYBALLM CUCTEMM 33 Bb30OHOBAEMA
eHeprua?

3. MoraT a1 enekTponvsepuTe ga 6bAaT ONTUMMU3MPAHM 32 NMPOMU3BOACTBO Ha BOAOPOL Ha
MACTO B OTAANEYEHM UM U3BBH MpeKaTa MecTa, 3axpaHBaHM OT Bb306HOBAEMa eHeprua?

4. Kak moxe aa ce nogo6pu obLecTBEHOTO Bb3NpruemaHe 1 pasbupaHe Ha eNekTposin3aTta Ha
BO/aATa, 33 @ Ce HaCbpuM NoAKPenaTa 3a HayYHU U3cNefBaHWA U pa3BUTUE B Tasu obnact?

Pecypc 1

NPOCT BOAEH ENEKTPOJIU3AP

KPATKA UH®OPMALINA 3A YHEBHUA PECYPC

Cy6eKktn Xumua, dusuka, ...

Bb3pacr YueHuum

Bpeme 3a 3uaca
M3NbAHeHne

Tosu yyebeH pecypc MMa 3a Len Aa ocurypu 3aababoyeHo pasbupaHe Ha eneKkTposnsaTta Ha
BO/aTa, KNOYOB NPOLLEC B YCTOMYMBOTO NPOU3BOACTBO U CbXPaHeHWe Ha eHeprus. Toi obxBalla
NPUHLUMNUTE, NPUIOKEHMATA W 3HAYEHMETO Ha eNeKkTponu3ata B pasauMdHM  obnactu,
BK/IOYUTENHO BB306HOBAEMA eHEeprua, Hayka 3a OKO/IHATa CPeAad U UHKEHEPCTBO.
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To3u yuebeH pecypc CAyxu KaTo LieHHa CrpaBKa 3a CTYAEHTHW, NpenoasaTenu, U3cnesosateny n
BCEKM, KOMTO Ce MHTepecyBa OT NpUAo6MBAHETO Ha OCHOBHO pa3bupaHe 3a eNeKTposnnsaTa Ha
BOJATa W HelHaTa PonA B PasBUTUETO Ha TEXHONOTMWTE 3a ycToiuuBa eHeprva. C UANOCTHO
noKpuUTHE Ha GYHAAMEHTANHU KOHLEMUMKM, MPaKTUYECKU MPUNOXKEHUA W obpasoBaTenHu
pecypcy, Toi “ma 3a Len Aa HaCbpymu 3HAHWATA, MHOBALMWTE U CbTPYAHUYECTBOTO B 061aCTTa Ha
e/1eKTpo/iM3aTa 1 Bb3obHOBAEMaTa eHeprus. Knouosu Temu, Kouto Tpabea fa 6baaT 06xBaHaTH
ca:

BbBeaeHuve B enekTponusara:

OnpeaeneHne N OCHOBHU NMPUHLMMNK HA eNeKTpoan3aTa
NcTopUYecKn KOHTEKCT U Pa3BUTUE Ha TEXHO/IOTUATA 33 e/1eKTPOIn3a

EnekTpoxvmuyHm peakumm:

O6ACHeHME Ha XMMWUYHUTE PeaKLMM, y4acTBaLLM B eNeKTPoIn3aTa Ha BoaaTa
YpaBHeHWs, NPeACTaBALM NPoLEeca Ha eNeKTPoan3a U obpasyBaHETO Ha BOAOPOA U
Kucnopos,

KomnoHeHTH Ha cucTemu 3a enekrponusa:

OnucaHune Ha €NEKTPO/IM3HN KNETKU U TEXHUTE KOMMNOHEHTU (eneKTpop,M, EN1EKTPO/IUT,
3axpaHBaHe)
BugoBe  enekTpoAM3HM  KNeTKM  (Hamp.  anKkanHuW  enektponusatopu, PEM
eneKkTpoaunsaTopm)

dakropu, BanseLmn Bbpxy epeKTUBHOCTTa Ha eNeKTpoiM3ara:

BaunAaHue Ha HanpeXeHMeTo, NIBLTHOCTTA Ha TOKa, TemnepaTypaTta U KOHLEeHTpauuaTa Ha
e/1eKTPOo/InTa BbpXy epeKTUBHOCTTA Ha eNeKTpoan3aTa

CTpaTerum 3a onTMmu3aums 3a nogobpsasaHe Ha edeKTUBHOCTTA Ha eNeKTpoau3aTa u
HamanABaHe Ha KOHCYMaUWUATa Ha eHeprua

MpunoxkeHua Ha BOAHA eNeKTPou3a:

Mpon3BOACTBO Ha BOAOPOA, 3@ TOPUBHM KJETKM, TPAHCMOPT M NPOMULLNEHU NpOLEecH
CbXxpaHeHuWe Ha eHeprua u 6anaHcupaHe Ha MpeskaTa ¢ NoOMoLLTa Ha BOAOPOA, reHepupaH
OT e/IeKTpon3a
MpeunctBaHe Ha BoAa, o6e3consaBaHe U NPUNOKEHUA 32 Bb3CTAHOBABAHE HAa OKOJIHaTa
cpepa

NpeausBukartencrsa n 6baeLn HacCoKM:

TexXHWYECKU M MKOHOMMYECKM NPeAN3BUKATE/ICTBA, CBbP3aHM C e/1eKTPOIM3aTa Ha BoAaTa
Hanpesbk B M3CNeABaHMATa M HOBOBb3HMKBALLM TEXHONOTMM B €/IEKTPO/M3aTa 3a
ycToitunea eHeprus

O6pasoBaTenHu pecypcu n AelHOCTH:

MpaKTUYECKM EKCNEPUMEHTH, CUMYNaLLMK M 06pasoBaTeHM MaTepuanm 3a NnpenosgasaHe
M U3yyaBaHe Ha eNeKkTposn3a Ha Boga B STEM aucumnavumn

Pecypcu 3a npenopasaTtenu, CTyAeHTU W U3CNef0BaTeNM, KOWTO Ce MHTepecysBaT OT
n3cneABaHe Ha KOHUENUUUTE U NPUNOKEHWATA Ha eNeKTpon3aTa
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O60CHOBKaTa 3a NpPOBEXAAHE Ha MPOCT EKCMEPUMEHT C BOAEH ENEKTPO/aU3aTOp Ce Kpue B
noTeHuMana My A3 NPeAoKMU LEHHa NpeacTaBa 3a OCHOBHUTE NPUHLMNK HA €NEKTPOXUMUATA,
YCTOWYMBOTO NPOU3BOACTBO Ha eHeprua u STEM obpasosaHueto. [lo-cneumanHo, upes
npoBexaHe Ha EKCMEPUMEHT C BOAEH E€NEeKTPOAMU3ATOP, YYEHULM WAM y4uTenu morat ga
npuaobuat no-sagbvnboyeHo pasbupaHe Ha npoueca Ha eneKkTPo/AM3a, KOWTO BK/OYBA
npeobpasyBaHETO Ha ENEKTPUYECKA EHEPTUA B XMMUYECKA eHeprua. Tasu npakTuyecka AenHocT
Nno3Bo/IABa Ha yYacTHULMTE Aa HaboAaBaT OT NbpBa PbKa KaK eNeKTPUYECKUAT TOK MOXKe Aa
npeamnsBrKa XMMUYHU peakuum, pasaenaiiku BOAHUTE MONEKYU Ha BOAOPOA U kKucnopog,. OcseH
TOBA, Ype3 KOHCTPYMPAHETO U eKCnoaTaLmMATa Ha NPOCT e/IEKTPOAN3ATOP, YHaCTHULMTE MOraT A
n3cneAgart noTeHUMana Ha BOAOPOAA KaTo YCTOMYMB M3TOYHMK Ha TOPWMBO 33 PasNUYHU
NPUNOXKEHUA, BKNOYNTENHO TOPUBHU KNETKU, TPAHCAOPT U CbXPaHEHUE HA eHeprua. 7] HaKpas,
NpPOCTU EKCNEePUMEHTU C BOAEH ENEeKTPO/IM3bOp MoraT Aa BABXHOBAT /O6ONUTCTBOTO W
KpeaTMBHOCTTa, HAaCbpYaBalKM yYaCTHULMTE Aa U3cneABaT aNTEPHATUBHU MaTepUanm, AU3aiHn n
meToaM 3a nofobpasaHe Ha ePEKTUBHOCTTA M NPOU3BOAUTENHOCTTA Ha eNeKTpoamsaTa. Ypes
UTepPaTMBHO eKCrepuMeHTUpaHe U peliaBaHe Ha Npobaemu CTyAeHTUTE U yyuTenuTe morat Aa
pa3paboTAT UHOBATUBHU peLleHUs 3a NPeAM3BUKATENCTBATA B PEAIHUA CBAT MPY NPOU3BOACTBOTO
1 CbXpPaHEHWETO Ha eHepruA.

OnpeaensHe Ha aHOA M KaToa : Ypes KoNMYecTBeHO onpeensHe Ha obema Ha oTaeneHuTe
rasose, yYUeHWLMTEe MOraT Aa Pa3no3HaAT MAEHTUYHOCTTa Ha BCEKM eNeKTPOos, KaTo NpaBaT
pa3iMKa mexay Katoga W aHoAda. ToBa paaﬁMpaHe MM NO3BO/NIABa Aa CBbPXKAT BCEKU
€N1eKTpo4, CbC CbOTBETHATA MYy pPoOaA B nocnedsawinute enekKTpoXMMHUYHU peakuun,
npoTU4aLLu B e1eKTpo/sin3epa.

2. UsnonssaHe Ha Pa3NUYHU eNEeKTPOAHU MmaTepuanu: CTy,lJ,EHTl/ITe we nscnensat BIMAHNETO
Ha pPasnanu4yHM  enekTpoaHn MmaTepuann  Bbpxy ed)eKTVlBHOCTra Ha eneKkTpoaunsepa.
I'IOBbprOCTTa Ha eNeKkTpoa CNYXU KaTo e/IeKTPOKaTain3aTop, BAnAeLl BbpXy CKOPOCTTa U
CeNeKTUBHOCTTA Ha ENIEKTPOXMMUYHUTE pEeaKUMUU, y4aCTBaALLUM B €1EKTPONINU3aTa Ha BOAATA.
‘-IpeB BbBeXaHe Ha pa3/IMYHN MaTepunanaun 3a enekTpoam, CTygeHTUTe moraT 3Ha4mTeNnHo da
NMPOMEHAT aKTUMBHOCTTA Ha €/1IeKTpoaun3epa, CTabuAHOCTTa W CENEeKTMBHOCTTA Ha
€/IeEKTPOKaTanmsatopa.

3. Ekcnep

BapMPaLLOTO HanpeKeHue Ha BaTepuaTa BbpXy paboTata Ha eNekTpoan3epa, Kato CBbP3BaT

T C Bapup Ha Hanp TO : YdyeHuuuTe wWe u3cneasaT edekta oT
pasnnyHM baTepun KbM enektponusepa. Te Le M3mepBaT BPEMETO 3a NOCTUraHe Ha
NpOU3BOACTBOTO Ha CbLMA 06em BOAOPOA.

4. WN3smepsaHua Ha pH Ha enektponuta : YyeHnuuTe LWe M3BbPLIBAT M3MepPBaHMA Ha pH Ha
eNeKTPONUTa Npeau U Cief, eKCNepuMeHTa C eNeKTpoansa, 3a Aa noayyat npeacrasa 3a
OCHOBHWTE €1eKTPOXUMUYHW PeaKLuu.

‘lpes npunaeaHe HaA eHepeocnecH Jju cmpan iU, Kamo

pez2ynupaHe HA HanpeixeHuemo U nNAdBMHOCMMA HA MOKA, KAKMo u
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mModuguyupaHe Ha eneKmMpodHUMe Mamepuanu, Hue o4akeame 0a Habawodasame
npomMeHu 8 HUBaAMA HA NPou3eodcmeo Ha 8000P00.

CNEACTBEH EKCMEPUMEHT

Heo6xoaumu matepuanmu:

° Yawa 3a Boga

° 2 CTbKNEHU enpyBeTKU

° 2 MeTaNHU UrAn unm 2 rpaduTHU Mmoaunea

° Komnnekt ot 2 kabena 3a enekTpuyecku TectoBe Tun "anuratop".

° 9V 6atepun

. BoJa
. Coga 3a x1A6 UM HaTPUEB XNI0PUA,
o XpoHomeTbp
. TeTpagka / enekTpoHHa TabMua 3a 3anuceaHe Ha HabaoaeHNA
Mpoueaypa:
1. 3abuiite WHUPTOBE Npes ABLHOTO Ha Yalla, KaTo ce yBepuTe, Ye PasCTOAHMETO UM

CbBMaJAA C TOBA MEXAY KNemuTe Ha 9-BonToBa 6aTepus, KaTo 3a0CTpeHUTe Kpaulla
ca BbTpe B Yawarta. [ofocTpeTe MoOMBa OT ABaTa Kpas.

2. HanbnHeTe yawata ¢ Boga U pasTBopeTe JibXKULA CON UK coda 3a xnab, 3a Aa
nogobpuTe enekTpMyeckaTa NpoBoAMMOCT. M3non3gaiite Tonna Boja 1 ce cTpemeTe
KbM CbOTHOLUEHUWE NPUBAN3UTENHO 1 YacT con uam coaa 3a x1a6 kbm 10 yactv Boaa.
AKO NpM 3anoysaHe Ha eKCMEPUMEHTa HAMa MexypyeTa, AobaseTe oLue cos.

3. CBbprkeTe HaTepusaTa KbM WwudTOBETE MK WMNKKUTEe TUN "Kpokoamn". MocTaBeTe
yawara Bbpxy 6aTepusTa, Taka Ye eaUHUAT WUBT Aa NEXKU BbPXY NONOKUTENHUA
nosloC, a APYrMAT BbPXY OTPULATENHMA U3BOA. AKO M3MoAn3BaTe LWWMKKM Tun
KPOKOAWMA, MpUKpeneTe efHaTa KbM MONOKWUTENHUA MOAKOC, a ApyraTa KbMm
OTPULIATE/THMA U3BOJ, U CBBPIKETE ApyraTa CTpaHa KbM MOAMBWTE U M noToneTe B
enekTponuta. Habntoaasaiite mexypyetata, 06pa3yBalum ce BbpXy Kapduuute uam
MOAMBWTE, AOKATO PasfenaT BOAOpoAa M Kucnoposa. Yeepete ce, ye wudrosere
WM MOJIUBUTE He Ce JOKOCBAT, Tbid KaTo TOBa 61 HapyLWMIO BepuraTa.

4. O6bpHeTe enpyBeTKUTe BbpXy KapduuuTe UamM MOAMBUTE, KaTo rM Notonute BbB
BogaTta. OcTaBeTe enpyBeTKMTe f[a Ce HaMbAHAT C ras, M3MecTBailku BogaTa.
CovbpaHuTe rasose LWe 6bAaT BOAOPOA M KUCAOPOA, KOUTO ca be3uBeTHU. OcBeH ToBa
CTe MPOM3BE/IM MA/IKO KOIMYECTBO X/I0PEH ras, ako Mo BPeMe Ha TO3M eKCnepumeHT
e usnonseaH NaCl. He ce nputecHsBaiiTe o6aye, He cTe Cb3fann AOCTaTbYHO, 3a Aa
6baeTe onacHU. PasrpaHuyeTe ru, Kato HabntogasaTe Kos Ty6a ce NbAHU No-6bp30.

5. M3nonssaiiTe XpoHOMETbP, 33 Aa M3MepuTe TOYHO BPEMETO, HeobXoAaMmMo Ha
enpyseTkaTa ¢ no-ronam obem Aa AOCTUrHE NPeABapUTENHO OMPeAeNeHOTO HUBO.
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Heobxoanmu matepuanu:

[ yHuBepcaneH pH nHavkaTop
L] ouet

L] copa 3a xns6

Mpoyeaypa:

1. AKo pH e ankanHo (pH > 7), paspeseTe eNekTpoaunTa C OLET U 3MuiiTe 4o6pe BCUYKO
CbC CanyH 1 BoAa. AKO He f,06aBUTE OLLET KbM €/1eKTPONNTA, NOTEHLMANHO MO3Ke Ad
[oBefe 40 NoBpesa Ha BaluaTta MUBKA UM TPb6M.

2. Ako pH e KncennHHo (pH < 7), paspeseTte eNekTpoauTa ¢ pasTBop Ha coaa 3a X6 u
u3muiite pobpe BCMYKM MOBBPXHOCTM CbC canmyH u Boga. MpeHebBpersaHeTo Ha
p06aBAHETO Ha Pa3TBOP Ha coaa BMKapboHAT KbM e/1IEKTPONIMTA MOSKE 43 A0Beae 40
noBpeza Ha BallaTa MUBKA UAN TPBOU.

NPENPATKU

Bess Ruff, M.; McClure, E. How to Electrolyse Water. https://www.wikihow.com/Electrolyse-
Water#Setting-the-Experiment-Up.

de Almeida Rezende, L.; de Campos, V. A. F.; Silveira, J. L.; Tuna, C. E. Educational Electrolyzer
Prototype: Improving Engineering Students’ Knowledge in Renewable Energies. Int. J. Hydrogen
Energy 2021, 46 (29), 15110-15123. https://doi.org/10.1016/j.ijhydene.2021.02.013.

Society, A. C,; Washington, N. W. Pencil Electrolysis.
https://acswebcontent.acs.org/member_communities/Outreach_Activities.pdf.
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YMPAXHEHUE 2: TlopmBHa K/ieTKa C NPOTOHOObMeHHa membpaHa

ONMUCAHME

EHepruaTa He mosKe Aa 6bae Cb3aafeHa UAM YHULLOXKEH]; NPOCTO NpomeHsa dopmaTa cu. Korato
eHepruaTa npemuHe BbB GOPMa, KOATO He Ce M3Mon3Ba eGeKTUBHO, HWE A eTUKeTUpPame Kato
nponunsHa. Mo To3n HaunH obwaTa uen e Aa ce cBefe 40 MUHUMYM 3arybaTa Ha eHeprus no
Bpeme Ha npeobpa3yBaHeTO Ha eHeprus Ype3 MakcMMmusvpaHe Ha npeobpasyBaHeTo B NONE3HU
dopmu.

BeH3MHOBUTE NPEBO3HM CPEACTBA Ca U3NpaBeHU Npea Tasu Auema exeaHesHo. [suratenurte ¢
BbTPELWHO TOpPeHe, pasuyuTawn Ha 6eH3uH, OBMKHOBEHO JOCTWUraT MUK npu okono 40%
edekTMBHOCT. CnefoBaTeNHO, 3HaAuYMTeNHA 4acT OT npeobpasyBaHeTO Ha eHeprva B Te3un
ABUraTenu He ycnssa Aa 06CNy)Ba OCHOBHATA CM Lie - 3a4BMKBaHe. BMecTo Toa noTeHumManHaTta
eHeprus, cbxpaHaBaHa B 6eH3nHa, ce pa3ceiiBa KaTo 3ByK, BUGpALMM 1 TOM/IMHA.

3a pas/svKa OT TOBa, FOPUBHMUTE K/IETKM MOCTOAHHO MOCTUraT edeKTUBHOCT OT oKono 60% B
CTeKOBE, KaTo ropHUTe rpaHnum aocturaT 85%. Mopagu nvncarta Ha ABUXKELLM Ce YaCTU TOPUBHUTE
KNEeTKU U3NUTBAT MUHUMANHN 3ary6V| Ha eHeprua nopagn ToNanHa U TpueHe.

FopvBHaTa KNeTKa ¢ NPOToHHa 06MeHHa membpaHa (PEM) e BUA eNeKTPOXMMUYHA KNETKA, KOATO
paboTM MpuM OTHOCUTENHO HUCKM TemnepaTtypu, obukHoBeHo okono 80°C, KoeTo A npasu
noAxoAALa 3a Pas/IMuHN NPUNOXKEHUA, BKNIOYMTENHO TPAHCMOPT U CTaLMOHAPHO NPOU3BOACTBO
Ha enekTpoeHeprua. Cbpueto Ha PEM ropusHaTa KneTka e NpoToHoo6mMeHHaTa membpaHa, KoAaTo
CeNeKTMBHO NO3B0O/IABA HAa NPOTOHUTE A3 NPEMUHABAT Npe3 Hed, KaTo CblueBpeMeHHO 610KMpa
enekTpoHute. Tasm membpaHa pasfens aHOAHWTE M KAaTOAHWUTE OTAENEHWA, KbAETO MpPoTMYaT
CbOTBETHO BOAOPOAHU U KMCNOPOAHMN peakummn. Tbid KaTo BOJOPOAHUTE MONEKYNN ce pasaenat
Ha NPOTOHM M eNEeKTPOHM B aHOAa, NPOTOHUTE ce ABMXKAT Npe3 MembpaHaTa KbM KaToAa, AOKATO
eeKTPOHMTE MbTyBaT Mpe3 BbHLIHA BepuUra, reHepupanku enektpuyecka eHeprua. Ha katogda
KMCNOPOADBT Ce KOMBUHMPaA C NPOTOHWUTE U eNeKTPOHWUTE, 3a Aa obpasyBa BoAa W TOMAWHA,
€AWHCTBEHUTE CTPaHUYHM NPOAYKTM Ha peakuuaTta. E¢eKTI/IBHOCTI'a, Mau.|,a6v|pyeM0c1'ra n
€KO/IOTMYHOTO ecTecTBO Ha PEM ropusHUTE KAETKM M NpaBAT obellaBalla TEXHONOrMA 3a
6bAeLeTo Ha ycToumBaTa eHeprua

JVNOAKTUKO-METOMYECKM KOMEHTAP

Tasu yHeGHa eAVUHULa € NPOEeKTUPaHa KaTo MHCTPYKL KA CTbMKa NO CTbNKa. yHeHVIU'VITe e Hay4aTt
noseye 3a NPUHLMNNTE, NPUNOXKEHWATA U 3HAYEHWNETO Ha FOPUBHUTE KNETKM C NPOTOHHA 0B6MeHHa
membpaHa (PEM) upes ekcnepumeHTanHa paboTa 1 KaTo M3MNON3BaT yHeBHULM U APYTY HANUYHK
M3TOYHULM.

MPUMEPHU PECYPCU 3A EKCMEPUMEHTA/THA PABOTA B STEM CPEAA MO TEMATA
,» Mpocra BogopoaHa ropmMBHa KneTka “

Pecypc 1: [Ipocma 8000podHa 2opusHa Knemka . fa ce cznobu npocma 8000po0HA 2opusHa
KAemKa ¢ MomMowma Ha Mbpa08CKU XUMUKAA U Mamepuanu u 0a ce 8HUKHe 8 OCHOBHUME
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MPUHYUNU, yrnpasasasawju npeso3Hu cpedcmaea ¢ 20pUsHU KAemKu 8 peaseH mawab, Haau4Hu 8
MomeHmMa Ha nasapa.

NPUMEPHU PA3CNEABALLU BBMPOCKUM NO TEMATA, NPEAHA3HAYEHU 3A
NPOEKTHU OENHOCTM B STEM CPEfA:

10.

KakBa e epeKTMBHOCTTa Ha ropusHUTe KneTkn PEM B cpaBHeHuWe ¢ Apyr4 Buaose
FOPUBHM KNETKM, KaTo asKaiHU UK TBBPAU OKCUAHU TOPUBHU KNETKU?

Kou ca ocHOBHWTE $aKTopu, BANAELLM BbPXY U3APBKANMBOCTTA U AbATONETUETO Ha
KyNYUHWUTE rOPUBHU KNeTKU PEM npu pasnuyHu pabotHu ycnosusa?

Kak moxe pga ce nopobpu peHTabunHOCTTa Ha npouecuTe Ha NPOU3BOACTBO HA
ropusHu knetkm PEM, 3a ga ce ynecHu WMPOKOTO MpuemaHe B TpaHCMopTa U
CTaLMOHAPHUTE NPUNOKEHUA?

Kaken nopobpeHns B KaTaMTUYHU MaTepuanu M AusaiiHu ce uscnepsaT 3a
nopobpaBaHe Ha NPOU3BOAUTENHOCTTA U HamanABaHe Ha LeHaTa Ha PEM ropusHu
KNeTku?

Kak pabotHaTa TemnepaTypa BAMAe BbPXY UANOCTHaTa edEeKTUBHOCT U
npoussoguTenHocT Ha PEM ropmsHUTE KNeTKM M KakeBu cTpatermm morat ga ce
13M0/13BaT 3a ONTUMMU3MPaAHEe Ha YNpaBaeHMeTo Ha TemnepaTtypaTta?

Kaksu ca npeaussukatencTsaTa, CBbp3aHM CbC CbXPaHEHNETO 1 Pa3npoCTPaHeHNeTo
Ha BOAOPOJ, 33 NPEBO3HWU CPeACTBa, 3aABUXKBAHU C TOPUBHU KneTkn PEM, n Kakeu
MHOBATMBHM pelleHna ce pa3paboTeaT 3a cnpaBAHe C Te3n Npean3BUKaTeNncTsa?
Kak Moe TexHosoruaTa 3a ropuBHM Knetkm PEM pa 6bae wHTerpupaHa c
Bb306HOBAEMU EHEPTUIHM U3TOUHMLM KAaTO CIbHYEBA UM BATbPHA eHeprus, 3a Aa
ce Cb3/afaT No-yCTONUMBU EHEPTUAHM CUCTEMU?

KakBn ca Bb3geiictBMATa BbPXY OKOAHATa cpeja OT  NPOW3BOACTBOTO,
eKcnioataumATa U U3XBbpAAHETO Ha PEM ropuBHM KNeTKM M KaK ce cpaBHABAT C
TPaAULMOHHUTE TeXHONOTUM, 6a3npaHu Ha ropeHe?

KakBu ca noTteHUmManHuTe NpuaoxeHna 3a PEM ropuBHM KJ1eTKM B U3BBH MpeXKaTta
WM OTAaNedeHN MecTa U KaKBY Ca TEXHUYECKUTE U JIOTUCTUYHM NPpeAn3BUKaTeNCTBa,
CBbP3aHM C BHeAPABAHETO UM B TaKkuBa cpean?

Kak morat PEM cucTemute € ropuBHM KneTkM fAa 6baaT onTMMUsUpaHM 3a
cneundUIHU NPUNOKEHUA, KaTo pe3epBHO 3axpaHBaHe 3a TeNeKOMYHWMKaLWMOHHA
MHOPACTPYKTypa WMAN MPEHOCMMM €ENeKTPOHHU YCTPOWCTBA, MO OTHOLIEHME Ha
pasmep, TErN0 U HageKAHOCT?
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Pecypc 1
MNpocra BogopoaHa ropuBHA KNeTKa

KPATKA MH®OPMALMUA 3A YYEBHUA PECYPC

Cy6eKtn Xumua, Pusuka, ...
Bb3pact YueHnum
Bpeme 3a usnbiHeHne 5yaca

To3u yuebeH pecypc e npefHa3HauYeH Aa NoMorHe 3a npuaobvBaHeTo Ha connaHo pasbupaxe 3a
rOPUBHUTE KNETKM C NPOTOHHA 06MeHHa membpaHa (PEM), KOMTO ca OT CbLUEeCTBEHO 3HaYeHue 3a
YCTOMYMBOTO NPOU3BOACTBO W CbXpaHeHMe Ha eHeprua. Toil u3cnepga npuUHUMNUTE,
NPUNOKEHUATA M 3HAYEHMETO Ha ropuBHUTE KNeTKM PEM B pasanuHu obnactv Kato
Bb306HOBAEMA EHEpPrus, HayKa 3a OKO/IHAaTa CPeAA W MHIKEHEPCTBO, KOETO v NPaBU AOCTbMHMU U
NPUNOKNUMMU B Pa3NUYHK 0BNACTU.

BbBEAEHWUE U TEOPETUYHU OCHOBU

To3u yuebeH pecypc C/yKM KaTo LLeHHa CpaBKa 3a CTYAEeHTW, NpenosasaTeny, U3ciefoBaTesm u
BCEKM, KOWTO Ce MHTepecyBa OT NpuA06MBAHETO Ha OCHOBHO pa3bupaHe 3a PEM ropusHuTe
KNeTKn U TAXHATa poaA B PasBUTMETO Ha TexHoAnoruute 3a yCTOl"’NVlBa eHeprua. C uANoOCTHO
nokputMe Ha GYHAAMEHTAZHU KOHLENUMW, MPaKTUYECKM MPUOKEHUA W 0Bpa3oBaTesiHu
pecypcy, Tov MMa 3a Len A3 HaCbpYUM 3HAHWATA, MHOBALWMUTE U CbTPYAHUYECTBOTO B 061aCTTa HA
€/IeKTpoKaTasn3ata U Bb3obHOBsAemMaTa eHeprua. Kno4oBu Temu, Kouto Tpabsa ga 6baat
obxBaHaTU:

EﬂeKTEOXMMMHHM OCHOBM! Pa36VIpaHeTO Ha OCHOBHWUTE NPUHUUNK Ha eNnekTpoxmmuaTa,
BK/IIOYUTE/IHO PELOKC peaKkuuu, MexaHW3MM 3a NPeHOC Ha e/IeKTPOHW U NpOoLecH Ha WOHeH

TPAHCMOPT, € OT PeLaBalLo 3HaYeHue 3a pasbupaHeTto Ha pabotata Ha PEM ropusHUTE KIETKM.

KomnoHeHTH Ha PEM ropuBHM KneTKuU: MpoyyBaHe Ha pa3iMiyHUTE KOMNOHEHTU Ha PEM ropusHum
KNETKU, KaTo aHOA, KaToa, I'IpOTOHOOﬁMeHHa MeM6paHa, KaTa/IMTU4YHU Choese, 61/II'IOJ'I$|pHVI nao4yun
1 ra3osu AUdY3NOHHM CNOEBE U TEXHUTE PO/IY 3a YNECHABAHE Ha eIEKTPOXUMUYHUTE peaKumm n
MNOHHMA TPaHCNOPT.

NpuHumnu Ha paborta: PasbupaHe Ha npuHUMNUTE Ha paboTa Ha ropusHUTe Knetku PEM,
BKJ/IIOYUTE/IHO PeaKLMATA Ha OKWUC/eHMe Ha BOAOPOJA B aHOAA, PeaKkuuATa Ha peayKuua Ha
KMCN0pOAa B KAaToAa, NPOBEXKAAHETO Ha NPOTOHM Npe3 MembpaHaTa M NOTOKa Ha eNIEKTPOHM Nnpe3
BbHLIHaTa Bepura.
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Kartanusatopu u martepuanu: MNpoyyBaHe Ha BUAOBETe KaTaau3aTopu, U3NON3BAHW B FOPUBHU
knetkm PEM, KaTo KaTanusaTopu Ha 6asata Ha NnaaTMHa, M MPOyYBaHe Ha anTepHaTUBHU
mMaTepuannM UM Au3aiiH Ha KaTaAW3aTopy, HACOYEHW KbM HamansaBaHe Ha pasxoaute W
nosobpsasaHe Ha NPOU3BOAUTENHOCTTA.

YnpaeneHne Ha Bogata: Pa3bupaHe Ha 3HaYeHMETO Ha ynpasneHWeTo Ha BogaTta B PEM
FOPUBHUTE KNETKM, BKAIOUMTENHO KOHTPONA HA pasnpefeneHneTo Ha BoAaTa, OTCTpaHABaHE Ha
M3/UWHaTa BOAA M NpeAoTBpaTABaHe Ha AexuapaTauma UM HaBogHABaHe Ha MembpaHaTa, 3a Aa
Ce OCUrypu oNnTMManHa NPOU3BOAUTENHOCT U U3APBIKANBOCT Ha KAETKaTa.

TonauHHO ynpasneHue: CnpaBaHe ¢ NpeAn3BMKaTeNcTBaTa Ha TEPMUYHOTO ynpasieHune 8 PEM
FOPUBHUTE K/ETKU, KaTo MOALDbPIKAHE Ha ONTUManHW paboTHM TemnepaTypu, pasceliBaHe Ha
TONAMHATa U yNpaBaeHUe Ha TEPMUYHUTE TPAAUEHTU B CTEKA OT KNETKU.

CucremHa uHTerpauma: PasrnexpgaHe Ha UHTerpupaHeto Ha PEM ropuBHM KNeTKM B pasnnyuHmn
NPUNOXKEHWUA, BKAIOYMTENHO TPAHCMOPT (Hanp. NPEBO3HM CPeACTBa C FOPUBHU KNETKM),
CTALMOHAPHO MPOM3BOACTBO Ha eNEeKTPOEeHeprusa (Hanmp. pe3epBHM 3axpaHBALM cUCTEMU) U
NpeHoCcMMa eNekTPOHMKa, M 06CbXKAaHE Ha CbobpakeHWA U NpeAn3BUKaTeNCTBa NPY An3aiiHa Ha
cuctemara.

MpoussoautenHoct u edekTuBHocT: OLeHKa Ha NOKasaTenuTe 3a epeKTUBHOCT U edeKTUBHOCT
Ha PEM ropuBHWM KNETKWU, BKAKOYMTENHO MABTHOCT HA MOLHOCTTA, e(dEeKTUBHOCT Ha
HanpeXeHMeTo, NABTHOCT Ha TOKa U LANOCTHA ePeKTUBHOCT Ha cucTemaTta U obcbKAaHe Ha
cTpaTernv 3a nofobpasaHe Ha NPOU3BOAUTENHOCTTA U ePEKTUBHOCTTA.

YcTolumMBOCT M HaAEKAHOCT: M3cneaBaHe Ha GaKTOpW, BAMAELLM BBPXY M3APBKAMBOCTTA U
HagexaHocTTa Ha PEM ropusHuTE KNETKK, KaTo pasrpaxgaHe Ha KaTann3aTtopa, pasrparkaaHe Ha
membpaHaTa 1 pasrpaxaHe Ha cMcTeMaTta € TeYeHWe Ha BPemeTo, U NPoyYBaHe Ha CTpaTerum 3a
nogobpaBaHe Ha M3APBKAMBOCTTA Ha KNETKaTa U YAb/IKaBaHe Ha XKMBOTA.

MNa3sapHu TeHaeHUMKU U 6baewmn nepcnekTMBKU: AHaAU3MpPaHe Ha TEKYLUUTE Na3apHU TEHAEHLUWM,
TEXHONOTMYHUA HanpeabK U 6'b,D.eLIJ|VITe nepcnekTMen 3a PEM FrOPUBHU KNETKWU, BKAKOYUTESTHO
NOTEHUMANHU MNPUNOKEHMA, YCUANA 33 KOMepCUanusauua, NOAUTUYECKUM CTUMYyAU U
nscnenoBaTeNCkM HaCoKM, HAaCOYeHU KbM HarnpegBaHe Ha TeXHOJI0rMATa U paswupABaHe Ha
HEMNHOTO NpuemaHe

O60ocHOBKaTa 3a NpoBexAaHe Ha ekcrnepumeHTM ¢ PEM ropuBHa KneTKa € MHOrocTpaHHa u
06xBalla HAKOMKO KIOYOBU LN, M3rpaxaaHeTo Ha NpocTa ropusHa knetka PEM ocwurypssa
NPaKTUYECKU ONWT 3a y4eHe, KOMTO NO3BONABA Ha CTYAEHTUTE Aa WM3C/efBaT NPUHLMNUTE Ha
e/1eKTPOXMMUATA, NpeobpasyBaHeTO Ha eHeprus U TeXHONOrMWUTE 3a Bb30GHOBAEMa eHeprus.
Ypes npoBexJaHeTO Ha EKCMEPUMEHTH C TOPUBHATA KNeTKa CTyAeHTUTe moraT aa pasbepat no-
[o6pe Kak GyHKLMOHMPAT ropuBHUTE KNeTKM PEM 1 OCHOBHUTE Hay4yHU KOHLEMLUWU, KOUTO ca
BK/lOYeHU. OcBeH TOBa, EKCMEPMMEHTUPAHETO C HayyeH KOMMIEKT 3a TFOPUBHU KIETKMU
3aTBbPIKAABA TEOPETUYHWUTE KOHLENUMK, npenoaasaHu B nporpamute STEM. Ypes npaktuyecku
AEMOHCTPALMK U HABAOAEHUA CTYAEHTUTE MOraT Aa 3aTBbPAAT Pa3bupaHeTo cu Mo TeMMU KaTo
pefoKC peakuuu, eneKkTponnsa, NPEHOC Ha e/1IeKTPOHW U NPOTOHHA NpoBoAMMOCT. PaboTaTa ¢
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Hay4YeH KOMNEKT 3a FOpPUBHU KNETKM PEM KynTUBMpPaA pasnnyHi YMEHUSA, BKNIOUUTENHO KPUTUYHO
MUC/NeHe, pelwasaHe Ha NPobaemu, eKCnepuMeHTaneH AU3aiiH, aHanau3 Ha AaHHW U paboTa 8
eKun. YyacTHMUMTe ce HayyaBaT Aa oOTCTpaHABaT npobnemu, fJa MHTepnpeTtupart
eKCcnepyMeHTaNHU Pe3yNTaTh U 4a CU CbTPYAHWYAT eEKTUBHO 3a MOCTUraHe Ha 06LUM Lienu, Kato
NOBMLIABAT CBOATA HAYYHA FPAMOTHOCT U YMEHHA.

1. AHanus Ha epeKTMBHOCTTA: N3mepeTe ePpeKTUBHOCTTA HA CUCTEMATA C FOPUBHM KNeTku PEM,
KaTo M34NCAUTe BXOAALLATA eHeprus (0T BOAOPOA) M eNeKTpUYecKaTa MOLHOCT (reHepupaHa
OT ropuBHaTa KNeTKa), 3a Aa OLEHUTE LANOCTHATA i ePpeKTUBHOCT Npu NnpeobpasyBaHeTo Ha
XMMUYECKaTa eHeprua B eNIeKTpuIecka.

2. TectBaHe Ha npousBoguTenHoctra: [poBexaaiite TecToBe Ha NPOM3BOAUTENHOCT MpU
pasnnyHM ycnosua Ha paboTa (Hanp. Bapupaly CKOPOCTM Ha MOTOKa Ha BOAOPOAR,
TemnepaTtypa 1 H1Ba Ha BNAXKHOCT), 33 Aa OLEHUTE KaK Te3n GpakTopu BANAAT Ha U3XOAHOTO
HanpeXeHue, TOKa MU MOLLLHOCTTA Ha CUCTEMATA C FOPUBHU KNETKU.

3. OueHKa Ha ynpaBneHWeTo Ha BogaTta: M3cnenBaiite epeKTUBHOCTTA Ha ynpaBaeHUETo Ha
BOJaTa B PaMKUTE Ha cucTemaTa 3a FOpPMBHM KneTkm PEM upes HabnogeHue Ha
HaTpynBaHETO U OTCTPaHABAHETO Ha BOAQ MO Bpeme Ha paboTa, ocurypasaHe Ha NoAxoAALLa
xuapatauua Ha membpaHaTa 3a 06MeH Ha NPOTOHU U NpeAoTBpPaTABaHE Ha HaBOAHABaHe
WM U3CcyLlaBaHe.

4. OueHka Ha usapbRAnBocTTa: OueHeTe U3APBKANBOCTTA U ABATOCPOYHATA CTaBUNHOCT Ha
cucTemata C ropuBHM Knetku PEM, KaTo A NOANOMMUTE Ha HenpekbcHaTta pabota wau
UMK/INYHKU CTPEeC TecToBe, 3a Aa CUMy/npaTe yCNOBUA Ha M3MO0J3BaHe B peasiHuA CBAT M Aa
naeHTMdULMpaTe NOTEHLMANHN MEXaHU3MM 3a B/IOLLABaHe.

5. OntMmusauma Ha cuctemarta: EKcnepumeHTMpaliTe ¢ PasandyHU CUCTEMHU KOHOUIypaumm,
BK/IIOYUTENIHO MNPOMAHA Ha [JM3ailHa Ha CTeKa C TOPMBHU KNeTKW, CbCTaBa Ha
KaTa/M3aToOpHUTE MaTepuanu WU pasnoNoXKeHMeTo Ha 6GanaHca Ha KOMMOHEHTUTE Ha
WHCTanaumata, 3a Ja ONTUMM3MpaTe MPOU3BOAMTENHOCTTA, e(deKTUBHOCTTAa WU
M3APBKANBOCTTA Ha aBTOMOBMAA C rOpUBHM KneTk PEM.

6. AHanu3 Ha BbL3AECTBUETO BLPXY OKONHATa cpepa: M3cnegpaiiTe Bb3AENCTBUETO BbPXY
oKo/HaTa cpefa oT paboTaTa Ha aBTomobuna c ropusHU kneTkn PEM, KaTo usmepsate

emucuuTe (MNM AMNcaTa Ha TaKMBA) M M CPaBHABATE C KOHBEHLMOHANHWTE MPEeBO3HU
cpepcTea, 6asmpaHy Ha ropeHe, 3a Aa OLEHUTE NMOTEHLMA/IHUTE NO/I3M 33 OKOJIHATa cpesa oT
TEXHO/IOTMATA 33 FTOPUBHU KNETKU.

7. CpaBHuTenHu npoyuyBaHua: CpaBHeTe  NPOU3BOAMTENHOCTTA, e(pEeKTMBHOCTTa W
peHTabunHOCTTa Ha aBTOMOGMAa € ropWBHM KNeTku PEM ¢ Apyrv BUA0BE NpeBO3HM CpeacTBa
C anTepHaTMBHa eHeprusa (Hanp. akyMy/JaTOPHU eNeKTPUYECKU NPEeBO3HM CPeacTBa), 3a Aad
pasbepeTe HEroBUTE CUNHU CTPAHM, OTPAHUYEHUA U KOHKYPEHTOCMOCOBHOCT B TPAHCMOPTHUA
ceKTop.

Ypes moauduumnpaHe Ha eneKmpodHUMe Mamepuanu, Hue o4yaKeame
da Habnodasame NPomMeHU 8 U3XOOHOMO HanpexceHue .
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CNEACTBEH EKCMEPUMEHT
Heobxoaumu matepuanu:

° 20 cm HWKeNoBa Ten ¢ NAATUHEHO NOKPUTUE UM TEN OT YUCTA NAaTUHA.

° MasIKo Napye A4bpBO WK naacTmaca.

° LLinnka 3a 6atepusa 9 V.

° 9V batepus

° ManKko npo3payHo TUKCO.

° 1dLyawa

° 1dLBoga.

° MynTMMeTBbp MK YepBeH AnOoA,
Mpoueaypa: *

1. 3anoyHeTe, KaTo BHUMATE/HO pa3peeTe NOKpUTaTa C NaaTMHa Ten Ha ABa PaBHU

CermeHTa. CI'IE,EI, TOBa AE€/MUKATHO HaBUIATE BCEKM CErMeHT B Masjku NPYXUHU,
0dOPMANKM M Aa CAYKAT KAaTo eNEKTPOAM B rOPMBHATA KNeTKa.

2. Cnep, ToBa pasnosoBeTe NPOBOAHMLMTE Ha WMNKaTa Ha 6aTepuaATa, KaTo OTCTPaHWUTe
BCAKAaKBa M30/1auMA OT OTPA3aHWUTE Kpaullia. 3aBbpTeTe OrofeHuTe NPOBOAHMLM
34paBO BbPXY Kpaullata Ha MOKPUTUTE C NAATUHA eNeKTpoau. Tesn Bpb3KKM Le
NO3BOJIAT Ha LWMMNKaTa Ha baTepuATa Aa ce NPUKPenU KbM eNekTpoanTe, AoKaTo ABa
[OMBAHUTENHW NPOBOAHUKA e 6bAaT NPUKPEneHn 3a Mo-KbCHO CBbP3BaHE KbM
BONTMETBPA.

3. 3aneneTe 3/paBo eNEeKTPOAMUTE BbLPXY Ma/IKO Napuye AbPBO UM nnactmaca. Cnepn
TOBa TO3M KOMM/IEKT Ce 3aKpenBa KbM YalwaTa C BOAQ, KaTo Ce rapaHTupa, ye
eNeKTpoAnTE BUCAT MOTOMEHW MOYTM MO UANaTa CU AbAXKMHA. BHUmasaite aa
AbPXKNTE BPB3KUTE Ha YCYKaHUA NPOBOAHWK Ha4 BOAO/IMHUATA, OCTaBANKM NOTONEHU
CaMo eNeKkTpoAuUTe C NNATUHEHO NOKPUTHE.

4. CB'bp)KeTe YyepBeHMA NPOBOAHUK KbM NOJIOKUTENHNA U3BOA U YEepHUA NMPOBOAHUK
KbM OTPULIATEIHMA N3BO/, Ha MYITUMETBPA UK Anoaa. YBepeTe ce, Ye BONTMETbP BT
perucTpupa nokasaxue ot 0 BonTa.

5. 3a Aa aKTUBMpaTe ropuBHaTa KAeTKa, UHULMMPaKTe OTAENAHETO Ha BOAOPOAHM
MexypyeTa Ha eIMHUA eNEKTPOA U KUCNOPOAHM MeXypyeTa Ha apyrua. MocturHete
TOBA, KaTo CBbpPXKeTe WMnKaTta Ha 6aTtepuaTta kbm 9 V 6atepua. BontmetvpbT Tpabsa
Aa nokasea 9V uam anoasT TpAbBa Aa 3NbYBa APKOYEpBEHa CBETAMHA.

6. Cnep, KaTo ce NOABM KenaHaTa peakuuma, uskatodeTe batepuaTta. AKO ce M3nonsea
CTaHAapTeH NPOBOAHWK BMECTO NMPOBOAHUK C MJAaTUHEHO MOKPUTHE, BONTMETHPBT
Le ce BbpHe KbM OT4MTaHe Ha 0 V, Tbi1 KaTo He e cBbp3aHa baTepua. Bbnpeku ToBa,
nopagu nnatMHata, KOATO  JeicTBa  KaTo  KaTanuMsatop,  yNnecHABaWKu
pekombuHaumMATa Ha BOAOPOA W KUCIOPOA, BONTMETLPBLT MbPBOHAYANHO
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peructpupa npubnusutenHo 1 V. C TeueHMe Ha BpemeTo TOBa HampexeHue

nocTeneHHo HaMannBa, AOKaTo AocTurHe O V.

Heobxoaumu matepuanu:

° Hay4yeH KOMNIEeKT 32 aBTOMOBW/IN C rOPUBHM KNeTkK - FCJJ-11 2 unm nogobeH
Mpouepypa:

1. Cneppaiite npoueayparta oT UHCTPYKLMUTE Ha npon3soauTens 32
MPENPATKH

Building a Hydrogen Fuel Cell https://sci-
toys.com/scitoys/scitoys/echem/fuel_cell/fuel_cell.html.

Description, P.; Pack, L. Fuel Cell Car Science Kit Product Description Features Experiment &
Activities Language Pack Fuel Cell Car Science Kit Packing Information Kit Content. 11-12.

FCJJ 11 - FCJJ-11 Student’s Guide-Physics-Advanced Energy.

Generation, N.; Standards, S. FCJJ-11 Teacher’s Guide -Physics-Advanced Energy.

Generation, N.; Standards, S. FCJJ11_Redox_CH_Student_V2.

Generation, N.; Standards, S. FCJJ11_Reactions_CH_Teacher_V2.

Generation, N.; Standards, S. FCJJ11_Reactions_CH_Student_V2.

Generation, N.; Standards, S. FCJJ11_Redox_CH_Teacher_V2.

Horizon Fuel Cell Technologies. FCJJ11 User Manual. 0-1.
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YMPAXHEHUE 3: MoaepHu 6atepumn
OMWUCAHUE

MopepHuTe 6aTepumn NpeAcTaBNABaT OCHOBEH KPalbIbleH KaMbK B 3aXpaHBaHETO Ha HalMA BCe
no-AurutaneH n mobuneH ceat. C HanpeAbKa Ha TexHosorMuTe GaTepunTe ce passBuxa oT NPOCTM
KNETKM [0 C/I0XKHM CUCTEMM 3 CbXPAHEHWE Ha EHEPrUs, KOETO MO3B0/IABA PA3IUUHU NPUNOXKEHUA
OT CMapTHOHM A0 ENIEKTPUYECKMU NPEBO3HM CPEACTBa.

EAHa oT KntoyoBuTe 06/1aCTU Ha Pas3BUTUE HA CbBPEMeHHUTe 6aTepun e eHepruiHaTa nAbTHOCT.
WHKeHepuTe HenpeKbCHaTO ce CTPEMAT A3 OMNaKoBaT MoBeye eHeprua B Mo-mMasku U No-neku
nakeTu, nogobpasaiiku BpemeTo 3a paboTa Ha NPEHOCHMUTE YCTPOICTBA, KAaTo CbLLEBPEMEHHO
HamanABaT TexHUA pasmep W Terno. J/INTUeBo-MoHHUTE BaTepun ca B YeNHUTE peauum Ha Tasn
peBontouMsA, NpeAnaraiikv BUCOKa eHepruitHa NAbTHOCT U Bb3MOXKHOCT 33 Npe3apeskiaHe, KoeTo
' npasu NpeanoynTaH M36op 3a cMapTdOHW, NANTOMU U ENEKTPUYECKM MPEBO3HWU CPeacTBa.
YcToiumBocTTa obadve ce npesbpHa B pelwasal, GOKyc M B TexHonoruata Ha 6Gartepuute.
WU3cnepoBatenute M3cneagat anTepHaTMBHM MaTepuany M NPOU3BOACTBEHM Mpouecu, 33 A3
cBefaT 40 MUHUMYM Bb3AeWCTBUETO BbPXY OKONHATA Cpesa OT NPOU3BOACTBOTO U U3XBbPAAHETO
Ha 6aTepun. OT peuuKIMpyemMu maTepuani v usobunve ot eNemeHTU [0 eNEKTPONUTU B TBBPAO
CbCTOAHME, MonaraT ce yCUnua 3a cb3gasaHe Ha 6aTepumn, KOUTO ca He camo edeKTUBHU, HO U
EKONOMUYHM.

B ToBa oTHOwWeHWe BbaeLleTo Ha 6aTepuuTe obeluasa ole No-ronam Hanpeabk. OT TBbPAOTENHN
6atepuu ¢ nosuLleHa 6e30MNacHOCT U AbABI KMBOT A0 XMMUKAAWU OT CNeABALLO NOKONEHUE KaTo
JIUTUEBO-CAPA, LUMHK-Bb3AYX U HAaTPUEBO-MOHHM, U3CNef0BaTeNNUTe U3CNeABaT Pa3NUYHU MbTULLA
3a paslwmMpABaHe Ha rpaHULMTE Ha TEXHONOrMATA 3a CbXpaHeHMe Ha eHeprua. Tbil KaTo
TEXHONOTMATa NPOAb/KaBa Aa Ce Pa3BMBA, Taka LWie ce pas3suBaT U GaTepuute, ABMKELLM
MHOBaLMKUTE U 0DOPMAIKM Neli3arka Ha HaLeTo eHepruitHo 6baeLue.

JVNOAKTUKO-METOMYECKU KOMEHTAP

Tasu yuebHa eguHMLA e NPOEKTUPaHa KaTo MHCTPYKLMA CTbIKa MO CTbKa. YYeHUuuTe Wwe HayyaT
noseye 3a NpUHUMNAUTE, NPUNOKEHUNATA U 3HAYEHMETO HA LUMHKOBO-Bb3AyLWHUTE 6aTepV|V| ypes
eKkcnepumeHTanHa paboTa 1 KaTo U3Non3BaT y4ebHULM U APYrY HAIMYHU U3TOYHULM.

NMPUMEPHU PECYPCHU 3A EKCNEPUMEHTAJTHA PABOTA B STEM CPEA HA TEMATA
" LIMHKOBO-Bb3AayLLHA 6aTepua "

Pecypc 1: LluHKo80-8b30ywHa bamepus . [a ce cznobu yuHKo8o-8b30ywHa bamepus c nomouma
H@ OOMOKUHCKU Mamepuanau U XUMUKAAU U Oad ce 3armo3HaAm C OCHOBHUME MPUHUUNU Ha
enekmpoxumuama Zn-8b30yx.

NPUMEPHU PA3C/NEABALLM BBMPOCKM MO TEMATA, NPEAHA3SHAYEHU 3A
NPOEKTHU OEMHOCTMU B STEM CPEfA:

1. KakBa e eHepruiiHaTa NABTHOCT Ha LWMHKOBO-Bb3AYLIHWTE BaTepuu B CPaBHeHWE C ApYru
4eCTo U3NoN3BaHM TeXHONOMMM 33 6aTepun?
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2.  KakBM ca OCHOBHWTE MpeAMMCTBA W HeAOCTaTbLM Ha LMHKOBO-BBL3AYWHWUTE GaTepuu no
OTHOLUEHME Ha LieHa, NPOU3BOAUTENHOCT M Bb3AENCTBUE BbPXY OKONHATA cpeaa?

3. Kak Bapuauuute B [AM3ailHa W KOHCTPYKUMATA BAMAAT Ha epeKTUBHOCTTa U
NPOABMKUTENHOCTTA Ha }KMBOTA Ha LIMHKOBO-Bb3AyWHUTe BaTepumn?

Kak egHa meTanHa Bb3AyLWHa 6aTepuma e nogobHa Ha ropusHa KaeTka?

5. Kakea pons urpasaT KatanusatopuTe 3a nogobpasaHe Ha paboTtaTta Ha LMHKOBO-Bb3AYLWHUTE
6aTepuu 1 Kak MOXKe Aa ce ONTUMM3Upa TAXHaTa epeKTUBHOCT?

6. KakBM Cca OCHOBHUTE MpPeAW3BMKATENCTBA, CBbP3aHM C MNPE3APEKAAHETO HA LMHKOBO-
Bb3AYLWHUTE 6aTepun 1 KakBM CTpaTerMmn moraT Aa ce U3no/3BaT 3a NPeoA0NABaHETO UM?

7. Kak ckopocTTa Ha Audysua Ha KUCNOPOA BAMAe BbPXY LANOCTHATA NPOWU3BOAUTENHOCT U
M3XO0AHa eHeprua Ha LMHKOBO-Bb3AYLWHUTE 6aTepun?

8. Kaksu ca NOTEHUMANHWUTE NPUNONKEHMA Ha LMHKOBO-Bb3AYLIHUTE 6aTepuu B CUCTEMM 3a
CbXpaHeHWe Ha Bb306HOBAEMA eHeprusa, CTabuan3upaHe Ha Mpexkata U eNeKTPUYEcKU
npeBo3HM cpeacTBa?

9. Kak ¢daktopuTe Ha OKOAHATa Cpefa KaTo TeMNepaTypa M BAAKHOCT BAMAAT Ha paboTaTa u
ABArOTPAHOCTTA Ha LMHKOBO-Bb3AYLWHUTE baTepun?

10. KakbB HampeabK ce Mpasu B HayKaTa 3a maTepuanute 3a nogobpsaBaHe Ha U3LPBKAMBOCTTA
M CTabUNHOCTTa Ha KOMMOHEHTUTE HA LMHKOBO-Bb3AyLLHATa 6aTepua?

11. Kak moxe Aa ce U3Mon3Ba MaTeMaTUYECKO MOAENUPaHe U CUMyNaLMa 3a NPOrHo3npaHe Ha
noBeAeHUEeTo M ONTUMU3MpaHe Ha paboTata Ha LMHKOBO-Bb3AylHUTE 6aTtepun npu
pasnunyHu paboTHU ycnosuma?

Pecypc 1

LIMHK-Bb3AYLUHA BATEPUSA

KPATKA NH®OPMALIMA 3A YHEBHUA PECYPC

Cy6ektu Xumus, dusuka, ...
Bb3pact YyeHunum
Bpeme 3a usnbnHeHune 5uyaca

To3u y4ebeH pecypc e npefHasHayeH 4a NOMOTHe 3a NpPMA06MBAHETO Ha CONMAHO pasbupaHe 3a
LMHKOBO-Bb3AyLWHWTEe 6aTepPUM, KOUTO Ca OT CbLIECTBEHO 3HAYEHME 3a YCTOMUYMBOTO CbXpaHeHue
Ha eHeprua. Toll u3cnensa NPUHLMUNMUTE, MPUNOXKEHUATA U 3HAYEHMETO HA LIMHKOBO-Bb3AYLIHUTE
6atepum B pasnuuHu obnacTu Kato Bb3OGHOBAEMa eHeprus, Hayka 3a OKo/HaTa cpeja u
MHKEHEepPCTBO, KOETO M1 NPaBu AOCTbMHU M NPUNOKMUMU B PasnniHKu obaacTu.

BbBEAEHUE M TEOPETUMHA OCHOBA *
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Tosu yyebeH pecypc e watenHo u3paboTeH, 3a A3 NPEANOXKMN LANOCTHO pa3bupaHe Ha LIMHKOBO-
Bb34ylWHUTe BaTepum upes pasHoobpaseH Habop OT Noaxoau. Ypes UHTerpuMpaHeTo Ha cnesHUTe
e/leMeHTH, TO ce CTpemMu fa ocurypu oboraTaBallo o6pa3oBaTesHO MbTyBaHE, HACOYEHO KbM
yNecHsABaHe Ha NPUA06MBAHETO Ha 3HAHWA U YMEHUSA, CBbP3aHM C LMHKOBO-Bb3AYLWHUTE BaTepum.
OcHoBHUTE 06XBaHaTK TEMU BK/IIOYBAT:

KoHuentyanHo pas6upaHne: 3agbn6ouaBaiikv ce B OCHOBOMO/AraluTe NPUHLUMNKW, NEXKaWM B
OCHOBaTa Ha LMHKOBO-Bb3AYLIHWUTE BaTepuu, PecypchbT M3ACHABA TEMW KAaTO eNeKTPOXUMMUS,
KNeTbYeH AM3aitH U PeaKLMOHHN MexaHU3MuU. ToBa 3HaHUE CNYXKM KaTo KpaibrbaeH Kambk 3a no-
HaTaTbLUHO M3cneagaHe u pasbupaHe.

MpakTuyeckn npunoxenus: NpeaocTassHe Ha NPeACTaBa 3a PEasHOTO M3MOA3BaHe Ha LMHKOBO-
Bb3AyWHN 6aTepun B PasNUYHU WMHAYCTPUM, BKAIOUMTENHO CbXpaHeHWe Ha Bb3obGHoBAEMa
eHeprus, TPaHCMopT U NoTpebuTe/ICKa eNeKTPOHMKaA. Ypes Kasycu 1 npumepu obyuyasalymte ce
pa3bupar Kak Te3n 6aTepuu ce U3NON3BAT B NPAKTUYECKU CLEEHAPUM.

EkcnepumeHTanHo uscnegsane: MpegnaraHe Ha NPaKTUMECKU EKCNEPUMEHTU U AEMOHCTPALMK,
KOMTO No3BONABAT Ha obyyaemuTe Aa HabnofaBaT AMPEKTHO NOBEAEHMETO Ha LMHKOBO-
Bb3AyLWHUTE BaTepuu. Ypes nscnensaHma Ha GpakTopu KaTo U3XOAHO HanpexeHue, epeKTUBHOCT
1 NPOU3BOAMUTENHOCT MPY Pa3/IUYHM YCNOBUA, YHaCTHULMTE pa3BMUBaT N0-3aA4ba604EHO pasbupaHe
Ha paboTaTa Ha baTepuATa.

YnpaxKHeHua 3a pelwiaBaHe Ha npobnemu: [peAcTaBaiiku nNpeau3BUKATENHU nNpobremun w
CLEHapWK, CBbP3aHM C LMHKOBO-Bb3AYLWHM 6GaTepuu, pecypcbT HacbpuyaBa obyyaemwute Aa
npunaraT 3HaHWATAa CM 33 pellaBaHe Ha MPaKTUYecKW npeausBUKaTencTea. To3u NoAXon
HacbpyaBa PasBUTUETO HA YMEHUA 3a KPUTUYHO MUC/IEHE U 3aCK/Ba KOHLENTYasHOTO pasbupaHe.

CbBMecTHO obyyeHue: YnecHABaHe Ha rPynoBU AeHOCTH, UCKYCUU U CbBMECTHU NPOEKTH, KOUTO
cb3gasar cpega, 6naronpuaTHa 3a 06MeH Ha uaen u onuT. Ypes B3aMOAENCTBUE C BPBCTHULM
obyyaemute 3agbnbouyaBaT pas3bupaHeTo CM 33  LMHKOBO-Bb3AylHWTe 6aTepuu, Kato
CblLEBPEMEHHO HacbpyasaT paboTaTa B eKuUn 1 Nofo6pABaT pesyaTaTuTe oT 06y4eHUeTo.

Ypes BKNIOYBAHETO Ha Te3n pasHoo6pPasHM enemeHTH, TO3W ydebeH pecypc ce CTpemu 4a ocurypu
XOJIMCTUYHO M aHTaXKMUPALL0 06pa30BaTeNIHO U3KMUBABAHE, KATO aBa Bb3MOMKHOCT Ha y4aCTHULUTE
A3 NPUA0BUAT 3uepnaTeHN 3HAHUA U YMEHWA, CBbP3aHM C LMHKOBO-Bb3AyLIHUTE 6aTepuu.

OBOCHOBKA 3A NMPOBEXAAHE HA EKCMTEPUMEHTA

O60ocHOBKaTa 33/, eKCepUMEHTUPAHETO 3@ U3rpakAaHe Ha NpPocTa LMHKOBO-Bb3AyLHaA 6aTepus
06xBalla pasNMYHM acneKTW, npesnaraiku UANOCTEH NoaxoA Kbm obyyeHweto. MMbpeo, Tow
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ocUrypaBa NpaKkTUYecko obyyeHue, KaTo npegsiara Ha y4aCTHULMTE TaKTUAHO U UHTEPAKTUBHO
U3KMBABAHE, KOETO 3aTBbp)KAaBa Pa3sbupaHeTo UM 3a eNeKTPOXMMMATA U CbXPAHEHWETO Ha
eHeprua. [lokaTo ce 3aHMMaBaT C KOHCTpyMpaHeTo Ha baTepuAaTta, obyuyaemute npugobusat
npeAacTaBa OT MbPBa PbKa 3a TOBA KaK HEMHWTE KOMMOHEHTU CU CbTPYAHMUYAT, 33 Ad reHepupaT
enekTpuyecTBo. Tasu MpaKTMYecKa aHrakMpaHocT nogobpsasa pasbupaHeTo Ypes cBbpP3BaHe Ha
TEOPETUYHWU 3HAHMA C peanHu NPUNOXKEHUA, YKpenBaHe Ha KOHLEMUUU KaTo OKUCAUTENHO-
PeAyKUMOHHM PEeaKumKn, eNeKTPOHEH MOTOK W PONATa Ha ENEeKTPOAUTE U ENEeKTPOAUTUTE B
ranBaHuW4yHuTe KNetku. OcBEH ToBa W3rpaAaHeTO Ha LMHKOBO-Bb3AylHa 6aTepua ynecHasa
pelwaBaHeTo Ha NPobaemMn M OTCTPAHABAHETO Ha HEM3MPABHOCTU. YYacTHULUMTE ce cONBCKBAT C
npeansBMUKaTeNCTBA KaTo ONTUMMU3MPAHE Ha eNeKTPOAHU MaTepuany, ynpasieHne Ha CKOpocTTa
Ha peaKuvaTa U nogobpaBaHe Ha enekTpuyeckata NPoBOAMMOCT. CNpaBAHETO C Te3U NPenATCTBUA
Hacbp4yaBa YMEHUATA 338 KPUTUYHO MUCSIEHE N HAaCbpY4aBa y4aCcTHULUNUTE Aa USMUCIAT MHOBATUBHU
pelweHus, 3aabn604aBalikn pasbupaHeTo cU Ha OCHOBHUTE MpUHUMNK. OCBEH TOBA, LMHKOBO-
Bb3AyLWHUTE 6aTepun ca NPMBETCTBAHM 33 TEXHUA NOTEHLMAN 3@ CbXPaHEHWE Ha Bb306HOBAEMA
eHeprua nopaju TAXHaTa BUCOKa eHepruitHa NABTHOCT U peHTabunHocT. KOHCTpyupaHeTo Ha
UMHKOBO-Bb34yLWHa GaTepvm no3BONABA HA y4aCTHMUMUTE Aa U3CNeABaT NPUNOXKEHUETO HA Tasn
TEXHONOTMA 3a CnpaBAHe C NpeAu3BMKaTeNCTBaTa 3a CbXpaHeHMe Ha eHeprua, CBbp3aHu C
Bb306HOBAEMM M3TOYHMLM KaTO CAbHYEBA U BATbPHA €HEeprus, HacbpyaBalKM OLEHKaTa 3a
YCTOMYMBU eHeprUiiHKN pelleHna. N Hakpas, NPaKTUYECKN eKCNepUMEHTU KaTo TO3M HacbpyasaT
MHTepeca W aHraxupaHocTTa B obnactute Ha STEM. Ypes npunaraHe Ha KoHuenuuuTe Ha STEM B
npaKkTMyecka cpesa, y4acTHUMLUMTE Ce BAbXHOBABAT Aa npec/ieasat 6baelim HaumHaHms B obiactra
Ha HayKaTa, TeXHO/I0TUUTE, MHXEHEPCTBOTO U MaTeMaTUKaTa. ToBa He CamMo KyNTUBMPA CTPaCT KbM
YYEHETO, HO M NOAXPaHBa CNEABALLIOTO NOKONEHWUE MHOBATOPM M XOPa, KOWUTO peluasat npobaemu
B KapuepuTe, cBbp3aHu ¢ STEM.

3agaunTe 3a pascnefBaHe, KOMTO TpabBa Aa 6bAaT M3NbAHEHU 3@ U3rPa)KAaHeTo Ha npocTa
LMHKOBO-Bb3AyLWHa 6aTepus, ca cnegHuTe:

1. W360p Ha maTepuan u xapakrepusupaHe: VacnesaBaiite pasnnMyHM maTepuani 3a LMHKOBMUA
aHOA M Bb3AYLIHUA KaTog, KaTo B3emeTe npeasug pakTopy KaTo peakTUBHOCT, MPOBOANMOCT
W HaAW4HOCT. XapaKTepusupaiTe CBOWCTBATa Ha M3bpaHUTe MaTepuanu, BKAOUUTENHO
NMOBBPXHOCTHA N/IOLW, MOPbO3HOCT U ENEKTPOXMMUYHU XaPAKTEPUCTUKU, YpE3 TEXHUKUN KaTO
CKaHWpaLLa eNekTPoHHA MUKpockonua (SEM) v uukanyHa BoATameTpus.

2. OnTMMMU3MpaHe Ha enekTponuta: PasrnefaiiTe pasNUYHU eNEKTPONUTHU PeLleHus, 3a Aa
nogobpute NPOU3BOAWUTENHOCTTA U cTabunHOCTTa Ha baTepuATa, KaTo B3emeTe NpeaBuz,
bakTopn KaTo pH, WOHHA NPOBOAMMOCT M CbBMECTUMOCT C W3BpaHUTE eNneKTPOAHU
maTtepuanu. Uscnepaiite epekta Ha fob6aBKUTE UM BydepHUTE areHTH BbpXy CBOWCTBATA Ha
e/1eKTPOoINTa U NPOU3BOANTENHOCTTA Ha BaTepuaTa Ype3 eKcrnepuMeHTUPaHe U aHanus.

3. TexHWKM 3a NPOM3BO/ACTBO Ha e/1IEKTPOAU: V3cneABaiiTe pa3iniHU METOAM 3a NPOU3BOACTBO
Ha UMHKOBM W BbB3AYWHW ENEKTPOAM, KaTo e/NeKTPOoOoTAaraHe, cuTonevat uau
MacTUIEeHOCTPYeH neyart, 3a Aa ONTUMM3MpaTe TAXHATa MOPGONOrUA U NPOU3BOAUTENHOCT.
W3cneppaiiTe BAVAHMETO Ha MapameTpuTe 3a MOAFOTOBKA Ha E€NEeKTPOAA, BK/IKOUUTENHO
TemnepaTypa, BpemMe Ha OT/1araHe M KOHLEHTPaLMA Ha NPeKypcopa, BbpXy CTPYKTypaTa Ha
e/1eKTPoa 1 eNeKTPOXMMUYHUTE CBOWCTBA.
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4. CrnobsBaHe u NpoeKTMpaHe Ha KNeTku: [poyyeTe pasiMyHU An3aiHN U KOHOUIypauum Ha
KNeTKM, 33 Aa ONnTMMM3MpaTe npoueca Ha crnobasaHe M fa YBENIMYMTE MAKCMMANHO
npousBoauTeNHOCTTa Ha 6aTepuATa. EKCnepMmeHTMpaiiTe ¢ pas/iMyHK cenapatopu U
OMaKkoBbYHKM MaTepuanu, 3a Aa nofobpuTte cTabUNHOCTTA Ha KneTKkaTa W Aa NpefoTBpaTuTe
M3TUYAHE Ha e/IEKTPOAUT UM NpecuyaHe Ha ras.

5. TecrBaHe Ha epEeKTUBHOCTTa 1 XapaKkTepusupaHe: Pa3paboTBaHe Ha NPOTOKOAM 33 TECTBAHE
Ha eNeKTPOXMMUYHNTE XapaKTEPUCTMKM HA LMHKOBO-Bb3AylwHaTa 6aTtepus, BKAOUATENHO
MEeTOAM 33 M3MepBaHEe Ha M3XOAHOTO HarpeMeHWe, KanauuTeta M KMBOTA Ha UMKbAA.
W3cneppaiite BAMAHMETO Ha pabOTHWUTE YCNI0BUA KaTo TemnepaTypa, BNaXXHOCT U CKOPOCT Ha
paspeskiaHe BbpXy NpPOM3BOAMTENHOCTTA Ha 6aTepuaTa upes CUCTEMATUYHO TecTBaHe U
aHanwus.

6. MpoyuysaHWAa 3a AbLArOCPOYHA CTABMAHOCT M U3APBKAMBOCT: M3BbpLUETE AbBATOCPOYHM
npoyyBaHUs 3a CTabUAHOCT WM M3APBKAMBOCT, 33 A3 OLEHWUTE NPOU3BOAMTENHOCTTA Ha

6aTtepuATa NpW HenpekbcHaTa paboTa U LMKAWYHK ycnoBuA. U3cnesBaiiTe mexaHU3muTe Ha
pasrpaxaaHe U HAYMHUTE Ha NOBPEAA YPEe3 aHaU3 CIef CMbPTTA, BKIKOUYUTENHO U3C/AeABaHe
Ha mopdonormATa Ha eNeKTPoaa U XMMUYHUA CbCTas.

7. OueHKa Ha Bb3AENCTBUETO BbPXY OKONHATa cpega: [lpoyyeTe Bb3AEMCTBUMETO BbPXY
OKO/HaTa CpeAa Ha UMHKOBO-Bb3AyliHaTa 6aTepus, BKAKOYWTENHO YCTOMYMBOCTTA Ha

CYpPOBMHUTE, KOHCYMaLMATa Ha eHeprus no Bpeme Ha Npou3BOACTBOTO W MOTEHLMana 3a
peumKaupaHe um naxebpsHe. OLeHeTe OLEHKaTa Ha XU3HeHWs ukba (LCA) Ha 6aTepusTa,
3a fa pasbepeTe HeMHWA LANOCTEH OTNeYaTbK BbPXY OKO/IHATa Cpeaa v Aa uaeHtuduumpare
BbH3MOXHOCTM 3a nogobpeHme.

U3n0n3BaHETO Ha XMMUYHU U MEXaHMYHM METO4M MOoXKe Aa nogobpu
pa6ortarta Ha Zn-Bb3aylHaTa 6aTtepus.

MepeH enekTpop,

LinHKOB eneKkTpop,

Komnnekr ot 2 kabena 3a enekTpuuecku Tectose Tun "anuratop".
MynTUmMeTbp 1 YepBeH Anog,

Yawa 3a Boga

Hatpues xnopug, (okono 25 g)

MepwuTeniHa Yawa, MeTpuyHa

Kyna, koaTo moxe Aa nobepe Hait-manko 500 ml
YaeHa NbXUYKa

BOJA

KyxHeHcKa Be3Ha

BopopoaeH nepokeug (3%) (okono 20 ml)
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° Cnama
° Talimep UK YaCOBHMK CbC BTOPA CTPENKA
«3
Mpouepypa:
1. 3anouyHeTe, KaTo MNOArOTBUTE CONEHOBOAHWA ENEeKTPONMUT 3a BalwaTa LMHKOBO-
Bb3aylWHa 6aTepus. Pasteopete 25 g NaCl 8 kyna, nbaHa ¢ 0,5 L Boga.
2. ETuKeTupaiTe Tpyu yYawu Boaa Kato #1-3 ¢ momoliTa Ha MNOCTOAHEH MapKep.

MpoBexgaHeTo Ha TPM ONUTa €JHOBPEMEHHO rapaHTMpa TOYHOCTTa WU
Bb3NPOM3BOAMMOCTTA Ha pe3ynTaTuTe.
3. NoproTeeTe BalwUTe eNEKTPOAM:
a. Onpepenete Cu enekTpoa KaTo Ball KaToa,
b. Onpegenete Zn enekTpoAa KaTto Ball aHOA,

4. M3cunete 150 ml OT NpUroTBEHUA CONEHOBOAEH EN1EKTPOIUT BbB BCAKA eTUKETUPaHa
Yawa unu bypkaH.

5. MocTtaseTe eauH Zn n eauH Cu enekTpof BbB BCAKA Yalla MAKM BypkaH, Kato ce
yBEpWTE, Ye ca NOCTaBEHW OT NPOTUBOMO/IONKHUTE CTPaHW, Taka Ye Aa ca 06bpHaTK
eAVH KbM Apyr. BHMmaBaliTe fa He ce gonupar, 3a Aa usberHete cyyaiHO Kbco
cbenHeHMe.

6. CebpkeTe wmnkute Alligator Kbm €NeKTPUYECKM TECTOBM MNPOBOAHMULM, KaTo
YepBEHWAT NPOBOAHMK € CBbP3aH KbM Cu, @ YepPHUAT KbM Zn. [ipyrute Kpauwa Tpabsa
Aa 6bAaT CBbP3aHU KbM YepBeHUA ANOL, KOWTO TpAGBa Aa cBETU.

7. Beue cTe rotoBu fa TectBate GYHKLUMOHANHOCTTA Ha BawwuTte 6aTepuu. TecTsaiiTe
nocnefoBaTeNHO BCAKa 6aTepusa ¢ MyATULLET NPY CAeAHUTE YCNOBUA, KaTo U3K/OUUTE
AMOoJa M CBBPXKeTe MyNTULeTa:

a. be3 pobaBka Kbm enekTponuTa
b. HenpekbcHaTo pa3bbpkBaHe
c.  HenpekbcHaTo M3yxBaHe Ha MexypyeTa CbC CNamKa
d. [Job6asaHe Ha 5 mL 3 4 1202
e.  [lobaaHe Ha 5 ML 3% 202 MIOC yenperscraro PA36bPKBaHE
8. M3mepeTe HanpeXeHWeTo Ha OTBOPEHA BEPUTa M TOKA Ha KbCO CbefMHeHMe Ha BCAKA

LMHKOBO-Bb3AyLWHa 6aTepus. 3anoyHeTe C MbPBUA OMUT U NPOABANKETE C ApYruTe
Aasa. Te3n n3mepsaHuAa ocurypasat Han-BUMCOKOTO Hanpe)eHne U ToK, KOMTO BallaTa
6aTepus mosKe Aa AOCTaBM, HO MUMaiiTe NpeABuUA, Ye TA He MOXKe A3 OCUTypU 1 aBeTe
€AHOBPEMEHHO.

MPEMNPATKU

Li, Y.; Dai, H. Recent Advances in Zinc-Air Batteries. Chem. Soc. Rev. 2014, 43 (15), 5257-5275.
https://doi.org/10.1039/c4cs00015c¢.

How to Make a Battery with Metal, Air, and Saltwater https://www.sciencebuddies.org/science-
fair-projects/project-ideas/Chem_p107/chemistry/make-a-battery-with-metal-air-and-
saltwater#fprocedure.

Procedure, E. How to Make a Battery with Metal, Air, and Saltwater | Science Project. 2021.
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Mpumep: YCTOMYMBM TEXHOIOTUK B HAYYHOTO 0bpasoBaHue -

YacT 2. YyebeH moayn 4ypes npoeKTHo-6a3MpaHo o6yqume
OnucaHue Ha UHOBAaTUBHMA MOAYA 3a npenogaBaHe/obyyeHune Green STEAM

0O6pa3oBaTeNHO HMBO (Bb3PACT HA YYEHULUTE): MATUCTbPCKO HUBO 2-pU LIUKBA

Mpeamer: YCTONUYMBK TEXHONOMMM B Hay4HOTO 06pas3oBaHue

Temu: YcTOWUMBM TEXHONOTUN

Lienn Ha yue6HaTa nporpama:

®  Pasbepete KOHUENUMUTE 3a YCTOWUMBA eHeprua

®  PasbepeTe NpuUHUMNUTE HA XMBPUAHUTE CUCTEMM 3a Bb30OGHOBAEMA EHepruA.

® [lpoeKTupaiiTe W aHanu3MpaiTe WHTErpupaHN CUCTEMM, CbYeTaBallM MHOXeCTBO
YCTOMYMBU TEXHONIOTUN.

o [leduHupaiite n 06ACHETE NPUHLMNUTE HA YCTOMYMBATA EHEPIUA.

o UpeHTndUMUMpaiiTe Bb3AEICTBUETO BbPXY OKONHATa CpeAa Ha TPaANLMOHHUTE EHEPruiiHK
N3TOYHULM.

e Onwuwerte NnpuHUMNUTE Ha paboTa Ha BOAOPOAHUTE TOPUBHMU KNETKU.

®  AHanusupaitTe npeaumcTeBaTta U NpeausBUKaTeNCTBaTa Ha TEXHONOMUATA 338 BOAOPOAHMU
FTOPUBHU KNETKU.

o [lemMOHCTpUpaiiTe cnocobHOCTTa Aa NPOEKTUPaTe U KOHCTpyMpaTe OCHOBHa BOAOPOAHA
ropuBHa Knetka.

e  ObAcHeTe NpoLeca Ha eN1eKTPoI3a 3a NPOU3BOACTBO Ha BOAOPOA,.

e OueHeTe epeKTUBHOCTTA U NPAKTUYECKUTE NPUNOXKEHUA HA ENEKTPONN3bOPUTE.

e  CpaBHeTe 1 CblOCTaBETE IMTUEBO-MOHHUTE HaTepumn ¢ HOBOBB3HMKBALLUTE TEXHONOMMN 33
6atepuu.

®  AHanusupaiTe eKONOrMYHUTE U UKOHOMMYECKUTE MOCAEAMUM OT PasfMyHWUTE BUAOBE

6atepuu.

[JlemoHcTpupaiiTe cnocobHOCTTa Aa NpoeKTUpaTe 1 TecteaTe baTepuiiHa cuctema.

PasbepeTe KOHLENUMATA 33 €NEKTPOXUMUYHU MUKPOPEAKTOPH.

0O6AcHeTe NpMHUMNUTE Ha NpeobpasyBaHe Ha $OTOBONTaUYHATA EHEPTUA.

AHanusupaiite eQpeKTUBHOCTTa M OrpaHUYEHUATa Ha CAbHYeBUTE (POTOBONTAUYUHM

cucremu.

MpoeKTnpaiTe M oNTUMMU3UPaTe POTOBONTAUYHA CUCTEMA 3a AAZEH CLEHAPUIA.

e OnuwerTe NpUHUMNUTE Ha paboTa Ha BATbPHUTE TYPOUHMU.

KntouoBu gymu: 3eneH STEM, ycToiMunBM TEXHOIOTUM, NPOEKTHO Ba3upaHo obyyeHune

WHcTpymeHTM 3a obydyeHue: cucTema 3a ynpasneHue Ha obyuyeHweTo (Hanmp. Moodle),
nnatpopma 3a cbTpyaHuuecTso (Hanp. Microsoft Teams), nutepatypHu 6asm gaHHu (Hanp.
Scopus, Web of Science, Google Scholar, ERIC), codTyep 3a npeseHTauuu, AOKyMeHTaLua U
eNneKkTpoHHu Tabanuy (Hanp. PowerPoint, Word, Excel) , rpaduuyeH nHctpymeHT (Hanp. Canva),
WHCTPYMEHTM 33 YUUAULLHO CbbMpaHe Ha eKcrepuMeHTaNHK AaHHM (Hanp. ceHsopw Vernier)
Ap.

JlutepaTypHu pecypcu 3a CTYAeHTH

3a0baxuUMenHu :/0omeaHumenHu:
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Mertopa(un) Ha 06yueHue: NpoeKTHO obyyeHue, ekcnepumeHTanHa pabota
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TEOPETUYHA NOATOTOBKA

KypcbT 3a yunTeNm cbyetaBa CbabpiKaHue, MHCTPYMEHTU U A06PU NPaKTUKK, KOUTO BKAtouBaT PBL,
IBL 1 UHOBATMBHM MeTOA0N0MNM, 6a3NpPaHM HA UHIKEHEPHWA AU3aiiH, C XMbpuAeH Noaxoa,.

A. B MHCTpymMeHTUTe Ha nporpamata Green STEM geiHOCTWTE 3ano4BaT ¢ aBTEHTUYHU Npobaemm.
ABTEHTUYHUTE NPOBAEMMU CHLLO CAYXKAT KaTO 3HAUUTENIHU CTUMY/IU 33 YHEHULUTE [ja Ce BKAOYAT B
yyeHe, OCHOBAHO Ha 3anuUTBaHWA U 6a3nMpaHo Ha Npobaemu. ABTEHTUYHUTE Npobaemu onpeaenat
Bugosete npobaemu, KOUTO MoraT Aa NOAKPENAT YHEHULUTE B YMEHUATA 3@ HAYYHO U3caesBaHe
(Burrows et al., 2016), Aa ce 3aHMMaBaT C peanHUA CTUA Ha paboTa Ha y4YeHu U U3cnenoBaTenu B
o61acTu, cBbp3aHuM ¢ HaykaTa (Hsu et al., 2010) 1 Kak ce npuiara HaykaTa (van Eijck & Roth, 2009).
CnepoBaTteslHO AeWHOCTUTE, WAKCTPUpaHW B npoekTa Green STEM, BK/IOYBAT aBTEHTUYHM
nU3CcnenoBaTeNCKu I'IpO6}1€MVI, KOUTO moraTt ga NOAKPEenAT 3anNUTBaHUATA Ha YY4EeHUUUTE, KaTo ce
dOKycMpaT BbPXY NPAKTUHECKOTO U Cb3HATENHOTO aHraxupaHe.

Hanpumep, peviHoctTa, o3arnaseHa ,TEMA B.1: CvbupaHe Ha aTmocdepHa Boaa“ 3anousa C
aBTeHTUYeH npobsiem, CBbP3aH € cbbUpaHeTo Ha Boda OT aTmocdepaTta, M3BECTEH CblUO KaTo
cbbupaHe Ha aTmocdepHa BoAa, 3a No/syyaBaHe Ha U3Non3BaeMa BOAA Ypes U3B/MYaHE Ha BAara
OT Bb3ayxa. [leMHOCTTa MMa 3a Len Aa Hakapa yyeHuuuTe A3 pewasaTt npobaemu, CBbp3aHu C
BOAOCHabAABAHETO B PaiiOHM, U3NUTBALLM HEAOCTUr Ha BOAA, U Aa NPeAoCcTaBu MOTEHLUMaNHO
pelueHue 3a PerMoHm € OrpaHUYEeH AOCTBN A0 U3TOYHULM Ha NPACHA BOAQA. PasNnnuHM TEXHUKM KaTo
KOHZeH3auus, cbbupaHe Ha poca, cbbrpaHe Ha Mbria U reHepaTopu Ha atmocdepHa Boga (AWG)
TpAb6Ba Aa 6bAAT NPOYYEHU OT yUEHULMTE B AeiHOCTTa U Te TpAbGBa Aa NpUAOBUAT 3HaHWA U Aa U
TecTBaT B labopaTopHu cpean.

B. B MHCcTpymeHTUTe Ha nporpamaTta Green STEM npouecbT Ha NPOEKTUPaHE U UHXKEHEPWUHT ce
noaAbPKa U NoAobpABa MO YHUKANEH HauMH. TeKyLmMTe MeTo40N0TMM U NOAXOAN KbM NpoLiecuTe
Ha WMHXXEHepPHO npoeKkTMpaHe M obydyeHuneto, 6asMpaHo Ha AM3aiiHa, ca ACHO AedUHUPAHU B
noTouuTe Ha AeMHOCTU M NpoLiecuTe Ha BHeapABaHe. TEOPeTUYHOTO CbAbPKAHME NOJ 3arNaBueTo
,TEMA A.5: Green STEM u 6bgeweTo Ha paboTaTta M yMmeHUATa B 3e/1eHaTa MHAYCTPUA® LUMPOKO
noayepTaBa 3HaYeHUETO Ha AWU3aNHEPCKUTE U UHKEHEPHUTe Npodecun B paMKUTe Ha 3eNeHuTe
Kapuepwu. Mo Bpeme Ha pPaboOTHM CpeLn UAN CEMUHAPK, OPraHU3MPaHM KaTo 4acT OT npoLeca Ha
pa3snpocTtpaHeHMe Ha mogena Green STEM, aptedaktute Ha [AeMHOCTTA, NPEACTaBAHETO W
[MCKyCMUTE Ha NpoeKkTuTe Ha Green STEM npoekTu, cBbp3aHu ¢ TEMA 8-14, dopmupaT BakHa
AVCKYCMOHHA Tema 3a Au3aiiHa U MHXKEHePCTBOTO. MaTepuannTe U NPOTOKOUTE 3a HabaloAeHue,
pa3paboTeHn 3a yuutenu, ca ce BH3MNOA3Ba/JIM OT MHOBATUBHUTE METOAM HA NPOEKTUPaHe U
MHXeHepuHr oT Gunbatar et al. (2022), Dare et al. (2021) 1 Ong et al. (2023).

C. NabopaTopHuW U3cneaBaHNUA U NPOLLECKU, OTKPUTU B MHCTPYMEHTUTE Ha Mporpamarta Green STEM,
NOAKPENAT MHOBALMUTE NO Ha4YMH, KOUTO NO3BO/IABA HA YYEHULMTE Aa pa3bepaT KoHLenuuuTe 3a
3e1eHa MaTeMaTuKa, HayKa U MHeHepcTBo. OByYeHneTo, 6asMpaHo Ha 3aNUTBaHWUA, € NOAXO0A, Ha
obyyeHve, NpurodeH 3a yyeHe ype3 nabopaTopHu mpouecu. B AeliHocTuTe, paspaboteHn 3a
nporpamata Green STEM , yuyeHMUMTE Ce Hacbp4aBaT Aa B3aUMOAEWCTBAT Ypes u3cneaBaHe U
3anuTBaHe Ha BUCOKO HWMBO (NpeAYMHO OTBOPEHM 33Aa4M 3a 3anNUTBaHE), YCTAHOBABANKMN BPB3KK
B peasnHua CBAT. MHCTPYyMeHTUTe 33 MPOdECUOHANHO Pa3BUTUE, MOAFOTBEHU 3a yYUTEAUTE, U
HacbpyaBaT Aa Haco4BaT NpoLieca Ha 0By4eHUe B PasIMYHM POU, KOUTO MOTaT Aa 6bAAT U3paseHu
KaTO [MarHoCTWUK, MOTMBATOp, HOBATOP, EKCMepUMMEHTaTop, M3cnefoBaTen, MOAenupaly, M
obyuasawy, ce (Crawford, 2000). Mo TO3X HauMH ce Bb3MpPUEMa MOAXOA Ha Oby4YeHWe, KOMTO
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HacbpyaBa y4eHULMTE [la Ce aHraxMpaT € pellaBaHe Ha Npobaemu 1 yyeHe Ypes npexusasaHe. B
AEVHOCTUTE yYeHNLUTE ce NOAKPENAT B TAXHOTO aKTUBHO y4acTUe AN MOTUBALIMA B MOHE efUH OT
npoLecuTe KaTo 3ajaBaHe Ha BbLMNPOCH, NpoekTMpaHe, cbOMpaHe Ha AaHHW, [OCTUraHe A0
3aKNIOYEHUA UM KOMYHUKALIMA Ha HAY4eHOTO, KaKTo e onpeaeneHo ot Minner et al. (2010):

. HaNNYMeTo Ha Hay4YHO CbabpiKaHue,

° AKTMBHOTO Y4aCTMe Ha YYEHMKA B HAYYHOTO ChAbpiKaHue,

. TAXHaTa OTFOBOPHOCT 3a y4YeHe Ype3 MOHEe eAWH OT npoluecuTe Ha pasnuTBaHe,
NpoeKTUpaHe, cbbupaHe Ha JaHHW, AOCTUrAHe [0 3aK/YEHUA UNU KOMYHUKaLMA,
NOAKPENANKM TAXHOTO aKTUBHO Y4acTUeE UM MOTUBALMA.

I. [leiHOCTUTE NO MpOeKTa B MHCTPYMEHTUTe Ha nporpamata Green STEM noagbp:kaT mucneHe,
OCHOBaHO Ha [lOKasaTencTBa (OPUEHTUPAHO Ha AaHHM). ToBa CHLIO TaKa OCUrypsaBa noaxos,
noakpenex ot ,MpenogasaHeTo U yyeHeTo ¢ MHGOpMUpaH ansaiH”, gedvHupan ot Crismond &
Adams (2012) v IBL. [lokasaTencTsaTta ce M3M0/3BaT 3@ y4eHULMTE, 33 4a OLEHAT, Npepasriesart n
nofobpat csoute npoektn. Etanute ,OueHka Ha npopykta/pewexuero”, ,MogobpssaHe” u
,OTpasaBaHe/cnogenaHe”, BKNOYEHU B NOTOLMTE HA AEMHOCTUTE, Ca NpeaHa3HaYeHu TOYHO 3a
Tasu uen. ToBa “Ma 3a Lien Aa rapaHT1pa, Ye CTyAeHTUTE NO AU3aiiH, NPUCHCTBALLM B 3eneHn STEM
AeNHOCTW, MMAT NOCNef0BaTeNHN U TOYHU (M3N0N3BaeMM) AaHHU. KoraTo yyeHULMTe BUAAT KaKk U
3allo ce M3N0N3Ba MHGOPMALMATA, NONYYEHA B AU3aiHUTE, Te NPEKMBABAT MOMEHT Ha ,eBpUKa‘“.
ToBa CbLO UHULMMPA Be3KpaeH LMKbA Ha NPOEKTUpaHe 3a TAX. KaTo HenpeKkbcHaTO pa3BuMBaT,
npeoueHasaT M nopobpaBaT CBOWTE AM3aliHM Bb3 OCHOBA Ha peasiHU JoKasaTencrsa W
HabnloAeHWA, CTyAeHTUTe MoraT Jja AOCTUrHAT [0 HOBAaTOPCKM OKOHYaTeneH AunsaiiH. Crismond &
Adams (2012) ny6avKkyBaxa LEHHM M3CneaBaHus, NpeacTaBeHn 3a pasbupaHe, KOeTo Moxe Aa
6bae Bb3NPMETO B AMHOCTM 32 MaTpULATa 3a NpenoaasaHe U yyeHe Ha MHGOPMUPaH AMU3aiiH.

YYEBHU MATEPUA/IU U NPUMEPU 3A AOEPU MPAKTUKU
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Mpumep: HaHOTbKaHM 32 BUOMUMMKPUA N EKONOTUYHM

NMPOMULLINEHU NPAKTUKN
OnucaHMe Ha MHOBaTMBHMA MOAYN 3a npenogasaHe/o6byyeHne Green STEAM

O6pasoBaTeniHa cTeneH (Bb3pacT Ha yueHuuure): CpeaHo yunauwe

Tema: Green STEM

Temu: BUOMUMUKPUA HAHOTHKAHM U €KONOMUYHN UHAYCTPUAHW NPAKTUKN

Lienun Ha yye6HaTa nporpama:

HayyHu uenu:
* Habnoaasa npvmepy 3a BOAOOTONBCKBALLM TbKaHM B NpMpoaTa ypes edekTa Ha
notoca,
¢ NMonyyasa pyHAAMEHTANHM NO3HAHMA B HAyKaTa 3a MaTEPUAIUTE U HAHOTEXHOOTUUTE
ypes usyyaBaHe Ha NPUHLUMNUTE HA HAHOTEXHONOTUMTE BbB BOAOOTOLCKBALLYM ThKaHM,
¢ Npuaobrsa NpakTUYECKM ONUT B pa3bupaHeTo Ha CBOMCTBaTa Ha BOAOOTHAbCKBALLUTE
TbKaHW U U3cneBaHe Ha Hay4yHaTa OCHOBa Ha edeKTa Ha noToca.

UHKeHepHH uenn:
© PewwaBa MHXeHepHU Npobiemu, KaTto ce GoKycMpa BbPXY AN3aNHA HA HAHO
BOJ0OTONBCKBALLYM TbKaHMU,
* Nopo6pABa MHKEHEPHUTE YMEHUA Ype3 NPeAoCTaBAHE Ha Bb3MOXKHOCTM 33
M3KUBABAHE Ha AW3aliHePCKO MUCNEHE, Cb3AaBaHe Ha MPOTOTUMMU U NPOLECH Ha
nogobpeHue.

TexHONOrM4YHMN uenu:
* NopobpABa TEXHONOMMYHUTE YMEHUA YPEe3 U3MNON3BAHE Ha Pa3NIUYHU TEXHONOTUYHM
MHCTPYMEHTU U MaTepuanu 3a TpaHchopMmupaHe Ha uaen B ocesaemu nNpoToTUNM Ha
TbKaHMu,
© Pa3BMBa TEXHOIOTUYHW YMEHUA Ype3 NpuaobusaHe Ha ONUT B M3NON3BAHETO Ha
TEXHOMIOTUYHU MHCTPYMEHTM 33 OLIEHKa M TECTBAHE Ha BOAOOTHABCKBALLM ThKAHMW.

Llenn no matemaTtuka:
¢ Moso6pABa MaTeMaTUYECKOTO MUC/IEHE Ype3 U3MO/3BAHE HAa YMEHUA 33 U3MepBaHe,
M34YMCNEHWNE M aHaA/IU3 Ha JaHHWM B NpoLieca Ha NpoeKTupaHe,
¢ Pa3bupa 1 npunara maTemaTU4eCcKM METOAM, U3MON3BaHM 3a OLEHKa Ha
XapaKTEPUCTUKUTE HA BOAOOTHNBCKBALLM TbKAHU.

ApT uenm:
© Pa3BMBa XyA0XKECTBEHN YMEHMA YPe3 U3MNON3BAHE Ha TBOPYECKO MUC/IEHe 1
ecTeTU4ecku pasbupaHua B npoueca Ha NPoeKTUpaHe,
* NMopo6pABa XyA0XKeCTBEHUTE YMEHUA Ypes NpesocTaBAHE Ha Bb3MOXKHOCTU 3a
13pasnBaHe Ha AM3aliHEPCKU MAEW apTUCTUYHO U eCTETUYHO NoaobpsBaHe Ha
npotoTunuTe.

Csbp3aHu uenm Ha GREEN STEM:
® GD2. YncTa 1 Kpbrosa MKOHOMMKA
* GD2.d. NHOBaATUBHM NPAKTUKM 33 YCTOMUYMBO NPOU3BOACTBO U HAMasNABaHe Ha
BbI/IEPOAHUTE EMUCUN U EMUCUUTE HA MAPHUKOBM ra30Be B TEKCTU/THUA U KOXKEHUA
CeKTop.

Kntouosu gymu: BruometpuuHa KoHuenums, Lotus edekTt, HaHo BogooT6bckBaHe, HaHo
XUAPOPOOHN TbKAHU

MHCTpyMmeHTH Pa6oTeH nuct 3a BOCbHK, Ba3ennH, BOCbK 3a TbKaHM,

3a 06yueHue: yyeHuk 1, 2, 3 cynepxuapodobHo nokputue (cnpei),
Pa3NVYHK TbKaHW, MaTePUaNy 3a U3NUTBAHE
(kaTo nnactmacoBm 6yTuKK, rBOU, Kankomepw,
AbPBEHU NPBYMLM, U3MepBATENHO 0bopyaBaHe
nap.)
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Mertopa(u) Ha
npenogasaHe:

06yyeHwne, 6a3npaHo Ha Nnpobaemu, obyyeHne, OCHOBAHO Ha
3anuTeBaHuA, obyyeHue, 6asMpaHo Ha NPOEKTH, AN3ANHEPCKO MUC/IEHE U
WH}KEeHEepeH An3aiiH, NpaKkTUYecKa HayKa, MPUNOXKHO 0bydyeHne,
TEXHO/IOTMYHO NoA06pPEHo o0byyeHue.

CueHapwii Ha Green STEAM eauHuua 3a npenogasaHe/obyyeHune

Heo6xogum " eifiHoCT Ha
dasa [AeliHocT Ha yuutenute A
0 Bpeme yyeHuuure
Yuutenat moxe Aa 3anoyHe, YuyeHuuuTe morart aa
KaTo npusneye BHUMaAHUETO Ha CNOAEeNAT KakBn
YYEHULMTE U BbBEAE TEMATA C npexuBABaHUA ca
MHTEpEeCceH BbNPOC UK MManu B AbXA0BHO
ncropua. Hanpumep, Te morat BpeMe U1 KaK ce
Aa nonuTaT yyeHuumTe 3a AbPXUY BOAATA,
npeau3BMKaTeNCTBATa, Npes, KoraTo BnA3aT B
KOWUTO Ca U3npaBeHu B KOHTaKT ¢ AbXAaa. B3
[OBKO0BEH AieH UK KaK ce OCHOBa Ha Te3u
MpunomusaHe
na UyBCTBAT B AbXAA. npexKnBABaHNA
Cnep, ToBa Te moraT Aa 06ACHAT 3anoy4sa AUCKyCHA.
MO3HaToTO U 30 MKH
Ha y4YeHULMuTe KaKBo Ha yuyenuuute ce
npexuBaHoT
o npeacTasnasat 3a/aBaT BbNpOCH, 3a
BOZ00TO/NBCKBALLMTE THKAHU U Aa pasbepar 3awo u
Kak paboTaT. Kato onucear Kak paboTaT
XapaKTePUCTUKUTE U BOAOOTONBCKBALLMTE
npeAvMCTBaTa Ha Te3U TbKaHu, TbKaHuW. Hanpumep,
Te nomaraT Ha yyeHuuuTe aa KaKBu ca
pasbepat no-pobpe Temarta. XapaKTepUCTUKUTE Ha
KaTo nntoctpupa pasanynm BOJO00TONBCKBALMTE
061acT1 Ha NPUNOXKEHMe Ha TbKaHu? Kaksu ca
BOJ00TH/NBCKBALLM THKAHM C npeanmMcTaaTa Ha
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npumepw, yYuTenaT nomara Ha
yyeHuumTe fa pasbepar
3HAYEHMETO Ha Te3U TbKaHu B
exeaHeBueTo.
MpefocTaBAHETO Ha NpUMepKn
33 BOZO0OTHNbCKBALUM ThKAHU
WM NoAKpenaTa ¢ BU3yasHu
€/1eMeHTM AaBa Ha ydeHuuuTe
No-KOHKpeTHa npeAcTasa.
Djital arag — Yagmurluklu bir
insan gorseli izerinden
tartisma....

BOLOOTONBCKBALLUTE
TbKaHW?

CTyAeHTUTe moraTt Aa
uscneasar
pasnnyHuTe obnactm
Ha NPUNOKEHME Ha
BOJ00TONBCKBALLYM
TbKaHUW. Hanpumep
AbXO06paHK,
cnopTHo obnekno,
maTepuanu 3a
OTKPUTO U T.H. Te
morat Aa 06CcbanT B
rPynu 3Ha4eHMeTo Ha
yBe/MYaBaHeTo Ha
dYHKLMOHANHOCTTA U
KomdopTa Ha
BOA0OTONBCKBALMTE
TbKaHW. Beaka rpyna
MO3Ke Aa pasrnesa
KOHKpeTHa o6nacT Ha
npunoxeHue u aa
obcbam
npeaymcTBaTa, Kouto
Te3M TbKaHU
npeaocTaBaT.

MpoyusaHua

EavH vac
W BbnNpocu

YyeHunuute ca MHCTPYKTUPAHU
Za noayyaT UCTa OT BOAHU
JINNINUN, pacTeHna Tapo,
4neHoBe Ha cemeincTso
Brassicaceae, JaMCcKu yexiu,
AXKUHIKNOUAOBU pacTeHUA U
rpaguHcku posu. Te ca
nomoneHu Ja pasrnepar
BHMMaTE/IHO NINCTaTa NoA nyna
1 fa 06CcbAAT moaenuTe unu
CTPYKTYpUTE, KOUTO
Habnwoaasar.

YyeHuymnTe ca nomosnieHun aa
NOCTaBAT Kanka BOAA BbPXy
NOBBPXHOCTTA Ha JIMCTaTa M Ad
HabntogasaT NoBeAEHUETO Ha
BOAHUTE Kanku, 06aCcHABaNKM
Kak ce gbpat. Te ce
HacbpyaBaT Aa CpaBHABAT
noseAeHMeTo Ha BOAHUTE
Kanuuum BbpXy PasinyHm
JINCTa Ha pacTeHuATa U Aa
06CbKAAT Bb3IMOXKHUTE
NPUYMHK, KOETO BOAU A0
ANCKyCUU.

YyeHuuute
pasrnexaat nog nyna
JINCTA, MONYYEHU OT
nocoyeHuTe
pacTuTenHu BugoBe.
Te BoAAT 6enexkm 3a
HabnoaaBaHuTe
MoZenu unm
CTPYKTYpU.

Te nocTaBAT Kanka
BO/JA BbPXY
NOBBPXHOCTTa Ha
nucrata. Te
Habnwogasar
nosefeHMeTo Ha
BOZHWTE Kanku n
06ACHABAT KaKBo ce
cnyysa. Te cpaBHABaT
noseAeHNeTo Ha
BOZHWTE Kanku BbpXy
pa3/IMYHK IUCTa Ha
pacTeHuaTa n
obcbxaaT pasnmkuTe.
Te 3anucear csouTe
HabnoaeHus n
eKCnepyMeHTaNHn
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YyeHuuuTe ce HacbpyagaT Aa
3anuceat cBouTe HabnoaeHUa
1 Pe3yNTaTH OT EKCNEPUMEHTH
Bbpxy PaboreH auct 1. Te cblo
TaKa ce HacbpyaBgart Aa
3a4bn60oyaT AONbAHUTENHO
CBOETO U3C/efiBaHe B pamKuTe
Ha cneundUYHN paMKu oT
BbNPOCK.

Te ca nomonenu aa
naeHTUOULMPAT MUKPO/HAHO
CTPYKTYpWTE Ha NOBBPXHOCTTA
Ha fiMcTaTa Ha noToc U Aa
06CbAAT TAXHATA
BOA0OTONBCKBALA pons. Te ca
NOATUKHATKU Aa NOMUCAAT KaK
HaHOCTPYKTYpWUTE HamanABaT
KOHTaKTHaTa NaoL, Mexay
BOAHWUTE KanKu U NOBBbPXHOCTTA
Ha ncTaTta. HacbpyasaT ce
AMCKYCMUTE 3al0 BOAHUTE
Kanuuum BbpXy UCTaTa Ha
notoca obpasyear noyTH
cdepuuHn dopmu 1 ce 0bpblua
BHMMaHUWe Ha NpeykuTe npes,
pasnpocTpaHeHUeTo.
YueHuuuTe ce HacbpyasaT Aa
o6cbKAaT NOTEHUMANHN
exeaHeBHU NPUIoXKeHUA 3a
MMUTUpPaHe Ha
NOBBPXHOCTHUTE CBOICTBA Ha
ncTaTa Ha noToc. Te cblyo
TaKa ce HacbpyaBgart Aa
13cneABaT Aanv MMa 4pyru
npumepw B npupoaaTa c
BOAOOTOBCKBALLY CTPATETUM,
noAo6HN Ha INCTaTa Ha NoToC.

pesyntatu 8 PaboteH
nmcr 1.

Te 3agbnboyasat u
ob6CcbKaaT cBoUTe
n3cneABaHua B
pamKkuTe Ha
KOHKPETHM BBLMNPOCH.
Te onucear
MMWKpPO/HaHO
CTPYKTYpU 1
06CHKAAT TAXHATA
BOA00TONBCKBALLA
ponsa. Te uscneasat
dopmara un
noseAeHNeTo Ha
BOAHWUTE Kanku no
NOBBPXHOCTTa Ha
nncTaTta u
pasrnexpat
NPUYMHUTE 3a[, TAX.
Te o6mucnat
npaKkTUYecKu
NpUNOXKEHNA 3a
MMUTUPAHE Ha
XapaKTepUCTUKUTE Ha
notocosute aucra. Te
npoy4sar ganu s
npupogata uma
APpYyr1 npumepw 3a
pacTeHua ¢
BOA0O0TOMBCKBALLM
cTpaTeruu.

lFeHepupaHe
Ha Au3aiiH
Ha pelieHue:

EaunH yac

CTyfeHTUTe ce HacbpyasaT Aa
obMUCNAT B rpyny, 3a Aa
NPOEeKTUpaT cBOU cOBCTBEHU
HaHOXUAPOPOBHU TbKaHW.
BcAka rpyna npasu Mo3byHa
aTaKa, KaTo 06CbKAA PasNUYHK
An3aliHepCcKy naev u GyHKumu.
Hacbpyasa yueHuuute aa
06MEHAT aeu oT PasNnYHK
rNeAHN TOUKN.

YuyeHuuuTe ce HacbpyasaT Aa
nonbaHAT PaboTeH auct 2 B
rpynu. Te ce nognomarat npu
NMaeHTUGULMpPaHETO Ha
[AV3aNHEpPCKN naen n

CryaeHtute
ob6cuKRaaT npUmepu
3a pasrnexjaHe Ha
noTeHUManHu
NPUNOXKEHUA B
exesHeBMeTO.
Hanpumep, Te ce
Hacbpyasar Aa
obcbxaaT Kak moraT
/a ce usnonssat
NpPOAYKTU KaTo
ObXO06paHy,
BOAOYCTONYUBU
YaHTU Uan
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XapaKTEPUCTUKU U NPOLIECHT Ha CamMono4ncTeaLLm ce
npoeKTMpaHe ce PbKOBOAN. NOBBPXHOCTH.

Ha yyeHuuute ce
pasa csoboaata aa
n3bupar
maTepuanuTe, KoMTo
e 1M3ron3BaT 3a
nNpoAyKTa, KOMTO
npoekrtupar. Te
n3bupat matepuanu
KaTo BOCBHK,
cynepxnapodobHu
NOKPUTUA U PasNUYHN
TbKaHu. C u3bpaHute
OT TAX MaTepuanu Te
cb3gasart npoct
npotoTun. To3un
npoTOTUN UM Nomara
[a BUAAT Kak paboTtu
AN3aNHBT U UM
no3BonsBa Aa nNpasaT
nogobpeHus.

Mo Bpeme Ha
npoueca Ha
npoeKTpaHe Te ce
doKycupat Bbpxy
CnefHUTe Kputepun
3a NpoeKTMpaHe:
Kputepuum 3a gusaiiH:
o doKycupa ce BbpXY
HamanABaHeTo Ha
Bb3/eiCTBUETO BbPXY
OKoJIHaTa cpeaa U
cnasBaHeTo Ha
npuHUMNuTe 3a
YCTONYMUBOCT NpU
usbopa un ynotpebata
Ha maTepuanu.

* poeKTnpaH 3a
noTeHUManHn
NPUNOXKEeHUA B
peanHuA KusoT
(Hanp. obxpo6paHu,
BOAOYCTONUYMNBY
YaHTU Unn
CamMonoyncTeaLLm ce
NOBBPXHOCTU U T.H.).
¢ Cb3gaBa NpocTu
nNpoTOTUNM Ha cBOUTE
NPOAYKTH,
13n0N3Baliku
€KOJIOTMYHO YUCTN
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maTtepuanu (kato
BOCBK, Ba3e/InH,
napaduH, BOCbK,
cynepxnapodobHu
NOKPUTUA, PasNnuHK
TbKaHu (nepa,
napawlyT, Tanuuepus)
v ap.).

Cb3pgaBaHe u
TecTBaHe Ha
npororun:

EauH yac

Ha yyeHuuuTe ce npesocTaBat
Pa3/IMYHU MOCTPU Ha TbKaHMK,
cnpeiioBe, YeTKU U Apyrn
Heobxoaumu matepuanu. Te ce
HacbpyaBaT 4a “3noa3BaT Tesn
maTepuany, 3a Aa BAbXHAT
KMBOT Ha cObCTBEHUTE CU
naeun. OcurypeHmn ca Hacoku,
KOMTO i@ UM NOMOTHAT Aa
maTepuanmsmpart cBouTe naeu,
1 NoJKpena, ako e
Heobxoanmo.

YuyeHuuuTe ce HacbpyasaT Aa
nonbAHAT paboTeH aucr 3, 3a
[a AOKYMEHTUPAT npouleca Ha
Cb3/laBaHe Ha NPOTOTMM CTbMKa
no cTbnka. Te ca NnoAKaHeHW aa
CU BOAAT BeNeKu Kakeo ca
HanpPaBWAW Ha BCAKA CTbMKA,
KaKBW MaTepuanu ca
M3MON3BAN M KaKBU Pe3ynTaTh
ca NocTUrHanu.

TectoBe 3a BOA00T6NbCKBaHE:
CTyZeHTUTE MMAT Bb3MOXKHOCT
[a TecTBaT BOAOOTO/NCKBAHETO
Ha cBouTe NPOTOTUNN Ha
TbKaHW 1 Aa OLEHAT
pesyntatute. Te ce pbKOBOAAT
NpU NNaHUPAHETO Ha Pa3/INYHU
EKCMEePUMEHTH 3a TeCTBaHe Ha
BOA0OTOBCKBAHETO HA
NPOTOTUMNM Ha TbKaHM.
MpepocTasa ce obwa
MHPopMaLma 3a TOBa KaK Ja ce
NpPOBEXAaT EKCNePUMEHTU Ha
BO/IHa OCHOBA, C aKLLEHT BbPXY
KOHTpOAUpaHuTe
EKCMEPUMEHTANHU NPAKTUKU.
YueHnuuTe ce HacbpyasaT Aa
3anuceaT AaHHuTe,
HabnlogeHnaTa v pesynTtaTuTe,
KOMWTO NoJslyyasart no Bpeme Ha
ekcnepumeHTuTe. MNpepocrtasa
MM Ce Bb3MOXHOCT 3

YyeHuuute
TpaHcpopmupat
cobcTBEHUTE CU UAEN
B OCe3aemu
npoTOTUNU U TU
TecTBart. 3a Aa
HanpaBAT ToBa, Te
M3M0/13BaT Pa3NUYHU
maTepuanu Kato
MOCTPY OT TbKaHW,
NOKPUTUA CbC cnpei,
yeTku n ap. Te
Cb3/3BaT NPOTOTUNY,
M3MoN3BaiKn cBOU
cobcTBEHM MAeU U
nonbvnsat PaboteH
nmer 3.

Te oT6enA3BaT KaKBO
ca HanpaBuAu Ha
BCAKA CTBIIKA, KaKBU
maTepuanu ca
M3MN0/13BaNu U Kakeu
pesyntatu ca
noay4mnn.

TecroBe 3a
BOA00T6NbCKBaHE:
CTyaeHTUTe umat
Bb3MOXHOCT Aa
TecTsaT
BOJ00TONBCKBAHETO
Ha cBouTe NpoToTUNU
Ha TbKaHu 1 ga
OLEHAT pe3yntature.
Te nony4asat o6LM
No3HaHMWA 33 ToBa Kak
ce nposexaat
eKCNepUMEHTH Ha
BO/IHa OCHOBA U
nnaHupat
KOHTPO/NIMpaHu
ekcnepumeHTn. Te
3anucBaT faHHUTe,
HabnoaeHuATa U
pesyntatuTte,
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cpasHaBaT
NpPou3BOAUTENHOCTTA Ha
NPOTOTUMM Ha TbKaHM C
06UKHOBEHW NMPO6U OT TbKaHM
1 la aHaM3MUpaT pesynTaTuTe.

noJsiy4eHn no Bpeme
Ha eKcrepumeHTUTe.
Te cpaBHABaT
NPOU3BOAUTENHOCTTA
Ha NpPoOTOTUMMUTE Ha
TbKaHu C 06UKHOBEHM
npobu OT TbKaHU 1
aHanusupat
pesynTatute.

MNpeacraBaHe
Ha NpoAaykKrTa,
AUCKYCHA N
oueHKa

30 muH

YyeHuuuTe ce HacbpyaBgaT Aa
NoAroTBAT Npe3eHTauus, 3a aa
npeAcTaBAT NPOTOTUMNUTE Ha
HaHo xnapodpobHa TbKaH. OT
TAX Ce UCKa Aa u3bepaTt eAnH OT
pasNYHUTE MHCTPYMEHTU Ha
Web 2.0 karto Prezi,
PowerPoint, Canva u gp., Kouto
morart 4a U3non3ear 3a Tasu
uen. YyeHnumTe ce HacbpyasaT
3 CNoAeNAT No cnegHuTe TeMM
no Bpeme Ha npeseHTauuaTa:

[ ] MNpepacTaBsAHe Ha
npototunute B
Knaca u
noayepraBaHe Ha
M3N0N3BaHUTE
NPUHLMNK Ha
6ruommMmmKpUsa.

[ ] MNpeacTasaHe Ha
pesynTtatute ot
Tectosete U
npeAocTassHe Ha
[loKasaTencTsa 3a
epeKTUBHOCTTa Ha
BCEKW OMU3aH.

[ ] CnogensHe Ha
cpelyHaTuTe
npeAn3BUKaTencTs
a M Hay4eHu ypouu
33
BOAOOTO/IbCKBALLYM
TbKaHU.

3a uennTe Ha OLEHABAHETO OT
CTyLeHTUTE Ce O4YaKBa:

®  (CpasHeTe TexHuTe
npoTOTUMM C Te3n
Ha Apyru rpynu.

[ ] OueHeTe KoMt
NOAXOA Ha

Bceku yueHuk nnm
rpyna npeacTasa
cBOM cobCTBEHM
npoToTUNY Ypes
noaxoaaw, Web 2.0
VHCTPYMeHT. Te
npeaocTaBaT
noapo6bHa
MHbOpMaLMA 3a
M3NoN3BaHUTE
NPUHLMNY Ha
6ruoMUMUKpUA.

B pamkuTe Ha Knaca
yyeHuuute
pasrnexpar
npoTtoTUnuTe Ha
apyrva. Te obcbaaT
npeaumcreata u
HeJoCTaTbLMTe Ha
BCEKM NPOTOTUN U
06MeHAT naeu 3a
npeaussMKaTencTsaT
a, cpelaHm npu
npunaraHeTo Ha
NPUHLMNUTE Ha
6UOMUMUKpHUATA.
Te npernexpat
AW3aliHuTe Ha apyrv
rPYny U v cpaBHABaT
cbc cobcTBEHUTE CU
npototunu. Te
onpeaenaTt Kom
XapaKTePUCTUKHM ca
no-ycnewHu.

Bb3 ocHoBa Ha
obpaTHaTa Bpb3Ka,
nosiy4eHa oT Apyru
rpynu, Te obcbkaaT
Kak morart ga
noao6pAaT ceonte
npototnnu. Te
CNeKynnpart Kak ga
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no-edpeKkTUBeH.
[Oaiite
NPeANOKEHUA KaK
Aa nogobpute
npototunuTe.

YyacTsaiite B
[MCKYCUM 33 TOBa
KaK fja usnonssare
npuHLMnuTe Ha
6ruommMmuKpUATa
no-epeKTUBHO.

npwnarat
npuHUMNUTE Ha
6MoMmMMUKpUATa No-
edeKTUBHO.
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anMEp: C'b6VIpaHe Ha aTMOCd)epHa BOAda

OnucaHue Ha MHoBaumaTta Green STEAM eauHuua 3a npenoaasaHe / obyuyeHune

O6pasoBareniHa cTeneH (Bb3pacT Ha yueHUUmTe): CpeIHO YUNAULLE — TMMHA3UA
Tema: 3enexo CTbE/10

Temu: CvbupaHe Ha aTMochepHa Boaa

Lienu Ha yueb6HaTa nporpama:

PesynTtati oT 06y4eHMETO NO NPUPOAHU HAYKHU:

. YueHnuuTe pasbupar BOAHWA LUMKBA (pasbupaHe)

. YueHuuuTe pasbupaT KOHUENUMATa 3a NojyyaBaHe Ha BOJA OT Bb3AyX upes
KOHZeH3auus (pa3bupaHe)

. YyeHUuMTe HayyaBaT 3HAYEHWMETO HA OMA3BaAHETO Ha BOjaTa WM OTKpuBaT
yCTOMYMBM BOAHM pelueHus (PasbupaHe).

. Te npunaraT OCHOBHWU HayyHW MNPUHLWNW, 33 Ja HanpaBaT NpoTOTMUNA no-
edekTuseH (Mpunoxerue)

. OueHABa meToaMTe 3a No/yyaBaHe Ha Boga oT aTMocdepata (OueHka)

WH:KeHepHM pe3ynTaTu ot 0byyeHunero:

. YueHUUMTE NPOEKTUPAT U U3rpaXKAaT MOAEN Ha YCTPOICTBO 3a cbbupaHe Ha Boja
OT Bb3AyXa.

. B npoueca Ha npoekTupaHe M MU3rpakgaHe CTyAeHTUTE U3NON3BAT YMEHUA 3a
KPUTUYHO MUCNeHe, pellaBaHe Ha npobnemu u pabota B ekun.

. HayuaBa Kak Aa usuncnasa epeKTMBHOCTTa Ha YCTPOMCTBOTO.

TexHONOoru4HU pesynTatu ot obyyeHmnero:

. CTyA\eHTUTe U3MepBaT M aHa/NM3MPaT BAAXKHOCTTA BbB Bb3AyXa M B NpOTOTUNA C
NOMOLLTa Ha CEH30PU U YCTPOWCTBA 3a CbbUpaHe Ha AaHHU (BE3HUM, TepMOMETPYU
nap.).

. CTyAleHTUTe Hay4yaBaT Pas/IMYHU TEXHONOMMM 33 CbbMpaHe Ha aTMocdepHa Boaa
N TAXHOTO U3NON3BaHe.

. YueHuUumTe NpeaCcTaBAT CBOUTE MOAENM YCTPOWCTBA Npes, Knaca (c enemeHTH

KaTo MHdorpaduKkm, rpadukm 1 T.H.) M NOKa3Bar, Ye pa3bupat cbbUpaHeTo Ha
BO/Ja OT aTMocdeparta, KaTo ro obacHABaT.

Pe3ynTati oT 06yueHMeTo No MaTemMaThKa:

. Toit nokasea cywara B cBoUTE perMoHn nog popmara Ha pervoHanHa rpaduka
KONIMYECTBO BasieXU-MeceL, Uin NoAo6HM rpadmkm.
. CTyAeHTUTE aHaNU3MPaT TbPCEHETO Ha BOAA B PErvOHa C MaTEMaTUYECKN MOAENU

M W3YNCNSABAT KONIMYECTBOTO BOZA, KOETO HeobXOAMMOTO YCTPOMCTBO 3a
cbbupaHe Ha Boga TpsabBa fa ocurypu.

. Te usuncnnsat epeKTMBHOCTTA HA NPEBO3HOTO CPEACTBO.
Pe3syntatu ot 06y4eHUETO MO U3KYCTBO:
. CTyaeHTUTE 06PBLLAT BHUMAHWE Ha eCTeTMYECKUTE LeHHOCTM B Au3aiiHa Ha

YCTPOWCTBOTO 3a CcbbBUpaHe Ha BOAA WM M3MON3BAT TBOPYECKW, MOTUBMPALLM
e/leMeHTU Npy pa3paboTBaHETO HA NpOTOTUNA.

Mpeanpuemauecrso
. Onpefens obLWECTBEHNUTE HYXKAMU U Npeasiara KPeaTMBHU pelleHns 3a TAXHOTO
nocpeluaHe.
. M3non3ea nnathopmMu 3a MacoBa KOMYHUKaLMA 33 peknamupaHe Ha

Cb34a4eHUTE CTOKU.
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L4 MN3nonssa NUCMEHWU, BU3YaZIHU U YCTHU KOMYHUKAUMOHHU TEXHUKU, 3a [Aa

npegase ACHO UM MOCAefoBaTeIHO CBOMTE MWCAM U OTKPUTMA Ha
npodecrmoHanHaTa uenesa ayautopusa.
Green STEM noctuxkeHue:

. Mpepnara U3non3saHeTo Ha NPUPOAOCHOBPA3HM 3eN1eHN HaYYHU TEXHWKM 3a
HamanABaHe Ha Bb3AEMCTBUETO Ha HOBELLKATA AEWHOCT BbpPXY OKONHATa Cpesa,
3a Jja ce OTrOBOPU Ha 06LeCTBEHN NPO6AEMU UK U3UCKBAHUA.

YMeHuA Ha 21 Bek

. Mosobpnsa ymeHusTa 3a pewwasaHe Ha Npobaemu.
. Mogobpsasa ymeHnsaTa 3a CbBMecCTHa paborta.
. Mosobpnsa HerosaTa/HeiHaTa YyBCTBUTENIHOCT KbM OKOJ/IHaTa cpeja v CBeTa, B

KOWTO XuBee, ce yBennyasa.

. Cb3aaBa MAK peBu3Mpa HaydyHU obAcCHeHUA, BasMpaHn Ha BaNMAHWU U HadeXaHU
AaHHU UK AO0Ka3aTencTsa, NOAy4YeHU OT USTOUHMUMU (BKI‘I}OHVITeI'IHO COGCTBGHI/I
eKCNEPUMEHTU Ha YHeHULUTE).

. Mposexaa uscneasaHe u/unu oueHABa u/uAv Npepasrnexaa
eKCNepUMEHTaNHMA NAaH, 33 A3 HAMepW peLleHne Ha npobaema 1 Aa nonyym
AQHHW.

CBbp3aHu cTpaTerum 3a seneHa caenka ( Green Deal ):

GD1. U3meHeHWe Ha KMMaTa, OKOJIHa cpeaa u BuopasHoobpasue: LienTa Ha peryanpaHeTo
Ha U3MEHEHMEeTO Ha KIMMaTa, BbIepoAHUTE EMUCUM U EMUCUWUTE Ha NAPHUKOBU rasose
TeopeTtuyHa MHpopmaums

EAuH OT Hall-ronemuTe CBETOBHM Npobaemu, 3acArall MHOTO PErMOHM No CBeTa, e
HeAOCTUMbT Ha BoAa. JMNcaTa Ha CNaAKOBOAHM PecypcH, KOATO 3aTPYAHABA HAaCENeHUEeTo Aa
nocpeLlHe OCHOBHUTE CU HYX/M OT BOAQ, Ce Hapuya HeJOCTUT Ha BOAA. MIMa HAKO/IKO
daKTopa, 4ONPUHACALLM 33 TO3U HEAOCTUT, BKAKOUYUTEIHO YOBELLKN U NPUPOAHU BAUAHNUA.
I'Iopap,u nPoAb/MKUTENNTHUTE CYLLIN U HENOCTOAHHUTE BasleXKn, NnpeanusBnuKaHu ot
M3MEHEHMWETO Ha KAMMaTa, cera UmMa no-masiko HasnyHa Boga. OCBeH ToBa 3aMbpCABaHETo,
pasWMpPABAHETO Ha HAaCceIEHWNETO U HeaAeKBaTHOTO yNpaBieHUe Ha BOAWTE U3OCTPAT TO3N
npobaem. MHOTO Cyxu 1 NONYCYXW HaLMKN SHEC, BKNOUYUTENHO Te3n B AppuKa, Ban3Kua n3Tok
N HAKOW pervoHun Ha Asus, ce 6opAT ¢ iMncaTta Ha BoAa. Tesn palloHU U3NUTBAT 3HAUUTENHU
TPYAHOCTM NPU JOCTBNA A0 YMCTA BOAA, KOETO BOAVW A0 B/IOLWABaHe Ha NPOAOBOJICTBEHATA
CUrYPHOCT M 06LLECTBEHOTO 3/ paBe, Ce/ICKOCTONAHCKM OrpaHUYeHNA U OTPULATENHO
Bb3/e/CTBME BbPXY COLMANHO-UMKOHOMUYECKUA PacTex. YCUauaTa 3a cnpasaHe ¢ HeJocTura
Ha BO/Ja BK/ItOYBAT NpuiaraHe Ha CTpaTerm 3a yCToMYMBO yNpaBieHWe Ha BOAATA,
HacbpyaBaHe Ha NPaKTWUKK 3a ONasBaHe Ha BoJaTa U MHBECTUPAHE B TEXHONIOTUM 3a
npeyncTeaHe u obesconasaHe Ha BoAa.

MonyyaBaHeTo Ha BOAA OT Bb3/yXa, M3BECTHO CbLLUO KaTo CbbUpaHe Ha aTMocdepHa Boja, e
npouec, KOWTO BKOYBA M3B/IMYAHE Ha B/ara oT aTmocdeparta 3a nosy4aBaHe Ha
n3nosseaema Boga. To3n MHOBATMBEH NOAXOJ Ce 3aHMMaBa ¢ npobaema ¢ HegocTUra Ha
BO/JaA M Npeg/iara NOTEHLMANHO PeLleHNe 3a PErMOHM C OrpaHMYeH JOCTbN A0 CNAAKOBOAHM
pecypcy. M3non3BsaT ce pas/IMiHM TEXHUKM 3 U3BNIMYAHE Ha BOAA OT Bb3/yXa, KaTo
KOHAeH3aumA, cbbupaHe Ha poca, cbbupaHe Ha Mbraa U reHepaTopu Ha aTMochepHa Boga
(AWG). KoHaeH3auumATa ce OTHACA 0 OX/1aXK4aHeTo Ha Bb3AyXa, KOeTo BOAK A0
KOHAEH3MpaHe Ha BOAHM napu B TeyHa popma. Konektopute Ha poca M3nos3BaT ronemm
NOBBPXHOCTY, 33 1a YNaBAT KamnKkuTe poca, KouTo ce obpasysat npes HowTa. KonekTopute 3a
MbIN1a U3NON3BAT MPEXM 33 YNaBAHE Ha BOAHM Kanku oT npemuHasala mbvrna. AWG
M3M0/13BaT METOAM 33 OXN1AXKAAHe UK U3CyLIaBaHe, 3a Aa OTCTPAHAT BOAHUTE Napu oT
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Bb3/yxa, KOUTO Cef, TOBa Ce KOHAEH3UPAT v GUATPUPAT, 33 Aa Ce NOoNYYM NUTENHA BOAA.
Te3n meToAM ce pasrnexaaT kato 06eLuaBally Bb3MOXKHOCTY 3a YCTOWUYMBO BOJOCHA6AABaHE
B CYXM, MONYCYXM UM KPaiBPEsKHU PErMOHM, Thi1 KaTo M3MON3BAT BaraTa, CbAbpiKalla ce
BbB Bb3/yXa, 3@ Cb3/aBaHe Ha U3TOYHMLM Ha NpscHa Boaa. poabkasalyuTe uscieasaHun
M TEXHOIOTUMHUAT HanpeabK B CbbUpaHeTo Ha aTMocdepHa BoAa MMaT roiAmM NoTeHuuan 3a
obnekyaBaHe Ha npobaemuTe ¢ HeAOCTUra HA BOAA B CBETOBEH MaLLab.

Knouosu aymu:
N3meHeHMWe Ha KnMmaTa , HeJOCTUN Ha BoJa , CbbupaHe Ha aTMmocdepHa BoAa , KOHAeH3auma
, BNara, poca, mbrna, GBUOMUMUKPKA , NACUBHU METOAM 33 OXNaXAaHe , aacopbeHTU

WHcTpymeHTH 3a 06yueHue: O6opyasaHe:
PaboTHu nnctose 6enmn KHUKa
LindpoBu MHCTPYMEHTH LiBeTHM MmonunBM

JlanTon 1 NpoeKTop 3a MyATUMEANAHN NMPOXKEKLUU
CTpouTenHn matepuanu (Hanp. nnacTmacosu byTuaKK,
6w, nactvum, pasnnyHmn nepdopupaHy TbKaHu,
HOXMLM, TUKCO, IENUNO0, AbPBEHM NPBUNLU, KAPTOHEHU
KYTWUM, KapTOH 1 Ap.)

TEpMOMETPMU

XurpomeTsp

Andy3bop Ha BOAHA Napa

cnpeit 6yTunka c soga

Yawm unm KoHTelHepm 3a cbbupaHe Ha Boga
PasnuyHu BeLweCcTBa, BbPXY KOUTO LUE Ce NoABU
KOHAeH3aumA

Ornepano

MNapye metan

JlutepaTypHu pecypcu 3a yuntenu
300bAMUMENHU:
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and Medicinal Plants Botanical Garden Journal , 1 (1), 21-35.
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conceptual, experimental and operational aspects. International Journal of Low-Carbon
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water harvesting. International Journal of Low-Carbon Technologies , 15 (2), 253-276.
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International Communications in Heat and Mass Transfer , 133, 105961.
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Mo-aony MMa Bpb3KM KbM yebcaiiToBe, CbAbpPIKALLM NOCAEAULUTE OT CyWaTa B HALIUA
pervoH. MpenopbunUTeNIHO € NbPBO Aa NPOYETETE TE3M CAITOBE, Thi KaTo Te Morar Aa ce
M3M0N3BaT KaTo PbKOBOACTBO BbB BalUUA AU3aiH:
https://www.cnnturk.com/turkiye/kesanda-2-5-aylik-su-kaldi-kararlara-uymayanlara-
ceza?page=6
https://www.aa.com.tr/tr/ekonomi/trakyada-kuraklik-ayciceginde-buyuk-verim-kaybina-
neden-oldu/3025824
https://www.hurriyet.com.tr/gundem/edirnede-kuraklik-alarmi-belediye-baskani-barajin-
ortasindan-cagri-yapti-42346675
https://www.ntv.com.tr/galeri/turkiye/kuraklik-35-yildir-tarim-arazisinin-sulandigi-goleti-de-
vurdu,Bp9Q9Jrljom-tL6LmXQWug/LSlq7PJ8IkCXx7u_GkQsLw
https://www.edirne.bel.tr/icerik/baskan-gurkan-son-63-yilin-en-kurak-subat-ayini-gecirdik
https://www.cumhuriyet.com.tr/turkiye/meteorolojinin-verileri-gozler-one-serdi-edirnede-
korkutan-goruntu-ciftci-ekim-yapamadi-1997363
https://www.haberturk.com/edirne-haberleri/32896574-edirnede-kuraklik-kanola-ekimini-
olumsuz-etkiledi

JlutepaTypHu pecypcu 3a CTYAeHTU

300bAMUMENHU:

BILDIREN, S., & SARGINCI, M. (2022). An Alternative Solution Proposal to Water Shortage Due
to Climate Change: Atmospheric Water Harvesting. Duzce University Ornamental and
Medicinal Plants Botanical Garden Journal , 1 (1), 21-35.

Sleiti, A.K., Al-Khawaja, H., Al-Khawaja, H., & Al-Ali, M. (2021). Harvesting water from air
using adsorption material-Prototype and experimental results. Separation and
Purification Technology , 257 ,117921.

Villacrés, D.C., Carrera Villacrés, J.L., Braun, T., Zhao, Z., Gdmez, J., & Carabali, J.Q. (2020).
Fog harvesting and loT based environment monitoring system at the llalo volcano in
Ecuador. International journal on advanced science, engineering and information
technology , 10 (1), 407-412.

Verbrugghe, N., & Khan, A.Z. (2023). Water harvesting through fog collectors: a review of
conceptual, experimental and operational aspects. International Journal of Low-Carbon
Technologies , 18 , 392-403.

Jarimi, H., Powell, R., & Riffat, S. (2020). Review of sustainable methods for atmospheric
water harvesting. International Journal of Low-Carbon Technologies , 15 (2), 253-276.

Bilal, M., Sultan, M., Morosuk, T., Den, W., Sajjad, U., Aslam, M.M., ... & Farooq, M. (2022).
Adsorption-based atmospheric water harvesting: A review of adsorbents and systems.
International Communications in Heat and Mass Transfer , 133, 105961.

donvbaHUMenHu:

--NMo-gony uma Bpb3KKU KbM yebcaiiToBe, ChabpIKaLLM NOCNEAULMUTE OT CyLLaTa B HaWKA
pervoH. MpenopbunUTeIHO € MbPBO A3 NpoYeTeTe Te3U caiiToBe, Tbil KaTo Te morar Aa ce
M3M0N3BaT KaTo PbKOBOACTBO BbB BalUUA AU3aiH.
https://www.cnnturk.com/turkiye/kesanda-2-5-aylik-su-kaldi-kararlara-uymayanlara-
ceza?page=6
https://www.aa.com.tr/tr/ekonomi/trakyada-kuraklik-ayciceginde-buyuk-verim-kaybina-
neden-oldu/3025824
https://www.hurriyet.com.tr/gundem/edirnede-kuraklik-alarmi-belediye-baskani-barajin-
ortasindan-cagri-yapti-42346675
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https://www.ntv.com.tr/galeri/turkiye/kuraklik-35-yildir-tarim-arazisinin-sulandigi-goleti-de-
vurdu,Bp9Q9Jrljom-tL6LmXQWug/LSlq7PJ8IkCXx7u_GkQsLw
https://www.edirne.bel.tr/icerik/baskan-gurkan-son-63-yilin-en-kurak-subat-ayini-gecirdik
https://www.cumhuriyet.com.tr/turkiye/meteorolojinin-verileri-gozler-one-serdi-edirnede-
korkutan-goruntu-ciftci-ekim-yapamadi-1997363
https://www.haberturk.com/edirne-haberleri/32896574-edirnede-kuraklik-kanola-ekimini-
olumsuz-etkiledi

MeTtoa(un) Ha npenogasaHe:
npo6aemHo-6a3npaHo yueHe, aHKeTHO-6a3npaHo U3cneaBaHe, NPOeKTHO-6a3npaHo yueHe,
[1M33aHEPCKO MUCTIEHe, BUOMUMUKPWS, UHKEHEPEH AU3aiiH

CueHapwii Ha 3eneHa STEAM yuebHa/yuebHa eguHuua

Heo6xogum " o
®dasa JeiHocT Ha yuuTenure CryaeHTCcKa geiHocT
0 Bpeme
3a AeiHoCTTa, KOATO UMa -YueHuuuTe pasat
3a uen ga paspabotn npuMepu 3a HeAOCTUT Ha
npoToTUn 3a cbbupaHe Ha BOJQ B PErMoHa, B KOMTO
BO/Ja OT aTMocdeparta, KUBEAT, U HEeroBuTe
MpenopbuntenHo e ga edeKTU BbpXy
npoekTupare daina ot obuiecTsoTo.
NMPUNOXKEHUE 1 Bbpxy - Te 06CHXKAAT HAUMHM 32
[AbCKaTa B KNacHaTa cTan, nosly4aBaHe Ha YncTa
3a fja 3anoyHeTe YpOKa, BOAa
KaTo roBopuTe 3a - Te o6cbpat
CTOMHOCTTa Ha Bo4aTa u KOHUenuuATa 3a
npeaussuKaTencTeara, cbbupaHe Ha Boga oT
CBbP3aHu C HeHUA Bb3Ayxa.
HepocCTur, npeau - Pasgenar ce Ha rpynun
3anoysaHe Ha AeiHocTTa oT no 2-3 yoBeka.
(B onbaHeHKe, ako - Ha yueHuumTe ce
»Kenaete, morat ga 6bvaat npeacTasa NPobAeMHUAT
OnpepenaHe noKasaHu BU3yanHu CLeHapuii U um ce gasa
Ha npobnema EAuH vac maTepuanu unu puamu, Bb3MOXKHOCT A3 ro

NoKasBallW HeJOCTUra Ha
B0/Ja U edeKTUTE MY BBPXY
obwHocTuTe.)

-OT yyeHUUUTE Ce O4aKBa
A AafaT npumepu 3a
HeAoCTUr Ha BOAA B
pernoHa, B KOMTO XuBeAT,
1 epeKTUTE MY BbPXY
obuectoTo.

- C HanpepgaHeTo Ha
npeseHTauuATa ce
06CbXAAT HauMHM 3a
nosly4aBaHe Ha umucta
BOAA.

- O6cbxaa KoHUenuuaTa
3a U3B/IMYAHE Ha Bb3AyX
KaTo NOTEHLWaNHO

06CHAAT NOMEXKAY €U, 3
[a ce NpeLeHn TAXHOTO
pasbupaHe Ha
npobnema.

- FpynuTe n3bumpat egHa
OT TEXHONOTUMTE 33
cbbupaHe Ha
aTmocdepHa Boaa upes
NOTapUA 1 ca NOMONEHU
[ia NOArOTBAT NPOTOTMN B
CbOTBETCTBME C Ta3n
TEXHONOTUA.

- ToBa, KOETO e U3BECTHO
3a npobsemHaTa
cuTyauma u
npousTMyaLLuTe OT Hes
MHEeHWA ce 3anuceat
KaTo rpyna B PaGoteH
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peweHue Ha HeJ0CTUra Ha JINCT 32 YYEeHUKa 1,
BoAa. KbAeTo npobnembt
- ObacHeTe, Ye KNachT LWe CbLo e AaAeH NUCMEHO

Hay4u 33 KOHAEH3auuATa U
Le NPoeKTMpa moAen Ha
YCTPOICTBO 3a CbbupaHe
Ha BOJa OT Bb3AyXa.

-3a feiHOCTTa yyeHUumuTe
ce pa3fenaT Ha rpynu ot
no 2-3 yoseka.

-3aavaTa ce faBa Ha
yyeHuuuTEe, KaTo ce
npoeKTMpa BbpXy AbCKaTa
1 ce 0TnevaTsa BbPXy
paboTHUA NucT.

-B nnaHa no-gony ce
npenopbYBaT PasuyHK
meToam 3a cbbupaHe Ha
aTmocdepHa BoAa, KaTo ce
doKycmpa camo Bbpxy
TEXHONOrMuTe 3a NacUBHO
oxnaxpaaHe 3a fo6po
ynpasneHue Ha npoueca. B
Cny4yaunTe, Korato HAma
OrpaHuyeHue BbB
BPEMeTO, MoraT ja ce
CbCpesoTouaT BbPXY
BCUYKM TEXHONOTUM 33
cbbupaHe Ha aTmocdepHa
BOJa.

- Cb3paBaTt ce 1 ce
oTnevaTBaT KapTu 3a BCAKa
OT TexHonoruuTe 3a
cbbupaHe Ha aTmocdepHa
Boga. (Kaptute ca faseHu
8 MPUTOXKEHWUE 2)

- Ha rpynuTe e no3soseHo
Aa n3bepar eanH oT
meToauTe 3a cbbupaHe Ha
aTmocdepHa Boaa upes
TerneHe Ha Xpebuit u aa
ce GpoKycUpaT BbPXY Hero.
- LlenTa Ha geiHocTTa e
yyeHuuuTe aa pasbepat
ob6obueHaTa npobaemHa
cUTyauuma 1 3a Aa
3aTBbPAAT ONUTa Ha
yyeHuuuTe, Te ce
HacbpyasaT 4a NOMUCNAT
BbPXY BbNPOCUTE NOZA,
no/3arnaBmeTo Ha
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3anomHsiHe Ha U3BECTHU
Helua U NpeXxXuBABaHUA B
PaboTeH NnCT 3a yueHUuU
1.

3anamerasaH
ewn
uscnepBaHe

EAaMH vac

3a ga paskpuat
npeauLLIHUTE CU NO3HAHUA
3a npobnema u
Bb3MOXKHUTE pelleHuns,
YYEHULUTE Ca NOMONEHU
/a 3anuLaT ToBa, KoeTo
3HaAT, M CBOA ONUT B
pamKkuTe Ha cnegHuTe
BbMNPOCK B pasgena
»3anoMHAHe Ha NO3HATOTO
W NpeXuBABaHUATa" Ha
PaboTeH INCT 3a yYeHULUH
1.

- KakBo e cywwa? Kaksu ca
edeKTUTe, KoMTo
NpUYMHABAT cywaTa?

- KakBo moxe pa e
NPUYMHUAO cywwaTa B
[AfeH pernoH?

-KakBo Bb3geiicTBre MOXKe
/@ UMa cylaTta BbpXy
OKO/IHaTa cpefa, CeNcKoTo
CTONAHCTBO 1 XopaTa?
-Kak ce oTpasasa cywata
Ha 3emefienckuTe
npoayktn? Kon
CEeNCKOCTONAHCKM
NPOAYKTU ca HaW-
3acerHaTi BbB BalMA
permoH?

-Kaksu pelweHua moraTt ga
ce npegioxKar 3a 6opba
cbe cylwarta?

-Kaksu npeanoxenuns
MOXKeTe Aa HanpasuTe 3a
TOBa KakBO morart Aa
HanpasAT OTAENHUTE XOpa
nnu obuecTsaTa, 3a 4a ce
CNpaBAT CbC cylwaTta’?

- KakBo e KoHaeH3auma?
Kak ce cnyusa?

-Kou daktopu Banaat
BbPXY 06pasyBaHeTO Ha
BOAHM Napu B
aTmocdepata?

e fafeHa
nHpopmauuaTa, AaseHa
B pasgesia 3anomHsAHe
Ha NO3HaToTO N
NPEXNBAHOTO .
NHdopmaumaTa v onuTsT
No OTHOLLEHME Ha
BbMNPOCUTE Ce 3anmcBaT
KaTo rpyna B PaboteH
T 1 Ha yyeHuKa .

OtrosopuTe, HamepeHn
ypes U3BbPLIBAHE Ha
HeobxoaAnmoTo
npoy4saHe Ha
BbNPOCUTE, KOUTO
TpA6Ba ga 6baar
npoyyeHu 8 PaboteH
JIACT 3a yuyeHuum 1, ce
3anucear Ha
noAaxoAALM Mmecra.
MocoueHo e, ye ce
nososasarT Ha CBOU
M3TOYHULN.
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CTy,eHTUTE ca NOMONEHM
Aa 0BMUCNAT Ha KaKBM
Bbnpocu Tpsabea aa
HamepAT pelueHus, 3a Aa
pewat npobnema B
KaTeropuaTa ,Kakso
TpabBa Aa ce npoyun”. Kak
Hanpumep moxe Ja ce
n3Baeye Boaa OT
aTmocdepata? Koun
WHCTPYMEHTU 1 TEXHUKM Ca
HannyHu?

-Kaksu ca npegmmcreaTta
OT cbbupaHeTo Ha
aTmocdepHa Boja 3a
oKoNHaTa cpea U
obuiectBoTo? Kaken
NPEeYKU UM orpaHNYeHna
CblLECTBYBAT, KOraTo ce
onuTteaTe Aa nonyuute
BofZa oT atmocdepara? OT
y4yeHuuuTe ce o4aKea Aa
npoBesaT Npoy4BaHe u Aa
AOKYMEHTUpAT cBouTe
oTKpuTUA B PaboTeH anct
3a yyeHuum 1 3a Bbnpocu
KaTo Tesn.

Te ca npeaynpeaeHn aa
uMTUpaT ceouTe
U3TOYHUUMN.

MNpoussoacTBO Ha BcuuKM NpeanoxeHus 3a
pelieHue — An3aiiH Ha pelaBaHe Ha npobaemun
npopaykra Ha eTana B pamMKuTe Ha
cTyaeHTUTe TpAbBa Aa napametpure Ha
NPOEeKTUpPaT, Ye NPoAYyKTbT onpeaeneHnTe

A3 HoCcu HeobxoaumuTe CTaHgapTM 3a
XapaKTEPUCTUKU, aCNEeKTbT npoekTnpaHe n

Ha KpuTepuuTe 3a TEXHOOrUs ce NPaBAT u
AunzaiiH n npoeKkTMpaHe e AajeH B AOKYMEHTUpaT B
cb3gaBaHe 2yaca paboTHuA aucT 2 Ha PaboteH anct 2 Ha
y4eHuKa . yyeHuKa. Mpynosure
Kputepum 3a [AVCKYCUU Ce U3non3sat
NpoeKTUpaHe: 3a u3bop Ha Hait-
BpemeTo U KNIUMaTUYHUTE pobpata nges.

ycnosus: MNpoyuete
KNMMaTa Ha BaLlMA Per1oH, NaeHTMdMUMpaHm ca
3a Aa onpeaenuTe Hai- KOHCymaTvBuTe,
AobpuTe BpemeHa 1 mecTa HeobxoanmM 3a

3a cbbUpaHe Ha Boga. OCbLLECTBABAHE Ha

Mpoekr 2022-1-BG01-KA220-HED-000088567 3eneH STEM mogen 3a obyyeHue Ha yuntenu
CrtpaHuua 67 ot 84



Co-funded by
the European Union {/

Green
(Moxete ga pobuere usbpaHata uges.
npegcTasa, Kato
HauepTaete rpadvka 3a MpegocraseHo e
BaNeKHU MeceLM 3a Baluma noapo6Ho obacHeHWe Ha
paiioH.) AM3aiiHa Ha NpoAyKTa u
Hy»xpaa ot Bopa: € Cb3JafieHa cKuua ¢
Onpepenete HyxaaTa oT MHKEHEePHO Ka4ecTBo ¢
BO/a BbB BalLMUA PErUOH U NOMOLLTa Ha TOYHM
ce cTpemerte Aa pasmepwu. Te ca
npoussegeTe A0OCTaTbYHO npeaynpeaeHu aa
BOAa, 3a Aa nocpelyHere LMTUpaT cBOUTE
Tasu HyXAa. M3TOYHULM.

MpeHocumoct n necHa
UHCTanayma: MNpototmnsT
TpabBa aa 6bae HacoyeH
KbM NIeCEH 3a UHCTaAupaHe
1 NPEeHOCUM, Tbi1 KaTo ToBa
LLie OCUTypU MbBKABOCT 33
W3M0/13BaHE Ha PA3NNYHK
MecCTa Mo PasnnyHo Bpeme.
CnectasaHua n
edekTusHocT: Llenta
Tpabea ga 6bvae pa ce
npoussexaa noseye BoAa
ypes KoHCymauma Ha no-
MasKo eHeprus.

WU36op Ha maTepuanu u
ueHa: Ctpemerte ce ga
n36upare yCTOMUUBY U
peHTabuHU maTepuanu.
(B KOs reomeTpuA U B KO
maTepwvan ce nosy4yasa
noseye KoHAeH3auma? Kou
mMmaTepuann UMat BUCOK
KanauuTeT 3a 3afbpiKaHe
Ha Boga? Kou matepuanmn
ca agcopbeHTn?)
HagexgHocT u
Bb3feicTBue BbpXy
OKO/HaTa cpeaa:
CTpemeTe ce KbM AU3aWH,
KOWTO Le cBege A0
MUHUMYM BPEAHOTO
Bb34eicTBMNE HA
aBTOMO6WNA BBPXY
OKO/IHaTa cpeja.

Kputepuure 3a
npoeKTMpaHe ce obacHagaT
Ha y4yeHuumTe. CTyaeHTUTe
ce HacbpyasaT Aa
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obmucnAT, ga uscnensar
W3UCKBaHMATA 3a AM3aiiH 1
TEXHONOIMATA, KOATO
n3bupar, 1 fa npefocTasaT
Pas/IYHU peLleHna Ha
npeausBMKaTeNcTBoTO.
Pasrnepaiite pucyHKkute,
HanpaBeHW OT BCAKA rpyna,
1 Npea/oXKeTe NOMOLL, aKo
e HeobxoaMMmo.
HanomHeTe HUM KONKO
Ba)KHO belwe aa
KOHCTpyMpame mogena,
KaTo B3eMeMm npeasus,
eNemMeHTH KaTo
MOBBPXHOCTHA NAOLL,
n30nauma, BbaaylweH
NnoTOK M CbbupaHe Ha
KoHAeH3aT. Hakapaiite
yYyeHuUUUTe A3 OCb3HAAT, Ye
MOe Aa MMa noseye oT
e/IMH NPaBU/IEH MbT KbM
pelweHuneTo. Hakapaiite rin
/@ 3anuLaT BCUYKK CBOU
naen B PaboTeH aunct 2 Ha
y4YeHuKa.

Cnep ToBa yueHuUuuTe ce
HacousaT Aa usbepar Hait-
noaxoAsliarta cpes naeute
1 [a Al U3NON3BAT 3a
paspaboTBaHe Ha
npototun. 3a Aa
nogobpute ymeHuaTa 3a
B3eMaHe Ha pelueHus,
,Kos oT ngente pewnxre
JAa u3nosssare u 3awo?”
Kapart rv fa mucnar, kato
3ajaBart Bbnpocu. Ha To3n
eTan oT CTyAeHTUTe ce
OYaKBa Ja peLlaT Kakbs
BUZ, NPOTOTUN Lie
HanpaBAT B paMKUTE Ha
KpuTepuuTe 3a
npoeKTMpaHe.

Te ca npu3oBaHu aa
OnpeaennaT 4OCTaBKUTE,
Heobxoaumu 3a
u3nbaHeHWe Ha U3bpaHoTo
npeanoXeHve.
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Heobxoaumute 3a
yNpaXXHeHneTo
KOHCYMaTWBM Ca roTOBM
npesBapuTesHO 1 ca
pasfaseHu Ha yyeHuumTe B
rosemu Koam4ecTsa.
YyeHuuute Tpabea aa
6baaTt nomosieHun aa
onuwar noapo6Ho
[Auv3aiiHa Ha NPoAyKTa 1 Aa
O HauepTanT ¢
V3MepBaHUsA KaTo

UHXXeHep.
BbB ¢pasaTta Ha cb3gaBaHe MpoToTvn Ha NnpoaykTa
Ha NPOTOTUMU U TecTBaHe ce Ccb3/aBa upes
yYyeHUUUTe ce HanbTCTBaT npunaraHe Ha YepTexa u
/A Cb3aafAaT NPOTOTUN Ha M3non3BaHe Ha
npoAyKTa upes3 noaxoAALLmM matepuanu.
M3Mb/HEHWE Ha CBOUTE MoNy4eHUAT NPOAYKT ce
NiaHOBe M U3MNON3BaHe Ha TecTBa upes cbbupaHe Ha
noaxoAalwm matepuanu. Te BoJa oT aTmocdeparta. B
ca nomoneHu ga Tecteat TO3W npouec;
noNy4YeHnsa NpPoayKT. B -Mpenopbuntento e ga
TO3U NpoLec; reHepupare naev Kak ga
cbbupare KOHAEH3.
-YueHuuuTe ce NUTaT Kak -O6cbaeHn ca
e onpeaenat daKTopUTe, KOUTO L
KONIMYECTBOTO KOHAEH3, YCKOPAT KOHAEH3a.
KOETO e Ce NonAsu B - Cb3pgasa ce rpaduka
npototvna. (YueHuuute CrpPAMO KOJIMYECTBOTO
Cb3paBaHe U moraT Ja onpeaenat cvbpaHa Boaa.
TecTBaHe Ha 5vyaca MbpBOHaYasHaTa maca Ha - flaHHuTe ce
nporoTtun npoToTuna U KoAn4ecTBoTo WnHTEPNpEeTupar.

cbbpaHa Boaa, Kato
n3mepBaT macaTta OT Bpeme
Ha Bpeme o Bpeme Ha
KoHAeH3auuATa. Unn
morat fa obmucast
cbbupaHeTo Ha BogaTa B
KOHTelHep v n3mepBaHeTo
Ha HelfHaTa maca. Unu
moraT fja npeasioxar
M3M0/13BaHETO Ha
XUTPOMETBP. )

- YyeHunuuTe ce
HacbpyaBart Aa usnonssat
MHPOPMaLMATa, KOATO ca
npoyuunnu, 3a Aa NOMUCNAT
3a YC/I0BMATA, NPU KOUTO
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KOHAEeH3auuATa e
HacTbNK No-6bp30. Jokato
TecTaTe NPoAyKTa, TpabBa
3 ce Uma npeasug, ye te
morart ja ocurypaT
BNIAYKHOCT € Andy3op,
npousBexaaly Bnara, 1 aa
CbKpaTAT npoueca.

- CTyAeHTUTE Ca NOMOIeHN
A oTAenAat nepuop, ot 4-5
yaca (unm noseye, ako
YCNOBUATA Ca NOAXOAALLM),
3a fa cvbepart BoAa U A3
onpeAenaT KoANYecTBOTO
BOAa, CbbpaHo B
onpeaeneHy nepmogm ot
Bpeme, 1 Ja HayepTanT
rpaduKn Ha faHHuTe,
KOWTO nonyyasar.

- OT TAX Ce MUCKa Aa
NOMMCAAT KaK ga U3vyncnaT
edeKTUBHOCTTA Ha
npoTtoTMna u Aa usnonssat
TOBA, KOETO ca
nscneaganu.

MpepacrasaHe

Ha NpoAyKTa,

obcbaaHe n
oLeHKa

EauH yac

3a npomouuA Ha NPOAYKTa,
eTan Ha o6CcbXaaHe n
OLIEHKa,

- Bcaka rpyna e nomoneHa
fa 06ACHM Ha Knaca
XapaKTePUCTUKUTE Ha
TexHWUTe mogenu
YCTPOWCTBA U Kak ce
nosy4asa u cbbupa Boaa.
- [ipyrvTe yyeHUum ce
HacbpyaBaT /1a 33/4aBaT
BBNPOCK U 43 NpefoCcTaBAT
KOHCTPYKTUBHa 06paTHa
BPb3Ka.

- Boau ce anckycua B knac
OTHOCHO
npeAnsBuKaTencTsara,
Bb3HWKHANN MO Bpeme Ha
basuTe Ha NnaHupaHe 1
CTPOUTENCTBO.

- O6cbKaaT ce
NPUAOKUMOCTTa U
OrpaHUYeHnATa Ha

MoparoTesa ce
npeseHTaLua, KaTo ce
N1aHUpa Kak NpoAyKTbT
e 6bae NpeAcTaBeH.

MpoAayKTLT Ha BCAKa
rpyna ce oueHABa nog,
PBKOBOACTBOTO Ha
YUUTENA U C y4acTUeTo
Ha BCUYKM rpynn. Bu3
OCHOBA Ha OLleHKaTa
KNnacbT 06CbxAaa
[OKO/IKO MPOAYKTHT
pelasa npobnema.

B ponbaHeHwue,
npeaumcreaTa u
HejoCTaTbLMTE Ha
pasnnyHuTe
AW3alHEePCKU NPOAYKTH,
nponsBeaeHu ot
rpynute, ce o6cuKAAT €
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ycTpoiicTeaTa 3a cbbupaHe
Ha BOJ,a B peasiHuA KUBOT.
- Nopyeprasa ce
BAXHOCTTA Ha
ABArOCPOYHUTE BOAHN
pelleHuns U NpuMHoca Ha
STEM 3a pelwaBaHeTo Ha
rnobanHute npobnemu.

- KoHuenTyanHa KapTa uam
Avarpama ce cb3aasa ypes
KOMBWHMpaHe Ha
meToauTe, paboTeHn oT
BCAKa rpyna crnopepj,
MeToAMTE 3a NONy4aBaHe
Ha BOJa OT Bb3AyXa.

Y4acTUEeTo Ha uenusa
Knac.

CTypeHTUTE Ca NOMONIEHN
Aa 0bCcbAAT Nnomexay cu
NPOMEeHUTe, KOUTO
nnaHupaT Aa nofobpat

3a pa ce nogobpun
NPOAYKTHT, TOi ce
o6ChKAA B rpynv 1
NPOMEHUTE, KOUTO moraT

PaspabotBaHe EpuH vac NpoAyKTa, U Aa rv 3anuwat fAa 6baaT HanpaseHu B
Ha NPoAYKTH 8 PaboTeH NNCT 33 yYeHUK nNpPoAyKTa U Kak
2. NPOAYKTHT We 6bae no-
edeKTUBEH, ce nnaHupat
1 3anucear B PaboTteH
JINCT 2 Ha Y4eHWKa.
CtypeHTuTe Ca Ypes nposexaaHe Ha
NOMONEHN Aa cnoaenaT rpynosun gUCKYyCuMn Bb3
KaKBO Ca Hayuunu, Kato OCHOBA Ha BbMNPOCUTE Ha
ro 06CHAAT B pamKuTe PaboteH ncT 3a
Ha BbNPOCUTE, HaMUCaHU | Yy4YeHuUM 3, ypouuTe ce
no-Aony, U ro 3anuwar 8 pasrnexpat u
PaboTeH nucT 3a [OKYMEHTUpAT.
yyeHuKa 3.
- 3anuwerte KaKBo cTe
Hayuunu no speme Ha
dasaTa Ha NnoAroToBKa U
Cnop.enm-le Ha npoeKkTnpaHe Ha
TOBa, KoeTo EAuH vac npoTotuna.

Hayumx

- 3anuwerte KaKBo cTe
Hayuunu no speme Ha
dasaTta Ha TecTBaHe Ha
npoTtoTuna.
- 3anuweTe KakBo cTe
Hay4unu no speme Ha
¢dasaTta Ha BbBEXJaHe
Ha NpoAyKTa Ha
npoToTuna.
- 3anuweTe KakBo cTe
Hay4unu no speme Ha
¢dasarta Ha paspaboTBaHe
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Ha NpoAyKTa Ha
npotoTuna.

Mprmep: CAbHYEBA CYWWHA 33 XpaHa

Green STEM Yue6Ha geitHocT: CibHYEBa CYLUWIHA 3a XpaHa
06pazoBaTesIHO HUBO : CPEAHO yunamLLe — rumHasua (10 — 16 roanHm)
MNpepgmetHa obnact: Green STEM
Wme Ha peitHocTTa: CbHYEBa CYWIMAHA 3a XpaHa
Mevan6bu:

HayuyHu neyan6bum:

* Toii OTKpMBA, Ye CBET/IMHATa Moe Ja ce abcopbupa oT maTepuaTa B
pe3ynTaT Ha HeMHOTO B3aUMOZeNCcTBME C MaTepuaATa.

L4 ,El,aaa npumepn 3a UHOBATUBHU NMPUNOXKEHNA HA CAbHYEBATA EHEPTrUA B
eXXeHEeBMETO U TEXHOoTUUTE.

* O6Cb/Aa 3HAYEHMETO HA CIbHYEBaTa eHepria No OTHOLWeHWe Ha
edeKTMBHOTO M3MN0/3BaHe Ha pecypcuTe.

¢ MpoeKTMpa NPOEKTM 32 MKOHOMUYHO U3NON3BaHe Ha pecypcuTe.

e O6cbxkaa naenTe, KOUTO e Cb3Jas 3a ToBa Kak Aa Ce Bb3nonssame oT
cnbHYEeBaTa eHeprua B 6baelue.

® 067CHABA, Ye U3KOMAeMUTE FOPUBA Ca EAUH OT OFPAHUYEHUTE 1
HeBb306HOBAEMMU EHEPTUHU N3TOYHULM.

® 06CHABA 3HAYEHMNETO HA Bb3OOGHOBAEMUTE EHEPTUIHU U3TOYHULIM.

* O6cbxkaa epekTUTe OT U3NON3BAHETO HA PA3/IMYHU BUAO0BE FTOPMBaA 3a
OTONNEHME BbPXY XOpaTa U OKONHATa cpesa.

* Knacndpuumpa sewtectsata no TonJ10NpPOBOAUMOCT.

 [p13HaBa ponATa Ha BOAATa B XpaHaTa 3a pa3npocTpaHEeHUeTo Ha
MWKPOOPTraHnU3mu.

WHxKeHepHU nevanbu:

® O6ACHABa TEXHONOTMUTE 3a NOJIy4aBaHe Ha YUCTa U YCTONYMBA eHeprua Ypes
M3Mn0/3BaHe Ha NPUPOLHM PECYPCH KaTo BOAQ, BATHP M CAbHLE.

 MPOEKTMPA NPOAYKT, KOMTO MO3KE fa reHepUpa eHeprus Ypes NPUPOSHU
pecypcy, U3NoN3BaKM LMKBIA Ha UHXKEHEPHO MPOEKTUpaHe.

e Mpeanara NpoayKTa 3a NnpeobpasyBaHe Ha eHeprua, KOMTO e NPoeKTUpan.

* /13npo6Ba pasnnuHM An3aiiHepCKU MOAEN 3a No-ePeKTUBHO CyLIeHe Ha
XpaHa.

TexHONOrMYHM nevanbum:

* Moe Aa 13non3Ba AuUruTaneH TepMoMeTbp.

* Moe Aa u3nonssa 6akTepuaneH KOMNEKT.

* Moe Aa u3nonssa umdposa BesHa.

* Moe aa uHterpupa DC moTop B cucTemara.

* Moe Aa UHTerpupa nepkara B cuctemara.

* Moe Aa MHTerpupa CIbHYEB eHeprueH naHen B cucTemara.

Meuanbu no matemaTuKa:
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* MamepBsa Temneparypa ¢ TEpMOMETHP.

* YepTa rpadmKu, KaTo 3anmncBa CTOWHOCTUTE HA TemMnepaTypaTta BbB BPEMETO.
* M13n0n38Ba pasnnyHu reomeTpuyHu GopmMu B Au3aitHa.

* Moe Aa npasu 3mepBaHus ¢ LMdPOBa Be3Ha.

* Moe Aa yepTae rpapuKn OT NoNyyeHuTe AaHHU.

* Moe Aa U34ncnsBa NPOLEHTH.

APTUCTUUHM NPNAO6UBKMU:

o MPUroTBA ACTUA, KaTo M3MON3BA NPUHLMMMTE HA YCTOMYMBATA raCTPOHOMMUA
(M3KycTBOTO Ha XpaHaTa).

131101382 MECTHM KYNTYPHU MOTMBMU, 3@ A3 HaNpPaBm AM3aliHa CU ecTeTUYEH.

MNpeanpuemayecku neyanbm

* NaeHTudMLUMpPa coumanHuTe NnoTpebHOCTM U Cb3AaBa HOBAaTOPCKM MAEU 33
nocpeLLaHeTo Um.

* 13n0n3BaT KaHaM 32 MacoBa KOMYHUKaLMA, 32 4@ PeKNaMMpaT NPoAYKTa,
KoWTO ca paspabotunu.

® N3pasnsa 1 06CHHKAA CBOUTE MAEU M OTKPUTUA ACHO U NOCNEA0BATENHO Npes,
npodecmoHanHaTa Lenesa ayauTopus, U3NoN3BaNKW BU3YyanHU, MUCMEHMU U
Bep6anHN KOMYHUKALMOHHW METOAM.

EcrectBo Ha STEM / neyanbu B Kapuepara:

® [loemaHe Ha cebe Cv KaTo YNEH HA eKWM B Pa3NnYHK poau B paboTtaTta no
npoekTa o4. BKAtousa HaW-[06pUTE XapaKTEPUCTUKM Ha BCEKU €1EeMEHT Uan
pelueHue Ypes aHasM3npaHe Ha NPUAVKAUTE U Pa3IUKUTE MEXAY PasNIUYHU
AM3aliHepCKM peLleHnA 3a HOBO peLleHue, 3a 1a OTFOBOPU Ha KputepuuTe 3a
ycnex.

* B paboTaTa no npoekra Toi npuema cebe v KaTo YNeH Ha eKWUM B PasNUYHK
POAU 1 ycnelwHo 3aBbpLuBa paboTaTa, M3MCKBAHA OT Tasu pons (pasbupa
3HaYEHWETO Ha UHTepAUCLUMNANHaApHaTa paboTa).

© 3ano3HaBa ce C OCHOBHUTE Hay4YHU, TEXHONIOTUYHU N UHXKEHEPHUN ANCUNNANHN
1 Bb3MOXHOCTY 3a Kapuepa B Te3n obnacTy.

¢ Mpoyusa ob6nacTuTe Ha 0byYeHMe Ha Pa3NNYHU AUCUMNANHM 1 ce 3an03HaBa C
aKTYaNHU U UHTEPAUCLMINIMHAPHMW Npodecun.

3eneHun STEM nevanbu:

¢ Mpenopbysa NPUPOAOCHOBPA3HMU 3e/1EHN HAaYUHU NPAKTUKK 33
MWHUMU3MPaHe Ha YOBELLIKOTO Bb3AENCTBME BbPXY OKO/IHATA CpeAa 3a
peluaBaHe Ha CoLManHu HYKAM UAK Npobaemu.

MNeyanbu B ymeHunTa Ha 21-BM BeK:
¢ MogobpsBa ymeHuATa 3a pelaBaHe Ha Npobaemu.
¢ Moso6psBa ymeHuATa 3a CbBMeCTHa paboTa (pa3bupa, ye MHOro y4eHU n
MHKeHepyn paboTAT CbBMECTHO B €KMMK).
e [ToBMLIABA Ce YYBCTBMTE/IHOCTTA MY KbM OKO/IHAaTa Cpeaa U CBeTa, B KOWMTO
XuBee.
EcTecTBO Ha HayKaTa (UM Hay4HOTO U3cneasaHe) Neyanbu:
* Pa3bupa BaxHOCTTa Ha NOBTAPAHETO HAa EKCNEPUMEHTU UM U3MePBaHUA B
€KCNEepPVUMEHTaNIHN U3CNeBaHNA.
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¢ Cb3aaBa MAM PeBM3UPa Hay4HW 0bACHEeHMUs, 6asupaHn Ha BaNUAHU U HALEXKAHM
[aHHW UK [OKa3aTeNCTBa, NONYYEHN OT U3TOUHULM (BKIOUUTENHO COBCTBEHM
EKCMepPUMEHTU Ha yyeHuumTe).

© M13n0138Ba Ba/IMAHU U HAAEXKAHMW JaHHU UAU LOKA3ATENCTBA OT PasudHU
M3TOYHULM (BKNIOUNTENHO COBCTBEHM U3CNEABAHUA HA YYEHULMTE, EKCNEPUMEHTH,
MOAENM, NapTHbOPCKM OLLEHKM W T.H.), 33 Aa NOAKPENU WU OLEeHU 0BACHEHUETO
WAV 3aKNI04EeHNEeTO.

 [poBeskaa NpoyyBaHe u/Unu oLeHaBa U/UAK Npepasrnekaa eKcnepumeHTanHusa
nAaH, 3a ja HaMepu pelueHne Ha npobaema v Aa Noay4YM AaHHW.

MopaxopaAwm cTpaTerum 3a 3eneHa caenka:

GD3. Yucro, gocTbnHO M 6e3onacHo eHeprocHabanaBaHe

a) NpunoxeHus 3a paspaboTBaHe Ha YMCTU, BUTOBM U Bb30BHOBAEMU EHEPTUINHM
pecypcu, 0ocobeHo BATbPHA, CIbHYEBA U reOTEPMAsHA, U TAXHOTO MHTErpUpaHe cbe
CbLLECTBYBALLY €HEPrUIHU CUCTEMM U MO TO3U HAYMH HAMaNABaHe Ha eMUCUUTE Ha
NapHUKOBM rasose

GDA4. 3eneHo u ycToiiuMBO 3emegenue: YCToW4MBO 3emegesiue oT NoseTo A0 MacaTta

) MHOBATMBHM NPAKTUKK 33 Pa3nNpOCTPaHEHME HA TEXHUKM 33 YCTOMYMBO 3emeaenme
OT NnoseTo Ao macata

TeopeTuyHa Hpopmauua:

KoHcepBupaHeTo Ha NN0A0BE U 3e/1IeHYYLM Ypes CyLLeHe € MHOTO CTap MeToZ 3a
KOHCepBUpaHe, KOWMTO ce 13Mno3Ba OT ApeBHU BpemeHa. OT ApeBHM BpeMeHa naogoseTe u
3e/1eHYyLMTe, @ NO-KbCHO M XPaHM KaTo TapxaHa M JOMaTeHO Miope, ca Ce CYWUAN Ha CAbHLE.
LienTa Ha cylleHeTo e Aa ce npemaxHe BaaraTa oT XpaHaTa. [10 Bpeme Ha CylweHeTo HUBOTO
Ha BNara B XxpaHaTa naja A0 HWBO, KOeTO NpesoTBPaTABA Pa3BUTUETO HA MUKPOOPraHU3MMU.
Bbnpeku Ye METOABT Ha U3CyLIaBaHe Ha CABHLE € eCTeCTBEH M YeCTo CpellaH MeToa, ToBa e
MeTo/A, KOMTO OTHEMa MHOTO BpeMe U e 06EKT Ha 3aMbpcABaHe Ha Bb3AyXa, MUKPOBHO
3amMbpcABaHe U HACEKOMU U T.H. Toli HocH I'IpO6JleMI/I KaToO n3naraHe Ha BbHLWHW BAUAHUA.
Tasu cuTyaumnsa posesae 4o He0BXOAMMOCTTa OT Pa3paboTBaHETO Ha MO-NPUATHU U
XUTUEHUYHU MHAOYCTPUANTHU CYLUUTHN MaLlLUUHN. Hacxopo paapa60TeHMTe CNbHYEBU CYLLUUNHMN
eNMMUHUpPaXxa CbLUECTBYBALLMTE HEraTUBK M NOBULLIMXA eHEPriiHaTa epeKTUBHOCT Ypes
M3M0/13BaHe Ha CbHYEBATa eHepPrua KaTo Hail-Ao6pua anTepHaTUBEH EHepPreH U3TOYHUK Ha
M3KonaemuTe ropuBa BMeCTO U3MON3BAHETO Ha eleKTpUYecKa eHeprua. B Tesn cuctemu,
BMECTO C'bHYEBaTa eHeprua fa BAvAe AMPEKTHO BbPXY NPOAYKTA, Bb3AyXbT, KOMTO
LUMPKY/IMPa OKO/I0 NPO/YKTa, Ce HarpaBa CbC CIbHYEBA eHeprua. Bbnpekun ye aupekTHuTe
CNBHYEBM CYLLUMIHM Ca C HUCKA LieHa U IeCHM 3a NPOU3BOACTBO, KOHTPONBT Ha
TemnepaTtypaTa He e Bb3MOXEeH B Te3U CYLUW/IHU, Taka Ye KOraTo 3eeHuyLmuTe U nnogoseTte
Ca M3/10}KEeHW Ha NpAKa CTbHYEBa CBET/IMHA 3a Ab/Ir0 BPEMe, TEXHUTE BUTAMUHHMN CTOMHOCTU
HamanAgaT U HacTbnBa 3aryba Ha UBAT. CUCTeMUTe 33 CyLlieHe C U3AyXBaHe € Bb3AyX MoraT
[,a OCUTYPAT NO-6bP30 M NO-XOMOTeHHO cyleHe. Mpu TO3M TUN CYLIUAHM ce npunara
onpeaeneHa CKOPOCT Ha Bb3/yxa B 3aBUCMMOCT OT NPOAYKTa U NPOAYKTLT MMa KPaTKo Bpeme
3a CbXHEHe.

Kniouosu aymu:

CnbHYEBa eHeprus, Bb3obHOBAEMA eHeprus, U3Konaemu ropusa, ycToinumnsocT, abcopbuua,
M30/1aLMA, TEMNEPaTypa, HUBO Ha BNAXKHOCT, XUTMEHa

WHCcTpymeHTH 3a MHCTpYMeHTU U maTepuanu, Kouto Tpabea Aa ce M3Non3BaT:
obyueHme: Fonemm KapToHEHM KyTUM, eKpaH 3a MyXu, KapTOH/KapToH,
Pa6oTHu nucToBe HOWLM, POJIKa OT XapTUEHU KbPMK, alyMUHNEBO $ONNO,
Lindposu npo3spayHa neHTa, cTpey $ponno/npo3payHa naactmaca/cTbKio,
MHCTPYMEHTH yepHa GOHOBa XapTuA, KAMEHHA BaTa, CTbK/eHa BaTa, AbPBO,

Mpoekr 2022-1-BG01-KA220-HED-000088567 3eneH STEM mogen 3a obyyeHue Ha yuntenu
Crtpanuua 75 ot 84



Co-funded by
the European Union

¢z
Green

NVHWIAKA, AUrUTaNeH TEPMOMETBP, AUrUTaHA BE3HA, KOMMIEKT
6aKTePUM, HOXK, YMHUA, PAa3NUYHU NNOA0BE, PA3/IUYHU 3e/1eHUY LM,
XapTUEHO TUKCO, CONAPEH NAHEN-KOMMNEKT MUHUMOTOPYE-BUTNO

JluTepaTypHM pecypcu 3a CTYAEeHTU

Augustus Leon, M., Kumar, S. and Bhattacharya, S.C. (2002). A comprehensive procedure for
performance evaluation of solar food dryers, Renewable and Sustainable Energy
Reviews, 6, 367—393.

Giingér, A. ve Ozbalta, N. (2019). Giines enerjili kurutma teknolojileri ve uygulamalarda
gelismeler. 8. Giines Enerjisi Sistemleri Sempozyumu ve Sergisi, 8-9 Kasim 2019, Mersin.

Ekechukwu O.V. and Norton, B. (1999). Review of solar-energy drying systems Il: an overview
of solar drying technology, Energy Conversion & Management, 40, 615-655.

Erbay, B. ve Kiiglikéner, E. (2008). Gida endustrisinde kullanilan farkli kurutma sistemleri,
Turkiye 10. Gida Kongresi, 21-23 Mayis 2008, Erzurum.

Sharma, A., Chen, C.R., Lan, N. V., (2009). Solar-energy drying systems: A review, Renewable
And Sustainable Energy Reviews, 13, 1185-1210.

JlutepaTypHM pecypcym 3a yuutenu

Augustus Leon, M., Kumar, S. & Bhattacharya, S.C. (2002). A comprehensive procedure for
performance evaluation of solar food dryers, Renewable and Sustainable Energy
Reviews, 6, 367-393.

Giingdr, A. ve Ozbalta, N. (2019). Giines enerjili kurutma teknolojileri ve uygulamalarda
gelismeler. 8. Giines Enerjisi Sistemleri Sempozyumu ve Sergisi, 8-9 Kasim 2019, Mersin.

Ekechukwu O.V. and Norton, B. (1999). Review of solar-energy drying systems Il: an overview
of solar drying technology, Energy Conversion & Management, 40, 615-655.

Erbay, B. ve Kiiglikéner, E. (2008). Gida endustrisinde kullanilan farkli kurutma sistemleri,
Tiirkiye 10. Gida Kongresi, 21-23 Mayis 2008, Erzurum.

Sharma, A., Chen, C.R., Lan, N. V., (2009). Solar-energy drying systems: A review, Renewable
And Sustainable Energy Reviews, 13, 1185-1210.

MeTtoam Ha 06yueHve, 6asnpaHo Ha Nnpobaemu, NpoyysBaHe 1 NpoyyBaHe, obyyeHue,

npenogasaHe: 6a3npaHo Ha NPOEKTH, AU3aHEPCKO MUCIIEHE U UHXXeHEPeH An3aliH,

(npakTUUecKa HayKa), NPUNOKHO 0ByYEHWUE, TEXHONOTUYHO
nognomaraHo obyyeHune

CueHapwii Ha Green STEM yuebHa aeitHoCT: CbHYEBa CYLIWHA 3a XpPaHa

Heobxog
" CTypeHTCcKa
cueHa umo JeiHocT Ha yuuTena "
AeiHocT
Bpeme
MpobnembT TpAbBa fa 6bae BKAOUEH YueHuuuTe yetat
KaKTo B pabOTHMA JINCT, KOUTO ce M aHanusupat
paspaasa Ha yyeHuuuTe, Taka U npobnemHara
npobnembT TpAbBa Aa 6bae cuTyaums,
npeacTaBeH Ha yyeHuuuTe Ypes npeacTaseHa B
OnpeaensH PEA v 4 P PEA
e Ha 30 BU3YaNHO NPOEKTUpaHe. YueHuuuTe paboTHUA ANCT, U
nooBnema MUHYTN MMaT Bb3MOXHOCT A3 YeTaT U A 0bcbxaaT ¢
P aHanusupat npobnemHata cutyauma u BPBCTHULMTE CU.
Aa A 06CHKAAT C BPLCTHULUTE cU. Taka I'pynoso
npobnemHata cuTyaums ce npeacTasBat
AMarHocTuumMpa u onpesens Kato LANOCTHO
rpynosa. Ha To3u eTan ce uenu npobsiema.
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yyeHuumTe aa pasbepar npobnemHara Yuenuuute
cUTyaums. cnopenat
3a feitHocTTa TpsabBea Aa ce popmupat npodecuure,
KOJIKOTO € Bb3MOXHO noseye [afeHun B

Pa3HOPOAHM rpynu OT yYeHULM.
B yuebHuTe rpynu Tpsbea aa ce
cnoaenat npodecuunte, AafeHn B
paboTHUA NNCT, 1 Aa ce oNpeaenaT u
3anMUCBaT 3a4b/KEHUATA U
OTrOBOPHOCTUTE Ha Y4YEHMKa, KOITO ce
3aema c Bcsika npodecun.

paboTHUA nucT, B
CbOTBETCTBME C
TeXHUTe UHTepecH,
a 3ab/KEHNATa U
OTroBOPHOCTUTE
3a BCEKM YUEHMK
ce onpesenaTu

3anomHsaHe
]

nscneaBaH
e

EauH yac

3anuceat B
Pa6oteH nucr 3a
yyeHuKa 1.

3a fia pasKpuAT NpesuLHUTE CU NHdopmaumaTa v

no3HaHuWA 33 Npobaema 1 Bb3MOXKHUTE npexunBABaHUATa

peleHus, yyeH1LMTe ca NOMONEHM Aa No OTHOLWeHMe Ha

3anuwaT ToBa, KOETOo 3HaAT, U CBOA 3ajaseHnTe

ONUT B PaMKUTE Ha CeAHUTE BbNPOCK BBNPOCK OTHOCHO

B pa3gena ,3anoMHsAHe Ha NO3HaToTo npo6nemHara

U npeXusBaBaHuaTa“ Ha PaboTteH nuct cuTyaums ce

3a yueHuum 1.
. Kakso npeacTasnasat
Bb306HOBAEMUTE
eHepruiiHN U3TOYHULN?

. Kaken ca edektute ot
n3KonaemuTe ropvsa
BbPXY XOpaTa M OKo/aHaTa
cpena?

. KakBo e 3HauyeHueTo Ha
cNbHYeBaTa eHeprua?

. LieeTbT Ha maTepuanute

BAMAE /IN Ha CTeneHTa Ha
abcopbupaHe Ha cibHYEBa
CBeTNMHa? Kak?
. Kaksu meToam ce
M3M0/13BaT 3a 3ana3BaHe Ha
XpaHaTa 3a AbAro Bpeme?
. Kak cnbHueBaTa eHeprua
MOXKe Aa ce u3nossea 3a
3amasBaHe Ha XxpaHaTa 3a
Abaro speme?
3 3alo xpaHuUTe moraT Aa ce
cbxpaHasaT no-AvAro,
KOraTo ca M3CyLleHn?
Moa 3arnaswueTo , Kakso Tpab6ea aa ce
u3cnepBa “ ydeHULMTE ce HacbpyasaT
Aa NOMUCNAT Ha KaKBM BbNPOCK TpA6Ba
@ HAMepAT OTrOBOPM, 3a [ja HAMepAT
pelweHue Ha npobnema. Hanpumep, ,,
Kakeu ca ekono2u4Ho Yucmu

3anucear Kato
rpyna B PaborteH
nunct 1 Ha
Y4YeHuUKa.
MpoyysaHute
BbNPOCK Ce
nocTaBAT upes
MWC/IEHE Ha Ko
BbNpocu Tpabea
/ia ce OTroBopw, 3a
/a ce Hamepun
pelueHue Ha
npobnema.
Bbnpocute ce
3anuceat B
Pa6oteH nucr 1 Ha
YYEHUKa .
OTrosopuTe Ha
Tesun BbNpoCK ce
n3cneagat v
3anucear.
BkntoueHu ca un
M3non3saHuTe
M3TOYHULMN.
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mamepuanu?, Kakeo mpsbsa da ce
uma npedsuod npu cyweHe Ha XpaHu?,
Mozaam nu xpaHume 9a ce cywam npu
scAkakeu memnepamypu?, ,Kakeu ca
HUBaMa Ha en0a2d 8 cyweHume
nnodoee/3enenyyyu?” Lenta um e ga
paspaboTeTe BbNPOCH, KOUTO MOraT Aa
6baaT uscneasaHu, Kato: Te ca
MOMO/IEHM Aa 3anuLLaT BbNPOCUTE CU B
PaboTeH nncT 3a yyeHuKa 1.

Cnep, ToBa yYeHULUTE Ca MOMONEHN A3
npoy4aTt OTrOBOPUTE Ha Te3U BBLMPOCKU U1
A3 Hanuwart cBouTe oTrosopu. Te ca
npeaynpegeHun aa Bkao4sat
W3TOYHULMTE, KOUTO M3NON3BAT.

Kurutma odasi

Yabitm
Yikleme kapisi

Gelen gines g

Absorber iizey
Cam Bred
Fan

Taze hava
girisi

FeHepupaH
eHa
peleHue -
AM3aiiH Ha
npoaykra

Eavn yac

BbB dasata MeHepupaHe Ha pelueHne —
MpoeKTnpaHe Ha NPOAYKT
XapaKTePUCTUKUTE, KOUTO Tpﬂﬁﬂa Aa
nputTe)asa NpoayKTsuT, KoOWTO
CTyfAeHTUTe TpAbBa Aa NPoeKTUpar, ca
AafeHun B PaboTeH nUCT 3a y4eHUK 2
KaTo KpUTEPUM 3a AM3aliH.
Kputepuu 3a ausaiin:
. CyweHeTo Ha XxpaHaTa
TpAbBa pa cTaBa  CbC
CNbHYEBA eHeprua.
. Tpabsa fpa  ocurypsasa
XUIMEHWYHO U3cyLlaBaHe.

. TpsibBa pa ce B3emar
npeasug, dakTopute,
BAMAELLN BbPXY

HeraTMBHata npomAHa B
LBETA Ha XpaHuTe.

. Tpabsa Aa ce npoussexaa
OT  EKONIOMMYHO  YMCTM
maTtepuanu.

. Tpabea fa nobupa Tasa c

pasmepw 30*30cm.

B pamkute Ha
AafeHute
Kputepum 3a
npoekTnpaHe,
BCUYKM naeun,
CYUTAHU 3a
pelleHus Ha
npobnemu, ce
npeacTasAT u
3anucear B
Pa6oTteH nuct 2 Ha
yu4yeHuKa . Ypes
obcbaaHe B
rpynu ce usbupa
Hali-noaxoaalarta
naes.
Onpepenat ce n
HeobxoanmuTe
maTepuanu 3a
peanusupaHe Ha
n3bpaHata nges.
[u3aitHbT Ha
npoAayKTa e
obacHeH
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. Tpabea fa ce ecteTusmpa ¢ nogpo6bHo u e
MECTHU KYNTYPHU MOTUBM. HanpaBeH YepTex
. Tpabsa pJa ce cb3gagje | Cwu3MepBaHUA

KpeaTMBHa  peuenTa C | KaTo MHKeHep.
nomoliTa  Ha  CyleHu
nnogose/3eneHdyum/Tapx
aHa/pomaTteHo niope.
Ha cTyseHTuTe ce faBa obsAcHeHMe Ha
KpuTepuuTe 3a npoekTupaHe. OT
CTYAEHTUTE Ce OYaKBa Aa NPeACTaBAT
BCUYKM PA3NUYHM UAEU, 33 KOUTO Ce
cewat 3a npobaema, KaTo B3emat
npeasua KpUTepUUTE 3a AN3alH U
MO3bYHa aTaka. YueHuuute Tpsabsa ga
3HAAT, Ye MOXe [ja UMa NoBeye OT eAnH
npaBuaeH HauYMH 32 HAMUPaHe Ha
pewenue. OT TAX ce UCKa Aa 3anuwaTt
BCWYKM cBOM naew B PaboTeH ancr 2 Ha
y4eHuKa.
Cnep ToBa ydeHUUuTe TpabBa Aa 6baat
HambTCTBaHM Aa u3bepat Halt-
noaxoAslara cpes uaevte u Aa A
M3Mnon3BaT 3a paspaboTeaHe Ha
npototvn. 3a Aa nogobpute ymeHusta
3a B3emaHe Ha peluenus, ,Kos ot
naeuTe pelunxTe aa unonssate u
3awo?” Te TpabBa fa 6bAaT HakapaHu
A3 MUCNAT, KaTo 3a4aBaT Bbnpocu. Ha
TO3M eTan OT CTYAEHTUTE Ce O4YaKBa Aa
peLuaT Kakbs BUA, NPOTOTUN Lue
HanpaBAT B paMKUTE Ha KpUTepunte 3a
npoeKTupaHxe.
Te CbLLO TaKa ce HacbpyasaT Aa
naeHTMdnUMpaT maTepuanuTe,
HeobXxo0AMMM 3a peanusupaHe Ha
n3bpaHara uges.
Bcuuku Heobxoaummn matepumanu 3a
cbbuTMeTo Tpsabea aa 6baaT
noAroTBeHN NpeaBapuTesHoO.
YyeHuuuTe TpabBa Aa 6bAaT NOMONEHU
A3 onuwaT noapobHo aunsaitHa Ha
NPOAYKTa W Aa ro HayepTanT C
M3MepBaHMA KaTo UHXKeHep.
OT yueHULMTE ce 04aKBa Aa
NPOEKTUPAT CYLIN/HA 33 XpaHa KaTo
Tasu oTcTpaHu ( ms e dadeHa camo
Kamo npumep. Moxce da uma MHO20
pasauyHu du3aliHu, KOUMo omeosapam
Ha kpumepuume ). Popmarta,
BU3YaNHUAT BUA W U3NO/3BaHUTE
MaTepuanm Ha CyLUMAHATA MoraT Ad
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BapupaT B 3aBMCMMOCT OT
KpeaTMBHOCTTA Ha yYeHuuumTe u
TEXHUTE U3CNeaBaHuA.

MpoTtoTtunun
paHe n
TectBaHe

5uvaca

BbB daszata Ha cb3AaBaHe Ha
NPOTOTUNYU U TECTBAHE YYeHULUTe ce
HanNbTCTBAT Aa Cb3AaAAT NPOTOTUN Ha
npoayKTa Ypes U3nbaHEeHUe Ha cBouTe
nnaHoBe 1 U3non3BaHe Ha NOAXOAALM
matepuanu. OT TAX ce UCKa fa TecTsaT
nosly4eHnA NPoAyKT C NOMOLLTa Ha
nnosgose/3eneHdyum. B To3u npouec;
-YueHuuuTe ce NUTaT Kak moraT Aa
onpeAenaT KoANYecTBoTo 3arybeHa
B/1ara B N1o4oBeTe/3eneHuyuunTe,
KOWTO M3NOA3BAT 3a CyLUEHe.
(YyeHuumMTe moraT Aa npeasoxat
onpeaenaHe Ha NbpBOHaYanHaTa maca
Ha nnoAa, KOWTO U3NoN3BaT, U
KO/IMYeCTBOTO OTCTPaHEHa Bnara ypes
n3MepBaHe Ha MacaTa oT Bpeme Ha
Bpeme no Bpeme Ha cyweHe. nu morat
CbLLO TaKa Aa npeaoxaTt
13M0/13BaHETO Ha BRaromep.)

- Y4yeHuumTe ce HacoysaT Aa NOMUCAAT
[ANu XpaHUTe MoraT Aa ce cyLiaT npu
BCAKaKBM TeMnepaTypu 1 Aa U3nonssat
MHbOPMaLMATa, KOATO Ca NPOYYUIN B
npeauLHKA pasaen, 3a Aa onpeaenart
KaKBa TpabBa Aa 6bae noaxoaAalaTa
TemnepaTypa Ha OKo/aHaTa cpeja 3a
BCEKM NNOZA/3eNeHUYK 3a cyleHe. Ha
ydyeHuuUTe CbLUo TpAGBa Aa ce 334aBaT
BBMNPOCK 33 TOBA Kak MoraT ga
MOCTUrHAT Ta3n TemnepaTypa, A0KaTo
TecTsaT NPOAYKTa.

- OT yyeHUUUTe Cce M3UCKBA Aa
n3nonsear nepmog ot 3-4 yaca (unm
noseuye, ako YCN0BUATA ca NOAXOAALLM)
3a CylleHe v Ja onpeaenat
KO/IMYECTBOTO W NPOLIEHTA Ha BNaraTa,
oTcTpaHeHa oT
na0408BeTe/3eNeHYyLMUTE, KOUTO Ca
HapA3aHW U U3CYLLEHU B OonpeaeneHun
nep1oau oT Bpeme npes To3u nepuos, u
ce U3UCKBa Aa HauyepTaaT rpaduku Ha
AAHHWTE, KOUTO Ca NONYYUn
(M3non3Baiikn UMEGPOB UHCTPYMEHT ).
- CTyAeHTUTE Cca NOMONIEHN A
n3cneaBat CbAbPKAHWETO Ha BNara B
CcylueHuTe N10A0Be/3eNeHYyLM 1 Aa
onpeaenaT NpUbAN3UTENHO KOIKO

MpoTotnn Ha
npofayKTa ce
Cb3/aBa upes
npunaraHe Ha
yepTexa n
M3non3BaHe Ha
noAxoAALLM
maTepuanu.
NonyyeHnat
NPOAYKT ce TecTBa
C Pas/iMyHn
nnogose/3eneHyy
um. B tosun
npouec;

- Mpenopwbysa ce
meTopA 3a
onpeaenaHe Ha
KO/IMYecTBOTO
3arybeHa Bnara B
nnogosete/3eneH
yyuute,
M3M0/13BaHM 3a
cyweHe.
Uscneposatenckat
a uHbopmauma B
npeauLHnA
pasgen ce
M3MoN3Ba, 3a Aa ce
onpeaenu Kakea
Tpabsa ga 6bae
noaxoAalara
OKO/IHa
TemnepaTypa 3a
BCEKMN
NA0A/3eNeHuyK 3a
cyleHe, KaTo ce
B3eme npeasua,
Aanun XpaHuTe
moraT Aa ce cywar
npu BCUYKM
Temnepatypu. Mo
Bpeme Ha
TecTBaHeTo Ha
npofayKTa ce
reHepupar naev
KaK MOXe Aa ce
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BpeMme Le OTHEMe Ha N1oaa/3eneHdyka
[a U3CbXHE B MPOTOTUNA Ha CoNapHarta
CYLIMHA 33 XpaHa.

-B Kpas Ha BpemeTo 3a CylleHe
Y4YEHMLMTE Ce HAacouBaT Aa onpeaenst
KONMYECTBOTO MUKPOOPraHU3Mu
(6akTepuu) B cyweHute
nnogose/3eneHuyum.

-CTyAeHTUTe CbLLO Ce HacbpyasaT Aa
MO/IYYaT ChLUMA TUM AAHHU 33 OTKPUTO
CyLueHe Ha CTbHLE U A3 M1 CPABHAT C
APYrUTe Cv AaHHK, 33 A
WHTepnpeTupaT npeamMmcrTeaTta u
HeAOoCTaTbLUMTE Ha jBaTa METOAQ.

NOCTUrHe Tasu
Temnepatypa.

- KonanvectsoTto n
NPOLEHTLT Ha
oTcTpaHeHaTa
Bnara ot
HapA3BaHeTo n
M3CYLIABaHETO Ha
nnogose/3eneHqy
Uy ce onpegenat
Ha onpeaeneHu
nepuoau ot
Bpeme B LAnaTta
cypa. Cb3gasa ce
rpaduka Ha
nosyyeHuTe
LaHHK (Ypes
undpos
MHCTPYMEHT ).

- Ypes uscnepsaHe
Ha CbAbPMKAHMETO
Ha Bfiara B
cyweHuTe
nnogose/3eneHyy
Uy ce onpegena
npubansuTenHo
KO/IKO Bpeme e
M3CbXHAT
13Mn0/3BaHUTe
nnogose/3eneHyy
un B NpoTOTUNA Ha
conapHata
CYLWAHA 3a XpaHa.
-B kpas Ha
BpPemeTo 3a
cylueHe ce
nsmepsa
KONWMYEeCTBOTO Ha
MWKPOOpPraHnamu
(6akTepuu) B
cylweHuTe
nnogose/3eneHyy
um.

OcseH TOBa ce
noJsly4aBsart cbluma
AN A@HHK NO
OTHOLUEHMe Ha
OTKPUTO CylleHe
Ha CbHUE 1 B
CpaBHeHue C
APYT1 A@HHWU ce
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MHTepnpeTupar
npeaMmcTBaTa U
HefocTaTbuuTe Ha
[iBaTa MeTofa.

Mpeacrasa
He Ha
npoaykra,
AUCKYCHA N
oLeHKa

Eavn vac

3a nonynapusupaHe, AUCKYCUA U
OLEeHKa Ha NPOAYKTa , y4eHULUTe ca
NOMO/EeHN Aa NOArOTBAT NAaKaT C
NoMOLLTa Ha AUTUTANEH UHCTPYMEHT ,
KaTo NIaHMPAT KaK Le nonynapusupar
CBOMUTE NPOAYKTYU U e nHGopmupat
CbOTBETHUTE XOPa, U TE Ca NOMOJIEHN
Aa ro 3anuwart 8 Pa6oTeH auct 3a
y4YeHuK 2 . Te ce HacbpuasaT Aa
BK/IIOYAT B N/1aKaTa peLenTta n
BU3yanHW n306paxeHunsa Ha AcTue,
KoeTo fa 6bae NPUroTBEHO OT XpaH#,
M3CYLIEHM C NPOAYKTA, KaTo ce
13M0/13BaT NPUHLUMNNUTE Ha
racTpoHomMMATa (M3KYCTBOTO Ha
XpaHara).

Cnep ToBa NPOAYKTHT Ha BCAKa rpyna ce
oueHABa € NomoluTa Ha pybpwkaTa 3a
OLEeHKa, U3roTBeHa B CbOTBETCTBUE C
KpUTepuuTe 3a AW3aiiH U HaANYHa B
paboTHUA NUCT, N0, PHKOBOACTBOTO Ha
YYUTENA M C YH4ACTUETO HA BCUYKU
rpynu. B 3aBUCUMOCT OT OLieHKaTa e
CMOPHO JOKOJ/IKO MPOAYKTLT pellasa
npobnema.

W3rotea ce
nnakar, Kato ce
nnaHupa Kak
NPOAYKTHT LWe
6bae
nonyaapusnpaH un
KaK CbOTBETHUTE
xopa we 6baat
UHbOPMUPAHK.
MocTepbT BKAOYBA
1 peuenTa 3a
ACTWe, KOEeTO Ja ce
npuroTeu no
NPUHLMNUTE Ha
racTpoHomuATa
(u3KycTBOTO Ha
roTBeHeTo) ot
XPaHW, U3CyLLEHN
C NpoayKTa.
MpoAyKTbT Ha
BCAKa rpyna ce
oLeHnABa ¢
nomoLuyTa Ha
pybpukarta 3a
oLeHKa B
CboTBETCTBME C
Kputepuute 3a
AM13aiiH, nog
PBKOBOACTBOTO Ha
yuntenanc
y4acTmeTo Ha
BCUYKM rpynu. Bb3
OCHOBa Ha
oLeHKaTa KnacoT
06CbKAA KOKO
nobpe NpoayKTbT
pelasa
npobnema.

B ponbaHeHue,
npeaumcTeaTa u
HefocCTaTbLMTe Ha
pasnnyHuTe
An3aiHepcKu
NPOAYKTH,
npousseaeHu ot
rpynute, ce
obcbKaaT c
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y4acTMeTo Ha

uenua Knac.
CTypeHTUTe ca NoMosieHun Aa 06CbanaT 3a pa ce nogobpu
NOMEXAy C1 NPOMEHUTE, KOUTO npoAyKTa,

NNaHWpaT Aa Noao6pAT NPOAYKTa, U Ad
rv 3anuwart 8 PaboTeH NNCT 3a YUeHUK
2.

NPOMEeHWUTE, KOUTO
morat ga 6baar
HanpaseHw B

Paspa6oTBa
He Ha 30 nNpoJayKTa, ce
MUHYTH nnaHupar ypes
npoaykra
obcbKaaHe B
rpyna u ce
3anuceat B
Pa6oteH nucr 3a
YYEHMUK 2.
CTyfeHTUTE ca NOMONEHU a cnojensaT Ha Hay4eHoTO
KaKBO Ca Hay4mau, Kato ro o6CcbanaT B ce oTroBaps u
paMKuTe Ha BbNPOCKTE, HAMUCAHU MOo- ce 3anucea ypes
Aony, v ro 3anuwart 8 PaboTteH aucr 3a obcbxaaHe B
yuyeHuKa 3. rpynu 8
- 3anuweTe KaKkBO CTe HayYuau no pamKkuTe Ha
Bpeme Ha dpasaTta Ha NOAroTOBKa 1 Bbnpocute,
NpPoeKTMPaHe Ha conapHaTa CyLWIHA AafieHn B
3a XxpaHa. Pa6oteH nucr
- 3anuweTe KakBO Hay4MxTe no speme 3a yyeHuKa 3.
Ha ¢pasaTa Ha NpoToTMNUpaHe Ha
co/lapHaTa CYLIWIHA 3a XpaHa.
CnopensHe 30 - 3anuLeTe KaKBO Hay4uxTe Mo Bpeme
Ha Ha pasaTa Ha TecTBaHe Ha conapHaTa
MWHYTN
Hay4YeHoTOo CYWWNHA 3a XpaHa.

- 3anuweTe KaKBO Hay4uxTe Nno Bpeme
Ha ¢pasaTa Ha BbBEXAAHE Ha NPOAYKTa
Ha CONapHaTa CyLWWIHA 33 XpaHa.

- 3anuweTe KaKBO CTe Hay4Yuan no
Bpeme Ha $pasaTta Ha paspaboTBaHe Ha
NPOAYKTa Ha CoNapHaTa CyLWHA 3a
XpaHa.

- OB6sacHeTe KakBu 6uxa 6unun nonsute
OT NPOEKTUPAHETO Ha NPOAYKT, KOWTO e
u3usn0 6asvpaH Ha CIbHYEBA eHeprus,
OCUTYPsIBa EKOJIOTUYHO 1 YCTOMYMBO
roTeeHe.
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To3u doKyMmeHmM e uszomeeH Kamo Yacm om OeliHocmu o npoexkm
GREEN STEM EDUCATION  Project 2022-1-BG01-KA220-HED-
000088567 Green STEM moden 3a oby4eHue Ha y4umenu,
CbpUHAHCUpaH om npoepama KA220-HED - CvemecmHO
napmHeopcmeo 8v8 sucwemo obpaszosaHue MokaHa 2022 Kpve 1
KA2 Ha npoepama EPA3BM +.

®uHaHcupaHo om Eeponelickusa cbio3. Bbnpeku mosa, uspaseHume
8b3271e0u U MHeHUs ca eGUHCMBeHO me3u Ha asmopa(ume) u He
ompasaeam HenpemeHHO me3u Ha Eeponelickua Cbl3 Uuau
Esponelickama u3nvaHUMesHa a2eHyus 3a 06pazosaHue U Kyamypa
(EACEA). Humo Esponelickuam cvto3, Humo EACEA mozam da Hocam
0M2080pPHOCM 30 MAX.
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