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Pe3rome: MamepeaHemo Ha cribHYe8UMe eHepauliHu XapakmepucmuKu € U38bpWEHO 8 podbimKkeHUe
Ha nepuod om 5 eo0uHu. 3a npakmu4yeckomo npusoxeHue Ha me3u uscrnedsaHusi e Heobxodumo Oa ce
onpederniu KONMUYECMBOMO Ha akyMmyrnupaHama ClibHYe8a eHepeausi 3a onpederieH rnepuod om epeme om
eOuHuya niow, Ha 3eMHama noebpxHocm. [JaHHUMe 3a cnbHYegama paduayusi ca U3MepeHU U akyMyrnupaHu ¢
noMmowma Ha asmomamuyHama MmemeoposiocudHa cmaHuyusi Vantage Pro2 Plus. [JupekmHo nony4eHume
OaHHU Oom ceH30pa 3a CribHYesa paduayusi ca UHMmezspupaHu u rnpeusqucseHu 3a 0a ce ronydYam pesynmamu
3a akymyrnupaHama crbH4Yeea eHepausi [1o mo3u HayuH ce rpocriedsiea U3MEHEHUemo Ha eHepeulHume
C/TbHYE8U XapaKmepucmuKu rpe3 pas3nu4yHume Meceuu, c8bp3aHO CbC CE30HHUS XapaKmep Ha MoIoXeHUemo
Ha CnbHUemo. Ms4ucneHa e u eoduwHama rnosmapsieMocm Ha uaMmepeaHusima. Bucokama noemapsiemocm,
Kosimo ce Habrtodasa rnpe3 uamMuHaaume 200uHuUmMe daga 8b3MOXHOCM Oa ce NMpo2Ho3uUpa CITbHYEe8US] eHEPaUEH
dobus 3a cnedsawjume 200UHU.
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Abstract: The monitoring of the solar energy is performed over a period of 5 years. For the practical
application of these studies, it is necessary to determine the amount of accumulated solar energy for a definite
period of time from a unit area of the ground surface. It is known that the solar radiation and solar power are
directly related to each other. The data on solar radiation were measured and accumulated with the help of the
automatic weather station Vantage Pro2 Plus. Data obtained directly from solar radiation sensor are integrated
and translated to produce results for the accumulated solar energy. In this way, follow of energy solar
characteristics in different months, due to a seasonal nature of the position of the Sun. The degree of repeatability
is presented for the corresponding days and months in different years. The high annual repeatability provide an
opportunity for sunlight forecast for subsequent years.

1.BbBeneHune

MeTeoponorudHata ctaHuua Vantage Pro2 Plus 6e HacTpoeHa aa uamepsa 1 cbbupa gaHHu
3a Bceku nepuopg ot 15 muHyTh [1]. B cpaBHeHWEe C OCHOBHUSA BapyaHT Ha MeTeocTaHuunTe OT Tuna
Ha Vantage Pro, nonynpodecunoHanHata ctaHums Vantage Pro 2 Plus e cHabaeHa ¢ 4ONbAHUTENHU
CEH30pM 3a WU3MepBaHe Ha ClbHYeBaTa pagvaunsi U CIbHYEBOTO YNTPAaBUONETOBO M3NbyBaHe
nonagaiiM Ha 3emHaTa MOBBLPXHOCT. Te3n CEeH30pWu perucTpmpaTt MHTEH3UBHOCTTa Ha ClbHYeBaTa
pagvauuns, gosata M WHOEKCA Ha yNTpaBUOMETOBOTO M3MbuBaHe. Taka MOMNyvyeHUTe AaHHW 3a
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METEOPOSIONMYHNTE MapamMeTpu ce ekcnopTupaT 4ype3 dpann C TeKCTOBM hopMaT B CbOTBETHOTO
npunoXxeHne 3a TsAXHaTa Mo-HaTaTbliHa oOpaboTka. ABToOMaTU4Ha M3MepBaTesnHa cTaHumsa Vantage
Pro 2 Plus npepoctaBsa Ha cBOUTe MOTPEOUTENN OCBEH AaHHM 3a CITbHYeBaTa paguauus, Taka u
OaHHM 3a crnbHYeBaTa eHeprus (Solar Energy). V3BecTHO e, 4e cbliecTByBa Bpb3ka Mexay
CnbHYeBaTa paauvaumsi U cnbHYeBaTa eHeprus. OT Tasym Bpb3Ka OaHHW 3a ClbHYEBaTa eHeprus
MoraT a ce nosnydaTt oT JaHHM 3a ClTbHYeBaTa paguaums no Asa HayuHa:

1.EkcnopTupaHe Ha p[aHHMTE 3a CnbHYEBa pagvaumsi B CneumanHo NpuroxeHue wu
WHTErpMpaHeTo 1M Mo BpeMe 3a [a ce nonyyaT JaHHW 33 ClbHYeBaTa eHeprus.

2. MeteoctaHuuata Vantage Pro 2 Plus e npoaykt Ha amepukaHckaTta kopnopauus Davis.
lMopaaun Tasm npuyvHa CnbHYeBaTa €Heprus e M3dncrieHa oT JaHHWUTE 3a ChbHYeBa paguauus u e
AafeHa B egnHuua Langley.

1 Langley = 11.622 Wh/m2

Tean [aHHM CbLO MOraT ga ce ekcnopTupar ypes cainn B TEKCTOBU hopMart 3a TaAxHaTa no-
HaTaTbluHa o0OpaboTka B CbLOTBETHOTO MNpunoxeHne. B ToBa uM3noxeHMe e UCNOnN3BaHoO
npunoxeHneto Microsoft Office Excel.

2. TeopeTU4HM faHHM 3a CNbHYeBaTa paguauuvsa U cibHYeBaTa eHeprus nonagaiia
BbpPXy eAuHULa 3eMHa nnoLy

MN3BecTHO e, 4e cnbHYeBaTa paguauns 3aBMCUM OT MHOMO (hakTopu 1 CbBCEM NOMMYHO € da ce
o4aksa, Ye [OOMBBT Ha eHeprus 3a pasnuyHUTE PEerMoHM MOXe Ja € CbBCEeM pasfnu4yeH. ToBa ce
ABbIDKM Ha dhakTa, Ye camo 4acT OT ClTbHYEeBaTa eHeprusa AocTura 4o 3eMHaTa NoBbpxXHOCT. EgHa vacT
OT nonajaiwiaTa CribHYeBaTa pagvauus BbpXy 3emHaTa aTmocdepa ce pedrektnpa AMPEKTHO
obpaTHO B KOCMOCa, a Apyra 4acTt ce abcopbupa B ctpaTocdeparta n Tponocdepara. O6wwo okono
19% OT cnbHYeBaTa eHeprus He JOCTUra OOSTHUTE CIIOEBE Ha 3eMHaTa NoBBbPXHOCT [4].

MHTeH3nTeTbT Ha chnbHYeBaTa paguauus HamansBa [naBHO nopagu nornbLiaHeTo oT
BOAHWTE Napu B MHpavepBeHaTa 0bnacT Ha cnekTbpa, 030HOBOTO NOrMbLLaHe B ynTpaBuoneTosarta
obnacTt n pascenBaHeTo OT YacTULNTE BbB Bb3ayxa. TakuBa KOMMNOHEHTWN KaTO BbIMNEPOaHNS ABYOKMC
N HAKOW ApYrn ra3oBe, KOUTO Ce CbabpXaT B NO-Mankuy Konuyectea B aTmocdepaTta, nornbLiaT vyact
OT TOMNWHHAaTa paguauums, u3nbyeHa OT 3eMHaTa NOBbpPXHOCT. CnegoBaTenHo AOOMBBLT Ha eHeprus
3a pasnuUYHUTE pernmoHn Moxe Aa € CbBCEM pasfnMyeH B 3aBUCMMOCT OT TEXHUTE 0COBEHOCTH.

CnbHYeBaTa eHeprvs ce M3nbyBa [MaBHO KaTo efnekTpoMarHUTHa paguaumsi CbC CNeKTbp Ha
naearnHo 4YepHo TAMO XapakTepuampallo ce ¢ Temnepatypa ot npubnusmtenHo 6000K. CrnbHyeBaTa
paguvauus npencrtaBnsiBa MAbLTHOCTTA Ha TbYMCTUS €HEprMeH MNOTOK W3MbYBaH OT CITbHUETO,
M3MepBaH Ha pa3CcTosiHMEe efHa acTPOHOMMYEcKa eduHMLa BbpXy eAnHULAa XOpU3oHTanHa nrowy 3a
eavHMua Bpeme. TS ce M3MepBa B €AMHULM BaT Ha kBagpaTeH meTbp [ W/m® ]. KonmuecTBOTO
eHeprns Ha KBagpaTeH MeTbp 3a onpedeneH nepuon OT BpemMe ce rnonydasa yYpes UMHTerpupaHe Ha
cnbHYeBaTa paguaumnsa no Bpeme. [lopagn Tasu nNpuyMHA KONMUYECTBOTO CHbHYEBA €eHeprus ce
n3mMepBa B eANHNLUN BaTHac Ha KBagpaTeH MeTbp [W*h/mz].

MHTEeH3NTETbT Ha cnbHYeBaTa paguauus nonajalla BbpxXy 3eMHaTa MOBBbPXHOCT, ce
U3MEeHs B 3aBMCUMOCT OT pascTodHueTo 3emsa-CnbHue. CteneHTa Ha abcopbuua Ha crnbHYeBaTa
paguauusa 3aBUCKM OT AbMKMHATA Ha ONTUYHMSA MbT, KOWTO CBeTnuHata TpsbBa Aa uM3MuHe npes
aTmocdpepaTa 3a ga AOCTUIHE OT ropHMTE I CnoeBe [0 NOBBbPXHOCTTa Ha 3emsTa. T e obpaTHo
NponopuMoHarnHa Ha KOCUHyca Ha bIbfla Mexay NonoxeHneTo Ha CnbHUETO CNpsAMO 3eHuTa.

CnbHuyeBaTa paguaumsa nonagaila Bbpxy AafeHa NOBbPXHOCT uma gse koMrnoHeHTn. EgHaTa
€ AVpeKTHaTa pagvauus, nagaiwla Bbpxy MOBBbpPXHOCTTa 6e3 uameHeHue Ha nocokarta. [pyraTta e
andysHata paguaums, KoaTo npeacTaBnsiBa cymata OT pascesiHata B atMocdeparta u oTpaseHa oT
noysaTa W OKONMHUTE MpegmMeTV pagvauus, nagailia BbpXy gafeHa MOBbPXHOCT. Hanuumeto Ha
obnauu Bogu 0o oTcnabeaHe Ha AMpeKTHAaTa 1 yBennyaBaHe Ha pascesHarta pagvaums.

B HacTosAwmMTe M3cneaBaHMsa pasyeTuTe ca HanpaBeHM 3a MNOTOKa OT CNbHYeBa eHeprus,
KOMTO nonaga BbpXy hoToconapHute npeobpasoBatenu, a kakBa 4acT OT Hero e ce YCBOW 3aBUCK
OT Koepu1LMeHTa Ha NoNe3Ho AeNcTBMe Ha CbOTBETHUTE NpeobpasosaTeny.

3. N3cnepBaHe Ha AHEBHMUA XO4 Ha CNMbHY€BOTO rpeeHe

[OupekTHO nonyvyeHuUTe AaHHM OT METeoponorMyHaTa cTaHuus ce 3anasBaT BbB (hannose 3a
nepvoa oT eaAnH Mecel, KaTo 3a Bcekn 15 MMHYTK e HanpaBeHo no eaHo usmepsaHe. O6wns obem Ha
uHpopmauumsTa 3a nepuof ot 51 meceua cbabpxa okono 149 000 namepBaHus. Cnen ToBa JaHHUTE
3a cnbHYeBaTa pagmauns ce UHTerpmpar no Bpeme 3a BCeKku Yac, 3a BCEKU AEeH 1 3a BCeKN Mecel, 3a
[a ce nonyyaT pe3yntaTtu 3a u3MepeHaTa crnbHYeBa eHeprud. O6wua obem Ha 6asaTta gaHHU € 3a
nepvoa ot okono 5 roauHu. MNonyyeHuTe pesyntaty ca nokasaHu B rpacmyeH 1 TabnuyeH sua.
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Ha ¢our. 1 e nokasaHa namepeHaTta CribHYeBa eHeprus 3a pasnuyHu aHW 3a fa ce BUaM Kak ce
M3MeHs CifbYeBaTa eHeprus 3a e4uH U CbLuM AeH, 33 edVH U CbLUM MeceL, Npe3 CbOTBETHATa roguHa.
3a npumep ca u3bpaHu nbpBuTe 15 gHM oT meceumte KOnu, Tbi KaTo TOBa € Meceua C HaW-
WHTEH3MBHa CibHYeBa pagvauus. CymapHaTta CribHYeBa eHeprus 3a BCeKM eauH AeH oT nbpeute 15
OHu Ha mecey, HOnum 2011 , KOnm 2012, KOnun 2013, KOnn 2014 n KOnn 2015 roanHu e nokasaHa c
pasnuyHX LBETOBE.

CnkHYeBa eHeprusa usMmepeHa 3a 15 aHu
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dur. 1. CnbHYeBa eHeprust nsmepeHa 3a Bceku aeH ot 1 go 15 tonm ot 2011 go 2015 roguHa

C Mmo3amyeH cvB UBAT € ouBeTeHa rpadmkata Ha TEOPEeTUYHO M34YMcreHaTa ClbHYeBa
eHeprus 3a Bcekn eguH aeH. OT Tasum rpaduka ce Buxaa, Ye npes meced KOnu ce Habnogaea 6aBHO
HamarnsiBaHe Ha TeopeTuyHaTa CITbHYeBa €eHeprus, B CreacTBMe Ha HamangsaHe Ha ofwarta
nsnbyeHa eHeprus oT CNbHUETO, KOETO MbK € CreAcTBME Ha HEroBOTO MPOMEHEHO MOMOXeHue
cnpsiMo 3eHuTa. CbluaTta KOHCTaTaums BaXu U 3a M3aMepeHaTa CribHYeBa eHeprus 3a meceumTe HOnm
3a BCUYKM roguHu. MNMpomMsHaTa Ha BapuauuuTe Ha paguauusita B crneacTeue Ha obnauute, obave e
no-cumnHa ot TOo3u TpeHa. MNopaam Tasu npuynHa ce Habngaea dakra, Ye cnbHYeBaTa eHeprus 3a
pasnuMyHMTe OHW OT Meceua 3Ha4yMTeNHO Cce pas3nuyaBa MO CTOMHOCT. Hampumep 3a nouytu
6e3obnayHnTe agHK 2, 7 1 13 0Nn CTOMHOCTUTE Ca MOYTU eOHU U CbLUW, KaTo pasnukarta e no-manka
oT 1000 wh/m®. 3a cpaBHeHuWe ce Bkaa, Ye 3a JeH 1 v 3 tonu Te ce npomeHsT oT 2000 go 7500
wh/m® unn noseye ot 5000 wh/m® Bbhpeku, Ye BUCOYMHATA HA CITBHLETO HE Ce NPOMEHs!
CbLLECTBEHO NPaKTUYECKW, M3MEpeHuUTe pes3ynTaTu ce pasnvyaBar, 3alwoTo aTmocdepata € ¢
pasnuMyHa npornyckaTenHa Bb3MOXHOCT 3a pa3nuyHuTe gHu. [ponycknvBocTTa Ha aTtmocdeparta
3HAYUTENHO Ce BInUSe KakTo OoT obnauu, Taka M OT Brara, npax M ApyrM 3amMbpCcUTENU, KOMTO
normbLLaT CITbHYeBaTa eHeprus.

Ha cpur. 2 e nokasaHa cpegHO M3MepeHa CITbHYEBA €Heprusi 3a BCekn AeH oT mecel HOnu B
npoabrkeHve Ha 5 rogmHun. 3a pasnuka oT ¢ur. 1 TyK € nokasaHa cpegHoO naMepeHaTa CTOMHOCT 3a
NMOCOYEHUTE FOAMHN, KAKTO U MAaKCMManHUTE U MUHMMAanHU OTKIIOHEHUS 32 BCEKU OEH.

Cbc cmBM cTbnbyeTa € nokasaHa cpegHata CTOMHOCT 3a BCEKM AeH OT meceuuTe KOnu, npes
neTTe roguHu, a ¢ YepHU NMHUKN e OTOEens3aHo AHEBHOTO MUHUMAIIHO U MaKCMMarHo OTKIOHeHune oT
cpeaHaTta CTOMHOCT. TyK OLle Mo-CHO ce BWXAa AMHamMuKaTa B CTOMHOCTUTE 3a 2 U 7 AeH, KoraTto e
MUHMManHa cnpsmo 1 u 3 geH, korato e 3HavyuTenHo no-ronsMa. Tasu AuHamuka MoXe ga ce
npocneam u 3a octaHanuTe OHW.

OT Tyk MOXe [a ce HanpaBW 3aKM4YeHMEeTO, Y€ U3MEPEHUTE CTOMHOCTU Ha CITbHYEBOTO
rpeeHe ca 3Ha4yuMTEeNHO Mo-KonebnmBy OT TEOPETUYHNUTE, KOETO € CBb3aHO U C MO-rofieMnTe NpoOMeEHU
B NPOMYCKMMBOCTTA Ha aTMocdepaTa, kakTo oTbenssaxme no-rope. B cneacreue Ha NpOMEHSALLOTO ce
CbCTOSIHME Ha aTmoccepata M Ha obnayHocTTa W3MEepeHWTe CTOMHOCTM ca MNo-Manky oT
TeopeTuyHaTa oueHKa, a npu 6e306nayHo Bpeme ce npubnukasaT A0 T€3U CTOMHOCTW, KakBaTo €
Hanpumep ctoriHocTTa Ha 01 KOnn 2014 r. u 2 KOnn 2011 r. Ha cowr. 1.
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dur. 2. CpegHo n3MepeHa cnbHYeBa eHeprus 3a Bceku aeH ot mecel HOnu ot 2011 go 2015 r.

OTtcnabBaHeTo Ha crbHYeBaTa pagMaunsi, PecnekTMBHO Ha ChbHYeBaTa eHeprus B
aTMocdepaTta He € eHO M CbLUO 3a PasnNMYHNTE YacTU Ha HeWHWS CMeKTbp, a OCBEH TOBa 3aBWCU
KaKTO OT CbAbpXaHWeTO Ha Brara B atmocdpepara, Taka U oT obnayHocTTa. Hanpumep abconioTHO
CYXUAT U YACT Bb3AYX MpuUTexasBa HaW-ronsiMa Npo3payvyHoCT 3a MHGpayepBeHaTa paguauusa 1 Hait-
Mmarka 3a yntpasuoneToBaTa paguaums. Hanmuneto Ha 030H B aTMocdepaTta Chbllo OKa3sa BrusiHUE
B MOMMbLLAHETO Ha paavauus B yTPaBUOMNETOBMS U B OanedyHus uHdpadepBeH AuanasoH. Kos ot
KOMMOHEHTUTE KaKBO BIMSIHWE OKa3Ba TYK HE MOXXE TOYHO [a Ce MOCOYM, HO B Crydast € BaXKHO Kaksa
yacT OT eHepruaTa 4ocTuUra 4o NOBbPXHOCTTA Ha 3eMATa.

4. U3cnegBaHe Ha MeceYHUsA Xo4 Ha CNTbHYEBOTO rpeeHe

Ha ¢wur.3 ca nokasaHu CTOMHOCTUTE Ha CNbHYEBaTa €Heprus U3MepeHa 3a BCEKU Mecel B
npoabiKeHne Ha okono 5 roguHn. 3a Bcsika egHa OT MeTTe rogvHu cTbnbderara, nokassaluu
CbOTBETHUTE MECEYHU CTOMHOCTU ca n3obpaseHn Cc pasnuyeH LBsT.

MSMBDEHG CNbHYeBa eHepruAa 3a BCEKKM Mecel

Bl3mepeHa CNbHYEBa EHEPriMA Ha 38MHaTa NosbpxHocT 3@ 2011r.  ml3mepeHa cnbHYEBa EHEPrUA Ha 3EMHATA NOBbPXHOCT 33 2012r.
260 - mWamepeHa cibHYEBa eHEpMA HA 3EMHETE NOBbPXHOCT 338 20131, "M3mepeHa CiibHYeBa EHEPINA Ha 3EMHATA NOBLPXHOCT 38 20141
240 =l13mepeHa CribHYeBa EHEPIVA Ha 3eMHaTa NOBbPXHOCT 3a 20151
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our. 3. CnbHYeBa eHeprusa nsmepeHa 3a Bcekn mecel, ot 2011 go 2013 r.
OT rpachukaTta ACHO ce BMXKaa CE30HHUSA XapakTep B UBMEHEHNETO Ha CbHYEBOTO rpeeHe. To

€ Han-ronamo npes meceuute KOHM 1 HOnu n Han-manko npes meceuute AHyapu n Jekemspu. Han-
UHTepeceH, obaye e (pakTbT, Ye AMHaMUKata B U3MEHEHME Ha CTOMHOCTUTE 3a eOHOWMEHHUTE
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Meceun npes3 roanHnTe rnokasaHu Ha dur. 3, € MHOro no-marnka OTKOSIKOTO Ta3u Ha eQHOWMEHHUTE
OHW nokasaHa Ha dour. 2 u dowur. 1.

Ha c¢wur. 4 e nokasaHa cpegHO M3MepeHaTa CibHYEBa €Heprus 3a BCekM Mecel B
npoabImKEHNe Ha 5 roguHu, 3a pasnuka oT dur. 3, KbAeTO ca NnokasaHu OeNCTBUTENHUTE CTOMHOCTU
Ha MeceuuTe. CbC cmBM cTbNOYETa € nokasaHa cpefHaTa MecevyHa CTOMHOCT, a C YEpPHU JIMHUK €
0oT6EenaA3aHo MMHMMAIHOTO M MaKCMMariHO OTKITOHEHNE OT cpedHaTa CTOMHOCT 3a BCEKu Mecel,.

dur. 4. CpenHo n3mMmepeHa CnbH4YeBa eHeprma 3a BCEKN mecel

Ha Ta3u rpadmka oue no-gobpe ce Bwxaa no-Marnkata AUHaMUKa B MECEYHOTO OTKITOHEHUue
cnpsAMo gHeBHOTO. Hanpumep 3a egHn 1 m cbwm gHu ot Meceumte HOnm 2011, HOnm 2012 , KOnu
2013, KOnm 2014 n KOnm 2015 roguHu, nokasaHu Ha dur. 1 1 cur. 2 nsamepeHaTa crnbHYeBa eHeprusi
Ce pasnu4yaBa 3HauYUTENHO, KaKTo oTbensasaxme Mo-rope, HO 3a YeTUpUTE UIM NeTTe eOHOUMEHHMU
MeceLa nokasanu Ha cur. 3 n gur. 4 obwmaT AobMB e NoYTK eanH n cbly. YncrnoBuTe gaHHM 3a OeH
1, cvotBeTHO 3a 1 KOnm 2011 r. ¢ usmepeHa ctonHoct 3200 Wh/m?, cnpamo 1 Onun 2014 r. ¢
namepeHa crovHoct 7800 Wh/m? nokaseaT guHamMuka OT 2.5 MbTW, a 3a [JeH 3-TU CbOTBETHO 3a 3
KOnu 2011 r. c namepena crorHoct 1800 Wh/m? cnpsmo 3 KOnu 2012 r. ¢ namepeHa crorHoct 7600
Wh/m? nokasBaT AMHamMuka noBeye oT 4 MbTU. B CbLLOTO BpeMe pasnvkaTta B U3MEpeHaTa eHeprus
3a nette Meceua Asryct ot 2011 go 2015 r. e no-manka ot 14 %, KOeTo ce BuMxaa OT MECEYHOTO
pasnpeneneHve, nokasaHo B Tabnuua 1, Hamupalwa ce no-gony B Tekcta. [MogobHM MUHUMaNHKU
pasnuku ce nosny4vaBaT U 3a gpyrute meceuu. Hanpumep 3a meceuute Anyapu, KOnn n ABryct 14 e
no-marnka ot 16 %, a Han-ronsama e 3a mecey, [lekemBpu — camo 39%. C gpyrn gymmn Habnogasame
€[HO ycpeaHsiBaHe Ha Mece4dHa 6a3a. Te3an nbpBOHaYanHu pesyntati, BbNPEKM Ye He ca JOCTaTbyHO
NPoOAbIMKNTENHN, faBaT OCHOBaHWE Ada Ce MPeAnosioXku, Ye KOMKOTO nepuvoda Ha MaMmepBaHe € Mno-
ronsiM, TONKOBA OTKIOHEHMsATA OT CcpeAHaTta CTOMHOC ca Mo-Marku.

Ha c¢ur. 5 e nokazaHO Mece4yHOTO pasnpegenieHne Ha crnbHYeBaTa eHeprust oT Mecel, Konu
2011 roguHa go mecey, Centemepu 2015 roguHa, 3aegHO C LEHTpUpaHa nnb3ralja ce cpegHa C
nepuog 12 meceua B NpoabSiKeHe Ha OKono 4,5 rognHun.

CbC cuBM cTbNGYETa e oTGena3aHa CTOMHOCTTa Ha M3MepeHaTa eHeprua 3a BCekn Mecell, a ¢
no-TbMHaTa NUHWUA CTOMHOCTTa Ha Nib3aralllaTa ce matemarTmyecka cpeaHa.

(0]} rpachlKaTa ce BWXKAa, Ye CTOMHOCTTa Ha nbarawata ce maremaTuyecka cpegHa € no4vtun
NOCTOSIHHA, T.e. TOAULLHOTO OTKINOHEHWE € MOo-Marko OT MeCevHoTo. To3n (*)aKT noTBbpXaaBa n3eoaa
HanpaBeH Mno-rope, 4e KOJIKOTO nepuoabT Ha ycpeaHABaHe € MNo-rofidM TOoJikoBa MPOrHo3uTe 3a
CTOMHOCTTA Ha CNbHYEBOTO rpeeHe ctaBaT NO-TOYHW.
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our. 5. MNnb3arawa ce LeHTpupaHa maTemaTn4ecka cpegHa Ha cribH4eBa eHeprud rno 12 meceua

B Tabnuua 1 ca nokaszaHu N3MepeHnUTe 1 CpeaHN CTOMHOCTM 3a BCUYKM MeceLm B nepuoga ot
2011r. go 2015r. B npegnocnedHaTa rpada e usuyucneHa pasnukata Mexny MakcumanHaTta u
MMHMManHaTa CTOMHOCT 3a eJHOMMEHHWTE Meceuu 3a To3u nepuog. B nocnegHaTa komoHka ca
[aneHn B NPOLEHTHO CbOTHOLLEHME Ta3n pasfMka KbM cpegHaTa CTOMHOCT 3a CbOTBETHUS MeCeL.

Tabn. 1. Pa3r|pe,qeneH|/|e Ha ClnbHYeBaTa eHeprua no egHOMMeHHU meceun

Ot Tabnuua 1 ce Bwxga, Ye MakCMMarnHuTe CTOMHOCTU Ha cpefgHaTta ClbHYeBa eHeprus ot
198.71 kWh/m? ce nony4aBaT Npe3 MeceL, Ny nopagu no-ronsaMaTta Ob/PKUHA Ha OeHs 1 ronsmara
BUCOYMHA Ha CnbHUeTo. PeanHute CTOMHOCTM Ha CrbHYeBaTa paguauus nNpes NeTHUTE U paHHUTe
eceHHn meceum e okono 50% OT TeopeTU4HO MaKcMManHaTa paguvauusl, a 3a KbCHUTE €CEHHU U
HabngasaHuTe 3MMHKU Meceumn 3a 2011 — 2014 r, Ta e okono 30% OT TEOPETMYHO MaKcuManHaTta
pagvauud. [JOKONKOTO CnbHYeBaTa eHeprus € akymyrnvpaHata BbB BpPeMeTO CrbHYeBa pagmauums
Ta3n KoHcTatauma 6m TpsabBano ga ce oTHacH M 3a Hed. TeopeTuyHaTa CribHYeBa eHeprus oT dwr. 1
3a mecel, FOnu cernacHo copmyna 1 e:

) E_ - 0.1x31 _ 348 szh |
0.81 m

KbAETOo n3nonssame kopuripaiyms koeduumeHT 0.81, cbrnacHo T. 2, B KOSTO cnoMeHaBame, 4e ,,06LL0
okono 19% oT cibHYeBaTa eHepPrusi He JOCTUra JOMNHUTE CNoeBe Ha 3eMHaTa NoBbPXHOCT [4].,,
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Ot pgpyra cTpaHa, cCpefHO M3MepeHaTa CribHYeBa eHeprus 3a Mmecey HOnu ot Tabnvua 1 e
198,71 kWh/m?. OT Tyk nonyyaBame, Ye pearHUTE CTOMHOCTM Ha MU3MepeHaTa CrbHYeBaTa eHeprus
3a permoH Crtapa 3aropa B cregctBMe Ha obradHocTTa npe3 netHute meceunm e 56.9 % ot
TEOPEeTUYHO MaKCMManHaTa eHeprus, Koeto MHoro gobpe cbBnaga c TeopusTa.

B Tabnuua 2 e nokasaHo pa3npedeneHneTo Ha CiibHYeBaTa eHeprys No Meceuu, a 3aefHo C
TOBa cpefHata CTOMHOCT, CTaHOApPTHOTO OTKMOHEHWe K oTHocuTenHuaT cnag. Ot Tabnuuarta ce
BWXKAa, Ye CTaHOapTHOTO OTKMNOHEeHWEe W OTHOCUTENHWS Crnad CpaBHEHO 3a MeceuuTe npes
pasfnMyHUTE CE30HW Ha YeTMpuTe roAMHU Ce pasnuyaBaTt 3HadyuTenHo. ToBa e nokasaTeriHo, 4ye
dakTopuTe, KOUTO BIMAAT Ha CNbHYeBaTa eHeprus kato obrauu, npax v Apyrn, Mmat criydyaeH
XapakTep, HO C TeYyeHne Ha BPeMeTO 3a Mo-AbArY NEpMOAN B3aMMHO Ce KOMMeHcupaT u ocpeaHsaBarT.
[Mpn aHanu3a Ha 6asata gaHHu HaTpynaHa o 2013 roguHa, T.e. B CbOTBETHMSA NpeaxoneH Aoknag,
KOHCTaTMpaxme, Yye npes NpexogHuTe Meceuu OT eQuH Ce30H KbM APYr CTaHAapTHOTO OTKMOHEHWE B
CIMTbYEBOTO rpeeHe e OTHOCUTENTHO MO-FONISIMO, @ KoraTo ce YCTaHOBW Ce30Ha TO CTaBa no-marnko. Taka
Hanpumep 3a TUNMYHO 3nMHNA Mecel, OekemBpu To Gewe 0.5%, 3a TunMyHo nponeTHusa Anpun 1.6%,
a 3a TMnu4Ho neTHua ABrycT 2.2%. ObpatHo, 3a npexogHusi mecel, Man 1o 6ewe 40.3%, 3a MapT
13.7% , a 3a mecel, OktomBpu 9.15%. C nobaesiHe Ha gaHHWUTe npe3 2014 rognHa B MUHanNus aoknaa
Ce nony4u Marika Kopekums B Tasun TeHOeHuus. Han-ronemumTe OTKNOHEHUS NEKo ce U3MeCTBaT KbM
CcpenHust NMponeTeH U Hayanoto Ha neTHus ce3oH. OT Tabnuua 2 ce BWXAa, Ye Han-ronemuTe
OTKMOHEHMs ca cboTBeTHO 3a mecel Anpun 20.4%, Mai 29.8% u KOHun 18.6%. 3a eceHHuTe meceum
OTKMOHeHuATa neko Hamanat — OktomBpu A0 9.1% n Hoespu 4.6%. Han-mankn Beye ce okassaT
OTKMOHEHMATa Npe3 3UMHNTE Meceuun CboTBETHO 3a mecel, [ekemspu 4.6% v Anyapu 2.7%.

Tabn. 2. Pasnpep,eneHme Ha ClbHYeBaTa eHeprna no meceum

Ot ananusa 3a 2015 roguvHa c pobaBsiHe Ha HOBWTE AaHHU HabniogaBame OTHOBO MEKM
NPOMEHN B CTaHOAPTHOTO OTKIMOHEeHWe. Han-manko € cTaHOapTHOTO OTKIOHEHWe 3a MeceuuTe KakTo
cnegga : Hoemspu — 6.1, NegemBpu — 6.1 u AHyapun — 2.2. Han-ronsamo e npe3 meceuuTe KakTo
cnegsa : Anpun — 18.2, Man — 25.0, FKOHn — 16.9. EQHO OT Bb3MOXHUTE 00SACHEHNS Ha Te3n dhakTu e,
ye npes3 3UMHWUTE Meceuu HanuM4MeTo Ha Mpax W Brara ca €4HW MO-MOCTOAHHU BENMYMHK, oKaTo 3a
NPONeTHO-NEeTHMUTE MeceLm Te3n KOMMOHEHTU B aTMocdeTaTa ca C No-AMHaMUYEH XapakTep.

Opyr nHTepeceH M3BOA, KOMTO MOXE Aa Ce Hanpasu e, Ye n3MepeHaTa eHeprus 3a nepuog ot
e[Ha roguHa e no4TM edHa u cblia. Pesyntatute oT Te3anm pasyeTu ca gageHun B Tabnuvua 3. B
KOMOHKa 2 e u34yucrieHa cnbHYeBaTa eHeprus 3a nepmog ot 1 rogvHa mexay 2 eQHOMMEHHW Meceua,
a B KONOHKa 3 cpefHaTa MecevyHa CTOMHOCT 3a efHa roavHa, T.e. 3a eauH nepuod oT 12 nopegHu
Meceua. Hanpumep 3a nepvioga tOnu 2011 go KOHM 2012 Tasu cToiHocT e 1389 kWh/m® | a
cpegHoOMeceYHaTa u3yucneHa oT nnbarawiara ce matemartuyecka cpegHa e 115.7 kWh/m?® Ha meceLl.
HOuHamukaTta Ha cpegHaTa roguvlliHa CTOMHOCT ce BMxAa OT MakcumManHuTe nokasaHusiTa 3a nepuoja
KOHu 2012r. — Man 2013r., kouto ca 119.6 n muHnmanHute 3a nepuoga Anpun 2014r. — Mapt 2015r.,
komTo ca 103.3. B konoHka 4 e m3uucrneHa cpegHaTta rogulHa CTOWMHOCT 3a BCUYKU 12-MeceyHu
nepuoam 1 T8 e 112.4 kWh/m®. B KonoHKka 5 e nokasaHa pasnukata Mexzy MeceyHaTa CTOWHOCT 3a
BCEKW nepuo B KONMoHKa 3 UM cpefHaTta CTOMHOCT B KOMOHKa 4. B konoHka 6 e nsuucrneHa coliarta
pasnvka B npoueHTU. Han — ronsima pasnuka ce nonydasa 3a nepuoga Anpun 2014r. — Mapt 2015r.,
¢ nokasaHue — 9.1 kWh/m” unn 8.8 %, a Hait — manka 3a nepuoga Hoemspu 2012r. — OKTOMBPYU
2013r. ¢ nokasanve — 1.7 KWh/m? unu 1.5 %. TakvuBa Marikv OTKIIOHEHWsI UMa U1 3a pegouua apyrm
rOAVLIHM U34YUCTIEHNS MOKa3aHu B KOMOHKa 5 1 6. Ta3n HUCKM pasnuky nokasear, Ye eaHOroAuWHNTE
CTOMHOCTM Ce pasnuyaBaT TBbPAE Marnko MO OTHOLWEHWEe Ha eHepruiHusa OobuB 3a pasnuka oT
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MeceyHuTe (Tabnmua 2), KbAeTO OTKITOHEHUsATA Ca OTHOCUTESHO MO-rofieMn U OHEBHUTE, KbAETOo ca
Han-ronemMu.

Tabn. 3. Pasnpep,eneHwe Ha cClnbHYeBaTa eHeprua no rognHn

B nocnegHunte pepose Ha Tabn. 3 ca npecMeTHATW CTaHAAPTHOTO OTKIIOHEHME 3a BCUYKU
€4HOroaULHN Nepnoamn U OTHOCUTENHUAT cnag. Te ca cboTBeTHO 4.91 Kwh / m? 1 4.36 % CBLOTBETHO.
Te3n HUCKM CTOMHOCTU Olle BEAHbX MNoKa3BaT, 4Ye OTKMOHEHWATA B CNbHYEBaTa pagvaumsa un
pPECneKkTUBHO B CIMbHYEBMSA eHeprieH Jobme Ha roguwHa 6asa ca MHOro HUCKU. B To3m cmucbn gopu
N KpaTKOCPOYHUTE M3cnenBaHus We gaBaT MHOMO TOYHM NPOrHO3n 3a crnedBallnTe roguHu.

Tasu KoHCTaTauus HM OaBa OCHOBaHWe fa npecMeTHeM cpepHoroauvweH aobus (Cra) Ha
enekTpoeHeprus B permoH Ctapa 3aropa:

Crl = CpegHomeceyHa eHeprus x 12 meceua. OT Tasm oopMyna nony4yaBame:
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) CIr] =112.4x12 =1348.8kWh/m?

unu npnénusntenHo 1350 KWh/m? .

5. 3akntoyeHue

B cainita EMDE Solar (www.emde-solar.com) e nocoyeHa CTOMHOCT 3a CITbHYeB A0OMB Ha
eHeprusi oT MUHUMYM 1314 KWh/m? o makeumym 1510 KWh/m® kaTo roamiuHa 6asa B pervioH CTapa
3aropa unu cpegHo 1412 KWh/m? .To3u ananasoH CpaBHUTESTHO TOYHO CbBMNazja C nofnyyYyeHuTe OT Hac
pesyntaTtn ot 1350 KWh/m?, Mpn Hac cTaHQApPTHOTO OTKMOHEHME CbrnacHo Tabnuua 3 e 3HaunTenHo
no-Manko M uma cToiHocT 4.91 KWh/m? unu 4.36 %. Bb3MOXHO €, HWUCKaTa CTOWHOCT Ha HalLeTo
OTKINOHEHVE [a Ce ObIMKM Ha dhakTa, Ye M3MepBaHuATa ca fnpaBeHW B efHa TOYKa, HO OT Apyra
CTpaHa, CpeaHuTe CTOMHOCTU Ha ABEeTe HE3aBUCUMU U3MEePBAHNA CbBNagaT MHOMO TOYHO.

OT TeopeTuyHa rnegHa Tovka COMEHaxmMe MHOro 9akTopu, KOMTO OKasBaT CbLUEeCTBEHHO
BNUSIHME BBPXY MOTOKA Ha crbueBaTa paguauusi, PeCNeKTUBHO BbPXY KOMMYECTBOTO CITbHYEBA
€eHeprusi, KoeTo JocTura oo 3emsTa. ToBa ce NOTBbPAM M OT KPaTKOCPOUYHUTE N3MEPBaHUS C NoMoLlTa
Ha meTeoporiormyHata ctaHums. pu no-gbnrocpodHUTe M3MepBaHusi, obade ce Habnwogaea eaHo
ycpeaHsiBaHe 1 NoATUCKaHe Ha pasnukaTa, 0co0eHOo Ha roguwHa 6asa. ToBa ce AbmkM Ha dakTa, ye
Te3n U3MEHEHNS BbB BPEMETO Ca C pasfiMYeH 3HaK, KaKTO MOSIOKUTENTHM Taka U oTpuuaTeENHN 1 Mpu
TAXHOTO CyMUpaHe 3a No-AbMAbr NepUoA OT BpemMe Te B3aMMHO Ce KOMNEHcUpaT 1 ocpeaHsaBaT.

HaTtpynaHaTta 6a3a gaHHW e BCe Olle CpaBHUTEMNHO Marnka 3a [a Ce HanpaBAaAT KaTeropuyHu
Hay4HM 3aKn4yeHusl, HO ce HaasBame, vye OGbAaelumTe uscneaBaHus e NOTBbPAAT HanpaBeHUTE B
TO3W [OKNag NbpBOHaYanHW KoHcTaTauuu. PedyntatuTe oT TOBa u3crneaBaHe MoraT ga nocnyxat
KaTO BaXXeH OPMEHTUP, 3a Aa Ce U3YUCIM NpeaBapUTENHO ovakBaHaTa eHeprua oT POTOBOMNTaUYHUTE
npeobpasoBartenu B onpeeneH reorpaddCku pernoH.
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