OILIEHKA BO3MOKHOCTEN COJHEYUHOM SHEPIETHUKU HA
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AnHoTanusi: Ha ocHOBe MoJlyueHHBIX TOUYHBIX H3MEpPEHMH CONHEUHOW panuaimu B KummHee mnosryueHa
OLIEHKAa KOJIMYECTBAa MaJarollell COIHEYHOW SHEpruM, NepexBaThiBacMasl CONHEYHOH mnaHenbro. OmnpeneneHsl
ONTHMAJIbHAsE OpPUEHTAlUSl COJIHEYHBIX NaHeNell M OXujaeMblii 00beM BBIPAOOTKH  3JIEKTPOIHEPTUH
COJIHEYHBIMU IIAHEIIIMU.

KuoueBble cjI0Ba: COMHEYHAs paJUalys, CONHEYHAS SJHEPTeTHKA.

EVALUAREA POSIBILITATILOR ENERGETICII SOLARE PE BAZA
MASURARILOR PRECISE A RADIATIEI SOLARE TERESTRE

A. Aculinin, V. Smicov
Institutul de Fizica Aplicati al Academiei de Stiinte a Moldovei

Rezumat: Pe baza masurdrilor radiatiei solare in mun. Chigindu a fost obtinutd o apreciere justd a cantitatii
energiei solare incidente pe un panou solar si interceptat de acesta. S-a determinat orientarea optima a panourilor
solare si cantitatea de energie posibil de obtinut cu ele.

Cuvinte cheie: radiatia solara, energetica solara.

EVALUATION OF OPPORTUNITIES OF SOLAR ENERGETICS ON THE BASIS
OF ACCURATE GROUND-BASED MEASUREMENTS OF SOLAR RADIATION

A. Aculinin, V. Smicov
Institute of Applied Physics of the Academy of Sciences of Moldova

Abstract: Expected quantity of a solar energy received by solar panel is estimated on the basis of accurate
measurements of solar radiation in Kishinev. Optimal orientation of solar panels and apparent volume of the
electric power generated by solar panels are determined.

Keywords: solar radiation, solar power.

1. BBEAEHUE

B nocnennee BpeMs Bce 0oJbliie BO3PACTa€T MHTEPEC K MCIOJIB30BAaHUIO COJTHEYHOMH
sHepruu. Ee ucnosib3oBaHUE SBISETCS OAHMM M3 BECbMa IEPCIEKTUBHBIX HalpaBlIECHUI
DHEPreTUKU. OKOJOTMYHOCTb, BO300HOBIIIEMOCTb PECYpCOB, OTCYTCTBUE 3aTpaT Ha
KarpeMoHT (OTOMOJyJIel KaKk MUHUMYM B TedeHHE NepBbIX 30 JeT IKCIUIyaTaluu - BCE 3TO
ABISIETCA ~ CUJIBHBIMM ~ CTOPOHAMM  COJIHEYHOM  BHepreTuku. beictpoe  pa3BuTHe
TeJIMOHEPTeTUKU CTAJI0O BO3MOXKHBIM OJ1aroiapsi CHUKEHHIO CTOMMOCTH (POTO3IEKTPHUUECKUX
npeoOpasoBareneil B pacyere Ha 1 Bt ycranosnennoit momuoctu ¢ 1000 nommapos B 1970
rogy 1o Heckonbkux gosutapoB CIHIA B nHacrosimee Bpems. IlpaBna usz-za aeduumra
COJTHEYHOI'O0 KPEMHHS BIIEPBBIE 3a JOJIIO€ BpeMs II€HAa COJIHEYHBIX OaTapeil HEeCKOJIbKO
BeIpocia. B peanbHo neiicTByromux crpykrypax c¢ rereponepexonamu KIIJ[ nocturaer Ha
ceronHsAmHui  neHb  Oomee  30%, a B OJHOPOAHBIX  MOJYNPOBOJHUKAX  THIIA
MOHOKpHUCTaJIIIN4YecKoro kpeMHuus - 10 18%. Cpennee 3Hauenue KI1/I B comHeuHbIx 6aTapesx

Ha MOHOKPUCTANIMYECKOM KPEMHHH cerofHsa okoio 15%. IloTeHuuanbHble BO3MOXKHOCTH
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SHEPreTHUKH, OCHOBAaHHOW Ha MHCIIOJIb30BAHUM HEMOCPEACTBEHHO COJHEYHOTO W3IIy4EHHs,
ype3BbluaifHO Besukd. Mcnonbp3zoBanue Bcero aumb 0.0125 % sueprun CosiHia Morio Obl
00ecCnevnTh BCe CETOAHSIIHUE MTOTPEOHOCTH MUPOBOI PHEPTETHKH, a Ucoiab3oBaHue 0.5 % -
MOJTHOCTBIO TIOKPBITH MIOTPEOHOCTH Ha MEPCIIEKTUBY.

OOBIYHO TOTCHIIMATBHBIC BO3MOXKHOCTH JUIS TIOJNYYEHHS W TpeoOpa3oBaHMs
COJTHEYHOW SHEPruM JUIsl KaXKJI0r0 KOHKPETHOIO IyHKTa Ha 3€MHOM IlIape OIpelessioTcs
nyTeM pacueToB. [Ipy 3TOM HCHONB3yIOTCS JaHHBIE IO COJHEYHOM pajauanuu U3
KIUMAaTUYEeCKUX CIPABOYHHUKOB, HE YUMTBHIBAIOIINE MECTHbIE OCOOEHHOCTH U XapakTep
o0nayHOoCTH, He  mojjamomedcs  pacuetam. [loaTomy — pesynbraT  moOJgy4aeTcs
npuOIN3UTENbHBIN. Pacnionaras TOUHBIME HA3€MHBIMU U3MEPEHUSIMU COJTHEYHOM paguaiiu B
r. Kummnese 3a HECKOJIBKO JI€T, Mbl ITOJYYHIIN YUCICHHBIE 3HAYCHHS KOJIMYECTBA COJIHEUHOM
SHEpruu, Majgaromeil Ha MOBEPXHOCTU C PAa3HBIM HAKJIOHOM K TOPH30HTY.

2. MOHUTOPHHI COJIHEUHOM PA TUALINN

Jlnsa perienus 3aaay, CBA3aHHBIX C JOJTOBPEMEHHBIM HEMPEPHIBHBIM MOHUTOPHUHIOM
paZManoOHHBIX CBOMCTB aTMocdepbl M HAKOIUIGHUEM HaOOpOB [aHHBIX H3MEpEeHUi
COJTHEYHOW paJualiy B IIHPOKOM CIEKTPaJbHOM JAMalna3oHe, BHepBblie B MommoBe Obul
CO3/1aH MHOTO(YHKIIMOHATIBHBIN paHOMETPHUECKUI H3MEPUTEIBHBIN KOMITIEKC (CM. puc. 1).
Kommuiekc pacronoxeHn Ha kpbiiie 3nanust MacTuTyTa npukinagaoi ¢usnku AH MonmoBsl B

ropojckon uepre Kumnnesa.

Puc. 1. MHorodyHKIIHOHAIBHBIN U3MEPUTETHHBINA KOMILIEKC
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ABTOMaTH3UPOBAHHBIM MHOTO(YHKIIMOHAIBHBIA W3MEPHUTEIBbHBIH KOMILJIEKC CO37aH
Ha ©0a3e DIEKTPOHHO-MEXaHMYECKHX OJJIEMEHTOB M JaTYMKOB H3JIYYCHHS, CEPHITHO
BbIyckaeMmbix Kommnanueil Kipp&Zonen (Hupepmanmsr). Bce patuumku pagmanuu u
OTJIE/IbHBIE 3JIEMEHTHl H3MEpPUTENIBHOTO KoMmiuiekca umeroT ceprtuduxar ISO 9001 u
cepTUGHUIIMPOBAHBI B COOTBETCTBUM C TpeOoBaHUsIMU BcemupHoi MeTeoponmorunaeckoit
Opranuzannun (BMO) [1] ansg ucnonb30BaHUS HA CETEBBIX CTAHLIUAX. Vlcmonb3yemble
JATYUKU COJIHEYHOTO W3IY4YeHHMs HUMEIOT BTOpHUHBIA cranaapT (Secondary Standard) u
nepBbiii  kmacc (First Class). [laHHBIH KOMIUIEKC MO3BOJIIET MPOBOAHWTH HEMPEPHIBHBIC
U3MEpPEHUs] COJHEYHOM  paJudalud B IIMPOKOM  CHEKTPaJIbHOM  JHama3oHe:  OT
ynbTpaduoneroBoit (UV-B) no wundpakpacnorr (IR) rpanumpl cnekrpa B OTACITBHBIX
CHEKTpaJIbHBIX MOJIMana3oHax. BeiOpaHHbIe TOAANANAa30Hb COOTBETCTBYIOT CIIEKTPAIbHBIM

XapaKTepUCTHKaM JaTYMKOB n3nyuyeHus (cm. Tabmuiy 1).

Tabnuua 1.
JlaTunKy U3ITy4eHMs], UCTIOJIb3yEMble B U3MEPUTEILHOM KOMILIEKCE
Tun N3mepsiembie CriekTpanbHbIi
Tun paguauun
JTaTYUKA KOMIIOHEHTHI Jana3oH
UV-S-B-C | nuddysHas, rimodanbHas UV-B paguanus 280 — 315 um
UV-S-A-C riiodanpHas UV-A paguanus 315 —-400 um
PAR Lite riiodanpHas (oTocHHTETHUCCKH AKTHBHAA 400 — 700 um
paguanus (PAR)
SP Lite rnoGanbHas BHIWMOE 1 bminxHee 400 — 1100 um
uH(paKpacHOE U3TyUCHHE
CM-11 muddysHas, riaodanbHast COJIHEYHas pajuanus 305 - 2800 am
CH-1 npsiMas COJIHEUYHas paauanus 200 — 4000 am
CG-1 riobanpHas COOCTBEHHOE U3IyueHUE 4,5 — 42 Mmxm
aTMocdepsl ’

Komrmuiekc mo3BosisieT mMpoBOAWTH HEMpPEphIBHbIE H3MepeHus AUQY3HOM, TpIMOl U
rio0anbHOM  conmHeuHo panuanuu. M3mepenuss auddy3Hoil W OpsAMOl  KOMIOHEHT
COJIHEUHOHM paJualliyd MPOBOIATCA ¢ ucmoyib3oBaHueM ngaTunkoB CM-11 u CH-1, xoTtopsie
pacIioio’KeHbl Ha MOJBIKHOM TiaTdopMe aBTomMatrueckoit cuctemsl 2AP BD crnexxenns 3a
COJTHIIEM.

OcTanbHble JaTYUKU PACIIONIOKEHBI HAa CTALlMOHAPHOH IUIaTopMe U HMCIOIB3YIOTCS
JUTS. U3MEPEHUS TJI00AIbHOW KOMIOHEHTHI COJTHEYHOTO M3Ty4deHHs. BbiOOp THIIOB JaTYMKOB
U3Ty4YeHUs, UX CHEKTPaJbHbIE XapaKTEPUCTUKH, CXEMbI PACIOJIOKEHHUS JAaTUYUKOB IO THUITY

HJ'IaT(I)OpM, MECTa Ha6J'IIOI[CHI/I$I Hn METOA0B I/ISMCpCHI/Iﬁ COJIHCHYHOTI'O U3JIYUCHHU B PA3JIMUYHBIX
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CIIEKTPAJIBHBIX TOJUANIa30HaX OMPENEIsICS B COOTBETCTBUM ¢ TpeboBaHusimu BMO [1], u
PYKOBOJICTBAaMM IO MPOBEJIECHUIO M3MEPEHUH, KoTopble ncnoib3ytorcs Global Atmospheric
Watch (GAW) u Baseline Surface Radiation Network (BSRN) [2,3].

[ToTOK MCXOMHBIX MaHHBIX H3MEPEHUN, OCPEIHEHHBIX 32 | MUHYTY, HAaKaIJIMBACTCS B
moayie CR10x SM4M u cuuthiBaeTcst ynaaeHHBIM (Ha 20 M OT KOMIUIEKCa) KOMITBIOTEPOM.
CTpykTypa KOMIUIEKCA U METOJ H3MepeHHus MoApoOHO omucaHsl B padore [4] u

MpeJCTaBlICHbl Ha caiite http://arg.phys.asm.md. Takum oOpa3om, B HalleM pPacCIOpPsSKEHUU

UMEIOTCS TOYHBIE M3MEPEHHMS NPSAMOM CONHEUHOW pagualiyd Ha MepHEHAUKYISIPHYIO
IUIOCKOCTh, TU(PQPY3HOH W TI00ambHOW  paauald Ha TOPH30HTAIBHYIO IUIOCKOCTH C
BPEMEHHBIM pa3pelieHueM -1 MuHyTa.

CriexTpaibHbII AMANa3oH YyBCTBUTEIBHOCTH KPEMHUEBBIX COJHEUHBIX 3JIEMEHTOB
cocraBmsier 0.4-1.1 MKM, B KOTOpoM 3akiitoueHO ~94% 5SHEpruM W3 COJIHEYHOTO
cnekTpanbHoro auanasona 0.3-3.0 mxm. [ToaTOMy ObUIM HCTIONB30BaHbl JaHHBIE OT AATYUKOB
CH-1 pyst mpsimoii 1 CM-11 mnsa muddysHoit u rmobansHOM paguanuu. Ha puc. 2 mpuBoastcs
CpeIHHE MECSUHble CyMMBbI IpsAMoOil, 1udQy3HOi M rnobaipHON paguanuu 3a TpU roja, ¢
2005 no 2007r.r. 'omoBeie cymMmbl 1uddy3HOH, r100aIbHON U MPSMON COTHEYHOU paguanun

cocraBisior 1950, 4720 1 4900 MJ[/M°, COOTBETCTBEHHO.
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Puc. 2. Cpennre MecsiaHbIe CyMMBI IPSMOU, AU G Y3HON 1 TII00AIBHON paraiiii
3a nepuog 2005-2007 r.r.
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Hons muddy3non paguaruu coctaiser oT 34% B urone no 70% B mexabpe, a B
cpenneM 3a ron 41%. IlosTomy mpu mojacueTax KOJIWYECTBA COJMHEYHOM paaualu,
Haz[alomeﬁ Ha HAKJIIOHHBIC ITOBCPXHOCTH, HeO6XO,Z[I/IMO YUUTBIBATH HC TOJBKO IIPAMYIO
paaMaInIo, MAJAIONIYI0 TI0J] COOTBETCTBYIOIIUM YTIIOM, HO U Au(dy3HYr0. OCOOCHHO 3TO

KacacTCsa 3UMHUX MCCAIICB.

3. DHEPTETUYECKUE PACYETHI 1 OIITUMAJIBHASI OPUEHTALIUA

ConHeuHasi paguanusi, TaJarolas Ha MPOU3BOJILHO OPUEHTUPOBAHHYIO MTOBEPXHOCTD,
CKJaabIBaeTcs U3 mpaAMoi paguanuu or ConHua, nudgy3Hoi or HeOa U OTPaKEHHOH OT
MOBEPXHOCTHU 3eMIH. B cBoto ouepenp nuddysHas paguaius oT Heba COCTOUT U3 OPe0IbHOM
muddy3HON paananuu, TO €CTh paJvallid U3 30HBI Heba, HAaXOJIIelcs HEMmOoCPEACTBEHHO
BOKpYT JMCKa CONHIA, U (OHOBOH Tu(Qy3HOH paguannu, KOTOPYI CUUTAIOT PABHOMEPHO
pacrpeieIeHHON TI0 BceMy MoTychepruiaecKkoMy HEOOCBOY.

Jis  CONMHEUYHBIX JIEKTPUYECKUX TaHeled WIM KOJJIEKTOPOB Ba)XHO 3HATh
ONTHUMAJBHBIA yTOJN HAKJIOHAa K TUIOCKOCTH TOPU30HTA MJI MOJYYEHHUS MAaKCHUMAallbHOTO
KOJIMYECTBA SHEPTUU. [[Is1 3TOr0 MBI BBHIYMCIWIM MECSYHBIE CYMMBI COJNTHEYHON paJHalluH,
najaoneil Ha IUIOCKOCTh C YIJIOM HakiaoHa K ropusonty ot 10° go 90° ¢ marom B 10°
HalpaBJIEHHYI0O Ha [Or, a Takke Ha IUIOCKOCTb, BCE BpEeMS OPUEHTUPOBAHHYIO
NEPICHIUKYISIPHO HampasieHuto Ha CoHie.

Ipsamas paguanus Ry BRIYHCISIACH 110 POpMyIIe:

Rair = Rcu « Cos i, (1)
/1€ | — yroJa MeXAy HOpMaJblo K IOBEPXHOCTH COJTHEYHOM MaHeIu U HalpaBJIEHUEM Ha
Comnnue, Rcy — n3MepeHHas mpsiMasi COTHEUHAsI paialivs Ha MepIeHANKYISIPHYIO
IJIOCKOCTb.
Cosi=Cosa-Sinh+ Sina -Cosh-Cos A, (2)
IJIe O - YroJl HakJIOHa TMOBEPXHOCTU K TOPU30HTY, & — Bbicora CosiHla, 4 — Pa3HOCTh
a3uMyToB CoJHIIa U MTPOEKIIMU HOPMaJIH K OBEPXHOCTH Ha TOPU3OHTAIBHYIO IIIOCKOCTH [5].

OKCHEepUMEHTAIbHO YCTAaHOBJIEHO, 4YTO OpeoJbHAsl pajualis Ha TOBEPXHOCTU
NpUOIU3UTENBHO COCTaBIsIeT 7% MpPsAMONM CONHEYHON paJvalMd Ha STOM MOBEPXHOCTH.
TakuMm 00pa3oM, MHTEHCHBHOCTH OPe0JIbHOM paananuu R, coctaBuseT 0.07R .

®oHoBasi paauanus NpPsSMO MPONOPLUOHAIbHA TOM YacTH HEOECHOro cBOJA, K
KOTOpOii oOpalieHa moBepxHocTh. HanpumMep, BepTUKalibHas MOBEPXHOCTh 00pallieHa TOJIbKO
K TmonoBuHe HeOecHoi monmycdeprbl. [loaTtomy QonoBas paauanus Ha BEpPTUKAIBHOMN

MMOBCPXHOCTU COCTABJILICT IIOJIOBUHY paadaliyu Ha FOpHSOHTaJIBHOﬁ TTOBCPXHOCTH.
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[ToBepxHOCTH, HAKJIOHEHHASI K TOPU3OHTAIIU TIOJT YTJIOM o, Oynet oOpamena k 0.5(1 + cosa)
gactu nonychepruueckoro csoza. [loaromy ¢oHoOBasi paguanusi Ha HAKJIOHHOW MMOBEPXHOCTH
paBHa:
RrFr=0.5-(14 Cos ) - (Rair —0.07 - Rair) 3)
rne Rgir — n3mMepeHHas aud@ysnas paauanus Ha TOPU3OHTAIBHYIO TUIOCKOCTb.
HakioHHast TIOCKOCTh MOJyYaeT paJAualuio TaKkkKe W OT OKPYXKAMOMEH 3eMHOMN
nosepxHocTu. OHa nponopuroHanbHa 0.5(1 — coso) 4acTu 3eMHON MOBEPXHOCTH, K KOTOPOIl
oOpameHa MIOCKOCTh. OTpaskeHHasi paguamyst OT 3€MJIM  BBIPAXKACTCA  CIEAYIOMINM

ypaBHEHHEM:

Rref =0.5-41- Rgl . (1 —Cos a), (4)
rie Ry — u3MepeHHas TIioOalbHas pajualys Ha TOPU30HTANbHYIO IUIOCKOCTb, Al —
K03(pPULIMEHT OTpa’keHHsI MOBEPXHOCTU 3€MIJIM, Ha3bIBaeMblii anbOeno. Tak kak Ha HameMm
KOMIUIEKCE amb0eq0 HE H3MEpSeTCS, MBI HCIOJIB30BaJIH CPEIHEMECSYHBIE MHOTOJICTHHE
3HadeHus ajia Kumunesa u3 [6].

Takum 06pa30M, IMOJIHAasA paguannsa Ha HAKJIIOHHYIO INIOCKOCTh COCTABUT

Rsum = Rair+ Ror + Rr + Rref. (5)

Jist Ka)10ro U3MEPEHHOTO MUHYTHOTO 3HaUEHUsI MPSAMOH, 11 dy3HON U r106aIbHOR
paauanyy BeMUCIEHBI BbicoTa M azumyT ConHma u mo ¢dopmynam (1)-(5) BeYHCICHBI
CyMMapHble 3HAUEHUs paaMalvy Ui yIiioB HakiaoHa ot 10° go 90°. Jlanee a8 Kaxaoro us
yIJIOB TIOCYUTaHBl MeCA4YHble CyMMbl. Kpome Toro, maas IUIOCKOCTH, BCE BpeMs
OPUEHTUPOBAHHON MEPIEHAUKYJISIPHO COJIHEYHBIM JIyyaM, T.e. CHaOXEHHYIO I'eJIHOCTaToM,

AHAJIOTMYHBIC BEIYUCIICHUS MPOU3BOAWIUCH IO (hopMyIIe:
Rnorm = 107 . RCH + RF + Rref.

Jlis mpoBepKHM TOYHOCTH TNPUMEHSEMBIX (OPMYJ Mbl TAKKE BBIUHUCIWIA CYMMBbI
pasuanyu s yria HakioHa B 0° ¥ CPaBHMJIM UX C U3MEPEHHBIMU 3HAYEHUSIMH TII00AIbHOM
paauanyyd Ha TOPU3OHTANIbHYIO IJIOCKOCTh. Pasnuma He mpesbimaer 0.5% u B cpenHem
coctasisieT 0.2%, yTo MeHbIIIE OMHUOOK U3MEPEHU.

Jlanee BBIYUCISUTHCH CpeaHeMecsdyHbie cyMMbl 3a 3 roma (2005-2007r.r.). Onu
npeacTaBieHsl B Tabnuie 2. Bece cymMMbl majaromield COJIHEYHOM pajualiiy BBIPA)KEHBI B

. 2
KUJIOBATT-4acax Ha KBaJpaTHbIH MeTp (kBT-u/M”), uTto Oosee ymoOHO IUisi dHEPIEeTUKOB-

PROBLEMELE ENERGETICII REGIONALE 1 (6) 2008



MpakTUKOB. B Tpex mocimeaHux cTpokax JaHbl CyMMbI 3a rona (1-12), B Teriyr MoJOBUHY
roJia C anpesns 1o ceHTA0ps (4-9) U B XOJIOJHYIO MOJOBUHY ¢ OKTAOps 1o mapt (10-3).

Tabmuma 2.
CpenneMecssuHbIE CYMMBI COJTHEUHOM paIualiu (KBT“I/MZ), MaIarolIei Ha HaKJIOHHBIE
IIJIOCKOCTHU COJIHCYHBIX HaHeneﬁ.

Haknon
0 10 20 30 40 50 60 70 80 90 reanocTar

Mecsn
1 34.73 41.56 47.68 5291 57.12 60.17 61.96 62.43 61.53 59.27 68.26
2 48.64 54.49 59.43 63.30 65.99 67.43 67.55 66.34 63.82 60.03 74.08
3 102.37 112.05 119.48 124.45 126.81 126.48 123.43 117.72 109.47 98.89 151.49
4 133.16 139.84 143.63 144.43 142.20 137.00 128.94 118.24 105.17 90.14 175.03
5 182.58 187.36 188.22 185.19 178.34 167.84 153.95 137.11 117.84 96.84 241.14
6 194.00 196.21 194.47 188.89 179.62 166.91 151.10 132.70 112.35 90.97 254.19
7 201.44 | 20532 | 204.94 | 20035 191.67 179.11 163.03 143.91 122.41 99.39 270.93
8 156.85 163.78 167.22 167.09 163.38 156.18 145.67 132.13 115.95 97.64 215.04
9 119.53 130.17 137.98 142.74 144.29 142.57 137.59 129.46 118.35 104.57 179.94
10 76.00 86.82 95.79 102.63 107.16 109.22 108.72 105.66 100.07 92.08 128.71
11 36.32 42.88 48.60 53.31 56.87 59.19 60.17 59.78 58.00 54.87 66.54
12 21.88 2535 28.43 31.01 33.04 34.45 35.19 35.24 34.58 33.21 37.35

1-12 1307.5 1385.8 1435.9 1456.3 1446.5 1406.6 1337.3 1240.7 11195 977.9 1862.7
4-9 987.6 1022.7 1036.5 1028.7 999.5 949.6 880.3 793.6 692.1 579.6 1336.3
10-3 319.9 363.2 399.4 427.6 447.0 456.9 457.0 447.2 4217.5 398.4 526.4

Ha puc. 3 npencraBiieHbl cpeHEMECSYHBIE CYMMBbI COTHEUHOW pajiualiiy sl pa3HbIX
YIIIOB HAKJIOHA IIOCKOCTH COJHEYHOM MaHeIM K TOPH30HTY. BepxHss KpuBas COOTBETCTBYET
IUIOCKOCTH, BCET/Ia MEPHEHIUKYIIApHON K aydam COJHIA, Ha KOTOPYIO MagaeT HauOOoIbIIee
KOJIMYECTBO COJNHEYHOM dHeprud. Kak BUIHO M3 pHCYHKa, GONbIIE BCETO PagHalldM, KPOME
HepHeHI[HKyHﬂpHOﬁ IMJIOCKOCTHU, NOCTYMNACT HAa MOBCPXHOCTH, HAKIIOHCHHBIC MIOJ yIJIaMU OT
0° mo 30°.

[IpoBeicHHBIE PACYETHI TMO3BOJIAIOT ONPEAEIUTh ONTUMAIBHBIM YroJ HaKJIOHA
COJIIHEYHOH IIaHEeNH B pa3Hoe Bpems roga. Ha puc. 4 npencTaBieHbl 3aBUCUMOCTH MECSYHBIX
CyMM COJIHEUYHOH paguanuu OT YyIJla HAKJIOHA MOBCPXHOCTU K TOPU3OHTY JIA KaXKIAOTO
Mecsia roga. OnTuManbHbIH yroa HakiaoHa Bapeupyercs ot 10° B urone 1o 70° B nexkadbpe —
STHBApe, YTO HATJISAIHO JEMOHCTPUPYET PHUC. 5.

Ha mpakTHKe MOCTOSHHO MEHATh YIroj HAaKJIOHA COJHEYHOH IaHEnd HEyJ0OHO u
TPYJAOEMKO, OCOOEHHO €CJIM IaHeNd OONbIIME WM MX MHOro. Ilostomy mLenecooGpasHo
PACCMOTPETh MPUMCHCHHEC OAHOI'O U3 TPEX BAPHUAHTOB!

a) TeNIMOCTaT, KOTja CIIENUAIbLHOE YCTpoicTBO cieaur 3a CONHIEM U

OPHUCHTHUPYCT IMaHCJIb BCCrAa IMEPIICHAUKYIISIPHO COJTHCUHBIM JIydaM;
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0) IBaXXIbI B TOJ M3MEHSIETCS] HAKJIOH MTAHEININ — C JIETHEr0 Ha 3UMHUHN U 00paTHO;

B) YI'OJI HaKJIOHA MMAaHCIM B TCUCHUEC I'oda HEC MCHACTCA.
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Puc. 3. IIputok comHe4YHON paguanyy JUisl pa3HbIX YIJI0B HAKJIOHA MIJIOCKOCTH

COJIHCYHBIX ITaHEJIeH OTHOCUTEILHO TrOpHU30HTa
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Puc. 4. BaBI/ICI/IMOCTI/I MCCAYHBIX CYMM COJIHEYHOM paauanuu OT yrjia

HAaKJIOHA IMOBCPXHOCTHU COJIHCYHOM ITaHEeIIN

HpI/I NEPBOM BAPHUAHTC MOKHO IMOJTYYUTH MAKCUMAJIbHOC KOJUYCCTBO SHCPIrHUU, HO

HacCTh €€ HOTpe6J'I$IeTC$I I'SJIMOCTAaTOM U ITOBBIMACTCA CTOMMOCTD. BTOpOfI BapuaHT ACUICBJIC U
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mpoie, OCOOEHHO i HeOoNbIIMX TaHene. Tpetudt BapumaHT BooOmEe He TpelOyeT

O6CJ'Iy>I(I/IBaHI/IH " IO3TOMY CaMbI HaJACKHBIM U SKOHOMUYHBIN.
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Puc. 5. OnTumanbHbIi yroil HakJIOHA COJTHEYHOM MaHeNd B TeYEHUE rojia

Ha puc. 6 nokasansl cyMMapHble KOJIMYECTBA paUallMM 3a IO, JETHUH U 3UMHHM
NIOJIyTO/IMS TIPY Pa3HbIX yIilaxX HAKJIOHA COJIHEYHOU MaHenu. BepXHss KpuBas COOTBETCTBYET
TPETHEMY BapHaHTy W ONTUMAIBHBIM YIJIOM Ul HEro siBisercss yroa B 32°. Cpemsis u
HYDKHSISI KPUBBIE COOTBETCTBYIOT BTOPOMY BapuaHTy. [ JIETHETO nepuoja ONTHMAaJIbHBIM
sBsteTcst yros okoso 20°, st 3umHero mepuona — 55°. Ciefyer 3aMETUTh, YTO 3TH YTkl
SIBIIIOTCSL ONTHMMAJIbHBIMM MMEHHO ansi KummueBa 3a mocnennue 3 roma. Jns npyrux
INYHKTOB C TakOW »e€ IIMPOTOM OHM MOTYT HECKOJIBKO OTIMYaThbCi B 3aBHCUMOCTH OT
xXapakTepa 00Ja4HOCTH.

KonnuecTBo CONMHEUHON dHEPruu, NOJydaeMoU 3a rojl OAHUM KBaJpPaTHBIM METPOM,
paBHO 1.863 MBT'u qyis nepBoro Bapuanra, 1.493 MBt-u nns Broporo u 1.456 MBTu
Tperbero. Kak BuAMM BTOPOM MW TpeTUH BapuaHThl Majo OTJIMYAKTCS, IO3TOMY
HSKOHOMHYECKH OoJiee 1e1eco00pa3HO HCIONIb30BaTh CTAllMOHAPHBIE COJIHEYHbIC MaHEIH,
OPHEHTHPOBAHHBIE HA 0T MOJ YIJIOM OKOJIO 32° K rOpM30HTY Kpyriblid ron. Yro kacaercs
BapHUaHTa C IreJIN0CTaTOM, TO 3/1eCh HE0OXOAUMO 3HATh KOJIMYECTBO SHEPTHH, MOTpedIsseMon
camuMm remuoctatroM. Ecnmm morpebnenue menbiie 400 kBtu B rom c 1M Iomagn

COJIHCYHBIX HaHeJIefl, TO BITIOJIHC OIIpaBAaHO UCIIOJb30BATH I'CJIMOCTAT.
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Puc. 6. CymmapHbie KOTUYECTBA PaJUALIMH 32 TO, ICTHUNA U 3UMHUI
MOJTYTOJTUSI TIPH Pa3HbBIX yIiIaX HAKIIOHA COJTHEYHOM IMaHen

[Tpunss KIIJI conHeuHbIx maHeneil B cpenHem 3a 15% MOXHO B TeueHHE rojaa ¢
OJIHOTO KBaJpaTHOTO METpa MOJy4YuTh OT 218 KBT 4 nmpu MOCTOSTHHOM IMOJIOKEHUH TTaHEeTH 10
280 kBt'u ¢ ucnonb3zoBanueM renuoctara. Ciaeayer TakkKe yuyecTb, UTO MPHUXOJ COJIHEYHOMN
SHEpPruy Ha TIOBEPXHOCTH 3eMJIM HEPAaBHOMEPHO paclipelielieH B TeueHue roaa. 3a 2/3 rona ¢
MapTa o OKTs0ph npuxoaut 86% 3Toro koiaudecTsa u Bcero 14% 3a 4 Mecsua ¢ HOsIOps 10
deBpaib.

4. BBIBO/IbI

e [lo TOuHBIM M3MEpPEHUSIM COJIHEUHOU paauanuu B KuilinHeBe roJloBble CyMMBbI
Qg dy3Hoii, r1o0anbHON U IPAMOM CONIHEUHOM panuanuu coctaBisior 1950,
4720 1 4900 MJIx/M” COOTBETCTBEHHO.

e  OnTuManbHBIN yTOJ HAKJIIOHA COJTHEYHBIX MaHeJeH K TOPU30HTY IO peaabHbIM
BBICOKOTOYHBIM M3MepeHusM B KulinHeBe st JieTHEro meproja okoso 20°,
U1 3UMHETO0 neprona — 55°.

e IIpu HEM3MEHAEMOM yIJI€ HAKIOHA ONTUMAJILHBIM SBIISETCS Yo B 32°.

e B Teuenuwe roga ¢ OJHOrO KBaJpPaTHOIO METpPa COJIHEUHOM MaHENIH MOKHO
nonyunuth 218 kBT'4 3jeKkTposHEeprur npu MOCTOSHHOM IOJIOKEHUU MaHENH,
224 xBT'u npu U3MEHEHHH yTja HAKJIOHA C JIETHETO Ha 3UMHHHA U 0OpaTHO,

280 xkBT'4 11pu UCNIONB30BAaHUM I'EJINOCTATA.
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